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wave of ultra violet lamp. Samples giving typical Blue Green Yellow Fluorescence were

studied for aflatoxin extraction.
Extraction of :;ﬂatoxins from seeds and their chemical confirmation:

The chemical extraction of aflatoxin was followed by the method of Thomas, ef al.
(1975). Fifty grams of sample were first powered. It was then blended in 250 ml methanol:
water (60:40v/v) in an electric blender for 2 min, and the extract was filtered through Whatman
No.1 filter paper. One hundred milliliter of the filtrate was taken in a separating funnel and to it
30 ml saturated sodium chloride“and 50-ml hexane were added, shaken thoroughly and allowed
to settle. The lower aqueous methanolic layer was taken to another seperating funnel and was
subsequently extracted with 50 ml chloroform .The lower chloroform layer was drained off into
a conical flask containing 5 g cupric carbonate. The mixture was agitated and cupric carbonate
was allowed to settle down. The chloroform solution was decanted through a bed of
Na;S04.The chloroform solution was evaporated to dryness in a water bath. The residue left at
the bottom was dissolved in 2 mil chloroform which was then used for chromatographic
detection of aflatoxins.

Preparation of TLC plates:

36 g of silica gel was mixed with 72ml distilled water to form slurry. It was then coated
(0.5 mm thick) in a glass plate of 20x20 cm, with an applicator. The plates were then dried at
room temperature and activated in an oven at 120°C for 1hr. The plates were cooled before use.
Detection of aflatoxins by thin layer chromatography:

Fifty-milliliter aliquot (chloroform extract) was spotted on the TLC plate with the help
of micropipette and run in a solvent, toluene: isoamylalcohol: methanol (90:32:2 v/v). The plate

was then air-dried and observed under UV-lamp for detection of aflatoxin spots.



Chemical confirmation of aflatoxin By,

Chemical confirmation of aflatoxin B; was done by trifluoroacetic acid (TFA) as
recommended by Stack and Pohland ((1975). After the chemical reaction with TFA, aflatoxin
B appeared as a blue fluorescent spot at a Rf about 1/4™ of that of aflatoxin Bz on TLC plates.
Quantitative estimation of aflatoxins:

Spectrophotometer (Nabney and Nesbitt, 1965) was used for the quantitative estimation
of aflatoxin B;. The spots of aflatoxin B; on TLC plates were scrapped and subsequently
extracted with 5ml cold methanol. It was then centrifuged at 3000 rpm for 15 minutes. The
ultra-violet absorption spectrum of the methanolic solution was recorded in a
spectrophotometer and the amount of aflatoxin present in the sample was calculated using the

formula;

DXMX10X6
A= mg/ml
ExL X 1000

Where, A = Amount of aflatoxin present
D = Optical density
M = molecular weight of aflatoxin
E = molar extinction co-efficient

L = path length.
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8. CONTROL OF CERTAIN PATHOGENS BY BIOLOGICAL METHODS

The biological control of the plant disease was explained by studying the effect of
fungal metabolites on seed germination and colony interaction
(i) Fungal metabolites on seed gel"mination.

The antagonist and the test fungi were grown in liquid culture medium of Czapek’s
Dox. After the growth of the fungal colonies, the liquid medium was filtered through
cheesecloth and Whatman No.1 filter paper. The filtrate of the antagonist and the test fungi was
then mixed in a definite proportion of 1:1,1:2 and 1:5. The seeds were then soaked in the
different proportions of the antagonist and test fungi for 24 hrs. The seeds were then washed
gently with sterile distilled water and subsequently placed on sterile moist blotters in
Petriplates. The plates were then incubated at 25+1°C for 10days under light and dark of 12 hrs
duration.

The seedlings from the Petriplates were then taken out slowly for the pot culture
experiment. Then the number of pre- and post emergence mortality as well as the cases of
successful germination were recorded. The length of roots and shoots was measured as the
average length of roots and shoots of all the seedlings. The seedlings were then subjected to
heat at 80°C in hot air oven for 24 hrs. The dry weight of the seedlings was taken and expressed
as the average dry weight of all the seedlings. The results were then compared with that of the
control and expressed as the percentage change.

(ii) Colony interaction:
The colony interaction between the antagonistic and the test fungi was studied by
placing the discs of pure culture of 4mm diameter about 3cms apart in a PDA medium. Three

control sets were maintained. Control set was initiated by placing a block of 4mm in the center
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of the media plate. The inference was drawn when no further growth or change in style of

growth was noticed.

The result was expressed using the colony interaction model of Skidmore and
" Dickinson (1976). The germination of both the antagonistic and the test fungi was measured
from the central loci at both sides i.e. towards and opposing each other. The breadth of
inhibition zone, intermingled zone and percentage inhibition of radial growth (Fokkema, 1976),
was recorded as- ' ’ |

I-Iz
% Inhibition of radial growth = «--~~areeeee=- x 100
Where, r; = Radial growth of pathogenic fungusr ]towards the side opposite to the colony
of the antagonistic fungi.

rz= Radius of the antagonistic fungus towards the side opposite to the colony of

the test fungus.
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RESULTS

1. SURVEY OF SEED-BORNE FUNG]I, THEIR ISOLATION AND IDENTIFICATION

The present investigation was carried out for two successive years (i.e. 1997 and 1998)
in three different seasons viz., winter, summer and rainy for two varieties of Phaseolus vulgaris
Linn. seeds.

Three methods i.e. dilution plate, agar plate and blotter methods were followed for the
isolation of seed fungi from P. vulgaris L. Of the three methods, blotter method, proved to be
the most effective in terms of the number of fungal species isolated followed by agar method.
The dilution plate method was least effective in harboring the fungal species vis-a-vis the other
two methods

In the Meghalaya variety, a total of 26, 28 and 28 fungal species were isolated by
dilution plate, agar and blotter methods, respectively. Similar trend was observed in the
Manipur variety, where a total of 28, 29 and 30 fungal species were obtained from the dilution
plate, agar and blotter methods respectively

Maximum fungal species were isolated from the Manipur variety. In this variety, a total
of 30, 29 and 26 fungal species were recorded, during rainy, summer and winter seasons
respectively, whereas, the fungal species recorded from the Meghalaya variety during these
three seasons were 28, 26and 23 respectively

Qualitatively, there was not much difference in the composition of fungal flora isolated

from the seeds of both the varieties. A majority of the species isolated was common to both the



Table 1.1: The relative abundance of fungal species isolated during the study period of 1997 and 1998

MEGHALAY
A VARIETY

Alternaria
alternata
Aclavatus

A flavus

A miger
Atenust
Booyts sp
Cephalosporum
acremonum
Cladosporium
cladosoporioid
es

C gresi
Chaetonuum
globosum
Colletotrichum
Fmoniliforme

F axysporum
Mammaria
ecinobotryoides
Mucor sp

Peniciftum
chrysogenum
P expansum

Pemciilian sp

Phona
pomogranatis
Phoma sp
Pythium
mtermedium
Pythium sp
Rhizopus
nmigricans
Rhizoctonia
solam
Trichoderma
harziamun
Tkoning:
Tvirde
Sterile (f)
Brown mycelia
(ii) White

Winter
D
9.0

838
9.2

103

9.0

94

10.8
80
45

Sumter

A B

19.2

10.05

35
5.8
4.6
72

58
6.0

42
5.6

63

7.1
82
5.0

6.1

5.5

82
4.1
3.0

50
20

1997
A

- 6.6
- 52
90 -

82 -

- 72
- 8.0
7.8 58
103 66
112 -

- 6.0
- 72
9.1 7.0
106 5.8
93 -

- 6.1
- 72
- 54
78 -

- 5.6
2.3 50
8.0 6.3
5.6 7.0

9.1

6.0

72

6.0
7.2

6.8
72

52

58
72
6.2

— Demnslis Olosemnce

62

Xy
42

32

5.0

52
6.0

44

38
6.6

82
6.0
6.4

42

37
23

4.0

44
37

25
15

4.0

42

3.0
4.2

Winter

D A
175 -
68 90
72 88
68 -
72 -
93 -
68 -

- 7.6
55 -
83 -
77 102
- 9.1
- 11.01
- 8.0
- 75
64 100
- 8.5
923 -
70 -

- 4.0

Summer

6.0
73

6.8

74
84

6.3
54

6.8
33

78

54
9.0
6.4

3.1
20

D

1998
Roiny
A
- 5.5 R
- 42 .
9.0 6.5 -
- - 7.1
8.2 72 83
- 43 -
- 5.0 -
- 6.3 6.5
93 72 58
9.8 8.3 -
102 - -
- 7.5 -
~ 353482
78 6.2 78
8.0 - 6.8
- - 6.0
- 6.5 7.0
- 4.0 8.9
- 32 9.0
1.5 43 75
103 - 62
114 A0 -
8.0 32 5.4
3.1 3.1 2.1
4.0 2.0 -

D A B
- 45 ‘61
- 40 -
55 - 40
- 43 42
63 42 48
45 40 62
- 58 38
62 52 25
- - 53
- 41 31
- 40 73
48 38 33
35 - 54
51 50 60
43 40 58
- 45 -
5 38 41
- 25 54
- a1 -
38 53 42
62 64
71 43 38
53 - 36
61 - 48
38 28 54
56 30 30
53 62 49
20 - 20
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Table 1.2: The relative abnndanece of fimral snecies isnlated durine the stndy Pz\riml of 1007 and 1008

MANIPUR
VARIETY

Alternaria
afternata
A.clavatus

A flavus

A dutaceus
A.ruber

A temusi
Botrytis sp
Cephalosporum
acremonium
Cladosporium.
cladosoporioides
C. gresi
CInwtominm
globasum
Colletotrichum
lindemmthianum
F.moniliforme

Fusarium
Fflocifferum
F.oxysporum
Mammaria
ecinobotryoides
Mucor sp
Penicillum

P.expansum
lenicillum sp
Phoma
pomograncaius
Phoma sp
Pythium
intermedium
Pythium sp

Rhizopus nigricans

Rhizoctonia solani
{richoderma
harziamum

1 koningi

T.viride

Sterile (I) Brown

mycelia (ii)
‘White

54
10.2

13

8.0

7.0
6.5

Winter
A

7.0

7.2

8.2

6.7
6.9

7.5
6.5

7.0

8.0

7.9
8.6

63
82

10.0
35

1997
Summer

B D A B
50 6.0 3.8 3.7
50 - 30 35
52 - - 4.0
- 50 3.0 36
- - 42 -
63 75 51 35
- - - 43
70 63 35 52
53 - 40 3.0
42 15 36 25
72 8 42 4.1
42 - 25 38
- - 43 33
80 - 56 28
- - 33 43
56 - 40 -
75 67 38 3.7
63 - 5.2 E
- - 3.0 4.1
54 78 35 135
- - - 3.0
- 43 32 42
- - - 2.2
- 84 36 35
- - - 3.6
32 W12 41 21
40 109 40 37
52 - 48 3.0
10. 41 340 -
5
23 - 5.5- 42

absence

D
4.0

38
35
3.0

41

42

3.0
3.1

48

4.0
3.5

55
3.0

25

40
20

3.0

1998
Rainy Winter Summer Rainy
A B D A B D A B D A
47 34 66 - 7.1 76 66 88 7.1 6.0
32 30 63 83 170 g0 S§?2 T4 - 5.8
41 40 58 - 6.5 - - - 68 12
35 30 50 B0 Sw - - - - -
40 40 40 - .14 - - 80 &1 4l
43 34 62 78 10 712 - - 76 -
40 32 64 - 514 - 52 - 62 -
62 48 58 68 50 - - 78 - 7.2
30 46 - g0 63 - 72 92 - -
- 30 50 78 - 9.1 61 89 940 -
25 30 62 92 68 - 50 - 8.1 6.8
50 35 - - 512 6.7 52 94 - 1.5
50 36 - 92 - 871 71 - 2.2 -
2
42 25 - - - - 62 78 -
- 30 - - 7.0 - 53 - - 8.2
- - - - - - - 8.2 9.3 6.0
53 34 - - - 180 - - - -
- 30 - - 7.0 - 66 - 7.0 715
56 50 66 80 - 102 70 &3 612 -
57 20 66 R5 60 - - - - -
- 3.0 - - - - - - - 6.
2
53 20 - - - 98 73 90 60 60
63 34 - - - - - 7.2 5.8
60 30 66 - - - 52 - - 72
- 40 - - - - - - 85 -
6.1 4?2 &2 83 5.1 99 - 71 - 780
55 28 58 - 50 - - - - -
40 3.7 - 75 - - - - - -
34 - - 5.1 86 79 - - - -
- - - 20 - 62 102 - -
89 59 40 20 12 - - - - -
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varieties. However, Aspergillus alutaceus and Fusarium flocifferum were restricted to the
Manipur variety whereas, Aspergillus niger and Penicillum rubrum was observed in the
Meghalaya variety only. The Meghalaya variety showed the dominance of fungal species like
Alternaria alternata, F. oxysporum and Pythium intermedium whereas, the Manipur variety
exhibited the predominance of seed fungi viz., A. candidus, A. alternata, P.expansum and
Rhizopus nigricans (Tables 1.1 and 1.2)
2. COMPARATIVE STUDY OF THE DIFFERENT STORAGE PRACTICES WITH
RESPECT TO THE INCIDENCE OF FUNGI

The two varieties viz., Meghalaya and Manipur of Phaseolus vulgaris Linn seeds were
kept in different containers, viz., gunny bags, earthen pots, bamboo baskets and iron bins for a
period of one year. On periodical inspection of the germination rate and occurrence of funginin——-
these two varieties stored in the containers, the following results were obtained:

_The incidence of fungi on P. vulgaris Linn. during different seasons; viz., winter,

summer and rainy revealed a total number of twenty eight fungal species by dilution plate,
agar and blotter methods. Twenty-seven fungal species were isolated by blotter method; 23
fungal species were isolated by agar plate method and 21 fungal species were isolated by the
dilution plate method. Rainy season recorded 28 fungal species, followed by 27 species in the
summer season. Winter season recorded 23 fungal species. Aspergillus flavus, Aspergillus
niger, Alternaria alternata, Colletotrichum lindemuthianum, Fusarium oxysporum, Penieillium
expansum, Phoma pomogranatus, Pythium intermedium and Trichoderma viride were found to
be dominant at all the seasons and all the culture methods used (Table 2.1).

It was observed at the beginning (i.e. 0-day) of the study period that the percentage of

infection was 65% in all the containers. It was also noticed that the earthen pots registered the



Table 2.1: The incidence of fungi on Phaseolus vulgaris Linn. seeds at different seasons.

FUNGAL SPECIES

WINTER SUMMER

Aspergillus alutaceus
A. candidus
A. clavatus
A. flavus
A. niger
A. ruber
A. tenusi
Alteranria alternaria
Cephalosporium acremonium
Chaetomium globosum
Cladosporium cladosporioides
C. gressi
Colletotrichum lindemuthianum
F. moniliforme
F. oxysporum
Mammaria echinobotryoides
P. chrysogenum
Penicillum expansum
Penicillum sp
Phoma medicaginis
P. pomogranatus
Phoma sp
Pythium intermedium
Pythium sp
Rhizopus nigricans
Rhizoctonia solani
Trichoderma viride
Trichoderma sp
Sterile mycelia

() Brown

(ii)White
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Fig. 2.2: Percentage infection of Phaseolus vulgaris Linn,

seeds stored in different containers during the

storage period.
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Fig. 2.3: The percentage moisture content of Phaseolus vulgaris seeds

stored in different containers during the study period.



Il Earthen pot

1 Gunny bag

Bamboo basket

1 tron bin

41\.;%_5

%ﬁ? )

RO L e
.W%ﬁﬂsmr

e
Hﬂml.ml %} Mwhb% i 5

.,ﬁ.&aﬁn.ﬂ.:mn,

SanE B ot S
J _”mwma i e @“‘

LI ' | v | ' { ¢ [}
=) 0 <o) < N o

4'

12

LNZINOD FUNILSION FDOVINIDHAd

300

200

100

STORAGE PERIOD (DAYS)



Table 2.4: Germination percentage and mortality percentage of Phaseolus vulgaris Linn. seeds
stored in different containers.

GUNNY BAG BAMBOO BASKET EARTHEN POT IRON BIN
Storage Emergence Emergence Emergence Emergence
_(Days)  mortality(%) mortality(%) mortality(%) mortality(%)
Pre  Post FS(%) Pre Post FS (%) Pre Post FS (%) Pre  Post FS (%)
©) 13 2 85 13 2 85 13 2 85 13 2 85
(60) 20 6 74 26 3 71 20 6 74 20 4 76
(12.941) (16.470) (12.941) (10.588)
(1200 25 10 65 50 4 46 33 8 59 40 6 54
(23.529) (45.882) (30.588) (36.470)
(180) 30 12 58 55 7 38 54 12 34 45 8 47
(31.764) (55.294) (60.00) (44.705)
(240) 45 15 40 60 8 32 60 14 26 54 10 36
(52.941) (62.35) (69.411) (57.647)
(300) 60 15 25 70 11 19 66 17 17 62 12 26
(70.588) (77.647) (80.00) (69.411)
360) 75 20 5 74 14 12 75 18 7 68 14 18
(94.112) (85.882) (91.764) (78.823)

The figures in parenthesis indicate the percentage inhibition of germination over the initial germination

FS = Final Stand.
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highest percentage of infection at each successive interval of 60 days of storage. At the end of
360 days, the total infection was 89% in earthen pots as compared to 78% in gunny bags and
75% in bamboo baskets. The least infection of 70% was recorded in iron bin container (Fig.
2.2).

The percentage moisture content of P. vuigaris seeds in containers like gunny bags,
bamboo baskets, earthen pots and iron bins was assessed at an interval of 60 days for a total
period of 360 days. It was observed that with the increase in time interval, there was a gradual
increase in moisture content Among the containers, it was observed that the seeds in the
earthen pots retained 12% moisture at the end of 360 days, in comparison to 11.05% in the case
of gunny bags, 10.0% in bamboo baskets and 8.5% in iron bins (Fig. 2.3).

The germination of seeds of P. vwlgaris Linn. during different periods of storage in
different containers, brought to the fore the fact that on the first day, the pre-emergence and the
post-emergence mortality were 13% and 2% respectively with the final stand of the crop being
85%. But at each successive interval of time, the pre and post-emergence mortality increased
and the same trend was discernible in the case of the final stand. It was further observed that in
case of seeds stored in gunny bags, the pre-emergence mortality was 20% after 60 days, which
showed an increment to 75% at the end of 360 days. The initial percentage inhibition was
12.94%, which gradually increased to 94.11% at the end. In case of bamboo baskets, the pre
and post- emergence mortality was 26% and 3% respectively at the end of 60 days, which rose
to 74% and 14% respectively at the end of the study period. Similar trend was observed in the
case of earthen pots, where the pre and post -emergence mortality were 20% and 6%
respectively afier 60 days. At the end of the experiment, the pre and post-emergence accounted

for 75% and 18% mortality cases respectively (Table 2.4).



Table 2.5: Analysis of variance (ANOVA) to test the significance of
variance of percentage fungal infection in Phaseolus vulgaris
Linn. seeds stored in different containers.

STORAGE CONTAINERS CALCULATED F VALUE
(IN PAIRS)
1. Gunny bag and bamboo basket 0.53434(NS)
2.  Gunny bag and earthen pot 0.82609 *
3. Gunny bag and iron bin 0.17618 (NS)
4. Bamboo basket and earthen pot 2.01628 (NS)
5. Bamboo basket and iron bin 1.25942 (NS)
6. Earthen pot and iron bin 6.61933 *

NS = Non significant
* = Significance at 0.05 probability level.
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The storage of seeds in earthen pots had a negative effect on the overall rate of
germination. The impact of storage on seed was slightly better in bamboo basket followed by
gunny bag. Seeds stored in iron bins exhibited a very low level of mortality. It is apparent from
the findings that the germinability of the seeds in all the containers showed a reduction with the
increase in storage period. Similar pattern was observed for the final stand (%) in all the cases
investigated.

On performing the £~ test to test the significance of variance of percentage infection in
Phaseolus vulgaris Linn. seeds stored in different containers, insignificant variation in
percentage fungal infection in Phaseolus vulgaris seeds was observed between gunny bag and
bamboo basket, gunny bag and iron bin, bamboo basket and iron bin and between bamboo
basket and earthen pot, while significant variation was observed between gunny bag and
earthen pot and between earthen pot and iron bin at 0.05 level of significance (Table 2.5)

3. STUDIES ON THE EFFECT OF CERTAIN SEED-BORNE FUNGI ON THE
GERMINATION OF Phaseolus vulgaris Linn. SEEDS

The mortality rate, percentage change and the final stand of the crop were obtained
from the pot culture experiment using the Meghalaya variety of P.vulgaris seeds (Table 3.1).
The control set recorded 95% in its final stand, which was the highest value. The lowest value
of 78% of final stand was registered in case of seeds infected with Alternaria alternata. The
seeds infected with 4. alternata showed a very weak seedling growth, while seeds infected with
Colletotrichum lindemuthianum showed small leaves, and thin and weak stem growth. In case
of Manipur variety, too similar trend was observed (Table 3.2). Least final stand of 80% was

recorded in the seeds treated with a culture of A. alternata, C. lindemuthianum and



Table 3.1: Effect of fungi on the germination of Phaseolus vulgaris Linn. seeds as seen in the
pot culture experiment.

MEGHALAYA VARIETY

TEST FUNGI EMERGENCE MORTALITY (%) FINAL CHANGE REMARK
Pre Post STAND(%) (%)

Alternaria alternata 16 2 78 17 +

Colletotrichum 10 - 90 5 +++

lindemuthianum

Fusarium oxysporum - 15 85 10 ++

Pythrum intermedrum 12 7 79 16 ++

Trichoderma viride 11 8 79 16 +

Control - 5 95 - +++

Table 3.2: Effect of fungi on the germination of Phaseolus vulgaris seeds as seen in the pot
culture experiment |

MANIPUR VARIETY !
TEST FUNGI EMERGENCE MORTALITY (%) FINAL CHANGE REMARK
STAND(%) (%)
Pre Post
Alternaria alternata 18 2 80 -19 ++
Colletotrichum lindemuthianum 14 6 80 -19 ++
Fusarium oxysporum 8 - 92 -7 +++
Pythium intermedium - 15 85 -19 ++
Trichoderma viride 15 5 80 -14 ++
Control - 1 99 - -+
+ = Poor
++=Fair

+++= Good



Table 3.3: Effect of fungi on the germination of Phaseolus vulgaris seeds as seen in the test
tube seedling symptom test.
|

MEGHALAYA VARIETY ‘

TEST FUNGI EMERGENCE MORTALITY (%) FINAL CHANGE(%) REMARK
PRE- POST- STAND(%)

Alternaria alternata - - - 100 -

Colletotrichum hindemutimmanum - - - 100 -

Fusarium oxysporum 15 07 78 22 ++

Pythium intermedium - 12 88 12 ++

Trichoderma viride 14 07 79 21 ++

Control - - 100 - -+

Table 3.4: Effect of fungi on the germination of Phaseolus vulgaris seeds as seen in test
tube seedling symptom test.

MANIPUR VARIETY

TEST FUNGI EMERGENCE MORTALITY (%) FINAL CHANGE (%) REMARK
PRE POST STAND (%)

Alternaria alternata - - - 100 -

Colletotrichum lindemuthanum 07 02 91 08 i

Fusarium oxysporum - 12 88 11 ++

Pythium intermedium 05 02 93 06 -+

Trichoderma viride - - - 100 +

Control - 01 99 - A+

+ = Poor

++ =Fair

++H=Good



Table 3.5:The root-shoot length and dry weight of Phaseolus vulgaris
seedlings as determined by test tube seedling symptom test.

MEGHALAYA VARIETY

Test Fungi Root (cm) Shoot (cm) Dry Weight
(mg)

Alternana alternata - - -

Colletotrichum lindemuthianum - - -

Fusarium oxysporum 13(+18.18%) 13((-22.5%) 0.15(-21.05%)

Pythium intermedium 16(-+45.45%) 19(+11.76%) 0.10(47.37%)

Trichoderma wiride 01(-90.90%) 1.5(-91.17%) 0.03(-84.21%)

Control ' 11 17.00 0.19

'

The figures in parcnthesis indicate tllle percentage change over the control.

Table 3.6: The root-shoot length and dry weight of seedlings as determined
by the test tube seedling symptom test.

MANIPUR VARIETY '
Test Fungi Root (cm) Shoot (cm) Dry Weight
(mg)
Alternaria alternata - - -
Colletotrichum hindemuthianum 0.5(-12.50%)" 01(-93.75%) 0.03(85.00%)
Fusartum oxysporum 4.0(-50.00%) 05(-68.75%) 0.08(60.00%)
Pythrum intermedium . - - -
Trichoderma viride 12(-50.00%) 16(0%) 0.22(10.0%)
Control 8(-) 16(-) 0.20

" The figures in parenthesis indicates percentage change over the control



Plate 1(a): The control and Fusarium oxysporum infected seedlings of Phaseolus
vulgaris in pot culture experiment,

(b): The control and Pythium intermedium infected seedlings of Phaseolus
vulgaris in pot culture experiment



f’lalc la




Plates 2(a, b, c and d): The control and treated seedlings of Phaseoluy vulgaris in test
tube seedling symptom test.
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Trichoderma viride. A. alternata had a negative effect on the seedling growth as was seen from
the reduction, curling and weakening of the leaves in its presence (Platela and b).

The test tube seedling symptom test of seeds of the Meghalaya variety was assessed and
it was found that the germination was 100% in the final stand of the crop in case of the control
set followed by Pythium intermedium infected seedlings with 88%. It was observed that seeds
infected with 4. alternata and C. lindemuthianum showed no germination or the emergence of
radicals only were seen to sprout. Fusarium oxysporum exhibited a stunted growth of the
seedlings with poorly developed leaves and the control could exhibit a perfect growth of the
seedlings with well developed leaves and stems (Table 3.3) and (Plate 2 a) The same
experiment was performed with the seeds of Manipur variety. It was observed that the control
recorded a 99% in the final stand of the crop, whereas, F.oxysporum infected seeds registered
88% in terms of the final stand of the crop, which turned out to be the lowest value. It was
further observed that 4. alternata had a total inhibitory effect on the seed germination (Table
3.4) and (Plate 2 b).

The root and shoot length of the Meghalaya variety of P. vulgaris seedlings infected
with the test fungi in the test tube seedling symptom test was studied. It was observed that the
seeds infected with P. intermedium showed a root and shoot length of 16cm and 19c¢cm
respectively. The root-shoot length was also higher than that of the control, which recorded
1lcm and 17cm respectively. A noticeable feature observed here is that A. alternata and C.
lindemuthianum did not record any seedling growth. T viride registered the least root and shoot
length of 1.5 cm and 1.0 cm respectively. The control recorded a dry weight of 0.19 mg

followed by F. oxysporum infected seedlings with 0.15mg (Table 3.5).



Table 3.7 The root-shoot length and the dry weight of seedlings as determined

by pot culture experiment.

MEGHALAYA VARIETY

Test Fungi Root (cm) Shoot (cm) Dry Weight (mg)
Alternaria laternata 6.00(+20.00%) 36.00(-33.33%) 1.53(-20.31%)
Colletotrichum lindemuthianum 5.00(0.00%) 43.00(-20.37%) 1.92(0.00%)
Fusarium oxysporum 5.00(0.00%) 25.00(-53.70%) 0.96(-50.00%)
Pythium intermedium 2.00(-60.00%)  36.00(-33.33%) 1.50(-21.87%)
Trichoderma viride 5.00(0.00%) 48.00(-11.11%) 2.33(+21.35%)
Control 5.00 54.00 1.92

The figures in parenthesis indicate the percentage change over the control.

Table 3.8: The shoot-root and dry weight of Phaseolus vulgaris seedlings as
determined by pot culture experiment.

MANIPUR VARIETY

Test Fungi Root (cm)

o
110.5(-12.5%) *
6.0(-50.00%)
5.0(-58.33%)
0.4(-96.67%)
8.0(-33.33%)

12.0

Alternaria laternata

Colletotrichum lindemuthianum
Fusarium oxysporum !
Pythium intermedium f
Trichoderma viride |
Control

Shoot (cm)

47.00(-21.67%)
40.00(-33.33%)
55.00(-8.33%)
30.00(-50.00%)
40.00(-33.33%)
60.00

Dry Weight(mg)

1.20(-44.19%)
1.90(-11.63%)
2.39(+11.16%)
2.10(-2.23%)
2.92(+35.81%)
2.15

* The figures in parenthesis indicate the percentage change over the control.



Table.3.9: Analysis of variance (¢-test) to see the significance of variance between the
final stand percentage infested by various test fungi of both Meghalaya and
Manipur variety of Phaseolus vulgaris Linn. seed in pot culture and test tube
Seedling symptom test

EXPERIMENT DEGREE OF CALCULATED TABLE PROBABILIT  SIGNIFICANCE
FREEDOM t- VALUE VALUE Y LEVEL

POT CULTURE 10 0070973834 4.59 <0.001 NS

TEST TUBE 10 0 00603239 4.59 <0.001 NS

SEEDLING

SYMPTOM TEST

NS = Non significant
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The root-shoot length of the Manipur variety is illustrated in table: 3.6. Highest shoot
length of 16.0cm was recorded in case of the control set wheieas lowest root and shoot length
of 0.5cm and 1.0cm were recorded in seedlings infected with C. lindemuthianum. A. alternata
and P.intermedium recorded no growth of the seedlings. 7. viride infected seedlings recorded a
dry weight 0.22mg while 0.20mg was recorded in the control set.

The root-shoot length and dry weight of the seedlings in the pot culture experiment of
the Meghalaya variety revealed that the control recorded a root length of 5.0cm and a shoot
length of 54.0cm, followed by P. intermedium and A. alternata infected seedlings with 36.0cm
as shoot length. Highest root length of 6.0cm was observed in 4. alternata infected seeds. P.
intermedium infected seedlings recorded a lowest root length of 2.0cm. 7. viride infected
seedlings on the other hand registered a dry weight of 2.33mg followed by C. lindemuthianum
and control set with 1.92mg. Least dry weight of 0.96mg was recorded in case of F.oxysporum
infected seedlings. (Table 3.7).

The root-shoot length and dry weight of the seedlings in the pot culture experiment in
case of the Manipur variety was investigated and it was found that the control recorded a root
length of 12.0cm and a shoot length of 60.0cm, followed by F. oxysporum infected seedlings
with 5.0 cm and 55.0cm as the root and shoot length respectively The lowest root and shoot
length of 0.4cm and 30.0cm were recorded in case of P. intermedium infected seedlings. Dry
weight of 2.39mg was recorded in seedlings infected with . oxysporum and 2.92mg in case of
T viride infected seedlings (Table 3.8).

The data was processed by analysis of variance (#-test) and insignificant variation was

observed between the final stand percentage of the seedlings of Meghalaya and Manipur
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varieties of Phaseolus vulgaris Linn. in both pot culture and test tube seedling symptom

experiments (Table 3.9)

4, STUDIES ON THE IMPACT OF SEED LEACHATES ON THE GERMINATION OF
SPORES OF CERTAIN SEED-BORNE FUNGI
The germination of fungal spores in seed leachates of the two varieties (i.e.; Meghalaya
and Manipur) of P. vulgaris Linn. treated at varying temperatures viz.; 15°C, 20°C, 25°C and
30°C was studied. It was observed that in case of the Meghalaya variety, there was no
germination at 15°C. Maximum germination was observed at 25°C. The overall healthy spore
germination of 80% was noticed in case of 7richoderma viride at 25°C, followed by Pythium
intermedium with 75%. Least spore germination of 40.5% was recorded in case of
Colletotrichum lindemuthianum (Table 4.1).
In case of the Manipur variety at 15°C, there was a negligible germination of the spores.
At a temperature of 25°C, P.intermedum and T.viride recorded a germination of 60.0%,
followed by C. lindemuthianum with 50.5%. Lowest germination of 30.0% was recorded in
case of spores of F.oxysporum at the same temperature. In both the varieties, the control sets
showed a very good germination percentage. It was observed that at 25°C, all the test fungi
showed a higher percentage of germination. Furthermore, it was observed that with increase in
the temperature from 15°C to 30°C, the percentage germination also increased significantly at
each successive stage (Table 4.2).
The data was processed by analysis of variance (ANOVA) and insignificant variation
between fungal spore germination percentage in treated seeds and control with increase in

temperature in case of both the varieties of Phaseolus vuigaris was observed (Table 4.3).



Table 4.1: Effect of seed leachates at different incubation temperature on the spore
germination of certain seed-borne fungi.

MEGHALAYA VARIETY

PERCENTAGE SPORE GERMINATION AT DIFFERENT TEMPERATURES

15°C ‘ 20°C 25°C 30°C

Fungal Species Treated Control ' Treated  Control Treated Control Treated  Control
Alternaria alternata - 12.0 (100 25.0 35.0 55.0 25.5 55.0
Colletotrichum - 20.5 35.0 60.5 40.5 40.5 30.0 50.0
lindemuthianum
Fusarium oxysporum - 10.0 35.0 55.5 55.0 65.5 50.0 60.0
Pythium intermedium - 15.0 40 65.0 75.0 85.0 40.5 70.0
Trichoderma viride - 30.0 45.0 60.5 80.0 100.00 30.0 80.0

- = Denotes no germination of fungal spores

Table 4.2: Effect of seed leachates at different incubation temperatures on the spore germination
of certain seed-borne fungi.

MANIPUR VARIETY

PERCENTAGE SPORE GERMINATION AT DIFFERENT TEMPERATURES

15°C 20°C 25°C 30°C

Fungal specices Treated Control  Treated Control  Treated  Control  Treated  Control
Alternaria alternata - 100 20.0 35.0 50.0 60.0 45.0 55.0
Colletotrichum - 15.5 30.0 50.0 50.5 65.0 20.0 70.0
lindemuthianum
Fusarium oxysporum - 20.0 35.0 45.0 30.0 75.0 50.0 95.0
Pythium intermedium - 15.0 15.0 40.5 60.0 25.0 80.0 60.5
Trichoderma viride 10.0 40.0 - 30.0 60.0 90.5 65.0 80.5

- = Denotes no germination of fungal spores.



Table 4.3; F test done to test the significance of variance between fungal spore germination
percentage in treated and untreated seeds of two varieties of Phaseolus vulgaris
Linn. seeds with increase in temperature.

VARIETIES DEGREE OF CALCULATED ‘¢ TABULATED PROBABILITY SIGNIFICANCN(E
FREEDOM VALUE ‘T” VALUE LEVEL

MEGHALAYA 6 0 036706208 5.96 <0.001 NS

MANIPUR 6 0.062645958 5.96 <0.001 NS

NS = Non significant.
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5. STUDIES OF THE IMPACT OF CERTAIN SEED-BORNE FUNGI ON THE
DECOMPOSITION OF THE SEED

Figs. 5.1A and B show that at the commencement of the experiment, the total protein
content of Phaseolus vulgaris was twenty eight percent and twenty six percent in Meghalaya
and Manipur variety respectively. With the increase in time interval, the protein content
depleted in case of seeds infected with all the four test fungi. The Meghalaya variety, was
adversely effected by Alternaria alternata and at the end of 180 days, the protein content was
only 7.5%. On the other, hand Colletotrichum lindemuthianum and Trichoderma viride had
lesser effect on protein depletion as compared to other fungi. Similar condition was noticed in
the seeds of Manipur variety wherein, Colletotrichum lindemuthianum and T. viride registered
12.5% and 14.0% of protein respectively at the end of the study period.

Figs. 5.2 A and B depict the change in sugar content of Meghalaya and Manipur variety
affected by different fungi. In the seeds of Meghalaya variety the total sugar content was 4.0
mg/g at the start of the experiment. At each successive interval of time, the sugar content of the
seeds increased significantly. However there was not much variation in the level of increase of
sugar in case of seeds infected by all the fungi. In the Manipur variety, similar trend was
observed wherein, all the test fungi showed an increment in the sugar content of seeds at the
end of 180 days.

Figs. 5.3 A and B shows the starch content of both the varieties of P.vuigaris sceds
infected with the test fungi. There was a gradual reduction in the starch content in presence of

the five test fungi in case of both the varieties. In the Meghalaya variety, maximum decrease in



Fig. 5.1 (A): The percentage protein content (%) of the Phaseolus
vulgaris Linn, seeds of the Meghalaya variety during the

storage period of six months.

(B): The percentage protein content (%) of the Phaseolus
vulgaris Linn. seeds of the Manipur variety during the

storage period of six months.
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Fig. 5.2 (A): The sugar content (mg/g) of the Phaseolus vulgaris
Linn. seeds of the Meghalaya variety during the storage

period of six months.

(B): The sugar content (mg/g) of the Phaseolus vulgaris
Linn. seeds of the Manipur variety during the storage

period of six months.
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Fig. 5.3 (A): The starch content (mg/g) of the Phaseolus vulgaris

Linn, seeds of the Meghalaya variety during the storage

period of six mouths.

(B): The starch content (mg/g) the Phaseolus vulgaris Linn.

!
seeds of the Manipur variety during the storage

period of six months.
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Fig. 5.4 (A): The fatty acid content (mg/g) of the Phaseolus vulgaris

Linn. seeds of the Meghalaya variety during the storage

period of six months.

(B): The fatty acid content (mg/g) of the Phaseolus vulgaris

Linn. seeds of the Manipur variety during the storage

period of six months.



Fatty acid content (mg/g)

-
»

-
H

—h
N

_—
o

—®— Alternaria alternata

—M— Colletotrichum lindemuthianum
—®— Fusarium oxysporum

—®— Pythium intermedium
~—®—Trichoderma viride

& Control

60

120 180
Storage period (Days)



Table- 5.5: The changes in the reducing and non-reducing sugar content
of the Phaseolus vulgaris Linn. seeds during periods

MEGHALAYA VARIETY

STORAGE PERIOD (Days)
FUNGI 0 60 120 180

.R NR R NR R NR R NR
Alternaria alternata 2.2 2.3 2.8 2.0 34 1.3 40 1.0
Colletotrichum 2.2 23 35 1.5 3.0 2.2 35 130
lindemuthianum '
Fusarium oxysporum 22 23 3.0 1.7 250 210 3.0 1.60
Pythium intermedium 22 13 32 21 275 225 40 1.0
Trichoderma viride 2.2 2.3 3.5 20 290 210 3.2 2.0

Table 5.6: The changes in the reducing and non-reducing sugar content of
the Phaseolus vulgaris Linn. seeds during storage

MANIPUR VARIETY
Storage period (Days)

FUNGI 0 60 120 180

R NR R NR R NR R NR
Alternaria alternata 1.5 2.3 2.0 2.0 47 2.0 54 1.2

Colletotrichum 1.5 2.3 2.0 2.0 30 050 320 0

lindemuthianum
Fusarium oxysporum L5 23 190 20 3.0 1.0 2.5 1.0
Pythium intermedium 1.5 2.3 2.3 1.90 3.2 1.2 3.0 0.80
Trichoderma viride 1.5 2.3 2.0 2.5 2.5 1.0 35 030

R = Reducing Sugar
NR = Non-reducing sugar



Table 5.7: Analysis of variance of starch, protein, sugar and fatty acid content in both
the varieties of Phaseolus vulgaris seeds.

Degree of freedom  Calculated value Tabulated value Probability Significance

Starch

Meghalaya variety 6 -0.42132681 5.96 <.001 NS

Manipur varicty 6 1.357155331 5.97 <.001 NS

Protein

Meghalaya variety 6 0.610811389 5.97 <.001 NS

Manipur variety 6 2.575239593 2.45 <0.05 S

Fatty acid

Meghalaya variety 6 1.905859385 5.96 <.001 NS

Manipur variety 6 0.14107387 5.96 <.001 NS

Sugar

Meghalaya variety 6 2.474208205 ’ 2.45 0.05 S

Manipur variety 6 3.76148412 245 0.05 S
3.71 0.01 S

NS Denotes insignificance
S Denotes significance



50

starch content was noticed at the end of 180 days. F. oxysporum had the least effect on the level
of change in the starch content.At each successive interval, the starch content decreased
significantly.

From the Figs. 5.4 A and B, it is noticed that at the start of the experiment, the total
fatty acid content was 7.0 mg/g in the Meghalaya variety of P. vulgaris seed which showed a
marginal increase at the end of 60 days, whereas at the end of 120 days, the fatty acid increased
significantly. Interestingly, at the end of 180 days, the fatty acid reduced appreciably. In the
Meghalaya variety, T. viride infected seeds showed an increase in the fatty acid content to
9.5mg/ml at the end of 180 days as compared to F. oxysporum infected seeds which showed an
increase of 1.2mg/g. In the Manipur variety, I. oxysporum infected seedlings showed a fatty
acid content of 19.0mg/g. P.intfermedium infected seedlings showed a marginal increase in the
fatty acid content which registered 17.0 mg/g at the end of the experiment.

Tables 5.5 and 5.6 depict the changes in the reducing and non-reducing sugar content of
the P. vulgaris Linn. seeds during different periods of storage in both the varieties. It was
observed that, with the increase in storage period, the reducing sugars increased with a
corresponding fall in non-reducing sugars in both the varieties of the bean seeds infected with
all the five test fungi.

Analysis of variance (f-test) showed significant change in protein content (at 0.05
probability level) and sugar content (at 0.05 and 0.01 probability levels), but insignificant
change in starch and fatlty acid content was observed with increase in storage period in P.

vulgaris seeds infested with the test fungi (Table 5.7).
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6. STUDIES ON THE EFFECT OF CERTAIN AGROCHEMICALS ON THE SEED-
BORNE FUNGI

In the study on the effect of agro-chemicals on seed-bome pathogens such as Alternara
alternata, Colletotrichum lindemuthianum, Fusarium oxysporum, Pythium intermedium and
Trichoderma viride, the efficacy of four fungicides viz. Dithane M-45, Blitox-50, Topsin and
Indofil ;vere tested. Figs. 6.1 to 6.4 shows the spore germination of the test fungi at different
concentration of the aforesaid fungicides. Maximum mycelial growth was observed in the set
treated with the lowest concentration of 0.005% of the fungicide Dithane M-45 .
However, at 0.1% concentration, the growth of P. intermedium and T. viride were controlled.
Again at 0.25%, concentration C. lindemuthianum and F. oxysporum were controlled. With the
sole exception of A. alternata, the spore germination of all the fungal species was controlled at
0.25% concentration of the fungicide (Fig. 6.14.

The efficacy of Blitox—50 was tested on the five test fungi. It was noticed that unlike the
fungicide Dithane M-45, where most of the fungi could be controlled at 0.1% concentration,
with the exception of 4. alternata and C. lindemuthianum the germination of spores in this case
was controlled at 0.25 % and 0.5% concentration of the fungicide respectively (Fig. 6.18

The efficacy of fungicide Topsin was screened and it was noticed that most of the test
fungi were controlled at 0.25%, with the exception of A. alternata, which required 0.5% of the
fungicide for its control. At 0.5% of the cqncentration of the fungicide, no germination was
registered (Fig: 6.14

The efficacy of Indofil was tested and it was observed that most of the test fungi could

be controlled at 0.25% concentration. However, the percentage spore germination of F.



Fig: 6.1 (A): The efficacy of fungicide, Dithane M-45 on the germination

of spores of seed-borne fungi.

(B): The efficacy of fungicide, Blitox-50 on the germination of

spores of seed-borne fungi.
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Fig. 6.2 (A): The efficacy of fungicide, Topsin on the germination of
spores of seed-borne fungi.
(B): The efficacy of fungicide, Indofil on the germination of

spores of seed-borne fungi.
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Table 6.3: The mycelial growth of certain seed-borne fungi in response to the fungicide
Dithane M-45.

COLONY DIAMETER (cm) OF FUNGAL SPECIES IN DIFFERENT CONCENTRATION (%)

FUNGI 0.005 0.01 0.02 0.05 0.1 0.25 CONTROL

Alternaria alternata 43 4.0 32 2.1 1.0 - 8.0
(46.25) (50) (60) (73.75) (87.5)

Colletotrichum 52 2.0 2.16 1.0 0.50 0.66 7.2

lindemuthianum 27.77) (72.22) (70) (86.11) (93.05) (90.83)

Fusarium oxysporum 35 33 3.0 3.0 20 1.0 9.8
(64.28) (66.32) (69.38) (69.38) (79.59) (89.79) (89.7)

Pythium intermedium 7.3 3.5 2.16 0.50 5.0 - - 8.4
(13.09) (5833) (70) (40.81) (40.81)

Trichoderma viride 5.8 56 53 4.8 3.0 2.5 9.8
(40.81) (42.58) (45.91) (51.02) (69.8) (74.48)

Table 6.4: The mycelial growth of certain seed-borne fungi in response to the fungicide

Blitox-50
COLONY DIAMETER (cm) OF FUNGAL SPECIES IN DIFFERENT CONCENTRATION (%)

FUNGI .005 .01 0.02 0.05 0.1 0.25 0.5 CONTROL

Alternaria alternata 43 4.0 32 32 2.1 1.0 - 9.0
(52.22) (55.5) (64.44) (64.44) (76.66) (88.88)

Colletotrichum 5.5 3.6 - - - - 10.0

lindemuthianum (45.0) (64.0) (90.70)

Fusarium oxysporum - - - - - - - 8.0

Pythium intermedium 6.5 5.8 53 ~ - - - 9.8
(33.67) (40.81) (45.91)

Trichoderma viride 8.1 53 1.0 1.0 .50 - 9.8
(17.34) (45.91) (86.73) (89.80) (89.80) (44.40)

The figure in parenthesis indicates percentage change over the conirol
- = Denotes no colony growth






Table 6.5: The mycelial growth of certain sced-borne fungi in response to the

fungicide of Topsin.
COLONY DIAMETER (cm) OF FUNGAL SPECIES IN DIFFERENT CONCENTRATION (%)
FUNGI 0.005 0.01 0.02 0.05 0.1 0.25 0.5 CONTROL
Alternaria alternata 2.0 1.5 1.5 0.3 - - - 7.5
(73.3) (80.0) (80.0) (96.0)

Colletotrichum - - - - - - - 6.5

lindemuthianum

Fusarium oxysporum 3.2 1.5 2.16 1.0 - - - 9.0
(64.4) (83.3) (76.0) (88.8)

Pythium intermedium 74 3.0 - - - - - 84
(11.9) (64.2)

Trichoderma viride - - - - - - - 78

Table 6.6: The mycelial growth of certain seed-borne fungi in response to the

fungicide of Indofil.
COLONY DIAMETER (cm) OF FUNGAL SPECIES IN DIFFERENT CONCENTRATION(%)

FUNGI 0.005 0.01 0.02 0.05 0.1 0.25 0.5 CONTROL

Alternaria alternata 5.5 5.0 40 20 - ~ - 7.5
(26.66) (33.33) (46.6) (73.32)

Colletotrichum 6.5 6.0 3.2 2.0 - - - 8.0

lindemuthianum (10.81) (25.0) (60.0) (75.0)

Fusarium oxysporum 32 3.0 2.0 - - - - 9.0
(64.4) (66.56) (77.77)

Pythium intermedium 45 4.0 4.0 22 - - - 8.4
(46.42) (52.38) (52.38) (73.80)

Trichoderma viride 5.2 5.2 5.0 2.5 - - - 8.0

(35.0) (350) (37.5)  (68.75)

* The figures in parenthesis indicate the percentage change over the
control.

- =Denotes no colony growth.



Plates 3(a, b and c): The effect of different concentrations of the fungicide Topsin on
the mycelial growth of Pythium intermedium.






Plate 4(@, b and £): The effect of different concentrations of the fungicide Blitox-50
on the mycelial growth of Trichoderma viride.
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Plate 5(@, bband ¢): The effect of different concentration of the fungicide Dithane M-
45 on the mycelial growth of Pythium intermedium.
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oxysporum and P. intermedium were controlled at 0.05% concentration of the fungicide (Fig.
6.28)

The mycelial growth of the five test fungi was assessed in the poisoned media using
different fungicides at different concentrations (Tables 6.3-6.8). In the table 6.3, the mycelial
growth of the fungi was recorded in Dithane M-45 poisoned fungal media. It was observed that
the mycelial growth of all the test fungi were controlled at 0.5% concentration. It was also
noticed that with a progressive increase in the concentration of the fungicide, the colony
diameter showed a gradual decrease in its size (Plates 5a, 5b and 5c¢)

Table 6.4shows the effectiveness of Blitox—50 on the test fungi. It was observed that it
had a marked effect on fungi at low concentration. It had a very positive effect on F.
oxysporum, where the fungus was controlled 0.005 % concentration. With the exception of 7.
viride and C. lindemuthianum, which were controlled at 0.25%, concentration of the fungicide,
the rest of the fungal species were controlled at 0.05 % concentration ( Plates 4a,4b and 4c¢)

The efficacy of fungicide Topsin on the mycelial growth of all the test fungi were tested
and it was found that with the exception of F. oxysporum which was controlled at 0.05%
concentration, the mycelial growth of all the other test fungi were controlled at 0.01% of the
concentration (Table 6.5) and (Plates 3a, 3b and 3c).

The effectiveness of fungicide Indofil on the five test fungi revealed that it was not as
effective as Bliotox — 50 or Topsin. The colony growth of most of the fungi was controlled at

0.1% with the exception of F. oxysporum which was controlled at 0.5 % concentration (Table

6.6).



Table 7.1: The BGYF test and the amount of aflatoxins present.

VARIETIES BGYF AFLATOXINS AMOUNT OF AFLATOXINS
mg/ml
B, B, G G B B; Gy
1.MEGHALAYA + + o+ - 1.63 17.84 L75 -
2 MANIPUR + + - - 0.836 20.2 -
+ Denotes present
-~ Denote absent

Table 7.2: The Wave length, molecular weight and molar co efficient extinction
of aflatoxins present.

AFLATOXIN WAVE LENGTH  MOL.WEIGHT _ MOLAR CO-EFFICENT
(nm) (Dalton) EXTINCTION
B, 360 312 22,000
B, 362 314 23,000
Gi 360 328 18,700

G 362 330 21,000
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7. SCREENING OF SEEDS FOR AFLATOXINS

The presence of naturally occurring aflatoxins in varying amounts in bean seeds of both
the varieties were revealed when the seeds were subjected to Blue Greenish Yellow
Fluorescence Test (BGYF). The presence and the amount of aflatoxins are represented in the
table: 7.1. It was observed that in the Meghalaya variety, aflatoxins B;, B, and G, were present
as compared to the Manipur variety, which had aflatoxins B, and B only. Aflatoxin G; was
absent in the Manipur variety and aflatoxins G, was absent in both the varieties. On further
investigation, it was observed that in the Meghalaya variety, aflatoxin B, was present in greater
amount (17.84 mg/ml), followed by aflatoxin G; with 1.75mg/ml. Least amount (1.63mg/ml)
was registered in case of aflatoxin B;. In the Manipur variety, (0.836 mg/ml) of aflatoxin B,
and 20.2mg/ml of aflatoxin B; was recorded. The molecular weight and molar coefficient
extinction of aflatoxins are presented in the table: 7.2
8. CONTROL OF CERTAIN PATHOGENS BY BIOLOGICAL METHODS

In case of Meghalaya variety of Phaseolus vulgaris Linn. seeds, Trichoderma viride
was used as an antagonistic fungus, while Alternaria alternata, Colletotrichum
lindemuthianum, Fusarium oxysporum and Pythium intermedium were used as test fungi. The
liquid pure cultures of antagonistic and test fungi were mixed at definite proportions of 1:1, 1:2
and 1:5 v/v (Tables 8.1). The percentage germination, the mortality rate, the final stand (%) and
the percentage change were (%) recorded. The highest germination and final stand of 85% of
the seeds was noted in the case of seeds treated with T.viride and C. lindemuthianum at 1:1
ratio. The lowest germination of 55% was registered in the seeds treated with the antagonist

fungus (L.viride) and P. intermedium. The pre-emergence mortality of 45% was recorded in



Table 8.1: The germination percentage, mortality percentage and the final stand
percentage of the crop of Phaseolus vulgaris seeds treated with antagenistic
and test fungi in definite ratio.

MEGHALAYA VARIETY
TEST FUNGI RATIO GERMINATION EMERGENCE FINAL CHANGE
Trichoderma viride: (%) MORTALITY STAND (%)
TEST FUNGI %) (%)
' Pre post
Alternaria alternata 1:1 75 25 - 75 +7.142
Colletotrichum 1:1 85 15 - 85 +21.428
lindemuthianum
Fusarium oxysporum 1:1 65 35 4 61 -12.857
Pythium intermedium 1:1 55 45 6 49 -30.00
Alternaria alternata 1:2 60 40 - 60 -14,285
Colletotrichum 1:2 65 35 5 60 -14.285
lindemuthianum
Fusarium oxysporum 1:2 50 50 - 50 -28.571
Pythium intermedium 122 75 25 10 65 -7.142
Alternaria alternata 1:5 60 40 - 60 -14.285
Colletotrichum 1.5 80 20 5 75 +7.142
lindemuthianum
Fusarium oxysporum 1:5 50.5 25 - 50.5 +29.285
Pythium intermedium 1.5 65 20 - 65 -7.142

Trichoderma viride 1:5 80 20 10 70 -
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case of P.intermedium and T.viride mixed culture which was the highest value. The least
seedling germination of 15% was observed in case of seeds pre-treated with C.lindemuthianum
and 7.viride. The minimum value of final stand of 49% was recorded in test fungus, .
intermedium mixed with the antagonist. The best available combination therefore, seems to be
T. viride: C. lindemuthianum, where the germination percentage and the final stand were
maximum.

In the ratio of 1:2, T. viride and P. intermedium pre treated seeds recorded the
maximum seed germination of 75%. Seeds treated with a dual culture of I. viridi and
F. oxysporum recorded a least germination of 50%. A maximum value of 65% in terms of final
stand was observed in 7. viride and P. intermedium pre-treated seeds. A minimum value of
50% was noted in case of the antagonistic fungus and F. oxysporum treated seeds. In the ratio
of 1:5 between the antagonistic and test fungi, T.viride and C. lindemuthianum treated seeds
showed a peak germination of 80% with pre-emergence mortality being as low as 20%. A final
stand of 75% was observed in this case. On the other hand, in the mixed culture of T.viride and
I. oxysporum, the seedlings registered the least germination of 50.5%, which was also the
value of the final stand percentage.

The germination percentage, mortality percentage and the final stand of the crop were
registered in the Manipur variety (Table 8.2). The ratio of 1:1 between the antagonistic and test
fungi revealed the highest germination of 90% in case of F. oxysporum and I.viride treated
seeds. A lowest germination of 70% was noted in seeds treated with P.infermedium and
Tviride. No mortality case was encountered in this experiment. In the ratio of 1:2, the mixed
culture of Ilviride and P. intermedium recorded the highest germination of 85% while the final

stand registered 80%. The least effective combination was observed in case of 4. alternata and



Table 8.2: The germination percentage, mortality percentage and the final stand percentage of

Phaseolus vulgaris seeds treated with antagonistic and test fungi in a definite ratio

MANIPUR VARIETY
TEST FUNGI RATIO GERMINATION EMERGENCE FINAL CHANGE
Trichoderma viride (%) MORTILITY STAND %0)
:TEST FUNGI (%) (%)
Pre post
Alternaria alternata 1:1 75 10 - 75 +7.142
Colletotrichum 1:1 80 15 20 60 -14.285
lindemuthianum ‘
Fusarium oxysporum 1:1 90 - - 90 +28.571
Pythium intermedium 1:1 70 25 - 70 28.571
Alternaria alternata 1:2 50 05 - 50 -28.571
Colletotrichum 1:2 60 06 10 50 -50.00
lindemuthianum
Fusarium oxysporum 1:2 60 - 25 35 -7.142
Pythium intermedium 1:2 85 - 05 80 +28.571
Alternaria alternata 1:5 f 80 - 10 70 50.00
Colletotrichum 1:5 ' 90 10 - 90 +21.428
lindemuthianum
Fusarium oxysporum 1:5 50 - 15 35 -35.714
Pythium intermedium 1:5 65 05 20 45 -50.00

Trichoderma viride 80 - 10 70




Table 8. 3: The root-Shoot length and dry weight of seedlings treated in different
! proportions of the antagonistic and test fungi.

{

_1

MEGHALAYA VARIETY

TEST FUNGI RATIO ROOT LENGTH SHOOT LENGTH DRY WEIGHT (mg)

! Trichoderma  (cm) (cm)
wvinde :TEST
FUNGI

Altrnaria alternata 1:1 12.5(-16.6) " 10.5(+110.0) 0.111(-15.90)

Colletotrichum 1:1 10.5(-30.0) 11.2(+124.0) 0.121(-8.33)

linemuthianum

Fuswrium oxysporum 1:1 17.0(+13 33) 8 5(+70.0) 0.132(+0.00)
Pytium intermedium 1:1 7.7(-48.66) 4.5(-10.0) 0.012(-90.90)

Y

Altarnaria alternata 1:2 8.5(-43.33) 6.5(+30.0) 0.121(-8.33)

Oblletotrichum 12 5.8(-61.33) 3.5(+30.0) 0.150(+13.63)

Indemuthianum

Tusarium oxysporum 12 17.5(+16.66) 11.5(+130.0) 0.142(+7.57)
Pythium intermedium 1-2 18.0(+20.00) 10.0(+100) 0.142(+7.57)
Alternaria alternata 1:5 7 5(-50.00) 6.0(+20.0 0.012(-90.90)
Colletotrichum 1:5 19.0(26.66) 11.0(+120) 0.138(+4.54)
lindemuthianum
Fusartum oxysporum 1:5 18.0(+20.00) 5.0(0.00) 0.139(+5.30)
Pythium intermedium 1:5 10.2¢-32 00) 7.0(+40) 0.110(-16.66)
Trichoderma viride 15.0 5.0

The figure in parenthesis indicates the percentage change over the control.
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T.viride treated seedlings which showed 50% germination and also the same was the case with
the final stand. In the ratio of 1:5 between the antagonistic and test fungi, the highest
germination of 90% was recorded in case of C. lindemuthianum and 1. viride treated seeds.
Least germination of 50% was noted in case of seeds treated with 7. viride and F. oxysporum,
which also recorded 35% in its final stand. The root-shoot length and the dry weight of the
seedlings in different proportions of the antagonist and test fungi were measured in case of both
the varieties (Tables 8.3 and 8.4). In the Meghaluya variety, the ratio of 1:1 between the
antagonist (7.viride) and the test fungi (C.lindemuthianum), the root and shoot length were
highest with 10.5cm and 11.2 c¢m respectively. The least root length of 7.7 cm was recorded in
the seeds treated with equal proportions of T.viride and P. intermedium. F.oxysporum and
T.viride treated seedlings recorded a dry weight of 0.132 mg. Least dry weight of 0.012 mg was
registered in seeds treated with P.intermedium and T.viride In the ratio 1:2, F. oxysporum in
association with the antagonistic fungi recorded a root length of 17.5cm and a maximum shoot
length of 11.5 cm P.intermedium treated seeds registered @ maximum root length of 18.0 cm
and a dry weight of 0.142 mg. The ratio of 1:5 of the antagonist and test fungi revealed that
C.lindemuthianum and T.viride treated seeds registered maximum root length of 19.0 cm. Least
root length of 7.5 cm was recorded in Alternaria alternata and T.viride treated seeds in the
same ratio. Seeds treated with one volume of T.viride and 5volumes of F.oxysporum recorded
0.139 mg in terms of dry weight, which was the maximum value. Least dry weight of 0.110 mg
was recorded in case of seeds treated with P.infermedium and T.viride. In the control set (only
T'viride treated seeds), the root and shoot length was 15.0 cm and 5.0 cm respectively and the

dry weight was 0.132 mg (Table 8.3). The root-shoot length, dry weight of the seedlings,



Table 8.4: The Shoot-root length and dry weight of seedlings treated in
different proportions of the antagonistic and test fungi.

MANIPUR VARIETY

TEST FUNGI ROOT LENGTH SHOOT DRY WEIGHT
Trichoderma viride:  (cm) LENGTH (cm) in (mg)
TEST FUNGI

Alternaria alternata 1:1 6.0(-42.85) 6.5(-31.57) 0.125(+1.62)

Colletotrichum 1:1 5.8(-44.76) 8.0(~15.78) 0.123(+8.94)

lindemuthianum

Fusarium oxysporum 1:1 10.0(4.76) 7.5(-21.05) 0.112(-8.94)

Pythium intermedium 11 17.0(+61.90) 11.0(+15.78) 0.122(-0.813)

Alternaria alternata 1:2 15.0(+42.85) 10.0(+5.26) 0.111(-9.75)

Colletotrichum 1:2 7.5(-28.57) 12.0(-26.31) 0.120(-2.43)

lindemuthianum

Fusarium oxysporum 1:2 22.0(+109.52) 7.10(-25.26) 0.111(-9.75)

Pythium intermedium 1:2 11.5(+9.52) 8.5(-10.52) 0.125(-1.63)

Alternaria alternata 1'5 8.5(-19.04) 10.5(+10.52) 0.100(-18.70)

Colletotrichum 1:5 10.2(-2.85) 11.0(+15.78) 0.112(-8.94)

lindemuthianum

Fusarium oxysporum 1:5 4.2(-60.0) 6.3(-33.68) 0.106(-13.82)

Pythium intermedinm 1:5 2.00(-75.00) 3.1(-30.00) 0.055(-21.00)

Trichoderma viride 9.5 10.5 0.123

The figure in parenthesis itdicates the percentage change over the control.
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pretreated with a definite proportion of the antagonist and test fungi in the Manipur variety of
the seeds (Table 8.4) revealed the following results:

The dual culture of T viride with P. intermedium in the ratio 1:1 yielded a root length of
17.0 cm and a shoot length of 11.0 cm. Least shoot length of 6.5 cm was recorded in case of the
association of A.alternata with T.viride. Least root length of 5.8 cm was observed in case of C.
lindemuthianum and T.viride treated seeds. A maximum dry weight of 0.125 mg of the
seedlings was observed in A.alternata and T.viride treated seeds and a least dry weight of 0.112
mg was registered in case of F.oxysporum and I.viride treated seeds. In the ratio of 1.2, a
maximum shoot length of 12.0 cm of the seedlings was registered in the seeds pre treated with
a dual mixture of C. lindemuthianum and T. viride. One parts by volume of 7.viride and 2-parts
by volume of F.oxysporum yielded a root length of 22 cm, which was the highest value. In case
of the seeds treated with the 1:5 ratio of T.viride and C. lindemuthianum, the root and shoot
length of seedlings was 10.2 cm and 11.0 cm respectively. Least root length of 2.0 cm was
recorded in case of dual culture of P.intermedium and T.viride.

The colony interaction between the antagonistic fungus (7. viride) and the test fungi viz.
A. alternata, Colletotrichum lindemuthianum, Fusarium oxysporum and Pythium intermedium
revealed that C. lindemuthianum had formed a maximum interaction score of five, with the
antagonist. The type of interaction was D i.e. there was a mutual interaction at a distance of less
than 2 mm. No inhibition zone was observed here. This was followed by Alternaria alternata
and 1. viride with an interaction score of four, while their type of interaction was Bj. They
formed an intermingled zone of 0.75 cm. F.oxysporum and P. intermedium in presence of T.
viride had an interaction score of three and B,, was their type of interaction. They formed an

intermingled zone of 0.80 cm and 0.65 c¢m respectively. 7. viride inhibited the colonies of



Table 8.5: Colony interaction between the antagonistic and test fungi isolated from the Phaseolus
vulgaris Linn. seeds.

INTERACTION SCORE OF TYPE OF INTERMINGLED INHIBITION % INHIBITION
INTERACTION INTERACTION  ZONE (CM) ZONE (CM) OF THE COLONY

OF PASSIVE
FUNGI

Alternaria alternata 4 B, 0.75 - 25.0

and Trichoderma

viride

Colletotrichum 5 D - 0.65 32.0

lindemuthianum and

Trichoderma viride

Fusarium oxysporum 3 B, 0.80 - 50.0

and Trichoderma

viride

Pythium intermedium 3 B, 0.65 - 62.0

and Trichoderma

viride

- Denotes no inhibition zonc.

Inhibition scorcs from 1 (mutually intermingling growth) to 5 (mutual interaction at a
distance); based on Skidmore and Dickinson (1976).
Type of interaction B, = Intermingling growth where the fungus being observed is growing into the
opposed fungus either above or below its colony.
B, - Intermingling growth where the fungus under observation has ceased growth and is being
overgrown by another colony.
C = Slight inhibition with a narrow demarcation line (1-2); D = Mutual inhibition at a distance of <

2mm



Plate 6(a, b and c¢): The antagonism between the antagonist, Trichoderma viride, and
different test fungi.



Table 8.8 Analysis of variance for the effect of antagonistic and test fungi mixed in different pro
on the final stand of the crop in the Manipur variety.

SOURCE OF VARIATION DEGREE OF CALCULATE TABULATED PROABABIL SIGNIFICANCE

FREEDOM D FVALUE VALUE ITY LEVEL
Between the different n=2 0.0593411 18.5 <.001 NS
proportions of the antagonistic =~ 1n,=8
and test fungi
Between the fungal species m=2 1.7950664 14.4 <.001 NS
;=8

Table 8.7:Analysis of variance for the effect of antagonistic and test fungi mixed in different proj
the final stand of the crop in the Meghalaya variety.

SOURCE OF VARJATION DEGREE OF CALCULATE TABULATED PROABABILIT  SIGNIFICAMCE

FREEDOM D FVALUE VALUE Y LEVEL
Between the different n;= 0.088923 185 <.001 NS ‘
proportions of the n,=8
antagonistic and test fungi
Between the fungal n=2 1.000615 14.4 <.001 NS
species n;=8

NS = Non significant
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A. alternata Colletotrichum lindemuthianum, Fusarium oxysporum and Pythium intermedium
by 25%, 32%, 50% and 62% respectively (Table 8.5) (and Plates 6a,6b and 6¢).The data was
processed by analysis of variance (ANOVA) and insignificant variation in final stand

percentage of seedlings between and within the different proportion of the antagonist (7. viride)

to test fungi was observed (Tables 8.6 and 8.7)



DISCUSSION

1. SURVEYOF SEED-BORNE. FUNGI, THEIR ISOLATION AND
IDENTIFICATION

Throughout the study period a maximum number of fungal species c6uld be isolated
by blotter and the agar plate methods, which may be due to the availability of high moisture
content in the blotter’s plate and the availability of fungal nutrients in the agar plate. This
agrees with the findings of Singh ef al. (1984), Paul (1991) and Neergaard and Saad (1962)
who concluded that the blotter and the agar plate methods are both valuable and
supplementary to each other. Certain fungal species like Aspergillus niger, Rhizopus
nigricans, Penicillium spp, Fusarium oxysporum and sterile mycelia dominated the agar
plates. This finding corroborates with the work of Aulakh ef al. (1976) and Paul (1991),
mainly because they are the fast growing fungi.

There was a slight variation in seasonal occurrence of mycoflora. In both the
Meghalaya and Manipur variety, maximum number of fungal species could be isolated
during the rainy season, followed by summer and the least number of fungal species were
isolated in the winter season. These differences in the number of fungal species‘during the
different seasons could be due to the differences in the availability of ambient temperature

and moisture condition favorable for the growth of the fungal species. This is in conformity
to the findings of Reddy and Reddy (1983) and Paul (1991), who found that maximum
number of fungal species could be isolated during the rainy season.

The fungal species such as A. niger, Cladosporium cladosporioides, Colletotrichum

lindemuthianum, F.oxysporum, Pythium intermedium and Trichoderma viride were found to
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be present in all the seasons of the year which may be due to their adaptability over a broad
spectrum of nutritional and environmental conditions. A few species however, were found
to be restricted to only one or two seasons. This result is substantiated by the work of
Gilman and Semeniuk (1948), Campbell (1962), Bilgrami et al. (1979) and Lalrawna
(1987).

Qualitatively, there was a slight difference in fungal species composition in both the
Meghalaya and the Manipur varieties. The variation in the fungal species composition may
be due to the variation in the physio-chemical properties, nutritional availability and
harvesting condition of the seed varieties. This finding has been substantiated by the work
of Lalrawna (1987) and Paul (1991), wherein, fungal species composition differed among
the varieties of rice and maize seeds respectively.

It was observed that Alternaria alternata, C. lindemuthianum, F. oxysporum, P.
intermedium and T. viride were the dominant fungi. This finding is in line with the work of
Subbdiah (1982) and Paul (1991), while working on the seed mycoflora of maize.
Cephalosporium acremonium and C. cladosporioides were observed to exhibit an increase
in disease frequency with the storage period, which was later replaced by the more
dominant fungi like Aspergillus, Penicillium, etc This finding corroborates with the work of
Lal and Kapoor (1979), while studying the succession of fungi on wheat and maize seeds
during storage period. It was also observed that the number of fungal species decreased
gradually with increase in the storage period in both the varieties. This result correlates with
the findings of Gupta ef al. (1983), Reddy and Reddy (1983) and Vijaylakshmi and Rao

(1985), which may be due to the varied fungal activity with the increase in storage period.
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2. COMPARATIVE STUDY OF DIFFERENT STORAGE PRACTICES
WITH RESPECT TO THE INCIDENCE OF FUNGI

The storage of bean seeds in different containers recorded maximum number of
fungal species in the rainy season, followed by summer and winter seasons which may be
due to the availability of moisture content and ideal temperature necessary for fungal
growth in that season. This is in agreement with the findings of Paul (1991). Species of
Aspergillus and Penicillium were the dominant fungal species in the present study, which
corroborates the work of Whitney ef a/. (1993). A low #ate of infection was detected even
after six months of storage. This .agrees with the work of Lalrawna (1987). The seeds stored
in earthen pots showed a higher percentage of infection and low germinability, which could
be due to the ability of the pots to retain maximum moisture favourable for the fungal
growth. This correlates with the work of Jordi ef al., (1993) who worked on palas seeds.
With the increase in storage period, the viability of the seeds decreased and the
germinability reduced, which may be due to the interference of the fungi in the metabolic
activity of the seeds and the consumption of stored food matter resulting in the abnormal or
no growth of the seedlings.

In some isolated cases, poor germination and decaying of seeds were observed. This
draws support from the findings of Kumar and Nema (1973) and Rati and Ramalingam
(1974). Reduction in the germination can be explained, as put forward by Christensen and
Kaufman (1965), that the fungal association changes the mitoéhondrial set up of the cell
integrity and ultimately affect the viability of the seeds. The suppression of seed
germination could be due to the release of fungal toxins thereby hampering the metabolic

activities of the seed, whereby, there may be depletion of some metabolites and the
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abolition of others. This is in conformity with the observation of Misra et al. (1969),
Omokanye and Onifade (1993), Beganmi and Certellazzo (1996) and Vierira (1998) who
worked with the seeds of Centrosema pubescens and P. vulgaris respectively.

Insignificant variation in percentage fungal infection in Phaseolus vuilgaris seeds
was observed between gunny bag and bamboo basket, gunny bag and iron bin, bamboo
basket and iron bin and between bamboo basket and earthen pot while significant variation
was observed between gunny bag and earthen pot and between earthen pot and iron bin.

The inefficiency in moisture retaining capacity of gunny bag and bamboo basket, the
total curtailation of moisture entry by iron bin and high moisture absorbing and retaining
capacity of earthen pot could account for such results.

3. STUDIES ON THE EFFECT OF CERTAIN SEED-BORNE FUNGI ON THE
GERMINATION OF Phaseolus vulgaris Linn. SEEDS

The present investigation reveals that the extracts of all the five test fungi viz,
Alternaria alternata, Colletotrichum lindemuthianum, Fusarium oxysporum, Pythium
intermedium and Trichoderma viride had a negative impact on the overall germination and
growth of P. vulgaris seeds. This finding agrees with the work of Dwivedi and Singh
(1973), Dublish and Pande (1976) and Pande er al. (1982) who have reported the
importance of fungal metabolites in reducing seed germination and sprouting. F.
oxysporum, showed the characteristic yellowing of the leaves, stunted growth and leaf fall.
C. lindemuthianum on the other hand, showed the characteristic brown spots on leaves and
in pods. Kulik and Schoen (1982) made similar observation in sweet corn. The suppression
of seed germination may be due to the toxic metabolites secreted by the fungus. This has
been substantiated by the findings of Sinha and Prasad (1981) in mung seeds and Paul

(1991) in maize seeds.
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The root-shoot length and the dry weight of the bean seedlings were affected by the
seed-borne pathogens. The extracts of /. oxysporum and P. intermedium adversely affected
the seed germination and root-shoot length of the seedling, which is in conformity with the
findings of Morsy et al. (1985) and Paul (1991), who worked on similar line with maize
seeds and Siddaramaiah et al. (1980) and Singh and Gupta (1984) who worked on the
effects of seed-borne fungi on seed germination and root-shoot growth of Medicago sativa
L. The negative impact of seed-borne pathogens is well advocated by Brodnik (1975) who
studied the toxic effects of the metabolites of F. oxysporum and F. graminearum on the
maize seed germination and embryo growth. P. infermedium and F. oxysporum
considerably reduced the average height, percentage germination and the dry weight. This
correlates with the work of Mathur and Sehgal (1964). C. lindemuthianum on the other
hand, had a positive effect on the seedling growth. This has support from works of Roy and
Pandey (1971), Roy et al. (1971) and Lalrawna (1987).

Insignificant difference was found between the final stand percentage of P.vulgaris
seedlings of both the varieties when grown in test tube and pots inoculated with different
test fungi suggests that the seeds of both the varieties are equally susceptible to the test
fungi.

4. STUDIES ON THE IMPACT OF SEED LEACHATES ON THE GERMINATION
OF SPORES OF CERTAIN SEED-BORNE FUNGI
There was a considerable reduction in spore germination of the five test fungi treated
with the seed leachates of P. vulgaris. This draws its support from Chaturvedi e? al.
(1974), Dhalwale and Kodmelwar (1978) and Johnson ef al. (1997). The degree of
inhibition varied with both the varieties of seeds. A similar trend was observed by

Kumar and Jalali (1985) who had worked on chickpea. The inhibition of spore
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germination could be mainly due to some chemical substances present in the seeds. The
works of Ark and Thomson (1958) and Van Andel (1995) substantiates this. Kraft
(1973) and Jalali (19765 reported that the phenolic compounds of the seed leachates
impart a general resistance to parasitic and bacterial invasion. The optimum temperature
of 25°C for fungal spore germination was also observed by Kapoor and Singh (1977)
and Paul (1991).

There was insignificant change between the percentage fungal spore germination in
treated seeds and control which shows that increase in temperature equally favoured the
growth of fungi in both control and treated sets.

S. STUDIES ON THE IMPACT OF CERTAIN SEED-BORNE FUNGI ON THE
DECOMPOSITION OF THE SEED

Analysis of the data (Tables 8.6-8.10) revealed that there was a progressive decline
in the level of protein in the seeds due to fungal infestation. The level of reduction in protein
content varied with the test fungi used. Similar result was reported by Bilgrami et al.
(1979), Roy and Choubey (1984), Maheswari and Mathur (1985) and Lalrawna (1987). A
slow decrease in the protein level at the initial stage suggested the least microbial activity at
that stage. This draws support from the works of Jamaluddin et al. (1977), Sharma (1981)
and Lalrawna (1987). It was further observed that thc\rate of reduction of the protcin
content varied among the different fungal species. This agrees with the findings of Roy and
Choubey (1984) and Lalrawna (1987). The degradation of protein may.take place with the
help of fungal enzymes, as has been well advocated by Prasad ef al. (1976) and Sinha and
Prasad (1977).

The total sugar content showed a gradual increase in the diseased seeds. This is due

to the hydrolysis of sucrose on release of amylase in the seeds by the fungi. This finding is
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substantiated by the work of Bilgrami ef al., (1979). An increase in the reducing sugar with
a corresponding fall in the non-reducing sugars was observed, which may be due to the
hydrolysis of starch to simple sugars. This work is substantiated by the finding of Milner
and Geddes (1946) in corn, Sh)arma (1973) in oil seeds and Lalrawna (1987) in rice seeds.

The level of fatty acid showed an increase at the end of 120 days of storage, which
gradually decreased at the end of 180 days. The increase in fatty acid content was earlier
reported by Lalithakumari ef al. (1971), Charya and Reddy (1981), Lairawna (1987) and
Goodman and Christensen (1952). The increase in the fatty acid content may be because of
the conversion of oil into fatty acids by the fungi. Exhaustion of oil contents is linked with
the reduction of fatty acid content.

It was observed that C. lindemuthianum was most effective in increzlising the level of
fatty acids. This finding coincides with observation of Christensen (1952) ali&d Maheswari ef
al. (1985). The total starch of the bean seeds showed a progressive fall, which may be due
to conversion of starch into simpler compounds like glucose and fructose v‘v‘ith the help of
fungal hydrolytic enzyme. This work draws support from the works of ﬁilgrami el al.
(1979).

Hence, it can be said that all fungi tested, played a vital role in the deterioration of
common bean seeds. The capacity of different fungi to bring about chaiges differed
according to their nutritional requirement and environmental changes. Tandon and
Chaturvedi (1942) also reported that the strains of a species could differ widely in their

utilization of seed contents. Similar observation was made by other workers like Winstead

(1964); Hasize (1970) and Kapoor and Tandon (1970).
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Significant variation in protein and sugar content with increase in storage period,
while insignificant variation in case of starch and fatty acid suggest that the test fungi
preferred the consumption of sugar and proteins to starch and fatty acids.

6. STUDIES ON THE EFFECT OF CERTAIN AGROCHEMICALS ON
SEED-BORNE FUNGI

The four fungicides viz. Blitox-50, Topsin, Dithane M-45 and Indofil used in the
present study showed an inhibitory influence on the mycelial growth and spore germination
of the five test fungi viz. Alternaria alternata, Colletotrichum lindemuthianum, I'usarium
oxysporum, Pythium intermedium and Trichoderma viride. Blitox-50 was effective against
C. lindemuthianum and F. oxysporum. This is in agreement with the finding of Grewal
(1982), Kumar and Singh (1985), Singh ef al. (1985) and Lalrawna (1987). The Dithane M-
45 fungicide was very effective against the fungal species of P. infermedium, C.
lindemuthianum and . osysporum. This can be correlated with the work of Sharma and
Chaudhary (1975) and Lalrawna (1987). The efficacy of Dithane M-45 for control of seed
seated infection has been studied by Dharam Vir et al., (1970).

7. SCREENING OF SEEDS FOR AFLATOXINS

Both the seed varieties exhibited a positive response to the Blue Green Yellow
Fluorescence Test (BGYF) which may be due to the influence exerted by the environmental
factors such as oxygen availability, temperature, moisture content, type and nature of the
fungal strains as well as the substrates which are known to play a dominant role in
determining the extent of aflatoxin elaboration in the grains (Diener and Davis, 1969; Davis
and Diener, 1970; Detroy, 1971 and Schroeder, 1974). In the present study, none of the seed
varieties were immune to the aflatoxin elaboration in nature. This finding is in agreement

with the work of Paul (1991), who worked on similar line with maize seeds.
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8. CONTROL OF CERTAIN PATHOGENS BY BIOLOGICAL METHODS

The extracts of different test fungi and the antagonistic fungi mixed in different
proportions, showed a better result in terms of seedling growth and survivability. This result
agrees with the finding of Paul (1991) who found dual extracts of antagonistic and test fungi
making discernible impact on maize scedlings. One of the reasons for the aforesaid result
could be due to Trichoderma viride being a better antagonist and having a less bearing on
the mixture ‘with other fungi coupled with the competition between the fungi, if proper
growth of the seedling is allowed. There were instances where the antagonistic fungi
overgrew the other colonies as was observed in the case of 7. viride, which showed a
vigorous growth. There were also instances, where the antagonistic fungi formed inhibition
zones probably due to the release of toxins from those fungi. This finding is substantiated
by the work of Paul (1991).

The antagonistic fungi (7. viride) and the test fungi mixed in ratio of 1.5 yielded
better result in terms of germinability of seeds and dry weight. This in agreement with the
finding of Zheng ef al. (1999) who worked with 7. viride as antagonist on pea seeds. 7.
viride and Colletotrichum lindemuthianum mixed in 1:5 (V/V), showed better germinability
of the seedlings. This is in conformity with the findings of Bhatrajas and Himani (1994).

The colony interaction between the antagonist and the test fungi revealed that there
were cases where the two interacting fungi in culture media grew into one another having
varying degree of intermingled zones. Several factors are involved in the microbial
antagonism which include pH of the media, growth rate of the interacting fungi, competition
for nutrients and space, composition of media and other physical factors. The occurrence of
inhibition zone between the antagonist and pathogen on media is commonly considered as a

result of production of antibiotics, pH changes and competition for nutrients. Mutual growth
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of fungt in dual culture is seen only when they have similar growth rate and equal capacity
of tolerance to antibiotics produced by each other, while over growth is achieved when one
fungal species exhibits higher growth rate and good tolerance of antibiotics produced than
the other fungi (Upadhyay and Rai, 1987 and Paul, 1991). In the present study 7.viride
played a very good role of an antagonist where it had suppressed the growth of other test
fungi. This finding is supported by the work of Browen (1999). Mukhopadhyay (1987)
reported that the most frequently studied fungi related to biological control are the species
of Trichoderma.

Insignificant difference in final stand percentage of seedlings between different
proportions of antagonist to test fungi suggest that the different ratios had similar effect on
the final stand of the crop in both the varieties.

Information and data geherated in the present study can prove to be useful to the
farmers and cultivers at large and North-East in particular by educating them with different
seed storage practices and controlling of fungal pathogens which can minimise their crop
loss. Farmers can be provided with prior information to reduce the chances of incidence of
fungal species in bean seeds by spraying of Blitox-50 fungicide. This would control the

fungi at a very low concentration.



SUMMARY

Phaseolus vulgaris Linn. is one of the nine most important crops of the world and a major
source of protein in the diet of many people globally. Considering its importance, and the
general dearth of information pertaining to the various aspects of bean cultivation and its
huge loss mainly due to fungal attack, the present investigation was carried out in an
attempt to glean information that could provide some solution to stop the menace of fungal
attack on this leguminous crop.

Two varieties of Phaseolus vulgaris Linn viz. Meghalaya and Manipur varieties
were chosen for the survey of seed-borne mycoflora. Three techniques of isolation i.e., agar
plate, blotter and the dilution plate methods were used. A total of twenty eight fungal
species were isolated from the Meghalaya variety and thirty from the Manipur variety. In
the Meghalaya variety, twenty eight fungal species could be isolated by blotter’s method,
twenty eight species by agar plate method and twenty six species by dilution plate method.
In the Manipur variety, thirty fungal species werte isolated by blotter’s method, twenty nine
species by agar plate method and twenty cight species by the dilution plate method. In the
Meghalaya variety, twenty eight fungal species could be isolated during the rainy season,
twenty six species during the summer scason and twenty three fungal species during the
winter season, whereas, in the Manipur variety, thirty species could be isolated during the
rainy season, twenty nine species during the summer season and twenty six species during
the winter season. Qualitatively, there was a slight difference in the composition of fungal

flora isolated from the seeds of both the varieties. Aspergillus alutaceus and Iusarium

6%



Sflocciferrnm were restricted to the Manipur variety, whereas, Aspergillus niger and
Penicillium rubrum were restricted to the Meghalaya variety.

The condition of the seeds stored in containers viz. earthen pots, bamboo baskets,
gunny bags and iron bins revealed that none of the storage containers were totally effective
or suitable for such purpose for none of these containers were free from fungal infestation.
Among the storage materials, iton bin was better suiled as compaied to the other containers
in terms of seed viability and less moisture retaining capacity. In contrast, the earthen pot
proved to be the least effective storage material due to the presence of a large amount of
moisture inside and thus providing an ambient condition for the development of large
number of fungal colonies in the seeds. It was further observed that with an increase in the
storage period, the viability or germinability of the seeds also showed a declining trend.

The pathogenecity of the five test fungi viz. Alternaria alternata, Colletotrichum
lindemuthianum, F. oxysporum, Pythium intermedium and Trichoderma viride in the test
tube seedling symptom test and pot culture experiment showed a marked reduction in the
overall germination of the sceds in terms ol both the root and shoot length. C.
lindemuthianum showed the characteristic symptoms of brown spots on Icaves and  pods,
which ultimately decayed the scedlings. A. alternara and 7. viride showed the characteristic
symptoms of leaf spots with palc and weaker seedlings having stunted growth.

The seed leachates were found to play the role of an inhibitor in the germination of
fungal spores of species such as A. alternata, C. lindemuthianum, I. oxysporum, P.
intermedium and 7. viride. The extent of inhibition varied with the fungal species. The
sugars and phenols detected in the leachates could possibly play a vital role.

There was a marked difference in the capacity of the test fungt viz., A. alternata, C.

lindemuthianum, I, oxysporum, 17 infermedinm and 1. viride to deteriorate the seed qualit
VS)
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in terms of protein, total sugars, reducing and non-reducing sugars, starch and fatty acids
content. All the fungi were seen to cause a reduction in the dry weight of the seeds. There
was a sharp decrease in the starch and non-reducing sugar content of the seeds. The
reducing sugars, howcver, showed an increase in its content as the storage period was
increased. The protein content of the seeds declined with a corresponding increase in
soluble nitrogen during the study period of 180 days. There was a pronounced reduction in
the starch content of the seeds with the progression of storage period. In case of the effect of
the test fungi on the fatty acid content, it was noticed that there was a tendency towards an
increase in its content at the start, but after attainment of a peak at a certain stage, gradual
reduction was noticed.

The efficacy of four agrochemicals viz., Blitox—50, Dithane M-45, Topsin and
Indofil tested against the mycelial growth and spore germination of pathogenic seed- borne
fungi of A. altenata, C Iindemuthianum, 1. oxysporum, P. intermedium and T, viride
revealed that all the test fungi were successfully controlled by.all the fungicides thougl at
different concentrations. Some {ungicides particularly ‘Fopsin proved to be most successful
in controlling both the mycclial growth and fungal spore germination The germination of
spores of most of the fungi with the exception of 4. alternata and C. lindemuthianum could
be controlled at 0.1% concentration of the fungicide. The mycelial growth of F. oxysporum
was controlled at 0 005% concentration of the fungicide.

The Blue Green Yellow Fluorescence Test (BGYF) revealed the presence of
naturally occurring aflatoxins in seeds and showed a positive test in both the varieties.
Aflatoxins B, B, and G; were present in the Meghalaya variety, whereas, aflatoxins B; and
B, were found in the Manipur variety Aflatoxin G2 was absent in both the varieties. In the

Meghalaya variety aflatoxins By, B, and Gy recorded 1 63 mg/ml, 17.84 mg/ml and 1.75

Yo
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mg/ml respeofively, in contrast to the Manipur variety where aflatoxins B; and B,, recorded
0&36 mg/ml gnd 20.2 mg/ml respectively

The dual culture of antagonistic fungi, 7. viride and the test fungi, A. alternata, C.
linder)‘m\}biarz_‘um, F. oxysporum, P. intermedium mixed in different proportion of 1:1, 1:2
and 1:5 did- nateshaw an); improvement in the Qverall germination of seedlings with the
exception of T. viride. F. oxysporum mixed in 1 1 ratio, where 90% final stand of the crop

N \‘)\ t e
. N%& M&&\T}%m was, however, a marked improvement in the length of root and shoot in

a1

othe cases. T. viride showed antagonistic behavter with all the test fungi The varying

[
gov i

ones of inhibition were observed-with various fungi Maximum inhibition zone of 0.65 cm

was observed in the dual ciillure of 70 viride a}\\\] C. Hsdemutluanum. Intermingled zones

were also obsaved i dual cultures
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