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Abstract

Dry seed inspection showed that seed abnormalities and conidial fructifications were observed under naked eye and stereobinoc-
ular microscope. Seed health techniques confirmed the most frequently isolated fungus was Alternaria alternata followed by Rhizo-
pus stolonifer, Mucor spp., Fusarium moniliforme and Aspergillus flavus determined by seed plating on both standard blotter method
and agar plate method respectively. For the control of seed-borne fungi fungicides viz. Mancozeb, Carbendazim and Mancozeb plus
Carbendazim mixture as well as bioagents Trichoderma viride, Trichoderma harzianum and Aspergillus niger were tested through poi-
soned food and dual culture technique respectively. The results indicated that different concentrations of fungicides and bioagents
were found significantly effective in percent growth inhibition of A. alternata, R. stolonifer, Mucor spp., E. moniliforme and A. flavus.
Among fungicides, Mancozeb plus Carbendazim mixture was found highest growth inhibition at 300 ppm concentration followed by
Mancozeb and Carbendazim alone over control. However, in biocontrol agent’s highest percent growth inhibition was observed in
T. viride followed by T harzianum and A. niger as compared to control. Further seed priming with Mancozeb plus Carbendazim and
T viride was also found to be effective in eliminating seed-borne fungi and results percent germination increase in both agar plate

method and blotter method over control. During pot experiment treated seeds were found significantly effective in increase plant

growth and chlorophyll content over control plants.
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Introduction

Seed-borne diseases are major threat to crop production and
yield in almost all cultivated crops across the globe by causing pre
and post-infections. These have been found to affect the growth
and productivity of crop plants [1]. Seeds provide natural substrate
for the growth of fungi gets associated with externally or internally
or both to the seeds. Fungi associated with seeds as contaminant
can cause seed abnormalities, poor germination as well as seed-
ling damage resulting in development of disease at later stages of
plant growth by systemic or local infection [2,3]. For better crop
improvement there is need to produce healthy and disease free
seeds. A number of chemical agents are used to control these
pathogens but management of diseases using biocontrol agents is
crucial for the future crop cultivation. A large number of fungicides
are being used in the form of dusting, slurry and soaking treat-
ment [4]. Seed dressing fungicides have long been applied to cereal
seeds to prevent seed decay, damping-off and seedling blight, and
seed-borne fungi [5]. Even though effective and efficient control of
seed-borne fungi can be achieved through application of synthetic
chemical fungicides, the same cannot be applied to the grains due
to pesticide toxicity [6]. It is now realized that chemical fungicides
cause serious environmental problems and are toxic to non-target
organisms [7]. Seed treatment is the safest and cheapest practice
to control seed-borne fungal pathogens [8]. In relation to this fun-
gicides and biological control agents used as seed treatments or
seed priming. Biocontrol agents are the microorganisms that pro-
tect seeds and seedlings from numerous seed-borne fungi [9,10].
The pursuit of alternatives to chemical pesticides and an increasing

interest in "organic” production methods come into the force to in-

crease scientific development of biological control agents over the
years. In this regard, seed health testing and management need to
be understood in light of the general evolution of the seed sector.
Besides, increasing crop productivity seed health issues are ex-
tremely important in international seed trade, conservation, and
utilization of plant genetic resources, which is vital for global food
security. So, with this view, the present investigation was under-
taken to evaluate fungicides and biocontrol agents that could be
effective in the development of new tools for the management of

seed-borne fungi to the plants of economic importance.

Materials and Methods

Seeds collection

Seed of barley cv. Narendra barley-2 were collected in gunny
bag from the agricultural farm of the Aligarh district of (UP) India.
Seed sample were stored at room temperature 280C till process-
ing and examined for the seed-borne mycoflora according to the

international rules for seed testing [11].

Dry seed examination

Inspection of dry seeds can be applied to detect seed-borne
pathogens present in the seed. It may cause discoloration of seed
coat or changes in the seed size and shape. Four hundred seeds
were examined in a transparent petri-plate with unaided eye.
Seeds with mechanical damage, abnormalities, discoloration, smut
balls and other fungal bodies were observed under stereoscopic
microscope and percentage recorded. Soil clods, sand, stone pieces
were also separated. As per 1STA rules (ISTA, 1993), these impuri-

ties are considered inert matter.
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Standard blotter method

The standard blotter method was developed later it included
in the International seed Testing Association (ISTA) rules of 1966
[12,13]. In this method, ten seeds were plated in sterilized petri-
plate (9 cm diameter) containing three moistened blotter paper by
dropping off extra water. The seeds were plated at equidistance in
the petri-plate with the help of sterilized forceps. There were three
replications of each treatment. The plates were incubated at 28 +
20C for alternate periods of 12 hours light and 12 hours darkness
for 7 days. The plates were removed on the eighth day. In this way,
three hundred seeds were observed, and fungi developed on seeds
were examined under 40x-50x magnification of the stereo-binocu-
lar microscope. Different seed-borne fungi were identified on the
basis of form, length, conidiophores arrangement, size and septa-

tion as well as chain formation of conidia [14].

Agar-plate method

Agar plate method is another popular method for the detection
of seed-bone fungi, in which seeds were plated on agar media. The
seeds were plated at equidistance in the petri-plate (9 cm diam-
eter) with the help of sterilized forceps. Plated seeds were then in-
cubated at 28 + 2°C for 7 days with cycles of 12 hours of light and 12
hours of darkness. In this way, three hundred seeds were observed,
and fungi developed on seeds were examined and identified under

40x-50x magnification of the stereo-binocular microscope [14].

Poison food technique

Antifungal activity of fungicides viz., Mancozeb 75% WP
(Dithane M-45), Carbendazim 50% WP and Mixture of Carbendaz-
im 12 + Mancozeb 63% WP were tested against mycelial growth
of dominant seed-borne fungi [15]. Each fungicide was applied @
100, 200, 300 ppm concentration in the test and mixed well with
autoclaved agar medium. After that 5 mm diameter agar disk of Al-
ternaria alternata, Rhizopus stolonifer, Mucor spp., Fusarium monili-
forme and Aspergillus flavus were cut from active culture by using
sterile cork borer and placed in the center of petri-plates contain-
ing the different concentration of fungicide. There were three rep-
licates of each treatment. Petri-plates without fungicidal treatment
were served as control. The plates were then incubated at 28 + 20C
for 7 days. The percent inhibition of mycelial growth was calculat-
ed as per formula [16]. The fungicide which was found effective in
the laboratory conditions were applied for seed treatment in both

standard blotter and agar plate methods.

Dual culture technique

Dual culture technique consists of growing the test organism
and pathogenic organism on the same plate [17]. Agar media 20
ml of melted cooled (45 - 50°C) was poured in each petri-plate and
allowed to solidify. A 5 mm mycelial disc cut from the margin of the
actively growing colonies of pathogenic culture (4. alternata, R. sto-
lonifer, Mucor spp., E moniliforme and A. flavus) was placed near the
periphery on one side of the agar plate. Another disc of 5 mm of test
organism (Trichoderma viride, Trichoderma harzianum, Aspergillus
niger) was also placed on the other side of the same plate opposite
to the first disc at an angle of 180°C. There were three replicates
of each treatment. Petri-plates without test organisms served as
control. Inoculated petri-plates were incubated at 28 + 2°C for 7
days and colony growth inhibition was calculated. The biocontrol
agents found effective in the laboratory conditions were evaluated

for seed treatment in both agar plate and blotter methods.

07

dc -dt
x 100

Myecelial growth inhibition (%) =
Where dc is the average colony diameter of fungal growth in

control and dt is the average diameter in treatment.

Preparation of conidial suspension

A conidia suspension of T viride was prepared from the 7-day
old culture of the isolate on agar media. 1g mycelial mat was flood-
ed with 10 ml of sterilized water and shaken for a few minutes. The
resulting suspension was filtered through muslin cloth. After that,
the conidial concentration was determined by using haemocytom-
eter. The spore suspension was adjusted to 10° conidia/ml using

sterilized water.

Seed priming

Seed treated with Mancozeb + Carbendazim mixture and T.
viride (10° conidia/ml) (as they found to be effective in poison
food technique) three hundred moderately infected seeds were
placed in 150 ml flasks with 300 ppm concentration of fungicide
and with prepared condial suspension of T. viride. The flasks were
plugged and shaken for 20 minutes on the mechanical shaker so as
to get the uniform distribution on the seed surface. The seeds af-
ter fungicidal and biocontrol treatment were removed from flasks
and dried on blotter sheet separately for 2 hours. After that coated
seeds were placed on sterilized petri-plates containing moist blot-
ter paper and on agar media and then incubated at 28 + 2°C for
7 days. There were 3 replicates of each treatment. Plated seeds
without treatment were served as control. After incubation, fungi
growing out from the seeds were examined and relative frequency
of seed-borne fungi, percent germination was calculated by follow-
ing given formula.

No. of seeds containing a particular fungus
x 100

Relative frequency = Total seads used

No. of seeds germinated
x 100

% germination=
& Total number of seeds

Pot experiment

During pot experiment coated seeds sown in 2 cm deep in earth-
en pots (25 cm diameter) filled with sterilized soil. After 110 days
of sowing, data on plant length (cm), plant fresh weight (g), plant
dry weight (g), number of grains/spike, number of spike/plant, and

chlorophyll content [18] were recorded.
Data Analysis

Data was analyzed by one-way analysis of variance (ANOVA) by
using R software (R Development Core Team 2011). Least signifi-
cant difference (L.S.D) and Duncan’s multiple range tests were cal-

culated at P < 0.05 to test for significant differences.

Results

Inspection of Dry Seeds

In dry seed inspection, 400 seeds were examined with naked eye
and stereobinocular microscope (40x-50x) for contamination and
other apparent disorders. The results indicated that seeds were de-
formed, damaged, discoloured, contaminated with inert matter and

infected with condia as well as mycelial fragments (Table 1).
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S.NO. Observed Characteristics Remarks
1. Color of pericarp Light yellow
2. Discoloration and blemishes 4.5%

3. Mycelial bits and conidia 1.5%

4. Damaged seeds 12.75%

5. Deformed seeds 1.5%

6. Broken seeds 5.25%

7. Malformed seeds 3.75%

8. Inert matter 1.25%

Table 1: Inspection of dry seeds of barley variety-Narendra
barley-2 (observation based on 400 seeds)

08

Isolation of Seed-Borne Mycoflora

Seed borne fungi isolated from standard blotter method was A.
alternata (65.5%), R. stolonifer (51.8%), Mucor spp. (47.24%), F.
moniliforme (41.8%), A. flavus (34.65%), A. niger (31.5%), Penicil-
lium spp. (27.03%), D. australiensis (18.5%), C. lunata (16.71%),
Cladosporium spp. (9.56%), Stemphylium spp. (4.51%) and Ulo-
cladium spp. (2.04%). However, in agar plate method, seed-borne
fungi isolated and identified was A. alternata (41.5%), R. stolonifer
(24.31%), Mucor spp. (18.4%), FE moniliforme (30.75%), A. flavus
(16.8%), A. niger (36.25%), Penicillium spp. (12.45%), D. aus-
traliensis (27.51%) and C. lunata (24.6%). Percent germination of
seeds was observed 42 in standard blotter method and 46 in agar
plate method (Table 4, Figure 1a-1c).

Percent growth inhibition
Fungicides Concentration Alternaria | Rhizopus Fusarium Aspergillus
(ppm) alternata Spp- Mucor spp. moniliformae flavus
Mancozeb 100 76.66 bed 72.02 cde 69.64 cd 68.86 cde 65.77 cde
200 77.80 bed 74.10 bed 73.33 bc 70.83 cd 68.85c
300 79.61abc 76.42 abc 74.78 bc 72.97 bc 69.52 bc
Carbendazim 100 72.92d 67.33 e 66.25d 64.76 e 62.55¢e
200 76.04 cd 70.04 de 67.97d 67.08 de 64.40 de
300 77.32 bed 71.84 cde 70.61 cd 69.15 cde 67.33 cd
Mancozeb + Carbendazim 100 80.35 abc 76.04 bc 74.16 bc 73.27 bc 70.17 bc
200 81.78 ab 78.21 ab 77.97 ab 76.25 ab 73.33 ab
300 83.21a 81.25a 80.00 a 79.34 a 75.04 a
C.D.P<0.05 4.62 4.65 4.88 4.56 4.09

Table 2: In vitro Evaluation of fungicides against seed-borne fungi by poison food technique.

Each value is the average of three replicates

*Values in a column followed by the different letters are significantly different at P < 0.05 using Duncan’s multiple range test

*C.D: Critical Difference

Effect of Fungicides on the Growth of Dominant Seed Borne
Fungi

Fungicides were tested against seed-borne fungi was Manco-
zeb, Carbendazim and Mixture of Mancozeb and Carbendazim at
100, 200, 300 ppm concentration. All the doses of fungicides were
found significantly effective in mycelial growth inhibition against
dominant fungi isolated from barley seeds. Among them, Manco-
zeb+ Carbendazim mixture at 300 ppm concentration was found
most effective against A. alternata, R. stolonifer, Mucor spp., F. mo-

niliforme and A. flavus over control (Table 2).

Evaluation of Biocontrol Agents Against Seed-Borne Fungi

The antagonistic effects of three biocontrol agents viz., Tricho-
derma viride, Trichoderma harzianum and Aspergillus niger were
evaluated against dominant seed borne fungi isolated from barley.
It was found that all the biocontrol agents were found significantly
effective against A. alternata, R. stolonifer, Mucor spp., F monili-
forme and A. flavus. Among them, T. viride was found most effective
in percent growth inhibition against seed-borne fungi over control
(Table 3).

Percent growth inhibition
Biocontrol agents Alternaria Rhizopus Fusarium Aspergillus
Mucor spp. -

alternata spp- moniliformae flavus
Trichoderma viride 64.14 a 57.26 a 54.64 a 51.60 a 4940a
Trichoderma harzianum 58.14b 5297b 49.18 b 46.78 b 44.28b
Aspergillus niger 46.90 c 44.88 c 42.14 c 41.48c 3892 ¢
C.D.P<0.05 3.63 3.18 2.72 2.40 2.43

Table 3: Antagonistic activity of bio-agents against seed-borne fungi by dual culture technique.

Each value is the average of three replicates

*Values in a column followed by the different letters are significantly different at P < 0.05 using Duncan’s multiple range test

*C.D: Critical Difference
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Standard blotter method Agar plate method
Relative frequency Relative frequency
et e Control Cl\:l?ll)lecl(l)(zlilz)i:n TVir_'it{e (fl> Control cl\::l?ecl(l)é:lz)i;l L Vi.”"."’ s
(300 ppm) conidia/ml) (300 ppm) conidia/ml)
Alternaria alternata 65.50a 15.6a 17.30a 41.50a 12.50 a 14.60 a
Fusarium moniliforme 41.80d 09.15c¢ 10.60 c 30.75¢ 08.30 ¢ 09.50 ¢
Aspergillus flavus 34.65e 11.30b 12.10b 16.80 f 09.60b 11.20b
Aspergillus niger 31.50e 06.85d 07.50d 36.25b 04.15d 05.30d
Penicillium spp. 27.03f 03.12e 04.30e 1245¢g 02.00 e 03.10e
Drechslera australiensis 1850g 02.06 f 03.50 f 27.51d 01.30f 02.60 f
Rhizopus Spp. 51.80 B - - 2431E - -
Mucor spp. 4724 c - - 18.40 f - -
Curvularia lunata 16.71g - - 24.60 e - -
Cladosporium spp. 09.56 h - - - - -
Stemphylium spp. 04.511 - - - - -
Ulocladium spp. 02.04 i - - - - -
% germination 42 68 64 46 72 70
C.D.P<0.05 3.40 0.37 0.43 2.68 0.32 0.36

Table 4: Effect of Mancozeb + Carbendazim mixture and Trichoderma viride as seed treatment against seed-borne mycoflora of barley.

Each value is the average of three replicates

*(-) minus sign indicates absence of fungus

*Values in a column followed by the different letters are significantly different at P < 0.05 using Duncan’s multiple range test

*C.D: Critical Difference

Fungicidal Seed Treatment

Seeds treatment with Mancozeb + Carbendazim at 300 ppm
concentration was found most effective against seed borne fungi. It
was found that observed relative frequency of A. alternata (15.6%)
followed by E moniliforme (9.15%), A. flavus (11.3%), A. niger
(6.85%), Penicillium spp. (3.12%) and D. australiensis (2.06%) on
standard blotter method over control whereas on agar plate meth-
od the highest frequency was observed in A. alternata (12.5%) fol-
lowed by E moniliforme (8.3%), A. flavus (9.6%), A. niger (4.15%),

Penicillium spp. (2%) and D. australiensis (1.3%) as compared to
untreated control. The germination percentage of seeds was 68%
in standard blotter method and 72% in agar plate method (Table
4).

During pot experiment seed treated with Mancozeb+ Carben-
dazim mixture at 300 ppm concentration was found significantly
effective in increase plant length, fresh weight, dry weight, number
of spikelets/spike, number of grains/spike and chlorophyll content

over untreated control (Table 5, Figure 1d).

Treatments Plant Length Plant fresh Plant dry No. of No. of Chl::;aL 1
(cm) Weight (g) | Weight (g) | Spiklets/Spike | rains/Spike (mg/pg)y
Control 99.50c 31.93c 10.30c 18.5¢ 40.5c 1.88c
Mancozeb+Carbendazim 113.95a 37.76a 16.54a 23.1a 46.51a 2.18a
(300 ppm)
T viride (10° conidia/ml) 108.65b 34.12b 13.93b 21.85b 43.3b 2.01b
C.D.P<0.05 4.89 2.11 1.20 1.12 2.14 0.10

Table 5: Effect of Mancozeb+ Carbendazim mixture and Trichoderma viride as seed treatment on

the growth and chlorophyll content of barley.

Each value is the average of three replicates

*Values in a column followed by the different letters are significantly different at P<0.05 using Duncan’s multiple range test

*C.D: Critical Difference
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Figure 1: Showa that a. Seed-borne fungi developed on agar
media b. A. alternate c. A niger d. Effect of Mancozeb plus
carbendazim mixture (M+C) and T viride as seed treatment

on the growth of barley in pot condition.

Seed Biopriming

Seeds treated with T. viride showed highest frequency of occur-
rence in A. alternata (17.3%) followed by E moniliforme (10.6%),
A. flavus (12.1%), A. niger (7.5%), Penicillium spp. (4.3%) and D.
australiensis (3.5%) on standard blotter method over untreated
control similarly, on agar plate method highest frequency was ob-
served in A. alternata (14.6%) followed by F. moniliforme (9.5%), A.
flavus (11.2%), A. niger (5.3%), Penicillium spp. (3.1%) and D. aus-
traliensis (2.6%) as compared to untreated control. The germina-
tion percentage of seeds treated with T. viride was 64% in standard
blotter method and 70% in agar plate method (Table 4).

During pot study seed treated with T viride was found signifi-
cantly effective in increase plant length, fresh weight, dry weight,
number of spikelets/spike, number of grains/spike and chlorophyll
content over control plants (Table 5).

Discussion

Standard blotter and Agar plate method were recommended by
ISTA for the isolation and detection of seed-borne mycoflora [19].
No single method is adequate in the field of seed pathology for de-
tecting seed-borne fungi associated with seeds [20,21]. Isolation
and identification of seed-borne fungi from barley seeds were done
through both standard blotter and agar plate methods [22]. It was
found that seed-borne fungi from the seeds may be destructive dur-
ing germination of seeds or may be bringing about mortality soon
after the emergence of seedlings, so it is desirable that seeds should
be tested for seed health before planting. Among seed-borne fungi
A. alternata was found most frequent isolated fungi during incuba-
tion [23]. Management of seed-borne fungi was done to test the ef-
ficacy of fungicides and biocontrol agents in vitro [24]. It was found
that colony growth of this fungus inhibited significantly in both ap-
pliances. Further, application of best dose found to be effective in
vitro study as well as pot condition applied as a seed treatment.
Application of seed protectants such as fungicides and bioagents
helps in producing better emergence and vigorous seedlings [25].
The application of chemicals to the seed is a common and effective
means of controlling the majority of seed-borne pathogens. The ap-

plication of fungicide as seed treatment is the most conventional
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followed disease control practice used in all crops [26]. Seed treat-
ment with fungicides used against seed-borne mycoflora in many
crops [27,28]. Different seed dressing fungicides were applied to
bring down the seed-borne inoculum to lowest infestation level
and also to see its impact on the germination of seeds [29]. There
are a number of modes of action employed by these microorgan-
isms that lead to the seed and seedling protection [30]. Each of
these modes of actions has advantages and disadvantages that
affect performance. Therefore, mixtures of bio-organisms with
different modes of action or combinations of chemicals and bio-
logical control agents enhanced the activity but there are limited
knowledge and understanding of the interaction of such mixtures.
Biological control agents used as seed treatments are being devel-
oped by a number of companies across the globe. These products
may provide a good solution for seed health and maintain organic
status of the crop. It should be stressed that the efficacy of biologi-
cal seed treatment is at the current time far from reaching the ef-
fect of chemical seed treatment; nevertheless, biological treatment
can represent on some occasions an interesting complement of
chemical protection. So as to avoid the introduction of pathogens
in new areas and be treated with nontoxic pesticides like biocon-

trol agents so as to reduce the pollutant load of the environment.

Conclusion

In dry seed inspection conidial fructifications and abnormali-
ties were observed through unaided eye and stereo-binocular
microscope. Seed health techniques showed that highly frequent
fungus was Alternaria alternata followed by Rhizopus stolonifer,
Mucor spp., Fusarium moniliforme and Aspergillus flavus in both
the incubation methods. Management of dominant seed-borne
fungi was done by Mancozeb, Carbendazim and Mancozeb plus
Carbendazim mixture through poison food and dual culture tech-
nique respectively. Mancozeb and Carbendazim mixture were
caused highest growth inhibition as compared to Mancozeb and
Carbendazim alone. In case of bio-agents highest growth inhibi-
tion caused by T viride over T harzianum and A. niger. Further seed
priming with Mancozeb plus Carbendazim and T. viride were effec-
tive in eliminating majority of seed fungi and percent germination
increase in both agar plate method and blotter method. Pot stud-
ies shows seed treatment with Mancozeb plus Carbendazim and T

viride increases the plant growth and chlorophyll content.
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