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Abstract

Aim : Advancement in nanotechnology has amplified the effectiveness of traditional fungicides against
pathogens when seeds are treated with nano formulation of fungicides. The present study was undertaken
to investigate the effect of nanoparticles on seed mycoflora and seed quality parameters of fodder crops, in
aview to accomplish nanoparticles application in near future.

Methodology : Fodder seed samples were subjected to standard blotter paper method and plated on
Potato Dextrose Agar to isolate seed mycoflora. The major seed mycoflora were used as test organisms for
further studies. Suspension of different concentrations (5 mg 1", 10 mg I", 15 mg I and 20 mg I") of cupric
oxide (CuO) and zinc oxide (ZnO) nanoparticles (NPs) were prepared from 200 mg | stock suspension.
The same concentrations of NPs were used for antifungal assay and to test effect on seed quality
parameters.

Results : The results showed CuO NPs had greater antifungal impact on seed mycoflora than ZnO NPs. An
incremental radial growth was observed with ZnO NPs at lower concentrations but at 20 mg I growth was
retarded as compared to control. The efficacy was directly correlated with the concentration and maximum
reduction of spore germination was observed at 20 mg I". Nanoparticles enhanced seed germination, root
length, shootlength and seedling dry weight at lower doses, but reduction was noticed at higher doses in all
fodder crops studied.

Interpretation : These results suggest that CuO and ZnO NPs can be used as an effective seed protectant
fungicide against seed mycoflora with proper standardization of concentration to overcome their phytotoxic

effect.
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Introduction

Forage crops are vital components for dairy industries
and few of them are also gaining importance as substrate for
biofuel production (Gulbis et al., 2016). To sustain the dairy
industry and rural economy, India requires an additional increase
of more than 800 metric tons of fodder by 2030 (Datta, 2013). To
attain this target, increase in continuous supply of good quality
seeds is imperative, both as feed and input for crop production as
well. Seeds with high initial vigour, foliage growth and good
germination provide more biomass and also provides edge to
weed competition in their natural growth conditions (Maity et al.,
2016). One of the main impediments towards the availability of
good quality seeds is seed borne pathogens (Naqvi et al., 2013;
Kononenko et al., 2015), which account for annual economic loss
of more than US $130 million in Afro-Asian countries (Yago et al.,
2011). They reduce seed viability by associating with the seed
either externally or internally and may cause seed abortion, seed
rot, seed necrosis and reduction or elimination of germination
capacity as well as seedling damage. Besides, they grow on the
seed substratum and produce mycotoxins which are hazardous
to humans and animals as well (Cheli et al., 2013; Driehuis,
2013). Therefore, management of these pathogens during the
seed-borne phase is considered to be crucial. For the last few
decades, use of agrochemicals for seed treatment has certainly
decreased the incidence of seed mycoflora, but at the same time
has contributed to the development of resistant pathogens (Elad
etal., 1992). Moreover, such chemicals can be lethal to beneficial
microorganisms in the rhizosphere and useful soil insects, and
they may also enter the food chain and accumulate in undesirable
levels (Kononenko et al., 2015). With the emergence and
proliferation of microbes resistant to fungicides and the
burgeoning health care costs, many researchers have been tried
to develop new and effective antimicrobial reagents that do not
stimulate resistance and are less expensive. Nano scale
materials have emerged as novel antimicrobial agents owing to
their high surface area to volume ratio and the unique chemical
and physical properties, which increases ‘their contact with
microbes and their ability to permeate cells (Wang et al., 2016).

Advancement in nanotechnology has amplified the
effectiveness of traditional fungicides against pathogens when
seeds are treated with nano formulation of fungicides (He et al.,
2011; Ouda, 2014). However, different studies showed both
positive and negative effects of nanoparticles on plants and
microbes (Burke et al., 2015; Simonin et al., 2016; Singh et al.,
2016). These nanoparticles not only act as antimicrobial agents
but can also enhance seed germination, vigor and yield in a wide
array of crops (Mukherjee et al., 2016). The nanoparticles of key
elements/metals viz., SiO,, Silver, have been studied extensively
for seed treatment (Le et al., 2014; Siddiqui and Al-whaibi, 2014).
But, less emphasis has been given on metal based synthetic Nps
nanoparticles to explore its antifungal property. The old as well as
novel agrochemicals used nowadays for seed treatment have
differential mode of action against seed pathogen (Kim et al.,
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2012). Some of them impact the synthesis of DNA or RNA or
protein of pathogen, whereas some influence the spore
germination and growth of fungi (Yang et al., 2011). Although
nanotechnology is a recently incepted tool in agriculture, its
antifungal property has well been proved. But the mode of action
of the NPs on pathogens has not been studied properly.
Furthermore, scanty of literature is available on effect of
nanoparticles on spore germination, fungal growth and its
management in fodder crops through seed treatment with
nanoparticles. Hence, the present experiment was undertaken to
study the effect of copper and zinc based nanoparticles (NPs) on
seed quality, fungal growth and spore germination.

Materials and Methods

Seed material and nano particles : Two-year-old fodder seed
samples (Berseem, Cowpea, Sorghum and Oats) were collected
from Seed Processing Unit, Division of Seed Technology, ICAR-
IGFRI, Jhansi. The synthetic nano particles (Cupric oxide (CuO),
APS: 40 nm; mol. wt.: 79.54; Zinc oxide (Zn0O), APS: 240 nm; mol.
wt.: 81.38) for this experiment were purchased from SRL
Company Pvt. Ltd., Chennai, India

Isolation of seed mycoflora and nanoparticles treatment :
Seed samples of fodder crops were subjected to standard blotter
paper method and plated on potato dextrose agar (PDA) to isolate
important mycoflora associated with Berseem, Cowpea, Sorghum
and Oats. The major seed mycoflora were selected to be used as
test organisms and were maintained on PDA medium. Suspension
of different concentrations (5mg ", 10 mg " 15 mg " and 20 mg ")
of NPs (CuO and ZnO) were prepared from 200 mg I" stock
suspension. The same concentrations were used for antifungal
assay and to test their effect on seed quality parameters.

Antifungal assay : radial growth : In-vitro assay was performed
on growth medium treated with 5mg ", 10mg ", 15mg ", 20 mg I”
concentrations of NPs (CuO and ZnO). One ml of suspension was
added with the help of micropipette into separate petri plate
containing 15-20 ml of PDA medium before solidification and they
were thoroughly mixed. After solidification uniform size of agar
discs (diameter, 8 mm) of selected fungi were inoculated at the
centre of each petri plate containing different concentration of NPs,
followed by incubation at 25 + 1°C for 7 days. After incubation,
radial growth (cm) was measured and recorded when growth of
myceliain the control plate reached the edge of the petri plate.

Spore germination : Spore germination study was carried out by
“Hanging Drop Technique”. The suspension of exudates and fungal
spores (100-200) from one week old cultures were prepared to
study the germination of fungal spores. All the tested fungi were
individually picked up with a sterile inoculation needle and mixed in
the different concentration (5mg 1", 10mgI”, 15mg " and 20 mg I")
of NPs. For each experiment the suspension of fungal spores is
placed on a cover slip, and then inverted over the concave
depression of the slide to produce a hanging drop. The slides were
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then placed in moist chambers prepared by placing two moist filter
papers in the inner surfaces of a Petri plate. Three replications were
made for each suspension of fungal spores. Spores mixed in
distilled water without leaf exudates served as the control. The
slides were incubated at 25+2°C for 24 hrs and then fixed with
cotton blue in lacto-phenol. Germination was observed after 24 hrs
under a light microscope and the images were captured with the
help of a camera mounted stereo microscope. All the experiments
were conducted in triplicate for each test fungus. The per cent spore
germination was calculated.

Effect of NPs on seed quality parameters : The desired
quantity of berseem, cowpea, oats and sorghum seeds were
surface sterilized with 70% ethanol and then rinsed with sterile
distilled water several times. The seeds were transferred to
conical flask containing different concentration of NPs [control, 5
mg ", 10 mg ", 15 mgI", 20 mg "] and shaken at 120 rpm for 4
hrs. The soaked seeds were taken out and shade dried. The
standard germination test was followed (ISTA, 2008). Total 400
seeds in 4 hrs replicates of 100 seeds were put in germinator as
per top of paper method. Seedling, shoot and root lengths and
dry-weight were measured at the end of germination test.

Data analysis : Statistical analysis of each treatment was
conducted with three replicates. The results were analyzed by
one way ANOVA using statistical software SAS 9.3 version.

Results and Discussion

Mycoflora analysis of two-year-old seeds of fodder crops
recorded different species. Among these most dominant
mycoflora isolated were Aspergillus spp., Alternaria spp.,
Bipolaris spp., Colletotrichum spp., Curvularia spp., Fusarium
spp., Penicillium spp. and Rhizopus spp. For experimental
purpose, five species viz., Aspergillus niger, Alterneria alternata,
Bipolaris spp., Curvularia lunata and Fusarium spp.were used to
testantimycoflora activity of CuO and ZnO NPs.

According to the results of this study, CuO and ZnO NPs
showed antifungal properties against seed mycroflora and
concentration of NPs across the seed mycroflora had varied
effect on both radial growth and spore germination (Table 1, 2).
The antifungal effects of nanoparticles have been illustrated by
many researchers (Cioffi et al., 2004; Min et al., 2009; Johari et al.,
2014). The treatments at lower concentrations of CuO NPs
showed non-significant impact on radial growth across seed
mycoflora compared to control. However, relative decrease in
radial growth and spore germination of all seed mycroflora was
observed at higher concentration (20 mg I") in all tested seed
mycoflora. The same trend was also observed by Kim et al.
(2012). In agreement with our results, Johari et al. (2014)
illustrated that the best antifungal effects of nanoparticles
occurred at the highest concentrations.

Table 1 : Effect of CuO and ZnO nanoparticles on radial growth (cm) of seed mycoflora of fodder crops

Copper oxide (CuO)
Radial growth (cm) of seed mycoflora
Treatments Alternaria alternata  Aspergillus niger Curvularia lunata Fusarium spp. Bipolaris spp.  Mean
Control 2.65™ 3.85% 2.50% 2.50° 2.90™* 2.88
5mg !’ 1.50' 3.90™ 3.65™ 4,05” 2.70™* 3.16
10mg !’ 3.20"* 3.15% 2.10* 465 2.90™* 3.20
15mg 1.95" 3.75™ 3.10™* 3.70™ 3.45™ 3.19
20mg I 1.45' 2.90™* 2.13* 2.25% 2.40™* 2.00
Mean 2.15° 3.51° 2.70® 343 287" 2.90
Effect SEm LSD(<0.05)
Treatment (T) 0.18 NS
Seed mycoflora (SM)  0.18 0.53
TXSM 0.41 1.19
Zinc oxide (ZnO)
Radial growth (cm) of seed mycoflora
Treatments Alternaria alternata ~ Aspergillus niger ~ Curvularia lunata  Fusarium sp. Bipolaris sp. Mean
Control 2.65 3.85 250 2.50 2.90 2.88
5mg |’ 235 3.50 3.40 2.70 3.40 3.07
10mg !’ 2.70 3.70 2.10 3.65 2.35 2.90
15mg !’ 2.70 4.25 2.65 3.30 240 3.06
20mg I 2.50 4.45 2.15 225 2.05 2.68
Mean 2,58 3.95° 2.56" 2.88" 2.62% 2.92
Effect SEm LSD(<0.05)
Treatment (T) 0.23 NS
Seed mycoflora (SM)  0.23 0.68
TXSM 0.52 NS

a, b, ¢, etc. signifies the significant difference at P<0.05
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Table 2 : Effect of CuO and ZnO nanoparticles on spore germination (%) of seed mycoflora of fodder crops

Copper oxide (CuO)
Spore germination (%) of seed mycoflora
Treatments Alternaria alternata  Aspergillus niger ~ Curvularia lunata Fusarium spp.  Bipolaris spp. Mean
Control 86 (68.08)" 85 (67.50)" 85 (67.22)" 94 (76.02)° 84.5(66.88)°  86.7 (69.14)°
5mg !’ 72 (58.11)" 47 (43.28)"" 36 (36.87)" 88 (70.95)° 56 (48.45)° 59.8 (51.53)"
10mg !’ 58 (49.70)" 37.5(37.76)" 23.5(28.94) 90 (71.65)° 52.5(46.43)""  52.3 (46.90)°
15mg 54.5 (47.60)™ 31(33.81)" 23.5(28.94) 86 (68.08)" 37 (37.42)™ 46.4 (43.17)°
20mg I 72 (58.11)" 38.5 (38.35)"" 40 (39.23)"" 86 (68.50)" 41(39.68)"" 555 (48.77)
Mean 68.5 (56.32)° 47.8(44.14)y 41.6 (40.24) 88.6 (71.04)° 54.2 (47.77)°  60.14 (51.90)
Effect SEm LSD (<0.05)
Treatment (T) 1.41 412
Seed mycoflora (SM)  1.41 412
TXSM 3.16 9.21
Zinc oxide (Zn0)
Spore germination (%) of seed mycoflora
Treatments Alternaria alternata  Aspergillus niger ~ Curvularialunata  Fusariumsp.  Bipolaris sp.  Mean
Control 86 (68.08) 85 (67.50) 85 (67.22) 94 (76.02) 84.5 (66.88) 86.9 (69.14)°
5mg !’ 56 (48.77) 48 (43.62) 65 (53.78) 93 (75.01) 47 (43.27) 61.8 (52.89)"
10 mg I 54 (47.34) 59.5 (50.50) 41 (39.81) 90.5 (72.84) 43.5 (41.26) 57.7 (50.35)"
15mg I 64 (53.13) 47 (43.28) 50 (45.00) 87 (68.88) 41(39.81) 57.8 (50.02)"
20mg " 50 (45.00) 37.5 (37.75) 28.5 (32.22) 76 (61.43) 40 (39.20) 46.4 (43.12)°
Mean 62 (52.46)° 55.4 (48.53)° 53.9 (47.61)° 88.1(70.84)° 51.2 (46.09)  62.12(53.10)
Effect SEm LSD (<0.05)
Treatment (T) 248 7.21
Seed mycoflora (SM)  2.48 7.21
TXSM 5.53 NS

a, b, ¢, etc. signifies significant difference at P<0.05

Possible mechanisms of action of metallic copper, copper
ions and colloidal copper nanoparticles are based on changes in
the structure and function of fungi cell; furthermore, these
particles can affect DNA and disrupt its replication and
transcription, which ultimately leads to the death of fungal
microorganisms (Cioffi et al., 2004; Kalatehjari et al., 2015). But,
in this study contradictory results were obtained with ZnO NPs.
The radial growth of Aspergillus sp. increased with increase in the
concentration of ZnO NPs in a consistent manner, whereas radial
growth of remaining seed mycoflora was not positively correlated
with increment in NPs concentration. He et al. (2011) clearly
illustrated that inhibitory effect of ZnO NPs was dependent on
incubation, concentration and microbial species.

The significant interactive effect between treatments and
spore germination across the seed mycoflora was also observed
in this study. Each genus of seed mycoflora responded
significantly to the concentration of CuO NPs. Alternaria alternata
showed maximum spore germination at control and minimum at
15 mg I". The results further indicated that the concentration > 5
mg " can significantly decrease the spore germination of different
seed mycoflora, except Fusarium sp. The treatment of ZnO NPs
showed relatively lesser effect than CuO NPs (P<0.05). As a total,
ZnO NPs treatment had significant a effect on the seed
mycroflora, but failed to show significant effect on spore

germination across the seed mycoflora at 5 mg I to 15 mg I
concentration. At 20 mg I', ZnO NPs was found effective in
reducing spore germination of seed mycoflora than control. The
microscopic observation of CuO and ZnO NPs treated spores
revealed that most of the control spores were bright in
appearance and produced long germ tubes after overnight
incubation. This result is in agreement with Wagner et al. (2016)
who studied the efficacy of Zn and ZnO NPs in reducing spore
germination and inhibiting germ tube formation of Peronospora
parasitica at higher concentration. It was also observed that an
antimyflora activity of NPs may be due to suppression of enzymes
and toxins used by the fungal pathogens for pathogenesis
(Bhainsaand D'Souza, 2006; Vahabi et al., 2011).

The present study, both NPs across all concentrations
enhanced seed germination significantly but at higher doses, in
some cases, they reduced the germination. A similar trend was
observed in several previous studies with crops and forage crops
(Le et al., 2014; Maity and Natarajan, 2013; Maity et al., 2016).
Enhanced enzymatic activities (Lu et al., 2002) improved nutrient
sequestration on the seed surfaces by NPs (Navarro et al., 2008)
and selective permeability of seed coats which prevents the
inhibitory material to pass through it (Riahi-Madvar et al., 2012)
have been suggested for these improvement in previous studies.
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Fig.1(a&b): Effect of CuO and ZnO nanoparticles on seed quality parameters of fodder crops.

In the present study a positive effect on root development across
species and NPs concentration was observed (Fig. 1 b, c).

Furthermore
elongation in cucumber, but positive effect on radish, rape and

Arabidopsis thaliana has been reported (Lin and Xing, 2007; Le et
al., 2014). In addition, as roots are the first organ to interact
directly with the nanoparticles a dosage dependant response has

been reported previously (Maity et al., 2016). The mechanism
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Fig.1(c &d): Effect of CuO and ZnO nanoparticles on seed quality parameters of fodder crops.

NPs (Fig. 1 c, d). A contrast between root development and shoot
length and dry weight accumulation was observed (Fig. 1b, ¢, d).
Reportedly, this variability in shoot length and dry matter over root
length could be attributed to the transportability of these nano-
materials to shoot and other organs through roots. A similar trend
was observed in previous studies (Riahi-Madvar et al., 2012;
Maity et al., 2016). Therefore, it may be concluded that higher the
uptake of these particles by roots, more is the adverse effects on

the growth parameter of seedlings. In summary little is known
regarding the effects of CuO and ZnO based NPs on seed
associated microorganisms because most of the studies have
focused on silver NP against phytopathogenic mycoflora. This
study clearly demonstrates that CuO and ZnO NPs had
significant antifungal activity over control. The NPs used in the
present study had maximum effect at 20 mg I concentration. The
antifungal activity of NPs differed with different seed mycoflora.

% Journal of Environmental Biology, November 2018 *



Effect of cupric oxide and zinc oxide nanoparticles on seed mycoflora and seed quality 979

Thus in view of environmental safety, cost effectiveness
and fungicide resistance exhibited by continuous use of chemical
fungicides the present study suggests that use of CuO and ZnO
NPs is an alternative approach for the management of seed
associated mycoflora via seed treatment. Before practical
application of these NPs, further studies on several parameters
are needed to evaluate including feasibility, phytotoxicity and
antifungal effects in field as well as in storage conditions. Further,
NPs tested in the investigation were supportive in enhancing the
germination in all forage crops although a difference in response
of the crops to NPs was recorded for all the traits under study.
Apparently no toxicity for NPs was observed.
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