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Abstract

Crop plants under cultivation are prone to be destroyed by fungal diseases. Application of fungicides on crop plants to
save them from fungal pathogens is a common practice. Many of the chemicals have been reported to be toxic
through the in vitro pollen germination assay. Pollen grains offer a sensitive and easy system for assessment of
cytotoxicity of chemicals. Pollen grains can be cultured in germination medium in which the test chemical has been
incorporated. Inhibition of pollen germination and pollen tube elongation are used as the parameters that indicate
cytotoxicity. In the current study, the cytotoxicity of Bavistin, a common fungicide, was evaluated by studying its
effect on in vitro pollen germination and pollen tube growth in two plant species namely, Catharanthusroseus (L.) G.
Don. and Clitoria ternatea L. Germination media with four dilutions (1:1, 1:2, 1:4 and 1:8) of the recommended dose
of Bavistin were used to culture pollen grains. The results demonstrate that all tested dilutions of Bavistin are
cytotoxic. Thus, the fungicide should be used with caution.
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I ntroduction

Crop plants grown under field conditions are Fungicides mostly act by damaging fungal cell
susceptible to many fungal pathogens which membranes or interfering with fungal cell
cause diseases resulting in heavy losses of metabolism and thus prevent the growth of fungi
productivity. For sustainable cultivation and and their spores (npic portal). They are commonly
protection of crops from fungal pathogens several applied as seed treatment and foliar spray. Seed-
agrochemicals such as fungicides are utilized. applied fungicides for treating soil-borne fungi
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may persist at low concentrations for long periods
in the plant or the rhizosphere; many fungicides
are systemic and penetrate into and are
translocated in plant tissues (Zubrod et al., 2019).
Although an effective remedy, because of their
frequent application fungicides are a cause of
pollution of environment due to toxic residue and
also lead to development of fungal resistance
(Yoon et a., 2013). Fungicides can enter aguatic
ecosystems where they are toxic to non-target
organisms (Zubrod et al., 2019). The timing of
their application often coincides with pollen
germination. Spray application done on the
flowers to obtain better yield may hinder the
pollen tube formation and thus the process of
fertilization (Kargar and Imani, 2011).

Seeds as well as pollen grains can serve as
sensitive and reliable assay systems for
toxicologica studies (Subramanyan et al., 2023).
Pollen grains have been used in studying the
effects of fungicides, herbicides, insecticides,
pesticides, pollutants and toxic substances, and in
biomonitoring air pollution caused by heavy
metals (Gentile et al., 1971, 1973, 1978;
Bilderback, 1981; Sutherland et a., 1984,
Nikolov et a., 2000; Kamble, 2005; Mehri et a.,
2006; Salgare, 2006; Meshram and Chaturvedi,
2017). Fungicides considered to be non-toxic for
plants in field trials have been found to be
cytotoxic for male gametophyte development
(Pavlik and Jandurovd, 2000). It is essentia to
screen different pesticides for their effect on
pollen grain germination before their application
in the fields since chemical pesticides can be very
harmful (Padilla et a., 2017). In vitro pollen
germination and pollen tube growth are easy and
sensitive methods for assessment of the effects of
toxic compounds and monitoring pollution
(Shivanna and Rangaswamy, 1992; Shivanna,
2003). These methods do not require aseptic
conditions and their results are rapid. Inhibition of
pollen germination and pollen tube elongation in
presence of a toxic compound in in vitro pollen
cultures may be considered indicative of its
cytotoxicity (Pavlik and Jandurovg, 2000;
Subramanyan et al., 2023).
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In the present investigation, toxic effect of
Bavistin was studied on pollen grains of two plant
species, Catharanthus roseus (L.) G. Don. and
Clitoria ternatea L. using reduction of pollen
germination and pollen tube eongation as
parameters of toxicity. C. roseus, common name
‘Madagascar Periwinkle’, is a medicinal plant that
belongs to family Apocynaceae while C. ternatea,
a member of family Fabaceae and commonly
known as ‘Butterfly pea’, is used in traditional
Ayurvedic medicine. The pollen grains of
Catharanthus roseus are spheroidad and
tricolporate (PalDat - Palynological Database A).
Clitoria ternatea has triangular and tricolpate
pollen grains (PalDat - Paynological Database
B). The pollen grains of both flowers are monads
and largein size (51-100um).

Bavistin (Carbendazim 50 % WP) is a
broadspectrum systemic fungicide used to control
various fungal plant diseases such as blight,
mildew, mold, spot and rot (Ghurde et al., 2021).
Bavistin has also been utilised in tissue culture
studies for surface sterilization of explants and for
shoot regeneration (Bantawa et a., 2009; Preethi
et a., 2011; Reddy et a., 2012; Tiwari et a.,
2012; Kumar et al., 2019; Chopraet al., 2022).

Materialsand Methods
Standardisation of pollen germination medium

The flower buds of C. roseus and C. ternatea
were picked from the garden in the morning and
kept under a table lamp to facilitate anthesis and
anther dehiscence. The pollen grans were
collected from freshly dehisced anthers and pollen
germination medium was standardised by
checking their germinability in solutions of 20%
sucrose, 30% sucrose or Brewbaker and Kwack
medium (1964) at ambient room temperature (30-
33°C) by raising hanging drop cultures of pollen
grains. The best percent germination was obtained
in modified Brewbaker and Kwack medium (with
30% sucrose rather than the suggested 10%) after
60 minutes of incubation in the medium and
further studies were carried out in this medium.
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Effects of different concentrations of Bavistin

on pollen germination and pollen tube
elongation
A 0.001% agueous stock solution of

commercialy available Bavistin was prepared.
Appropriate amount of the stock solution was
incorporated into the modified Brewbaker and
Kwack germination medium to get pollen
germination medium containing 1:1, 1:2, 1:4 and
1:8 dilutions of Bavistin volume/volume. Hanging
drop cultures of pollen grains were raised in
germination medium containing Bavistin solution
as well as control (germination medium without
fungicide).

Raising hanging drop cultures of pollen grains

To set up hanging drop cultures, a drop of the
germination medium was placed on the lid of a
cavity block and the edges of the lid were lined
with vaseline. A few pollen grains were dusted on
the drop of medium and spread uniformly with
the help of aneedle. The lid with the culture drop
was inverted over the cavity of the cavity block.
After incubation for 60 minutes pollen grains
were scored for percent germination in three
random non-overlapping microscopic fields. A

pollen grain was considered as germinated only
when the pollen tube length was equa to or
exceeded the diameter of the pollen grain. An
ocular micrometer was used to measure the length
of the pollen tubes. Pollen grains whose tubes had
burst at their tips were not scored. All cultures
were repeated in triplicate and the average values
were calculated for interpreting the results.

Results

Pollen grains of both the plant species germinated
well in modified Brewbaker and Kwack medium.
C. roseus showed higher germinability (91.22%)
in the germination medium than the pollen of
C. ternatea (44.57%). All the dilutions of Bavistin
tested resulted in inhibition of pollen germination
in both the species in a concentration dependent
manner (Figuresl and 2). Most of the
ungerminated pollen grains were found to be
hydrated and many produced papillae. The
average inhibition of pollen germination ranged
from 21.00% (1:8 dilution) to 65.11% (1:1
dilution) for C. roseus while the values ranged
from 42.88% (1:8 dilution) to 96.9% (1:1
dilution) for C. ternatea (Table 1; Figure 3).

Table 1. Effect of Bavistin on germination of C. roseus and C. ternatea pollen.

Dilution of Catharanthus roseus Clitoria ternatea
Bavistin Average % %Pollen Average % % Pollen
pollen germination pollen germination
germination inhibition germination inhibition
0 (Control) 91.22 0 4457 0
1:8 72.06 21.00 25.46 42.88
1:4 46.55 48.97 22.65 49.19
1.2 46.00 49.57 13.62 69.44
1.1 31.83 65.11 1.38 96.90
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Figure 1. Micrographs of 60 minutes old cultures showing effect of Bavistin on pollen germination
and pollen tube length of Catharanthus roseus. A. Control in modified Brewbaker and Kwack
medium; Bto E: In 1:8, 1:4, 1:2 and 1:1 dilution of Bavistin, respectively.
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Figure 2. Micrographs of 60 minutes old cultures showing effect of Bavistin on pollen germination
and pollen tube length of Clitoria ternatea. A. Control in modified Brewbaker and Kwack medium; B
toE: In 1:8, 1:4, 1.2 and 1:1 dilution of Bavistin, respectively.
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Figure 3. Inhibition of pollen germination by Bavistin

More than one pollen tube was produced by some
pollen grains in both species as the pollen grains
of C. roseus are tricolporate and those of
C. ternatea are tricolpate. Like percent pollen
germination, the pollen tube length was longer in
the modified Brewbaker and Kwack medium in
case of C. roseus (467um) than C. ternatea
(198.16pum). While the average length of
C. roseus pollen tube decreased with increase in
concentration of Bavistin, the same trend was not
apparent for C. ternatea (Table 2). The average %
pollen tube length inhibition in the former ranged

from 26.12% (1:8 dilution) to 47.75% (1:1
dilution) whereas in the latter a wider range of
32.21% (1:8 dilution) to 81.33% (1:1 dilution)
was observed (Table 2; Figure 4). Thus, the
inhibition of pollen tube length was extremely
high with 1:1 dilution of Bavistin in case of
C. ternatea compared to C. roseus. In both
species a higher concentrations of Bavistin (1:2
and 1:1 dilution) pollen grains produced mostly
papillae which did not elongate into pollen tubes
(Figures 1 and 2).

Table 2. Effect of Bavistin on germination of C. roseusand C. ternatea pollen tube length.

Dilution of Catharanthus roseus Clitoria ternatea
Bavistin Averagepollen = % Pollentube = Averagepollen | % Pollen tube
tube length length tube length length
(um) inhibition (um) inhibition
0 (Control) 467.00 0 198.16 0
1:8 345.00 26.12 134.33 32.21
1:4 322.00 31.05 155.50 21.53
1:2 279.00 40.26 129.33 34.73
11 244.00 47.75 37.00 81.33
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Figure 4. Inhibition of pollen tube elongation by Bavistin

Discussion

In the present investigation Bavistin was found to
be inhibitory to both pollen germination and
pollen tube elongation in C. roseus as well as C.
ternatea. Several investigators have reported that
fungicide treatment caused inhibition of in vitro
pollen germination and pollen tube growth in
amond (Yi et a., 2003; Zarrabi and Imani, 2011),
Brassica campestris (Pavlik and Jandurov,
2000), Brassica juncea (Jain et a., 2000), peach
and nectarine (Kargar and Imani, 2021). The
inhibitory effect could be due to the interference
with nutrient uptake or pollen metabolism by the
fungicide (Holb, 2008). An alternative mechanism
could be inhibition of formation or fusion of
Golgi vesicles or both, processes which are
needed for formation and elongation of the pollen
tube (Subramanyan et al., 2023). The hydration of
pollen grains did not appear to be hampered by
the presence of fungicide which was also
observed in case of Brassica campestris
suggesting that the fungicide does not influence
the uptake of water. Therefore, the reduction of
pollen germinability and delay in germination of
pollen of B. campestris in response to fungicides
have been attributed to retardation of the synthesis
of pollen wall compounds or RNA synthesis by
the fungicide (Pavlik and Jandurova, 2000).

The population of pollen grains of a flower/plant
represent segregated dominant and recessive
genotypes since pollen grains are products of
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meiosis. As some of the pollen grains are able to
germinate in presence of the fungicide it may be
assumed that some stress tolerant genotypes exist
in the plants (Pavlik & Jandurova, 2000). The
inhibition of germination of pollen in the present
study was evidently concentration dependent. In
presence of lower concentrations of Bavistin,
pollen germination and pollen tube growth were
higher. Thus, it may be possible to determine the
minimum inhibitory concentration of the toxic
compound for safe use on the plants for control of
diseases.

Conclusion

The fungicide Bavistin inhibited in vitro pollen
germination and pollen tube elongation in
Catharanthus roseus and Clitoria ternatea in a
concentration dependent manner. The results
clearly point to the cytotoxicity of the fungicidein
pollen grains. Therefore, Bavistin should not be
sprayed on the plants before fruit set and that too
only after investigating the impact of Bavistin on
fruit and seed set in plants.
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