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Abstract Systemic fungicide seed treatments are routinely

used in conventional agriculture to control soil and seed-

borne diseases, but little is known about their unintended

adverse effects on non-target beneficial fungal endophytes

that are known to be involved in plant growth and devel-

opment. This study evaluated the seed treatment effect of a

broad spectrum systemic fungicide, carbendazim (bavistin)

on symbiotic association of fungal endophytes in rice and

on early seedling growth of rice, green gram, soybean, and

cowpea. Seeds were surface sterilized with sodium

hypochlorite followed by 0.2% bavistin treatment. Growth

of fungal endophytes was significantly affected by the seed

treatment with fungicide in rice seedlings, while shoot and

root growth was suppressed in all the crops. Quantitative

real time PCR showed that the level of expression of two

basal transcriptional regulator genes, OsBTF3 and OsNF-

YC1 that are required for seed germination and seedling

growth significantly decreased in bavistin treated rice

seedlings. Re-inoculation of consortia of fungal endophytes

onto bavistin treated rice seedlings significantly recovered

seedling growth and development. These results suggest

that fungicide treatment of seeds affects early seedling

growth and has negative impact on beneficial fungal

endophytes that are involved in plant growth and devel-

opment. This study provides information on possible ill

effects of fungicide on beneficial fungal endophytes that

play key roles in early seedling growth of plants and also

open up the prospect to additional research on different

crops in vitro and field conditions to determine the con-

sequences of fungicide effects and optimise fungicide

application strategies to develop sustainable disease control

methods.
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Introduction

Fungicide seed treatments are commonly used to control

pathogens in most of the agriculturally important crops

since the 1920s (Lambert et al. 1926). Seed treatment with

fungicides prior to sowing enhances seed health, plant

stand and crop yield as well as control seed-borne fungi

(Tanweer 1982). In general, most of the fungicides act by

limiting the growth of fungi on plants, roots or seeds

mostly by inhibiting the energy metabolism, interfering in

signal transduction pathways, blocking biosynthetic pro-

cesses or modifying cell membranes of fungus (Garcia

et al. 2003; Yang et al. 2011). Carbendazim, a member of

the benzimidazole group of fungicides which is a broad

spectrum systemic fungicide is used for seed treatment in

the concentration of 2 g/kg (0.2%) to control several dis-

eases such as blast, powdery mildew, root rot, damping off
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and smut diseases in agriculturally important crops (Zhang

et al. 2016).

Although fungicides are effective against targeted, soil

and seed-borne pathogens, they are not species-specific and

unfortunately, also effect non-target beneficial fungi. Since

these fungicides are systemic in nature, it is possible for

them to have adverse effects on endophytic fungi. Diverse

array of endophytic fungi have been found to be associated

with virtually all plant species in the natural ecosystem,

where they reside in the internal tissues of their host plant

and play important role in conferring fitness and in

imparting tolerance to pathogens (Waqas et al. 2015;

Wiewióra et al. 2015), herbivory (Finch et al. 2015),

drought (Penuelas et al. 2012), heat stress (Rodriguez et al.

2004; Márquez et al. 2007), salt stress (Gahlot et al. 2015),

as well as in promoting plant growth (Khan et al. 2015).

However, adverse effects on beneficial microorganisms

may attenuate the net benefit of fungicides. Recently, Prior

et al. (2017) reported that systemic fungicide azoxystrobin

affected the endophytic fungal species richness in common

and broad beans. Similarly, Nettles et al. (2016) showed

that treatment of seeds with systemic fungicides (me-

fenoxam and sedaxane) significantly affected the soybean

leaf endophyte fungal community. As a result, fungicide

application to control one pathogen might have significant,

unintended effects on beneficial microorganisms. It is

important to understand the effect of fungicides on the

beneficial activities of endophytes to assess the hazards

associated with fungicide use in agriculture and optimise

fungicide application strategies. The present study was

carried out to evaluate the effect of seed treatment with

bavistin on early seedling growth and on fungal endophytes

in rice and a few pulse crops (green gram, soybean, and

cowpea).

Materials and methods

Fungicide seed treatment

Seeds of rice (Oryza sativa L.) cv. IR-64, green gram

(Vigna radiata L.), soybean (Glycine max L.) and cowpea

(Vigna unguiculata L.) were procured from All India

Coordinated Research Project (AICRP), University of

Agricultural Sciences, GKVK, Bengaluru, India. Prior to

fungicide treatment, seeds were first surface-disinfected in

70% (v/v) ethanol for 1 min, then soaked in 4% (w/v)

sodium hypochlorite for 1 min and with second immersion

in 70% (v/v) ethanol for 1 min, followed by washing in

sterile distilled water for several times (Arnold et al. 2000).

Surface sterilized seeds were treated with 0.2% (w/v)

bavistin (50WP Carbendazim) for 3 h and seeds soaked in

sterile distilled water were used as control. After 3 h of

fungicide treatment, seeds were washed thrice with sterile

distilled water to remove the traces of bavistin. The bav-

istin treated and untreated seeds were placed uniformly on

germination paper separately, roll towel was made and

grown at room temperature for 5 days. Seed germination

and growth parameters such as root and shoot lengths of 5

days old seedlings were recorded.

Effect of bavistin on early seedling growth

under NaCl stress

To evaluate the effect of systemic fungicide under NaCl

stress, bavistin treated and untreated green gram, soybean

and cowpea seeds were placed on the sterile moistened

blotter discs in petriplate and incubated at room tempera-

ture for 2 days. The pre-germinated seeds were transferred

to germination paper and subjected to NaCl stress

(100 mM). The growth parameters of 5 days old seedlings

were recorded.

Isolation and characterization of endophytic fungi

from rice seedlings

The fungal endophytes were isolated from the 11 days old

bavistin treated and untreated rice seedlings. Seedlings

were cut into 1 cm long segments and surface sterilized as

described by Arnold et al. (2000). After blot drying, five

tissue segments were transferred to petriplates containing

potato dextrose agar (PDA) and incubated at 27 �C for 10

days under 12/12 h regimes of light and darkness (Surya-

narayanan 1992). Imprints of sterilized cut segments were

examined on PDA plates and thus checked for the effec-

tiveness of the surface sterilization procedure (Schulz et al.

1998). Fungi emerging from the cut ends of the tissue

segments were sub-cultured onto fresh PDA plates to

obtain pure cultures. The purified isolates were cultured on

PDA slants and stored at 4 �C. Voucher number were

assigned and deposited in School of Ecology and Conser-

vation Lab, University of Agricultural Sciences, GKVK,

Bengaluru.

The purified isolates were categorized into operational

taxonomic units (OTUs) based on the cultural character-

istics and morphology of reproductive structures/

spores/conidia (Domsch and Gams 1972; Ellis 1976; Sut-

ton 1980; Arx 1981). For the molecular characterization,

genomic DNA was isolated from the fungal mycelium

using cetyl trimethyl ammonium bromide (CTAB) method.

The universal ITS primers, ITS1 and ITS4 (White et al.

1990) were used to amplify fungal internal transcribed

spacer regions (ITS1-5.8S- ITS2). Amplified products were

purified and sequenced (SciGenom Labs Pvt. Ltd. Cochin,

India). The ITS sequence was used to search the closest

sequences from the GenBank database by performing blast
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search against nucleotide collection (nr/nt) database in

NCBI blast server (http://blast.ncbi.nlm.nih.gov/). The

sequences were deposited in NCBI GenBank.

Inoculation of consortia of fungal endophytes

onto bavistin treated rice seedlings

To study the influence of fungal endophytes on improved

seedling growth in bavistin treated IR-64 seedlings; the

consortium of fungal endophytes was prepared from the

isolates obtained from untreated (control) rice seedlings.

Briefly, hyphal tip from the colony cultures of the 10 OTUs

obtained were cultured aseptically on PDA. Five-day-old

colonies were used to prepare the mycelial suspension

(2 9 106 cfu ml-1) (Dhingra and Sinclair 1985) and equal

volume of (10 ml) mycelial suspension of all the 10 OTUs

were mixed to prepare the consortia of fungal inoculum.

Bavistin treated rice seedlings (11 days old) were treated

with consortia of fungal inoculum (obtained from control

seedlings) for 3 h by soaking seedlings in mycelial sus-

pension (Zhang et al. 2014) and a control was maintained

by treating with sterile water. After 3 h of treatment,

seedlings were transferred to the moistened germination

paper and incubated at room temperature for 3 days. Root

and shoot lengths of the seedlings were recorded after

2 weeks. Seedlings were also used to isolate the endophytic

fungi to evaluate the colonization by the fungal OTUs.

Expression analysis of OsBTF3 and OsNF-YC genes

To examine the expression of Osj10gBTF3 and OsNF-YC

genes in control and bavistin treated 11 days old rice

seedlings, total RNA was extracted from 100 mg tissue of

shoot using the modified protocol by Sajeevan et al. (2014)

and then subjected to DNAse treatment with DNase I

(Thermo Fisher Scientific, USA). First-strand cDNA was

synthesized from total RNA using the RevertAid First

Strand cDNA Synthesis Kit following the manufacturer’s

protocol (Thermo Fisher Scientific, USA) and quantitative

real time PCR (qRT-PCR) was performed using cDNA as a

template with the gene-specific primers (Osj10gBTF3 for-

ward: 50- GCTTGTCCCTGGTGAGACAT-30 reverse: 50-
CAACATACCGGACCAAATCC-30 and OsNF-YC1 for-

ward: 50- CAACTCCGTGAGTTCTGGGGCTAACC-30

reverse: 50- CTCGCATGCCTTTGCGAAGAC-30). The

rice actin gene was used as a reference gene, the primer,

forward: 50- TCCATAATGAAGTGTGATGT-30 reverse:

50- GGACCTGACTCGTCATACTC-30. The qRT-PCR

was performed on iQ5 real-time PCR detection system

(Bio-Rad, USA) using iQ SYBR� Green Supermix (Bio-

Rad, USA) at an annealing temperature of 60 �C (for both

Osj10gBTF3 and OsNF-YC). The melting curve analysis

was carried out from 50 to 90 �C with a hold of 1 min for

every 1 �C. The threshold cycle (Ct) values of the triplicate

PCR’s were averaged, and relative expression levels of the

Osj10gBTF3 and OsNF-YC genes were calculated using

the 2-DDCT method (Livak and Schmittgen 2001).

Data analysis

All experiments were conducted in triplicates (20 seedlings

per replicate) and one-way ANOVA was carried out to

statistically validate the results. The means of various

treatments were compared using a Tukey’s 95% confidence

interval. MS-Excel was used for all statistical analysis.

Fig. 1 Effect of carbendazim (bavistin) on growth of 11 days old rice

(IR-64) seedlings. a IR-64 seedlings with and without bavistin (0.2%)

seed treatment. b Root and Shoot growth of the seedlings with and

without bavistin seed treatment (Significant difference between

treated and control plants at P\ 0.05.). Different letters (A, a, B,

b) denote significant difference
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Results

Seed treatment, endophytic isolation, identification,

and rice plant bioassays

The effect of systemic fungicide, bavistin on early seedling

growth and influence of the seed treatment on endophytes

in rice genotype, IR-64 was evaluated. Fungicide treatment

resulted in stunted growth in 11 days old seedlings, when

compared to un-treated seedlings (Fig. 1). The shoot and

root length of bavistin treated seedlings was significantly

less (P\ 0.05) compared to the control (without bavistin).

The seed treatment reduced the shoot and root growth by

25 and 60%, respectively. Correspondingly, the same trend

Table 1 Molecular characterization of 4 OTUs based on ITS sequencing

Sl. no. Sample code Sequence length (bp) Blast search result Query cover (%) Identity (%) Accession no.

1 F-OTU 196 Dendryphiella sp. 96 99 –a

2 J-OTU 544 Dendryphiella sp. 96 100 KY399876

3 M-OTU 543 Alternaria tenuissima 98 99 KY399874

4 O-OTU 317 Dendryphiella sp. 99 99 KY399875

aF-OTU sequence is\ 200 bp and therefore not deposited in the database

Fig. 2 Effect of inoculation of

consortia of fungal endophytes

on improving early seedling

growth in bavistin treated paddy

seedlings. a IR-64 seedlings (14

days old) with and without

bavistin (0.2%) seed treatment

and bavistin treated seedlings

enriched with endophytic fungal

consortia. b Shoot and root

growth of IR-64 seedlings (14

days old). Significant difference

between treated and control

plants at P\ 0.05. Control: IR-

64 seedlings without bavistin

treatment, B ?: bavistin treated

IR-64 seedlings without

endophytic fungal consortia and

B ? EF: bavistin treated IR-64

seedlings with endophytic

fungal consortia. Different

letters (A, a, B, b, C, c) denote

significant difference
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was observed when the experiment was repeated for the

second time (Fig. S1).

The fungicide used in this study is a broad-spectrum

systemic fungicide and not species-specific, therefore may

have influence on beneficial fungal endophytes. Thus, we

isolated endophytic fungi from 11 days old IR-64 control

and treated seedlings. A total of 32 endophytic fungi were

isolated, of which 27 were from control and five from

treated seedlings. These 32 isolates were classified into 10

OTU’s (D-OTU, E-OTU, F-OTU, H-OTU, J-OTU,

K-OTU, M-OTU, N-OTU, O-OTU-10a and O-OTU-10c).

The fungal isolates from control seedlings were repre-

sented in all 10 OTUs, whereas isolates from bavistin-

treated seedlings belonged to only three OTUs. The 10

OTU’s from control plants were further subjected to

molecular characterization using universal ITS primers

(ITS1 and ITS4). Following PCR amplification, only in

four (F-OTU, J-OTU, M-OTU and O-OTU) out of 10

OTU’s, amplification of target region was noticed. The

nucleotide sequences obtained after ITS sequencing for

F-OTU, J-OTU and O-OTU revealed highest homology for

Dendryphiella sp. (weed pathogenic fungus) and, M-OUT

for Alternaria tenuissima (saprophytic fungus and oppor-

tunistic plant pathogen) (Table 1). The nucleotide

sequences of fungal isolates (J-OTU, M-OTU, and

O-OTU) submitted to NCBI GeneBank was allotted

accession numbers KY399876, KY399874 and KY399875,

respectively. The obtained F-OTU sequence was less than

200 bp and, therefore was not deposited in the database.

Furthermore, the fungal endophytes isolated from con-

trol seedlings were evaluated for their role in enhancing

early seedling growth in bavistin treated rice seedlings. The

consortia of fungal endophytes were inoculated on 11 days

old seedlings and 3 days post-inoculation, these seedlings

showed partial recovery in growth and development. The

shoot and root length of 14 days old bavistin treated

seedlings with endophytes was significantly more

(P\ 0.05) compared to control (without endophyte treat-

ment, Fig. 2).

Effect of bavistin seed treatment in pulses

The effect of bavistin seed treatment on early seedling

growth was evaluated under control and salt stress

(100 mM NaCl) in green gram, soybean and cowpea. In all

three crops, bavistin seed treatment progressively delayed

the germination of seed and considerably affected the

seedling growth (4 days old) under both control and salt

stress (100 mM NaCl). Bavistin-treated seedlings under

NaCl stress (P\ 0.01) had significant reduction in shoot

and root growth compared to the control seedlings in all the

three crop plants studied (Figs. 3, 4 and 5). In green gram

and soybean, the seed treatment reduced the shoot and root

growth by nearly 45 and 60% under control, and 90 and

93% under salt stress, respectively compared to the seed-

lings grown without NaCl (control). However, seed treat-

ment of cowpea decreased the shoot and root growth by

about 40 and 25% under control, and 85 and 75% under salt

stress, respectively. Similarly, bavistin seed treatment

under control conditions in all three crop plants was

repeated for second time and the results showed similar

trend as observed in the first experiment except for soy-

bean, in which bavistin seed treatment inhibited germina-

tion (Fig. S2, S3 and S4).

Expression analysis of Osj10gBTF3 and OsNF-YC1

genes

To understand the level of expression of basal transcription

factor 3 (Osj10gBTF3) and NUCLEAR FACTOR Y

Fig. 3 Effect of bavistin seed treatment on early seedling growth in

green gram. Green gram seedlings (4 days old) with and without

bavistin seed treatment grown under a control (without NaCl stress)

and b NaCl (100 mM) stress. c Root and shoot growth of 4 days old

green gram seedlings. B ?: bavistin seed treatment. Different letters

(A, a, B, b, C, c, D, d) denote significant difference at P\ 0.01
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(OsNF-YC1) transcription factor genes in control and

bavistin treated 11 days old rice (IR-64) seedlings, qRT-

PCR was carried out. The expression level of Osj10gBTF3

and OsNF-YC1 genes in rice control (without fungicide

seed treatment) was set to ‘1’ as a standard to compare the

relative expressions of the two genes in fungicide treated

seedlings. The level of expression of Osj10gBTF3 and

OsNF-YC1 genes was 0.5 and 0.35 fold less in bavistin

treated IR-64 seedlings, respectively compared to control

(Fig. 6). The expression level of both the genes was

reduced significantly (P\ 0.01) in response to the sys-

temic fungicide seed treatment in rice.

Fig. 4 Effect of bavistin seed treatment on early seedling growth in

soybean. Soybean seedlings (4 days old) with and without bavistin

seed treatment grown under a control (without NaCl stress) and

b NaCl (100 mM) stress. c Root and shoot growth of 4 days old

soybean seedlings. B ?: bavistin seed treatment. Different letters (A,

a, B, b, C, c, D) denote significant difference at P\ 0.01
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Discussion

Several studies have revealed that the fungicide seed

treatment controls early onset of diseases, improves seed

health and plant stand in agriculturally important crops

such as rice (Van Nghiep and Gaur 2005; Bagga and

Sharma 2006), wheat (Sharma-Poudyal et al. 2005), maize

(Munkvold and O’mara 2002), mung bean (Dubey and

Singh 2010), chickpea (Gan et al. 2006), soybean (Mueller

et al. 1999), etc. However, the effects of systemic fungi-

cides on beneficial microorganisms are not well studied.

Because of their systemic nature, these fungicides may

have negative impacts on non-target beneficial fungi and

therefore, we expected that endophyte fungal communities

that promote plant growth and development would be

affected by the systemic fungicide seed treatment resulting

in stunted seedling growth. In this study, we selected four

plant species, rice, green gram (mung bean), soybean and

cowpea based on their importance in agriculture and fre-

quent use of fungicides as seed treatment to control soil and

seed-borne pathogens.

Our study showed that the application of systemic

fungicide, bavistin (0.2%) as a seed treatment has a sig-

nificant effect on early seedling growth in all the crops

tested. The seed treatment with bavistin delayed seed

germination, and significantly reduced shoot and root

Fig. 5 Effect of bavistin seed treatment on early seedling growth in

cowpea. Cowpea seedlings (4 days old) with and without bavistin

seed treatment grown under a control (without NaCl stress) and

b NaCl (100 mM) stress. c Root and shoot growth of 4 days old

cowpea seedlings. B ?: bavistin seed treatment. Different letters (A,

a, B, b, C, c) denote significant difference at P\ 0.01
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length in rice (25 and 60%), green gram (45 and 60%),

soybean (45 and 60%) and cowpea (40 and 25%). Similar

trend was observed when the experiment was repeated for

the second time except for soybean in which fungicide seed

treatment completely inhibited germination. These results

were in contrast to the general agreement that fungicide

seed treatments increase germination, seedling survival and

vigor (Taylor and Harman 1990). Alternative to fungicides

could be plant growth-promoting fungal association that

has been gaining attention in recent years. Among fungi,

endophytes are known to improve plant growth and

development under stress conditions by producing phyto-

hormones such as gibberellins and indole acetic acid

(Waqas et al. 2012) and possess antimicrobial activity

(Waqas et al. 2015).

Fungicide seed treatment in green gram, soybean and

cowpea, and their interaction with salt stress was studied to

investigate the impact of fungicides on plant growth and

development under stress and assess the performance of

early seedling growth. The fungicide treated seeds under

salt stress were severely affected with regard to early

seedling growth compared to control and bavistin treated

seedlings grown without salt stress (Figs. 3, 4 and 5). This

could be due to the loss of non-target beneficial fungal

endophytes that are known to be involved in promoting

plant growth and development during stress conditions

(Khan et al. 2015). It was evident from our study on rice

seedlings that the bavistin seed treatment had a significant

effect on native endophytic fungal community composi-

tion. The total OTU richness was significantly lower in the

fungicide-treated seedlings (3) compared to control (10),

and the consortia of fungal endophytes from control

seedlings when inoculated on bavistin treated seedlings

restored seedling growth in rice. This restoration may be

due to the deterioration of bavistin effect in 11 days old

seedlings and thereby endophytes were able to colonize

and aid in seedling growth. The 3 OTUs observed in

fungicide-treated rice seedlings might be resistant to bav-

istin and further work should be carried out with regard to

the molecular characterization of these bavistin tolerant

OTUs and evaluate their role in plants when treated with

fungicides. Also, the fungal OTU richness in agriculturally

important crops with and without bavistin treatment should

be examined to understand the negative impact of fungi-

cides on beneficial endophytes. There are reports on the

negative effects of fungicides on non-target beneficial

microorganisms (Karlsson et al. 2014; Buysens et al. 2015;

Nettles et al. 2016). While endophyte fungal communities

are known to promote plant growth and development

during biotic and abiotic stress (Gahlot et al. 2015; Wie-

wióra et al. 2015), the significant effect of fungicides on

these beneficial fungi deserves further investigation.

Furthermore, the expression level of genes in response

to fungicide seed treatment during seed germination and

early seedling growth is not well known. In this study, we

analyzed two transcription factors (TFs), OsBTF3 and

OsNF-YC1 in response to the systemic fungicide seed

treatment in rice seedlings. Both the TFs are known to be

associated with plant developmental processes. In rice,

BTF3 plays an important role in plant growth and devel-

opment (Wang et al. 2012) and recently, Wang et al. (2014)

demonstrated that a variant of OsBTF, Osj10gBTF3 is

required during seed germination and seedling growth.

Increasing evidence suggests that NF-Y subunits are

involved in flowering control (Kumimoto et al. 2010),

phytohormone response (Hou et al. 2014), and abiotic

stress tolerance (Palmeros-Suárez et al. 2015). In a recent

study, Liu et al. (2016) showed that the NF-YC members

are responsible for suppression of GA-mediated seed ger-

mination by interacting with the DELLA protein RGL2

(GA signalling repressor). In the present work, we showed

that the Osj10gBTF3 and OsNF-YC genes were signifi-

cantly down regulated in bavistin treated rice seedlings

suggesting that the fungicide directly or indirectly affected

the expression of genes required for the early seedling

growth. This could be also due to the removal of native

endophytes that may be responsible for the expression of

both genes involved in plant growth and development

under stress conditions, as recently, we have observed that

the salt sensitive rice genotype IR-64 treated with salt

tolerant endophyte (Botryosphaeria dothidea) showed tol-

erance to salt stress and up-regulated both Osj10gBTF3 and

OsNF-YC genes (unpublished data).

The study demonstrated that the systemic fungicide seed

treatment significantly reduced early seedling growth that

may be due to the negative impact on non-target beneficial

fungal endophytes. Therefore, understanding the possible

Fig. 6 Expression analysis of Osj10gBTF3 and OsNF-YC1 genes

using qRT-PCR in 11 days old rice (IR-64) seedlings. Graph shows

fold decrease in the expression level of Osj10gBTF3 and OsNF-YC1

genes under bavistin treated IR-64 seedlings. The letters ‘a’ and ‘b’

denote significant (P\ 0.01) difference in level of expression of

genes. IR-64 F?: bavistin seed treated IR-64 seedlings (11 days old)
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side effects of fungicides on endophytic fungi is necessary

to use fungicide more wisely in agriculture. Further

research should be carried out on different agriculturally

important crops to evaluate the effect of seed treatment

in vitro and field conditions, and also understand the

mechanisms behind fungicide-fungal endophyte-seedling

growth interactions that could have the potential to guide

the development of sustainable disease control strategies.
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