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Abstract

The goal of the present research was to ascertain the potential root endophytic fungi &gairetiophora necatrik
Hartig, the causal pathogen of white root rot in apples; however, it has an expanded range of hosts across|different
fruit trees. Out of 36 endophytic fungi segregated from symptomless roots of apple, wheat, maize, marigold, cherry,
and garlic plants, only 9 isolates showed inhibitory effect during preliminary screening and were further assayed
under in vitro, pot, and field conditions against the white root rot pathogen/disease. Under in vitro conditions
maximum mycelial inhibition of 81.48% was obtained with the isélspergillus aculeatstsain C2. Microscopic
studies on interaction between fungal endophyte with hyphal tipB.afecatrixevealed various morphological
abnormalities in the hyphae. In glasshouse conditions, seed treatment pursued by soil applicat@yimipihis
tabtim strain M8 isolate was highly effective and exhibited 93.55% disease control. Similarly, under field cofditions,
the overall maximum disease control was exhibitehipipellis tabtirstrain M8 (84.95%). The most promising
root endophytes that were identified rely on morphological and ITS sequence analysis. Root colonization agsay was
performed which revealed maximum endosphere and rhizosphere colonizatio@siitpellis tabtirstrain M8.
Additionally, confocal microscopic illustrations of transverse sections of root cells tenanted by fungal endophytes as
compared to untreated control suggested the persistence and establishment of endophytes in the endosphpre of
apple seedlings. These findings present the first report on colonization of apple roots by fungal root endophytes
suggesting an alternative and sustainable approach for management of white root rot disease.
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Background stat¢’ of the country. The disease is destructive both in
White root rot, caused by a soil-inhabiting fungus nurseries and orchards therefore resulting in substantial
Dematophora necatrixHartig, [Rosellinia necatrix(Har-  yield and quality losses to apple orchardists in the state
tig) Berl.], is ratified as one of the major distressing dis-(Sharma et al20053. The fungus has a very extensive
eases of apples. In India, especially in Himachal PradesHnost range and infects about 197 species belonging to 50
this disease is continuously becoming a serious pitfall tofamilies including fruit plants, forest trees, vegetables,
apple cultivation. The state is recognized as thapple cereals, ornamentals, and other plants owing to high re-
munerative values (Ito and Nakamurd984). The sus-
* Correspondencepal 15889 @gmail.com ceptibility of the host plants to this invading fungus is
Department of Plant Pathology, Dr. Y.S. Parmar University of HorticultureVEry extensive and has also been reported to induce root

and Forestry, Nauni, Solan, Himachal Pradesh 173230, India rot in a |arge number of temperate fruit crops for
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instance pear, plum, almond, peach, cherry, and oliveat 25 + 2 °C for 7 days. The cultures were stored in PDA
plants and forest trees lik€€edrus deodaraand Quercus slants at 4 °C for further use.
spp. (Sharma et ak009 Kulshrestha et al2014).

Endophytes that scrutinize the internal plant tissues Sampling
are drawing the attention of agriculture scientists in view Isolation of root endophytic fungi was executed from
of the multifarious asset it confers to the host plant in root sections of apple Nlalus domestica collected from
terms of birthing bioactive secondary metabolites, stimu- 3 major apple-growing districts (Kullu, Shimla, and Kin-
lating growth, accelerating produce, inferring host to en- naur) of Himachal Pradesh. In addition, endophytic
dure biotic and abiotic stresses, and imparting resistancestrains were also recovered from root sections of other
against widespread diseases (Amin et 2013. More- plants including wheat Triticum aestivum), maize Zea
over, endophytes hold tremendous potential to be usedmaysg, marigold (Tagetes erec)acherry Prunus aviunj,
as biocontrol agents (Santoyo et @016, since these and garlic Allium sativum), which were collected from
microorganisms exist in the interior host environment Research Farm of our University. The plants were care-
and perceive defense from environmental stresses, strivfully uprooted with the help of a spade, placed in poly-
ing for lesser antagonism from other microorganisms, propylene bags, labeled, immediately brought to the
and have better access to nutrients (Dutta et &014). laboratory, and processed within 2418 h of collection.
The conceivable potential for intra-tissue colonization,
and their intense association along with the host ren- Isolation, purification, and maintenance of fungal
der endophytes more useful in biocontrol practice in endophytes
comparison to rhizospheric microbes (Thomas and The healthy root samples were collected, placed in ster-
Reddy 2013 Thomas and Upreti2014). Colonization ile sealed plastic packets, immediately carried to the la-
of host plants by endophytic microorganisms leads toboratory, and used within 24 h. The plant samples were
several cell wall alteration, for instance, deposition ofthen cut into small fragments and washed beneath the
callose-, cellulose-, pectin-, and phenol-related com-tap water for the period of 1815 min to abolish adhe-
pounds provoking the development of a structural sive soil particles. The separated plant roots were
barricade at the point of attack by plant pathogensweighed to 1g. The weighed root sections were dipped
(Benhamou et al1998. in autoclaved distilled water and drained out eventually.

The goals of this study were to scrutinize the biocon- The collected root specimens were then surface-
trol potential of fungal root endophytes for the sustain- disinfected by soaking in 70% ethanol for 1 min and with
able management of white root rot pathogenD( 4% sodium hypochlorite (NaOCI) for 5 min and later on
necatriy) of apple and to study the establishment and treated with 70% ethanol for 30 s pursued by flushing 5
root colonization behavior of selected fungal root endo- times in distilled water. The disinfected sections were

phytes in the endosphere of apple. blot-dried employing sterilized filter paper and were
macerated and impregnated in 1 ml of distilled water

Materials and methods utilizing sterilized pestle and mortar. The macerated

The fungal pathogen root sections were sequentially diluted up to 190dilu-

Dematophora necatrixthe causative agent of white root tions. 0.1 ml of specific dilution of the particular speci-
rot of apple, was isolated from diseased apple seedlingsiens was splashed in Petri dishes remarkably marked
grown at Model Research Farm of Dr. Yashwant Singhfrom 10! to 10™° containing PDA medium and scat-
Parmar University of Horticulture and Forestry Nauni tered with the spreader. The plating was replicated
Solan (H.P.), India, as per the procedure given bythrice for respective dilution. The Petri dishes were incu-
Sharma and Gupta 1996 and Sharma et al. 20050). bated at 28 + 2°C for 14 days. The fungal root endo-
Pathogenicity of fungus was tested on l-year-old applephytes thus obtained were revived and stored for
seedlings grown in pots. The soil around the plants waspreservation, using PDA slants (Sharma and R2g15.
removed gently to expose the fine root system, and 5-g-ungal root endophytes isolated from apple were desig-
wheat grain culture ofD. necatrix was put in the soil nated as Ap, S2, K1, and K3. Other root endophytes
surrounding roots and covered with the soil. A control such as M1 and M8, C1, G, and C2 were isolated from
was separately maintained in which all the operationsother crops viz., marigold, cherry, wheat, and garlic,
were similar except the addition of the fungal culture. respectively.

Treated pots were regularly watered and observed for

the symptom appearance. Ko&hpostulates were proved Morphological and molecular characterizations of fungal

by reisolating the fungus from diseased roots and com-endophytes

pared with the original test fungus. The pathogen wasThe root endophytes were identified and characterized
grown on potato dextrose agar (PDA) plates incubateddepending upon distinctive morphological and cultural
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features as per the identification keys illustrated by earl-58 °C for 30 s, extension at 72 °C for 1.5 min, final exten-
ier researchers (Mathur and Olg2003 Samson et al. sion at 72 °C for 5 min.

2011 Hanafusa et al.2016§. The mycelium of endo-

phytes was stained for 10 min, using lactophenol cotton

blue. Thereafter, stained microscopic slides were visualElectrophoresis of amplified DNA

ized at x 40 magnification using compound microscope. The electrophoresis of the amplified DNA was per-
formed over agarose gel (2%) containing ethidium brom-
ide (0.5mg/ml). To each PCR amplified samplepHof
6X loading dye was added. One hundred-base pair DNA
ladder marker (GeNei Bangalore, India) was used as
standard and the gel was run at 110V. The amplified
DNA was inspected under the UV trans-illuminator and
the image was regulated through gel documentation sys-
tem (Syngene).

Isolation of fungal endophytes genomic DNA

The genomic DNA of fungal endophytes was isolated by
practicing cetyl trimethyl ammonium bromide (CTAB;
Sigma Chemical., St. Louis, USA) method (Murry and
Thompson 1980 practicing little modifications. For
DNA isolation, fungal tissues were harvested utilizing 7-
day-old culture of each isolate grown in potato dextrose
broth (PDB). After incubation, mycelial mat of each fun-
gus was percolated through sterile filter paper and there-p\ o sequencing and sequence analysis

after, mended to powdered form in liquid nitrogen. rqor pNA sequence analysis, purified and amplified DNA
About 19 of ground mycelium was collected into a y-qqycts of selected fungal endophytic isolates were out-

microocentrifuge tube containing 1ml of pre-warm gq,ceqd to the National Centre for Microbial Resource
(65°C) DNA extraction buffer. Subsequently, mixed by \ccs), pune, India, under refrigerated conditions using

exercis?ng gentle rotation (DNA extraction buffer: 100 gel packs and thermocol box. Sequenced data so pro-
mM Tris-HCl (pH 8.0), 20Mm EDTA (pH8.0), 1.4M (04 was assessed with the help of tools like BLAST
NaCl, 2% (w/v), CTAB 0. 2% (v/vi-Mercaptoethanol).  gasic Local Alignment Search Toolpww.ncbi.nim.nih.

The sample was incubated at 65°C for 1h, and it wagyqy) for homology. All the sequences used for phylogen-

mixed twice by introverting tube. One milliliter chloro- ;. analysis were analyzed by MEGA 6.0 software using
form:isoamyl alcohol was added (24:1, v/v) and mixed byneighbor-joining method.

inversion. Spinning was done at 12,000 rpm for approxi-

mately 20 min at room temperature. Aqueous phase was

pipetted out gently without perturbing the interphase t0 gyajuation of root endophytes against white root rot of

a new tube. The 2/3rd volume of isopropanol was addedyppe

and mixed by gentle inversion. DNA pellet was spinned, yitro antagonism assay of fungal root endophytes

down by centrifugation at 12,000 rpm for 10 min at 4 °C. Njine promising fungal endophytic isolates proved effi-
It was washed twice using 70% ethanol and agaifient after initial screenings were evaluated further
spinned at 10,000 rpm for 510 min at 4°C. Pellet was ynder in vitro conditions by following dual culture
dried and dissolved in 58100l TE buffer (pH 8.0) de- method (Coskuntuna and Ozer2008. Seven-day-old
pending upon the yield of DNA. Isolated DNA was cyjture disks (4-mm diameter) of each of the antagonist

inspected on agarose (0.8%). and the pathogen were taken from the margin of actively
growing culture with the help of sterilized cork borer
Amplification of the internal transcribed spacer (ITS) and transferred aseptically to solidified PDA in Petri

To understand the variation among root endophytic iso- dishes (90 mm) by placing them on the same plate op-
lates at sequence level, a region of the nuclear rDNAPOSIte to each other (6 cm apart from each other) at an
gene encoding for the ITS regions was amplified from equal distance of 1cm from the edge of the plate. The
the genomic DNA by PCR machine using the primer Petri dish incorporated only with culture disk of the
ITS 1 (1:100 pmolfil) and ITS 4 (4:100 pmolil). PCR pathogen treated as control. Each treatment was repli-
was performed in 2%l reaction volume containing cated three times. Petri dishes were incubated at 25 *
0.5ul Taq DNA polymerase, 2.5l Taq buffer A, 1.0ul 1°C' for' 7 days when thg test pathpgen in the control
dNTPs mixture (GeNei, Bangalore, India), 1.0 ITS 1 Petrll dish grew fully, i.e., covering 90 mm culture
primer, 1.0ul ITS 4 primer (Semmelweisstr, Bavaria, Medium. The colony interactions were assayed as per-
Germany), 1.5 genomic DNA, and 17.%l molecular cent inhibition of the radial growth by the following for-
grade water. The PCR amplification events were govinula (Fokkemal97§: R, - RJ/R, x 100, where,R,
ermed in a thermal cycler with a total of 45 cycles. Eachdenotes diameter of the radial growth of the pathogen
cycle consisted of initial denaturation at 94 °C for 2 min towards opposite side an®®, denotes the radial growth
and 30s, denaturation at 94°C for 30s, annealing aPf the pathogen towards the opponent antagonist.


http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov

Palet al. Egyptian Journal of Biological Pest Control (2020) 30:112 Page 4 of 14

Mycelial growth test
Selected fungal root endophytic isolates that showed a Disease incidencé%)

significant inhibition of D. necatrix under dual culture = [Total number of diseased plantJotal number of plants assessgd
assay were further subjected to view the mechanism of %100 Disease contro(%)

action under compound microscopy (Yurnaliza et al. = [Incidence in control- Incidence of treatmentIncidence in contro]
2014. The changes in the mycelial growth/hyphal tip of %100

D. necatrix at the interaction zone treated with selected
root endophytes were observed under x 40 magnification

and compared with control. i ) "
Evaluation under field conditions

Stratified apple seeds were soaked or treated in respect-
Antagonisms of selected root endophytes against white ive fungal (2 x 16cfu/ml) endophytic suspensions
root rot under glasshouse and field conditions (PDB) and shaker incubated for 7 days for 1/2 an hour
On the basis of in vitro antagonistic potential, the and shade dried for 1 h before transplanting in the field.
endophytic microbes were further examined for their After 2 months of transplantation, the potted plants at
disease control potential in glasshouse and field situa-10-15-cm height were again drenched with [2 times (50
tions. Glasshouse experiment (seed dip treatment andnl x 2) at weekly intervals] 100 ml endophyte suspen-
soil application) was conducted at UHF, Nauni Solan,sion around the root zone. After 7 days of last applica-
and field trial was conducted at Regional Horticul- tion, each treatment was challenged inoculated by
tural Research and Training Station, Sharbo Reckongadding culture ofD. necatrix grown on wheat grains at
Peo, Kinnaur, situated at an elevation of 2,121.4m0.1% (w/w). For control, no fungal endophytic cultures
above mean sea level. was used (seeds were dipped in non-chlorinated water).
The treatment was replicated 3 times. Row-to-row and
plant-to-plant distance were maintained following stand-
ard agronomical guidelines developed for apple. The
treated plants in the field were watered regularly, and
data on incidence and PDC were recorded as described

Evaluation under glasshouse conditions

Stratified apple seeds were soaked or treated in re
spective fungal (2 x 19cfu/ml) endophytic suspen-
sions (PDB) and incubated in shaking incubator for
7 days. The treated seeds were dried in a sterileabove'

stream of air at room temperature for 1h before

planting in the pots. The endophytic fungal popula- Establishment and root colonization assay of selected

tion (2 x 10°cfu/ml) was adjusted with the aid of a fungal root endophytes

hemocytometer. Four seeds of apple were sown aPut of the tested endophytes, the six most effective root
depth of 2cm in each small sized plastic pot (10 cm endophytes which proved significant in controlling root
high and 8cm internal diameter) containing steril- 'Ot both under glasshouse and field situations were fur-
ized potting mixture consisting of soil, sand, and ther screened for their establishment and root
cow dung at 2:1:1. The potting mixture used was colonization under confocal laser scanning microscopy
sterilized by tyndallysing the soil in polybags for 1/ (CLSM). Apple seedling assumes hardy and woody na-
2 an hour for three successive days at 100 °dure under field conditions; therefore, to study
temperature. The potted plants at 45-cm height colonization and for ease in preparation of samples for
were again drenched two times (50ml x 2) at confocal microscopy, root specimens were collected
weekly intervals with 100 ml of fully grown endo- from glasshouse experiment. Treated plants were per-
phyte suspension around the root zone. Subse-mitted to develop for 3 weeks and watered through ster-
quently, 7 days after last application, each treatmentile distilled water once in 2days. After 21 days of seed
was challenged inoculated by adding the culture oftreatment, plants were uprooted, rinsed multiple times
D. necatrix grown on wheat grains at 0.1% (w/w). with sterile water, and preserved for visualization under
For control, no fungal endophytic cultures was used Microscopy.

(seeds were dipped in non-chlorinated water). All

treatment was replicated thrice. The temperature in Root colonization assay of selected root endophytes

the greenhouse ranged from 15 to 25°C with 12 hThe ability of selected root endophytes to colonize roots
photoperiod. Treated pots were watered regularly of apple seedlings was enumerated at dilution fCby
and data on incidence and percent disease controlisolating the total count (cfu/g of root samples) on PDA
(PDC) were recorded and calculated at 15, 30, andafter 7 and 21 days of application of endophytic suspen-
45 days of pathogen inoculation following Sharmasion by serial dilution and plate count technique (Agar-
and Gupta (997): wal and Hasijal986.
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Microscopic elucidation of colonized and established root  Isolation and quantitative estimation of fungal root
endophytes endophytes

To analyze the potentiality of the efficient root endo- A total of 36 fungal endophytes were isolated from root
phytes to colonize the apple roots, CLSM were usedsections of apple and other plants collected from three
[Advanced Materials Research Center (AMRC), Indianmajor apple-growing districts (Kullu, Shimla, and Kin-
Institute of Technology, Mandi (H.P.), India]. The roots naur) and locally available plants of our university. In
were uprooted and surface-sterilized with NaOCI (1%)apples, endophytic fungal strains were found predomin-
for 3min, soaked two times in distilled water, placed on ant in district Shimla (6 no. isolates), followed by Kullu
pre-sterile paper in a laminar air flow chamber, and (4 no. isolates). However, least (3 no. isolates) occur-
stored in ethanol (70%). Thin transverse sections weraence was registered in district Kinnaur. In the case of
prepared from fresh root tissue using sterilized dissect-other plants, maximum root endophytes (10 no. isolates)
ing blade. Thereafter, root sections were disposed orwere recorded in marigold followed by maize (4 no. iso-
microscopic slide and immersed with -3 droplets of lates). However, three fungal endophytes were obtained
calcofluor white stain (catalog #18909, Sigma Aldrich)each from garlic, wheat, and cherry. The predominant
and stained for 1620 min, following the manufacturés fungal endophytic colonies were selected and purified,
protocol and scanned with a Leica TCS SP5 CLSM atand the pure culture of each isolate was maintained at
excitation (405 nm) with an argon laser (17%) and 4884 °C on PDA for further studies. The variation in micro-
nm with a green helium laser (25%), the emission rangedbial population may be attributed to climatic conditions
were 418452 nm and 603689 nm, pinhole [Au] = 1.0 of the location, age of plant, variety/cultivar type, sam-
airy, objective lens = x 63 oil immersion, and frame aver-pling time, and physicochemical properties of soil.

age = 3 times. Confocal imaging of different endophytic

suspensions treated root sections were compared withMorphological and cultural characterization of fungal root
control root sections images. Two-dimensional illustra- endophytes

tions were prepared and processed via LSM browserBased on preliminary screening, the 9 most promising
MS-Power Point and Adobe Photoshop 7.0 (Thomasfungal root endophytes were selected and subjected to

and Reddy2013. morphological and cultural characterization. Based on
morphological, and cultural characteristics of the repre-
Statistical analysis sentative isolates, and as per the identification keys given

The data gathered from laboratory and field experimentsby earlier researchers to the different fungal genera, the
were dispensed to appropriate statistical analysis usingsolates M1, G, S2, K1, and K3 were identified lassar-
standard procedures and as specified by Gomez andum sp. (Mathur and Olga2003, C1, and C2 a#spergil-
Gomez (9849. Critical differences (CD) among the treat- lus sp. (Samson et ak011), whereas, Ap and M8 were
ments in various experiments at 5% level were also calcuidentified asPenicillium sp. and Schizophyllumsp., re-
lated to ascertain the least significant differences (LSD). spectively (Hanafusa et a2016).

Results and discussion ITS sequencing

Pathogenic potential of D. necatrix Phylogenetic analysis and amplification of fungal genomic
Pathogenicity test revealed that symptoms of disease appNA

peared after 13 days in inoculated plants, which diedFungal genomic DNA of 6 promising fungal root endo-
completely 45 days of pathogen inoculation. The Kdgh phytes was isolated by conventional method and quanti-
postulates were proved by reisolating the same fungusgied via agarose gel electrophoresis (1.0% agarose) under
from the diseased roots and were confirmed to be thestandard conditions. The ITS sequence analysis of six se-
same fungus Q. necatrix) by comparing with original lected isolates was assessed by using universal primers.
culture. The ITS amplified products obtained with ITS primers

Table 1 Identification of fungal root endophytes isolated from apple and other plants

Isolate Identified as Closest neighbor Host root sample  GenBank accession no. Maximum identity (%)
M1 Fusarium equiseti Fusarium equN$RRL 26419 Marigold MK359033 99

Ap Talaromyces aculeatus  Talaromyces acud@insNRRL2129  Apple MK359034 98

G Neocosmospora perseae Neocosmospora perseae Wheat MK359035 98

Cc2 Aspergillus aculeatus Aspergillus acu@Bfi472.66 Garlic MK359036 100

M8 Crinipellis tabtim Crinipellis tabfiMU JFK129 (type) Marigold MK359037 86

K3 Fusarium circinatum Fusarium circina@Bs 405.97 Apple MK359038 98
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68 Fusarium equiseti strain M1 (MK359033)

98 || Fusarium chlamydosporum var. fuscum strain CBS 635.76 (AY213655.1)

60 Fusarium equiseti NRRL 26419 (NR

121457.1)

100 Fusarium concolor strain CBS 183.34 (MH855479.1)

Fusarium circinatum strain K3 (MK359038)
Fusarium circinatum CBS 405.97 (NR 120263.1)

Ia Fusarium bactridioides CBS 100057 (NR 120262.1)

100 95

Clade I

85 | Fusarium guttiforme CBS 409.97

(NR_120264.1)

Neocosmospora perseae strain CPC:26829
(LT991940.1)

Neocosmospora perseae strain G (MK359035)

100 | \ Neocosmospora rubicola CBS 101018 (NR 154227.1)
991 Neocosmospora rubicola strain CBS 101018
(KM231800.1)
47 1 Talaromyces aculeatus strain Ap (MK359034)

100 | Talaromyces aculeatus strain NRRL2129 (KF741995.1)

Talaromyces pinophilus strain H6 (KF751644.1)

b 55 L Talaromyces flavus strain AF3 (JX677938.1)

100 Aspergillus aculeatus strain C2 (MK359036)

Aspergillus aculeatus CBS 172.66 (NR
111412.1)

100 | Aspergillus japonicus isolate hlb15 (MK311337.1)

Aspergillus japonicas strain MUCL 13578
(AJB76880.1)

Cribbea turbinispora AD P.S.1590 (NR 137562.1)

IIa

Clade 11

—
0.050

Crinipellis furcata isolate DED6951 (FJ167658.1)
IIb 190

99 |_ Crinipellis tabtim CMU JFK129 (NR 119708.1)

100 |_ Crinipellis tabtim strain M8 (MK359037)

Fig. 1 Phylogenetic tree based on the ITS sequences drawn using neighbor-joining method showing relationship between the 6 isolate|
fungal root endophytes and similar other sequences deposited in the NCBI GenBank, USA. Evolutionary analyses were operated in M

s of

EGA 6.0
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(ITS1 and ITS4) were used for sequencing. All the se-different crops. The ITS gene amplicons obtained from
guences used for phylogenetic analysis were analyzed e fungal root endophytes showed homology to the

MEGA 6.0 software using neighbor-joining method. already submitted sequences of different fungal isolates
available in National Centre for Biotechnology Informa-
Sequence analysis tion (NCBI) databases. These sequences were further

Phylogenetic studies confirmed the affiliation of the 6 submitted to GenBank (NCBI). The accession numbers
representative fungal root endophytes isolated fromof submitted sequences and their homology with

~N

Dn
Dn
Fe
Fe
Dn
Dn Fe
Fe
Dn Dn
Fe
Fe
Dn = Dematophora necatrix
Fe =Fungal endophyte
Dn Incubation period = 7 days
Temperature = 25 °C
Fig. 2 In vitro activity of fungal endophytea Fusarium equisstrain M1p Talaromyces aculeagigin Apc Neocosmospora persasgain Gd
Aspergillus aculeastsain C2¢ Crinipellis tabtim strait8,f Fusarium circinatustrain K3, and control] againsD. necatrixcausing white root
rot of apple




