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Association of oilseed rape cultivars (Brassica napus L.)
with fungal endophyte of Pseudogymnoascus pannorum
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Figure 1. Presence of mycelium of Pseudogymnoascus pannorum fungus on growth media derived

from the cuts of above-ground tissues of inoculated oilseed rape (left) and lack of their presence in
non-inoculated ones(right).
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Figure 2. Lack of any visible signs and symptoms of plant disease on above-ground parts of oilseed
rape seedlings inoculated with Pseudogymnoascus pannorum
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Table 1. The mean percentage of above-ground tissue colonization frequency (TCF) of oilseed rape
cultivars as infected by the endophytic fungus of Pseudogymnoascus pannorum at different growth

stages
sl 5L O gl 5518 A5
Treatment Tissue colonization frequency (%)
Ladoga 18.81
Veritis 18.57
5)
e Hybricok 19.14
Cultivar
Turan 19.96
King 18.93
S 17.77
One-leaf stage
Growth stage S pAe 20.48

Three-leaf stage
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Table 2. Analysis of variance for the percentage of above-groundtissue colonization frequency (TCF)
of evaluated oilseed rapes as infected by the endophytic fungus of Pseudogymnoascus pannorumat one

and three-leaf growth stage.
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5 palie Mean squares
15T 3 _ _
Source of variation Gl £, oo Sy
Degree of
freedom One-leaf stage Three-leaf stage
IS 2
0.846™ 2.135™
Replication
5 4
)
. 0.186™ 0.807™
Cultivar
Lo 8
2.063 2711
Error
5 18
1.353 2.085
Total
(%) &t s s i
14.02 14.05

Coefficient of
variation (%)

ns: non-significant
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Table 3. Results of t-student (0=0.01) for the comparison of the percentage of above-ground tissue
colonization frequency (TCF) of evaluated oilseed rape as infected by the endophytic fungus of
Pseudogymnoascus pannorumat one and three-leaf growth stage.
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Compared group  Degree of freedom Mean Standard of deviation t-value P-value
S
14 17.78 2.001
One-leaf stage
~ 3.071 0.004
S 2
Three-leaf stage 14 20.31 2.468
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Figure 3. Presence of mycelium of Pseudogymnoascus pannorum fungus on growth media derived
from the cuts of inoculated oilseed rape stem (left) and extension of unbranched hypha (right)inside
epidemical layer of inoculated oilseed rape stem (bar 20 um).
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Figure 4. Culture morphology of Pseudogymnoascus pannorumisolated from a stem piece of
inoculated oilseed rape stem on PDA (left) andits structural morphology (right) under 400x
magnification light microscope (bar 10 um).

Sl gl 5 0lnl 555l s 5 ST
QLS.:?»J ;jﬁ 9 (st agf.&}‘.ﬁ @@L&)T 9

.@\oukui;,xsaﬂdf‘@,,us

4

a8 3, bl 5o LT el oS s (633
T .(Vohnik et al., 2007) 53l o -SKas I,
Lows Oyl ar > FalS Lyl 5o rones
Sl 5 5 5 (Sl s b 538
st 1y 3 Ll 5 Al b AsL o
z8 ST I (Hayes, 2012) duled Joows
Sl Asle Sliws sl 4 36 25l sla
Oljee 53 odij oo 5 odij G A0 4 Jased
Card)Lzws SKwl ) o3l ahax I 545
8 e eeser dlml et al, 2015
Cowl ug"'"“ Pseudogymnoascus pannourm
Wlin 1S 53 Loy & Jamed 291580 sl
ST 5558 diy adyl Jorl e 53 o gaie
2 AL S a5 Sajlw s
&b LS Cbables (35 5 a4 MK@JU
33 i Oldlas 5 )y OGSl anfllas
.>)‘9TL54‘..A|J§4;:A}@‘JJ‘)0.L‘%T
LR
Oladss Oljle Coles L oandllas oy



VEor oL WYY sl W o led - YF 6,05« 8155 83 Sy SdgH 4 yii»

References:

Azevedo, J. L., Maccheroni, J.R.W., Pereira, J.O.,and de Aratjo, W.L. 2000.
Endophytic microorganisms: a review on insect control and recent advances
on tropical plants. Electronic Journal of Biotechnology,3: 15-16.

Bressan, W.,and Borges, M.T. 2004. Delivery methods for introducing endophytic
bacteria into maize. BioControl,49: 315-322.

Card, S., Johnson, L., Teasdale, S.,and Caradus, J. 2016. Deciphering endophyte
behaviour: the link between endophyte biology and efficacious biological
control agents. FEMS Microbiolgy Ecology,92(8).

Card, S.D., Hume, D.E., Roodi, D., McGill, C.R., Millner, J.P.,and Johnson,
R.D. 2015. Beneficial endophytic microorganisms of Brassica — A review.
Biological Control90: 102-112.

Finotti, E., Paolino, C., Lancia, B., and Mercantini, R. 1996. Metabolic
differences between two Antarctic strains of Geomyces pannorum. Current
Microbiology, 32(1), 7-10.

Gautam, S., Mohankumar, S.,and Kennedy, J. 2016. Induced host plant resistance
in cauliflower by Beauveria bassiana. Journal of Entomology and Zoology
Studies4: 476-482.

Hayes, M.A. 2012. The Geomyces Fungi: Ecology and Distribution. Bioscience62:
819-823.

Johnson, J.M., Alex, T.,and Oelmiiller, R. 2014.Piriformospora indica: The
versatile and multifunctional root endophytic fungus for enhanced yield
and tolerance to biotic and abiotic stress in crop plants. Journal of Tropical
Agriculture,52: 103-122.

Johnson, L.J., de Bonth, A.C.M., Briggs, L.R., ef al,.2013. The exploitation of
epichloae endophytes for agricultural benefit. Fungal Diversity,60: 171-188.

Kochkina, G. A., Ivanushkina, N. E., Akimov, V. N., Gilichinskii, D. A., and
Ozerskaya, S. M. 2007. Halo-and psychrotolerant Geomyces fungi from
Arctic cryopegs and marine deposits. Microbiology, 76(1), 31-38.

Latch, G.and Christensen, M. 1985. Artificial infection of grasses with endophytes.
Annals of Appiedl Biology,107: 17-24.



oo 1S B  jan S L5

Le Cocq, K., Gurr, S.J., Hirsch, P.R.,and Mauchline, T.H. 2017. Exploitation of
endophytes for sustainable agricultural intensification. Molecular Plant
Pathology,18: 469-473.

Lohse, R., Jakobs-Schonwandt, D., Vidal, S.,and Patel, A.V.2015. Evaluation of new
fermentation and formulation strategies for a high endophytic establishment
of Beauveria bassiana in oilseed rape plants. Biological Control,88: 26-36.

Murphy, B.R., Doohan, F.M.,and Hodkinson, T.R. 2015. Fungal root endophytes
of a wild barley species increase yield in a nutrient-stressed barley cultivar.
Symbiosis, 65: 1-7.

Murphy, B.R., Hodkinson, T.R., and Doohan, F.M. 2018. Endophytic Cladosporium
strains from a crop wild relative increase grain yield in barley. In Biology
and Environment.Proceedings of the Royal Irish Academy, 118(3): 147-156.
Royal Irish Academy (2018, January).

Nejad, P.,and Johnson, P.A. 2000. Endophytic bacteria induce growth promotion and
wilt disease suppression in oilseed rape and tomato. Biological Control,18:
208-215.

Petrini. O. 1996. Ecological and physiological aspects of host specificity in
endophytic fungi. 87-100. St Louis, USA.

Rice, A.V., and Currah, R.S. 2006. Two new species of Pseudogymnoascus
with Geomyces anamorphs and their phylogenetic relationship with
Gymnostellatospora. Mycologia, 98(2): 307-318.

Rodriguez, R.J., White, J.Rr. J.F., Arnold, A.E.,and Redman, R.S. 2009. Fungal
endophytes: diversity and functional roles. New Phytologist,182: 314-330.

Roodi, D., Millner, J.P., McGill, C.R., Johnson, R.D., Jauregui, R.,and Card,
S.D.2020. Methylobacterium, a major component of the culturable bacterial
endophyte community of wild Brassica seed. PeerJ. 2020(7), doi: 10.7717/
peerj.9514.

Roodi, D., Millner, J.P., McGill, C.R., Johnson, R.D.,and Card, S.D. 2019.Bio-
prospecting of endophytes of Brassica. PhD dessertation. Faculty of plant
science, Massey University. Palmerston North. New Zealand.

Rosa, L.H., Almeida, Vieira. Md.L., Santiago, I.F.,and Rosa, C.A. 2010. Endophytic

A



VEor oL WYY sl W o led - YF 6,05« 8155 83 Sy SdgH 4 yii»

fungi community associated with the dicotyledonous plant Colobanthus
quitensis (Kunth) Bartl. (Caryophyllaceae) in Antarctica. FEMS Microbiology
Ecology,73: 178-189.

Tefera, T.,and Vidal, S. 2009. Effect of inoculation method and plant growth
medium on endophytic colonisation of sorghum by the entomopathogenic
fungus Beauveria bassiana. BioControl,54: 663-669.

Truyens, S., Beckers, B., Thijs, S., Weyens, N., Cuypers, A.,and Vangronsveld, J.
2015. The effects of the growth substrate on cultivable and total endophytic
assemblages of Arabidopsis thaliana. Plant and Soil,405: 325-336.

Usuki, F., Narisawa, K., Yonezawa, M., Kakishima, M.,and Hashiba, T. 2002. An
efficient inoculation method for colonisation of Chinese cabbage seedlings
by the root endophytic fungus Heteroconium chaetospira. Journal of General
Plant Pathology,68: 326-332.

Vega, F.E. 2008. Insect pathology and fungal endophytes. Journal of Invertebrate
Pathology,98: 277-279.

Vega, F.E., Goettel, M.S., Blackwell, M., et al. 2009. Fungal entomopathogens:
new insights on their ecology. Fungal Ecology,2: 149-159.

Vidal, S.,and Jaber, L.R. 2015. Entomopathogenic fungi as endophytes: plant-
endophyte-herbivore interactions and prospects for use in biological control.
Current Science, 45-54.

Vohnik, M., Fendrych, M., Albrechtova, J.,and Vosatka, M. 2007. Intracellular
colonisation of Rhododendron and Vaccinium roots by Cenococcum
geophilum, Geomyces pannorum and Meliniomyces variabilis. Folia
Microbiologica,52: 407-414.

Zhang, Y.J., Huo, L.Q., Zhang, S., and Liu, X.Z. 2016. The complete mitochondrial
genome of the cold-adapted fungus Pseudogymnoascus pannorum syn.

Geomyces pannorum. Mitochondrial DNA Part A, 277(4): 2566-2567

Py



«Applied Research in Field Crops» Vol 34, No 3, 2021

Association of oilseed rape cultivars (Brassica napus L.) with fungal
endophyte of Pseudogymnoascus pannorum
Davood Roodil**, James P. Millner?, Craig R. McGill?, Richard D. Johnson',
Stuart D. Card!

1. Forage Science, AgResearch Limited, Grasslands Research Centre, Private Bag 11008, Palmerston
North, New Zealand .

2. School of Agriculture & Environment, Massey University, Private Bag 11222, Palmerston North, New
Zealand

3. Khorasan Razavi Agricultural and Natural Resources Research and Education Center, Agricultural

Research, Education and Extension Organization (AREEO), Mashhad, Iran. (Corresponding author)

Received: June 2021 Accepted: August 2021- DOI: 10.22092/aj.2021.354765.1550

Extended Abstract

Roodi, D., P.millner, J., R.Mcgill, C., D.Johnson, R., D.Card, S., Association of oilseed rape cultivars
(Brassica napus L.) with fungal endophyte of Pseudogymnoascus pannorum
Applied Research in Field Crops Vol 34, No. 3, 2021 4-6: 30-42(in Persian)

Introduction:

Microorganisms that live inside plant tissues, termed endophytes, may offer
benefits to their host affected by the biotic and abiotic stress conditions including
extreme temperatures (Card et al., 2016). Characterized endophytic strains which
show no host specificity could be transferred from their original wild plant hosts
into elite cultivars through different method of inoculation.

Fungal endophyte of Pseudogymnoascus pannorum. is a psychotolerant fungus
resistant to frosting temperature and associated with the plants grown in the arctic
regions. The association of a strain of Pseudogymnoascus pannorum which has
been previously isolated from a wild turnip was investigated using five oilseed
rape hybrids in this study (Roodi, 2019).

Materials and Methods:

The seeds of five oilseed rape hybrids were surface-disinfected and inoculated
by immersing in spore suspension of the fungus. The seeds were then transferred

to pots and placed in a glasshouse in a completely randomized block design with
Email address of the corresponding author: roodi_dave@yahoo.com
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three replications. The colonization frequencies of brassica seedlings inoculated
with fungal endophyte was assessed at two vegetative plant growth stages. This
was done by plating the 15 small piece of disinfected tissue of stem of each hybrids
in a Perti dish usingpotato dextrose agar medium. The petri plates were incubated
at 22°C and checked regularly for microbial growth. The colonization tissue
frequency of each hybrid was calculated and the data were statistically analyzed.
The penetration of fungal hyphae was also studied by a light microscope.

Results and Discussion:

The results from re-isolation of fungal endophyte from inoculated oilseed rape
hybrids demonstrated that the fungal endophyte of Pseudogymnoascus pannorum
colonized shoot tissues of all five studied hybrids and established a close association
with all oilseed rape hybrids. The analysis of variance of colonization tissue
frequency showed that there is no significant difference between hybrids. The
highest and lowest colonization rate were obtained with hybrid Turan and Ladoga
at 19.96 and 18.81 percent respectively. The visual observation of inoculated plants
showed that the endophytes does not induce any disease symptoms or change in
plant growth and development of brassica plants. Control plants were not infected
with the fungal endophyte. Although the origin host of the fungal endophyte was
a wild turnipof Brassica rapa species, the result from inoculation indicates that
this strain shows no host specificity. This is consistent with the result of another
study that showed a strain of Beauveria bassiana isolated from another host can
colonize other species such as oilseed rape (Vidal & Jaber, 2015). However,
there was a significant difference between rates of colonization at two different
growth stages. The mean colonization frequency at one and three-leaf stages was
statistically compared using t-student (unpaired group) which was found to be
significantly different (99%). The mean colonization rate of hybrids was 17.77 and
20.48 percent at one and three-leaf stages, respectively. Microscopic study of stem
tissues also illustrated that the hyphae of fungus penetrate inside the epidermal
layer of stem tissue.

Conclusion:

In this study, we demonstrated that a specific strain of Pseudogymnoascus
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pannorumis able to colonize the areal parts of oilseed rape hybrids and establish
a close association. This genus of fungus is an endophyte with psychotolerant
properties that occupies the plants grown in the arctic regions. The results from
this study can be used for further investigations on symbiosis benefits of this
association, especially to study the induction of resistance in oilseed rape in
terms of environmental stresses such as frosting, particularly at early growth and
development stages.
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