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induce heat tolerance in plants.

ABSTRACT

The plants growing in cold desert of western Himalaya have inhabited diversified endophytes. These
endophytes can provide fitness to plant under harsh environmental situations. In the current study, 22
fungal endophytes isolated from Artemisia and Xerophytic plants growing in the cold desert were screened
for thermo-tolerance at different temperature ranges (28, 30 32, 34, 36, 38and 40 °C) under in vitro. The only
three isolates viz., A2, A7 and X5 exhibited growth up to 40°C and identified as Penicilium funiculosum (A2),
Ceriporia lacerate (A7) and Endomelanconiopsis endophytica (X5) using ITS region. These endophytes inoculated
to rice seedlings and exposed to elevated temperature (45 °C) for 7hr per day for 10 days to study their
effect on tolerance of rice to heat stress. The results revealed that endophytes inoculated seedlings showed
sustained improvement in shoot and root growth. The E. endophytica was chosen to be the best endophyte
to impart heat stress as per Fernandez model. This study suggested that cold desert endophytes could
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Introduction

The global temperature increases day by day due to
change in climate. Frequent heat waves have had
serious impacts on rice production (Zhang and
White, 2021). Historical data analysis envisaged
that 7-8% of rice yield has been decreased due to
raise in temperature to 1°C (Baker et al., 1992). Inter-
national Rice Research Institute (IRRI) demonstrated
that the field trials from 1992-2003 showed 10%
yield reduction of rice for every raise in one degree
of minimum temperature (Peng et al., 2004). High
temperature affects all stages of rice plant starting
from germination, growth, development, reproduc-
tion and yield (Krishnan et al., 2011). The tiller num-

ber decreased by 10% when temperature rise from
29/21 °C to 37/29 °C (Manalo et al., 1994). The syn-
chronism between the emergence of main stem and
tiller and also mobilization of nutrients among tillers
were affected by high temperature resulting in de-
creased yield as primary tillers are directly propor-
tional to grain yield in rice (Yoshida, 1981).

Cold deserts are found in high, flat areas, called
plateaus, or mountainous areas in temperate regions
of the world. Cold deserts have hot summers but
extremely cold winters. The Western Himalayan
cold deserts have extremes of hot and cold climate
combined with excessive dryness. Soil has light
grey, poor in fertility and less water holding capac-
ity. Therefore, these desert plants develop some
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physiological mechanisms like CAM (Crassulacean
acid metabolism), modified leaf and also take the
advantage of microbial endophytes to survive in
hostile environment (Zhang and White, 2021).

The endophytes can colonize the plant tissue
without causing any apparent harm and provide fit-
ness under hostile environment. Endophytes can be
cultured in-vitro and transfer to compatible second-
ary plants to obtain similar benefits (Redman et al.,
2002 and Wang et al., 2021). Endophytes isolated
from cold deserts seems to adapt wider range of
temperature as cold desert has influenced by fluctu-
ated temperature ranges from -45 °C in winter to 40
°C in summer (Tewari and Kapoor, 2013). There-
fore, we used in our study the endophytes isolated
from the cold desert plants to understand induction
of thermotolerance temperature sensitive rice vari-
ety IR-64.

Materials and Methods

Screening for thermotolrance of endophytic
isolates

The fungal endophytes isolated from Artemisia and
xerophytic plants of Western Himalayan cold desert
and preserved at School of Ecology and Conserva-
tion Laboratory, University of Agricultural Sciences,
Bangalore -560065. The 22 isolates were procured
and rejuvenated on potato dextrose agar (PDA) for
the present study. The endophytic isolates were
screened for temperature tolerance. Isolates were
cultured in PDA plates and incubated at different
temperature (28 °C, 30 °C, 32°C, 34 °C, 36 °C, 38 °C
and 40 °C) for five days. Fungal growth was mea-
sured by radial diameter of colony on fifth day of
incubation.

Molecular identification of thermo tolerant
endophytic isolates

The endophytic isolates of genomic DNA were ex-
tracted by Cetyltrimethylammonium bromide
(CTAB) method (Vainio et al., 1998). The internal
transcribed spacer (ITS) region of genomic DNA
was amplified using universal primer ITS1-F (5[-
TCCGTAGGTGAACCTGCGG 3[-) and ITS4-R (5[
TCCTCCGCTTATTGATATGC 3[-) by polymerase
chain reaction (PCR). PCR amplification was per-
formed using Master cycler (Eppendorf, Germany)
with a 20pl reaction mixture that comprised 2 pl 1X
taq buffer with MgCl, (1.5 mM), 2 ul dNTP’s (10
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mM), 0.5pl each primer (10pmol), 0.3 pul Tag DNA
polymerase (3U) and 1ul template DNA (100ng).
The PCR was carried out with an initial denatur-
ation at 94 °C for 4 min, followed by 35 cycles at 94
°C for 30s, 55 °C for 1min and 72 °C for 30s, and a
final extension at 72 °C for 12min. The PCR ampli-
fied products were sequenced by SciGenome labs,
Cochin, Kerala, India. The nucleotide sequences
were queried in the NCBI GenBank database using
a Basic Local Alignment Search Tool (BLAST). Se-
quences of each fungal species and corresponding
reference sequences from GenBank were subjected
to ClustalW analysis. The phylogenetic tree was con-
structed through maximum likelihood method and
Tamura- Nei model, using MEGA X. The recog-
nized sequences were placed in GenBank with ac-
cession number.

Interaction of fungal endophytes with Rice under
heat stress

Evaluation of fungal endophytes on their ability to
impart heat tolerance in rice (variety IR-64) was car-
ried out in plant growth chamber at Indian Institute
of Horticulture Research (ICAR-ITHR),
Hesaraghatta, Bangalore. There were two sets of
experiments. 1. Heat stress (45 °C for 7h per day for
10 days) and 2. Without heat stress (normal tem-
perature conditions, 30+0.5 °C). Each set comprised
with following treatments. 1. Control (uninoculated
plants) 2. Ceriporia lacerate 3. Endomelanconiopsis
endophytica and 4. Penicilium funiculosum. Rice seeds
were surface sterilized using 3 % sodium hypochlo-
rite followed by 70 % alcohol. The surface sterilized
seeds were repeatedly washed with sterile water
and soaked for overnight. The pre-germinated seeds
were sown in pots filled with soil and FYM (1:1w/
w). Three seedlings per pot were maintained and
grown for fifteen days. The
thermotolerantendophytes were inoculated by stem
prick method (Bhunjun et al., 2020) and allowed to
colonize for 10 days. After colonization, set-1 seed-
lings were exposed to heat (45 °C) for 10 days in
growth chamber. Observations for plant height,
number of tillers, number of leaves, root volume,
fresh and dry weight of roots were recorded after 10
days of heat exposure. Similarly, observations for
plants grown under normal conditions (set-2) were
recorded.

Statistical Analysis

The data generated during experimentation was
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analyzed by one-way analysis of variance and
means were separated by Duncan’s Multiple Range
Test (DMRT) using the software XL STAT. The 3-D
plot ofstress tolerance index (STI) of biomass was
constructed according to Fernandez (1992) model
using iPASTIC online tool kit (https:/ /manzik.com/
ipastic/).

Results

Screening and identification of thermotolerant
fungal endophytes

All endophytic isolates showed good growth up to
30 °C, beyond that there is gradual reduction in
growth. This indicated that the optimum tempera-
ture of these isolates ranges from 28 to 30 °C. Three
isolates viz., A2, A7 and X5 recorded tolerance level
up to 40 °C (Table 1). Hence, these isolates were se-
lected for identification and further experiment.
Thermotolerant isolates were identified using ITS
(Internal Transcribed Spacer) regions of rDNA and
BLAST search. All the isolates such as A2, A7 and
X5 showed 98% similarity with Penicillium
funiculosum strain C2-20, Ceriporia lacerate strain
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BHU MS1 and Endomelanconiopsis endophytica strain
CR3 respectively (Fig.1a-1c). The isolates A2, A7 and
X5 belongs to three different genera, namely Penicil-
lium  funiculosum, Ceriporia lacerate and
Endomelanconiopsis endophytica and the obtained se-
quences were deposited in GenBank under the ac-
cession no. OM368442, MT899187 and MT900590
respectively (Table 2). The molecular identification
was reconfirmed by their macro- and micro-mor-
phological characteristics (Fig. 2). The colony of P.
funiculosum had greyish green with funiculose tex-
ture on PDA media and examined biverticillate
condiophore with subterminal branches and ellip-
soidal conidia. In case of C. lacerate, white fluffy
colonies was observed with aseptate hyphae. Ini-
tially colourless colony was observed in E.
endophytica and later it become hyaline with shine
black color and examined pycnidial conidiomata
with ellipsoidal conidia.

Effects of endophytes isolated from cold desert on
imparting thermotolerance in rice

The fungal endophytes inoculation significantly (P <
0.01) improved all growth attributes of rice plants
except plant height under both heat stress as well as

Table 1. Effects of different temperatures on growth of the fungal colony (diameter in cm) Endophytic fungal isolates

Temperature (°C)

28 30 32 34 36 38 40
Al 6.13+0.23 5.80+0.1 5.76+0.09 2.73+0.12 1.83+0.03 0.6+0.05 -
A2 4.36+0.09 5.67+0.09 4.5+0.17 3.46+0.12 2.83+0.09 1.80+0.06 1.43+0.03
A3 6.03+0.15 5.20+0.12 4.13+0.09 2.80+0.06 3.00+0.12 0.73+0.03 -
A4 4.50+0.06 3.70+0.25 1.73+0.03 - - - -
A5 5.37+0.09 4.00+0.12 2.90+0.06 2.00+0.06 1.32+0.15 - -
A6 3.76+0.09 2.90+0.06 1.86+0.09 1.20+0.03 - - -
A7 5.33+0.33 4.03+0.09 4.36+0.09 3.80+0.12 2.83+0.09 2.03+0.20 1.40+0.06
A8 4.8+0.06 3.03+0.03 1.76+0.09 - - - -
A9 2.30+0.06 1.90+0.06 0.63+0.09 - - - -
A10 3.56+0.21 2.73+0.15 1.86+0.12 1.56+0.21 1.43+0.12 0.86+0.06 -
All 4.03+0.12 3.30+0.21 2.50+0.06 2.66+0.30 1.30+0.12 0.40+0.06 -
Al12 1.90+0.06 2.36+0.15 3.00+0.12 3.93+0.03 1.63+0.09 0.76+0.09 -
X1 3.50+0.17 2.93+0.09 2.26+0.09 1.36+0.09 - - -
X2 3.66+0.03 2.40+0.06 1.80+0.06 1.33+0.09 - - -
X3 5.96+0.09 5.50+0.06 5.00+0.06 4.43+0.03 1.43+0.07 - -
X4 1.76+0.09 1.26+0.07 - - - - -
X5 8.76+0.03 8.16+0.03 8.66+0.09 8.06+0.18 3.46+0.09 1.93+0.09 1.13+0.06
X6 3.96+0.09 2.9+0.06 1.86+0.09 1.26+0.07 - - -
X7 4.00+0.12 2.93+0.09 2.26+0.09 1.26+0.03 - - -
X8 3.93+0.09 2.90+0.06 1.63+0.09 - - - -
X9 1.9+0.06 2.36+0.15 3.00+0.12 3.93+0.03 1.63+0.09 0.76+0.09 -
X10 3.63+0.09 3.30+0.21 2.50+0.06 2.66+0.30 1.30+0.12 0.40+0.06 -

Data shown above are the means of three replication with + standard error. A- Artemisia plant X- Xerophytic plant
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Table 2.Molecular identification of thermo tolerant fungal endophytes

SI.  Hosts Isolates ~ Closest match Sequence  Query  Percent  Organisms NCBI
No. code length  coverage identity  identified Accession
(bp) (%) (%) no.

6  Artimisiasp. A2 Penicillium funiculosum 654 98 99 Penicillium OM368442
strain C2-20 funiculosum

7 Artimisiasp. A7 Ceriporia lacerate strain 479 96 98 Ceriporia MT899187
BHU-MS1 lacerate

8  Xerophytic plantX5 Endomelanconiopsis 473 98 98  Endomelanconiopsis MT900590
endophytica strain 5345 endophytica

@ - MW081280.1:41-587 Talaromyces verruculosus strain 2-F1 C | MK679808.1:156-615 Ceriporia sp. strain WSH18112 b MH835348.1:54-518 Endomelanconiopsis sp. isolate ESEF5

2 - MNO77562.1:135-680 Talaromyces verruculosus isolate EF3 ﬁ MZ541984.1:176.631 Emmia latemarginata voucher HGUP192049. MH862651.1:91-560 Endomelanconiopsis microspora strain CBS 353.97

KC414252.1:131-587 Irpex lacteus isolate A15

~ KF746076.1:89-553 Endomelanconiopsis sp. F4801

~ MW046031.1:50-514 Xylariales sp. isolate BP0278

.| — MW344645.1:1-545 Talaromyces funiculosus isolate RK2T
‘|~ MK817563.1:180-636 Marasmius cladophyllus isolate SFE3

~ JQ717348.1:30-575 Penicillium funiculosum strain C2-20

MW488226.1:164-620 Flavodon ambrosius isolate P15
A Penicillium funiculosum isolate A2

KF290999.1:102-558 Ceriporia lacerata isolate VPCI 1605/12 MG519510.1:82-547 Endomelanconiopsis endophytica strain SC45¢

MK450743.1:38-583 Talaromyces funiculosus strain CMV011D9

MN239977:4:139:695 Emmlatacerata isalate 4 “ - MK075024.1:33-497 Endomelanconiopsis endophytica strain CR3
— MT159458.1:76-617 Talaromyces funiculosus isolate RF-1

KF938900.1:123-579 Ceriporia lacerata strain BHU MS1 =
{ A\ Endomelanconiopsis endophytica isolate X5

0K103883.1:1-525 Penicillium spinulosum isolate YCE189 A Ceriporia lacerate isolate A7

L NR 172396.1:23-568 Talaromvces pseudofuniculosus FMR 15307 MN985645.1:10-458 Emmia lacerata isolate VKSVT2 MK650407.1:100-564 Endomelanconionsis frevcinetiae strain BSNB-0528

Fig. 1. Maximum Likelihood tree of the identified fungal endophytes (a) Penicillium funiculosum isolate A2) (b) Ceriporia
lacerate isolate A7 and (c) Endomelanconiopsis endophytica isolate X5 and their closest ITS rDNA matches from the
GenBank. The phylogenetic tree was constructed with bootstrap value of 500 replicates. Number at the node in-
dicates the bootstrap value.

normal conditions (Table 3 and 4). An endophyte P. ~ condition, the E. endophytica and P. funiculosum colo-
funiculosum colonized plants found superior in in-  nized plants showed significantly (P < 0.01) higher
creasing plant height, number of tillers and leaves,  shoot and root growth parameter compared to C.
root volume, fresh and dry weight of shoot and root ~ lacerate. The un-inoculated plants produced least
in normal growth condition. Whereas under stress ~ growth of rice.

Fig. 2. Fungal colony grown on PDA medium and their
fruiting body under microscope (lactophenol cot-
ton blue stain) (a) Penicilium funiculosum isolate A2
colony and their conidiophores (b) Ceriporia lacer-
ate isolate A7 colony and their aseptate mycelia
colony and their hyphae (c) Endomelanconiopsis
endophytica isolate X5and their mycelia.




Eco. Env. & Cons. 28 (4) : 2022

1730

H 3R g = N U ) (] ! 80 + n HOL O QR RS e (5 L.~ L O W»
ST 2SS ZE55520% AECER R EEEE IR RN R b
« & D.= L O h — 0 -~ =+ o %) — o o=
o] 1eyu.1t0 5 g [SINC] We yeneead < hOEDmnn(\ o .Q
o — cCoSpEESmE BF c B85 T YgLRLEPgL0OoLEIRT G T gE 2
n © - Q= du & 9 D - — = > hree.lseTpgu X.O.OL@ c =
3 ENESHEER T - b 00,208 288X g MELETORSEITERE 3 s &
SE 8T EifEE S8, cF e 208 E S EE R o o SPE2 e
w © g2 Y*,guvRcs L .=20T enrenfsVdfdoaVSdrmeSlOtmrmpeem
£f TEEufEoa BEEEE mmﬁﬂmom,mnomemmdemeHc.@mrM%m%.m.m
¢e ZE582£30280¢5, < CEYET L2288 02 0320 w208 a2 S >
E~ TEgESTSETyESE g e EES el OEsEE R EEESwPeoTEETE
= o ) = o O H g 28 ga L > 8 SCg o ¥ck ) OEEWH D ZHE 8 3 O SRS
< O rnsm.bre\n./u © = g o © d.rhdee...hs5d.s § a3 ==2=2 350 27
v 2 V0 g 8<% - g S 5 = urhnwtnrdfexnceearﬂu/umeeﬁar%h.mh
e @ Wdee.Se o= o SR 5 o 9} ~ 3 O frdaothHl 3 dscentse
= Efgc 8P E8EFcrm0 oS gE8ET T A IR . SS5ZSBRES88 35 8
« 80 wi¥¢HBEIEouE < = 50 » enevnedtnnt4oha)2.en.wpbmguea
© "% ¢ w GISdS..pude%.rﬂ u.ldm eamu.CnIam @ oo g O rﬁ[ﬂﬂ 9] Q. o > >
(==t ebghpendﬂu U g = < o neh rhfe.7rm.l.l.lo rﬁ..w.B.IS na v v
0 o5 = = S o= 9 ° 28359923 B < D o IS} = B U 50 ®— g
v T o ms.&Tdaumwmra ) = v O OrOMtomS lCemHOonPyse.ab?_n.m.t
T8 B U¥5s8=2a2SSgwsFE 8 E e8Pt 08 EscTagesS080vbET
© MO g H H QT LG X O O -5 2] Ud.muLOh.OeeV..«u tSm.lrea‘..mapngpdnﬁ [
W, w S9TESTESEUE S35E B Z2LE_SEST ORI EANT 03 SV <2032 08ERES
£5E 299 ERE5E0ESE8Y 2 2UZiEEiecissfEYCEEv 2t cEeE0ESE
o .- ~ — )} . d
OS5 ECECESEESEESAS A EobhsEEiaSscE2c R ESE20 522w lasEnsBE
1591, 93uey ordnmiA s,ueoun( 3ursn Aq GO’ > J 1€ OUSISJJTP JULdYTUSIS 9)edTPUT SI9)33] Je[TWISSIP 3} /(F = U) ULaWw JO JOIId PILPUe)S SaJedIpul F
1000°0> 1000°0> 0000 1000°0> 1000°0> 1000°0> 1000°0> T1000°0> T1000°0> 1000°0> d
Y661 79°€8 cesT A 1699 LT9F 89°S¥¥ 98'69 6£TIT €026 (")
q[O0FPT'T L00F19F 5qL0'0F9¢€0 qL0°0FS2°0 qL0°0F6£°0 7007861 q00°0F79°c  £L00FCLCL  400°0F00F  FO'0F06°CT wnsomouny g
e[0°'0F99°T q€0'0F2L'E eC0'0F7¥ 0 >10°0F79°0 eC0'0F47°0 qC0'0F9F%'1 90'0FE0F q91°0F88°6 eC0'0FSCT  -0C0F0S°TT voyhydopua -3
>10°0FCC'T q¢1'0F09°¢ qL0°0F6£°0 pc0'0F99°0 >10°0F9¢°0 290°0F4C'T >00°0FST'¢ >G5 0F9L°L 01T°0F96°¢ p00°0F09°9 vjp4a0v] "D
pLO0FIT'T »90'0¥¢6'C >10°0FPE0 e¢0'0F68°0 pL0°0F6C°0 »q90'0F8E’T pS0'0FECC 29T°0F88°~ 500°0¥00°¢  400°0F00°CL [onuo)
S SM S SM S SM
S SM S SM (uerdg/3) (querdg/3) (querdg/ un)
(yuerdg /8) sseworg 100S:100y] 3001 Im AI(] 1001 “IM USoI] 2WINJOA 100y SyUSWI}eAI ],

[SM] ssams oM pue [G] SSa1s I9pun DLI JO SSEWIOI] [30} Pue sjrer) 3001 uo saykydopus [eduny jo sduanfjuy *p a[qer,

3891, 98uey afdnmiA s, ueoun(y 3ursn £q GO’ > J 1€ OUSISJTP JULdYIUSIS 9)edIpUl SI9)39] JL[TWISSIP 3} /(F = U) ULaw JO I0IId PILPUR)S S9JedIpul F

1000°0> 1000°0> 1000°0> 1000°0> 1000°0> 1000°0> €00°0 1000°0> ¥€L0 820°0 d
R c8'¥81 LSL0T 98'099 G8'€9¢ 8L TH1 008 €661 €70 1€¢e 1)
J00FSOT  C00FFIT  «SOOFITH  80°0F9EOT  IF0F006E 0T0FOSSS  0T0F0S9  0TOFOSFL  9L0F6LTE  610FCO9E  tunsomamuny J
I00F60T  qI00FITT  000FEYE  «S00F68'8  qIF0F00LE  «CT'OFO0SF  000F00Z  «000F00TT SFOFIOCE  £50F96'9¢  wouhydopua g
STO0FL80  «90°0FEET  oL00FLLE  -800FC6Z  -0T0F0SZT  -000F000%  -000F009  «0C0FOSOT  6S0FCITE LT TFISGE vIp420D] "D
0007280 C00FFST  -C00FEL'E  pZ00FS6'S  HIF0F008T  pI9°0F0S9E  «0T0FOS9  -0T0F0S'S  oLT0FILTE  aCLOFESES [onuo)
S SM S SM S SM
(uerdg/3) (uerdg/3) (uerdg /) S SM S SM
jooys ‘M A1(q JOOUS "IM Usarj S9ALIT JO 'ON. (yuerdg /) s1aqIIT, Jo 'ON (o) 181y Juel] SjuLwIleaI],

[SM] ssams noyim pue [G] Ssaxs 1apun DL JO SANALIIE J00s Uo sajAydopus [eduny jo adusnyjuj '¢ a[qeL,



ARPITHA ET AL

Treatments Yp Ys STI
Control 2.92 1.16 0.25
C. lacerate 3.6 1.22 0.32
E. endophytica 3.72 1.56 0.42
P. funiculosum 4.61 1.44 0.48

Fig. 3. Three dimentional plot based on Fernandez (1992)
model using stress tolerance index (STI) of biom-
ass. Yp: Biomass under normal growth condition
Ys: Biomass under heat stress.

different taxa (Ramesh et al., 2017).

High temperature is one of the most important
environmental stresses which severely affect the rice
growth by reducing the emergence of leaves and
tillers resulting in decreased biomass. In the present
study, significant higher tiller number was recorded
when the plants inoculated with E. endophytica,
which might positively influenced the new tillers
under heat stress by reducing the effects of heat
stress on tiller bud. This is in accordance with Vila-
Aiub et al. (2005) who reported that Neotyphodium
sp. infected rye grass produced more tillers than
uninfected plants. The endophyteP. funiculosum in-
oculated plants showed highest number of leaves
compared to other endophytes which resulted in
increased fresh weight of shoot. Similarly Lolium
perenne infected with Epichloe endophytehad signifi-
cantly higher tillers number, dry weight, leaf length
and wet weight under drought condition (Jajarmi et
al., 2015)

The root system plays a vital role in adaptation of
whole plant under heat stress (Huang et al., 2012).
Significant improved in root growth was observed
in endophytes colonized plants which lead to im-
proved absorption of nutrients and water from soil,
resulting in a more vigorous plant and helps to cope
of heat stress. E. endophytica colonized plants found
better in influencing the root growth compared to
others. Our results are in agreement with Waqas et
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al. (2015) who demonstrated that Paecilomyces
formosus LWL1 improved root biomass of rice under
heat stress. Higher root to shoot ratio was found in
plants inoculated with E. endophytica, which indicate
that the endophyte could protect the root system.

In conclusion, this investigation explored the pos-
sibility of using cold desert endophytes for mitigat-
ing the heat stress. The endophyte E. endophytica
seems to bemore effective in imparting heat stress
tolerance in rice by improving the growth of shoot
and root attributes (IR-64).
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