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Abstract
Background and objectives

Endophytic fungi belong to the genus Epichloé (Neotyphodium=Acremonium), have a symbiotic
relationship with many cool-season grasses. More than 100 species from 80 genera of the grass
family, including tall fescue (Festuca arundinacea Schreb.), are known to be hosts of
endophytic fungi. Endophytic fungi as biological agents alter vegetative, morphological and
physiological traits of host plants, improve growth and increase their stability against biotic and
abiotic stresses. In this research, the role of symbiotic endophyte fungi in increasing the
tolerance of tall fescue against drought stress in hydroponic culture was investigated.

Materials and methods

In order to evaluate the role of Epichloé endophytic fungi in drought tolerance of tall fescue,
the infected plants were identified by rose bengal staining method and microscopic observation.
Endophyte-infected plant tillers were divided into two groups; one of which was treated with
Fulicur and Propiconazol fungicides. After three months, the new tillers of the plants were
examined after ensuring the removal of the endophyte fungus from the treated plants; the new
tillers were propagated from endophyte-infected and endophyte-free clones. Then they
transferred to Johnson’s nutrient solutions with half concentration. Drought stress was applied
by adding polyethylene glycol 6000 (PEG-6000) to the nutrient solution. Drought stress
treatments included the control treatment with zero osmotic potential and the others with -3, -6
and -8 Bar, osmotic potentials. The factorial experiment was done using a completely
randomized design with six replications. The first factor was the presence and absence of
endophyte fungi in two levels and the second factor was drought stress in five levels. Data were
collected for tiller number, shoot weight, root weight, crown weight, and biomass weight per
plant.

Results

The results of variance analysis showed the significant effect of endophyte fungus on all traits
except leaf length (P<0.01), as well as the significant effect of drought treatments on all traits

(P<0.01). The endophyte fungus by drought stress was significant for root length (P<0.05),
aerial fresh weight and crown weight (P<0.05). The result of mean comparison showed that in
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most of the studied traits, such as tiller numbers and root and crown weight, the endophyte-
infected plants had higher mean values than that for endophyte-free plants. The mean comparing
between endophyte infected and free fungi plants showed that the number of tillers in
endophyte-infected plants was 15.12 and in endophyte-free plants, it was 5.95, which indicates
a 3-times increase in the number of tillers in endophyte-infected plants. The mean comparison
in different drought treatments showed that the increase in drought stress caused a significant
decrease in most traits. For example, the highest tiller number with a value of 17.25 was
observed in the control, but it decreased to 8.66 tillers per plant in the -8 Bar treatment. The root
weight was strongly affected by drought stress and its value was 14.44 g/plant in the control
treatment, and it decreased to 3.80 g/plant in drought stress of the -8 Bar treatment. The result
of endophyte fungus by drought stress interaction showed that the difference between treatments
was more noticeable in high stresses. For example, the root weight in the endophyte-infected
plants has decreased from 5.08 to 2.52 g/plant in endophyte-free plants in -8 Bar drought stress.

Conclusion

The results of this research showed that the native endophytic fungi play an effective role in the
improvement of host plant tolerance against drought stress. Therefore, in such conditions of
climate change, where drought stress is one of its main problems, the use of symbiotic
endophytes of plants could be one of the effective factors in facing climate change.
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Table 1. Nutrient and micronutrient components of Johnson's nutrient solution used in hydroponic

culture
Compounds Molecular Concentration of Concentration of Volume of stock Element
weight (MW) stock solution (M) stock solution (g/l) Solution (ml)
Major nutrients
KNOs 101.1 1.00 101.1 3.0 N, K
Ca(NOs3)2 4H20 236.2 1.00 236.2 2.0 Ca
NH4H2PO4 115.1 1.00 115.1 1.0 P
MgS04+7H20 246.5 1.00 246.5 0.5 S, Mg
Minor nutrients
KCI 74.5 50* 3.750 1.0 Cl
HsBOs 61.8 25 1.550 1.0 B
MnSO4. H20 169.0 2.0 0.338 1.0 Mn
ZnS04 + 7TH20 287.5 2.0 0.575 1.0 Zn
CuSO4 +5H20 249.7 0.5 0.125 1.0 Cu
H2MoO4 162.0 0.5 0.081 1.0 Mo
Fe-EDTA 346.1 20 6.920 1.0 Fe
*, Micronutrient concentrations are presented in mM ol o1 S5 (¥ g o) MM oy e oS ol slaclile %

(millimolar).
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Figure 1. Microscopic observation of endophytic fungus mycelium in endophyte-infected

seeds (left) and in the leaf sheath of endophyte-infected plants (right), tall fescue, using the
Rose Bengal staining method.



3D oy o S 980 6‘-“‘@)\3 ,ub

V-

5 bl Jleel 51 8 S5 Tl 5 3 sl 7,6 51 ole 5 cudnal LB sl il 5K LS -y IS
(Cwl)) (S 25 slasles Jlel 51 5 (o) Swas

Figure 2. Endophyte-infected and endophyte-free tall fescue plants under hydroponic

conditions before applying drought stress treatments (left) and after applying drought stress
treatments (right).
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Table 2: Analysis of variance (ANOVA) of different traits of endophyte-infected and
endophyte-free tall fescue plants under drought stress in hydroponic conditions.

MS
DF . Shoot Root Crown Biomass
Sources n-Llr!Erer Ié_r?atfh fresh IeRr:)Ot; fresh fresh fresh
g weight g weight weight weight
(EE”)dOPhyte 1 sp008™ 102 612%  10208"  65.03"  26.28" 38.39"
Drought (D) 3 188.777 1118.18™ 61.36™ 2759.777  174.27 14.82™ 706.38™
ExD 3 2191  113.13™ 34.52* 48.75™ 8.19 ™ 175* 28.76"™
Error 40 10.28 103.08 2.85 10.58 8.5 0.56 21.12
CV% 10.27 25.99 20.67 10.6 28.89 24.59 24.34

Dl fma 5 Aoy ) ‘MJJOJLmL'»\CLuﬁ)b@#%‘;Q:nS}** >

* **and ns significant at the 5%, 1% probability level, and non-significant, respectively.

C)b Sl Q\-“L..g D9 A )Y (G S 0D el Caaw 4
Sl 256 51 sole GBS 55 5 p 5 YV/OF sl
ol pblS 5o azy; Jsb andl el cons a2 SVF/YY
Fastle ¥ 258 5 )le oS & s bl B
e &Sl oy g 5o o) dds (Y Jsan) a8
Job 5 cul S byl Bl sole ol s basy,
oS 5 e wisb 5y S e gt Al el s,
Olsiea Lol 355 d5b aa i codsnl )6 sl
ol by ol o Dl Al 5 Shamh o

Lasls algn g xp A, 68 M}L shols

a (55:8d LS s il Do S0 Al

iy 31w 313 55 byl 2651 ke s 6 sl
ole plalS 55 5 VO Y cudsuil 206 sl plalS s
Sl culSs a8 el sel Cws 4 0730 bl C)\s 5
C)\e ol ol s Az slaws gl 5 Voo il
it ooyl 2B 5 sole ol 4 o byl
IR VAR OV R EA VR ST PP TR P
ORI ZAR O PRY B ol els oblS 5o s
gl 2,8 g5l SBlS s w5 55wty 5 0o el
o S FIYY Cubsnl £l 5l sole LS s 50 S A/PF

Lylps s (Sas (25 s cadaail g6 5l ol 5 Ul ol a5l BLLS s Slio (SSle anlie =Y Jsn

J\éxu-\é’

Table 3-Mean comparison of traits in endophyte-infected and endophyte free tall fescue
plants under drought stress in hydroponic conditions

Tiller Leaf  Shootfresh Root Root fresh Crown fresh Biomass fresh
Endophyte fungi number  Length weight Length  Weight Weight Weight
per plant  (cm) (g/plant) (cm) (g/plant) (g/plant) (g/plant)
Endophyte infected 15.122  39.20? 9.022 29.20° 8.66° 3.78° 21.542
Endophyte free 5.95° 38.912 7.32° 32.122 6.33" 2.30P 16.22°
LSD 5% 1.87 5.95 0.99 1.90 1.70 0.43 2.69

Bl b (g)ls e sl %0 c‘:...)s LSD Q}A)’T ol sl o Srza () Gy bl &S s 5o bl
Means followed by the same letter in the columns have no significant diff erences at 5% probability by LSD test.



3 g o byl S,

OY/AY 25 oo Sl 53 azu,y Jsb &Sorsba ol
ol ar cen b Sas mn )3l L g ess e le
o e Sl VA o3ll 4 —ABar s s 5 anl

josﬁ&ﬂ}é’;\ﬁwbﬁﬂ\eﬁuwwﬁ
il L s g o SVE/TE o s sl 5o ol )l
wly 2alS ool Jlde 4 —ABAr [l s (Ses iy
G sk e 5o b Ghs e, ¢ S YA 4 s
L -ABar & Sas 2 (3G Jsess o S F/0Y
ol sy £ S V/A0 4 5 a8l (2018 (05 ey
W/F0 a4 asla Sl 5o 2 8 YA/AY Sl 58 s 059
e —ABar [l s r;

AR

Az bl s Wi Olio uﬁ»\...a o
Sl el 55\...:- OBl aS sl las S
Sl o Lhw sl (F Jous) s Slaw ev )\sdza.a

NEF slass 4 —ABar jlas s 5 asl a8 o) i
el OY/YY 25 oo Ll e 50 S dsb o,
Ye/ON b —ABar 4 Sea s sl L Js ey
S o bl G 5oy il alS s sl
e a5 e G2l 3L s 03 S0 g (g mes —YBaI

sa ooly pls ¥ Jous o &S b s as G QT

)\;quww\)wjuw&ww\

S gt )8 s (Sis Gilizee 5 les 5o ady (g8 oS s Olis oSl aglin =¥ J oo

Table 4. Mean comparison of traits in tall fescue plants under drought stress treatments in
hydroponic conditions

Tiller Leaf Shoot fresh Root Root fresh ~ Crown fresh ~ Biomass fresh
Drought stress number length weight length weight weight weight
per plant (cm) (g/plant) (cm) (g/plant) (g/plant) (g/plant)
Control 17.25% 52.33% 9.622 52.832 14.442 4.522 28.842
-3 Bar 12.33° 39.83° 10.472 27.33° 6.71° 3.21° 20.65°
-6 Bar 9.08°¢ 33.50 ¢ 6.97° 23.50¢ 5.03% 2.49b¢ 14.54¢
-8 Bar 8.66° 30.58 ¢ 5.62° 19.00¢ 80/3 ¢ 1.95¢ 11.45°
LSD 5% 2.65 8.41 1.4 2.69 241 0.62 3.8

Al 23 O J\.a.—»\ckw); s gme sl <l,ls LSD Q}nﬂ ol s wline G > K JBlos 6l)l>45&u¢m§;p O B 3

Means followed by the same letter in the columns have no significant diff erences at 5% probability by LSD test.
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Table 5- Mean of endophyte fungi and drought stress interaction effects for different traits
of endophyte infected and endophyte free tall fescue plants under hydroponic conditions

Drought Tiller Leaf  Shootfresh ~ Root  Rootfresh Crown fresh  Biomass fresh
stress Endophyte  number  length weight length weight weight weight
per plant (cm) (g/plant) (cm) (g/plant) (g/plant) (g/plant)
Control E+ 21.83%  56.00°? 9.922 48.50° 14.46° 5.452 29.96°
E- 12.66°  48.66° 9.32° 57.162 14.41° 3.58° 27.732
3 Bar E+ 16.662  41.33% 12.36°2 26.16°2 8.712 4.32° 25.432
E- 8.00° 38.332 8.58" 28.50? 4.71° 2.11° 15.93°
-6 Bar E+ 11.16%  30.16° 7.70° 22.83°2 6.38°2 3.18° 17.31
E- 7.00° 36.832 6.24°2 24.16° 3.68° 1.79° 11.78°
-8 Bar E+ 10.832  29.33% 6.092 19.332 5.082 2.18° 13.452
E- 6.50° 31.832 5.142 18.662 2.52° 1.72° 9.45°

E* and E’, Endophyte infected and Endophyte free plants, respectively. Syl B 3 ke 5 sl oS s 4 E*

At 2o s O S| CL..H 53 Jls e sl <l,ls LSD Q‘}A).T ol des alin G > S Bl Gl 45&.\.%,;\}\,,.4 O B 3

Means followed by the same letter in the columns have no significant diff erences at 5% probability by LSD test.
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Figure 3. Picture of endophyte-infected (right plant) and endophyte free tall fescue plants
(left plant) under -8Bar drought stress treatment.
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