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Morphological changes affected by endophytes on induction of cold tolerance in
two species of Festuca
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Table 1. Analysis of variance for shoot dry weight (SOW), root dry weight (RDW), crown dry weight (CDW),
number of tiller (NT) and regrowth (RG) in different genotypes, endophyte levels in control treatment

Trait olie 4y oSas 3 S 35 $Sas O Sl A
S o sal3T slsr el ads 4k o s
S.0.V. df SDW RDW Ccbhw NT RG
Genotype s 2 0.90 ** 3.78 ** 0.29 ** 456.72 ** 347.39 **
Endophyte IOREPRT 1 043 * 8.66 ** 0.27 ** 144,50 ** 9.39™
GxE byl x 55 2 3.85** 4.70 ** 0.48 ** 292.17 ** 1.72™
Error o 12 0.06 0.04 0.01 2.33 15.44"™
CV % [ N 9.07 8.18 12.94 4.68 13.12

*and ** : Significant at 5% and 1% probability levels, respectively.

ns: non- significant

.M):\)OJL«»ICEM):)\:@%JJ@:**}

*

s gra s NS

(2l c\dﬁ\&b’-ﬁ)})&\i&é‘ﬂ Jolse ! gﬁfjjg“_,.llé).\i‘cjk.w (ke gl 55 dﬁi"l?‘ =Y s
Aals e 53 codomn by 5 domty Bl ¢ 4B pb $SUiS 05 sy $SUS 0

Table 2. Means of different genotypes, endophyte levels and combination of these factors for shoot dry weight
(SOW), root dry weight (RDW), crown dry weight (CDW), number of tiller (NT) and regrowth (RG)

in control treatment

Trait olis s 35 S 35 $Sas 35 Sl Sdoee Ly
o sles (¢5) alsn gl (¢ 5) 4, (%) 450 iy (4o 3)
Treatments SDW (g) RDW (g) CDW (g) NT RG (%)
60 555 252b 3.23a 1.13¢c 26 ¢ 25D
75 55 246 b 1.89b 3.88a 29b 27b
83 sy 3.16 a 1.82b 3.69b 43 a 39a
LSD (&%) 0.309 0.238 0.146 1.92 4,94
E") oyl gyl 3.34a 352a 1.02a 35a 3la
((SPIMEPRHIRPNY 2.08b 211b 0.78 b 30b 29a
LSD %) 0.253 0.194 0.119 1.569 4.04
60 E* 282¢c 458 a 1.22 ab 32¢c 26 b
60 E 2.23d 1.88e 1.03 bc 20d 23b
75E* 3.34b 3.85h 1.30a 37b 27b
BE 158¢e 294 c 047d 22d 26 b
83E" 3.86 a 2.13d 0.54d 48 a 39a
83E 2.45cd 151e 0.83e 37b 38a

Test.

13 453 0 Jlezml mlan 53 (6 )l5 (gime Vs &S e b o Ghils sla Kk
Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
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Table 3. Analysis of variance for shoot dry weight (SDW), root dry weight (RDW), crown dry weight (CDW),
number of tiller (NT) and regrowth (RG) in different genotypes and endophyte levels in 6 °C treatment

Trait s PR St 33 S 03 S 03 Sl Aiy
Syt e 15T tlsn pll 4l 4 5b 4y Sdora
S.0.V. df SDW RDW CDW NT RG
Genotype S5 2 0.81 ** 7.25 ** 2.52 ** 732.67 ** 8181.06 **
Endophyte PR 1 0.61* 2,19 ** 1.05 ** 174.22 * 7174.22 **
GxE bkl x ) 2 0.22™ 0.12™ 0.02™ 22.22"™ 1276.72 **
Error Lo 12 0.11 0.19 0.04 19.17 43
CV% Sl s b oy 25.90 17.96 14.62 15.27 17.71

** *

*and ** : Significant at 5% and 1% probability levels, respectively. Ao y3 ) 50l pehan 53 13 a5 4 1

ns: non- significant S5 gme e 1NS

318 (Sl 453 Sl )3 o iy g 4ot Sl b gb i 05 cadey ESKiS O)9

Table 4. Means of different genotypes, endophyte levels and combination of these factors for shoot dry weight
(SDW), root dry weight (RDW), crown dry weight (CDW), number of tiller (NT) and regrowth (RG)
in 6 °C treatment

Trait oliw e 05 e 05 e 05 Sl Sdowe Ly

Lyl (05 alsn el (5w, (%) 45k iy (4s))
Treatments SDW (g) RDW (g) CDW (9g) NT RG
60 55 0.95b 2.31b 0.77c 2la -78¢
75 55 1.17b 139¢c 1.17b 24D -5a
83 55 1.67a 3.58 a 240a 4la -28b
LSD (%) 0.412 0.548 0.244 5.50 8.25
E") byt ol 1.45a 2.77a 157 a 32a 6a
E) sl s 1.08b 2.08 b 1.09b 26 b 68D
LSD (5%) 0.336 0.448 0.199 4.497 6.74
60 E* 1.32 ab 2.78b 1.05 cd 26 b -57¢
60 E 0.58¢c 184c 0.50e 16¢c -98e
75E" 1.37 ab 1.77 cd 135¢ 26b 20a
5E 0.98 bc 1.01d 0.99d 22 be -30b
83E" 1.66a 3.77a 23la 43a 20a
83FE 1.69a 3.38ab 1.77b 39a -75d

I3 A5 0 Ju»léw);é)\;ﬁgwlspgg,,,ébbéu&ﬁg

Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
Test.
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Table 5. Analysis of variance for shoot dry weight (SDW), root dry weight (RDW), crown dry weight (CDW),
number of tiller (NT) and regrowth (RG) in different genotypes and endophyte levels in -2 °C treatment

Trait o lis PRSP i 05 e 039 i 05 Sldas Ad,

Sl @15 sln plul = sk oy 3
S.0.V. df SDW RDW CcbDw NT RG
Genotype S5 2 1.46 ** 0.12" 0.22 ** 135.39 ** 3.72"™
Endophyte G EPRY 1 7.99 ** 3.01 ** 1.10 ** 501.39 ** 10.56 **
GxE oyl x 55 2 1.18 ** 0.01™ 0.03™ 26.72 ** 16.72*
Error s 12 0.05 0.07 0.02 2.39 3.33
CVA ook o b o s 8.81 12.17 11.36 4.89 1.89

*and ** : Significant at 5% and 1% probability levels, respectively. A3 ) 50 Jlazl e 3 Jls e S 5 4 XK 5 X
ns: non- significant S5 gxa e 1NS

318 (Bl a5 Y Hled 55 codoms Ay 5 donty SIS 4B gb St 05 ) iSO

Table 6. Means of different genotypes, endophyte levels and combination of these factors for shoot dry weight
(SDW), root dry weight (RDW), crown dry weight (CDW), number of tiller (NT) and regrowth (RG)
in -2 °C treatment

Trait oliw e 05 e 05 e 059 Sl Sdowe L

asles (05 alsn ol (5w, (%) 45k oy (dry3)
Treatments SDW (g) RDW (g) CDW (g) NT RG
60 555 2.07b 2.27a 0.88b 27¢c -97a
75 555 2.29 ab 2.00a 114a 32b -97a
83 5 2.52 a 2.20a 1.26 a 36 a -96 a
LSD 5%) 0.291 0.331 0.156 1.944 2.30
E") byt ol 2.63a 257a 1.34a 37a -94 a
E) sl s 1.96 b 175b 0.85 b 26 b 99 b
LSD (5%) 0.238 0.27 0.128 1.588 1.88
60 E* 224D 2.70a 1.06b 34b -96 bc
60 E 1.91 be 1.85b 0.70c 20d -98 bed
75E* 2.79a 2.36a 1.40a 35b -95 b
BE 1.78 c 1.64b 0.88 bc 29¢c -99 cd
83 E" 285a 2.64a 156a 42 a 9la
83 E 2.20b 176 b 0.95b 31c -100d

1> o530 Jlazl el )3 (5515 e LN &S 2 b U5 o sl sla SSLe

Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
Test.
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Table 7. Analysis of variance for shoot dry weight (SDW), root dry weight (RDW), crown dry weight (CDW),
number of tiller (NT) and regrowth (RG) in different genotypes and endophyte levels in -10 °C treatment

Trait o lis PRSP i 05 e 039 i 05 Sldas Ad,

S o 13T silsn pll Ay @b oy Sdoe
S.0.V. df SDW RDW CDW NT RG
Genotype 5 2 2.57 ** 3.74 ** 0.12 ** 532.06 ** 0.06™
Endophyte R EPRY 1 0.55 * 3.32 ** 0.08 * 12.50™ 6.72™
GxE ol gkl x 55 2 0.02" 0.06™ 0.02™ 6.50"™ 0.06™
Error =3 12 0.07 0.18 0.01 5.11 1.61
CVU%  Slui co,s doys 15.21 18.76 9.28 7.28 1.28
*and ** : Significant at 5% and 1% probability levels, respectively. Ao y3 ) 50 Jlat pela 53 13 a5 4y 1K 5
ns: non- significant S5 g e 1NS

‘L&i‘-"k r‘x\&bu)jQWL;‘j J“‘lj—“ U’i‘ U;j;)b”‘ib)"b‘c,}b‘“ cCalides L;Ub;"ﬁ:}'yj u:ia[:.d A Jgd>
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Table 8. Means of different genotypes, endophyte levels and composition of this factors for shoot dry weight
(SDW), root dry weight (RDW), crown dry weight (CDW), number of tiller (NT) and regrowth (RG)
in -10 °C treatment

Trait oliw e 05 e 059 e 059 Sl Sdowe Ly

eyl (%) a5 ol (¢ 5wz, (%) 45k iy (4s))
Treatments SDW (g) RDW (g) CDW (9g) NT RG
60 55 1.03¢c 1.71b 0.94b 21c -99a
75 55 167b 1.84b 0.97b 33b -99a
83 5 2.33a 3.14a 1.20a 40 a -99 a
LSD &%) 0.323 0.527 0.121 2.844 1.59
E") oyl g5l 1.86 a 2.66 a 1.10a 32a -99a
E) sl s 151b 1.80b 0.97b 30a -100 a
LSD (5%) 0.264 0.430 0.099 2.322 1.30
60 E" 121c 2.05 bc 1.00 be 23¢ -99a
60 E 0.84c 138¢c 0.89¢c 19¢ -100 a
75E* 1.92b 2.38b 0.98 bc 33b -99a
5E 1.78b 131c 0.96 bc 32b -100 a
83E" 2.45a 3.56a 1.33a 40a -99a
83FE 2.22 ab 2.72b 1.07b 40a -100 a

Lyls ka0 JLs.:a-lcla.u)aL;)l:‘_;'Ng})ki-lJpﬂ.&;'})fdl_}béh&;ﬁ:ﬁ
Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
Test.
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Table 9. Combined analysis of variance for shoot dry weight (SDW), root dry weight (RDW), crown dry weight
(CDW), number of tiller (NT) and regrowth (RG) in different genotypes and endophyte levels

Trait cliv  w s et 039 e 059 e 059 sl e
Ol ks o &3l5T wlsn el 4i 4 5b ey EWESA
S.0.V. df SDW RDW CDW NT RG

Temperature s 3 0.78** 0.29* 0.58** 59.20 ** 9659.07 **
Rep (Temp) (L) 1 S 4 0.05™ 0.30* 0.03™ 25.63 ** 44.60 *
Genotype <S55 2 3.76** 5.07** 0.84** 1636.06 ** 2457.10 **
Endophyte PR 1 3.22%* 15.92** 2.06** 654.01 ** 5408 **
G*E okl x o g 2 1.65** 1.49** 0.04™ 122.89 ** 378.88 **
TxG ogix s 6 0.27** 3.27** 0.77** 73.59 ** 2025.04 **
TxE byl x Les 3 0.12™ 0.42* 0.15** 59.53 ** 3963.30 **
TxGxE bkl x g5 x Las 6 0.87** 1.13** 0.17** 74.91 ** 305.44 **
Error 13 44 0.07 0.10 0.02 5.58 13.23
CV% Ok b sy 13.65 13.92 12.42 7.62 7.17
*and ** : Significant at 5% and 1% probability levels, respectively. o 3) 50 e o 53 513 gmn 5 4 FF
ns: non- significant S5 ma i 1NS

Slio 6l Sybsbil X 55 S 5 5 2led 7 glaw (b gkl = ghons s Mo 55 Kl —V 0 U
;.b,u.m,}@;lmgéjb&sajﬂuﬁ,&;gjﬂdlﬁrl.u\ei;soj,
Table 10. Means of different genotypes, endophyte levels, temperature levels and combination of
genotype x endophyte for shoot dry weight (SDW), root dry weight (RDW), crown dry weight (CDW), number

of tiller (NT) and regrowth (RG)

Trait olis i 0 s 33 s 33 Sl Sdzes A
bjles (05 sls ol () e, (5 65k oy (CTE
Treatments SDW (g) RDW (g) CDW (g) NT RG
60 55 164c 2.38b 093¢ 24c -62c
75 55 1.90b 1.78¢ 1.04b 29b -44a
83 55 242a 2.69a 1.30a 40a -46 b
LSD (5%) 0.158 0.185 0.079 1.374 2.78
E") byt ol 2.31a 2.88a 1.26a 34a -42a
(E7) ooyl 59 1.66 b 1.93b 0.92b 28b -59b
LSD (5%) 0.129 0.151 0.064 1.122 2.27
(Control)aats 2.71a 23la 0.90¢c 33a 30a
6°C(Ty) 1.26 ¢ 2.43a 1.33a 29a -37b
-2°C (Ty) 2.29a 2.16 a 1.09 b 32a -97¢
-10°C (Ta) 1.69 b 2.23a 1.04 be 3la -99¢
LSD (5%) 0.208 0.507 0.150 4.685 9.24
60 E* 1.90¢c 3.03a 1.08 ¢ 29d -57d
60 E 1.39d 174c 0.78d 19f -68¢e
75E* 2.35b 2.59b 1.26b 33¢c -37b
75E 1.45d 1.72d 0.82d 26¢€ -5lc
83E" 270a 3.02a 144 a 41a -33a
83 E 2.14b 2.34b 1.16 bc 39b -59d

Lyls A a0 JL;::—‘CEA);L;)\:‘S'Md)&:&-'é{pﬂ.&g}j?dbbéh&”&ﬂf
Means, in the same column, with different letters differ significantly at 5% probability level- Using Duncan Multiple Range
Test.
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Fig. 1. Regrowth of genotype 83E" (right) and genotype 83E™ (left), one month after termination of
cold stress (6°C).
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Fig. 2. Regrowth of genotype 75E" (right) and genotype 75E" (left), one month after termination of
cold stress (6°C).
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The morphological changes affected by endophytes on induction of cold tolerance

in two species of festuca
M. Parsaeian’, A. Mirlohiz, A. Rezaie® and M. Baradaran®

ABSTRACT

To analyze the morphological changes affected by endophytes on induction of cold tolerance in two species of
festuca, an experiment was done at Isfahan University of Technology in 2002.Endophyte-infected and non-
infected clones from two genotypes of tall fescue and one meadow fescue were prepared and numbered 75,83
and 60 respectively. The clone were exposed to cold treatment at 20 C. After three weeks of cold treatments,
shoot, root and crown dry weight, number of tillers, cuticle thickness and finally amount of regrowth were
measured. The presence of endophytes had significant effect on increasing the dry weight of shoot, root, crown
and number of tillers. Endophytic fungi had not significant effect in cuticle thickness. Evaluation of regrowth
after termination of stress condition showed that endophytes increase the plant ability to survive and recover
from exposure to cold stress environment. Among plant genotypes, 83 was better for most characteristics,

specially in the presence of endophyte and showed higher cold tolerance.

Key words: Endophytic fungi, Cold tolerance, Festuca, Morphological trait.
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