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5. Exceptional halophytic plant

Lyd o dgpams sllas (650,00 Bl G S5l (o)1
== Sl ey O 55l Ay o B84y caas l 51T
S303LiS DY e L5 gl Al LAg S Ol
53 e e (9355088 5 5l Olesle ((Sba il
Sl sdeas ddg s "0ler S mls con s ol 5S
O8) caladl 51 Kogusd S 05 S pluls S s Slas
A e s Shas 228 BB glacres 52 S o
5 S5 el Sadsls pslie Sl 1S
Sla sy el i Ladl Gliy » o 5 OlalS S ke
g 5l Seas Ol Jols &S50 laSb (gl p g s
Lol (ot 5 Sl (285 L) S Mol b 5 piand (S
Sead w pslie OLLS o5 dited 5 255 (93 5Aoe sl g
e e 2,505 5 s opl bl Cesla )86l ol 51 S5
o3 SIS oot SRl A [ 4 50 ey
OF) Sl 5,6 Sl Cmmiame & Oy ol 05
Aol 51l SO Ol lats) slag B s opl 5o
53 Jsmamme 5 Shas 5 olS G35 58 581 5 Shes 35040 sl
e L (Y8) s = b sln i Ll 3
Y ST gl lag s asle Ol 51 Sul
lag e 3l 2338 GUls (L0380 Wliolen 5 o303
Al ) Ol Sass gle il w Sdan) 5 i) S50°
Sleslss rals b oS daea ol 5l (30550 ozl Ok >
3 e (S goB le oles S 5ol U (glose
32 S La30a,8 ml Sledd s lag30003 s
SIS, Lol slacin 5 gl slao,l s 45 dizea Loz
S0l Ky B S ey 5 oals 0,5 SO 0 e
e e (TV) el ol 0 G5 U g sl sl
Osr 25d e OLalS o e S 5 (Sit ol 50 Caslis
O3Sl Gladlsnly b cpie S| e Ll 20 53 15 s

L;‘—“@)u g pl 4 el 5 Ol Sl s 558 S 5

1. Food and Agriculture Organization of the United Nations
(FAO)
2. Mycorrhiza



ety (K pam S oo B 5 05 o)l (53053 slag B 3

O )\Ken 5 OLES pals

DL 5 ATAY Jls Olis 51 5 65 g0 o 5 o (630553
o o oo @D Oy 5 (Wl slaaly; 5ITAA Sl
oz slaOlsl Jold 5508 5l = Olnl Vs &35
3 5 0850 m Ol S (ol Ol b 5 Sl Oliwj 5
PLEI 3 0k S Lo sl o 51 ool il Fo s
YA Yo' i b 5l s e WOV b Lo e 51 e YO
Yoo NS o e s OVO N sk BTV N LU a5 s
(S b o o Blie) Lo 2 o il pB)]
s ol UK il o S (sl ol
) Sk sas A A Al W el (CIKS 5 oled (sl
los 53 5 odos it oilo3l 4 slacas SOkl 043
d)ﬂ@«}. 3o KA (S e 43 Sl
5 AT s 53 s Laphlasl iy slaas sal

A il (slailsdS

lelid 5 iS5 (5 lmlir) AT i
(b slaglus

sl 3l Oliabl gl el LS))TC""-' ety 5l
OA) 2 ool Uiy Ol 50508 5 (FF) Lns 3050
Sl (Y8 s el S laalr PSS gollas
o2 ol Ol lapalls (B slaglir plals
bos 655 00,5 A Glam b e ar 5 Ll ply .l
Ao 53 58T las (55 5 ipr Sp3 g 5leeiS
i e o slaelir oLl (M) 5 1)) Lt esliad
3 S Sl S o il as gl T biies,
Sealial b o s Ko laddlal ad ol o Sy S
Lo ad g s b oplss Ja sy o iy glad -l
3 odd ) » (BH2, Olympus, Japan) (s, 5 < s s See
Bt o s ol IS S eslind U 5 slamltr
.(A\)

1. Hyphal tip
2. Morphology

2 b ssba S GBS S50, opl 45 L S il
oS sy 0l gl sl WS e A S slas
Seis Ll ph s dag30553 opl ek o35 )lS S e S
STl esliad IS sl o3 5l dds Olis (505 3
OLES 0 055 1S QLS & o (65 i R oS
W 5 (sl 30,5 o 313 OLE s o) gl sl
Sl o3V il 5t a3 5y 0L Sl el
b Sax A5 ol s GLEL ape OLLS Cslis ol 33l
(0) L,ls
o 305,55 o p Sln ol e Gl ans 5o b
sl 3 g5 o B Gl e Sl kel s
Sl LOT el ale Sl eslizal (3055 Slag b Conexr
SlaglB Sl eslial pizen 5 olLS 2l 5 Al 0
ol 5 A5 Sl e Bk e S Ol (530500
Lozl ol a5 LY ez 51 dled 50 gl e Sl
Sy 03 8 o3l slatas eioske (P55 YY)
53 miasiy 058 Wl plal s 3 g 31 ey S ol
gl o pan Lo Ol s (650500 lagl alulid 4
54,5 O Ol 53 Ladl $liolanl o5 o5l 5
5 Lol ol s £ 55 b gl Sl Sledbl &S s
o U0 sl 0ds e gla s Shals s Lal Llls
e 5l K03 OLalS s (0t 25 RalS s lagg0,3
4l ol L sy nl e s 3 (S e S 6l
ador Slle 2 vl ($30505 slaguls oS ol ol
3L gy i an b Ol e Al LY
Lo (S5 pas S olS (oo 4 oo Sl Gl
Say 558 sl Gble le = o gy, 706

sl 0l azb S

la Sy 9 ol ge

‘sJ‘Jﬁﬁ‘}QJ.
slapolld 4 by e slaaslir plals 5 plows Gy



O,Ken 5 OLES cyals

V¥ Q\:....IU/ f}.: a_)La.f«'a/ r.h)ﬁ-.a Ju/ o\.:f}sf\" .h.:b)

ng_sﬁi&_?) aJ:S {)\ﬁb}(ﬁ‘j}&w\)bﬁbl{@lﬁé}'oj):

A

A S oS 53 o gh S 4 Jeo Gl )

bz Ol s ady) sbas305,0 baw g
G5 4 Joosd I Olen s 1 Gl Sl e
Ol ys ady Sl edd (il slas305,5 s (55
Sl Sl VY s il (s S sladl s L
O byoye balir pl s eslizad bl opl s S3abs
Bsobon Ads 55258 5tle = Gble gl = la 5 oo
sladlg b sbag (b Gty Ghlesl o Laol 05
Sl 53 s Sl bl al Sper S
Gl e ls (a5l Comge 5 ol sdaline ool Sy S
cb B s JoosSt oo bl s el A
30553 SLagbs sl Jali 558U 5o Ly ol Slals
[4-B, 8-B, 10-D, 11-C, 14-A, 15- mlaos VY ;3 0,5 o5l
D, 16-A, 19-F, 21-A, 22-C, 22-E, 39-D, control (PDA
O¥se ks Voo 500 i) mhaw ¥ 53 (5558 slad 5 plug)]
e S OLE ) (OIS a3 olS 53) LSS YL
) bz s ado) 3 2B Al VWY L (g0 Ll o
)LRQMUJW&J@*J:‘@;B@L;?)GKW
50 e ds il 35 PDA CoiS lae 5 S
Aol i i s 4l wiles S e 58 claclis Jlas
eslizal 3,50 Sbt Ll ojlae ;3 EC 5 pH slis 4 ol
e e iswd VIVE S VIOl s e sl ol o
S g 36 o (S pan S 55, T sladle o
SINACD) i 10 IS S b ()08 slasles i 51 3
Voo 500 slag, s 5l s sloul OLIT S 0 o5 2
L e IS S o S OA 5 /8 s Y s ke
VOY 5 O/FF Jolrs o jas o Al ol ) om0 Jlale
DS sy Aol s aia Y by e e o
Voo OIS o & jio mha 55 s dlesl (5558 slasles
J)W)‘@Mﬁéjﬁcﬁwﬁﬁj%iﬂwiﬁ:jé:‘

et o

s Sl edd Mo sLa 650955 035 hssbenl (o)
S pa S oS (9, Lo F Dl

Shedd o slas505,5 035 Bsobanl o) 2 oskies
e S oS (55, p balir sled e Ol s 4ty
35 2B Glaolen 4 Cas b oS S Ol e
S g o3y S e S o S 8 oL
SN o3 ool eSSl iy Al g OB L Aol s
) G e S IS s 5 4SBT e 4 ds 50 47
uT Lol a0 1338 42> T b & (Ao s
s oSS la s 3 b A O i ade
A o 5l e ellilen Ll Lus clS ey 5 s S S
aslas las 5\ ¥ C@)\qﬁwméuolﬂfghﬁjﬁ
sasb i) LT Cud g WSS LS e gl Ve
S bl g 5l Sl dd SIS Ws g edd y S
3 e 53 WYY (gl 3 4 e IS 51 olSais 3
S 3 5 d pls3aiS adds Yo e a jaeadl VO LS
Glaid szl 51 o s 5l s e, Sl o S Yoo LIS
T B ) (2 SO sl el @ el (gsluli
0) SN Jler dals sles 5523 S 15 S gy (e e
s b 0303 1,5 PDA iS5 (e e gy a3
Ol S5 e S 2Lid 5 ams; Of oy S Sl slaY
Sl o gl s CiS il 5 OIS A s s esls 1
(Yo) adS sm o Jglous L OLALS i a3 5 L5 55 OIS 4
VAR Y i s YV Y G5 les b 6lalS Lame 3 5 ool
ISEPIA A IRCIN L VRN T WP P U UV WP U S
5 aie) o 05y slagarls ki 5l (Kb S sbdle
o35 055 gamames o)l 5 aly) KU 055 bl
sl Ll 5 aily ) Sl 055 g coslntll 5 iy
ol VY 5ol ) baldr 055 olen 5 Sleelis
L as Slals ady, s ol [ Sie Slis b 5l 5,

)j_.,a;- )\ Ql_n.s.q.b\ Lg\f gJ_tbj.v Y W4 G_HJ ug\.l;— U_l‘



ety (K pam S oo B 5 05 o)l (53053 slag B 3

O )\Ken 5 OLES pals

AL JCIR WPV O WL S W S IR S-S PR PPV IR R
osLiss 5 i esls 53w sedes 4 y3 VO sles s cela
il 51 S e O Ol (S 035) L O

((FA) L aenles
RWC = [(FW - DW) / (TW - DW)] x100 )
DW S 03U 833 FW (s &1 015 RWC O 3 &S

el oS el Sl 53 S 055 TW 5 S St 055

EXTRH R P
((FA) Al awlous o3 Jge b b 25l Sl
() b sl (Soils = (U0 L olS S 035 -
g8 05k olS S 055) x100
/gL olS o 055 (¥)

Laesls c;JLJ 4
LS\J'.') A Cl}u‘ SPSS )‘Jﬁtcf LS Lv Laosls g"'.’Ll)‘) 4 3
b Layls pod oy o3 o3l S35 05a51 51 e S0s 4l

255 o) 5o MS Excel 53l 5

b sbalis aluls
Fo lil slo o gla s adu 5l B alds VYo sl
Dl sl 5 Ol Sl ety Sa s e
o 0 3 a8 L gl 55 5 OB 50 Ol S (el
() K)o ghuaib odes

S o5 o)lgs B Al VY (eliies, el
slaglis |els) Fusarium sp. sla i a0 b g o o o) 2
Alternaria sp. «(8-B, 10-D, 4-B, 16-A, 21-A, 22-C, 22-E
JL2) Penicillium sp. «(19-F,14-A,15-D las i Jol)
(D-Y4) alu Jﬁl_«; Acrocalymma sp. 5 (11-C a_la>

V\JJ_}J

-a)'\.l_‘.‘ SL= EC )pH .L:;) J"‘j‘ L;‘LQJ DL A eals &AA
)butbu‘&)d:gi)t_f@)y)b}oudj:‘s;d;
ﬂ) 6Lhu.a.>-u)ja.:)‘ ;f<"f94})§ dLﬁJL@J ‘U’:"J 09> ul.“oli

s sBasls (5 xSl

03 055 (K par S sladlg s, Cansy Ll ln
0093 3| ey Aoy 5 ool s S 055 5 alus 5 osluxls
RT3 PSRN LIPS IV PRR TS SR Y g-te
GS o3l gl (5 Sosll o S 0/e) 35 b s
a3 VY gl 5o Sl TA gl Laplil ) S O
U E P Y BTN

d:l.l's sols u;jzfe}\.\.ﬂ

s a5 ok and Jhie Ol L ol g (S glaw sl
s st g a3 Ve slas L g0 s el YF
o e grmendos a3 000 (las Lo S )3 el 5 gy 4 sl
St Vo lad g mlS 4 g el at pu ol ¥ e
Jsdoms Lt ol 5 on 5381 Jla 3 Y SOk IS ol
ST Y0 ) a5 48 8513 (olagy 53 ol
el 5 e Ol ialad hg, L 5 Al 335 ks
S s 6, Seslasl (YY) A o Se3lsl ol s IS
plol DUl o g sl 5 Dl g pssol (B5s 4 ool L
Toedsb 55 eyt s il oKws leslizad L5 (VW) s
A 23 e FVe

S5 o 2 Ol (5 50510
e Bl SO e 4 (S S ey S e 5l
La0l 035 05 bay o 5 00 g 5 &iliad s
Shie Of j3 cole YF Sl 40 bk gad e LS (5,5 05100
5okd ek e SKl 85 g a3 350 gles
uﬁﬁﬂc_awdj)gid;ubts&qugwj\m



O,Ken 5 OLES cyals

V¥ Q\:....IU/ f}.: O)Lﬁ—::‘/ r.h.),:-.a Ju/ o\.:f}sf\" .h.:b)

Ketomivm sp.
a
_3\4 § Aspergillus sp.
< =
3 = .
- Fusanium sp
2 5
YN 2 Penicillivm sp
Alternaria sp.

20 30 40 50

Sl e

Frequency (%)

o s Sle Ol s gl B gladlas Jlsl 5 a5 JSJ&

Fig. 1. Frequency percentage of fungal isolates of the roots of the studied palm trees.
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Table 1. Analysis of variance for the effect of endophytic fungi, salinity and their interaction on shoot fresh weight (SFW), root fresh
weight (RFW), shoot dry weight (SDW), root dry weight (RDW), plant fresh weight (PFW) and plant dry weight (PDW).

(Mean Squares) Sila o S0l

Source of variation df SFW RFW SDW RDW PFW PDW
Fungi isolate 12 0.855%* 0.305%* 0.012%* 0.013%* 1.68%* 1.68%*
Salinity 2 7.626%* 4.3%% 0.123%* 0.214%* 2337 0.031%*
Fungi isolate x 24 0.101%* 0.036%* 0.001%* 0.002%* 0.129%* 0.002*
Salinity
Error 78 0.037 0.012 0.001 0.001 0.058 0.001
Total 117

el 23 ) 50 Jlazl gl s s gme Sob e sa ™ 57

* and ** stand for non-significant and significant effects at 5 and 1% probability levels, respectively.
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Table 2. Interaction effect of endophytic fungi and salinity on shoot fresh weight (SFW), root fresh weight (RFW), shoot dry weight
(SDW), root dry weight (RDW), plant fresh weight (PFW) and plant dry weight ( PDW).

(ag)brjf)a_)b}upgédjj (el:gjz(a;)a_)b}uejub_}}
Shoot dry weight (g/plant) Shoot fresh weight (g/plant)
Mean NaCl NaCl NaCl Mean NaCl NaCl NaCl G AL
(100 mM) (50 mM) (0 mM) (100 mM) (50 mM) (0 mM) & f
0.23bd 0.150 0.23g° 0.29F 2.12%¢ 1.85%k 2.14%¢ 2.37bd 4-B
0.25% 0.17°% 0.23fn 0.352 1.754 1.3940 1.63H 2.22¢f 8-B
0.26* 0.19% 0.25%k 0.34% 2.18%¢ 17111 1.99¢4 2.828 10-D
0.26* 0.22+ 0.27¢ 0.30%4 2.10b 2.00% 2.049i 2.25¢¢ 11-C
0.24%< 0.21+ 0.238° 0.29>f 2.128be 1.72h1 2.074h 2.56%¢ 14-A
0.21¢¢ 0.16°t 0.20i» 0.29v¢ 1.94¢ 1.24m° 1.92¢k 2.66% 15-D
0.27a 0.22"° 0.27¢" 0.31% 2.08b 1.614 2.00%4 2.64% 16-A
0.19% 0.149t 0.18% 0.2441 1.34f 1.01° 1.07m° 1.94¢4 19-F
0.1974+ 0.13r 0.20 0.25¢ 1.59% 1.08m° 1.41Mm 2.27¢¢ 21-A
0.22b 0.19%s 0.22"° 0.25¢ 1.96° 1.67+ 1.95¢k 2.26%¢ 22-C
0.24%b 0.18m 0.23fn 0.3%¢ 2.312 2.024 2.14%¢ 2.782 22-E
0.17% 0.13r 0.170s 0.20 1.634 1.05m 1.83ek 2.024-" 39-D
0.162 0.11 0.15% 0.24em 1.43¢f 0.96° 1.42mm 1.91¢d Control
0.17¢ 0.21° 0.282 1.49¢ 1.82° 2.36% Mean
(oS 55 0 8) ady, i 035 (LS 53 p3) 4y 036 03
Root dry weight (g/plant) Root fresh weight(g/plant)
Mean NaCl NaCl NaCl Mean NaCl NaCl NaCl G A
(100 mM) (50 mM) (0 mM) (100mM) (50mM) (0 mM) o f
0.262 0.2087 0.26°f 0.33® 1.342 1.145 1.35¢de 1.53%¢ 4-B
0.18¢ 0.13+° 0.19e 0.224h 1.01¢ 0.76+° 0.89im 1.39¢¢ 8-B
0.17¢g 0.090-p 0.15+-m 0.27% 0.93% 0.54ps 0.81kn 1.44b-d 10-D
0.24% 0.16"m 0.21f 0.36* 1.15° 0.79%° 0.97+ 1.69* 11-C
0.22bd 0.14k° 0.21f 0.300 1.16" 0.86i™ 1.05¢d 1.59% 14-A
0.18°f 0.15m 0.18hm 0.22¢h 0.90%4 0.64m4 0.87im 1.21¢h 15-D
0.20° 0.13ko 0.20¢7 0.28bed 1.01¢ 0.79%° 0.97+ 1.27¢F 16-A
0.17% 0.08°p 0.15m 0.27% 0.75¢ 0.398 0.81kn 1.05¢ 19-F
0.23be 0.12m» 0.25¢¢ 0.32 0.884 0.431 0.96"! 1.25%¢ 21-A
0.21bd 0.16"m 0.19e 0.29% 0.91%4 0.71mP 0.89im 1.14% 22-C
0.14¢h 0.09m-p 0.14ko 0.202h 0.75¢ 0.509s 0.72m» 1.04¢ 22-E
0.199F 0.13+° 0.16"m 0.28 0.95% 0.6°T 0.82kn 1.43b-d 39-D
0.13" 0.06° 0.12m° 0.22¢h 0.67¢ 0.36° 0.63™4 1.030k Control
0.13¢ 0.19° 0.272 0.65¢ 0.90° 1.312 Mean
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Plant dry weight (g/plant) Plant fresh weight (g/plant)
Mean NaCl NaCl NaCl Mean NaCl NaCl NaCl G AL
(100 mM) (50 mM) (0 mM) (100mM)  (50mM) (0 mM) e f
0.49% 0.36™P 0.49¢h 0.62 3.47% 2.99% 3.500 3.90% 4-B
0.43% 0.30r4 0.42+% 0.57>d 2.76°f 2.15m° 2.52im 3.610d 8-B
0.43% 0.28 0.40im 0.61% 3.11b 2.26+° 2.81g% 4.26* 10-D
0.512 0.38kn 0.49fh 0.66% 3.25% 2.79g% 3.01fh 3.9420 11-C
0.46% 0.35mP 0.447M 0.60 3.28® 2.58h-m 3.13¢¢ 4.15° 14-A
0.40¢f 0.31°4 0.38kn 0.51¢¢ 2.85% 1.88°4 2.79g% 3.88%¢ 15-D
0.47° 0.36"° 0.48 0.59b 3.10% 2.40kn 2.97tk 3.920® 16-A
0.37% 0.23° 0.37kn 0.524+ 2.10h 1.40" 1.89° 3.00fe 19-F
0.43d 0.26% 0.45M 0.58b 2.488 1.524 2.39kn 3.52be 21-A
0.44%4 0.35mP 0.42i 0.55¢¢ 2.88¢%¢ 2.38kn 2.848% 3.414f 22-C
0.38f% 0.27ar 0.37kn 0.50¢" 3.07%4 2.53tm 2.8681 3.82wd 22-E
0.36¢ 0.26% 0.34"p 0.49fh 2.59% 1.65P™ 2.65M1 3.45¢¢ 39-D
0.29h 0.17¢ 0.25% 0.46¢2 2.10h 1.33" 2.05m 2.94¢eh Control
0.30° 0.41° 0.56* 2.15¢ 2.73b 3.682 Mean
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In each column, means with at least one similar letter are not significantly different at 5% probability level based on Duncan test.
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Table 3. Analysis of variance for the effect of endophytic fungi, salinity and their interaction on nutrients (Na, K, K/Na, P)
concentration and relative water content (RWC) of leaf and endophytic dependence (ED).

(Mean Squares) - Sle Slas e

Source df Na K K/Na ratio P RWC ED
Fungi isolate 12 0.021™ 0.004™ 0.01™ 1.71™ 167.7" 373.828"
Salinity 2 20.402"" 66.29™ 26.22"" 32.86™ 164.6" 546.682""
Fungi isolate x Salinity 24 0.009™ 0.004™ 0.005™ 0.472" 118.4" 20.097"s
Error 78 0.002 0.008 0.008 0.212 46.61 57.828
Total 117

el Xo 3 ) 50 Jlax] C)h.ﬂjs)lawj)\swﬁé;\)folﬁ;.,.:3)34._»*55*}555

ns

", * and ** stand for non-significant and significant effects at 5 and 1% probability levels, respectively.
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Table 4. Interaction effect of endophytic fungi and salinity on the concentration of nutrients in the leaf of tomato.

(St 05505 2 p S k) ool

(2 855 05 e S he) e

K (mg/g DW) Na (mg/g DW)
Mean NaCl NaCl NaCl Mean NaCl NaCl NaCl IRE
(100 mM) (50 mM) (0 mM) (100mM) (0OmM) (0mM) & f
7.39d 5.89m 7.93¢h 8.35% 3.34f 4.11¢ 3.15! 2.77% 4-B
7.442 6.046’ 7.92¢h 8.36% 3.38def 4.20 3.24i 2.69% 8-B
7.418b¢ 5.93Mm 7.95¢ 8.36% 3.39¢de 4.22° 3.28i 2.66" 10-D
7.442 5.964 7.98<f 8.38° 3.42bed 4.21° 3.34% 2.71M 11-C
7.38¢ 5.85° 7.911 8.38° 3.39bed 4.11¢ 3.23ik 2.84mn 14-A
7.428be 5.92Im 7.96 8.37° 3.40bcd 4.16% 3.27i 2.78m 15-D
7.4280 5.93m 7.97¢ 8.37%¢ 3.37¢f 4.17% 3.216 2.72r4 16-A
7.39¢de 5.91mn 7.95% 8.324 3.39¢de 4,17 3.3M 2.7% 19-F
7.38° 5.88m% 7.91h 8.35% 3.38¢de 4,13 3.3eh 2.71M 21-A
7.40bcd 5.9mn 7.97¢ 8.32¢d 3.42bed 4.13% 3.41¢ 2.71M 22-C
7.43% 5.94K 8.00° 8.34b¢ 3.43b¢ 4.18 3.36 2.74°p 22-E
7.43% 5.99k 7.91h 8.38% 3.44b 4.22° 3.31¢ 2.8mn 39-D
7.428 5.88m 7.93¢h 8.452 3.542 4.342 3.43¢ 2.86™ Control
5.92¢ 7.94° 8.36* 4.17° 3.29° 2.742 Mean
el s (o 035 05 2 p S ke) St
K/Na P (mg/g DW)
Mean NaCl NaCl NaCl Mean NaCl NaCl NaCl EIRE
(100mM) (50 mM) (0 mM) (100 mM) (50 mM) (0 mM) & f
2.320 1.43° 2518 3.01¢% 4.66° 3.98K 4.45h 5.54b¢ 4-B
2.320 1.44» 2.44h 3.10% 5.27° 4.06k 5.86%® 5.90% 8-B
2.320 1.40" 2.42i 3.14° 5.39° 4,120 5.54b¢ 6.50° 10-D
2.29abe 141" 2.38kk 3.09%® 4.64° 3.26r 5.01¢d 5.66% 11-C
2.27b 1.42» 2.44M 2.94f 4.43b 2.98° 5.01¢d 5.31b¢ 14-A
2.28b 1.42» 2.43M 3.00% 437 3.14a 4.61& 5.36% 15-D
2.32° 1.42» 2.48eh 3.07b 4.33b 3.00" 4.608" 5.4b¢ 16-A
2.30 141" 2411 3.08% 4.40b° 3.20% 4.36% 5.36% 19-F
2.303b¢ 1.42° 2.401 3.07% 4.06° 3.52m 3.84mn 4.83d 21-A
2.27b 1.42° 2.33m 3.06% 4.04¢ 3.56m™ 3.86™ 4.70¢f 22-C
2.28b 1.42° 2.38 3.04¢d 4.27b 4.16Y 4.034 4.63% 22-E
2.26° 1.42» 2.39ik 2.99¢f 3.94¢ 3.29r 3.75mn 4.80% 39-D
2.20¢ 1.35° 2.31m 2.94f 4.29b 3.27r 4.26M 5.33b¢ Control
1.41° 2.41° 3.04° 3.50° 4.57° 5.332 Mean
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In each column, means with at least one similar letter are not significantly different at 5% probability level based on Duncan test.

J}JJ)J}—J}‘JWMWJ\JJG)US}LSJJJ u:"'s("h}"
ORI jho (655 g 4 e Y e Jis O mlas
ngj_.ick‘ﬂgw)yjﬁw\” CLAJJED s andls
ED aas o 0L cll:d (0 Jsas) csls B AR TA VARV
OieS S9F iz Jlas 4 Lo T1-C il Sl 5o

(YB IS2) dzzls 53 of 5l s 16-A 4B

S5 5 e Ao Sos b awglie ;)3 RWC islis /Y.
C)ld_w BE g_,»_;:ojjd_s 10-D E) 39-D (11-C 4..:.1.).9- (() J)J&-)

ﬂ‘ﬁ\ﬁbﬁuwﬁ&avy‘)ﬂw\°° jo" cjé-&&)}:
(A JS2) tls =6 05 oS 5 ol sl & S i RWC

ﬂjﬁ‘ ‘_;S..a.b
=B s Susd bes das e DL bl 4 il



oy S pam S ass il 53 0, 0l 550,0 sz, 3l O)Ken 5 OLES pals

(ED) 25l Sty 5 RWC) S o s O Ol p (6555 zae A0 Jsaer
Table 5. Effect of salinity levels on relative water content (RWC) of leaf and endophytic dependence (ED).

Salinity level (mM) RWC ED

S5 sl ) )
Salinity (0 mM) (¢, 748° 35070
Salinity (50 mM) (s, s 78.52 36.14°
Salinity (100 mM) (g, 5% 75.1° 30.1°

Il e S s 53 0 dlaz a3 Sl O3l bl Aies S e Gy glls &S Ll Sl Oyt a3

In each column, means with similar letter are not significantly different at 5% probability level based on Duncan test.
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Fig. 2. The endophytic fungi [4-B, 8-B, 10-D, 11-C, 14-A, 15-D, 16-A, 19-F, 21-A, 22-C, 22-E, 39-D, control (PDA plug)],On the
Relative Water Content of leaves (A) of tomato plants under salinity levels (SO: 0, S50: 50 and S100: 100 mmol NaCl. and The

Endophytic fungi on Endophytic Dependency (B); Error bars represents standard error of the means; Bars with at least one similar

letter are not significantly different at 5% probability level based on Duncan test.
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Abstract

Association of the plant with microorganisms such as dark septate endophytic fungi reduces the harmful
effects of environmental stresses such as salinity. In this experiment, the effect of dark septate endophytes
isolated from date palm roots on increasing salinity resistance of tomato (Lycopersicon esculentum cv. Super
cheif) was investigated. The experiment was performed as a factorial in a completely randomized design
with two factors including the type of isolate at 13 levels [4-B, 8-B, 10-D, 11-C, 14-A, 15-D, 16-A, 19-F, 21-
A, 22-C, 22-E, 39-D, control (PDA plug)], and salinity at 3 levels (zero, 50 and 100 mM sodium chloride)
with 3 replications. Tomato plants were inoculated with fungal isolates separated from date palm roots under
salinity. Based on ANOVA results, in symbiosis with fungal isolates of 4-B and 11-C, the negative effects of
salinity (up to 100 mM and equivalent to 9.52 dS/m) on tomato biomass were reduced. At salinity of 100
mM, 4-B had the highest plant fresh weight and 11-C had the highest plant dry weight compared to other
treatments and were 55.51 and 26.55% higher than the non-inoculated treatments, respectively. By
increasing the salinity level up to 100 mM, isolates of 4-B, 8-D, 10-D and 11-C had high efficiency in
decreasing sodium concentration, increasing potassium concentration and potassium to sodium ratio.
Symbiosis with some fungi (10-D and 8-B) caused a significant increase in phosphorus concentration (19%)
compared to non-inoculated plants. At different salinity levels, isolates of 11-C, 39-D and 10-D increased the
leaf relative water content. Increase in salinity up to 50 mM (equivalent to 5.44 dS/m) was associated with
increased endophytic dependency and isolates of 11-C and 4-B showed the highest increase (43%) compared
to other isolates.

Keywords: Endophytic fungi, Fungal isolates, Salinity, Date palm, Tomato.

Background and Objective: The date palm is known as a fruit tree with high salinity tolerance (1). Some
varieties of dates can grow on coastal areas where they exposed to seawater and probably have some special
salinity tolerance mechanisms (3). In the last two decades, there has been a great deal of interest in the study
of symbiotic fungi. The diversity and dynamics of the population of endogenous fungi, the use of their
inoculum to improve plant growth and health, the use of their active secondary metabolites and as a new
biological source are the reasons for attention to these fungi (2). This study was conducted with the
hypothesis that endogenous fungi in the rhizosphere of date palms are compatible to salinity condition and
may be a reason for prominent tolerance of date palm trees to salinity stress if they are applied as
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symbiont to tomato roots, and they may mitigate the adverse effects of salinity on vegetative growth of
plants.

Methods: The experiment was carried out as factorial based on completely randomized design with three
replications. The first factor was salinity levels of 0, 50 and 100 mM sodium chloride. The second factor
included the type of isolation at 13 levels [4-B, 8-B, 10-D, 11-C, 14-A, 15-D, 16-A, 19-F, 21-A, 22-C, 22-E,
39-D, control (PDA plug)]. The studied characteristics were vegetative indices, nutrients concentration,
relative leaf water content and mycorrhizal dependency. The obtained data was analyzed using SPSS
software and the means were compared using Duncan test (p < 0.05).

Results: Comparison of means showed that the values of vegetative indices at salinity levels of 50 and 100
mM had a decreasing trend compared to treatment without salinity. 4-B isolate had the highest plant weight
at 50 and 100 mM levels compared to other treatments. The isolate of 11-C had plant dry weight by about
30.30, 97.48 and 26.55% greater at zero, 50 and 100 mM compared to the non-inoculated plants,
respectively. Control non-inoculated plants showed 7.7% lower concentration of sodium. At 50 mM, isolate
of 4-8 had 8% less sodium concentration compared to control and at 100 mM, treated plants with 4-B and
14-A had 5.3% less sodium concentration in comparison with control plants. 8-B and 11-C isolates showed
the highest potassium concentration at different salinity levels compared to the plant without symbiosis and
other isolates. In the absence of salinity, 10-D isolate showed the highest phosphorus uptake. The inoculated
plants at 50 mM salinity had a higher relative water content (by 5.78%) than the other two levels. The
endophytic dependency was increased by 3% at 50 mM relative to the zero level while it decreased by
14.17% at 100 mM in comparison with control.

Conclusions: Based on the results of this study, shoot and root weight, K, P, K/Na and leaf relative water
content were decreased significantly due to salt stress whereas Na was decreased in tomato plants. Symbiosis
relation of tomato plant with dark septate endophytes isolated from date palm root improved tomato plant
growth under salinity stress. Colonized plants with isolates of 4-B (Fusarium sp.) and 11-C (Penicillium sp.)
had more biomass than other isolates and control up to 100 mM of salinity which could be related to the role
of these isolates in improving nutrient concentrations. Isolates of 4-B, 8-B (Fusarium sp.), 10-D (Fusarium
sp.) and 11-C improved nutrients concentration under salinity stress up to 100 mM. Isolates of 8-B and 10-D
were superior in P concentration in comparison with the other isolates. Plants inoculated with 10-D had more
leaf relative water content up to 100 mM of salt stress and endophytic dependency was increased in plants
inoculated with 11-C and 4-B up to 50 mM (equivalent to 5.44 dS/m). It seems that the use of fungal isolates
of date palm root increases productivity of tomato in saline environments.
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