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Article Info ABSTRACT

Article type: Background and Objectives: Salinity stress, as one of the most common
Full Length Research Paper  environmental stresses, reduces the yield of agricultural products,
especially vegetables. Microbial endophytes, which are considered as one
of the most important microorganisms, increase their yield per unit area by
causing genetic, physiological, and ecological changes in their host plants
and provide the possibility of developing their cultivation in salty, dry soils
or climates with abiotic and biotic stresses.
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Materials and Methods: In order to identify endophytic fungi in pistachio

Keywords: plant (Pistacia mutica), during the summer season of 2019, sampling of
Catalase, completely healthy organs of the plant, including the bark of the main
Dry weight, trunk, side branches, leaves and roots, was carried out in five regions of
Micromorphology, Hormozgan province. In this study, 20 fungi were isolated and purified
Peroxidase from (Pistacia mutica) tree. Then the purified mushrooms were cultured on

PDA culture medium containing salinity concentrations (0.5, 1, 2, and
3 mM sodium chloride) and finally three mushrooms that were able to
grow at the highest salinity level were selected.

Results: Based on the morphological characteristics and sequencing of the
ribosomal ITS region, three species of Aspergillus niger MG890603,
Paecilomyces formosus MG904988 and Alternaria alternata MG907039
were identified as endophytic fungi from the tuber plant in Iran and the
world. In order to investigate the effect of these endophytic fungi on the
salinity tolerance of bell peppers, a factorial experiment was conducted in a
completely randomized design. The results showed that the application of
endophytic fungi P. formosus and A. alternata increased the root length of
pepper seedlings by 1.5 double compared to no inoculation at 60 mM
salinity stress. Also, the combination of three endophytic fungi, A. niger,
P. formosus, and A. alternata, increased the wet and dry weight of pepper
seedlings by 4 and 5.5 double, respectively, compared to no inoculation at
60 mM salinity stress. The highest amount of peroxidase in the
combination of fungi (P. formosus and A. alternata) and (P. formosus,
A. alternata and A. niger) was 51.41 and 48.65%, respectively, under
60 mM salt stress compared to the control. In the salinity stress of 60 mM,
the highest amount of catalase related to the fungal combination
(P. formosus and A. alternata) was 15.54% compared to the control.
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Conclusion: In general, the results show that the use of endophytic fungi
increases the growth of pepper plants under salt stress. Therefore, the use
of endophytic fungi is suggested as an alternative with high potential as
plant growth promoters.
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Gluad st s bS5 bl sy Ol
e Loy g o3 Vo 50 oS ol 0L S5l
3l ks Yo ssa 5 Aspergillus nigri <8 «
Aspergillus section Terrei « e lag S
51 Aspergillus gls o> iolesl s (FE) Loy
ld= VA §yomes S A4S ilulds osgd 4ls
slas JIs e L oasS e 2 Aspergillus
iy (ITS1-5.8S-ITS2)  Jxtls  w sy,
Glp ol bl ml s gl ('DNA)
Sls s sl oLz Paecilomyces formosus B
Voo (MGO04988 s dtl laws ojled) Ld

" @qu C,.::'}.ﬁ‘ ‘_;LAGJL; Olasein - J}~\>.

Table 3. Characteristics of identified endophytic fungi.

<8 05 SO s glaws olad

Species Access number in Geni Bank

O sl
Location Tissue

Aspergillus niger MG890603
Paecilomyces formosus MG904988
Alternaria alternata MG907039

)AL:.\» ‘}If e§ ‘LgJ»}l ‘t.w}; “JL@%
Fourteen villages, Ahmadi, Gnu

Sl (gde! ‘j;f :}5 s}AL:—w
Siyahu, Gnu mountain, Ahmadi,

ng_-duo‘-u}wﬁ‘@‘

2

Root, bark and lateral
Mountain, Siyahu branches

J,}\;_-é\.a«}u}wﬁm.i.ﬁ\

2

Root, bark and lateral
Rodkhaneh branches

Skl salins
Siyahu, Ahmadi

ol glaaxll fﬁ
Leaves and lateral branches
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Alternaria alternata MG907039
Alternaria alternata MG786545

Alternaria alternata MG459174

Alternaria alternata MG459170
Alternaria alternata MG562516
Alternaria alternata MG376108
Fungal sp MG779562

Fungal sp MG779561

Fungal sp MG776560

Fungal sp MG779612

Fungal sp MG779608
Alternaria tenuissima MG731240
Alternaria burnsii K949385
Alternaria burnsii KY949586
Pithomyces sacchari MG396636
Alternaria alternata MG596645

Aspergillus flavus EF512548

0.1

Paecilomyces formosus MG904988
Paecilomyces formosus MG904990
Paecilomyces formosus MF671952
Paecilomyces formosus KY$25114
Paecilomyces formosus KC157765
Paecilomyces formosus KC1577
Phialophora alba HM116755
Paecilomyces sinensis FI904847
Paecilomyces variotii FI895878
Paecilomyces sinensis EU272527
Paecilomyces formosus KJI207406
Byssochlamys spectabilis KR296903
Paecilomyces formosus KT899889
Polycephalomyces sinensis LN482571

Paecilomyces formosus MF491637

Byssochlamys verrucosa IN121846

Paecilomyces formosus (LK, Aspergillus niger b ITS 4> 5l e blazwl i)l (-2 s

Fig. 4. A) Axon map deduced from the ITS region of Aspergillus niger and Paecilomyces formosus.
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Alternaria alternata MG907039
Alternaria alternata MG786545

Alternaria alternata MG459174
Alternaria alternata MG45917()
Alternaria alternata MG362516
Alternaria alternata MG576108
Fungal sp MG779562

Fungal sp MG779361

Fungal sp MG7763560

Fungal sp MG779612

Fungal sp MG779608
Alternaria tenuissima MG731240
Alternaria burnsii KY049585
Alternaria burnsii KY9493586
Pithomyces sacchari MG3966356

Alternaria alternata MG596645

Stemphylum herbarum AF081398

Alternaria alternate g8 ITS a5l oud blzl L, -0 Yo

Fig. 5. Inferred ax map from the ITS region of Alternaria alternate.
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Lo 65 s Sdhte Glan jon alozr 51 )6
Soxr s LS (S al b glais
Ol 4 Obse OLLS ol 1 50 bz
2l b o sy s (0) wsle
sl 5 L6 sba Aspergillus aculeatus
Aok oz OLLS 5 e I8 L Sl G

(8Y) sls u”'ibj‘ dald 4 cand |y

oy

oSy ) Ol pdS () 2
blize i a8 sl olis Weesls JUT tady, Jsb
T o3 alysy dsb ol B 5 (650 - sk
Oem e (& Jsdr) 55 Lls pme Aoy ) Jlaxd
B L OaLS s e 5 s & 5l 0L b
O e, Jsb ol gosd mske SIS L
(el MO) wlyy Jsb n 5t Ssusbas Ak o
Jsb o3l o 508 5 Ve e fho dald 4 by e
N V058 @ bs o (o 5le YY) 4o
by (e mle WA) ainy Job o 5 5 2
B Ll Loeles Vo e i g0 4
s (A. alternata 5 P. formosus A. niger)
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Table 4. Results of analysis of variance of endophytic fungi effect on morphological traits of bell pepper seedlings.

Sl Sl
Mean of squares

[2] —
3 & 2 = 151 | i sl
v § x _r§ 4 @ N D 4 2 AT :J‘g S Degrees of Sources of
5 = j 2 D 5 & Q < RN~ < freedom changes
NI = B -2 j- )
N o® 3 9o 3 = — 8 =] N2 5
(&) N O - = o o= “3 = ‘} ]
o 2 }\ o ¥ O = x
3, T 2 I e 3
- = %S @ x
a <
ok Hokk ok ok Aok Aok Aok E )lﬁ
127.67 254.83 3.87 54.18 0.88 49.91 65.26 7
Fungus
2459.2™" 3481.14™ 6.75"" 248.6™ 2077 126.84™  182.34™ 3 o
Salinity
" " . . - . . Sosi X 7B
23.75 38.04 0.35 8.04 0.11 2.59 3.19 21 .
Salinityxfungus
folesl gl
6.59 14.33 0.05 1.04 0.02 0.79 0.815 64 oS
Error

(M) DS s 2
6.11 15.86 29.51 21.76 16.69 22.38 9.89 - Coefficient of
variation (%)

Aals Jal amalS aly; dgb p (2,0 il slasles 5 o0 Jle S1 -0 Jad
Table 5. The interaction effect of salinity and different fungal treatments on the root length of sweet pepper seedlings.

OG¥50 ) (o5 25 (o sle) aiy Jsb
Salinity stress (mM) Root length (cm)
) L
60 30 15 0 (B e
Treatment (Fungal)
3.33° 4.33° 6.33 M 8.50 0
5.90™ 7.50 9.76 ™ 10.83 9 1
5.00 " 7.83 K 10.00 fon 10.66 o 2
4.00° 8.66 " 9.66 10.66 9 3
8.40 Ik 10.36 7 13.00 14.00 ¢ 2+1
5.33" 7.50 9" 8.33 1k 10.06 ™" 3+1
6.33 'mn 7.16 Km 12.50 13.234 3+2
8.00 11.66 15.70¢ 17.90° 3+2+1

(L, Aoy o Jlez! cla.w 53 ol e Gt i s shils sl L)
Alternaria alternata :v Paecilomyces formosus :¥ Aspergillus niger :\ cisls : in

(Means with the same letters do not have a significant difference at the five percent probability level)
zero: control, 1: Aspergillus niger, 2: Paecilomyces formosus, 3: Alternaria alternata
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OlS 53 1) osd 4 Jos GV e g
ORI Sl g Ol IS S e sl Ol e
(88) Ly (8Y) Zea mays L. 3 o35
Brassica juncea «(¢0) Vochysia divergens Pohl
Triticum 5 (¢v) Oryza sativa L. «(¢7)
szl ol ead ol (EA) aestivum L.
L as, ol sl oS LUls Wiy o byl
(00) OLKen 5 el iagsy 53 (84) deS L
3 OLS 3 adu ) a5 dob 45 L S sdalie
Ll a3 el pde 51 S5t 0B L el =il
Hordeum vulgare ;s glie clialie 555 55
Ll ol 5,058 (01) Oryza sativa L. 5 (VA)
CUSIE 35l n 530 15 LS adly 3 5 als e
S Sy b aS eslinal Had b Gble JSdes sl s
Sl S Lo bl 5l sl e e 5l 0155
5 6503 GBI Gl tass 53 s (0Y) 5 S
gl sl S LS SolS (oY) ol
pde ol Penicillium chrysogenum <. 5.l
G i A) Gopd 25 3 01
Ot (a8 ade) SEt 035 25 o

Al dals b oanslis 5o ds s 007N

1S sls 0Las Waesls LT tady, S 5 5 05
Sy 50 gl s st ke il
o) 55 o gme Ao s ) Jlaiml mhaw 3l
C‘A‘ ple Dope 3 oS sls plis C,u e e (8
oy 5055 Sosd ok GRIBIL B L ObLS
o 5058 piAoe S Sosba Lle Sl
5 Npde i wals 4 by (5 YED
Gogh 4 byye (05 0¥ iy 5 035 S
(AN &y 5 855 g 2s Vs b 1t
S5 b w b e (5 )
A. alternata , P. formosus A. niger) ezl
o suss s (Al alternata, P. formosus)
oy S 055 op Ao (Vo) o ¥ se s
A.niger) =6 S5 Jks 4 by (Cﬁ V/A)
o suse 5> (Al alternata ; P. formosus
Skl Glaz B 5,8 (W Jsdr) o5 SV se e
cel A. alternata , P. formosus (A. niger
o il amalS ay, S 5 05y Sl
S Vs W gpd A 0w pde
Llosls oL andllas o A pl 2 V/0 5 Ol e
Jdse Ol Sl el glalis glag B &S

Aeds il walS 4ty , Sis 5 059 2B il glasles g goes e 1T Jgds

Table 6. The interaction effect of salinity and different fungal treatments on the fresh and dry weight of sweet
pepper seedling roots.

()‘Y}&;L:‘) Sogei s
Salinity stress (mM)

(¢5) iy 5 035
Root fresh weight (g)

(o) Lles

60 30 15 0
Treatment (Fungal)
1.00° 1.01 mno 2.05 k"N 2461 0
1.23 mno 158" 427" 6.20 % 1
1.23 mno 2.07 %" 3.76 9 5.09 ©f 2
1.23 mno 2.07 %" 3.07 5.62°f 3
1.77%° 2.89 " 6.32% 8.96 ™ 2+1
0.70M 1.33mno 2.321m 5.00 &" 3+1
3.16 5.00 &M 7.60 10.34® 3+2
3.56 " 5.403°f 8.86°¢ 11.002 3+2+1
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Continue Table 6.

O¥sa o) o5 A5
Salinity stress (mM)

(r5) K2 5 035
Root dry weight (g)

60 30 15 0 (1) Jles
Treatment (Fungal)

0.080" 0.19 0.21 0.27 ™ 0

0.114 0.21 0.43 " 0.62%¢ 1

0.096 ¥ 0.34 %" 0.45 ¢ 0.50 ¢ 2

0.114 0.294 0.41" 0.71 % 3

0.124 0.36 9% 0.86 @ 0.96 ¢ 2+1

0.080' 0.26 " 0.29™ 0.85 1 3+1

0.124 0.29 ™ 0.54 €% 0.87 3+2

0.29™ 0.67 % 1.50° 1.80° 3+2+1

(Ll Aoy o Jlez| CE”” 03 Gl s Sl il 3y - (s sl Sle)

Alternaria alternata :v Paecilomyces formosus :¥ Aspergillus niger :\ cals : in

(Means with the same letters do not have a significant difference at the five percent probability level)
zero: control, 1: Aspergillus niger, 2: Paecilomyces formosus, 3: Alternaria alternata

© by Coge 25 YA 5 YVY s
4 (A. alternata , P. formosus) sz b sl
,» (A, alternata , P. formosus A. niger)
08V dsan) se Ve e o5t
5 P. formosus A. niger <., lag b
pll a5 5 055 LRIl Sl A alternata
o5 2 il e 4 s il alS e
A 000 5 8 Ul o5 e Vs e V5050
S Glis Gusd oA L ass al ps S
Sosba bl (3L als 4ty 5 plss il b
s s laads Ji3 53 G 3)lpe a5 IS
Aegasi 03 om SeS wadsll glag B L
sl sy Sl sl glag )6 il
D3 i) s Gosd S Ced (S S
355 g s (00) Oes 5ol (08) i S
Olejen Siule 45 disls OLES ol Jal olS (o35,
Gl el s a5 LSS S5 slag
FOis Wg > S ol Wiy fll o s s
OSen 5 5L s S ol il K2t 055 4l

o1

2l LS Weasls LT 1l ga plil S5 5 5 055
5055 2 b s Gosd ol M ol &S
Aoy Vo dlal s s ol el S
5348 0l L o iaes (8 ) gl e
T oI L B L OlS il e o5
Ll S aler el 505, ol (o5
Y/0V) alse el 5 055 ik &S Sosba
835 oiAeS 5 Nyl oo Bali a4 by e (05
Vosd 4 b (5 0Y) lse el g
VAT olsn okl 5 055 0o S b 25 Y0 s
S5 s 4 bas cdSa 25 WA
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2l plll Sl 055 ot ke SRIBIL
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Y500 Gio lajles o Six 05y alS
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AJ 5 L Penicillium janthinellum & .0l gt
o oo (o1 bl 055 b 5
Soxd S5 Les |y S par S 0llS )
(09) OLKan 5 S L3 (OA) das o il
olalS 3wl =ls fl.,b'l O3 oS Lol 5158
05 4 Sl SKae b gl Slag b b ol cil:
by S 5 OWLS (o sdbe sl O35 (2o

Dl eals G

Paecilomyces formosus =i s 5 2,18 (07)
2 Goxh ol S e 5 LB e
5 LOSI ST 5 oy mes L1 L OlalS
Oen 5 b3 (08) sy jaals oS O Lais
skl 2B g3 S AS s S 28 (07)
SN e S oblS (s, Piriformospora indica
Cate S M ol (San s5pd  C
3 oS Seser (gl sols g LOT
oS sl 0L (V) Ol 5 ol il Of Can
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Table 7. The interaction effect of salinity and different fungal treatments on the fresh and dry weight of shoot
of bell pepper seedlings.

OV o) o5 A5
Salinity stress (mM)

(05) sl el 5 055
Aerial parts fresh weight (g)

60 30 15 0 (7o) e
Treatment (Fungal)
0.83" 1.08'™ 2,71 6.73 "« 0
1.38 '™ 1.64 '™ 4.97 6.73% 1
1.06 ™ 2.47 KM 6.65 % 8.54°¢ 2
0.98™ 3.42 3.66 " 6.19 1 3
1.40'™ 2.27m 5.01 " 8.21« 2+1
1.03™ 2.27m 5.12 " 6.00 1 3+1
2.04 Km 4479 10.37° 13.89° 3+2
2.23Km 4.31M 11.75° 13.93° 3+2+1
(0 ) alsa plbl St 035
Aerial parts dry weight (g)

0.10' 0.16 ¢ 0.39 0.49 "« 0

0.18 0.2 0.90 “f 0.95% 1

0.174 0.34" 0.77 % 0.88 ¢ 2

0.16 0.36 " 0.57 fo 1.03% 3

0.184 0.30 0.84%" 1.37°¢ 2+1

0.174 0.50 ¥ 0.81%" 0.89 % 3+1

0.26 0.90 %" 2.30° 2.27° 3+2

0.65 ¢ 1.00 ° 1.93° 2.69° 3+2+1

(L, Aoy o Jlez! cla.w 53 Sl e Mt i s shils sl Kle)

Alternaria alternata :v Paecilomyces formosus :¥ Aspergillus niger :\ cisls : in

(Means with the same letters do not have a significant difference at the five percent probability level)
zero: control, 1: Aspergillus niger, 2: Paecilomyces formosus, 3: Alternaria alternata
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Table 8. The interaction effect of salinity and different fungal treatments on the peroxidase and catalase of
sweet pepper seedlings.

OV o) 50 55
Salinity stress (mM)

Peroxidase (A470 nm/min prot'l)

60 30 15 0 (B s
Treatment (Fungal)

27.59 9" 15.01 ™ 12.53 P 8.78° 0

35.08 28.19 " 17.66 '™ 9.14° 1

37.34°%¢ 31.05 "o 19.61 K™ 9.02°° 2

33.96 °9 32.83 4" 16.91 ™" 8.78%° 3

38.82 ¢ 34.38 " 2177 8.94 % 2+1

31.32 " 24.34 ' 14.46 ™P 8.89 °° 3+1

42.22° 40.87® 27.66 M 9.14°° 3+2

41,552 39.24 *° 26.97 M 8.98°° 3+2+1

(5 akda 53 gl £V Cdr) SVBK
Catalase (A240 nm/min prot'l)

49.15 %9 40.08 1 32.23™ 29.87" 0

51.43 45.60 9" 36.12 " 29.86" 1

52.20 * 50.84 36.80 * 29.94" 2

50.16 47.29 *" 32,57 ™" 29.87" 3

51.69 @ 50.00 36.54 1 29.87" 2+1

50.16 4357 33.24 K" 29.87" 3+1

56.79 2 53.18 *¢ 47.13™" 29.87" 3+2

56.17 @ 53.38 &¢ 47.42 ™ 29.87" 3+2+1

(L, Aoy o Jlez| cla.w 53 Gl e Mt i g shils sl L)

Alternaria alternata v Paecilomyces formosus :¥ Aspergillus niger :\ cials : in

(Means with the same letters do not have a significant difference at the five percent probability level)
zero: control, 1: Aspergillus niger, 2: Paecilomyces formosus, 3: Alternaria alternata
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