Symbiosis of Algal Endophytes Aspergillus niger and Bacillus aquimaris
OD14 with Mexican lime Seedlings under Salinity Stress Condition

Introduction

Endophytes have symbiosis life within the plant tissues without causing any obvious negative
effects. Seaweeds are one of the large and diverse groups of marine plants that play an essential
role in marine and oceans ecosystems. Seaweeds show rich diversity of associated
microorganisms in compare with the other multicellular organisms. Citrus species, are amongst
the most important evergreen fruit trees, cultivated in many countries worldwide. There are
several obstacles for citrus production in southern of Iran, limiting €entinuity of citrus
production. Lack of suitable soil, salinity and drought stresses are the main challenges
threatening citrus industry in southern of Iran. Similar to other citrus species, the production of

high salinity and osmotic stress. End y been isolated from various marine
habitat, including marine plants, mari% rtebrates. Among these organisms,
seaweeds are one of the most prevalent*Sour e-derived fungi and bacteria for
chemical studies. The purpose of this study wa i
veml‘)rphological and molecular
1-5.850TS4 regions and 16s rRNA gene
respectively. Here, we h inoculating Mexican lime seedlings with
seaweeds fungi and bacteria en inatign, (Aspergillus niger+ Bacillus aquimaris
OD14), to improve Worphologi i
characterizes of Q in Salinity condition.

s to investigate the role of endophytic fungi (Aspergillus niger)
and bacteria (Baci aris OD14) in improving the growth of Mexican lime seedlings.
ere collected from coastal regions of Bushehr province and Qeshm
eria endophytes were isolated and identified base on morphological and
lecular characterization was investigated using PCR amplification of
ITS1-5.8S-1TS4 regions and 16s rRNA gene respectively. Mexican lime seeds were sterilized
with 0.5% sodium chlorite for 20 minutes and then completely distilled three times with
distilled water. Seedlings pots containing autoclaved soil were placed in the greenhouse of the
Faculty of Agriculture, Hormozgan University. The experiment was arranged in a factorial
experiment based on randomized complete randomize design with three replications. Isolated
fungi and bacteria by MT420720 and MT278260 accession numbers were used in eight months
old Mexican lime seedlings. The suspension was adjusted to a concentration of 1x10° cell per
ml for fungi and 1x102 cell per ml for bacteria inoculums. For better contact of seedlings with
endophytes, inoculation was performed three times. After three months, salinity stress was
applied. morphological (Leave, Stem and Root dry and fresh weight), biochemical (Protein,
MDA and soluble sugars), antioxidant capacity (CAT, POD, SOD, APX and Gr activity) and
photosynthesis pigments (Chlorophyll a, Chlorophyll b, Total Chlorophyll and Carotenoids)

Island. Fungi and b
molecular methods.



characteristics in treated Mexican lime seedlings and control were analyzed. Analysis of
variance of traits was performed using SAS software version 9.4 and the means were compared
using LSD method with a probability level of P<0.05.

Results and Discussion

The results show that most characterizes were significant compare with control. For example,
in 6000 ps/cm water salinity, leave fresh weight (203.49%), root fresh weight (347.41%), stem
fresh weight (206.81%) and root dry weight (421.95%) were significantly higher compared
with control (P>0.001). Endophytes inoculation can significantly improve photosynthesis
pigments such as chlorophyll a (65.21%), chlorophyll b (11.9%), total chlorophyll (28.39%)
and carotenoids (59.09%) (P>0.001) compare with control. In antioxidan@pacity of seedling,
CAT, POD, SOD, Gr and APX were analyzed, Endophytes can increase enzymes activity. For
biochemical characterizes, in 6000 ps/cm water salinity, endophytes can signi tly increase
soluble sugars (17.85%) and decrease MDA (35.18%) in inoculated seedli are with
control (P>0.001).

Conclusion

The results showed that the use of endophytic fungi an ase the growth of
Mexican lime seedlings under salinity stress. Thereby it
growing salinity-sensitive plants in saline conditions.
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s * **and ™*: non-significant, significant at p<0.05, p<0.01 and p<0.001 respectively
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Table 2- The effect of the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculation on
biomass of Mexican lime Seedlings in salinity condition (LSD, p<0.05)
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Table 3- Variance analysis of of the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria
inoculation on Photosynthesis pigments and biochemical characteristics of Mexican lime Seedlings in salinity

condition
55 gl Joloro (lauid 3 ol Oen Ol ggime smgle )l S U S o ddg S Ty S
(S.0.V) (Sluble sugars) (MDA) a501  (Protein) (RWC) (Car) (Chlt) (Chla) (Chla)
Lo 1204.5%* 23.57% 2640.02** 290.45%* 24.01%* 0.71%* 0.081% 0.131%
(Salinity)
Coudguil 1176** 47.82% 74.65** 3608.85*** 0.13** 0.16%* 0.029% 0.36%*
(Endophyte)
Cadguili g yomd 523 1.22¢ 3.5¢ 516.14%* 0.00* 0.00* 0.01% 0.02%*
(Salinity*Endophyte) ‘
bs 1 0.37 1.37 7.52 0.00 0.00 0.00 0.00
(Error)
(L JOVe s FUNRW 0.8 10.64 3.72 7.25 2.95 3.17 1.28
(CV)

o> D K g g T 4D (5413 e o T ‘ﬁ‘ *

* *kk |

and 7 Significant at p<0.05 and p<0.01

(S35 5 o Tl 55
Table 4- The effect of the Aspergillus niger and Bacms aquigaris dophytic fungi and bacteria inoculation on
Photosynthesis pigments and biochemical characteristi Iimeﬁedlings in salinity condition (LSD,

A A \ '\

u"‘“"’dﬁ" Sy S Jdoyls O Udgls T g8
(Car)  (Chlty  (Chla)  (Chla)

sl g3 oglle
(MDA)

Joleo slanid
(Soluble sugars)

Sigw
(Salinity) ‘
0 a2l ‘&‘ 77.14° 0.32%¢ 1.6° 0.692 0.91%
(Control)
Codgds 35.05% 93.72 0.46° 1.712 0.7# 0.992
(Endophy
2000 s 6.96° 30.24% 75.84% 0.28° 1.52¢ 0.65° 0.72¢
(Control)
Cadguil 4,01° 32.35° 88.38° 0.442 1.64° 0.68% 0.96°
(Endophyte)
4000 bl 14! 7.32° 28.48°f 62.45 0.24¢ 1.07¢ 0.44¢ 0.53¢
(Control)
Cadgus! 136° 5.814 31.06° 87.75° 0.4% 1.27¢ 0.63 0.9b°
(Endophyte)
6000 2l 112¢ 9.522 24.269 57.579 0.22% 0.81f 0.42% 0.46°
(Control)
Cudgul 132b¢ 6.17% 29.75° 81.67° 0.35° 1.04° 0.47¢ 0.76°
(Endophyte)

(a1 B b s 3 byl 5 555 51

plad 1> (6rp o bl cialy Lt ST (il cd )by bl 5 gy0d Sl i)y 4o @l

VY



Ol 1 580 5 (i ot sy mpl GRIB1 S Ked e LS 0 ig)ue aeSly Bl cely &S
3 olS 5l a3l ouisS coles i (LS )3 il ol il (FR) sl oy il 4 o) gmlinnST
{in Bl g ompiaSan Foon 5 ¥eee Xove i) (598 il g > 5 oo il |y (5358 5 Ll
w3l Clld e (cho > SEIA o VEY/Y AVYIYY AVVIAY Ll cel el s canslys gl cuS 5 Jlos!
(¥ Jgis) 09 sl & cuns jlassTy
Ay oo a5 0509 2LS 4 Cons B gound denST o ol cdlsd 5YL 1dle (gl onds gl (ola Jlgl
Sl s3 ol 2 ol i d S i a5 Ll 5 el ol call I3l (el olgicsn o LY 5
ol el ¢ Slnst 5l lag 3l el il (YY) wsb )] cls uzil}él‘mw%)'si ol oAl e

C’L" IR W L;UMS}N' & S Lm‘_’j 5O J.:i.\.ﬂ @8> ‘_‘”JLo J.Jy uw.zz,lf PR CAL sl Jleils jo Lie ,_g)l.s_ll.%

ORIl el o cudly (LS g (2B el S wld Jlesl (658 il sly ol
395 38l & Connd U gomnd eS| pgw w5l Cdld lime (chuoys S0/ \‘\fﬁ/aa AN+ /+ V) VY[V
33,5 G i o) (TY 1Y) ol oy Sl & ol e G531 35 52 (F Je)

ol geadls (K58 dn S sladoalS > eyl cullad yilial el i3 | cudgnil slas xS

byl 1y Lo i ply 55 ol clasbs o ol i oS ol -5V ISR I KV AP IR

Goob il eoslopnst b i o o8 wien SIS ol mmil 33N lS T SysSol o (bl S o
el Ha02 ol b 5 gl s ol o (T8 ) ua s oS 005 4o | olsjroms oaslSo
Wl 1y oy L Lol s 53 ol 5l oS Colon i g Lo Uiy ‘§1‘4 g e ol S opl s
ol 9 0539y STy o3l dlld YL 3lie clyls o SBESL 4 0!19 w%m b o @1, L;LUL@; uw
l){. 6%)95\“:1 w3l el lise (ghuoy Y\‘/AA
(YY) sl odgny @bl 4 ou 3l el il
u.Jlas Lﬁ‘)’ sty.a?:.o d‘@om m]a.u guLS).o 20 Sy o0 )Ja)d.;

Sy p g adlas 4 5l &S dies Glodmy Ly Jold baguly (o
05 ST (51 elam 31 eYL cdlad b ol o 55 glannsT i cly olis
oy YYY/EY o WY/ XYY AR Gili8l cel s idy cuilys cudgnil

,‘.»’:. Q“” . 3 L\f}d.)"
A\

098058 w3l el
F Jgi) 29 aals &y s S 53,
YL oL GlausT (8l cud)ls ar o ame delual balpd g (i g (st Sl 25 b olS allie )
P H202L 0 g o3l5] sla JSusly roos pas 39y dalgd VL sebuol Lasly b ablie (6lps ol SUlgs sl
Sl oyign bYBLS L(FY) wsb o jYBE oo Sl ol lom 3l 39 Jdda ¢ i bl cow olalS
JSo 4 H202 5 Oy el 5 aiiS o bl gilinnST Slodo ply 53 1y 055 (sla Jolo 45 aiwun oo il
el o iy Cundly (890l oS 5 Jlasl )98 it gabaw ) Sl 35 53 (YY) Wgd oo H20 5 Oz
(D Jgi) 3905 anlis 4 s YB3l cdlad e (oo pd YFV/AY g OV/Y DO/FY FYY/AY iols8)



ot ey 0 w3l cnl clled ie S o S8 b 3uuST (gilgen 4 VLIS (15 ploj 0 &S bul
Lol ol o8, b il 55 0 YU o5 b s QRIS g )52 s 7F) e 15
Lol s 3 VB o351 cldled olime ialiél o cpdisme ST Lol 51y (S ;500 3)lg0 g (i s ¢ yiale)]

s G5 i Ll 4 s 25

1 Cadgnsl Bacillus aquimaris OD14 ¢ Aspergillus niger (b 25U g (&8 Cudgusl zmadli (51 (il jlg 4350 gl -0 Joas

B3 S o ¥ (5803 S d (ot bosmisn (Sl (0T Cud b
Table 5- Variance analysis of of the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria
inoculation on antioxidant capacity of Mexican lime Seedlings in salinity condition

JREEpTS PaeaSly Sapgfsl U, 099l ST P P
(S.0.V) (APX) (GR) (SOD) (POD) (CAT)

P 129913 47+ 311048.1% 71832.22% 399.99°* 648.1°
(Salinity)

Cadguil 357530.09*** 2975.8% 181219.52* 3071.34% 26.15°*
(Endophyte)
Cudgailie g yomd 15245.16* 535.85 20943.12%*

(Salinity*Endophyte)

22.28*

s 13.37 0.89 0.011 1.16
(Error)
[CJVES JUTRor-S 0.54 10.64
(C.V)
A\
A\ N
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Table 6- The effect‘c Aerg' lusn
antiq i

nt cap

s OD14 endophytic fungi and bacteria inoculation on
lime Seedlings in salinity condition (LSD, p<0.05)

B $US90, ewilighs STy guus STy ;o

GR SOD POD CAT
S
(Salinity)
0 10.48°% 22.66" 9.83¢ 15.27¢
(Control)
Cudguil 708.57° 18.96¢ 153.31¢ 27.31¢ 57.3¢
(Endophyte)
2000 el 492.85° 16.29° 145.69° 15.19f 44.3°
(Control)
Cadgui! 739.28> 21.52¢ 364.37° 41.52° 68.85°
(Endophyte)
4000 bl 614.28¢ 19.38¢ 198.67¢ 21.92¢ 415
(Control)
Cudguil 768.57¢ 44.97° 529.572 73.078 62.75°
(Endophyte)
6000 ld 769.28° 20.44¢ 132.45¢ 30.64° 19.5"
(Control)
Cadgui! 960.71* 68.15% 211.94¢ 51.11° 67.16¢
(Endophyte)
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