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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 continuity 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 Mexican lime is threatened by certain biological stresses (such as
pests, plant diseases and weeds) and non-biological stresses (such as salinity, drought, floods, cold and heat stress).
Endophytes are advantageous group of microorganisms that protect plants from biotic and abiotic stresses. One of
the alternative ways to restore normal plant growth may be to use plant growth to stimulate endophytes. Endophytes
can play an important role in plant growth. Endophytes from marine environment are gaining special interest
because of their existence in the harsh conditions of marines and ocean ecosystem such as temperature, light
availability, high salinity and osmotic stress. Endophytes have already been isolated from various marine habitat,
including marine plants, marine invertebrates and vertebrates. Among these organisms, seaweeds are one of the
most prevalent sources of marine-derived fungi and bacteria for chemical studies. The purpose of this study was the
isolation of associated fungi and bacteria endophytes with seaweed species in Persian Gulf to investigate
morphological and molecular characterization by using PCR amplifications 1TS1-5.8S-1TS4 regions and 16s rRNA
gene respectively. Here, we have evaluated the potential of inoculating Mexican lime seedlings with seaweeds fungi
and bacteria endophyte combination, (Aspergillus niger+ Bacillus aquimaris OD14), to improve morphological,
biochemical, antioxidant and photosynthesis pigments characterizes of Mexican lime in salinity condition.

Materials and Methods
The main aim of this study was to investigate the role of endophytic fungi (Aspergillus niger) and bacteria
(Bacillus aquimaris OD14) in improving the growth of Mexican lime seedlings. The seaweed samples were
collected from coastal regions of Bushehr province and Qeshm Island. Fungi and bacteria endophytes were isolated
and identified base on morphological and molecular methods. Molecular characterization was investigated using
PCR amplification of 1TS1-5.8S-1TS4 regions and 16s rRNA gene respectively. Mexican lime seeds were sterilized
with 0.5% sodium hypochlorite for 20 minutes and then completely distilled three times with distilled water.
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Seedlings pots containing autoclaved soil were placed in the greenhouse of the Faculty of Agriculture, Hormozgan
University. The experiment was arranged as 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 1x108 cell per ml for
fungi and 1x108 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)
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 antioxidant capacity 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 significantly increase soluble sugars (17.85%) and
decrease MDA (35.18%) in inoculated seedlings compare with control (P>0.001).

Conclusion
The results showed that the use of endophytic fungi and bacteria can increase the growth of Mexican lime
seedlings under salinity stress. Thereby it can be used as an effective tool for growing salinity-sensitive plants in
saline conditions.

Keywords: Abiotic stresses, Antioxidant capacity, Endophytic microorganisms, Glutathione reductase,
Seaweeds
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Table 1- ANOVA for the effect of Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculations
on the biomass of Mexican lime seedlings in the salinity condition

P AT i Coamd Sl 059§ 059 M Oj e SWS (59 5T 059 M Ojg Cumd SWS (59 ¥ 09

i ale P . . . . ) ) - " . -
sov (O dlesis gy Sl dle ad, Kb p5 ady whyy  SpSds g S Sy
df S.F.W/S.D.W S.D.W SFW R.F.W/R.D.W R.D.W RFW LFW/LDW  LDW LFW

S

salinity 150.01**  144.8** 1311.7**  120.00°  112.26* 1029.65**  0.00** 1.52%=  18.08%**
(S)

bl

Endophyte 0.00° 22.75%+ 150.75**  (.00" 17.54* 39528+  0.068**  25.42* 410.19**
(B)

SxE 0.00"ns 2.24%= 7.06%= 0.00m 0.521s 12.64% 0.00%= 0.97#= 7.79%=
e 0.00 0.04 0.26 0.00 0.31 1.84 0.00 0.031 0.31
Error

Olyuass oy

cCV 8.88 34.76 10.04 14.72 32.39 17.20 8.49 12.85 6.84
(%)

wwg ww o NS
5 ¢

Ao pd 1523 K 9 S ey e ) ()0 dre B gme il e e ¢
ns,* " and ™*: non-significant, and 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 inoculations on the
biomass of Mexican lime seedlings in the salinity condition (LSD, p<0.05)
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(uS.cm™) S.D.W (gr) S.F.W (gr) R.D.W (gr) R.F.W (gr) L.D.W (gr) L.F.W (gr)
0 - 153 3.11¢ 1.26¢ 5.03¢ 0.45¢ 4.99¢
Control
ey 5.26° 11.292 3.810 17.222 3.422 15.262
Endophyte
2000 aald 1.134 2.79¢ 0.91¢ 4.26¢ 0.43¢ 4.12¢
Control
ey 2.55 5.81°¢ 2.56° 10.97° 2.54b 14.33°
Endophyte
4000 aals 0.91¢ 2.44¢% 0.79 3.75f 0.33¢f 3.69¢f
Control
St 1.9¢ 6.74¢ 1.79¢ 9.26 1.79¢ 9.4d
Endophyte
6000 aals 0.84¢ 2.2¢f 0.419 2.328 0.179 3.43¢f
Control
g 2.54° 6.75° 2.14° 10.38° 1.65% 10.41°¢
Endophyte
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Table 3- ANOVA for the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculations on the
photosynthesis pigments and biochemical characteristics of Mexican lime seedlings in the salinity condition

i gl Jgoe SBT3 e (elgn Ol o Ggime gy, JST‘{:;I’JS b by 5 a Judg IS
S.0.v Sluble sugars MDA Protein RwWC Carotenoids chlorophyll Chlorophyll b Chlorophyll a
f‘_’"ﬁ 1204.5%* 23.57%= 2640.02***  290.45%** 24,01 0.71%* 0.081*** 0.131%*

Salinity (S)
by 1176% 47.82% 74.65% 3608.85%** 0.13%*= 0.16%* 0.029%* 0.36%*

Endophyte (E)
SxE 523*#* 1.22¢ 3.5 516.14%** 0.00* 0.00* 0.01%*= 0.02%=
. 1 0.37 1.37 7.52 0.00 0.00 0.00 0.00

Error

ot a2 08 10.64 3.72 7.25 2.95 317 17 1.28

C.V (%)

o )d o S g g gdaw jd (61 dime ol pay FHE g

and ™ Significant at p<0.05 and p<0.01 respectively.

*
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Table 4- The effect 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 (LSD, p<0.05)

Cyged Jooo sid T (92 gl oaTgn  SFPR aagly)5 Total JS Jadg)lS b g5 @ Judg s
Salinity Sluble sugars MDA Protein &1 o Carotenoids  chlorophyll Chlorophyll Chlorophyll
(uS.cm*) (mgigfw)  (nmoligdryw) (%)  wc (%)  (mglgfw) (mg/g fw) b (mg/g fw) a(mg/g fw)

0 wald 93f 4.91° 31.14° 77.14° 0.32% 1.6° 0.69% 0.91%
Control
ety 123° 1.43¢ 35.05% 93.7° 0.46% 1.71* 0.7% 0.99*
Endophyte
2000 aald 115¢ 6.96° 30.24% 75.84% 0.28° 1.52¢ 0.65° 0.72°¢
Control
g 134 4.01f 32.35° 88.38° 0.442 1.64° 0.68° 0.96°
Endophyte
4000 wald 1492 7.32° 28.48¢ 62.45f 0.244 1.07¢ 0.44¢ 0.53¢
Control
Cuby 136° 5.81¢ 31.06° 87.75° 0.4% 1.27¢ 0.63 0.9b¢
Endophyte
6000 aald 112¢ 9.522 24.269 57.579 0.22% 0.81f 0.42¢% 0.46°
Control
g 1320¢ 6.17% 29.75¢ 81.67° 0.35° 1.04¢ 0.47° 0.76°
Endophyte
5 Jodn) 29 dalis &y o jS'g0y (0liglS oy 3] cled Uy pogase sosiS ol (lS e 0ty e Haia
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oS ably sl YL ol Sl 5l cudils dr o o Sy p g adlae & 5l &S wien Gloaomy Lulg, Jols
- K0ly pess pas g dnled SYL selusl baglyls b ablas (ol (Gueta-Dahan et al., 1997) ,Kan ¢ ks 135 )l (g i
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Table 5- ANOVA for the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculations on the
antioxidant capacity of Mexican lime Seedlings in salinity condition

i @lo ey S g8l 3935 oeligh STy g oSy Yl
S.0.vV Ascorbate peroxidase  Glutathione reductase  Superoxide dismutase peroxidase Catalase
S5d 12991347+ 311048.1%* 71832.22¢= 399.99%#* 648.1
Salinity (S)
by 357530.09+=* 2975.8%= 181219.52¢=« 3071.34%== 4026.15%*
Endophyte (E)
SxE 15245.16%# 535.85%¢ 20943.12%= 81.62¢= 22.28%
- 13.37 0.89 0.011 0.94 1.16
Error
et 0.54 3.39 0.047 3.62 10.64
C.V (%)

23

o pd wpbd S o ) (g xe F*
™ Significant at p<0.01
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Table 6- The effect of the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculation on
antioxidant capacity of Mexican lime Seedlings in salinity condition (LSD, p<0.05)

STy Setpgfsl 393, 95Usl  jlaT g

N $1aunS T ;YU
S:If:: Ascorbate Glutathione Superoxide ;r(;xi dz:;e C;talase
(1S CmX) peroxidase _reductase _dismutase (un?cs/mg drywt) (units/mg dry wt)
' (units/mg dry wt)  (units/mg dry wt)  (units/mg dry wt)
0 C:r:ﬁol 324.28f 10.489 22.66" 9.83¢ 15.279
<y 708.57¢ 18.96° 153.31¢ 27.31¢ 57.3¢
Endophyte
2000 Cmtjj | 492.85¢ 16.29 145,69 15.19 44.3¢
ontro
g 739.28 21.52¢ 364.37° 41,52° 68.85?
Endophyte
4000 C;:Ltfol 614.28¢ 19.38¢ 198.67¢ 21.92¢ 41.5f
g 768.57¢ 44.97° 529.572 73.072 62.75°
Endophyte
6000 Cmt‘z | 769.28° 20.44¢ 132.459 30.64°¢ 19.5"
ontro
iy 960.712 68.15° 211.94¢ 51.11f 67.16¢

Endophyte
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