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Extended abstract
Introduction \
Climate change is a major concern for sustainable agriculture inthe twenty-first century, as it negatively
affects crop production and soil fertility, thereby inezeasing thewriskief famine. Among the various issues
associated with climate change, salt stress is one‘@fithe most significant factors affecting crop production
worldwide. Many biotic and abiotic factors can limit wheat yield. Abiotic stress is one of the main
limitations that inhibit plant grewth andjproductivity by disrupting physiological processes and
suppressing defense mechanismsySeed germination is a critical life stage for the survival of plants and
the timely establishment of seedlings, especially in‘stressful environments. However, several mitigation
strategies are also usedyto cope with\the adverse effects of salt stress. Microbial-based solutions, in
particular, are highly desirable in sustainable agriculture as they provide a natural, cost-effective, and
environmentally'safe appreach to improve plant growth and yield.
Materials and met ods\
A study was conductéd to investigate the effect of the endophytic bacteria Micromonospora
echinaurantiacagand Sphingomonas aquatilis on the salinity tolerance of the Sardari wheat variety
under Jaboratofly and greenhouse conditions. The experiments were designed in a factorial arrangement
based on acompletely randomized design (CRD). Treatments included endophytic bacteria (1 x 108 cells
ml-1, A = 600\n) and salt stress levels of 50, 100, and 150 mM NacCl, with three replications.

Results and discussion

The results showed that the endophytic bacteria M. echinaurantiaca and S. aquatilis enhanced wheat
seed germination compared to the control. The presence of the endophyte M. echinaurantiaca at
concentrations of 50 and 100 mM, and S. aquatilis at 50 mM, improved wheat seed germination by
100% compared to the control. The most significant increases in shoot and root length under 150 mM
salt stress were observed in wheat inoculated with M. echinaurantiaca compared to the control. M.
echinaurantiaca increased the fresh weight of wheat seedlings by 4.32% under 150 mM salinity stress
compared to uninoculated plants. However, this bacterium caused a 19.90% decrease in dry weight. A
significant 15.07% increase in root lenght tolerance index was observed in the presence of M.
echinaurantiaca under 50 mM salinity stress compared to the control. Evaluation of salinity tolerance
indices revealed that the highest tolerance indices for shoot length, root length, dry weight, and
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germination were observed in plants inoculated with M. echinaurantiaca and S. aquatilis under control
(non-saline) conditions. Wheat inoculated with M. echinaurantiaca showed a 63.92% increase in stem
length tolerance under 150 mM salinity stress. The endophytic bacterium M. echinaurantiaca increased
root stress tolerance by 62.25% under 150 mM salinity stress. The wet weight tolerance index increased
in response to inoculation with M. echinaurantiaca. Evaluation of the dry weight tolerance index
showed that M. echinaurantiaca increased this index by 129.01%. The germination tolerance index
increased by 108.70% following wheat inoculation with M. echinaurantiaca. Under greenhouse
conditions and 150 mM salt stress, M. echinaurantiaca and S. aquatilis increased chlorophyll a content
by 12.95% and 6.39%, respectively. Additionally, S. aquatilis increased chlorophyll b content by 48.54%
and carotenoid content by 80.42% compared to the control. Under 150 mM salinity stress, S. aquatilis
also increased relative leaf water content by 81.60%, and enhanced antioxidant activity and flavonoid
content by 81.23% and 46.11%, respectively. Moreover, the endophytes enhanced catalase activity and
modulated hydrogen peroxide levels, indicating their crucial role in improving wheat tolerance to salt
stress. Based on these results, using the endophytic bacteria M. echinaurantiaea and)S. aquatilis for
biological seed priming is an effective strategy to mitigate salinity stresséand‘enhance wheat salinity
tolerance.

\
Conclusion
These results highlight the importance of further research|on®biological priming using endophytic
bacteria. In the future, enhancing crop performance throughgimicrobiome-based approaches could
contribute to significant advances in sustainable agriculture under changing climatic conditions.
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Table 1. Variance analysis of the effect of endophytic bacteria M. echinaurantiaca and S, aquatilis on wheat

seed germination under salt stress
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(b) mean germination time (MGT),"(¢) mean daily germination (MDG), (d) mean germination speed of wheat seeds

under salt stress (R)
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Table 2. Variance analysis (Mean squares) of the effect of endophytic bacteria M. echinaufrantiaca and S. aquatilis on

the morphological characteristics of wheat seedlings under salt stress \
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S.0vV ¥ gbe g SL) (RL) (TFW) (TDW) SV
Endophyte (E) Caudguil 2 87.26™ 37.40™ 0.00022"% 0.00046" 96.78"™
Salinity stress (S) (g9 gid 4 143.90™ 73.73" 0.00ET 0.00028" 447.34™
ExS Gogw pwixadgunil 8 43.91™ 47.88™ 0.0032" 0.00022™ 159.26™
Test error owbesl s 30 796 1.10 0.0014 0.000077 13.30
C.V (%) Ol grtd Gy b - 15.48 11\.89\ 12.39 19.59 17.31
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ms, ™" and ": non-significant, significant at »<0.01 and p<0-05prespectively
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Table 3. Comparison ‘of, the average effect“of endophytic bacteria M. echinaurantiaca and S. aquatilis on the

morphological characteristies of wheat seedlings under salt stress

Job Job F 039 Sl B3 Ly
St S bl agad, azals azals s
Bacterial Salini;(stress SL) RL) TEW) (TDW) SV
1x108 N mM mm g %
0 13.52+0.48" 12.4+0.77° 0.174+0.0074% 0.0280+0.0012° 2347.2+0.0008¢
a 50 4.73+0.32"  6.3+0.32¢ 0.176+0.0089  0.0378+0.0016%  1030.4+0.0006"
100 3.93£0.237  6.0+0.39°  0.194+0.0301*« 0.0392+0.0022a  830.00+0.0001!
150 2.17+0.109 3.0+0.14¢ 0.162+0063de  0.0407+0.0015*  416.80+0.0002i
0 15.39+0.38% 14.6+0.56®  0.198+0.0087* 0.0303+0.0010*  3001.0+0.00022
M. echinaurantiaca 50 14.58+0.66® 12.6+0.67°  0.241+0.0101 0.0296+0.0015* 2701.0+0.0006°
100 8.63+0.37% 7.8+0.50¢ 0.172+0.0050%¢ 0.0322+0.0013%  1643.0+0.0001¢
150 7.65+0.35¢ 4.9+0.32¢F  0.169+0.00717°¢ 0.0326+0.0012° 1217.0+0.00019
0 15.76+0.218 14.4+0.12®  0.200+0.0046* 0.0310+0.0012° 3017.0+0.00032
s. aquatilis 50 12.13+0.63° 10.6+0.76° 0.214+0.0078% 0.0280+0.0012¢ 2271.0+0.0006¢
100 9.05+0.21¢ 4.5+0.51F  0.187+0.0048>¢ 0.0296+0.0014%  1308.8+0.0006F
150 4.52+0.28" 1.1+0.12" 0.134+0.0067¢ 0.0299+0.0018>  491.4+0.0001)
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The mean of similar letters does not have a significant difference at the P<0.05 probability level.
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Table 4. Variance analysis (Mean squares) of endophyte effect, salt stress and their interaétion on physiological

parameters of wheat plant

solilazys  adudgyls b Juds s wigidg) Sy ol o glgime
S.0V i @b df Chlorophylla  Chlorophyll b Cargt}oid Relative content leaf
Endophyte (E) CNEPRY 2 1.35" 408" 6.92™ 5013.34™
Salinity stress (S) (g e i 0.304™ 0064y 115~ 424.03™
SxE e kX byl 0.098" 0.189" 0.89" 28,51
Test error owlosl gl 24 0.0083 0.072 0.21 1.75
C.V (%) sl g b - 1.35 N7.30 11.42 1.88

ms, ** and *: non-significant, significant at p<0.01 and p<0M05,.respectively
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Table 5. Comparisongef the average effect of endophytes,on the physiological parameters of wheat plants under salt

stress in greenhouse conditions
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Endophyte Salinity'stress  Chlarophyll a Chlorophyll b Carotenoid Relative content leaf
1x10® mM, O e mMg/g?t FW----mmmmmmmmmeeoeemeeee %
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150 6.49+0.073f 4.07+0.057%¢  4.24+0.047° 81.60+0.75°

The mean of similar letters does not have a significant difference at the P<0.05 probability level

W a8 ey il e (o (5l g BT iline By > (1 Sbo

olid bl g b gow vy SO il maw (o pniS

5 OlaST ol (8 e ygh s Sialidl L ool
Sodguil 05 (F JSE) dl aali8l paiS j0 aleigdll

cigig M g ol i o i
Jlie JH(E Js02) bosls uilyly a5o8 mls Gub
AP g oSt Bl (JiB p sy9d 2 g Cudgu]



Jlesl ol las s (Oukalaetal., 2021) oS oo Jos
5 OlenSTBl Glime 5o ol g, cow les
oo Voo 900 glacdale b 558 (25 50 aSsigd
ook 100 (558 15 53 Gliee (nl &S o o

(z o ¥ ) cél als

a g Control gz M. echinaurantica @ S. aquatilis
3) 2.5 1 a
32 7
W o o
N 29154 de h &
= f v =
o S Ft [ [
AT} e b el
dF o i i
2% 03k . 3
o LS bl b e
0 5 100 150
G i X Capdguil
Endophyte x Salinity stress
c g Control g M. echinaurantica @ S. aquatilis
0.8 -
2
‘a ~ 07 - ab a
32 a % cdeg
3T o6 ; deg, o
37 f = 2
a8 i
" E 04 B )
K=t ) -
5 037 [ -
" £ 2 o
= 5024 & 5
23 A A
T ] v
:2 o 0.1 1 ?Q a
N 0 ALk 7
0 5\ 100 150

N\

G5 S X gl
Endophyte x Salinity stress

N\

Olgeas LS o Joe lownS] BT lgreas Lsa
Sone b s 50 53 5 4 Gnly )0 Slu el Jelse
s olidl alesil ey Gl o Sles
50 wslge i OlalS deasgisdls Wl g oS
o (Wu et al,, 2020) oS Cooglie (5,98 (25 plp
(8 8l o Bacillus subtilis s :SL  aegs
Abd) - wljsl 3450 oS 50 ASeigs g u‘..\.u..s‘s..;]

el anlllae (pl ol b guen a5 (Allah et al., 2018

V0. 5,90 5,0 M. echinaurantica L xsU
3 ey YEIA Glie 4y 8 Giali8l s Yo oo
5 el S ae bl (P S) ot b b anlis
Sglie Lo e )3 i b (JoSse s U 320
JBadgs o GialEl oS SO, e 8 adgs wolS

Sz o bl a4y ol S el muly 5l pise lgeay

b g Control gg M. echinaurantica g S. aquatilis
100 -
38 gl 92 A2 o
Eie f
2 = ] <
Q.= ¢ b -
HE 609 A > o
. g 1 il =
< 40 1 EAH ] s
33 A X X
R = e e
~ % i ] 2
2, 3 1 B ) £
SRl ¥ .
c B ] Fad
31z - & oy

0 N\ 5 100 150
Gog S X Cardguil
Endophyte x Salinity stress

o PRY|

Sphingomonas> ¢ Micromonospora echinaurantiaca

Mg () (Jid (W) slo ol p geadli e g aquatilis
LBl b gyad Giod o puiS oLS Gl T (2) g

B35 ySileo . glaillS byl s yo (Y go o 1O+ g Vee e o)
g il wuo 0 gy Jleis | o )0 (5510 Sxo BB ali

el 0 ylailiw! glas suss yLis s
Fig.4. Comparison of the average effect of inoculation of
endophytes (Micromonospora echinaurantiaca and
Sphingomonas aquatilis) and no inoculation on the
parameters of (a) phenol, (b) flavonoid and (c)
antioxidant of wheat plant under salt stress with
concentrations (0, 50, 100 and 150 mM) In greenhouse
conditions. The mean of similar letters does not have a

significant difference at the five percent probability
level. Error bar indicates standard error.
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Fig. 5. Comparison of the average effect of inoculation of endophytes (Micremonospora echinaurantiaca and
Sphingomonas aquatilis) and non-inoculation on parameters (a) hydrogen peroxﬁie and (b) catalase enzyme of wheat
plant under salt stress with concentrations (0, 50, 100 and 150 mM) in, greenhouse conditions. The mean of similar
letters does not have a significant difference at the five percent probability-level. Error bar indicates standard error.
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Table 6. Variance analysis (Mean squares) of endophyte effect, saltystréss and their interaction on biochemical

parameters of wheat plant
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