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Abstract

Introduction: Abiotic stresses are the most important limiting factors affecting agricultural
productivity. Soil salinity is considered one of the most severe abiotic stresses in plants. Crop
plants rely on biological mechanisms to withstand unfavorable environmental conditions.
Failure to do so can hinder their growth, development, and yield. The plant microbiome
plays a fundamental role in supporting plants by aiding nutrient absorption, enhancing
disease resistance, and improving tolerance to abiotic stresses. Its metabolic and genetic
potential equips plants to combat unfavorable environmental conditions. Consequently,
utilizing salt-tolerant halophyte rhizosphere bacteria presents an effective strategy for
enhancing plant growth in saline soils.

Materials and methods: This research aimed to isolate indigenous bacteria resistant to
salinity stress from the rhizosphere of desert plants in Kerman Province and evaluate their
effects on selected morphological and biochemical characteristics of maize plants grown
under salt stress conditions. First, rhizosphere bacteria from desert trees were isolated and
purified. Their growth was then examined at varying sodium chloride concentrations (0,
100, 200, 300, 400, 500, 600, and 650 mM) in solid microbial culture media. Subsequently,
quantitative testing was conducted in liquid microbial culture media supplemented with
different sodium chloride concentrations (0, 320, 650, and 850 mM).

Four bacterial strains (BZ79, BR90, BG59, and BG71) were selected for the greenhouse
study. The experiment, conducted on maize plants, followed a completely randomized
factorial design with three replications, including four salt-tolerant strains and a control.
Two soil salinity levels were tested: non-saline soil (1.32 dS/m) and saline soil (12 dS/m).
Over 90 days, measurements were taken of fresh and dry shoot and root weight, shoot and
root length, and the concentrations of chlorophyll a, chlorophyll b, total chlorophyll, and
carotenoids in maize plants under both saline and non-saline conditions.
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Results and discussion: The statistical analysis revealed significant differences in salt
tolerance among the bacterial strains, with some demonstrating the ability to withstand
high sodium chloride concentrations (up to 850 mM) and maintain robust growth. Salt
stress induces osmotic imbalance, ionic disruption, and oxidative damage in maize plants,
ultimately reducing their growth and photosynthetic efficiency. Results indicated that
saline soil led to reductions in several key plant parameters compared to non-saline soil,
including dry shoot matter (51.4%), fresh shoot weight (24.4%), fresh root weight (15.9%),
shoot length (7.8%), chlorophyll a content (64.2%), chlorophyll b content (115%), and
carotenoid content (3%). However, inoculation with salt-tolerant bacteria significantly
improved dry matter accumulation, fresh shoot and root weight, shoot and root length, and
concentrations of chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids in both
saline and non-saline soils. These enhancements were more pronounced in saline soil.
Compared to uninoculated plants (B0), bacterial strains BZ79, BR90, BG59, and BG71
increased shoot dry weight in non-saline soil by 20%, 12.3%, 13%, and 3%, respectively,
while in saline soil, the increases were 62.2%, 39.5%, 59%, and 41.4%, respectively.
Inoculation with BZ79, BG59, and BG71 in saline soil improved chlorophyll a
concentration by 1.7%, 1.9%, and 2.4%, respectively, and enhanced chlorophyll b levels
by 2.6%, 1.7%, and 1.8%, respectively. Notably, strain BR90 did not increase chlorophyll
a content, but both BR90 and BG59 resulted in a three-fold increase in carotenoid content
compared to uninoculated plants in saline soil.

Conclusion: Among the indigenous rhizosphere bacteria, BZ79 was the most effective in
enhancing maize plant tolerance to salt stress. These findings highlight the potential of
these salt-tolerant bacteria as a valuable tool for mitigating salt stress damage by
improving the physiological performance and photosynthetic pigment levels of maize
plants. Given their beneficial effects under saline soil conditions, these microorganisms
could be strong candidates for future biofertilizer development.
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Table (1) Analysis of variance of the effect of salinity, bacteria and their interaction on the growth rate
of bacteria in liquid culture medium

SAL S Ol 3T s Sl e
Growth rate of bacteria Sources of Variation
sSL
0.270° Bacterium
S5 sk
4.220° Salinity levels
Sosh sl X 6 S
0.079" Salinity levels x Bacterium
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0.702 Error
(Lo 3) Ol i oy 15
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*Significant at 5% probability level



YV¥

) S 4 r)Uu sl S gsllis 0L, 30 (g e

&b Culs Lot 53 o oy 57 ead Lalisee (S cdalé 53 (ODgoonm) Bs 5wy O a0 (3Bl duglin (V) Jge
(e 92)

Table (2)

Comparison of the mean bacterial growth (OD600nm) at different sodium chloride concentrations in
liquid culture medium (quantitative method).
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BG7 1.08%" 0.89" 0.74% 0.65"
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BR86 1.21%¢ 0.61™ 0.57% 0.49"
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Means followed by the same latter are not significantly different according to LSD-test at P<0.05
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Table (3) Analysis of variance of the effect of salinity, bacteria and their interaction on physiological

traits of maize plants

Slas o Sk a0 s e
mean square values «&sl;7  Sources of variation

o dsb @l el J b s 5053 @l P 05y e gl oS 055 df

Root Length Shoot length  Root fresh weight Shoot fresh Shoot dry weight
weight

563.01** 208.40** 250.44* 923.%** 44.55%* 4 <SS
Bacteria
667.40* 448.50** 667.40** 2100.3** 18.16** 1 Soss @JM
Salinity levels
49.60** 32.82%* 24.59%* 46.7** 7.94%* 4 S5 e X 5 S
Salinity
levelsxBacteria
6.09 3.67 5.50 8.43 0.32 20 SelesT sl
Error

3.90 2.03 4.69 2.44 231 -

(Aep33) Sl oS s oo
CV (%)

.J.A:@L)Li.}bu\.o):g&_}@du}lck.»)éé)bw)&)b@:uﬁb%j o** s
™, * and ** are non-significant and significant at 5% and 1% probability levels, respectively.

D58 ol (D3eigr 1 Olae p (Sogh 9 LG AL TR 2 (Sl duslio(£) J9ur

Table (4) Comparison of the mean interaction effects of

bacteria and salinity on the physiological traits

of maize
Sles (OIS 55 0.8) alsm ot 6Kast 055 (OIS 53 0,8) (lm ol 5 05 (O 53 ) 4ty 5 05
Treatment Shoot dry weight (g/pot) Shoot fresh weight (g/pot)  Shoot fresh weight (g/pot)
1.32.dS/m 12 dS/m 1.32dS/m 12 dS/m 1.32dS/m 12 dS/m
BO 24.23° 16.00" 112.0° 90" 45.0% 38.8
BZ79 29.10° 25.95° 138.0° 121° 64.5% 51.0°
BR90 27.21° 22.33° 128.6° 115° 50.0" 42.0°
BG59 27.37° 25.44° 134.0° 125" 62.0° 48.0°
BG71 24.96% 22.63° 122.0° 100° 52.0° 46.5%

I 1 e M s 53 oty o 53 LSD 505T bl s arlin U5 (sl sla o Kile
Means followed by the same latter are not significantly different according to LSD-test at P<0.05
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S ols dlsy 9 2lad Pl Jab 9 (59
Table (5) Comparison of the mean interaction

effects of bacteria and salinity on shoot and
root length of maize

Sl =l eIl gl (eile) asy, J b
Treatment (o s5l) Root length (cm)
Shoot length (cm)

1.32 12 1.32 12
dS/m dS/m dS/m dS/m

BO 88.50° 82.1" 50.00° 47.00

BZ79 94.06° 90.2d® 64.00° 56.00°

BR90 104.60° 974> 6873 56.10°

BG59 98.30" 92.9° 7850 62.50°

BG71 104.80° 89.0° 76.00° 70.23"

2 o 3 LSD 05T ol 2 e U 51l (sla o SiLee
TR U FYgee VRO, T INWERYS
Means followed by the same latter are not

significantly different according to LSD-test at
P<0.05

2 Sl £ Sosh AT e b el
jdi\ﬁ(.l.uluJSL;J,@‘wb@U&\ﬁtmu,
DS b anlin 53 5p8 ST s bl s, OlalS s asy
22 (0 Joder) Cib s jeh e S s edd CiS
4 akyy Jsb s ol gl gl (1Y dSIM) Ly oS
Sl AT O dald a4 S Aoy /P S VA S S
gl Al dy Jigls Slado = b 55 (0 Jgur) 3L
() b G)F ey oS 3 (opn A 1 s sl
LS sl (g5 5 48 s 5 2 0 R,
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OF) 45 5 G el IEETS
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Table (6) Analysis of variance of the effect of salinity, bacteria and their interaction on photosynthetic
pigments of maize.

Slay o Kike

Lg:\jT 4>

Ol s C“
mean square values df Sources of variation

455508 5 s k5 b Jss )8 a s )

Carotenoids  Total Chlorophyll ~ Chlorophyllb  Chlorophyll a
10.71** 128.50** 116.4** 19.62** 4 S S
Bacteria
20.53** 224.70** 96.00** 24.88** 1 So55 sl
Salinity levels
3.10** 29.85** 42.84** 5.69** 4 o5 sk x 6 S|
Salinity levelsxBacteria
0.049 0.35 0.17 0.13 20 SalesT sl
Error
8.31 3.71 4.62 5.32

(A 33) Sl ks s o0
CV (%)

..md,,gu;t,M,;&)@Jbtc@uﬁ@uw}wu@“ﬁ;%; 4** *Fns
™, * and ** are non-significant and significant at 5% and 1% probability levels, respectively.

D3 ol 33 (5 Fwgid (S0 T ) ¢ (S99 9 WS STl i o 3 (mSlio 4wy lio (V) Jgur
Table (7) Comparison of the mean interaction effects of bacteria and salinity on the photosynthetic
pigments in maize.

Sles OispSlp S sl 05sp ST S kb 35S 0508 ) IS b i 0358108 o) 355558
Treatment (5 & (5 039 (5
Chlorophyll a (mg/g FW) Chlorophyll b (mg/g FW)  Total Chlorophyll (mg/g Carotenoids (mg/g FW)
FW)
1.32dS/m  12dS/m  1.32dS/m 12dS/m  1.32dS/m 12dS/m  1.32dS/m 12 dS/m
BO 6.14¢ 3.74° 8.75° 4.07° 15.06° 7.90¢ 1.05° 1.02°
BZ79 6.04¢ 6.48¢ 23.19° 10.71° 29.60° 17.39" 4.07° 1.20°
BR90 7.63¢ 3.34° 7.29¢ 7.48° 15.07¢ 10.96' 3.97° 3.38°
BG59 9.92° 7.19° 7.70° 7.07° 17.79° 14.35° 4,19 3.80°
BG71 9.00° 8.86° 7.54¢ 7.25° 16.71% 16.27¢ 4.18° 1.66°

Il e OV 55 oty o 53 LSD 0505T olil  arlice Co5 0 (sl sla o Kibee
Means followed by the same latter are not significantly different according to LSD-test at P<0.05

2 Sash 55 b 5 O3 S b,  6nsd 4 pslas
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