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Abstract

Introduction: Plants are usually exposed to a wide variety of abiotic stresses which can seriously
inhibit plant growth and development. To address this, numerous strategies have been proposed
and used by researchers, including increased irrigation rounds, cultivation of salinity- and drought-
resistant genetically modified crops (GMO crops), and application of plant-growth-promoting
rhizobacteria (PGPRs). PGPRs can act as an efficacious, long-lasting, and crucial option to
ameliorate the negative impacts of abiotic stresses in crops. Plant growth promoting rhizobacteria
can serve as key in sustainable agriculture by improving soil fertility, plant tolerance, crop
productivity, and maintaining a balanced nutrient cycling. Consequently, search for new strains of
PGPR for biofertilizer and development of microbial diversity map for any region is helpful.

Hence, the present study investigates the effect of native salinity-resistant PGPRs on the
physiological and biochemical characteristics and productivity of alfalfa plants in soil under
salinity stress.

Materials and methods: The present study was carried out as factorial in completely randomized
design at four replications. The experiments were conducted on alfalfa plants (Bami variety).
Treatments were two levels of salinity (control and 200 mM sodium chloride and calcium
chloride), five strains of PGPRs (SM16, SM27, SM65, SM73 and SM89) with two treatments
controls [positive controls (20 mg/kg of phosphorus and 70 mg/kg of nitrogen fertilizers and no
bacteria) and negative controls (no fertilizer and no bacteria)]. Growth parameters (dry weight of
aerial parts, roots, and nodules), osmolytes (reducing sugars, soluble proteins, and proline), K"
uptake, K*/Na" ratio, and concentration of malondialdehyde (MDA\) in alfalfa plants in non-saline
and saline soils were measured at the end of 60-day experiments.

Results and discussion: The analysis of variance results revealed a significant effect of salinity on
the dry weight of aerial parts and roots, the weight and number of nodes in each pot, the K*/Na"
ratio in roots and aerial parts, and the concentration of reducing sugars, proline, MDA, and soluble
proteins in the aerial parts. The effect of PGPRs was also found to be significant on all above traits.
Under no salinity stress and compared to negative control plants, the dry weight of aerial parts in
plants inoculated with superior PGPRs (SM89, SM16, and SM65) was raised by 2.3, 1.9, and 1.8
folds, while this increase in plants inoculated with mild (SM73) and weak (SM21) PGPRs was 1.4
and 1.2 folds, respectively. Under salinity stress and compared to negative control plants, the dry
weight of aerial parts of plants inoculated with superior PGPRs (SM89, SM16, and SM65) was
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increased by 4.2, 4, and 2.1 folds, while this property in plants inoculated with mild (SM73) and
weak (SM21) PGPRs was raised by 1.7 and 1.2 folds, respectively. Despite a drop in the growth of
aerial parts in plants under salinity, salinity-resistant PGPRs were able to significantly enhance the
growth of aerial parts of plants in saline conditions compared to the controls (without fertilizer and
PGPRs). Salinity stress reduced other growth parameters, the rate of K* uptake, and K*/Na" ratio,
while it contrarily increased the concentration of reducing sugars, soluble proteins, proline, Na®,
and MDA in plants. Inoculation of alfalfa plants with two superior PGPRs (SM89 and SM16) was
found to significantly improve growth parameters, uptake of K*, osmolytes, and K*/Na" ratio in
alfalfa plants under non-saline conditions and salt stress, compared to control plants (without
PGPRs inoculation and using fertilizer). Ultimately, each inoculation of plants with all three
superior PGPRs reduced the concentration of MDA and Na" in alfalfa plants.

Conclusion: Experiments on the biochemical and physiological plant-PGPR interactions revealed
that plant responses to salinity stress are largely controlled by microbial communication. PGPRs
can trigger systemic resistance in plants through their metabolites, which function as extracellular
signals, thereby enabling plants to survive under abiotic stresses. In the present study, microbial
inoculation was found to significantly improve the physiological functioning of the plants. The
results revealed that adding native salinity-resistant PGPRs to the soil can diminish the negative
effects of salinity stress on alfalfa plants. Likewise, inoculation and enrichment of the plant's
rhizosphere with beneficial and resistant microbiomes were efficient for sustaining the growth of
plants under salinity stress.
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Figure (2) Comparison of the effect of alfalfa plant

inoculation with rhizobacteria (SM89) and positive
control

1- Rady et al.
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Table (3) Mean comparison of the interactions of plant growth-promoting rhizobacteria and salinity on
shoot dry weight, weight of nodules and number of nodules per pot
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Treatment Shoot dry weight (g pot™) Weight of nodules (mg pot™)  Number of nodules per pot
0 mM 200 mM 0 mM 200 mM 0 mM 200 mM

S89M 444713 2.183% 241.9% 45.34° 165.8" 48.00°
S16M 3.847° 2.092° 185.3° 58.58¢ 187.3 77.75°
S65M 3.764° 1.129° 80.09° 12.14 145.5° 18.75
S73M 2.781° 0.933° 63.75¢ 10.443% 77.50¢ 18.75
S27TM 2.476% 0.667° 58.01¢ 9.792% 75.25¢ 17.75'

SON8OP20 4.614° 2.483% 0.00" 0.00" 0.00° 0.00¢

SONOPO 1.983¢ 0.526° 0.00" 0.00" 0.00° 0.00¢

LSD 0.597 0.597 6.22 6.22 13.61 13.61

I 3 g Bt oy ey oelan 53 LSD g3 bl e U 51,15 (sl o Siles
Means followed by the same latter are not significantly different according to LSD-test at P<0.05
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Figure (3) The effect of different rhizobacteria on root dry weight
Means followed by the same latter are not significantly different according to LSD-test at P<0.05
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Figure (4) The effect of different rhizobacteria on soluble proteins
Means followed by the same latter are not significantly different according to LSD-test at P<0.05

JS8) lse el 5 (F dsur) 4l 3 K'/Na"
9 (vf«.lf P V':Mb“ (e b (059 58) OB sy
b;f‘a)b(ws}fi.ac&.rcw)dj@rfﬂu
Na/K™ Gl glacaw 55 bid bols pie
el ol ol LO0Y) 545 . CI/NOy 5 Na'/Ca®
‘Ufﬁ &_«:-WT “5f“""‘ &.J LY o‘.:f &;:aﬂlm’ U’:‘f.‘je‘

5 ookl ek sl iy oS e Gl STlss,
S Gl LB x50 S S, S S
rl b olS el s S aalia 5 031> i) s IS
3 Sdas o J350S Glgme 1l Eol gla SThs s
b ol OLLS b awlie 53 olS 055 S 5 4l
S Sl apm 55 L mdl LS g Sy, )
SR Eel ot mdli QLS L awlis 55 PGPR
2 peely Oy Bl BIBHs ede O Zhle
S e S Slsn) sy A S S,
S5y 95y pde Ll o RKGRESEPWIRCEINNEY

(FY) As )58 i

S ) a5 b pa il Kos alllas
Wbl oligesds sl 5wty sl jpmssT
gl TS A e D1 ol e e
SE g @S A e Sl LS
RETERWANWIC PR NI PR PO JPCR P
DS L awlie 3 1) 5S35 SYBS ol
ol @l oS (W) s 2als ObLE ol ezl
Ol ol andllae . oidls Cille Slidos ol b asdllae
5 35S ol S Ll 5 sla iSThy g, ol
Hgd o LT (65 0P a5 LB 2als 0T JUis &
Cii gl s e Ko S Ll el
(FY) 545 o0 e S0
stloh pINT 9 4l 5 o 41 ey Cod

Cel goph o sl 0l (SKle amlie mls
cu&\f(\,u\,uiw.s(.J_.\.wu:gpuwl.gu:..ali
5 Ll 53 ol 53 e 4 el S A 3
e B 1B (P Jade) AST e My el
gy dae 5ol G0y 035 YL s 4 L5
Loy Al el i O S (Bb 15 A8 olS
(Sosh AL s G Oad Ll s s (FF) 545 elE
S Lol POPR lags ST b ans gy 0lalS mils



Vo

\FoY Jl.ﬁ@\@)h..if?Al;-(‘_gj)jufdmbdaﬁ)u&bjww

. 1.6 -
; m % m a
. O 1.2 4
3 = ab b
L :
+ 0.8 4
. ©
¥z
15 .
¥ '
t8 M |
i 2 S89M S16M S65M S73M S27M  SON70P2
Y

@lgﬁ&wmwéwkgwyukkns&}fbgﬁ);' (O)Jﬁﬁa
NI 51 Gxo BT Ao 33 geiy et 38 LSD (03T (bl g dilie B9 5> (81518 Sl (puilo
Figure (5) The effect of different rhizobacteria on shoot K*/Na* ratio
Means followed by the same latter are not significantly different according to LSD-test at P<0.05
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Table (4) Mean comparison of the interactions of plant growth-promoting rhizobacteria and salinity on reducing
sugars, proline, MDA and root K*/Na" ratio

Sl oS o) oS Ll (slais 05 5 Jses,50) s Wl g ol cble ) ke & el S
Treatment (e 0350 5 o (o365, 03505 2 dsm3,50) Root K*/Na" ratio
Reducing Sugars (mg g’ Proline (uMg™) G
1
) Malondialdehyde
concentration (uMg’
1
)
0omM 200 mM 0omM 200 mM OmM 200 mM 0mM 200 mM
S89M 44.15° 67.82° 2.958% 3.3807 17.28° 39.15¢ 1.534° 1.026°
S16M 40.86™ 56.43° 2.438™ 3.301° 20.55™ 40.69¢ 1.766° 0.506%f
S65M 40.73% 53.92° 1.991% 2.512% 22.27% 44.43° 1.096° 0.638%
S73M 20.37¢ 36.72% 0.210f 1.691% 25.47¢ 54.21° 0.708¢ 0.393f
S27M 19.20° 33.43° 0.464f 1.384° 26.28° 58.57° 0.541%f 0.383f
SON8OP20 51.85° 67.13° 2.924%® 3.302% 23.45° 50.60° 1.772% 0.535%f
SONOPO 19.249 25.39° 0.437" 0.651" 25.09° 60.66° 0.459° 0.341"
LSD 4.64 4.64 0.525 0.521 3.691 3.691 0.196 0.196

1l e M oy iy o 53 LSD 05T ol alicn U35 1,5 sl Sle
Means followed by the same latter are not significantly different according to LSD-test at P<0.05
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