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Table 1. Analysis of variance (ANOVA) of measured traits during germination stage in '‘Qods' cultivar.
Mean Squares o, oo S .

oy i 2l e 1 SES oy SR wpdle Soyy L o Jeb e, de b Aoy
Dl gl df 3yl axal S A azadlo azaiy, Coleoptile _’ AT length of oz e 5yl
PR ST "= Seedling Water _ TR PUE Eresh radicle * gt Germination _ <%
Sources of Variation Germination  Seedling Vigor ~ ontent | DrY coleoptile Dry radicle ~ Fresh Weight  length of radicle Rate  Germination
Percentage Index Weight Weight ~ Weight plumule Percentage
Sy e St 7 218 5811 ** 0.0197* 0.0418" 2.40™ 0.046 ** 0.032" 1497 1168" 0.34™ 218"
Sy 2 8078 183066™ 0.0335"™ 0.985™ 0.074™  9.232 ** 0.027™ 18967 37611 28.73" 8078™
SASbxs 0 14 *33.71 428 0.0219*" 0.007" 0.016" 0.0178" 0.004" 124.129" 136" 0.04™ 33.71"
s 48 16.98 2076736 0.0093 0.0035 0.0083 0.0086 0.0067 58.59 65.8 0.01 16.98
Sl e, o 7.97 9.11 13.87 7.82 6.29 6.02 6.66 7.11 7.89 3.84 6.08

Sl gre B ey g a0 B 9 ) Jlaizl zolaw 1o (ghlo cire oS5 4 NS g s e
*, ** significant at P=5 and P=1 levels of probability respectively, ns: not significant

o8 o8 puiS adgl w9 (Jjailgr ilise Glho (o g (Swnod ol 8 Y Jgu
Table 2. Pearson correlation coefficients among different germination and early growth traits of 'Qods' wheat cultivar.

i Sidlez oy (Fidilgx Cepw  azalyy Job azalle Job Ak, SS9 Sl 39 dy ol
(GP) (GR) (RL) (SL) (RDW) (SDW) azailus (SVI)
GP 1
GR +0.85%* 1
RL 0.79** 0.91° 1
SL 0.75"* 0.88%* 0.95% 1
RDW 0.77* 0.90%* 0.98* 0.94% 1
SDW 0.73"* 0.86°* 0.93+ 0.97° 0.92% 1
SVI 0.81 0.94° 0.99+ 0.97* 0.99+ 0.96%* 1

Sl g BWS! oy g 0o )0 0 5V Jliol zolaw (o (5l pxe i 5 4 NS g ek e
*, ** significant at P=5 and P=1 levels of probability respectively, ns: not significant
(GP: Germination Percentage, GR: Germination Rate, RL: Radicle Length, SL: Coleoptile Length, RDW: Radicle Dry Weight, SDW: Coleoptile Dry Weight, SVI: Seedling Vigor Index)
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Figure 1. Principal Component Analysis (PCA) plot showing the relationships between measured traits and
the grouping of treatments. Legend: The shapes (circle, square, and triangle) represent salinity levels of 0, 6,
and 14 dS/m, respectively. Colors indicate the different bacterial treatments. The blue vectors represent the
various measured traits. (Abbreviations: GP: Germination Percentage, GR: Germination Rate, RH: Radicle
Length, SH: Coleoptile Length, RFW: Radicle Fresh Weight, SFW: Coleoptile Fresh Weight, RDW: Radicle
Dry Weight, SDW: Coleoptile Dry Weight, LR/LS: Radicle to Coleoptile Length Ratio, RDW/SDW: Radicle
to Coleoptile Dry Weight Ratio, SVI: Seedling Vigor Index, Control, as: Azospirillum, Az: Azotobacter, Ps:
Pseudomonas).
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Figure 2- Effect of bacterial bio-priming on the germination percentage of wheat cultivar 'Qods' under
different salinity levels. Legend: Bars represent the mean of three replicates + standard error. Means
sharing a common letter are not significantly different according to Duncan's multiple range test (p < 0.05).
(Abbreviations: Control, as: Azospirillum, Az: Azotobacter, Ps: Pseudomonas).
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Figure 3. Effect of bacterial bio-priming on the germination rate of wheat cultivar 'Qods" under different
salinity levels. Legend: Bars represent the mean of three replicates + standard error. Means sharing a

common letter are not significantly different according to Duncan's multiple range test (p < 0.05).
(Abbreviations: Control, as: Azospirillum, Az: Azotobacter, Ps: Pseudomonas).
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Figure 4. Effect of bacterial bio-priming on radicle length (upper panel) and coleoptile length (lower panel)
of wheat cultivar 'Qods’ under different salinity levels. Legend: Bars represent the mean of three replicates
+ standard error. Means sharing a common letter are not significantly different according to Duncan's
multiple range test (p < 0.05). (Abbreviations: Control, as: Azospirillum, Az: Azotobacter, Ps: Pseudomonas).
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Figure 5. Effect of bacterial bio-priming on the radicle to coleoptile length ratio in wheat cultivar 'Qods’
under different salinity levels. Legend: Bars represent the mean of three replicates + standard error. Means
sharing a common letter are not significantly different according to Duncan's multiple range test (p < 0.05).
(Abbreviations: Control, as: Azospirillum, Az: Azotobacter, Ps: Pseudomonas).
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Figure 6. Effect of bacterial bio-priming on coleoptile fresh weight (upper panel) and coleoptile dry weight
(lower panel) of wheat cultivar 'Qods' under different salinity levels. Legend: Bars represent the mean of
three replicates + standard error. Means sharing a common letter are not significantly different according

to Duncan's multiple range test (p < 0.05). (Abbreviations: Control, as: Azospirillum, Az: Azotobacter, Ps:
Pseudomonas).
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Figure 7. Effect of bacterial bio-priming on radicle fresh weight (upper panel) and radicle dry weight (lower
panel) of wheat cultivar '‘Qods’ under different salinity levels. Legend: Bars represent the mean of three
replicates + standard error. Means sharing a common letter are not significantly different according to
Duncan's multiple range test (p < 0.05). (Abbreviations: Control, as: Azospirillum, Az: Azotobacter, Ps:
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Figure 8. Effect of bacterial bio-priming on the allometric index (root to shoot dry weight ratio) in wheat
cultivar 'Qods' under different salinity levels. Legend: Bars represent the mean of three replicates +
standard error. Means sharing a common letter are not significantly different according to Duncan’s
multiple range test (p < 0.05). (Abbreviations: Control, as: Azospirillum, Az: Azotobacter, Ps: Pseudomonas).
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Figure 9. Effect of bacterial bio-priming on the seedling vigor index (SVI) in wheat cultivar 'Qods' under
different salinity levels. Legend: Bars represent the mean of three replicates + standard error. Means
sharing a common letter are not significantly different according to Duncan's multiple range test (p < 0.05).
(Abbreviations: Control, as: Azospirillum, Az: Azotobacter, Ps: Pseudomonas).
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(improved growth).

Al



OV-FANE - Flags oylass [omsilss Sl /i)l iy ligios 5 osle

el Sy sles s 50

.)P U"‘ as J..S‘SA J..Dm |) u] uJ.‘> 6‘1.' ol..f @Lv‘y
2 D9 e 03955 e g (Jeb ol el a4 e
(K by wiile (55550 213 olie Jobss o S5l
ol S e len |y Gl el cullad g 005w |,
)L:._m.g sML@W L)"‘ L: 4.1..3LE.A (5‘)'.’ d.oblf L;aa.))
azalS ah wa b Sdlay e 5005 o e
ol el i ,o (Seleiman et al., 2022) 55,5 »
oy 4 o2l L o jled colallBgd o Slos w0 yre
Bole (naiz gred 4 Ol | @l pgrs S
539 9 Job ySe—iz yaldl ol cos 138len o JoSe
&w;ﬁlﬁ@b)oﬁélﬁu @ui)@ﬁé%jmi)
S5 Sl o 55 (e ST (150590558 il 42 L o
Bashan and de-) o,ls oLl pgl o wg;/ s
S dxwgs @ 1y ol ¢ ST o5 (Bashan, 2010
Uy a5 WS 0 Sy oo i WS glaiy ) ailel
Gl (2l p ogdle (Ha-Tran et al., 2021) weo
33 (k) il 0,90 L2alS b aS s jlusls
A S jg—as j0 S B aes e ojlala iy 4 ol
ylge oyl LS ,0 (Glick, 2014) sas aslsl 595 o,
e olie senld olidl o Gl 5y Sbles
pold ez ol S IS co sl gl o5 be s
(Vessey, 2003) s 4 o

odalins (g ol jo axgr > slaasil (SO
2 pobpanjl g 5L 551 L o shie el oni o3l il
ol az 31 o il pas Lulyl o ialle sla Lo
ode Oloal jo Ll el jlasl M gl oS o s
& kel Jds 9o Wil oo oy b el pdy 4y
Cosoz (ol ) el (e gl colB, ) iamo
Slgo 3l eolaiwl gl j& g oatpmali slag mSL YL
adgl Jolie 1o )40 50 000 3 guzme (65,5l 9 (gdxe
Jdo i Ggey90 Jolas pac ¥ bl alsls g9 Jails>
sl (2LS sle 9ey90 0> Sl e 9 g Jeione
s 1 (gl s 95 052900) lags S (ol s 95 (a5
S50, Jobs Wilgh so ST (YLl slaclale

70

@l Jolo 51 65 3T o iolhe G (S o
Slie (oolod G Sty (g ) (Snred e ile
St gl (¥ Jgaz) el ST b5 0550
ol Sl 25T o ) 6l sne 5 Sl 1593 Sl
=55 sbasld 5 (S—2 9 5 49 (Jsb) o3,
WJlo gl 05 9nl (azelS a5 Jiailsr ey )
gy S 059 s OV asy (23ls i (S 00
r=0.989,) 55 Y0 L k), & ol ;0 (RDW)
Snlos jsbay Dlas pl sas o lis a5 (P<0.001
2698 b e sl s 4S5 ailodlo Fw b Lo les 4
Sz 2o o (Nwad iged sl g Lails;
(G5 o lailyd s RDW) asy ) S 5 5 (GP)
VE w y0i Gl L Ll = 0.776) s oo 5 (558
5 Gl Do 4 bLS Il e e j o
i 0 ol o jebay (1= 0.117) als o Sme e
POV aw a3l iy Sialer aops o e s
A hte (> g 0y o S Wt (6598 Lulps
apd oo lis oS jabay gulds asl ol .(r=-0.132)
(035 Alyz 53 Cudbge By o o 23 Ll 5 s oS
§ S b 4l (Vb e S g 0 Gl (ea
g o S ,SouSy 5l an T 9o ol

O oS ol (i gblB jebay iyl cnl @l
ol o8, paiF gl ol ) 5 (Giailsx Dol a5 eh
ol oelS @il b ol b S e e |y ead
P paeiS by (G slod iy VL (L) caslllan
S orl Jeoss sl Fe Sal, SG plge 4 2L ST
55 (S S S e st pNeiz n Se e
Wy gl ar s iSTogue 4o @ilfaw porw ,iS
ol om 2Bl Sl oszy p (S Beiow o Tans 3
aS a2 oo i b ol S e an bl ol il
Bdlre o S Wil o0 (S jles S 5l kit
1) S relendbye JyEl o iy (gl aied ;08
Backer ) o ,51 pal,3 5,58 aclusl byl jo Lol
(etal., 2018

Gl Sl s ad; slaasls pled jSetn fals
gl 99 4l oaaline gy cnl )o a5 w550
Copas 9 Srom | (52005 ojly oy iy 5 Lo |
cdale (Jl alag jo (Munns and Tester, 2008) s
gools gals Iy ai ;) laswe ;o o il « e (oYL



OV-FANE Flags o )lois [oms3lss Jlo /o]l 1y Slagios g psle

Ol Ken g 00l 20l

&S doe o sly jleolaiw | gl p 1y aas jlaslein >
2 alBan poiws ju 35 L Sedi 2 65 p ey uli T o
yebas doi pl L galdS Sle o 55T 8 0,000 el
aile) alizre slo, 5 g5k oS paS WS e ol o,e0
A (ool G2alS 5 (455500 S iS5 (30,90 S0 IgS
2 Sl Cale 4 aS wiS e obmal gaied 08 o580

.(Backer et al., 2018) s;lu oo dtwz p» «Zeglio

RO L

o el g1l (Sl aBilosl aghy ool @mls
WoT)l5 b Sl g oS S5 L 0 gy Lo i
So 5 s SIS Jaws sl She sl ),
o 05 il 03, Sy g i |5 sl
s Jyarmars o8, (5 ool 5 odlia iy o
Il @l g sl na Bl joi Bl o 1) el
L oassless B oo ge )18 ol ,slas sl po 1) (s s
652818 Cos 4 o plord sloogS By as als
Sgd oo et @l Gl oSS sl )l 6 Sl
otelo) S Ll )0 pgrs pon 35 cpl (2S4S
o 9995 (s p 9y Jmad Jsb 5o 5 (SIS
2Ol G g oy g b ool @l 5l Ll
bl 5o colyd 0 SoeS w0 el bl &
P ol oSlee b 0,8 18 b 5yl 050 5 (slae e
(et Dg— odpzis S sz g (28l bl b
5 ber—ism G Jelow 5,05 b (eSS Olalllas
Ol 8l Gl 31 Cdlad i 0o« J5SUge
Jemi b b pe oo Ol s GlamSTy 5 VLI 5la)
S, g5l i Bes Syo 4y Wilgi oo lS o A5 4
bl SaS srhe (S0

S10y0d 9 ;NS

5 &3 s Ui oS —talesl o g onl
o plsl ol g S Dladod dnge S (5590555 g
asgezme (nl p iz Lol B8 jlal g ol oS
TSR S

24

Algedy panlyazaiy, adslos, s Sialer sly e
@ a1 lgie o sy cpl ol b as 1o oas,losb
0,10 dezg adsy Sy (gl ag cdale G oL xSL
wls plas wls a8 jshilen (Jl> ol b (Glick, 2012)
S e g Sl Slap—aiilSe o5y 25 Jloel b
Sl gyl a5l g oo Jlad las iSb ol o,
s il 8 0skiie st 5 o ey a8l

Sgute ;0 (PS) Lwligogos —w by o a00 s 55 o Slas
ot (A8l o ddy ) S ()59 Cammnd) (6 yiogl] ol
Olas 21 o as b 009 6y0d phaw el
a S el Glo 1y 0, Sles o i (oS 5 sl Lo
oolazw | Sy94 uu[.v}.ojd}.w 4.:‘&} as A{bd‘sc QLMJ ual}
5 a5l 55k 5 slyls Yhois !« gaiss ol o
WMol cnlcmul ot ps bl 5 5o s gl ohs
(EPS) Gsloay, 5L L5351 =55 L (Glick, 2014)
Ay, BlLbl s Ldlxe lasreyy ) S a5 ail ol
Com & olio gy a—asxd [, olS 4y 5 00,5 sbx
Morcillo and Manzanera, ) oS o SoS a iy,
S eSS Sz gl 1) die s opl (2021
p2lp e gl al 5l sl e 5 plowbi i
Cote b g e n e ol IS mlis ol

s aidl b og,e—i a5 ol s 0 PGPR
Sladllas . cowliwlyor S0 ol S sagy 5l slos i
sl w b pand mali a5 wlosls (l_is gounin
Sl el sone b Wl oo 5L/ g ulipegos—w
a2 o ol gie b a1 oS pl Jod (ga—d
(Nawaz et al., 2020; Saghafi et al., 2014)
el g lons 350 5 ppl sl 050y G crizean
L5 Ghgi ol 5o &S (ST addgs Gyl jlasa
Ol Law gi (s odline a8l ds diny ) S o34
L.(Ha-Tran et al., 2021) el ouars 0l (5 b

iz 90 50 Ghegh ol ol Coaeal g (65l58 (1> 0l
05) S 2 059 55 el el sl (s LB (g0l
Jlis & Sligios (el oS Il 45 (oa5) ol
aS oy i ol aslllas wilosgs polas plB )| oo gas
o] ol caigs S "ol Jeils, LPGPR



OV-FANE - Flog0 o lads [pa05lg0 Jlu /ol Jdo Slaass g pele oy g Hlond Gt U

&bw

Abdul-Baki, A.A. and Anderson, J.D. 1973. Vigor determination in soybean seed by multiple criteria. Crop
Science, 13(6): 630-633. https://doi.org/10.2135/cropscil973.0011183x001300060027x (Journal)

Backer, R., Rokem, J.S., llangumaran, G., Lamont, J., Praslickova, D., Ricci, E., Subramanian, S. and Smith,
D.L. 2018. Plant growth-promoting rhizobacteria: context, mechanisms of action, and roadmap 2to
commercialization of biostimulants for sustainable agriculture. Frontiers in Plant Science, 9: 1473.
https://doi.org/10.3389/fpls.2018.01473 (Journal)

Bashan, Y. and de-Bashan, L.E. 2010. Azospirillum. In: Hillel, D. (ed.) The handbook of soil sciences:
properties and processes. 2nd edn. Boca Raton: CRC Press, pp. 20-35. (Book)

Bashan, Y., de-Bashan, L.E., Prabhu, S.R. and Hernandez, J.P. 2014. Advances in plant growth-promoting
bacterial inoculant technology: formulations and practical perspectives (1998-2013). Plant and Soil,
378(1): 1-33. https://doi.org/10.1007/s11104-013-1956-x (Journal)

FAO. 2021. The state of food and agriculture 2021: making agrifood systems more resilient to shocks and
stresses. Rome: FAO. https://doi.org/10.4060/cb4474en (Book)

Glick, B.R. 2012. Plant growth-promoting bacteria: mechanisms and applications. Scientifica, 2012: 963401.
https://doi.org/10.1155/2012/963401 (Journal)

Glick, B.R. 2014. Bacteria that benefit plants by promoting growth. Acta Horticulturae, 1038: 1-13.
https://doi.org/10.17660/ActaHortic.2014.1038.1 (Journal)

Ha-Tran, D.M., Nguyen, T.T.M., Hung, S.H., Huang, E. and Huang, C.C. 2021. Roles of plant growth-
promoting rhizobacteria (PGPR) in stimulating salinity stress defense in plants: a review. International
Journal of Molecular Sciences, 22(6): 3154. https://doi.org/10.3390/ijms22063154 (Journal)

Liu, Y., Zhang, Y., Feng, H., Zhu, Y. and Wang, J. 2023. The role of plant growth-promoting rhizobacteria
(PGPR) in improving crop salt tolerance: a review. Frontiers in Plant Science, 14: 1164228.
https://doi.org/10.3389/fpls.2023.1164228 (Journal)

Maguire, J.D. 1962. Speed of germination aid in selection and evaluation for seedling emergence and vigor.
Crop Science, 2(2): 176-177. https://doi.org/10.2135/cropscil962.0011183X000200020033x (Journal)

Morcillo, R.J. and Manzanera, M. 2021. The effects of plant-associated bacterial exopolysaccharides on plant
abiotic stress tolerance. Metabolites, 11(6): 337. https://doi.org/10.3390/metabo11060337 (Journal)

Munns, R. and Tester, M. 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology, 59: 651-
681. https://doi.org/10.1146/annurev.arplant.59.032607.092911 (Journal)

Nawaz, A., Shahbaz, M., Asadullah, Imran, A., Marghoob, M.U., Imtiaz, M. and Mubeen, F. 2020. Potential
of salt tolerant PGPR in growth and yield augmentation of wheat (Triticum aestivum L.) under saline
conditions. Frontiers in Microbiology, 11: 2019. https://doi.org/10.3389/fmich.2020.02019 (Journal)

Richards, L.A. (ed.) 1954. Diagnosis and improvement of saline and alkali soils. Agriculture Handbook No.
60. Washington, D.C.: U.S. Department of Agriculture. (Book)

Saghafi, K., Ahmadi, J., Asgharzadeh, A. and Esmaeili-Zadeh, A. 2014. Investigating the effect of plant
growth-promoting rhizobacteria (PGPR) on growth indices of wheat under salinity stress. Soil Biology
Journal, 1(1): 47-59. https://doi.org/10.22092/shj.2014.106296 (Journal)

Sanders, E.R. 2012. Aseptic laboratory techniques: Plating methods. Journal of Visualized Experiments, (63):
e3064. https://doi.org/10.3791/3064 (Journal)

Seleiman, M.F., Aslam, M.T., Alhammad, B.A., Hassan, M.U., Magbool, R., Chattha, M.U. and Battaglia,
M.L. 2022. Salinity stress in wheat: effects, mechanisms and management strategies. Phyton, 91(4): 747-
768. https://doi.org/10.32604/phyton.2022.019553 (Journal)

Vessey, J.K. 2003. Plant growth promoting rhizobacteria as biofertilizers. Plant and Soil, 255(2): 571-586.
https://doi.org/10.2307/4295287 (Journal)

Zeng, L., Zhang, Y., Wu, H., Wang, C., Li, Y. and Liu, G. 2022. A simplified method for evaluating salinity
tolerance of wheat germplasm at the germination stage. Agronomy, 12(3): 633.
https://doi.org/10.3390/agronomy12030633 (Journal)

Zhou, H., Shi, H., Yang, Y., Feng, X., Chen, X., Xiao, F., Lin, H. and Guo, Y. 2024. Insights into plant salt
stress signaling and tolerance. Journal of Genetics and Genomics, 51(1): 16-34.
https://doi.org/10.1016/j.jgg.2023.10.003 (Journal)

44


https://www.google.com/search?q=https://doi.org/10.2135/cropsci1973.0011183x001300060027x
https://doi.org/10.3389/fpls.2018.01473
https://doi.org/10.1007/s11104-013-1956-x
https://www.google.com/search?q=https://doi.org/10.4060/cb4474en
https://www.google.com/search?q=https://doi.org/10.1155/2012/963401
https://www.google.com/search?q=https://doi.org/10.17660/ActaHortic.2014.1038.1
https://www.google.com/search?q=https://doi.org/10.3390/ijms22063154
https://www.google.com/search?q=https://doi.org/10.3389/fpls.2023.1164228
https://doi.org/10.2135/cropsci1962.0011183X000200020033x
https://www.google.com/search?q=https://doi.org/10.3390/metabo11060337
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.3389/fmicb.2020.02019
https://www.google.com/search?q=https://doi.org/10.22092/sbj.2014.106296
https://doi.org/10.3791/3064
https://www.google.com/search?q=https://doi.org/10.32604/phyton.2022.019553
https://www.google.com/search?q=https://doi.org/10.2307/4295287
https://doi.org/10.3390/agronomy12030633
https://doi.org/10.1016/j.jgg.2023.10.003

rming ......oooooeene... Iranian Journal of Seed Science and Research, Vol. 12, No. 2, 2025(51-68

Impact of bio

Impact of bio-priming with a PGPR consortium on germination and early
seedling growth of a salt-sensitive wheat cultivar (Qods) under salinity stress

Ahmad Asgharzadeh'*, Kobra Saghafi?, Bahman Khoshru®, and Mohammad Amin Bagheri*

Received: July 27, 2025 Accepted: September 17, 2025

Abstract

Soil salinity severely limits the production potential of high-yielding but sensitive wheat cultivars by
compromising the critical stages of germination and seedling establishment. This study was conducted
to evaluate the protective potential of seed bio-priming with Plant Growth-Promoting Rhizobacteria
(PGPR), applied individually and in combination, to improve the germination and early growth of the
sensitive wheat cultivar 'Qods' under salt stress. For this purpose, a factorial laboratory experiment was
conducted in which wheat seeds were bio-primed with eight bacterial treatments (control, single and
combined inoculations of three isolates of Azospirillum, Azotobacter, and Pseudomonas) and then
subjected to three salinity levels (0, 6, and 14 dS/m). Key germination indices, morphological traits, and
biomass accumulation were evaluated. The results showed that under severe salt stress (14 dS/m), while
the growth of the control was severely suppressed, bio-priming with the triple bacterial consortium led
to a remarkable improvement. Compared to the stressed control, this treatment increased the seedling
vigor index by 32.2%, germination rate by 20.42%, coleoptile, and radicle length by 40.51% and 38.14%
respectively, and root dry weight by 26.32%. A noteworthy finding was the unique performance of
single inoculation with Pseudomonas in maintaining the highest root-to-shoot dry weight ratio under
severe stress. These findings highlight the potential of using microbial consortia as a bio-ameliorant to
enhance resistance and ensure crop establishment in salt-affected agricultural ecosystems.

Keywords: Biomass allocation pattern; Combined treatment; Pseudomonas, Salinity stress;
Seedling vigor index
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