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Introduction

Climate change is causing soil salinization, resulting in crop losses Worldwidexong plant responses to salinity,
mechanisms that control ion uptake, transport, and balance,%as well ‘as water potential, photosynthesis, cell
division, osmotic adjustment, enzymatic activities, polyamine regulation, stress signaling, and formation of root
apoplastic barriers play critical roles in salinity tolerafice. To enhance plant tolerance to salinity stress, elicitors are
employed as a short-term, viable solution to mitigate its adverseSC%cts. Pseudomonas putida, Curtobacterium
spp., and L-glutamic acid play a vital role in maintaining no\gfl plantygrowth and metabolism by influencing
photosynthesis and respiration processes. These beneficial microorganisms and compounds serve as cofactors for
enzymes such as catalase and ascorbate peroxidase, actively contributing to the removal of reactive oxygen species
(ROS). Chrysanthemum morifolium isiglobally recognized asione of the most important ornamental plants, valued
for both its medicinal and edible uses. Itsyremarkable diversityiin flower types, colors, and plant architecture has
secured its prominent position ifigthe floriculture industfy. Known as the "Queen of the East," this cut flower
belongs to the Asterageae family. Giyen the ernamental and medicinal importance of chrysanthemum and the
prevalence of salinity stress, this study ‘aims to explore the impact of Pseudomonas putida, Curtobacterium spp.,
and L-glutamic acid spray. Specifically, it investigates how these treatments affect the effects of salinity stress on
the Photosynthetic Apparatus, lenic Status, and Floral Traits of chrysanthemum plants.

Materialsiand Methods

A factorialexperiment Was%ucted using a completely randomized design with three replications in the research
greenhouses of Iorestan iversity's Faculty of Agriculture. The experimental conditions included
daytime) temperatuses ranging from 20 to 28 °C, nighttime temperatures from 15 to 20 °C, relative humidity
maintainedyat 6070%, and a light intensity of 400-500 umol-m2-s7!. The first factor involved salinity levels at
concentrationsiof 0 (control), 30, 60, and 90 mg-L™!, while the second factor included five levels: control, L-
glutamieg,acidiat 300 and 600 mg-L™', and growth-promoting bacteria (Pseudomonas putida and Curtobacterium
spp). Four-leaf seedlings were obtained from a standard greenhouse in Pakdasht and planted in 1.5-liter pots, with
each pot containing one plant. The growth-promoting bacteria were applied twice: first by root immersion at
planting, and then\by foliar spraying eight days after planting. L-glutamic acid was applied three times: the first
application occurred two weeks after planting, followed by two additional applications at 20-day intervals. All
treatments were administered through irrigation every three days at a level corresponding to 90% of the field
capacity. The soil mixture comprised an equal ratio of agricultural soil, sheep manure, and sand, maintaining a
clay-sand loam texture. Following 128 days of applying salt stress and 45 irrigations, a comprehensive assessment
of Photosynthetic Apparatus, lonic Status, and Floral Traits was carried out. This included the measurement of
plant rates of photosynthesis, transpiration, stomatal conductance, and intercellular carbon dioxide concentration,
as well as the maximum quantum efficiency of photosystem II (Fv /Fm), the chlorophyll stability index, flower
diameter, Concentration of sodium and potassium in leaves, and the duration of bud emergence and flower
opening.

Results and Discussion

The results demonstrated that with increasing salinity stress, the rates of photosynthesis, transpiration, stomatal
conductance, and intercellular carbon dioxide concentration, as well as the maximum quantum efficiency of
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photosystem II (Fv/Fm), the chlorophyll stability index, flower diameter, and the duration of bud emergence and
flower opening significantly decreased, while flower wilting significantly increased. Furthermore, sodium
concentration increased as a result of sodium chloride application with increasing stress levels. This increase
impaired potassium uptake, leading to a reduction in potassium concentration and an increase in the sodium-to-
potassium ratio in chrysanthemum leaves. The application of both plant growth—promoting bacterial strains and
both concentrations of glutamic acid resulted in a significant improvement in all studied traits compared to the
control. At salinity levels of 0 and 30 mmol L™, glutamic acid at 600 mmol L' exhibited the greatest positive
effect; however, at higher salinity levels (60 and 90 mmol L), glutamic acid at 300 mmol L' was more effective.
Notably, flowering did not occur at the 90 mmol L' salinity level.

Conclusions

The findings of this study indicated that salinity stress induced by sodium chloridepsignificantly inhibited the
growth and development of chrysanthemum by disrupting physiological processes. These disruptions included a
reduction in the photosynthetic rate, a decline in quantum efficiency (Fv/Fm), a decrease in the'ehlorophyll stability
index, limitations in gas exchange (reduced transpiration and stomatal conductance), and an imbalance in ionic
homeostasis (increased leaf sodium and decreased leaf potassium). The consequences ofithése changes were a
decline in flower quality, manifested as reduced flower diameter, delayed flowering,and inereased wilting.
However, the application of biological and metabolite-based strategies, such.as plant growth-promoting bacteria
and glutamic acid, was able to mitigate the adverse effects of salinity. These treatmenb%:i_‘to an improvement in
physiological indices and helped preserve flower quality. Thereforejthese results demonstrate that employing
these cost-effective and environmentally friendly strategies can be recommended as a scientific and practical
approach for managing chrysanthemum cultivation under saline soil and water\oqlditions.
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Table 1. Analysisiof variance of the effects of Water Salinity and foliar application of growth-promoting
substances on the Flowering Traits of Chrysanthemum
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Table 2. Mean comparison of the gas exchange of chrysanthemum under Water Salinity and the
application of of growth-promoting substances Pseudomonas putida, Curtobacterium spp and amino acid
L-glutamic acid
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s Yo oo Voo e by sl CSCaliglS - 1 jles oyt (25 Lyl o ols Lt aals L & Cord 500y
(Y Jgaz) ols las vals [l aff@s |y ol siweid ol

Pseudomonas ois; S oo slas 2SU Lol Jolos o5 yau (s bliie g ool S1as ols las eels il lg 4 500 gl
S sime duoys S Jlizl o jo (AS1s )8 alST60 e awnl SabiglS- I g Curtobacteriuim spp. s putida
ol Hlas yials (g9 (i (il Bl L Bl )8 aSTgs cdale ol LiSilecsls .Sl MLGA&I (Y Jguz) o9
Ol 4y oxie ) S pmma dlge 0,18 0l LaS ) cald 4 s (guo )0 VY AIGER s il s ] L o aS 6 eba
b i Ve Lo Voo clale b ol Saligli= 1 Lo ot sy oy Ll 8 (LBls 5 oSl ke
Egoze )0 .0b dall 4 Cod (oo, YAA ioli8l el g cutls vals L ds ;\i‘sl.;;b S dnSTles Jlaie o,
ook #o 0l Seabgls= 1L Lo 5 (25 oo bl s yo i o IS G STaRSTgo puolie o eS 5 (o it
(F Jgoz) del Cowods aals ayas 55 jlewd

$29310 5ol b Slho  hlize Slge swasl’“\sm\ww Forilslg 4525 Y Jguxr

az ) Lo Jed9lS N ok |
i . . celae .
Sl e 35 Seaglie Oleysld pdssiglie OS] " &5 Ol
. &1%)9)
s Jed9 ks o ELINTE
Source of Chlorqphyll Photosynthesis Internal CO2 Stomatal Transpiration
.. DF Stability Fv/Fm .
variation Index rate oncentration conductance rate
(%) (umol m?s™ (umol mol ™) (mol m?s™ (mmolm?s "
o
Water 3 4091.55™ 0.181"% 364.21™ 13071.4™ 2.34™ 79349.2™
Salinity (WS)
oL x
Treatment 4 1422259 0.065™ 28.186" 13207.3™ 0.12" 8546.6™
(T)
WS T 12 157.77" 0.008"" 5.57 588.7"" 0.02"* 1285.3™
sla> \
i OB 4 12.49 0.001 0.665 69.5 0.0049 142.4
Error
i 4.84 5.54 7.74 3.19 8.31 3.35
C.V (%)

Table 3. Analysis of variance of salinity stress and foliar application of growth-promoting substances on
physiological characteristics in chrysanthemum
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(Hibiscus ooz ;0 &, 55 CO2 clale g 5,05 5 Colan (alls jiwsid #5 mals (ol 5 odle et al., 2022)
oAl iwsid £ 5 50 o see elS (ol jo (Caoetal, 2025) cul odipens s,98 S Soe 5 SYriacus)
o )5 yol> imgh o (Ghasemi et al., 2023) coul ons i)135 (6,08 (i s, 08 58030 slaijs, Colon g
Slade 5 39 o (g2 (Rl 51 (B0 el (pl a5 0l Sy 5o L9 S psloniee alisl cgalol; S e slags S
il Sy, 55 ,Ses Slidllas o o imedy ol s alie (Liu et al., 2024)8ylo ghiuets & 5 L o555 bLs )| s IS
oI5 ;o (Karimi Sarnavi et al., 2024) Jals el o) S e glo s xSLSHE SN0 insis 75 9 Juds S (slsimne
(Santos and Rigobglo, 2021) Siig(Wen et al., 2021; Fan et al., 2025) >

Pseudomonas oisy S ymo s 5L 331515 9 59 S Lo :"@°Lﬁf B 5999 5o Silio (yaRilee dunnlin .F Jour

S Seuoli S5-I o] ! o putida, Curtobacterivim spp.

| S| 5 IS ot
e Cold S e
” ) N < )M‘ - . Ceoglie cdale S S &9
3% sl Ay Rgs Y mlgels .
Jedg s
Internal
. Stomatal Chlorophy ..
T.ransp It onduetan €0 . Pho.t gsynth Fv/Fm 11 Stability ~ Concentration Compoun  Salinit
10n rate Concentrati esIS rate d y
ce Index
on
2 0 —2
molﬁm mobm= s R R pmo} m %) oM M
S 1 1 S 1
375d 1.10 cde 232 ¢ 14.3 de 0.78 cdef 54.2m 0 Control
425 ab 1.20% 3a 16.06 abc  0.82 abc 108bc 300 L-
443 a 1.56% \ 349 a 16.86 a 0.84a 115a 600 gh:fig“c
0
402 ¢ \Qb 329b 1520cd  0.82 abc 105cd  [seudomonas
putida
Cumpopi PGPR
434 ab 143 b 348 a 1620ab  0.83 ab 112ab “”; S‘]’;e”“
334 fg 0.80 g 323b 9.00 hi 0.75 efg 73.811j 0 Control
370 de 0.92 f 318 b 1133f  0.79bsde  89.04 ef 300 L-
423 b L15cd 323b 1506bcd  0.81abed  99.91 d 600 gh:gguc
30
350 ef 1.00ef 319b 10.63 fg 0.78 84.37fg | seudomonas
bedef putida
Curtobacteri PGPR
384 cd 1.08 de 323b 1336e  0.8abede  90.71e ””fl S‘;‘;e”“
259 jk 0.46 klm 216 f 5.61m 0.57] 57.37 gh 0 Control
. 0.78 L-
339 fg 0.71 hjk 283 ¢ 11.16 fg bedof 81.04 gh 300 lutarmic “
280 i 0.60 hij 274 ¢ 6.93 ikl 074fg  76.07hi 600 acid
301 h 0.49 jkl 247d 6.5kl 0.69 hi 6756k  [seudomonas  popp
putida
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Curtobacteriu

320 gh 0.65 hi 256 d 986gh  0.76def  78.19 hi oo
211 m 036 m 186 h 513 m 0.5 1k 43.03n 0 Control
301 h 0.56 ijk 251d 7.96 ij 0.71gh  68.56k 300 L-
249kl 0.45klm 246 de 6.7 ikl 0.66 i 57.05 m 600 gh:;g“c
90

2341 0.40 Im 201 g 5.73 klm 0.65 j 6393k [seudomonas

putida

Cumopi PGPR

270 ij 0.51 jkl 245 de 7.03 jk 0.69hi  61.111m ’”;’l S‘I’fp erm

Table 4. Mean comparison of the physiological characteristics of chrysanthemum under Water Salinity
and the application of of growth-promoting substances Pseudomonas putida, Curtobacterium spp and
amino acid L-glutamic acid
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Table 5. Analysis of variance of the effects Water Salinity and foliar application of different substances on
the concentration of elements of chrysanthemum

Na/K K Na DF Source of variation
2057.16™ 357.73* 3345.59™ 3 SOy
Water Salinity (WS)
65.47" 58.78" 25.38™ 4 Lo locs
Treatment
10.34™ 2.12" 2.10™ 12 WS x T
0.000116 1048270 50943 40 el sl
Error
6.07 3.08 421 BB 2
LV (%)

IeY g elod Jloso ! pdaw 50 515 Sxo SIS G 4 FF g F

39058 53050590 p (shree Dl i 2 ez By 3l gt S Baenm g il A ol L (598 2
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JUd GlaieS gz 4y oo (S 9398 0> I G 28l 503 (B 5l ollelien insid Cudgaze g g, (ud
ey S oo Ll (90 (285 iyl (l B8 g S oo (sl 5509 5o 1 il sl 550 5 ()50
ol Jolas 0o (g limgan Laa o aSly icenl (55,0 ooy el (utis p 5o a5l (g5Lo Jlad sl s
S K cdale gals ool pls (Hasanuzzaman et al., 2018) 85 o oo B SlowST GT gBo pitaw Cosis 4
JUCEINE T RPN CRN RO B GO U WIICE SIS WA 0 ¢ ISUOW) IPp-pyvu SARCSNICH [ IV SO JpN UL 4 Na L cols,
b g0l 0 B wilgs o )] o § Sl S las o Slae o550l 4 08 Lol sl ansls pd il
(Ghasemi a5 8 ~yj oS o ool i 135 il L LeasBl sl (Sato et al., 2006) aily S g pumsliy 9gaS ol
5 (Zaremanesh et al.; 2021) sl ;s 83,0 {Aghaei Joubani et al., 2015) 15w o sloaisS et al., 2023)
Curtobacterium spp. o, Sk sl xSLsp, S .05l cillas (Hejazi Mehrizi and Saadatfar, 2019) s L,
Odg (e yo (FanST) g, s0eis udss i olepuilSe &,k 5l (goasie Sllllae ,o Pseudomonas putida o
S5 blpdls > Bl obe Cim fged 5 Olind FonS U (o5 oLl j2elS gl slaels ACC 45
(Hung et al., 2022pEl 60" oLS Jozs sli )] 5 puly clale (iol38l o clale palS o Se Joles Sgupy g0
el s Rese Sees 1) LS clagiss Conds Wlgi o 5 s i aslrd o apel Salisl Il 2l Jsloe
(_nguBLt S e > u.._mlf 9 p...m.lf 9 ML».’ u..\} u.u‘).‘a‘ g0 ..\.....u‘ &MLI?K—J‘ )Lo.u FLERWRRIRY QLA‘MJ 5.&3[5 3 ))
oo IS b a5 wad jouie olS 08 p (598 (e SIS a5 5 S ol Lk 4 Sl (pl s S ol

(Franzoni et al., 2021) o,ls JSlgxen

Pseudomonas putida oy S w0 g 5 55U 5 11,1 g (55950 i Hlowd i’ (609910 ol yolic Clilé Sl dus lio .F Jgu
Al S0y gl — JI- I aino] Sl g Curtobacterium spp «

Table 6. Mean comparison of the concentration of elements of chrysanthemum under Water Salinity
stress and the application of growth stimulating bacteria Pseudomonas putida «Curtobacterium spp and
amino acid L-glutamic acid

Sed S 5 cdale PURWARWEIR el Qoo POV O PR W
Salinity Concentration %Na %K Na/ K
(mM) Compound (mM)
Control 0 96.77 1 3.22de 29.96 k
0 300 94.61 m 5.38b 17.56 k

L-glutamic acid 600 9375 m 6.24 a 15.00 k
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PGPR Pseudomonas putida 95.70 Im 4.29 bed 2226k

Curtobacterium spp 95.09 Im 4.90 be 19.39k
Control 0 99.39 1 0.60 f 165h
. 300 99.22 jk 0.77 cd 127 ig
30 L-glutamic acid 600 99.15 k 0.84 be 117
PGPR Pseudomonas putida 99.371 0.62 f 157h
Curtobacterium spp 99.30 jj 0.69 e 142 i
Control 0 99.61 de 0.38 hi 261 e
L-glutamic acid 300 99.50 h 0.49 f 200 g
60 600 99.53 gh 046 f 213 g
PGPR Pseudomonas putida 99.60 ef 0.39 ef 250 ef
Curtobacterium spp 99.57 fg 0:42 gh 235f
Control 0 99.74 a 025 k 385a
L-glutamic acid 300 99.60 d 039¢g 252 ef
90 600 99.64 ¢ 0.35 ghi 284d
Pseudomonas putida 99.70 ab 0.29; 339D
PGPR Curtobacterium spp 99.67 be 0.3 \ 307 ¢
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