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Table 1- Result of the pots’ soil analysis used in the experiment before treatments.
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Figure 1. Ornamental cabbages in the research greenhouse of the Horticultural Science Department,
Faculty of Agriculture, Zanjan University.
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Table 3- Analysis of variance of the effect of lead and growth-promoting bacteria on some
morphophysiological traits of ornamental cabbage.
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** =, 1s: Significantly at at p<0.01 and p<0.05, non-significant, respectively.
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Table 3- Analysis of variance of the effect of lead and growth-promoting bacteria on some physiological
traits of ornamental cabbage.
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**# ™: Significantly at at p<0.0/ and p<0.05, non-significant, respectively.
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Figure 2. The effect of growth-promoting bacteria on number and leaf area of ornamental cabbage under

lead stress conditions (Means with the same letters are not significantly different based on
Duncan's test at 0.05 leevel).
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Figure 3. The effect of growth-promoting bacteria on length, root dry and fresh weight of ornamental
cabbage under lead stress conditions (Means with the same letters are not significantly different based on
Duncan's test at 0.05 level).
g5 9,59 S 44w b 4 s
Bt fﬁdlwa YT 5 AT NS @ /OY olie b S 5 4 Olgee o iy S sls sl b sa 4y JS o IS5
Or OB yms dy S 1FO g ANFY JAS/YA IV /AS 158l s 5 4 aS 5 o b e pde slad 4 Ly 505 cjf
Oy 48 315 LS 55 (6 SL e Lol Sla by e ool daslis @L., Y dsas) sls 0L uﬂj::lfpfgl:»
Qj} f';f f;‘;—:ﬁ ~/Y‘§ 9 '/9\ Q./Q' Q./OY wi.:l.fbgﬁ:s); su.b}a 4"".’.]"“’ ‘JS 4...;).4# ‘J.;).«J})KQ\JSA L;lfﬁ;l.i‘
5 (Ahmed et al., 2012) Js = d6le SalS ;s r,,mts oS 53 e e g Hlee (Y Jadr) Al sdalise (5 SL
FYECTg L VR R SO P L NS PV R WP Yzl &5 sl 0l oS (Siddiqu et al., 2012) 6L
oo (Pourraut ef al., 2011) JAL 4 o om0 55 53 w;?&\fwuwgﬁw oﬁpugﬂ e
0 Slas GWIL 5 jole g & 5 a5leST 25 sbel S s by IS L sland oo 55 ;.,.,J b
slagg s L el CJ.L OS5 Ll 355,58 5 baay s Ol 0350 VU JJ> (Ahmed ez al., 2012) wiL cwdly IS
3550 s 03 gad oal 3 53 ags SU 5 g B 1w Ol oo Voo 1 155850 Y 5S )T slaada B 5 Ay S e
.(Demir, 2004) s> Cod QAT 3 e Cd Ll e 5 i g 5 (655 el Olpe 4 oS 5L
Js g
JE Ol 8L 03 o HSen 5 5 SL e (ol S S sls DL S 8 do s b e Ll 4
LJSJ..‘)Q‘J..& O s S 3l QLIS L}..LE.:» <l J:.<.>L:a ao s @Lﬁ Y Jsas) J..\i)lzduu M\)J&JL@:"‘CE-—N)J
Pseudomonas 5t s <y i 5o 5 e O Slad & bgye 5055 0,5 5 el SIS 0 S e /0 VY0 Sk

Yvya i

wheit el 3 JF



YEP-TTY (Ve (O F) a5 0S5 S

G 53l 3l 25 o (6l LS il Bl 15 A5 D6 5 5 Olpee o (I3l L &S A e
Sl 551 (K Ol (b Lo 5 @l o kS oo aliil (8 () yoma Oln Gl 1 b 5l SIS 5T bl
ol e (Kovacik ef al., 2010) 1,13 ol 56 K Sl 4 LS oo S2l531 55 olS 53 352 50 SlAnS] 5]
O Dl ey 5 g sl G S 53 2550 Cop S el S i S Olsis S ol e b
S A a8 e Bl e 5 Ll Al e R IS i slac el 55 s
SadlSsly M5 4 e ol 5 odews 05T 4 05 S0 Il 0 s 55 o anil (a0 i8N 5 0l oo 538 3 2l
3ph g 33 s 3 53 planipb (Sla ST ST lard s o oy 5S s 53 53T Ity 04 Jleb i 355 e 3151
OV ol s 45 358 e A S0 5 S slie 53 Rl o se 5 LS e S SIS el Do ] &S
Rahmani e ) 45 o 05051 Il 615l A 35 4 28l 0323 2815 Gy b 5l o S5k S o Aol 1y ol ol allias
dalie o3 5l Jshor (slirl a0 ol Sl Wil o 48 558 oo 5SS 25 @ aie O30S b 61581 ez (al, 2009
S 5k eSS LS 5 Ol bs b oS ol 0 asiiie (Matheickal ef al, 1997) 552 DNA 5 a5 5 5
Cilzs gla has3 (Matsouka & Beri, 2011) 16515 sdge 40 0lalS 55 - Koe Sl 56 55 4 s S sl )5 ege
S s Slas SL S ol ol Ol ilises LS 3 biles S DL OALS s s slacaS 5 5l 4 Lags SL
Khalil ) dzs SIS 51 S Jb G050 5 a5l slacdslin o 53 olS sl 2l pole Csllae 058 @al b L sy

(et al., 2007

5 S K38 s Shs AL el SIS 5Kl aglie Y U
Table 4. Comparison of the main effects of lead and growth-promoting on some physiological traits of
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A g 5;5),5% = A5 F e by & 2
¢ Lal ;
S Pb . o Carotenoid Total Chlorophyll Chlorophyll bl
P MDA EC a1 Chlorophyll b a :
(m% (mg g (ds (e £ (mg g’ 1 (mg g
m ke FW)  emd) FW) FW) (mg g~ FW) FW)
2SSk o
(=
Lead (mg L)
0.59°  6.47° 029 133.26° 0.532 1.06? 0.332 0.832 0
0.53%  12.40° 0.38°  215.16° 0.41® 0.71% 0.26° 0.40° 25
0.44° 1193+ 0.47-* 249832 0.31¢ 0.54¢ 0.20¢ 0.44 50
St
Bacteria
L
0.45¢  13.54* 0.43* 21987 0.40° 0.71° 0.23% 0.48° -
Control
0.54:* 1108 037° 201.31° 0.42° 0.80P 0.27° 0.53 " Bacillus
Bacillus
0.57°  9.58° 034> 17725  0.52°@ 0.90? 0.29° 0.612 Pseudomonas
Pseudomonas

L5 gy e gl o yd O Jleis] prdaw )3 Sild yge5l a5 5l lie gy (olld sl Sl
Means with the same letters are not significant in Duncan's test at 0.05 level

YF- ‘i

wheitl el 3 S8



YEFYTY (D) (O F) s obalS 5 S

0.09
@ 008 2
2w, 007 b
§§ T 0.6 .
S 005 |
S % oom | EH4EE
S e e
S D003 i
g o w2
£ 500 o)
= 001
A
0 -Lm
0
(Lead g L) () 1 ¢S Jor) <
control EBacillus BEPseudomonas
0.09 -
= 3,008
= %0.07
a0 —~
2 3,006 ; od be ¢
= 1,,0.05 ©
m a—
§ \1;0.04 55:.5
= “10.03 7z
g = ]
2 50.02 L
=2 7
~0.01 525
0 p

(Lead mg L) (2 1 e o) <o

control EBacillus B Pseudomonas

wals dim O g3l alalp caslin G Gl Sla ko) o 25 Jml 15 55 (a5 oIS 6L S 5y ) S e sla SL A1 Y IS
NG RV SR U P PRI V. SR W g dleaal a3 5 (Sl
Figure 4. The effect of growth-promoting bacteria on total phenol of ornamental cabbage under lead

stress conditions (Means with the same letters are not significantly different based on
Duncan's test at 0.05 level).

dadllg30Jb 5 (g outs
ool (0 ) Ld Db pme G S Olge 680 ol ST o Lol ST ol 0L LSL 1 4 e s
2 Al p ien o3 OMAY (. S0ke U S ot gl e 0 5Y0 oS A edalie 55 S0ls dlie ol
Jol o Gz ol e 4 s S B R ETOO/EY a8 s e ) e S e O 5 sle 4 b e
S S e dadligao e bs Sy gl wsp 3use Jalss 51 &S ol 0L Lty 4 =0 IS8
Shol A oSl aglin 8 () Jser) A5 s ime 53 cnl GiSen s s 25 laime 5551 5 e B paae Lol
Sk 00 38 Sl by e BV Aol e ke o i S 3l 0L A0l sl 328
S A3 Jols O e pde Sl @ bgse 5005 08 2 eSSk YA Gl b sl 1S 5 o A
ool a0 53 Al sdalie dald & s oy 1) 5 S e 00 Jlas o Aa g0 e Olpee 53 SRl #Y/HV

Y i

wheit el 3 JF



YEFYTY (D) (O F) s obalS 5 S

reS 535 GG D pae pds Sl w by 5055 05 g Sk Y 0nS0a b Olgee e VL 8 6 SL 0 S
YE/EV il 3l @3l 55 4 5 5 Pseudomonas & 5SU s S Slas a b pe 505505 e S e t/VF :Slo b 55 Ol e
Cose S e b S sdalis 2l (30l e 5 dals & Cund Pseudomonas s S e 53 (gdeo s
O peen Ty Ol Gl W3 a0 e SIS L 55 Ll o deadlss Ol Ol Gl S b a4 S
Aol 3598 poomd S sl il 5 o Ay S e (slags SL b I (Zahir er al., 2004) Al e BLST Lie slad)
ol Sloss 5115 olS (oS x5 Sls zl 6um~j Sl Gaall b 3l 50 Ogeyse ol st Sl
o Sl L Ol Sledle diwl ciames (Yadeghari ef al., 2008) &S o Li> 55l0S| la 2S1s
Nemeth ) 1S S (25 Ll 8 oo Lid Lais 5 S LSS 4 Wl oo 4 das o S5l 33 olS 53 15 e il 5 s o
Sy h e 45 s e Rl 1 olS SIS| ST slan 5T Lo Oly oS A, S e slags SU (et al., 2002
il QLS 55 S ot Ole 5 deadllisn Ol RalS 5 Lid (651 il 53l o g 53 5 0l a1l s

(Gururani et al., 2012; Asrar et al., 2012) 55 5 . dals OlalS b auslis 55 5 SLL ol

[0
(e

SR s
[\ ) (%] N Wi ()} ~J
(e} (e} S [en) (=) S

Ion leakage (ds cm-2)

—_
(=]

(==

0 25
(Lead mg L) (&) » 05 o)

35 5 OOl asls ki O se3l alsl y cwiline Cog > glls (sls . Sla) 5 S oS St Ul e il glacBle S0 S0
NER RV SRR S PRI . SR W g Jlen| oo
Figure 5. The effect of different concentrations of lead on ion leakage of ornamental cabbage (Means with
the same letters are not significantly different based on Duncan's test at 0.05 level).
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Figure 6. The effect of growth-promoting bacteria on the amount of lead and the effect of different

concentrations of lead on leaf phosphorus of ornamental cabbage (Means with the same letters are not
significantly different based on Duncan's test at 0.05 level).
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Abstract

Ornamental cabbage (Brassica oleracea L. ‘Kamum’) belongs to the family Brassicaceae. Heavy
metals, including lead (Pb), are among the most important soil pollutants due to their non-biodegradable
nature and long half-lives. In this context, bacteria, particularly plant growth—promoting bacteria
(PGPB), represent an important strategy for alleviating such stresses. Therefore, the present study
investigated the effects of the plant growth-promoting bacteria Bacillus subtilis and Pseudomonas
putida on mitigating lead stress and improving morphophysiological traits in ornamental cabbage
cultivar ‘Kamum’. The experiment was conducted as a factorial arrangement in a completely
randomized design (CRD). The first factor consisted of lead stress at three levels: 0 (control), 25, and
50 mg L!. The second factor comprised three inoculation treatments: non-inoculated control, Bacillus
subtilis, and Pseudomonas putida, each applied at a concentration of 1028 CFU mL™". The experiment
was carried out with four replications under greenhouse conditions at the Faculty of Agriculture,
University of Zanjan. Morphophysiological traits including leaf number, leaf surface, root length, fresh
and dry root weight, chlorophyll a and b, carotenoid, ion leakage, malondialdehyde, total phenol, and
leaf lead were measured. The results indicated that lead stress and the effectiveness of bacteria on all
traits were significant. The effect of the interaction between bacteria and lead stress was also significant
positively in some features such as amount of phenol, number of leaves and their area, fresh and dry
weight, and length of roots. The lead treatment decreased root fresh and dry weight, root length,
carotenoid and chlorophyll content, and increased phenol. The application of P. putida in the absence
of lead led to the improvement of growth indicators, including the number and area of leaves, fresh and
dry weight, and root length. P. putida increased chlorophyll, carotenoid, and phosphorus and decreased
ion leakage, malondialdehyde, and lead under stress conditions compared to the control. Given that
heavy metal stress causes significant disturbances in plants, it is essential to identify the characteristics
affected by such stresses and the strategies to mitigate them. The research findings indicate that lead
stress and bacteria have a significant impact on all examined traits. The interaction effect of bacteria
against lead stress also influenced certain traits, such as phenol content, leaf number and area, fresh and
dry root weight, and root length. Furthermore, the application of Pseudomonas bacteria under lead stress
conditions resulted in increased chlorophyll, carotenoids, and phosphorus levels, while decreasing ion
leakage, malondialdehyde, and lead concentrations compared to the control group. Overall, the results
of this study highlight the importance of using beneficial bacteria like Pseudomonas to enhance plant
growth under lead stress conditions. This approach can serve as an effective strategy in sustainable
agriculture and phytoremediation processes.
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