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Extended Abstract

Introduction and Objective: Rapeseed is the third source of edible oil production, however, its yield is
strongly affected by drought. As an approach to mitigate the effects of stress, growth promoting bacteria
(PGPBs) have been considered, which have the ability to increase tolerance to abiotic stresses, to provide
nutrients, and to synthesize growth regulators. Giving the positive impact of PGPBs in improving plant
growth during drought, this study was conducted with the aim of investigating the effect of Enterobacter
sp. S16-3, a growth-promoting bacterium, on rapeseed traits under drought stress.

Material and Methods: The effect of the growth-stimulating bacteria Enterobacter sp. S16-3 on the
morpho-physiological traits of rapeseed cultivar Okapi (tolerant to drought) under drought stress was
investigated as a factorial experiment based on a randomized complete block design in 3 replications in
greenhouse conditions. The treatment combinations included irrigation treatment (normal irrigation and
water shortage stress-60% of field capacity) and bacteria treatment (Enterobacter sp. S16-3 and control).
Drought treatment was started four weeks after germination and applied for two weeks, and then
morphological, physiological and biochemical traits were measured.

Results: Drought stress causes of decrease in root length (35%), stem weight (27%), relative water
content (32%), protein content (28%), SOD enzyme activity (69%), CAT enzyme activity (51%),
chlorophyll (28%) and carotenoid (25%), as well as an increase in electrolyte leakage (42%) and proline
concentration (30%). Bacterial treatment, in turn, significantly improved the morphological,
physiological and biochemical traits of rapeseed when compared to drought stress. It led to an increase of
24% in root length, 25% in stem weight, 28% in relative water content, 21% in protein content, 22% in
SOD enzyme activity, 29% in CAT enzyme activity, 26% chlorophyll, and 23% carotenoids as well as a
decrease of 23% in electrolyte leakage and 18% in proline concentration.

Conclusion: Although drought stress had significant negative effects on morphological, biochemical, and
physiological traits of rapeseed; however, the bacterial treatment was able to significantly reduce these
negative effects. Therefore, it seems that the bacterial treatment of Enterobacter sp. S16-3 is an efficient
approach in mitigating the impact of drought through the positive adjustment of rapeseed morpho-
physiological traits.
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Figure 1. Morphological traits of rapeseed treated with Enterobacter sp. S16-3 and drought stress. The common
letters indicate the lack of significance at the 5% level of Duncan's test
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Figure 2. RWC trait of rapeseed treated with Enterobacter sp. S16-3 and drought stress. The common letters indicate
the lack of significance at the 5% level of Duncan's test
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the lack of significance at the 5% level of Duncan's test

Lrd e jop 09 3l (Suid i L dblie g (gjewl Jruily
.(Y’Y)

Cuwslys Enterobacter sp. S16-3 L SL s
Pt ) (Sl 3l IS gy (ssine ()l dme psboa
S9y 2 &S Sladlas lialin pl b bl yon o> il
SsSL L il oS ob lis ub pll 955 KBy g0
uil38l el Pseudomonas putida MTCC5279 (RA)
Sk oRl1(TY) 098 00 (AT L a2lge )3 g (sgixe
Llgh 4 e Wlgpe 2Ly o Jlesl j (36 g
slagid jl (So Jbe sl 298 (alS Jolo (sl (020
Fw > S )lhe (gheml AT 4 el 2 odsp
ol i8] 25le Joho 0)las o yilo (clouia
5 o s o) ) (SolKe Coles 3 ot 5 oS
2o sy g0 a3y A A o] 4 da i L)l oage
Se,l8 syl gske 5l (Sid i 4 lalS dslse » Odan
g o b erdadg JSool) 5yl plp > gl cbles
O o 2l e )3 (55 ke (i e i
(TF) conl

O sy

S| (g (s5ime a5 45 o oL el ly 03
gyl Jlie 3l g ol ySb jloss g (5 zglams o (53 Sxe
Oll3dl 4y e Sis () o) )l 3939 doyd Y s
Jag a8 B (o) o) oden wgme jbine
b e yebas 35 Enterobacter sp. S16-3 L zsSb
b dualie )3 (30,3 A) g s9ie e Oil381 el
2 Agp oIl el (QbySL les Sz pn A5 A5 les
wilisy 51 5 o) me 51 bl s Suts sl s
(¥ JS8) el Jlop o)l cos

sl (oo debuel Lulyd 5 (o gt glagid (g0
o,Lsl LROS Gais 5 blig o bpSgy o)lul ¢ Jokw
S o i gilejl ol 31 Jols slaaisl (1)) el
@ [ e > (genl Cosls s 4 g p se
Oilielas Slools L 55,500 oy laee bl ol Suis


http://dx.doi.org/10.61186/jcb.15.46.145
http://jcb.sanru.ac.ir/article-1-1421-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.145 |

Bl Lo jaze g CawdSuw 030 (59,8 Ao ¢ bl D90l

V¥ bl /55 o)l ezl Jlo /elyj oalS oMol acliing,

C

ATA)]
20
[ 15
(S c
= 3 10
g o
) 5
L 5
S g 0
o = Control  Ent
o S1

.sp.  Drought Drought +
6-3 Ent. sp.
S16-3

Treatments

Lo

aw )0 (Hbze pis (gbeS Syt gy . Suis 55 o Enterobacter sp. S16-3 (¢S jlews cow 13I8 ey (gaime —F S

ol G851 y905] oy O
Figure 4. Proline content of rapeseed treated with Enterobacter sp. S16-3 and drought stress. The common letters
indicate the lack of significance at the 5% level of Duncan’s test.

g S jlogcigw U 350 closn g o
cod IS 0 e (et yud oy Wil o)Ll
)

CoS ()3 e gkt Jsho Jsloma (laySg clile
a5 l,8 Enterobacter sp. S16-3 b SU jles 50
o5 geadls @3 &8 Wloals )Lis e ol ) b g
( Suis cos Pseudomonas putida FBKV2 (4,81 L
ol ol ol L |y Jobe lapsn sy il
Hgounsd deuST g s Ll (ST Glo b basye
Ml 230w 0)93 Blgl )3 lghd sty 9 YU
ol omle dbaly 4295 )3 Glgioe ]y 4053 (ol g2 g il
el 5 ST slodisS Lilil L 4 3,8 o e b jasls
36 Sl lopa sl Lialil 4 pladl oo olie
35,5 5 Jsle 3l coles el Gilil ol & Ll e
{17) 35 salg W Jobo )5 Joloxa slacySyy,

95t Sy

OSan sy i e ol i ib)ly 4 jes
Ay @by les (A5 o on ) dre S
S (Y Jgda) 350 dgg o3 Y rdaw jo bl blate
(doy YA 58" 55 gy Sy S me Liul58l 4 yoxis
i a5 (Jly ) wls L i
&b bxe yebay 35 Enterobacter sp. S16-3 L st
b auglie )3 (10,3 YY) (890 sixe ke Gl el
OSan Il eel (bySL sl dapn b (35 les
i, IS 5 o)l ime Lol s Sts ) ko 15187 o
(0 JS8) cuslss Jloy o)l cos

g (Suid @ gllS Fb (5L oS Ghagh
> (Sdglie sl (s in cod oS wlons
3 Jslome Slolis n oo 4 Sy (nl g Sgdo0 s
12 (V) 88 o e o Lyl s iy L s &S 5,05
SS1 53l sl 51 clled (33l 4 e oo

Protein (umol g*
=
o [S] o

Control  Ent. sp.
S16-3

Drought Drought +
Ent. sp.

Treatments 516-3
b jlogs
P &b xe pae (6lsS S i By . S yis g Enterobacter sp. S16-3 (¢S jle cow IS g (sgiee —0 S5
ol G 9051 2o )3 O prdans

Figure 5. Protein content of rapeseed treated with Enterobacter sp. S16-3 and drought stress. The common letters

indicate the lack of significance a

Cllb ke Gl cel o e ygba; 5 5p. S16-3
CAT 5SOD culsd ol 8l eacly (b3S jlowd 425148
wlady ISy glsidne Bl Jg e (Suts I gl IS

(ol & JS) cusls by gl cos

t the 5% level of Duncan's test

CAT 9 SOD s 33 Culled
9 SOD o351 cllad Jlas 5l a8 by L il g 4355
9 2Lyl sl (GBS sl G ()3 dre ST CAT
S () Jgi) 3,13 3929 210)0 Y s 3 ol lize 51
9 (Mo $) SOD w3l el b e Liul3sl 4 e
Enterobacter &5 e a5 1518 45 (4sy0 0Y) CAT


http://dx.doi.org/10.61186/jcb.15.46.145
http://jcb.sanru.ac.ir/article-1-1421-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-08 |

[ DOI: 10.61186/jcb.15.46.145 |

Bl Lo jame 5 CandSinws 03wk (958 Admo ¢ bl 390l

oy 151 (655000 jud 9890 (sladuastio » (Enterobacter sp. $16-3) ay S yome (¢ 8b guiils ks

Pseudomonas putida MTCC5279 (RA) (5L L
slompl cdlé Wl b 5l LROS e el
s (¥Y) 248 00 (SOD APX CAT) cilaws] sl
;| Enterobacter sp. S16-3 L, 5T jles &S sy o0
CAT 5 SOD s & bisye sy slosiSls sl 32 b

D95 oo ey 3l cpl cullsb iol3sl 4 yoxie

200 <
a
150 b
3
‘:.\ \3: 100 C C
g’ a
] ' 50
-~ =
o ~ 0 =
8 o Control  Ent.sp.  Drought Drought +
IS S16-3 Ent. sp.
=2 S16-3
Treatments
o

ot i oy 1S )3 CAT 4 SOD 3l clles

Enterobacter sp. S16- b ySb jlas 9 (St L5 0
ablio ;> colansT (ol (slae 5T o 2z j2 285 1,83
canle Jbly Jborpl b awbe (a8l gl (i b
8 ol (S (St g e L3 gl Sl ol
(V) b G0l oS et psbods dud G135 )3 ] e lad
zedli a8 oy LS 2956 w8 90 dddllas (guls pl b Liwlyen

80 a
—~ 70 7
£ 3 b
= 7;60
@ =50
£ £
= E40 ° ¢
£ £ 30
= 3520
 Ew
O = 0
Control  Ent.sp. S16-  Drought Drought +
3 Ent. sp. S16-
Treatments 3
b los

pie cbgS Syt By . Suis i3 g Enterobacter sp. S16-3 (¢S Loy cow 1518 colawS| sl olaps il cullsd =5 IS5

ol S35 905l Aoy B pdaws 43 (6l xe
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Figure 7. Photosynthetic pigment content of rapeseed treated with Enterobacter sp. S16-3 and drought
stress. The common letters indicate the lack of significance at the 5% level of Duncan's test.
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