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Extended abstract

Introduction

Lemon balm (Melissa officinalis L.) is one of the most important plants in family Lamiaceae that is
involved in the treatment of diseases such as insomnia, anxiety, depression, neurological diseases,
migraine, nervous disorders of the stomach. The most antioxidant activity of the plant was related to
leaves, stems and flowers, respectively. The essential oil of lemongrass leaves had more antioxidant
activity than stem and flower essential oils. Nowadays, drought stress is considered as the most
important factor in reducing production, especially in arid and semi-arid regions. Given the importance
and role of medicinal plants in various industries, a significant point in the production of these plants is
to increase their biomass production without the use of chemical inputs, especially in drought stress. It
seems that application of plant growth promoting bacteria has positive effect on the yield and quality of
medicinal plants under biological and non-biological stress conditions. Therefore, the present study was
designed and conducted to investigate the effect of some plant growth-promoting bacteria on
agromorphological traits of Lemon balm (Melissa officinalis L.) in water deficit conditions.

Materials and methods

The factorial pot experiment was performed in a randomized complete block design with three
replications in the open area of the research greenhouse of Shahrekord University, Faculty of Agriculture
during 2009-2010 growing season. The experimental factors were water deficit stress at three levels (full
irrigation, 75% and 50% of full irrigation) and bacterial inoculation treatments at eight levels (non-
bacterial inoculation as control treatment, separate inoculation of Bacillus licheniformis, Bacillus
megaterium and Pseudomonas putida, bacterial inoculation of B. licheniformis * B. megaterium, P.
putida * B. megaterium and B. licheniformis * P. putida as dual inoculation and bacterial inoculation of
P. putida * B. licheniformis * B. megaterium as triple inoculation). After harvest, plant height, leaf dry
weight, stem dry weight, biological yield, root dry weight and root volume were measured. Leaf area was
also measured using Digimizer software. Analysis of variance using SAS software, comparison of means
by LSD test at 5% probability level and drawing graphs with Excel software were performed.
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Results and discussion

The results showed that the main effects of different levels of water deficit stress on all studied traits
except plant height were significant at the level of 1% probability. So that water stress at the level of
100% full irrigation increased plant height, leaf dry weight, stem dry weight, root dry weight, biological
yield, leaf area and water use efficiency compared to 50% of full irrigation by 17.6%, 124.5%, 79.1%,
65.6%, 102%, 384.4% and 43% respectively. The main effects of bacterial inoculation treatments on
plant height, leaf dry weight, biological yield, leaf area, root dry weight, proline content and water use
efficiency were significant at 1% probability level and on root volume at 5% probability level, while on
dry stem weight trait no significant effect. Interaction effects of bacterial inoculation treatments and
different levels of water deficit stress on leaf area, root dry weight, root volume and proline content at
1% probability level, on leaf dry weight, biological yield and water use efficiency at 5% probability level
were significant and on plant height and stem dry weight had no significant effect.

Conclusion

According to the results, all bacterial inoculation treatments in non-stress conditions were able to
improve the studied traits, effectively while in stress conditions, bacterial inoculation treatments at 75%
stress and 50% irrigation levels, except in plant height and water use efficiency and proline content at
50% irrigation level had no significant effect on other traits.

Keywords: Biofertilizer, Drought stress, Pseudomonas, Sustainable agriculture, Water use efficiency
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Table 1. Soil physical and chemical characteristics of the research farm
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Table 3. Mean square of water deficit stress and bacterial inoculation treatments effects on plant height, leaf dry weight
(LDW), stem dry weight (SDW), biological yield (BY) and leaf atea (LA).
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Fig. 1. Effect of plant growth-promoting bacteria on plant height under water deficit stress.



vav 29275 0L S35 90951 lio 0y S ymme Sl Sl (B el g ol greS 15 1o Sen g Bk

5 i als mol38l 1) égy S olS el O vgueS
oolatwl a5 wisls Lis 55 (Bosh et al., 2018) )l ,San
1B Gk 5l Geslenly iz 085 S e slags S
oo Sileo Jsbo alifl atiys g (al3e Slge & (oo s
s alsolons oL S 45 aigy glis | LiylsEl sl

B. B. megaterium o xS L sla,loss
B. &8ss il s 4 P. putida dicheniformis
sol Jles & cuus licheniformis® P. putida
Yo g VWY DAL S Sz ()9 o b 4 diiwilys
B byst e gl o 5l 45 wams Gl ao o
Oryon 6lyls JelS 6Ll o [l o megaterium
(Y JS8) 09p S5 K23 39 p 3l

Sy iS5
Leaf dry weight
(g-pI™)

B. obiSt lalos JolS (o lal sopo YO e o

,lws 9 B. megaterium [P. putidadicheniformis
& Cod B. licheniformis * P. putida «8gs il
YO A XY (55 4 Ol Sgead s (ppa o ol Lo
b S slalens sy Lioli8l ] agy gl )l woyo YY
B, alfg xdl s
Aoy O0) wal iS5 o licheniformis * P. putida

B.  megaterium

S YOIV (e s |, aigy £lis )| gy o8 55 (LalS (5, L]
plo e (ol sald 4 Cod i 4 sy YOIN
5 aals & o (5 o stme SV 4l 15 (sl o
Rajabi-Khamseh et ) | Ses 5 duos o, aisl
o Zeili sl les ST wis S 5155 55 qal., 2019a
A Llps o alfes mil 5 alilaer ©)g0a Guskeuls

Full Irrigation

75% Full Irrigation

50% Full Irrigation

O SgueS i Caxi Sy SB35 g ol by I e s xS S1LY UK
Fig. 2. Effect of plant growth-promoting bacteria on leaf dry weight under water deficit stress

28l (rals Bl Sis (g5 ol sgead (i GraliEl L

JOY (Sl b Bles S (59 e (eSS ooy
5 B ilel woys 00 Jlad 4 bge oS 0 oS
SIS S WRC I SRR N
o o5 (Y JS5) 09 JalS (Lol suo o 4 Glate oS
Eob 5 Sl gl sla ot it Sl (il
Gl sime BT Bl i3 (339 535 2 okl Al
S gl e ann o JolS (6l Lo 5o ol Lt
- DS ghls el e b alfaw il jlas e
L B.megaterium oL iSU e aS 5 ,ebdy Lo (5l
Bl Sis (359 o yder ghlo oS y0 0 5 VNV Sk

10 9 VO syl e Tobe il sl jles

ool lad ]y gl sre BT sl jles 4y s
LSt il slojles o5 5857 5,155 (Bosh, 2019)
Sl gl Bisee o iz alfan 5 6l oS5
ool ol 5 K ¢35 5Tz il sl o
255 sl sl Aall (Ses p lall e )
Ay by So 0 Lol S e lag xSL L oads il
2l glp 5keosse Cushy (lime (cenld o siilys olS
SRl obS i 3 (lie 9 il alls a5 ol

DO



VEY bl V8 ale sl psle 4o lamme sla i

fa¥

zils a5 wisls lis 50 (Garcia et al., 2004) ], Son
ial38l el Bacillus licheniformis s zSU L Jals 493

adlw oS (439
Stem dry weight
(g-pI")

(3 Full Irrigation

75% Full Irrigation

039 e 25 e (pl jo dald jle 4y S a5 0
Slewd o oly iali8l as o YA ol a1 Bl S
Bacillus o pSU s 52 55 JolS 5,5kl a0 VO
a 0B oL St sl )l plaSme licheniformis

50% Full Irrigation

O SguaS i carnd dBlw Sl (39 0 ol widy S o o g Sl 1LY Sl
Fig. 3. Effect of plant growth-promoting bacteria on leaf stem weight under water deficit stress

B bk jles 0 Sigdem o Shee (n i
25 YIPA Jade b oS s Lol s o megaterium
zhw j0 wall jlew aS (g sbay (O JS) wl cdslive aig
Sosdgm 0, Skes dwoye TV e 4 bl )kl
slayled ol i b SU e cpl @ Cond ) (558
& Cewd o P.oputida o B. licheniformis L xS\
L el gl )| rals .asils (sl pxe B valls jloos
sy pals IS sbay 5 Lol gbhasls eS sl
Cowl s cow LS Jsere sloosyyy 5l eogicens
oS s e olid b, (Szabo et al., 2017)
ol plo g Cwol TAA o5 4 1068 Bacillus megaterium
Lgl:bo.b); su.:l » os)lc A.S‘So S8 oS by
g LS ab, Sl 0 et B S s
Ortiz-Castro et al., ) ai,ls Bacillus megaterium
(2008
039 Jo kel Lo a5 ols Las oSl anslie
Sl 0o ,3 00 50,0 VO Jlas b o 1) iy, S
soled (P USi) ols il 3172008 o /¥ s 5 4 S
P ailfan il L sra ol mdli sloyles
zhw o putida * B. licheniformis * B. megaterium

dop Ol olid b blie ol (o Sle awslie

Sy ghw s ks 4 Cand 0bSL Glajles
eSln b 5y b iy (F JS3) wiols ol
B ol St e & barye 552 )0 @pe e giilo YAV
O S sysbay g S sl s o megaterium
@ Comd 20,3 YAIY s 4] Sy phaws (b S Lo
Sl mbi ol Gl skl zhw Gaes j0 sals L
B ylel Sl 0 b slajles o5 ol ol
Toba 55 Jg wols (mlBl) S e 5 )ls sme j5boas
als [l a4 cawd o5 ghlol aoy0 B g ss,0 YO
A w0 Hlis duglie cpl sl ilEl 1) Sy mlaw
5 gohe 0 Sy ghe 4 0LSL b jles 4z S
aog ol mas ey Jloyg bl i jo Ll aasolas ol
bk il slajlos 5l a5 Sloy 4 S | S mhans
s Loyl clids mls s Ll otk
s9ds zils ols olas 5o (Garcia et al., 2004) )l Son
PSCTPVESE SRS JVR
St 4 Cemd Sy g ulidl cel licheniformis

Bacillus



Y48 29275 0L S35 90951 lio 0y S ymme Sl Sl (B el g ol greS 15 1o Sen g Bk

Al golal zob ;o wals Jlog 4 Cond Sl 55k
OhlSes 5 Slals s S5 sbml 1, (g)lo sme DS
gl zils a5 wisly olas 0 «(Kaymak et al., 2008)
Sz 39 9 Jsb Bacillus megaterium s :SL L Lals

ol ol ) asy

S b
Leaf erea (cm?)

i3 3y @losire DS L auly (JolS sk
@bl lajles G bl) cnl po waims (AlEI) ety
B. &89 zils o s o P. putida B. megaterium
B. licheniformis *P. 4 megaterium *P. putida
a S Bl 352y (I e LS o Lol Ll putida
2oy 0+ 50,8 VO a5 gl 5 55 Sl slo o

Full Irrigation

75% Full Irrigation

50% Full Irrigation

O SgueS’ i Caxi g w9 ol a5 o sbas S S1LF Sl
Fig. 4. Effect of plant growth-promoting bacteria on leaf erea under water deficit stress

3.0
2.5
2.0
1.5
1.0
0.5
0.0

SSiedgw & Slos

Biological yield
(gp1")

[ Full Irrigation

75% Full Irrigation

50% Full Irrigation

Ol S8 i i’ K 5edgm 0 5Shos 1 ol wly S o s Sl 1.0 IS
Fig. S. Effect of plant growth-promoting bacteria on biological yield under water deficit stress

duslio yo aisly Hlis |y oo, VO BB Koes
5 i sl ol Sl il Mt 151 (S
LS)L:-.'T b 50 2bySU il ol aan ! SgueS
055 n Gyl gre BB 5l aals jles 4y Cond JlS
B bySh el lad (A5 gl (res 0 oy

Sldre yoba aly; e A5 gl GRlEL

TAIY eSilen by JolS (sl ot o (sleiyS <3l als
Qo B0 Jled g Ady; ez Oy S e gl
RS oS )wGuL» YWYO Sl b JelS 6)L~‘T
O Cad Hlewd g0 ol (Y JSE) wile 1) ady ) e



VEY Sl OF ol el pole o aome sla i

fas

ClosysSl a5 wase oli baw,,y ol olas
Selsi b w0l Geglenly 5 lisegosm al; 0aiS G o
Ay S s Al lroniiS ol b ayge 9090
e olae g O Lz gl olS i maw ioli8l g ady

(Saharan, and Nehra 2011) &ei

A ) [EOWES 039
Root dry weight
(gp1™)

Full Irrigation

75% Full Irrigation

G Ay o> G0, MY 301581 b megaterium
Gljlos b oS cuils 1) aiy ) aome o yiiion wald 4
B. &l il clojles o P. putida b S\
P. putida * B. 4 licheniformis * B. megaterium
P. putida * B. aGaw il g o licheniformis
Iy G,losime S| licheniformis * B. megaterium

%c
50% Full Irrigation

O el s o ey y S (339 2 ol ady S ymo (gl S 3T F UK
Fig. 6. Effect of plant growth-promoting bacteria on root dry weight under water deficit stress

Ay x>

Root volum
(cm*pl")

] Full Irrigation

75% Full Irrigation

50% Full Irrigation

T SgaeS A s iy 2o 2 oL by S e slas S 8TV UK
Fig. 7. Effect of plant growth-promeoting bacteria on root volum under water deficit stress

2als jled a4 Cand ) Sp dop Glie (2L S il
5o hd T ey ol il oS Jl e wisls il
Sl & cad Bl licheniformis oL zSU mdls Jles
sls lis (g ld gme BB wspo YHIF s 4y wals

ok Joliie Ol 31 1 Sls duolie 5l oaeliawods gl

as ols lis oL iSL sle,les § Ol ogeS i calise
ssbas Jol5 kol woyo 00 Jles o Laid Oen Ol
oo s 425 g 5 5 23 il 5 oStz



vav 29275 0L S35 90951 lio 0y S ymme Sl Sl (B el g ol greS 15 1o Sen g Bk

ACC sy ol o g0l slas) S alal, ol 5o
Vardharajula et ) s,ls 5425 Sis zals o jlaels
«al., 2011; Lim et al., 2013; Goswami et al., 2020
SgreS 15 Jrasi b (2l 5SL lales cnl Koo Lo
oo (s g (Sdpilis slaan o (alf czge o]
aS wis S 158 56 (Bosh et al., 2018) o, Ken ¢ s
2oy 00 Jled )3 Gl Gliee 25 G Aldelow oL o
Ll 4y Cond sy YAV S L olS T 5L
D¢ oL u’_ﬂ}l,,; Qo Ve

Syor B A sdeliiwods bl @ axg L (A JS)
o3laial b eids  Oliee (BN 2 ogdle (2L ST sl oS
Ol 0gaeS a5 Sl o 4 0B (5,500 sla S5l
4 Olges el (nl 5l aiload ay90,0L olS 5o
o5 0 Jeepll )5 o)lal jlasls ACC odgs oblg
e il jlinels ACC adgs p ogdle ol 350eS syt
035 o ol )0 ol 098 (15 b agzrlye )0 5 dsn

odan (RV) aiy) ez (RDW) adu; S (59 » 2l Sl gdili byl 9 OF dgaes (i 31 la po (puSilo F Jour

20T SguaS’ s s (WUE) 0T & pao 2,8 g (Proline)
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