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Introduction

The rising demand from associated industries, coupled with the restricted availability of licorice (Glycyrrhiza glabra L.), an
important traditional medicinal plant, has resulted in overharvesting from the natural habitats. To mitigate this overharvesting,
the continuous cultivation of this plant should be taken into account (Hayashi and Sudo, 2009). Considering the importance of
turning to licorice cultivation to reduce the destruction of the natural habitats of this plant and the essential influence of the
soil's physical and biological properties on this process, the application of organic inputs along with growth-promoting
microorganisms can improve soil conditions, creates a more favorable environment for root development, which is the
economically valuable part of the plant, while promoting sustainable land use. Plant growth-promoting bacteria significantly
enhance soil biological conditions, promote plant growth, and protect plants against diseases and abiotic stresses.
Acting as biostimulants, such bacteria stimulate various processes that enhance rhizosphere conditions and boost
nutrient absorption in plants, thereby improving both the quantity and quality of the product (Emmanuel and Babalola,
2020). Biochar is a solid by-product generated from the decomposition of biomass derived from agroforestry plants,
plant residues, or sewage sludge through pyrolysis at elevated temperatures under limited or absent oxygen conditions.
Numerous studies have demonstrated the beneficial effects of biochar on soil cation exchange capacity, water retention
capacity, and the enhancement of soil organic matter content. Furthermore, biochar is crucial for plant growth and
nutrient availability (Rafael et al., 2019). The objective of this research was to examine the impact of biochar
application integrated with inoculation with different growth-promoting bacteria on growth and yield of licorice.

Materials and Methods

The study was designed as a factorial experiment within a completely randomized framework, comprising 16 treatment
combinations replicated three times in the research greenhouse of Shahid Bahonar University of Kerman during the
2024 growing season. The factors analyzed included the application of biochar at two levels: no application and
application at 5% by weight of the soil applied. Additionally, three types of bacteria were used for inoculation: Bacillus
subtilis (Bs), Pseudomonas chloraphis (Pc), and Pseudomonas putida (Pp). The inoculation treatments were
categorized into eight different combinations, which included control (without bacterial inoculation), individual
applications of each bacterial type (Bs, Pc, and Pp), dual applications (Pp+Pc, Pp+Bs, and Pc+Bs), and a combined
application of all three bacteria (Pp+Pc+Bs). After the growth period, seedling emergence rate, plant height and root
length, leaf number, leaf area, root volume, root and shoot dry weight, and bacterial inoculation effect were evaluated.

Results and Discussion

The findings indicated that the application of biochar significantly (P<0.01) influenced growth and the characteristics
assessed. Furthermore, inoculation with Bs and the combined application of all three bacteria under biochar application,
as well as inoculation with Pp in both biochar-applied and unapplied conditions, resulted in an increase in the number
of leaves and leaf area by 115 and 139 %, respectively, subsequently enhancing the shoot dry weight by 141%.
Additionally, inoculation with Bs, Pp+Bs, and the combined application of all three bacteria under biochar conditions,
as well as Pp inoculation in both biochar treatments, improved root characteristics, leading to increased fresh and dry
root weight by 300-400%. However, the application of Pc bacteria did not significantly affect root growth or weight.
The findings of this research also indicated that incorporating biochar into the soil by influencing the vegetative growth
and root weight of the licorice, enhanced the bacterial inoculation effect (BIE). Additionally, the results revealed
varying efficiencies of the assessed bacteria on the growth and yield of licorice roots. Specifically, inoculation with Bs
in combination with biochar yielded the most favorable outcomes. Conversely, Pp demonstrated a notable impact on the
growth and root weight of licorice, regardless of whether biochar was applied or not. Furthermore, BIE results revealed
that Bs exhibited negative efficiency in the absence of biochar. In contrast, Pp displayed positive efficiency under both
biochar application and non-application conditions, resulting in increased root production. On the other hand,
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inoculation with Pc did not significantly affect root growth and production, and the application of biochar did not
enhance its efficiency.

Conclusions

The results demonstrated that biochar enhanced the of bacterial inoculation effect across all treatments, with the
exception of Pc. According to these results, the application of Bs and its combination with other bacteria under biochar
application conditions and the application of Pp under both biochar application and non-application conditions are
recommended for optimal growth of licorice.

Keywords: Bacterial inoculation effect, Biochar, Growth-promoting bacteria, Licorice growth, Root characteristics.

KCitations: Zare, M., Khajoei-Nejad, Gh. and Ghanbari, J. (2026). Effect of Inoculation with Different Species of\

Pseudomonas Bacteria in Combination With Biochar on Growth and Yield of Licorice (Glycyrrhiza glabra L.),

Plant Production Technology, 25(2), 69-85. https://doi.org/10.22084/ppt.2025.31250.2166

© 2025 The Author(s). Bu- Ali Sina University Publication. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Online ISSN: 2476-5651 Print ISSN: 2476-6321

- J

70


http://creativecommons.org/licenses/by-nc-nd/4.0/

VerE Ol ;:1"., VY- B S W P ) /f~5° 5yl /vab'g; 5 Sy M /‘;AL:‘S Q‘J.;.S‘,S Soold S :,-’ E—
@ https://doi.org/10.22084/ppt.2025.31250.2166

oreh 3 Shes 5 035 5l am b S 5 53 elisesige o S il glawi S il SG
(Glycyrrhiza glabra L.) b

Effect of Inoculation with Different Species of Pseudomonas Bacteria in Combination
with Biochar on Growth and Yield of Licorice (Glycyrrhiza glabra L.)

VLSJM; d.jb.'}%v"\}; Lﬁ.j‘}\)} L‘Pf‘j\_; ‘\@U 40 gm0

\i.i/.-\/\-\u:’ﬁ')‘?.@)u \i'i/'i/\‘iﬁdli‘).)@‘)u
(son s dlie)
O-LS’

53 oSt o Silesl g Ol et 5 Shas Ay S e slag SU 5 sl gm 5,008 5b )y anlllas ool 51 Gl
Jeelse A5 1 VY Tl s 0l Sl oKl il 6llS 5 515 an s (ol o851 L oalas LS = b LI
g e L el 5t el 3 5e S S35 0o )3 0 bl 5 1S 5508 pie e 93 53 Sl s 318 el ) 350
Ay sSLL C._AL >3 (Pp) Pseudomonas putida s (Pc) Pseudomonas chloraphis «(Bs) Bacillus subtilis |.Ls (s =SL
$58 5 Ol Jlesl (Pp s Pc <Bs) L;J:Slf@jfﬁsj.&;»dwh(djflg\{@iﬁv.)&) Jals fels oS 5 s ae il e
A Sl s 2,28 48 5ls 0L s 23 S 13wy 3550 (PPHPCHBS) 58 4 a Olesen Jlesl 5 (PCH+Bs 5 Pp+Bs «Pp+Pc)
Lol 3 03 68U a a oS 5 mdls 5 BS L il opl pesdle . udls Sl e la Sy s dds » (P<o/0Y) (gols s
1T 5 S o sliad o3 MO 558 L 5l s 3,008 pie 55,0 a5 55 58 53 PP L il i 5 s 5,08
J_AWCSJJ@BJJPp+BS‘BSL_CTﬂJ‘W - PV f\.)\j\&i;'-gﬂ o3 VN ﬁ‘)}‘@ﬁdﬁcgﬂc]aoddw)J
o o ady s Slaosart 25 b brsn 58 pde 50008 Ll 5 0 8 3 PP L il 5 5lse 0,008 Ll s (6 8L an
iy 033 9 A S JHB SIPC (S s s Al Jeld 4 e ) S 5 5 Ohy ko BT (L1
s JMPC}zp@_&éu)kg rL_,Q_?).sb 6J:SL{@_BJ&\)\§)L>;}:J_6:\> gm}géfsp@ﬁ;@\,ks@u RGN
pdes 53 0LS Ll 5 g3 o 3PP s LS 5 lbram 3,08 Ll s 53 lag U nla LT oS 5 5 BS 3008 mls cnl el

Sy o a5 Ol o opad dp M Gl Dl se 5008

/éjb/\k—c& sy p ol LS 5 s eligess e (5 SU Cilise s 5§ e rsL? (e g) TS s g SlE sl e el Wl 4 Cl»)\
https://doi.org/10.22084/ppt.2025.31250.2166/ A0-14 (Y)Y0 ¢ ol i)y (5,905 4lees (Glycyrrhizaglabral.) ol cp o

Commons Creative LiCENSE 5, »s oo ok nsi 5 ol (O) ol s 3 haze 35 3 >

531y ek Ol (sallis das e o3l| s 4 Attribution (http://creativecommons.org/licenses/by-nc-nd/4.0/) @ &

Ev" MG

3 ool At ol s aSlie sl JLEst Ay p e M i ge B 4l Do gt 30K ST R34 Slale

k YEVIIYY 1l Lls YEV1-0701: S g 2SI L;Lny

u.ﬂ‘gqb;‘uu;j&bwAK.«J;‘}«&)))LZSA.&L.}«&LS&_&)}_&J)J A}ﬁdbﬂ‘)ﬂ_ﬂftﬁijgéﬁ.ﬁib%;d{f)\
Olpl Ol S (53,5 sy s Sl cliizs Olesle WJlg 5 b ol S 5 b Sl dewge ¥
Email: khajoei@uk.ac.ir J s ol 35 138

\A


mailto:khajoei@uk.ac.ir
http://creativecommons.org/licenses/by-nc-nd/4.0/

e b S 5 s elipes e 5 S il i S il 3T 01K 5 6,15

:J_<L>.F«j_k_::) J:”'l\fe‘ st; G.L::D‘:r.ﬁ: L§‘°}.‘.“:‘ L" M&A &'.’.
Pantoea agglomerans (PGPB) u_i; S s S

Pseudomonas  Serratia rubidaea (S28) (S72)

Pseudomonas s azotoformans (E101)
adsl iy 5 00 S3aslsr s frederiksbergensis (E56)
Sl 5 Ay Siaslsm aS sls Ol Oly e azealS
Wl s 28U lales S Ol e 4l
(Goudarzi et al., 2023) sls 0L23 (5 5 5 ($)1s gne 5 sbas
Pseudomonas L sl «; Oly oy o OalS Sty uzeen

» extremorientalis TSAU20

Claw, L
oLss cu 5 AE ey Sosd =5 o Mesorhizobium
ssban oS sl 5o, Shes o Sde Glag S L il
oA P P UPWE G PP W C.E.LT LS L anslie 3 (guls sme
oS i, S e sl Sbsp, L a8 C;.:.U a5 sl
Al Gl Gl ol (63,505 Olte 4 LS e
Egamberdievaetal., ) 5 .8 51 3 L& e Olo op e 5 Slas
(2016
Ol b ol o B b SIS 23T S o
Cob sl gla S L mdl & (Glycyrrhiza uralensis)
<=3 Paraboeremia putaminum s Acrocalymma vagum
Slaas s b il oS 313 0L s (olol il sl
i i =0l e oS ) 5 e S S 5 2 6 SU
Els ol ooz - T lasles 5 a8, LS4 g0 S
A. vagum « <SP putaminum &8 xin 56 5l Sl
Py Sh RS S Ol (e s ) pams S
it Szl e Sl e SU L s (pns
s =B s SRl Ll S e e SL s ke
(2021

G olS s il &S edd 218 s Sladllas
PGPR olises slaay 5 L (Catharanthus roseus)

«Azotobacter  chroococcum <Azospirillum  lipoferum
> Bacillus megaterium , Pseudomonas fluorescens

Sy gﬁ)udﬂwmqﬁ@);www\@u W

\Al

FURVIIR
Jlu dr e LS (Glycyrrhiza glabra L.) ols o et
i )12 DAl o Sege 51 S5 SV E el )
ke 3lan Bl e (sl O pasms 5ty o
Sl oS Tt 5 S 5 T S S
ol 2y Jdaa s SLSI T 5 (sosm 5 Ao ol
T 03 2t 5 ol o 53 03 1S sba (LS S
S35 oL ol e 15,8 o )l B eslizal 550 Ole
oz So Olpean o dhax 51 s, 588 (gl S
3 b e mleo 0538, GLE 25, 0 sladias e S AE
ol baas o 5l agg, o Sl s e ‘J.»L BERGNERRCN
ol i SIS s S 5 S S sl
.(Hayashi and Sudo, 2009) 5,8 ;1 3 Jde 1L oS
S 03 G F A i LS A S e glags SU
Skl iomen 5 olS s, Il S s bl s
ol Al 5 el b Gla RS 5 el 2l p 53 olS
Gladyl 3 S o0 L s S e Ol sieas Lags S
obe S Ll s bl b s s Sel il
CeiS (S oo 5 odd il OLalS s plis
Emmanuel and Babalola, ) d_as oo 55gs 5= 1) J grmes
s o i = a3 e glaa 58 (2020
L bl gl Jle gl s (Pseudomonas spp.)
S s 53505 &R Sl g plulaal s 4«
osliul 3 Lol Ul 51 &S ) gailes s ol L acs
> gpin 2l wlie Olssan SLS 5 51 res 45 s02ms |
3 et J S 53 S olS W) S e Shis pkin ol
Sl l o Sl Lyl i oS Wl S e
slaas S sl eslanul Lo ol S a by o 5y e
ol S olS Al Al s ot elise s e
5 ALS Slred S bl LS8 Al andtn LgLAML(.a
LSL"‘M&‘ aS J s ssdesly s gl ole Jlal
2 il $La05 5L adislal Sl el el it
S s slae 5T e g ST 5 b Sl elS A,

1. Glycyrrhizin
2. Glabridin
3. Liquiritin



Vel bwjjjﬁlﬁ//\b—-\ﬂ Qbﬁzﬁp/r‘,: ij/ﬁd%‘g Mb/@‘.:s/ Q‘J.:S_,S GJJB

S Al 5 ey gt g3 — I Gl S e 3 0L
Sl S S5 s plsess e 8L il Sl S
S 53 Ladl lles Jlaast 3 ) g il
=S 7 sl Gl 5 Ol o et A bl S s s
A o S Dl b Al S e g 5815 S
Ol o ) 5 Shas 5 ) 25 6l o] filie

A pl

b ias g 313 Y
el 5 il Lol 53 s 5,08 S0 e i,
bl Ol et 2 Shas  ligeso e (550 il
SV el SIS b B 5 )5S sy
Ole S yaly oSl Sliiss bS53 J1SO Y s (solas
3,08 Jels iolesl spse Jelge s Ll VE0Y L 5o
s 2 Y 5 ol 50 pde V) = 55 55 5l
e bl (omlesl 350 S S35 Ao 0 bl
«(Bs) Bacillus subtilis ol b 50555 (5 S aisS
Pseudomonas putida s (Pc) Pseudomonas chloraphis
25 (Pp)

30 e bz e A s alise s s (6 ST Jles
o e Jlasl (8L L il pie) dals ol S 5
S g3 0l o—> JLasl (Pp sPc Bs) (5 s S
S A s Olajpn Jlesl 5 (Pc+Bs 5 Pp+Bs «Pp+Pc)
Slag SL il 4l 23 S 3 ey 3558 (PPHPCHBS)
Olmindy 53 wbly s S i <S55 5l ool 5 5
S 5 Jedlly s el 6 S 3 e A g
2% gl sl al e 5o bl Gl s el sS4
Pl OIS 5 Loy S 51 L g g e 5 5L L
Comd 4 (780 Hlad Shal 0 95 53 QA o 31 gy S
L:imubpwl.é):)eu@gjjlzb%jﬁwﬁ‘f/o
Jlast QIS 2 55 LT L ehan O 53 Jone &) sons
A

3lweslal LSn 55 (S35 doss bl b g Sl
s osliil )50 Jis doss il Jlesl B (gl oluls
S 3pm A3 0 edh s e 5 )3 clislesl el
s o) LS A SAB e 53 G5/ Bl ook

5 Sedislmer s Al sl Sledd 4

Yy

il olS A e s e s BB Jeily 5 s PGPR
Lenin and ) as,ls, s 5 s, Shas 5 plds ole Ol
Ll S5 ol i s 4« (Jayanthi, 2012
ol 4 e Ol eS| (slas SL 5 Azotobacter
A g olS aleed LSS st s 5 s A
.(Attia and Saad, 2001)

Sl adeen LS S0 adl el i ke
SSL g 55l it slaw s L (Calendula officinalis L.)
Slssmn ssbas 15,5550 2B 5 p sk e g3l 5 olipe 53 5
Landss 5 Jdo IS alsa plbil 5 oty SO 055 S
ey i) s S gliecds ols
.(Hosseinzadah et al., 2011)

e Pl S cl il (Gl (J e Sl
L ol Ll ol S OalS 51 ol 03 s
Lyl o s VU lales 5 5,0 aul b Cod ONBL -p
Cmte S 35 A5 O3S gl s b g3 ks
5ol M C b S SuslS Dol b s
ol sl s s (S I sle glpme 153l
PN w5l Glie jole ol 35 o ol juolie o zs
Jes i Son olad I s s el Gl K
Rafael et al., ) coul s 5 158 lde jole 4 = 5o
s Ao V5 glachle s b 5,08 (2019
ey s alem pll s S s (SIS gla tlesT s S
Seg pss S Ll s s s £) s A 1 Ol o
o s ke i U b Bl i e Sy i
Y lasles 5o s 3208 L 5 al5e 8 Slis 5 ads
Egamberdieva et ) <ol 5158l e 55 B Hsbay o5 t
.@al., 2021

G 5 Ol (e d S 4 s el a5 L
S8 Gl S S s S s S 2 RS
S e Glap 38515 Koo 5 T Glaeslg (55,50 olS
Gt e (S Ll s g ed Ll 0 LS
LS cils J=B ool f‘"\-;‘ Olpeas aly; Ad, <l
Aas Gl s 1y e I eslanal B 5 es S aal 3
3ol 2l 5L S sy 5s G p g5
By el s, Ses ol Eon s Lap 50815 S

g.ﬁ-}f«-“:l')-ﬁj,): JN leMlL"LQJLE.A LJ':\ LGMJSJ J)‘j.é).:L.:



o 5 S 5 3 Nkes s e Jalse i e
o3l b S o ool LS o 5 (g e g3 slaes sl 3
(WinArea- UT- 11 Jos) S » gl (5 S 03100 oS |
A LSJ:§°)\J"'\

S s Sl bl iy Sleslinal iy oo
MM’)‘°“J£“’TL’6’\>V‘""U6C)‘MU};“\
oS satys 53,5 35l e e S RIS
iy e Ol pabsd o a Al O o
Bohm and Bohm, ) a_s [i)158 oSl e sl o
(1979
a3 Vo las L Ol 3 cslw A Ode 4y odd il
Qj)gJ_ﬁSQ.,\_.i&l}j\,\x{)oMbe)bé Jl;wb
) 5 g KU 5 50 A e i pes e SIS
(Shimadzu, Japan)  , S VT e Lo sl ) eslanad b
3 S (6,8 el e

308 5 S cidee gk S LD oLl cgr
il e ety S 05 Rl B s Lol il
03 G g i, i 0y Ol I TBIE) (¢ S
s J—ol> (RDWo) C._:.L g (RDW;) c._ab Lyl

ROV ROWVD
BIE=——— %100 Y ol
RO :

3 a2 (JuySt o b B s Jol glaesls
o 3 sl Ly s s 23 813 bl s
O3l 3 Lol amslie 5 5 plnil SAS ver. 9.0,/
LSD) ds)3 0 ozl mhas 53 la ire slss filu
A eslizal (P< +/v0

Loy s ¥
el peb Ol5ee N-F
S azalS ek Ao s S 5l Ol ulsls 4 mle
O3 a0l iz 15 6 SU L mdls Gl 308 30
O dsdr) o3 S

L il ol 51 Sl La o Kils 4 lin ol
22 Ol (e amealS b o e 2 SlasSL
534S ol 0L il (NS sbas g s Jlesl k2

2. Bacteria inoculation effect (BIE)

\Al

oS 5 53 prlisasige § S it ok E il ST 00, Ken 5 6,05

s o S mbo &S 2 5 Sibesl ol s (K slels
FREV PRIy g PRI PR PRI Ay B.F
5 b aalllas 3 eslital 5,50 Sl s calitee Do jat

Lol sl 43141 (Ghanbari et al., 2019) ol

S5m0 Gusb Sl GRlesl ul 03 Ol et 5SS A
Bl e s s 4 Ol S OISl 252 51 oS
A Cias il B g ol Sidle Lo (slls
s Dl ol Jool S 5l G5 ailr IS ) sl
Sl g Al L led iy el S0 S i gy Sl el
byl Gl Csen aw gy Bl jabieas ol ol slglny
S g Al 5o aids 00 Sl lnl S 51 LS
L il 4l o a3l ey 5 0l lad oy Ao 55 V=40
5 A slilons Jhaie Of 3 Colu $A Sidoty Jhaide O
odd Ly 3 5l SLOlS 55 o334l sl S e b
A LS S (e Ll V0= Ges jy S e b
G o OIS S ey s S8 40 s V1 OIS
sdr sy (S35 555 (Glo 3 5 ph paepe SIS &Y
A eslel

Yo sl 5 Solie) Ol Lol i 5 Lol (ol
s fl_?d (Ao s Vo=Tlr s Cugby 53l S ol a s
S RON o e C I PPN o A RO P IR W
oy3 Jsb 53 3Lisy e glacdl e us el ol s
Al Jlesl QLSS & ot OIS (6l 0 LS

203 BN) wily [ 5eb €l sl gz 5 5eb 51y
(BE) a42alS [ 5¢b Ol fuand Hsbieas s Jijlad OIS
2 5 (8) el a3 S0 slaws s anl b il slaws
Al s OIS
BE= " *100 \ ala,

olasl el 53 5 Guu Yoo) Ay s b 5l
OIS S s skt ool (g1 s plasil OLaLS cils 5
Clis 5 M &2 e Sty bl L 5 2l
D S a3l 5y 5m 0ds ils y OLS (51 oy 2550

Ad oS eIl ES ke b ady, Jsb s 6 gl e

1. Beshel Activated Carbon Industry



Vel bwjj}g‘lﬁ//\o—'\ﬂ Qbu'hp/rj.\ SJM/‘.;';L;J M.‘\b/@lﬁs/ Q‘J.:J_,S ‘5)‘5—1.'3

Ol (§ols omn D5l 5l s 5 4 Sple Lyl 5 45 Pp+Bs
el 38 a3 AL el Ao s ‘C:LU e 4 S Lol oIS
23> Sobsme Gl sl s (6 SL milpde Lyl s s sl
2 ol 08 (Jlie 53 5 S5 sl azalS 54l Ol s
s Pc+Bs Pp+Pc BsPc L_» L L GAL byl &

C.)\_C« a CM_....: LSJBL;."“ ))194.: b J}‘@‘E Loy Pp+PC+BS

ot e A edalie (6 VL H5ek sl 5,08 Ll
alS Hseb n e A sl 5o 5 s SLL s
Sl S L il 5l azalS 5 5eb Oljme o SV ks OLS
(Pc) Pseudomonas chloraphis s (Bs) Bacillus subtilis
A ol (Ao TWY) Sl g 500 Loyl 5 55 (PC+Bs)

byl 5 45 - ;5 (Pp) Pseudomonas putida b =L L«

(\ Jg.w) sls U’:"“'\J'el Jﬁ)ls ﬁ)l—?ﬁ Jﬂlj .ja.i‘J_.i)J Pc ‘)t—?;'_}:‘. )J{)UCUJ Jﬁ\g

Table 1: Analysis of variance results (mean squares) of the effect of biochar, bacterial inoculation on various vegetative
growth and root characteristics of licorice

Emergence Plant Leaf Leaf Root Root Shoot Root Root
S.0.V. df . dry fresh dry
rate height number area volume length . - .
weight  weight  weight
Biochar 1 4456™ 1331.6™ 14906™ 110071750™ 11.05™ 576™ 0.73" 1.40™ 0.43™
Bacteria 625™ 53.4™ 1085 9806319  2.31™ 159" 0.06™ 043" 013"
inoculation
Biochar x 569" 43.8™  1128™ 8240742 076" 171" 005"  0.30™  0.06"
Bacteria
Error 32 73 25.9 158 1218774 0.11 23 0.006 0.02 0.004

CV (%) - 203 21.8 26.1 30 25.7 22.1 26 26.3 25.8

**: Significant at 1% probability level, *: Significant at 5% probability level, and ™: Not significant.
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Fig. 1: Licorice seedling emergence rate affected by the interaction effect of biochar and bacterial inoculation. The
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standard error) with similar letter(s) does not indicate a statistically significant difference according to the least
significant difference test (LSD; P<0.05). Bs: Bacillus subtilis, Pc: Pseudomonas chloraphis, and Pp: Pseudomonas
putida
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Fig. 4: Licorice leaf area affected by the interaction effect of biochar and bacterial inoculation. The means (mean +
standard error) with similar letter(s) does not indicate a statistically significant difference according to the least
significant difference test (LSD; P<0.05). Bs: Bacillus subtilis, Pc: Pseudomonas chloraphis, and Pp: Pseudomonas

putida
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Fig. 5: Shoot dry weight of licorice affected by the interaction effect of biochar and bacterial inoculation. The means
(mean + standard error) with similar letter(s) does not indicate a statistically significant difference according to the least
significant difference test (LSD; P<0.05). Bs: Bacillus subtilis, Pc: Pseudomonas chloraphis, and Pp: Pseudomonas

putida
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Bacteria inoculation/ Biochar application
Fig. 6: Root length of licorice affected by the interaction effect of biochar and bacterial inoculation. The means (mean +
standard error) with similar letter(s) does not indicate a statistically significant difference according to the least
significant difference test (LSD; P<0.05). Bs: Bacillus subtilis, Pc: Pseudomonas chloraphis, and Pp: Pseudomonas

putida
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Bacteria inoculation/ Biochar application
Fig. 7: Root volume of licorice affected by the interaction effect of biochar and bacterial inoculation. The means (mean
+ standard error) with similar letter(s) does not indicate a statistically significant difference according to the least
significant difference test (LSD; P<0.05). Bs: Bacillus subtilis, Pc: Pseudomonas chloraphis, and Pp: Pseudomonas
putida
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Bacteria inoculation/ Biochar application
Fig. 8: Root fresh weight of licorice affected by the interaction effect of biochar and bacterial inoculation. The means
(mean + standard error) with similar letter(s) does not indicate a statistically significant difference according to the least
significant difference test (LSD; P<0.05). Bs: Bacillus subtilis, Pc: Pseudomonas chloraphis, and Pp: Pseudomonas
putida
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Bacteria inoculation/ Biochar application

Fig. 9: Root dry weight of licorice affected by the interaction effect of biochar and bacterial inoculation. The means
(mean * standard error) with similar letter(s) does not indicate a statistically significant difference according to the least

significant difference test (LSD; P<0.05). Bs: Bacillus
putida

subtilis, Pc: Pseudomonas chloraphis, and Pp: Pseudomonas

Table 2: Analysis of variance results (mean squares) of the effect of biochar, bacterial inoculation on bacteria

inoculation effect in licorice

S.0.V. df Bacteria inoculation effect
Biochar 1 16.5™
Bacteria inoculation 6 3.92™
Bacteria x Biochar 6 2.54™
Error 28 0.126

**: Significant at 1% probability level
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Fig. 10: Bacteria inoculation effect affected by the interaction effect of biochar and bacterial inoculation. The means
(mean + standard error) with similar letter(s) does not indicate a statistically significant difference according to the least
significant difference test (LSD; P<0.05). Bs: Bacillus subtilis, Pc: Pseudomonas chloraphis, and Pp: Pseudomonas

putida
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