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Table 1. Some physical and chemical properties of the soil used

Texture pH ECe Organic carbon P K Field capacity
(@dsm™) (%) (mg Kg™*) (%)
Sandy clay loam 7.7 0.61 0.48 7.5 296 18.65
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Figure 1. Root colonization percentage of inoculated plants with P. indica (Pi) or R. intraradices (Ri) under
salinity levels.
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Table 2. Shoot and root dry weight, shoot and root length, shoot to root ratio, chlorophyll index and
electrolyte leakage of Glycyrrhiza glabra L. non-inoculated or inoculated with R. intraradices or P.indica at
different levels of salinity

. Salinity Shoot Root DW Shoot/ Shoot Root Electrolyt  Chloroph
Fungi levels DW Root length length e leakage  yll index
g pot? cm %

SO 1.2169 0.96¢ 1.26° 8.43¢% 20.8 11.04cdef 43.,50¢

S1 1.1369" 0.849M 1.35%¢ 8.00¢ 18.4%f 12.17Pcde 42.16¢

NI S2 1.0439n 0.723 1.43% 7.15°f 17.5%f9 13.0580cd 33.63f

S3 0.89' 0.676" 1.3123bcd 6.80°f 16.6% 14.71% 24.46"

S4 0.6/ 0.513K 1.17¢ 6.16 13.18" 15.65° 12.96/

SO 1.436°f 1.186f 1.2 9.84¢ 22.46% 9.62d°f 45.53°

S1 1.23f9 0.933% 1.318bcd 8.44% 20.4¢cde 10.471¢c% 44,03

Pi S2 1.099n 0.8239n 1.323bcd 7.83¢f 18.46%f 12.14bcde 37.33¢

S3 0.98M 0.79M 1.24bcd 7.46° 17.96%f0  13,028bcd 25.68"

S4 0.656/ 0.553k 1.19¢ 6.80°f 15" 13.58%¢ 14.44)

SO 4.3762 3.206° 1.36% 17.50% 29.3* 6.69 60.00?

S1 3.6° 2.993° 1.20 18.16% 30.52 8.89 58.232

Ri S2 2.683¢ 2.06¢ 1,320 16.33° 24.7° 10.51%% 49.63°

S3 2.15¢ 1.586¢ 1.35%¢ 17.66% 25° 11.99Pcde 38.84¢

S4 1.643¢ 1.36¢ 1.21bcd 14.25° 23.7° 12.5Qbcde 21.19'

F value

Fungi 1114.6™  1324.06™ 1.549m 495.45™  123.61™ 13.158™  2261.76™
Salinity 167.4™ 184.58™ 4.915™ 13.21™ 20.88™ 11.821™  4548.47"

SalinityxFungi 46.9™ 53.38™ 2.074™ 1.66™ 1.447™ 0.224™ 31.12"

S2 S1.80 (P <+/+0 Sl y9030) aibge o g ol Sily gt ;o )0 alive e Y Qg yo wo )0 ) mhae (o b pee g o g 5 jlale CuS 4 gns -
R. intraradices 18 b ool zdli conid zedls b3 5l ausyle o 3 4y Pi g RINI e Gudion) (owd VP 5 VY el oz «6508 (o zobaw 5l o le (035 4,84 5S3

P.indica z,6 4

- ns: non-significant. ** Significant at 0.01 probability level. Values labeled with the different letters are significantly different (p<0.05)
according to the Duncan test. SO, S1, S2, S3 and S4 are non-saline, 4, 8, 12 and 16 dS.m?, respectively. NI, Ri and Pi are non-

inoculated, R.intraradices incoculated and P.indica inoculated plants.
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Table 3. Mean comparisons of shoot to root ratio, shoot and root length and electrolyte leakage of
Glycyrrhiza glabra L. at different levels of salinity and fungal inoculation

. Electrolyte
Main effect Shoot/Root Shoot Length Root length Leakage (%)
SO 1.282 11.922 24.2% 9.11¢
S1 1.292 11.53%® 23.12 10.49¢
Salinity levels  S2 1.352 10.44¢ 20.21° 11.90%¢
S3 1.30° 10.64° 19.62° 13.24%
S4 1.19° 9.07¢ 17.61° 13.912
NI 1.312 7.31¢ 17.29° 13.33?
Fungi Ri 1.262 16.782 26.692 10.11°
Pi 1.282 8.07° 18.85° 11.75°

V8 5 1Y ceiid Loz 65 9 zokaw a5 le ol 5 4554 553 52 8180 .(P<+/+ 0 (,SSls 3051) bl o s sire glds Kiley gt 2 30 wliie juf Y By, —

P.indica z,18 4 R. intraradices 7, b oo zili conis gadls (Lol 5l o le coi 5 4 Pi g RINT . e 5y oy (o
-Values labeled with the different letters are significantly different (p<0.05) according to the Duncan test. SO, S1, S2, S3 and S4 are non-
saline, 4, 8, 12 and 16 dS.m, respectively. NI, Ri and Pi are non-inoculated, R.intraradices incoculated and P.indica inoculated plants.
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\(2

Sl Sl et Ol 2 @B s 6y kel la
S e gime woys S Jlekol w0 2lea i
S9u s gre bl cnl o sles 9o cnl flie 51 Js
e Sl gre Gl cge (5,08 (5 (Y J9ux)
et Ol (RS 9 WS LS p codg sl cuis
59 Ri g, b asdly el olalS a4 3laie codg 25Ul
@ 09 Sl Ul o oy 5l b g S cets (Y Jgo2)
-4555 glyil adg 4 e (S5l peddsilio (b 50 02
B9 oo S| ygw judas (ROS)‘QMI Jé e
Shgo 0 g odg Jad sl cow (5ST g5 (]
005 d)ly b she (Hablre slo)Bgsle o 3L
ok pedglie jo PLST o gilonsT o
g5l Slge Gl Se &S sedioe
Jos Gred 4y Bl oo L slavd (pemlonnSTy

o]

2>l Glye 4 baslie GonlannSTy Gl (158
Lutts et ) 090 o0 Cgumses guiloansT s ioliél ol
YL cbale a5 el ooly lis Sldlas (al., 1996
4 5eilenS] col 508 0 ls b adsle o S
oo & e eS| Jld laaisS adgs abanly
dosyee iy (He et al, 2007) 5,5 o Jsbo
SlapiSly pelais )3 (coge B SR )s5ee slag B
Cou Glyee olS o glalST ol gl g gulanS]
5i2lS 5 ROS mazs [alS L a5 S o Lyl s
Spder Sype @lie gl erulanaSy
slad VL plovinl 5 Siml Gomed sl

1. Reactive oxygen species (ROS)



e Y 5Sgn)] 5059800 )8 (tmjen 25 )

u,..&ls S2 C.’a..: L oonis C‘"DJ" uLmLS .o)lo oL:f
2 Sl gl Uy (algn Adu S (459 50 ©)lo s
aS weo o plad |y gyl pme iali8l GlalS el o
SalsSels b cudglls (kS (slp g yemsl 95l
30 e YL glacdale a4 Josd (5)5d @ Jasxie
ol il ool b Bge sl 2l cul Sy il
3 9 aiS il g8 melald Jed zge ol Loy
Hasegawa et ) 544 oo Jobo drwg com ] azs
Gy azg BB cud b s ,es LS (@l 2000
5 Wl K g Na* Goee (et sloyy gezs
5o el aalsl slayg 4 oYL Jesd iz
g Nat Jie oloyg a5 el 5l ames o las lacdl
o Srol @b sl ks 9yee slacdile o CF
b Josly ,o larye (pl gameds as 3 wiil o
b bog ool cbale o ol oS Sl oo Tokae
i b by slayall g ond S8 Ll 4 4z
o BB oS ladshe )3 maw Fhe guiesS
2 NaK" cos a5 5l Sl ol ali abl oo
Ri C)L‘B L oo C"‘AJ" oS dLﬁbm) 9 @‘9,&) g
Sy a5 wilazsls bl laixe  abl e
ez 50 Olie ol 4 S L Wl e s 55e
cams il slaJUS sloleb b Sl panl
Sgd e KYNaY cos il 4 Tewls
S5 hwg alie s (Chinnusamy et al., 2005)
oyl TS LS e (Giri et al., 2007) ), Ko 4
Alkaraki, ) ST,SJ aox 5l Hladxe S5 Conl o0l
slaiy, o | maw 3 oYL slaclale (2006
ollS 2lse e 4 JEI e 65585 (lalS
5O e el oaims Lis wilgs e a5 0505 cuslie
Oypar b r98ee slag)B slata; 09y slacia
Ol oS sladshe sl fisSly jo ool gaiens

sk

2. High affinity K* transporters
3. Acacia nilotica

Y

3 S (Y Jguaz) ais sanlice jlad 90 ol e (5500
(a5 S oS adalS ol ielS LYo
s 5l eizen a5l e ROS oy i3l
50 5 Dbl w5l codlad Gl L 5 g S
Zhang et al., ) auil oo o35S, e SralS Jolge
oS Soxe adxi o PLS| o) o Sl 4 (2007
“Josse Fimgm 0 S cage )98 25 Cod
85 B bl d9doe L3S Gezee (ol
2 e Je)ls sae e Gralil o YsSg)]
35 el lyime 45 Ws,S syliS (& Xia, 2006
G55 T L ool il Vi il slaazels
slaazxalS 5l 5 seye YV gl ls cos
5 sluds Lulpd g (LS sk e g6 oo
2 dede,lS adgs jo ol (ol il el oo
Olee 1Bl 09d o0 Fhm S5 Mg g S
S b SlgS oo 3,950 L il 1 o 8y IS
Wil g8 oS by SBl i Ol Sene
kol sl il ogh oo camlin ¥ Jgux j0 aS jshiles
L e Camd p lagl GiSeen 5 @B syed
2oy S Jlixl waw )0 alse i g Al peuly
oion NaTK? olidl cels g 9d iid 0 o g
A 08 il e b b LS a5 oo
il lS a4 Glae glee isw Na' /K'Y s
S 39 fo p puker) (o0 VP (5590 haw 50 00
b 50 .5l Pi Lot LS b (gl sine oslis
Ri 2,6 b ood el ol S4 5 S3 .52 S1 5,55
5 0o il LS 4 Cod (5 50S NATKY s
il e (p<0.05) wisls Las Pi b oo mils
2SI 608 pobaw 5l S e 2 PigBL
ol ool el b oaslas jo cowd
3 W RIL oo mils HlalS asy ) Na' /K™ s
G g yobay Fohu ple )0 (5yed wals xlauw
(Y Jgaz) 09 ouis s LS 51 565 (p<0.05)
Camls 008 o Julge 5l punly 4 poows S
OB (b o el Cax Gl ke 5 5s0 @

Loy by @i 5l yed 8 Cuiles 3l plis

1. Citrus tangerine



\YaA ]:;L <Y o)Lo.,.fa ARNES Sl ‘Soﬁ)lfd;" .

345 - - & =N[4 Pi —A—RI
S 295 -
3 245 -
=
§ 195 +
© 145 +
L
R T S
45 . . —x
Sl S2 S3 S4
Salinity levels

i (NI ouied ganli' LS g (Ri) Ruintraradices g )& g (Pi) P.indica g )8 b ooy gudli (LS )0 Joxi ol -V JSCi

S Aliseo gl
Figure 2. Tolerance index of inoculated plants with P. indica (Pi) or R. intraradices (Ri) and non-inoculated
plants (NM) under salinity levels
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Table 4. Shoot K, P and Na content, Na*/K* ratio of shoot and root of Glycyrrhiza glabra L. non-inoculated
or inoculated with R. intraradices or P.indica at different levels of salinity

Fungi Salinity ch(r)\(t);nf gg%?énl:; Sc?(;)r?tterl?lta Nat:K+ Nat:K+
Levels (mgpotl)  (mg pot?) (mg pot)) Shoot Root
SO 22.909 2.72% 3.30' 0.14" 0.549"
S1 21.084 2.551 23.919 1.15% 1.60°
NI S2 19.059 2.269N 31.61°f 1.67¢ 2.35¢
S3 15.019 1.819n 39.94¢ 2.66%® 3.23®
S4 9.60¢ 1.21! 28.36™ 2.95% 3.15b¢
SO 28.11f 3.43¢ 3.85 0.13" 0.419"
S1 23.609 2.92% 23.12¢ 0.99¢f 1.25¢
Pi S2 20.68% 2.36™" 35.08% 1.70° 2.60
S3 17.369" 2.029n 42.06% 2.42b 3.372
S4 10.88¢ 1.34M 30.35°f 2,782 3.51°
SO 132.122 12.242 10.14" 0.07" 0.163"
Ri S1 108.83° 9.57° 36.23¢de 0.33" 0.590¢
S2 80.34¢ 6.95¢ 52.10° 0.65¢ 0.997f
S3 62.98¢ 5.44¢ 51.77° 0.821 1.52¢
S4 45.10¢ 4.05¢ 62.972 1.40% 2.34¢
F value
Fungi 366.3717  399.126™ 115.846™ 262.237™ 110.262™
Salinity 35.062™ 59.457" 189.883™ 372.489™ 201.464™
SalinityxFungi 14.002™ 18.829™ 9.578™ 21.949™ 8.302™

235l i 5 4 S4 8382 S1 S0 (P <o/+ 0 (SSls 5031) ail o Hlo sire Dglas Kiles gt o 30 wlie puf Y gy oy ) gl jo o e | el &yl *H -

P.indica ¢,8 g R. intraradices z 8 L oo zeadli o eili (Lol 5l o le sy 4y Pi g RIiNT Lo pdon) (oo VP 9 VY (il oz o598 (9 zshan 3]
- **: significant at 0.01 probability level. Values labeled with the different letters are significantly different (p<0.05) according to the
Duncan test. SO, S1, S2, S3 and S4 are non-saline, 4, 8, 12 and 16 dS.m™, respectively. NI, Ri and Pi are non-inoculated, R.intraradices
incoculated and P.indica inoculated plants.
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Figure 3. K-utilization efficiency (A) and P-utilization efficiency (B) of inoculated plants with P. indica (Pi)
and R. intraradices (Ri) and non-inoculated plants (NM) under salinity levels. SO, S1, S2, S3 and S4 are non-
saline, 4, 8, 12 and 16 dS.m™%, respectively.
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Abstract

Symbiotic fungies such as mycorrhiza can alleviate biotic and abiotic stresses in host plants and
affect their growth, nutrition and tolerance to salinity stress. Glycyrrhiza glabra is commonly
grown in Asia for medicinal purpose and fodder source for livestock. In order to assess the effect of
entophytic fungi symbiosis on growth and some physiological properties of G. glabra under
different levels of salinity, an experiment was conducted in a factorial design with combination of
two factors, salinity levels (non-saline, 4, 8, 12 and 16 dS m™) and symbiotic fungi (non-
inoculated, inoculated with Piriformospora indica or Rhizophagus intraradices) in three replicates.
Results showed the decrease of root fungal colonization, shoot and root dry weight and root length,
and shoot K and P content with increasing of salinity levels. Phosphorus and K utilization
efficiency were decreased by increasing of salinity levels. Moreover, salinity caused a significant
increase in electrolyte leakage and Na*/K*" ratio. R. intraradices colonization considerably
increased tolerance index under salinity stress and decreased Na*/K* ratio. R. intraradices
inoculated plants showed greater biomass, P and K content in comparison with non-inoculated and
P. indica inoculated plants. While plant inoculating with P. indica resulted in an increase in shoot
dry weight at non-saline condition, and did not significantly affect other studied parameters.
Results of this study indicated the ameliorating effects of arbuscular mycorrhizal symbiosis in
G.glabra under salinity stress, and the utilization ability of this symbiosis in phytoremediation of
salt affected soils.
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