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Abstract

Aims The objectives were to examine the response of Glycyrrhiza inflata to NaCl stress and understand its sa-
linity tolerance and salt tolerance mechanisms.

Methods By the method of hydroponics, seedlings were cultured in plastic pots filled with a complete Hoagland
nutrient solution containing 0, 50, 100, 200 and 300 mmol-L™" NaCl. After four weeks, we measured the fresh
weight, dry weight, water content, shoot height, root diameter, membrane permeability, glycyrrhizic acid, proline,
malonaldehyde content and ion content of different parts of the plants.

Important findings Low NaCl concentration had no significant effect on the fresh weight, dry weight and gly-
cyrrhizic acid content of G. inflata seedlings, but =200 mmol-L™" NaCl inhibited growth. The optimal salt range
for seedling growth was 0-278.17 mmol-L™, which was calculated by the fitting equation for the relationship be-
tween salt tolerance index and salt concentration. With increasing NaCl concentration, the uptake of K*, Ca®*and
Mg?* by plants from outside a salt environment significantly increased, whereas the Na* uptake was inhibited. For
the 0-100 mmol-L™ concentration of NaCl, the preferential accumulation of Na* in roots over leaves can be inter-
preted as a mechanism of tolerance. For concentrations of 200 mmol-L™ and above, most Na* was transported to
the lower leaves and then disposed through leaf fall, exhibiting salt efflux behavior of the seedling. Under salt
stress, the transport systems selective for K* were functioning. Thus the upper leaves maintained a high K*/Na*
ratio that was beneficial to the growth of seedlings. In addition, the salt-tolerant root accumulated Ca?* and Mg?®*
as well as synthesized glycyrrhizic acid and proline to increase osmoregulation ability, maintain cell membrane
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stability and reduce Na" toxicity. These are the ways that G. inflata seedlings are adaptive to a saline environment.
Key words Glycyrrhiza inflata, ion balance, mineral ion, salt tolerance, selective uptake
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Fig. 1 Changes of total biomass (A), shoot length (B) and root diameter (C) of Glycyrrhiza inflata seedling under NaCl stress
(mean + SE, n = 4). Different letters indicate significant difference (p < 0.05).
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Fig. 2 Changes of biomass (A, B, C) and water content (D, E, F) in different organs of Glycyrrhiza inflata seedling under NaCl
stress (mean + SE, n = 4). Different letters indicate significant difference (p < 0.05).
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Fig. 3 Contents of glycyrrhizic acid (A), proline (B) and malonaldehyde (MDA) content (C) in different organs of Glycyrrhiza
inflata seedling under NaCl stress (mean + SE, n = 4). Different letters for each organ indicate significant difference (p < 0.05).
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Fig. 4 Contents of Na" (A), K*(B), Ca*" (C) and Mg®* (D) content in different organs of Glycyrrhiza inflata seedling under NaCl
stress (mean + SE, n = 4). Different letters for each organ indicate significant difference (p < 0.05).
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Fig. 5 Selective uptake (A) and transportation of ion of root (B) and stem (C) of Glycyrrhiza inflata seedling under NaCl stress
(mean + SE, n = 4). Different letters for each ion indicate significant difference (p < 0.05).

*1

WA A H B AR G B HIKTINGT CPg s R 22, n = 4).

Table 1 K*/Na" ratio in different organs of Glycyrrhiza inflata seedling under NaCl stress (mean + SE, n = 4)
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Different small letters in the same column mean significant difference (p < 0.05).
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BERTX, XU/ IE T, e 7K
HH 25 1) (RS B, R PR UE T B KT B AR,
DT RN S BN S T, R AR KA E
TAEH

LA A KT Na (1), Toie 2 n] iis
SR AL FE AR FE 4, KN E B #) i -

CRNEE I E SR Sl N =TS9 1715 5 B S w01y ¢ ]
KNa™ i fsc i, YIRT1, 454 BEISXE B (138 f A
AT, UK S H A BRI I NaT L KT
EHRES, LKA Na, PR E A K AT
i R P LA A R KT N, 9a/b SR ) #h i 2l
U155
3 g
31 HMEHESHMOMEMEREERKMETIRR
E3EmE
Ay R R AR R T e Y. R £ R,
R R VE ) E R FR bR (Levitt, 1980). ASHIF 7T 45 4
FH, IR B K A B4 AR KT B Y
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A8 v £ FEE (=200 mmol-L™ NaCI) i i 5 12
AR AR, E. HREREERIC. RBiED
RHE I £ GE 7 1% 5r (B A R AE I, 2005), 1%
PUER Ak -2 b 54 (Lupinus angustifolius) 122 & 4%
i (Trifolium alexandrinum)7£50 mmol-L™ NaCIv i
TR IR3-T R G, HAEKEIE KA K85%. 52
HIEL, AHIFSE 45 H s i S H #4011 7250 mmol L™
NaCly i i 55 FR 4 i Ja, AE K B 2 T 7K O L)
101.6%, TR PERE AT rp BEHTER A AR I P i S A
B R AR, AR A G R A B R A v T D AR IE
i £5 57 A= K & (Glycine max). 4 - 77 ik 4R (Lotus
tenuis) FlI#i 7 (Pisum  sativum) 2 i B} 28 50 45 4 Al
MO (L, 2003; Teakle et al., 2010; Shahid et al.,
2012).

2T E DT FRE50%IN 1 SRk A
S ARG BB (Alshammary et al., 2004; Fijic%,
2011; FJ&AE, 2012), XASHEAR0 T AP 581
HZHENE, (AR B SUA RO ] KA
¥, 2005), PAIOA 7406 N [450% LU ™ HSE M 1 42
B0 e s O 1) 5 o B D U= I EN B R SR Sl W S S S R
BE S ok, WA s &2 H R M vrny
fabr, a6 EE AT R O B TEO 25 F T
i ERPELE B 0, DRI A 9 DL 2B i T P 31 75%
(1M 5 Z 200 0. 75) IS 1R $h e S AT by i B ISR H 5 %))
B AR I B AR PE N RS AR A
J7 R, IE MR T ) v A K e R BE N
278.17 mmol-L™ (& 6A), 4 NaCl ¥k i % 278.17
mmol-L™ i, H- 55 R 7 5 Xt I 1180.2% ([&16B),
R e S R 7 2
32 HMMETARREBEDEMEFXELSEM
A

KOS R KR B EEE IR 0%, T Na'
HKYAAE S THREPUE, SR 1= A4 1 Py B
B Z N, FEORK R AE, ME4K(Zhu et al,
1998; Shabala et al., 2006; Kopittke, 2012). i 5+ 47
R I 25 B I DXL AERR A4 4 21117 (Parida &
Das, 2005; Munns & Tester, 2008), & £h1tk. {H
AN IR R0 - DX A 7 AN [, A9, KR A vy
G TR R AR CKs NaT R g B B A S v (R T
2007; Bavei et al., 2011); i ¥ A= K 52 RO 3 i ot
Na" fIt 2 B8 75 25 oh (7 e 9%, 2003), R J2 &
(Pennisetum alopecuroides) . i £k # F #E (Sophora
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japonica) 55K Na L S B BAEAR b (S 55, 2011,
ERBAE, 2012), (HIAGTEMIRP TS 3, A s 12 i
b8 7 DAL B 1 Na e B3k ik ERUR, PRIE
4 AN 2R i KT R, S B X S AL 2 B
T EARWITTH, MR H L ERR K SE Al 1
FIE, TR N ) 2 T 75 B R A AN [ A7 AT AN ]
752, FEARER G P9 (0-100 mmol-L™ NacCl), #Na*
AR b A6 HIWKE R (=200 mmol-L™
NaCl), Na" & 1M P AT, 27 Nt
R, T L NG B R TC AR R I S R B
B R AR D). X5 DL E SCHEREE B A SR A AR
Na™ H SR AE Bl i B A 1 B — 2 AL X Sk Ty
[N, HALHMEARRT

TesterflIDavenport (2003)iA 2y, HRxfNa™ ) ¥
HIMB|—E LG, SRR A, R
SN, ARINA" AR L TE, B ar Na B R
SR, MM PRFFAR I 25 1P . AHIE T 45 5
X WS, MRS 4 TR 0 Na T B
IR FEFFEI100 mmol- LS AN TR (K14A), ik
FPA 4 (HKF100 mmol- L7, BT HRINa 4k
He EFE, By Na B B B T, 2
NEBE M O R, YA N A, X R
I i e AV B LIV R S AN P A STV A \ W
DAk D Na" i) b g, B ER T o ik B H e
RERIRIE T, 2him o AR X Na™ )k B, 38 faxd I
B ) R, A M AL LA #5207 . H
B SRR FEIIRE R, AR R SO £h 8 1 SR AR
B R L AR I B TR B AR AR A, B
ERIE ML L SR T KON . F A, ABEFO R R
(PR R EUSAK Na~ SAMgNas SAcanaPH BRI L |
TR Sl 2 T i 45 R0, R T BR R A 2 oK
S bt R I HLAT I RN, XAl A e SR
(VR IN o KSR H e ) iy ok i 2 R & 2 7 5o
N ERIE, AR AR ER RO BT N N R AR
AT JELIR, 2T SR AGTE IR 1 A AR Y o

T AR B A 7K - 1 1 DX S A ok % 38 0T
ANTR] B8 W SO RTE S e R 4 SE B (Tester & Dav-
enport, 2003; Munns & Tester, 2008). AT 57 %} 75 4%
B IR BORE S R ) o BT B, SR AL FRAAR
4 7R KT R BRI RE ), TER T KT E R
IR RE T R, T b Na T MR A B i
Thm 2 2GS RE4ERE LB ENa = KT, R
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Fig. 6 Relationships between salt tolerance index (A), licorice acid content (B) and salt concentration.

HEE K INa HAE (1) . AR, G ak
R BT B E KT NG S, X 4 A K R
HA W ae A EER X, 2N E R A
(Zhu, 2003; FEEE¥T, 2007), K*/Na'HLfe s, Ftk
XENa's KIS i e ae ke, i Sh ik . iR
H 41750, 100, 200 mmol- L™ NaCILb# R, |
KT /NGty 59 4 6.46. 5.18. 3.10, w5 lA&EEL
WS R A%+ (Shahid et al., 2012). K (W,
2003). =i (Bavei et al., 2012)f £ HFI K /Na®,
oI ER H B4l i Nat L KR f 2 g ) B LA
LR R BRI, i SRR, AE AR B
F S A
33 BMETHRREBESRIRNESFREMEE
ATHER

AN GRS S A AR I, R R T B B
SRR, LB IR A, 75 2R AR ) 510 43 i
¥4 JRi(Hutching & de Kroon, 1994). fEAMIIEH, fiK
SH R T A R AR A B R A R T T s> 1
UL, SR AR B 0 BN R A AR e
e, AR KR ) AR IS 32 520 o 31X 5 24 A
Y411 (Carthamus tinctorius) (Harrathi et al., 2012).
fL 2 L (Salvia) #ia 47 (Taarit et al., 2011)7F & fiid
AR A, AR TR UE &) S TR A A A
X RLE R ER R BT TP RS L7 A K IR D BT 4) o AR,
HRAE 5 Bh A BE BEREAT PR IH 9508 T 19 2 S X
Rl KA b, DR AR R S AR A Eh B R

AR E IR T, AR KSR o H%
HIR RWK, FEBEMIE, FPR R RE
FERE AU TN ANBE S, TSR
W fie 1 (Debez et al., 2004). A FH BELh % 2T
/K (K12D) 52 Ehk L2 AR N, R IR R A R R
(3535 1 RN 2 T I RE )

Tester £l Davenport (2003) . Munns £ Tester
(2008) 445 th, fEEREME T, MPE AN KES
A NB B PR EBE NG, & FERe Rk
P, odE i BRSO IR T NG AR R T
WATBIE W AT FER DRI, H IR
HEEFEENR S, B, MNEYM S, RET
(177 X AR EY) S R . A
WEFURIL, h Ak PRAT R R H S 2 P AR ) I 2 R 75
SERIN(E3B), LB FCa . Mg® & R AEL S
FeE K EAE B ETH(EI3C). =R A Y40 i
BAHSE RSV, SRR ERR, fefeE g
JRUAAR e A (ARG R, A7 L4 AR e K P 1
J(Bavei et al., 2011), Rl AT fg A2 e S H AR F 2
(I HLIBIE P o ASBIEST R I SR H BEAR K1 Ca?*
Mg?* 5 5 7E BRIl T RE SRR AR E AT B BT LT
5216 1% (Medicago sativa) (Li et al., 2010). 2%
(Aloe vera var. chinensis) (& FA%E, 2004). bk
(Hippophae rhamnoides) (Chen et al., 2009) g [
Ca®'. Mg™ &3 3% T L AR, H58E
‘K5.(Kao et al., 2006). *.%i(Fragaria x ananassa)
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(Keutgen & Pawelzik, 2009)IHIF 57 45 FAHL. Ca*.
Mg® SRR A K IR BB 1, R KA S
TR b, KECa? . Mo IR 243 B T 4EH8LI%
(K140 BB o, MEHER R K, 10 HAR &R Ca® [l
U AR A0 A ) e B v R RS e Mt L R
FHOBHFASE, 2004; Shabala et al., 2006; Kopittke,
2012), GrattanFIGrieve (1999)%F AWM 4+ 2 1%
frICa™ & B0 /b Na” . CIMgh ) 775 2 F A .
Fr AR FrCa®™ . Mg T Bt e i SR H 2 FE B L
BB . BEAIERE, HERP A H =
MR, H R AR AR B P R R G AR, n DAAERE
J TR (R BAIR A, 8 3h 5 2 IR TE R SR, 2R
AR AR b g, b S (B R R AR T
2003), i H FERAEAR A DL H R A 5
XA BERCEAEAE, Wb Ca™ & B 1B i T H 2
5 WL AR e, A H R IR R HE A SR T AR . A
b, AERRRRE I Ca?t . Mo KT R 2 R & R
B, XARLE m R IAEE N R TIBIE Y . N
B DL HERE IE 10 A BT REAT B4R

gr LpTR, MSH R A AR I R
@ B A K Sk S 0-278.17 mmol LY #h
TGN AU A AR AR AR . AR AR, g LR
Na® K, 4 7B MKYINa', 8 T4l kK,
[, N AR A Aeil A B Ca® . MgP RIS i
M. HHER, URmBIEHAE ), SENa 5,
fERRAE i BRI 2B KA 2 5 m), R T RES)
HAE R IR TP WS R A K BSR4, XK R
H By AR R R PRI A

EEWMEB HEEHAAFEAESIAA (30760028).

Bt B =4 AL LR FET AT IAEF
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