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Abstract: A pot experiment was conducted to test the effect of Glomus mosseae on the growth and the total flavonoids
of Caragana microphylla Lam. under different NaCl salt treatments. The result indicated that: 1) The inoculation of G.
mosseae promoted the growth of C. microphylla under natural growed conditions. The dry weight of the overground
part, underground part and the total were increased by 17.9%, 29.4%, 20.0% respectively and the flavonoids content in
leaves, stems and roots were increased by 9.0%, 0.9%, 11.7% respectively than non-inoculated plants. Among them,
they have a significant difference (P < 0.05)in addition to the total flavonoids content of stems compare to non-
nioculated. 2) The biomass and total flavonoids content of C. microphylla significantly reduced under NaCl Stress, and
remarkably aggravated with the increasing of the salt stress degree. 3) AMF futher promoted the growth of C.
microphylla under salt-stress. The total dry weight and the flavonoids content were higher in inoculated plant than non-
inoculated plants. The mycorrhizal infection rate and mycorrhizal dependence of C. microphylla were also affected by
NaCl. NaCl and AMF have significant (P < 0.05) interaction effect on the dry weight and the flavonoids content in
leaves and roots. AMF not only can improve the growth ability but also can reduce the loss of plant production caused
by salt-stress and increase its flavonoids content. It plays an important role to promote the development and utilization
of the regional plant resources in saline.

Keywords: Caragana microphylla Lam.; Nacl Stress; Mycorrhizal Infection Rate; Mycorrhizal Dependence;
Flavonoids
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B A A AR L B (AMIF )X /N 08 ) LR A R A B 25 R S

AR S B & & e 1 9.0% 0.9%F 11.7%, Hrb, FREZErh i) sl 2 R AR 2o, HRiEinEx g
7 8B BN B /KPP < 0.05). 2) NaCl #hHa ~, /N4 LI AR K52 28 4], FEA= s A s s i
B E K, JRREERIREE RGN AN . 3) EhMME RN G mosseae W (EEE TN LI AEK, HEYTE
AU TEE & R LR B AR R o IS, NaCl #h et g2 /N5 XS ) LI B AR A2 e e R TR AR AR M 1k o b b 3R
AMF XY R T AR AR SIS B AR Z & (P < 0.05). R W AMF ANMURESR B/ N85 XS ) L7E £h 55
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IS AR P TIZAFAE R — R e s, Jf
AR 27 IEZER N, Rl RET R T2
XM A1k 2010 42 P9 52k #h BT L R 2k 4745
JiE, SR T2 ORI 2 N 52 AR K R )
FERET, RA B R e AT .

JAF TR EL TR (Arbuscular Mycorrhizal Fungi, AMF)
el T ZAET B AESIHER —MER, 5RZH0E
VIR BRI TE AR, BE 2 S AR I A KR R
B, (e BRI, SR PP R . B
;e PURS), B EARSIE R, s
Wi T AT R T R B2 75 (Glomus mosseae) i — 2 R
BT BTN VA=A i INIVA 2 RN e It B SVVN 53 RS =N < P
R, B3 )LIRPR AMF Z R, BEPGERIEE N
PR,

/NS JL(Caragana microphylla Lam.), &}
XS LB, M NTE. FESMT AN G
H, TR SRR K SR R, T2 N
T K B ORIFFIE IR b 2 e /AN R RS LA A
R, BB AT B IR
PURAES), WABGRIITY A7), (EAE SR B A 1)
B AT IR AT AE 4V B AR R A K 32 P A 1)
o H4h, mTHERATER FRAESRE. K
AT RTVE PR R, MR SR I i 240 Jt LA
2 = PO 2T B IR AR 92 © BT RO FE AR
M HANRYS LS SRt &Y, £ —FEAMHRK
T TS AL A AR BT IR . (HAE SR E T
AMF X /NS ) LA B S B 2 B 1) s, 24K
WARIE o

AL LABEVEERBE T BRI, — AT AR LI

72

=3l

FER, /NS LS AMF (36456 & K EhvE, b
3t — SRR L m /N ) Ui £ 58 71 13 2 Ay
%, R TREHE. SRR S B E
LR s ZRWFEARERIRET AMF XJ /N3RS
JLE TR B R, DL S B A LA R
OYAT, WE FE B RIGEAL, N LAE R s R e
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2. REMNSF*®
2.1. #8

/NI RS )L Caragana microphylla Lam.) i N 5%
PRIV ML AR PR At . (b B o JBE VT BR PE R
(Glomus mosseae)( Bl % % I °F- & %% 5 1511C0001
BGCAMO0023) H b 5 T R AR Z Bl 78 75 5 TR
WEFERT AL B AR LR Rl BT YR E 7 (BGO) e fit, 4%
PR & m Ry B &A1 (160 1Mg) B LR 3
REBAER SRR L. ST (WEETAEY TR
AIRAFD.

WYh, EREIE210, 14 IkPa)Ki# 2 h, DAR{RE
FEFAAEGEMLE AMF. pH A 7.76(1:5), 4= N:
0.561 g/kg, 4 P: 1.27 g/kg, NaCl & 0.05 g/kg,
WHET 2 kg

22 W&

221 At

IR A WA F(AMF Ml NaCl #h9& 8) ¥t
HF—HHRA A R AMFCRHZ4EE, i
TR NI A 23 b, WSINEET, R ER A
Jiti 10 g T 75 ANANER B (AP AL B 0 10 g K TR 42
FRPIA 10 ml AS KB KIER,  DARRE D)
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BN E T AR R B B (AMF) R /N0 ) LA AR R i B 35 &2 R 5

X R M) FF 4 DAKE, wk 1, WHET
Witdt 10 MhEHA S, HAMCEES 3R, 3304
K, VLS.

Tl H 1%NaClO 747 10 704f, FHZ&EBI/K RS
PeikAx NaClO, Wi #MIF TR 12 x 13 x 15 CM?
(H 70%AEIRIE 1 h, FHERAKMPSTE, &
FH, BB 10 R, RS S KN EH,
Bhise 2 KR IEA — B 40T (= A ), AR 3
PR TEIREAREIR, FEFh 50 d JE TR RN/ N8RS ) LA
PRIEAT NaCl ZhACH, 424bPE 73558 0 2.4, 4.8, 7.2
9.6 g/L HIERVAW 200 ml, WRBE—k, FL8E5 K.
K 3 Re— 0K, FREEREK 100 ml, BFEFE—IK
1/10 ¥) Hoagland &7, VUJ& [ GRED) .

2.2.2. ¥pEhZ a9l

FEBARIE 105°C 8 E 5 1% T 5% HEL 10 mg,
H 70% B8R, $B5), AR 10 ml, Z9REN 1
mg/ml 17 T FriEia, 1E NI &S .

F s BB ERVEW 0, 0.1, 02, 0.3, 0.4, 0.5,
0.6 ml, Z3HIIN/KZE 3 ml, I 5%IEAEEREN /KB 0.5
ml, & 6 min, 1 10%MHER4S 0.5 ml, WAIJETHE 6
min, JIA S%EEANER 2.5 ml, JR2E], & 15 min
G, EEKERZE 10 ml. FSAMHOOGET,
K 510 nm AT, DL SR E R AR AR, I
FTE AR A 26 o

3. WEFESHES T

/NS L E R FH R E

MRS ENE, £ 60°C NHtTEHE, Mt
60 H i, FEHAFREL 0.1 g, FEELIN 70% B 10 ml, 65
CHKEIINE 2 h, AR h, ARIRE 0.5 ml
FESIRW, e hbrdEh 210 51k, s 25
R B &

12 %« Z K Phillips & Hayman #7710, B2
PeB(F, %) = (WARMR G AR BOEUA I (R B S 4 <

Table 1. Design of experiment

=1 WG

100%.

BRI R ] Bagyaraj A7 EMY, AR
(%) = (FMabBEFE — A b B 5 )/4 Fh b 2
T-H x 100%.

K1 SPSS V16.0 F1 EXCELL #4347 B8 2047

4. ERESH
4.1. AMF 34838 )LE IR

2 s, EHFMHCK T, SREREDHE
tt, #FH G. mosseae &3 HE i 1 /N A ) LI M b 758
FEH, WTFHTFEMNSTE, REEDE 17.9%.
29.4%H1 20%.

NaCl 3§ /NS LI A B B35 (P < 0.05)8k
PR (P < 0.0)PEFZIFI (3 3). Bl NaCl ERIK L HIHE N,

Table 2. The effects of AMF on the biomass of Caragana

microphylla under different treatments

% 2. RERET AMF S4B )L B R8N

N.aq1 e Hi B35 T MTE (53 S
lgkg TH@E THE (& (%)
o N e
B o
o e o e,
I
oM e ome sy,

0(CK) 12g/kg 24gkg 36gkg 48gkg
G. mo M+ M+ M+ M+ M+
' M- M- M- M- M-

E: A S8R RS ZORME S%KF LERE#.

Table 3. Satistical analysis of the effect of AMF on the biomass and
total flavonoids contents of Caragana microphylla under different

treatments
£ 3. FRLET AMF 3 HHE8)LEME MR ERS SN
it #r
AMF EhIR AMF x ik

E F Ly
F {4 P i F i P A Fid P{H

1 60.588 <0.05 39.858 <0.05 4.067 <0.05

2 34.786 <0.05 7.020 <0.01 7.272 <0.01

3 324485  <0.05 36.892 <0.05 11.585 <0.05

4 132.520  <0.05  149.010  <0.05 62.013 <0.05

5 359.799  <0.05  152.607  <0.05 80.205 <0.05

6 17.580 <0.05  608.728  <0.05 2.238 0.101

VEi “Mb” FRHER G mossese: “M-” FHA KB G. mossese.
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Figure 1. (a) Allocation rate of thetotal flavonoidsto organ of Caragana microphylla under different treatments; (b) Thetotal flavonoids
contents of leavesin Caragana microphylla under different treatments; (c) Thetotal flavonoids contents of stemsin Caragana microphylla
under different treatments; (d) Thetotal flavonoids contents of root in Caragana microphylla under different treatments
B 1. (a) FEAET/MEE)LP ERENHRESELES; (b) TRLET/IHEBILHPE2EREE; () FRLET/MMEGILESS
HIAEE; (d) TRALET/MHEGILRP2EREE
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BN E T AR R B B (AMF) R /N0 ) LA AR R i B 35 &2 R 5

EHRZ, Wi, H sk S S &4 R+
1) 2~3 % HIE 1(b)~1(d) ] %1, 1EH A K% R (CK),
FF G. mosseae /NS LI ZERIRR Hh B £
EEA BRI AL EE A IR = T 9.0%- 0.9%F1 11.7%, Hor,
P2 T I RRR B A S N A AR R 1 2 R A
BEMKFP<0.05), MEPHEREALE.

E X (CK)M E, NaCl R 5 B0 -4 ) L
{10 e 2 ) P 2 o A 5 ) 388 A R ARG, R
G. mosseae /MRS ) LIH- R 25 ) B Sl 3R vk
FIBE AN S 5 B . R E R 2.4 g/kg B, I
EREERS B, AR EEKRS MR T
55.7%H1 17.3%; HIRZZRIKE N 1.2 g/kg B, $REEF
3N 32.9%F1 0.5%; MERIRE N 3.6 g/kg B, T
PEFEN 12.5%((E 1(b)). [Al— NaCl #hikEAKF T,
EANBRERAR LG, B R AR b s R B R 22 3
IER)RZAKFEEP < 0.05)(E 1(b)); 22 LA HEER & &1
ERIRFE N 2.4 g/kg BHERIEE ZRAKFEP < 0.05) (K
1(c)), HEHKRE FAEE. NREMSAER G
mosseae, /INHH NS J LAR b 3 T £ 520 B 2k VA B 18
MR, MERIREE N 1.2 ghkg. 2.4 ghkg. 3.6 g/kg i,
O AN R R, 0l T 51.3%. 45.6%-
49.3%(E 1(d)), H 2 5 51k ) 2 2 7K (P < 0.05)(E]
1(d)). fEFHRIIEN 4.8 g/kg I, AFEGEHE ) 1) a5
SRR EY E, ERMERERARE, A
A B R ZE (P < 0.05). H1% 3 AT41, KA
AMF 22 B AE X AR A s i & S B (P <
0.05), X 2= S E I S B AR E .

4.3. NaCl Bt AM {ZERAIFNE

H# 2 Al WL, G. mosseae fit5 /NS ) LIE R R
A SRR, FEIEHAKFZMCK T, A FERE
PN 60%; TE NaCl ThikEH 1.2 g/kg B, Y%K
KA T0%:; TR KT 1.2 gkg I, BEEIKRAEN
BB ARARZ Je B i Pk, ik L E] 4.8 g/kg,
AR G2 AA 13.3%.

4.4. NaCl ghphiExf N 338 ) LR it
AR

TN AMF BRI PE(RIHE I EE AMF {3 5 £&
EREEINK T %), 2 RMEY)S AMF LG
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(IFEARZ — o N 2 Hm] U, 7E4I NaCl 2Rk FE(1.2 g/kg)
AT, /NHERXS ) LB AR P SRR, TR A SRR
(RGN, B AR AR R AT A

4.5. HxMHT

ANHHER RS ) LA HR AR G 2 RN R AR A 1 S5 2R
SIS B AR T LR 4, WARR G 5HEY)
AR, RIS EWA EME. K, 5ERK
. N E T EAREEP <0.0)IEMISH, Hih
I E. ST EAR R T P < 0.05)1E
FHK o AR 5 BT B 8 AR I A I E 2 (P < 0.01)8K
BEMEP <0.05) MM,

5. Wig
HEHR AL A Ve R R AR =4, |32 404

0.35
0.3

AR (%)

0 1.2 2.4 3.6 4.8
NaClikE (g/kg)

Figure 2. The effects of NaCl on the Mycorrhizal dependency of
Caragana microphylla

2. NaCl Zaxd/NH 538 ) LR kit B0 R

Table 4. The correlation analysis of the colonization rate and the
mycorrhizal dependence on the plant biomass and the total
flavonoids of Caragana microphylla

+® 4 PNHEG)LERERENBARKESMSEYE. DRTS

B SR
L ARG B K A

B R G 1
LR 0.968" 1
b 0.935" 0.921"
R 0.980™ 0.967"

MTE 0.950" 0.935
RSV EY 1] 0.820 0.933"
EXLIES-( 0.825 0.939"
AR 2 0.925 0.982"

VE: TR 0.05 KT LRI TR 0.01 KT LR F AR L.
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B A A AR L B (AMIF )X /N 08 ) LR A R A B 25 R S

TAFEERA, S Z R IRMEIR R, 1
WA A P G AR Hp R TR (1 O i il 52 [R] (pal (R
N 2R fi# 2 5 (PAL) J2 By 2K 4 o & B 1 v 0 Tl )
chs( 7 F-H 4 B (CHS ) A2 F8. 47 4% P9 {10 28 5 J 2R 0 I
AW B ) 15 B AU, B U ) B R
&P, AXERER, EEEKEMLET, B
G. mosseae . FHHEE 1 /INHER RS LI AE ) & (Hh L8
TE . H N T EAUS T E )RS S S 2. R
AMF REfRFHEMAEKFRE, REmRAER 6
[15,16]

NaCl #h e B TR ED R, (H R
AMF FESREAE A SRR, A R SRR, Ffith
FoRIEFR E s, RBEFP AR I AR ) BT AR, (H
F:F G. mosseae /NS LA bR AE A LY v T oA B
WAERR, TCHZBEMEY AT E, ER—HKRET,
SRR Y 72 57 I8 3 B2 M KE(P < 0.05). TEER
WREH 0~3.6 g/kg I, [A—ERIRFERMET, /bt
HEAG Lt b 3R BRI R T S AR (0 =
YA E R E MKE(P < 0.05), {HTE 4.8 g/kg i, Z5F
RNEE. FH, ERWEN 2.4~3.6 gke I, Rehh
NI ) L AR P (b5 L ML R ST AL
H)Z LR EEES, HEMEYERIKERN 3.6~
4.8 gkg B, AHAZERARE . REHRIRELEN
T 4.8 g/kg I, #h e BRSO HE RS LI A
K, {H AMF REZMAE M YIS EER, &5
AN LI B, (R E KR E, e
B, X TEY R RS, AMF $25
TYIPUERE FINIIEA R ME—, ATREEFEN AMF B
AR TARBIRISTEIAR, R T K RSO, 2%
fife TR ABRVESOK, R T AR AR,
de e 7P WalRe Ry AMF & 1Y
X SER TR A I, G T R a5l R E IR
TR, AT T PRI RE . B2 T AR
BRI AR L BT B2 re A A0 T R PEATL AR IR AR 5 4 — 550,
(RS F HAE R MRS VF 2 10 A RRRAE S

WAL, M2 A shiA T R G (a0
SRR, LASE AR D30 R 58 60 40 B 45 2 2 o ACHsF
REERER, EERREN 0~3.6 ghkg I, [[—EhilkE
MR, Rl G. mosseae [I/NHHRIS ) LR B R 5 & EL
R A A FFREE RS, R 23 n3s i
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T AR R IR ) AR, (HERREE N 4.8 g/kg I,
S5 AEAMEMRAE L, #0 G. mosseae &3 FEAK 1
SR SR, TR S B S AR RS T
HERANEE. 5REHFPT LS RMA, bkl
I R P8 RS Ik A S B ) S &, (B E A
T, ER AMF K12 R FEAC 1 bR SR Ak
LI & & ARSI B MNE N, AMF AR
ISR | S I PRAS,  BRT3 BE R A 0 L
XA S IR FE I B R 2R o, T B 2R e
T, EEEEEYIEURE A S PR ER, BT
P e B I R

PR AR A Ju 3 S i 1 HE AR 3252 AMF A2 JL IR RE R
WKLY AMF SHPREM AP AR SO R,
PEVUERIER 5 /AR ) LR R T REFRIILAIL R, 1
WHERKEMT, B3] 60%, Ui HETERIER 5 /N5
XS LB SRR S, AT RE R 5 PR VY BRI Rl S Y )L
JE A AR B L 398 1 £ 3R A A2, S A 2L
NI FEEE R —2. B NaCl ERiREZRm, /N4
LI & AM R G 5e T Ja A%, 7T RE = AR
WEE e, nsR 7Y S AMF RSEAIER, s
WIE NaCl, i AMF BB 8 yE 2 BIRR ], 50k
oeg, WearrENE, NmERERERE, X5
Jahromi fEAE3E. BHUKSELE TN B B 7T 45 FAH— 2
[26,27]

Plenchette™ 1\ Ny, RFEEINT AMF KA
7] 52 22 77 I (R &R 5200 o ASH 90 B, 7EERIREE N 1.2
g/kg I, /NPRRNG J L FR) TR AR AR A 1 vy, i R AR 2 1)
Hhn, WARMOBMIZ R PR, XU, KSR AT LAt
Y5 AMF Z[RIRFLAEAER, SGam 1 RS 7K 73 A
IRV R IR 1 R S A E A AMF ¥4
a5, BRI AR R AR B B AR 12k

Bt PR3 R 1481k, AMF s FHEIAEKE S
AU EE S E R E A E . ASLIRSE IR,
AMF 5 oy 38 X0CE 52 B A FH O /0 XS J L P 3 48
TEAWEEEZIP <0.01), M EHTE. AT
AR RS R R R A (P < 0.05), X
EXSSiy =P RTE LS AN

6. &it

1) G. mosseae fig 5 /XS LT AR R B3 AE G
Ao IERRIPFAMT, BERE TEYAEY RO
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?i\ﬂT%FEﬁUP@ﬂMEMQE,HH¢E
A, H , WAL,

2) Ehihia %#T %ﬁermmmmﬁi%i
BT S EA BEP < 0.05)FREEEP < 0.01)5
Wi FEERIREEN 2.4~3.6 g/kg I, AERU/NHARR )L
C R AE KEZRE MR, (B EYAEER
WEEN 3.6~4.8 g/kg WA B BiRRER . AT WL, AMF
REJE L B2 AR R K 2 R IR R RO R R 1) B A
FH RT3 s ;9 IR AR = D TR R 3 v
I Eh v, SRR TR, (i
WA, BN 5 AN 24 F R A3 B R SR o A

RlE, 2T AMF SHEYMILAERR, WRARR
AMF X SRFEEAEKEE B R R Yl
PRSI, FRINK AMF (EAREAE P S 4ot

MBS EhiEib IR B SHEMIR R . RSB
JIMIR AR, BEEHEENEREERE L.
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