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The effect of the arbuscular mycorrhizal fungi on the growth of Leymus chinensis

under saline stress of different intensities
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Abstract: Arbuscular mycorrhizal fungi ( AMF) could improve the tolerance of plants under saline stress. However, the
degree of this improvement might differ relative to salt stress intensity. We conducted an experiment to explore the ability of
AMF to colonize Leymus chinensis roots and evaluate the effect of AMF inoculation on the growth of plants under four NaCl
concentrations (0, 1, 2, and 3 g NaCl/kg soil ). The mechanism behind the saline tolerance of mycorrhizal L. chinensis
plants was also discussed in terms of their root; shoot ratio and ionic content. The inoculants used in this study were Glomus
mosseae and G. geosporum, two dominant species found in highly saline —alkaline natural grasslands. Sixteen pots of
inoculated L. chinensis seedlings were randomly subjected to one of four NaCl treatments, as were sixteen pots of non—
inoculated plants of the same species. The plants were harvested and measured after 75 d of growth. The results show that

under high saline stress, the AMF significantly decreased the strength of the salinity response and increased plant biomass.
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The mycorrhizal growth response under high saline stress was significantly positive, which indicated that the AMF-plant
symbiotic relationship is important to plants under salt stress. However, the colonization rate and infection intensity of AMF
in L. chinensis roots both decreased as salt stress increased. The ability of AMF to improve plant growth might decrease, and
one-sided or mutually harmful negative effects might occur when salt stress becomes worse, because of the increasing
intensity of the competition between AMF and plants. The AMF significantly increased the root:shoot ratio in each NaCl
treatment. More photosynthetic product was allocated to the roots of mycorrhizal plants than those of non-mycorrhizal plants,
which increased both the water and nutrient absorption, and transportation capacity of the AMF-plant symbiont. The re-
allocation of resources between roots and shoots might be one of the primary strategies used by mycorrhizal plants to increase
their fitness under harsh environmental conditions. The higher N and P concentrations observed in mycorrhizal plants also
support the idea that AMF help L. chinensis absorb and utilize more nutrients under saline stress. The concentrations of Na*
and Cl™ were both lower in mycorrhizal plants than in non-mycorrhizal plants, decreasing the ionic content of inoculated
plants. Ca’" and P/Na" concentrations were higher in mycorrhizal plants under low saline stress, while the K and K*/Na*
concentrations were higher in mycorrhizal plants under high saline stress, indicating that the mycorrhiza could reduce the
physiological drought response of plants under saline stress by adjusting their osmotic potential via absorbing other ions and/
or increasing ionic ratios such as K'/Na®. The results also showed that the saline tolerance of mycorrhizal plants was
increased by the mycorrhizal P response under lower saline stress, and by the mycorrhizal K response under high saline
stress. This study has improved the understanding of the mechanism underlying the improved saline tolerance of mycorrhizal

plants, and provides some guidelines for using AMF technology to restore saline-degraded grasslands.
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phosphorus response

AR SEAE IR 2R A B AR B ( Arbuscular Mycorrhizal Fungi, AMF) T8 sASSEA 4K R R e T 1z
g —Fh A (R BT AM BB 18 A TR B AR AR AT A KN Y KRR AEY
FMRAHF 8 R B, AM EL B RE S 4R S A 4 A0 TR SR e BV E e 3L 4 P R P= i) O oAk b 1 fie st
FPIAEFR T 3R KA R AOAF T B BRI AR B A & R, 1 F 5 R, 28 7 el Al ARl 5 e )
FOL S AM B R A A BT R R B R ) L BN, AR BRI AR A R A S R R T
HHIRF TR Ry 10

H AT, 2Bk [ N A 29 9.32 42410+ i i 52 5 AL B AL, 3 26 b DX AR B IR AZ 5 Y ) £ i 4 3R
B RN 22 55 R R VIR AR A WA IR ) B B A A BRI R AR | 25 ( Leymus chinensis) 5 AM ¥
PR A A R P R B B AR T VA B R T R ER A i MR B T AR h 432 50, AR FHAE S 2
AM FLIRTE H ARG FIE A A I B4R R 1 2 e AR R b i o (R 2 B ad R
TR, E AR FREE AU A A K R SR AR T AM ECE A T & Fi 24 K A, XU % 3 ]
BEUR I 35 4 T RE SRR IC AM. B BT 2 B b ek (9 R R4 P, 2 3 5 20 Oy PR 00 Az 4 B, T
A ) iR BE R T E T AM LD R AR 2R , 2 I B AR B OR YA BEER AL 3 B w0 i, AR T
AN[FLHR BE 1Y NaCl $hAab 3, W53 AN [R5 B2 £R B0 X AM L TR 9 4= YL B 0 R = RE AR RN (52 e, 5 AR B 2%
FIVES 5 B A BT AR AL 3 ) R B3 (g mia i LB BI85 SR T 07 P T AR B AR A ARG 52 $h iR AL -
e A S R B B BRIR R R

1 RS

1.1 5Bk
MR R R A A AT AR TE TCHLEY & & 0.81 o/kg, 135 pH 4 8.49 A HLIF &
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TN 2.49% 2R AW AE N 1.69 g/kg . 0.91 g/kg 34.8 o/kg, HAK A AR A4y 108.65
mg/kg 8.76 mg/kg 23.5 mg/ke, Ak I A B 0t 2 mm WIS H 1:3 A9 Vb H L HLBITR
W 3R VR A 55 A R AR T 121 °C KB 2 /N AT o - S A v b i B T A
ETGERTR

FEFP R 1 ARGRIRFO 2w E R B, FER TR SRR 10 % H,0, B TH EE 10 40805,
A ZEIE K HIZ I 2 AN/ SR 5 U CE TR I U8 4K 1 48 /INEHiEZEA H

AM ECFE AP A 75 MRS VIR IR AL R, 25 i R Y B A O R ( Glomus ) I JEE
PIERIETE (G. mosseae) FIHIRPET (G. geosporum) '™ . B PR B FPFEE B R BalAT 5 A H B4R
Fi RGP LR TRAR LR PR 22 T AR YR B S S MR AD P 22 AR AR B 3 TR S I VE R AM EL AR B RR 571
IR — LR AT K AL B, Ty s8] KT
1.2 SCYRiscE

ARWFFET 2005 4F 6—8 HAE T M MOl TR ZE iR = ih b A7, SCER IR =R 20—25 ¢, HYBRE ST, Ot
HERF A3 R 8:00—16:00 B 8 A/, ARBFFE AL E NaCl $h A1 AM B TR #2006 2, 43 9l & 0.1,
2.3 g NaCl / kg 1Y 4 D ERALFIKF 458 (+AM) FIUR 3R (-AM) 2 1> AM H IR A 3K, HE31 8 M Ab B,
A 4 FESE 232 4,

FURHE AR LT AN 15 em, ZUR AN 12 em, @ 15 em, ZRTGFL, BHBREAEZ 10 % H,0,i1%
HIHEE 15 708h, A 2 ke BN H VR G, 2T A3 AR B | 4540 I 75 2 19 NaCl
T 2K PSR I TR AT, E+AM AR AE B 30 ¢ BEARIERN S B i B AR
2 em WHLJZH, FE-AM ARE AL R AT 30 o KR AU RP I B ] )2 0, JFCA 30 ml R K B R
FIH K I (DEREFLAR 0.25 wm) , MEFF+AM FI-AM ZbFH[R AM HF /MY IX &

FEAEZE B ST RE R E RO B S R R R (R BRI 500 50 Ak, A R A e 2 UOE SR, BEIR
50 ml, FEFRWEH N100 mg/L,K P Mg .Zn 45 50 mg/L, SEIHAMEI4EdFIE 57K IRES
1.3 FF SRR &

WA 75 a 5, FEHIE GRS R Ay OBk IAR R L EROK ok B RUR R S, T 25
FoK Mk 3—4 i, ISR TR MKy, DR R OB, FVLER MR R ek HG , HT/E5mM
PRI YIS , K HH 3 PRI ARAR R 65 C ML R EIFFRE

SR H KOH 35 B - ZLIR Hm R 1k b 2T e ik et B P T AR RYDE 1em 2247 KB AR B B AR Bt
A 10 % KOH %, 7K (90 °C ) 60 435, Z8 /K vk 2 IR, Bl O A B BUEK Ak 20 4340, K Bk )G
T2 %IRRT RRAL 3—4 438l SRJGTE 90 CoKVE# h MR ME fh 4T 4 4 30 J3ih . BUR AR B S O FLRR H il
(1:1) HiZ i e, BEHLEEI S0 AAMRBUE R, 78 B NS BAC IR IR e K8 (DL mm 38 5%) , - id st p 4=
YR R

o F b et 40 Hf, & FER ML B9 N P K" Na* (Ca®" \CITJTE MM . SR AHPILECI
A (Kjeldahl, Foss Tractor) il N, &M EEEE T (UV2201 ) 1l P( NaHCO, R42-4R8T e (03 | IR IR 43
FEIET(AA-220 FS) I K Ca®" Na®, BT (535X ( DX-300) I C1™,

1.4 BRI LEHbr

Wt FAN AT AM B 2 AR R R Y

1ZYLH5 K ( Colonization Rate, CR) % = (12 YR B/ MARBEE) x 100

12 Y55 & (Infection Intensity, 1) % = (fZ YR/ BAR K ) x 100

DL ) By TR Wi A R 45T 50N ST R AR AN ER AL B A ER W3 3500 ( Salinity response, SR) | AR
H KGN ( Mycorrhizal growth response, MGR) B <##i P ( Mycorrhizal P response , MPR) FIH P4 ( Mycorrhizal
K response, MKR) "
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ety T E - AR T E

SR(%)= TN LR AR x 100%

WG B M IR 45 B T AR S e AR M AR TR R RS R B R

{8 TR A B (Mixed Models ) 43 3K 56 NaCl T AM 5B PRI 2806 45 Wi 07 45 1 () 5, DA B R 2 A A7 AE 2
HAEH ., UIEE AN ZPAB R X -AM F+AM LB (i« KR db 7 S e a8 /K71
H P < 0.05, ASEIEHE S HTR A SPSS 19.0 2,

2 #HR

2.1 EHFCAEYE AR AR A RO

R BT A BT - B AR ) e S S (EPTE IS AR AN (3R 1) B NaCl ¥R BE 93 n, AR AL
SRR RS AR BEARAL L B A 22 0, 5 3 mg NaCl/kg K I 22 S5k B B 35K ([ 1a) , Bt R 2E
FURY M AN 225, AR TR AR AL RO AR ZE LU B NaCl ¥ JBE (38 T AT FREARG , (507 22465 90 R 1K 31 W 35K (F=2.
704,P=0.092) (£ 1,18 1b) o FARALFE G ROMREE 025 8 T AR AR 55 (ELRES SR M ia i, i Fh 22 57 3%
#isl/N (B 1b)

F1 HMFRGEZNFEERKR BT ESHFR
Table 1 The ANOVA analysis on effects of NaCl and AM fungi inoculation on growth and salinity response of L. chinensis

4% Index £ NaCl HAR AM EEXEHR NaCIxAM
SA )& Total Biomass 12725 5 **" 10.54 ;5 " 1255 51y
HRZE 1 Root/shoot 2135 5 63.02(, o) *** 2.54 3 1)
ER B RN Salinity response 730515 " 728115 " 093,15

Bt 25 0 e BE 3G, 30 50N B 22 34, 76 3 mg NaCl/kg 7K R, #R M8 %% 3 40 % (£ 1, 1c) .
AM EEREAR T F R R ER A O, ELE R 25 T IR W E KT ( 1e) o
2.2 ERARYIR A=Y s R R R AR A K AN

EhhiE R AM B A A SRR R R A (F=11.12,P = 0.007) AZYRE (F=6.72,P=
0.014) , JEHIEAZ YL i B2 BEER R FE (G IR 2L AR (] 2a) o FREREARA KON AETCER 5500 T ik T (B R
NaCl ¥ B {38 Jin i i 38 m (F=4.19,P = 0.041,1& 2b) ,
23 FHEHEFURE B RBEEME T

ER RN PR AR AL FEXT S50 N P VR (1) 5% ) 38 B AR 8 35 KO, JF HAFFE BB S BEAE R (2 2) . FARIL SRR
B N P YR B UR 2= TR PR AL F 5 (SR 2 5 B 5 Eh 0038 B34 NI SIS/ | 2 3 me/kg R ERET, —AM Fl+
AM ERR P RE2ZRARE (K 3a,3b) . AM HERH#HFEFHERE L N P(3K 2, El 4a,4b)  (HER M0 X
BN BB RE B ERINT P RHE(E2),

J7 255 M s AM BLRE DN S5 KR B2 R 8 35 {0 NaCl T AM BB 1938 BAE R B, 6 R R 3K 7
T, AM BB R KRR (2 2) . TR T, BARAL 5 KB ik s B 2 K TR AR b
BOHAE 2 me/kg R T RARAL A0 KB ik B ) o 25 = PR AR E 5 (] 3e)  JF HAE R R 2 T K
FHE R ES TIERRFER (K 4c) .
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Fig.1 The biomass (a) and root/shoot ratio (b) of mycorrhizal (+AM) and non—mycorrhizal (~AM) L. chinensis under different salt

treatment and the salinity response (c)

R 7 A ) R A B £ 2% 5

160 40
B K < \
o %
<120t a a L 30} ab
£ g
£ s N o
g Z 50 b
K8 80 b b 482
™S B b
S 3
40 | S0,
S
>
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0 0 j
0 1 2 3 0 1 2 3
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Salt concentration/(g NaCl/kg soil)

2 FAEHMEBEGT AM EFEEER (a) MIFENEIREKKM(b)
Fig.2 The colonization rate, infection intensity (a) and mycorrhizal growth respone (b) of mycorrhizal L. chinensis under different

salt stress

AR FRE R R AL PR 77 A 35 2

AM ELTR XS B Ca® YR BE (94 T2 SR P30 55 BE RS2 MA (R 2) o 78 0 1 1 mg/kg #h/KF T, WAL 5L
Ca™ R BE & TARRMRAL 50 (BAE 2 71 3 mg/kg $OKF T, BEM TIERMRIFH (& 3d) . TR RERILT
RER AR BEHAL A, Ca® BRI BEER IR L A INITEAR . 72 0 F1 3 mg NaCl/kg 2818 F , BARAL - il R
Y Ca® BT TIREMRAL R (K 4d) .

oI AR R AR AR, -5 Na B 1V BEREER U BE RO Anmi g . I ELAARAL 5 Na™ W — i
MR TARFEARIL R (18] 3e) o ETERAME T, BARAL Ao B AR AR THEFEARAL 77, MIfE 3 mg NaCl/kg =k
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FAFT AR R R AR Na® 85 75 m TR IR F AR (K de) .

R2 BMERLEBEZNFEEFREMRRENFTEINE

Table 2 The ANOVA analysis on the effects of NaCl and AM fungi inoculation on ionic content and amount in L. chinensis

£zt 2] i TR R xR
Index Ton NaCl AM NaClxAM
BT Tonic content N 26.39 55y " 477.53 o) " 9455, """
P 18.05 5 o) " 17130, 5, *** 29425 )
K* 141.76 4 5y, *** 137, 4, 15715 1) ***
Ca®™ 68.90 5 51y " T8¢ o 571901 ™
Na* 5596.17 5 51y *** 702.99,, 51, *** 54.824 5, "
ar 3060.66,5 51, *** 212,07, 5, *** 61.67 5 """
1 B lonic amount N 2.845 5 142.81 5 ™" 0.42 5 5,
P 9.58 3.1 e 33.17 (4 21y e 0.705 4y
K* 13.70 3 51y e 7.26(1 1) * 6.43 5 51 o
Ca®* 26.92 5 51y e 18.05(; 51y e 117 501y
Na* 63635 " 2,11y o) 28130
cl- 16.10;3 5y **" 228101 3.653,1)
HTH K*/Na* 253.26(3 5y " 1532 5 " 12,665 5, ™"
P/Na* 769.63 (3,51, """ 592.68 151, *** 48.18 5, "

B -AM 0O +AM

50 ¢ 4 30
3040- a a a 303' a a b a ébzo_a b 2
w2 30| a b 2 b b i > b
I E b b b <HI§ 2 r 41 2
®E 20} # B pa
g 15) g 10
S o 1+ S
z 107 ~ M
0 0 0
0 1 2 3 0 1 2 3 0 1 2 3
30 10 30
a a
— o a b = b
£ 25 b E
20 a oh 20+
2 b ba oa ap, I 67 b i “ oy
41 € b L g 41 € a
w8 =2 4t ® 2 b
®E 0t g S 10t
o ;2_ 5]
S Zz @)
0 0 0
0 1 2 3 0 1 2 3 0 1 2 3

I
Salt concentration/(g NaCl/kg soil)

3 FAEBFGETERL(+AM) FERBRL(-AM) FENBEFRERE
Fig.3 The ionic contents of mycorrhizal (+AM) and non-mycorrhizal (~AM) L. chinensis under different salt treatments

N [R) TR BN AN R AR AL BRI A7 7 S 3 22 S

Toiese: ClMRBEIA A CI R R i, PR Shvl FE (W 3 I i B . % 2 me/kg AbFRAM , JE BEAR AL F 51
Cl Mk B B & THARML R (B 3F) . HAEFMRALERA L, AR E A TR A0 F BB EE 7,1
FERER AR T IR B 2B T (4 .

TCi & K/ Na" i S P/Na™ I TEA SRR FARTIRE A0 T (R 2,18 5) o AM EL XX AN HE 43 19 52 1
TEARFFRAKE T RIHA—, FETEARERAMET A TR AR R K/Na™ %A B, (H7E 2.3 mg/kg
AR IKSE T, AM ELTE 4R S TR KT /Na (B 5a) . P/Na SIAH I, 72 T3 AR ER 414, AM EL TR &b
FPEE TR P/Na HAE 2 3 mg /kg BEKSE N A TR X %46 b5 T B2 5 (18] Sb) .
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B -AM 3 +AM
8 06 4
< 05t B a a
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B B by b - 0
S 4| b .S 03} S 2t
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Fig.4 The ionic amounts of mycorrhizal (+AM) and non-mycorrhizal (~AM) L. chinensis under different salt treatments

AN [R) TR R AN [R] AR AL B 77 7 S 35 2% S

B -AM 0O +AM

6r 0.8 -
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54_ a a § b a
3t b b R 04 b
= =
= &
= 27
- 0.2 -
1_
0 0
0 1 2 3 0 1 2 3
vk

Salt concentration/(g NaCl/kg soil)

5 FREZFHTERLMIFFERUEZNDINLL (a) FOBEMHEL (D)

Fig.5 The K*/Na*(a) and P/Na*ratios (b) of mycorrhizal and non—mycorrhizal L. chinensis under different salt stress

2.4 EARLFRAORE A

BRI ES R PR TE I AT SR A B R BN IE(HL, R W JCIE L3P A TG NaCl £, TARAL - 500 Bl B RO PE 4 2%
FAAE, MBAEMRER AT T (1 mg/kg ) AR S XA (RO P8 e 58, I b 30 A9 AS T3 o, AR PR Bl 2
W& (18] 6a) o BIARALFEFALIE 2.3 mg/kg iy ER/KF-261F T R BT FMEASE (1 6b)

3 e

31 AM R FRMR T 5 B ERMRa RO (E AR e i S e ) 5 i

— JRTTT DA PR AR L B 5 T AR (4 R ORGSR P BE IO T 3R> 2 AR KR R
U AEPAR S B0 i s PR a B AR, AM G S AR 09 A LGOI . AT b i JCER AR R AL B
AM FLTE X 350 A Y A2 AR IO F R IR 31 8 25 K8 RISERE A TR AR AR AR F A 8, 249K IZWT 54550
L] B8 R TR R U R A i AR RO G 40 v B B, AM BB A TR AR A A RN I O e 4 A AR R
(EL R AE 4 A B BE, >4 2 Fr AR R A7 050 114 T 36 I, AM 0T 8 35 IR 17 NaCloxeh 3 557 A2 19 1 D8 2%
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Bl6 ARH‘MEFHETERUEZNBHRBIE(a) MFRBE(D)

Fig.6 The mycorrhizal P response (a) and mycorrhizal K response (b) of L. chinensis under different salt stress

73X FE AU 1AM BT -AE A A A AR T 0 5 T A A R E A

{20 39 58 v 9% JBlh 3 5 B8 DR B S AR ) A A 2 B [8) ISR BELAS T AML L TR 9 6 107 & F T 22 4F
KB BRI A EE P BR R ( G. mosseae ) FIHIBRPERE ( G. geosporum ) J& H L + i L # ) AM H
AR RTE RN A T A T A R 22 E KA S 2 B SORIUBRAR T AM BB X 2 FOAR R
AR YLRE T, IF HA P RE 20 AM LT A EF Oy e 5 A7 BRE IR MR A BRI A8 0 R . BUAR L REATE AR
A AN I T Bt AR 53 2 3 AT R AH AML L TR S ROAR R 4 G At 58 A= Gl oi J32 VBt k40 0 18 A 7
MR, R, BEE A ARSI, AM TR X S B Eh M 00 £ HE 4R A s A 5 2 AR Sy 0y sORUy 32
MU R b DRSS R G, AM B TR R ) AR AR T I 2 P e BRI DG R 2R AR
YRR HERGVE T RESS IR I 55 AM B TR RHE ) A K B fE VR
32 FEMRALTFERAREE LR N

—BRFSTIE ] AM ECRR RESS I SRAT M I AE TS SRR i 2 FE G ok R Mt A KA, AM BRI
S OAR SE RA AE O OR O TR R AR Y A b L R A BE L B, O ELAE A SR AR B D B AR AR —
AR R AR ZE L . A7 BF T SR BRI A AR A KRB RE A2 1 /K 23 R FR AR 22 AR S F0KE BT 2 1k
BRI R MRS AR BT T 1T R SR SEA R R . AFDOTIG 0 4 A 220 e TE AR AL o A
PR IEAG TG 14 7K 53 FVE 37 0 2 WOBORIZ 3 B T, DT RE hy B8 AR A AR R 1 Jo TR 7 Il 1) 9 05 2 R R AR AL 23
PR, AR A AR BR BB A BCAR 25 L n] BB AM LR (R E A A K 1) — SR B E &R,
3.3 HHRALFERWE S EME T AR

BRIE AR, TR LRI (8 FR 0 2 A ikt & A A8 Ak, ik i 1T HA K BE 7 b 444 F
R e b R B o 22 R A0 HAR B T R, S BURE ) B IR R I A SRS R R AM
FLA AR S S R AR I B FR T 2 O i 7 ARSI v ) AR AL R — ELAERRRC R ) N P YR (H B £ an
BN ZOE BB . —Jr AT e T30 Bl 7 AM BB E RO R R G Be 0, MR
FRWWCRE T 5 3 — 7 T AT BB T AM ELR7E0R 25 PG HL 5 25 EAE W) 22 18] 1978 552 5 A B0 Z , 2D 1 28 3
— AR . BAREER AT R P IRIE T S (B A S R v R AR AL A LU AR R AR AL 3 RS R
RTHEZH P ITER,IEY] T AM HERES LYW I EE 28 N P JTR,

AM B A OB T AR S PR TR AR . AR R AR AR Na Rl L B Tk
FE. G AMF JRZEE 81 X AE ) # FAE A ALEE KA — B 4518, TReJE i T I ARALAR BRI P K" AN
Ca 85 BT A s N, ANALREAIR 1 4002 i 3 30 A R T £8 B9 7 AR 2 6, DA IO 4% 6 8 7 1) 2 T A
AP AT RER T AM ER{E SRR AR, BRI R R T A R IOV I T T E

AR T Xl ) 14 5 5 3 3 IR 8 35 A N T 3500 A BsIoOK B BEARAEAE R T R R R A 3R T
FARH RS 3R KR — S s TR BB A T K, NI 48 s ke it SR Re Y (RER AR E T
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