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Effects of inoculation with arbuscular mycorrhizal fungi and rhizobia on growth

of Medicago sativa under saline-alkaline stress
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Abstract: Due to climate change, agriculture, animal husbandry production, and ecological environments have been
seriously influenced by global soil salinization. Salt stress generally has been the focus of numerous studies, resulting in
alkaline stress being ignored, when, in fact, salinization frequently occurs with soil alkalization. Actually, high pH levels
co-exist with salinity in alkaline soil. The present study attempts to investigate the effects of inoculation with arbuscular
mycorrhizal fungi ( AMF) and rhizobia on the growth of alfalfa ( Medicago sativa 1..) under saline-alkaline stress ( SAS).
Based on the characteristics of Chinese saline-alkaline soil and a mixed orthogonal design L, (16'%2%) , of an indoor pot
experiment, alfalfa seedlings were inoculated with AMF ( Funneliformis mosseae) , thizobia, both, or neither under 16
different saline-alkaline conditions ( salinity 25—150 mmol/L and pH 7.67—10.52). The conditions were created by
mixing four types of salts (i.e., NaCl, Na,S0,, Na,CO,, NaHCO,) in various proportions. The effects of inoculation with
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AMF and/or rhizobia on the growth of alfalfa under mixed SAS were studied. The results showed that shoot length was
influenced by factors in the order of AMF+rhizobia>pH>AMF>SAS>rhizobia. The factors that affected shoot biomass, root
biomass, high net growth of stem, malondialdehyde (MDA ) and proline were ordered most to least as pH> SAS>AMF+
rthizobia>AMF >rhizobia, and they affected SOD, POD, and protein ordered most to least as pH>AMF +rhizobia>SAS>AMF
>rhizobia, pH>AMF +rhizobia>rhizobia>AMF>SAS, and pH>SAS>rhizobia>AMF+rhizobia= AMF, respectively. The shoot
length, root biomass, and POD of seedlings inoculated with rhizobia and AMF showed the maximum responses. The root
nodule numbers and weight of alfalfa inoculated with AMF and rhizobia were slightly more than that of alfalfa inoculated with
rhizobia alone, but the differences were not significant. The results suggested that SAS would strongly inhibit the growth and
development of alfalfa and the damage was greater than that caused by salt stress or alkaline stress. However, inoculating
thizobia or AMF could significantly improve the salt tolerance of alfalfa ( salinity <75 mmol/L, pH 7.0—9.79) and
alleviate the inhibition of alfalfa’s growth under saline—alkaline stress. In terms of the different methods of inoculation, the
dual inoculation of rhizobia and AMF worked best, the effect of inoculating with only rhizobia was second, and inoculating
with rhizobia showed the lowest effect in the alleviating process. However, the positive effects of AMF and/or rhizobia
cannot completely offset the negative impact of SAS ( salinity; 100 —150 mmol/L, pH 9.87—10.52). This result could
provide some reference for reducing damage of SAS on alfalfa, improving resistance of seedlings to SAS, and utilizing saline

—alkaline soil. It can also be applied to agricultural production practices.

Key Words: saline-alkaline stress; AMF; rhizobia; double inoculation; alfalfa

M5 EZ0A 10 42 hm® 19 T2 PR TR0, ) AN HEVER AR U RAE T B AR T R XA 2 A
WG a2 e SRk L & A AR 220 50K R B 36 2 G b R O R ka1, Z2m T e
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FRIBAKANFE AR SRR BT B R Tk R R B2
1.1.2 BT
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) R N BE P ER B R AT AR YAR B AR A1 22 970 1R G905 RIE 1 ( Sinorhizobium meliloti ) A PE b4 AR
BHE R 2RO B2 S0 S B AL FERN YA e VA TR AN 45 TR 5 15 38 IR T )
1.2 LRt

R rv AR bl DX R A9 R A, S PR R b 3 ( NaCl Na, SO, ) FPIFP 14 ER (Na, CO, \NaHCO, ) #%
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Table 1 Salt composition, salt concentration, molar ration and pH of solutions in mixed salt treatments

A AU LT RV T 60 pH (8

b SAS composition molar ration pH of solutions in SAS

Treatment -
NaCl Na, S0, NaHCO, Na, CO; 25 mmol/L 75 mmol/L 100 mmol/L 150 mmol/L

A 1 2 1 0 7.67 7.92 7.97 8.06
B 1 9 9 1 8.11 8.21 8.56 8.85
C 1 1 1 1 9.02 9.79 9.87 10.13
D 9 1 1 9 10.26 10.38 10.46 10.52

SAS: EhBirE Saline-alkaline stress

FERR R A IEACBETHR Lo (16'x2%) o ER8PMA (F R X,) 4 4 7K (25.75,100,150 mmol/L) ;
pH(HZE X,) f14F 16 K R B (R X)) AR /K T (LR RIS LRl ) S EEP R 5 (N X,) 146
PR (R FR SR ) . A 32 AN PR BN B AT 3 Uk, DAV SR A B 770 A Bk 5o BR A, 152 4 A%
M2 3 kR At 108 MERL,

1.3 Zfks

BAAEZEHE 3 kg H] 15% Tl NaClO 23k 1 A1 e b (LD 20—40 H . 4170 40—70 H=1:3,m:m), #k
AR =R P BA KB SRR H G B TIRA B SRS MY A (23,5 o
FE) o MRJRE A B AR AR T vk e P T S S o e ) T B VR R SR S AR (10 mL/ Bk ) o FEPH LA MR
KRR RE R 42 A3 OGRS TR, BE— KRB — B FR,65 d 5 #E AT b i a Ab 2, B 1 d 3%
1 RERBRIR A9, e AR B 14 d J5 43 SISCIR B 7 i 3 340 WSR2 % B AR A PP e B 3 bk A FH AR T
BUT AR et AR S S AR T, A AM FLRAZ YR, SR KRR A - 80°C AR IR VK A8 h AR AE LA T
JE SLARBRIAE .

1.4 w5 Ko7k

e PR 220 B RO B o, RSB 2 mm s b L T 3 A SFFR R (0.01 ) ; POD TR PRI 5% 5k %l
T, AR B 2 0 5 ; SOD TG PRI 2 2% Beyer Al Fridovich' ™) (475 5 ; P9 ¢ (MDA ) F1 il & R
(proline) ZH8 Madhava 1 Sresty" " 7532 , 43 R FH AR AR O b2 R 32 D00 8 FNES = 3L 00 2 ; v bE e 1 o i
52 2 M8 Bradford' " (1753 ; SR TEOE Ge v 1M R 8 FH FE 7R Bk i AR T8 1 2, SR AR BB A ST AM
PR AR G AR
1.5 HdEab

K H Excel 2010 BT EER ST MBS 50T, SR F SPSS 21.0 #1745 A B 1) 25 S5 b 5k A,
FELE R HE Y E bR RN . BRI AME J pH /BN AR RE X, S TR AR Ve AR & Y, [ B A A i

http ; //www.ecologica.cn



4 A E = 38 &

MR A, R SAS(V20.0) fES7 AR & Y, 15 AR & X9 70 =ik AR HOGR RN T
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2.1 AMF FIHYSRE B SR M0 T 2006 B 7k o S 25 g K i 52

BRERFRSSAISN , pH KRB L AMF D% 4 /SR 2R 0] R 6 58 B A PR R R AE B bk s A B (R 2) .
SR RRAR LG, IEAC AR FA 5 3 16,23 .28 .29 A H S AL A PR e 0 — o TR S A RERAR , T JLZH AR A A AR IR T
ol FE VAR AR AL PR SR AR B TE AR R AR R XTI, 28 7 41(B £k 100 mmol/L, pH 8.56 , [F]H 42 Fh AR 9
T B VYA A 85 ) R FRZE bk 2 B s, 55 23 ZH (B £k 100 mmol/L, pH 8.56 , /N2 AR 983 T 2 28 U A5 A e 25 ) 4b
PRk (R 3) . /7 A 19 A2 R AWE, 5HAA A 22 5 1355 23 AR5 1.7 .13 19 42
S, SHABAN B 22 AR B AP PUSSER X R A RR SR AR SR D>C>B>A (5 3) , Y
ARt B A AEARSE T (BB A I A (O FE K D ERMA R AL ERLE H i s ekt B RIS LS
HABAL B KD T2 e i 2 BITESS 1 2H (A 31 25 mmol/L, pH 7.67 &7 B PU A 1N HEFE ) A% 6
2 (B 575 mmol/L, pH 8.21 , AN AR I TR 5l B VY AR RE RS ) Hh I KB RN e/ IMEL (X 2 25 S AN i 26 #
2% R AHMOEAS LI A5 A5 th (3R 3) , ASIRI IR 6 S8 40 7 bk i 19 2 e B2 BE AR U2 AMF+HUR T8 >pH > AMF >
ER BRI T S ARIRI TRT , ) 25 1 18 e 1 K 5 i R B AR U 2 pH > £R RS B > AMF+ARJR P > AMF > AR B (3% 4 3%
5) . AR pH X EAEETE A A AR T ER a0 [] i) 422 ol 28 VG 45549 28 25 R I8 181 0 50 78 1
PR A R A DR B b o 5 VG 5 A 20 8 R R T T P o 8 VG A5 A R B T P SR T B e A A g
WITER .

®2 HWER pHREEKE AMF MELEERS B TEYMERM L EMEXWB T ESH

Table 2 Variance analyses for the models of the stem length, dry root weight and dry shoots weight for each of the experimental factors

% B PR E Stem length R A Dry root weight b A Dry shoots weight
Factor daf F{H P1iH FAH P1E FiE PA
F-value Pr>F F-value Pr>F F-value Pr>F
X, 3 4.167 0.008 3.861 0.012 2.796 <0.001
X, 15 1.354 ns 1.081 ns 1.852 <0.001
X5 1 11.002 0.01 0.692 ns 4.83 0.037
X, 1 22.846 <0.001 1.143 ns 11.13 <0.001
X Xy 3 2.998 0.007 3.64 0.016 2.831 0.01
X, + Xy 3 4.531 <0.001 1.143 ns 2.113 <0.001
X, + X5 31 2.411 0.001 2.642 0.001 5.987 <0.001
X, « Xy 31 2.411 0.001 2.642 0.001 5.987 <0.001
X5 - X, 3 10.633 <0.001 0.682 ns 4.63 <0.001
Model 17 3.178 <0.001 3.178 <0.001 4.823 <0.001
R? 0.409 0.409 0.512

X, : pH;X,: FAN gl ,Saline-alkaline stress; X5 ;fﬁ@%,r}lizobia;xé‘ :AMF;ns; TC . ZE 5 No significant difference

R3 KEHEXREER

Table 3 Shoot length of alfalfa in orthogonal matrix experiment

¥ (X MY (X AMF-+ARIE B ok 5
Tré:trint PHX1) SAS/( rrfmozliL) :ﬁzok()ia3 : AMF(X,) (Xs )EE ; shoot ﬁfn;]th/cm

1 7.67 1(A £ 25) 2(ANEERI) 1($EF) 13.05+2.49bed

2 7.92 2(A$R75) T(EERD) 1 1R 12.05+1.47bede

3 7.97 3(A £k 100) 2 2(ARHEF) 2( AR 9.63+0.46de

4 8.06 4(A £ 150) 1 2 11.6322.82cde
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17 3] XU A IR AT ER B HRh A TR AR TR RHROR RO SR AR T 7 A K R 5
b (X TR (X AMF+#358 =
Trijinl PH(X1) SAJS]I;?in:m:IiL) 1tEJlr;::izﬁnl(ji; ) AMF(X,) ( )j?;gtﬁ shoot 1I:ii:nljgjlh/cm
5 8.11 5(B #k25) 1 2 12.26+3.60bcde
[§ 8.21 6(B #k75) 2 2 9.51+0.72de
7 8.56 7(B £k 100) 1 1 1 16.31+3.26a
8 8.85 8(B £k 150) 2 1 11.68+0.87cde
9 9.02 9(C#h25) 2 2 2 10.35+1.68de
10 9.79 10(C ££ 75) 1 2 10.97+2.34cde
11 9.87 11(C £ 100) 2 1 11.97+2.37bcde
12 10.13 12( C #£ 150) 1 1 1 12.38+2.32bcde
13 10.26 13(D #:25) 1 1 1 14.33+1.67abe
14 10.38 14(D #£75) 2 1 10.00+2.27de
15 10.46 15(D #£ 100) 1 2 9.79+2.16de
16 10.52 16(D #: 150) 2 2 2 10.04+0.76de
17 7.67 1 1 2 12.14+1.84bcde
18 7.92 2 2 2 2 11.87+1.56cde
19 7.97 3 1 1 1 15.47+2.2ab
20 8.06 4 2 1 12.43+0.47bcde
21 8.11 5 2 1 12.27+0.989bcde
22 8.21 6 1 1 1 11.73+0.64cde
23 8.56 7 2 2 2 8.81+0.65e
24 8.85 8 1 2 11.78+2.66cde
25 9.02 9 1 1 1 11.96+1.68bcde
26 9.79 10 2 1 11.96+1.73bcde
27 9.87 11 1 2 10.36+1.47de
28 10.13 12 2 2 2 8.93+0.65¢
29 10.26 13 2 2 2 9.36+0.49¢
30 10.38 14 1 2 9.53+1.53de
31 10.46 15 2 1 10.69+0.71de
32 10.52 16 1 1 1 12.17+0.89bcde
CK 7.00 2 2 2 9.99+0.46de
| 12.59 12.28 12.18 12.53 13.30
K, 11.96 11.79 10.78 10.44 9.81
K; 12.55 11.11
Ky 12.03 10.74
Ks 12.27
Ky 10.62
K, 12.56
Ky 11.73
K, 11.15
Ko 11.47
Ky 11.17
Ky, 10.66
K3 11.85
K4 9.77
Kis 10.24
Ky 11.10
R 2.82 1.54 1.4 2.09 3.49
BT order 2 4 5 3 1

CK: X MEARFE Control; R IESCHR Z2MH ; K o4 il P A /KPS E A )/ NG T3 2R AR R AL BRI TR 959% B ARKF T 225 W34
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Table 4 Above biomass and shoot increment of alfalfa under SAS, rhizobia and AMF treatments in orthogonal matrix experiment
m A=)t Biomass J’x;%‘;%igﬁﬁﬁ e Y Biomass 'i'ﬁ;%iﬁﬁ
Treatment Hi I T High net growth Treatment Hi | T High net growth
Overground Underground of stem Overground Underground of stem
1 2.60+0.46fghijk  2.05+0.55bcde 1.45+1.22ab 18 3.42+0.32cdef 2.58+0.56abc 0.80+0.12b
2 4.79+0.32ab 2.17+0.60bcde 0.99+0.25ab 19 4.68+0.3ab 2.84+0.76ab 2.07+1.63 a
3 3.09+0.38efgh 2.09+0.54bede 0.54+0.16b 20 5.23%1a 2.42+0.74abed 1.13+0.68ab
4 2.84+0.33efghi 2.50+0.46abcd 0.89+0.65b 21 5.30+0.77a 1.68+0.26bcdef 1.31+0.20ab
5 2.95+1.2efghi 2.51+0.67abed 0.99+0.61ab 22 2.15+0.07ghijkl ~ 2.16+0.82bcde 1.07+0.25ab
6 2.51+0.42fghijkl ~ 1.91+0.93bcdef 0.31+0.08b 23 1.59+0.34jkl 1.08+0.08ef 0.49+0.13b
7 4.27+1.07abed 2.02+0.63bedef 1.12+0.29ab 24 2.12+0.95ghijkl ~ 1.56+0.90cdef 0.85+0.29b
8 3.80+0.08bcde 2.33+0.43bed 0.69+0.06b 25 1.33+0.061 0.85+0.07f 1.03+0.20 ab
9 3.52+0.35cdef 2.49+1.08abed 1.37+0.64ab 26 1.94+0.27hijkl 1.92+0.27bedef 0.77+0.75 b
10 2.04+0.83ghijkl 1.68+0.76bcdef 1.41+1.55ab 27 1.85+0.111jkl 1.35+0.23def 0.80+0.34b
11 4.94+1.32ab 2.44+0.09abced 0.97+0.68ab 28 1.76+0.28ijkl 1.56+0.36cdef 0.74+0.16b
12 4.97+0.4ab 1.96+0.70bcdef 0.52+0.28b 29 1.57+0.44jk1 1.05+0.21ef 0.93+0.59ab
13 4.47+0.6abc 3.49+0.49a 0.99+0.13ab 30 2.32+0.47ghijkl  1.64+0.48cdef 0.54+0.18b
14 2.25+0.81ghijkl 1.57+0.92cdef 0.66+0.43b 31 2.77+0.88efghij 1.57+0.20cdef 1.32+0.11ab
15 1.55+0.01jkl 1.89+0.80bcdef 0.59+0.18b 32 2.14+0.56ghijkl ~ 1.50+0.26cdef 0.80+0.25b
16 1.46+0.79jk 1.95+0.40bcdef 1.08+0.19ab CK 3.12+0.27ghijkl ~ 2.26+0.33bed 1.34+0.18ab
17 3.42+0.52defg 2.55+0.75abc 1.41+0.75 ab
CK: XTHEALHE Control; ANIF/ING F-EFIRAN [RIAL BREI7E 95% AR /KT 22 5 .35, I (P 3 e b 22
*5 BFERBINKENEHERMERE
Table 5 Average and range for each factor
- H: ¥4 Biomass BEE
f:il His I Overground HF Underground Shoot increment
X, X, X5 X, X X, X, X5 X, X X, X, X, X, X
K, 292 371 297 359 3,60 230 240 204 206 212 143 1.16 1.00 1.05 1.07
K, 4.02  3.09 297 235 236 237 1.91 1.92 1.90 1.84 090 085 091 0.86 0.78
Ky 3.89 277 247  1.78 130 0.95
Ky 4.03 232 2.46 1.83 1.01 0.86
Ks 4.12 2.10 1.15
Ke 2.33 2.04 0.69
K, 2.93 1.55 0.81
Kg 2.96 1.94 0.77
Ky 2.43 1.67 1.20
Ko 1.99 1.80 1.09
Ky 3.4 1.89 0.88
K, 3.28 1.76 0.63
Kis 3.02 2.27 0.96
K4 2.29 1.60 0.60
Kis 2.16 1.73 0.95
Kis 1.8 1.73 0.94
R 2.32 139 0 1.24 1.24 092 062 0.12 0.16 028 0.8 0.31 0.09  0.19 0.28
JBFF Order 1 2 4 3 3 1 2 5 4 3 1 2 5 4 3

2.2 AMF FIAYE X ER BP0 T 548 T A A= W B A 52
4 Fofr PRI B W I 8] 1) 52 B RO S8 4K B il AR i & 520 . pH  pH SAVRE M S8 AR
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17 3] X A AR SRR A T HE Rl DS BRI TR MIARR TR 5% 4K B A A K R 7

ER B IS Y 55 M98 B 128 HAE R AMF (928 BAE X AR T AE g i i 3 (€ 2) . IEACAb 3
ZH R AR T b R R A e/ IME AR BRAE SR 25 41 C £ 25 mmol/L, pH 9.02,, [7] B $22 Fh AR Jg B Al g
VEEARERE ) R M 1385 1 T 3R AR AR R 25 1 T ak Bl de/IMEL, il [ bR AR 43 0 7EFE 5 21 41(B
£5 25 mmol/L,pH 8.1, FAJEFE PUASHIAEET ) 55 13 41(D 5 25 mmol/L, pH 10.26, 5] Fsf 42 4 K3 93 B4 11 75 454
W) MR, o EAYR R 21 1555 2.7 .11 .12.13 .19 .20 4 22 5 A 3, 5 Hofl kb B 40 #R 22 5
M EAYEDE 35845911 17—10 AEFARE SHMMAMARER BE(FK4), NIEX
SEPREE TR 2E R RE (R 4.3R5) AR ZEXEEALE T 1 b T A= it (0 52 ma R B AR 0L, U7 A 2 pH
>ERHH S > AMF-+ARIES TR = AMF>HRIE B, SRR B H A8 R AR U D>C>B>A, A5 SRR ER T | &
[ pH XF 246 H 18 AL W) RE 2 B R TR A, HOR T AMF FIARSE 1 VR

R 6 EHWEHE pH REHE K AMF X ZEETE SOD MDA  EAR . HEEKE POD 7T ESH

Table 6 Variance analyses for the models of SOD, MDA, protein, proline and POD for each of the experimental factors

ALY [t BB it 2 i S ALl
5ES B i e B AL SOD MDA Protein Proline POD
Factors DF FA4 P1E FAg Pi FAE P F1H P1H F {4 PE
F-value Pr>F F-value Pr>F F-value Pr>F F-value Pr>F F-value Pr>F
X, 3 1.062 ns 1.448 ns 1.029 ns 2.252 ns 0.719 ns
X, 12 1.21 0.028 1.043 ns 1.051 ns 2.319 0.008 1.583 ns
X, 2 1.687 ns 0.184 ns 1.218 ns 0.715 ns 3.36 0.039
X, 2 3.628 0.03 1.731 ns 0.521 ns 0.118 ns 2.503 ns
X, + X, 10 0.974 ns 1.397 ns 0.723 ns 0.984 ns 1.392 ns
X, + X, 10 1.13 ns 1.519 ns 1.613 ns 0.929 ns 1.018 ns
X, + X, 34 1.949 0.009 1.192 ns 1.719 0.027 1.348 ns 1.736 0.025
X, + X, 34 1.929 0.01 1.202 ns 1.746 0.024 1.281 ns 1.757 0.023
X, + X, 7 1.457 ns 1.369 ns 0.964 ns 0.459 ns 2.738 0.012
Model 7 1.949 0.009 1.519 ns 1.719 0.027 1.828 0.028 1.736 0.025
R? 34 0.476 0.359 0.448 0.386 0.447

2.3 AMF IR O ERRUME R 546 B 5 T R (MDA ) Flff 2002 &5 i 152 el

BB SR A0 7 Il 2R B B AT & ) T A R 38 B A8 BAE F 6T MDA R 222 1) 5 i #0AS i
F(F6), AFEMLEXT LI E TE T MDA AR R 2 AR, MDA 7855 15 41(D %k 75 mmol/L, pH
10.46 , FAIEEE PHASARAEET ) A% 23 2H (B £ 100 mmol/L, pH 8.56 , A425E ) 43 31|t Bl s /M Fl e KA . M2 2
TE55 24 20 (B £ 100 mmol/L, pH 8.85, HLBEARIE ) A1 29 £H (D £ 25 mmol/L,pH 10.26, A4ER ) 435 H Bl fix
KA f/IME, MDA 7E55 15 4IBRAIEE 4 24 55 23 =5 B EH, SHAMAH ZFHARE (£ 7)., HIEL
PREE SR 22 R (HAS 1 (3R 7 .38 8) , AR I AT 2846 B A5 MDA I 20 IR 7 5t 52 e R B AH W], AR U2 pH>$R
BB > AMF+ARIRE B > AMF > HURE TR, 125 SRR 00, ShAs Bt J& 51 ZAEY) MDA 2R R R EHE, 1
S EL KT AMF FIAR R B B9 7E
2.4 AMF FUVHJE G XTER 0808 T S 46 H 1§ SOD Fl POD 521

RS AMF  EhadiE 8 55 MU 1A 9 58 AR F b e A 5 AMF #9538 B AR R X SOD A 5 35 521,
WO B BRI AR B I A EAVE T BRI A S AMF 938 BAEFH MR 5 AMF 1938 HAE X POD §%
Wi B 25 (3 6) . pH S AFALHXT 246 45 SOD . POD i PE B 52 A A, SOD 7E45 19 24 (A ££ 100 mmol/
L, pH 7.97 , [a] i 32 AR 8 R BE PE A AN 42 5 ) A1 29 2H (D 3 25 mmol/L, pH 10.26 , AN £ ) 43 1) HH 30 e/ ME F
KA, POD 7E55 7 40(B £ 100 mmol/L, pH 8.56 , [F] i 32 i MR 5 B 11 2R VG A9 A 4 5 ) AN2F 11 41 (C £k 100
mmol/L,pH 9.87 , FLEZIEE VYA AR B EE ) 23 il HH I K AB A dse/MA . SOD e85 29 4IRS 11 41 38 15 41 %6 19
M 2BHEFEFH(RT), MIEAKHREE RN 2 R EHAH (X 7.5 8) , RARIKNEXEHLE T SOD W
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8 S % 38 &

M A BE KU pH > AMF + LR B > R Bl B > AMFSARIE T, X POD Y52 IR BE AR YR pH > AMF + L8 B > HL R
P> AMEF>ERIREAY | 1025 SR R AR08 5| & 1 pH 2 52 i 4 40 it 005 1 1) 32 2 PR 3R, AMIF -+ A3 7 Ah 1P &
$&15 SOD F1 POD i
2.5  AMF FIHIE GO R BbE 8 T 5846 B fE TV TR A5 )

SRR TR A R AR I A A AN K, AR BRI 5 AR G ] (4 28 B IR T T R Y
Wi B 25 (2 6) . FE4 11 41 (C 3 100 mmol/L, pH 9.87, B2 FE P4 & AR 42 55 ) F11 30 20 (D 3 75 mmol/L, pH
10.38, FRLEEARIRI TR ) 4301 BB R AE R B /ML, 565 11 41558 26 41(C 32 75 mmol/L, pH 9.87, FRAZHUR TR ) |
30 25 5% 2, 5 HAh A R 25 SR ARAS 35 1 30 4HBR S 26 25 R AN, S WAL R # 2E R B (R
7)o HIZE R(FRT 8) 45, AR P 200 546 B A rT VPR AR 11 3% 12 0 s i A B AR VS pH >R B > ML 1 >
AMF+HUE T = AMF 225 SRR WIER B0 B 5 | & A pH (E XS S840 B 4 PV R 35 11 %t 158 T o T AR 97
R RIS VYA AR e85

x7 HWEERRER EEXEELETERERERN _B . HSH.S0D.POD RAAHEASENEXIRER
Table 7 MDA, proline, SOD, POD and protein of alfalfa under SAS, rhizobia and AMF treatments in orthogonal matrix experiment

b — A A Al M
1 6.82+2.78 be 16.20+ 10.26¢ 12.50+ 2.51abcde 8.57+2.48¢cd 15.31+2.38ab
2 6.77+1.61 be 17.35+ 7.14¢ 12.06+3.08abcde 11.90+2.05abc 12.95+1.61ab
3 7.55+0.76abc 27.54 +22.35abc 15.28+3.07ab 10.84+2.10bed 18.10£0.79 a

4 11.68+4.09a 24.87 +29.91be 13.16+4.28abcde 10.95+2.12bcd 15.28+1.05 ab
5 6.79+0.62 be 18.39 +7.40abc 11.65+2.96abcde 10.34+2.11bed 13.09+0.84ab
6 10.34+0.36 abc 49.79 +55.06abc 12.98+1.49abcde 9.95+1.60bcd 15.74+0.41 ab
7 9.15+2.52 abc 57.20 £40.75¢ 13.64+3.15abed 13.01+3.05ab 16.57+4.11 ab
8 7.83+1.82 abc 82.47 £55.57a 12.66+4.52abcde 10.57+2.3%bed 16.84+1.58ab
9 9.77+2.23 abc 7.85 £7.26¢ 12.05+1.98abcde 10.32+1.62bed 19.05£2.10 a

10 8.46+4.00abc 34.24 +28.09abc 16.57+5.69a 11.45+3.00abc 15.99+2.66 ab
11 8.18+0.32 abc 27.74 +27.32abc 9.60+3.99bcde 7.12+1.86d 19.11£0.90 a

12 8.50+1.13 abe 45.33 +14.80abc 9.81+1.95bcde 14.86+1.77a 17.50+£2.71 a

13 7.53+2.77abc 22.27 £30.60c 10.44+2.84abcde 11.65+2.05abc 16.90+0.95 ab
14 6.11+1.83 ¢ 23.31 £17.33¢ 11.51+4.17abcde 9.74+0.87bed 17.57£2.16 a

15 6.03+0.99 ¢ 12.54 +4.48c 8.60x1.49cde 9.86+1.94bcd 14.61+2.11ab
16 8.01£2.62 abc 48.77 +41.53abc 11.41x1.06abcde 10.13+1.56bcd 15.06+1.49ab
17 9.50+2.62 abc 16.69 +8.80c 10.10+3.72bcde 9.02+0.25cd 16.75+1.48ab
18 9.63+2.83abc 17.09 £19.14¢ 12.59+3.28abcde 9.37+2.45bcd 18.80+2.09 a

19 7.99+1.09 abc 8.59 +7.54¢ 7.34+0.78e 9.56+2.04bcd 17.28+2.18 a

20 7.40+0.92 abc 21.14 +16.68c 7.64+0.81de 8.45+2.08cd 15.82+9.10 ab
21 8.72+0.76 abc 12.93 +17.63c 8.23+4.83de 11.96+3.64abc 15.74+1.90 ab
22 7.46+2.55 abc 6.93 +1.85¢ 7.55+3.92de 9.98+1.29bcd 16.15+2.43ab
23 10.73+2.48 ab 13.93 +12.28c 8.40 =1.31cde 10.22+0.86bcd 12.54+4.66ab
24 6.40+2.43 be 81.52 +87.88 ab 11.49+1.95abcde 8.70+1.38cd 15.41+3.28 ab
25 7.07+0.98 be 12.04 +15.34¢ 13.47+2.15abcde 11.50+1.77abc 13.99+2.94 ab
26 7.37+1.43 abc 32.20 +45.07abc 14.46+3.80abc 10.96+0.83bed 10.32+8.18 cd
27 7.07+1.68 be 15.51 =11.84¢ 11.11x5.05abcde 9.16+1.98bed 15.16+2.00ab
28 6.55+2.99bc 30.30 £2.25abc 12.83+1.30abcde 8.95+1.42cd 17.33£1.30a

29 8.57+1.86 abc 6.71 £6.75¢ 16.52+0.68a 9.42+1.32bed 15.29+0.87 ab
30 7.43+0.71 abc 10.11 +7.20abc 12.95 +2.67abcde 9.54+1.50bed 6.10+9.25 d

31 6.40£5.30 be 28.86 +£35.81c¢ 12.44+1.90abcde 10.06+1.37bed 15.59+3.54 ab
32 8.09+0.45abc 40.43 +32.44abc 9.20+2.32bcde 11.15+1.48bc 16.02+1.25 ab
CK 6.23+0.63 be 16.33 +18.95¢ 12.86+2.11abcde 10.36+1.84bcd 14.16+1.09 ab
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10 A E = 38 G

2.6 AMF SR BS540 H T8 iR ER A= Yetk il

FE AMF HERN AL 3R £ S Rb v IR AR A A 12 G S A6 B A AR, TR A AMF H2 70 Ah 35 7 A2 rh e A A ) 1)
AMF YL ETEMER, HeRh TR B R B8 R0 45 TR A MR . 6 AT B e AR R0 T A Ach B AR
TABUE 960 4™, T 0.433g, XUEFPL A HURBUR: 1162 4>, 8 0.452g, MU 4 B e () AR 958 S50 R0 AR 82 o
o T R R B AL B (R 25 R B
2.7 FREHT

I IE AR AT A B, S RO R R 3 A0 S s B R AR R K R R A
K MDA & 5 (052 FE AR R, 80 pH> RIS 5 > AMF + M8 3 > AMF > A8 1 . HRIR8 B8 10 5% i i/, DRVt
AR T [ 5 A X 3 NMEFRSE T pH T AMF i e =W InA gh 4k, 7 220 Br W, #E47Y P<0.05,
Tr 25 35 U B AR S0 Y R AR Y 5 SRR ) G o BESR 0P 38 R R pH RS Hb B A ) R MDA
FrE AR BRI —A U BBGE , 25 K A R B — M3 U B 55060 BEORH B, P22 b AR g B A
[l Fh AMF AR R BA A A X 5 46 1 1 b 13 A 4 e A 8 ORI VE L ke T 25 R B X R ik
A RAEFHHIASIA &, SR e it g sl A K AE R BUE I B, X5 IE38 Mg SR —28, pH<9 07 9 [
B, P47 22 50 76 20 10 PN AT BB 2400 1k 40 A BT R 9 sl AP, 252 Kl R BRI R (R 25T e O R A 1 i
pH X — I T, Sh AP A g IR, S8 B g AR K2 B Al (B 1), FBIEFP AR A AT AMF AT L
P S B A T R B HAE pH 2920 9 (C $R,25—75 mmol/L) () IR RETE A K

A

Above biomass/(gF- )

KR
Shoot increment/cm
MDA /(mmol/gfif: )

pH Rhizobium

1 ENEE EEYE ZHEKE MDA 28K pH HEH
Fig.1 The variance of above biomass, shoot increment and MDA content with pH

CK: % HBZH Control ; R : R AL I AL FTZH. Rhizobium ; AMF+R ; XUZERl AMF FIAR IR AL PR ; MDA ; 75 ¥ Malonaldehyde

3 g

E2 QI RV =N 1 STERE T D) SIERS O APt e =Y D NTTP e o9 =/ S DE N (081 2 NP R R iy o U e SO T
B30 7 3 SR B PERER pH BTG, LU ER RO XS R A5 G, ERBPM I S K 8 pH X AR E
A8 T A5 R A BER B 1 S M R BE e R, 3% 5 Shao 551 IS SR — B0, Wk B A= it T LA S R, 6 3 %
TPV A B R e e R B30 T (100 mmol /L) , AIM e B IR Ko Ty i ik , R 228 R 2k
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17 3] X A AR SRR A T HE Rl DS BRI TR MIARR TR 5% 4K B A A K R 11

T, R A OGRS B, MR OGS RS A A 2 B ST A 1 bk i B 2R
o VR R A TP AR B R B (100 mmol/L, pH 8.56) JHME T [ o H2 AR IR 1A FIEE PG 45 A #e B AL B v | 3X
YGERAETAS RO 1 AR A N R VG A 2 A B s 5 AR S HolE A K 1Y pH BUIE A 6P Ay ]
FEMRYIR S BE DY R R EOR B AR B T e R B s A A TR R AR (R R ER R T L
SEHERPI I AVEM, LI Na® [CI7.COY (HCO; S#85 SHaPIi e s W0 8 T is i 55 A B f A s
U6 2 TR 3G T LU BE VA A S R X pHL Bl R Rl A S U, B O A 4 e LR TRg T T R e 2 T AL A i 9 4
OH, Valenzuela S5\ ) Hh W30 58 1o VA F0LRE AR H SRR IR 17 5 S8 B 400 1 0 L AR 584 7 eh T
REAFAE S ION , Larimer 552 W58 R BUIFASIE A 14 XUHE AR X A4 26 KA P 1 P S R /R S S T
F8 B0 T 14 B O 1) S B IO 5 AR W AR A ) 35

TR ER AP0 T H2 b HOIRg T -5 B Y A0 4 0T 5 A A OS2 e ) DU o e B T A A R I
e, M b5 T A 8 A IE R S AR A 1 ER B — b 7 3, 25 A a2 B e A AR TR R EE Y A A e
U PR AP B R AR RARER | BT UK A i s 5D il b O S/ s AR BRUR T e, e B SR
BRI T (pH 10.5—11) 3% AMF FIAURE = A 5 A 1 5 HOX IREIE, ol RE R ARAL e B S /K 3 RE 78
ER R I TR E KR, XY Feng UM RFSEAS R B, MR R VG AT IR 1 SAE A e B AL
HEIY, Kbdei~Lateif 55 % SRR A AE AR G RHEL AR A0S U A HE LS A R T AMF 48785 K% | T 22 53 B
WAITF IR, DA AL AT LI R ) A A 2R TR Y O SR TSR TR ) AR S R o 4
SRERW] e v e FEER BRI | P R AN BE 5 A 1K SR B0 AR B4 4 P AR 2R P R A AR R
AL, B E IR BAF A, AMF FIVARLRE B A BRI B9 v A5 R 8 B, B PRS2 B

ER IR 1 A K R TR BE, B AN B B A e v TR R Y R TR K 43 B e Y B
A B I R ARG | AR AN B, B TR T A I R A A B R R R e TR
RAGZENH R AN, MDA J2 BB A AL i 9, ol USRI 2m S2 B R 8, VR 23R M, BE R T ia
SR A AP MDA 5 5 ST 5 R R R 3220 TRIAS RS 45 SR IE A 55 AR I, A 361
FERITINR, pH (BT, MDA & i —JT i 5 T Fela g, RIS AMF MARE G 3 1T R R pe it , i fgm
il 2R GETE LI N AT BE AR 16 M S ) S 25, I B S O 00 B8 8 T A, R PN 355 P ) 7 2 B B ) 3 25
TAFZ BN MDA SR R 305 Li 0V SR8, SUEFAL RS IE B R D, RS & T
JEAR A R SR A AT R SRR R N RS E SRR R B R 5

TG | K (4 pH S22 IR HR R B4 e [] AT ol R TR T R & 1 A A 208 g 2 ol 0 AL AL R TR AuAPX3 11
OsAPX4 Fik i - Tb AR T pH XU AL (245 SOD (POD Kz CAT) i 14 (5 MR , 2% fff S A0 N ORT A 49 2
FAE i G Y ARG AR B T AR B P TESE AR B AT LUE 1 9 AR A A LR iR
Ul INER BBORT AR 1 4 AMIF S0 3 3t e K HE S Na™ L™ 3840 AR 5 7K o, B AR A0 i 202 37 1P 55 2 ol
F RS IR SR g ER I AL S R [RI B POD AT ¥ 1 B 1 0 5 i P BE AR T, 3 e 22 S 1T
REZ T PR B RIER 80 T 1 3 BAE FHF=2E 10 . Zhang %607 & BUBRMNA 2 T8O Zn B Hil Ca S
REEAER:, 68 400 fe < A1 23304 32 A ) A0 I PR R PR AT, X o ER i S AR 4 A ) 5 — N IR ik
ERBUEA T YRR YR TR, Na"FUREY | Gl e A 1E FIT T DAERAIR Na®™ Fms K2, 2 il
TSR SRR (AN AR | 24 HIR L T IRAE ) A R HEA T8 B Y S e A M AR e H LA AR i
REBHYITE NaCl IR FEIRE] 150 mM B R REAFIE O A SE4 P 150 mM YR A 3R G A AT IR AE
T2, 3K AT RESG AR A At Rl RE A S  (H BER] T 4 AL B 55 1 5048 B X SR BB Bt , =i I U0
AT ERACE G RYTER I I8, (H SRS XL > FAREE PU A AN 48 5 > AR T, X S5 AR SC R ST 45 2R
— B AMFHRRUR T 2516 B A SR i R F 0 e ST E AR BT B A ORI R et KA i T
ik A —E M HEEE X,
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4 £t

(1) SRAE T H PR IR TR o8/ RS P A A A B J X R 38 ( 3Rk 8 <75 mmol/L, pH 7.0—9.79 ) Tiif 32 1
PR (EUARIRE TR T8/ R EE G A A A 1) £ E VR S BB 78 e HRTH AR W 38 (R VR JE 100—50 mmol/L, pH 9.87—
10.52) XHHEY A INHEIVER . SRB 0 X b EAE Y R AR 2SR KR MDA IR K T i
F14) S Wi B2 8 PR 65 A 0 e R R A

(2) SAE 7 TR b MR TR B RIS PO A 0 B o HL bR v 2B i B i VAT B8 0 A P4 v, ELX R 1
FAR T B —Ah B ASTRIEE R 7 OGR4 1) 5 M R Ay JEE 116 45 A 0 2+ AR R0 T > S VR A A R B > MR AT

(3) BRI A Wi AL E T A KRB AU E %, B ERE R T, s 5] & m
pH XA 405 3 B TR BB | R LR B R AMF J5 (058 08 B 15 NUE R T B B P B 3 i, B RE A 2K
F R k.
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