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Effects of arbuscular mycorrhizal fungi on the growth and physiological
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Abstract: To clarify the role of arbuscular mycorrhizal (AM) fungi in enhancing stress resistance in Leymus chinensis, the
effects of AM fungi on the growth and physiological metabolism of L. chinensis under saline-alkali stress were investigated by
conducting controlled pot experiments. The results showed that saline stress significantly reduced the colonization rate and
colonization intensity of AM, and that the inhibitory effects of alkali stress were considerably stronger. Inoculation of Glomus
mosseae enhanced the biomass and photosynthetic pigment contents ( chlorophyll @ and b and carotene) of L. chinensis
seedlings under stresses. With an increase in saline-alkali stresses, there was a greater accumulation of Na*, but K" uptake
was suppressed. Inoculation with AM fungi reduced the accumulation of Na*, reduced the decreases in K* content, and
enhanced the content of NO;, thereby improving the ion balance of L. chinensis seedlings. Under alkali stress, the contents
of citric acid and malic acid were increased, and under saline stress, malic acid content was significantly increased. The
activities of superoxide dismutase, peroxidase, catalase, and ascorbate peroxidase were significantly increased by

inoculation with AM, thereby enhancing the scavenging of oxygen free radicals by the host plants. The research results show
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that due to the high pH value, the effects of alkali stress on the mycorrhizal infection were stronger. Inoculation with AM
fungi significantly enhanced the stress resistance of L. chinensis seedlings. The mechanism of stress resistance also differed
according to stress type. On the one hand, the results provide a scientific basis for the application of L. chinensis to saline-
alkali degraded grassland and as a bacterial fertilizer. On the other hand, they also provide the necessary data for elucidating

the response and feedback of the L. chinensis-AM symbiosis to saline-alkali stress.

Key Words: Leymus chinensis; salinity-alkalinity stress; arbuscular mycorrhizal fungi; ion balance; antioxidant enzymes

salt resistance

FH(Leymus chinensis ) , AT JE AR ARG A JE AR ZE I AR 4 R A )2 o0 A T B i A6 DU |
Sty IR A AR AL L B v T AR G T T G S R P 52t 8 SRR A b S I R AR A B ) A I
TG A7 E HbATy P A 4 ) R R R S e Al T AR AR A O SR B L B IR B 1 AR B
ISR AN BT LA S N3 Bl (0 T4, 3haei b [ AR AN Wb K ™ i 29 26 ARl S B ol i & e, i T
B ELA AR A M T SR X T R R AR BT B LA A v T A2 M AR A DR, A Ry R X R
APk R A RSB 2 —

MK AR ( Arbuscular mycorrhizal , AM) BB )32 7048 T4 KRS RE T, 665 80% U L & S YIE
WA S TR AR A AR F X - K A R 3R I OBORIUR T B2 R A bk (R A e K
VTAERE T TRAR B AR 3 1 FAR %8 R B 38 15 1 345 1% 8 00 2 28 1k A W o3 IR ek AF 5 v 1 AR
B, AT ARHRIE th Al LU Y, 56T AM LR $2 S A W DU R ML BRE O 2 B b T huE I, A o b v AR
(NaCl) (ST, AR H LA BE S BUE B Fia i, NSRBI 1Y, 48 = i A LS P S A 7 I 156
TEAERRPEER (55 pH) MHE T AM HIE 518 EHY AR F9 B i T REABE I pH, fla 5 5
R PR S AR A, FLC R DRI AE e B R R 22 5550 0 Il AR SE R DA E R Xt 42
WFFEAS [ R BB 7K ST H2 0 AM LB 0 = R A K R 2 AR BRAR A s i, — 1D W LARA A SR e~ AM
U5 F R SC R 5y — T3 T 0 ) A B AT A= Wk I R e K% T AR A o7 P B B — e AR

1 #RFE

1.1 ARSIt

AR SRR IR AT IO AR A WTUNRA (RBLG 3.1) B3R 60 B R R VROK B R ( AR =7
AT S MLS-3780) , 7E 121°C 240 kPa A8 T @il B H KA 2 h, U BR -3 b ] B A7 72 I B 9 1 S =
B TR, AR R, E AR 1S em, ZIR AR 12 em, 55 12 em, i 10% H, 0,729 15
min, TG B2 KEIRSG T 2 kg, AT Glomus mosseae (BGC HEB02) Hi b 50 R M B} 22 BE A 9 5 57
SRS Tt SRR 5 BT (PR 3000/20 mL) (BEZAI AL, HEFALEREE 20 ¢ SRR
AFIF R 2 em ZEATRA 2L, AR E AL BN 20 g T B TE D, A2l Ak 2 i Jon 25 e A 2K 1 2
TR RIAS K BRI K B8V 20 mL, DAPRIEAS [RI AL E] B AM BC 5 DAAM I A: P DX R e — 3, bt 2 i
T (THRELN 2.4 ¢) T 2013 4F 7 ARk B 3K ARG KU DAL O 0 PH R 78, AR AL R 2= RL BL 22 8 A F
U N T RERIH . MBS O 123°447E,44°44' N, PRIEAIH — B0 708 7, 1 0.1% 1Y HeCl, 17 W TH
B 10 min, 285 FFHZERK YL 3 3, 76 FAR S T T o BHIH BE G 0 F BRp 1 8 Tl A 1 SUZ IR 4R 1
FRILH T 20—30°CAR R FE IR 40 24 h RHFF AT L, HRGENLEBREA T, B HH 0.5 5/
Hoagland &£ 250 mL BéfE . SCU AR = W3 PR EE 25°C, HiE 120 d J5, JF GG AT iE b 3
RSP E 0 mmol/L( CK) 100 mmol/L NaCl(S1) ,200 mmol/L NaCl(S2) ,100 mmol/L NaHCO,( A1) 200
mmol/L NaHCO;(A2)5 MALHRA , B 2H AL B B H AN AL 1 (+ AM) RILEFIALIE (-AM) , BASAEIE 4 R E
AP 7 d,
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1.2 MEFRIRS Tk

FERRISCIR I R AR 2 Y 344 Phillips 1 Hayman J5iE " 2R mnt B 5 R FHARE LI E , 4R 3% & i
SR FH HG AL TR I 2 i 2 SR FH B — A B it B S 1 oR FH R W 40 D 0 B 15 ( TAS- 990, Purkinje
General , db50) BB A PLRRR T 7 G350 & (36 E#4 A w4 7™ DX-300 &1 (3% K50, A LR ICE-
AS6 3BT (BT T-: AS4A-SC (AL ) |, HUAA ML & H R T e (kI E

FHE AT

TR ARG R F9% = A= L AR BEBL B SR BEEx 100%

FHR R YT M% = (95Xng+70xn,+30Xn,+5xn,+n, ) / Bk SR B
Ao ng B AR BUEL, B AR IS )
1.3 Bl

AR IS B AL B R SPSS #1044 ( Version 13.0, SPSS Inc, Chicago, Illinois) , ¥ JH Duncan FEHT £ HE
Feds, KR 0.05, SRADBURI R J5 2270 Ml AM B RIER 88 — 25 2Z 8] 9 58 BRI .

2 FEREHW
2.1 EHHENA T EARR YR K AM BEM F R A K IOLE AR S R

I 1 A5 BEER b0 AR A, TR AR AR Yy A8 R Y i B Y B T W B, ELTE R0 A T BRI R
K, 7E 200 mmol/L NaCl AbF T R AR 22 Y44 5 YL i B2 43 51l hy 88.67% F1 23.78% , i 7E 200 mmol/L NaHCO,
SEFETR | RARAR YR 5 R YLsm BEUR 63.33% i1 18.55% .,

R1 BENET AM EEMFERERRE RN E R0

Table 1 Effects of AM fungi on the mycorrhizal colonization and growth in Leymus chinensis seedlings under salt-alkali stress

Wit i LU A & 7 R o D KB hE
Stress Mycorrhizal rate intensity Dry weight Chl &/ (mg/g) Chl b/ (mg/g) Car/(mg/g)
CK - AM - - 0.34+0.03a 5.60+0.01a 9.57+0.69a 1.90+0.13a
+AM 97.33+1.33A 44.46+1.22A 0.49+0.03A 5.76+0.08A 9.77+0.13A 2.11£0.10A
S1 -AM - - 0.27+0.01b 5.60+0.08a 8.80+0.04a 1.74+0.02a
+AM 92.00+1.00B 31.64+1.39B 0.37+0.04B 5.97£0.19A 9.40+0.32AB 5.97+0.19A
S2 - AM - - 0.24+0.01b 5.15+0.15b 8.10+0.10b 1.66+0.01a
+AM 88.67+0.67B 23.78+0.63C 0.31+£0.02B 5.72+0.17A 8.82+0.12B 5.72£0.17A

AM e e EREE EES N.S. * Ok

AMXS sk * ok N.S. N.S. N.S. N.S.
CK - AM - - 0.34+0.03a 5.60+0.01a 9.57+0.69a 1.90+0.13a
+AM 97.33+1.33A 44.46+1.22A 0.49+0.03A 5.76+0.08A 9.77+0.13A 2.11£0.10A
Al - AM - - 0.25+0.01b 5.23+0.15a 7.57+0.15a 1.62+0.04ab
+AM 79.33+1.76B 23.12+0.97B 0.25+0.02B 5.64+0.18A 8.94+0.07B 1.71+0.02B
A2 - AM - - 0.20+0.02b 4.70+0.17b 7.33+£0.21b 1.45+0.03b
+AM 63.33+1.67C 18.55+1.50C 0.21+0.03B 5.43+£0.20A 8.13+0.12C 1.61+0.03B

AM EEE ® ok ok * % * % EE * %

AMXA w ok K ® ok K * N.S. N.S. N.S.

CK: XTHE4bHE S1. 100 mmol/L NaCl 4b¥E S2: 200 mmol/L NaCl £b3E A1: 100 mmol/L NaHCO;4b¥E A2 200 mmol/L NaHCO;AbHE -AM: F
FEFPALIE +AM . R AL R W — SRR RS (/NG ) FEERR AR FIER B0 K P T 4R AM JCPE 03 (R EEFD AM FLRH AL ) 78 5% 7K I
ZREFE, * . P<0.05 * *; P<0.01 = * % P<0.001 NS:P>0.05

B 8 AR A TR AR X B 4y B AT S 3 S HEOVE (P<0.05) o FERR BB E AL RN R A TR S
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Xof HEZHUAH L3 B 25 BRAIR ( P<0.05) AR ] Ve J32 A BHE 201 ) 1 I 3 2 S, LA i i Ak 380 v o i 2 0K 5 %8
TRAAAALL TR T 41.18% , 1M R W0 AL BRAN S5 X FRZA AR LE N R T 29.41% 3k 156 B B Jpip 36 )™ F 5 ) 1 = 2
CA TN o8 SR 11 S ER O SR 1 Ra S N U (Y A E AN £ 2 VLY = R S N Sl N S R TR e
K, HTE B m T AREERANHE(P<0.05) , 5 R F AM EL 3 A FEAH H7E 100,200 mmol/L NaCl 4b3EF T &
S3 R  37.04%F11 29.17% , TAE SR I8 AL B A0 AM BB IF AR X R4 T 87 248 W

BEER RN E FEEE RGN, Chl a Chl b Al Car 5 HE I E TREEH(P<0.05)  7EXT AL F 450 AM H T
HRIEREREYESOCEGER TR, ERVHa b R0 AM B 455 1 Chl a A1 Car 195 &, IMTHZ A
AM EFE{LAE 200 mmol/L NaCl ZbBE T #2517 Chl b &, FEfPMa b H2hp AM BB B3R T50E
ORI (P<0.05) , HAE 200 mmol/L NaHCO, AL F Chl b &4 i i kK (18.10%) .
2.2 ERBIEMA T AM BN R EEICHLE T AR

ERBI A FOAS AR XS B Na® K' & A & S H AU (P<0.05) o BEER B W I 5 &, F 5
YT Na' & 5L W E RN, PEREE Na* S i 09390 K% i 52 1 3 R R 35 ( P<0.05) , HLZE G E 254 T P A FH
B AR, A AM FUE I AR AL b Na® K& &, 17 Eh i kb B R B2 Fh AM LT i %
BRI T F R4 RN Na* Brfit . SaR08n & Na™ 28 A [A] HFh AM BCPE 52 = 1 BsUMpaen B e v B2 R kit &
LI KB MZEAR R B R e T EeFh AM B K A 0 50 ), Eh W 3e R AR B AR X6 2 5
HH Cl & A W H A (P<0.05) Bl 25 £h i3 e B2 i 30, “E 4 i AR Py CL 3 2 B 35 38 in ( P <.
05) , MR AM Bl C1 3 i RN, 53000 T A AR e A0 B R AR v BE i mi s 2 4
it AM ECR PR X L RIGET CL & 57 A W 50, Hehh AM ECRR 0 35 4 3 1 X R b NOS & 8, TN 26 66
JilpiE AL B AR 2R AM EL X AE 200 mmol/1. NaCl ZAbBE R H4HE NO; & FRE(P<0.05) (£ 2),

Fx2 HBEHET AM EEXEELNEFHZIE

Table 2 Effects of AM fungi on the inorganic ions in Leymus chinensis seedlings under salt-alkali stress

Bl B BB T/ (pumol/g) BT/ (pmol/g) R/ (umol/g) THARAY (pmol/g)
Stress Myecorrhizal Na* K* cr NO;
CK - AM 52.70+2.69a 1002.57+10.23a 196.58+ 7.50a 775.28+17.19a
+AM 52.62+1.28A 979.94+21.88A 202.53+ 1.71A 860.09+15.98A
S1 - AM 163.25+4.47b 883.04+ 2.84h 467.04+ 6.67b 571.10+16.45b
+AM 137.39+2.27B 893.65+ 3.43B 428.65+10.05B 582.74+22.10B
S2 - AM 202.91+3.48¢ 805.71+ 7.25¢ 569.13+ 3.46¢ 529.21+ 5.19b
+AM 166.24+2.23C 857.34+ 3.98B 533.98+11.67C 590.16+13.44B
AM L N.S. * * o
S — * % o "
AMXS ® ko ® * N.S.
CK - AM 52.70+2.69a 1002.57+10.23a 196.58+ 7.50a 775.28+17.19a
+AM 52.62+1.28A 979.94+21.88A 202.53+ 1.71A 860.09+15.98A
Al - AM 203.37+2.40b 696.34+10.20b 185.87+11.44a 540.76+14.14b
+AM 179.89+5.42B 753.23+ 3.55B 186.12+ 5.28A 562.63+11.76B
A2 - AM 260.60+4.42¢ 666.71+ 3.01c 163.00+ 8.88a 474.30+13.29¢
+AM 211.60+3.52C 715.52+ 7.85B 188.36+15.69A 506.22+ 6.97C
AM 'k k * N.S. o
A — % N.S. "
AMXA % ok ok # ok N.S. N.S.

CK. XJHEALFE S1. 100 mmol/L NaCl #bF S2. 200 mmol/L NaCl Zb3# A1. 100 mmol/L NaHCO; AbFE A2, 200 mmol/L NaHCOJLI‘iE -AM. £
FEFPAL I +AM . HeFp A3 R rp W — SRR RS (/NG ) FRERRFEA R ERBEPM0 K T 3R AM F 0B (R EEFD AM B L) 78 5% 7K F -
25 W, * .P<0.05 * % P<0.0l * = = P<0.001 NS:P>0.05
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2.3 EROUINA TR AM B R X RO HLE B A IR

R 3 R AASE B R 6T S R 4 1 i 2R e S 3 2 BN (P<0.05) o 5 S a0 vk B 388 2
Flr AM EZH 5 RIERD AN 2R & 3 2 W3 EIHEH(P<0.05) . TEXT L P 2Rt AM EL I T ARSI - 5L
SR NI R & i, MTZE SR e Ab B b BE AR AM ETE B E RRAS T &R & &, HL7E 200 mmol/L NaCl
ACFR RO N B2 SRR LA L AR T 65.80% , T I0 A R AR T R R AR AT IR A
(P<0.05) Bl AM BT , (U X R 2 B2 i AP R IR & i S 5 B AT, T 7R SR B Ab B rpr | B2 AM BB T
KXFFFREIR O =k B R, ST R 2L, B a6 Acb B R A S R R T AR A T R N SRR B (P<
0.05) , MR AM EFE A 200 mmol/ L NaCl Ab P 1) 3 B 4y B 1A N SRR 5 2 B 3% R (31.46%) (% 3)

£3 BWEMNET AM EENFERIE RN

Table 3 Effects of AM fungi on the organic solutes in Leymus chinensis seedings under salt-alkali stress

i7i5EE FAR %R/ (mol/g T-H) FrER/ (wmol/g T-TE) SERR/ (wmol/g 1)
Stress Mycorrhizal Proline Citric acid Malate acid
CK - AM 7.45+0.02a 11.01+0.14a 14.90+1.85a
+AM 7.43+0.35A 7.89+0.25A 13.60+1.02A
S1 - AM 16.71+1.08a 11.20£0.54a 15.18+2.04a
+AM 13.67+1.49B 8.52+1.19A 15.01+2.50A
S2 - AM 47.36+6.37h 11.28+0.29a 19.02+0.58a
+AM 16.20+0.59B 10.20+1.19A 19.39+2.10A
AM woE ok * ok N.S.
S ® ko N.S. *
AMXS w ok N.S. N.S.
CK - AM 7.45+0.02a 11.01£0.14a 14.90+1.85a
+AM 7.43+0.35A 7.89+0.25A 13.60+1.02A
Al - AM 21.16+0.65b 19.91+1.69b 22.78+1.79b
+AM 9.55+0.97A 15.36+2.07B 19.59+1.34B
A2 - AM 30.57+2.36¢ 21.31+£0.99b 29.53+1.93¢
+AM 17.37+3.47B 19.05+2.34B 20.24+1.61B
AM * ok % * * ok
A EE S EE % k%
AMXA * ok N.S. N.S.

CK: XTHE4bHE S1. 100 mmol/L NaCl 4b¥E S2: 200 mmol/L NaCl £b3E A1: 100 mmol/L NaHCO;4b¥E A2 200 mmol/L NaHCO;AbHE —AM: F
FERAL I +AM ; FEFPAL B R [ — SRR RS (NG ) FRERARTEA R ELUYRE K7 T HRD AM E AR B (CREERD AM B RALBE) 75 5% K- L
S WE; + .P<0.05 % * . P<0.0l * * * . P<0.001 NS:P>0.05

2.4 EREEMEF AM IR X B A A B M A T

ER B B0 AL T AR S R4 SOD \POD TEPEA I 3 28 BLAU. (P<0.05) , 11 APX {352 S §i Bk 36 A AL
AR AR TR0 (P<0.05) o FE AR 8 vk BE A3 I, R 3R AM BB AL HE SOD i1k 5 1 3 T ka3, 1M
5 e A FURTR] 78 B e e BE 4R i SOD T PR L 3 A (P<0.05) , $EFh AM B i
T AAEHA R SOD i, ELAE 200 mmol/L NaCl AbF£H v $5 i2 B d5e K, 5 R e R4 M FE AR R T 23.4 1%,
e AM HH B F4E 5 T &4 B4. s POD (CAT 754, SOD i 4 7E 200 mmol/L NaCl AbBHZH v 45 = 55k i 3%
(88.30%) , 1Ml CAT {fH:7E 200 mmol/L NaHCO, AL FRZH rh 4 i B B35 (73.27% ) o BRAE 100 mmol/L NaHCO,
ABR AR BERD AM ZLTR X APX I 1 TG b 2 5 M A, AR A Ak B A D AM ELTRf APX TR M R E B (P<
0.05) (% 4),

http ; //www.ecologica.cn
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R4 BEHMET AM EENFESRLEME

Table 4 Effects of AM fungi on the antioxidant enzymes in Leymus chinensis seedlings under salt-alkali stress

e WA S AL AL il U R A7) i S AL Sl e N (INivsuE=RIaY]
Stress Mycorrhizal SOD/(U/mg fifd)  POD/(U/mgfifd)  CAT/(U/mg fif ) APX/ (U/mg fif 5
CK - AM 22.43+2.38a 1.35+£0.08a 0.51+0.06a 4.28+0.20a
+AM 70.73+2.16A 1.75+0.18A 0.60+0.02A 6.63+0.61A
S1 - AM 10.94+0.84b 1.17+0.13ab 0.65+0.01a 3.84+0.19a
+AM 84.85+2.49A 1.34+0.03B 0.87+0.02B 6.43+0.54A
S2 - AM 4.88+0.10¢ 0.98+0.05b 0.86+0.08h 4.41+0.16a
+AM 119.24+10.96B 1.84+0.05A 0.94+0.02B 6.87+0.55A
AM * ok % * % ok % % P
S ® ® ® ok N.S.
AMXS ® ok * N.S. N.S.
CK - AM 22.43+2.38a 1.35+£0.08a 0.51+0.06a 4.28+0.20a
+AM 70.73+2.16A 1.75+0.18A 0.60+0.02A 6.63+0.61A
Al - AM 48.88+2.54b 1.46+0.04a 0.82+0.05b 5.55+0.09b
+AM 75.87+2.76A 1.62+0.04A 1.07+0.18B 5.74+£0.41A
A2 - AM 68.40+4.52¢ 1.73+0.046h 0.82+0.04b 5.94x0.11b
+AM 92.89+3.431B 2.62+0.25B 1.42+0.15B 6.91+0.11A
AM — * % ok . * % ok
A # ok ok # ok % * ok % %
AMXA ® o ® N.S. *

SOD ; Superoxide dismutase POD; Peroxidase CAT; Catalase APX; Ascorbate peroxidase CK; Xf HEANEE S1. 100 mmol/L NaCl 4b#f S2. 200 mmol/
L NaCl 4b¥ A1: 100 mmol/L NaHCO;4b¥ A2 200 mmol/L NaHCO,AbFH —AM: RHEFIALFE +AM . Hefpsb 3 ; Rh [ —FIARIKRE (NG ) FhE
FORTEAR RIEETR AT 4R AM B AL CRIZRD AM B AL ) 75 5% /KF E22 R 35 # :P<0.05 * # ; P<0.01 # * % P<0.001 NS;
P>0.05

3 g
31 ERRRESEAR

IR A R, BEE BRI 5 B AR I, AM R RO R G R AR Yo E R B R ke A, U W] SR b i m]
LABE AM P A K SZ B, T2 AM BLER L RE )RR )RR B3 X PR AR A5 % 14 5 M) — D T 5 LA )
THTHEA R, 75— J7 RS HAM G 224 O — @RSk, 7300 el ihin T AR R G R R Y5
BCER 0 SR, P — AU HAT o pH B0 A2 T 00 B i 1 H R SR 0 i A AT RS TR pHL B B
AT R IE R 232 B H SR B IR T AR R B A AUBISOK -5 8 IR SR RE T AR AR T N R
A A PO i AR A X — R B T T B R SRR A KR E . AR,
AM H I A KA ZOHFEE TR R 10%—20% 1DOCEVERT Y . AM B 516 SR A4 R
Ja ,—J7 I AM B AR R TR 22 (R SE AR R A AR 8 SR W A AR AR R AR TS OB RO
I e HAE R AR 3 73— 07 T AM B GE i 1 EAY SR OO SRR =20k 12 A B AR KA P ik 4k
B, P, BARBAEAEXE AR AM B0 2 B A, MRS R T X AR S W, ZERESE
KPR AM P T ERINA T AR AT AT AR T AM SN T AR R R A IR o i AR et T
i AP IR Ko SRR, AT 4R s 1 i AR PO S R S R TR AR AR T e A
Py SRR R, IS i T S m Al AR R e AR A AR RRE0 A5 R TR BR2 2 0 A
BTSN IEHA TR AR 1) R pH 2800 % X WA & pH 54 7% Na" B9 5O T Al #85 1
Xt AM AR 05 XCHUARRE T AEBR 0 25 PE T HERD AM BT i AR A A e AR A A
3.2 EREPNA T AM BB R A R R

TR, b B Na 2RI K45 B 1 A M S CHAE 40 N B XA 20 A, e AR A

http ; //www.ecologica.cn



6 1] FRET A ARINA T AM R R A R A P R R 7

IR, ABFSE RN, BEER BRUbA FE R AR G B Na® S g e fEREE K0 B, BAESLHha
TAEREE Na™ &8 KIE LI, SFwnt B CUO S S B ER i, 7= AR g — i th F Na* 1 K AH 558 4
WD T AN K AR, 55— D7 1T S Na™ s M T AR PRS0 B F- (e B8, R 52 A T 3 50X B8 - A IR AT i
B, PR A R A0 PN S A AR I AR R T O B R AM EURE AT AR R
JilE T R AR BRI H-ATPase \H-PPiase FIVR L Na*/H* 306 [i1) 4 3z 25 11 (0T 1, A543 T 60 J65 R0 o5 s 1) 52 4%
P, B RS T AR 2 e Ay IE, DN B s R Pt B AT R R B, R AM EUE R T
AR BMRE TR K ARG, A T Na® (9 B8 IR T C1 & & 20 NO; & ATk s AM ik
PRI B TP X AR TR AM EC PR B 98 E R Sh M ) R R 22—
3.3 R T AM B RSE JE T T A5

T RENS G B RS 8 1 W) BLHEA T8 3 VR 1T LA I 1 B i it 2R e, PR R I 2R 5508 B IR 1 W iR 1
BB A T AEY RS B T 0 — AR L 2R I AM AT S e HE AR 6 38 T TR AR AR A
TR IR A A B, AT 2 R4 N B AR 98 B 3, (R R I P A /K 40, 2 4 400 i 1 A AR 528K
AR A2 FEARAIF ST TR FRATT & BUAE SR Bl 38 T 420 AM LR 5 AR R N B I 2R A W B AL R 5k
PR AL FRAH L TR B 2, 1X 5 Rabie Al Almadini X} 4% 5. ( Vicia faba) HBF I 45 Al —3 L ARSI e
PR 251535 ) 0 1 5 R /IN AT DA S AT ) 18 o2 I AR B R I 2 2 SR ) L s WA R B e F 35 Fh AM LR
W R B A% T AR BT A7 B 405 3 Sk AR R AM Bkt s AR B9 3R W BRI Na Wi B 1) i |
WA BRI R, AR PRI, U E T AR SRR R S R B E R, W R AT,
R IR S B R IR R T, SE R AR I A MR B Ok B B PR R, 5 — Ty T
ISR B il 2 S 2 S 4l i A MR B R R B AR AR 22 MR AM BB S, R B A
AM E RN N A PR & P B IRG X 5 AM B SHEYE RV E RS A5 Na' & BRI 5
AR
3.4 BT AM B R AL 5 G R

FEYIR N AF AL TR (SOD ,POD (CAT \APX 25) 3 PEAR I JE 35 bR R G0, %o 4 45 R 245 4 17%) 52 2 M f 5 40
T X R S s R F A EEAEH ., IEFELT,SOD POD [ CAT Fl APX ML ey 4y
FTRERE AERT F i SEAEAE AR N 7= A T BR A S AT, YA AL T AR 8038 254 R i AR SOD (POD |
CAT 1 APX {EPESHE N, Horh SOD i Ak S0 B B+ [ o SE A Ak S TR 1 48 23 Rl S Ak &, CAT Fi POD
Mt — 243 B AL ETE UK, T APX IUIZE AsA-GSH 484k i85S 42 1 bR IG PE A B s R b R FE s AR
ARSI ZE R FEEROE 251 T, 35D AM B 3 4R R T SOD  POD  CAT Il APX (976 Pk , 35 1 =
YR PR B3R ATEBREE 7, AR T i TR B B R MDA B 77 A S B0 & 1 P S 05 B AR i 4R
A, DT o X R el a0 K

4 it

M T HA = pH, BPE X AR AR G LU AR AR AR /R S8 . AM BRI e gl s M ) e A EH
PUAA ARG 233 VR P 0 S T T A A A AL S8 i T R B R ORI B T AR 0T £ B e
1, T G fe 2 i B8 X AE P 09 3 3, A A FAEYIE SR IR 38 T A . HeP Glomus mosseae $2 15 T FH T
ROk R ) AR E T A SR A N AR A A
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