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Inoculation of arbuscular mycorrhizal fungi and Rhizobium on the growth and
nutrition uptake of Astragalus adsurgens Pall. under water stress
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Abstract: A pot trial was conducted in greenhouse to investigate the effects of arbuscular mycorrhizal (AM, Glomus
mosseae) and Rhizobium on the growth and nutrition uptake of Astragalus adsurgens Pall. under water stress. There were
four treatments, including control (no inoculation) , inoculation of Rhizobium , inoculation of G. mosseae and dual inoc-
ulation of Rhizobium and G. mosseae, either in 35% or 65% of soil relative water content. The results showed that wa-
ter stress significantly (P <0.05) decreased the mycorrhizal infection of A. adsurgens, while the inoculation of Rhizobi-
um significantly ( P <0.05) increased the infection regardless of water condition. The inoculation of G. mosseae not only
significantly increased P uptake of A. adsurgens, but also increased the growth of root nodules. Regardless of water con-
dition, the dual inoculation of G. mosseae and Rhizobium was superior to the single inoculation with either G. mosseae
or Rhizobium . Both the largest biomass of shoot and root and the highest uptake of N, P and K were recorded in the dual
inoculation treatment. Therefore, the dual inoculation of G. mosseae and Rhizobium might be a promising approach for
revegetation of damaged ecosystem in arid and semi-arid regions.
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Jo TR AR ] DE P D 33K 93 251 T (65 % il
35% ) A AM EL B MURR B80T V03T IE 2R ORISR 73
WS RENE , D 5 AT BRI TR SRR
PEA ARSI S A i 25 OISR B2 BE PSR
1 ARSI
1.1 #F#y

BV TERD 7~ e o FE AR B A Rh 524 ] 4
i, PR RTH 10% Hy0, 32361 10 min, 2 B T/K
THUERGE 5 9 T8 o AM LR O B2 04 2R 4%
B, AL AU T RAMPRL A B ) 8 77 5 B IR 5T BT §2
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K25 1.0x 108 cfurmL™!,

KA TR AR R84 H = (3 ) 55T Vb4 o i
Fo 1:2 R840, 14 2 mm 0, 28 121°CKE 2 h, iltE 7 d
TR o A PER IR A PR 2.83
g kg™, HRLA 11,84 mg - kg™, A5 R WE 2. 80
mg kg™, HALHN 49.31 mg kg™, pH 8.67, TR K
FiK514.8% .

TARAR N 20 em x 20 em x 15 em (5 x 7 0 H
12 x FECEAR) I SR, 8 AT 75% A
THEE, AR YER T F5 .
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FEAC B AR 2= R TR = TR kAT, ARG IR
£ 5 H 17 BSR4 b T F RN 5B 4 I, Hb T
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H(r=0.41,P <0.05) L St 30 PR ic = (r =
0.65,P<0.001) 5# F# PR E(r=0.57,P <
0.01) 755 AM F B {7 YR 12 I 5 IEAH5C .

WX CK ERh. EIG.m MRh.+G.m

90
o
RETS ¢ b b e
M g
y .2 60 L i
oI IR~ \ [ &
VE 45
H2 30t
(o]
2515t i _
<ol e o ol

35% 65%
JK 43 4k B Water treatments

1AM EEMREEXTDITHE AM EERR RN
Fig.1 Effects of Glomus mosseae and Rhizobium meliloti on

mycorrhizal colonization of Astragalus adsurgens Pall.

x1 HEEXERH
Table 1 Pearson corrlation coeffcients (n = 24)
4 HEF HURES 5 Shoot 1T Root ik RyEE AR AL
i TH TH Mveorrhizal Number  Fresh weight
Indices Shoot Root )llco.rr tlZ of root of root
biomass biomass N P N P K colomzanon 1 odules nodules
i T {
. .00
Shoot biomass
ﬂﬂ‘FﬁB—Fi 0.92" "~ 1.00
Root biomass
Hh_E TN W
Shoot N uptake 0.9 0.91 1.00
M &R PR
Shoot P uptake 0.98 0.88 0.98 1.00
Shoot K uptake 0.98 0.88 0.98 0.98
iR N W - - e x - )
o o N DRI 0.94""" 0.99""" 0.93""7 0.90""" 0.91" "~ 1.00
Root N uptake
R ER PRI , , . S ,
it i P IR 0.93°"" 0.95°"" 0.92""" 0.92""" 0.92""" 0.95" " 1.00
Root P uptake
N ER K i ) - )
1 I K O 0.94"*" 0.98""" 0.93" "7 0.91""" 0.92""" 0.98""" 0.97" "~ 1.00
Root K uptake
Mycorrhizal 0.57"" 0.417 0.56"" 0.64" " 0.62"" NS 0.57"" 0.49" 1.00
colonization
Number of 0.8""" 0.78°"" 0.91""" 0.89""" 0.93""" 0.85" """ 0.82" """ 0.82" "~ NS 1.00
root nodules
e o =
Fresh weight of 0.80°"" 0.69""" 0.83""" 0.80""" 0.86" " 0.76" " 0.75" " 0.73" "~ NS 0.94" " 1.00

root nodules

I Note: * P<0.05; * * P<0.0l; » % % P<0.001; NS AKiLF| K No significant correlation.

2.2 AR TR E £ KN

K3 Kb BRI T A BT X VD T IE AR IR BRI
it 7 A B R (1] 2) o 1B KA NI FTIE
FAVARL TR 5 AR R ik o 4 W 5 T K o 3B 45 TR AR
IR B F (P < 0.05) , 3 FP 42 1 40 B A AR
JREEE & TR AAF TR 4.91.2.34 £5H1 3. 16
5o AR, 3 BhEz R AL AR IE 8 HEK 4514 F 34 3

AN T VDT HEAR R BRI g fif 7, AR R 5 o A )
SRR 71.2.35.2 50 101. 8 13 5 1 £E /K 43 W 3 45
T, A BRI R 5 EE PGPk PR (Rh. + G.m) &b
PRI ZE N T VAT AR R BRI AR B (P <
0.05)o FHIRATHTAS R BR (R 1) VP ATHEM B3+
F(r=0.88,P<0.001;r=0.80, P <0.001) 5 F
T HE(r=0.78,P<0.001;r=0.69, P <0.001) &%
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Hb 3 N WSCRE (r =0.91, P <0.001;7=0.83,P < Y
0.001) 5y ¥ N Wit (r = 0.85, P < 0.001; 7 = LB
0.76, P < 0.001) 43 51 5 hi e AL TR0 AL PR o 22 =% o
FIEMHIR KR, =2 40
2.3 TR HTEE A K Ik 5 F A R B HIR M0 TE o)
% 2 SR ARG AP I BE AR ERR U T HE 4 “
KM, 45 R R A HNA 0 R, 4TI b K 5 Water neatments
W EAEE WK EZA T 18% ~53% ., it 20067 (b)
AEKAM W0 SR SRR T K AR, 3 2 008
DAL PR B E R TR R LT R R A4 &g 004
BE(P <0.05), FABUEFN (Rh. + G.m) Ab B BRI gz 00
T 0 TR HE AR 4 (R ) TR Fg ooy i
BRYEES (G.m) AL (P < 0.05). 7 [l 43 B AL B X 7> E ”; e .

FTHE KA R R MU T R B0 (4 2) M7 W
}*géﬁ?(Gm)ﬁFﬂXX:}‘%*E@5@@}*%%(% + . JK 43 4k B Water treatments

N N . WX CK  ERh. EHGm NRh+G.m
G.m) ¥ 3 T VTR K A FIH R B (P <

0.05) , i BE AR 1 (R ) A AE KA e 44 T i 2 AM E%HIJI‘EEX‘T@EIHE*EE@ B(a)
FI T ATRER AP I AR B(P <0.05) 4 2 Fig.2  Effects of *glii{f%riw%e(ai) 22: 5Igfr?izobium meliloti on
AR XXTZ%*E@%@@I*%%X#@%T EE7J(%7’FIJ the number (a) and fresh weight (b) of root nodules
HRB W EA R ERZLHE/EH(P<0.05), in Astragalus adsurgens Pall.

R2 REAREAKESHEXNIITEEREKSFARENZ W
Table 2 Effects of Rhizobium meliloti and Glomus mosseae on the growth of Astragalus Adsurgens Pall.

and coefficient of water use(mean+ S.E., n=3)

S T [— KA IR

yA
W.7f( ):tﬂ‘tfﬂ l - iﬁfﬁ%’\}% . Shoot biomass Root bi (g pot-1) Coefficient of water
ater treatmen! noculation treatments /(g'polfl) oot biomass, g pOt use/(mg'mL’l)
R CK 0.23+0.03e 0.09+0.01f 0.16 +0.02¢
350 Rh. 0.68+0.11d 0.30+0.08e 0.47+0.07d
’ G.m 1.33+0.09¢ 0.32+0.12de 0.59 + 0.06bed
Rh. + G.m 1.48+0.02¢ 0.47 +0.04cd 0.66 = 0.02abc
XTHE CK 1.27+0.05¢ 0.60 + 0.02bc 0.56+0.03cd
659 Rh. 2.25+0.10b 0.74+0.01ab 0.65 +0.0labc
’ G.m 2.20+0.11b 0.78+0.0la 0.69 +0.03ab
Rh. +G.m 2.76+0.16a 0.90+0.03a 0.75+0.03a
FrEST F 18 BEE F1A 2 FA{E BEE
Analysis of variance F - value Sig. F — value Sig. F — value Sig.
IKITALFE Water treatment 312.74 <0.0001" ** 143.09 <0.0001 * ** 50.39 <0.0001" **
Rh. 62.43 <0.0001"* ** 17.07 <0.0008" 24.98 0.0001 "~
IR AL B x Rh. s
Waton trostment x Rh. 11.96 0.0032 0.47 0.502 4.61 0.475
G.m 153.36 <0.0001 " * 23.28 0.0002" * * 62.09 <0.0001" **
KIFAEIR % G.m 2.71 0.119 0.12 0.730 11.86 0.0033" *

Water treatment X G. m
Rh. X G.m 7.01 0.0176" 0.30 0.59%4 6.43 0.0211"
KA x Rh. x G.m

Water treatment X Rh. x G.m
e L SAS A LSD S/ N RIMAT 00T, FFIAFFERREFBE. » RRZERBE 5% KT, » « FREFIKF] 1% KT,
x % x FRFEFIKF 0.1%KF T,

Note: The Fisher’s protected least significant difference (LSD) in SAS 8.1 is used to compare means after ANOVA. % , % % and * % * indicate signifi-

0.19 0.6678 0.09 0.766 3.83 0.068

cance at P <0.05, P<0.05 and P <0.001 respectively. The same as below.
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2.4 AEEITIDITEE N PK BRI A 52 0m
WATHE NP K WO S AEAS [ K 43 55 1 T 77
TEWT 2557 (36 3) o TCIE 2 15 F I AR RS 7 ol 8 7Y Bk
PR, KA RE 0 R BE R T IR UK &M T
TPATHE NP K Ui (P < 0.05) o BUERp Ak BT,
IR e £ R VDT REAR B34 N PLUK IR 4
FHEE B K & F Y 51.8% .50.1% F1 46.0% .
55X HEAR EE , 3 bz A A BE S S 2 B T R AR NP,

R3 REEREAKESEX

K Wt (P < 0.05) , HooBUsfp b SAOCR B A
X SVFTREM A RKROUEA —8, ZRE 2500
SRR (3R 3) LA AL TR 5 B P Bk B Y
SEMATDATHEXS NP K ST, He A RO A Ak 380 X6) A
PRAR B30 N WA eSS HAE . A SR 2 M 45 1
(R ) VPFTHEM B S5 T3 N PLK B IR
S AR b 5 T R R A GG R

IFTRER (B SR IR A 2 0

Table 3 Effects of Rhizobium meliloti and Glomus mosseae on the uptake of N, P and K in Astragalus Adsurgens Pall. (mean+ S.E., n =3)

Agpay  SEFPALER 316 Shoot/ (mgpot ™) H T35 Root/ (mg-pot )
Water treatment noculation
treatments N P K N p K
iR CK 2.38+0.36f 0.49+0.07f 3.09+0.59f 0.91+0.05¢ 0.16+0.02f 1.17 £0.06e
. Rh. 9.15+1.79% 1.55+£0.29% 10.9 £ 1.69¢ 3.87+1.05d 0.63+0.15¢ 4.88+1.11d
3% G.m 16.5+1.14cd 3.41+0.31cd 22.1+1.23cd 3.72+1.38d 0.74 +0.30de 5.48+2.13cd
Rh. + G.m 20.1+0.49¢ 3.94+0.15¢ 27.8+0.51¢ 5.78+0.51cd 1.10+0.10d 7.84+0.63¢
*THE CK 14.4+0.65d 2.77+0.06d 17.8 £0.73de 6.89+0.38¢ 1.07+0.07de 8.01 £0.70¢
. Rh. 31.8+1.54b 5.35+0.66b 40.6+2.10b 10.4+0.37ab 1.59+0.11¢ 11.0+0.24b
0% G.m 29.4+1.71b 5.75+0.15b 41.7+1.41b 9.91+0.24b 2.17+0.09b 11.8+0.41ab
Rh. + G.m 38.8+2.18a 7.88+0.33a 60.3+6.33a 12.1+£0.63a 2.63+£0.19a 14.6£0.6la
J5 2534 FE WEE O FME O OBEM O OFME O BEM O FME O BEMH O OFME O BEM OFE BEX
Analysis of variance ~ F —value Sig.  F—value Sig. F-value Sig. F-value Sig. F-—value Sig. F—value Sig.
IR AbPE Water treatment  286.29 <0.0001* * * 199.47 <0.0001* * * 178.97 <0.0001* * * 155.96 <0.0001* * * 131.15 <0.0001* * 93.80 <0.0001* * *
Rh. 90.39 <0.0001* ** 51.96 <0.0001* ** 58.11 <0.0001* ** 28.67 <0.0001* ** 18.64 0.0005" * 19.22 0.0005" **
Wﬁﬁrﬁfilih[{h 17.59 0.0007* ** 12.69 0.0026* * 15.05 0.0013** 0.1l 0.742 0.11 0.741 0.01 0.904
G.m 144.24 <0.0001* * * 153.13 <0.0001* * * 121.84 <0.0001* * * 22.68 0.0002* ** 56.98 <0.001* ** 30.04 <0.001" **
Wﬁ:ﬁﬁﬁ;tgm 0.59 0.454 0.05 0.833 1.17 0.296 0.00 0.968 6.59  0.0207*  0.00 0.946
Rh. x G.m 8.09  0.0117" 1.30 0.272 0.78 0.389 1.15 0.300 0.14 0.716 0.33 0.576
KIPIEIE % Rh. x G.m 1.56 0.229 0.01 0.929 0.08 0.786 0.03 0.873 0.02 0.891 0.19 0.666

Water treatment X Rh. x G.m

3 3 ®

3.1 AMEAREREBEE

ARG R R I e BT R A TS EE
IEH KT, BEVY BRBE & Y RE A 5 VD AT HEAR R
MR LR R R Y4238 51.5% ~ 70.5%
TR R PRI T VDT AR AR B T Bk R AR
XA RE RN EAE AM B A B AR R 1 K
SR TG . B AL T S & B K A3 i
FNH] 70 R EE VYRR R R YR PRI ab B
ZMER, DAL AR R R S EE P BR R 3 B E e T
AM ELTR = 9 232, 3 1 W AR U8 T RE 106 5 il 122 Y ok 2
BRTVDITHRERI AR G AT TR R0, AM T AR St 2 (AT
I AR T B R A A I R R KU

T RE RS 1S I SRR )0 RO I, B0 e EAEI Y
EIRROL, NI RERS I AM ARG, R
1M, Tobar et al. ““EIDE, TEE TR RE W, AR
TN 5 AM BARIE A M S5 (ANl 1 & 284
ARSI AR B 22 A K e AM AR AR s 2R
) P A A S . Xavier Fl Germidal® BF 57 45 5 i
718 s R TR AML L TR 42 G 8 4 52 1 DS AR 39 TR 1 R
5 AM BEAS WA ML, W% . cdarum
FIARIR T T R RGL14 X i S AR Y R 28 5 i T
X% G. mosseae FIHLIE I A AR RGLI4 1R YL 3,
PG, T 45 1F T AR A 6T AML L 42 4 6 19 52 i)
o LR MBS
3.2 EAKEEXNREEERKNZD

ARG IR TR e e T 246000 T 8UETE
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IEFBOKEME T, B Fl AM B A {LRES L R VD F]
X P, T L AT DA SR RRARIR 1 2 K, 32
FEPR [ N BE ). 7EIE % K 25 4 T, Antunes et
al M AT SR 45 SR . SARE R
AM B oL 5 A ) TR R 5 AL Lesueur
il Duponnois[mﬁﬁﬁﬁfmz AM AR A A B T AR
TR PR AR . AM B 5 LR T 8] Y 52 AR
FHA R 58 hAsL g8 a1 %) 45 9 4 B g o 0 [ T 1
TR, 5 AR R L, DU AM B S AR
PR AL T 2 B i i A 5 A 11296112
3.3 EEKEEMRBEXDITREEKIFS K
W By = i

Tie e T R0 N 8RR IEH BOK & T,
XUHERP AL RS V0 HT I 18 A 4 B 5% 4 IR AL ) 5800 44 Y
TR AM R SR YR R AL B (P <0.05) .
TEPIRIK I AL BRACAE T, Y0 FT RE S B30 S 3t ¥ d
KA AL NP K A 5 R WA 347 i BT XL
FRAbEE, NP2 YA A Fir b ) FEE FRIT R
XA AM LB 5 VR T SR Y, AR T o R
Py 1] 560 SR ) A AR A RO AR, AM LT
SAEP AR BR B RO BRI, R AR HE SR Y
A S RN 02 Aryal et al MR B AR IE R
PR T, WU 70 4% Jm T AR B 5 TR B MR T
(R. leguminosarum )Ab3H K G AR b &#R4> NP Wk 2
EE TR AL PE, Barea et al. 2ESE  AUERN AM
TR 5 AR T A R [T o R ] N ey T R AR
AL, Antunes et al. P BFSE B WE AM B
-5 AR A PR g T L R RS B T R R
B3R TR AM SR AR AL . E NS
HABAFFEAE RAUESE 78 IE K RS AR A
PSR AM B [ B AR T AL BAR L, B
ZIEH,

BRI, AM B E IS T 1 5
B AR AR py s, B AR gE 7 VAT IE R 2R
O B EE P BRI (G . m) B 2 SRR 1
FEVHERSE% (Rh. + G.m) ¥ W Z I 17 VD FTREAY K
S3FI ZE, T EOSUE A A BEOG VD AT HE K 23 F1 T &
BORA W EAERT, X UAE T R T, X%
FPEOR 5 B AM I TR BB AR R T A A LG, 7
RS E AV PR I HA E 2R R
2l o BT AR AT LA B 36 K 2 38 S5 1F R R oK Y
IKATARDE At 7 AR 5 K S ] et 4 8 T A
PROK PRI IR . HAt 2 W UE S /K 0 iy ae 2 A
LR AM I RE NS SR AR BTG 3, PR
MR . e IR E AT AT 45 R %

W 5 EEE AM ECEAH LE , BUEFPROARLE T R X BT
TR AN S RGP 2 A S A L
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