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FEE N TSI TR AM ECRAE S HLEE, T 2013 4F 6 H Se U b3 IR B 4= 5 P 52 iy AREEUR A 8 PR I A 3
AFEHL 4218 0—10 em . 10—20 em .20—30 ¢m 30—40 cm 40—50 cm 5 1200 FIREAT S 808% L ( Caragana korshinskii ) #3
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UK BRI, AM L B 0122 3 R 2 B 6 5 FE LRI R PR R B 2 DO M OG . 2R A0 4 3 0 R, 3 R b A8 1 485 T e KA 38 7
0—10 em + 2, FFBE +Z IR ;3 A~ L P 22 78 5 FRARK g AR T A T R A > AR (A 3 7E 0—10 em )23
0 5 R R 0 T VO A R T b AR e () - 2 ) G AR 7 5 MR ) 52 B AR 00 2 S 0 S A e Ay S 0 el
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e, WP 1 C R N EMF R EA E S L,

KR AM A EREE R LI R EY L BT R

The spatial distribution of arbuscular mycorrhizal fungi in the rhizosphere of

Caragana korshinskii in Saibei desert steppe

XU Wei, HE Xueli* ,SUN Qian, WANG Xiaogian, LIU Chunmao,ZHANG Juan, ZHAO Lili
College of Life Sciences ,Hebei University , Baoding 071002 , China

Abstract: In order to elucidate the activity and ecological distribution of arbuscular mycorrhizal ( AM) fungi in Saibei
desert steppe, we sampled soil from three different sites at Erniudian,Shangduzhen and Qinggeletu in Saibei desert steppe
in June 2013. Roots of Caragana korshinskii and rhizosphere soil were collected from each site at five depths in the soil
profile; 0—10, 10—20, 20—30, 30—40 and 40—50 cm, respectively. The results indicated that C. korshinskii formed
strong symbiotic relationship with AM fungi. AM fungal spore density and colonization rates were significantly affected by
sampling sites and soil depths. The highest spore density occurred at the 0—10cm layer and gradually decreased with soil
depths. Hyphal colonization rate was the highest in samples collected at Shangduzhen among the three sites. However,
vesicular colonization was the lowest in samples from Qinggeletu, and there were no significant differences among soil layers.

Arbuscular colonization differed among the three sites. Both the total colonization rates and colonization intensity of AM fungi
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in root samples from Shangduzhen were the highest compared to the other two sites, respectively. Spore density strongly
correlated with soil organic C, total N, easily extractable glomain ( EEG) and total extractable glomalin (TG) (all P<
0.01), soil pH (P<0.05), and negatively correlated with available P ( P<0.01). Hyphal colonization rate had negative
correlation with soil pH, available P, total N and acid phosphatase (all P<0.05). Vesicular and arbuscular colonization
rates were strongly correlated with available N and alkaline phosphatase (all P<0.01). EEG and TG had significant positive
correlation with available N, total N, alkaline phosphatase and acid phosphatase (all P<0.01), urease (P<0.05), but
had no significant correlation with available P. Principal component analysis showed that acid and alkaline phosphatase,
TG, total N and organic carbon were the key factors affecting soil nutrient status. The average contents of TG and EEG were
3.19 mg/g and 1.17 mg/g accounting for 7.77% and 3.83% of the total soil organic carbon, and 20. 81% and 9.57% of the
total soil nitrogen, respectively. Multiple linear regression analysis showed significant linear correlation between TG or EEG
and soil organic C and total N, respectively. The results suggest that AM fungal colonization and glomalin are useful
indicators for evaluating soil quality and function of desert ecosystem on the basis of its relationship with AM fungal

distribution, soil nutrient dynamics, carbon and nitrogen cycle.

Key Words: arbuscular mycorrhizal (AM) fungi; glomalin; soil factor; Caragana korshinskii; saibei desert steppe

AM ( arbuscular mycorrhiza ) BB & —ZEAE Rl b A= 35 R 48 Hh 0l A7 7 09 A 28 BIERUEY) i 5 K28 55
FEPITE B . AR A R AR AN R 22 7E 38 T B 22 W 2% 22 5 DL K43 b iR Bk e 5 R AR =, K R R A9
MR EHHER AR RGO 73 Z B ) B AcH  Be i A5 BA% 8 A WA 5 5040, OREF i AR ) 2 HE 1
et A EE R ) BREER R (Glomalin) E—285 &R B FAOBEE A, MEE T/K , MEAM# 76 F SRR
TR R 2 AR T R A S O A WL TORTR, S35 1 HE C N IR, XTERER R
T gE ] E—20 WA AM L e 4 b4 (U5 32 ) T R P s FPE D . B AT A ER B R R
EAWFERIE Y BA TR B AM H B BT R I REIRE R D,

Fr A ER RS JL( Caragana korshinskii ) N G RHEPAER |, R0 MATRE I TR BRI, A K IE K RAKL
IR GERPEST B PESR SRK - ARRE B XU A B A R o T AR AR R AR, R
HETHIR T NS SRR 2T T R AR AR AL AM BB AR S0 R R AR [R] S B 45 A A9 T
AIE PR RO FE AR 2 — (AT T IRy 580 X8 JLER 2 R Aot £/ U H S = X AM B/ S
o R R A AM B S R C N RRMUFSE . AR DU S B R RO R, RS T AT 4R
ERXG LA B 1498 AM TR 25 8] 43 A0 DA S R IBER F  AE SR, BB AM L B 78 el T B AR B v i B AR
Sk e AT B K R RN A 2 B A PR AR |

1 #RFE

1.1 WF5EFE AR

TR RE M T 3 52 A8 B TE B 5 JE b X, I3 e 8 3 b S T R AR G 5T, A S WA v R B — A4 4
(41°51'N, 115°47'E ; ifF#k 1403 m) , eSS A R FU85 + 5 95ty 1R (42°13'N, 115°57'E; 4K 1331 m) ,
B g KD 4 s P52 T A% BRI A (42°09'N, 115°55 B #4K 1325 m) , HHERAUL XD+ X8 T
T KB R, & 298 HBIRE  AFYARIE 0 C—3 C, 2K EBEEPTER S FHHEKE
200—400 mm,

2013 46 H7E 3 AMFEHL /M I BENLIE I 4 BRI 20X L, o T AR ATk AR 1) 10 J] S 4 4R
R EEMELE 50 em HJZN,EEH 0—30 em JEFEPIA KRETAR™S BT DU T HOHAR 800 & AR 212
ST 3% 0—10 em . 10—20 cm ,20—30 ¢m 30—40 cm 40—50 cm 5 >+ 2 R4 HREFIARKE | 4 598 0500
THAIZ I 5 A SR B A B K e A PR A R R AP B B A S0 86 2= A AR AT, AR 2 mm TS,
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FHF 5 D RN R 2000, MR A FH T B R 4055 ) R S5
1.2 WFRITE
1.2.1 HEHT

THEAHL C A IR pH (BT ER BE T A2 5 Ak P OTIRR R 0B - SR B BE L 23k s Bl N T il i
Yo ;4 N AR F O 3RS H 2k B9 Hoffmann A1 Teicher! '’ e 1EPELL 1 g X4 1 hfiEfk
PRZ A fift A i NH,-N B9 (g ) 3871 5 R P e T TR0 0 P ol 9 16 FH 24C32E 1) Brimmer 11 Tabatabai D5 g ,
TEPELL 1 g WU R 8555 1 b TR P 10 e ol P 1l 9 i 2 T ) A R B R — 80 ( pNPP) I i (/) R ; EHE
At 3, 5- LKA IR L o e
122 FREEE

BRPEFF Z ] Wright' ! A1 David " 5975 2000 5E | B 1R BUR # 5 K (EEG, easily extractable glomain) $2HU7 7 .
BT g KT HAERE T, A 8 mL .20 mmol/L( pH 7.0) FFEERR AT 42 7], 7E 103 kPa 121 °C 554 F 1L i
90 min &, 7F 6000r/min 5.0 15 min, W G ; BEREEEEFK (TG, total extractable glomalin) #2045 B 1
g T TR T, A 8 mL .50 mmol/L( pH 8.0) FrBE R 4HIR 127, 78 103 kPa 121 °C 554 F B L3 HL 60
min, FFE A HEH 2 ;6000 x g T B0 15 min, P8 FIEW ., 205 35 0.5 mL iMA 5 mL 2% S5z s
G-250 B a5, 7E 595 nm AT LA, FHAR 0 85 VR R AR MEWR , 25 S 2 i vk b €, 2 Wl B o 1R 4 SR 3k
RERITH,
1.2.3 AM ERF S8R

AM ELH B 5 %44 Phillips il Hayman , Zhao £ He! "™ ™ 07 el 22 . AREEFTE K ik 2—3 KJs, T 10%
KOH & 90 °C %% 60 min, F 0. S%BRMEMHETAE 90 °C FYe(t 30 min, BEHLERL 50 R 1 em KAIAREL, B2
K, FBEESE R = (AM PR YR B 6 A SR BEEI) x 100% THE RARAS [ 2509 ( AR 9% | T 22) 2 5
R EEERE,

By HREFE 20 g AT 4, FHIR O UHT - RERE B0 20 B AM LR A7 FE ORI B g R
o, LURE 100 g W+ & A i %,
1.2.4 Fngba

{8 1 SPSS 19.0 i34 T 5L 28 5 2253 B1 AHSCME 0T L 2005343 B Al A 4387, FH Excel 2003 1B

2 #R

2.1 EARIEA G5 R

WF9E & B, A7 48008 LR R AEBE AM LR {Z YL TP i 3 A0 (1 51 pig S AU AR AR AR (FRIRR T 2 1), 2R AR 414
HE A I R R LRI B 22, 2 O R 22 (8 AT PR T 22 (TR T .2—3) , 4 N AT B 2208 (TR T 24—
5) , M PN PR 22 o B R i , 2 0 R 6 BT AR 8 WA IDE (EIR T .6—9) , 53 S5 fE 41 i B
TR 4 A8 RIS SR R AR A (TR T 2 10—11) , 2N IRER IR 7 TR (AR T 1 12)
2.2 AM HE % B4

A 1 AT 3 SRR 2% 8 25 57 B, e KMEIITE 0—10 em )2 Wl —FEHR R + )2, — 4R 5125
FERE )2 IR M ,0—10 em +)2 B E W T 10—50 em +)2; F#EBFEAL 7% 5 B+ IR 0 4 (5 30—
40 em +J2) ,0—30 em +JZ2 B F 5T 30—50 cm )2 ; HHEEHEEE 0—10 em £Z B E ST 10—50 ecm +
2o AREEHE— )2 ,0—20 em £)2, "4 S0 5% R B T R AN A% BIE A5 20—50 em )2,
AR TR R B T AR R A

[l —FE AN ] £ )2, S AK S T AT 0—20 em 2 2256 SR L8 & F 20—50 em +)2; FEREEAL 10—
20 em 2 R 228 SR B AR T HoAth 42 ; AR SR 22 8 R 10—30 em 1R BALFHAL L2 KRR
[l —+ 2 ,0—20 em 2 B 223 FE R AR AL B A 75 4% 8 I IR A > B304 > 4 250, 20—50 em 2 BR 22 5 i %
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R I 2 v T A ASURI T A PR A 5 3 A M T ) B R KR Oy RS TR A R A > A AT

TS P B A - Sy A B R B AT A ORI R R —FE bR R 2 T AR R 4 2 ]
ZRBE  AMEE 0—10 em 1JZ; 74 5 40—50 om 125 T HAb 12 FA% i KA fe/IMETE 20—30 cm
+E ARTHAL )2 . RRFEBE— 12 ,0—10 em 2, FAREE 04 R FE R 35 KT 20 550R 75 4% i [ 16
2r510—50 em )2, AR SR R FE R I 2 T A M

BRI #7548 )L AR E IR 41 ( x400)
Plate I  Arbuscular mycorrhizal structures of C. korshinskii
L: 1% V(Vesicule) M2 H( Hypha) ; 2: JClE £ H(Hypha) ; 3: A &% H(Hypha) ; 4.5: B#£18 HC(Hyphal Coil) ; 6: [RIJE i34
V (Vesicule) ; 7: WHEITEHIFE V (Vesicule 5 N W) ; 8: FFARIEHE V (Vesicule) ;9: AN HE V (Vesicule) ; 10. fEMB3EIRAKE A
(Arbuscule) ; 11: BERMEE A (Arbuscule) ; 12 78T S(Spore)

ANRIREH , WKBCE T 595 5 35 N T AR IR O Ay > > — 4 b Rl —REMLAR R 2, 4 SAEE
FEH 30—40 em + )2 B & T HAL )2 ; EHEH 30—40 em +)2 TEAREFE ; 4% 1 - A 20—30 em )2
BT M AR AFEREHE — 2, 754 ) A S e % 3 e T AR A A

AN TRV 1 - 257 B0 B 3R T 0 3 AR A, AR R B R R IR T R (B 20—30 em A1), E#REE AR
KAELE 0—10 em T2, TSR A i KAEAE 10—20 em T2, AEIFEHLE— 12, F#4E 20—50 em + )2
) A TR R R TR A RN i AR 0 0—20 em 2 A0 B RE B R R T AR

AM E PG AE R AR e B 22 5, & L2 sh I B, A4k SR B R/ MEFE 10—20 em £
)2, BERTHALZ SR EEA 0—20 cm )2 B FH KT 20—50 em )2,

2.3 HIER P RIEREE R S W

M 2 i, A4 s AL C B T AR EUR A R A R — RS R £ 2 AL C B2
AL A 4 55 0—50 em HJ2AHL C B T LR #E BRI A, 3 FEER RE X 0—10 em
)2, RFEEEH pH 7E 7.69—8.16 Z 0], 45 0—10 em +)2 B E = T HAB )2,

ANTEIREHD , A SR N 2 i AR A 8 T A W] — R R R )2, AR ASURT AR 40—50
em T2 N BEET 0—40 em 2 HAEHEIEA 30—50 em + )2 BF & T 10—30 cm +)Z2, 3 FElbfx
KAEIIFE 40—50 em HJ2, 4 N ASCHUHE S N AL, =4k i, ARG Rl — e R R 2, — 4
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Fig.1 The spatial distribution of AM fungi in the rhizosphere of C.korshinskii
ANFENE FREFOR AR RE LR — 12 )7 22 57 . 35 (P<0. 05)

JA N B 2RI R AL, AR AR S 0 B A+ 2 AR5 T, AEREE 0—10 em )2 & F 10—50 em £
2, A% I AT Fe B AE 40—50 em +J2 . BAL P 4 S FER A R AE I TE 40—50 em )2, TA% K
WA Bt 2 IR S A0 (B 40—50 em 1 J240) o AN[EFEHL R — 1 2 3 P JC i 221k,

ANFIFEHLZ (8], ) PR IR HE R 3R A0 i W 3 T R R 7 A 8 [ B Ay s — R i N R 0—20 em 2
WE R T 20—50 em 42, HAS B A 2 SERE S5 F+,20—30 em )2 WL THAL )2 AR LR —
+J2,0—10 em )2 A S AT E A B T LA, BERRE R SRS SRR E AL
FUALAAL, o 2 55 > T A6 R A > AR, (Rl —RE AN R 2, A% R A 0—10 em +)2 B3 & T 10—
50 em )2, AR EEVE LR R R E R

PR PR R — 2F 5 B KT HA A, [ — AR AN R )2 A E#RE 0—20 em )2 83 KF 20—50 em
FJZ . BRI A (R [ % A8 AL R S R M R B AR AL, (H 25 £ 2 ) B AR Ak

TR SR B 30—40 em R AYNREG B & T A )2 H A EEE A 30—40 em )2 WAL T HAR
+2, ZASRER A 10—30 cm )2 0 REREG B E LTI )2, B 2B A,

2.4 AM HF 5 5K FAH M T

MR (L 1), BTHEESHEAN C. &N SRIEREERMBIREFZEN B E LA, 5
pH {H TR LB IR Tl P B A R Tl 2 TE M O , S5 A% P i 35 (AT o6 | 5 IR (0 2 A O . 28K S pH
B BHAL P4 N FIER R WL Al il 25 SRR G, LS T R RN B A N P ol 1 I A S 8 TE AR OC | 5 RE MR A S
FEHARE, SAML C .42 N FRRMEBE LR w2 IEAH G, IBUETH R 508 N4 N B B 1 il | 8 1 s 1 Il
Dy PEHUER B A R 3 OOG , 5A L C pH (A FEEREER R B g fdoe, BEMRS pH i E e, 5
4N BENMX, EHEEES pH (A & N  FRMEBRRE B35 UG, 5 APk E R B E A, DekEs
R PO P 2 SR W EAROC, SA DL C B N4 N BRI B8 I i R IR Pl R Tl I Sk S T AH G
FAERPERT 25 R S R AT OG
2.5 HHEHRTERS

FIFH SPSS 19.0 #A4EXF 3 AMFEHL 11 A~ 3R F 04T E 05 00, IRIEAR DS BERAIE(E R F 1, 7 22 B
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TURR KT T5% B JE , 56856 3 AT lar, AERRM (3R 2) , HEHEng 3 Aoy RBUT 22 5Tk 78.889%
RESEAS S e SN T RUHE AR R B . 28— TP IRVEREIR G | BRI R R 4 N eI APl C A HE
T B (U 0. 906—0. 952) 4 — b, i3k P BAT B #fr (AUEE N 0. 893) , 3 — o0 b EWE T
HATBGS HA (AN 0.793) AEHE — R Br o 45 BB R, B IR PE R IRl | BBk 85 K 4 N Ml 1R
Bl AL C TN T, XL [N T RE 08 S MRS PA E 1 TAE I B SRR

x1 AMEESIERFHEXE

Table 1 Relativity analysis between AM fungi and soil factors

EERLR

SE R JE

T

H W2 R I Total Colonization Spore PR SRR
Ttem Hypha Vesicule Arbuscule o . . N p' ’ % EEG TG
colonization intensity denisty
A HL C Organic carbon -0. 089 0.337* -0.377* -0.258 -0.269 0.534*" 0.693** 0.876""
pH -0.373" -0. 139 -0.371" -0.562"" -0.411""  0.340 * 0. 604" 0.594**
HERL P Available P -0.337" -0. 124 -0. 046 -0. 135 -0.199 -0.317" -0.016 0. 062
B fi# N Available N -0.198 0.488"" -0.410"" -0. 084 -0.263 0. 185 0.415"" 0.780""
4 N Total N -0.363" 0.314* -0.386"" -0.308 " -0.417"*  0.463™" 0.644 " 0.824"*
JIXM Urease 0.035 0.129 -0. 253 -0. 133 -0. 180 -0.395"" 0.299 " 0.330"
LR
it ,¢ g -0.293 0.414*" -0.423"" -0.182 -0.339" 0.358" 0.570"" 0.816""
Alkalin phosphatase
YRR ) )
@&t i -0.334" 0.371" -0.429"* -0.216 -0.402**  0.302° 0.602"* 0.829**
Acid phosphatase
HERERE Sucrase -0.291 -0.403 " 0.071 -0. 280 -0.361" -0.129 0. 143 0.354"
IR 2 4
i}?ﬁl R -0. 081 0. 153 -0.537"" -0.224 -0. 282 0.473** 1 0.644 "
REREFHEER TG -0. 125 0.292 -0.377" -0. 155 -0.329" 0.416"" 0. 644" 1

* RARMIE ZIHALE P <0.05 7J<¥J:1—TE%*E)U$, x % FRPIF ZAIFE P < 0.01 7qujlﬁ$&ﬁ%*ﬁ)@lﬁ, EEG: easily extractable glomain;

TG total extractable glomalin

x2

E S H AT A AEE A STk

Table 2 Principle component loading matrix, eigenvalue and contribution rate

+3E[HF Soil factors

H—F 4 PCl

B ES PC2

%= F 4 PC3

A HL C Organic carbon

pH

P Available P

Wi N Available N

4= N Total N

X Urease

BRPE RS Alkalin phosphatase
FRMER B Acid phosphatase
HEREE Sucrase
SRR RE R EEG
MIRERR TG

HFAE{E (M) Eigenvalue
ZFTBIHERR Contribution rate/%

0. 906
0.748
0.210
0. 859
0.915
0.458
0. 909
0.952
0.259
0.722

0.915

6.367
57.881

-0.208
0. 046
0.893
0. 201

-0.112
0. 266

-0.073
0.028
0.388

-0.288

-0. 100
1.218

68.950

0. 051
0.248
-0.074
-0.323
-0. 002
-0. 487
-0. 067
-0.095
0.793
0.143
0. 139
1.093
78.889

2.6 FREFHRS AL C L N HE R BT

M LAl ERER R S HHEAHL C M4 N BB 35 IEAH G, 36 3 nl 1, BRI R 5 e sk W 5 R
WS BHEA ML C RN 7.77% 1 3.83% ,3 e, SRR R A S S B N PSR
1 20. 81% , K/AMERIR R f S A > AR>S — 40, IR BOR R R AT R LS N P &R
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Fig.2 The spatial distribution of soil factors and glomalin in the rhizosphere of C.korshinskii
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1722 0 AE BUA 5307, B e /D 3R i S AL 11288, IRl B R stepwise 2550 BRAS Sl 25 DR~ FIA AH DG OC R 1Y
PR, Fe 20 e X R 5 2 HA W 2 i 9 IR, 15 B AR HE LA 7 2
HREFER S HEANL C e N 2ok ma .
FHET Y, = 0.822+6.218X,+0. 283X, (F = 20.386)
HFEL  Y,= 1.208+33.663X,+1.803X,  (F = 80.424)
K Y A G IRBOERETR,; VW EIRER R X AL C; X, 848 N, &5, FiR T FAAMERERE /N
F0.001, ] A28 5 5 R 2 AR B E RGO R, X BT RRA R T IS, & RBEEN
IKFAR/INT 0.05, LRI 722 H X R A8 e ) S0 25

£33 TREMKEERSTEAN CHe NHLLE/ %

Table 3 Percentage of C of glomalin in soil organic C and total N of glomalin in soil total N in different sample sites

FEHb Site o(EEG)/w(S0C) o(TG)/0(S0C) o(EEG)/w(TN) o(EEG)/w(TN)
ey 2.23 6.14 2.64 8.80
ot (14 e 3.76 7.20 13.75 26.25
KA & 5.51 9.98 12.33 27.38
¥IH Average 3.83 7.77 9.57 20. 81

SOC: +HEH ML Soil organic carbon; TN 44 Total nitrogen

3 iTtig

31 AM EEFA R ZS A S b

AT R A A HRG JUHR ZR REHE AL 250852 e P A 300 i 52 750 B, B 1 A 400 2 S MR B b B i
T B 22 , WA 9 = SRR A S B4 5 0 2 2 A e, A 4, e S R0 DA B P AL 201 42 e o
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JURR NI EARR, FR EAZIZMAR, 1T AM BB 2235 SO 12 e AR | BT ARy 4500 A A0 X AM. 2L
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BT 90T R B 22 K T AR e A 0 SO T R T 2% - O SO - S B VR 2 8 X
B 2L E SRR R AR R AM LB AR (7] 5 IR0 25 5 ., A8 (R 94y T 2 > 48 > IR T
AT AM BRI G IR S AM LB AR A5 K AR B R DRI OG . AM. BB 2 R I R A B A 10 76 7 3
T T P, AL S R R K 0 4 R AR VA TR I X I 56 R ] R
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BFSC W], AM ELH 53 A A 315 IR T2 R AR g, pH 7 7.69—8.16 2], H-5 46 7%
3 A, A5 22 0 3 SR BT AML BT S AR B JLTE O B T R R T B R A AR S R, X
Riling %51 41 i 11 148 pH EF425200 AM ELRET0, AM ARCHER pH RRITIASLI0S 6 —5, FFas 5+
HEAHLC A N S I OR B 25 M1 B R PE %5 M0 0 E G, 1 P 1 A OGS AT AR SRS SR —
FO R b IR A RN AM AT S A (R, R A P S R AR 4
RS P , SN RR R 20 30, 0] AML EL B =7
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33 HREERS AR EAMNER
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