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B E REEFMHKLIEE A (glomalin-related soil protein, GRSP) Xt + 3 4 7= 4 th £ &
EAEEEN ,CERHRAYAIIE RS R E, AT GRSP 5 £3E AW Rz H =
ﬁlffaﬁaé%ém@#u&ﬁo ARSCPAFR I W 2k L LWL R L KFN AT E AR
MEHE CGRSP W RN G, FIH S L BT £ RELMEX L (0~80 cm) F GRSP 5 A #lL
BOAR A AHE RANIEEME FZEGZEZRERITON, EXELH (1)
T EREZEKGRSP 4 B R+ BEAEMATFTZRNEEZZ —;(2)BFEEFE2H K
B 4 EE-GRSP 1 B 7 #t & &k B 5 & A HL# (B=0.312) , 1 T-GRSP 6l 57wk e A B F 4 2
B (B=0.376) , T & & N 2 ¥ # 3£ A 07 fi# X B F(B=-0.229,-0.212) ; (3) GRSP FE A %
HELBELEMEFHEEAEL2NFRLI,GRSP 5Lz FAELEHLANK
(P<0.05), AKX KXW ,GRSP 5 + B EA U FZHGFEEZZRNFRME, T2 WIET
GRSP A+ E Rz R T HEF AN EZRA, FHFLEE P GRSP 4 EXR S HES
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FESES S152.4,8791.22 XEktRiZE A XEHS  1000-4890(2015) 12-3466-08

Spatial variations of glomalin-related soil protein in Larix gmelinii plantations and possible
relations with soil physicochemical properties. HE Hai-sheng'>, WANG Qiong', PEI Zhong-
e', WANG Hui-mei', WANG Wen-jie' " ('Key Laboratory of Forest Plant Ecology, Ministry
of Education, Northeast Forestry University, Harbin 150040, China; >Shenyang Normal Universi-
ty, Shenyang 110034, China). Chinese Journal of Ecology, 2015, 34(12) . 3466-3473.
Abstract: Glomalin-related soil protein ( GRSP) plays an important role in enhancing soil pro-
ductivity, and it has been one of the hot subjects in the soil nutrient research field. However, few
studies have focused on the correlations between GRSP content and soil physicochemical proper-
ties. In this paper, soils from 0—80 c¢m depths were collected in Larix gmelinii plantations in the
Lesser Khingan ( Laoshan, Mao’ ershan, Dongshan, Daqingchuan) in Northeast China. Multiple
covariances analysis and collinearity analysis were used to analyze the spatial correlations between
GRSP content and soil physicochemical properties ( soil organic carbon, total nitrogen, total
phosphorus, total potassium, available nitrogen, available phosphorus, available potassium, soil
CaCO,, available silicon, soil pH, soil bulk density and electrical conductivity ). The results
showed that, (1) soil depth was a key factor affecting the variations of GRSP content and soil
physicochemical properties. (2) soil organic carbon and total phosphorus respectively contributed
most to EE-GRSP content (8=0.312) and T-GRSP content (8=0.376), and soil bulk density
was a negative factor contributing most to EE-GRSP content and T-GRSP content (8=-0.229,
-0.212). (3) significant collinearity was observed between GRSP and total phosphorus
(P<0.05). Our results showed that significant spatial heterogeneity was observed between GRSP
content and soil physicochemical properties. These data suggested that GRSP had important
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effects on soil nutrient transportation and soil sustainable use. In addition, the soil factors which

affected GRSP content and its ecological function were also identified. Our study provides a basis

for assessing soil quality and soil function.

Key words: glomalin-related soil protein; stepwise regression analysis; collinearity analysis.

BR AR 2 M ¢ T 1 ( glomalin-related soil
protein, GRSP) J& M\ B #R (arbuscular mycorrhizal ,
AM) HEIFBEE 15 EAEYR R 04K 50 W™= A 1) —
FBEE N . BT AM HEE AR AP B
FIT 1z, GRSP 353 77 78 T 45 Fh - € v ( Wright
et al., 1996, 1998a ), Wright % ( 1998b ) . Rillig
(2004) ,Janos 45 (2008) A4 GRSP # WA ¥k 5 7
J&E R AR IO v (75 T 37 5 W 12 0 il IR 98 I 7 125 )
3R S HRUK B 75 3 AH OC 1 488 2 1 (total GRSP,
T-GRSP) il %) $i2 JUER 4 5 2% AH 5 + 2R 1 (easily
extractable GRSP ,EE-GRSP) ; %3 [z 1 BR 2% 55 25 AH
%+ 35K M ( immunoreactive total GRSP, IT-GRSP)
FIGRIEE SN iy i O3k 3 5 R AH 5C H 3 A 1 (immu-
noreactive easily extractable GRSP,IEE-GRSP) , Ro-
sier (2006 ) FYAIF TR A, F A A4 $2 U5 % 50A BR
ZPA RAERR ¥R R W 5T, {H Bolligera 55 (2008)
FZM T ENE T GRSP R4l fiE, 45 R R H iy
FE IR R TR

GRSP JE R E i 5 T PR AH BLAE T Y 2
AW (Purin et al. ,2007 ) , Fiff 1 EAF 1 5 0 1 3¢
PR R T EA TS B (Rillig et al., 2001;
Steinberg et al.,2003) ,GRSP 7 + 3 & & FE H
e E MRS 2 T A LB Y HH A R o), T ik
Z A ] Z 6 (Wright et al., 1998b) . [A] i,
GRSP 2 3 A1 SR AKTE il 8 2L Al 557, 76 1%
A ECRRE T RE ) . B AR IR T3 45 M IR B
REAEHRTT AR 5 K i, 4 &y T 345 A0 R E PR BT
Mgy AR R IR UCE R PRI,
P Iy, N4 = HIEAES RE WA N
(Rillig et al.,2000,2007 ; Catherine et al.,2004) ,
I, GRSP % T+ 3 1 SR Ak i A% | 98 o o 1 il 5 A
PEU HAT JEF EHE ) L (Borie et al. ,2006 ; Halvor-
son et al. ,2006; Wright et al.,2007) , & 2 # ¥~ 24
i ISR I

WEFE R B, i 5 R AR+ 5 X GRSP & 17
Z B S SR IR s A AR KA
AM ELTE AR 2 AP A 22 DR R 2L R A0 52
117 138 P 7 A9 VE TR BEE O 28 Y (IRAI 4, 2009 ; B

224U 4%, 2008, 201 1a; 5K U2 55, 2013 ; T A 48 4
2013) . MMXTTHARIX GRSP 7 7 K 25 8] 43 A ik 5
I BT S AR I, AR SC LA AR L
DX ELA E e 1T ) g A A b 7% it A (Wang et al.
2005 ; PhE 45,2007 ) BUAR T 11 GRSP R #iF5¢
XFGE XTG4 A SRRSO TR 22T R GRSP 5
TR AR SE R, BRI GRSP 5 L84 74k
PERRZ AR AFE S ) 25 SR 7E R R e rpie
i) GRSP 7 2 Y = 38 HAk H 7, DA B ] 4 2 R
TR - 1 B A - % GRSP 19 A= 25 3 BE A7 16
N7 XSG EEEEREE R GRSP XIAR T 825 H 1Y
WA RN A HE SR 00 1) 2 HRE B nT R S R AR R R 2
WA

1 ARMREHARTGE

1.1 5 IXHEAL

FEHION R LA KSR A 08 B & 1L (45°20" N,
127°34" E) M JLIL (45°24' N,127°33" E) /N2%%
WA AR L (46°57' N,129°10" E) KF)11(47°00" N,
129°07" E) N Tig AR 1338, Horb 2 1 - 138258
J&TF I A, HoAlh = S35 g s A e, S 159 B
FEHL, 2 DX R R Rl XU, AR P 4R -0.3 ~
2.6 C /K& 676~724 mm, HE4K 240~340 m,
1.2 FESCRE AL

HUREFE BUE BE A O R St I | BEDLIE RS 3 4 HiURE
Ro PR E R HURE S R A ML 5 ) L B 8 1
it )2, 4% 100 em BRI 35850 1w, N H R TF 46 T
= 1m WA 45r 4 J2(0~20.20~40 .40 ~60 60 ~80 c¢m)
TR TRICEAE FREE , HIDY Sk G B A E T
T Aerha g E AT BRI R AP, B
JE L R, FH T 35550 GRSP i
1.3 myk

PR TS FR AN OC 1 1T (GRSP) & B k5
Wright 45 (1998b) % Eh i 52 W5 Wil g, &) 4 ek
R AR AR LIEE H (EE-GRSP) (B 1 g A+ 4 Tk
B A 8 mL £ 20 mmol - L' (pH 7.0) FrEERR
B 7E 103 kPa 121 °C, 3£ H 90 min J5,
£ 10000 xg T &L 6 min, W I ; S HER %
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HFEMETIEE A (T-GRSP) M 1 g AT+ Tk
1 BIA 8 mL 9 50 mmol - L™'(pH 8.0) ¥4
RAEF,TE 103 kPa 121 C 4 FiELEHEEL 60 min,
P HEH 4 U ;10000 xg T B0 5 min, Y 4E 75
W, Ay B 5% 0.5 mL A 5 mL % Dol
G-250 Yt 5], 7E 595 nm P T b, FHA- IS &
FIPR TR, 2% T35 W vk 6, 28l b ofe il £k, SR 7%
EE-GRSP il T-GRSP & &,

A HILIET R FH B 6 R A 45 1 5 4 AR
Tt T P 5 Wik R I 10 5 iR e
PR —e B R 1 (CEREE DL RIT ) 5 S A8l R FH v 1 A
A1 R A A S AR DU v (IR BN ) 5
BRGSO B R R R R 2
TR A T pH ER R K S 0 1
D 5 - SR IR S Hh PR T 2 7 s A RURE R AT IR 1
PR HART L WL R R AR 43 B (3 H,2000)
1.4 B

IS SPSS 18.0 GEitH A Xt 8l ik 17 2 R R 5
ZH7, AT LIS GRSP K HIE N 73 oM 2 5%
FIHZ A mH A3 (F ERESE 0.05~0.1) it i 5
GRSP Hp [F] 5l 4550 5% e 57wk K A R, IR 3R 4
PEATIEXT L GRSP 5 HHER T2 [ b2k

2 ERENH

2.1 GRSP 5 -#EF b H 725 7] /3 A 22 5

AN[F LT GRSP A e (£ 1) ,159 $
FeHZ 1l P A ARR L3 GRSP & it 441K
TFHABEEHL, 7E 0~ 20 em 2P KB R H
(P<0.01) , GRSP Fifi + )2 R BE TR 235 8 Bt
e, &Ll MEJLIL AR RN EE-GRSP & &
HZ(0~20 cm) ZIH)Z (60 ~80 em) 75 & 43 il F#
&2 52% 40% .56%Fl 56% ; T-GRSP 5 1243 S| F#A%
2 24% 29% AT%F157% ., 4 PHb S EE-GRSP 7 &
R 2 51% , T-GRSP 75 -2 F F 2 38%,
X159 BAEHLAY GRSP & i 25 b A7 7 25 3 B R B0

£1 4N RiEHE GRSP ERRLTENS T (mg - g™')

(F 1), LZREXT GRSP & & 520 ik 3] g 2 K
(P<0.05) , Uil + )2 TR BE 2520 GRSP &ty &=
Z—

WK 1 fi7s, EE-GRSP \T-GRSP 545 #Li (R =
0.613,0.484) & (R*=0.562,0.482) Wi (R’ =
0.442,0.479) BA# A (R = 0.364,0.310) #3440
(R*=0.1134,0.1757) ML 3% (R*=0.1365,0.2676)
B IEAKE(P<0.05) , 5 HE (R =0.536,0.454) &
EHAIE(P<0.05)

2.2 GRSP 58 FZ L blIH

H T GRSP 5 H3E A FAL M o H 7 HAG A ¢
P, H 5 250 7 HH X1k 3] 18 3% K- (P<0.05) ,
H T —ET GRSP 5 34 A1 Z [A] A 521 56
R AT R EIHA TR (E 3) , 5381 GRSP 5 AN
- B PR IAIAH B DG R KN, A Rk AR 22 A5G A 1
ik 1 5 GRSP PR SHs P sTmk R A

S0 5 A 3P At B A PR B b e - R AR
ERFEE(FR2), HERTFT, ALK 2/ .2
W BRSO | R4 S GRSP Bl -2 A8k
AR AR, k3 8 3% K (P<0.05), H
LW, A0 A RURE PR ES | AR fL AN
B, i &8, L2 REN A H T
(BRAREREAT ) S 3434 3 i 25 7K 7 (P<0.05) .

2.3 TIERREEE R AOCHE T 54 HIEIAL K A
Kk

YT GRSP 5ZHFAMRE AL (E2),
FIFH T ERZEANEAR OG0 B 7k, 43 1 GRSP 5 45 4%
AL FZ R R AAEA TRg . 25 R ILE 1,

ZE R B JR , EE-GRSP | T-GRSP 5 + 3 & Fi{k [H
FRALZE A 18] U5 J5 #2 o AAH OC R 85053514 0.850
F110.856 , -8 5] i K- (P<0.01) , KB 2 5
FERENS I ML GRSP 5 +3EFIALIN T2 RIMI . & |
AHLBR, A W A E A SR B N
EE-GRSP 5 T-GRSP #t4 K+, Hh A HL#x (B =
0.312) XfEE-GRSP % f5¢ h fi =, ok W5 8 4

Table 1 Distribution of GRSP in different soil layers in four sampling sites

R EE-GRSP T-GRSP

(cm) Z1l 1 JL L il =l EAI e L1 il B
0~20 0.87(025) Aa  127(0.32) Ba 124(029) Ba 1.19(032) Ba  855(2.11) Aa 1347(3.66) Ba 12.44(247) Ba 10.86(2.09) Ba
20~40 0.60(024) Ab  0.99(021) Bb 0.85(0.30) Bb 0.78(0.22) Ab  6.90(2.15) Ab 11.67(271) Bb 931(2.35) Bb 7.71(1.71) Ab
40~60 048(023) Ac  0.83(0.18) Be 0.66(021) Ac  063(0.17) Ac  672(1.71) Ab 10.70(2.61) Bb 7.37(2.38) Ac  591(1.93) Ac
60~80 042(0.16) Ac  0.74(0.18) Be  0.56(0.19) Ac  052(0.15) Ad  6.50(1.74) Ab  9.56(2.44) Be 6.54(2.33) Ac  4.66(1.78) Ad

55 N AR RS T AR T REUR R 235 (P< 0. 05)
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Table 2 Analysis of soil factors in soil layers in different sites
Fdt 3 AL 25 EA il BRA AR M CaCOy  AELGE pH HSR RS
BB (em) (g-kg™) (g-ke™") (5-kg™") (g-kg™") (mg- kg )(mg- kg™ )(mg-kg™') (%) (mg-kg™") (pS+em™) (g - em™)
FAll| 0~20 513 1.20 0.55 24.97 106.19 793 2357 0.01 119.91 543 4791 121
(154)a  (061)a (017)a (466)a (6236)a (935)a (269)a (000)a (3948)a (020)a (1090)a (0.18)a
20~40 233 0.55 045 26,01 39.37 6.13 11.6 0.00 123.40 537 3670 142
(099)b  (032) b (017) b (480) ab (2459) b (922)a (2542) b (0.00)a (31.73) a (026) ab (840) b  (0.11) b
40~60  1.63 036 044 27.61 26.52 838 2122 0.00 159.72 531 35.60 1.50
(070) ¢ (034) ¢ (017) b (537) be (21.63) ¢ (1787) a (2840) a (0.00) a (4593) b (025) b  (1029) b (0.13) ¢
60~80 129 0.29 049 28.00 23.15 1043 34.81 0.00 175.26 533 35.10 1.54
(079)d  (028) ¢ (021) b (5.14) ¢ (2698) ¢ (1692)a (3993)c (000)a (5750)b (023)b (1037) b (0.10) ¢
TEJLLL 0~20 749 278 1.19 25.17 204.23 12.89 40.66 0.01 146..24 5.36 59.04 1.05
(232)a (136)a (039 a (532)a (11312)a (69)a (37.73)a (000)a (746)a (090)a (21.78)a (0.24)a
20~40 535 1.88 1.19 2649 109.31 14.34 2921 0.01 162.10 555 43.89 121
(19) b (1L02) b (044) a  (438) ab (7046) b (6.19) a  (4070) ab (0.00) a  (80.13) a (032)a  (10.05) b (0.16) b
40~60  3.04 0.94 0.98 28.69 68.74 25.55 27.06 0.01 16742 555 .62 131
(L15) ¢ (058) ¢ (041) b (535)b  (5215) ¢ (17.09) b (3261) ab (0.00) a (7559) a (032) a  (1046) ¢ (0.12) ¢
60~80 231 0.69 0.86 29.88 kX 35.29 23.73 0.00 161.73 557 30.05 137
(L2)d  (047) ¢ (039) b (634) be (2663) ¢ (3254) ¢ (3400) b (000)a (7547)a (035)a (797 ¢ (0.12) ¢
il 0~20 10.19 3.16 1.34 2821 96.77 6.37 119.15 0.02 17147 59 35.39 1.01
(229)a  (1.05)a (023)a (327)a (3711)a (381)a (49.88) a (0.02)a (3655)a (0.17)a (13.19)a (0.12)a
20~40 536 158 1.01 30.19 5208 9.89 68.32 0.01 165.78 6.05 2358 1.19
(190) b (065)b  (023) b  (316)a (2810) b (9.77) ab (51.50) b (0.01) b (3967) a (0.15) b (854) b  (0.12) b
40~60 3.54 0.92 0.74 .11 2132 15.68 3231 0.01 164.44 6.12 18.86 1.39
(179) ¢ (060) ¢ (021) ¢ (4190 b  (21.23) ¢ (2275) be (3058) ¢ (001) b  (43.68) a (0.19) b  (852) be (0.19) ¢
60~80 237 0.73 0.69 3341 2374 18.35 31.90 0.01 167.89 621 17.07 1.46
(L14)d (06 ¢ (018 ¢ (363)b  (1854) ¢ (1779 ¢ (3373 ¢ (001) b (3994 a (017)c (729 ¢ (021) ¢
KHN 0~20 840 3.16 124 28.69 102.44 7.68 75.02 0.02 163.76 5.84 30.63 1.04
(252)a (107)a (035)a (350)a (3881)a (661)a (6504)a (002)a (5151)a (025)a (830)a (0.14)a
20~40 438 1.53 0.90 3124 49.10 9.73 4475 0.01 163.78 5.9 19.73 127
(166) b (058) b (029) b  (434) b (2254) b (1218) ab (5042) b (0.01) b (36.09) a (022) ab (7.87) b  (0.16) b
40~60  3.00 0.87 0.65 33.59 3022 2037 17.89 0.01 157.14 6.04 15.84 14
(2000 ¢ (058) ¢ (028) ¢ (395) ¢ (2095) ¢ (2984) be (2515) ¢ (001) b  (4541) a (025) be (672) ¢ (0.19) ¢
60~80 1.84 0.60 0.55 36.51 21.04 25.00 11.80 0.01 156.21 6.11 13.20 1.51
(L) d  (027) ¢ (020) ¢ (445)d  (1126) ¢ (3052) ¢ (1936) ¢ (001) b  (4850) a (024) ¢ (326) ¢ (0.16) d
5 WM IR F R R E T B (P < 0.05),
%3 GRSP 5&TEFETFHXXRZELSEFE
Table 3 Step regression simulation of correlations between GRSP and soil factors
S EE-GRSP (R*=0.850,P<0.01) S T-GRSP (R*=0.856,P<0.01)
E[R7RE I B ¢ P E| ARG B ' P
B Se B Se
B 0.937 0.099 W 12.929 1.719
A Bl 0.036 0.005 0.312 6.84 0.000 || &% 0.311 0.14 0.108 2.219 0.027
AT -0.355 0.062 -0.229 -5.726 0.000 || S% 0.043 0.007 0.202 6.352 0.000
B 0.146 0.027 0.176 5.332 0.000 || 2.921 0.252 0.376 11.605 0.000
T 22 0.001 0 0.134 4.547 0.000 || :3EAE  -3.068 0.568 -0.212 -5.399 0.000
AR 0 0 -0.084 -3.648 0.000 || A%LhE 0.008 0.001 0.134 6.061 0.000
AR 0.001 0 0.069 2.904 0.004 ||pH -1.166 0.238 -0.148 -4.904 0.000
o) 0.041 0.016 0.134 2.649 0.008 || MLAEK 0.172 0.049 0.158 3.521 0.000
- - - - - - AL 0.012 0.004 0.073 3.107 0.002
;1M T-GRSP & A [0l IS #5548 7 FE 45 SR S /R XF T- 2.4 GRSP 5 3Bk A 13k ik
GRSP & LA K Y2 2 (8=0.376) . AN Py 223k B IR ST XT L EE-GRSP |
GRSP fE¥isem i KA+ (8= -0.229,-0.212) , T-GRSP 5 4% + 3 K 175 A [R) 4 )2 [A] A0 S M 19 22 57
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200 y=6.6021x-1.0628 20r 1=0.6159x-1.2604 0.12p 0.12¢
= R’=0.4847 » LU 4
~ 16l K613 —~ 16} o 7=0.0050x+0.0042 720.0004x+0.0052
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Fig.1 Correlations between GRSP ( T-GRSP and EE-GRSP) and soil factors

(F4), 450K EE-GRSP .\ T-GRSP 5 H WLk . &  BELIEXLZR(P<0.01), Hrh BAL#BEAE 0~80
R W A AELE0~80 em A HEHFHA oW HEPILHERAEFE(P>0.05) , BN
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&4 AELEH GRSP 5L EXREFHEXRMILER LS

Table 4 Comparison and collinearity analysis of correlation coefficient between GRSP content and soil factors in different

soil layers

3T EE-GRSP(mg + g™') T-GRSP(mg - g™")
0~20 20~40 40~ 60 60~ 80 el 0~20 20~40 40~ 60 60~80 ez
(cm) (em) (em) (cm) 3 (cm) (em) (em) (em) nEE

ZERTIR 4 slope 5.108 5.221 3.783 2.60 * % 0.531 0.497 0.288 0.184 * %
(g-kg™") R? 0.366**  0.503** 0.335** 0.255%" 0.376**  0.485** 0.251** 0.214*"
SRR slope 2.335 1.886 1.576 1.152 * ok 0.264 0.196 0.113 0.074 * ok
(g-kg™) R? 0.337** 0.388** 0.448**  0.293** 0.409* *  0.446** 0.296** 0.198**
ey slope 0.917 0.843 0.863 0.720 0.105 0.084 0.080 0.060
(g-kg™") R? 0.440**  0.298** 0.387**  0.258*" 0.541** 0.331** 0410** 0273*"
Ea TN slope 1.68 4.016 0.155 -0.090 * ¥ -0.045 0.046 -0.548 -0.840 * ¥
(g-kg™) R? 0.016 0.049* *  0.000 0.000 0.001 0.001 0.078**  0.135**
A A slope  82.13 68.45 82.19 27.781 * ok 10.116 7.253 7.093 1.889 * ok
(mg-kg') R? 0.112**  0.160** 0.321**  0.063"" 0.155**  0.184**  0.308** 0.047*"
T slope 1.93 11.81 17.20 28.711 w ok 0.670 1.317 0.610 0.480 * %
(mg-kg™') R 0.006 0.104 ** 0.034* 0.051** 0.067** 0.146**  0.006 0.002
R slope  51.49 31.85 18.65 8.618 * % 5.932 4.860 4.089 4.808 ok
(mg-kg") R? 0.087**  0.039* 0.024 0.003 0.110**  0.096** 0.147** 0.134""
CaCo, slope 0.013 0.005 0.003 0.001 * % 0.001 0.0003  -0.0001  —0.0003 * %
(%) R2 0.067 0.044 0.012 0.001 0.023 0.014 0.002 0.014
AR slope  31.24 50.87 -2.41 -50.54 * ok 5.079 6.854 4.693 5.040 * ok
(mg-kg') R? 0.035 " 0.075**  0.000 0.033* 0.087** 0.144**  0.059 0.053**
pH slope 0.208 0.279 0.375 0.369 * % 0.0151 0.009 -0.024 -0.042 * *

R? 0.049**  0.043** 0.045**  0.028" 0.025* 0.005 0.024 0.061* *
H slope 7.15 9.34 1.79 -3.44 * ok 1.836 1.682 1.847 1.885 * %
(pS-em™) R 0.018 0.042 0.001 0.003 0.108** 0.145** 0.157** 0.158**
T HERE slope  —1.46 -1.535 -1.677 -1.698 * x -0.033 -0.034 -0.033 -0.027 * %
(g+cem™) R? 0.329**  0.276** 0.342**  0.282*" 0.332**  0.352**  0.287** 0.202*"

* % P<0.01, * P<0.05,
[d] + )2 GRSP 5 & [ fFfr ek ik,
3 g5t

X 4 A SRAEHL AN R RS AT
T4 GRSP & i Z AR R R A KM KB (3R
1), FER 254k EE-GRSP 5 T-GRSP & S Bl i 2
TR, HRZEIRZ LI GRSP & &2 T %
B Z TR T 56%, 57%, ik 3] B % 2 7
(P<0.05) , & 1L7&HFAMT 148 GRSP & m Ik T
HAb#E#, /£ 0~20 em +EHFEHIL AR B
(P<0.01) , FEZH T T LI AM B R EJL 5
AR R ARG L TR AR (R 250 41 T 1 48
FIZFTEL, 55 TR A A 3 A0 AS TR) J2 VR 8 v b iz g
BAOCE I LAE D RGET- R A IE AL 35 i
IMTAE 2R )2 AE X & 4 (et il 45, 2002)  BLAk, &1L
FHERRR T A L R F T H AR #1328 A
M SFECE IR GRSP & AR T AL AR, 76 35
AL, A L5 i B A AR WAy, A
W SR A N - e RIOR F e 2 8 TR

MR 2 W LIE H, 488 R 22 () HA 28 [ S i
IR HAB BRI FTIE W (£ H IS4 1998 Rillig et al.
2003) , H 4 2 B8 X AL I 1 (B A 3eE 4 )
Sk 3 B K (P<0.05) . A L, GRSP 5 +
HEPRAL P - HLA A ) 9 2 ) S5 o 1 GX 5 R A
(2009) B2#4L% (2011b) BF5E 45 FAH—2

A5, GRSP 54 HLik &2 i 3 IEAH G (R? =
0.613 R*=0.484,P<0.01) , ENiE T GRSP &+ 34
B 2 B R 4, o2 A ML I — D EH 2k
U8, BEAE — 2 B I fe b + Bk 5 19 A5 k., GRSP
LR IR R i R B IE A G (P<0.01) , X 1]
RES BEMR =42 GRSP 75 1 el e R4 3t 008 B xt £
HEREE LA 5% (Rillig et al. 2007 ; Janos et al.,2008;
PEALAE,2011b) X 5 2 2 W B 25 A —
E(Wright et al.,1996,1998a; Rillig et al.,2003) , Ifij
ZHE N5 GRSP £ 1 A C (R =0.536 R* =
0.454,P<0.01) , Ut Il - KA — @ 2B L3
A A A K, AL TR AR ) AR R 1R G R (AR
[l ,2007) , T 52 0A 1= 45 GRSP &1,
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FW5E KB, EE-GRSP JiE 40 35 1Y 2 1 8 v et
) GRSP,T-GRSP Jx it T + 4 rp ZF GRSP (/K F
(Rillig et al.,2007 ;Janos et al.,2008) , & [l J5
FRAE LA WM 2 e GRSP & &5 + 8954y . + 3
YIBREEH Z RIAH B OCR A LS 2 EE-GRSP &
N E R T PR ST R R (8=0.312) , 2%
JERZI T-GRSP MYk K+, 11285 (B8=0.376) Xt
T-GRSP TT#kE A, BEHH GRSP Xf 13 F ZAE
JIRUT (B R A ) 15 4R LA R AT 20 i/
(Wright et al., 1996, 1998a; Rillig et al.,2002) ; |f]
iF, PRAR AR BE5E A3 GRSP 7 B =F B B IR (X3
HESE 2007 ) , T B 22 % Bl 40 AR W W 5 B TE AL
FILR (CRHBEFHFSF,2001) BYTIHEH 3240 I T-GRSP
KSLHL, AE R 25 2 XS - GRSP
AU oy N T E 0P

AN JZ R EE AL R P bR 284, GRSP
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[ SR PER 25, fE R ERL I b, A S
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HEFEEIN BGB i, A e LS A R LS K
FhZFEMESE A ARIR 2R, i — 204858 GRSP 15 + 48
TIRERIBILTE] , k2R B Ao B ) - M B i ofe 42
1o - T S DI RE TR SR L BRI AR

i+ H. 2000. 3L M. JLRT, A E RO AL 30—
107.

ERARTH. 2007. IR ARKE SR B A S H 3 B A Ak
R, bR MR AR 74-75.

MR S, BREERL, IIEEEE, 45 2009. FEBOHE AR AM B
ek R 2 oA, AW, 29(11) : 6010-
6016.

ke, S Y6, 2R, 2002, 59 v LT R A B TE S )
BB TR A S X R LSS
7, 26(5): 518-524.

BREEAL, AR, BN 2008. B E VD HLVSITHEMR FEl AM
HEM A A, AR, 19(12) ¢ 2711-2716.

BeEAL, BB, Ml 1 2011a. 6P RS B T
R AM EE S ERBER H 25 010, LA, 31(6) .
1653-1661.

BAEAL, VP BT, SEFELH. 2011, BEAARFR AM B 0 i 5
FIEREMISAERTE. Wb K25 4], 34(5) « 63-
68.

X, BRIV JE. 2007. EARSE. Jbat. Bl it

REA, W [, ZEHEAR. 2003, ARSI L1 = 1 FOAR bR
AT AR Rt 1 e 05 P Y S . B AR 574, 14(5) .
139-148.

KA, ZBebk, & [F. 2001, B EL BB R i 15 P X 21
RS R b A HLBE T BB . AR AR AR, 21
(7). 1130-1135.

EZ, 3k R, #HEE, % 2007. ML IEMAL (Larix gme-
Lind) R RAR Y L W SRR DD RE. AR5, 27(5)
1756-1762.

TR, I, I, 4. 2013, N L ER R R
HAE LS A RO . T R IXESE, 30
(1), 22-28.

THEE, R, xldete, 45, 1998, N5 B i s R R
IR SRR B 23 18] S B e A, R AR SR
22(5) . 409-414.

SR, BUAAL, TRIEE, SR 2013 S TP ATFARE AM A
DSE FLH# 5 3K 5 ORI OCHERTSE. PUALIE Y A4, 33
(9): 1891-1987.

Bolligera A, Nallab A, Magida J, et al. 2008. Re-examining the
glomalin purity of glomalin-related soil protein fractions
through immunochemical, lectin-affinity and soil labelling
experiments. Soil Biology and Biochemistry, 40. 887-893.

Borie F, Rubio R, Rouanet JL, et al. 2006. Effects of tillage
systems on soil characteristics, glomalin and mycorrhizal
propagules in a Chilean Ultisol. Soil and Tillage Research,
88 253-261.

Catherine E, Sara F, Deborah A, et al. 2004. Soil stocks of glo-
malin produced by arbuscular mycorrhizal fungi across a
tropical rain forest landscape. Journal of Ecology, 92. 278
-287.

Halvorson JJ, Gonzalez JM. 2006. Bradford reactive soil protein
in Appalachian soils: Distribution and response to incuba-
tion, extraction reagent and tannins. Plant and Soil, 286
339-356.

Janos DP, Garamszegi S, Beltran B. 2008. Glomalin extraction
and measurement. Soil Biology & Biochemistry, 40. 728 -
739.

Purin S, Rillig MC. 2007. The arbuscular mycorrhizal fungal
protein glomalin: Limitations, progress and a new hypothe-
sis for its function. Pedobiologia, 51: 123-130.

Rillig MC, Caldwell BA, Wosten HAB, et al. 2007. Role of
proteins in soil carbon and nitrogen storage: Controls on
persistence. Biogeochemistry, 85. 25-44.

Rillig MC, Hernandez GY, Newton PCD. 2000. Arbuscular my-
corrhizae respond to elevated atmospheric CO, after long-
term exposure : Evidence from a CO, spring in New Zealand

supports the resource balance model. Ecology Letters, 3.



BT TR RS N MR ER A B ARG MR -5 L e S5 2 18] 2 S 3473

475-478.

Rillig MC, Ramsey PW, Morris S, et al. 2003. Glomalin an
arbuscula-rmycorrhizal fungal soil protein, responds to
land-use change. Plant and Soil, 253, 293-299.

Rillig MC, Wright SF, Eviner VT. 2002. The role of arbuscular
mycorrhizal fungi and glomalin in soil aggregation: Compa-
ring effects of five plant species. Plant and Soil, 238, 325
-333.

Rillig MC, Wright SF, Nichols KA, et al. 2001. Large contribu-
tion of arbuscular mycorrhizal fungi to soil carbon pools in
tropical forest soils. Plant and Soil, 233; 167-177.

Rillig MC. 2004. Arbuscular mycorrhizae, glomalin, and soil ag-
gregation. Canadian Journal of Soil Science, 84. 355-363.

Rosier CL., Hoye AT, Rillig MC. 2006. Glomalin-related soil
protein: Assessment of current detection and quantification
tools. Soil Biology and Biochemistry, 38. 2205-2211.

Steinberg PD, Rillig MC. 2003. Differential decomposition of ar-
buscular mycorrhizal fungal hyphae and glomalin. Soil Bio-
logy and Biochemistry, 35: 191-194.

Wang HM, Wang W], Chen HF, et al. 2014. Temporal changes
of soil physico-chemical properties at different soil depths
during larch afforestation by multivariate analysis of covari-
ance. Ecology and Evolution, 4. 1039-1048.

Wang WJ, Zu YG, Wang HM, et al. 2005. Plant biomass and
productivity of Larix gmelinii forest ecosystems in Northeast
China: Intra- and inter-species comparison. Eurasian Jour-
nal of Forest Research, 8. 21-41.

Wright SF, Green VS, Cavigelli MA. 2007. Glomalin in aggre-
gate size classes from three different farming systems. Soil
and Tillage Research, 94. 546—549.

Wright SF, Upadhyaya A, Buyer JS. 1998b. Comparison of
N-linked oligosaccharides of giomalin from arbuscular my-
corrhizal fungi and soils by capillary electrophoresis. Soil
Biology and Biochemisiry, 30 1853—1857.

Wright SF, Upadhyaya A. 1996. Exiraction of an abundant and
unusual protein from soil and comparison with hyphal pro-
tein of arbuscular mycorrhizal fungi. Soil Science, 161. 575
-586.

Wright SF, Upadhyaya A. 1998a. A survey of soils for aggregate
stability and glomalin a glycoprotein produced by hyphae of
arbuscular mycorrhizal fungi. Plant and Soil, 198. 97 -
107.

EEBN YT, B, 1982 44 7L, EEMNFE L
BRI A2 5E . E-mail hehaisheng1002@ 163.com
EERE K WM




