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Abstract: Glomain-related soil protein (GRSP) is an important indicator in assessing soil health. On the basis of the re-
searches done by predecessors, further investigations were conducted of effects of soil particle size, soil sample storage
conditions and delay of centrifugation of the extract after high-temperature extraction on quantification of GRSP with the
Bradford method. Results show that soil particle size significantly affected extraction and determination of easily extracted
GRSP (EEG). The content of EEG extracted from samples that passed a 0. 074 mm sieve was significantly higher than that
from samples that passed 0. 149, 0.25, and 1 mm sieves, separately. However, the content of total GRSP (TG) did not
vary with soil particle size, which indicate that for determination of TG, it is advisable to use soil samples that pass 1 mm
sieves. Storage conditions also affected determination of EEG and TG. The content of EEG determined of the soil samples
of low organic matter content stored at —20 °C for 18 months was obviously more than that stored at room temperature for
the same length of time, while the content of EEG determined of soil samples of high organic matter content stored at room
temperature showed a reverse trend. And TG determined of soils of three organic matter content levels stored at room tem-
perature was obviously higher than that stored at —20 “C. So to minimize the effect of organic matter degradation, soil
samples should be stored at low temperature. Delay of centrifugation of extracts may lead to decrease in the value of EEG
determination. It is advisable to have the extract centrifugated within 1 h. However, there is no significant difference be-
tween delays of centrifugation within 2 h for TG determination.
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Table 1 Physico-chemical properties of soil samples
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Table 2  Effect of particle size on determination of EEG
and TG in Soil Sample No. 1

Fie/mm w(EEG)/(mg - g ) w(TG)/(mg - g™ ")
1 0.801 +0.021° 3.162 +0. 085"
0.25 0. 833 +0. 015" 2.981 +0. 059
0. 149 0. 867 +0. 023" 2.931 £0. 053"
0.074 0.938 +0. 040" 3.016 +0. 045*

EEC A5 Uk R % R KE N, TC N R ML EA B4,
Bl Do FIME = A o R — SN P SONE T8 R R 7R A [F] LA
RSB A bR 22 5 B3 (LSD K dinik P <0.05) .

5 EEG #t, HEERAR X TG &1 5 19 52 1)
AN AR FLAR 0 (1) AR R B () TG & i )
KEN/IMER A 1.,0. 074 ,0. 25 0. 149 mm, A [a) fi 1%
[) 22 S 448 i K

pH 7.0.20 mmol - L ™" A7 45 iR 4l J2 52 o 1 A A
FEBGR, pH 9. 0,100 mmol - L™ £ Bl R A J2: 35 A i
FUEREGH . 50 T RAE P AR
oL, R B 2R AE - vh A A RS AT gt A W B 2
AT PEE%, EAERAE TR EC EEG A A9 pH

7.0.20 mmol « L' 75 R A 45 U (14 5% Wi 45 o0 A
i R R/ INER A B T IR - SRR S5 R, AT AT
GRSP (R, 32 ELE 1 EEG 34 25 M2 H TG B
FIAY pH 9.0,100 mmol - L ™" A2 BR 44 A4 2 B ) 55
5, 0] USRI 5 R 45 A B % 1Y GRSP, Uk
BRI TG 5 2 100 2 A S 35 5 )

WRIGHT 5 GRSP ({7 H KA 1 ~2 mm ki
PR B A B A, T ZE A B2 K S0t I Ak B
BYASTA] - R A 53 A TR Ri A2 LA GRSP 51w, &
AT 1 mm FLARGH LA 1 ~2 mm R AR
K. WRIGHT 25" e 0 R [ 4 Bl 2 46 vp e kAT
PRAR S G ) PN e BRI RS R & M, KR
A PR HEA GRSP 34 £6 0. 21 ~0. 50 mm BifR 1
SR i T A R R AT AL B A g KR
GRSP 434 7E 0. 05 ~0. 21 mm Rif2 Fikirf, $c2EH
IR TETFRE 1 ~2 mm kAR P B, 0] 1 3% HH 2
— B XA AR E GRSP & &, i T AN AR A2 52
) EEG & 2 mixd TG & & 2 & A i 3552
Al g — R At 1 mm FLERG AR E TG &t
2.2 THPEFEEG3 EEG. TG & illE /&M

H 1 AT, A LB 5 1A R ) AR (AR
FEAMHTF A 18 4~ A Ja, EEG & &4 irdsfb.
T =20 CHAFAM FAYR SR (44 mg - ¢7')
)14 EEG & L= WA T/ 20. 4% ,iE 57
3 B N AP & A (24.6 mg -
g ) ME(41.1 mg - g7") A FE EEG 45 L
20 CHRAEEMTE 13.9% f115. 7% .

SEFIN R RIS R AT 55 A F 2w £ GRSP
B E A 2 A (1) P IA] A i S 800, e
] RE K, GRSP 7 A R il 5 35 i A8 WL & 4
B 53, IR A5 1Y) GRSP & 2 FAIK; (2) A L
JO 5 ety A B IE RN , A8 HIL T e i 1T RE B 0 Ao AR
WAL AMF 6 22 (1) GRSP s A5 AL GRSP &% 1
PERE ey, Beah, —20 C &4 T ERAE
FESHZE DT T Rmhat B2, 10 A A5 3% B R Al G 26 2 il
TR R SR R 4% GRSP
N A e A SRR 52 7 A8 DX T TR IE 5 v R
WHGE ARt — P sE . BE B AL S =
R AR D45 B9 25 5 mT 3228 R[] 7= A 04 67 38 Jin
VIS RE A MLJTE & 8 58 i 19 A D) mT = B2 o ML
R iy R Y TE RSN DA R o

A1 AT, 3 A B A & KT A A
90 TG &R A ZIRAAE & T -20 CLRAF
AP & & 3 EEG &Ll - 20 C 44T
A7 BRE A by v (CFE R 4230 H ) e A ) |, $FEIT mT B



. 96 - x5 kN

wos o i $21 %

H—&B5r GRSP T 7% 48 Sy AN 5y ¥ U i 4, T LA 4
EPREUN S B 45 R 38 DL Z IR AR I R TG &
o XAV HFE AR A5 255 . GRSP 2 45
B4R T GRSP £ - rf i vl GB A7y, B GRSP
KRG — BT B, A — T o0 e A A 2 B L)
GRSP, [ A LT 4 B A A 1T BE 2 BE G 43 GRSP,

157 a
- 7
;Eo 12 a a b
'\:/T/ b b
é °l r—% ’_—% T

0.6

4.8 a
= 40 7-
w0
w 32F
g . i b
) 24 b
=

0.8

i = =

AHLUT K
0-20 C; A%t
G K SR L2 FEAE SR B R K
SEAIE AT 3 MU S KA A4 4 mg - 571,
25tk 246 mg- g 1 S HE; B4l 1Img-g,
351, EEG WS HBURER HACE M, TC A RFETE H A K
EASE . RS K Br B LI bRig iSO NG i)
RN FIRA I A 5 R AR R 22 57 W35 (¢ 8, P <0..05) .

THEMFLEHEX EEG.TG & ENERF N
Fig.1 Effect of storage conditions on
determination of EEG and TG

E1

EREROAFN 3 NS AEVLE S & (y, mg -
¢ )5 EEG it (x,mg - g7') Z 0] 5 B L AR
FF R,y =76.493x — 61.955 (r =0.993, P <
0.01), M1 ol LIFE H, SRR R T AL
TEm g GRSP &g, Xl ey £
AP R T it 2 5l 3 A ML R R 0T 3K
TR Y B R L 2 AT R TR
AT L, AN EEIE EEG 82 TG, BE SR8 5
JPIE 75 W LRAF S [LER A, 5 i & A A AR A
AN R o DA R PR AE, LA /N A HIL BT % fif
GRSP £ 50 22 A 520
23 BERRIEELEZHEN L EEG, TG &
N
2.3.1 B IERE R EEG $& G E 15 i

& 2 AT 0L, B0 A TR R EEG (2 I 52
M), 6 HILIST & i 19 1R EEG FR I X ZE 32 A 7] (1Y
M 7 B BH Ji, 3 AT i 2 4 1 ks = A R g R AL

JANOS 21 gt BF 5 e 30 37 45 i6F 18] 1 25 00 22E 158 %)
EEG $#2£HUrsZm , £ H AR 52V 6. R4
2 ASTE) 50 SIE R A5 (] 0 75 19 H A EEG & & 2 [ 1Y
25 B EVE A R R IR KA R R L
CMETRA RN BT 1 b,

0.76 I |
5 C
= 072 \é%%})_l\l ! d
‘GD - l g’,
068 —2
= T %
2om PO S S
& ‘ H E: T
E 0.60 a ! ! a b
T 0.56 £
()452 1 1 1 1 J
40 60 80 100 120

B FER [E]/min
—o— mANRSR@E4.6mg - g, 55)1FE;
—A— [KAHERET RIS mg - g, 45)1F
EEG g 5 $ WOk BT F AR M o 7 — 4l th 98 SUNG FRER R 3R AN )
B0 RIS ] 22 [ 045 1 L EEC 3422 55 W 35 (LSD £330, P <0.05) o

B2 BOERREN2ANEIRESE
7k F# 1 # EEG $12EUIE K500
Fig.2 Effect of delay of centrifugation on determination of

EEG in two soils different in organic matter content

2.3.2 BELIEBIREIN TG LI E AR
B0 A 5N )X ERE TG B S 19 50 O
3.

18 )
1.5 |
1.2
09
0.6
03 |

NZ R

21 ¢
1.8
1.5 F
12 F
09 r
0.6
03 r

w(TG)/(mg * g™)

WA 4=

90
B0 E RS [A] /min
AL N EFR2; O 7AH3.
A—TRA PR A (4. 4 mg - g7, 2 5) L8 B—RA LR
(446 mg - g7 5 5) REE, HIBEM R EIRK N
85 1.2.3 RER I FLIB P Bradford 20 %2 B9 GRSP %4, H 75 &
T (1R 2528 %R 3 IRIGFFA I GRSP Gt (bR . [Fl—41 TG
KO BT R E D5 bRIC I3 SN TR ] 27 N [ 8 S R
) P15 A9 A TG % B 2 8] 22 57 AN .35 (LSD gk , P >0.05)

3 BOERREX 2 ANREER
E2KTEH L TG IREUNER I
Fig.3 Effect of delay of centrifugation on determination of

TG in two soils different in organic matter content



55 1]

BT Bradford Jl i - ORI MG (1RO W T .97 -

f & 3 A 0L, % pH 9. 0,100 mmol - L~ f#k
FREAAE R IGR) 3 B HRUIN E GRSP B, 2.0 1
B 120 min NITC I 325 7, XAl g &K 100
mmol + L™" \pH 9. 0 A& B FR4N IR TR A4 U 405, 5
1 ASFEHAEFR T GRSP 12 B PR 500 B R AT Al s 2
St ABTE RS B PE O FE AT BT AMEE 3 S B HRU
W2 G153 GRSP $EHCE Y B AFEE O AEDR 2 h P
ARFI B E 2 R ET 2 NMRBREI O 4R
B 85% ~90% 1) GRSP, %55 3 MEIAET L35 S {0
CAIRIR, RO I & . X3 pH 9.0,
100 mmol « L™"F2mi R4k FH 1 $2 BRI $BCN 22 GRSP
SIS AT DAAE B0 I R 2 h (NHEA T, TS 640
PRI 1R B0 23 48 B A R 1 22 57, DAL, PR
M BT OL T, AT AR U5 S 56 = O B RN O HILRY
FHEEMTH 1 REPIEAN ZHR T2
FE

3 #ig

iz ] Bradford 3505 + 58 b GRSP & 3 1) 5
PEER LI LA :

ANF EAERLAR T TG Y 4 B 2 52w A K, 5
JEXT EEG B2 B0 e 52 i 2% . BTt 1 mm LA
TEE EFES 1 ~2 mm kife 1 FI R A h GRSP & i
ARG, H GRSP £ AN [R]A 9% P SR A4 v 9 3 A1 25
PR b R 7 2 5, S R Ak 1 mm LAR
B3 — FRERAR 1 ~2 mm iR+ HE A Bk

- B S A S5 25 52 ) Bradford 350 % 4
e GRSP i, T IAFRT R4 GRSP #4146 Ky
MESREURSC S AT 58 & 2E H BH A, 308 A LT A %
fifr B GRSP, ol 4 7= £ T GRSP & 1 ¥ I
PR RS L 2, SR IR 25 A R A, LA/ N L
JoT AR A A R 2R 7 AR s

B IER S EEG & & I 5E (20 mmol -
L™" pH 7.0 #rBR AN E S BGR) ) | IR, iy S b
O P FE GRS )R AE 1 h DL 250 28 15% 120 min
Xt TG & &Y 5E (100 mmol « L™" (pH 9. 0 R
FIVESREGR)) A 35 R

S % 3Lk

[1] WRIGHT S F, UPADHYAYA A. Extraction of an Abundant and
Unusual Protein From Soil and Comparison With Hyphal Protein of
Arbuscular Mycorrhizal Fungi[ J]. Soil Science Society of America
Journal ,1996,161(9) :575 - 586.

[2] WRIGHT S F,FRANKE-SNYDER M,MORTON ] B,et al. Time-
Course Study and Partial Characterization of a Protein on Hyphae

of Arbuscular Mycorrhizal Fungi During Active Colonization of

Roots[ J]. Plant and Soil ,1996,181(2) :193 —203.

[3] WRIGHT S F,UPADHYAYA A. A Survey of Soils for Aggregate
Stability and Glomalin,a Glycoprotein Produced by Hyphae of Ar-
buscular Mycorrhizal Fungi[ J]. Plant and Soil, 1998 ,198 (1) :
97 -107.

[4] RILLIG M C,WRIGHT S F,EVINER V T. The Role of Arbuscular
Mycorrhizal Fungi and Glomalin in Soil Aggregation Comparing
Effects of Five Plant Species[ J]. Plant and Soil,2002,238 (2) :
325 -333.

[5] GONZALEZCHAVE M C, CARRILLO-GONZA'LEZ R, WRIGHT
S F,et al. The Role of Glomalin,a Protein Produced by Arbuscular
Mycorrhizal Fungi,in Sequestering Potentially Toxic Elements[ J].
Environmental Pollution,2004,130(3) ;317 —323.

[6] VODNIK D,GRCMAN H,MACEK I,et al. The Contribution of Gloma-
lin-Related Soil Protein to Pb and Zn Sequestration in Polluted Soil
[J]. Science of the Total Environment,2008,392(1) :130 —136.

[7] FERROL N, GONZALEZ-GUERRERO M, VALDERAS A, et al.
Survival Strategies of Arbuscular Mycorrhizal Fungi in Cu-Polluted
Environments[ J ]. Phytochemistry Reviews,2009,8(3) :551 —559.

[8] ZHOU Y,YAO J,CHOI M M F,et al. A Combination Method to
Study Microbial Communities and Activities in Zinc Contaminated
Soil[ J]. Journal of Hazardous Materials, 2009, 169 ( 1/2/3) .
875 - 881.

[9] RILLIG M C. Arbuscular Mycorrhizae , Glomalin, and Soil Aggrega-
tion [ J ]. Canadian Journal of Soil Science, 2004, 84 (4 ):
355 -363.

[10] JB7E, JME RS, F ok, 55 IRMWTHNE A5 1 F AN [RDRCAR L e P 2R
P& Bradford Sz i - 8 1 BT BE R 22 5 ()], ISR,
2008 ,45(6) :1072 - 1080.

[11] JANOS D P, GARAMSZEGI S, BELTRAN B. Glomalin Extraction
and Measurement [ J ]. Soil Biology and Biochemistry, 2008, 40
(3):728 -739.

[12] i H. SR [M]. 3 p. Jbat: b E ROl b Rt
200525 - 135.

[13] WRIGHT S F,NICHOLS K A,SCHMIDT W F. Comparison of Effi-
cacy of Three Extractants to Solubilize Glomalin on Hyphae and in
Soil[ J]. Chemosphere ,2006 ,64(7) :1219 - 1224.

[14] WRIGHT S F,GREEN V S,CAVIGELLI M A. Glomalin in Aggre-
gate Size Classes From Three Different Farming Systems|[ J ]. Soil
and Tillage Research,2007,94(2) :546 —549.

[15] BRADFORD M M. A Rapid and Sensitive Method for the Quantitation
of Microgram Quantities of Protein Utilizing the Principle of Protein-
Dye Binding[ J]. Analytical Biochemistry,1976,72 248 —254.

[16] JARERT, E 35, X5 XL, 5. X i b - 398 ol i Pk L 2R
RO ALRZmI[ )], A SR BRE 2412, 2008,24(3) <1 - 6.

[17] ROSIER C L,HOYE A T, RILLIG M C. Glomalin-Related Soil
Protein ; Assessment of Current Detection and Quantification Tools
[J]. Soil Biology and Biochemistry,2006,38(8) :2205 —2211.

[18] KILKOWSKI W J, GROSS G G. Color Reaction of Hydrolyzable
Tannins With Bradford Reagent , Coomassie Brilliant Blue[ J]. Phy-
tochemistry,1999,51(3) :363 —366.

EEE A : BHEZE(1986—) , &, INARUF TN Wik, B8
MNEF A 2SS . E-mail; 1hj312028@ yahoo. com. cn



