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ZHONG Zhao-liang; WANG Wen-jie; ZHANG Wen-tian; WANG Qiong. Compositional variation of
glomalin-related soil protein in different forest stands and farmland. Journal of Beijing Forestry
University (2016)38(4) 107-115 [ Ch, 25 ref. | Key Laboratory of Forest Plant Ecology Ministry of
Education , Northeast Forestry University, Harbin, Heilongjiang, 150040, P. R. China.
Glomalin-related soil protein ( GRSP), a glycoprotein produced by the hyphae of arbuscular
mycorrhizal fungi, is well known for its significant ecological role in soil function, while lack of cognition
of GRSP chemical structural characteristics has largely restricted the ecological status and application
prospect of GRSP. In this study, five tree species and adjacent farmland have been investigated to
uncover the structural characteristic of GRSP and the inter-specific differences through a variety of
technical methods. We found that GRSP contained five functional groups, i. e. O—H and N—H
stretching, C—H stretching, € =0 and COO— stretching, symmetric COO— stretching, C—H
bending, C—O0O and Si—O—Si stretching. Ultraviolet spectrum showed that the peak wavelengh of GRSP
was 225 —248 nm and OD value was 0.9 —2.0. XRD data showed that GRSP contained seven mineral
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substances ( quartz, montmorillonite, illite, plagioclase, illite & montmorillonite mixed-layer, and two
unrecognizable substances) , and their relative crystallinity was quite low with average grain size 25. 83,
17.93, 14.50, 21.45, 28.45, 28.10 and 17.40 nm, respectively. Moreover, XPS data found 11
elements of Cls, Al2p, Ols, Si2p, P2p, Ca2p, K2p, Nls, Fe2p, Mgls and Nals in GRSP, and their
average percentages were 28.9% , 7.0% , 43.4% , 9.8% , 0.4% , 1.0%, 0.6% , 1.4% , 2. 1%,
0.7% and 7.8% , respectively. Tree species and farmland practices strongly affected GRSP composition.
The biggest difference of function group was C—H stretching between Mongolian oak and birch (5.5
fold) , while the minimum difference was O—H and N—H stretching between Manchurian ash and birch
(1.3 fold). Juglans mandshurica had the highest Uv-OD values. Mineral types of GRSP were also
different. Manchurian ash ( Fraxinus mandshurica) and Mongolian oak ( Quercus mongolica) forests
contained plagioclase, illite & montmorillonite mixed-layer, and two unrecognizable substances, and
more soil mineral substances were found in GRSP from other tree species and farmland. The 5.2-fold
difference of quartz grain size was found in different vegetations, while plagioclase had the minimum
inter-species differences(17% ). Relative crystallinity of montmorillonite in larch plantation was 5. 1 fold
higher than that in Manchurian ash, while very smaller differences in two unrecognizable substances (4%
variation of b substance) were found between Manchurian ash and Mongolian oak forests. Cls, Ols,
Si2p, Nls and Nals could be found in GRSP from all forests and farmland, and their variation was 1. 1 —
31. 6 fold. Our study confirms that GRSP composition varies greatly among different vegetational types,
and soil minerals could also affect the composition owing to variable soil minerals in GRSP. Clarification
of the influencing mechanism of GRSP through revealing the GRSP compositional characteristics in this
study is helpful for restoring soil ecological functions of farmland and forest soils in this region.

Key words GRSP; forest stands and farmland; IR; UV; XRD; XPS
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ARSCSLIAE M TG RIE T X | =R Z Y
ZRAbAROlL K2 S0 g0 37 (45°157 N, 128°37" E), +
Ay i 1t RS MO P2 (B <5°) HoK Ay
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7534 mm,
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SR ERL, VIAEE 0.5 mx1 m, 245 FEP
2278 MO ARIA E 3K 0. 8,2005 4F ¥ A oK, 7E 0.5
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P42 18 em, iz Kk 24 em, i 7. K E BN 58. 86
m’ AR IR T R
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20 m, FEREAFEHL P AZ I 4 A~ 0 ~ 20 em Y £ 3EF]
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r/min, 15 min) &M EIEWR ., EE U LREHE L
HWIRF AR 1k, F HCL(0. 1 mol/L) WY I 7% Wik
ZpH=2.1 ,7Ki 1 h,4 000 r/min, &0 15 min, 7
B3 ULEEYI 0.1 mol NaOH S8 & f# , ¥ N BT
4 (DW =8 000 — 14 000 Da, scientific research
special, USA ) 7E £ B F /K ha#E 1 60 h (12 h # ik
IK) o BHTIEEL> (10 000 r/min, 10 min) 255 7] g
AR HA 2% U5 7R (Scientz- 10N, H R 7= 508 2
HEEARBAR A R R
1.4 Z£I5pSEiE M ( Infrared spectroscopy,IR)

FREX 2 mg VR THFE 5 200 mg BALETR A UL
VB R SR IE AT LD AN AR LD AR
FIE Sl TRAffinity-1 ( SHIMADZU , Japan ) , % 3% 35 ]
400 ~4 000 cm ™', 2% E g I AH XS % &t 1 Image)2x
Fr AR AR R IR
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1.5 25N EiEIM (UV spectrophotometer, UV )

PRI L. 0 mg RTHE AT 1 mL 0. 1M B SR
TRBNEE W, AR5 T BE 10 A% SR AN IO A4
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1.6 X 5HZ%78f( X-ray diffraction, XRD)

JI 4 mL B 2l KCH VR T RE S IR A TR
LHEH B A R b B T 24 W 5 35 47 X 5
LATHIMEE . X BHEATHHAR LS O H AP D/
Max 2200 % ( Rigaku ,Japan) , Y6454 Philips 427 #0044
A Cu FFAEHE 0. 02°, L HLE A 30 mA 40 kV AT
JEFE 20 4 10° ~40°, MIELHE 0.03 s/ 251,

1.7 X 3 HE F 8 i ( X-ray photoelectron
spectroscopy , XPS)
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O0—Si MgEIR s (JEEGEE M 1200 ~930 em =" ), 1, a mixture

of O—H stretching of carboxylic acid, phenols, alcohols, clay
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minerals and oxides, N—H stretching of organic amines, amides, and
aromatic C—H stretching ( wave number of 3750 —=3000 cm ") ; I,
aliphatic C—H stretching ( wave number of 3 000 -2 820 cm™');
IM, a mixture of C =0 stretching of carboxylic acid, ketones and
amides, and asymmetric COO— stretching of carboxylic acid salts
(wave number of 1 800 — 1480 em~"); IV, a mixture of symmetric
COO— stretching of carboxylic acid salts and C—H bending of
—CH,— and —CH, groups (wave number of 1480 —1320 cm ') ;
V, a mixture of C—O stretching of polysaccharide and Si—O—Si
stretching in clay minerals and oxides ( wave number of 1 200 - 930
em™ ).
K1 LAVERERDR BE

Fig. 1 Sketch map of infrared functional groups
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Tab.1 Data analysis of functional group and UV
LLAMEE IR 6 UV
G5 o o
Number Forest type 1 1 m v \Y Wave OD fH
length/  OD value
nm
1 4% [l Farmland 12 295 94 1795 425 3661 228 1.393
SRR AR lan dshuri
, ﬁw Juglans mandshurica 11934 79 1830 350 3814 248 2,048
plantation
SR Lari linii
;" WA,M i gmetnit 12 048 239 1727 282 2770 244 1.746
plantation
4 FIMERK Betula platyphylla plantation 11394 62 1544 276 1998 233 0. 935
Akl Fraxinus mandschuric
5 ki M?k IS mandertriea 14787 258 4222 880 3719 226 1112
plantation
6 SRR Quercus mongolica plantation 14 065 338 4547 981 3313 225 1.232
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KRR A RHC A PR S ATRZ 2 P95 b
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SRIRF] 2. 8 1%, a W 1.2 45, b W0 1.3 1%, BHK A
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2500 _
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Z 1500f = =
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5001
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B 7K i An S iy AR AR 2 B Fraxinus mandschurica
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a.b WARHYFE a and b mean unknown substance [ [, The same below.
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Fig.2 Sketch map of mineral substance in GRSP
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Fig.3  Grain size of mineral substance in different forest stands and farmland
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Y5 B K AR, 4350 IS Y 4.9 5
L4f5(E4),
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Fig.4 Relative crystallinity of mineral substance in different forest stands and farmland
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Fig.5 Sketch map of element in different forest stands and farmland
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