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Abstract: To elucidate the variation patterns of glomalin-related soil protein (GRSP) and their underlying driv-
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ers during the degradation and restoration of alpine meadows, this study quantified key soil physicochemical
properties, soil organic carbon (SOC), easily extractable GRSP (E-GRSP), and total GRSP (T-GRSP) in
both the 0-10 cm and 10-20 cm soil layers. The relationships between these variables and potential driving fac-
tors were analyzed using Pearson correlation analysis and redundancy analysis. Results showed that in the 0-
10 ecm layer, SOC decreased significantly with grassland degradation (P<Z0.05), and artificial restoration was
more effective than natural regeneration in enhancing SOC levels. Both E-GRSP and T-GRSP in the 0-10 cm
layer exhibited an initial decline followed by a subsequent increase during the processes of degradation and recov-
ery (P<<0.05), whereas the ratios of E-GRSP/SOC and T-GRSP/SOC displayed an opposite trend. Pearson
correlation analysis revealed a highly significant positive correlation (P<Z0.01) between T-GRSP, E-GRSP,
and SOC across the 0-20 cm soil profile. Redundancy analysis indicated that SOC was the primary explanatory
variable for variations in both GRSP content and GRSP/SOC ratios throughout the 0-20 c¢m soil depth. Collec-
tively, these findings suggest that grassland restoration promotes the preservation of GRSP in alpine meadow
soils, and increased GRSP content contributes to enhanced SOC accumulation, highlighting its crucial role in
soil carbon sequestration and the stability of soil carbon pools. This study provides valuable insights into carbon
sequestration mechanisms in grassland ecosystems, supports improvements in soil structure stability, facilitates
soil quality assessment, and offers practical guidance for ecological restoration efforts.

Key words: Glomalin-related soil protein; Soil organic carbon; Qinghai-Tibet Plateau; Alpine grassland ; Grass-

land restoration
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Fig.1 The spatial distribution of degraded bare patches in
alpine meadows (35 m X 45 m aerial photograph)
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Fig.2 Succession sequence of patches in the degradation and
restoration process of alpine meadow

TE:a, TRCD, RAA M RBEH ;b, THLT i L # -3 ¢, GDZC , if
AR BEDR 5 d), ZRSC, A SRS W W BE R 5 d,, ZRHC, A T B R R
LGSR

Note:a, TRCD, Natural Kobresia Patch;b, THLT, Degraded Bare
Soil Patch; ¢, GDZC, Transitional Weed Patch;dl, ZRSC, Natu-
rally Restored Kobresia Patch;d2, ZRHC, Artificially Restored Gra-

mineae Patch
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Table 1 Basic vegetation information of plot

TR B Bt Successional stage

F5 45 Index
TRCD

THLT GDZC RGHC ZRSC

173.914+58.83"
135.81466.46°

Hi1_E A= 74E AGB Aboveground biomass/(g-m ™ %)
0—10 cm Ht F 4 ¥4 RB Root biomass/(g-m™ %)

10— 20 cm 1 R ZE 4 RB Root biomass/(g-m ™ ?)  9334+8.71°
7 3% % Coverage/ % 97.20+1.90"

FZ Y Fh Major species = A N
AR AT

24.92+10.65°

304.85£104.36"
140.724+51.21°

153.90465.80"
87.80+46.87"

— 199.18+271.76"
40.97+28.43°

12.1948.03¢  17.89+8.97™ 22.28410.33"  24.25+6.23"
— 43.204+5.70° 89.2049.00 97.1041.30°
— WNEBA HEFT  mREEEE. BAEEE S

EiRiEs

TE R B S P AR 22, N TN T REAR R R B Bl A7 7 25 22 5 (P<<0.05) . AGB: i EA Y4k s RB #4945 Cover
age: 75 ¥ s Major species: EEYFI, Fh TRCD KR 2R THLT 3B LM + 5 FE R0 GDZC Ay aod 2% 0 e J€ ) \RGHC S AT
AR K FERf) ZRSC N [ AR & m € F ), 1 6]

Note: The data in the table are mean==standard deviation, and the letters represent the results of multiple comparisons of soil samples under
different land use types (P<C0.05). AGB, above-ground biomass; RB: Underground biomass; 2) Coverage; Major species: Major species. In
the table, TRCD is natural alpine meadow, THLT is degraded bare soil alpine meadow, GDZC is transitional weed alpine meadow, RGHC is
artificially restored grass alpine meadow, ZRSC is naturally restored Kobresia alpine meadow, and the following is the same
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Table 2 Basic physical and chemical properties of soil

L +)2 T B By Bt Successional stage
Index Soil layer/cm TRCD THLT GDZC RGHC ZRSC
i )% pH 0~10 7.440.5" 7.940.4 7.9240.5" 7.740.2" 7.140.6°
K kL Clay/ % 11.541.7% 11.4424"  12.5+3.0" 10.241.2° 13.74£2.7%
Wk Silt/ % 70.246.2° 66.246.2° 68.747.0° 67.045.6° 70.745.1°
Vb ki Sand/ % 18.3+£7.6° 224477 18.749.4 22.846.5" 15.65.4°
A HLE% SOC Organic carbon/ (g-kg ) 56.4+13.5° 38.2+12.3" 458+11.5" 57.2+10.1° 459+9.5®
42 TN Total nitrogen/ (g-kg 1) 4.8+1.1° 3.941.1° 4.64-0.9° 4.641.0° 5.24-0.8"
48§ TP Total phosphorus/ (g-kg ") 0.540.1" 0.440.1° 0.540.1° 0.54-0.0" 0.540.1°
ik & Lk C/N 11.8+1.8" 9.741.2" 9.741.3" 13.0£3.6 9.04-2.2°
i L C/P 144.14103.2°  85.64+23.1"  91.44+13.1" 109.2+21.8" 92.9+12.3"
A N/P 13.0£11.5" 8.842.2° 9.340.9 8.84-2.0" 10.842.3
M B Mg Exchangeable magnesium/ (g-kg ") 0.14+0.1° 0.140.1° 0.240.2° 0.1£0.1° 0.240.1°
ZEHe k5 Ca Exchangeable calcium/ (g-kg ') 4.0%1.1° 5.6+1.8" 6.4+1.3" 4.140.8 5.1+£2.1%
85 A58k Fe Free iron/ (g-kg ") 5.00.4" 4.740.4" 4.620.4" 4.940.3" 4.940.3"
i 8 A48 Al Free aluminum/ (g-kg ') 0.54+0.1" 0.5+0.1" 0.540.1" 0.6+0.1" 0.64+0.1"
PR B 1 pH 10~20 7.740.5" 8.040.5" 7.940.6 8.140.3 7.540.7
Hikr Clay/ % 11.84+2.0  10.7+1.4° 10.64+1.9" 10.940.7"  13.4+3.8°
W Silt/ % 67.949.3" 66.045.5 64.8410.4"  70.443.1° 71.0£6.7
b #i Sand/ % 20.3411.2*  23.3%6.1° 2414101 18.743.5 15.648.9°
A LA SOC Organic carbon/ (g-kg ) 42.0417.0°  36.8413.3" 31.3%=11.4"  42.3£10.0° 26.6£9.5"
4% TN Total nitrogen/ (g-kg ') 3.24-1.4° 2.940.6" 3.141.1° 2.941.0° 3.841.0°
4= TP Total phosphorus/ (g-kg ') 0.5+0.1° 0.5+=0.2° 0.4+0.1° 0.44+0.1° 0.4+0.1°
At C/N 14.0£5.5"  12.543.0" 10.0£1.3" 15.6E4.7" 7.643.9¢
T L. C/P 89.8426.1"  86.9432.5"  755420.4"  98.7422.4" 67.4+16.1
AW L N/P 6.741.7" 6.941.9° 7.641.9° 6.8422.1" 10.042.8°
A2 VB Mg exchangeable magnesium/ (g-kg ') 0.1£0.0° 0.140.0° 0.14+0.1° 0.1£0.1" 0.140.1°
Ak 45 Ca exchangeable calcium/ (g kg™ ") 4.7+2.3° 5.2+2.0° 6.6+2.8 4.0+1.3° 5.1+3.1°
e B 5%k Fe free iron/ (g-kg ") 5.2+0.8" 4.940.43" 4.740.4" 5.0+0.4" 4.940.6"
Ui B 2547 Al free aluminum/ (g-kg ™) 0.540.1° 0.540.1° 0.540.1° 0.540.1° 0.540.1°

TE 3 B O S R e 22, R T/ A B R B B I A R 2 35 25 5 (P<C 0.05) o R TRCD D R AR s 2 w5 fa) \ THLT iR Ak
B S A GDZC Sy P 2 B JE R A \RGHC g AN TARE AR g FE ) ZRSC A 1 SRR B i e i € R, )

Note: The data in the table are mean=-standard deviation, and the letters represent the results of multiple comparisons of soil samples under
different land use types (P<C0.05). In the table, TRCD is natural alpine meadow, THLT is degraded bare soil alpine meadow, GDZC is transi-
tional weed alpine meadow, RGHC is artificially restored grass alpine meadow, ZRSC is naturally restored Kobresia alpine meadow, and the fol-

lowing is the same
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£ 0~10 em + )2, KA F€ 5 ) iR b SRR + By
Bf,T-GRSP W F ML T 0.8 mg+g '(P<<0.05), +
5 GRSP 5 SOC Wl (E-GRSP/SOC #1 T-GRSP/
SOCO M 58 4= AH B, 3 1 0. 6% A1 2. 7% (P<<
0.05), 1 E-GRSP &t &t & 4k . BIL# &
N T #AH % 5 5 ,E-GRSP 55 T-GRSP ¥ i 3 Tt &
(P<<0.05), Bf# L ARKES ,E-GRSP 5
T-GRSP &t L EMER . SAKRMKEMLIL, A
TWE LB EXER., RAGERGSKENET
B FEE ] (RGHF A ZRHFO A HIF T8 & 2% 5%

£ 10~20 cm 4 )2, K 8k = 98 7 f) iR 16 2 41 £
Fr B, + 3 SOC, TGRSP/SOC Jt i # 22 7 ; E-
GRSP. T-GRSP. E-GRSP/SOC. E-GRSP/T-

GRSP ¥ TG % 4tk . iBIL#RE 200 N T &R R
J& , 1.3 SOC .E-GRSP , T-GRSP .E-GRSP/SOC ,
T-GRSP/SOC .E-GRSP/T-GRSP 4 J¢ it # % 1k .
BB -2 A AW E 5, 11 SOC . E-GRSP. T~
GRSP . E-GRSP/SOC ., E-GRSP/T-GRSP ¥ & i
AL T T-GRSP/SOC % TH i (P<<0.05); 5
HARW S I, N TR S B 1 4 SOC B & 1 m 1
15.7 g+kg '(P<<0.05), GRSP/SOC W 5 H 4 =,
BERMT 3.9% ., E-GRSP.T-GRSP.E-GRSP/
SOC.E-GRSP/T-GRSP ¥ & & 2 45 {k . + #
GRSP i SOC i 22 fk 5 [l 24 10. 34 %6 ~14. 84 %,
13 GRSP i SOC b ] 5z = 4 H 8K & B (ZRSC)
MK SR B (TRCD) YR & 3] H K & B (ZRSC) i 3
BT 4.5%,
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Table 3 Soil sphingomycin-related proteins
. T2 1# 5 B Bt Successional stage
1E 5 Index L.
Soil layer/ecm  TRCD THLT GDZC RGHC ZRSC
53R WUk # %5 % E-GRSP Easily extractable glomalin/ (mg-g ") 0~10 1.0+0.2" 0.9+01" 1.0+02" 1.1+0.2" 1.0+0.1%
S Bk 4% & T-GRSP Total glomalin/ (mg-g ") 52+0.5"  44+07" 52+0.7" 54404" 4.9+04"
E-GRSP/SOC/% 1.9+0.3"  25+05 21+02" 20+0.2" 2.2+04%
T-GRSP/SOC/% 9.54+1.5° 122423 11.7+1.6" 9.7+1.7" 11.0+2.4"
E-GRSP/T-GRSP/% 19.941.2¢ 20.241.6* 18.64+2.8" 20.54+2.1° 20.2+1.0*
SR WUk ¥ %5 2 E-GRSP Easily extractable glomalin/ (mg-g ') 10~20 0.8+0.2* 0.84+0.2* 0.8£0.2" 0.94+0.2* 0.7+0.2°
M Bk 9% R T-GRSP Total glomalin/ (mg-g™ ") 41+1.0°  3.7+0.7* 3.94+0.8" 4.54+0.7° 3.7+0.9"
E-GRSP/SOC/% 214052 2.240.6° 2.8+1.3" 22+06° 3.1+£2.0°
T-GRSP/SOC/% 10.34+2.4° 10.84+2.9" 13.64+3.2" 10.9+1.7" 14.8+3.3"
E-GRSP/T-GRSP/% 20.342.3"  20.744.5" 20.3%4.9° 19.744.1" 20.1%7.3"

T« 2 B D9 S P AR 22 L R TRNG R AR R B BRI AT A 9 22 5 (P<<0.05) . E—GRSP: H 8P by 2 OBk 9 8 50, T —
GRSP: HEh SRR EE K . K TRCD R AR IEE f) THLT AR AR+ 5 85 ) .GDZC i Y 2% 5 8 5 i \RGHC A TAR S K5
o AR ZRSC Oy [ SAR AL e e ), R A

Note: The data in the table are mean=+standard deviation, and different lowercase letters indicate significant differences between successive
stages (P<C0.05). SOC: organic carbon; E-GRSP: easily extractable glomalin-related soil protein; T-GRSP: total glomalin-related soil pro-
tein. In the table, TRCD is natural alpine meadow, THLT is degraded bare soil alpine meadow, GDZC is transitional weed alpine meadow ,
RGHC is artificially restored grass alpine meadow, ZRSC is naturally restored Kobresia alpine meadow, and the following is the same

2.3 13E GRSPELTEREFHXMESH £ 10~20 cm + 2, MR R 5 SRR B 5
o 3AH OGP R W], 7E 0~10 em 12, B3k RS LA LK 2 A .C/P 2 W3 EA X (P<
BHE HRBGREFERZS AR SR 2.  0.0D,IFEAH MEkEEEENEEEMXP<
C/P A4tk i B9 A8 BRI i 35 TEAH G (P<<0. 01D, 0.0, MIRBER HRIOKBERELHEL
MEREHTRESC/N M FAEYREETMHLP< FEMKLP<0.05, MFEER W EYES R
0.05), MHEHEESpHEWM B ERMH L (P HREGZEPEEMEP<0.05 ., pH. A4S
0.0D), A # IR B R SRR pH 2 W BEAAC 5 EERER R ENEF AU (P<0.0D, 5 #£ 1
(P<<0. 0D, 5224 PEAT 5 i 2% 1A ¢ (P<<0. 05) BRAET ZR 5 SRS 5 B 35 IE AR 5C (P<<0. 05D

a b
R | R L SOC [ i e
Hiki Clay | == 0.80 Kiki Clay 0.80
Bk Silt Frkr Silt
YR Sand . 060 Yk Sand 0.60
R pH | <. N | 040 R pH | < 0.40
2R N | T R 2R TN | L
2 TP | e || 020 2B TP * * 0-20
AW HL N/P 0.0 AHEH N/P 0.0
A CN o * op0 BHILCON 020
R L C/P *# #* ' B O/P | o :
A Mg & GO -0.40  ZEHPERE Mg -0.40
SEHuER Ca | < o0 CCHMER Ca| < e N
IFES A4k Fe o ' IiFEI A4k Fe * ’
WL Al > s -0.80 A Al| ammmEE— -0.80
Ho R A RB * * 1o MY RB * 10
SRk NIREHR MERPEER SARBURTRE R
E-GRSP T-GRSP T-GRSP E-GRSP
B3 SEE@1TE GRSPEENMBAM T EEN MR BAHEX S

Fig. 3 Correlation between soil GRSP, organic carbon and soil physicochemical properties in alpine meadow
T« P e oR P<20. 05, %% 3% R P<<0. 01, a8 0~10 em )22 R HIN 75 T-GRSP EE-GRSP [ PE A 5 b I %R 10~20 em £ )2,
H BT 5 T-GRSP .EE-GRSP HyAH P 4 &
Note: * in the figure means P<<0. 05, ** means P<<0. 01. Figure a shows the heat map of correlation between environmental factors and T-GRSP
and EE-GRSP in 0-10 c¢m soil layer. Figure b shows the heat map of correlation between environmental factors and T-GRSP and EE-GRSP in the
10-20 cm soil layer
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2.4 +TEGRSPELXERFHIRSN

£ 0~10 cm + 2, PL EE-GRSP . T-GRSP 4 i
7 S, DL A A PR P BT R i R S 0T T4 AR
PEAT RDA 4b P . RDA1 Fil RDA2 fiit B 5 4 51k
81.33% .3.34% , Z it B Ry 84.67% (El 4a) .
SOC % GRSP 4 w28 5 1Y fife B B2 71. 3% (P<<
0.01,% 4, U B &4 TN VR X GRSP 4 i % 7
B e B2 Bl 2.6%,2.4% 1 2.1% (P<<0. 05,
F A, S5 e = FE B ) IR AL 5K 5 R 0~10 em
2 GRSP & & A fb ) EZ AW 7. L EE-
GRSP/SOC . T-GRSP/SOC Jy i i A48 H: , DA+ 12 5
b1 5y i AR i, 6 2 BHE E AT RDA b BE

1.0F a
Sand
9
<t
&
o
51
2
2
=
3
Silt
-1.0k ]
-1.0 1.0
RDA1(81.33%)
1.0F
C
Sand
Fe ﬁi
Al
% EEG/SOC
: Q\ngi\
)
S NG )
8 TG/SOC
pH
sittClay
-1.0k L
-1.0 1.0
RDA1(83.92%)

RDA1 #l RDAZ2 fif B #6433 4 83.92% .3.33% , &
B R N 87.25% (I 4¢) . SOC % GRSP/SOC
() i B BE N 72.5% (P<<0.01, % 5, IiF 25 25 43 XF
GRSP/SOC 1Y i #& & 43 3l 24 2. 5% (P<<0.05, £
4) 25 vy I E A R AL 5K K it 2 0~10 em )2
GRSP/SOC 24 iy FEZ AL+

1E 10~20 em + )2, L E-GRSP . T-GRSP A i
AR, DL A 8 B A T R i R AR A 6 R A B
4T RDA & B . RDAL Fl RDA2 fi B % 4 5 K
58.04% .7.34% , Rl B % 65.38% (&l 4b) .
SOC X GRSP 41 w28 5 1) fif B B2 Ry 44. 8% (P<<
0.01, % 4), B k. XF GRSP 41 i 748 5 1) fife B B2 Ny

1.0F

b
H
P Sand | Grsp
9
&
~ Ca
&
3 a soc
= o
Silt TN TP
-10k ]
-1.0 1.0
RDA1(58.04%)
1.0F
d
e soc Sandyy/p PH  EEG/soC
=
-
ISt
<D: Cla;
3 1 Al Sitt y TG/SOC]
-10k 1
-1.0 1.0

RDAI(68.72%)

4 GRSPERFEEFHITRSMN
Fig.4 Redundancy analysis of GRSP and environmental factors

TE 248 0 15 Sk A5 1) i R A8 Bk 5 S0 2 4 Sk 4 1) i R A8 B a 81 R 0~10 em £ )2 T-GRSP .EE-GRSP 5 385 B F 19 70 A3 40 7 5 b 1B 7R 10~
—20 cm +J2 T-GRSP \EE-GRSP 5388 A T 19 TCAR 48 M1 s ¢ %08 0~10 em +J2 T-GRSP/SOC EE-GRSP/SOC 5 388 T 1 TUAR 4341 2 d
P %7K 10~20 cm £ 2 T-GRSP/SOC EE-GRSP/SOC 5 55 B F (1 LA 43 Hi

Note: The hollow arrow points to the explanatory variable; The solid arrow points to the response variable; Fig. a shows the redundancy analysis of
T-GRSP, EE-GRSP and environmental factors in 0-10 cm soil layer. Fig. b shows the redundancy analysis of T-GRSP, EE-GRSP and environ-
mental factors in 10-20 cm soil layer. Fig. ¢ shows the redundancy analysis of T-GRSP/SOC, EE-GRSP/SOC and environmental factors in 0-10
cm soil layer. Fig. d shows the redundancy analysis of T-GRSP/SOC, EE-GRSP/SOC and environmental factors in 10-20 c¢m soil layer
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4.8% (P<C0.05,% 4),SOC By ki J& 5 i =5 8 5 fy)
B AL 5% 5 1 #2  10~20 em + )2 GRSP & #2454k
) 3 BB N T . LI EE-GRSP/SOC ., T-GRSP/
SOC i b7 728 -, A = 38 30 4k 1k o o0 i B 7 i, X
WAL BCHE UE AT RDA AL P, RDAT Al RDA2 fig B %

G35 R 68. 725 .3. 01 %, Bt B 71. 730 (&
4d) . SOC % GRSP 41 W 28 5 1) ff B B Ry 53. 8%
(P<C0. 01,38 5), J& 5% i i J€ Hof) iR Ak 5 WK &2 i 72
10~20 em + 2 GRSP/SOC & & 48 fb i) 3 2 3 55
-

R4 MEEFXGRSPREEMNMBEZXR

Table. 4 Interpretation rate of GRSP content by environmental factors
+JZ Soil layer/cm FE 5 Index fift B 2 Explains/ % BTk % Contribution/ %4 f3-F {4 pseudo-F Pl
0~10 SOC 71.3 84.2 117 0.002
W B AR Y AT 2.6 3.1 4.5 0.018
kL Silt 2.1 2.5 3.9 0.028
TN 2.4 2.8 4.9 0.016
10~20 SOC 21.7 46.4 13 0.002
ki 8.4 18 5.5 0.014

*5 WEEFI GRSP/SOCEENHEER
Table.5 Interpretation rate of GRSP/SOC content by environmental factors

+JZ Soil layer/cm F5 45 Index fi# B 2% Explains/ % TTik 2R Contribution/ % 1f-F { pseudo-F Py

0~10 SOC 72.5 83.1 124 0.002
TR AL 2.5 2.9 4.8 0.02

10~20 SOC 53.8 75.1 54.8 0.002

3 itig

3.1 TEBANBEREBEETHEE

ABIE T R B, B A e € ) IR AL S AL N
BIE#E BN TR B, 0~10 em + )2 94T HLEK
TRBEEP<0.05,%£3), X—REFTH
SEUYR B SE — B0, IR BTN T B M A AR A 2
BLBT 55 &, 38 5 55 9 (51 Bk BE )0 o X AT REJE f1 T A
T B AR R AEY R R (R DR R E i A
BE T T K AT BT Y 43 0 A B A LB
WL IR, Singh SO ST 2 BT, 4 ERAS [R] HL X 11
GRSP & #AF1E & 25 , WML X 1) GRSP & =
A% (0. 003~0. 13 mg-g D, #747 W MAY GRSP %
T (2. 6~13.5mg g '), 1M Al £ 1 AR A7 5
My 3 Y GRSP & 538 Bl 435 0. 32~0. 71 mg-g
M10.23~2.5mg-g ' EARDFIH, = FEH A AR
B AL 5% & Wy BB E-GRSP #il T-GRSP 75 & 74 [l
43 A 0.89~1.11 mg-g ' Al 0.41~5.42 mg-g !
(#£3). GRSP & it it [l 5 4% M5 557 76 15 96 i I
FOH AR S R G S R AR —H(E-GRSP: 1. 63
mg+g ', T-GRSP:4.28 mg-g ). KK JE 5 fu) i
R t)E, & N M ARKE , %+ )2 T-
GRSP & 2 # 2 B e AR5 T+ s i #, JfF B 0~
10em + 2 AR #FH 25 (% 3,P<0.05 ., Liu

LU g e B, FE T A H ) R b A Pk E AR R, T -
GRSP 5 it Fifi A7 % YK &2 4F BR %) JE K S22 3 1 e 34 . 3
— AR R R AL 5K B & m  GRSP Y
G, BN T RER B, E-GRSP 1 T-GRSP #y &
WL MR BT R (ED, AT
RE BBt £ 3 f E-GRSP Il T-GRSP & & i % 1
Jne] BE 5 AR A O AR BT ARG AR R AR,
1M AMF 8842 5 K 2 BOH W AR 28 ik B 836 4R 4
M 3G T GRSP 9 & &, AR #F5EHh , EE-GRSP/
T-GRSP 7¢ /& %€ B ) iR Ak 5% & 3 7 b iy 22 7 oA
2, U FE ok AR AR B - 3 AMF 43 i GRSP
(R RE 71 JC 35 22 573X — &5 SR 5 B 2% 1L AS [ A w26
U] CFE N FOHED B — 2

T8 GRSP IR 5 Z F + e+ % U MH
KA B C/NMpHE, AT AR 51—
B TURSITEE R KW, £ TN X 0~10 cm Fl
10~20 cm 42 GRSP & & (0 B B (R D),
X R R A SR i B GRSP IR R R 27
TN & BB, TN 2 4 B 39 00 BE 0% 42 3 i
WK DT 38 T 4 %ok - 8 A i B A Cn R % 4
HRZRD A A P i A K R 2 4 1 5 I i IR 5 TR
B, TN & B3 INE 348 5 T AMF B R GeR
HETT 1G58 GRSP 19 43 W, 33X 5 F AT 58 1 245 SR A0 AF
(B2, AN AR AL TP S5 GRSP &2
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i IEASE(P<<0. 01,18 3), 3% — & B 5 Ay AWF5E 45
WG R TP &2 AMF 8 5 251
KA e R AMF AR E T,
R GRSP 9 & 10 oAb, Qiao B TE R
T 2 Sk B R st — 48 5 P o b — VR L — 7% A i)
o KB, C/N HAE S GRSP &t R IEM LK R .
X5 R 5 AR SO 5 C/N U . SOC. TN &5
GRSP & & 5 IE A A 45 5 — 8 (P<<0. 01,1 3),

M 2 ] pHAE S T-GRSP il E-GRSP £ 42
3 UM OC (P<<0. 0D, Tl 5 & 57 5 T-GRSP il
E-GRSP & # i 3 IE A & (P<<0.01) ., B A%
B ,E-GRSP/SOC ,T-GRSP/SOC .SOC HI + 3 pH
SN AR TR N SR b ) R A R A P R
M E-GRSP 1 T-GRSP & & 5 + 5 pH & I # 7 4
K, Ma B B 9E HE— 25 E B, B $E BUORR A
% (E-GRSP) il 2 5k 9 % R (T-GRSP) B pH 4 7+
R T 35 R AR, X — S SR AR SCE Y — B (| 2)
RS R AT AR R E N — i, RS
TR (Fe) V58 CAD S AL 9 38 in (3% 20, AT F A%
GRSP 1y 53 fift # %, A | T GRSP 7E 1= 5 v iy 1
B 5y — T, 7 R B A 5T b Y A 4 i (R
2), — Bk i, ok B R A R T AMFE Y
RE LM pH A = 8 R AR T AMF 9 4: K &
H LR 2 GRSP &/ R,

GRSP 1 1% it i 52 - HEVR B (19 52 ), 56 1 19 BF
FHRY, 5WZE LM, RKETIENGRSP H R
ERmY, E-GRSP M T-GRSPTER 2 Py
MR ZL , FAHMTRZ LS SOC WK, HIT
M Al e & AME 76 L R A W P A B 5, S 80T AR
MHEAELERZNESE, WA K20 TH
K& R TE M FETE ik AR R, S BERE A
ML R

3.2 KREEEHEXEAMNTEFTNHBOTMN
GRSP 2 + 34 HL K (SOM) 1 (1) — Fh & 4k
B, % iCE A B AT R STk . MG g R
4 1€ T-GRSP 7 A [d] + b F) 1 F A9 & 5 0l 3k 0. 8~
4.0 mgrg ', 5 SOC FE M 1.6%~3.7%"" . He
SEUTBIE Y TN SRty AN b A A X VD AR B GRSP
)28 6] o A S 5 R 71 R, KB GRSP
SOC (4 e i)}y 15.0%~27.9% . A B 55 h, T-
GRSP X SOC 5 #ik R 7 9. 45%~12. 17%(F 3D,
H E-GRSP il T-GRSP 54 MLtk & 2 3% 1E # 5%

KARWP<0.01,K2), ZRREHTHREGRAY
IR A BB 1Y S R A, B S A LR Y
b2 YA OE

TATH BT 45 H 38 KB, T-GRSP fl EE-GRSP
5 0~10 cm F110~20 cm + 2 1 SOC 4 1 S 4
FIEM S (P<<0. 01, 3), 3% 5 Qiao & " (R I 57 45 5
— 30, AP UE T R I GRSP ok R i
SOCHFLZ ., SOC 5 GRSP 2 [a] {1 18 & . 2 A e v
FRRIESE T GRSP /2 AL & W i F 24 i 40
GRSP 5H MUk PE Z 18] 19 ¢ R H AL A B R Gl
AT ZBWFIEIC R BN, 76 SR b (4 A [R) 45 2
J7 AR Al 2 A AR YR GRSP = A= T 42 7
R, SR, Lovelock 27 #F 58 % PR,
s TR AR X GRSP 81 B9 + 38 SOC F i 8 41% , R 58
DX e il 22 W L B S A4 e 5 H N B AR

WA ARG e R, DA R R e i o Bt 31 5B AL AR £
By BT BN TR By B, BRE R R o 10 AR b a3
Ry SRR R T e T 3K 8 7 2R 6 AT HIL AR 1Y BT R 3 )
B EE R RN TS ERET
A LB AT T-GRSP B & B[R] B 20 KRR 1 T-
GRSP X} A HLAR 1 53 ik (P<<0. 05, & 3) . X 1] fE &
PR Ry A2 N T b rp 0 ok VR 08 A BILRR 7 38 BL
B v B b B B T A R TR Y A ML . BT
TOA A M 45 9 R, TN X 0~10 em + )2 GRSP/
SOC HAH W i B 2 e i (R 5) , H 45 + 2 GRSP/
SOC 5 TN ¥ £ & 2 1A & (P<<0. 01, Kl 4e.d) .
X F, 5 9 TN 2 M B GRSP X SOC 1 ik %
[ SRR F o 3k AT RE A O R A A B v 1
Hb b Ay AR Rt DTG T A R TR A ik

4 it

BT 0 v JE H A IR AL 5K 5 1 AR 1% GRSP Y
WFFE , AT 58 25 5% b 7 R R B iR Ak R - BiE B, 3
FH 15 SOC . E-GRSP. T-GRSP & B & T %, 1M
BB g N TR s B AR I A R T 1 15
SOC.T-GRSP Ml E-GRSP 7=/ 5 &, H T-
GRSPTEN TRFEF Beik 8 & , N TR )7 L0 T
HRME . BRI E TR T
GRSP HISOC & it ,HFEAL T GRSP X SOC L 21y
ik, )2 13 T-GRSP Ml EE-GRSP & #7485 /k &
B2 SOC FEAH AG bR 9 1E M 52 o SR, AF 5% &2
BEEL T IO | Sk = R S0 AR | [ X AN [ A
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