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7 B A B 25 A3 AR HFAE B3 CRT 5 T GRSP X 4 S0k U6 12 19 STk, /s AH S ML, &5 53890 (1) CRT 3 kb + 358 T-
GRSP .EE-GRSP .SOC A1 TN Y & B4 CK & F 2 5 (P<0.05) , HiE 73 5 4 16.6%—189% . 7.28%—102% . 1%—68. 3% Fll
7.29%—79.7% ., H CRT %I #f b GRSP &I AME BHREM I ER T REE RZ(0—5 em) S TIRE (15—
30 em) B R TR B, (2) ML CK, CRT B 2 2 F1 TR 2= SOC fif B2 I HE 75 8.06% Ml 13.5% , TN fifH 375 7.01% F1 12.
1%, T-GRSP %t SOC #1 TN fif & (4 BTk %48 CK 4> M4 5 8.5%—1419% 1 2.58%—133% ,EE-GRSP T SOC F1 TN fifi & I 5Tk %
5 CK 5514215 1.38%—82% 1 5.25%—87.2% , H. CRT XF 3l SOC F TN i 42T R W 24 T 52, %1 322 + 3¢ T-GRSP
XF SOC FI TN BTk R BRSO RIA W TR M P TR L. (3) CRT Bk R T3k T-GRSP 5 - 1EfLBREE .SoC
TN BYIEAHCHE . AHEL CK, M5 R B(R?) 435I 0.17.,0.26 F110.29 B4 % 0.51.,0.66 F1 0.64, [H, CRT $% i AL AR T 3 HF
Hi SOC A1 TN (3% , ¥ 1 45 v 7 AL 7 2 i3t - 9 S /K, R4 s i pk b GRSP (140 5 BB, Rl $2 15 GRSP Xk
AW TTIRA AR HE T - Hemn /R 5 B
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Contribution of glomalin-related soil protein to soil carbon and nitrogen storage

in sloping farmland under contour reverse-slope terrace measures
XU Qijing, HOU Lei, WANG Li, LI Qiqi, WANG Keqin

College of Ecology and Environment, Southwest Forestry University, Kunming 650224, China

Abstract; In order to confirm the ecological restoration function of slope microtopographic modification measure—contour
reverse-slope terrace ( CRT) on sloping farmland, it is extremely critical to reveal the effects and mechanisms of CRT on the
glomalin-related soil protein ( GRSP) content and contribution to soil carbon and nitrogen storage. The total GRSP ( T-
GRSP) , easily extractable GRSP ( EE-GRSP ), soil organic carbon ( SOC), and total nitrogen ( TN) contents were
determined in the soil of two terrace positions ( above and below the terrace) and three depths (0—10, 5—15 and 15—
30 cm) of CRT and the corresponding positions of unmodified ( CK) sloping farmland. The contribution of GRSP to soil

carbon and nitrogen storage under CRT was explored, and the relevant mechanism was revealed. The results showed that .
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(1) comparing with CK, the contents of T-GRSP, EE-GRSP, SOC, and TN in CRT significantly increased by 16.6%—
189% , 7.28%—102% , 1%—68.3% , and 7.29%—79.7% , respectively ( P<0.05). In addition, the promotion of CRT on
GRSP content in sloping farmland was generally better in the rainy season than that in the dry season, higher in the surface
soil (0—5 cm) than that in the deep soil (5—15 cm), and better in the slope below the terrace than that above the
terrace. (2) Comparing with CK, SOC and TN storage in CRT sloping farmland increased by 8.06% vs. 13.5% and 7.01%
vs. 12.1% in the dry and rainy seasons, respectively. Comparing with CK, the contribution rate of T-GRSP to SOC and TN
in CRT increased by 8.5%—141% and 2.58%—133% , meanwhile, the contribution rate of EE-GRSP to SOC and TN in
CRT increased by 1.38%—82% and 5.25%—87.2%. Moreover, the enhancement of CRT on SOC and TN storage in the
rainy season was better than that in the dry season, and the enhancement of CRT on the contribution rate of T-GRSP to SOC
and TN in surface soil was stronger in the rainy season than that in the dry season, and stronger in the slope below the
terrace than that above the terrace. (3) CRT measures greatly improved the positive correlations between T-GRSP and soil
porosity, SOC, and TN comparing with CK, while the correlation coefficients ( R*) increased from 0.17, 0.26, and 0.29 to
0.51, 0.66, and 0.64, respectively. The results indicated that CRT measures not only reduced the loss of SOC and TN in
sloping farmland, but also improved the soil aeration and permeability by increasing the content of organic matter, thus
increasing the secretion and accumulation of GRSP in sloping farmland. In addition, soil carbon and nitrogen retention and

storage were promoted through increasing the contribution rate of GRSP to carbon and nitrogen by CRT measures.

Key Words: glomalin-related soil protein ( GRSP ) ; soil organic carbon; total nitrogen; contour reverse-slope terrace;

sloping farmland

BRYEFE K £ A 5C 2 1 ( Glomalin-related soil protein, GRSP) H A & AR E & ( Arbuscular mycorrhizal
fungi, AMF) 23" J047 30%—40% TR 1 3%—5% %>, il i K&k -+ Hem™ Py ki ok A1 B 4 (ki 42>0.25
mm ) M T4 e S DKL 45 44) 1 AR 8 PE R AR B e 111> . GRSP 38 AT R A7 E T IR BT, ik 40 LA
(Soil organic carbon, SOC) F14:%( ( Total nitrogen, TN) JE i B B4 B> 7, FEARFR ARG H GRSP X}
SOC. Iy BTHk A 515 5%—10%"" % TN M BTER H 15 5%—13% " BRI B AUZE -5 rh i B R PE 28 1
I, 553 GRSP 5 SOC Al TN =76+ e i) RS EAEHIC R A B TIRA T i IR Ui S 40
PhikRE

GRSP | IZAFET AR R B S 18 5 55 398 rp 0 B98N R GRSP 3 4 i 3% + e 0 1k i |
2 T PTG R BRI ) SR AR AR RN GR A R AR WA R Ak SR
S EEREYIBT GRSP WY& &, W] o R AT S bR 2 B AR . IR | bR Oy = T B R
A T A RS TS 25 2 R GRSP A & K40 A7) Wil AXT GRSP (78 K 2 8 vh T 2R bR R AR S &R
GriE i A AR AL X AR R AE S RGP GRSP BAHSCHIFFE A 2, JEH X I I el i 5 ™ GRSP 1)
A S HE S B R 2 ) 19 D¢ R A A fif LA

SR A DA A 5 5 ) L2 R, AT R AN AR OSSR BB A R o FR R SR AR
2 EB SR BUE 17517 2R A 3 PG R L X, P T AR GA 415.27 J5 hm®, (5 B3k 76.96% ', 8K
T, P AR R ™ E | TR A IR SRR, 4T 5 4R 4GE , 25w 4 Bopk b /K 4 3 2 T AR
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HURE ™ S 5 A BB b e B, (F I It 2 T ARR T R 7 S Re . BRI B X P b T Jie = T 4
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T T T ot 185 it — 45 o5 S 3 B ( CRT) , AT B K ARA A 0/ i R AR ) B s e, e 3t
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FE I, T R /I8 DX SR A A1 2 6 (49 ) IR T IRUIR L /N X (9.9% ) 77, HLREE s AR FR 3 o, 4398 TN 55
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W 77.26% % LA UL, CRT REAT AL R Bk 130 0 7 i, (E W T BB 75 5 W Bk b GRSP 5
PETMTECAE GRSP X S50 M -+ SRk S A 1 STk 1 AS A A
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T, 2R AR ST A5 e S TRt T Bkt GRSP (I 28 73 A R4k, 37 LA GRSP S DI A K23 #r CRT 8t $2 T35 4
Ho L SEHUIR IR RE , et L e A R RO BIL . WP A SR T bk st 3 2R 7 ) AR S T SR AR Ak Al

1 HAREXEREARTE

1.1 WS XA

ARG XA T 2w 44 B BH T 8508 XA AR KR DX 8 25 /N i P, b 37 8 s b 46 25°12748"—
24°14'43" A4 102°44'51"—102°48'37", Wi R 13.26 km?® , 2 AN 278 B K2 6.7 km, IR =5
4 2010—2590 m, “F-YJUFK 2220 m. i dul ) AR 405 B2 e i Ly i 2R XU AR A R 3 979.2 mm, TR 3243 W
3—5 AR 7—9 A AW (MM 5 SEEH R 85% LU 1)  4F78 k& 1341 mm , 4EHSR 14.2°C, %0
S AR 2SR D e BRI LU A = S AR IR R DX B A /N IR D M R PR 2D Rt
BT AR (5 25% , LIS #E s R = BRI E K (Zea mays L.) K5 ( Glycine max L.) J& A ( Nicotiana
tabacum L.) 54832 (Solanlum tuberosum L.) %, i /K T 458, #f b 33085 I B R A A 72 T K
55, 1 XSO (AR AR RIAATFR
1.2 CRT FeHifiix

T 2008 4EVEEL 4 By 4 —2 JKERSE AL 100 m*(20 mx5 m) B3R b g iR 56 A | 3 5F 34
150, mdba), Hodr 2 ek JoHk it b BRI B, 7 % BRAL (CK) |, Hidy 2 He/rBiAE s 2 41 CRT #5iti , 15 4 5K
354l CRT FEHLPNWT S A L~ R USME i — A e e G, A 5°, B K 5 m, 98 1.2 m,2 4%
W B ZIAIEE S 7.5 m, CRT B4Ry 20 45— BT, R RN 5 S35 9 P9 AT UE - 49855 i 5 7K S o i 2 3
WY T U, SCRAE AR T T 1 S CRT H i s = e 1 iR,

Sm 5m
N 120 cm
. 90 cm X |
| = T
Bk ®>\ 1
PN _ T
£ L -
g | o [or]
W |
N [~ CRT |
S A 18- T PR 3B A ) e ]

B 1 sSH#HFHFEER CRT AETEE
Fig.1 Plane graph of experimental plot and profile diagram of CRT
CK: JFUPR /%] IR Unmodified;CRT;%f%‘ﬁtﬂilgﬁ Contour reverse-slope terrace

1.3 HEacRE SR

£ CRT AR IEF BT L1 m LLEFIBT T 1 m PUR, RA S CKOARXS R 07, 2R B S BURE VR T 2022 4F
4 Apa)(RZ) M8 A A (FiZ) , 4> 0—5.5—15 ecm K 15—30 cm +/Z2IRFERAE IS, HRER G
e FRAREEL R, A ARIT S WS L 0 (0.25 mm F1 2 mm) B2, BEARE S B R4 3 N 3R0T, 1
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Table 1 Soil bulk density and porosity

ek [ iy 0—5 cm 5—15 em 15—30 em
Index Terrace position Season CK CRT CK CRT (K CRT
TR/ (g/em®) B I % 1.2740.0lbc  1.25+0.07bc ~ 1.3+0.04bc  1.29£0.08bc  1.37+0.07ab 1.27+0.09be
Soil bulk density Wi % 1.44£0.05b  1.26:0.19b  1.44x0.02b  1.324¢0.05b  1.38+0.14h 1.44:£0.06b
[ R 1.2740.09bc  1.17+0.14c  1.33%0.04abc  1.2+0.04c 1.47+0.17a 1.33+0.07abe
[HES 1.420.04h 1.39£0.13b  1.53x0.09b  1.3320.15b  1.620.11a 1.32+0.05b
FLBREE/ % B I R 52.2+0.25ab  52.842.8ab  S51.1x1.58ab  S51.3%3.14ab  48.242.62hc 52:+3.49ah
Porosity Wiz 457+0.9abc  52.37.19a  45.7+0.89abc  50.2+2.06a  48+5.18ab 45.7+2.25abe
BT 2z 52+3.36ab 56+5.33a  49.6x1.45abc  54.8+1.36a  44.6%6.3lc 49.9+2.61abc
e 47+1.46ab 477+5ah  42.243.31hc 50+5.8a 38.8+4.32¢ 50.1+1.94a

T B AT bR (n=3) , FRHMUER AR E AR 2 BB 00 F 1 R 7 M R R R 1 2 E AR (P<0.05) ; CK. R/ %I Unmodified ;

Kt

CRT . 551 LB Contour reverse-slope terrace

1.4 LHERRA M GRSP &l &

11 (0.25 mm) HAEZ 1 M HCL EBRTeHLER , R H B HLER 73BT ( Elementar Vario TOC , 78[5 ) il 52 SOC
& 2R H,80,—H, 0, 4 & 2R HLER 2 2L (Kjeltec 8400, FF ) Il TN &4, & GRSP(Total glomalin-
related soil protein, T-GRSP) FilZ #£H GRSP ( Easily extractable glomalin-related soil protein, EE-GRSP) [ 21}
FIE 43 BT 2% SOk O 7 o B : TR T (2 mm) J5, 435015R 50 mmol/L il 20 mmol/LL f¥)
PR AR I, %5 Th T2 1 G-250 Y5, T 595 nm P (N SE | LA I 12 11 BSA M bnifEd B, 973
NEFTEEARNEARZ R (mg/g) . FTARERIE 3 DEE SRR <S5 %,
1.5 TIEmRAM R

SOC il TN it (T HER I R A

Sy = z (X,- x L, X BD, X 0.1)
i=1

KA, S M 0—30 em £)2 SOC 5 TN Bfift (v/hm?) X, W5 i J2 135 SOC 8L TN &t (g/ke) , L, W i 2+
HEJERE (em) ,BD, A i )2 IR (g/em®) 0.1 BRI R AL
1.6 HdEstr

fdi ] SPSS 19.0 #4724 K 25 224347 ( Duncan) ,GraphPad Prism 9.5.1 # {4 &, K26 th A ) 7 B8 om0
7] 2% 5 5 3 ( P<0.05) 5 5% JH Origin 2021 ( Correlation Plot) 4T X430 31 &

2 ZHREHSH

2.1 CRT #5iti F 38k GRSP B8 12 I 43 A F i

Ye#kHh T-GRSP Fl EE-GRSP #ZE5 Wi Fl - 2 IREE 3 A G SLan 8] 2 s . CK Al CRT e i T-GRSP
S AREYE 2 9 0.11—0.35 mg/g F10.23—0.47 mg/g, EE-GRSP 4 0.11—0.23 mg/g #110.21—0.31 mg/g.
CRT 3 #tih T-GRSP & & .3 = T CK(P<0.05) , 2= HIT 2= 514 5 16.6%—138%F131.5%—189% , )=
(0—5 em) +3E, CRT 57t S HF Hu b B T T-GRSP & 575 T 2243 42 25 87.2% Fl 189% , J -ZE 1Y 1.92
fE5FN 1.37 485 HXTB T T-GRSP & i 4 FH 88O B A, 20 i B B 2.06 (R 2% ) F1 3.04(F22) %, 5—15 em
12, CRT f it e it | T-GRSP & AR AR I 2 522211 2.13 15 ; HTERZ=XTB T T-GRSP 942
FHRCR A (79.1%) , M E/Y 4.77 %, 15—30 em + )2, CRT 7E T Z= X By F T-GRSP 1 41 T 5% S i {4
(101%) , By L 2.11 %,

PFP it T Bk EE-GRSP & 280 5 T-GRSP AU B 25 A A Rk (& 2) , R I = RN
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CRT>CK, 1% CRT i o b #1522 F R 2= EE-GRSP & & 20 W3R & 7.72%—93.8% F11 7.28%—102% , 0—
5 cm Ml 5—15 em )2, CRT i % EE-GRSP &&= Z MR AW ER TEE WERSGENEED
1.05—1.79 % ; EXT3#E L EE-GRSP (3R FFRCRBY T B 258 T 1, M [ 4.95—7.92 fi5, 15—30 ecm 12,
CRT #5 it fE 2% EE-GRSP % & B4 FHCRBY EoA BT 89 3.16 %5, (HFERT 2= X B T EE-GRSP & & (19 52 7+
SR 1Y 2.8 £5,

OCK ECRT
LE - LIRS
0.6 0.6
g 0.5 t 0.5 ¢
mé
I# =
z 04 | be 0.4
& be
Az o
% § 03 t 03
::
®C 02t 02 t
g
it 0.1 0.1 ¢
0.0 0.0
04 - 04
K
£ 0.3 03 |
gfmﬂg a a a ’ bed
A = % &) b b T
7 b b b b b defl
S8 02| 02 |
o 8
m o
£
HE o1 | 01t
m
m
0o L % | g BB o | B
’ Mt BT Mk B Bk B BrE BT Bt BT BrE BT
0—5cm 5—15cm 15—30 cm 0—5cm 5—15cm 15—30 cm

Yokt & - EMMMAL Soil layer andterrace position of sloping farmland

B2 FALE TR EMTHZE 18 T-GRSP 71 EE-GRSP &2
Fig.2 T-GRSP and EE-GRSP contents in dry season and rainy season of sloping farmland soil under two treatments
Pl e SF R R b B AR )2 KL T 9 AR I E T ZE kR 2R 1 2 T LR S R (P<0.05)  T-GRSP : SRR R A A Total
glomalin-related soil protein; EE-GRSP ; 5 $2HUER Y K +- 1AM [ Easily extractable glomalin-related soil protein

W H LA EE-GRSP 5 T-GRSP A9 FL{E & AMF BTG BRERRE , /5 LUy, AMF RS R A5 rp i kit
EE-GRSP 5 T-GRSP M9 & 43 tb L3 2, CK 1 CRT 3% #f Hi EE-GRSP/T-GRSP 1Y LU AE 3 [l 43 5l 7 48.2%—
93.3%F1 50.5%—86.7% ., 0—5.5—15 cm 12, CK H#f#b EE-GRSP/T-GRSP {8 %4 %5 T CRT, {H 15—30
em TJZNFEM A CK<CRT, CK Ji#k#h EE-GRSP/T-GRSP H(H M 2 T 52 CRT ¥ #f#b 5—15 .15—30 cm
+ )2 EE-GRSP/T-GRSP WM ZmE T 5% ,H0—5 cm 2R E0E TWZE, 14, 0—5 em )2 CK A1 CRT
BHEH EE-GRSP 5 T-GRSP 1 LU fH I T #4145 TFr |, 5—15 em +)2 EE-GRSP 5 T-GRSP 11 B 4% Wi v Tt
B, T 15—30 em +)2, CRT #5ia (i 5 B Bk B BT T EE-GRSP 5 T-GRSP FUAE 7 5.25% il
29.9% By T B 110 5.79 4%,

2.2 CRT & F He#hHb SOC F TN B8 1 K /A Ak

ekHh SOC F TN Fr i AEAN R 2 7 X )2 R E T & it WK 3, CK F CRT PRI T , 35 Ak Hh
SOC 2 AL IE 4351 K 9.74—16.6 g/kg F1 13.6—19.2 g/kg; TN 7 28 {L 5 HI K 0.37—0.9 g/kg F1 0.6—
0.96 ¢/kg, CRT #&m T3 #FH SOC 1 TN & i, # b CK, MW Z SOC 7 43 H 2 = 1%—68.3% F
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5.65%—23.8% ,TN ¥ &5 7.29%—79.7% 1 7.4%—37.9% ,

F2 WAL T T 1% EE-GRSP 5 T-GRSP HIEH S8/ %
Table 2 Percentage content of EE-GRSP in T-GRSP in sloping farmland soil under two measures

G 0—5 cm 5—15 ecm 15—30 cm
! . &2 % e % [ LES
Terrace pOSlllOl’l

CK CRT CK CRT CK CRT CK CRT CK CRT CK CRT
%t | Above the terrace 84.2 55.2 89.8 51.5 69.6 64.2 82 68.9 67.4 70.9 64.6 86.7
% F Below the terrace 88.5 63.89 93.3 50.5 68.2 61.4 64.6 86.7 48.8 63.4 66.7 56.7

T-GRSP: S Bk 5 2 1AM KL E M Total glomalin-related soil protein; EE-GRSP ; 5 #& HUER % 55  + M < 1 Easily extractable glomalin-

related soil protein

OCK BECRT
e %
24 ¢ 24 ¢

20

SOCE &
SOC content in soil/(g/kg)

09

0.6

TRTNE &

TN content in soil/(g/kg)

03t

5] I o i i o 0 b %
Mk BF ME BT Bk BF Btk BF Bk B Mk BF
0—5 cm 5—15cm 15—30 cm 0—5cm 5—15cm 15—30 cm
Wk L B R Soil layer andterrace position of sloping farmland

3 FHAETHEMEESEMHELHE SOCT TNHEE
Fig.3 SOC and TN contents of soil samples in dry season and rainy season of sloping farmland under two treatments
Pl b B R AR LA B R IR 2 T o 19 - 3 B 78 5 5 2 T LRSS L ( P<0.05) , SOC; HHEAT BLI Soil organic carbon; TN
4% Total nitrogen

0—>5 cm )2, CRT 5B T SOC S48 CK $21 21.5% (522 ) A1 20% (2 ) , HXFBY T SOC
SRIETICR B ERY 21.5 5 (R M 3.54 5 (FHZ) . 5—15 em +J2, CRT 15t i b B b 52 2= SOC &%
B LRI T 3 A R 34.4% 1 10.4% , 2% SOC F & By B4E R 5.73% ., 15—30 em 12, FFEHIF 2 SOC
TERIN CRT B & T CK(P<0.05) ,CRT X By LB T SOC HI# A SO 2 2m T 2%, i)
2.87 51 2.28 %, HXTBY E SOC HYFE TR M BT 19 3.55 15 (528 ) Fl 1.76 f5 (Fi )

CRT $%7iti i B 45 8 1 P b 148 TN &4 (P<0.05) . 0—5 em 12, CRT % TN 43R B3 45 B R 30 Hy
WL TR, HAEWEXBY T 3 TN A8 SR B 1 1.26 4%, (A 4E 52200 +3 TN /8B SR 3=
PR ESRTBY R, MR 2.9 %, 5—15 em )2, CRT 576 5 2 % + 3 TN B98B R R By E A B F Y
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2.85 1%  FERZEXBY R 138 TN A8 RO A EAY 2.15 %, 15—30 em )2, CRT #5iti %+ TN )% B =%
RPZFR TR VM2 2.1 % (B B) F11.89 & (B ), X LAEE SR & & T T, B T i
5.69 fi5 (22 M 513 5 (W) ,
2.3 CRT it T He#F b GRSP % SOC F1 TN # 5Tk %

W H LA GRSP H YRR & & & (Bl GRSP-C ,GRSP-N) 5 SOC il TN 4 Fe {73 %] 4 GRSP X%f SOC F1 TN
M TTRRA . AW T-GRSP X SOC Fl TN 1Y BT Rk %48 A6 Fil 43 5118 0.32%—0.99% 0.8%—2.46% ( %
3), Hirh GRSP A A5 A S BB A1 35% (30%—40% ) 1 4% (3% —5%) ., CK 1 CRT J&#fHb T-GRSP
X} SOC FI TN [ 5Tk R Bk 22 53 3 (P<0.05) ,83% LA _EAYEESM: T-GRSP X} SOC Fl TN [ 5Tk R £ CRT 5
T CK B9, A% T CK, CRT $tifd B T-GRSP XF SOC fI BTk %42 5 8.5%—141% , %F TN f 5Tk &
P 2.58%—133%,

CRT &3 %1 22 )2 (0—5 cm) 133 T-GRSP % SOC H1 TN (1% TTk F 52 i 5 2w T2 (15—30 em) T3,
5 CK #H I, CRT B 0—5 5—15 K 15—30 em 12 T-GRSP %} SOC 4 5T ik %40 B4 55 43.9%—141% .
27.7%—62.3%F 8.5%—83.4% , %f TN 1) 5T Bk 3853 il #2151 19.7%—133% .6.38%—64.1% Fll 2.58%—87.1%.,
0—5 cm 12, CRT 4 N4k T-GRSP XF SOC F1l TN BTlkHRAENT LY F 4R ORI R S T
B BN R 1,77 F5F0 1.45 £5(S0C) 2,96 £5F1 1.09 % (TN) , t4h, 5 CK M EL, CRT i #F b R2
14 T-GRSP X} SOC [ BTHRREE TSR BT T AL TR L, B B/ 2.16 £ (522%) Fl 1.81 f5 (R Z) .

®3 WAIEHE T T-GRSP 1 EE-GRSP Xt SOC. TN M5k &/ %
Table 3 Contribution rate of T-GRSP and EE-GRSP to SOC and TN in sloping farmland under two measures

sk Wiz _ 0—>5 cm 5—15 cm 15—30 cm
Index Ter‘réce BE (1S BE W2 BE [k
position CK CRT CK CRT CK CRT CK CRT CK CRT CK CRT
T-GRSP-C/SOC [ 0.62 0.89* 0.53 0.94* 0.81 0.71 0.51 0.65 0.61 0.66 0.6 0.72
T 0.45 0.87 " 0.35 0.84" 0.57 0.93* 0.56 0.74* 0.99 0.83 0.32 0.59*
T-GRSP-N/TN [ 1.36 1.62* 1.54 245" 1.62 1.48 1.65 1.76 1.8 1.85 1.88 2.01
BT 0.8 1.78* 1.01 2.35" 1.26 2.07* 1.4 1.81° 2.45 2.15 0.81 1.52*°

EE-GRSP-C/SOC W& 0.52  0.49 0.48  0.48 0.57* 045 042 045 041 0.47 059  0.65
S 0.5 0.56 037 042 0.4 0.57* 053  0.64 049  0.53 0.44 08"
EE-GRSP-N/TN B b 1.14* 091 139 1.26 1.13* 095 1.35 1.42 1.22 1.32 187  1.83
M 091 1.14* 1.07 119 0.86 1.27*  1.38 1.57 1.2 1.36 1.1 2.05*
Ferh {83 CK Al CRT 7E 0.05 /K | 25 5% B 3 T-GRSP-C/SOC ; SR T 2 T AR X (1 P i R 7E - 324G HLEK 79 15 b Proportion of
carbon in total glomalin-related soil protein in soil organic carbon; SMERPBERE R + A b 9 AUFE 32201 A9 (5 LE Proportion of nitrogen in total
glomalin-related soil protein in soil total nitrogen; EE-GRSP-C/SOC ; 5 #& HUBR ¥ 55 3 + A OCHR B vh YRR TE + 586 HLER TP Y 5 LE Proportion of carbon
in easily extractable glomalin-related soil protein in soil organic carbon; EE-GRSP-N/TN ; 5 2Bk % 85 £ + A0 2 | H b B A TE BIE 22 0P B 5 1

Proportion of nitrogen in easily extractable glomalin-related soil protein in soil total nitrogen

CK A1 CRT e#fkith EE-GRSP X SOC HY 5TRk % 73514 0.95%—1.68% Fl 1.21%—2.27% , % TN 1) 5T Hk %
7 0.92%—1.85%F1 1.07%—2.05%, 2 82%IFEd EE-GRSP X} SOC [ 5Tk R 2P CRT & F CK [HLAEE, 4
67 %A ) EE-GRSP Xf TN A BTk H N CRT & T CK, CRT ¥k EE-GRSP X SOC 1 TN f9 51 #ik %
B CK 434255 1.38%—82% F1 5.25%—87.2% , $X1Mi, 5 T-GRSP X} SOC F1 TN [ 5T kR A a1 /&, CRT 4
JEXTIR)Z (15—30 em) 14 EE-GRSP X} SOC Fl TN [ 5Tk 52 ma 5 F3R)Z . HE T CK, CRT {3 #f b 0—
5.5—15 Fi1 15—30 cm )2 EE-GRSP Xf SOC 1 51 #ik % 43 5 $& 55 1.38%—12.9% .7.27%—44.1% .8.70%—
82.0% ,fii EE-GRSP %} TN Y 51k R4 5 10.7%—25.6% .5.25%—47.4% 1 7.85%—87.2% , WAL, 1EH)Z 1
b CRT 5 %9 #k L EE-GRSP %} SOC 1 TN Sk R A2 By R TR b
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3.1 CRT #&5tixd S GRSP & S22 A HRAE B 520

ANAEBZRG P GRSP & 818 % N 2—14.8 mg/g > 2 AW 8k T-GRSP & 2L Fl 4 0.11—
0.47 mg/g, M8 TARMR(3.26 mg/g) FIFH(0.79—2.13 mg/g) 13 ™ TRy T FRMOF B 5 138 op A REAS
TEY) AR R Y SR E T RIZDY | FERIZ LSRR, AMF TG YRR (2 R, TR £
MERPEFE R HUR B IR A A TR S BRAR AME 2B GoE  iBRE R 224000, [R) I Jn 2 HL 4y
fife > BEAL, TR R ™, R A B K A, SO GRSP i I T A
HEHL(1.4—2.41 mg/g) " FFHFHL(1.08—1.76 mg/g) 7",

BEHE AT CRT 57t f5 , 5222 FITN 2 T-GRSP Al EE-GRSP & 4% CK ) i FHEm (P<0.05) . MFETF,
CRT #5222 2 £ 1€ T-GRSP Ml EE-TGRSP WY& TR I 22 i3 T 2 2, MiR)Z LN &5 Tl
Z, —Ji, T RERZEANZE KRR DY AMF AR Y RZE RS K5
AR IE B, HLZE H 5 ) 3 B 2082 138K i ) 8 AR A 2, 30 AFM R YL R ANTE PEREAR , PR 52 2%
RZEAHZE K ZERZ T GRSP AR &k, 75—, /KM E U] ok T 52 ffif5 CRT f5itife
MR AR B B2, I T CRT X #F b GRSP AR THSURAEE M+ )2 A E R,
M E , B TR0 K+ B R CK S bR )2 3 7e dh R o R 88 fi, %F CRT 358k
Hi, FCRY R 34 B CRT APR I A2 U0 o il 50 36 55, in =2 A2 21 F % CRT % 5240 i i BA W 42 8500, F 3K
CRT 5t % 9 kb7 )2 1+ E B N GRSP A2 R sl R AR TR L
3.2 CRT #%ii F Bk GRSP X+ 38k Uit Al STk

CRT F AR = T kb SOC F1 TN & &, H W 2825 1 W Al it (P<0.05) . 43k 4 Jir,0—30
em + 2 CK Al CRT Bk SOC AT TN fifs sy Bl 43 71~ 54.1—67.8 t/hm” Fl 2.48—2.88 t/hm’, 5 ERIA Y
ZEE X B RAE AT AL, PR AR B R | AR R S B CRT>CK AR,
kb CK, CRT it i3 #F b SOC fif 5t 76 52 22 IR 22531 $2 55 8.06% F1 13.5% , TN fifi it 4 15 7.01% F1 12.1%,
H CRT Xf SOC F TN fif i B2 ORI R 3 T2 2 45 R ST ABFSUAHIE I CRT [ = F A MRAEZS
RGURAG R 27.19% ", H6 TN 20 a4 U

R4 FHREHE T U 1 1 SOC 1 TN f58 (ME+hrifEX n=3)

Table 4 The storage of SOC and TN in sloping farmland soil under two measures ( meanzstandard deviation, n=3)

L SOC fif & SOC storage/ ( t/hm?) TN i TN storage/ (t/hm?)
Treatments B 2= BE 2=
CK 54.1+2.88a 61+1.73b 2.69+0.11b 2.48+0.08a
CRT 58.5+2.66ab 67.8+2.6¢ 2.88+0.07¢ 2.76+0.08bc

SOC : ZHEA HLIK Soil organic carbon; TN ;2% Total nitrogen

O A R E ST CTE 4258 L1k GRSP % SOC Al TN FERITTERZE . | 4348 Dbk 338 Fndb 77 & i bk 1 18
GRSP Xt SOC [ BTRRFAM N 2.329% 1 19%—2% "> ) N T AR RAEM SRR 0—10 em A1 10—20 em 43
H GRSP Xf SOC MY BTERERS> BN 2.2%—4.8%F1 2.25%—3.25% ") EF A BN Fi Ak 195 GRSP % SOC
FTN STHRRIL F R 3%—5%" ", dh 25 B2 Rt L GRSP X} SOC F1 TN A9 5Tk R 20 5 4 4.6%—5% Fli
15.5%—17.4%"*" . AR5 T-GRSP X} SOC 1 TN (5Tl AR T O A DF o848 , 8 i T ok A &
CRSP &t flk T H A HEZE

PUATBIF 5 45 /0 O T 3 A L 190 M T2 T35 15t XF GRSP & | 52 i, M L 5 Lo AR L R, S5
GRSP 7E#k#b JE H R BB (/R B 200, ARBFSE b CRT Ot O 485 it (5 45 =0 1 3Bk T-GRSP
A EE-GRSP % SOC 1 TN [ BTk% . %4t Xt #)2 (0—S5 em) 13 T-GRSP X SOC F1 TN (1) 5T ik K 521
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FETHZE 5 XS T 52 X R SOC STlRFRIIR TSR T b X445 Wk E 2
(0—20 cm) SOC i fe K7 Ryl vl = 2 0 R ZK b R 265 s I, CRT X3 B B | %603 11 [
FRRUE T RE S H R I & AR ) )2 A S ZE T PSRRI A O

3.3 CRT ##iife =y - i At &= i pL I

GRSP A —Fh BRI ™= 4, 5 e A vk 5 e 4 ems  RE I S8 I ) A58 %W GRSP 5+
HEFLBREE (SOC TN & IEAHG, 5 H R mAAHE ) 5aT Aot 4 - — 3, A W58+ T-GRSP Al EE-
GRSP 5 +IEAE AR, 5 H I FLIREE IFAHOC, 5 SOC FIl TN ¥ 8 5 FAH G (P<0.01) (K 4) . Hk, e
% CRT Ja e K& T T-GRSP 5 SOC Fl TN HAH A ( Hy 55940 ARy bk 25 /4 W AR O ), HAHCRE(R?)
A3 0.26 F10.29 92 0.66 1 0.64; [FNH2E T T-GRSP 5 +IESLEREE R IEA EPE , R* 1 0.17 & 0.51; %
I A ISR, AN, SRR T-GRSP 5 SOC i3 IEAHE (P<0.01,R*=0.69) , 5 TN 2 1EAH
K(R*=0.44) , N Z=H AL T-GRSP 5 SOC Fl TN ¥ 24 8 3 14756 (P<0.001,R*=0.78 ,R*=0.82) , &
T-GRSP 5 SOC F1 TN My 1EAH MM Zaik T R4,

PR 2 2 0 A R OB R . CRT R 8 i 7E T 5T X B 45 P 7—8 m 1B — 18
SRR E B, AR T O R b R I A IR A R A AR AR T - R A 2 A AR
e E LR R A RS R S A E R T SRS AR R R S
VAR AR R A R A= K AR B T XA AR R AR Y0 TR0 GRSP Y 7 i, LA, A5 HLI T {2
#E GRSP 43 A ML & A 0 R AN, L, A5 GRSP &t 3 Uk 3¢, fE A Z 1A
Frf A BN ST GRSP & i i KESPLH 7 A ST 9 i o A % CRT # it 25 42 17+
AL S (P<0.05) , ARUPRE T 1345 $2m 7 3L (R 1) I B E SR T T-GRSP 5 134 &
(A S RH S | B HE A5 LR RE 190 TR S |, 8 218 it T 3 3 B2 5 A LT 5 e S - 3 g Kk M i
GRSP M3 5 &R,

CRT #ifii i 4 & 1 ek GRSP XJ SOC BYTTHA R (P<0.05) , H W& M5R T T-GRSP 5 SOC 1 IEAHC
PR, RUNZIEIET GRSP /K -1 5, S0C &t 8, 1 GRSP X SOC (1) ST Ek AL = 22052 T GRSP &K=y
i S HoRa @ I OB 4546)) . GRSP 0 T 20y 355, Bk S bR ad 173, /F ik Wy S U5 B9 B %, GRSP %t
SOC [ ST ER 2 WLE W E W Bk Y 1.6—6.7 £5 ), B GRSP XF SOC B Gk AMF T 22 2 495 Bk 14 5 ik
H¥K,GRSP Z5ta%ae A G K, GRSP HLAT W 2 il [ 4544 , WF 98 2 B GRSP 78 A bR Wk A PR AR AR A
3 FobR G v fr [ P P A (R o Bl + 7 A e 5 B SR R ik + PR BB 1 LU AE) 430 R (98.6+18.9) % |
(145.5+10.9) % F1(20.7+0.3) % , ¥ B3 5 T SOC(P<0.05) , H GRSP 7 {1y s [ P e ( BP o BE Rl + 7% 75 ik
7)) 5 SOC H By [ PRk @ IE A& it Ah , GRSP Fifi T AR B 18 8 T R R i i TR &) 4 398 v vl 4 1 6—
42 4D IR K TR 2 B s R ] (5—6d) PP DRI A v AR S i PR A R KRR E A T
HEFRES i GRSP X} SOC HA % H 5tk

CRT i i 248 = 7 BeHF L GRSP X TN By TTEREE, HIG® T T-GRSP 5 TN A IEAH G, R it T
GRSP 7K P87, -4 TN St &, {2 GRSP X 148 TN [ STk LA E S5 GRSP i 0% & S Homi
LER RGBS T — IS IESE . M, SOC AT TN e 3 B b+ 35 v i 2R, WTBESU AR T 4 AMF
B P R YR 50 fE i GRSP 43

4 it

(1) CRT i . #5452 55 T Wk T-GRSP \EE-GRSP K SOC H1 TN i & 56, HXT GRSP &= 427+
MR BERE W R T 2% RELESTRE B TR L % SOC A1 TN fif 2 19 2 %R w248 T

%

o

(2) CRT &k 42 w5 7 H kb GRSP % SOC 1 TN f# ) STik % . %0 T T-GRSP X #Hb SOC

N

il
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CK CRT
posiy A &
T-GRSP | -0.17 017 | T-GRSP -0.51 051 | T-GRSP
EE-GRSP | -0.004 0.094 024 | EE-GRSP - 0.18 2018 026 | EE-GRSP o
- 0-8
TOC | -0.057 0.057 026 0.46 TOC 00048 | -0.0048 0.66 033
0.6
N | 054 0.54 029 0.36 0.55 ™ -0.66 0.6 0.64 024 031 0.4
NE FLBEE T-GRSP EE-GRSP TOC ™ NE FLBEEE T-GRSP EE-GRSP TOC ™ 02 ﬁ
0 N
e K
B2z
02 E
P o . o 0.4
-0.6
LB FLBE
-0.8
T-GRSP |  -0.60 060 | T-GRSP -- -1.0
EE-GRSP | -0.67 0.67 067 | EE-GRSP
ToC | -067 0.67 0.69 0.77
™| -063 0.63 0.44 071 0.79 -0.50 0.50 0.82 0.28 081 ™
NE FLER B T-GRSP EE-GRSP TOC ™ N fLEEEE T-GRSP EE-GRSP TOC ™

B4 TiEEMEFI GRSP MHEXIES T
Fig.4 Correlation of soil physical and chemical properties and GRSP
B rp o+ R3] P<0.05; # + {83 P<0.01; #+ + {83 P<0.001

TN BTRRF R 3 R RPN 2+ HER T2, HARTHSCR BN RS T2 M F T/ L,

(3) CRT $& it £ i S B b - 1 22Ut 1 1) AL A 8 < ) BEAIR SOC TN 93 2% 5 b ) a3 £ 5 A WL
Bk - EE AOE KM HEINTEE R GRSP (0 5 LR s o) il $2 5 GRSP X SOC F1 TN 1Y T k% | fig ik +
HERR A R S B AE
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