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Changes and Evaluation of Topsoil Quality Across Different Soil-landscapes in
A Village Level Watershed of Nanjing-Zhenjiang Hilly Region
ZHAQO Zheng"?, LIU Chun'?, SHANG Mingyue''?, CHEN Jinglong®, BAO Xuhua®,
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University » Nanjing 210095; 2.College of Resources and Environmental Sciences, Nanjing
Agricultural University » Nanjing 210095; 3.Jingqiao Town Agricultural Service Center » Nanjing 211224)

Abstract: Heterogeneous soil landscapes are common under interaction of natural processes and human activities,
and in turn, under combined impacts of land use and land cover in the hilly areas of South China. Variation of
soil quality across these soil landscapes impacts development of agro-industries in rural area. In this study, 4
types of soil-landscapes including forest land under conservation on hill slope, orchard, dry crop land and
paddy field in the basin, were selected in a small watershed of Zhishan Village, Jinggiao Town, Lishui
District in suburb Nanjing. Topsoil samples were collected in autumn to analyze basic physico-chemical
properties, soil aggregate size distribution and microbial phospholipid fatty acids as well as extracellular
enzyme activities. Concerned for soil fertility, the variation of key parameters of soil organic carbon,
aggregation and biological activity were explored across these soil landscapes. The relationship between soil
landscape and topsoil quality was explored by soil quality evaluation method. The results showed that,
compared with the conserved forestland soil-landscape, the soil organic matter (SOM) declined by 50.93% to
69.63% , the mean weight diameter of soil aggregates reduced by 41.34% to 68.71% , the total phospholipid
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fatty acids reduced by 19.20% to 42.04% , while normalized enzyme activity dropped by 22.48% to 63.27% in

the topsoil of the agricultural soil-land scapes. Accordingly, compared with forest land, the ecosystem

functions and service of topsoil under the agricultural soil-landscapes had been significantly weakened.

However, paddy fields had higher SOM content and microbial activity. Regression analysis showed that,

SOM content was the strongest driver for topsoil quality change within the watershed. The evaluation of soil

quality based on total data set and minimum data set and the evaluation of soil functional quality based on the concept

of soil health show that, the overall topsoil quality was in an order of forest land™>paddy field™>upland > orchard.

Further, the evaluation system based on the concept of soil health can comprehensively reflect the changes of soil

quality and the significance of ecosystem function among different soil-landscapes.

Keywords: soil-landscape; soil organic matter; soil quality evaluation; soil health; rural small watershed
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MREAR 22.13% ~55.97% . BRAG PR A C 1Y 5 BE B R

i i A FH o g i 7 bR b v I 3 R AR 38.81 %0 (p <<
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A Bl A SO L 1A SRR R e A 3R A I e 43 B A
RT3 I AR RN 2 5 i L DL B SR A3 906 B0
PESE A A W ) 3R AR W) Ak 2 4 AR AR R BOHE
35 LA LB T 32 N R i Bl R Z1 52 i Y+ 8 ) RE M
B, JFH, HIEA LTS SRR L A ki — P 51
A TR T S A ) PLFAs 328 A+ 3800 —
AT T% 1 A7 7E 1235 W AH DG M (&L 2D, 31X 2248 Bk 18] 1 5
JEEAE DG 45 - A BT 3K B 4 1 AT R AR TE B, A
MAE EEMAY 5 &R B AEYEYHS 5P %
TEIR T W A A B 1) AR S A0



270 K PR R

o536 4%

2 [ B A S G M AT DAAR 3R 4 HE SR O B Ak A A
R0 Ty B8 06 P L A 5% % A Rl G v 5 A IRk M T
HEAT T A AT (B 3Ca)) . Wi 2 4~ RDA il 43 5 it ¢
ARSI 74.15 76K 9.16 V0, PR B I IR AR AR 0 SOC, A &K
W AR B AR A pHL, A i PR A A
R AE RDAL IEM, SOC W finzk 78 RDAL IEM, 3 5K

S 4 T I 1 5 A A BB IR AH G (p<<0.05), T
pH FIA R8N 7e RDAL B G, 5 3— A WE i |
TR i PR il S 67U MH O6 (p <C0.05), ARHL AL T 45 4 4
PR, el b 0 52 4t 2 A T4 3 PR FE I B4 T4
1R, Uk, 3 50A: Y i 1 i 35 M AR AN ) 1 3
R[] 5t 7 AN [e] 9 28 A A SR

R4 TRLESURIMEDMBEENR(PLFAS) FER TIEREY

(LD mE it H it FEH
4l 49.14+5.07a 26.59+5.28¢ 30.9540.33¢c 38.7842.69b
PLFAs/(nmol « g ) LR 10.7370.60a 7.3940.63b 8.9941.50ab  10.7141.03a
e 3.85%0.35a 2.95+0.73a 3.15£0.32a 2.0040.42b
B— % % 241.58+48.72a  91.3716.30b  122.704:30.67b  208.7613.37a
N— WAL A BT S 84.42+22.25a 25.4048.73b 45.564-8.93b 73.39+8.95a
B—4F 4 K il 60.7449.67a 19.27+6.01b 34.6749.36b 55.2348.45a
B— AW i 83.37+8.54a 18.01+11.33b  17.20£0.96b 25.20£1.99b
G/ o ] 4 T 9.4040.59% 3.3841.15¢ 5.060.57b 6.214-0.90b
(nmol +h '+ g 1) M 1 W 382.704109.77a 168.51450.20c  298.03%34.84ab 190.13429.04bc
I R I g 37.65+1.51b 11.5246.07¢ 19.2942.27¢ 61.54+11.35a
Z W E AR/ (X 10°) 1.1240.13a 0.55+0.13¢ 0.55+0.03¢ 0.94+0.01b
i A ALY/ (X 10°) 5.04+0.78a 3.2940.69b 4.184-0.05ab 4.884-0.24a
15— fh it 3 PR 0.10+0.01a 0.04+0.01c 0.05+0.00¢ 0.0840.00b
Y — 4k, B IE o 1E RDA1 BYIEM, 5 PLFAs. 40 # Al B # & 0 3 IEAH 5%
g%gﬁ% —a (p<<0.05), HLFH'T LA H 5 B 7K (p<<0.05),
%% 3 1 B e o TR VeV 25 F HE bR B/ A B B (F/B) 5 7 20k &
a-%%%ﬁ% > RERE ML (p<<0.05). 5 SOC & & % it &
ggﬁg% ° (p=<0.05), BLAh, FRZ 5 MWD & i 3% IF M1 5656
N-Z S S m g — F(p<<0.05), 5 pH 2 i & 7 AHCHE (p<<0.05) . #K
B-%ggg — bR AL T 4 SR, A R A T 3 R AR
N MR AL T4 2 SRR, Pk, AN ) -8 56 0L ) -+ 45 1
@mE - v oy s . e
e LS J ARV S A e A B A
*ﬁ%%gg — _° 23 AETEERTRIEEEN
ﬁi@ — ° P 5 Al 0, ek AR 21 Ty B Ak 22 ALY AR AR
1 HETT AR AN SBT3 SRR (K T 1
o IR FYLLSY L 1T 3 A JE R 9 B 7 2 7 5 R AR 0K
METFLHE —- 88.32%0 . R MHT 3 A~ T Lo R BEfE Ty AR, I
A¥H = . )
HEB o B3 43 B v A R 2 XHE R T 0.5 DA K 5 A N 48
&R ——=o N e \
WEMEYER ——o BrAR G 5 58 HEAT 40 5 5T Norm (8. #2 BR7E
{0 75 0 Norm i 1094 55 [ 14 o 26 UL ) 2 1t 45 A
pH — (R 5 kL T R 2805 5 FRAR A B 3R 2 h i 4

100 *

1
== = A — I — R ]
- N h T WV O~ 0 &

25 5 ZH/ %
W SRR <I5% TR 15%~35% ;25 D BI R R >35% .
E1 tEBAMERREDEEEGENTEST
BESRBHNH
XF R A ) PLFAs 5 + 5y B Ak 24 1 T 0
TUAATATEE R ULIE 3(b) . 25 1 Rl AES 2 il 40 ) A B
BMARSN 60.27 % F1 19.98 % AR BB AR B SOC A
KB | A RS 2 i AR VA M pHL. SOC n#

FRAl e, e R XA A MDS (5 hr. & 1 4
SOC 5 H Al A 3E 48 b7 4 5 4% i 240 3¢ (p<<0.01) . i
PEHL Norm {H &5 9 SOC N4 1 HI8kr. 4 2 418
T v FR 5 R TR I T R MWD JCAH e L IR It 2 4
PRI EE A MDS, 5 3 41 048 br A IR 1 0 1R 1 .
WAL TDS DL & MDS # 47 3 5% 5 43 B, o] LA &
H AR BRI 2 TR F 5 25, (TR TF 5 A48 AR B AL
H(F 3), MDS $EFr SOC,. MWD, 35 K5 2 ik i | B2
P W TR R ) AL R 43 9 R 0.265,0.269,0.244,0.221,



5 43

BRI A5 7 BT I DR /0N U SIS [ 3 5 LT 2 e ok A A0 S P A 271

FF MDS A8 R E IR H(E 4() 53T TDS
AT AE 25 SR AH T, 2 S ARl (>0.66) = 5 H (0.54 ~
0.58) . J5 # & T2 H1(0.39~0.44) & #1 (0.36 ~0.38) ,

Ul 5 A N A R JBE T 555 - 98 o il A I A
T S5 R O B R T TR g 0 B AR R
S AH R 5%l 4 338 5% 00 B A ) 1 Ay SRR R

=~ 700
(b)

(=)

(=

(=]
T

“

(=

(=]
T

y=13.045x+178.203

WA A Y BB/ (mg « kg
n
=)
S

300 [ ° ° R*=0.719
200 1 1 1 1 1 ]
5 10 15 20 25 30 35
TIEE IR/ (g« kg™)
0.12
0.10 ) o
go.os : 5
& L
5 0.06 .
111 0.04 | 5
y=0.0002x-0.006
0.2 - R=0.960
0 L L L L L L L ]
250 300 350 400 450 500 550 600 650

MEMMEER/ (mg * kg™

B2 TEANK-EARE-—MEY - MEMTREMINEER KBS

30
wos b (@)
820 F
S~
£ 5|
ﬁR 10 =
& $=0.911x-6.321
%& 5 b o R=0.974
0 1 1 1 1 1 J
5 10 15 20 25 30 35
TBAEHE/ (g kg
_/\ 70 [~
‘o
. ©) o
[=] -
g 60
&
~.
& 50 [
B
zﬂu]l:l
o 40 3 $=0.070x+19.181
Y R=0.922
i@ 30 L L 1 1 1 1 1 J
250 300 350 400 450 500 550 600 650
WA E EBR/ (mg - kg™)
< T
L |
2 |
e; 1
N 1
<} 1
=) |
& |
= |, . i SFiQEE?i@ .
1.0 1.0

RDAI1(74.15%)

—> EEAMHR o ki

(=]

_ [ :
(b) : °
pH o !
o B : ﬁ%
§ F/B :/&Eﬁﬂﬁ@
S |mEm o~ 5oy
2 i BB
a 1
[~4 ! o
i EHERER
o' H L i )&%§ L
1.0 1.0
RDA1(60.27%)
A ([ « Eih o fH

W :BG R B M EMEH M  NAG I N— OB S A W H M s CB N B 4T A H W XYL O B ARBEH B s AG N o T B W W s AryS I

SEBR IR ; PPO i 2 B S AL Il PO il S AL W .

3 FETESEUTRL(0—15 cm)BESMEEE M () B EMIER (D) S LEERTER TR (RDA)E

TR O O R R A AE S R GRS .
FE IR 10 T F8 A 14 W8I0 {80 1 47 A v AL 38 & 15
Je 2l IR R A . B 4 (h) AT AT, b - 35
e e A 3 e v, WA A R ) 7 Ok R T R AE T
RE 1 | 3 BS540 5 A B DL O E A i S
PESE R i A A S R I ME A T 558 57 0 A R AR X 45
. bR AS e Y PSS 0 5 R B DL e R A
My A A RAF e 07 . 8 Al D) Be AR, Rt R
K T AR /N . a2 35 T ) R Ak [ AT
DAARER 1 e fd e 25 G 46 25, 43 ) 2 bt (1.33) L fif HE
(0.57) 574 (0.55) Al el # (0.34) . AT DL, A b 4 4k
J5HE R T e v o R b D Bl RO R T 2 s 4K

FEAR 58.96 90 ~74.12% . {HF5 H fil B35 £ T 5 1o
Tl M 7R A R | 1 2% wh e 1 DA R B A
Yy 5 16 PR BE 0 O 1 A T B RE T L A A J A G B R
R o e B 110, RO FH R B 30T AR (R 1 N
bW,

3 e
30 MEBHTEENEELTEETN. TEEN
FRAE IR B E F

KA Fg A, MR AR RGN
ARG FH L 52 3t 256 ) B 4 398 0 o A L - 0 TR R
o FEAMEGE o AN [] A 498 55 08 B) 4 1 2 Ak o o
AR 2), EHEA PR AE £ AR ) ol T R4k



272 K PR R

o536 4%

PR T A B OCHE ELMAE] A I ia A B T 22 <
AR AR TC I R AR A A R G ek A Sy e R
M R R Y A DL AR & AR SR B R . AR
5% LS B, bk b 5 0 3¢ 1 A5 AL =5 35 5.86 %0, 1 [l
iy 5 0L 2 56.66 %0 ~69.63 % , A HH 0
AR AR Y T AR LT 1/2(49.07 YO BB HLFR (F 2),

BRI, AR T RO AR H LA HLR
S-S5/ 30 04 T AR FH A X B AT R T A BILRR 1 AR
e FH A AL 7 1 95 - T BB e A ik g AL iR T 5
Hby 55 FLWE 7K BR BT 102k W o Mk A R A, PR A E
SO A 00 7R O v AT AL T A T R R
A YU S A, 7% A R A BT i ORI AT SR AR 4
Bk BRI E R AR (R 3), 50 A
LY o el b R 52 5 0 3R A A SR AR 45 G ik AU AE 43 )
16.45% F1 27.44 % , Fg H L H 2 M 9 26,43 %,
U, P 3R A 45 G e 4 O 3% R ik 21 43 19 FE 261 1T BB 2 R
e Wb A DL AR A A T, 53Xl A b A Bl
RS2 s AR, 8 UL A R i B, DR A
15 e P SRR T 8 43 ) e 3k 37.96 20 (B AN BREVRD
7 el i1 1R A 20,00 %4, R AL K B B R A1 2]
9.61% MK PR, 72 B4R Lt AT R Al 5% 4 22 1k
T B PR F R ARG Ak L RAR LS R Y
IR TT g S A ) oW 2% = i AR A ) = Z N fE IR 3
O R ARG A ik, EE R YA G R
F 7% A R A b O R AR ) ALY R AR
RGN BATIRE SR . AHF S P AN ] S0 R
AL AR AR AR E PR Y PLFA— 1 HE i
EEMMEOC R, W - A LR —H RAK—fUE
YA Wik B R T g A g 2 G I AL

Lo r Mo I i
sl BEmw B2 omm ©
. a a
Rosr ~F I
s . © ¢ FEE
%0.4 B T == =
H o
0.2 |
0 - M S !
AR S0 5

] o 3t S M R Y RO B S AL R LA
BB J01 J2: A1 3R AR 45 ke 1222 AT SRR 4R AR 1Y
R HER A T BE R 2 5w - M T (R A AR

FEMT LA S RE AR S,
x5 TEREBENREIRISWER
- ENIWi
Eiskan PCl PC2 PC3 /M Norm fH
FEAE{H 13.572  3.664  1.311  —
TR/ % 64.628 17.447  6.242  — —
STk R/ % 64.628 82.075 88.317  — -
HUH /M —0.689 0.278  0.330 1 2.620
KE 0.711  0.138  0.230 1 2.646
VgLl —0.680 —0.560  0.304 1 2.748
o A A Y 0.812  0.356  0.415 1 3.106
PR Ik 25 4 Tk 0.859 —0.399 —0.093 1  3.257
A B —0.864 0.364  0.265 1 3.272
BT 4 R 0.869 0.395 0172 1  3.297
N—Z B AW ERA 0,884 0352 0139 1 3.329
Z WAL 0.894 0.268 —0.262 1 3.347
BN I 7 R 0.914 0.041 —0.074 1  3.370
P s i 0.913  0.014 0175 1 3.370
£l 0.920 —0.113  0.040 1  3.398
B HI B T A 0.916 0340  0.099 1  3.437
oA A I 0.944 —0.044 —0.009 1 3.480
B— M 0.937 —0.310 —0.080 1 3.503
ELiIR S 0.961 —0.218  0.064 1 3.567
pH —0.303  0.923 —0.099 2 2.093
5 T P T 0.561 0.776 —0.011 2 2.547
FHERHER 0.590 —0.764 —0.043 2 2.621
Rk —0.597 —0.078  0.593 3 2.305
R P T R —0.699  0.404 —0.516 3 2.752
T HLAS I T ) 28 {1l 2 78 % 38 A5 Norm {8 78 1% 41 & = Norm {H
102N .
() Lm@ e sE Lo, TRERED
0.8
by e RAH A
R
I 3
=¥
E=E BH

T« Ca) B R TR) 2 B e R AR TR) 38 500 F L3 e 18 028 5 3 (p<<0.05) .
4 TRELESVUTRITEREREHNTERRTEE

S B I I P T b BT B A 3R 00 BR bR
B OCEZAIE B AT LU 38t 1 35 o i A
JIBY AR BRC Y, iy AR AR AR UL A S Ak
b A L IR A RS L B A LR R L
SEN A1 Tl PR AR RE 2 REAR (R 4D 5 RUAE 89 O
FEUTURGE — R AR T 25 C RSB
Y N A1l (B8] 2 Y I L B— 2T 4 R L B— AR

it | o1 2808 T ) A1 N1 20 Gl A W e S i (N—
T 22 35 5 W D 1 T R S - A P 2
FHYIEA 5 (p<<0.05) (K 3a), ANZERYBHAE it A 3
BAT MUBR 0 2 AR AR B 1 52 i 4 EARAE 03 Bl AR
Hb 5L e B B A CL N A B R G 14 L A il TR
PR B A A B M, R R 22 HILBR S A RN B
AR L B - IO W AR R D A R



5 43

BRI A5 7 BT I DR /0N U SIS [ 3 5 LT 2 e ok A A0 S P A 273

C N A6 PR HH 2 B0 J0 A i3 1 . T 48T Tl AT o SR e
it 1) = A PR A SRR B 3R L LA AR A5 il 9 R R 5% 4
b 7T 32 Pl BB RS ) R T RS
A LR A i SRR B0 M 4 T 5 b 500, AR b D
e FE AT A5 o v 1 S A it 6 2 L AR 3R A AL AT 4
X T AN A DL A (P IE D) RS FE AR 3% £
Bk A ML AL 43 B 2 P 348 o A 4 A Rl A 905 2 A
FEERR R 17K F- , BT BIL B 75tk 5 S0 Ab 0 P 52 B0 A
FHOEDS (B 3a) . HETASY I IS AE AR, 4 8 R0k
5 T R W T T A I = B DG (p<20.05) (&1 3a) R
T8 TR Tt 110 5 M A2 3] o A A o o 1 AT R it A AR
RAI - R R G 005 Pk . 5 35 6 1R R I 6 1 1k 6% AR IR
SR K AR, 2 TR AR R 1 TR A B L X R R A Y
B 1 TG A 1 Ot 5 R, BB R B T AR
WF5E v, 05 5 B R 15 Al 5 PR A ) R 2 IR A G
(p<<0.01), I HL XA HLER AR B A BURAE Y . Bk
1M 5 -5 A A e 500 Lh - 9 A i 5 e —
PR T P 35 A1 L - 48 22 101 1) R A7 5, AE S b R [l
PR 37 30 B R LB R 2 B AN, A
BILA IR B 14 - 58 i A i % M 9 A 4k, 5 A s A+
2 R A 7 NI S

- A YT T R A RN &5 4 A7 - R DT e
b ERIAE B S R A 2 R R sg T AR E
S8 A SRR B T bR A 4 U, - M
(075 fb i 34 55 A BILAG B4) 28 Ab f #A  JBE — B0, e R
A R R PLFAs & &L 3 5 4
AR BEEAE - 3b) . SR AT B RFsE 2L
1oL+ - ST A A A 2 BRI 25 F 5 A MILBK A B TR A
KL R W AR A FR oy N RB IR, K S R
BEVE R AEAE R R, 2 H B A 0 . 38R R T
HERBER/MHELNESRGSERE . IFH L
A HLAK [ A7 fE ) s HAE AR ST b, AR £
SO AR Ry Al - S LS L A LB K B 8K T
LA BE ) FH 53 A A ALK 7 30 B8 vh A A7 8 )
il A5 BB/ 40 B B RO T T L D A R b 30 Rk
M 4 - 398 5 00 A AR S AN S B 4 HE S W A W R U
AT N A AR W 45 R 7 A TR 20 1Y 5% e, T 5
M) - 98 J5 3t , A BB [ R 473 3 S 1 A
32 TERESTEERITN: LEITNIERIER

HEE

FeE PP 48 0T e e L M R s i A
PR R G MR 55 R BE 10, S BE S 4 1 T % UL Hh
HPEAY R R T BN A 2 (AR
A Rk P48 b, LA g N7 — R 0 4 48 5 0T
Wi 2 a5 I L2 e

H A7 ¢ T 3 S DA 5 bR A TR B, 22 1) TR

FHSE Z By R b, 1 4, 38 i A2 990 0 1T A 4 B 5 I 264
PRAERLFE WA v AR AR B Z A7 T A B 4R
(9 PO A7 A2 A A B 22 0 A B B A TR AL 5 T e
NI SRV 1 (8 T 32 1800 7 A S5 0 1 7 1
i HEAT R 4 3 A S B Norm {H 328 A5 B3 - 5 1
A TIEART L KA T SR bR B ] I T R
PRI (4 1] . 75 2 1 19 2218 b P REAR SR W) — T RE Y
AN[FERR . 8 T AR R R — LRI RE A 45 b X
o3 i e S 5 i DAY T Al M T 8 SR AR Y
Hh i/ NI SR PRI 1 B DRy T HEAT BILAR | - S 1A 3R A
S5 o AR L D7 R L TR I T R A R A O A oA
TR AW R A DT AR br . A A iR AR A
TP SR | AR S W A RS AR AE
e - SERAE 2R AT R L (EAS I 5 v B B /N BB S T AR
FIFR AR FTAEY AR AT W EZA R0
FEAR UL L S A=y A Wy i AR bR o 3 U I ASUASAR B K Hls
Sr AT Tk O e RE A L ) AE 2 2 PLRE B T I Y 1 4
AE. PR, T H s 4 5O PFA v, 7 2 1 R R PR
P o G 8 H A AEAC R R B i 45 B L DGR IR £ 8
B BRI T T o S (B B A e T
DAY ELAE N R HE D) RE H X O e 45 AR . R A R o B
W SOCEAE T /N B 4R 0 1 45 A 17 AL, 7 1 3
i A R AR
33 tERESTERERITMN: TEIIETNER

HEE

ABIFSE i AL SR BT o X RS AR A R /N B
HEAT RIEBCREIEANY .l 8] 4Ca) AR B TR AR Y 1
SR o 1 O i T /NI 4R 1Y b S R A R A
I7] o B 5/ VRSO 4 RE R i 8 A Qi SR R AT 43 T
A, 7R SR DA b AT L B /N S
T ERR B A AR S BT PN TTT  ( RRE
PO AT B Y g R T Ok 1A L AR AR AU LR A
FE R A ST TDS 1 MDS 1 + 38 5 i
PR 2 YA LT % [R] B BE A A0 3R ik 122 IX Jek Y 1 3
B R ACHIE S Ao U I A 2 R e Ik
5 DIREVE U 6 B 55, D6 I bR L - 98 B A0 T B i K
S i B | S R A A5 g S 0L A (g BR 57 B
HI 558 A TR R (B REAR . DAEL 4 Cb) ml R, BR AR A1 /Y
At M 7 W S 3R A AR B 4R R (PR RO T
HED A SC [ Bk AR B2 B HAR PPN (E AR B0 T MR 2 R
i R e A BRI R AT SR IR 4 5 ik AR
GUTE =S VNENEl I o /3 AR T 3 L O e R €
Yy AR RGP AR T R B T S 22
S5 A R TS5 O ) 2% AT R PR I IR R R, PR A
T A S5 A RE 0 T AR 2 AR N7 8 R {EL SR L e T AT 4K
FEOOE PR (B A R 3 0L A RIS R L A



274 K PR R

o536 4%

FEAE A AT RE 2 b 3 PRIE I A= W) i) 5 2 B i i A0l

N0 B 20 4 il 2 R A Bk R A b AT R R Y

SCo g A DT 1 B Ik ] B TV Mt Jre B L

ST R M 1 5 5 A5 b A B Y AR AR OG AR L ] I AT LA

oA [) 3 S7OUL A AR 25 AR G IRk 55 T RE 5 T O

KAR ., XFEREE AT LUK TE 4 45 5 & A i IX +

Hu R A=l A e DRI 7 25 S A B A B O

WL I 55 DX 8l mT Hp 22 6 e A 2 IR %

4 &

(1)t B2 X S /N U L A AS [] 1 498 500

] AR AR R I S, R A 5t AR AR

- FEFOUAR L A S5OUL H - A HIL T K AL -

SR 2 AR R VE IR | [R) I 30 P B A5 AR 35 A IR AL AN

WAV I RE Z FEE I REAR A S LIRS R G

RE ™ W 55 . AFOO TG T R P U R DR A -

AR A i B L
(2) - B4 HLIBT 43 2% A AT SR AR i 0 2 2 B+

S Yy D RE (R B 5% 200 2R R 2R W) 22 REPE AR 45D 3R

AOARAS . AL, 3 0 0 e LB — MR IRE 5

RSB FGE - R AR A IR AR
(3) e /NECHE B AT DAACRS 4 a2 R A7 /N it 3 1

e AL TP . KR T b S R B A A

Mo — TR G 3 T g e AR A, 5 —Jr

T34 7% 15 - A A Ty e e R Y 22 S TE /N EHE 2R

TR VT I A B Al b i — 2D BEAT A O

B 0T 21T SR 3 DA 25 A0l K e A D R (Al

R UL R A A S R R B A O S

SE MK

[1] Smith P, House J I, Bustamante M, et al. Global change
pressures on soils from land use and management| ] J.Global
Change Biology2016,22(3) :1008-1028.

[2] Lal R. Soil carbon sequestration impacts on global cli-
mate change and food security [ ]J]. Science, 2004, 304
(5677):1623-1627.

[3] Guo L B, Gifford R M. Soil carbon stocks and land use
change: Ameta analysis []]. Global Change Biology,
2002,8(4) :345-360.

[4] Murty D, Kirschbaum M U F, Mcmurtrie R E, et al.
Does conversion of forest to agricultural land change soil
carbon and nitrogen? A review of the literature[ ] ].
Global Change Biology»2002.8(2) :105-123.

[5] Post W M, Kwon K C. Soil carbon sequestration and
land-use change: Processes and potential [ J ]. Global
Change Biology,2000,6(3):317-327.

[6] Keesstra S D, Bouma J. Wallinga J. et al. The signifi-

cance of soils and soil science towards realization of the

United Nations Sustainable Development Goals[ J].Soil,

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2016(2):111-128.
Lehmann J, Bossio D A, Kogel-Knabner I, et al. The
concept and future prospects of soil health[ J]. Nature
Reviews Earth and Environment,2020,1(10) :544-553.
KAKE TP S LMY A S R .
i ] B A A R4 ,2021,51(1) 2 1-11.
X VB TRk bR. R i SR AR | R
Y E BT 7 1 0. 9% ,1997,29(3) 1 113-120.
Janzen H H, Janzen D W, Gregorich E G. The 'soil
health’ metaphor: Illuminating or illusory? [JJ. Soil
Biology and Biochemistry,2021,159:e108167.
WEARDG, BRI Bl K S n Hr gk IR . IR
St ek M Pk L] b B RO 5. 2015, 48(23)
4607-4620.
WM IRE W - B T R R - k2
2015 [ Fr - 48 Je (i B ARl B 24 ) 81 T 55 JE AR LT
Hh [ AR B} 22,2015, 48(23) 1 4603-4606.
Thompson J A, Pena-Yewtukhiw E M, Grove ] H.
Soil-landscape modeling across a physiographic region:
Topographic patterns and model transportability [ J].
Geoderma,2006,133(1):57-70.
Gessler P E, Chadwick O A, Chamran F, et al. Mod-
eling soil-landscape and ecosystem properties using ter-
rain attributes[ J].Soil Science Society of America Jour-
nal,2000,64(6) :2046-2056.
WAL BT E . RIS SRR RN U S
A TCHERE DX B[], 1S 4 . 1999.30(6) - 241-244.
A o T B 38 T )L S U R R B 5 O
(17, 438 4 , 2004, 35(3) : 339-346.
PN R R AL ST A — B0 E R R
W - e I Atk 2 1 g A B ) LT L 2008, 40 (5)
837-842.
Aldana ] E, Sommer M, Saby N P A, et al. High res-
olution characterization of the soil organic carbon depth
profile in a soil landscape affected by erosion[ ] ]. Soil
and Tillage Research,2016,156:185-193.
B, el A 2 4 B g5 ML b 5t b E O R
SRR A . 2000.
Cambardella C A, Elliott E T. Carbon and nitrogen dy-
namics of soil organic matter fractions from cultivated
grassland soils [ J]. Soil Science Society of America
Journal,1994,58:123-130.
Six J, Paustian K, Elliott E T, et al. Soil structure and
organic matter: 1. Distribution of aggregate-size classes
and aggregate-associated carbon[ ] ].Soil Science Society
of America Journal,2000,64(2) :681-688.
Feng X, Xia X, Chen S T, et al. Amendment of crop
residue in different forms shifted micro-pore system
structure and potential functionality of macroaggregates
while changed their mass proportion and carbon storage of

paddy topsoil[J].Geoderma,2022,409 ; e115643.



BRI A5 7 BT I DR /0N U SIS [ 3 5 LT 2 e ok A A0 S P A

[24]

[25]

[26]

[27]

[28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Xiong L, Liu X Y. Vinci G, et al. Aggregate fractions
shaped molecular composition change of soil organic
matter in a rice paddy under elevated CO, and air warming
[J1.Soil Biology and Biochemistry,2021,159:e108289.
German D P, Weintraub M N, Grandy A S, et al. Op-
timization of hydrolytic and oxidative enzyme methods
for ecosystem studies[ J . Soil Biology and Biochemis-
try,2011,43(7):1387-1397.
DeForest ] L. The influence of time, storage tempera-
ture, and substrate age on potential soil enzyme activi-
ty in acidic forest soils using MUB-linked substrates
and L-DOPA[]]. Soil Biology and Biochemistry, 2009,
41(6):1180-1186.

Saiya-Cork K R, Sinsabaugh R L., Zak D R. The
effects of long term nitrogen deposition on extracellular
enzyme activity in an Acer saccharum forest soil[]].
Soil Biology and Biochemistry,2002,34(9) :1309-1315.
Frostegard A, Baath E. The use of phospholipid fatty
acid analysis to estimate bacterial and fungal biomass in
soil[J]. Biology and Fertility of Soils, 1996,22(1/2)
59-65.

Ibekwe A M., Kennedy A C. Phospholipid fatty acid
profiles and carbon utilization patterns for analysis of
microbial community structure under field and green-
house conditions [ J ]. FEMS Microbiology Ecology.,
1998,26(2) :151-163.

Olsson P A. Signature fatty acids provide tools for de-
termination of the distribution and interactions of my-
corrhizal fungi in soil[ J].FEMS Microbiology Ecology,

1999,29(4) :303-310.

Bossio D A, Scow K M. Impacts of carbon and flood-
ing on soil microbial communities: Phospholipid fatty
acid profiles and substrate utilization patterns[ ] ]. Mi-
crobial Ecology,1998,35(3/4) :265-278.

IV SRk B H L TR R R B o X SR T
AP £ 3247 . 1995, 32(4) 1 362-369.

TR B R L IE B T R AR 5T (ML
AU BREE R L 2010.

Liu Z J, Zhou W, Shen ] B, et al. Soil quality assess-
ment of yellow clayey paddy soils with different pro-
ductivity[ J].Biology and Fertility of Soils,2014,50(3) ;
537-548.

Shukla M, Lal R, Ebinger M. Determining soil quality
indicators by factor analysis[]]. Soil and Tillage Re-
search,2006,87(2) :194-204.

Kuzyakov Y, Gunina A, Zamanian K, et al. New ap-
proaches for evaluation of soil health, sensitivity and
resistance to degradation[ ] ]. Frontiers of Agricultural
Science and Engineering,2020,7(3) :282-288.

Lal R, Negassa W, Lorenz K. Carbon sequestration in

soil[J].Current Opinion in Environmental Sustainabili-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

ty»2015,15.:79-86.

Amelung W, Bossio D, de Vries W, et al. Towards a
global-scale soil climate mitigation strategy[J]. Nature
Communications,2020,11(1) :e5427.

Pan G X, Smith P, Pan W N. The role of soil organic
matter in maintaining the productivity and yield stabili-
ty of cereals in Chinal[J]. Agriculture, Ecosystems and
Environment,2009,129(1) :344-348.

Lal R, Griffin W M, Apt J. et al. Managing soil car-
bon[J].Science,2004,304(5669) :393.

Hazarika S. Thakuria D, Ganeshamurthy A N, et al.
Soil quality as influenced by land use history of orchards in
humid subtropics[ J].Catena,2014,123:37-44.

Tosi M, Chludil H D, Correa O S, et al. Long-term
legacy of land-use change in soils from a subtropical
rainforest: Relating microbiological and physicochemi-
cal parameters[ J]. European Journal of Soil Science,
2021,72(2):1054-1069.

Willy D K, Muyanga M, Mbuvi J, et al. The effect of land
use change on soil fertility parameters in densely populated
areas of KenyalJ].Geoderma,2019,343:254-262.

Wei L. Ge T, Zhu Z, et al. Comparing carbon and nitrogen
stocks in paddy and upland soils: Accumulation, stabiliza-
tion mechanisms, and environmental drivers[ ] ]. Geoder-
ma,2021,398:el15121.

Song G H. Li L Q. Pan G X, et al. Topsoil organic
carbon storage of China and its loss by cultivation[ J].
Biogeochemistry,2005,74(1) :47-62.

Chen X B, Hu Y J, Xia Y H, et al. Contrasting path-
ways of carbon sequestration in paddy and upland soils
[J].Global Change Biology.2021,27(11) :2478-2490.
Wang X T, Chen R R, Jing Z W, et al. Root derived
carbon transport extends the rhizosphere of rice com-
pared to wheat [ J]. Soil Biology and Biochemistry,
2018,122:211-219.

Kogel-Knabner I, Amelung W, Cao Z. et al. Biogeo-
chemistry of paddy soils[J]. Geoderma, 2010, 157 (1/
2):1-14.

Pan G X, Li L Q, Wu L S, et al. Storage and sequestration
potential of topsoil organic carbon in China’s paddy soils[J].
Global Change Biology,2003,10(1) :79-92.

Wei L, Ge T, Zhu Z K, et al. Paddy soils have a much
higher microbial biomass content than upland soils: A
review of the origin, mechanisms, and drivers[ ] ]. Agricul-
ture, Ecosystems and Environment,2022,326:e107798.
Blanco-Canqui H, Lal R. Mechanisms of carbon se-
questration in soil aggregates[]]. Critical Reviews in
Plant Sciences,2004,23(6) :481-504.

Six J, Elliott E T, Paustian K. Soil macroaggregate
turnover and microaggregate formation: Amechanism

for C sequestration under no-tillage agriculture[ ] ].Soil



276

PINERY S R o

o536 4%

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Biology and Biochemistry.2000,32(14):2099-2103.

Six J, Paustian K. Aggregate-associated soil organic matter
as an ecosystem property and a measurement tool[ J]. Soil
Biology and Biochemistry,2014,68: A4-A9.

Regelink T C, Stoof C R, Rousseva S, et al. Linkages
between aggregate formation, porosity and soil chemi-
cal properties[ J].Geoderma,2015,247/248:24-37.
Caldwell B A. Enzyme activities as a component of soil
biodiversity: A review[ ]].Pedobiologia, 2005,49 (6) :
637-644.

Bandick A K, Dick R P. Field management effects on
soil enzyme activities[ ] ]. Soil Biology and Biochemis-
try,1999,31(11) :1471-1479.

Lagomarsino A, Benedetti A, Marinari S, et al. Soil
organic C variability and microbial functions in a Medi-
terranean agro-forest ecosystem[ ] ].Biology and Fertili-
ty of Soils,2011,47(3) :283-291.

Waldrop M P, Balser T C, Firestone M K. Linking
microbial community composition to function in a trop-
ical soil [ ] ]. Soil Biology and Biochemistry, 2000, 32
(13):1837-1846.

Sinsabaugh R L. Phenol oxidase, peroxidase and or-
ganic matter dynamics of soil[ J].Soil Biology and Bio-
chemistry,2010,42(3) :391-404.

Zhang Q, Feng J, Wu ] J, et al. Variations in carbon-
decomposition enzyme activities respond differently to
land use change in central Chinal J].Land Degradation
and Development,2019,30(4) :459-469.

Tian L, Shi W. Soil peroxidase regulates organic mat-
ter decomposition through improving the accessibility
of reducing sugars and amino acids[ ] ].Biology and Fer-
tility of Soils,2014,50(5) :785-794.

Olander L P, Vitousek P M. Regulation of soil phos-
phatase and chitinase activity by N and P availability
[J].Biogeochemistry,2000,49(2) :175-190.

Maharjan M, Sanaullah M, Razavi B S, et al. Effect of
land use and management practices on microbial bio-
mass and enzyme activities in subtropical top-and sub-
soils[J ]. Agriculture, Ecosystems and Environment,
2017,113.22-28.

Lin ZW, Li Y F, Tang C X, et al. Converting natural
evergreen broadleaf forests to intensively managed mo-
so bamboo plantations affects the pool size and stability
of soil organic carbon and enzyme activities[ J |.Biology
and Fertility of Soils,2018.,54(4) :467-480.
Trasar-Cepeda C, Leiros M C, Gil-Sotres F. Hydrolyt-
ic enzyme activities in agricultural and forest soils.
Someimplications for their use as indicators of soil

quality[ ]J].Soil Biology and Biochemistry,2008,40(9) :

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

2146-2155.

de Vries F T, Manning P, Tallowin J, et al. Abiotic
drivers and plant traits explain landscape-scale patterns
in soil microbial communities [ J ]. Ecology Letters,
2012,15(11):1230-1239.

Drenovsky R E, Steenwerth K L, Jackson L E, et al.
Land use and climatic factors structure regional pat-
terns in soil microbial communities[ J].Global Ecology
and Biogeography,2010,19(1) :27-39.

Jangid K, Williams M A, Franzluebbers A J, et al.
Relative impacts of land-use, management intensity
and fertilization upon soil microbial community struc-
ture in agricultural systems[]].Soil Biology and Bio-
chemistry,2008,40(11) :2843-2853.

Moscatelli M C, Di T A, Marinari S, et al. Microbial
indicators related to soil carbon in Mediterranean land
use systems| ] ].Soil and Tillage Research,2007,97(1) ;
51-59.

Marschner P, Kandeler E, Marschner B. Structure and
function of the soil microbial community in a long-term
fertilizer experiment[ J].Soil Biology and Biochemistry,
2003,35(3) :453-461.

Steenwerth K L, Jackson L E, Calderon F J, et al. Soil
microbial community composition and land use history
in cultivated and grassland ecosystems of coastal Cali-
fornial J ].Soil Biology and Biochemistry,2003,35(3):
489-500.

Peacock A D, Mullen M D, Ringelberg D B, et al. Soil
microbial community responses to dairy manure or am-
monium nitrate applications[ ] ]. Soil Biology and Bio-
chemistry,2001,33(7/8):1011-1019.

Bahram M, Hildebrand F, Forslund S K, et al. Struc-
ture and function of the global topsoil microbiome[ J].
Nature,2018,560(7717) :233-237.

Bastida F, Zsolnay A, Herndndez T, et al. Past, pres-
ent and future of soil quality indices: A biological per-
spectivel ] ].Geoderma,2008,147(3) :159-171.

R IKRICEE B A L TR PPN R AR AR R A
WL E O AR, 2021,54(14) :3043-3056.
Doran J] W, Parkin T B. Quantitative indicators of soil
quality: A minimum data set[ J].Soil Science Society of
America,1996,2:25-37.

Biinemann E K, Bongiorno G, Bai Z, et al. Soil quali-
ty: A critical review[ J].Soil Biology and Biochemistry,
2018,120:105-125.

AEYEAT L B K BT (54 S - R A BT Al 48 B L HE R R
PR gt )], - 241, 2022, 59(3) 1 617-625.
TRVLRR A2 2u e A, A LI R AR AR IR R 5T Ty
Rk LT ], A4 . 2022,59(3) :603-616.
KB, AR 2% e 5 A AR ARl % e v AR R LT
Bl2#,2021,73(6) :18-21.



