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(1. el ReEmRERE, a5 0710005 2. HEREERABER O TR -S540 X RITF5T ir /
LKA E TR S5 0k E S S0 E, Jbat 1000815 3. HEFORABER L RS
b X 5T Ar 7 A6 T2 Rk S R H 2 R F S0 E, JEET 100081)

 OE: AR B, AR B AR A R R R A ALK (SOC) A5 (iEbERk . fEbE
e ) WOTEASRAE, 3k Bk b nT Res R R AR R . R G TR R R Walkley-Black 3%, A
TALAE A 4 L AT BRS R 3 ANFIAEAEBRAZBERE (7. 14, 21 4F ) K RAhRIZ BRI T BT 42, 43
WEAS (R AT BR A2k el 1 S8 11 SR A4 7 A1 0 SOC L HAL v 1925 57 25 SRR I (1) RlRPRIAE R EGIE N, Ak %
2 (0 ~ 40 em ) 1 >2 Tl <0.25 mm AR LA 2350 FE B H 38 055 BAR A k34, NN S 8 - e A R AR I F i B
£ (MWD) iz (H0EH 2.3% ~ 182% ) ; [FEE, 0 ~ 20 em +JZRBIEA MWD {H 2T 20 ~ 40 F140 ~ 60
em 1)2, (2) REEHOR KRR (S2F12 ~ 025 mm) HERIKSOC (HLIGTHMER., HEhkm ) &&. mERER
AR FE B AR AR BRI I T e, A2 (40 ~ 60 em) HHER <0.25 mm A RIKH A ERTERR (4N
SOC Fi . TS A S ) XPRAEAEBR A R AU, (3) SOC (AUFETHTEmE . HMER ) &, SOC itk . A&
it B LGRS A SR AR LAR B TR - 3R B RS I R B R ka2 25 BATR, K (S14.48 ) FREAREnT R
AR R M, AR TR R SOC BLE, I SOC Il Tk, 1M <0.25 mm H R A& K + 14 /32 3
A

SRR FPRUEN: BAMRRE s ORPIRIR, SEpE EERk

RARX SOC M AERE DA L B, 45+
HIERIRAKE R SOC ARk AR C T ST 2518 A — o

S PR B AR SR WL A A R ) S I
YA, SIS R ) TR AT ) Y T A

HHEAHLER (SOC) AR Ry A A 45 2R Gt B A% 0 B
x, R TR EERE, 2550
ZEEAELIRE L AR H, SOCE R EE
PRSI A R, T
PR SOC IRAFRI TR “HIsIZ T (21 90% ik
FETHEE T ), HXFSOC iy “WyBffd” &1
BRI AZ DL — 0 BT, LI
AR 1) B 25 ) 2 R e P R A B (oK
AR, AL ) FEAE2E S, R IS B R kLA ]
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ZAE TR . PHESER MR, CTEYRIGE
P v A A SR AAR R T il 4 53 %) B 1] g A R A
WFFEAXT D

Btk (Juglans regia 1. ) 1F 38 1 55 0 28 55 44
PSR Ap, ROLS T iem, Iz R EXA
AHEWEY) h S A CBOR R, 7830 EI15 21|
KB, AEIEFRY, 2017 FFRE R i ik 383
Jit, AR E AT 50%, HABEY KT
g 0L M E I AR AR TSR, ol T
PECaniEhe ) o JETEPIHE T L AR R i)
SFRE, WAIRTHAS IR R AR 53 B 1A SR A4 P ik
SO AEAZ R P AR B A5 B AR b R A — R Al
KL, A7 DBk e i — A= 2 R G0 T R AH Gt
5%, DAEFRFREARZR L TR . SRR e

AT G AL X AN [ AR A1 R A2k el 398 1A 2R 4
DA B 2 T A8 R AN B B A B [al i, DAYTdE 4 T
5 HTZRIE FlL A7 FRA Rk LD 3 PP AERR (7.,
14, 21 4F ) A% Bk 5l 30 AP AR A% Bk 1 57 1 Ay BF
FERGE, BFFE T4 s TR A% e R 3 A L AR oA
[+ )2 (0 ~ 20, 20 ~ 40, 40 ~ 60 cm ) K Rk

= T
% e s
<

g e 104

i L FEBG

ARHT

IHHRIET H 4

N HHLE SR
ALKERE B, £520.8% e—
FFAEZ]16.7 t/hm?

RUEZR SOC R HAR AL 3 A A, LA 1T
L ALRRZE IR P AR B R (L A

1 AREKEH|ARFGE

1.1 BF5E XA

RN 8 LR VA e o 1787 = S 3 T2 S V4 )
B 23 ) o d 3 e (i B 29 1000 hm®; 114°30'—
114°33'E, 37°29'—37°32'N ), 1% Hb B8 iR 4 2= K
S, FHRIREIK RS0 13.0°CH 521 mm),
TCFEWI R 203 d, HSILAETE .

H 1960 LK, F RN 240 5450
B, MM TG RS FAE AR, TR R T B A
— 7B RSN [ PR A B APk el o AR5 b LR AT
AERRAN R AR B (SRl 2R087 ) SR,
HAR A % % N 667 Bk hm’, #RATHEE N Smx3m, E
PRAGAC A BERS I (NAGAE . BREAE ) MOG(E B
K1 (AR ERE, M s, T 1999
T T RO E L et (HIERCARHIT M, +
BRI, i HRESE IR S, B RE
290 1m), i, 56+ AR R A A — 5

e
BIARER | IS BEIRESHIS
fLpsE

BAERITHRN (2)) .
- N: 200.0 kg/hm?
- P,0s5: 180.0 kg/hm?
- K,0: 200.0 kg/hm?

B1 AABSEEXKAEEEE

1.2 +HERFESAM

Ab s B R W) AR AR BRI R 3
BHBEMARA S TB ™, BT, AUSRT
TSR IR A AT . A BERE AR L 3 A
FRREAERR (7. 14 F1 21 4F ) AZAkFE 516 3 i b 1= 45
FGE S, TR (15mx 15m) NAEE 3
AR, SRR T S my BJS, fERHAL

WHE “S” TEATIE 5 RFERL, T 2020 4 9 H MAR
LIRS, R ERAE NS 1 T 7.
FARBREEATT . 58, RRAE S IR
ARG, R — i (REER
F60em) J&, 433)2 (0 ~ 20, 20 ~ 40, 40 ~ 60
em ) HORBEHL S (0 JF0IR 18, RIBR -5 40454 fk i
AR H 5 & T PVC &b, B it L3R S fE %
N 9 N

S
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MISEEG % B e IR IR A 454 B, TEmE N
b A N P [ S o < S I T [ BN e S S S IT T =
BRFIF, KBRMRER. RIS, i 8 mm i fEIE
A5 wa, K bidid 8 mm G A HIERES R
WidH, —4iit 2 57 0.15 mm 55 T H AL
5, T HHTE R T 9

IR FCR A AERE” Tk T
SR WS, B R 8 mm B Y b HERE
BT 2 10% SKEIE, PRIZ 100 g 1R E
T2 AHEBE NG ( LI EAR 2 mm,
T EAA R 0.25 mm ) T, FEERL L
FARME 3 em. 30 K /min B9 55 05 4> 6 min, K&
F i L B R ARRE S (R >2 mm AR A4
2 ~ 025 mm KA M, <0.25 mm H R ) .
AT BRE, T 55 B R AR b ) B A et
Elebr. o, BTG 0 AR AR f (2 5%
0.15 mm ) FITEALFERR AT
1.3 Wi H &5k

+ 3 pH i & A il pH I E (KR
2.5: 1) HERFRMHIIENE ; SOC RHE
i syl (AMm#GE ) e ; HHESEU M E
LR ke

-4 S A AR AT SR AR P e 2 4R 2 R Walk—
ley-Black ¥ HE 47 W %', W %5, K 0S¢t K
(<0.15 mm) B THEA 10 mL BEERRET (0.167 mol/L)
FIHEE L BEJS, A 5. 10 8% 20 mL ¥ H,S0,
(18 mol/L) LAy A#f SR B, kds SoC
Al AR PE, B SOC o ARk 4 e (1) 5 mL
" H,S0, %8 1L 1Y SOC k& B 1 A Lok (C) ;5

(2) 10 mL ¥ H,80, 5 5 mL ¥ H,S0, ALY SOC 2
A rh BETEEA AL (C,) ;5 (3) 20 mL ¥ H,S0,
510 mL ¥ H,S0, 461 SOC 258 MK EE A AL
W (Cy); (4) SOC 5 20 mL ¥ H,S0, & 1k ) SOC
ZEAE AR DL (C, ). Hr, ¢, FC, itk
W, C; M C, AT

14 BRI Hr

L R AR E AR T T

3
P EEEA (MWD) = Y, (XixWi) (1)
i=1
A, Xi AR ER (mm) 5 Wi 2 A R E
i E s (%),
SOC W% 250 (L) =0T e
C, x 3+C, x 2+C;4
LI= -
SOC

Krf, € C R C a5 v BE L v B RIG E 0
AHLIK

AR 5T H A 34 48 SPSS 18.0 1 4T 48 3T 4
Mr, RHBHEZETTZ5H (one—way ANOVA ) PFAlk
PR (FMREARRR . SRS TN R AR ) [A] 145
FCHRPRI 225, SRS E R0 22 5 0 2Pk
(P<0.05), [AlHF, DIFPAARERR . TR MR R4 Fi 4 4
REE R EZH T, SRR R Hrel — K 50T
Aili 13RI xf  HEFE Rsz i i) 300 HASHAER

2 ZERS5HMH

2.1 AN[RIBHAEATF BRAZ MG e - S AL PR R Al
M 1 A, SR RARAR BRG] - SR

(2)

R1 AEMEERZEKEFRELTE (0 ~ 200 20 ~ 40 F140 ~ 60 cm ) TIEEBL IR

IR EE
EiEL FRAAR R

0~ 20cm 20 ~ 40 cm 40 ~ 60 cm
pH o 7.86 + 0.20b 8.05 + 0.09a 8.23 +0.08a
7 8.08 + 0.08ab 8.08 £0.16a 8.20 + 0.05a
14 8.07 +0.03ab 8.13 £ 0.04a 8.18+0.11a
21 8.09 + 0.06a 8.14 +0.12a 8.20+0.17a

8.03B 8.10B 8.20A
A Tic 1.40 +0.03a 1.43 £0.04a 1.49 + 0.04a
(gem’) 7 1.36  0.04a 1.41 0.05ab 1.46 = 0.04a
14 1.28 +0.03b 1.36 + 0.03ab 1.47 £0.07a
21 1.29 +0.05h 1.33 £ 0.06b 1.50 £ 0.05a

1.33C 1.39B 1.48A
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%k
MR
EiEEn Pt AR R
0~ 20cm 20 ~ 40 cm 40 ~ 60 cm
THEA LR St 6.09 + 0.62b 3.86 +0.32b 3.94+0.36a
(g/kg) 7 6.69 + 0.74h 4.53 +0.23b 4.13+0.28a
14 7.64 + 0.70ab 4.69 +0.18h 4.03+0.38a
21 923+ 1.24a 6.11+0.87a 3.63 +0.54a
741A 4.80B 3.93C
B Bie: 1.15+0.10b 0.78 + 0.04h 0.80 = 0.06a
(g/kg) 7 1.08 + 0.05b 0.81 +0.07h 0.76 + 0.06a
14 1.26 +0.07ab 0.89 + 0.14ab 0.78 + 0.10a
21 1.46 +0.17a 1.11 £0.25a 0.82 +0.10a
1.24A 0.90B 0.79B
A S 5.30+0.07b 5.01+0.71a 491 +0.35a
7 620+ 0.41a 5.60 +0.52a 5.48 +0.20a
14 6.06+0.51a 5.33+0.58a 5.21+0.20a
21 6.31+0.15a 5.58 + 0.46a 442 £0.30a
5.96A 5.38B 5.01B

I RTINS TR [l — LR R [ R A FRAR B R 22 5 35 (P<0.05) 5 [Al—A7 R RIR'S TR R AN [ L e L 1) 2 e B2 3%

(P<0.05) 5 FrIPHIEERE A [Fl— L2 R R PR e bR fE . R,

FEA AR, (A AR A 12 ) R BN R]
EO ~ 40em 12, 3D HEEE (7. 14 F1214F )
M pH R ML 5, BN [FRR R AR S (R
i, FEAZBRE R BRI, e RBLH
RS, misoc, &% (TN) FE5mA L (ON)
LN ZRBU S T e, Beah, RIRFAEAR FRAZ Ak
FEllE], SRS, AR RN,
Il SOC, TN &h-5 C/N (HFH HFRR A
2.2 NI R AT BRAZ Bk el - 4 AT 3R R 4 ol S HL AR
SEVERFE

AN TR) e AL AT B A2 Ak ] 4 398 A1 SR AR 4L i LA >2
2 ~ 025mm [l B KN E (862% ~ 92.1%), i
<0.25 mm P RARAL AR /N—3B 43 (7.9% ~ 13.8% )
(& 2a), B Az Ak bl P A A7 BR A ZE K, 4% b 43 AT 2R
AR AR AN, 7E0 ~ 20 F120 ~ 40 em +
JZrh, FPAE 21 AR ARk E 3 52 mm TR K L
5] %5 375 ML 43 9 H2 55 13.6% F126.0%, 12 ~ 0.25
1 <0.25 mm 5 (A Eb 1) 55 572 i 35946 A () R 1)
Ko BEAb, BHSETREERIIEI, >2 mm FIRAK LB
I AR A A, T2 ~ 0.25 Fil <0.25 mm P15
PRI B L AR S a3

WFFERY], MWD J2 i 5 1 3 1 R A AR P
B TR R SRR AR R 2b TR, AR

[ii] Fofr A2 4F FR AZ Bk il £ 40 ~ 20 F120 ~ 40 em +
JZ 1) MWD fH % 5% #h 53 ol 48 &5 2.3% ~ 10.1% Fi
49% ~ 182%. WLAh, B )2, MWD {H &2 3
FEAfaas, Hd o ~ 20 em H2WBFET 20 ~ 40
140 ~ 60 cm T2 (HEIEN 16.3% ~ 19.9% ).

2.3 R[RIFA AR R AZ Ak I + 8 AT R K P SOC 5 TN
ST AT

AS TR B A B AZ Bk el 45+ J2 A1 2R 44 SOC 7 it
BILE >2 mm I RAK P TS AKTF, 2 ~ 025 mm
BARK Z, T <0.25 mm A 5 & SOC 7 5 5 A%
(2), FMiAZHGEFAEAEBR A, 0 ~ 40 em £
JZ R AR A R SOC LB M. tbak, P
SRR BB AN, 5 R AR A B R SOC H B
FEARA Y, Hd 0 ~ 20 em T2RIERK SOC &
m T AR,

TN B 28 76 A [ fke 4 R A%k el 45 AT SR 44 b 11
AL S SOCAHML (23). £ 0 ~ 40 em )2
i, HEA R T TN & B UL 21 AR R Rk I B
L T, B A RIARRARRENL, 0 ~ 20 FI
20 ~ 40 em )2 TN FE ¥ REMAEE, HhX
KA RIR TN & it 3 = T <0.25 mm FRAE, b
Gh, BESEEREERIN, A RAR AR T TN &Y
SRR
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a B >2mm B 2~0.25 mm <0.25 mm
100 ab! labl b bl [be
9
=
X
*®
w
jisi
FEHh AR 144 214 | FEMh 7AE 144F 214F | FEHL 74E 144F 214
0~20 20~40 40~60
IERE (cm)
FVEAERR (Y) . F=15.92, P<0.01

5 ¢ b THERE (D) F=91.36, P<0.01 FEHh m 74
. YxD: F=1.369, P<0.267 B 44 WA
g L
E 4
Gl L
m 3
1
H_

1 F

0

0-20 20~40 40~60
TIERE (cm)
B2 AEMEEREZEEARE LR TIEARGASRRE NS

T B R S EEoR A TR B2 5 NG TR R — LR AR AR BRAL B 22 5 W2 (P<0.05 ). JEZR - HUf M)
T IETREE AR R AR IR R B BRI B R AL

®2 FAEMEERERERELELEARGENRSE (g/ke)
T IERAIR R
)2 (em) FhEAR IR
>2 mm 2 ~ 0.25 mm <0.25 mm

0~ 20 Jic 6.82 £ 0.29b 543+051c 496 +0.21a
7 7.35 £ 0.50b 6.12 £ 0.35be 5.35+0.36a
14 8.51 + 1.50ab 6.72 £ 0.42b 5.10+0.59a
21 9.37+1.28a 7.82 £ 0.46a 5.32+0.57a

8.01A 6.52B 5.18C
20 ~ 40 Fic Hh 3.95+0.42¢ 3.78 £0.12¢ 329+0.23a
7 479 £0.37b 4.40 + 0.40bc 3.55+0.43a
14 5.18 £0.21b 4.73 £0.28b 3.45+041a
21 6.54 £0.37a 5.50 £ 0.47a 3.85+0.28a

5.12A 4.60B 3.53C
40 ~ 60 Fic b 4.05+0.15a 3.95+0.07a 3.19+0.21a
7 4.16+0.27a 4.19+0.16a 3.30+0.20a
14 420+0.17a 4.19 +0.08a 3.41+0.21a
21 4.06+0.31a 4.11+0.27a 3.35+0.22a

4.12A 4.11A 3.31B
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(T

x3 AEHEERZUEFELELTEARTNLZEESE (g/ke)
TR R AR AR
+JZ (em) FRHTAR R
>2 mm 2 ~ 0.25mm <0.25 mm
0~ 20 T 1.26 + 0.03b 0.99 +0.03b 0.99 +0.03a
7 1.18 £ 0.05b 0.97 +0.05h 0.97 +0.10a
14 1.31 £0.10ab 1.09 + 0.09b 1.04 + 0.08a
21 1.47+0.17a 1.28 +0.11a 1.05+0.10a
1.31A 1.08B 1.01B
20 ~ 40 FicHh 0.83 +0.07b 0.72 + 0.05¢ 0.75 £ 0.02b
7 0.83 +0.08h 0.82 + 0.04he 0.82 + 0.05ab
14 0.92 +0.05b 0.86 + 0.05ab 0.84 + 0.02ab
21 1.10 + 0.06a 098 +0.11a 0.86 + 0.09a
0.92A 0.84AB 0.82B
40 ~ 60 FicHh 0.78 £ 0.02a 0.81 +£0.03a 0.80 + 0.02ab
7 0.75 £ 0.03a 0.79 + 0.04a 0.77 £ 0.03b
14 0.80 +0.10a 0.79 + 0.04a 0.84 +0.02a
21 0.80 +0.03a 0.81 +0.05a 0.81 +0.03ab
0.78A 0.80A 0.80A

Il 3 AT, FIAEARRR | AR Aok 42 4
JIE 34 1 25 5 C/N (. (P<0.001 ), AR5 H F(H &
N, BRI (F=102.51) % O/NE#mMER, +
R (F=61.01) Rz, FHEER (F=9.16) %
M e fie ELRIN S, A%kl 345 + )2 A1 Rk /N

FEMH m74E m 144F m214E

>2 2~0.25
IR RRIAE (mm)

<0.25

WAL

>2 2~0.25
TR AR (mm)

B3 AEFEERZEE O ~ 20, 20 ~ 40 F1 40 ~ 60 cm TERBERRELL

<0.25

H: Ka,

S

H 5w b 8 A TR AR B9 (B 20 ~ 40 em
JZ <0.25 mm HIRAKSN ). FE0 ~ 60 em L )ZHT, >2
2 ~ 025 mm HBE C/NEHE B (P<0.05) &
T <0.25 mm FIRIK, LAk, 38 AR /N (HFE
- SR B i S PR AR A R B

10 ¢

>2 2~0.25
FTHEARARAZE (mm)

<0.25

FRIAERR (Y) @ F=9.16, P<0.001
Mk (A) . F=102.51, P<0.001
+HERE (D) . F=61.01, P<0.001
YxA: F=191, P=0.09

YxD: F=1.42, P=0.219

AxD; F=0.537, P=0.709

Y*AxD: F=0.874, P=0.576

b. ¢ /M0 ~ 20, 20 ~ 40, 40 ~ 60 cm )22,
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2.4 N[ FfRE A B AZ K el - 48 P SR A 2 2 S
R EHERHIE

HH % 4 AT, S[R)Fh R A5 FRAZ A el 16 i 7% it
FEO ~ 40 em )24 AR SR 0 AR [F] A e
RISl <7 4F <14 4F <21 4F, fEHIESK L2, >2
A2 ~ 025 mm BIRE P EMR S 28 E&T
<0.25 mm FIZRA, BEA, 345 IR IRTE PEmR 5
W13 It il SRR B B I B AR ) A A

AN TR A AT PR T - B M e 1% o ) S ) R L
EhFRRAZERREE 0 ~ 40 em £)2, X <0.25
mm A BAE M 40 ~ 60 em + 215wk TG i F 52 00
(FR5). TEMEMAE 184 1 J2 0] B 45 P R 1Ak ] SR 30
H S IEPERRARL AR, BIVRE A 2R Aok A2 AR el £
EUREERGIN, YEEIRRI I AR, IEAh, £
Gtk 4 58 5 BRI, FMEER . 15
TREE . AT SRARIAZR RS PRtk ) 52 Wi 225 TP e o

(T

x4 AEHEFRZUERELELEARFNELERSE (g/kg)
e B AR AR
)2 (em) FAE AR PR
>2 mm 2 ~ 025 mm <0.25 mm
0~ 20 et 2.74 +0.20¢ 2.12+0.27¢c 1.82+0.11a
7 3.37 £ 0.29hc 2.61 +0.23bc 1.91 £ 0.04a
14 3.99 +0.67ab 3.12 £ 0.36ah 1.99+0.21a
21 4.49 + 0.50a 3.46 +£0.38a 1.97 £0.19a
3.65A 2.83B 1.92C
20 ~ 40 SicHs 1.47 £ 0.19¢ 1.39 £ 0.10¢ 1.13 £ 0.15a
7 1.75 £ 0.15¢ 1.65+0.11b 1.27+0.15a
14 2.02 +0.10b 1.82 + 0.06b 1.30 +£0.10a
21 2.82+0.11a 2.25+0.13a 1.34 £ 0.03a
2.01A 1.78A 1.26B
40 ~ 60 i 1.45 £ 0.05a 1.36 £ 0.03b 1.07 £ 0.09a
7 1.54 + 0.06a 1.52 £ 0.09b 1.12 £ 0.07a
14 1.54 +0.18a 1.56 +£0.03a 1.17 £0.13a
21 1.56 + 0.06a 1.52+£0.12b 1.14 £0.12a
1.52A 1.49A 1.12B
x5 AEMEERZEERELETEARENIEERSE (gkg)
TIPSR AORAR
12 (em) FlREAT PR
>2 mm 2 ~ 0.25 mm <0.25 mm
0~ 20 Jic b 4.08 +0.13a 3.31+0.24b 3.14+0.12a
7 3.98+0.21a 3.51+0.14b 3.44 + 0.36a
14 4.53+0091a 3.60 + 0.20b 3.11+0.41a
21 4.88 +0.79a 4.36 +0.09a 3.35+0.40a
4.37A 3.69B 3.26B
20 ~ 40 Jic b 2.48 +0.23¢ 2.39 +0.03b 2.16 +0.24a
7 3.04 +0.22b 2.75 + 0.40ah 2.28 +0.29a
14 3.16 £ 0.14b 2.91 £ 0.22ah 2.15+0.39a
21 3.73 £0.30a 3.25+0.34a 2.51+£0.25a
3.10A 2.82A 2.27B
40 ~ 60 ik 2.61 +0.13a 2.58 £ 0.04a 2.12+0.12a
7 2.61 +0.26a 2.67 +0.09a 2.18 £0.15a
14 2.66 +0.07a 2.63 +0.05a 224 +0.10a
21 2.50 +0.26a 2.59 +0.17a 221 +0.10a
2.59A 2.62A 2.19B
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T B 2K R et SOC 35 1 S e e M iy
febr, HAES R Soc e, ke, HiE
B ) 26 7R SOC B Pk v, TR PEAR S a4
AN, FALARRR . AR AR AR N A R % SOC
T ERBCE B (P<0.001 ), H A4 HEH X
SOC i REGE Wi K (F=141.69) , HRMAK1E

o a Tl m74F m 144F m214E

>2 2~0.25 <0.25

>2 2~0.25 <0.25
TR BRI (mm)

B4 AREMEERZBEE O ~ 20, 20 ~ 40 F140 ~ 60 cm T EFAREHEIHKREE ZHE
W Wa, b, 23990 ~ 20, 20 ~ 40, 40 ~ 60 cm )2,

3 itig

3.1 AR AR RO AR el - 08 A SR A 2 A B A
ARSI

VRO T IRES I SEA BT, TR P e £ 3
2 R P N PR R B TR AE Y, AR
WACRENY, REBIEEMAR T 0 ~ 40 em 1JZ
H>2 mm TR B, DT X 38 PR AR AR
PP R R (18 2), LAITERT SR, 1etd
PR R Geh, BEFPREAEBR A3, Sl SR AR
REEREZ B 2, X S AR AR, A
WEFEAE H, ROREAR SR A S 2058 i LR W 0 s )
LA PSSR (AP R4 ) 1Y SRR 4
TERT /R AR IR R AR Wik, A
5 P RN el AR o e R A LIS RS 224 A
e VDR 2544 BT AR (IR 250, DA T 8 o -
PERIRAEE M. Bedh, o TPk A Y (4
wYIAE) B Z, AN K o A8 R b

WZ (F=94.57), PR (F=21.96) Ffk. 14
121 A% 145 )2 SR AR AT R A SOC 1 i
FE T, RIS L2, S22 ~ 025
mm A RAK SOC 1 FE R E % (P<0.05) & <0.25
mm AR, [FEF, SOC 1% B R 507 + 345 + 2 1]
TN B TR B AR e B

b

301

>2 2~0.25
FIHERIRARRIAE (mm)

FRAERR (Y) : F=21.96, P<0.001
A%k (A) : F=94.57, P<0.001
THEREE (D) : F=141.69, P<0.001
YxA: F=3.56, P=0.004

YxD: F=3.37, P=0.006

AxD: F=17.30, P<0.001

YxAxD: F=1.30, P=0.238

FREZKORE S e, AT T M DA SR AR 25 4
R 2

A E I K B, R L ETR A,
P SR MR R PRl 2 I TN, vl 4 PR o A2 Bk
Pel R )22 - 43 (40 ~ 60 em) W SR AKLE #4 TC ik 35 52 )
(FE2), sl BB B F 2 R Al 940 2 LA T M
s (1) FEHBOT BOvEskb S, HAE KGR ™
TS Z A TR, ORI I T 3R J= e
HUE T (2) FERBREARR A B AR, AL
ZR IR (IR 30 em 2247 ) 195 =it HF
T, TEAGRGZE LN R R L
A P, HA R EMR TRIZ 1, BB
S B FPAEARFR I R2 0
3.2 FIAEAF PR AZ A bel 1 38 A1 SR A AT B Ak B ik
JEZH IR 5

BRI, 3R SR A e S A A Y
B, ARINEFRIMEA S AL RO 2
AT, AR 0 ~ 40 em 4 )2 T ORORAR R 14

| S

(T




| T T

——

rhE SRR 2024 (1)

SOC 1IN & ¥ Foi . X =2 K F Rk
HFVEIREAE . A PR ARRLEE A, Ry Rt
ToREm . ZRIE (ROmik. ZBA); o, £
SR R AR E M B e B B VA v B S T
BEPE IR . RURE (HE(RRR . ZUm ) L 28
BT, Bk, FUEA RGN S5 8 b IL R A,
T Ak el 4 3 AR A% A AR SOC, TN & it i

S, [RIAE, <0.25 mm HIERMAK T SOC, TN & & Xt
2k ] A 355 7 B3k R o ) 4 il S 1o AN RRR, X T
IF PR T <0.25 mm PR ARAE Ay 338 b e AU i 4
Oy SN Y BORS R Y AR, AR XESZ
NI FLRBE 0, AWFIEIE KB, A R AR
SOC. TN i pi A2 PR PRI B, X5 Yao
2 1270 ok B DR AL T 4 A S RIE ST 45 SR A A
FEA IR AR A R A 48k . R S A7 RE

Boik, AL P RRSEGT Bk AR
ZIFE H ORI AR R A4 b /I A2 A SR Al i
PUBES R Cariie ) 45 “FhiE” TR, ki Al
RIEPEEEZ MRS WA, E AT
e, TR Y A HLIE it A B e T R
H1SOC. TN & & & T2 1. /N 2 & SOC
Wi e AR B (0 E B4R A, HAE R 3R W] SOC 43 i 72 B
15, EARINIZEA SOC /el >, A iRIe iy
HiERW, REHEONEHEERTHRZELE, K
RiA2 A B AR B3 5 T <0.25 mm HIBE (&3),
U, P A el - SR A A SR AR sl R 2 1 4
H SOC Fr g F2 BEAIG, T/ A% A R IR SR 2 + 2
H SOC JH i FE I & -

- S AR S i b A 2 AR G R R K HLAR I BR Y
W, FEEIA L. FAZEAERHE, JRIRASMT SOC
A A TR AETEh, FhEAE
PR RIS . R S R R TG P S 4k
AR LB 5 SOC MUY R, H Bk 34
DR 28 X TG PR B (4 R R B2 58 4 PRl . R & B AT 38
A MU T IR HR i RE . A HLIE S8 P ik
Wiy 0 o it oy, B . HIR T 585
R w5 3% AR R O Bt AT AR S AT A%
b FEl 4= 38 AT R A SOC 3G M T (& 4). ARWF
SRR, FJEHHESOC IH kR Em THE 11,
1M KRR A R AR SOC 1M 25 & T <0.25 mm A1
K. Smith & 2, YRS (. 2) A
SR, B P S 5T o vt B P s R Ll 2 I
AR R, ARG P RZ S <0.25 mm AR EK

il AR (R2ME3), Kk, HAH
IHE PR E A, A SOC TR PEREAR .

4 Z5ig

KRR AEAZA T ol R R IR R e v, HHE
FIFFZ T (0 ~ 40 em ) FORIAR B IA SOC FH
SR HEER R kiR (5212 ~ 0.25 mm) H
RORVE N IR FEHR 7y, ARG B R
e J 37 0 B AR A B FAFVE T, 17 <0.25 mm
VAT 3R Ak o o A 41 BI04y i 1 SRR, A, TR
AP (HIE . BHESE) b TRIZTIE,
SHEERZ L5 soC o K HIEES & T IRE
e, AT AS R AT I B AR AR e R b £
AR R LT SOC St dh o A j g, iiliT
Bl AT RS AAZ AR 1 P AR AL AR

SE Wk

[1] Li S, Gu X, Zhuang J, et al. Distribution and storage of crop
residue carbon in aggregates and its contribution to organic carbon
of soil with low fertility [ J ]. Soil and Tillage Research, 2016,
155: 199-206.

(2] #RWIBg, skjoie, i, S5 A LSl o 5 0 b e AL
PEAFSEHESE (], MY IR 5 LR A, 2017, 23 (6):
1441-1449.

[3] Wiesmeier M, Urbanski L, Hobley E, etal. Soil organic carbon
storage as a key function of soils—A review of drivers and indicators
at various scales[ ] |. Geoderma, 2019, 333: 149-162.

(4] FréEdE, M0y, Pin, % ZREEBITE LAER I
Fese PE R . AP AR [ ], RIPE IR S IRk,
2021, 27 (3): 380-391.

[5] 200, shme=s, BOCHE. 55 &3 AE X L3
AL ZEFI A RIRRRE R W [J ], K RAFEIR, 2010,
24 (1): 233-238.

[6] He Y, Zhang W, Xu M, et al. Long—term combined chemical
and manure fertilizations increase soil organic carbon and total
nitrogenitrogen in aggregate fractions at three typical cropland soils
in China[ ] ]. Science of the Total Environment, 2015, 532:
635-644.

[7] Wang S, Li T, Zheng Z. Tea plantation age effects on soil
aggregate—associated carbon and nitrogen in the hilly region of
western Sichuan, ChinalJ]. Soil and Tillage Research, 2018,
180: 91-98.

(8] AR, AFEU, SERE, 55 TR HL DA [ AR AR B b
TIRPARARSE G AL . B RE [T ], Al FREERL
4R, 2019, 38 (7): 1560-1566.

(9] A, Bifi, VIER, 5 LHEBRPEMRATIEIERE ()], 4
B, 2014, 34 (17): 4829-4838.

S

(T




rhE ISR 2024 (1)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Meisen S A, Smanalieva J, Oskonbaeva Z, et al. Intraspecific Central China [ J]. Sustainability, 2019, 11 (4): 1169.
variability overlays abiotic site effects on some quality parameters of [22]  JHglizz, SB. AT DU R b AT SR A K AT DL 4
walnut ( Juglans regia L. ) fruits from Kyrgyzstan [ J ]. European AR ], 3, 2011, 43 (3): 406-410.

Food Research and Technology, 2020, 247: 363-373. (23]  Z=lH, #%5, BB, 4% 845 kA8 IX 4+ Hof
Fim, TR, ZEEEF. AR IR R AR A B O PR RHE R [J ] KPR, 2017, 31
ARSI [T ], REE SR SRR, 2013, 19 (1): 248-253, 259.

(6): 1393-1402. [24] Rumpel C, Amiraslani F, Chenu C, et al. The 4p1000
Sparling G, Ross D, Trustrum N, et al. Recovery of topsoil initiative: Opportunities, limitations and challenges for
characteristics after landslip erosion in dry hill country of New implementing soil organic carbon sequestration as a sustainable
Zealand, and a test of the space—for—time hypothesis [J]. Soil development strategy [ J ].  Ambio, 2019, 49: 350-360.
Biology and Biochemistry, 2003, 35 (12), 1575-1586. [25] #k®, TRE, AW ZAM BN 2 1 R
Luan H, Zhang X, Liu Y, et al. The microbial-driven C AP B F2 oy A Ak p s mg [ 1], ROFAESA, 2020, 31
dynamics within soil aggregates in walnut orchards of different ages (9): 2857-2865.

based on microbial biomarkers analysis [ J |. Catena, 2022, [26] Cyle KT, Hill N, Young K, et al. Substrate quality influences
211: 105999. organic matter accumulation in the soil silt and clay fraction[ ] ] .
Mao L, Tang L., Ye S, et al. Soil organic C and total nitrogen Soil Biology and Biochemistry, 2016, 103: 138-148.

as well as microbial biomass C and N affect aggregate stability in a [27] YaoY, Ge N, YuS, etal. Response of aggregate associated
chronosequence of Chinese fir plantations [ J |. European Journal organic carbon, nitrogen and phosphorous to re—vegetation in
of Soil Biology, 2021, 106: 103347. agro—pastoral ecotone of northern China[ J |. Geoderma, 2019,
. el b orE I ] deat: PERLRHYE 341: 172-180.

HpAL, 2000. [28] SixJ, Bossuyt H, Degryze S, etal. A history of research on the
Chan K'Y, Bowman A, Oates A. Oxidizible organic carbon link between ( micro ) aggregates, soil biota, and soil organic
fractions and soil quality changes in an Oxic Oaleustalf under matter dynamics [ J |. Soil and Tillage Research, 2004, 79
different pasture leys [T]. Soil Science, 2001, 166 (1): 61-67. (1): 7-31.

ZEHE, BT EE, R R, AE AR IR AL RS R E T [29] Wiesmeier M, Hiibner R, Barthold F, et al. Amount,
SO - HE PR R AR5 W o S Re e PR s [T ], RS, distribution and driving factors of soil organic carbon and nitrogen
2023, 43 (9): 1-10. in cropland and grassland soils of southeast Germany ( Bavaria )
Nandan R, Singh V, Singh S S, et al. Impact of conservation [J]. Agriculture, Ecosystems and Environment, 2013, 176
tillage in rice—based cropping systems on soil aggregation carbon (15): 39-52.

pools and nutrients [ J ].  Geoderma, 2019, 340: 104-114. [30] skaW], ERE, X177, S AHPUIEEACRTE L Flfe e
Zhong X, LiJ, Li X, et al. Physical protection by soil X ECE LR g [T ], AEY A, 2021, 41
aggregates stabilizes soil organic carbon under simulated n (12): 1534-1540.

deposition in a subtropical forest of China [J]. Geoderma, [31] Zhang P, Chen X, Wei T, et al. Effects of straw incorporation
2017, 285: 323-332. on the soil nutrient contents, enzyme activities, and crop yield
Zheng J, Wang L, Zhao J, et al. Forty—year—old orchards in a semiarid region of China [ ] |. Soil and Tillage Research,
promote carbon storage by changing aggregate—associated enzyme 2016, 160: 65-72.

activities and microbial communities [ J |. Catena, 2022, 213: [32] Smith AP, Marin—Spiotta E, de Graaff M A, et al. Microbial

106195.
Guo Z, Zhang L, Yang W, et al. Aggregate stability under

long—term fertilization practices: The case of eroded ultisols of South—

community structure varies across soil organic matter aggregate
pools during tropical land cover change [ J . Soil Biology and
Biochemistry, 2014, 77: 292-303.

Effects of different plantation ages on soil aggregate stability and aggregate-associated organic carbon fractions in
walnut orchards
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Abstract: By using the method of space-for-time replacement, we analyzed the evolution characteristics of soil organic

carbon (SOC ) and its fractions ( active carbon and passive carbon ) within soil aggregates during the walnut planting process
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for providing scientific basis for sustainable development of walnut orchards in China. Three walnut plantations of different
ages (7, 14 and 21 years ) and the adjacent wasteland without walnut planting were selected as the research objects in the
walnut demonstration base of Hebei Lvling Fruit Industry Co. , Ltd. By using the optimal-moisture sieving method and
modified Walkley-Black method, we analyzed the differences in soil aggregate distribution and aggregate-associated SOC
and its fractions across walnut orchards with different planting years. Results showed that: (1) The proportions of >2 and
<0.25 mm aggregates in the surface soil (0-40 ¢cm ) were increased and declined with increasing walnut plantation ages,
respectively, which caused the values of mean weight diameter (MWD ) was increased with increasing walnut plantation
ages (increased by 2.3%-18.2% ) . Meanwhile, the values of MWD within aggregates in the 0-20 layer were significantly
higher than those in the 20-40 and 40-60 cm layers. (2) As the walnut plantation ages increased, the contents of SOC
( both active carbon and passive carbon ) and total nitrogen as well as SOC activity of the larger aggregates ( >2 and 2-0.25
mm ) in the surface soils increased basically. However, the SOC contents, SOC activity and total nitrogen in the deep soil
(40-60 cm ) and <0.25 mm aggregates were not sensitive to walnut plantation ages. (3) The SOC (i.e., active carbon and
passive carbon ) , total nitrogen contents, carbon nitrogen ratio ( C/N ) values and SOC activity showed decreasing trends
with aggregate size decreased. Meanwhile, these indices decreased gradually with an increase in soil depths. In conclusion,
long-term walnut plantations ( >14 years ) could increase soil aggregate stability and were bheneficial for SOC accumulation
and the improvement of SOC activity within larger aggregates; however, these indices within <0.25 mm aggregates and deep
soils were difficultly influenced by walnut plantation ages.

Key words: plantation ages; walnut orchards; soil aggregates; active carbon; passive carbon




