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A B e B ]+ X AR T TR RN HiE A 55 B 200

BRI, ORRE T, XIEHE, BEF, E5M, B
(WSRO, NEEE PSS 010019)

WOE WIERS AR R X RAEAR M 0 ~ 40 em 2 AR (SOC) | 36 P HUBRAL 43 S A Lo 4]
Fhs PR RS AR IR, T 2019—2021 4E7E PN 52 17 35 /K AT B — 0] P 06 3 b 3% 252 3 4R b 47 [ ) s 6336, 4%
SR ASHE R AR FE (CK) o SRR FE (T1) . SARiziE + (T2) FRSFFECRERZTE & (T3) 4 AbBE, 25
REW]: 1HE SOC FIHMERR 4 4 FEAF BRI R I SE RS THis [ BRIBURCA Ml (POC) &t | mfbias, A
M+ 2EFEHHF 10 ~ 20em >0 ~ 10 ecm > 20 ~ 40 em; FALFHEE T 0 ~ 40 em +)2 304 Pk S H G %
W, FEFFECHERZ I EACRE TR, 5 CK AL, #£0 ~ 40 em 12, T3 ZbH 48 S0C, PP Pk
(DOC) . HEAHYLER (LOC) Fl POC 3 4P T 7.16% ~ 9.63% . 12.35% ~ 18.05%. 15.55% ~ 41.97% il
100.73% ~ 127.90%, [E42E T AR 2 DOC/SOC, LOC/SOC Fl POC/SOC ) F + ek P& ds %, 1% soc
KA o Z ) 4 5 B3 EAH GG R, DL LOC HHOC R B, 3R LOC AL se e i SOC (8 fe il FT L,
A SR IR HBORS T T e 10 - 5 e 408 (0 5 55 48 SOC K HUIR PR 20 405 1 DA S b e A A 85, % A 42

Th, BrEdcE A EE R

KA AR it REEA N WA URA Y BRFE TSR SRR

w At mEERER KW T R TR, ATR
PS5, iz X e R e, AL
AN 1% 24, WIRE] 15% 2, HRpil
A= A e B b AR SR b I 52, TE RN 1 48
Jr R T RO, BRI T AL R & R,
A R A X e T i ok T R A [l

A LR R S e A 3 T RO B A TR R
{EA LR & SO -5 6 P =1, e
AR BRA HLAR ) A R A i s Ak ), T
L, WIEnEMEA LR (DOC), SAfal
ik (LOC) FfRiA HLa (POC) SEA4E A HLAK 1
— BB, HOOE - S Rl R A ) i 1 A A AL B R R
fi, AIHIRAS R TR AL 1,

FEFF A AR R FE L) e R AR 2 —, nIff
A HURR SRR AT R R A e U R
£, FEFFIE AT USRI e MRk i L g
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TR RHERE . XK F AR 2 N RS,
IR ALBRAFE A R S0 4 FH AS B it F e 7 A
fAAEZESE, NI, BEXTRRE TRt i + 5
FEAT LA DL AL AR R GRS .

AWFTERE R B A IR DA A 8 L, LA
FAF L 2 b e B0 R R R DA AR, 1A TS
i, ARG AR A T A LR .
A HUBR A S 3 B (51 Fvssk P B At 23 224l
R, DA B e U DO T SR
L et A PR BE RS AR TS S BOR S [,
K TORFEATfak T B, R B 1 KRS AT
SRR UL IR, [RIIN Al D 8 g AR X F oK S
ML HReAE . MVRIRIEEOR S, W VR s
HABIE L

1 #REIZE

1.1 e gL

AR IR T 2019—2021 476 P 52 1ty R RN 4 1T
T8 AT B2 B[R] 5 A — B BAC L (39° 57" N,
111°39" E) #k47, %4 X & R i 8 1 5 )5 5
YE B M IX, SFEIEHR R 1374 m, F K
7.1°C, = 10°CHE K 2370°C, TFEHIHN 140 d, 4E
HIF& K 50 365 mm, 4FZE & 2577 mm, [&
FEENRIE 79 H, JRMA pE A T RO
PR WA, B A 1 g0 ~ 20
em )2 HHEEILREARIR LR 1, I R K 2 AR
AL LA 1,

=1 et I EAREBA R

FOUR AR B AR s

(mg/kg)  (mglkg)

pH

(ghkg)  (gkg) (mg/kg )

6.07 0.43 422 7.2 106.5 7.62

()| O 7K i D004 187K bt s 202147 i
| —*—20194FUilh —8—20204F Tkl ——20214Tilt
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1.2 Rt

I E 4 A, SR AN R 1 RS
(CK). Hf5#F (T1) . HpEhzmE £ (12) .
FFECHEAZIE £+ (T3 ), RABALX %, HE 3
W, HR2A/PX (K x 98 =15 mx8m), Hrf
FFif H & A 6000 kg/hm®,  H3 45 A% 2120 22 4F 4 56
HIF 5 1 i 2 it FH o0 18000 kg/hm®, FHE A2 & Fh
A — PR (N) . B (P,05) #4300k 109.5
1 103.5 ke/hm® FRKE R WE G TORFEFE . i 1
BIHFZHE T 20 ~ 30 em, [ 1+ HAE 2018 4EFk
A 1R, EHRAERERE T, FRFEFF K
WAL R, By <5 emo BEE NS
W= A Sl A BRA RS, 224145k T1HO,.
AlL,O;. CaO. K,0, MgO. Na,O. Fe,0; IEERSIRT
HE®29 N 732%, 11.4% . 2.67%. 2.58% .
1.05% . 0.31%. 0.29% #10.40%, ki 1%} 75 wm,
Mz (MU 15 ) FEFEA 150 kg/hm®, 7R 25
em, FEFEEN3 ~ 5em, THAE6 H 1 HIEF,
9 H 15 Hleak, Hoft FH )4 AL it [R) 24 o — 5
1.3 e SEhRS ik

T 2019—2021 4 M 47 WAk Jm AT HURE, B>
AN S p5, #% “S” T LS BURE TS A B A
0 ~ 10, 10 ~ 20, 20 ~ 40 ecm + )2 T4, ¥ 6] —
2S5 AR SNRA S, KB A BRAE AR
R, WPIEEE, W50 2 mm 6, (RAEAE 4°C
VKA P T nT s A LR & 5 o A
SR 5 B Rk 2 mm B, T+ 58 H HLAK 4143
5E

A HLIK (SOC) B R FH 5 4% TR 47 A 1k
B L DOC & iR 2B KR BOE
(KBRS 1) P 4 POC SRS
BRI 0 M s L LOC & B R AR
BRAEAYE O ME, RAZSERED R HEA HLIR S S A
B WL 221

MRS BRIE B AR DL CKAE A S % + 1,
£ Blair % 1 {07 AT
T IERR PR TS0 (CPMI) =CPI x Al x 100%
WRIEFEEL (CPL) = FEfh HIRAWLIR & = (gke) /
S AW S (g/ke)
B B FE AR (AL) = FE SRR G JE 1 275 + ek
JE T
RIFEIGE (A) = 115 A A MUk & &t (gkg) /
IEFRAR SR (gke)
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kK H1 Excel 2019 4b P14 I 41 1, R ] SAS
9.4 HATHR R I 225007, FH SPSS 26.0 #AT XA R
J5 224570, FHLSD 4T 2 & g (P<0.05) Fl
Pearson XU 35y A0 AE 43T o

2 BERE5HH

2.1 bEE )2 F A KHAZ HAERXT A L
B e A P 2H 50 B 5 il

HH ¢ 2 AL, A FANAE (X SOC, DOC. LOC
A POCH B (P<0.05) Stk B3 (P<0.01) 15
Wi, b, R DOC A BE (P<0.05) §400,
AL EE . 4 2 DL ARy 22 18] 19 22 B AR FH XF SOC,
DOC. LOC F1 POC Mg A A 2 (P>0.05 ),

x2 HE, TR, FHREXIBEERAMTERNR

REFREASRIZ M

P T

Qb B 3 11377 6367 3.63 1042

+Z 2 3.14% 389 1.60™ 3.00%

AE 2 6.05" 7907 2056 4.60°
P x 26 0.108" 0335  0.998%  0.978%
B x ARGy 6 0.203%  0378%  1.881™ 1.795"™
W ox B2 4 0.174% 0232 0275 0.051%

T, e ] e S I IR LE 0.05, 0.01 F10.001 7K | 2% 5 i 3,
NS FRZERALE; FPIEE R FRRE.
46

42 F

AR (g/kg)
:

3.0
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2.2 FEAFECHERZE 1 X 4 A LA 5 A R

K 2 Ky 3AEARRIALFE T 34>+ )2 SOC 75 2 iy 78
BB, M 34E0 ~ 40 em 1271 SOC & #1948
F, ALY E ST CK (P<0.05), HhniE
9 4.06% ~ 8.70%, Hirh T2 AbFRIGHE /N, T3 AbFE
W B R T1 RN T2 A0 #2535, AF BRIE] SOC
TR R FEE R (P<005) (F£2), BEAERM
i, 2 AEBR SOC & f JelEAE Ty, 2020 4 i #E1IK
F 2019 Fl1 2021 4F, X A B S K ok 2020 4 ( FEK &
191.5 mm ) %2 2019 4% ( [% 7K  245.68 mm ) F12021
AE (BKEE 2117 mm) A FBIBOKEED B A
FrEg (1), TR8UE T HAEYRIE Z e, i)
T A SRR, AU S R B
JEIR, AP SOC F it BTSRRI, 5
ZERABE (£K2), MFARLIZMNE, 0 ~ 10em
+ )2, 7£ 2019 F12021 4 T1., T2 F1 T3 &b ¥ %5 CK
EWAN T 2.86% ~ 795% (P<0.05); 10 ~ 20 em +
2, ELE3AETL, T2 T3 AL B CK B E W T
3.99% ~ 12.57% ( [ 2020 4F T2 5 CK 2257 AR B350 )
(P<0.05); 20 ~ 40 em )2, ¥%ESE 3 4F T3 4bFH4 CK
HLEHINT 607% ~ 9.97% (P<0.05), T1 F1T2 4b3H
AAE 2020 4F 5L BT CK (P<0.05), H41§EH 7.17%.
ANF L JEHILL T2 AhsEiR N . T3 ARG R

2t % 2234 1 8, 0 ~ 10em - 2, CK.
T1. T2 A1 T3 4b # SOC & 12 %5 2019 4F #4 Jin 17 002 ~
0.07 g/kg; 10 ~ 20 em £ JZ ¥4 /i T 0.07 ~ 0.20 gke;
20 ~ 40 em + 2 AN T 0.02 ~ 0.10 gkg, A A+
JZ LA CK b 314 6 /v, T3 Ab UG 8 i K. D
LU, FEFES I R A AT e AR
Pt

BMO0~10cm B10~20cm ™W20~40cm 0O0~40cm

2020
A RIAL R

B2 ARALETARLEANHSE
U ARG PR R AR 22 Sk E B FK P (P<0.05). Tl
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2.3 AT I it 10 e X A T A 2 43 B e
EW A5 ) 5 M)

2.3.1  AEFFECHERZIE X5 38 nT A LK 5 5
AR He A5 B4 5 i)

DOC 5 SOC Wy fff—fif W . o A= 0 37 3 4 5
YIRS T N3 4E 0 ~ 40 em +J2FH DOC 4
EIARLE, T1 A T3 AbF 2 5T CK(P<0.05) ,
4R 4> 9 K 10.65% 1 15.36%.,  4F By [8] DOC 75
HAERENEZR (P<0.05) (F3), BHAFERRH
i, DOC & w JeREALE T, 76 2021 4 8 3% = T
HIMAF, £ )2 [E DOC 7% &2 [FI A 22 55 i 3 (P<0.05)
(#£2), HF10~2050~10m T ELFAR
2 WEET 20 ~ 40 em H2, WHEEEDL, DOC &
FEEFO ~20em EEH, FE0 ~ 10, 10 ~ 20
120 ~ 40 em + )2, L2 34 T3 4L B DOC 75 1=
BCK WA T 55.79% ~ 22.36%; 10 ~ 20 cm
+J2, L 3AFE T1 APPSR CK B EHN T 8.94% ~

21.2%, FEHAE)ZE T1 5 CK A ¥ 2 F ¥R L 5] i
FAKWo ANFETEHLL T3 b B R, AL,
T2 fb3 Y CK 25 A%,

DOC/SOC ZELVE I 7E 1.91% ~ 2.50%, 0~ 40
em )2 35 DOC/SOC TE AN [A) AF- 3 A B (8] £7- 75 25
S, 2019 4F A [A] b B 2% B R T3>T1>T2>CK, T3
35 & T CK; 2020 4F AR [R) Ab #3& BER T3>T1>
CK>T1, T3 & % & T CK (P<0.05), T2# CK i
TR /Ny 2021 A [A] b BR R B TIST3>CK>T2,
T1 B#&T CK (P<0.05), 2019—2021 4F T1 F1 T3
Ab3E DOC/SOC {HFI R A3 AN, Ud BIFS 14 A1
Fic it Ak B BE 2 75 1 4% SOC 1 DOC AYJ3EC L, Ky
T YRR AL 2 Y ORI RS, DT i - e rh
HA HLBR IR, T2 &b 3 DOC/SOC 7E 2020 1 2021 4
W, 1 B R 4= 6 DOC 1 W B 1 o2 g 0 o
5, AFIT EHEA VLR fLor i, (Htm T 15
AHURAREE, AR TR E IR R,

#3 ARLETARTEMHREENBREEREHE LI

(T

. TR
Eiztan Ay Qb
0~ 10cm 10 ~ 20 cm 20 ~ 40 cm S

AR 2019 CK 71.76 £ 4.87h 72.15 £ 1.35¢ 66.33 =3.19h 70.08 = 1.32¢

(mg/kg ) T1 77.17 £ 5.24ab 82.21 +5.77ab 70.80 = 6.18ab 76.73 +2.62b

T2 74.10 + 3.25ab 75.68 % 2.98bc 69.15 = 1.00b 72.97 +2.23¢

T3 81.38 +0.59% 85.83+5.22a 77.36 +3.08a 81.52+0.94a

2020 CK 68.11 £ 1.13b 70.50 £ 2.00c 66.33 +3.19h 68.31 +0.23¢

T1 72.48 + 6.02ab 76.80 + 2.68ab 69.66 + 5.75ab 72.98 +1.10b

T2 68.21£2.91b 72.06 £ 1.71bc 66.55 + 1.65h 68.94 + 1.28¢

T3 75.52+0.52a 79.63 + 4.04a 75.92 +1.98a 77.02£0.77a

2021 CK 73.04 +4.52b 77.49 +7.90b 74.72 +2.08b 75.08 = 1.68b

Tl 89.07 +7.53a 93.92 +1.23a 76.56 + 1.70ab 86.51 +3.30a

T2 77.87 £9.33ab 78.47 £11.50b 75.44 £2.12h 77.26 + 5.40h

T3 89.37 +3.02a 9472 £2.53a 79.05 + 1.65a 87.71 +2.24a

AR/ 2019 CK 2.05+0.13a 2.06 + 0.03h 1.91 + 0.06a 2.01 +0.04bh
ALK T1 2.1020.13a 224 +0.16a 1.98 +0.20a 2.11 +0.10ab

T2 2.06 +0.05a 2.07 +0.05b 1.96 = 0.08a 2.03 +0.04b

T3 2.18 +0.03a 224 +0.06a 2.11 £ 0.09a 2.18 +0.02a

2020 CK 2.00  0.14a 2.06 = 0.08ab 2.07 +0.09a 2.04 = 0.06b
T1 2.05 0.26a 2.14+0.02a 2.02+0.17a 2.07 +0.03ab

T2 1.95 +0.05a 2.030.01b 1.94 + 0.06a 1.97 +0.02¢

T3 2.06+0.01a 2.13 +0.06a 2.15+0.13a 2.12+0.03a

2021 CK 2.08 +0.16a 2.16+0.19b 2.15 +0.04a 2.13+0.03b

T1 2.40  0.20a 2.50 + 0.06a 2.12+0.09 2.34+0.10a

T2 2.14+0.28a 2.10+0.27b 2.09 +0.09 2.11+0.12b
T3 2.3520.07a 2.35 % 0.04ab 2.100.05a 2.27 +0.05ab

TE: RPEUR G /NG FRER R FoR IR 22 5 B3 (P<0.05). T,
— 115 —
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2.3.2  FEFFECHERZIE 4 X 435 A LA DU & B
HATE e 3 R 5

WmZFE4R, N340 ~ 40 em T2 F ¥ LOC
SRS, T1AIT3 AR E ST CK (P<0.05),
W 43 90 K 27.96% F138.71%., 4F- B 6] LOC & 1 77
R EEZES (F2), WEEREMN, &4 10C
RS T, 2020 AF W AR 2019 i 2021
A, BEEJZINGE, AAbER e TR SRR, TE
0~ 10, 10 ~ 20 F120 ~ 40em +J2, %ELE 3 4E T3 4b
PHAT CK BN T 2500% ~ 64.86% (P<0.05), 1F

2019 12021 4E T1 &b P4 CK W E N 1 16.88% ~
50.00% (P<0.05), T2 4b ¥ AL 7E 2019 40 ~ 10 cm
+)25 CK 273 83% (P<0.05), WiIFEHN 1739%, K~
[+ )20 T3 Ab PR gk

LOC/SOC %% b ¥ [l 7 0.21% ~ 0.47%, 43 #r
0 ~ 40 em 1 )2 LOC/SOC, A [F)4F £y A ] &b
PR FI K T3STIST2>CK, &34 & T Lo/
SOC, T3 A3 % = T CK (P<0.05), T2 4bFE 5
CK ZRABE, 7L, T3ZFEXF 0 ~ 40 em )2
FHLOC i A E i .

x4 TEV/ETARLIESELANHRSERESELLH]

k7 G LA
0 ~ 10 cm 10 ~ 20 em 20 ~ 40 em -1

Ty A LR 2019 CK 0.92 +0.01h 1.03 £ 0.08¢ 0.89 = 0.08¢ 0.96 + 0.07¢
(g/kg) Tl 1.12+0.04a 1.23 +0.07ab 1.06 + 0.07ab 1.15 £ 0.05ab
T2 1.08 £ 0.07a 1.11 + 0.08be 0.97 + 0.10be 1.04 + 0.05he

T3 1.15 +0.05a 137 +0.14a 1.12 + 0.06a 1.25+0.10a

2020 CK 0.77  0.06b 0.82 +0.02b 0.68 = 0.07h 0.76 + 0.02¢
T1 0.90 = 0.01ab 0.96 + 0.13ab 0.81 = 0.08ab 0.89 + 0.07ab
T2 0.85 = 0.05ab 0.85 +0.09b 0.80 = 0.12ab 0.84 + 0.06he

T3 1.04 £ 0.22a 1.05 +0.04a 0.90 + 0.02a 1.00  0.08a

2021 CK 1.06 = 0.06b 1.11£0.11b 1.05 = 0.04c 1.07 +0.05¢

T1 1.59 + 0.04a 1.76 +0.13a 1.27 +0.08b 1.54 +0.03a

T2 1.18 £ 0.13b 1.35+0.07b 1.11 £ 0.07¢ 1.22+0.07b

T3 1.64 +0.05a 1.83+0.27a 1.43+0.12a 1.63+0.12a

Gy EMATHL 2019 CK 0.26 = 0.00b 0.29 + 0.02b 0.26 +0.03b 0.27 £0.01c
AL T1 0.3120.01a 0.34 + 0.02ab 0.30 = 0.02ab 0.31+0.01ab
T2 0.30 £ 0.02a 0.30 + 0.02b 0.27  0.03ab 0.29 + 0.01he

T3 0.3120.01a 0.36 + 0.03a 0.31 % 0.02a 0.32+0.01a

2020 CK 0.23 £0.02a 0.24+0.01a 0.21 £0.02a 0.23 = 0.00b
T1 0.25+0.01a 0.27 + 0.04a 0.24 +0.02a 0.25 +0.02ab

T2 0.24+0.01a 0.24 +0.03a 0.23 +0.03a 0.24 +0.02b

T3 0.28 + 0.06a 0.28 +0.02a 0.26+0.01a 0.27 +0.02a

2021 CK 0.30 = 0.02b 0.31 0.04b 0.300.01b 0.30 +0.02b

T1 0.43+0.01a 0.47 +0.03a 0.350.03a 0.42+0.01a

T2 0.32  0.04b 0.36 + 0.02b 0.31 2 0.02b 0.33 +0.02b

T3 0.43 + 0.02a 0.45 +0.07a 0.38 + 0.03a 0.42 +0.03a

2.3.3  FEAFECHERZE X WUk A MR &
A3 e A 5 e

11 POC J2 H1 oK 58 42 3 fif 0 S AE 1) FAR 22 5%
R, FESE R, M34E0 ~ 40em +
2 POC Er iARME A, T1 A T3 AP 3 5 T
CK (P<0.05), 30 73 5~ 60.47% F1 98.84% ., 4
Pria] POC & fEfE i EPEE R (£ 2), BEFERRYY
T, T1AN T3 AbBE A POC 5 2 4E 34 i, CK Al T2

— 116 —

W FRSEREARIG TR o BEEZ IR, S AbHR T
JaREAR S, XTFARLZEmME, £0 ~ 10
10 ~ 20 em )2, #ZE34E T1 MT3 &b FH % CK &
FHNT 20.00% ~ 229.09% (P<0.05); 20 ~ 40 cm
T2, #ESk34F T3 AbHE CK WA T 64.79% ~
196.00% ( P<0.05), T1 4bHALAE 2020 4F 2% &= T
CK (P<0.05), 41~ 130.00%, % {K [, T2 &b
Y CKLREWZES. AL ZHLLT3 4By

S
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g B K, HOARR 124 A0 B 7E 2020 4F 5 CK 2
SRR, WMEKRER, XAfER N TREKS
FHAIE R IR A NE T B, HY N IRETE
R RAK, MR SOC 2 13 POC 1) EZ k5
Z#L29-30JO

POC/SOC ZEAL G HIFE 0.15% ~ 0.61%, 0 ~ 40

em 123 POC/SOC, AN [RI4- 4o A 7] b 3 45 2% 21
1 T3>TIST2>CK, 4 A FE 45 25 T POC/SOC, %%
&, T3MTI ZEZERARE, HEEST CK,
T2 5 CK Z7ARE, aJil, T34HXT 0 ~ 40 cm
+ )2 POC &R AHE ik .

®5 AELETARELEFHRANREERESE L E]

T2 E (em)

EfEL2 AEfy Ak 3

0~ 10em 10 ~ 20 ecm 20 ~ 40 cm Sy

kA LK 2019 CK 0.76 +0.16¢ 1.15£0.17¢ 0.71 +0.05b 0.88 +0.10c

(g/kg) Tl 1.00 +0.14h 1.38 + 0.05ab 0.88 +0.27ab 1.09 £0.12b

™ 0.79 = 0.05hc 1.24 £0.03be 0.78 £ 0.09b 0.94 +0.02¢

T3 1.27 £0.08a 1.42 £0.03a 1.17 £0.09a 1.29 £0.03a

2020 CK 0.55+0.2lc 0.78 +0.04c 0.50 0.23¢ 0.61 £ 0.00c

Tl 1.16 = 0.30b 1.57 £0.20b 1.15 £0.04b 1.29 +0.03h

i) 0.75+0.01¢ 0.81 +0.27¢ 0.66 + 0.06¢ 0.740.11c

T3 1.81£0.11a 2.26 +0.10a 1.48 +0.20a 1.85+0.12a

2021 CK 1.04 £ 0.29¢ 1.27 + 0.08¢ 0.96 + 0.24b 1.09 +0.19h

Tl 1.84 +0.15ab 2.15+0.22h 1.31 +0.26ab 1.77 + 0.05a

™ 1.34 + 0.40bc 1.44 £ 0.06¢ 1.24 +0.22ab 1.34 £0.19b

T3 1.95 + 0.36a 2.40 £ 0.08a 1.66 + 0.46a 2.00 +0.25a

WURLAT B / 2019 CK 0.22 +0.05b 0.33 +0.05a 0.21 +0.02b 0.25 +0.03¢

EERiIRig Tl 0.27 £ 0.04b 0.38 +0.01a 0.25 + 0.07ab 0.30 = 0.03b
T 0.22+0.01b 0.34 +0.01a 0.22 +0.03b 0.26 +0.01he

T3 0.34 +0.02a 0.37 +0.01a 0.32+0.03a 034 +£0.01a

2020 CK 0.16 + 0.06c 0.23+0.01c 0.15 £0.07¢ 0.18 +0.00c

Tl 0.33+0.10b 0.44 +0.07b 0.33+0.01b 0.37 £0.01b

i) 0.21 = 0.00¢ 0.23 +0.08¢ 0.19 £ 0.02¢ 0.21 £0.03¢

T3 0.49 +0.03a 0.61 +0.03a 0.42 +0.05a 0.51£0.03a

2021 CK 0.30 +0.09h 0.36 +0.03b 0.28 +0.06a 0.31 +0.06b

Tl 0.50 +0.04a 0.57 +0.05a 0.36 +0.08a 0.48 +0.02a

™ 0.37 £0.11ab 0.39 +0.02b 0.34 +0.06a 0.37 +0.05b

T3 0.51 £0.09a 0.60 +0.01a 0.44 £0.12a 0.52 +0.06a

2.4 FEFFECHEIZIE 0T SRR 2R FAE B R
CPMI FH T FAE A [ 4 Ml 15 it T - 58 5% 72 1k
O, A B R 100 B e Ll e i %o - 48 85 AR R
Y R e AT, A A TR A R AL B 5 0 )
HAMMIYE. MO0 ~ 40 em + JZ 2 A FI AL{E
ATPLAE W, 3AE R TIAI T3 AL B Z 0] 22 3R i
F, WE S T CKA B ( BR20204F T1 5 CK 2
SN FE AN ) (P<0.05), A F1AT B34 1§ 5 5 4
5.26% ~ 68.18% F123.00% ~ 70.00%, T2 Kb3
5 CK B EF 25 (BR20214F ALE SN ), i
A it FH I 10 7 ) 14 v R 6 1 LB B i, 4
e E A E M, T 0 ~ 40 em + 2 F ¥ CPL %
Py, BELE3AEY LT A0 B, BICK B3

75 8.00% ~ 10.00% ( P<0.05), T1 Fl T2 4b#f
TE 2019 4F 5 CK 25 5 A i 2%, 7E 2020 12021 4F
5 CK % 2 5 4.00% ~ 6.00% (P<0.05), X T
CPMI, 345 HL 0 ~ 40 cm + JZ CPMI {4 LA T3 4b
P, HS5 CKERBHE (P<0.05), T2 40385
CK2Z R A 2 (B 20194E0 ~ 10 em + 24 ).
MO ~ 40 em + 21 CPMI A8 FE, #E2E 3 4F
T1 A1 T3 40 FE 34 18 3% 5 T CK (P<0.05), ¥4 IEh
22.48% ~ 84.79%, T2 AbFR{UAE 2021 4458 CK B 3%
PE1R5 19.30% £ LTIk, B RS FF RURS A 0 it g
i RS H AR LRE T, Aefs i R E HIEIE T,
H DA FF it iz - 35 eV R S, i B i £
W 2R TR G i, R TIRIEFLER,
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F6 TELETARE LR HHESEEY

Ay FJRGE (em) Ak UJLSTES R AR KL WRIFEAR AL [HERER R
2019 0~ 10 CK 0.36 = 0.00b 1.00 + 0.00b 1.00 = 0.00¢ 100.00 + 0.00b
T1 0.44 +0.02a 1.24 +0.05a 1.05+0.01a 129.56 + 5.05a
T2 0.43 +0.04a 1.21 +£0.12a 1.03 £ 0.02b 124.48 £ 12.61a
T3 0.45+0.02a 1.25 +0.08a 1.07 +0.01a 133.41 £9.04a
2020 CK 0.29 + 0.04a 1.00 = 0.00a 1.00 + 0.00a 100.00 + 0.00b
T1 0.34 +0.02a 1.17 £0.16a 1.04 £ 0.05a 121.63 + 13.43ab
T2 0.32+0.02a 1.10 £ 0.09a 1.03 £ 0.06a 112.33 +3.33ab
T3 0.40+0.12a 1.41 £0.57a 1.08 + 0.08a 148.55 £ 49.12a
2021 CK 0.43 +0.04b 1.00 + 0.00b 1.00 £ 0.00¢ 100.00 + 0.00b
T1 0.75+0.03a 1.75+0.11a 1.05 + 0.02ab 183.98 + 11.49a
T2 0.48 +0.09b 1.13+0.19b 1.03 £ 0.02be 116.30 = 17.48b
T3 0.76 + 0.05a 1.77+0.22a 1.08 + 0.04a 190.88 £ 17.47a
2019 10 ~ 20 CK 0.42 £ 0.05b 1.00 + 0.00b 1.00 + 0.00¢ 100.00 + 0.00b
T1 0.51 +0.04ab 1.22 +0.20ab 1.05 £ 0.01b 128.08 + 20.5ab
T2 0.44 +0.03b 1.05+0.17b 1.04 £ 0.02b 109.81 + 19.82h
T3 0.56 +0.07a 1.34+£0.11a 1.09 + 0.04a 146.00 £ 10.32a
2020 CK 0.32+£0.0la 1.00 + 0.00a 1.00 + 0.00¢ 100.00 = 0.00¢
T1 0.37 +0.08a 1.17 +0.24a 1.05 + 0.04b 122.55 + 20.46ab
T2 0.32+0.04a 1.00 +£0.11a 1.04 £0.01b 104.02 + 10.42bc
T3 0.39+0.03a 1.24 +£0.07a 1.09 £ 0.01a 135.22 £5.81a
2021 CK 0.45 +0.08b 1.00 + 0.00b 1.00 + 0.00¢ 100.00 + 0.00b
T1 0.88+0.11a 1.96 £0.11a 1.05 £ 0.03b 205.48 £5.57a
T2 0.57 +0.04b 1.32+0.27b 1.04 + 0.02be 134.15 +27.99b
T3 0.85+0.23a 1.85+0.17a 1.13 £ 0.04a 209.20 +23.95a
2019 20 ~ 40 CK 0.35 £ 0.05b 1.00 + 0.00a 1.00 + 0.00a 100.00 + 0.00b
T1 0.42 + 0.03ab 1.23 +0.22a 1.03 + 0.06a 127.09 + 18.81a
T2 0.38 = 0.05ab 1.11+0.21a 1.02 £ 0.05a 112.28 + 17.36ab
T3 0.44 + 0.04a 1.28 £0.12a 1.06 + 0.02a 135.43 £ 10.58a
2020 CK 0.27 £ 0.04b 1.00 + 0.00b 1.00 + 0.00b 100.00 + 0.00b
T1 0.31 £ 0.03ab 1.15 £ 0.05ab 1.07 £ 0.02a 123.26 + 5.26ab
T2 0.31 + 0.06ah 1.13 £ 0.07ab 1.07 £ 0.03a 120.93 + 9.65ab
T3 0.34 +0.03a 1.30 +£0.28a 1.10 £ 0.05a 142.10 £25.52a
2021 CK 0.43 £ 0.02b 1.00 + 0.00b 1.00 + 0.00b 100.00 + 0.00c
T1 0.55 +0.07ab 1.26 £ 0.13ab 1.04 + 0.06ab 130.77 + 8.20ab
T2 0.45 + 0.04b 1.04 = 0.14b 1.04 + 0.06ab 107.43 + 14.45bc
T3 0.61 +0.08a 1.49 +0.24a 1.08 £ 0.03a 154.30 £ 21.63a
2019 0~ 40 CK 0.38 + 0.04c 1.00 = 0.00c 1.00 + 0.00b 100.00 + 0.00c¢
T1 0.46 + 0.03ab 1.23 +0.20ab 1.04 £ 0.03ab 127.58 + 19.6ab
T2 0.41 +0.02bc 1.08 + 0.08bc 1.03 £ 0.03b 111.05 + 4.69b¢
T3 0.50 + 0.06a 1.31+£0.01a 1.08 £0.01a 140.71 £2.92a
2020 CK 0.29 + 0.00b 1.00 + 0.00b 1.00 + 0.00c 100.00 + 0.00c
T1 0.34 + 0.04ab 1.16 £ 0.11ab 1.06 + 0.02b 122.48 +9.57b
T2 0.31 +0.03b 1.07 = 0.09b 1.05 £ 0.02b 112.43 +7.50bc
T3 0.38 +0.04a 1.31+0.13a 1.09 £ 0.02a 141.96 + 11.22a
2021 CK 0.44 £ 0.03b 1.00 = 0.00c 1.00 + 0.00¢ 100.00 + 0.00c¢
T1 0.73 +0.03a 1.65+0.11a 1.05 £ 0.02b 173.41 + 8.08a
T2 0.50 + 0.04b 1.16 £ 0.09b 1.04 £0.01b 119.30 + 10.45b
T3 0.74 + 0.09a 1.70 = 0.06a 1.10 £ 0.02a 184.79 +9.42a
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2.5 TIEAHURFNE PERR A 5 Z R AR OGS Hr
12019, 2020, 2021 4F 1 5 A HLIK 14 A DL
T 4 3 WS- YR AT AR OGP E 20 B (7)), SOC 5
DOC. LOC. POC. DOC/SOC. LOC/SOC. POC/SOC.,
CPMI 2 B FIEAK K R i HEE A MLk
I3 MRS SOC & &% PIAHE, SOC & &R

KL BdsE T HEm A MUy &5 &0
HHERASr T, L3 LOC 5 SOC M GERR, fig
i TR AR M S AR T) Ak B - A BILRR 114 52 0
43 DOC. LOC. POC. DOC/SOC, LOC/SOC, POC/
SOC Z [ AFAE W 2 IEARDE, B RN [FTE PR
MR T Z (B R %) . FHEREM

(T

®7 BIEGREXEST

Eistan SOC DOC LOC POC DOC/SOC LOC/SOC POC/SOC CPMI
SOC 1
DOC 0.862" 1
LOC 0.863" 0.932" 1
POC 0.810" 0.847" 0.776" 1
DOC/SOC 0.655" 0.943" 0.839" 0.751" 1
LOC/SOC 0.819” 0.919” 0.994" 0.744" 0.850" 1
POC/SOC 0.780" 0.833" 0.749" 0.993" 0.753" 0.723" 1
CPMI 0.763" 0.862" 0.8517 0.806" 0.790" 0.833" 0.783" 1

s ok FRTE 0.01 AR 3,

3 it

TS LR S AT S AN B A L A
Wi AR RS R S PSS R A
AHFFE R, BAREREAT . BRI Lt AR T O
31 b A o R AR [ PR v T A LR A
. KEBFFEERY, FEFFE M A A
TRESNEA LB, RENS T e LA PR
B S AT A B, YO Ak
B TF LA HURRIR T R0 1) 3 B A i A
HHURAS, EEIHE TR - E R L0, BA
RLFIORE S . WML DL R ki L R AR, fiE
PEEATRIAIE I, A 1 A HLBR A (L AR L4t
RBE, X5 EMU L R R ZH BT RIS 45
Y, s A E e AR ek
Pt PR 4R s T A HURR & i, AL Rl
WABFTE M, M | R AE 5 ~ 7 AERREER 5
TR AR, FWNE L B KR, R,
ARWFGE RS FFICHE R 1 b B0 LS LR & i
TR T 80k, X 7T RE-SREFT AR - 1 B b
P LA B G 7 A B AU A 56 . — 7 TR AT AL
e - A it FH R R T A LR A AR, ot
SR EEMRIN, TRV, APBEA R SHL
B REBEEMERER ", XA d iR T 50
M 40 - Ak B A LB 5 SR ] S % B RS AT AL B

Jy—J5 i, B HAA W, R TR AT
FEFFF=AE A MU IR SS ST A MLTEHLE A4, M
T A A FUBRR BE R, WA BURR i 2k 0 [
i, B S B SRR RKEE T, B R
WS T REFE I A T K o3 25k, TRl Bt et 1 6k
Y gE, SR T RUEYIEYE, S T RS FE
O, PR TREFFROMTRCR T e T A L
g, MeAh, REFFRRALSR A, WA REIE LR K
5y, BEME A M GEEY AR K A, JERIEHEED
A, PRGN - AR AR RAREEA, $EE AL
B, X 52 A O e MR A 1F R TR UE
BRI A5 A FH R N KA FRRE B R R
+ - HES KRR LT A R, (AR
TEFIIT R R IR . SR E%E Y T T %
B, RS 5 i TRt o] LA g 2 v
g A MR, SARSCIF T & ), (AT
TV BORFEFF B MR M . Vidal 25 1) BF
FEMAR TRMISHE, WM S0 A A 1
A HLER R TR A P A A R P D e ) - 35 S
MIFER S P v - emefig . mT 0L, RS AP
VI = Ah PR T - A BIURR  RcE , xt
TP S i SRR X AT LR 5 A3 0 L

AR S,
DOC. LOC 1 POC %5 + 3 1% ¥ Pk 32 il =
VG sh i sem, WS E s S RERA . ASHIE
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e, FRERSFT . PRGERZIE AR AT BRI £ Ak
PEIHE & T 2 4 b AR X H - 586 A LR 2
43 DOC. LOC fil POC 7% . X 7] B2 th TR FFAE
RANERREEN A A AR T A R R AR IR
ST A M A, e . AR
A AL LA SR A IS i 0 2 A WL B TG P4 53 1)
FEORYE O A, B R R IX AT
TERE K A . KR HBCRIC, s, +
HERG 25 BE S 55 A ), IR e — R A
+, LR RPRNES DA R T g AR A R, Y
Heahk), KBRSy, NI E X SN A5
SAF AR AR A MR T L, U HLIR A 4l
OEE L R, MR, i,
FF 510 4 B it R AR b, pE—2E s
AL, I R P A K PR A 2R
Be, (et BIERUEY R R R, e EE T,
BEMR A DU AL, P s s R B, [
WF, AWFFE R, AR A o A AR R
HO0 ~20em>20 ~ 40 em 12, HIREFENSL,
AT REAE RO bl 2R RS N, T 8E SRR
2, WUEDTEE R ZREVERRAR, Fem T A PLak
(oA

DOC/SOC., LOC/SOC il POC/SOC 2 7~ 7 L bk
TP e EEE ML 0 S Ee, AT E— e R
S e A A AU 9 T AR e R, TS R 400D
LU ek v SRR R ARk =, 2 s gl N SR
s PR WU RAE , NS BRI T R
WFFERI], BREAT . SR I b RS AT O
+ &b P 3442 5= T DOC/SOC, LOC/SOC F1 POC/SOC
1B CBR 5 i 7 £ B A T DOC/SOC fE A1 ), B
Fili A A BT A WL S L M o B i A AL h
TG PEZH 4353 T LU 9] 7 B8 s s 0 T Bt iz 10 - A0 2
T AR R I A3 5 4 B e Hor, it
11 1403 DOC/SOC H v fig & TREE + A &
F14) i IO BRI I B 52 T —3B 43 DOC, AR08 T+
B AT E A LR fE, 980 T DOC 14
%, AEHET DOC HFRE M5 i FIRS T AIRS AT BCHE
R A A 3 (B R T B R R RS FF S A EE A
MUE, TR = s A2 o FLPR s i A, SR THRS
i R AR

AR, FEFFECHEAZE 1 A B REAS [ FE
FEF 0 ~ 40 em 12 HIERRIFETR B . RS R AL
TR PR AR AR S i P A AR, 3= DR A A it R i
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- AbFRBENS 1] - B 6 BTG ML, [ 1R
FEAHR B b, R AR PEER . A OGP
TR, 3 ML B G M A3 2 ] 34 2 4
IEAKEIR (P<0.01), DB 34 HLAKR A 38 fin 5
HoAb 5P LA 53 B s DIAHSG , TR £
S A AR AL 5378 AL RENSAR 47 Hb S it H 395 AL
B IE R A AL, H LA 43 LOC 5 SOC A1 56 M F it
VLB 5 S8 AL ML 2 0 AR AR B S s T 4
MU 5 (AR AL

4 Z5ig

3 AR TS A AR R, AT B A T £ fE
P RAEMEA 0 ~ 40 em )2 BIHEAPLIR . AT
ALK . DA A LR . BURCA LI & B A4
T LS LA B 3 C L) BBl A PR R, B 4R
WA HUIR-S +A HLBRAT G R, B s 55 4
A LB SRR H A3 b ALY R A2 L A
SRR
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Effects of combined application of bentonite and straw on soil organic carbon and active carbon fractions in dry
farmland

ZHANG Lan-ying, MI Jun-zhen', LIU Jing-hui, ZHAO Bao-ping, CUI Xue-mei, HU Ke-xin ( Inner Mogolia Agricultural
University, Hohhot Inner Mogolia 010019 )

Abstract: To clarify the effects of combined application of straw and bentonite on soil organic carbon ( SOC ) and active
organic carbon fractions and their distribution ratios, as well as carbon pool management index in the 0 ~ 40 c¢m soil layer in
dry farmland, a field experiment was conducted for three years from 2019 to 2021 at Yijianfang village, Qingshuihe county,
Inner Mongolia. Four treatments were set up, including no application of bentonite and straw ( CK ), single application of
bentonite (T2 ), single application of straw (T1 ) and straw combined with bentonite (T3 ) . The results showed that soil
organic carbon and activated carbon fractions decreased first and then increased ( except POC content ) between years, and
was in the order of 10 ~20 em > 0 ~ 10 em > 20 ~ 40 ¢m. All treatments increased soil organic carbon and its active fraction in
0~ 10, 10~ 20 and 20 ~ 40 cm soil layers compared with CK, and the straw with bentonite combined application was more
effective than straw single application. In the 0 ~ 40 cm soil layer, the three-year average values of SOC, DOC, LOC, and
POC increased by 7.16% ~ 9.63% . 12.35% ~ 18.05%, 15.55% ~41.97% and 100.73% ~ 127.90%, respectively, under
the T3 treatment compared with CK; straw combined with bentonite ( T3 ) treatment simultaneously increased DOC/SOC,
LOC/SOC, POC/SOC and CPMI in different soil layers; There was a significant positive correlation between soil organic
carbon and each fraction, with LOC having the largest correlation coefficient, indicating that LOC could better reflect the
changes of SOC. It can be seen that the measure of straw return combined with bentonite in dry farming area can significantly
increase the soil organic carbon, active organic carbon fraction and its distribution ratio and carbon pool managenment index,
which is important for soil fertility enhancement and quality improvement in dry farmland.

Key words: straw return; bentonite; soil organic carbon; soil active carbon fraction; carbon pool management index; dry

farmland
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