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Abstract

In order to explore the distribution characteristics of organic carbon and organic carbon compo-
nents under different tillage methods in the Yellow River irrigation area, a field experiment was
set up in the Agricultural Experimental Station of Baiyin Yellow River Irrigation Area of Gansu
Academy of Agricultural Sciences. The potassium dichromate external heating method, 333 mol/L
potassium permanganate solution oxidation method, hexametaphosphate extraction method,
density grouping, acid hydrolysis method and other methods were used. The distribution of or-
ganic carbon and organic carbon fractions in the 0~40 cm soil layer was studied by rotary tillage
(RT control), no-tillage (NT), subsoiling (ST) and subsoiling + straw returning (STS). The results
showed that in 0~40 cm soil layer, under different tillage methods, soil organic carbon content
(SOC) ranged from 8.53 g/kg to 12.64 g/kg; the content of readily oxidizable organic carbon
(ROOC) ranged from 3.72 to 6.69 g/kg; the content of particulate organic carbon (ROC) ranged
from 1.29 to 3.56 g/kg, and the content of mineral-bound organic carbon (MOC) ranged from 2.86
to 5.64 g/kg. The light fraction organic carbon (LFOC) content ranged from 0.82 to 2.61 g/kg, and
the heavy fraction organic carbon (HFOC) content ranged from 5.93 to 10.38 g/kg; the content of
inert organic carbon (RPC) was between 5.20~7.87 g/kg. The change in organic carbon content
and the content of each component of organic carbon showed a vertical distribution law that the
influence gradually weakened with the increase of depth. Compared with rotary tillage, straw re-
turning significantly increased the contents of SOC, ROOC, ROC, MOC, LFOC, HFOC, RPC, LP1-C and
LP2-C. Subsoiling significantly increased the contents of ROOC, ROC and LFOC. No-tillage signifi-
cantly increased the content of ROOC, ROC and HFOC in 0~20 cm. There is a certain conversion re-
lationship between different types of organic carbon. Straw returning had a certain promoting ef-
fect on different types of organic carbon content. Subsoiling and no-tillage can also promote the
content of organic carbon in a small number of types. Conservation tillage measures are of great
significance to maintain land productivity.
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Table 1. Indicators of climatic basic conditions in the test area

%= 1. REXSEERK ISR
SEfets FPYEEKE HRE  HETHRE >0CHE  >10CHHE  SEHERFE LAY Ny
HE 259 mm 2369 mm 6.6°C 3208°C 2622°C 2919 h 616.2 kd/em?

Table 2. Basic physical and chemical properties of soil in experimental area

2. WX TREARTBUME R

I HHL E2 s el Bl A A
0~20 cm (glkg) (g/kg) (g/kg) (g/kg) (mg/kg) ~ (mglkg) (mg/kg)
G 12.58 122 1.09 1.35 45.4 193 115 8.25

2.2. BT

RET 2017 4EFF46, w4 MeE: (1) FEHHRT, PUBERD: () RBHNT, HIEAHHE): (3) s
(ST, & HPLIRFAHLIARKA 35 cm); (4) IRAA + FEFFIEH(STS, A MLIRMHLIEFS 35 cm, FKZH RS 1)
FEFF A0 BER ), CAFER AL B AT I (CK), /N IXTHIAR 900 m?; AR MbHE S 3 WK, FENLIX4HESI. it
PR 40740 1GQN-125 BUefiiL, BHEIREE ) 15 cm, IRFA KK EF 1SQ-340 #4475 iR A KL, 7ERK
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NEENE, TRRAATES S EMBARZE, TR 60%ENE T AR T L G REKIE : FARRAET K 4
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R 25%. ANFIRHVE AL S f5 (AT RE . B . VA T A it S R R E) 2 K . 2023 4 4 H
&R, 10 A BABGRE K.

23 BEESNERE

231 REHE
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2.32. MEH*

AHLBR[14]: FREUE 0.25 mm FLIFH KT +4F 0.5 g (K55 E] 0.0001 g), N —THEMAE TR E +,
T VRS HE I AARTE VAW 5 mL, 1 HoSO, 5 mL s #8241, B I # /s, LAEEZE H HKiK. ¥ 8~10
AMRE TN E S IR AR P m by, JRONIRLE 9 185~190°C [ A iyt o, (A 54 R B AE 170°C~180°C 2 ],
FraVE R I R AE SR TT AR T, 3 5 0%, BURRE, AR5, B 250 mL =M, &k
TN 60~70 mL, ZRJEA0AN 3 WFE 7, F 0.2 mol/L FIBRER W2k vA Wi &, Hih A NSk, RINTH E &

Sy EAAEHUE[15]: FREGE 0.5 mm 3867 &8 15 mg FOXT 15 K iR J8ON 100 mL 3.0,
B 25 mL ) 333 mol/LKMnO, ¥, 1% 1, SRJF7E 200 rlpm FHR% 1 h 7 SL5e [F I AT (A& 4
B, HEHEEAERE): 2% JE1E 4000 ripm 250 5 min, & — 25058 1 R E R AR L 0.4 mL JEWF: A\ 100
mL eI, FHZEM/KERZE 100 mL (FiFE 250 fi): MBEfE 565 nm K ALHEAT LL 6, [RI ARtk R 51K
JE[ KMNO,: ¥R LG, fTRE SR B bR RVIVER P

WORL A HLBR[16]: L BERTRAA LB A g, 55 K F 7S Im B BR AN S UL HEAT S2 U & « 4 REE L AF
S BRATBR S RE R PR FEAE AR TIRT, i 2 mm FLAEGT . FREURRIN 4% 10 g BT 50 ml 2R, JF
I g/l (75 I SRR AV 30 mL, #2515 B THK EARY 18 h, # 73 HOR AN 14345 & T 0.053 mm #1 0.25
mm G b, KPR KGOS & Al RO A 1. 55 KT 53 um [ 5 RS B SR AR G R R AR A
JE T 60 CHEIMAE HHE IR AR, TR 5 AR R AR L), BRIy R 3EAS0R 20 73 el .
R A HL%(0.053~0.25 mm), SRISTE 60°C NHETF-FRIE . JITE SMIZA IR & &, TeLAB R & e
B L S AERORL A UK IR & B (g/kg 42k IS A S AHUIR(MAOC, <0.053 mm): 7El & Bk 25 A Hl
BRI RE A, B0 R 843 (<0.053 pm) G HLBAE 60°C 44 T, FRE, MEBAHIR S &, FLIFFIH
BT i LI o et R S A S AR A = .

BHEAGHRKLT]: KRB AR5 BRI AT W YR R, TE=R T AT G, ST 2 mm .
FRE 25 g +3%, AN 150 mL =, A HLE 1.70 g/mL 9 Nal %% 50 mL, #£ 200 r/min %1F TR
¥ Lh, B4R 5 HFE R E T 100 mL #.0E d, SRJE7E 2500 r/min B5.0 20 min, HIFAE Nal K1 A
AHUTAGUE T2 6 0.45 mm 214 81 75 35 1k P 28 h 247408, kKA S & 100 mL 0.01 mol/L CaCl2 Fl
100 mL Z&1H/K M A 4Epe s E R A B HURE D 3. R ELE I 50 mL ELE Ny 1.70 g/mL ] Nal
WGHATER 2 R, PIRF L. BRKRIBIRHAG YRR Z5Em, £60°C FHEET. RE. HTH
BRGNS, 1 0.25 mm fii. SO HE RO VEM, TFKKAH 0.01 mol/L CacCl,

DOI: 10.12677/jocr.2024.122018 210 HHL A5


https://doi.org/10.12677/jocr.2024.122018

AN 2

Pelf AR Nal, 5 280K e RS TR, P EREIY CaClye 7F 60°C R FRE, KT
A AT, T 0E EA ALK

ek RFRTRIE LB KGR RaE b, B #FEE. id 0.15 mm ¥, B SRR
AMIMFEI 52 3 %

SEIANER: YRR B0l BRIKJE T A A L B 0L, AR, AR,
TR, eI, 80/100 HEE . TOC 1X.
24, WHEAZE

cx5

xV, =V x107°%x3.0x1.1

SOC =—2 %1000 1)
mx k

KA. c——0.8000 mol-L ™ (1/6K,CrO;) s H 1A VR I %
5——HES TR FR HE I B AR (L) s
Vo——75 1 2 F 2% FeSO, AR (mL);
V—HF i 72 H 2 FeSO, 1A AR (mL);
3.0—— B JE ¥ ) BE R i B (g-mol-L 7Y
10— mL #5008 Ly 1.1 NS IE 25
m——HE TR E(0);
k——H KT H S B 1 BB 9 1-W%, W%: KT HRESKE).
2 - FEflx 25x 9 xts

ROC = %1000 )
m

A B R LB B mM;
25— B AREN mil;
O—— AL FE T 1 mol 4 BRAR T #E 9 mg Bk
M——FR BUEE i 11 5 2 g
WPOC = s x100% (3)
MO
A WPOC——ki A AL BT 5 38 5 & 11 LLA81) (%) 5
MO——2¢ I -4 11) T & (g) :
M1—id i J5 T -3 E & (g) .

Ct—POC = CPOCx WPOC 4
100
X, Ct-POC——HEIR 35 h ok & A HLRR 105 B (g-kg ™)
CPOC—— -3 ik 20 43 vh A5 HLBR 114 5 (g/kg) »
WMAOC =100-WPOC 5)
A, WMAOC——H W46 MU AT 5 1328 5 & 11 LL 51 (%)
Ct—MAOC = CMAOC x WMAOC (6)

100
X, Ct-MAOC——til 3 i W 45 & H LB 15 2 (g/kg) s
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CMAOC—— 138 W &F WA 5 B VKIS = (a/kg) -
WETJE B 0 B R =

=Y i E% = —
e T ERIT ! %
EHEE AT BB = BT VLT I B (%) x B8 AT LR 4 @®)
BT 0 A LR R B
LA HLIR R % = il
HHENFR I EY I 9)
- HE AL = T L B (9% ) < TR A B & (10)

2.5. WHEALE

K H Excel 2019. IBM SPSS Statistics 23.0 1 Origin 2021 %34T 1R 560 Kt b AN G5 i+ 4047 o K 24
KR WA A REVE AL FR 2 B 1) 22 5 S 35 1, S 3Pk p < 0.05, & iR B P21 .
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HE 1 ATELEH, £ 0~40 cm L=, AN S & HKE/MKICN STS > NT > ST >RT, & LE
FIIR, BANR S ERIONE/N S, A3 RT. NT. ST. STS 7 0~20 cm L2 RGPS B
20~40 cm HEIANLEE, 73BT 20%. 14%. 5%, 11%, &ANAhER IR A HLIR S B0 FRARIR ok
F/MKIKA RT > NT > STS > ST WA ALK, 7E 0~20 ecm 2, SA WK & & B K EI/MK RN STS >
NT > ST >RT, Hr4b3 STS, ST BT ZERBE, Hal#em 1 23%. 6%, A NT B0 RT 254
. f£ 20~40 cm L=, SN E R RBMRIREIN STS > ST > NT > RT, HAibH STS HBonf i
RT 53, 5T 33%, 4H ST. NT BXHE RT ZRAEE.

00-20cm B20-40cm

11.38

I 10. 05 10. 26
8.53
11.46 10.8 12.64
| 10.23 ‘
RT NT ST STS

A treatment
E: AFRVNG FREERIRAR R - S ERE N ZE 5 B E P < 0.05), TH.

Figure 1. Total organic carbon content of irrigated farmland soils under dif-
ferent tillage methods (g/kg)
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Total organic carbon (g/kg)
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3.2. REFHES XX LREVERME S HF

3.2.1. ARBHMEARIR., EHANKRS BN
Hil 2 aTBLE ), £E 0~40 cm )2, STS AE R4 IR S EEILE = MeH 2P H B E R,
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B L E R R 2 H R A LR & 2N R ES, A3 RT. NT. ST. STS HIRHA VK S ELE 0~20
cm 2% 20~40 cm 2 HIFEAK T 46%. 32%. 90%. 92%, %RZHA MR & B FEAR AR d ok B/IMK Ik
4 STS > ST > RT > NT, b3 m FARmE s, mlaee B A B R 2 2IRIZU RS, M-S 2L
FEARIRE /N WANE LZRE, 75 0~20 ecm L2, BHAEHIRE ERIN STS > ST > NT > RT, HHkt
H STS. ST# RT ZR 53, 2 A E T 117%. 54%, FEFEH 2 G586 P S R IR s R E B k.
AP NT 3% RT ZR AR . 75 20~40 cm 12, HAHBRAEHIK S ERIN STS>NT >ST>RT, H
HIBE STS B RT ZR W%, AH ST, NTHRRT ZRrAEZE. HE3TLLEH, 7£0~40 cm 1=, Ff
2R, AR ERIVFK, 43 RT. NT. ST. STS 7£ 20~40 cm /2 E A A PR S EHE
0~20 cm 2 MBS T BIFEIK T 26%-. 32%. 37%- 35%, PR HI KEI/IMEIR AN ST > STS > NT > RT.
MASFEIALBE RS, 7E 0~20 cm + /2, AbFE STS. NT. ST WEAEHIR S ER RT ZR 52, 25mn T
37%- 24%-. 13%. 7t 20~40 cm )2, 4bPE STS. ST WHEMAAHI S ER RT ZR7 83, 7l¥em 7 29%.
15%. AbFE NT FEAFHIH S ER RT ZRAEE. 46K 3. B4 55KE, BRAHFHBAELAGHL
e R INBOR I ZE R, A NUBKI & S & TR H A DU & & .

500 - B20-40cm 00-20cm 1.37
450 f 0.97
% 400
2 g‘gg I 0.82 0-98
i 2‘50 3
= 2
@ 200 | 2.61
o 150 L85
® 1.00
050 | 1.20 1.30
0.00 )
RT NT ST STS
AbFE Treatment

Figure 2. Organic carbon content of light groups in irrigated farmland under dif-
ferent tillage methods
E 2. TRMEAR TERKRHEREFHIRS E(0/ko)

20 ¢ 00-20cm  B820-40cm 7.67
18 6.81
g I 6. 42
B0 16 5.93
N4 14 L
ﬂﬂﬂ 12
10 }
)
= 8T
& 6 ¢ 8. 52 9.36 10.38
= o4 | 7.53
o, |
0
RT NT ST STS
A Treatment

Figure 3. The content of heavy fraction organic carbon in irrigated farmland under
different tillage methods (g/kg)
3. FEHMER XA TERRAEALBIIRE E(g/ko)
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3.2.2. FEBHMES RTINS, ¥ REASHIBRHIN

ME 4 FTRUE H, BEE LJE IR, SRS ANUEREEE LERIR, 2ECh B, LR T
TR TRk, e FLBE A R 52 0 R 438 0k PRt 2> s e LIRS A MUk . 40P RT. NT. ST,
STS Fifi+ 2305 kN T 19%. 88%. 9%. 61%, ARALIESE fHKE/NEFIF A NT > STS > RT > ST.
MASEALBERTE, 7 0~20 cm 1)Z, A BE BRI A ALK & & 1R B/ MK STS > NT > ST > RT,
STS. ST. NT# RT 2752, HE T 132%. 52%. 82%, ST ALFRE A N E . 7F 20~40 cm
+2, KA B A MU 2 KB ME YN STS > ST > NT > RT, ST. STS# RT ZRE3#, &
wlFEm T 70%. 67%, NT# RT ZRrARZE. AFEZERE, B RT Sk $HERLE 0~20
cm - E X0k A A ALK 1 52 e 52 20~40 cm 1= Z5RE1 .

00-20cm B20-40cm

o
=) 2.2
e [ 2.1
] .15
8 6 1.48
] § 5 |
0 o 1.29
B2 4
=%
J@: Q 3 r
2 2 o | 3.56
= a 2.79 5.3
B S b i
£ o -
3
£ RT NT ST STS
1
a Ab P Treatment

Figure 4. Particulate organic carbon content (g/kg) in irrigated farmland un-
der different tillage methods
4. FEHHMER X TR KBRS EHRS 2(0/ke)

00-20cm B20-40cm

4.48
12 r 3.08

10 2.86 3.3
4.07 |
RT NT ST STS

A Treatment

W READAHBK
Mineral-associated organic carbon (g/kg)
o N &~ o

Figure 5. Mineral bonded organic carbon content (g/kg) in irrigated farmland
under different tillage methods
5. FTEHMEAR TERRBY RESSHIKRSE(0/kg)
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mE 5 wLVE W, BELERIE, BRSNS EEEA B, LEnE LR YR
IR, WA IR R4S A A A P S EEK. AFE RT. NT. ST. STS B&E LEMIN, 2515
T 42%. 26%. T1%. 26%, Jk/INIEFEH K EMKIRH ST > RT > NT = STS. WA ZRCKE, 7E 0~20
cm +J2, STS. ST RT Z R 83, 4l$EmE T 38%/29%, 4 NT % RT ZRAE3E. £ 20~40cm +
2, KbFESTS # RT Z5MR41, 385 1 57, AFE ST. NT #% RT ZRARE, WA LEIE, HAH
SR S5 A ARG FTeE, FEFHE B YR SR 0SS (e .

3.3. FRMMEA AT RELRANBALFES TR

3.3.1. FEBMES BB xS BRI

HE 6 aTLEH, MAFLENRE, WA BN, SA G EA S 2RI T,
1E 0~40 cm L2, S AbFRI M6 A HLK & & B K /MKCh STS > ST > NT > RT, 4# RT. NT. ST.
STS 7E 0~20 cm £ /2% 20~40 cm 2 4r B3N T 24%. 30%. 17%. 16%, FEMRIEE KA NT > RT >
ST > STS, AL ILRIMEEE HUERBE A L2 N, /N MR B o B2, TR RA I AS Ak i 5 =X
TR/ B2 B /1> o ARSI AL B SR, 7E 0~20 om /2, &b 3R 0 1 A HLBK & &= B K /MK CH STS > NT >
ST >RT, #b# STS FEHAE N G REX I RT 2R 5%, 25 T 20%, 4P ST. NT FE A P
TEERT ZRARE, £ 20~40 cm L2, EHEAPIIKE & HKB/MRIREI A STS > ST > NT > RT,
AbFE STS AR & &4 RT ZR %, &5 1 30%, 48 NT. ST MEMEA NS E) RT %

AR

00-20cm B20-40cm

6.78
- a 5. 80
I 5. 20 :
6.98 6.76 1.87
- 6. 46
RT NT ST STS

AP Treatment

Figure 6. Inert organic carbon content (g/kg) in irrigated farmland under different tillage methods
E 6. TRIMEAR TERREEMEEHNRS E(0/ko)

[T = S T TN
O N M O

EHEEIRE R
Inert organic carbon content (g/kg)

O N M OO @©

3.3.2. FEAMEARXMNZEUBHESENT N

M 7 FTLVEH, BEELERIE, SEAANER S EEIEVNIES, NT AN E R ZEREK,
20~40 cm 2 HELT 0~20 cm £ /29D T 45%. RT. ST. STS 285/ T 21%. 7%. 8%, /MG K
/Ny NT >RT > ST > STS. £ 0~20 cm 1)Z, & & A/NF N STS > ST > NT >RT. 4L NT. ST. STS
B RT ZRBEE, HANHIRE RS AR T 24%. 35%. 49%, fE20~40 cm 12, &EI/NIT
9 STS>ST >NT >RT. 4 STS. STH RT ZRE¥E, ZAMNMAVIKE RS NS T 97%. 68%. 4
L NT # RT ZR AR
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H ®20-40cm  B0-20cm

P 6. 17
» ; 15 5. 67

=
4 ;§ £ 3 79 3. 84
23
&es
-k 5
Wes r 6. 05 6. 69
oR “s 4 49 5 57

5

£ 0

© RT NT ST STS
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Figure 7. Content of readily oxidized organic carbon in irrigated soil under different tillage
methods (g/kg)
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Figure 8. Pearson correlation between 0~20 cm soil total organic carbon and different organic car-
bon components
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Figure 9. Pearson correlation between 20~40 cm soil total organic carbon and different organic
carbon components
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