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Distribution characteristic of soil organic carbon pool in the plow layer of sloping farmland
with different cultivation years in black soil region. ZHAI Guo-qing, LI Yong-jiang, HAN
Ming-zhao, WANG En-heng” ( College of Forestry, Northeast Forestry University, Harbin 150040,
China).

Abstract; Tillage and erosion simultaneously cause soil movement from the top-slope position to the
foot-slope position in a sloping farmland, with consequences on variation of soil organic carbon
(SOC) content as well as its stability mechanism. To identify the accumulation-loss characteristics
of organic carbon pool (OCP) of black soil under long-term cultivation, the distribution characteris-
tics of different OCPs ( free unprotected, physical protection, chemical protection, biochemical pro-
tection) of sloping farmland with different years of cultivation were quantified by Stewart physical-
chemical fractionation method. The results showed that long-term cultivation and associated erosion
resulted in significant accumulation of SOC in the foot-slope deposition area. The contents of four
OCPs in the foot deposition area were significantly higher than those in top-slope eroded areas. SOC
of sloping farmland was dominated by chemically protected carbon and biochemically protected car-
bon (>90% ). Furthermore, the top-slope erosion areas and foot-slope deposition areas mainly accu-
mulated chemically protected organic carbon (84.6%) and biochemically protected organic carbon
(51.4%) , respectively. With the increases of cultivation years, the accumulation rate of four OCPs
increased with the stability degree of SOC, that is, biochemical protection carbon pool (48%) >
chemical protection carbon pool (42.2%) > physical protection carbon pool (6.4% ) > free unpro-
tected carbon pool (3.4%). The proportion and accumulation rate of the free unprotected organic
carbon pool were the smallest, but they were most sensitive to external interference. Thus, more
attention should be paid to free unprotected organic carbon during the management of black soil.

Key words: long-term tillage; stabilization mechanism; carbon pool; carbon accumulation rate;
erosion-deposition area; Stewart physical-chemical fractionation.
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WF5E b 5 A T 2B e VT4 P A6 A9 v L A 3
(48°12'—48°23' N, 125° 08'—125° 37" E), i 4k
240~340 m, J& T~ Bl PE 2 KU, 4R R
0.9 °C, 4E ¥ FE /K i 501.7 mm, 4F 278 & & 1329
mm , TIEIEECIRIE S o 3 B T AR 4 X
ez, HA W A9 18 )11 18 i P RRIE. 2 X 2 4
AT SEIRHLARAE Y., =X AL R BRI A (5] 4 7 R i
S A B il , 245 - YR IR B (BF)2) 29
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1.2 FEHbIEBCS AR AR AR

2018 4F 10 H A (BEHbal) , T 26 & AL HETF
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HEBAERIT RAEFR 4 60 a(48°15'23" N, 125°20'1" E)
(1) I (g ) MBFFEXT S, 3 AN FEHL [ TF R LIRS
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Y P EE AR X, W AE S T sdeT A DT
DX 10 g Xof F AR ol DX RITI AR XA [+ B ALl 22
5S¢, 43 IAE 30,40 F1 60 a B HFM A B (2 BE0E T
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bR A, 42 4 R T (R x S8 x TR 431 1 mx
0.5 mx1 m) .3 FEMXHEK RAF, I B 30 a 38k
Hi Y B R R 29 40 em, FF R 40 F1 60 a B#k
BARIEEZ 30 em; YW TR XR -2 )R
50~60 cm,70 em DA 4L TR AR R AT #
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WA - 1R T 2 2 kg Y ITSEBG % AR KB AL B
RT3 2 mm G5 B/ SR AR &, FH T AL
BRCEH A BILE 5 B 20T, TR >R FHER JT 45+
R EMEKE LRSI ES 3 K B Z
0~30 em THEFARVER LR 1.
1.3 FERALERS ST

KT Stewart' 7 M B {22 B A 4T TR RS 11
PG DU 73 (1) BARERE N . 1) R 8 fi
FHARIA Y B aebr i 2 mm G0 KT 4R 3 AN
43 :>250 pm APHLIBORL A ALIT (cPOM) , 53 ~ 250 pum
T R AT IT (nagg) A5 43 HLIN <53 wm F KL
Fyhi 45 & #8453, SR 5 18 B 0 58 <53 pm
43 FEAY R B AS BB (delay ) IS S0P RE(dsilt)
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Table 1 Basic properties of experimental site

Kt W Wk FER I HLRR TR K ks g Rk

Site Gradient Slope Position SOC Soil bulk Soil water Sand Silt Clay

(°) length (g-kgh) density content (%) (%) (%)
(m) (g+-cem™) (%)

S3o 6.7 68 ES 35.77£1.07Ba  1.06+0.12Ab 33.5+0.4Ba 31.41+4.5Aa 35.4+0.9Ab 33.2+0.9Ab
DS 37.41£0.40Ab  1.06+0.01Ab 41.5+0.6Aa 33.8+3.0Aa 34.2+1.5Ab 32.0+1.5Ab

S 4.8 121 ES 19.55+0.72B¢ ~ 1.21+£0.04Aa 29.7+0.4Bb 22.1+3.0Bb 40.1+1.5Aa 37.9x1.5Aa
DS 37.05+£0.83Ab  1.29+0.02Aa 37.3+0.8Ab 30.1+1.6Aa 35.5+0.2Bb 33.3+1.6Bb

Seo 3.6 200 ES 25.02+0.45Bb  1.17+0.10Aa 33.5+1.2Ba 26.9+0.0Aa 37.7+1.5Aa 35.5+1.5Aa
DS 39.32+1.29Aa  1.25+0.11Aa 37.7+0.5Ab 25.5+1.6Ab 38.4+2.2Aa 36.2+2.2Aa

Sy : FFEE 30 4F 30 years reclamation; S,y : JFE 40 45 40 years reclamation; Sgy: FF & 60 4F 60 years reclamation. SOC: Soil organic carbon. ES: 3
F 20X Eroded area on the slope; DS: 3% T JLFX Deposited area under the slope. A [A K5 FRACERBIMX MPIRIX Z (]2 57 B#F  RE/NG
FHHCEAREIT RAE R 2 7] 22 57 5.3 ( P<0.05) Different capital letters meant significant differce between eroded area and deposited area, and lower-

case letters meant significant difference between different reclamation years at 0.05 level. T[] The same below.
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nents based on different protection mechanisms.

Separation flow diagram of soil organic carbon compo-

cPOM I LF;2) W BRLR 4P 0, 6115 iPOM;3) fh2
PRI 43 H-dclay \H-dsilt \H-pclay \H-psilt ;4)
WAL 2R 5 B 2, 60 7% NH-dclay . NH-dsilt, NH-
pelay \NH-psilt.
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K VLR A 3R R e #IL A sk e % o
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Co= Y, CM, (1)
K COATRIER E BB A T 6 7% 19 4% 4 43 A AL
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(25 20 43 ok o7 4 0T o 1 LB (% ) (O R 4

.

KU AR A& & 2 b S A LR =
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C,=100xC,/C, (2)

A, CoHEAVIRERE (g C - kg™).
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AERR 2Z 0] Rk X 5 PR IX 22 8] 2R B R 3 22
S3HT (ANOVA ) Fllfie /N ik 35 25 9% (LSD ) 47 25 57
B E AR (P<0.05).
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Table 2 Content of organic carbon fractions in erosion and
sediment areas of different sloping farmlands (g C - kg™')

B WAy M ES DS
C pool C fraction Site
W R POM S10 38.56+1.07Ba 42.56x1.03Aa
Unprotected Sio 17.09£0.34Bc 33.38+0.87Ac
Seo 22.24+1.00Bb 35.47+0.83Ab
LF S30 71.97+5.37Ab 20.68+0.51Bc
Sio 25.56+0.72Bc 46.86+2.95Ah
Seo 81.33+1.53Ba 115.96+0.66Aa
L/BEarSTa iPOM S30 28.49+2.33Bh 51.39+3.57Aa
Physically- Sao 21.24+1.73Bc 43.98+0.51Ab
protected Seo 57.65£1.96Aa 52.97+2.41Ba
feZfRy Hedsilt Sy 74.13£3.05Aa  46.41x4.14Bc
Chemically- S4o 29.16+3.06Bh 54.60+3.03Ab
protected Seo 70.58+2.68Ba 131.48+2.96Aa
H-dclay Sz 69.52+0.02Aa 53.64+2.07Ba
S4o 24.20+1.14Bc 45.25+0.82Ah
Seo 26.91+0.46Ab 28.83+0.43Ac¢
H-psilt S3o 109.50£11.60Aa  105.30+4.92Aa
Sio 68.63+0.8Ab 77.23+3.66Ab
Seo 109.50+3.37Aa 97.70+6.37Ba
H-pclay S3o 41.84+3.29Aa 41.25+2.37Aa

Sa0 21.29+0.36Bb
Seo 23.66+0.86Bh

33.79+1.76Ab
33.88+1.60Ab

LR NH-dsilt S3 7.90+1.46Bc 31.79+1.42Aa
Biochemically- Sao 13.98+0.43Bb 23.15+0.65Ab
protected Seo 18.79+0.48Ba 24.48+1.14Ab
NH-dclay S3o 23.40+2.50Bh 40.78+0.95Ah

Sao 20.83+0.06Bc 38.37+0.22Ac

Seo 28.60+0.35Ba 44.70£0.39Aa

NH-psilt Sz 22.89+2.55Ba 33.31+1.57Aa

S4o 14.06+0.11Bb 36.49+0.11Aa

Seo 23.71+0.48Ba 36.26+0.80Aa

NH-pclay S30 41.01£2.31Ba 65.97+1.39Aa

S 38.98+0.43Ba 48.10+0.36Ah

Seo 30.07£0.93Bh 45.90+1.21Ac
cPOM ; HLURIA HLET Coarse particle organic carbon; LF: LU SR IN
it Fine particle organic carbon; iPOM . YRR A LT Physically-pro-
tected organic matter; delay: JEESAFRL Free clay; dsilt: 25844
Free silt; pclay; PHE A Z5 KL Closed clay; psilt: [ &5 258 KL Closed
silt; H, /Kfi# Hydrolytic; NH: JEIK i Non-hydrolytic.

5.4% ) PR3P BRI (1.4% ~ 6.8% ) . UURRIX 5
IR HE A B > A 2 Tk P26 > ) Bt P2 > i 5 A
PP 5 Rl DX i 2 - B AT PR SR LA [ 7 A2 £k
A
2.3 R[EFREDLEIA ML 5 SA HLER O R
AN I BRAT BRI kb A [ B AL B I 5 A
MUK R AR (£ 4) , TR 30,40 .60 a BE#FHE
ot DX AR DX A B SR 3 ) B R (B AR A= ik
SR AR R s AL 2= DR AP A LR (B AR T Y
& FiE S LR A RGN, W 2 R DR AP A DL ZEAE T
B30 adi BT A IX RIS AR (15.3%) , i 7F
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Table 3 Carbon pool content of different stabilization mechanisms and its proportion to total organic carbon
T FER i=E NS YL it g YA
Site Position Unprotected Physically-protected Chemically-protected Biochemically-protected
CR di Gy di Gy di Gy ai
Content Proportion Content Proportion Content Proportion Content Proportion
(gC-kg™") (%) (gC-kg™") (%) (gC-kg™") (%) (gC-kg™) (%)
S30 ES 1.48+0.07Ba 4.1 0.51+0.05Bb 1.4 22.16+£0.61Aa 61.9 11.62+0.95Bb 32.5
DS 1.59+0.05Aa 4.2 2.08+0.17Ab 5.6 8.70+0.94Bhb 23.3 25.04+1.03Aa 66.9
Sk ES 1.04+0.03Ab 5.3 0.56+0.05Bb 2.9 6.67+0.99Bc¢ 34.1 11.28+0.27Bb 57.7
DS 0.53+0.01Bc¢ 1.4 2.52+0.03Aa 6.8 14.03+£0.65Aa 37.9 19.97+0.34Ac 53.9
Seo ES 0.68+0.01Bc 2.7 1.00+£0.04Ba 4.0 8.12+0.37Bb 32.5 15.22+0.30Ba 60.8
DS 1.43+0.01Ab 3.6 1.77+£0.09Ac 4.5 14.87+0.86Aa 37.8 21.25+0.41Ab 54.0
F4 FAERENHHEEBRRZER (k) REEZH(P)
Table 4 Carbon accumulation rate of carbon pools with different stabilization mechanisms (k) and its significance (P)
B B ES DS ES+DS
Site C pool k P k P k P
S3 B AP Unprotected -0.046 0.395 (n=9) 0.153 <0.001 (n=9) 0.097 0.007 (n=18)
PR Physically-protected 0.057 0.014 (n=9) -0.016 0.640 (n=9) 0.033 0.481 (n=13)
FE2E -9 Chemically-protected 0.628  0.001 (n=9) -0.058 0.724 (n=9) -0.122  0.751 (n=18)
HYE2A AR Biochemically-protected 0.361 0.040 (n=9) 0.921 <0.001 (n=9) 0.992 0.010 (n=18)
Su TR KLY Unprotected 0.117  0.006 (n=9) -0.012 0.010 (n=9) -0.007  0.648 (n=18)
PR Physically-protected 0.068 0.007 (n=9) 0.124 <0.001 (n=9) 0.107 <0.001 (n=18)
FE2EA- Y Chemically-protected 0.318  0.054 (n=9) 0.616  <0.001 (n=9) 0.428 <0.001 (n=18)
YL 2F Y Biochemically-protected 0.496 0.010 (n=9) 0.272 0.010 (n=9) 0.471 <0.001 (n=138)
Seo B AT Unprotected 0.080 0.002 (n=9) -0.045 0.020 (n=9) 0.050 <0.001 (n=18)
YIFRYT Physically-protected 0.057  0.052 (n=9) 0.014 0.717 (n=9) 0.053 <0.001 (n=18)
FE2E - Chemically-protected 0.249  0.162 (n=9) 1.444  <0.001 (n=9) 0.501 <0.001 (n=18)
H YR Y Biochemically-protected 0.614 0.003 (n=9) -0.413 0.103 (n=9) 0.396 <0.001 (n=18)
S30+S4+ VB AT Unprotected 0.043 0.004 (n=27) 0.079 0.007 (n=27) 0.034 0.001 (n=54)
Seo YIBELEYT Physically-protected 0.010  0.338 (n=27) 0.027 0.271 (n=27) 0.064 <0.001 (n=54)
FE2EA- Y Chemically-protected 0.846 <0.001 (n=27) 0.379 0.020 (n=27) 0.422  <0.001 (n=54)
LAY Biochemically-protected 0.101 0.164 (n=27) 0.514 0.002 (n=27) 0.480 <0.001 (n=54)

HUAMREA TR BRI P B & i (v, 8 C - kg™ ) BER BA PR S & (2,5 C - kg™') BYIEANTT 35 BUR (IEME) 2 2 F BIFE (H{H) Boldfaced value

represented significant accumulation ( positive) or depletion ( negative) of different carbon pools (y, g C + kg™') with increase of total organic carbon

content (x, g C + kg™').

FFR 40 a, 60 a 3§ B M LR X 3 BL M o A
(-1.2% ,—4.5%) . )\ 3 3 50 36 R R F | (=Rl
DX A FR 5R 3 hy b 2= DR3P A HLAK (84.6% ) > Ui 5 A
TRIAHLR (4.3% ) 5 DURL DX B AR B3 R Ay AR W b2
TRIE LR (51.4% ) >ALFERA A BLEK (37.9% ) >TiF
BRI A PR (7.9% ) Bt W Bk IF B AEBR M 30
a B 40 a A1 60 a, 5 A HLIKE R BV AR
SEMLHIA HLAR AL 2 B (i 2 R AR b AR W fh 2
PR BE 2 3 B (RS AL E R Ak 2E IR
)N 4 BT AN LA BT AR AR ik - R X
A BB 5 AN TR R LI A LB 2 1) O 28 4 B, 1 P
T 22 5 R it 5 A [ Bl 27 A o 2 B A 8 3, B
WAL R P A DL (48.0% ) > Ak 2= 5 97 8 ALk
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