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Chemical methods to determine soil organic carbon fractions and carbon indexes: A review

ZHANG Fang—fang'?, YUE Shan—chao'*", LI Shi-qing"*"

(1.College of Resources and Environmental Science, Northwest A&F University, Yangling 712100, China; 2.State Key Laboratory of Soil
Erosion and Dryland Farming on Loess Plateau, Northwest A&F University, Yangling 712100, China)

Abstract: There are many methods by which to determine the fractions of soil organic carbon, each with specific advantages, disadvantages,
and scopes for application. Previous studies were used to comprehensively review the principles, characteristics, and scopes of applying the
potassium permanganate, modified Walkley—Black, and acid hydrolysis methods for determining soil organic carbon fractions; these have
been used widely in recent years. The advantages and disadvantages of the three methods were emphasized. Improvements in the methods
to calculate the carbon management index (CMI) with the development of the organic carbon fraction determination method was described,
and the difference in calculating the recalcitrant index (RI) of the recalcitrant soil organic carbon fraction classified by different
determination methods was discussed. The citations of the three methods in the recent 19 years(2001—2019) and the citation trend over
the recent decade (2010—2019) in CMI and carbon sequestration studies were compared using bibliometric analysis. Given the
disadvantages of the three methods and the citation trend in the recent years, the following conclusions can be drawn. First, the potassium

permanganate method is suitable for determining the labile soil organic carbon fraction and calculating CMI, and the use of 20 mmol - L.
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potassium permanganate can effectively prevent most of the disadvantages. Second, the modified Walkley—Black method can be used in soil

carbon sequestration research and to make weighted calculations of CMI. Third, the acid hydrolysis method can determine the labile and

recalcitrant fractions of soil organic carbon when biochemical activity needs to be considered. Finally, the key issues that need further

studied in the future includ the direction of methods to determine organic carbon fractions, improving the carbon sequestration potential of

soil, and establishing a new carbon pool assessment model. These are needed to provide scientific references to reveal the dynamics in soil

quality changes.

Keywords:labile organic carbon fraction; recalcitrant organic carbon fraction; carbon management index; recalcitrant index; soil quality
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AP 4.5 5, G, PR L ERR PR S REIF RIS
JHLRR) A LR It , %o 1 R 4 4 R T LA 23 P
PR ARG &, LR R E B R 1
S o AR W R EE SRR EERT, T A A PR e 2
52 A A 345 LK (Soil organic carbon, SOC) 7 &
PH B R, SOCKT T HERWFE Ak 2= A Yy Fe T

SO, 2 AR Y 0 SRR IR A L O R AN
3 1 S b, (H A ML (Total organic car-
bon, TOC) F- A~ i - 58 Jou 1 78 Ak i R A7 1
H WLk (Labile organic carbon, LOC) 1 + 3 vp 5 ik 1)
g AR W) 20 oy SR 4R, 7E TOC Hp e 5/ H e
A DATERG I (] R AR, EL B A A B T sl e
KR, I 25 LI AR 3SR MR BN X
T i AT 4 P it EL AT o BE e 1, BRI
& SOC AL W) I FI USSR AR

T A LB b R SR AR AR AL A
A R LR W E AL, D, W) T T i
BLJET 1 J7 0 2 T4 LR 12 19, 4 Walkley—Black 75
HEEALEY S W TR RS R T iR N AHLE S 2
THUIEAS (COL) 17284k, , R 334 P B A E PR 5
AR A OCH L, I TR T SR R AR R 3 R T T
I KMnO. 48 1k 3202 vk 2 1 Walkley — Black A Ak
PET T O W 2 R VS ) AR AR S T L
VFZ A8 FR (10 C/N) B e 56 T aX — WL, PR iR
IK A5 A T A, X S 5 D7 v AT LK A
BUBK P73 A AN [E] 2E 53, B AT AT ATEAS [RJ R B |
S SOC (A 50 , o AT LI 3 AH OG-8 Ok R 52 1
I 38 0 o 1 B AR AR AR Rl A4S B4R £ (Carbon
management index , CMT) 1A by /2 i 8 P 1 38 i
8 B0 e A AT 2T [ ik 4 22 (Recalcitrant in-
dex, RT) AT LA ZACPEAl Al A8 R it xof - S8 M AL
% (Recalcitrant organic carbon, ROC) FJ 52 1", CMI
AT DA R ROl 48 PR it 5 | 6 398 o A2 Ak i L 98

B, FH PP Ak R et A A A8 B L, A B
in = A LR 22 RN 0 3 R, ROC & H 3R
ML 2 (A 4143, AT DAAE -8 rp A A4S B, i L
i 461 5 7 - 398 ot — B BB R 1 e L RB R
3 - 9T (0 U R )

SOC ZH 43 (100 52 A F5 AN [] 119 52 565y 32 B o]
2LRA TR GE 125328 SOC 41 43 B Ry s e 1E
ff eSO A5 S A DGR . R X 3 LA 2 43 2%
IR LA AR 2212029 H R 22 K BB 28 I e 450 5
224325 SOC 4 4 LB S 38 FVE Bl B L S it 4z
A OC R . ASCEAELERT AT SEAE T, BRI
5 T 74 25 SOC 4143 1 57 [A) A, B SOC 4 7 5
MR B2 M2 & FRTE IR WA T 75— 1F
GRS ), A48 s - HERRAIE PR ALER | 0 - 39
AR R i - s PR S

1 SOCKREAZNWFNETE

1.1 Walkley—Black ¥r i 1L i%
111 JEE

Walkley FI Black!""7E 1934 4 # 4¢ F) ] K.Cr0—
HLSOLE I E SOC, 125 15 Jir B2 70 R B I A o i
WA, I B 1Y KoCr0,-H.SO. 5 i L SOC,
% 1) R TR B A VA B R A 2 , pl T T B A
iR W2k ) A TOC .
1.1.2 R FE Y

Walkley—Black % fb5 1z 8 T+ 38 A9 5
A S AR S 1 SOC E e . 5T ReiAa L, The
W TR BN HAT EERRR 0 A, W% IR R
i PRI AR I R S ] T ORI A A i
Br 3% 7 1 RS AL 77% 19 SOC, H.JGH: 41143 SOC
Hor.
1.2 KMnO, &k i%
1.2.1 J5ipt

Logninow 55" - 1987 4F 4 H A1 FHAS [m] e i
(33~333 mmol - L") KMnO., X} SOC 114 48 Ak U8 A [H]

WWW.QEs.0r9.CN




m@g 254

URETR Rt Y F 4055 2

1 s K 43 16 SOC 443 o 283 Z4FE A 5%, 33 mmol -
L7 1333 mmol « L™ 1 KMnO. 55 £ A g — i il 1)
AR, A A HLTT A9 53 A, 3K TOC X
o WA g AL A HLEK (Very easily oxidizable carbon,
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determination methods in recent 19 years
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