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Abstract:In order to understand the effect of different restoration patterns on soil carbon fractions in loess
hilly region, and find the soil carbon pool’s quality factors that can reflect the vegetation restoration process.
six 30-year vegetation restoration sample plots on the Panlongshan Mountain in the Zhifanggou watershed
were chosen to analyze the variation characteristics of soil organic carbon (SOC), potassium dichromate read-
ily oxidized carbon (ROC), potassium permanganate labile organic carbon (LLOC), negative organic carbon
(NLOC), microbial biomass carbon (MBC), dissolved organic carbon (DOC), salt extraction of organic car-
bon (SEOC), hot-water extractable carbon (HWEC), hot water extractable carbohydrate (HWC) during
the vegetation restoration process, and the slope cropland and regional climax community (Platycladus ori-
entailis 1.) were used as controls. The results showed that low soil carbon fraction contents were observed in

the slope cropland due to unreasonable utilization, and different vegetation restoration significantly increased
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the soil active carbon fractions, SOC, ROC, LOC, NLOC, MBC, SEOC, DOC, HWEC and HWC
increased by 109% ~228% ., 153% ~338%, 94% ~212%, 102% ~271%, 109% ~142%, 117% ~288%,
66% ~ 149%, 166% ~ 279% and 128% ~ 217% ., respectively, compared to slope cropland; however,
compared with natural Platycladus orientailis 1., the contents of those carbon fractions under different veg-
etation restoration patterns decreased by 55.4 % ~72.4%, 57.2%~75.3%, 50.1%~69.0%, 59.9% ~78.2%,
60.2% ~65.9%, 6.7%~48.6%, 2.2% ~35.1%, 40.1% ~58.3% and 55.6% ~67.8% , respectively, carbon
content was higher in the mixed forest, indicating that the mixed forest has a better restoration effect than
pure forest and grassland. The sensitivity of carbon fractions in different restoration patterns and different
carbon fractions in the same restoration pattern showed large variation, and not all carbon fractions are more
sensitive than SOC. The corresponding indicators should be selected according to the different vegetation
restoration patterns when using soil carbon fractions as soil quality indicators.

Keywords: loess hilly region; vegetation restoration; soil carbon pool fractions

[5]

[1]

1
1.1
. (109°13'46"—109°16'03"E,
. 36°46'42"—36°46'28"N) .
. ) 8.27 km”, 1 100~1 400 m,
S , 549 mm,
N —9 R
10 m, ) s
o s 1975
) ) 6
iy . (Robinia pseudoacacia 1L..,RP) .
(Caragana korshinkii Kom., CA) (Pinus
, tabulaeformis Carr.,PT)3 R
s ( P. tabulaeformis Carr.-Amorpha fruticosa
[ Linn.,PA) — (R. pseudoacacia 1..-A.

fruticosa Linn.,RA)2 1



16 26
(Fallow land,FL), ; FeSO,
(Platycladus orientailis L.,PO) s
(Sloping Cropland, CK) ez (NLOC) TOC
, 1, LOC o (DOC)
1.2
3 (10 m X 10 m), )
S 020 cm . 35%~47% .
) ,25C 1h , 10 min,
.1 2 mm 0.45 pm ,
(MBC) . (DOC) ( Tekmar-Dohrmann  Apollo 9000 TOC Combustion
(SEOO),1 I mm  0.25 mm Analyzer) asl (HWEO)
(8] ,
(TOO), (TN, (TP), (AN) . , ,
(AP) (AK)
h (LOC) , ,80°C 20 h
, 333 mmol/ 10 min,  0.45 pm ,
1 25 ml, 1 h, 5 min( S
2 000 /min), 1: 250 , (HWC) , Safarik
565 nm , Santruckova — , 1 ml 1 ml
o, 5% , 5 ml
(ROC) LOC ) . , 10 s, 1 h, 485 nm
; e (SEOC)
— , 05g ) 10 , K, SO, , 30 min )
ml 0.167 mol/l K,Cr, O, 20 ml R ne-17d
. 1.0 mol/l FeSO, (MBO) ; e
1
/) /m
(K Sloping farmland N 2 175 Setaria italic L.
GL Grassland N 20 1206 Artemisia gmelinit
RP R. pseudoacacia L. N10E 32 1129 —  Lespedeza bicolor Turez.—Stipa bungeana Trin,
CA C horshinkii Kom. NIFW o 1029 Artemisia gmelinii—Stipa bungeana Trin,
PT P .tabulae formis Carr, N 27 1166 — Artemisia gmelinii—Carex lanceolata Boott.
PA —  P.tabulaeformis Car.—Amorpha fruticosa Linn. N 2 1142 — Avtemisia gmelinii—Stipa bungeana Trin.
RA R.pseudoacacia L—A. fruticosa Linn. NSEW o7 1185 Artemisia gmelinii.
PO Platycladus orientailis L. NI'W 33 1283 Carex lanceolar Boott.
1.3 ROC, LOC NLOC
(SD Banger , 109% ~228%,153% ~338%,94% ~212%  102% ~
:SI=(C —C 2711 %, 55.4% ~172.4%,
)/C e 57.2%~75.3%,50.1%~69.0%  59.9% ~78.2%(
Excel 2013 SPSS 21.0 ID ,TOC,ROC NLOC
,Duncan , RA, PA,GL  PT,
0.05; Excel . RP CA, LOC RA, 5
. ROC,LOC NLOC
2 TOC  60.2%~84.2%,46.8%~57.0%  43.0% ~
2.1 TOC 54.3%,TOC,ROC,LOC  NLOC
30 a .6 TOC, 67.9%,74.1%,60.9%  75.0%.



(2]

17

25 20 a 12 ¢
a a
20t A B 16t B b oF ¢ I
25| 2, 2Er
& & 2 6
810 i ed o o d ¢ 8 5T cd 4 cd ; 8 4
g Z e e
i ‘w00 :
CK GL RP CA PT PA RA PO CK GL RP CA PT PA RA PO
ARKEER AEREER
14 - 900 a 160
12 b D 2 800 E B 140
~ A 700 ¢ % 120
plor 2600 | < 00
w 3T 0500 | o
et g 80
S 6 f b Ea00 | b . b b g
I e B 40
22-‘* % ? Efggd g??? “ 20
NER R /AN :
CK GL RP CA PT PA RA PO CK GL RP CA PT PA RA PO
A F R AEEREER
35 - 800 . 600
30 | ¢ 2, " I 500 - ! :
E - "50600 | o~ [
w25 |- ) J I La00 |
50 20 =
E ] 8300 r
=15 7 d = b b
€ 10 g 7 5 200 e
2 ¢ ¢ 2 lenl
l ) 100 Fd4 I n
5 ﬁ 7 . n
. / / o AL A
CA 'A RA PO CK GL RP CA CK GL RP CA PT PA RA PO
A & AREEER AR EHER
5%
TOC
MBC  SEOC 129~794 mg/kg RA PA, HWEC 6 .
,6 109 % ~ PT,GL,RP,PA RA S5 ,
142%  117% ~288%, PT CA, DOC,HWEC HWC
60.2%~65.9%  6.79%~48.6%C 1), SEOC TOC  1.3~3.8%0.3.2% ~4.8% 2.2%~3.4%,
RA, PT>PA>CA>GL RP,MBC 26.7%,44.7% 55.0%,
RA,PA, CA 3 , 2.2 TOC
GL,RP PT, 3 . MBC
SEOC TOC  3.4%~5.3% 0.7%~1.5%, (
57.5% 37.9%, 2),
DOC,HWEC HWC 10.4~26.5 ,PA RA SI, CA
mg/kg,103~661 mg/kg  63~451 mg/kg, 3 SI, HWEC,WHC,NLOC ROC
. .6 SI,.DOC,MBC LOC SI ,
66% ~149%,166% ~ TOC SI,
279% 128U ~217%, 2.3
2.2% ~35.1%,40.1%~58.3% 55.6% ~67.8% DOC AP
( 1, DOC RA.PA PO C 2,
. GL,RP,CA PT 14 PO, PO



18 26

, PO , o
4.0
35 E DOC LOC O TOC EH MBC B NLOC
3.0 F 0 SEDC A ROC @ HWEC HWC
®25
x L i
#BLs k]
o H
] H
1.0 o] H
e H
£ H
0.5 F o] i
e H
0 L i
GL RP CA PT PA
TR E RN
2
2
R TOC ROC LOC NLOC MBC DOC HWEC HWC SEOC
TN 0.992** 0.989* * 0.987** 0.986™* 0.991** 0.665* 0.975** 0.980* * 0.778**
AN 0.971** 0.965** 0.974** 0.958** 0.933** 0.751** 0.977** 0.936™** 0.870**
TP 0.547** 0.553** 0.565* * 0.526** 0.504* * 0.693** 0.668* * 0.627** 0.698* *
AP 0.568* * 0.558* * 0.554** 0.572** 0.498* * 0.153 0.501** 0.456* 0.391%
AK 0.545** 0.546** 0.595** 0.500** 0.544** 0.552** 0.659** 0.566™** 0.655**
pH —0.949** —0.940* " —0.954* " —0.936* " —0.897** —0.601% —0.895* —0.869* " —0.749**
K (p<<0.05), % * (p<0.01),
0—20 cm ,
, , TOC .
) TOC ,
, [20] [28,30] (‘hen 3
[30]
b b b o
s e Poeplau  Don
[23] s s T()CL.‘%L
CanP 5 ) T()C
TOC R ,
, , TOC ; ,
[26-27]
TOC B, . ;
, , TOC o
, TOC o . )
, TOC el . )
. ’
TOC 0 TOC )
’ Fu [28] 2 ’
TOC , o
TOC ,

, ROC LOC



5 19
(10 ,
ROC LOC s
. Strosser LOC , ,
., ROC s
) . , TOC,
s ROC LOC TOC
ROC  TOC  60.2%~84.2%.,
Lestl Zhang Jiang [1] ’ ’ ’
51381 ROC Lyl
,2019,40(3):1491-1503.
’ ’ [2]
’ ROC [D]. : ,2011.
s TOC r3] )
’ ° [D]. : .2016.
[4] C, N, P
) N [D].
) ,2015.
, 5]
; [D1. : ,2013.
(6]
’ ’ [D].
' ,2015.
’ ’ 7] : S
’ [Jl. .2018,25
: 4 (4):30-35.42.
HWEC, HWC, SEOC [8] s , .
DOC, , PO , 0yl ,2002,38(6) :6-11.
, , [9] [M].
, 11983,
, , [10] Blair G J, Lefroy R D B, Lise L. Soil carbon fractions
. MBC based on their degree of oxidation, and the develop-
ment of a carbon management index for agricultural
. ’ systems [ J ]. Australian Journal of Agricultural
MBC ’ Research, 1995,46(7) :1459-1466.
’ ’ [11] Chan K Y, Bowman A, Oates A. Oxidizible organic
’ ° carbon fractions and soil quality changes in an oxic
’ TOC paleustalf under different pasture leys[J]. Soil Science,
s 2001,166(1) :61-67.
. [12] , , ;
, (1] .2012,20(5)
863-869.
[13] Ghani A, Dexter M, Perrott K W. Hot-water extractable
' carbon in soils; A sensitive measurement for determining
. impacts of fertilisation, grazing and cultivation[ J]. Soil
ToC, Biology &. Biochemistry, 2003,35(9):1231-1243.
[14] Sparling G, Vojvodic-Vukovic M, Schipper L. A. Hot-
° water-soluble C as a simple measure of labile soil
’ organic matter: The relationship with microbial
s y biomass C[J]. Soil Biology &. Biochemistry, 1998, 30



20

26

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(10/11) :1469-1472.

Safarik I, Santruckova H. Direct determination of total
soil carbohydrate content[ J]. Plant and Soil, 1992,143
(1):109-114.

Graham M H, Haynes R J, Meyer ] H. Soil organic
matter content and quality: Effects of fertilizer applica-
tions, burning and trash retention on a long-term sug-
arcane experiment in south africal J]. Soil Biology &
Biochemistry, 2002,34(1):93-102.

Haynes R ]. Labile organic matter fractions and aggregate
stability under short-term, grass-based leys[J]. Soil Biology
&. Biochemistry, 1999,31(13):1821-1830.

Wu J, Joergensen R G, Pommerening B, et al. Meas-
urement of soil microbial biomass C by fumigation-
extractionan automated procedure[ J]. Soil Biology &
Biochemistry, 1990,22(8):1167-1169.

Banger K, Toor G S, Biswas A, et al. Soil organic car-
bon fractions after 16-years of applications of fertilizers
and organic manure in a typic rhodalfs in semi-arid
tropics[ J]. Nutrient Cycling in Agroecosystems, 2010,
86(3):391-399.

Gil-Sotres F, Trasar-Cepeda C, Leiros M C, et al. Different
approaches to evaluating soil quality using biochemical
properties[ J]. Soil Biology &. Biochemistry, 2005, 37
(5).877-887.

Balesdent J, Besnard E, Arrouays D, et al. The dynamics
of carbon in particle-size fractions of soil in a forest
cultivation sequence[ J ]. Plant and Soil, 1998,201(1):
49-57.

Covaleda S, Gallardo J F, Garcia-Oliva F, et al. Land-
use effects on the distribution of soil organic carbon
within particle-size fractions of volcanic soils in the
Transmexican Volcanic Belt(Mexico) []]. Soil Use &
Management, 2011,27(2):186-194.

Slobodian N, Van Rees K. Pennock D. Cultivation-induced
effects on belowground biomass and organic carbon[]].
Soil Science Society of America Journal, 2002,66(3):
924-930.

Haynes R J. Size and activity of the soil microbial bio-
mass under grass and arable management[J]. Biology
and Fertility of Soils, 1999,30(3) :210-216.

Shepherd T G, Saggar S, Newman R H, et al. Tillage-
induced changes to soil structure and organic carbon
fractions in new zealand soils[ J]. Australian Journal of
Soil Research, 2001,39(3) :465-489.

Gregorich E G, Greer K J, Anderson D W, et al. Carbon

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

distribution and losses: Erosion and deposition effects[ ] ].
Soil and Tillage Research, 1998,47(3):291-302.
Polyakov V, Lal R. Modeling soil organic matter dynamics
as affected by soil water erosion [ ]J]. Environment
International, 2004,30(4) :547-556.

Fu X, Shao M, Wei X, et al. Soil organic carbon and
total nitrogen as affected by vegetation types in North-
ern Loess Plateau of Chinal]J]. Geoderma, 2010, 155
(1) :31-35.

Preger A C, Koesters R, Du Preez C C, et al. Carbon
sequestration in secondary pasture soils; A chronose-
quence study in the south african highveld[ J]. Europe-
an Journal of Soil Science, 2010,61(4) :551-562.

Chen L, Gong J. Fu B, et al. Effect of land use con-
version on soil organic carbon sequestration in the loess
hilly area, loess plateau of china [ J]. Ecological
Research, 2007,22(4) .641-648.

Poeplau C, Don A. Sensitivity of soil carbon stocks and
fractions to different land-use changes across Europe
[J]. Geoderma, 2013,192(1):189-201.

Magid J, Bruun S, Neergaard A D. Relating soil car-
bon fractions to land use in sloping uplands in northern
Thailand[J]. Agriculture Ecosystems &. Environment,
2009,131(3):229-239.

Culman S W, Snapp S S, Freeman M A, et al. Permanga-
nate oxidizable carbon reflects a processed soil fraction
that is sensitive to management[J |. Soil Science Socie-
ty of America Journal, 2012,76(2) :494-504.

Zhang S, Wen J, Li T, et al. Soil carbon fractions of
restored lands in Liusha River Valley, Sichuan[]].
Ecological Engineering, 2012,40.27-36.

Strosser E. Methods for determination of labile soil organic
matter; An overview [ J ]. Journal of Agrobiology,
2010,27(2) :49-60.

Moharana P C, Sharma B M, Biswas D R, et al. Long-term
effect of nutrient management on soil fertility and soil
organic carbon pools under a 6-year-old pearl millet-
wheat cropping system in an inceptisol of subtropical
india[ J |. Field Crops Research, 2012,136:32-41.
Mosquera O, Buurman P, Ramirez B L, et al. Carbon
replacement and stability changes in short-term silvo-
pastoral experiments in Colombian Amazonia [ J J.
Geoderma, 2012,170:56-63.

Jiang P K, Qiu-Fang X U. Abundance and dynamics of
soil labile carbon pools under different types of forest

vegetation[ ] ]. Pedosphere, 2006,16(4):505-511.



