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Abstract: Vegetation succession affects soil physical and chemical properties, including organic carbon functional group
species, quantities, and structural changes. Changes in soil organic carbon (SOC) functional groups during the vegetation
restoration process could reveal the processes governing changes in the composition and properties of humus. The study was
on the Loess Plateau in the Ziwuling forest region of Shaanxi Province, where various stages of secondary forests have
developed. At different phases of development, vegetation systems in this region have changed from pioneer herbage
species, which initially colonized abandoned croplands, ( Bothriochloa isehemum, Artenmisia giradii, Stipa bungeana,
Artenmisia sacrorum , Spodiopogen sibiricus , Sophora flavecens, Themeda japonica, and Arundinella anomala) , to secondary
shrubs ( Hippophae rhamnoides, Sophora viciifdia, and Ostryopsis davidiana), to an early forest community ( Populus

davidiana , Betula platyphylla, and Platycladus orientalis with groups of trees and/or shrubs) , and finally to a Liaotungesis
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community forming the mature forest. The SOC content in the 0—40 cm soil layer increases significantly during the
vegetation succession from abandoned cropland to mature Liaotungesis forest. The rate of increase in SOC is different during
vegetation succession, and organic carbon functional groups varied among the different plant communities. Recent studies
using synchrotron-based C(1s) near-edge X-ray absorption fine structure (NEXAFS) have shown it to be an effective,, non-
invasive technique, which can be used to identify and fingerprint the complex structural characteristics of SOC.
Consequently it can be used to investigate the impact of management on the composition and biogeochemical cycling of
organic C at the molecular level in terrestrial ecosystems. This synchrotron radiation technology has rarely been used to
study SOC structure in China before so we used it in this study with the objective of developing a new method to explore the
effect of the succession process under typical plant species ( Bothriochlor ischaemum, Sophora wviciifolia, Quercus
liaotungensts ) on changes in SOC functional groups. The time succession sequence could be inferred from current vegetation
spatial arrangements. Therefore, we collected samples from two soil layers (0—5 em,20—40 c¢m) in soil profiles under
selected vegetation systems typically representing different vegetation succession stages in the region. Results obtained,
which were qualitatively analyzed, indicated that aliphatic-C and ketone-C absorption intensities in samples from the 0—5
cm and 20—40 cm soil layers increased significantly during the vegetation process; the peak intensity of aliphatic-C of the
0—>5cm layer was greater than in the 20—40 cm layer; the ketone-C absorption intensity of samples from the 0—5 c¢m soil
layer was less than in the 20—40 cm layer. Results of a semi-quantitative analysis showed that the functional groups’
relative percentage content in the 0—35 cm soil layers increased during the plant succession process, and the aliphatic-C
aromatic-C, and ketone-C contents followed a gradually increasing trend. For the Quercus liaotungensis community, the
aliphatic-C relative percentage content increased significantly in the 20—40 cm soil layer. The results show that the SOC
functional groups from different land use-type samples were basically identical,, and that the revegetation affected the change
in the quantity of SOC functional groups during the revegetation process. Revegetation can promote increases in aliphatic-C
and ketone-C contents in both the 0—5 ¢m and 20—40 c¢m soil layers, and this effect gradually increased with prolonged

revegetation time This illustrated that the vegetation succession enhanced SOC chemical stability.

Key Words: soil organic carbon (SOC) ; functional groups; revegetation; soft X-ray Synchrotron radiation
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Table 1 The basic situation of site in Ziwuling mountain

FEHL Aty %73 Wiy e ki3
Site Longitude Latitude Altitude/m Slope aspect Gradient Plant
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1482 13° 1A
R 36°426.9"N 8 i 10° 3 SRk
. 108°31'50.7"E Mo W . . .
=3 132 21° = o], kb 0 /tL:% . n"w
A 36°4/56"N 323 7 50 IR 80% 461 5% 28 3.5% %
108°31'53.7"E . .
AR 36951 6'N 1347 EPEH 25° IR 70% T 10% KEF 4. 6% %
. 108°31'29.3"E R W . .
IR NS ° RN T, B 4.3%%
1L ARHR 3692/55. 7N 1442 1t 4se 17 ILHEMET5% ST 7.6% Y4t EH 4.3% %
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2 ZER551
2.1 B X BRI E B R AR

&1 I 2 FB, H30A BRI B0 g 7E 284—310 eV B N, T2 BRI IETE 285.2 eV ,287.2 eV,
288.8 €V ,290.5 eV ,297.4 eV,300.4 eV, 7£ 285.2 eV &b, 103 C1S— 7 * i FILAY Y &-C, A 5o W i i
287.2 eV AUF 1 s-3 p/o” BBi-C, A 855 WIS g 5 8 M g 5 288. 8 eV fUFR 1S— 7 * JREE-C, A R i,
290.5 eV AL FRRIREL 5 S B IEA9AG HLEK FL 1], i 0—60 em + )2 FB IR IR L & B IE S0, B )2
T IERRIREL SR E A A E Y ARSI E T 0—40 om H)ZTRIREE S IEA—F A4 290.5 eV
WA B AR B 32 B2 A R L WL AE AL B 297 . 4 €V ,300. 4 eV Fom 13080 L, L, Wi, 4 S2 s 1 45
WP % 5 Jiamin Wan 287 FHIT 4K X SR80 52 1 3 B — 3,

1 20—40cm 2 20—40cm
1 0—5cm 2 0—5cm 3 20—40cm 4 20—40cm
3 0—5cm 4 0—5cm 35 | 5 40—70cm
251 30 |
o
5 25 |
5 20t =
g i% 20
o)
< o 15
T 297.4 300.4
10+t 10 L
05| 2852 05 -
0k
O ; I I I I I TR 1 1 1 1 1 1 !
280 285 290 295 300 305 310 280 285 290 295 300 305 310
Photo energy/eV Photo energy/eV
1 FAEEFEEZGHTO—S om TETEFAVBEEER X 54 B2 AEEHEET 20—-40cm +EHBEENHEERR X §
R i LR
Fig. 1 Carbon K-edge spectra of various soil samples from 0—5cm Fig.2 Carbon K-edge spectra of various soil samples from 20—
soil horizon in different vegetation 40cm soil horizon in different vegetation
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BRI -C 5RFE-C S, Ir AT e 218 S At — 25 e R EE-C A8k, i-C WSc i 1 R Jk-C I i g 4R
15, TEASHE AR AR 3 -C WSO 1 R SRR -C WSS AR HR-C WO R, A A
05 A -C W, HRSCOR B 25 SR B R ) S A -C RO AR b | AR R TR . R R
il 3T AR e R -C RS R W, A RS I -C M 55 S 0 | L P SR IR R 3T AR AR
SRR -C WA LA i , 8 B AR A2 S R b SR G -C & A AN R R R

ME 2,20—40 em +J2 HIER R FEFRAE S 0—5 em +JZ2 MU R BEERE FAR — 2, BRBEE-C Wl
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58, HUCHTR-C 5 F-C B 5-C, TEAEREIR R i R rh | & 1 3805 5 -C WSoom B2 AR A AR W d | 30 2 bk - 1 05 -
C WIS 1 - R A Pl sy o A b | 1 =E o R F ) B R D -C A 55 8 W Ac i | S AR BR - S 5 R Wi
W, 2L AAR L IERR i -C 3 R W S ), 30 AR A SR I -C R 3 -C B I A A b | P 2R 5 R 2 i 5 HL
ISR, A AR -C M AR A ] A - C R AR B R ML | SR A A B

0—>5 cm A1 20—40 cm Wi~ 12 4 WG M RS ERAE X EE | 55 B -C R FE-C W IAT G i 58 A1 22 8 K, 20—40
em 12 HIEIRNT-C WA B H 0—5 em +)259 , Bil-C W g B B 1 0—5 cm 5%, FH] 0—5 ¢cm,20—40 cm
+ 2R -C RE-C S EMAHE M 0—5 em +)Z HHEIEN-C & 85,2040 cm )2 +H1E-C &
W, 0—5 em L2 EHERWT-C & &5 il e R R Z YRR 0 i SR RAEH T8 0—5 om + 2 -5 AE
ZHRWI-C, 73 AME R 22 TR -C e R 3 A v | 38 o B 6 AR X5 B BE AT (2, FR3E-C) e (b R AL R |
T LASZ AN 20—40 em 12 IR L LR R 2040 ¢m,40—70 em )7 1 K W08
FERS M 2R R IS BT R BR 0—5 em 12 45 K WIS, UEEARE % 2R T AR 4 K

R R L ZRER 0—5 em 2 H S HLEK & B AR M A 25 B R3S 00 | 2 oA (R3S
N, EEARALIE AR -C FNEA-C AR BE 1 55 7 -C R FE-C WSS B AR AR A (2, (I 2E B R ) D AR
B 0—5 em 12 EHEAG T -C W I 0 oA o, 38R -C W fioid b A b 55 (BRI E RS, IR
ML B SIS BAE LT ,0—5 em )2 3800 -C W5 B B 3, LA s ke s, fedk 2 ad A
WL ARAR 20—40 em )2 HHEARIDT-C WA B Fb e R g BEAE B RS , R R P AR TS WA DL Ak
FVIIMH (33.14% ) SHEAR (27.80% ) >TE AR (23.23% )0, LA IR IT-C FIER-C & 5 0 PLZ Wi i a3 mf
REZ A FRART Ak H R TR ) R R AN TR B SR EE A s

- HETR-C BB -C WA B 1) S5 2 AR T U B AR B R 2 SOC 45 B R 5 i, BV CAE SOC ' il T 4 A
45k, HF 2520 0—5 em 1J2 SOC, YKE £ILARBRIFFIRT, T 832 FAR R AR SR R0 A T 52, 10
HRBRBETE T 20—40 em +)2 13 SOC S5HA B E
2.3 BROX BRI E B RRIE A R AT

PR IR (R 2) KM 0—5 em 1JZ SOM B e B IR HE-C(41.47% ) MM A 0 & s i 2, Hikoh
fil-C(23.17% ) , 5 7-C(19.28% ) , JE5-C(16.08% ) ;20—40 cm 1 )2 I E RN G & B K E/D
75 0—5 em —2, H 20—40 cm +)2 TP IEHROR PR IE-C JENI-C B K 0—5 om Ik, FRe AL
SRAYITA-C HH-C 5 0—5 em L2 &, M-S A R H] 20—40 em + 2 & B REH AR B 43 & &
FHR BN/ NIF #R SR R EE-C L Bil-C, 55 7 -C, BRI -C 5 AR AUR A 310 —S5 em + )2 T84 B e A i K2 /N IUF

F2 LTESOCEE#RHEABEMNEIRE

Table 2 Organic carbon functional groups relative content change

‘B fiE Al Functional groups

+ +2
Samples Soil layer/cm 93 f-C/ % Blii-C/ % FRHE-C/ % HA-C/ % BAHI (g/ke)
Aromatic-C Aliphatic-C Carboxylic-C Ketone-C Total organic carbon

A i A+ 0—S5 19.28 16.08 41.47 23.17 11.21
H¥ER R+ 0—S5 22.88 20.08 46.65 10.39 25.13
AR A 0—S5 24.54 22.87 36.72 15.87 17.57

IR R Y 0—S5 19.03 20.52 41.96 18.50 26.14
e+ 20—40 19.36 13.69 37.23 29.73 4.98
FER R 20—40 24.11 6.81 39.46 29.62 3.86
AR A+ 20—40 20.94 7.82 37.11 34.13 3.53
EARMRE L 20—40 20.13 21.77 26.34 31.75 6.65
ILARBRE L 40—70 14.29 0.00 54.77 30.94 4.50
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T4 S A TR N ; [T 2R W 2R R A0 20—40 em 24 B AEAT 5 4k M SOC 4% B A A5 45 1 28 1 AR
], BRBE-C AEX A 431 i iR e , AU P B R AT ARDN A 40 & 13

ARSZEG SOC REL-C HIXT A0 &%, X5 Dawit Solomon' " BF5Y + 3 R FE-C X 20 & HE B i —
, AR P50 ,0—5 em )2 H IR -C AT B 20 & 2 B Wi n , 55 & -C  -C A& 43 2 s
/b X5 Dawit Solomon " Y 43T B i Frp , F3EERZ SOC 35 F-C AT A 43 & s B hinAH iz ,{EE&?'@@E\T{M
PRI LR B I -C AR B 43 S &340, 05 & -C X A o & miwi b — 2, I S RUR 2P HIAR 2% 20—40
em )2 HHEE BN S A HURE D P A E BE A E o T 5 AR e — 2, T T AR ARAR R
BRI 5200 20—40 em 2, 036 2 T R AR 20—40 em TR AP RN, P BT A ERE, 20—
40 em 12 T IEAGHT-C AT E A0S B BB, 58] 20—40 em 12 T HET RARRETE SOC ‘B BE M 20 1 & A
AR X AT A R

SR, AR IR R GLARER 0—5 em +)2 HIRIEE-C, 5 F-C, B5Wi-C HIXE o & A0 fri
I, 58 -C NG IT-C 22 BB e 3 s Wi-C AR B 40 2 B e b (L A e v e R v 3 -C A X
Oy A BRI X S E TS R, 2040 em 12 FHERIL-C FFE-C NBIT-C AN A
FL 20 HGIT-C M 2205 22 11, U B 1 Ao 5 o 88 o ot 32 o 1 22 g 7 -C., A 0 i 6 g 0 -C 3 il e
1L ZRAR 40—70 em 1A G 7-C Wi, nT BE2 + )2 TR BE R i A A 1D7-C i A o AR SCRF 9245 Hh A Bl K &2 3
1, SOC =B IR B i-C ¥ ma £, Ul B AE 38 AR o A% b, BB 7-C ARG & JE 1 5 SOC [ & A AH
HAEM, X5 Aleksander Jokic'™ F| R FIR NMR 23 Hri# SOC 45+ 3= %t g ii-C (ki KR
I ) LA 9E 45 R — 2, H Aleksander Jokic $&H Jg i -C #8822 F 20 N R IS5/ RE R K A ML 43 R
Wi-C 5 +Hew Yok 4 4 %t SOC SRR BIR EZAE R EHEP A KRR -C, e T )2 soc
FIRRETES . FAIRIBEE R, SOC H i IT-C AY3E Inxt SOM A9 B mEAE R, HAb =R e thion
Y E-C 55 7 -C B S 3m , DA A g SRR e adE SOC 38, Rl B i35 T SOC fh2#Rae
3 4Fig

(1) B3 2 o A 2 WA R WK 52 RE A 3#F 0—5 em,20—40 cm +JZ TIENENT-C, BR-C & &8, 3 HxX fh
A P it 5 2 s T 198 OB A R A IS 700 p B b | 5t 1) Rt R AR AR S g o . 58T SOC "B g
A5 F A 2 AR I A AR R g, LR = 2 IR s | Fee e AR O R -C AR (b a3 5 2 M .

(2) 2P T2 B P s AR o ML B R PR A gl & A 8 1 ;0—5 em 12 13 SOC B REFI A2 1k
TV ER, WU HE AR 45 Bl BT RE A R IR W -C AR AR RIS BR , i 22, v REE RE AR L R EEZAR R AEA L

AR S48 NG SRy B A v DR e P ST A M T E S 25 AR AR A e B -4 SOC e AR e LB R A . AR
SCHH P BB AR Ak S AR i v S B R, R X SOC 4B RE RIS 28 1 i A= A B AR TR0
Bigh . BRI b R B S AR ELIT AR X SR S 06 0 AR S I S 3 [ 2 AR S 5 B R 4 T BT B
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