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Effect of revegetation on soil organic carbon concentration in deep soil layers in
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Abstract; Soil organic carbon (SOC) is an important component of the global carbon cycle. Uncertainties remain about the
estimation of SOC storage because of a lack of information about temporal SOC accumulation in deep soil layers. Four ages
of a Black locust ( Robinia pseudoacacia) revegetation chronosequence including 9 (ch9), 15 (chl5), 24 (ch24) and 34
years (ch34) in the hilly Loess Plateau region was selected for this study. Vegetation characteristics and SOC dynamics
down to a depth of 2m were investigated along the revegetation chronosequence to determine the accumulation of SOC in the
deep soil layer and its response to revegetation. The results showed that the deep soil layer of the hilly Loess Plateau
conserved a large amount of soil organic carbon. Deep layer (50 —200cm) SOC content (1.35 —2.39 g-kg™') was
equivalent to approximately 25% of that found in the shallow layer (0 —50cm). Deep layer SOC storage (26.28 —46.50
t-hm *) accounted for more than 50% of total SOC storage (0 —200cm), and deep layer SOC storage was significantly
higher than that found in the shallow layer. The results demonstrated that total SOC storage will be underestimated by
approximately 1/3 in this region if SOC was only measured to a depth of Im. When compared to ch9,SOC storage and SOC
content in deep soil layer increased significantly after more than 20 years revegetation. Average SOC content for 10cm
increments down to a depth of 2m for ch9, chl5, ch24 and ch34 were (1.65 +0.05) g-kg™', (1.70 £0.06) g-kg ',
(3.10£0.12) g-kg™', and (3.35 +0.16) g-kg ' respectively. As a vigorous accumulation exhibited in the mature
phase (15 —24a) of Black Locust, average SOC content of 2m was doubled after 20 years revegetation ( ch24, ch34)

compared to that of 9ch. And for the entire revegetation chronosequence (9 —34a) the increase in SOC storage down to a
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depth of 2m (43.02 t-hm ™) was distinctly higher than that in 1m (34.65 t-hm ). Unlike the shallow soil layer had
significant differences in SOC content in adjacent increments (0 —30cm) , in the deep soil layer the differences were only
0.12 —0.42 g-kg™". Black Locust growing conditions ( coverage, basal diameter and height) showed significant correlation
with both deep and shallow SOC content, demonstrating the significant influence of deep-rooting vegetation to deep layer
SOC and the integrity of the whole soil organic carbon pool. Our results indicated that SOC storage in the deep soil layer
should be considered when estimating the effects of soil carbon sequestration of revegetation in the hilly Loess Plateau

region.
Key Words: revegetation; SOC; deep soil layers; Black Locust; hilly Loess Plateau
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SOC KM , K 0—50em VR — AR, ) 73 W ik)Z , 5 50—200em VR — IR, R 7 )= o

F1 FHEER
Table 1 Characteristics of studied sites
FEH #/m Wiz e/ (°) B/ (°) AT EEREARPAR
Sample sites Altitude Slope position Aspect Slope Mainly vegetation types of herb

, T B Artemisia capillarie
ch9 1235 Zr Ws15 2225 YR T Lespedezabicolo

\~ &7 Artemisia giraldii
h1 1202 20—2
chl5 0 R L WS40 0—25 ¥ B Artemisia scoparia

Artemisi -

ch24 1199 T b W45 15—23 ERFT# Artemisia gmelini

K TEHE Stipa bungeana
BT A, gmelinii
ch34 1208 2y ES15 22—25 WA giraldii

¥ B A. scoparia

x2 TREBEFERERHBREL
Table 2 Vegetation dynamic along revegetation chronosequence

AT BALE ORBL FRIRRAE KRB T2/ U
PR AERR Growing conditions of herb Growing conditions of Black Locust Litter indices
Revegetation 12/
& s UHER e em mme M emem BE/% BEE/em F/g
years/a Coverage Species Height Coverage Basal Height Coverage Thickness Dry weight
& No. & & diameter & 8 Ty welg
9 53 +6.0la 9+2.08a 20%2.08a 10+0.00a 4x0.29a 213 +8.82a 37+11.90a 1x0.17a 94 +14.00a
15 17 £4.33b 12 +£0.67ab 26 +2.96ab 31 +1.67b  5+0.00b 550 +28.87b 70+2.89b 1x0.06a 282 +25.15b
24 8+2.89bc 8+0.58¢c 21+1.20a 86+3.17¢ 12+0.33¢c 1100 +57.74c 67 +1.78b 2 +0.00b 304 +45.35b
34 60 £6.99ad 14 +0.33b  30+2.91b 56 +1.67d 15+0.73d 1037 +13.33¢ 72 +1.67b 2 +0.17b 258 +31.33b
B AR FRRY R B3 (P <0.05)
— e T 32 2L 1 48 ¢ —
AR T3 F R B R R IR T ERBK, MKZE A ok schls @4 @ chdd

TEABEAMRANTT ) BB L IEAER AR
EH, AEALILE 1, %2 385 R A Xk L3
KA ERIE. B2 LESOCHMENIHTRE T ES
Wang"" A [,

K FH SPSS 13. 0 Xl & 25 R #4748 14047, i LSD
B E S, TR i w5 1 22 bk
2 ZR55H

45 Bulk density/(g-cm™)

0—10 10—20 20—30 3040 40—50

2.1 AEMREER 2m 12 SOC 5 LJZERJE Soil deapth/cm
ch9 ch15 .ch24 ch34 [y 2m +J2 SOC 4435
(1.650.05) g-kg ™' .(1.70 £0.06) g-kg~'.(3.10 = B1 ARLEHARE0—S0m tREE

Fig. 1 Bulk density of 0—50cm soil layers in different land

0.12) g-kg™'.(3.35+0.16) g-kg ™', FaAE W% B AR use types
SEBHMAEIS (E 2) R (15=240) BBE o 1y ol o 5542 B 2 Kk R 03 0
RE(P<0.01), k% 20 Z4)f5,2 m 12 S0C &  yup
((3.10 £0.12 )—(3.35+0.16) g-kg™') LK & 9a B}
((1.65+0.05) g-kg " )RET 1 f54£A.
2.2 REMEZ SOC 2K (8] 2 7
ME 3 FR]LIE ) RZEFIRE SOC BRI AR MZ K E 254, SOC 78 5882 (0—50cm ) A8 1L LK
FIZL, FH4R 42 SOC S B FHI2 5 0.68—4. 64 g-kg ", ch9 chl5 . ch24 ch34 Bl 0—30em VREFHAR 12
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gkg ! ERABE(P>0.05), %Ei
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Mlg 4 FFEILJ%&H@%E SOC é‘i‘l‘ﬁ@?ﬁfﬁﬁﬁﬂgi‘% Fig. 2 SOC content of different revegetation years in 2m
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SOC & REBEPTAER MBI, Bk LR Raiass, g <o
W (15—24a) AR BE R HN(P <0.01) , FEAIBE B FEE TR AR o

0 Och9 ©chl5 @ch24 mch34
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B e )
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B3 HERXAEREER0—200 cm THEANRER

Fig.3 SOC contents among different revegetation years in soil layers form 0 cm to 200 cm
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Fig. 4 SOC content dynamic in shallow and deep soil layers Fig.5 SOC storage of different revegetation years in shallow and

along the revegetation chronosequence deep soil layers
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2.5 WEMREE SOC SHHHE R MMM

M3 R LAE ), 1R)Z SOC & 8-S HIM A ZE AR R BE , LA B At ¥ ) i BE AR A7 7E AR S 38 BOAR G (P <
0.01) . W)= SOC &8 SHIMLI R FEARTNR B, LARAS W) R BEARSCHEAR B35 (P <0.01) o RN TR/
SOC FRABARN . HZEMHFZ SOC &R WAFIE R E KX (P <0.05) , RUIR/Z SOC KR = X H)Z
TR ST

*3 XREMRE SOC S5iEHiEtraEAHE
Table 3 Correlation between SOC content in shallow and deep soil layers and vegetation

AT FAE KRB FIRRA: AR i aTR
0—50cm Growing conditions of herb Growing conditions of Locust tree Litter indices
soc Az &
wg OHR e uw AT S =
content ¢ Species  peieht  C Basal gt C Thick Dry
overage No. eig overage . o ter eigh overage ickness weight
. A
0—50em +BAHKAR 0.218  0.391  0.413  0.404 0.880** 0.745** 0.785**  0.514  0.362
0—>50cm SOC content
0—20cm LIAVURAR ) 5500 0187 -0.106 -0.040  0.756*° 0.713° 0.807°°  0.316 0.863** 0.524

50—200cm SOC content
* o RUHCHEA B (P <0.01) , + REIHISCHERE (P <0.05)

3 g

TERE A DU BT, DUEE B 2 < Im H2 BR300 T L EER M HIX
BOE T, T8 R X IR R RE, AR TR B i 8 e X AR < Im + 2 BRAE RS H AT 45 A
1)1 2m 1 )2 SOC 58 H(41.28 £1.27)—(84.30 +4.12) t-hm 2, i 1m + /2 SOC & 1/3 £4,
BEETHE L 20em +)2HF SOC f£E 0.6—12.18 t-hm > ') {ij%Z Jobbagy Z:7E 2000 4E* B A% HY
SERFEERE 2 (3 m L EAVREFRER Im L2075 56% )

Fontaine %' 42 a2 HIIR)Z SOC £ i T 357 8 AL B A T B 40 , (ELAS TS B 445 SR 2 WA i K
ESFBHAYYEINEY K THME, RAHREZ L REE TELK SOC, A XA L5tk ARk E
2B+ SOC SRR, X T2 TR R B RS AR AR & B o 2 50T 9% % B 4 X i
YRR SR 0E %2 13 SOC R, (B2 THZ 1% SOC KAk ix £ R i F bt FIE SoC
BEAE B R T AL EIBE ST , B AN B2 B — R % 18, Z T SOC B RIAE b, ABFFT R IR
JZ SOC & &7 15 MR Ea 15 (B 3) . 2m +/Z/#) SOC 58 B EH fik 43.02 t-hm > (9—34a) , i 1m
+ 215 SOC & HHEIE 34.65 t-hm > (9—34a) & 8.36 t-hm >, #+ X KAFH 204.7 x 10*hm* B # i
(BB >15°) SCHGEHHEA TR BIAB BRI KT T 5 T 92 Z24 , MR LUK R 5 i + 35
SOC S AL T U BB HHA AR TA2 30a J5 HHEE AR , % RIFZ SOC M B L Im L ERBEERY
1712 x 10 t, Fisher % 5 X F22{H AT 5 S BRER T 455 H B “BRAGIL” IRV RIAH 36 s SR B R 25
0 - M I VA 02 211 8

— G AR R b T R R AR IR A PR LA A SR e B A HLER A AR R
W REABE . TRV, WIZ SOC BB R K28 1k H S5 A ORI AE (a3 — B, A%
Ve B3 (B 4,53 3) , T SHG7EY)  BA R KORBUA VR R . AR X IR A AAR 2R B2 B4k 52 4 R i i B 2
e, FaX P in =B & A EUREY . Nepstad Fil Trumbore 25" 245 MR R 2 K2 SOC FERIE,
BB B)Z SOC MBS MM o AT L GHRHEAL Y A4 KORBLITIRZ SOC HAs ke £ VR

bEE 5+ R KGR BHEAR TR S, ARV AR TSR AR T A AR i 2, X
VR IZ S P 72 A BRITE R, 56 VY2 SRR R (AR Ak, A B T 4 T PPA AR B A ) - S P AR, LA R 7 R
ek E A
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