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HE B RE LA LK A (Soil organic C,SOC, Total soil N, TSN) £ Xf R i AE S RGERBRA E E W T, FEIKICE K
ZREFINIX 2R REEAEAEEE L, U X FREHYE 3 Mt BN TARCMAR JRIRR /) F1 3 FRARAER IR
BRI B ZE) 4, ZEIRSL Y 18 MEF L, A EMET 0—100 em /2 SOC. TSN FI DOC ( Dissolved organic C,DOC) 45
16, 50 TR bR K ERE YR B R R HBAAM . 1m )2 SOC. TSN #1 DOC FERXRARAMKEER FATIHK, 5A
TR L , RIRRA M FRZE (0 —20cm ) SOC TSN fi% 43 5 85 42% ,22% ,{H 20 — 100cm + /2 SOC TSN i A &K, AT
T, 20 —100cm +J2 SOC f# &% 33.6 thm >, 5 1m +J2# 55% ; TSN A& #43.9 t hm >, |5 1m + /2 57% ; RIRKRAEMNT,
20 —100cm + /= SOC . TSN 43514 55.3 t hm ™2 6.0 t hm ™%, 5§ 1m +2EE /3510 59% F1 63% , FHrr, 40 —60cm KRR
AR HE N TARBR BN 24 B T 82% 65% ; HUk A 20 — 40em, RARUKAEFR L AN THBRASE R BIE T 73% 65% . AR
RE AT ,S0C 5 DOC TSN Olsen-P #RR I BER M A KM, BIR R, MBIREE AT LERAWRE, AMIKRELE,
W2 13t BA HGR AR A EN 8 BB T RAAW AR T 3 B LB € R 0 AR AR st R IR ¥ W bR s T L ARG

KEWR: B A BEERES; RAWREM; ATHK; B2

Effects of secondary and manmade forests on soil organic C and N in subsurface

soil in hilly region of the Loess Plateau

SUN Wenyi', GUO Shengli'**
1 Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resource ,Yangling 712100, China
2 Institute of Soil and Water Conservation, Northwest Sci-Tech University of Agriculture and Forestry, Yangling 712100, China

Abstract: Exploring contents of soil organic C (SOC) and total soil N (TSN) in subsoil is crucial to finding out soil
organic C and N sequestration potential in terrestrial ecosystem, the missing carbon sink and dealing with global warming.
Data were presented on changes in soil organic C (SOC), total soil N (TSN) and Dissolved organic C ( DOC) in three
manmade forests ( Pinus tabulaeformis, Robinia pseudoacacia, Pobulus simonii) and three secondary forests ( Quercus
liaotungensis , Betula platyphyllum , Rhamnus davurica) in Ziwuling site in hilly loess region, China. Eighteen sample plots
were established to gather litter accumulation on aboveground and sample soils from 0 —100cm soil profiles under different
vegetation types at the hilly region. SOC, TSN and DOC in 0 —100 cm soil layers and litter accumulation were determined
to study soil organic C and N sequestration potential in subsoil under different vegetation. Storages of SOC, DOC and TSN
of secondary forests were significantly higher than that in manmade forests. SOC and TSN sequestration quantity in surface
soil (0 —20cm) were 42% and 22% higher than that in manmade forests, respectively, but the relative C, N sequestration
capacity in subsurface soil (20 —100cm) were higher than that surface soil. For manmade forests, SOC storage (33.6 t
hm ) in 20 —100cm soil layer account for 55% of the amount of 1m soil layers and the storage of TSN(3.9 t hm ) in 20
—100cm soil layer account for 57% of 1m soil layers respectively. For secondary forests, SOC storage (55.3 t hm ™) in 20
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? in 20 —100cm soil layer account for

— 100cm soil layer account for 59% of 1m soil layers and TSN storage (6.0 t hm "~
63% of 1m soil layers. The relative storages of SOC and TSN in 40 —60cm were increased by 82% , 65% respectively,
followed by 20 —40cm the relative storages of SOC and TSN were increased by 73% , 65% , respectively. With increasing
of SOC under the different revegetation conditions, there is a strong correlation between SOC DOC, TSN, Olsen-P. The
results suggested that revegetation could significantly enhance C and N sequestration capacity not only in surface soil but

also in subsurface soil. Soil C and N sequestration capacity and litter accumulation under secondary forests were higher than

that under manmade forests.

Key Words: C; N; sequestration capacity; secondary forests; manmade forests; subsurface

RS RGH, TEA VR RREE (1n L2 ) 2 RSB S CO,-C R K 2 1%, W B hixbisE 1
23 5N Wik, A VIR R AR SRR A BB, iR 58 AR
AR ERRR, B THGRERME, SR HTFER, B TR 2 LIEE RIS+ T 20em
LAERIZ S Tixd 20em DA TFIRIE HIRA VIR AL 580 . 2 LA DU F A 25 R 45 9K
MEEARHY. REFRELEAVBRKERTER, AR5 UAEZAY . EREFHK, KK
HHUBRAELE 30em LT EEPY ERFEFATRES, Im +2HEIIRE 59% E#77E 20—100cm
HEFS WA KR AN MR LR R R R H R ERRRT . I, M IRE I YU R
FHAACHIBESE , A B TIRA T A bl b A= 25 R Gt v - 388k O IR 80 o

EELEEX—ASHEHX, KRS A THEPIREMEGHEK LA, BREHEAIRAEEEEE L,
BRTHBTSTER I, 5 A TP, KRBT, R2 HEEE BERBICAUL ' filin, D Ea %™
WFFE R B, Bt e v A X e bk H A ML S B0 3.3—4.8 g ke ™', BAARE ML RAREEE ALK
B, 029.5g kg™ A T8 MR A 5.53—11.9 g kg™, /NiF47 07 12.8—18.4 g kg ', HIR)E 3%
REBA FFAERIANERE . HERRRANFEEY 2 Z0RZ IR F M EERKS )y, 38X %
FRHLHHS , R AR RA L —BAEOR  RITREBIR R I A T, B 4 T P A LR
A& BEE A NE, A B TR L IEAERE T .

1 #R5HEE
1.1 BFRXA

PR X AL T3 L R TR IR AR IX A BT & R &% (109°11'E,36°05'N) . #hRIS A +
BRINARIX , MK 930—1683 m, MR R 224 100—150 m, AR A 4.5 km km >, 4EFHSIR 7—8C, LFF
ik 120—160d, SEHJ /K & 564 mm, HAh H 2 6—8 H yFEK i 2FER/KER 60% o4, /B TR IR I
WIS PR A B

T IARIX A 1866 4F 4ith A\ A AME G 26 F#th_ BB ik Bk 1, 2 3 L i B AT IRAF B BB B R
SRR AR Z — , HOMRARABIA BEIX 70% LA b bR B4 7 B3k 90% LA b o AR T ZE IR, 4B KA R R 32
FERRAREETR, WM ZHEER, BRENRE, RIX AR F) R IR R A H LR (Quercus
liaotungensis)  A¥E ( Betula platyphyllum ) | 111 % ( Populus davidiana) VA B 43 A5 88 ) ) /NFT K Bl 28 ( Rhamnus
davurica) , ZX N TAHk T E A H# ( Robinia pseudoacacia) FK Il #4 ( Pinus tabulaeformis ) #k . /N 4% ( Pobulus
simonii) . VEARRG IR T R ( Sophora Davidii) . JE#z T ( Ostryopsis Davidiana Dcene) R % | ( Ziziphus guguba) 2%
AR RARRAE AR, N TARBETE G540 ] 28, Wb SRR B —

o T ARUESL AR AT B, B AR 2 B 1E — BN B AT , TR R B2 1000—1200m 5 35 2 5y
15—30° ; 3k [a] =22 g BRI FAF FHEE ; e 467 EZ R FAR(ER 1) 6
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1.2 Em E Rk
1.2.1 +H5REEYRE

IR v VR 2 SR PRIt 2 A B T LR D A 2 ik TR SR R 3 MR DT, 45 AL GPS B fifo
FRAMAE R FH 10m x 10m #EJ5, FE A MAFNSE FRABE R % B A KRGS R BE R Im x 1m
5 TRAA RN BE R B PN S AE AR REVE AR ISR A Im x Im A2 07, FH AR IRAE . e 3 4%
75, IR AR FIE YR 18 A~(2007 4£5 H) .

e — R B BEE RE N, 3B 0—5.5—10.,10—15 ,15—20,20—40 ., 40—60 , 60—80 .80—100cm =
WREE HITHE ,20em ANE R 3 1K ,20—100cm EHE 1 1K, R & IR A 48 1~ LA M, 6 Rtk
BRI oRAE 288 HIEAEN .

TE FHEPRAI ISR E B R B2 2 A 3885 1w, A 25 7T R 4 0—20,20—40 ,40—60,60—80 80—
100em +Z2FR T3, K EEE 3 KM THRE, FRE LEN HEAE,

1.2.2 HRAESHT

Bt AR A YA R, AT, TR 0. 25mm 5, U € £ 38 A HLEk (SOC) (H,S0,-K, Cr, 0, S i #4
%) P AR (TSN) (ML EAE) &8 ( A3 AL BUCHI322/343) ) DOC(0. Smoll. ™" K, SO, ¥ iiZ4E, +
W H 1:4, #53% 30min, TOC {15 ) .Olsen P( 0.5 mol L' NaHCO, 1842, 4H85 P L1 ) .

KA IR B E WAETE 60°C 4k 24h, FRE, LU B BB AR EASTE Y& . M ie)E , €k (H,S0,-K, Cr,
O, sMIm#E) P MeR(HLRERE) P S &,

H KA R AT, BB A 105CHE T 8h, B AR LA SSE =(BE - TE)/TE
x100%

HIEEVIRAER MR AN :C, =d, xp, x 0,

K, i AHFERRZK,C H HIFEVIREE ,d WL ZEE p HHEAE,0 hHFEAVREE,

1.2.3 BiRAESG

F SASS. 172 B A5 AR R A= KA AR T SOC TSN, DOC  Hi K AR & B LA R 7Y C/N #1457
FZAHT(ANOVA) | X4 F 556 5 350, 1T ¥ {E R /N2 7 B35 (LSD) £ 36
2 GRS
2.1 RARWEAS AN THST HIRA VR RSBS00 R0

RRKAEM G N TP ZMAT , 1m 2 SOC ##M“ L& TR Mo (BRRREKS
ANTH SOC FRAFHEHRBE(P<0.01)ZR(%2), ATHT,Im /2K S0C AT 2.4—18.5g kg™
ZIEL 9. 4g kg™ o RARWAMT Im 129 SOC F BT 3.7—31.3 g kg ' Z 8, FHEN 14.8 g
kg ' U ATAHE 57% o 7 1m +)J2H  RRVEERRKAE SOC & B ¥ E T ATHGE 2) [BARFEE SOC
MIRRIEEARR ., 0—5em +)2 SOC FRERARWEKSG A THEMEK,512.7 g kg™, KKK 5—10em +
J2(5.0 gkg™') o 1H40—60cm ZAb, RARKAME N THRRIAIXHR R BB, 15 97% , Hik 20—40em +ZH
87% ,

DOC S EMEMP LA FAEMREE (P <0.01) ZHF(F2), RAREMNT,E)ZE DOC FEEHLTF
162.4—622. 6mg kg ' Z i), F-H)k 322.6 mg kg ' A THE 76% . KR AEMS 12 DOC FEHFHTA
TR, TR AR R A AR5 N TR 25 (B A AR X 48 15 2 359 Bl )2 0% B 388 i g A1 (38 2) o RARIRAEAR 5 A T4k
DOC % 0—Sem 218 (368.2 mg kg ') AR R E B (145% ) B K, Yk N 5—10em )2, Z1{H )y 104.6 mg
kg ™' FEXHEE BN 55% o

[F#E, Im )2 TSN ZE b5 SOC —B(F£2) o RARWAEMT Im +JZ9 TSN FEFHEN1.35 ¢
kg ™' BN TAHRHE 36% o 0—5em +JZ TSN FERRIKAEM S A THAZEE(0.64 g kg™ ) Fk,H 20—60cm +
25, RERRAR TSN BN TARFI AR R R & (79% ) Je oK

http ://www. ecologica. cn



10 3 I 4 KRRV G AT B+ R XIRZE TR TR AR R0 2615

£i ERTIR, B SRR B R AL PR EE N AR BE K R BE i1 32 % SOC . DOC TSN & &, H 1m /2= SOC,
DOC.TSN EB&HABRKRIBERMRF . 5ALARMLL, RARKAEMT SOC #E FZ AL 0—Sem 1 20—
60cm 1 JZ ;DOC {RBFERJZ 0—10cm, JLHJE 0—5em 275 T3 1.5 ff; TSN {ABLTE 20—60cm, F)ZE +3%H)
A E RETIAB R, H 20—60cm RARUAEMAH L N TARE B B3R 0B A E € BETT o

R2 RAXREKRSEAIRIBIAEHREASE
Table 2 The contents of SOC ., DOC and TSN under manmade forest and secondary forest

WA T2 HAR ATk RARUAEM .ﬁﬁ P2
Ttem Depth Sample Manmade forest Secondary forest Difference Increment/ %
/cm Number Mean + Std Mean + Std (RR-AT)

SOC/(gkg™") 0—5 9 18.5+8.5b 31.3 x15.0 a 12.7 69
5—10 9 12.3+5.9 a 17.3+6.3 a 5.0 40

10—15 9 9.0+3.3b 12.9+4.8 a 3.9 44

15—20 9 6.1+1.5b 9.9+3.1a 3.8 63

20—40 3 4.9+1.8a 9.3+3.6a 4.3 87

40—60 3 3.0+0.6 a 6.0 +2.0 a 2.9 97

60—80 3 2.5+0.4 a 4.1+1.0a 1.5 59

80—100 3 2.4+0.5b 3.7+0.2 a 1.4 56

-4 Mean 48 9.4 bB 14.8 aA 5.4 57

DOC/(mg kg™!) 0—5 9 254.4 +105.7 b 622.6 +404.4 a 368.2 145
5—10 9 190.5 +89.5 a 295.1+179.3 a 104.6 55

10—15 9 157.4 +52.3 a 210.1+102.2 a 52.8 34

15—20 9 130.3 +41.7 a 162.4 +42.5 a 32.1 25

1) Mean 36 183.1 bB 322.6 aA 139.5 76

TSN/ (g kg™!) 0—5 9 1.82 £0.72 a 2.46 +0.73 a 0.64 35
5—10 9 1.30 £0.55 a 1.61+0.32 a 0.31 24

10—15 9 0.97 +0.27 b 1.27 +0.32 a 0.30 31

15—20 9 0.68 +0.08 b 1.03+0.27 a 0.35 51

20—40 3 0.55+0.20 a 0.99 +0.40 a 0.44 79

40—60 3 0.36 +0.06 a 0.64 +0.24 a 0.28 79

60—80 3 0.32+0.03 a 0.45+0.12 a 0.13 42

80—100 3 0.27 +0.03 b 0.42 +0.08 a 0.15 54

-1 Mean 48 0.99 bA 1.35 aA 0.36 36

P RFRRFE — 22T RS A ThR 1

2.2 REARRAMREG NTARXS 3986 HLaR AUl & R

TE 1m 129, RFEGRE KRR KA SOC i EE FALM(E3) . 1m £)2 SOC BffERARRAENN
94.5 t hm >, fb N TAKE 55% o AN THAEBEEISAE T, 20—100em 12 SOC 58 K7 33.6t hm 2, |5 Im +
2B 55% , RARIR A MAE R FIZT, 20—100cm 2 SOC fi &8 H755.3 thm 2, [ 1m + )2/ 59% , 40—
60cm RARUAAREEZ N TARMEN 3 3 B K, KARIK A K SOC fi58 k945 t hm ~* Eb N TAKER 82% ; HK K
20—40cm 12, RIRWKAEM SOC 47 22.3 t hm >, Fb A TAHKE 73%

AR, Im £ 2 AR AR TSN SAER (9.5 thm ™) K A TAKEAE B R 41% ; N THRIEBRBIRHT,
20—100cm /2 TSN &5 3.9 t hm?, 5 Im + )2 57% ; RIR K AEARME BB 544 F ,20—100em + 2
TSN &7 6.0 t hm ™, 5 Im +J2#) 63% . 20—60cm KARK B A THHIHER BEK, N 65%

Bt , RARURAE R L TARER BB I B2 32 /55 SOC (TSN i &, H 1m +JZ 4 )2 SOC TSN & &I A B K
TR . 20—60cm + 2 RARKAEM L N TARRILH BB KR R EFERE ST o
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®3 RARERSEAIRTLIHAENREEE
Table 3 Storages of SOC and TSN under manmade forest and secondary forest

Wi +/em ATH RNGAH  BERCRA-AT) e
Item Depth Manmade forest Secondary forest Difference Increment/ %

SOC/(t hm~2) 0—20 27.5 39.2 11.7 42
20—40 12.9 22.3 9.4 73

40—60 7.8 14.3 6.4 82

60—380 6.6 9.7 3.1 47

80—100 6.2 9.0 2.8 44

431 Total 61.1 94.5 33.4 55

TSN/(t hm~2) 0—20 2.9 3.5 0.6 22
20—40 1.4 2.4 0.9 65

40—60 0.9 1.5 0.6 65

60—80 0.8 1.1 0.3 31

80—100 0.7 1.0 0.3 42

47} Total 6.8 9.5 2.7 41

2.3 RAAWRAMG AR 3R 03 390 (53 )

RIRWAEMG N IHEPRBR T, R FAE Y RERRBMFEY ON FEBRER (K4 A
TR E YR T 9.0—11.7 t hm ™ /N R R AR, RUBLRETE 5 ; KARUK A ARt 2 8 9% 1 A5 b
F9.8—35.5 thm ™, RARHERAR, AR R . RARWEMKFMRREYRBEREN24.2 thm ™ RA
TARES 1.8 7% S C/N R ANTHAREY 1.4 £, XEGIREZH, RERRRAENKFEREYHRE(H
RS2 B0 Ml C/N(BE/NH i 2R E0R) BA R B & ER (A FHIE R TATK.

Fd4 RAREMREAIRKFHRBDEUWERH C/N
Table 4 Litter quantity and its C/N ratio under manmade forest and secondary forest

PR/ (thm™2) %Y C/N

REBRR AR Litter accumulation Litter C/N
Vegetation types Vegetation F-4 Mean cv T4 Mean cv
RIRK MK Secondary forest B2 Rhamnus davurica 9.8 50.1

L ZE KR Quercus liaotungensis 27.3 57.7

EIHE Betula platyphyllum 35.5 41.3

iy 24.2 0.5 50 0.2
AT #k Manmade forest JM¥A Pinus tabulaeformis 11.7 35.9

I8 Robinia pseudoacacia 20.5 22.6

JINHA% Pobulus simonii 9.0 48.9

¥ 13.8 0.4 36 0.4
LSD 0.10 17.8 19

T LSD A RAAK ARG N TARE B 5 WA
3 e

TIA VR RTE B SR R0 S i Uk 0, 76 R R B Y AR X T 4R U4
X, N TIHAAPRFIR SR EIHEAK 0—60cm 42 , N TIMAAZIIR 4 #1 & (0. 67mg cm ) 37% 4 H7E 0—20cm; KR
FIARER R B AIAR A= P 8 (2. 27 mg em ) 75% BEHHE 0—20em 763+ F RIA AR X, A TR AR A
WRM i EEHEPLE 0—60cm + 2, MR R =W ELE 10—30em 55, HAR R £ Y B 7E 40—60cm
B A E AR g+ A TRIBL BT R0, R RE P TE 0—S0em 2, I 2 45 K it
o, RAMRMERER, AVERAT I AR SR RELEPREE S MAEEE

FEFFIRHLIX, RER MR ZAIAR AR (2.27 mg om ) 2 A TIHAA(0.67 mg em ™) ) 3.4 15, KJE

http ://www. ecologica. cn
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TR AMEAIAR R IR (422, 3em® ) IS A TAR(107. 9em®) 9 3. 91 55 . X SAHFIE RIRUEMK T IR AN
BETATHE S, HEHE P&, 20—60cm KR ARERI AR LR (25% ) iT5m % T A T
(63% ) , i L HERR A I IR T A T il#A,40—60cm £ 2 KR A HEMR S A& & (0. 76mg kg ') 2 A TIHFABK
(0.40mg kg™') 1 2 15

ERHERANEFRIEEA S KERRZS AKX, T L5 EEYLHEIHEXT, &P 5%
W& AR BR , N TR R NGRS S TR-50 BIZ RS A, SRR, H S REE; KRR
HETTARMR A MEPR TS A SERE I “ Tr-E -2 73 IR REVE 454, B8 IE 2 A IR/ . AN, RAMRE Y E B
ZEETAIHA . 5 AT, TR AR K B 37 U8 75 0 0 8t LA T2 AR 4300 ) RN BB T 43 18] -+ 33 o
B KBIEFRYR, BRETEEFT KBHANRA™ , XtEEZE DOC BEEFHEBFE,
AT, RIS 2 e R S YR YK W 2 R R B N R K R I O/N B AMmig e T e R A
BFFE KRR AR R B B B R BRI,

WA, ERRR R B4 B SOC My , TR B R 183 T AR R o3 55 (181 1) o & TSP 4b,
SOC 5 DOC TSN ,OlsenP #FFF7E B EMK K R, MPRB AR, KA RBHFER KL R, RARWEM TSN,
TSP 5 SOC #}3%/NF AT AHk, /H DOC,OlsenP 5 SOC £t K T A Thk, £HIFEE SOC & 8 Mg in, KA A
PR AR 43 Ho A MR A i B R

o RARWAEM o ATHk

40 700.0 —
y=0.093x + 0.094 G
R2=0.986 ‘“-' °
o, y=2.477x +576.1
3.0 - 6500 - & 2= 0,089
= o o .
'on 'on
=4 =4 »
— on b [%)
%ﬁ 2.0 g 600.0 / . .
: ~ PR e0sss z
10 e 550.0 - ~&, y=1.729x +543.9
& o R2=0.326
IS
‘0
0 = ! ! 1 1 | 500.0 | | ! 1 |
0 10.0 20.0 30.0 40.0 50.0 0 10.0 20.0 30.0 40.0 50.0
1000.0
18.0
* »
1200.0
‘;n ;n 12.0
Eé‘f 800.0 y=2841x- 1623 EE/” y:0,304x -0.277
o) TR 0.834 & R?=0.743
o) 5
a) 2 6.0 —
4000 |- . ©
y=11.63x+ 49.66
R=0919 y=0.137x + 0.946
) o R2=0.713
0 I I ! ! ] 0 o ¥ 1 I | |
0 10.0 20.0 30.0 40.0 50.0 0 10.0 20.0 30.0 40.0 50.0
SOC/(gkg™)
E1 RZRREHREGAIHRI LEBREABX RO
Fig.1 Effects of secondary and manmade forest on relationship between soil organic C,N,P
4 g

() EERRARR ARG N TR BRI SLMT, 0—20em + JZ 3 B H B8 5 A E € BE /1, 15 20—
100cm +JZ HIEMERAE E B T WARZ M. ATLHT,20—100cm +)Z SOC. TSN & 7351 5 1m )2
55% 57% ; FARKAEM T ,20—100cm +J2 SOC TSN £ & 5 1m /21 59% , . 63%

(2) B EXRRKR A Z SOC TSN fig &3 B E 5 F A TR, 20 58 42% —82% 22% —65% . LH 2
40—60 cm +ZHERAM X RE BB K, b AT 515 82% 65% . DOC {ABLAER)ZE 0—10cm, JLHRZ 0—
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S5cm £/ T 1.5 %,

) TEM PRI AT, iR SOC FyBcss , £ 3 iy HoAt MR 1045 3 T A L 32 5, SOC 55 DOC TSN,

OlsenP #PR IR HH 558 A AH 1 o
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