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Abstract ;: In order to study the distribution characteristics of soil total carbon and nitrogen content of differ-
ent vegetation restoration patterns in the degraded areas of low hills in western Henan Province,9 experi-
mental plots with different vegetation restoration patterns were set,including Medicago sativa (M) , Popu-
lus sp. (Y),Platycladus orientalis (B) s Quercus variabilis (1.) ,Robinia pseudoacacia (H) , Populus sp. X
Medicago sativa (YM) , P. orientalis X M. sativa (BM) , Quercus wvariabilis X M. sativa (LM),R. pseud-
oacacia X M. sativa (HM) and natural wasteland as the control (CK) were established on a natural waste-
land slope without disturbance for a long time. In the ninth year of vegetation restoration, the soil total car-
bon and nitrogen of different vegetation types and slope positions were examined. The results indicated that
the soil total carbon and nitrogen contents in the silvopastoral models of BM, LM, HM, and pure forest

models of L. and H were significantly higher than the CK. There were significant differences of soil total
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carbon and nitrogen content in the pure forest model of Y,B and L, while no differences in the silvopastoral

patterns among the slope positions,indicating that the silvopastoral models of YM,BM,LM and HM could

reduced the distribution difference of soil nutrients. Therefore, the silvopastoral pattern is considered to

have better effects on carbon accumulation and nitrogen immobilization. Soil pH and litter nutrients were

important factors affecting soil carbon and nitrogen content. Soil pH showed a highly significant negative

correlation with both soil total carbon and total nitrogen contents,and the litter nitrogen was positively as-

sociated with both soil carbon and nitrogen, while the litter C/N was negatively correlated with both soil

carbon and nitrogen.

Key words:low hilly area of western Henan; artificial vegetation restoration; silvopastoral pattern; soil to-

tal carbon and nitrogen; environmental factor
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Fig. 1 Schematic diagram of experiment design showing the plots of different vegetation types
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Fig. 2 Soil total carbon distribution characteristics of slope positions of different vegetation types
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Fig. 3 Soil total nitrogen distribution characteristics of slope positions of different vegetation types
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Fig. 4 Soil C/N ratio distribution characteristics of slope positions of different vegetation types
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TC TN +HIRE  FHEEKE +HEpH +HGRE O FEWC O AEM N EEY C/N

TC 1
TN 0.988" " 1
TR E 0. 245 0.338 1
FHEE KR —0.09 —0.02 0.394 1
15 pH —0.517" —0.450" 0.272 0.218 1
+ B B 0.228 0.194 —0.1 —0.01 —0. 34
Mgy C —0.23 —0.26 —0.3 —0.22 —0.08 —0. 265 1
A& N 0.526" 0.469" —0.09 —0. 14 —0.682"° " —0.025 0. 399 1
&Y C/N —0.722""  —0.678" " —0.12 —0 0.668" " —0.171 0. 309 —0.748" " 1

T ox Hl % x A3 BIRARTE 0. 05 ZKFCRUE) A 0. 01 /K- (IUR) b i 34 5%,

N 2HAHKLKR,

3 #iw 5t

3.1 45ig

T VG Ll B g i XS [) #2804 kO AR A 5 0F
0~20 cm JZ 8 TC, TN MK 8% 0 BA B % 1
22 5 AR X AL 15 (BMD B B2 B X S 1
(LMD il 8 < A6 8 15 (HM)  # B2 #R (L) L il #
(FDRE B b [ AR S i mT 8 35 482 5 38 TCL TN
i A TR R P SRR, O HA IS T IR AE
Pemi s mn 2R MR S S R B A U A1
WA . L3 pH MEEE Y IR0 & B W+
B TC.TN & it RAES iy FEF R, H 1§
TC.TN &5 L1 pH 22 F MR, Hxy N
HEHECNEFREEMX, WEY C/N 515 C.

3.2 it

3.2.1 RARERMAMNEHE CNYIFGHH A
IFi) 2 AU gk A SR i+ HE )2 TCLTN & & 4
A C/N K/, 26 LAY &5 3t W F 3 b #F 5%
N N s LN - e = W2 T N S i
B TCUTN & ik 4 8 7 7% 50 1 % R DX, U5 B A ) A
PR RS 1Y I 4 CON & &, UL HM . BM,
LM, H.L X 5 Ff i o 25 B 07 58 0 35 88 + 3% C.N
o, MEEGEA T, HM.BM LM It YM K&
S0 T e, HL AR AT R R AR A A K ) T LTS
PN B2 )\ | 1 SN P 13 5 RA o /7 N = I (B N
AR B A AR A X Tl AR AR AT
A B3 TCLUTN WK SR By, B 546 1



46

XUVHAR 45 BRVE L) b AS ] 2 20N A i 4 A Xk - 39 ik L 8L A9 5% Tl 121

& A 1o s /R A o, LML HM A3 X F
H.L gt £ 3 C N Yk & w A%, v] 58 J& K 4
AP B A S T A S B R R R AR T R
Py 18 A RE NI K LARFRE T . R RT DA% A
N T35 AR A AR A3 A P EE AR 1 0 T B A 244 T
BRI B T L BB A A Y L BRI L R
MEE G (HM LM, YM) 54l ph X (H
L.Y) 3 C/N {H W % 22 %, i BM 13 C/N
fl 2 & R Faidk B, 3225 K o] 68 2 A A Ak £ 19
WAL EAIR S ERmFES . ESRZRE M C oo
F LIRS 7% W 45 0 V% W LA K AR W FE AR A5 OE 50K &
Ml 58, 5 s 0 A7 AR A R T AR08 V% 0 ORA7 ,
AT REAE LIS I C Ay e B R T R A i R,
C/N 54T 3h A —E K &, Prescott ZH% A
J. M C/N<C25/1 B, £IEHPR R 2 B
AL 2 A 1 B A AR e C/N
PO T A 150 B 56 DX f0 A 90 34 1 1T BB HL i L L
ML F T i — 20 iR 5T
3.2.2 AR ERHAAHAES EE CN B H%H
AR I8 T A RO A A S ORI 455 4 A R b ) AN [
YA 18] 13 C N & 12 5340 JCIH I 22 55, T 2 bR b
Tic b X R DX 39 TS (R34 C N i 2
Sk, U B R B SR A N A AR R R e £ 3 CUN
AT R S BN S (VR I A (N ol =) R A 4
WU ARHE S b Al b Bl £ TCLTN S A
W b RS R, 3 2 R AT
R T o ) 7= AR AR A L i R 3 CUN B EE ) ) R i
¥, 518 T iy 5 CON SR, bk
AT L A 18] A 37 4 AR b TE I B 25
Ui BSR40 B A (VD HAT 100 3 1 - 398 3% 2 19 4 ik
e b 3R SRS R AR T (R E  RE SA  T A 5
WHHEZS 5B AR S B C/N, H15
TR AR AR W 1A R 3 B 2 ) TG 25 5 L A
ATRE SRR )E T o R A o, K E R R
A DLV 9% L HER Ak
3.2.3 FABMAFAEE C.N#FHw AHFFRME
HABR TC.TN 5 pH 2 G 6, 5 AES"" 1
F g8 — 8, R A v BE & B R Y SR AL B A 5T A
FET pH AR L, HE W T 3 C N JEI R
3 CON SE s v, B dE & e F g
< U Bifi A5 Fh R 55 A6 TR AR R B9 35, pH BEIG, I B
ARG g e, A0 K pH OF R T
5895 7 MR LB B, A2 0 AT SR AR OE B, X RN
TR YE H5 A U /E Y, Nt 3 pH By R AR
KRR 5w 25 - HE e W A4 W & A 3 g

PEP R R T R R

VA V5 R SR A AE ML 5 2 6] 3T B B b 1 S
A AR LB A AR AL AT DL A2 30 4 £ 4 3 5% o M
Ytk K FR 4y R 2Z ) i S, AREFSE R,
HECN FSHEN C/N BB E X, 5HA
ige—8" . XA R TR E Y i R C/
N J& 5 M I8 Y 53 ff R ) E RN R 22—, C/N il
%, JR V% 90 43 ffe B b R R T ORI B 3% 0 B A e
TR, AR HRGE , £ 58 C N 58 7% 540
REFP AR P AEY N 51 C N &
25 TE AR G, AT RE SRR &R G 10 a RO AR . I/ VK
Py N B 38 AT DA Bl 3 e AR
8 75 W) 43 ik RN 3% 43 BRI R 3, R o T sk LR
DL K A Fr H AR M ML

KZ B G N R A bR () 1 455 = n] 38
MR L E AR T K A B AR .
L Az [] AR 25 48 BT 75 0 4 b bk 08 oK i R
5, WA FTE R, AR | B M L R Ak TR 2 M
1 S K AR S AR B2 R R 4 A bR R
EHETKSWEAZESTR, I KEZ SRS
7] L R AR R AR el B 1 AR
R BB G000 AR 5T 4 R RE K
T R CON AR LT B3 B AH O, 1T BE 2
R — BT LR KA FR E AR AL IR B Y L IR H e
TR 22 AR ARG T X0 T 5% 49 09 A8 4k 1) 22 S 38 /0N, BRI
PR INI I L HL AR A OC OC & 1Y AR AL A T
W5

S %30k :

[1] DENG L,SHANGGUAN Z P. Afforestation drives soil carbon
and nitrogen changes in China[]J]. Land Degradation &. Devel-
opment,2017,28(1):151-165.

[2] ELISABETH K, LEE H.DADI Z,et al. Greenhouse Gas E-
missions, Asia and the Pacific: Moving Ahead[ C]J. In Green-
house Gas Emissions: Mitigation Strategies in Asia and the Pa-
cific. Ambio: Springer,1996.:219-219.

[3] SCHLESINGER W. Evidence from chronosequence studies for
a low carbon-storage potential of soils[ J]. Nature, 1990, 348
232-234.

[4] BATJES N H. Total carbon and nitrogen in the soils of the world
[J]. European Journal of Soil Science,2014,65(1);10-21.

(5] M3 AEA. AFBME T KW LR 8 T H L b I AUl
CI0. g MOl BB R 2% 2 42 . 2013, 33(6) : 104-107.
XIAO Y,REN X. Vertical variation and storage of soil total ni-
trogen under different forest cover[]]. Journal of Central South
University of Forestry & Technology,2013,33(6):104-107.
(in Chinese)

[6] LANE D R,BASSIRI RAD H. Diminishing spatial heterogene-

ity in soil organic matter across a prairie restoration chronose-



122

T b bk B 27 4l

38 &

(7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

quence[ J]. Restoration Ecology,2005,13(2) :403-412.
W B AR A JR AR A TR VLI SR A At R L B A AR L) .
R A A 2E#,2006,17(9) : 1579-1582.
YANG K,GUAN D S,ZHOU C H. Forest biomass carbon storage
and its dynamics in Tanjiang river basin[J]. Chinese Journal of Ap-
plied Ecology,2006,17(9) :1579-1582. (in Chinese)
SRR, 0 [ L B RS0, AR R WK A G AR b R A LR 42
R ALRE AE B X Bk 25 S LT ], b B AR Skl 2 4, 2011, 19
(2):363-371.
NIE B B,CAI Q G,ZHANG Z W,LI G Q,et al. Change char-
acteristics and regional differences in organic matter and total
nitrogen contents in topsoil under restored vegetation[]]. Chi-
nese Journal of Eco-Agriculture,2011,19(2) :363-371. (in Chi-
nese)
EAE XA VFWIAE. B B DR B T TR 2 R A DL
Hosem []]. A &2 4] ,2010,30(14) : 3947-3952.
WANG Z,LIU G B,XU M X. Effect of revegetation on soil or-
ganic carbon concentration in deep soil layers in the hilly Loess
Plateau of China[]J]. Acta Ecologica Sinica, 2010, 30 (14):
3947-3952. (in Chinese)
B H I, 0 IR AR S AR A AR G BT 5 SR RS A T
1], Bl B2, 2008, 25(3) : 33-36.
ZENG Y Q, LU X S. Current advance and benefits of tree-
grass complex system researche[ J]. Pratacultural Science.
2008,25(3) :33-36. (in Chinese)
KR — Bkl XS MRR A G R mE ARG L] w0k
Bl ,2014,31(9) :1789-1797.
ZHANG L Y,ZHANG ] R,LIU F,et al. A review of ecologi-
cal benefits of silvopasture systems[ J]. Pratacultural Science,
2014,31(9):1789-1797. (in Chinese)
CHI Y., XIONG K,HUA X,et al. Study on the relationship
between disposition models of forest and grass and soil prop-
erties in karst rocky desertification areas of Southwest China
[JJ. Fresenius Environmental Bulletin, 2020, 29 (7): 5424-
5431.
d R B E AR WA A BT bR B A R R SR Y O AR
BIEELT]. 24,2021, (4) 155,
MENG L,MAO P C,ZHENG M L,et al. Review of grassland
ecological function under the compound planting pattern of
forest and grass[J . Journal of Grassland and Forage Science,
2021,(4) :1-5. (in Chinese)
XA, A A A L A5 TROVE AR L e B XA [R] = b R T 7
FOuF B3y - 38 3 Ak Mtk B B2 me () T 5 b DX ROk BF 5T
2014,32(1):208-212,229.
LIU P S,WANG ] S,CHU C J,ez al. Effect of different land
use types on soil properties of steep slope in low hilly areas of
Western Henan[]]. Agricultural Research in the Arid Areas,
2014,32(1):208-212,229. (in Chinese)
FEME WAL, A0 10, 55 SR A0 T 2l X 1 S L 25
A FHIE—— LABE VG 45 A bk i S 4 [, Hb 28 4% 3R L 2004, 59
(4):505-513.
CHENG S L,OUYANG H.NIU H S,et al. Temporal-spatial
dynamic aanlysis of soil organic carbon in inversed desertifica-
tion area:a case study in Yulin county, Shaanxi Province[]].

Acta Geographica Sinica,2004,59(4) :505-513. (in Chinese)

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

BT P BH L, I AN AR A AR
HEFRIN R B AEARLT T Mol L2 WF5E . 2012.25(6) - 732-738.
ZHAO X M,SUN X Y,WANG H Y.,et al. Changes of soil
nutrients contents in the triploid populus tomentosa planta-
tions with five stand spacings[ ] ]. Forest Research, 2012, 25
(6):732-738. (in Chinese)

TAAE R, T . W R KA TR T RAZEY N
SERFRAELD ], K AR R AR . 2006, 26 (3) 1 41-45.

HU X M,CHENG ] M,WAN H E. Structure characteristics
of herbages under five types of artificial forest plantations in
loess hilly region[ J]. Bulletin of Soil and Water Conservation,
2006,26(3):41-45. (in Chinese)

PRESCOTT C E,CHAPPELL H N, VESTERDAL L. Nitro-
gen turnover in forest floors of coastal douglas-fir at sites dif-
fering in soil nitrogen capital[ J]. Ecology,2000,81(7):1878-
1886.

GE J.WANG S,FAN J,et al. Soil nutrients of different land-
use types and topographic positions in the water-wind erosion
crisscross region of China’s Loess Plateau[ ]J]. Catena, 2020,
184:104243.

TR, B R T, XUl AR . 2 PG A L e DXA ) A 48 5 A X
F R HER W [ ], T3 B4, 2015, 43(10) : 423-426.,
CHENG L P,ZHAO Y M,LIU P S. Soil nutrient assessment
of artificial vegetation restoration pattern on carbon and nitro-
gen in low hilly area of Western Henan Provincel ] ]. Jiangsu
Agricultural Sciences,2015,43(10):423-425. (in Chinese)
I, BV S RN BT = A D R B AN [ A A Y+ g
o RN (], BT AE A 41, 2020, 31(4) :1323-1332.

SUN J,XIA J B, SU L. Soil amelioration of different vegeta-
tion types in saline-alkali land of the Yellow River Delta,Chi-
na[ J]. Chinese Jounal of Applied Ecology.2020,31(4):1323-
1332. (in Chinese)

Wt L, SRR, AR 4K 7K , 45, Fift A 4F FROuE 55 46 8 A o 1 % pH
BRI R G 52 i [0 ], [ 4" 41, 2009, 31 (1) 2 32+
35,44,

YANG H S.ZHANG Q G, TAIJ C.et al. Effects of growth
years on soil pH and phosphatase activities in alfalfa fields
[J]. Chinese Journal of Grassland.,2009,31(1):32-35,44. (in
Chinese)

e L 5K G ) A A R AERKARRR AL BTG MR R O+
HEUE A L), B RRE 2007, 24(11) 03841,

YANG H S,ZHANG Q G, LIU J,et al. Distribution of root
and rhizosphere microorganism in alfalfa with different ages
[J]. Pratacultural Science,2007,24(11):38-41. (in Chinese)
BIENES R,MARQUES M J,SASTRE B,ez al. Eleven years
after shrub revegetation in semiarid eroded soils influence in
soil properties[]J]. Geoderma,2016,273:106-114.

YANG B, QI K,BHUSAL D R, ez al. Soil microbial commu-
nity and enzymatic activity in soil particle-size fractions of
spruce plantation and secondary birch forest[ J]. European
Journal of Soil Biology,2020,99:103196.

HESSEN D O, AGREN G I, ANDERSON T R,et al. Carbon
sequestration in ecosystems: the role of stoichiometry[]J]. E-

cology,2004,85(5):1179-1192.
(F#% 152 70



152

T b bk B 27 4l

38 &

[20]

[21]

[22]

[23]

ZANG Z Y.SHAO M M.QI S L. Study on five varieties and
sex radio of the population of the population of the white wax
insect (Ericerus pela Chavannes)[]]. Scientia Silvae Sinicae,
1990(1) :46-52. (in Chinese)

KT AL B R L AR S TR R AR AR R B T A
JrEEWEFELT ], B HUAIR L 1993(5) 1 297-299.

UM B . I A AR AT Y (O [T I R
2 HARBLAE . 1983(3) :91-99.

WU C B, ZHONG Y H. Study on the bionomics of white-wax
scale Ericerus pela Chavannes part 1[J]. Journal of Sichuan Uni-
versity: Natural Science Edition,1983(3) :91-99. (in Chinese)
AT, EAD, R, 5. B X 8 R RaF A e Fh
54 5 B A BFFEL) ], MOk BHEBFSE . 2004(6) - 746-750.
ZHAO J J, WANG Z L, WANG S Y,et al. Studies on the
population structure and dynamic of parasite wasps on
Ericerus pela in Kunming area[]]. Forest Research, 2004
(6):746-750. (in Chinese)

e/ ) ONEL =R Fas s AR B 1 AT A U DITE N 2 53

[24]

[25]

[26]

[27]

[28]

1981(1) :25-28.

P I . P ol AR R R A A A DML b s B 2 A
2011:14-17.

CHEN X M. Natural population ecology of Ericerus pela
[M]. Beijing: Science Press,2011:14-17. (in Chinese)
FEHBUL R KRN B R AR R — 8 R A
ZEREIE S AR R AC LD ], 3 AR Al K AR AR, 2006 (2)
152-154.

WANG Z M, XU X M. Biological observation and chemical
control of the white wax scale, an invasive alien species in
Changchun city[J]. Journal of Jilin Agricultural University,
2006(2):152-154. (in Chinese)

kFA BRI S ER L A o 8 (Ericerus pela Cha-
vannes) 4B BT T[], B9 2E 05T, 1988,9(1) 1 93-97.
ST AT AR W, SRR S i BT R A S AT ). B
#1,1990(5) :304-305.

Flu%, B — B 3. I LR A5 A e 0 A SR R 2R
B IR BFFE L) ], FRARR HUE IR, 1984(3) :5-7.

(&% 122 7))

[27]

(28]

[29]

[30]

[31]

RO, AR T E g L A Ve R 2k ) ek AR R 9 R A3 BRI
T A5 AR S T R R AR X BB N DT R A 8 [0, R A A
4 .2021,32(1) :23-30.

ZHENG X R,SONG Y L,WANG K Q.et al. Response of
nutrient release and ecological stoichiometry of litter to simu-
lated nitrogen deposition in evergreen broad-leaved forest in
central Yunnan,China[ J]. Chinese Journal of Applied Ecolo-
gy.2021,32(1):23-30. (in Chinese)

XU X, HIRATA E. Decomposition patterns of leafl litter of
seven common canopy species in a subtropical forest: N and P
dynamics[ J]. Plant and Soil,2005,273(1) :279-289.

BE KL IR RIS, B4 2 A6 e MTRr AR MROR [R] T R 9 4 BLAF i
BeFROPFRAELT ] PH AR e 24l 2021.36(5) - 28-35.

XUE F.LONG C L,LIAO Q L,et al. Characteristics of litter
stock and nutrients in different land forms in Karst forest[J].
Journal of Northeast Forestry University,2021,36(5) ;:28-35.
(in Chinese)

BUR T SR AR R T AL A 2 e RS R AR AR YR I )
Lo BRI FRAELT ], DY AU MR 2A BE 2 4 . 2019, 34(1) : 31-38.
LIAOL N,LU Z J,L1 Y F,et al. Litter and soil nutrient
characteristics of Pinus yunnanensis var. tenuifolia Natural
forest in Northwest Guangxi[ J]. Journal of Northeast Forest-
ry University,2019,34(1):31-38. (in Chinese)

AN e L AR AR L 22 W SR R AR MRS T T B i T Y
AT BUAT B RN R G RRAE L. AR 35 22 AR, 2018, 37 (2)
295-303.

ZHAO C,LONG J,LI J,et al. Litter stock and nutrient char-

[32]

[33]

[34]

[35]

[36]

acteristics of decomposing litter layers in Maolan Karst pri-
mary forest in different slope directions[ ]J]. Chinese Journal
of Ecology,2018,37(2):295-303. (in Chinese)

GAUTAM M K.MEAD D J,FRAMPTON C M,et al. Pinus
radiata in a sub-humid temperate silvopastoral system:model-
ling of seasonal root growth[]]. Forest Ecology and Manage-
ment.2003,182(1):303-313.

KA R AR E SRR GRS RS RITL).
R . 1999, (4) :52-60.

W HAEDL IR EY GE T b O R A LI T S
Koyas ) A8 SR OF 5 (1], A S B4, 2010, 19 (4) .
938-944.

YUN L,BI H X, TIAN X L,et al. Research on spatial hetero-
geneity of soil moisture after raining at forest-grassland
boundary in the Loess region of West Shanxi[ J]. Ecology and
Environmental Sciences,2010,19(4):938-944. (in Chinese)
P, AR T AR A R GRS BUAR L. PO b AR B 2
#2.1996,11(4) :83-88.

ZHAO F X, LI G Q. Current advance of tree-grass complex
system researches[]J]. Journal of Northeast Forestry Univer-
sity»1996,11(4) :81-86. (in Chinese)

AR, N T, L A5 A L BR R R T deR e A I I e
25 AR RRIELT ). £48.2018,50(4) : 795-802.

ZHAO W J,LIU X D, JIN M.,et al. Spatio-temporal change
characteristics of soil temperatures and moistures in forest
and grass complex basin in Qilian Mountains[J]. Soil,2018.

50(4) :795-802. (in Chinese)



