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Effects of vegetation succession on soil carbon and nitrogen storage in abandoned

hilly farmlands of the Western Henan Region
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Abstract: Understanding the vegetation, soil status, and their relationship on abandoned farmland plays an important role
in the determination of future land use. In this study, five hilly farmlands abandoned for different periods of time (1, 3, 8,
15, and 25 years) were selected as a series of successive abandonments in the Western henan region to investigate the
quantitative characteristics and species composition of the plant community and the carbon and nitrogen storage in vegetation
and the soil, to analyze the natural secondary succession process of the plant community, and to discuss how the soil carbon
and nitrogen pool responded to the plant community succession. The main results indicated that; The abandoned farmland

communities that possessed a slow succession progress and generally included two indistinct succession stages, from annual
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or biennial herbs to perennial herbs and shrubs. The plant species diversity was closely related to the surrounding native
vegetation. Over 25 years, herbs in the community always had an advantage status, the number of xerophytes was more than
four times that of mesophytes, and the quantity of C3 plants increased gradually. The o diversity index first increased and
then decreased, and the maximum values of the Margalef, Pielou and Shannon-Wiener indices were 1.53, 0.95, and 2.18,
respectively. These data could provide proof that the community structure became more complex and stable after a natural
succession process of 25 years. Both plant carbon storage and nitrogen storage increased as the community biomass
constantly accumulated, reaching values of 313.14 g/m” and 11.69 g/m’, respectively, at the 25-year succession stage. The
soil carbon storage trend opposed that of soil nitrogen storage. In the climax stage (25a) , the soil carbon storage increased
to 960.98 g/m” | whereas the soil nitrogen storage was reduced to 27.08 g/m’. Therefore, the changes in the soil property of
the abandoned farmlands in the Western henan region resulted in the ecological phenomenon of “carbon fixation and
nitrogen release”. Redundancy analysis (RDA) showed that the community coverage, density and biomass were the main
factors affecting soil carbon and nitrogen storage. The analysis of the ecological function changes of these communities
showed that soil carbon storage gradually increased as the time since abandonment increased, which was beneficial to the
carbon fixation of the ecosystem. However, the reduction in soil nitrogen storage in abandoned farmlands did not, contribute
to the stability of the ecosystem. Thus, an increase the richness of leguminous plants in the community was suggested to

promote biological immobilization of soil total nitrogen and alleviate soil nitrogen loss.

Key Words: abandoned farmland; secondary succession; biodiversity; biomass; carbon, nitrogen storage
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SRR K I 550—650 mm, M X A RO 16 Bl 32 B 0 AE e B Ll o BB L AP K (Zea mays) AEAE
(Arachis hypogaca) ./NAZ ( Triticum aestivum) Z1.% ( Ipomoea batatas) 2 WK ( Sesamum. indicum ) FFRAVEY . T
T 8 KA PR, e 07 B R 2 B2

ko PR AT B DA JEIR T 5 M 44 75 (400—S00 m) .+ HEH ( #43) HiXE— %, HL
TENR YR ) A SR ) L FEEAERR 73102 1.3 .8 .15 a F1 25 a A — M R, ik rE i
LSRR RUAKEY) SHEARTE 2, AR AR+ 24 2R BRSO T IR M E A . BT A b A A
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Table 1 The species composition of plant community in investigated plots

! PEFAFh 2E HEREFD HEH Rl
FEBHEIR . . .
Dominant Important Constructive Important Companion
Abandoned years/a . . .
species value species value species
+£ 4
| £ 0.77 e 07T B g R N B P
T 0.15
SEa 0.64 SEaT 0.64 e e e e
3 AT 0.43 i 0.41 FERAG O AN I B CE
8 ST 0.44 BRAFE 0.28 SRS EEr- N 5 3N N )
BT 0.28 AT 0.21 AR YE R
s AT 0.54 AT 0.25 T TRE TR R BB AR T
B A 0.23 Ty 0.23 e
’s - 121 SRS 1.21 PR SR AU /RS U VIS N i8S
) ' A 0.24 R KR T R S

B4 J¥ ( Digitaria chrysoblephara ) , )< % ( Arthraxon hispidus ) , Z& % 3% ( Potentilla chinensis ) , %5 £} % ( Leonurus japonicus ) , B % #. ( Lagopsis
supina) , 11 2% ( Vitex negundo) 3% T (Artemisia scoparia) , ¥ ¥ # (Artemisia lavandulifolia) , 117 % ( Bothriochloa ischaemum ) , WK T ( Lespedeza
bicolor) , 4IM & R ( Carex tenuiflora) , 95 4% 48 ( Spiraea salicifolia ) , 110 % ( Eschenbachia japonica) , T [l ( Macleaya cordata) , % ¥ ( Ocimum
basilicum) , 5546 3 T ( Viola philippica ) , Bk ¥T & ( Artemisia sacrorum ) , B 40 75 ( Artemisia sylvatica ) , ¥ 75 % ( Themeda japonica ) , & % ( Carex
tristachya) , ¥ 1 4 ( Heteropappus hispidus) , ¥5 5 ( Cyperus rotundus) , iR 2 ( Ziziphus jujuba ) , 1 W8 B F ( Lespedeza caraganae) , #& W8k 31 7

(Lespedeza cuneata) ,¥825/N53% (Ixeridium sonchifolium) , % F& ( Digitaria sanguinalis)
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Margalef &5 FEFE AL . Ma=(S-1)/Ln(N) ;
Pielou Y5 EFE 4L . JP=H'/Ln(S);
Shannon-Wiener Z5& 2RS4 H' = - Y PixLn(Pi) ;

Ko, S R R EIRREE N R AN R, Pi RTINS B AR AR 2 A R0
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1.4 Sitodr

{8 1 SPSS 17.0 G430 47 R 7 2253 81 (ANOVA) |, SR Fi 8 52 #% 2% 325 ( Duncan ) #E4 75717 550405 8] o
B, RAFEEARICIETE P=0.05 /KPPl 172257 B E MRS . [ Canoco 4.5 SXUFIETRETE 45 IR I TT A 7
Br(RDA) . RJH Excel 2016 5 Origin 9.0 {17 R HIE

2 HR55%H

2.1 AR[REMEBR SRR A YRS A Y Z R HERRIE

Y REZFEME R A Y Z R B AN 5y, B 1 PR FERFE S R — AR RN Y
5 24 RN YT BRSO o Le ARk, TR 3 60%—80% , Hil & Je R AG s, J5 & A2 4L S5 A
o FEFERI , WA AL B A BETE R B 8 a I, HEAHT 5 L BRI 10%, 3% I8 AE S AN REE Y
Oy N ERAEAE Y S AR PR R B AR AR 80% 2 A7 K TR . MO A i AR 2 AT i A B 1)
VIR PR RE Sy, BEE R IEAT , FERRAR AL V% C3 FE W 1Y) EL 91 2 7 48 N 2] 80% , T C4 AEL 4 14 B 451) Dl i
/N SRR AR IR T YA B R IO M B oM B A e Oy = AR T L o A
<ToPEZat <A POk,

Yidh ZREVE SR A ZREVE RO BCRERIE . PR 3 a B, BEVR MO 0 I 3 R T H B AE SR VR A9 ( P<
0.05) , fHILR 5 35 B e/ N, AR 50.20% (3% 2) o TEFEHF 25 a B BEVR 22 B b 38 K T80 AT ( P<0.05) , 1K 5]
RRAF(84.60%) o TEFBIWIMI(1.3 a)  REAERCR FEHBO D, BB W O 5 8 a I HEBER LA F) 163.67
B/m®, BEE VAT, BETE Margalef & B2 840 Pielou 212 FEF5 405 Shannon—Wiener £5 & ZFEVETE BUEA
AERT—SZE AR, RIS K5 080N, (0 =35 3K B AE A B RIS [A], 430256 15 4F 56 8 41,
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Table 2 The community quantitative characteristics and species diversity index of farmland in different abandoned years

BTG 5 )

SR PRI P o REIEREC MMERE G SR
Abandoned Co@munity Community density/ M-argalef [fielou Shannion—Wiener

years/a height/cm coverage/ % (BE/m?) index index inedx

1 39.97+6.58b 62.00+5.83b 38.67 0.84 0.84 1.36

3 71.10+11.77a 50.20+4.18b 14.33 1.06 0.94 1.52

8 37.53+£5.37b 56.00+9.67b 163.67 1.45 0.95 2.18

15 23.35+1.71b 65.80+8.96ab 120.67 1.53 0.92 2.11

25 32.66+3.57b 84.60+3.26a 138.00 0.66 0.75 1.20

[EIFIA )N TR R A R 4AEBR [ 22 57 8.3 (P<0.05)
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Fig.1 The plant functional diversity of farmland community in different abandoned years
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Fig.2 The plant biomass composition and C storage of farmland community in different abandoned years
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Fig.4 The changes of soil C and N storage of farmland in different abandoned years
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Fig.5 The RDA analysis of the relationship between C, N storage of soil and community characteristics, plant C, N storage of farmland in

different abandoned years
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(4) - Sgersfit b 5 U e A AR PR RA AR IS, Bk it 320 T 184 R T ZRUA B AN /N, (LR AE S8 15 a B UG
HEHA R BRI L, SRR BE (25 a) B T ERAE I h 960.98 g/kg R T WIER Y B, i £
HER Ui (54.31 g/kg) )tk 2T B0 30T (4 RUBE 42 ( 27.08 o/kg) I8/ T3 1 4%,

(5) T HEAUME SR AE R B M AR, B Z AN AR H R, BEE R B AR AR
Ak YRS M EIE ARG A R R R R AR AR i S R T R i e LA I

http ; //www.ecologica.cn



19 R A TRV P b S B A AR R ) S | U R 9

RO 5 T HE R B 5 1 o) FE AR B R R B M B TR R AE W M B IR AU R TR AR IR R YOG R (B VR

A R Rk B X AR A R I E A A

£ 2 3L ik ( References) :

[ 1] AR trEPHHET RS, Jbat. Biasib e, 2004.

[2] ZRycT, A, HeRE, ik, Rili4e, 25, WHE, 240, B2, BAEH, RIR. R A Fti o # & 510, Wl g,
2004, 33(9) : 49-52.

[3] JWwess, =Ry, BIR, EFL W E Sl 20 R IRS) ST, raolfle:, 2005, 34(12) ; 56-61.

[4] #hwg, Rk, skXE, BRZ, BoR8, Ie. Bt 4 b IR R & HET SO, A 553R, 2008, 28(11) ; 5418-5427.

[ 5] LiuXZ, Zhang F, Shao H B, Zhang J T. Community succession analysis and environmental biological processes of naturally colonized vegetation on
abandoned hilly lands and implications for vegetation restoration strategy in Shanxi, China. African Journal of Biotechnology, 2011, 10(7) .
1133-1145.

[ 6] Sojnekova M, Chytry M. From arable land to species—rich semi—natural grasslands: Succession in abandoned fields in a dry region of central
Europe. Ecological Engineering, 2015, 77, 373-381.

[ 7] DuF, Shao HB, Shan L, Liang Z S, Shao M A. Secondary succession and its effects on soil moisture and nutrition in abandoned old—fields of hilly
region of Loess Plateau, China. Colloids and Surfaces B: Biointerfaces, 2007, 58(2) : 278-285.

[ 8] Novara A, Gristina L, La Mantia T, Riihl J. Soil carbon dynamics during secondary succession in a semi—arid Mediterranean environment.
Biogeosciences Discuss, 2011, 8(6): 11107-11138.

[ 9] BEE, 250k, AR, 2208, XEN, Bt MR SE TR Y RETEWRE S5, hEK EORFERI, 2009, 7(6) : 14-19.

[10]  Zski, SEMTE, BXEEAT, [ pR. B 6 R R PR e st S R b Rl S RV Mo Al RO, 2016, 38(3) : 116-120.

[11] Zhao W Z, Xiao H L, Liu Z M, Li J. Soil degradation and restoration as affected by land use change in the semiarid Bashang area, northern China.
Catena, 2005, 59(2) . 173-186.

[12] A6, ZFEJ, B2, BT 60 F iR BULF I AR B ST PR 2A4, 2010, 30(10) : 2087-2092.

[13] %Ak, RIBKSE, 2098k, SRR, E28, HEHE. REE LWEEALR A SRR B AR E. P IEAR =R, 2014, 30(16) : 1-6

[14]  @VEH], SO, JTImER, BRRZ. RIEK LS AR YR O AL A5 . T RIIBEE o ZREVERME. 42524, 1997,
17(6) : 619-625.

[15] xMEz, BT, Lot EESHASFEIKE BB 3 SRR, P E k2, 2015, 31(18); 163-167.

[16] dRAPHT, fvd, BReRE, MEATE. 38+ ARG 5 X IR BF AR B 11 SR BHO H ISR ARG R =241, 2007, 16(1) : 16-23.

[17]  BRFhEE. FiBH S8 (0 4 F B i A IR B B BB ) A T R IE S 5 3L M BTl & 6 & K R OREEIESE, 2014, 21(5) « 7-12.

(18] J™Jrk, faggde, UoatE, T 10k, Baar, &g, . ot Fo e v B DB S AN [R) 3025 B BOAR W A v 1) L 3 bt il — DA 358 T oAy
B, A AR, 2016, 27( 1):64-72.

[19] #REE, g, sk, MW, 35+ i KFPHIKE et RSP REE. BB, 2016, 33(3) : 368-376.

[20] Jiang J P, Xiong Y C, Jiang HM, Ye DY, Song Y J, Li F M. Soil microbial activity during secondary vegetation succession in semiarid abandoned
lands of loess plateau. Pedosphere, 2009, 19(6) : 735-747.

[21] X, skA0RE, MR B g IR FR PEAE BRI AR AR B K 23 37008 . Rl 2#412, 2016, 25(10) ; 31-39.

[22] Yang C H, An H P. An evaluation of the initial stages of natural succession on abandoned land in mountain areas// Erosion, Debris Flows and
Environment in Mountain Regions ( Proceedings of the Chengdu Symposium) , Chengdu: IAHS Publ, 1992: 465-469.

[23] Jiao J Y, Tzanopoulos J, Xofis P, Bai W J, Ma X H, Mitchley J. Can the study of natural vegetation succession assist in the control of soil erosion
on abandoned croplands on the loess plateau, China? Restoration Ecology, 2007, 15(3) : 391-399.

[24] #B3YFE, SRR, FISCIR, M0, AP B e VA AR DGR B R VR 5 SRR IR 6 B A . AT, 2005, 42(5)
744-752.

[25] 2%, Wi, XUSReff, 2ok, U, ARIDF. FEine s X AR R S i R v R T e L W i B R SR A, BT A A 24T
2011, 22(12): 3145-3149.

[26] kg, BB, ARk, UG, K245, PRILEE t Bl DXPR T B A 7 A ik SR B R o300 . ARS8, 2007, 27(5) : 1673-1683.

[27] Thfete, $RAG3E, FISCUR, A0, R AP B e VA AR DGR Hh - S R 40 IR AR A MK A2 B TR, PR R A4, 2005, 25(2)
328-335.

[28] Deng L, Shangguan Z P, Sweeney S. Changes in soil carbon and nitrogen following land abandonment of farmland on the Loess Plateau, China.

Plos One, 2013, 8(8): €71923.

http ; //www.ecologica.cn



10 A E = 38 G
[29] HExnh, TS, sREA, 3k, BI6F. S8 5 R B XS LA Oy 2UF B &G . WA SR, 2014, 25(4) .

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]

[46]
[47]

955-960.

ZEUERR, TURME, MDA, 4% 2 (LA IR L A5 s A HLBR AL M RRAE. A28 22 4%, 2015, 35(11) : 3733-3742.

WHE, TEHE, FTEUR. T AR RUBERY LU B HBAE SR PR R AT, DU RS R A28 . HARBLANR, 2016, 38(7) ¢ 149-157

2R, BB, EEEAR, BRI, TR ARBROAE R T L S BRI ST, PR RO A, 2012, 34(3) : 61-64, 69-69.

Fhilge, BEORE, TRAEE, XA, e, P kb XIE SRS L3 TR o S i B AR YRR A 1) S B pE. AR AR, 2008, 28( 1) : 13-22.
The, AT TR b R KRR S HOK M RIMHIE. 225244, 2015, 35(15) : 5168-5174.

PR, 25ar, A8/, BB A, IR, 06, ARing, B TS WA ZIBBHE MRS i R AR AL, RIS, 2014, 22(3)
469-474.

Hlh, oo, sk3C, FLARER, BEEEeR. LD ORAP X AR ARSI R W) IR ) DD R 2RSS 0%GE, 2014, 33(1) :41-47.

[ b B L e SR . A R AR TS, LRt th AL RR A EOR TR, 2013.

Yang H C, Zhang F H, Chen Y, Xu T B, Cheng Z B, Liang J. Assessment of reclamation treatments of abandoned farmland in an arid region of
China. Sustainability, 2016, 8(11): 1183-1183.

sRATE, TR, #REM, WG, X007, R, PIORKREHIR. AL IR R o ZRMEXT A 3FE R . A28 E 4R, 2017, 37
(3): 906-914.

Robertson G P, Coleman D C, Bledsoe C S, Sollins P. Standard soil methods for long-term ecological research. New York: Oxford University
Press, 1999, 92-94.

XIT, 2k, XTHL, sOR, Rk, e fR R VS DA R BROMRAL S R GURR EUbE f O AR . AR, 2017, 37(4)
1074-1083.

Kou M, JiaoJ Y, Yin Q L, Wang N, WangZ J, LiYJ, Yu W], Wei Y H, Yan F C, Cao B T. Successional trajectory over 10 years of vegetation
restoration of abandoned slope croplands in the hill-gully region of the loess plateau. Land Degradation & Development, 2016, 27(4) : 919-932.
Buisson E, Dutoit T. Colonisation by native species of abandoned farmland adjacent to a remnant patch of Mediterranean steppe. Plant Ecology,
2004, 174(2): 371-384.

TP, fR0E, XS0, MREZE, R0, 2 JROAR AR B DR B A B B SRR AT S 3SR A k. I RIZE S SA I, 2005, 16(11)
2025-2029.

Ruskule A, Nikodemus O, Kasparinskis R, Prizavoite D, Bojare D, Brimelis G. Soil-vegetation interactions in abandoned farmland within the
temperate region of Europe. New Forests, 2016, 47(4) . 587-605.

TSR, TR, K. TR AP i p A, R AR AR, 2002, 13(6) : 685-688

M nl, G, B, WK, LTS A Bl A AR eI B . T AR A5 A, 2003, 14(8) : 1385-1390.

http ; //www.ecologica.cn



