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Effects of Revegetation Types on the Soil Carbon, Nitrogen and
Phosphorus of the Gully Areas in Hilly Loess Plateau, China
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Abstract: In this study, three representative vegetation restoration patterns were selected in gully areas in-
cluding an artificial Robinia pseudoacacia forest gully (G-Rp), an artificial Caragana korshinskii shrub-
land gully (G-Ck), and a natural grassland gully (G-Ng). Soil samples were collected along five gully po-
sition transects on each gully. The study evaluated the effects of three revegetation types on the soil car-
bon, nitrogen and phosphorus of the gully areas. Results indicated that three revegetation types in the gul-
ly areas could significantly improve soil organic carbon and soil total nitrogen contents and storages, and
slightly reduce soil P contents and storages. G-Ck significantly reduced soil P contents and storages com-
pared with CK (slope cropland) (P<C0.05), The spatial distributions of soil C, N, P contents and stora-
ges were significantly different among three gully areas (P<C0. 05). There was a significantly and positive-
ly linear correlation between soil C and N (P<C0.0001). Therefore, the implementation of revegetation in
gully area, as one of important geomorphic unit, can significantly increase carbon sequestration and N
stocks.
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BTREEASFEFESIBPE-1MIENERIE,
SHESHEFEARME R, — . £ 5 2.
BEBRETEEAOMEREOEEEN, 5Lt ™
HEEBYRR A TRIELESREREBUET R
Gk, AN —E Bl MBI ENR. A BT
AR THRRFE A= NARBESEEKRE. 5—
FHE. T AT X EE SR Y, eS8
R B RE BRI R R S R A K R AT 2
BB RIS RS 5 0 F e, 8 VLR B
SR HEBRHERR i — B T KRB E RN,
13X 4 BR 5 (6] B B Ak [ B 2 [R] 56 1 A e O Y
Ht , AESRFE L B A B TRTLITHTE
— BB FR AR A A TRATR X - e & 8%
TG A SR R B S G PR B ) R AR, AT 3
SRR A EE AR,

B R XEREAHRHFEARLE R ESKH
BREMEAREY , FH1E 1998 F B E KT
BTAREMUX, ZXR MRS RAEE
B REAL, BT R A & B 7% M R A
LB 28 5 0 1R B 30 AR AR AR 25 TR (9 B o (] B 2
—9) MR HENE T ERE R EE T,
HHHEEREMERCEAFRT KEMNELER T
PEDON SR A S 18 45 o 55 B T+ R R Bk B
BER T + M R A B R A U, BT
+ X WA 3 AR E R, RS
Fr B CRORBR E B IR R 20 E A AR E
EE, AFBEEKEET TR L EFEIR. 2
F B A W ER , DU I X 94 4 H 55 SO0
MR E SERE TIERERFKE.

1 RS

1.1 HRERHER

BrFE XA Fpedb % % & (E 105°51'44" ~109°
26'18" ,N 36°22'40"~36°32'16"), % X i JE WA,
WEHPE BHAMNBELIEREEREX, K, L
i a o EH ERWEBIE, R b5 28 R
T TE R 44. 17% A M &7 36. 36 %61, A fE
BRBRERW¥ TEREBESE, FEHERE N 500
mm EFH.H 0% ERLHHF 69 ARlLEEY
ZZREE 1000 mm, LFEH 160~180 d 4,4 H &

Bt %% 2 352~2 573 h,==10°CFRiR 2 866°C . EEH X
B8.9C., H#»KETHRIBWHHRMEFEITEN,
KRR E B, LA HE 8 £ E LUK (Robinia
pseudoacacia) FIMNK (Platycladus orientalis) %
K EB AN TR LA 85 (Caragana korshinskii ) F1h
W(Hippophae rhamnoides) %53 F H) N T #
MR R B 1998 4F LR A A AR TR Lk, Z B
RHEMTARZ 1 100 km? , H AR # T F1 45 500
km*, B E M I 502 km” , £ B EEHEEH
22. A% EF] 2010 4EHy 49. 6 %61,

1.2 HiE#ESLERE

RBER AN R A BOR B A X i A 4 8 Bk
ARBEMENEW, EIXNHFIREHE.HET
WG EEREFR KEES X KENK L+
A RN ER BT 3 AWHE.MHRFZ
HREAMR A EAH I HEEREFERA
204E LR X 3 RARKE R WA #4354 .
A TR AR 80K B 8= 0 30 R AR 78 & # (the arti
ficial R. pseudoacacia forest gully, G-Rp), A T
VE I\ Bk BB X M FT & A 1 A3 b Cthe artifi-
cial C. korshinskii shrubland gully, G-Ck), #1 H
SRR BB X W9 K AR B b 78 4% M (the natural grass-
land gully, G-Ng), BANMWHEKE 5 MHEWFKX,
5504 VIR B # (W-upper) \FE3 T &8 (W-low-
er) .V 3 JEE (Bottom) . ¥ T & (E-lower) 1
AR b (E-upper), BAHW ELL 15~25 m
&) F& BEHLIZ L 10 4 5 m X 5 m ¥ J7 3 17 45 3
BEMRELHE HPXTHEBEAEZ VLT
WICHERL17]. BT AWM R 6R
HEREHL6 K 0~20 cm +HEFEFMN L EIR G
L RERCREIE . HIBR ARSI Y R E &R,
R, B, dfmEEEER. AN, 3 THRAR
FAE R B AR R B R, B
Bt #i (slope cropland, CK) Ny Xt HE#E 4L, 3 M EEHD
'HE.

1.3 HF&EIWw

2 &E (bulk density, BD)ME R H T H; +
B H Ml Bk (soil organic carbon. SOC): ¥ H
H;SO,-KCr, O; & fb-5h fin #47% ; £ & (total nitro-
gen, TNOEBRXRAFHMEINKE A, 28 (to-
tal phosphorus, TP) AW BR-H A M E ZE-4H 5 I
(A7
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Table 1  Basic information of site
BRI AL . REER/a
B3 [ B /m » . WBUREEE/ . HEER
Position of sampling Restoration
Site Direction Altitude Slope degree Vegetation restoration patterns
transect years
ATFRARBR Rl
G-Rp 1100~1300 FILH Wrupper, 25~45 24 Ny _
&4t % Fids T2 W-lower. rtificial arbirjiogz ((*I;.ﬁ‘t;seudoacaaa)
G-Ck From south 1090~1250 ¥3/iE Bottom, 25~45 19 i
) £l Artificial shrub (C. korshinskii)
G-N oo 1080~1275 TR Blover 20~45 21 AEKA /IR
g R4 LB E-upper Natural recovery (Natural grassland)
Pk b3t L & H
CK 1090~1117 10~12 —
Sope cropland Slope-middle Farmland
1.4 HiERE #(Mg-ha), TN+ ELEHEE(g kg™),Ps

T E R, &% E8 (SOC, TN, TP stocks;
Cs, Ns, Ps; Mg « ha™', Ho i Mg 2y [ Br 5 {7 i
Megagram) i+ & A K4 FW0FH .

ATELBEMEE Mg ha '), TP YT ELBSE
(g kg™,
BNWA B BAE RN 50 MERNFHE, BS

Cs =SOCX BD X D/10 (1) BN S SR 8 10 ANEE B B (8, D IR
Ns =TNX BD X D/10 2 AR HKEER 3 MM EHE, #TAREN
Ps =TPX BD X D/10 (3) Z0HANOVA); IFEFAA T ERAB S E

AHL.Cs R ULBMEE (Mg - ha™'),S0C
HEBEENB SR (g~ keg'),BD V1L EAHE
(geem™ ), DAL EEE(cm), Ns T HELEME

FMEESHMAEAFENHLEER  HEREESIZHES
B B & 20 BOHE Sh A7 A 56 20 A A 2 ik |1 05 AU B
B4 Yo R SPSS 17, 0 R k47 .

K2 AGHAAEMECEANTEERNEREFEDN
Table 2 One-way analysis of variance (ANOVA) for soil properties

in 0~20 cm soil layers among gullies (n=3) and gully position (n=5)

+ B R A Gullies WA ML Gully positions

Soil Properties df F sig. (P) df F sig. (P)
A Hlik SOC 2 1. 046 0. 354 4 5,184 0.001"
2% TN 2 0. 327 0. 722 4 4. 815 0.001*
28 TP 2 3.102 0.048* 4 7. 272 0. 000
iR Cs 2 0. 991 0.374 4 6. 705 0.000*
FfEE Ns 2 0. 304 0.738 4 6. 530 0. 000
BethE Ps 2 2. 414 0.093 4 6. 008 0. 000

I x « Rx P<0.01 BFMK, » Fim P<0.05 BEMRX, TH

Note: * * Significant correlation at P<(0. 0l.

2 HFRE5HH

2.1 HEMEALIEBEARITEIENER
WHHE +IETEEHITEERETEANERE
AAFHEGEREEX A E LB TP S BHFE
BEER EMTEXERHAEEGE 2 ES5H
fe b3t AR, AR IREE A A L C,
NITRHWERAERIHLEENRE M LEP
NENSEMBEERAIBARMLE D, H,
X8 4 #b 1 3 SOC fif & (Cs) i 3 08/ 43 5 7l 5
82.5%(G-Rp), 94. 9% (G-Ck) 1 93. 1% (G-Ng),
T4 H £ TN i & (Ns) B9 3 1§ 4 7 7] ik

% Significant correlation at P<C0, 05. The same as below

40. 7% (G-Rp) , 46. 0% (G-Ck) FI 43. 8% (G-Ng);
XEERTFHAYEAEE RSFH _EARMES
(AHEERERHPEERE D NESHED. K
M, AFEER SR A A LB TP EERE
W BT S HE A A b5 e R D R AR AR 7R A b ()
FEEEZEEZER(P<0.05) ;XA REFEREHA IHH
WEARE B P TEY K, P TEH
TFHEYRIEH A MESFEAD® LM THDH
HOAAN., SR LE B EBRRKAAS ST 20 £4£
AHERE, AREEREEA T WS+ C,
N, PEEMBEENEWMEREAREE HHENTF
Xt PR # # 00) M ARF B E M WS+ C,
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Fig.1 SOC, TN, TP contents and Cs, Ns, Ps of three vegetation restoration gully areas

2.2 AAMTEBEEIESENS MR

WHBMAREN L LEH CNPHEERM
MEHFERBEENEZR(P<0.01,% 2), 3
MAREEKEE NG+ CNEEME
B 0E . ERHREEEENMBE, B GCk
G-NgHEBEHEWESENEE;HEGRpHAKMN
SFHERABARFHIE =S @E, S KTk
TH:BERE T EPTEZMEEZ W AN E (K
2), RAHMBERWAHM L ERIE FSE 45
MEEFTREE RN . ATARMEBELEEY
FREHEAR RREASN . EEFHMEIN ZE
RAAM EARAAERAENLERIEFEME
S REAEERINLH EFEEERDY,

2.3 MAMTEmERSESHaFEoMitbER
FHHEXXE
ST 0~20 ecm + FF 8 SOC, TN #l

TPHEEMNMES Kb Bin ME H 1+
O BE RO, — 3 o 5 BE VA 2% B A4 52 I B 1
MR (RDMWEREZN . WA IR T
£, SOC, TNM TP ERBEMEES L NO; ,
AK, pH, 3¢ & 1 3k {37 8] 389 77 76 % B 3 #4826 6
F(P<0.01), HARTEME,SOC 5 TN & &
HMEXBEBRBEK: B . TPHAENERE AP &
WMBENHXLERZ(P<0.01), XA REEKREAR
FEGEKERX WA+ BAEABR S LR HG

2.4 HAMTEBEHTETANEERDEAXER
ME 3 fiaR,SOC 5 TN (R*=0. 5424),Cs &5
5(RP=0.4992) FAMBEMNRMRIIFTAR R (P
0.0001);SOC 5 TP (R?=0.1008) R B E 4
1A 9 % & (P <<0. 0001), /i Cs 55 Ps (R? =
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Fig.2 SOC, TN and TP dynamics along gully positions in three vegetation restoration gully areas

#3 ASHIEBEHNSENMESIBAMRSEFREBE FHHEXLERE (1=150)
Table 3 Correlations between contents and storages of soil CNP and soil nutrients or topography factors (n=150)
2% EX BEE ABE BEE WIE 58 Auw e - R iz
p
TN TP Cs Ns Ps NO; NH{ AP AK Gradient  Position
Sﬁo*jcuﬁ 0.737* 0.317* 0.947* 0.651* —0.126 0.430" 0.210" 0.066 0.669** —0.401* —0.156 —0.183*"
?5 0.321* 0.681* 0.939* —0.098 0.450" 0.174" 0.038 0.647* —0.356" —0.172* —0.216*
'Iﬁ‘l?‘% 0.339* 0,342 0.588**0.317* —0.157 0.310* 0.461* —0.365* —0.317* 0.003
?ﬁﬁ 0.707 " 0.134 0.385™ 0.183" 0.117  0.640* —0.396* —0,251* —o0.172"
§
%ﬁﬁ 0.182* 0.407* 0.137 0.090  0.611* —0.346* —0.272* —0.202*
R
?iﬁﬁ 0.014 —o0.222* 0.343* 0.094 —0. 141 —0.413*  0.054
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2 ~—~ Linear SOC vs TP < |--- Linear Csvs Ps Ns=0.4214+0.0674<Cs "
on > 2— <
£ oL TN=0.1830+0.0693%SOC & R*=0.4992.P<0.0001
i (J_x\ 2 =} : o e
-~ 22 SAD > o
5 R=0.5424,P<0.0001 & = N %é@ V
o A =2 A y
= NN & e = ' ‘% .
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Fig.3 Linear regression relationship between SOC related to TN and TP, SOC storages related to

TN storages and TP storages in the gully areas

Bt XA ARSI R B REOR
SR BN TR AR RN B R IK B 0T LAY KSR M 4.
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BEMAREME . B TEREKR AV REF. i
BEMEASFHBREE. X - R EEMMEE LS
FERTRGH T ZME. N HRENSEL
HEREHEANM B TFTHAEAENE RENEF
MeERKE FARASKREE. X—MS - c8HY T
WEHNMATREDE . EVDEANR LIRS ®
KR S, B AT, R A0 AT 5 1 F A X B 36
B X A A R A R R EE AR
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M AERKRME G EFESFKS KM TR
HAMNHREAFTF AR KBR T EBBER
WA AL R, R A BT B 5k oR [ R Th g,
BEXRRRKEEEENHRIER. AR EH,3
MEERKEEAY T U ENRE LEC NITE
SEMER . ZESG LZHEMEENESIEA
HFE—EEZR,

HRAFRMHEPIKEREANRE T E R 3/
LR RN EYERE T HAREER H
TR 20 FAEHGEREE AWK E#HIE5 H
] 15 SOC, TN, TP £ R HEAREZE, Hib
ATRER Rl FEAEYHN TR AR, BA M %
ARAEmRAE BEEZ BN C NITEEE
AEYH R FMBRWAETARN FELE S B,
T R B A7 2 A DK O B4R RS, ENTHE
KR REALBTER T REWEYERNEED,

R REMN C AN TAIEAE., e
BMAMEH A MAZEYHPRNC NESROUEEER
FrEAMEY . Bk, REF SRSy ERMEY
HEE 20 FHIRE R R W, £+ C.NTEM
SRAMEESRAEMHHAGFLEEELER. B
b L EE P T ERE, R MY KK E WA Hwg
BT RAEM, XO TR FEESHBEKAEVIEEE
AR,

HIERXZDT 20 FEAFHGERE NEEH#
WA BT L ERMBEANEMNLEC N FELRE
il B Y 2 (B8 3 A B T TR (3 o AT
EDRENER; ST AL, FAREN L% C,
NLBHEENSHERMNESHERF AR LS
o TR BETE I 454 (T e J2 45 #40) 70 T B AT 66 2 78
HHITECNPLEAMEBESFHERZREY,
EMERNUREEERE LI FBRERESHE N >
20° Y BE S , 33X M b JE RRAE B 3 B W K L B RS D
REFF.HEMEmME - LB ERM S A B
W, RENBRNEYHEN R ETELARETE
TG EE BRI, R, RARE AR E BT
MRG0, W B AR B LS ANR R &
REM, URKTHEGHES = ENEEL W, X
HU A REE M T R IR EAN R, H
WAl L AFAEE R E RSt LR B2 |
TR AR FAERTLH,
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REMER . MYANENEESFI TR L E
PULEMBRBRHWEESH.

WHEHTHEC,N,P TRSEMBERNZS AL
HETEZIMERENES, BERAEEH KN
ée B T 388 B A B CRIBEAR R B M R BR A0 s
AR RN ERSEFER S A G
AN L FEER RRAFETRASEEHAS
HAEIH,

WEH+C,NRFEERBEENRER TR
F#(P<0.000D), RA—FEAEBKE LR P TR
BN B9 » LAY LA O B S AR R A AT A S RO T

i AL RARTERERZEK LR
SR KN R ERRRBEOHEE,
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