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Degradation process and plant diversity of alfalfa grassland in North Loess Plateau of China. LI Yuyuan®?,
SHAO Ming an!*?('Key Laboratory of Water Cycle and Related Land Surface Processes , Institute of Geograph-
ic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China ;2 State Key
Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conserva-
tion, Chinese Academy of Sciences and Ministry of Water Resoueces, Yangling 712100, China }.-Chin. J. Ap-
pl . Ecol .,2005,16(12):2321~2327.

Vegetation recovery and reconstruction is the key of ecosystem restoration in the North Loess Plateau. With the
Liudaogou catchment of Shenmu County, Shaanxi Province as test area, this paper studied the dynamics of the
plant diversity of artificial alfalfa ( Medicago sativa) grassland during its degradation process. The results showed
that the degradation process of the grassland could be divided into three stages, i. e., artificial alfalfa grassland
stage (1~6 yrs), transitional stage from artificial to natural grassland (6~ 10 yrs), and secondary natural grass-
land stage dominated by Stipa bungeana ( >10 yrs). In the whole degradation process from 1-to 30-yrs, 32
species belonging to 13 families and 28 genera were found, of which, 90 % appeared in the initial 6-yrs. The dy-
namics of accumulatively appeared family, genus, and species in the vegetation succession process were well de-
scribed by logarithmic function. During the process of community succession, the species richness (Gleason index
and Margalef index), plant diversity ( Shannon-Wiener index), and Pielou evenness index were changed with a
similar tendency, i . e., increased more rapidly at the first stage, and the climax phase appeared in the second
stage. The plant diversity and evenness decreased slightly, and gradually became stable later. Planting alfalfa could
markedly accelerate the natural vegetation succession process in the forest-steppe ecotone of Loess Plateau, mainly
due to the intensive soil water consumption of artificial grassland, which accelerated the process of soil aridifica-
tion. To develop artificial grasslands in the Loess Plateau is an optimal joint between accelerating natural vegeta-
tion recovery and increasing farmers’income by stockbreeding, and is also a favorable paradigm both for the eco-
logical and for the economic benefits in the eco-environmental construction in West China.

Key words North Loess Plateau, Alfalfa ( Medicago sativa ), Artificial grassland, Community succession,
Plant diversity, Forest-steppe ecotone.
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ERRBRENER. AKIZEMRIEEMRE, Fi
eyl 2o LB s O A £, K TR E
OV F FAR O 7= Ml A 6 B IX A S ke,
B XA BFEH R E SR BERKERE LEH
THEMBEHRP ARESBRD A T8
WRIEEGIKE W EZRE, F e 2Rk %
BEEEFEBRMGLBIRFE wHmEE
(Medicago sativa ) \LEHBR T HRH X240
MIALHEERE A FHMRAB . SEEEOHE
HEFFEERSE, KPR Rt K BEART
DHZ RN ERERMY SR E 80
100% , X F 7 255 il 3 b - 343 4k B A £ R fb
FEEEFER. BEEHIFETEHR, EE LR
WEREKE 450 mm EEMFETREMK, EHER
B AR KRR R A — R K 3~5 &, B 6~7
FEZREMPFERRE TR, DEEAELF AN
B, BAFEL AR, Hi, i K E R ERE
WHEBEAHG, B Z KA T EMEEN O
NE EEERFALEMBALELE RS EE
{ b PR R AR B fh, DR UG P AR 58 4 7St
A A AR RAR IR E Y 3 . T, &
MRANZERMFE FRTAREKERER
BHREERBENYMAREHEY ZHERIE BT
BITELEREMAB T BN A TR RRE
HERBME, UM A TEMN R 2LES A HE
FA RIS R ESHERR R ERIE
fKHE .

2 IR SHRFE

2.1 BFRMERER
MRRATFE TR AW AREINT 14 km &
MI7SIE /NI P, H AL 5 R D HL A R % (110°21° ~
110°23'E.38°46° ~38°51'N, R = ¥ 1 081.0~1273.7 m).
FXEHFE 8.4 C, AFHRMRSIEB-9.7 C(L A)&HR
i 23.7 C(7 A),>10 THERIE 3 232 T, TFHEM 169 d;
BATRE R NW, EFHRER 2.2 m s L EHHEKR
437.4 mm,6~9 AMKE L 2ERKEY 77.4%, FEE
it 785.4 mm, FHTFRER 1.8, BT PRWTETFER KL
AR ZRERETFHRAERR P HRATFAVFE
MR, KRk S TP AR +27E, RRAKEZCE
HEEBR, REMBHEAGUBRERERESREDE
BAEBERIE, BPHE RO EEFRIER(Stipa bungena ) B
7% K& ¥ (S. grandis) B K& B2 F B ( Cleistogenes squar-
rosa) BE & B H (Arteimisia giraldii ) B8/ & (A.
gmelinii JBEE S RA M B HEFERR BT FRK

THFMAFREZUHEHMAE, BT —E—BRIER. 44
BAAKPHEERE B ALEMS IR, d T AR,
ALE#BUAURRISEFHE, R B AR BT
(RARFEH).

MERBRLEEE-MFEOm ML, E—HEEART
LB T RIS A B Kok R P SR 2, OB AR E
W, EEANEHE-REI00mUT. EXEHIEMHET
FEANER L BRAE T W T3, LR HF a5 R 5K
T, EAMT RN, LERE, HEEDHIEHE 0~
400 cm)PRE BT, Mz LEERIMA N, RS
BRARAHEE, FRAFRK EELEEEEKITE
P, RZE 0~20 com TIBAHNE . £ NEXN.P.KE
ft HEFRRESHE BERT . ZANBENRER, RE
(0~20 cm) T RABIEEW EHBFWBAMITBAL, (EFHE
BUEERE 1~ FURDBFEMA BELTEEHENERUR
THFLIREHERE, ERHEA KT FNIEME.

2.2 HRFE

S i A ) 2 BE R K MO AR AE T R L T B AMA A
SHRMT BT REESM A ETAHEREHE R
FERERI~30E)MATLES E BEHFEHRN 2 mx2
m, EH 10K. T RIEEER R A FT ook, BB SR
R EEHE A TEMAMERMEER, RIEEREEE
B Z AT A RS A A S bt 18 BUE R &
U R LR RS (RL1~2), B/t i 5% {4

F1 PRABOBHTFEERFREEEREERRZ(0~20 cm)
TIREVEILER

Table 1 Physical and chemical properties of surface soils{0~20 ¢cm) of
Medicago sativa grasslands with different ages on the northern slope in
Liudaogou catchment in Shenmu county

EkER K B BARE  H AR HEFRRE
Age BD P OM. CEC

(y) (gm™® (%) (grkg™) (mmol-kg ™ ")
1 1.29 51.31 8.56 4.36 76.5

6 1.40 47.04 8.78 3.19 66.1

14 1.39 47.46 8.95 3.33 .9

30 1.35 48.96 8.80 6.43 89.8
2% 2% 2%  NO;T-N+ i A4S
Total N Total P Total K NH,*-N Available P Available K
(k™) (gke™) (glg™") (rglg™h)  (mekg™) (mgkg™h)
0.27 0.38 20.44 7.52 0.70 47.4
0.24 0.40 21.24 9.04 0.79 59.0
0.23 0.49 19.86 10.17 0.90 63.8
0.43 0.52 20.59 8.78 1.86 108.8

#2 WARNHATEERFRECTEEMEG MR
Table 2 Site characteristics of quadrats of Medicago sativa grasslands
with different ages in Liudaogou catchment in Shenmu, Shaanxi

ERER WK %R HE b |
Age Location Altitude Slope Aspect
(yr) (m) ) )

1 [ % 2E Naoniqu 1191  12.5~15.5 NE43
4 B IE Naoniqu 1207 17.5~19.0 NET8
6 A JABE Muguapan 1233 7.0~10.0 NW28
10 ¥WEF Yushuerzi 1233 10.0~14.5 NE21
14 KARFF XK Y Experimental Station 1214 8.0~14.1  NE21
30 JLUEI Beigeba 1230 19.0~25.0  NW6

* BEH AL RIHTE S M BRI All of the quadrats were in the landform of loess girder.
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ERHRGEW. HET B TECEEYHE BE. SES
BE OTFAEHEY(MEEERE KEEE)HUEAEHN
— AR BEVE R RSN E R AREE(N), RS
MR R4 = 5 B 45 50 (Gleason T8 3 5 Margalef 36 %¥0)
Z R4k 30 (Shannon-Wiener 35 %0) 1 Pielou ¥ 57 E #5413
HfgApls 2,

HEHE(N)

IV = RHI + RCO + RFE (1)
A, RHI 8, RCO AR 5 8, RFE 94 5UE .
RHI Wit H T84

RHI = 100 X H;/ D H; 2)
KA, H, HE SN B T HARE, D H IRl
BB FE TR g 2 M. RCO 5 RFE Wit B 513

Gleason T8 ¥ (1) :

Igq = S/InA (3)
AH, S HPFEE, A ARFER(m?).

Margalef 58 (Iv.) :

Ina = (S - 1)/InN (4)

Shannon-Wiener $8%1(1,,):

I == D>,P; X InP; (5
AH,P; = N/N,N; ERFTHH YN GEE FE

F3 WBAREAPHERTEREEHHEIEDHER SEHENTE

DIN; = N.

Pielou ¥ S EE(T):

J = (= D)P; X InP,)/InS (6)
3 ER59%

3.1 EREREMNBAIRSHEETS
KI3FIHT 6 MEBHERMEZEE(N)HFY
BT S E MRS B X MES Vit RE. &
RIWUEH EEEXLEFEREMRMYIER, EE
BEEREFHRBEREHMERMEWENLE
PEAFERBERS(EREFNRENR), Z
ERE R EER, EEEFIEEHER, 2
WELEAHERAHBELEEERTIREE
(Stipa bugeana ) MEE XL ERALEH TLE
BARTEERAE KRR, WA EEERE S
BPMSTIRE, X 8 FEYFHFESEHRN,
ST E T A X v B TR R A R e AR A A X 3K
/I, TR ST B I EE AR A A, B G ECELERE
NVERKMERN FEETHMNEENBERMK. 5
Sh, BEEHEHERENRERE TS BE, X ERY

Table 3 Dominant species and community characteristics of Medicago sativa grassland in Liudaogou catchment in Shenmu, Shaanxi

ERER oA ' OE

M EE

AR N 35 BE AEXSEAE

Year Species . Density Relative Relative Relative E%ﬁ
(yr) (% 10°% ind. -hm™2) height coverage frequency
1 RIEHTE Medicago sativa 117.8 9.8 80.1 12.0 102.0
HEEKRE Melilotus albus 5.00 23.2 10.0 12.0 45.2
HEBE KB Melilotus faccilinalis 2.00 22.1 3.9 8.4 34.4
¥ITHE Astragalus adsurgens 5.00 3.5 2.4 12.0 18.3
& F Lectuce tatarica 59.3 1.3 0.3 10.8 17.9
4 HIEEH Medicago sativa 61.50 24.0 85.9 12.3 122.2
BIBR® Artemisia capillarys 269.8 8.7 9.4 12.3 30.4
BARBREE Astraglus melilotoides 4.50 12.5 1.1 8.6 22.2
W 3E Ireris chinensis 10.50 4.6 0.4 12.3 17.4
ELHEBET Lespedesa davurica 7.25 6.4 0.9 9.9 17.2
6 EALE R Medicago sativa 58.0 16.4 49.5 6.8 72.7
BARBAREIE Astraglus melilotoides 33.5 10.3 20.2 6.8 37.2
WL Izeris chinensis 32.0 3.5 5.8 6.8 16.1
WEE Ferula bungeanum 4.75 9.8 2.2 2.7 14.7
WEME Oxytropis racemosa 61.5 2.8 4.4 6.8 14.0
10 K EE Stipa bungeana 165.3 18.3 47.6 10.0 75.9
EALEH Medicago sativa 50.8 14.9 17.2 10.0 42.1
B HYEF Lespedesa davurica 96.5 3.2 18.7 10.0 31.9
BARBKETE Astraglus melilotoides 21.0 12.7 5.5 9.0 27.2
XHGHE Crepis flexuosa 32.0 9.6 2.0 8.0 19.6
14 K E Stipa bungeana 197.0 13.5 45.8 11.6 70.9
HIAHTE Medicago sativa 47.3 14.8 35.9 11.6 62.3
BOARBRFETEE Astraglus melilotoides 29.3 10.6 7.2 11.6 29.5
i R Polygala tenuifolia 6.75 7.4 3.3 11.6 22.4
BIBE® Artemisia capillarys 70.0 6.4 3.4 11.6 21.4
30 KEH Stipa bungeana 261.8 8.0 59.7 11.2 78.9
EEETE Medicago sativa 34.5 13.1 27.8 11.2 52.2
B MRS Artemisia capillarys 195.3 7.9 5.1 11.2 24.2
B R R BR Poa sphondylodes 11.3 15.4 0.8 6.7 22.9
BARBCREE Astraglus melilotoides 14.3 10.1 1.9 10.1 22.1
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ERERARERYW. EEEKNEM TR, T %
HEEARETEREHEES, HMNEEEd &9
1 1.178x10° A -hm™2(1 F)FFEE 3.45 X 10* M-
hm™2(30 4F), BEMRT 70.7% K EEFBEEEMN D)
SR EH Hm#EE, B 1 48 500 A hm™?
W] 30 £ 2.618 X 10° A +hm ™2, HHIT 523.6
B FELR, BEERESRKEREN FRE AR
R, 80 6.0x10° A-hm 2K . BEBRK, KEE
SREEHRRAHELHKNABEDISXRRZ(E D,
RPKTEXTEEERBRERGMRBROBEANGET,
B & o 6] () S R (OB AR B 8 B R BEVE IR 3
b, 3t 6 ~10 F AL AR Z L K TR BE VR )
KEEMAEFEE, UEHEE G E TP EEK
BEERKEE RSB, SEKRTSEC W M
—E R LR B R R E R LR, RO 5T
EREMAEELIENS N 3 A AR E . ETE
EREEMNB(1~6 F) N LFH R A EHIFEE
B R BL(6~10 ) G TR FE B B (10 %LU
B) SB—APrB oy N TEs R A M ER S8 BB,
MEMHERCTEEPEINN R BEELE
BAEKFERYER, § T2 KR EHE %
EHREMRE LRI AWK R RAREHANRSE
ZFEErEm, N TEMIRL L EE#HTELY
MR~ K.

Xt SR AR B R A LSRR, A E e
HE 5 B3 (Salsola collina ) 75 & ( Lectuce tatari-
ca ) BEETE( Convolvulus arvensis ) % E B 451
SR BRE, o1d 3 SRR N W R B E AR B
ESRMEMBE, £ 10 FAERERE N & 51
HF-RKEE+ EABREERE, 252 M
BB — R TEEEMERES. X A LTE#Y
AESRNERH, ERERE K EERE MR
B RAETUEBRENEERY My CEERE
BrEcMLIE o B  EARBR RS R
WP R BT B B, TR 20T 6~ 10 4EMET A1 &
B U BV B BUR B MR AT R A R R, 7R K
BeiE N TREMYITIE( Astragalus adsurgens) A
THEMH FHEGERELEY ARG ML LR
s 18 G AR, R L HEALE LT ESE
RFEATREMA LUE-ERE DR 828
HEHE BEEREFIT(RAEER)LEEY
—fh AEEGREY, E R T F AR
b MEREEHTERKDAE SRS, Ml 758
HYBENAR B N TEMBEEHEREFITA

SHAFPH RS FI P EERENE ALE
whntEEE B REE RN EETREEEETAL
FHR R ORI RO O BE R R, SR EH
WEMNRAETBESNERE, MALTEREYES
HEFERREETRAEN, A T EH KK
HET TR AMERT LRKINTET
BRSO R AT R HRER. SIAE
B, AR A AR B T B SO R B Y R A B
RRHE— R EESEY IR RER T I ZEH R
REEERH BRI R AT W EREER
AT RERE S TUREEE Z [ A ERER
B, R EARRE R BN T
HESERALEERERREFIITEEA L, '
FHRFEETXEYHEAGHERE RKEES
EUEE AN BLNEYERE, X TKEHD
ZFERABLERERANTLED, KERRN
HERM TR MY Bk, \TERBLUEAED
WEREFFIPHEERE SRS GTE)BEN
Br, T B IR & 7E N TR BE V8 B B, 10 2 R A X
e, FBHTE R BRI RE 2],

3001

2501

2001

W

Density (X 10%ind - hm)

6 30
HRAEPR Growing years (yr)

Bl TREARFEREFEEHALEREEEE (L) SKREE)
MREENHSEN

Fig.1 Dynamics of group densities of Medicago sailva ( 1 )and Sipa
bugeana (1) in alfalfa artificial grassland with different growing ages.

3.2 REERB B BE Y F A
FitEREH, FRAEKER(1~30 F)EHE
EREMEEETAEHASSEHEY 2 (& 44
BEM.EEER VTR EEEABSHEER
B, BT 13# 288, HPEB6BIF. M6
B 7R RAER SE s L EREHEIE 17 8 21 F,
555 B R R A 60.7% 5 65.6%, VLB = KEHA
MEELEREERESIRPEEEFEE R
ff . HASBIBRT IR Y 2 8 2 Fhor b BB B,
WE &R JBER KRB R TR IR
JETERH ERFEERF o MR R BHNHEYY
MR EZHOMHETLOBNE, PEHNFBTZ
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Fig.2 Dynamics of accumulated numbers of family, genus and species

during degraded succession process of Medicago sativa grassland.
1)F Species; 2) & Genus; 3) &t Families.

MAF AR ERBEEY AR REITERE
B, BEE R E R E RERMER, PRI HI
AR ) BLJR i KO R B A S8 B X 50 o O AL

fE(E 2) -
F =2.0731In(z) + 7.1861
n=6,R =0.8488"" (7
G = 5.2228In(¢) + 12.805
n=6,R =0.9154"" (8)
S = 5.8247In(z) + 14.816
n=6,R =0.9344"" (9)

X, F.GH SRRAEFHRITHIAMEEFHED
BB FRIBE,  AHEEIKEEEE(1~30
&), AR ELREE R HEBREE KT (a
=0.01). HHE(7)~ ()M UE S, 5B T
MR NEL, X SR FFRBMEESA L. BEAN
BEE 2 HRW, PR BT AT RESH
AN BRIRTEL, BN7E 6 AR IMEE R R, Z BN
HEZZ. fi—MBREIANESEED SN 35
2608 29 P, 43 A G R B EH 100%.92.9% 5
90.6%, RIHELEFEIBATEPEEI Y
FBAGTRRTE 6 FEAEAR LM, WENEE
EMBEENETFSRBENTL. XEHRERT £
THEENEENCRIRE EEERZEN 6 &
ZW IR EX NS R IR — B M
FIBERRARENEEEREALHENRAE
B, e AB S 2 < A\ TR M A 5 R . B A I
PR EN TR A R FHER 23 & A
FUBE L AE B T R 80 i A AR AR R A Ry B
0O AR T R RS, IR T BT

HAERFHEIE S .
3.3 ARIFEENEREDZHEEN T

Y Z RS B Rt E YA 110
E3AUEY, UM EZTERETREUFETER
(A) YW Gleason 63, IE R IR E R b i B
AR SRR R S RN 2 50 Margalef 4651, 35
BATE B RAHE, BEREEVINRA ERK,
RIEFHRFE, £ 6 FEABEIER, R X iHkE
B, E0FUEEL LBETFRE. HEVHOMHE
BEREMBRRSELEERE PEENEERE
MEEEABREOEEAB)WRER B X. £
FEHEFE B (Shannon-Wiener 8 %0) LA & Pielou ¥ 51 F
TR HUR (LR A4 — B, BV 7R B V& 0 8 w0 303 e 3 3
mE6eFEAERRE, ReERAZLETR
EOEELEEALEB IR, UM ESEES
WS A B R sid i SR LR AE, TR AT
BI(1~6 F) ik, LB B H REIRIFdaiRE.

HEITAUEH, 6~ 10 FHNEREREALE
WEEMRKREERREM B EESENE. &
X—Fr B, ALEMM B EY R EEEH R
AMEREREEFRA. IREEALER T2
B HIRE RRE . FEZFE B LRI, — 2
F 5 TEBHRAEY, EBRE (Artemisia capil-
larys) ¥ & (Agriophyllum squarrosum ). 1] 3 3
(Ixeris chinensis ) BB AR EEIHE, REW
A B 22BN E F ( Lectuce tatarica) /PDUIFR(Albium
pallasii ) SHHETEHEMAREH 2 FUEKE
REEY LSRR T EABRKEE KTEE
FUMHREAN, BENTHSEEULABESTEER
FRIG TN, FE] 55 S R, 276 E 1E 600 B b A B B
&, RS A P (R 2 R R R, T8
MBS ENEREM. 6~10 FREHERNKE
EE B R B, R B Y A 5 S R R
BT, B F R ESENE NMEEREE NS
HZLEFEZH R MRKEERBEAEAS
(1) HREERE RS A ENALRE, BE L
Pt & £ B A 9 4L, B BRES B 2R (Poa spp.)
F BAEBGRAI M R B AR, A EEN
HAEEY, TEABREE X SEARTFENRE
BENA TR, BT B TRE, BPREKER
KEEFRRESW. T2 7o — W B EEE /Y
WA TS, WA F IR, BEYE LB R B
YIS, NI SR TR S HEESE SRR,
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Fig.3 Dynamics of plant diversity index of Medicago sativa grassland for different growing ages.

BrRERE, R E R EHB AL RS, Y S
HEH S RN A S INERE RN B ES, &
WP B B TE R IR E A BRI M R E R W L
BB, R AR B B S Rt S S T
BI—PrBE R, X 58 L5 R EE B R E R
B R £ R AR — ) ]
ERERENSHEFAIRERL BTN HESH
B ERYMZHEENERER ERMNERE
R 1200 SR 7B EAE N LB MR 2 — S SR B ALY
NLBE, N2 BRI AR SR EE AR E
HERMAERR R EEEE AN TEBR RS
WDARYE, 1B BALLL K & B AR E %

A E-Y NIRRT v
4 W it

EE LS RIEBHERERERSBERX, RIEFHE N
U5 SN TR, EEETEALERR
LEE TR UK SN 3 BB £ ETE
BB (1~6 &) ANLEMERXREHEZHL
EMB(6~10 ) SR IEERAERR AR B (10
FEL k).

FEEREE A LEHBLEELRED MY Z
HUHEHSEEREN N ST, EEY
BT (E— B BO 8RR, T8 A B (L B
B)BEIEE, REH R TR E.

EWEEA L E B EELRED, HEEN
WEH RSS2 F7, BT 135 28 )&, H
DRLER ORAERZKREIT 17 B 21 L, 2504

FIEEM 60.7% 5 65.6%, R ZKEEYELETE
BREERB L EES R TEEMM. EEHE
HEMEGEE SRS, Er P 2RO AMEYE
J& FhECRE B 18] (9 78 44 7T LA F X 350 oA B A7 B 4 s i
H:y=aln(z) + b, EEBE R Y FHIGIMER, 90%
Y EWEEF e 6 4, R IE A L E IR
LSS EATERT 6 F 2 4, W R FE X — BT HA P RE 4B
FR—EH I REM SR ERERARENAR, R
RE A8 A A TR N\ LB 5 F 5

M ZEEETUBEMREEN B REEH
R, EBEBEALERKASE 6~10 FELH AT
B BA AT LUE B B IR R AR A RARIRAE R
FHH. AT AL EMBEEHARE—, B2
ik, B eEns, B A LEM A ERTEES AR
FIRABERR, MZEM A RSB R LKL
HFESRZILU R & TR AR, AT T £ H
5N LE AR b1 72 40 SR 58 78 B o A K A BT 4
(1~6 ) REUE LR SE1T R 28 2, R
FENLGRE. R ERRES, WA UE—ER
ErRiEg N TEMMERFa. A TE/mYE
FEHMETRBEEROL, T LR EREE N FE
WA TR A SAERRNY BN EEAETRPE
DR, A LB E Sk L EEFERREIER
REGERIMIERABRRHNEFFESERWES
HEBRERERENES. XM E—EEE LR
HEREFEBHTFRAESFRE BSHMNIFER
AESHREROBRRE WD E—ERE LER
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