R SFEEYF M 2009, 15(6) 737~744 2009-12-25
Chin J Appl Environ Biol=ISSN 1006-687X DOI: 10.3724/SP.J.1145.2009.00737

SITERARZEERA TS HaERs
StigEsnsti
ThE RRE IRZ G B RHE KA

CrhERAB LS EAE TR PIT 810001)
CPid RS MR SHAYE M8 610041)
Cro R oV B FBE 221 730070)
CHEREEE IR AR JLE 100049)
B E MRTEZNDERAFRSEMALBEEMAAFRBENBRERE(EEZH NG EE (Pedicularis
kansuensis) I AR R | BEFRF, MBI BRI, AW EMERBRE L HIEF 0. A E SR B LIS
ZREH, FREHEPATEEEMEYEENMIEY N, MY REHA R ERR M AEEREER. 5
BTl R, A TEMBESE. 5. M. Y MEREMEREIRIE Vv FRUL A, e ——7WH
e R E AR N R, 784 af A TR BHE IR EAR, 7E5~6 al A LE BB E D RN AR,
HAREE, ABHAXEESED. HEASKE 5FE, HEPEILE. AZNBEEEELR (T a. 9a%H) B &
R, Bl—E R PGEA N, MEESMIET, RNEEEA TREN HEM A A B S L E V7
FRUVRE. T RUEAESREWIKE BRERMEIKE, KK ETHIEIMKE . TEEIRERIWRE . Ay
PR E N R R YRS RAENIIRRELUIKE, RSt U SHEENER, BRTA LHEBEERE
ERER. AR EEEKEEE TR REE, BN IERRNAEE, NS REE. T, AiRLEER
Pk B i FE, AR RSN R T CInFEHE ), TR ik & 2 L B oIk 5+ 3R 8E, SEHA
THMES R E (IER ) 81T B3 %6 534
KEE ZILIEK B BAE,; FREE; LERS ATEE R
CLC S$812 (24)
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Abstract Restoration starts at the degraded systems with impaired structure and function due to anthropogenic or natural
causes. Ecological restoration means restoring both ecosystem structure, including species composition and trophic interaction,
and ecosystem function. Soil is a fundamental component in every terrestrial ecosystem, making restoration a vital process
during ecological restoration. This study was conducted to examine the invasion regulation and quantitative characteristics of
forbs (mainly Pedicularis kansuensis); species composition, biomass and grassland quality; changes in soil nutrients and soil
microbial activities of the differently aged artificial grassland communities in the source regions of the Yangtze, Yellow and
Lantsang rivers. The results showed that the species composition, functional group composition, and quantitative characters
of the plant communities varied greatly in the artificial grasslands cultivated in different years. The coverage, height, species
number, biomass, and diversity index of the communities had a “V” type change, which was consistent with the changing
pattern of soil moisture, soil bulk density, soil organic matter, N, P, soil microbial biomass C, and soil enzyme activity with
the succession processes of artificial grasslands. There were also changes in plant species composition, community structure,
and environmental factors (e.g., soil moisture, soil resources, and soil enzyme activity) at the different succession stages in
the artificial grassland ecosystem. The restorations of vegetation and soil fertility are important to restore the deteriorated
ecosystem. Understanding how to improve soil microbial activities and accumulate soil organic matter is essential to restore
the function of plant-soil interaction, enrich plant species diversity and enhance plant community stability. In the restoration
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process of the degraded grasslands, if disturbance was effectively controlled, suitable seeds were available and soil nutrients

were provided, the vegetation restoration could be achieved in the artificial grasslands. Fig 3, Tab 6, Ref 34

Keywords source region of three rivers; Pedicularis kansuensis; plant community succession; soil nutrient; artificial grassland
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Table 1 Environmental characteristics and geographical location of the study area
AR B Jrfi BB Ey T3
Community age  Altitude Location Vegetation composition Soil type
(t/a) (him)
EERHMERARY (BRERE . A RICR BEE) , )KIREFH
34° 22 469" N R (HRD s B ERY A EES) BEIE: 80%-90%
4 3928 100° Zé 546' E The dominant species are grasses (Elymus nutans, Poa cryrnophila, and Puccinellia
: tenuiflora) with many accompanying forbs (Pedicularis kansuensis, Thalictrum
alpinum, Ajania tenuifulia and so on) and an overall cover of 80%~90%
WY BEE R AR (RS, R R BRE) MR E (ZEREHAD %
5 3914 34°22828' N ) WA BEVEHE: 70%~82%
100° 27.603' E  The community consists of grasses (E. nutans, P. cryrnophila and so on) and forbs
(P. kansuensis). Overall cover of 70%~82%
Y REEA R (HRSAE, B EERE . A, EEEE. &
p 4063 33034444’ N BAH) HYHIN. BERE: 45%~52% 9 L) B
99° 54.080' E  The dominant species are only forbs (P. kansuensis, T. alpinum, A. tenuifolia,  Alpine meadow
Ersholtzia densa, Lonicera tibetica and so on). The cover of community is 45%~52% soil
FTEREMERRERY (HR LS. B BJEhE 5. mER
o saary N B BAEEE . TEMHES) , KUORRAPHY. SR S0%-60%
9 4070 990 54' 179 E The dominant species are forbs (P. kansuensis, T. alpinum, A. tenuifolia, T.
) aipinumure, T. aipinumlure, E. demsa, Ajuga lupulina and so on). The cover of
community is 50%~60%
MY A AR (EREBE . SRR RRE) DRk (BR. B
B RERE(ERERR. FERES. RER., HASALE. A3, 5%
330 15770 N A6 BAZEBSAE) WA K. BEESRE: 80%-~90%
14 3943 i The community is dominated by grasses (E. nutans, P. cryrnophila, Koeleria

100° 27.828' E

cristata and son on, sedges (Carex atrofusca, Kobresia humilis), forbs (Potentilla
anserine, Saussurea katochaete, Ranunculus pulchellus, P. kansuensis, A. tenuifolia,

Anemone subpinata, P. nivea and so on). Overall cover of 80%~90%
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F, B E B2 m) 0~40 cmt- 88, 10FEA M HRER & 14
500 g RS, NTENE HEAIR. 24 3AEA.
LHAEUHSE.

SRR A, FAskARRAWRERE -4
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Table 2 Relative important values of differently aged artificial grasslands
It A BE% & HAE I Different ages (¢/a)
Functional group Species 4 5 7 9 14
TP E. nutans 42.65 30.89 — 13.16 18.56
e B LR BR P. cryrnophila 26.48 20.62 - 9.11 7.11
RAF BEE P onui B
Grasses 3 . tenuiflora 10.44 6.82 4.05 6.26
B K. cristata — - — — 9.33
K Deschampsia caespitosa — — - — 7.62
P ER &4 C. atrofusca — — — _ 17.61
Sedges BRI K humilis — — — — 3.54
HR DS P. kansuensis 12.25 36.14 26.85 16.71 4.55
B FERE T alpinum 1.56 1.88 18.33 11.55 -
W% A. renuifolia 3.48 3.65 16.24 13.27 1.31
FUEREE T aipinumlure 3.14 — 10.27 9.57 0.43
WALHE E densa - — 15.76 12.14 -
WAL L. tibetica - — 12.55 — —
Fi& B 45 A lupuling — — — 10.44 —
e i i‘%?}i%l@éﬁ P. anserina — — — — 8.58
Fotbs IR ES S. katochaete — — - — 6.42
FEEEL R pulchellus - — — — 5.24
SEAE A subpinata — — — — 1.12
FFIERE X P nivea - - — — 0.84
B2 1 W A B Taraxacum mongolicum — — - — 0.56
FRE T Pleurespermum pulszkyi — — — — 0.38
=W E B Draba alpina — — — — 0.24
Rt A8 Gentiana atistata — - — — 0.16
FRE B Geranium pylzowianum — — — — 0.14
T %L Species number 7 6 6 9 20
3 FEBERA T B ERNR BT
Table 3 Quantitative characteristics of differently aged artificial grasslands (x + s)
B EH T 5 FE_J.JE YR b EYE s ALY R Shannon-Wienerf§ 1 Pieloud ¥
Different ages (/a) Coverage Height Species No. .Aboveground -Underground Shannon-Wiener index Piclow’s index
(P/%) (h/cm) biomass (p/g m?) biomass (p/g m?)
4 85+2.58* 41.35° 6.50+1.38¢ 440.95+32.23* 1296.92+63.92° 2.2019° 0.8583"
5 77+3.41° 34.52° 6.26+0.24¢ 296.35+21.22° 1012.58+46.33* 2.2203° 0.8321°
7 50+1.174 21.33¢ 6.00+0.89° 182.73+24.17° 454.90+58.19° 2.2117° 0.8356°
9 56+1.58¢ 22.58¢ 8.33+1.37° 219.88+6.86" 505.06+40.49° 2.2045° 0.8426°
14 80+2.35° 35.37° 19.67+1.63° 255.01£22.55° 1190.61+£67.32° 2.7292° 0.9626°

FF AR T 3R AMARA 2 5 8% (P<0.05). T
B HR DAL, #5~6 af A TRHBEE F K BAR,
HAREE AREFGAR &GS, HD s ERER
TRABHEY TR SEFELEMN, KEE SRENLYE
(43 FUHRSS. 36.14. 76.90) B 3F & FHE MM LE (&
4), PEA R M 4 . B AT E (Ersholizia densa), B
K (Lonicera tibeticay®, N LH Hif4fE 2L K. X &M
FREHFACHY™E, ATHHO™HEL. BEER
BB ARA, 14N TEHEEE T RAE CRAR,
TR B RS, AR R SRR E T,
BEBTRE (8S).
23 FEEEBPAIEMRETWL

MBI, FEEA T E SRR AR, FH TR
BEW VT FRR S, BB a, 4 a A\ TEMFT RS
BEm, 7 ATHEMFRERERER EEEIE D, BESZ
HEAEFHEERE S RARNEER M FEYEN TR,
ARZEN M E A RIS —E—E" 2k, [\
BBEE AR MENRBGEWS i, N TEBB R
hEE BEELE ST G 0, O B A (D R . RARRHIK

Different letters in the same column indicate significant difference at 0.05 level. The same below

) BB R (R3, £S), BB EHGERE “&m—
E— " BE AL,
24 AREZEEPHA LR T IREHE

TR EMEY AR KR, AR RS YRR
FAIW oA, R R B E SO T 25, B8 iEHAE
AR, SRR LR R, NIRRT R 6
FRAEAATE—E 2 7 (FR6) . L& /KE | HEATSRIEL
B S5 PR UK R IR Zh BE O W BBV TR A, £ i AR
(M7 a, 9 akidth) BB FEA, 252 B I L& L HE s
FIFE LA HUER . RRMBR RS IR E R0 R 5 108
KR, DEAENBCEEAA B, WA T EBERT
T SRR ARSI, REEREEYHARITS
BEWRE R B Z R AN E. A REAKE
MARMERT, Y MERE PSS EAER, FHE
SERERE Y W SRR e B B TN RE, U — S R R R B 2
PR ZE 1, B THERE o BE, Wl D T IO IR R, XA
—E R 1B AR TAE Y R e 5 AR L A B UL R
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F4 REREHA TS BEEHADEBNRBRISE —8—1GQ  —e— 3 1k Aboveground biomass
Table 4 Quantitative characteristics of P. kansuensis in 300 500 2
differently aged artificial grasslands (x + s) 250 ‘ 400 . %
FEvE g AR I W HEM R 2.00 300 B2
Different ages Coverage Important Biomass 1.50 ‘ iH ]
(t/a) (PI%) value (plgm?) ' 1200 = %
4 2451 12.25¢ 23.19+2.22° 5 1w Tz
5 55£2.43° 36.14 76.90+4.15° E 050 100 2
7 313,010 26.85P 38.944].69° = |
9 20£2.06¢ 16.71¢ 19.55£1.07¢ w5 000 5 7 9 w0
14 4.5+0.26¢ 4.55¢ 0.86=:0.13¢ w3 tla
1 & 300 —a—1GQ —e— R/ Total biomass 5000
®s ARBEMA TEREEY IR S ENT L 5% 7
Table 5 Change in plant functional group biomass of differently fa fao 230 ‘ 1500 2
aged artificial grasslands (p/g m?) (x £ 5) _§ 2.00 §
=
BEA TS . S U BEE YR — 150 | 1000 8
Different ages FAF A AR Community ( £
Grasses Sedges Forbs - 1.00 .
(t/a) biomass : 500 13
4 368.22419.23% 72.73+6.35¢  440.95+32.232 0.50 i i‘_
5 195.48+11.08° 100.87+£6.22¢  296.35+21.22% J e
7 182.73+24.17°  182.73+24.174 000, s 7 9 w0
9 8.96+2.21° 210.88+7.46*  219.88+6.86° i/a
14 124.21416.76° 69.36£16.31  61.44+8.83°  255.01+22.55 B RREEE A TR R E Rk d

1k (B ) BrECEE
25 FRIBZBEBHAIE M T EREMEMEDR
IR WA Y B R R MR S M R R R 4
HATSE e f BB, HXHIEAE IS SR EGEE
IR, FER— LR E, ARIEEA T B % L3
EYBRFANEES (F2). B4 aZ#h0~10 cm+ )2 + 1%
A AR SRR, K12 a9 aBilh, 7 a8
& B B 14 aBH810~20 emt )2 HIEM A YRR S
BEE, 7 a8l E BRI 20~40 cemT BEEY BB & B4
Al VR PR E, B S B4 a N T H BV, R IRl
A TR BEE LIERE S, 2 e A EmR SR
+EREEMmESE (F2). X554 a, 14 al iR BB L
B, 7 M BEE YR HE BB A — . PR
RBLE (2, F4) BUIME.
2.6 RNEIZEHATE M T EEEFENE
THEREEENRKE S BE LR T EME K
SR, BT Tl R I T A e 0 T LR e 3 A A it
R P 1208, A (R AR A A 1Bt R O - 0 R IS AT 3 R,
HBBRBEHTEEEER (F2). #H4a, 14 a AN TEH#
0~10 et EZREEEME R E & F S5 a, 7 a9 a A TEH; 10~20
cm, 20~40 cmt JZ RS AL 50~10 cmAS (L F A —

Fig. 1 Dynamics of index of the quality of differently aged artificial
grasslands

350.00

B0~10cm E@10~20cm 0O20~40 cm

A ) BT
Soil microbial biomass carbon

1!.

B2 AR TR - YR
Fig. 2 Dynamics of soil microbial biomass carbon in differently aged
artificial grasslands

#4214 a A TEH0~10 et 2 T SE R VE BE PR B 15 1
BEWRE, 5a.7 a9 a A TEH110~20 cm. 20~40 cmt 2§
P Bl R BT M U B PR IR, SR A A T & B UE B
b SR B . B PR ER B S I B 2 R G e A (R
3) . BEE B R, N IE) 2R A A (D Y - R M
BE VT EZRAAL (F3). 55a. 7af9al TEHALL, 4a.

4 a N THMBETEGIR. 2ANEREASTES, FH

F6 ARBEPHATE MBS TR HMER
Table 6 Soil physico-chemical property (0~40 cm) of differently aged artificial grasslands (x + s5)

FRAmER B g AR o ERA 2 SEHT
Different Soil bulk X SN Soil organic . Available Total Available
. Soil motisture pH Total nitrogen .

ages density (/%) matter (wig ke") nitrogen phosphor phosphor

(t/a) (plg em) (wig kg") e (w/mg kg") (wig kg") (w/mg kg")

4 134+ 0111 20.14+ 044>  7.76+0.04* 105.63+5.78 2.22+£0.23° 19.28+ 1.56* 0.81+0.20° 4.85+0.29"

5 1.55+0.122 11.27+0.18¢ 6.45+£0.03> 82.28+10.43% 1.93+0.17° 16.91 + 1.46° 0.61+0.10 4.19+0.54*

7 1.53+0.06* 10.41+£0.42¢  6.528+0.01° 7522+ 3.86° 1.34+0.11¢ 10.50+0.79° 0.60+0.11° 2.87+0.19°

9 L51+0.11° 13.811.03° 6.50%0.02° 65.11+3.77 1.16 + 0.10° 970+ 1.18° 0.52+0.10° 290+ 0.42°

14 1.17+0.06° 26.07x1.182 6.360.02° 84.84+5.87° 1.88+0.11° 18.27+1.10° 0.61£0.11° 4.80+0.64
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Fig. 3 Dynamics of soil enzyme activities in differently aged artificial

grasslands
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FYFHE R — . BT hE R EAE, HEAAT
BHAHS s B H AR, B PAR A I B R 34.04%, TC
HEHMND AR, HEF, EEEMEYRAERE TN
L A BlR55%, 36.14M126%; 7 aZE M BE VR (U iR 2L A B W 2
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