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Soil water and nutrients of vegetation communities under different
restoration types on the hilly-gullied Loess Plateau
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Abstract: The characteristics of soil water and nutrients in the existent vegetation communities are the very important ref-
erences for intervening and regulating vegetation restoration. Based on the field survéy in Wugi on the hilly-gullied Loess
Plateau, the variation of soil water and nutrients under different vegetation restoration types were analyzed by Canonical
Variate Analysis. It was showed that the natural restoration community without disturbance had higher soil water content,
organic matter, extractable nitrogen, total phosphorus and exchangeable potassium; communities with long-term (nearly
20 years and more than 20 years) planted trees and planted grasses had lower soil water content and exchangeable phos-
phorus; natural vegetation communities without management, along with croplands and 4 years old Hippophae
rhamnoides community experienced higher exchangeable phosphorus and soil water content, but lower organic matter,
total nitrogen, extractable nitrogen, total phosphorus and exchangeable potassium. The soil water content of these com-
munities, ranging from the wither moisture to 50% of field water holding capacity, was in severe deficient state; the soil
nutrients are also in the lower level for vegetation to develop well. Planted vegetation, especially more than 20 years old
planted trees and planted grasses consumed much more soil water than vegetation in natural restoration, and the soil water
content in 200—500cm soil layers was almost near to wilting point. The results suggested that natural restoration without

disturbance could be the better measure for vegetation restoration in the study sites.
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bungeana) HRHEF B E; ALHKBBFHESR YK
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T BEE A R IE B T8 #57% (Medicago sativa) W FTHE
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Table 1 Vegetation communities under different restoration types

RE TR BE FEERF HAf FHEE 5B
Restoration types Community Main species Plot No. Average age Cover (%)
ZcH e B4 88 (Solanum tuberosum) 2 30 ~40
Croplands Crops e (Avena sativa)
EEETHBRMA BESENEMEE BEWH (Artemisia scoparia) 6 6 30 —40
Natural restoration Artemisia seoparia # 5 ( Leymus scalinus )
without menagement dominated community BEM 3 E (Astragalus scaberrimus )
L (Ixeris chinensis)
/D[ Circium segetum bunge )
bR E % ( Leymus scalinus) 4 6 40 —~70
Leymus scalinus dominated #4758 (Artemisia scoparia) ]
community BB F (Astragalus seaberrimus )
13 Iweris chinensis )
F] /R & 40 fgk 4 ( Heteropappus altaicus)
KRS LR B HEBE(Stipa bungeana) 3 20 40 —50
Stipa bungeana dominated 35 BB T ( Lespedeza davurica)
community 26 (Artemisia giralaii)
BEBR T ( Cleistogenes squarrosa)
¥4 B4 (Artemisia scoparia)
HETHHRKE EREBRRENTAH EBEEE(Potentilla acaulis) 6 40 50 ~70
Natural restoration % BATH (Artemisia gmelinii )
without disturbance Potentilla acaulis K EE (Stipa bungeana)
dominated community 258 (Artemisia giralaii)
Hu#( Thymus mongolicus )
Y% ¥ (Artemisia frigida)
NIH YRR 0 ( Hippophae rhamnoides ) 2 4 35 ~50
Planted trees Hippophae rhamnoides ¥ L (Artemisia scoparia)
eommunity K E (Stipa bungeana)
FrAREE 74 ( Caragana intermedia)) 2 18 40 ~60
Caragana intermedia HEBR T2 Cleistogenes squarrosa)
community K= H ( Stipa bungeana)
BKHFHE (Artemisia gmelinii)
[T /R 25 440 35 4 ( Heteropappus altaicus)
HEE( Leymus scalinus )
ity ki H#2( Robinia psendoacacia) 2 3 60 ~70
Robinia psendoacacia & EEEL( Stipa bungeana)
community 152 BLEAH F (Lespedeza davurica)
HATH (Artemisia gmelinii )
#5 % (Artemisia giralaii)
_ #i L ( Leymus scalinus )
VNG hi /N (Populus simonii) 3 4] 20 —40
Populus simonii community W IRE ( Oxytropis gracillima)
JERTHET 5 Cleistogenes pekingensis)
¥ £ (Artemisia scoparia)
55 B 5 T Lespedeza davurica)
ATE SLERERE B T (Medicago sativa) 1 6 B[OEE,
Planted grasses Medicago sativa community ¥ & (Artemisia scoparia) After
LWL EF3E (Ixveris chinensis ) harvest)
PATRE S UWHTHE (Astragalus adsurgens) 1 9 70

Astragalus adsurgens
community

HREL (Leymus scalinus )
¥ E % (Artemisia scoparia)
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HERER MY B0E; HBBERA 0.5 mol/L Bk
B E S (NaHCO, ) BRI — S M L 1k ; MW R A
JRTF R (NH, 0Ac B 423%)1) .
1.3 ¥E\ESW

¥ Ffl 8 3% 78 & 43 #7 (Canonical Variate Analysis,
CVA)E A R A ) B ¥ 5 - 8 X F =22 (8] % % BZ
(R, METRSF(CVA)RFRELSTRY
B REH BT, KA BEMEEENREET
REAAENREH I METRP, BFAHK
8Kk 4r FRAEF R 0—200em + B FH LS
KE (% 20em £ 2 M F31E).200—500cm + 2 &)
T LS KE(F 20em LEHFHE) . LEAEHL
B 2R AR 2B B R . KA
AT EERETHEETNT 2 BEERE 200cm 2L
22 BT RAFE 43 H o #648 0—200 em F 200—500 cm
TEMELEKRK>ETREDLEBKSBEF. MA
“Monte Carlo permutation test” & £ 4% CVA HE ¥ #h 4%
EE A B, R R A B8R B 999,

2 RS540

2.1 HYHESEIRASNFESBAFHIEXER

BIE 1A EYBRES s ALK LR
FHBRHBMEYHES I EEAFHOXEAGTT
CVA #7252 ILE 1, H Monte — Carlo BB B 55
RRUAFENHFHEERENCE—HF P =
0.01,FrBHEFS P =0.001), M FLEMEIKEAE
F (Inflation factor) < F 20, wEEAEET AZ
CVABEES R, IR HEFF 34 v, 25 B9 B ik B T
RE/NF 20,5 KF 20, X B A F BB TRRAL, R
BEX, R, LBAMENE  ERBZ MEESF
FUMHRRR(ENESLA r=0.938, P <
0.001; AHLESHMA r=0.920, P <0.001; &4
A r=0.959, P <0.001), BAIXE 8 LA 4
P FE S B, R R R R EE T 24
BfER. ZERMNHEEFM 1 MEFEm 2 @B T
S2 8% WIHMHE S XL LA FHXER, MHE
JFR AR T 83.9%,

CVA W58 — S5 Bl Ay — 4 HE ¥y /& B 00 b 2 e
THYHES TEEEFHMEXAR(E 1), BF
THEFAGNKER, W LELXNRERTHEYE
Va5 BOLRRE 52 H FHERE RN AN, EA R
KOHEXEBR; K28, SXenEiBRER
THABREFSHFMMERMELAE. fikELS

HEFP Bl i e f AR L IR BT B 7 5% HE P J a9 A %
PR, e fa N, MRS R2ZBE™, &
BA1mUES, 1 MEYBREEEEBR S R34
DEETHRAREMEYEE;2)E 20 E XU EH
AN TR HF V& (7 S pR b (R ARt /-4 bhoab )
ATE®BEDLREBTHERKEWREE 46
VBB E AR E, BT ARAREHYBEEN
T HEE PR L R AR A A A B AT
. AR ERN RS EE; 20 E R
AT AR BEE A TR BEE T L0k &
BAREMNE SRR TEEARKETHR
% 4 VO B TE AR A £ Bk A R B E
BEE, W EAVE GERA R MR SR
A%,
2.2 AEHEWBEETHLIRKSMFESSE

1 AMEYEE T LK MEsrSRinE 2
iR, HETARKENEYREN WAL SR
B, AR 2R 2B A  E B e
4351 % 12.7.0.79,0.56 g/kg 1 50.5,0.9. 89.1
mg/kgs F W g A TR A AR BE 95, 4 B K 10.3.
0.61.0.57 g/kgfil 45.6.0.97 F1 101.4 mg/kg, B
RILEHTERA B AR, B b dkE F)F s g m
T, 28F0 & BRM, FHNEEIE S/ ERA
FE, HEBENIRANRSERILE 5.0~
8.0 g/kg, AN 0.34 —0.43 g/kg, HBM AN 22.5
~ 30.1 mg/kg, EELH N 34.1 ~73.9 mg/kg, Xt F
EHOK G RYE, N T BEE R 4 £ 8V B 4h AR RE
SN, 0—200cm LR FH LK TR 6.3%
~8.2%Z [d] ,200—500cm + /2B EH + K4 2
T 4.2%~5.8% 2 [6]; Ti B ARE WHEMEE S
A 9.8 ~11.6%F 7.6 ~8.9% ,4¢ B Ho A Tk Hs
BV B 41.5% ~55.6% 1 53.5% ~ 81.0% , 4% H
0—200cm £ ZHI 200—500em + 2 A9 + WK & H
10.6%F01 11.2% , e A T AR BF & F 29 8/ 55.0% M
133.3% ,5 HAABFE M H,0—200em T 2 9 + K
& BERMIE, T 200—500em + 2% 35.8%., &
PREZETT B AR RO 0 95 A0 A ) B bk o B VR
RSB ERMEE, B - E - WASHERER
TRK,0—200cm F1 200—500cm £ £ + 8K 4 &
BRHEETHAREWHEYBE SN 11.6%
8.0% , AN TRIMEARHBEVE 2 51K 6.5% F 4.4% , 4
F#44% MA5%
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Fig.1 The two-dimensional CVA ordination diagram of vegetation communities and soil variables
(L BB RERR NGB : CL—{FY Crops; AS—HEH SN EMBHE Anemisia scoparia dominated community; LS— #2025 % = 4 BEHK Ley-
mus scalinus dominated community; SB—1 15 % & 3 39 # Stipa bungeana dominated ity; PA— R B L H F A Potentilla acaulis domi-
nated community; HR—¥>#{# ¥ Hippophae rhamnoides community; CI—#¥ £k ¥ Caragana intermedia community; PS—H|#8 B % Robinia peendoacacia
community ; RP—/NH-88¥# Populus simonii community; MS— %875 8 76 B % Medicago sativa ity; AA—¥HFTHERE 7% Astragalus adsurgens commu-
nityo 3k FAR LA F . OM— LA YLE Organic matter (g/kg); TP—4 3 total phosphorus (g/kg) ; EN—If 3 Extractable nitrogen (mg/kg) ;
EP—3# %% Exchangeable phosphorus (mg/kg) ; EK—3 %X Exchangeable potassium (mg/kg) ; SW0—0 2| 200cm + J& 40 F 3+ K 4+ & # Average
soil water content in 0—200cm soil layers (% ) ; SW2—200 Bl 500cm + /2 #F 3] - #¥7K 2+ & B Average soil water content in 200—500¢m soil layers( % )]

®2 AHHEPHENIHFESITASSR
Table 2 Soil water and nutrients content of vegetation restoration communities

FUE < 0 AR A8 EHH
ik Organic Total Total Extractable Exchangeable Exchangeable EHKR (%)

Soil water content

Community matter nitrogen phosphorus nitrogen phosphorus potassium
(ke)  (gke) (k) (mg/ke)  (me/ke) Ggrwg e B

CL 5.9 0.40 0.58 23.5 2.30 46.2 10.6 11.2

AS 6.5 0.43 0.53 28.3 1.39 41.6 10.9 8.9

LS 7.5 0.43 0.54 25.5 1.44 45.6 11.0 7.6

SB 5.4 0.37 0.53 22.5 0.75 57.9 9.8 8.5

PA 12.7 0.79 0.56 50.5 0.90 | 89.1 11.6 8.0

HR 6.6 0.34 0.53 24.1 0.94 40.7 10.1 8.6

CI 7.3 0.43 0.56 29.4 0.75 73.9 6.5 4.2

PS 8.0 0.49 0.51 30.1 0.58 83.2 6.7 5.8

RP 10.3 0.61 0.57 45.6 . 0.97 101.4 6.5 4.4

MS 4.6 0.28 0.53 2Y.7 0.87 45.0 8.2 4.7

AA 8.4 0.43 0.50 27.7 1.43 34.1 6.3 4.9

H(Note) : CL—{E#I Crops; AS—HE B %N LB Arcemisia scoparia dominated c ity; LS—#iT %S E0BEE Leymus scalinus domt-
nated community; SB—RK I E EHREIE Stipa bungeana dominated community; PA— B £ B RS 0 F BT Potentilla acaulis do:mnated communi-
ty; HR— ¥ BF % Hippopfaac rhamnoides community; CI—37 T % Caragana intermedia conmunny, PS—HIEE ¥ Robini psend ia ity;

RP—/hit BB Po imoni ¢ ity; MS— LB B % Medicago sativa y; AA—IITHE B Astragalus adsurgens community,
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3 g
D BE\EXRAERR, ARAEDHET 0—
200cm 1 2 1 200—500cm + 2 K9 + 387K 43 35 4k 43
HA5.0%~12.0% F1 4.0%~9.0% , i K 48 + 1A
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WAL F IR X TF /i, 58K 4% 8%
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