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ments on hilly-gully Loess Plateau of Northwest China. DU Hua-dong', JIAO Ju-ying"?, KOU
Meng’ , WANG Ning' (' Institute of Soil and Water Conservation, Chinese Academy of Science and
Ministry of Water Resources, Yangling 712100, Shaanxi, China; * Institute of Soil and Water Con-
servation, Northwest A&F University, Yangling 712100, Shaanxi, China; ?College of F orestry ,
Northwest A&F University, Yangling 712100, Shaanxt, China).-Chin. J. Appl. Ecol. ,2013,24
(5): 1269-1276.

Abstract; This paper studied the vegetation composition, bud composition, and the seasonal dy-
namics and vertical distribution pattern of bud bank in five erosion environments ( sunny gully
slope , sunny hilly slope, hilltop, shady hilly slope, and shady gully slope) on the hilly-gully Loess
Plateau of North Shaanxi. In the study area, the perennial species with perennial bud bank accoun-
ted for 80.3% of the total species, while the annual species with seasonal bud bank took up 19.7%
of the total. In vegetation turning-green season, there was a relatively large perennial bud bank
stock on the sunny hilly-gully slope where serious erosion occurred, while seasonal bud bank
showed a higher bud bank density in blossom and fruit-setting season on the hilltop and two shady
slopes where soil erosion intensity was relatively gentle. The proportion of underground bud bank to
total perennial bud bank in different erosion environments was relatively stable. On the land sur-
face, the perennial bud bank stock was larger on the sunny slope where the soil disturbance often
occurred, whereas the seasonal bud bank stock was larger on the shady slope and hilliop. Due to
the different species composition of plant communities in different erosion environments, in addition
to the disturbance of soil erosion and the seasonal plant regeneration, the seasonal dynamics and
vertical distribution pattern of bud bank changed. It was suggested that bud bank played an impor-
tant role in the vegetation regeneration after the disturbance of soil erosion on the hilly-gully Loess
Plateau of North Shaanxi.
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slope , HH) B 7434 ( shady gully slope, HG )5 A~ J]
THEWMATE (B 1. £1) 3515 M. Hrp, il
BRI R, HEA VLR & B AR, LR E, +
HEK G RO SR 22, (S R B AT AR M BB
BRI, U AE T R 5 BH 5 3 A 380 AR X
BR, TR R R, R LR, KK
2 FERR w0 ; 05 TR R /D, R R iR
N, TIEIRGr KRR ER/D BRI RE OERRE
FERMEEER Y ER S ZHERERKAH
3 Ky IR A R R, MR R L A RUR
INT HIRAZIGR I s BV S RS B /N, HE K 52 It ]
K, [0 320 (A R K SR U IR, + 3K 53 37 53
FHBST A EERK, R IhR RS
L3 WHEFE

SRTERY A K FRB(2011-11) R FH
(2012-03) FIFF 645 SE A (2012-08 ) HATHE B A 25 P
AR 2.

MEAE: A B AREABREESEI
2 mx2 mEEFHTH A A (BB RIREA

HT
KM
Sun

SG HG

b3
Cross section of hill-gully slope

B1 AR EE

Fig.1 Plots diagram.

SG: PHIYE Sunny gully slope; SH: BH i 3% Sunny hill slope; HT: 5 Tl
Hilltop; HH: B8 3 Shady hill slope; HG: [fl34 3 Shady gully slope.
TR} The same below.
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F1 EihEXREER
Table 1 Basic conditions of sampling plots

TH Ttem FR33% SG FH 51 4% SH BT HT B3 HH B3 HG
W Slope(°) 42.5 23 5 20.7 10

R Altitude (m) 1147 1161 1195 1186 1101

4 3% /K& Soil moisture content (0 ~60 cm, % ) 9 15 14 18 23

B EHEIR Vegetation restoration years I 20 25 40 E oyt
I % B Vegetation coverage (% ) 20 36 45 42 84

YL EHSRE Light intensity B £ = b %
TR TR LT PR B R A0 g Bt i M TR
Soil erosion mode winEh 5 40

BHAH BFFEEE RFEEEs SRHERE FATH R HHE+HT 4
Vegetation type i3 SENF 2 ERFE HeE
TR A HLFE Organic matter (g - kg™')  3.15£0.32¢ 4.36£0. 98¢ 11.35+1.31a 8.611. 12b 13.4222.31a
Soil nutrients 4% Total N (g« kg™') 0.2410. 04¢ 0.38+0. 09¢ 0.77+0.05a 0.42+0.03b 0.80+0. 07a
(0~30 cm,  FHHE Available N (mg « kg™')  16.66£2. 12b 19. 14+2. 34b 42.26+6.32a 46.60+5. 45a 50.26+5. 69a
mean+SD ) A Available P (mg + kg™') 0.98+0. 12¢ 1.32+0. 15¢ 2.2110. 24a 1. 78+0. 21b 2.24+0. 33a

ARG F R R & o ] £ 57 8. 3F (P<0.05) Different srmall letters indicated significant difference within different plots at 0. 05 level.
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FERAE . EBMEHASHEYEREKR
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) EAENE R, AR EBARERE, 5%
PEEH# < -10 cm,-10 ~0 ¢cm 0 ¢cm 0 ~ 10 cm,
>10 cm 5 NRER B EES L. H 4K Klimedovd
1 Klimes '* 2E BRI 43, 23 BIGE H K A 26 B A
U ENNE. EEITH T AEEN, X T i
TR, R ZE F 2 R B F R o Y AR B AT
PHALR TX T AR R B LR R R
Y1, IMARARHEY) A& (Artemisia gmelinii) &8
(A. giralaii) ;B&¥ ( Carex tristachya) , K SE (L
FHABREETR , 7 0 H AR B AR T ) I T A B
T
L4 FEEEITHE
L4 1 FEFEE IKEEYBRBERAR, %
(DK (2) ANt SREY R AT 2
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D) BAMFERE . i TEANERERER
RS RZWEEY (MRAPHEY S E XE . &
B MR B TERE L N AR ALK, B 2 mx2 m BT
N EFE TR AXRN:

Y BC,PS./BS,
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BD, = —F—— (1)

X T HA b T, FOAE M P O TN
HeBIS, B2 mx2 m BT P B35 B R (2)
7.

$ 8¢

BD; == (2)
o & i MR R N FRECE  BD Y
i FEREDT LB 2 R (buds + m™) BC, R4 Fh i
BBRTERE D 19 2 B $RE (buds ) 5 BS, AL LA 55
BC, Xt RIFIEH) 08 T AR ( LAMG B+, m” ) 5 PS, 4%

AR R E A (AR, m®) 5 4 R i

Fl(m®).
DT NFELER
BD = i BD, (3)

Hrbm YR ANEGBD, IR ERE T N ERER
B (buds - m™) , fEA AR B M.
L.4.2 ZFE|HMSA  WNGITEERME<-10 om,
-10~0 ecm.,0 em 0 ~10 ¢cm ., >10 ¢cm 5 PMET KA
HEETHFERE, AGKER () IHELREK
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) HEFBERETHFELSEETHFEFEEL
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FHE I B W PBD & 2 UK AT 2 e 9
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ZFF ¥ ( phanerophyte, PH) | #1 I 3 48 #) ( chamae-
phyte, CH) |2 ZE##) ( hemicryptophyte ,HC) \B& %
H 4 (cryptophyte, CR) | — 4 4 48 ¥J ( therophyte,
TH) M4 Y (liana, L1) %, i+ A F R IR T
YRR 4 15 BUAH BURRHE , R =0 (6) T E AR 2
ThERSE T & A 18 BRI AT o5 L Ao

GP, = N/TN (6)
HrGP A TERL S MR B G e 5 R B
P Ns R AAETERY S MR B TN BT A
L5 HiEiba

K SPSS 16. 0 A ST B AT R IT AR,
HRFETTZ 57 (one-way ANOVA) FIF/NG EE R
% (LSD) WA RIBEEH MM ZER (2=0.05). R
P A AR MR 2 (SD) FR.

2 HRESW

2.1 ARRMINGE T A R

AR ERAEXBEARBMINET , A
1838 2 B ¥ 3 B 1R e 35 BE B DR/ , A e 43S
(BE2), BT 6 RSB B AL FAEY
H EZEAEY) Y BT Y —FEEY
TBEAEY). Forp, 722 0h 7 B B0 1 B B S R B 55
RORRIAE, B A0 23F BB 2F R4 BRI BT 5 L B4
K R IhaR BB B 50 T 1 AEAE A B o7 EL I K
PRSI T & A 15 RAE Y 0 i B AR TR R S 1Y
5. E YA BEARRMAR T ERARE,;
REAAEY BT 5 TRANEASE (& 3) . A KK
FE B SE AR IR o S R R 80. 3% , TR 19
MY L 19.7% (R 2).
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Fig.2 Number of species at different erosion environments.

FE/NEFRBRRARBMEFE T Y27 L ¥ Different small let-

ters indicated significant difference at different erosion environments. T
J7] The same below.
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Fig.3 Composition of plant life forms at different erosion envi-

ronments.

PH: B3 % 484) Phanerophyte; CH: b | 244y Chamaephyte; HC %
B2 ZE4EY) Hemicryptophyte; CR:Fa 2% Cryptophyte; TH; —4E4: 44
#) Therophyte; LI: BEA{§# Liana. F[A] The same below.
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Fig.4 Seasonal variations of bud bank at different erosion environments.
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Table 2 Bud bank types and survey referencing species

FHRH

Bud bank type

FRAGEBEW XY™

Bud types and referencing species

RAESHE

Perennial bud bank

FHHEE

Seasonal bud bank

1) B A E A R R KT , I 9y T B Syringa pekinensis, PH) , KLB0( Periploca sepium, PH) , A
283 (Clematis fruticosa ,PH) , % 3 ( Rosa xanthina,PH) , J3 5 H| ( Sophora viciifolia ,PH) , 8 FF 5 ( Artemisia gmeli-
nii, PH).

2)EREYMMT EFEERER, WIEY T W /R F 15 1L ( Heteropappus altaicus, CH) , J4 ¥ ( Patrinia heterophylla
HC) , B3k % (Pulsatilla chinensis,HC) , R 3E 45 ( Saussurea japonica ,HC) , BKTE 3k ( Serratula centauroides, HC) , ¥ H
WK (Astragalus scaberrimus \HC) , 352 B 8344 F ( Lespedeza davurica,CH) , —Z4 M- FE BE 3¢ ( Potentilla bifurca, CH) ,
45 5 ( Oxytropis discolor HC) , 1 7 JIL ( Cynanchum thesioides ,CR ) , X &ij ( Circium japonicum ,CR) , H L ( Glycyr-
rhiza uralensis,CR) , #%H¥8 % ( Scorzonera divaricata,CH) , :k 5% B ( Leontopodium leotopodioides ,HC) , JK M # tE ( As-
tragalus discolor ,L1) , 358 ( Artemisia giralaii ,PH) , 3 B % ( Ixeris chinensis ,HC) , 8H 4% F ( Lespedeza juncea ,CH) ,
35 ZEBE 3K ( Potentilla tanacetifolia ,CH) , T F3E (Iveris denticulata ,HC) , T B ( Soncus arvensis HC) , B L@ HE
BE3E (Potentilla reptans ,CH) , & ¥ ( Carex tristachya,CH) , R AL ( Lysimachia barystachys , HC) ,5% i 8 (Artemisia
mongolica ,HC) , 1% (Medicago sativa ,HC) , 4t 1t # 45 ( Thermopsis lanceolata , HC) , 7 /> 3 ( Taraxacum mongoli-
cum ,HC) , ¥ ( Thalictrum petaloideum , HC) , ¥ {8 F| Wi & ( Polygala sibirica, HC) , 0™ & B (Iris tenuifolia,
HC) , /& ( Circium segetum ,CR) , B %5 1 ( Dendranthema indicum ,HC) , 3 B3 3£ ( Potentilla supina ,CH) , i & ( Polyg-
ala tenuifolia ,CR) , ¥ # ( Artemisia ordosica ,HC).

3) BEAREBHEYSBE, LIFYH : B ¥ 5 (Bothriochloa ischaemun,CH) , 3L 3 & F B ( Cleistogenes pekingensis,
CH) , %4 °F % ( Cleistogenes squarrosa ,CH) , B. ¥ ( Ruta graveolens,CH) , K4t ¥ ( Stipa grandis,CH) , 8858 5 ( Roeg-
neria kamoji ,CH) , #1245 ( Leymus secalinus, CH) , 7 % ( Phragmites communis, CR) , B R B B4 K ( Poa sphondylodes,
CH) , K3 (Stipa bungeana,CH) , PHEESF B ( Cleistogenes chinensis ,CH).

4R R, QIEY R 2548 ( Bupleurum scorzonerifolium, CR) , #1 % ( Rehmannia glutinosoa,CR) , ¥ #| 3k ( Echi-
nopsis latifolius,CR) , #1708 (Adnophora potaninii,CR) , B8 % b ( Daucus carota,CR).

S B E MIEYRR . (U SY( Lilium pumilum,CR) , BF/NE (Allium chrysanthum, CR) , BF /N 55 (Allium macroste-
mon,CR).

1) RAEFEEY—FER L5

2) — AR A , IR Y 363k B (Scwsellaria scordifolia, TH) , 4T ( Viola philippica, TH) , R R ( Cli-
nopodium chinense, TH) , %3 ( Calamagrostis epigeios, TH) , % §1 B ( Bidens tripartita, TH) , 24 M- B ( Viola dissec-
ta,TH) , 84 JL#5 ( Erudium stephanianum ,TH) , T & 2 ( Dracocephalum moldavica, TH) , Be M- 2K 1 4% ( Gueldenstaed-
tia multiflora , TH) , WK ( Linum usitatissimum , TH) , Y BB (Setaria viridis , TH) , B8 5. ( Vicia amoena , TH) , BT 3K
( Swertia bimaculata ,TH) , 3% E X (Salsola ruthenica ,TH).

NHTE—-FEHRE LHF, BRBRYH B EE (Artemisia scoparia , TH).

PH: B %454 Phanerophyte; CH: b FZF 4% Chamaephyte; HC: 2 2344 Hemicryptophyte; CR: [ ZE414) Cryptophyte; TH: —4E A i #)
Therophyte; LI; BEA %) Liana.

120 120 o>10cm
B 0<X<10 cm
100 100 e X=0
& —_ m -10 cm<X<0
g g
80 80
# g » # ¥
L] 4 g
#H3 60 % #H3 60
pE ? &
®g %0 il W g
8 7 § 40
5 Wi
& g ? &
10
20 é 4 ' 20
A
0 0 SGSHHTHHHG SGSHHTHHHG SGSHHTHHHG
I I T
V2R (E] Survey time
BS5 REERMAETFEMEEDG

Fig.5 Vertical distribution of bud bank at different erosion environments.

B, METHFEREHSEMREE AR —%
KMAANFETESTTHFEEETER L
F 7 s KA FEFE SR AR PR BRI B4 PH 51 35 L PV 3B AE
VERFRYMEENFERA, K7 RMEY &
REBKERL, EEYIFES LY AR R IR
TERAEE (BRI ; T HF ELEY A
FENPRFRER, KFREEY T4 LM

RSN B R Y LS SC i B,
{ER7ERMW Y & £ KB RE/N.
2.3 AFEMAETHEMEEI A

MES TUES, B+ EBERBR AT KA
FEFENAEEEHE-10 ~0 cm 0 c;m; TE Y
HHEEFELSMAMYH FI5. EEMBE 10 cm
PIF LRz E TR S AARTEFRILEIAR
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1% , FE 3 MEE B F ( Lespedeza davurica) \f¥
% ( Phragmites communis) . H L ( Glycyrrhiza uralen-
sis) \/NBI ( Circium segetum ) ¢ 1R R 73 A7 BEIR B 1H
). -10 ~0 em 3= 6] 2 LA & L Bl 7E A [R] 4R ik
AETERFALE. HIE (0 cm) K AT G EK
AMEZEPE LB R TR ZUR FH S BR 45 T 3 K T
VS E R EEYRFRM T R . R
HBTET O ~ 10 em %5[8] , AR AT T K A 2 BE e
o7 LU 6 7 b ) R G 2 T 4 0 5 ot S ) 250 R 2
RS BENHERELAEEYFES SHA . B
B >10 om A, KAMFESEWHFERF
B & B8 B ER B E R T 0R A BN T
.

3 i it

3.1 A[EMRTRINEE T AE B A RN R R

Vesk #l Westoby ™ AN, i TERIE A B AE S
HTRH, EUSEEEREY N FENESRR
ORI ERE ) FERE T AR RERM, &
T EEAEXEY KT RHA KA FENZE
HERAEY(E 3 3R2), XEY A RN FERF
B, AHZRAEY) R R E R SR B R
Y. B, 2R PEAE AR B BT S B LR T A R T B
MEESREFE T R KA RS X IR
2L RE 0, LAE 2 T R B SRR R i
BT,

FA 35 #1 R 5 355 Z 1) - SRR T R BUGZT HUER
BAEFRSKGFERE, B THEYHTFHAES
IR, YRR I AT R
TR ERZFHEPI AT G BB (B 2 K 3). Xy
EHRF AL B A RIS RN E, BEIKT
FHMEFRSE FRTHER™ . ik, §+EEA
B X P A YR V5 A b AR TG B BRL(SE X A 2R
BE BRI 2, AR T LI T #E 0
4ty TERMBEB/IH AR THFHER
SR, FR 'R FEE YR TE R I
BT 59 LBk, 3X 5 Bochet %17 ZE b i
5 + R X AR A G R AR

AR AFENEYHENFEFRERBK, —
REFEERREAEY LR R FERR,
IR A # ( Sophora viciifolia ) . H £ B ( Bothriochloa
ischaemun ) EITE S MCMRREMYBFERE
—ANIKAMEEF IR, {038 Rk ( Echinopsis latifolius) |
% (Adnophora Potaninii) %§. [d] B}, 7S [A) A4 15 BY A

YIZEENERATRERKRES, BFERMAE R
EEEYEHAREEN TR W,
WRRX ZHNEHTE, S8 Y%A G RN
BOER AMEFEEZTHEREES M L AE
k.
3.2 AREMRMARE T HEEMETHE

Y ZF PR 2 AL BE B AR A 08 S SRR
B, R AR ET SEMERGS R E
T R, BREHPEKBKA T ENTFE,
YL SR EN F 0 B EK, REE
AR MR ETHFEN T ER—FEESE
Y HI e b B35 B AR RS ROCE E A Y
XS EIEREYAERARFELARERASN
o, B TEFF RS SCHAE W S R 3 , A
FHYMRE TR ER, U TS LN T
B ZRFEET A5 Hogg Ml Lieffers'™ fEfI &
K Alberta 3t X245 FAEA , 56 BHAB 438 T 145 2F
PERIRE R B e BE AR, AR B &4 T 52
WA KR,

ZAELHY)EE AT AR E RN
RAZRMETEH . AR RS, LA FF
Sy B hN AT (B 2 A R T B AR X
KGR E, BRI R HE R &4
T HEYREHRA B KRN ARAEFE. XAl f
Hor AT AR R T R ER K
MEH, /DB A ME KTEE LR FERE
VB TE R ST UL O BT, A R 08/ s e
REX P BEEERK 5 EH MW . Guerrero-Cam-
po ZVEIR R, B LA R R L F BN
S8 AR IR RGBS S ML T 7E £ UK 4 A g
SHEF RIS T B AR (A B T, B Fp 2 20 281 Y
FRERUN, HIZor s T R S0 L2y
—EEEYEB (E3) , XEEY FEE S R
ABKREEER T X TEEEF™ . B, i
AR RIMASE T, M LR KM ET
WA AR B AR E TR, (4
YA REBHOB S HEREEZ, LG
RERK, BB THEY TR ARG,
3.3 AREMBRIAEET M EE

EARBIRS , ARBRIMAET T E (R
HEI-10 ~0 cm . <-10 cm) & S E LLFIERRE, 1L
FHEFFERFFRIRRESENERSFRAET L
Hr. X SR T ZEORIE T B 5 XA LE Z BI5R 5N T4k
(IEER R PRI ) 5B A FRRET &, A
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AR R | A A TE B

-+ AR AR WA R R RN RS
Lt L I RS S 5 e ok < £ 1B/ 1D
Rt , i b ZEAE A AN BREE A A ML T (O om) T4
ZR MR IEA, A RE R AL S Z B TR
{2, 38 BE PR B AT LA SRR 3h 3R 067 7 2F i ZF S (&
IR R ITRARIR OV B H 21. AF ST %W,
T B R B AR AR 1 BUAE A 43 A B B8R B BR3EE , T
K ANEZEFE LB N, S AR R TS AR
FEHIRE T R, RIEETERFTRERSE
FEITAR.

H - FB 4 ZFE (BE B O ~ 10 em \>10 em) {Y
FEEE M. ZH AN F R RS
5k T B T A 2, AR K AL R A &
REHMREE. ABEEEN L ERGH R THE
PR B R A 5 B TRBGR DB IR i = S sh
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