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Effects of slope aspect and altitude on the soil seed bank under different vegetations in Laji
Mountains of Qinghai Province, Northwest China. HUANG Rui-ling'?, ZHOU Hua-
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Abstract: In May (spring) and October (autumn), 2006, an investigation was conducted on
the soil seed bank at different altitudes (3100-3920 m) and slope aspects (sunny slope, shady
slope, and ridge) in the Laji Mountain of Qinghai, aimed to study the effects of slope aspect and
altitude on the distribution pattern of the soil seed bank. The species life forms in the soil seed
bank were similar in spring and autumn, mainly dominated by perennial herbs, followed by an-
nual herbs, and deciduous shrub rarely appeared. The storage and species composition of the soil
seed bank increased with altitude and presented a decreasing trend on the sunny slope and shady
slope, but had more obvious fluctuation on the sunny slope. The storage of the soil seed bank was
the minimum on the ridge. The soil seed bank in vertical direction had a diminishing pattern.
The seeds were mainly distributed in 0-3 cm soil layer, followed by in 3-6 c¢m soil layer, and
decreased gradually with increasing soil depth. The storage of the soil seed bank had seasonal dy-
namics, being greater in October ( seed-rain finished season) than in May ( seed germination sea-
son). ‘

Key words: altitude; slope aspect; spatiotemporal characteristics; diversity.
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FEEHZE (Coffin & Lauenroth,1989) , + iR F &
YE N ERR RN, BRI B S SHE M B AR EHT,
AR M TR S EERAYE R, XE
WHEBEMRE R A S ER. B, PF5 L8
TEABR SR T BAEAR ESXE U
HAAMBERR, B THREATHBILESRASHE
R BN AR RAEBE I o

P43, b K & % # (Enright, 1985; Peco
et al. ,1998 ;Faliska, 1999 ; Jalilia et al. ,2003) 3@ 3B}
R IR F R H I EEIRE W, EL T £
R B S B R IR E RAF R KA 7tk
HAEE X AT R PR E T AEAR L B
RH, Ho, B+ A FENIR FEEPER
LR M B RIKE (R E X%, 1997; AEXESE,
2005 ; R 4348 ,2012) , TR HBJE o) BE 3 + 380 F PR IY
EPF R ARER . NIRRT, gk P S
ERER, RARFERESMEA, U2 —ENHIER
SHEMEN, BPERRSBCERER N T ESEUE
B 53 AR BLR A S, DT A 5 M) - SRR 7 A
fbo R, &RSCEEFBA BB MBIG L — 85
HEAERERER L PR E RS A5 1L L
Fh L TS BERE R TN e X L R PR A, LA
HEEEENRT RERES 6 A AR AR
W%,

1 HRMEXEHMRAE

1.1 B XS

RN TEELEEMNREERN, E N
FH AR AT A 100°5878"E—101°47'50"E ,35°29'45"N—
36°23'35"N, B & R ARESME., F£HK|7.2 C,
KR 251 ~559 mm, HEHRTE #F, FHR
B $R 2928 h, AETLFEHI 258 d, TR FEE
LB,

®1 BEBBEREARRE

gz 3: A A AL E T CTITI o Ty A1 T | #5153
IR, WVEZARE REFN WIEEEAEES ;™
BVR, BREAK, RRXKEHEEATHE .2
PSRN, A =LA, A & LR, &
ARLEARMUESA, LTREESRESE., HiE
B EE 60% ~100% , FEMY A /NE E (Ko-
bresia pygmaea) | %% % EL ( Kobresia humilis) AR B
(Imperata cylindrica) \FEFEE PRI ( Elymus nutans) .
HEILE (Artemisia annua ) \FG{AF] W 28 ( Polygonum
sibiricum) s BHYE M #% 35/8 80% ~ 100% , F B8 P #h
& B (Potentilla fruticosa) . & B ( Carex dispala-
ta) TOIH A W28, — & 3k B B ( Scripus distigmatic-
us) 48X JL.(Caragana sinica) , LIH B 5 E 90%
Zh, FEEYFR/NEE B K (Leonto podi-
umnanum ) FIFE P ( Taraxacum officnala) ,
L2 tHRST®
1.2.1 BRFE L8R 7R R 45T
2006 4E 5 A®1.10 AR#AT, B T HEHFH T B
XA [R) A A28 BR3P S s ) 7
H, MR A B S5 I 1R (183K 3100 m) Z 1LH (1B
3920 m) X E 9 MeEHL, K AT BER AT
WE1, TEERERBEN B, BT R 25 cmx25
cm, 414 B0 ~3.3~6.6~10.10 ~15 ¢m) ,6
WERE, 432 N EEES . BT AT LS,
Gl e R
L2.2 ERILE EAFERNRNEEERE
(Thompson et al. ,1997) HITRE., M EFFIKRE L+
Bk 5 b R 7R o BRE B P AL & R A M ST
HERBEHITHR IR, EEHGEIT LEPFHTH
YMEARIEEE. HA, BRELEFHTAT
FERIGERE LR P AL IR i A B EAR B
BERBCERE AT RE S, RIFEETNRE 8

Table 1 Basic characteristics of communities in each sampling plot

FEHE e m Wik (m) ERE ZF(N) “HE(E) E(%)
C FA/¥a 3233 BEER 36°1323.3" 101°31'33.3" 50
D 3410 EREEAR 36°19'03.3" 101°30'42. 5" 80
E 3602 BEEEE 36°20'04.6" 101°27'51.7" 80
F 3847 PEEER 36°21'20.5" 101°26'52.9" 80
G B/t 3100 BELTEH-H A 36°22'27.6" 101°31'53.5" 95
A 3315 L BG-TORYIMEN 36°21'35.1” 101°30'19. 6" 85
B 3601 SRR N 36°21'51.0” 101°2722.1" 85
H 3850 FREER 36°21'21.3" 101°26'53.3" 70
I i 3920 NEE A 36°21'11.7" 101°27'15.4" 80




BR R I SR B IS R LR FIAE g LA T R R

B GER, BRI DR e R B, X E
EIHEEEROEITE, REREE TS E ML
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i, EEYMEESLE, B ELERRLE A 3 4
A, BEEAH LM R
1.3 $uEabs

i F Excel 2003 B HH 4%, 458 SPSS 10.0
A IR RGN IR T AT R E R T 20 R B
R . [E 6T A Margalef 8% Shannon RS
¥ K Pielou ¥15] FE R ¥ (FRMG , 1986 ) 434 Fp + PR Y
YR, L — S X AR FERE
FHWRE R EE. TEARXHN:

" Margalef £F BEFEH.

M=(S-1)/InN (1)

®2 5 AYEWIEE LR F ERHE (BL)
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Shannon ZAEPETEHK .

H =- i P.1nP, (2)
Pielou 315 B4

E= H'/InS (3)

A, S AT TEF Y BB N O LA T
FrR MR A BB P OIS | MR Z B

2 #EREHSH

2.1 L3FF AR L

2006 4£ 5 A 4 1A AT B 36 MY,
SBTF 14 4AFH(3E2) , T 2006 4 10 B 4y T HERE 5,
it B 45 FEY, R T4~ 20 MRH(ER3) . M
F2IWLE S, LA T E YA B R 8 E

Table 2 Characteristics of soil seed bank during plant green-up in early May

A F HEER C D E F G A B H I
AR BB E Puccinellia tenuiflora PH 3 4 [¢] 4 2 3 Q Q 4
FEBOREL Elymus nutans PH 101 11 1 3 20 22 59 15 3
F4FF Stipa aliena PH 1 0 0 0 0 3 0 0 0
BBOK Poa pretensis PH 19 6 1 0 7 11 5 17 3
EEFE Elymus sibiricus PH 0 0 0 0 (4] (] 4 0 4]
HE J/AE Taraxacum mongolicum AH/PH 0 0 0 0 0 4 4 2 0
/N Cirsium setosum PH 0 2 0 0 0 1 0 0 0
FH X E 3 Saussurea qinghaiensis PH 1 5 0 4] 0 0 2 1 1
FECETE Aater flaccidus PH 0 7 0 2 2 0 5 8 8
HILHE Antemisia annua PH 34 80 0 8 0 0 2 0 1
# IV 3§ Ajania tenuifolia PH 0 0 0 0 3 0 0 0 0
HEEFH Anaphalis lactea AH 49 21 4 22 1 0 0 7
gE BTE Medicago sativa AH/PH 1 1 0 0 0 0 0 0 0
K O4§ Gueldenstaedtia multiflora PH 1 6 0 0 0 0 0 0 0
B ALK G, Oxytropis ochrocephala PH 18 2 0 0 0 0 0 0 0
R ¥RZEHE Polygonum viviparum PH 0 2 1 1 42 37 21 16 4
EER B HEEHE Ranunculus tanguticus PH 1 27 3 5 17 9 22 2 4
=M BB Halerpestes tricuspis PH 0 4 0 0 0 6 8 3 0
B UEM L Thalictrum alpinum AH/PH 0 2 0 2 0 0 0 0 0
&R 2R E Lancea tibetica PH 0 0 0 0 0 4 2 0 0
KR BEY Veronica ciliata AH/PH 0 12 0 0 0 0 0 1 2
EREIR %R Plantago asiatica PH 0 4 0 1 1 70 3 0 0
PER B E Carex dispalata PH 0 0 0 0 18 2 2 2 0
SREEL Kobresia humilis PH 7 21 5 2 38 3 2 2 0
HH BB Kobresia filifolia PH 68 7 0 3 0 0 0 0 0
SR FLE Microula sikkimensis PH 0 1 0 0 0 0 0 0 0
B8 N Daucus carota PH 13 14 2 4 0 0 0 0 4
BEER ZRkHGIE L Parnassia trinervis PH 0 0 0 8 0 1 4 0 0
R £ Potentilla fruticosa SH 0 0 0 0 0 2 8 1 0
ZEBEIE Potentilla multifida var. multifida PH 3 0 2 0 0 0 4 0 1
EHZERE Potendlla nivea PH 0 0 5 0 0 0 1 2 0
T BIFEPE Potentilla bifurca PH 0 0 0 0 0 2 0 0 0
+FE 373k Capsella bursa-pastoris AH/PH 0 0 0 5 0 0 0 0 0
#H KGFE Chenopodium glaucum AH 31 82 4 0 14 14 16 13 10
BER MR FH Hypecoum leptocarpum AH 31 84 39 1 0 0 0 0 7
HT Viola japonica PH 0 0 0 0 0 3 0 3 0
L bie s 17 23 11 15 12 19 19 15 14
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Table 3 Characteristics of soil seed bank during plant wilting in late October
# i HEIER c D F G A B H 1
KaF} B BE Puccinellia tenuiflora PH 35 10 4] 0 0 0 2
FFEPERLEL Elymus nutans " PH 140 30 18 13 13 248 79 40 14
R4F Stipa aliena PH 4 3 3 0 0 10 14 0 0
B#R Poa pretensis PH 102 5 10 6 49 13 9 17 5
EF Elymus sibiricus PH 0 0 0 0 0 6 0 0 0
HEk /A% Taraxacum mongolicum AH/PH 0 0 5 0 1 3 0 1 0
/NB Cirsium setosum PH 3 4 4 4 3 1 0 0 2
H1 X EH Saussurea ginghaiensis PH 0 16 0 1 0 0 4 0 0
EMXE% Saussurea superba PH 0 0 2 0 0 0 0 0 0
TR R Aater flaccidus PH 0 8 6 12 9 9 23 13 3
WIE#E Artemisia annua PH 31 102 5 2 4 0 7 5 11
W3 Ajania tenuifolia PH 11 0 0 0 0 0 0 0 0
& kBB Leontopodium nanum PH 0 1 0 0 0 0 7 0 0
Y B EH Anaphalis lactea AH 14 48 2 0 0 0 0 0 1
58 BT Medicago sativa AH/PH 0 Q 0 0 0 0 0 0
K O4% Gueldenstaedtia multiflora PH 0 0 0 0 0 0 0 0
1L S Oxytropis ochrocephala PH 14 4 0 0 0 5 5 0 0
Py Bk ZEFE Owytropis ochrocephala PH 7 32 8 36 77 51 8 5
EHF B EEH Ranunculus tanguticus PH 4 78 13 18 7 58 55 19 7
=M EE Halerpestes tricuspis PH 4 32 0 0 2 26 9 5 2
B 1L AR Thalictrum alpinum AH/PH 2 0 0 0 0 0 0
z58 X HE Lancea tibetica PH Q 2 s Q 1 9 7 0
K REEBEY] Veronica ciliata AH/PH 2 23 2 1 3 17 0 2 3
ZRTF 4Ry Plantago asiatica PH 29 20 8 0 0 13 5 0 2
HERL B HE Carex dispalata PH 0 0 0 4] 7 1 0 [¢] 0
BB Kobresia humilis PH 9 1 5 1 9 1 0 3 2
Hut BB Kobresia filifolia PH 234 12 8 1 8 4 6 8 17
HER MFLEL Microula sikkimensis PH 0 6 0 0 0 [¢] 4} 0 Q
B850 % N Daucus carota PH 27 3 4 7 7 3 0 6 1
REER ZJk#AEEL Parnassia trinervis PH 0 3 0 7 0 0 0 2 0
FHAmP 481§ Potentilla fruticosa SH 0 4} 0 0 0 3 6 5 4]
LBEEIE Potentilla multifida var. multifidla PH 2 3 0 0 0 1 0 0 0
EH{EEF Potendlla nivea PH 0 1 1 0 0 1 8 1 0
T BFEBIE Potentilla bifurca PH 0 9 0 0 0 0 1 0 0
LR HH R T H Pleurospermum szechenyii PH 4 0 3 0 0 0 0 0 0
HESH PrpiE Galium aparine PH 0 0 0 Q 0 8 9 2 1
+F R 3t3f Capsella bursa-pastoris AH/PH 1 0 0 20 2 1 1 0 3
WEEMN ¥ ELE Gloux maritima PH 0 0 o0 0 4 0 1 0 0
#R KB#H Chenopodium glaucum AH 9 92 6 5 12 8 10 20 14
B Y F B Alternanthera sessilis PH 0 0 0 0 0 0 21 5 1
WER W K8 Euphorbia fischeriana PH 1 0 0 0 0 0 0
BREBL 47458 Meconopsis AH/PH 1 0 30 0 0 0 0 0
MP B BT Hypecoum leptocarpum AH 0 \] 0 1 0 0 0 0
T Viola japonica PH 48 86 7 1 0 0 0 7
AT Vi Hippophae rhamnoides SH 0 0 0 0 1 0 0 0
Wi 27 31 21 18 20 24 22 19 20

AH.1 S EARY) . PH: B4 ARIEY)  SH A,
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WIS T ,5.10 A F R M A B, B 10
Al BT RENYFEE T 5 A#. ANOVA &
WERRA, M FEYMERE S A (YRS
PHFI0 A (EYMEH FEERBEER
(F=9.351,P=0.007) , R 8] L 5 Fp F = Fh F 5
KREREF b LB R FRABMA, HP E R
YT ERA R, B 11 RN E 21 F, KKk
C.D s, 53U T 9 F#n 8 ff, BB/ E
F A B.H e, U B8 5 M8 4R . BF 4 52 W B 1t ) b
Ao

F 5, TR ) - R R A R
EERGEIT AR, WM EERA R US4 E
FRE, 8 T7% , HER RABHEY & 4858
2 RSN SRAR Y AESMET, BARHE
MAEREN RS, EE S FHR MR ARHE Y 7] L=
AREBEWMMFEX ]l FRBRFEEYKRZ, &
18% ; EMEARER D, ALK 5% , ST B 8V K
( Hippophae rhamnoides) .4 BN EE E LB F-F
AEN BESEN-IBYEN FESEHEN
ok LY il h
2.2 TIEFFEEYIFMERRHE

S| F DR R 2 RN, BRA
ZEFEBIFE, 2006 4 10 A 43 P -1LH L k7
PE B MC>D>ESF>IRF B (L), RH
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Fig.1 Temporal variation of soil seed bank storage
HDABIRFFER 25 om x 25 em B9 4 A+ B HEM; BE L
ﬂ‘]#i&o

2006 4 10 R 4y P18 B R T R B RES IR K
W2 T RS, T S5 A 5B HERF NI # BE D>C
SESI>F RIF#, TR, 2006 4 10 A
FRME -1 A FEME B IR EE A>B>G>HST RF
wu (& 1), 5 AeHEF 5 10 B HFRE
BRI ERN, PERMFEEER K,
HE 1 8 LUE W, R T B G 8% 72 b (10
ATH Y EDN) + B TFEEERTH TS
REN(5 AW, EYEFY) W HEMTFEME, A
ERABE(F=2.744,P=0.117), (A LEFF
PEAE B R TR (F=3.754,P=0.032) ,(BERMKE
SR EEY I B, 1500 PR R T R R R Eh
A, MR AR R, ZX L ER T REMEE
K/INEZ 35 [6] B S T . 3

2.3 LTEMTEHEREESN

H IR R T R B AR
B, W R -F R B A SR g5, B - e
THEEEEE L EMEmBEL. EETFREN, +
BAFERFMFTFEESAEOO~3 om 22N, H
KE3~6 cm,Ti6 ~10 f110 ~ 15 cm +EHFF4>
D, KAR 34D E IR TF(FR4), BETT
BRI R IR B A ST R, BT AT AR TR
AtE] 4, TR B R SR 2R R, Xof iz KA A Pk &R
BAEY MR EERER L,

2.4 HIRFTFEMHFEHENE _

YiFh ZREMETRECEE AR ERAIHENMN LS
REME YRR, R HIBT B VR MR B R bR . — R
Ui, BRI A, RYM BB RS, UR SR
ME, AFREP, AFEEEER N L EM T RS
HER EFEEER YOERBEFEEER (B
2), HEFMTFEMYMESHERREEEHERE 10
AGBEET S5 AOREEIE, BT 10 A5 T/
THHMANFTFREIYNBREHE, UBFF
M EEERR, HERBE(P<0.05),MIL
2 MERERABE, RESTTMHEY Y EZE
HYFHEEENTERNE, X—4F 5 Onaindia 1
Amezaga(2000) BIF 57 KSR AR T A0 — B, 7 2
HIARAL E B AT R EEIE BT 2 1. 341,
ZREVERR BN S] B B S I IR R 36, 83K
HEE, 25 RE AN X 57 B R BOBIK BB 3 > B 4 >
W,
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ATERE BNE H10H

Fd TWMFEEHEINER(R)
Table 4 Vertical distribution patterns of soil seed banks in
sample plots

237 5 BHERE (em) 10 A +EHE (em)
03 36 610 1015 03 36 610 1015

C 03 76 56 51 1 19 88 77
D 154 146 51 56 25 183 115 104
E 27 M 9 7 8 28 22 1
F 6 8 15 2 27 3% 5 B
G 4 6 30 W 6 51 39 23
A 97 4 33 2% 259 154 53 52
B 6 43 40 25 20 8 16 19
H 4 28 9 10 7 4 21 B
1 17 16 16 12 46 33 18 8
BTN 25 cmx25 om AHRFREHFFHK.

4

5H OF#E BEEE BH9E

B2 TWdTFEDMISEY
Fig.2 Species diversity of soil seed banks in different plots

3 it i

3.1 LEMTEYRER

AT YRR R DRE T
PERFE RIRRE o ABTIERY, MR 0 g
Y R B b (6] %ok = SR T PR OB PR AR — 52
o, RPN LA T — R (AR
B ERAE MRk, NRALHENER
ZRAL AR, BIREE M 4R B0 58 00 0 b 4 )R % A A4 L 3R
o ABRITIX - 5 T B 4y o A2 ¥ BY 20 JAE X 15
BLODEBEEREARNE, ~FESBEERAEYIR

Z AR B,
3.2 TEMTEMBRDN R

THEMTEMERD S EEEE R, BER
WAL B S BT PR O BB AR, S B EE K
FE K- B FE T 2R 30 558 A 3R 7 A 5K (Ashton
et al. ,1998 ; Assaeed & Al-Doss, 2002 ; Diaz-Villa et
al. ,2003) , ARELWEREH, L HEMTEPHTH
BAKA 2 fEY), —Ffh B b EFEEE S RRIEY),
TR B R R s A LR
FFEDREMTREY , ENEY T ESITHE, K
BOEHFER KAR EER SER L ZRSH
W, B4 EART PR K BRI EE Y T,
BAB AR, RAAHBEHWR, AR THREGE
HHAEFFIREE (B B%5,2009) . AIXANZ5RT LU
I, SR A R AL 1] R RS E R
MICRHGERE , R lR e HEBHEBERERSY
FEREMM TS, B AXE, MRKER
BEREE 1. 355 ~3. 876 , L MEFE B AE 0. 190 ~
0.956 XS] EEFSBUAE 0. 070 ~0.304, 4378, =
TREWFEENFIERER, MEEENYSES
MR B UMK, BRI , R SRR
S EBAK.
3.3 LR TR S RHE

3BT PERE R A 2 AR, BEF )
SHE, EHMBIR S, LEMTEZNHEHA
— 5, AR — R 2 M, — BT
ARG 55— BM TR EN 4G (Tomp-
son et al. ,1997) , —MRAEZRGEHFPFEEA G
TFRERBIRK, BE/G B WA, T A Lot FA gL
FEYN - ERAEEN LER T, FEAAR
RIS, ST, FE RS SELIX , K B YFh i 5 SRR
M RAEF AR TRIR TR R, R 5 M AR
R, UMEESEBRKEAE, 155 2 FHTEM, B
F.LONTHRAEEMN F 8, nEEREAY(BA LR
%,2001) , B AR FEBEMRAESEBMXAEBRL
FRIRURSE , 38 AR T 35 A & ZE BT A 4 b A 5 L 3 b
TEHAHEAMFLOTE 2 FBRBREMFESH
REMET R T EA R THRE., AFREERHA,
RESEYERTFRBALR, Z2EKLASZH 15
FFREFETHRE, VEEYM FEESHFH AL
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VAT EEHERT R, B FHETE 2006 4£
5 R8N,

TR A A SRR, AU A B
MM FAYFRIENE R, EZSAREEWO TN
SR IR AR R TR B R B B R T
(Martin & Ogden,2002 ; Fenner & Thompson,2005)
B RGN R BRITF B, K& & R 58
FEHYNTHER, RS E Y BT EE
HFRE, WY B R R b R T 66. 5% &£
F+EFEE 2 em 75 B A (Johnson & Anderson,
1986) . FAIHR 22 H & L 2t B 3 + S0 T R BE B 4R 7
(1200 ~2200 m) , YRR K, (HRF T % F
RPN, R YR EE MK AT
JBE , LB U A T T R T A o A SCERURE M 23
M LR 2 B8 35 JT 46 (H§3K 3100 m) = 1L (iR
3920 m) , 5 3CERIRE — B, B IR X T R T R R
AR, Osem %5 (2006) 3B T #b i — A i
ANFEIHIE T LR PR AR E , AR TE T H 4
HEFP T EE AR AL ] 2500 ~ 18000 seeds « m™, Bt
BFXIRE b s + R T RS BR R T 51%
18% ,{EXF/L FET0GER + S FpF R IR A MR . ASE
Wl TR, LA ZHHE, REE, ILEHE
WHEE S, MR, ALK, (515 M/ mEik
SEA/J63E > 10 R,

AR, NS R LB F M A R SR
IR/ BB 2 A% R R R B, BRI LLE
MR S 5T R TR IR K, A
BRI + 3870 7 FE 5983k (P<0. 001 ) 1 B F f M 3K,
BA 3 AR 3k + EFhF PR REMG IR 9 S T 2D . 13
RO EEEZZMAETRRNE N, B4H
R MR EEA RS X AR MR, BEiX—
(el BT G — IS (BRI REREH,
BHOKFHA RN LM, 5 Ashton(1998)
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PR3 A ERFE R R A R R R R R,
In-FEKEE A B, gk S K s,

A RES g SO B R IR B AUK 0 B R IR AR,
MTERFIR A A RERE X, B FH+E
T X 3 S b R ) o L R 8 e A A o B TR IR
Z—s
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