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Characteristics of Soil Seed Bank and Their Relationship with Aboveground

Vegetation of Picea purpurea Community in Upstream of Taohe River

LI Bo"?, ZHAO Yang'’, LIU Ting"*, CHEN Xuelong'?, GAO Bengiang'*, CAO Xiuwen'?*"

(1 Institute of Forestry Science of Bailongjiang in Gansu Province, Lanzhou 730070, China; 2 Gansu Bailongjiang National Forest

Ecosystem Research Station, Zhouqu, Gansu 746300, China)

Abstract: This study understand the characteristics of soil seed bank in natural forest community domina-
ted by Picea purpurea in Taohe National Nature Reserve Dayu forest regions (TH), Yeliguan forest re-
gions (YLG) and Gahai-Zecha National Nature Reserve Zecha forest regions (GZ), Gansu Province, which
revealed the characteristics of soil seed bank and its relationship with aboveground vegetation in P. pur-
purea community of Taohe River upstream. It provided basis for recovery and management of community
of P. purpurea. The results showed that: (1) there were 50 species of soil seed bank in the 3 forest re-
gions, which belonged to 45 genera and 27 families, the density of soil seed bank ranged from 958 to 1 129
ind/m”, herbaceous plants composed the majority of the soil seed bank. (2) It was obvious of the vertical
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structure of soil seed banks, presenting species and density decreased with the increase of soil depth. (3) It
showed that species of aboveground vegetation were more than soil seed bank, similarity coefficient be-
tween 0. 15 and 0. 23, which had extreme dissimilarity; Margalef richness index, Shannon-Wiener diversi-
ty index, Simpson dominance index of soil seed bank were lower than that of aboveground vegetation, but
Pielou evenness index was higher. All in all, this study indicated that the soil seed bank in P. purpurea
community of Taohe River upstream consisted largely of herbaceous plant. Thus, arbors and shrubs had
smaller reserves, especially P. purpurea that was the constructive species. The contribution was lower
between aboveground vegetation and soil seed bank, this implied that it was far from being able to alleviate
the degradation of P. purpurea forest only by natural restoration of soil seed bank. Therefore, artificial

seedling and afforestation measures will be needed to promote the regeneration and development of P.

purpurea forest.

Key words: Taohe River upstream; Picea purpurea; soil seed bank; aboveground vegetation

- Fh % (soil seed bank) EAEFF7E T 13 |
JZVATE PR A e B R R TR AT
SEAH PRI RE AR TG S AV AE Y BE Y L R TR Sy
L Z VR 0y 0 R SR AE B R SRR 4
PEREBHARS R Rl R AT AT KR O
PSSR0 ) I A A R AR VA A S 2 R
Kigt e ZREVE 7 I B H 2 S R PR AR AR
FREERFHEENES . Bl PECHE
¥ (Cupressus gigantea) F&EFH (Pinus sylvestris var.
mongolica) 2L HE (Castanopsis hystriz ) 8 3% & 1
(Sabina przewalskii) | 5 ¥ (Pinus densata) . Ji 5
(Pinus tabuliformis) % FRMRAY L 3EFD FEVEAT T K
RAFFE LR I SE K 22 4 h T X BV N R
Tofr ) o P AR AR AR AT 70 A o TRV P 4 T ) 7o 14 b
TREAFRNED . S5 b IR T R R R N T A
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B , R TR AR TS S TR
R PRI ST RE v N 4 R b i) o P2 RR AR
XF A I RE I 0 KR SR R AL AR B R M)
TE T A TR 2 HAT A A

Yk 2 v F 9 A K — 20 XN AR AR AR
R GEX R R B IR Sk AR 4R R B B AR 2SO
17 38 i A A R Ak AR i HL A BE R AR
PRI AR X AR AR A 35 R S8 B A 1 S AR S I S5 N (B R
217 427G s R E 4 Hb At 25 26 05 & R UL B A 85 R 4
RAEFEFEAEMY . F, R iz X RS R
GEBIETE S X PR 21 Ml AR bR B U L 4 1 BT K o L 4
R AT L2 AA T ERMEL,

B RK (Picea purpurea) 2 H A HF,
EHIE . 2, BT s (P, likiangensis)
FHA(P. wilsonii) B HARFRIMEIR 2428, I8 T H

1o DA I P v TR AR A A0 i A B R BT i b X
AR TR RS OK IR BT K Rk R E
PR KRR DY T R HE R JE AT AR AR, R
AR B PR A= 7 15 B i B A 56 2R = A2 AR
LB AL H 7 2 BB A7 b AR 7 DR ST 3 Sk ik ¥ 3
A B i DX R P A AR R AN 1 L 2R AR T AR
PRA R 28 LA SRR L. MR
SR TSR AR A R B RE ) K S T R R
SRBIEREE LB, DIPET _L i SR S 20
i R WEFE XTI A AR VR b R TR R AR S b
FERE A OG22, LU 48 78 50 2R = A2 TF 9% A 7 3 1Y
REAE 20 AT 5 3 EAERR R IR R E R SR
FI AR S BE 1 LA e o 5 2 B K B 07 3B B Bl

1 BRGSO S5 F5E 05 ik

1.1 HREHER

T 5% DX ASE Tk YT Vi b Ak 5 9 g L 8 i R
FIUH R 3 1L X 383 X 3L A T E102°09 ~ 103°
51',N34°10"~35°09" 2Z ] , A% )@ T 7 i o Jit 1 i
DX i T R i 1 2 XL O X, 4 R i K R R
DX 3 P B K & L AR R K i 634~680 mm, H BR5R 1,
4E H BRI 2 277~2 365 h, HAE IR AR S
M 2.3~5.8 C, XN IFBEN, #EK 1 000~4 300
m, O mE RO R A+ BT KR R A
Rt . B L =82 (Picea asperata) I3 ¥
(Abies fabri) AL | #& M A8 (Larizgmelinii ) 55 W
BEnEbR Ry S A B R B M P B, B B 3 25 R R
HABFE A s s i,
1.2 HigBES5EE

TERE YT b 3iE 58 S A2 43 A1 A X A v i H R e
T Z Y H SRR XK IR 1B AR X CTHD 16 J)
AT (YLG) | 2% 27 B R % A SRR
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X2 AR X (G2 R WFFE X, 2020 4F 5, XA 5%
DX 4 TE 450 9% U, R P MR e R 0 4 RO R B AE
A X B E 3 H 20 m X 30 m BYFRAEHE 0 AR IE
Hh R AT B (R D)o X BR M Rl Y A R AT B R
R 0 SRR B A | B AR PR RE L eE i A L TR
B A o b 1) — 25 %) 4R I RS SR AR R 2 A
10 m X 10 m AYFEARKETT . iC SR AR BRI Y 44 FR L5
JELZE EEAE R SERE S N 1m X1
m HEARFETT IC SRR AR WY 4R R 2L
FEAR B R LWL W bR ME b i K 300, BB 10 m
W — AL AL S m E— M FE
SRURE L S R 500 ol 1 2 B8 08 AR 3 A o b 1 b
JERHE , SAR LT A IR (B D, HER 7
em B HE A EYZE . 0~2 cm . 2~5 em,5~10
cm JZ R - R BEAT BORE B BE SUBORE 3K
SHZIRATE ARG A A EH AR A PSR = T
. HoREE L BEFF FERE S 216 [ 3(ARIX) X 3 (it
PO K6 KR X402 ],
1.3 LWEWHLX

SR R ¥ 2 100 o R 2R 1 4 o 4 i %

R, BEPANRAEER 216 YRR AE L 5 mm 1Y
T B 2 KA A B A B MOR R RS B
TG B TIREE A 2 cm JCR PO M 1L 2
H(HAE 30 em. & 15 em) CEEHLED B T IEE 160 C
HEAF L 4 b J5 A B JC R FHLED . 534N 10 A8
Foft =7 RELRD 119 6 24 A 5t BEOH G AL D Hh 2 5 R T
BREFP . KZFLIIFIG T 2020 4F 6 A4 ¥ A7
B H R O VAR AR AR 2 2R G 5 A 0 I B 5
PR EN . B RBUK RN IR, 2 W
LI ot~ 1 15 O, R EL B & AT B 2 v T U
TR BB AN BRYE E A AR L S B R S AL AN
HEMM KA E ik, EL 2 ANTH T A
B RS g gk s sk, B AN ELE 1 ] R T
WY & Ja 45 R0 & LI . S o RS X IRAE Ah
P & L UE BHLAD thOR & 1
1.4 #HIE|IHE

HR G A6 2 b e 1 2 i Py A Ok THAL B 3 Rh 12
TR R 2 REESR B R
1.4.1 TEMFEZTE.: HRAmMAESPTA
T B0 OB /m®)
1.4.2 i EHEHE . TEMHFESHEEBEITEAK:

ARy
T Herbal plot (1 m>X 1 m)
. ; S—1
LERTE Margalef ¥ 8 EFHEH(R): R="—— (1
oil seed bank (115 cm®) lnN
Feith
Plot (20 m X 30 m) \
u Shannon-Wiener ZFE435%50(H) : H=—> P InP,
i=1
E?jﬁﬁt(mmxmm) 2)
Simpson fL#EFEE(D) : D = I*ZP;% (3
1 B B HERF FE AR s 7R A il
Fig.1 Diagram of quadrat and soil seed bank layout Piclou ¥ &) FEH88(E): ] = H /InS 4)
1 HAEBMERER
Table 1 Basic information of the standard plots
HBFEFP Constructive species %2
s 153K R JEJE
B me R g . 4
Plots Number Altitude Slope/° oAb q;ﬂm’@ﬁt qjiﬁﬂrﬁ.aj b Iintel:
Tree verage verage Closure dept
DBH/cm height/m /em
1 2 835 5 ERAHK P, purpurea 20.5 11.2 0.5 3.8
‘féﬁ,{fﬁl‘? 2 2 955 30 BIREN P, purpurea 15. 8 12.1 0.6 1.2
3 3028 31 BRI P, purpurea, Abies fabri 16.5 12.8 0.7 3.6
4 2 750 18 LR A sk P. purpurea, P. asperata 17.5 11.6 0.5 3.2
s b
(”?{,ﬁ*}fﬁ 5 2 886 20 BWENK P, purpurea 21.8 15.2 0.4 4.4
6 3041 36 BB P, purpurea 25.2 18.5 0.6 3.7
7 2 846 40.5 LR P, purpurea 13.6 9.5 0.6 3.3
T vl 43 )
ﬁfg()ﬂgg 8 3293 34.5 W LN P. purpurea 15 11.9 0.7 3.7
9 3412 19 ERRK K P, purpurea, Abies fabri 9.7 6.1 0.6 3.5
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AAABL;0. 25<CS - =<<0. 5 B, A AE AN AL 0. 5<<Sc <
0.75 i, R ML ;0. 75<S <1 B, AR,
1.5 HiEKESESH

ABFFEE ] SPSS 19. 0 #A7 B K & 7 22 3 #r
(one-way ANOVA) | Z [ (LSD) % $ 4 7 17
G511 404, i Origin BAFVERE

2SR50

2.1 TEMFEERSLE

2.1.1 YFERRZE Wi LA R bR X 58 R
BAZHEVE LR TR R ALS LR 2, R HERN TR
FES R I & 4 534 #kL SR JEF 27 Bl 45 J& 50
Fifr o v, TH Gk T K U 3 AR X - 38D 7 2 W &
Y 34 BT 22 Bl 32 J8 5 YLGGR H1 R IX) +
SR ¥ R LAY 33 Bl )BT 20 B 30 J8 s GZOUR
T 25 AR DX A D PR R A 35 R, R T 22
B35 )@, 3 AKX L HERN TR A S B A 11 F
SN B R AR AWK A (Lonicera nervosa) Wk

(5

FE B (Parasenecio roborowskii) . K1t 42 B
(Carpesium macrocephalum ), K T B (Gerbera
anandria) . = kK ¥ 56 (Aster ageratoides) . k5 5
B (Galium paradoxum ) . W 1€ 3 (Viola biflo-
ra) R (Poa annua) \ JE B (Pyrola callian-
tha) MM 3k W C(Amaranthus blitum) . 38 FF (Aster-
aceae) Y 7E 3 MM IX (I )¥ 8 TH.YLG.GZ, F
) T3 7 e g L M 2R e 2, ¥ 7 B, 00 b
B A% AKX B A M AR BCRY 200 5906, 21 2100,
20.00%6 , H¥k A #% % Bt (Rosaceae) f ¥, 7E 3 4> Hk
XA 3.4.3 F, 5] 8.8200,12.12%.8.57 %,
HI 3R 2 AT, 3 /bR DX 4 g 1 e W k1 )
WA AR, Hob, TH Rl 1 P2 Fh 12 4
958 ki /m”, AR A} (Poaceae) 25 BHHL W N £ . 43
5] k7 ) - R A 28, 3900, 24, 2200, T £ A b 5%
REWH T F 2 AL 6 KL/m’, &7 0.63%; YLG
SRR R 1129 R/ m”, LURARE 2R
FELW) 9 L 2050 o B R85 B2 A 28. 176,23, 6500, 1
PR ER S F &L 6 RB/m’, L
0.53%03GZ T HEM ¥ P Ff 78 B 1009 4Z/m’, LI
R R AR B Y S FL o0 B R TR
31.02%0.22. 30 %0 - EHE Bl 5 R = A2 1 L I Fb 1 i o
PR 2 AR 12 R/ m® . 5 1.19% ., H e i, &
AP R P R L T R PR A
2.1.2 YFAFRB4SME @B 2 w8, TH fh %
B AT 1A HER 5 Fh (AR RO 22 B —4FEE
FA 6 Ff, Horh REARAEY) i 82. 3500 KA Y b
17.65% ; YLG B TR A FT A 2 B HEAR 5 Fft L AR

R2 ERZUBRIEMTEYMNEARNRMFEE

Table 2 Species composition and seed density of soil seed bank in P. purpurea communities
TH YLG GZ
e JIEEE WU 4 WE 4k B AL
amily Species name Density Composition Density Composition Density Composition
/m’ /% /m” /% /m® /%
Fi %5 Ligularia sagitta 29 3.03 12 1.06
W B Saussurea amara 52 4.61
Wk B H B Parasenecio roborowskii 144 15.03 150 13.29 168 16. 65
BOREEE Ligularia botrycdes 6 0.53
KRAESIZH: Carpesium macroce phalum 23 2.40 12 1. 06 6 0.59
Bl Asteraceae

KT E Gerbera anandria 12 1.25 23 2.04 23 2.28
HEE Artemisia tangutica 12 1. 25 12 1.19
= k%55 Aster ageratoides 6 0.63 12 1. 06 23 2.28
WHIREH Anaphalis aureopunctata 6 0.63 12 1. 19
W4k Carpesium cernuum 69 6. 84
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%232 2 Continued Table 2
TH YLG GZ
B 7 . N o = -
Fqﬁil S t%(feh%znﬁ/me &'E 4Lk &fg AU &B{‘h ALk
amily species na Dens}ty Composition Dens}ty Composition DenS}ty Composition
/m* /% /m* /% /m? /%
BN L Spiraea alpina 6 0.63
75 Wi % Rubus amabilis 6 0.63 35 3.10 17 1. 68
#1% Pl Rosaceae 0BT Rubus irritans 17 1.51
KT H Fragaria orientalis 17 1.77 6 0.53 6 0.59
N H Geum aleppicum 29 2.57 29 2.87
W & 2.4 Lonicera hispida 35 3.65 17 1.51
YLK 24 Lonicera nervosa 23 2.40 58 5. 14 40 3.96
H AP} Caprifoliaceae
WSR2 4 Lonicera caerulea 17 1.77 6 0.59
T RE Triosteum pinnatifidum 6 0.59
ERZEE Polygonum vivi parum 29 3.03 12 1. 06 29 2.87
PRl Polygonaceae AL Polygonum suffultum 17 1.77
WHEE Fagopyrum tataricum 6 0.63 12 1.19
KAFHIH-32 Epilobium pyrricholophum 6 0.53 6 0.59
Wi 328} Onagraceae
L EEERE Circaea alpina 6 0.63 17 1.51 6 0.59
A PE . Rubia sylvatica 23 2.04
75 5 Fl Rubiaceae
MG Galium paradoxum 92 9. 60 40 3.54 75 7.43
DI L4 Veronica szechuanica 6 0.63 6 0.53
ZHi#l Plantaginaceae
%W Plantago asiatica 6 0.53
AL Anemone cathayensis 29 3.03 6 0.53
£ EFl Ranunculaceae
KAGEFS B Thalictrum przewalskii 6 0.59
LR ZN Picea purpurea 6 0.63 6 0.53 12 1.19
A%} Pinaceae
KK Abies fabri 6 0.59
AR Violaceae WAL # 3% Viola biflora 29 3.03 75 6. 64 46 4.56
ARAFL Poaceae B#K Poa annua 272 28. 39 318 28. 17 225 22.30
T H54E R} Ericaceae FEBE R Pyrola calliantha 23 2. 40 6 0.53 40 3.96
WAl Amaranthaceae 13k % Amaranthus blitum 35 3.65 69 6.11 6 0.59
+ 4B Brassicaceae WK TE Cardamine tangutorum 12 1.25 40 3. 54 12 1.19
ARl Apiaceae ARG 3E Sanicula chinensis 6 0.63
£i¥i#} Caryophyllaceae  # L% Pseudostellaria heterophylla 6 0. 63
fif: 2% 5B} Oxalidaceae fifE 3% 5 Oxalis corniculata 6 0.63 23 2.04 6 0.59
R FAEFF Primulaceae B Lysimachia christinae 12 1. 25 17 1.68
JHEL Gentianaceae W 1R M- 4644 Halenia elliptica 6 0.63 6 0.59
%1 4Kl Orobanchaceae Hil D% Pedicularis kansuensis 12 1.25 29 2.87
PSRl Papaveraceae /NEEEHE Corydalis raddeana 6 0.63 23 2.28
B <] g
FEH R Saxifragaceac A:éjzﬂg Chrysosplenium pilosum var. 6 0.63 23 2,04 6 0.59
valdepilosum
R Malvaceae B9 Althaea rosea 12 1.19
HEARF} Betulaceae B B2 Mt Betula utilis 6 0.53
ZXBE T Bl Grossulariaceae  VKJI| Z5BE T Ribes glaciale 6 0.53
e JLE Bl Geraniaceae H & BB Geranium pylzowianum 6 0.53 6 0.59
Hi B} Solanaceae 2RI % Solanum alatum 6 0.53 6 0.59
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SR RAZHEE R PR T B AR Y ) B 7804
PAE s U B REAS A ) 2 ) A S R B AR
2.1.3 TEMFEEESFESME HE 3 WTHLA
(] A XA (7] )23 30 o B8O () (] — A DA (] 4 )22 4
FRECB AR . 3 AKX Rl Wy Fh B 45 12 )2
EHERIA GZ>TH>YLG, H A1 59 Fh RO 15
WEIE P £ ,5~10 em Abfg /b, 3 AKX A 1 Fif
TREBIA 700 0h LA SR o A tE RS T2 L, R
UL HR 0 e B R ) e oo ek 2 ) AR Ak
B 4 AT 5 B A2 B VR L SRR B R R
A EL A B 5 ) 0 A3 A0 REAE B b 2R R A 1, el
THEH N AEEZR>0~2 em (HEERZE, Tl >
2~5 em(+EWERZ, FHRD)>5~10 ecm (H 3R
2 T IED S R I Fh 25 B2 BE A )2 B AR Y
X 5 YA EON A A A R — B

AR 3 AR F I L D 7 2 9% B bl 1 2
R AL W R (A a3 ir 22 5% . TH Ak
KAL) 2 M LR 2R PR EE R AR E (P>
0.05), 5 +IETRZMLIERZFFHEELZFE
F(P<C0.05); R HERZ | - HEW K20+ )2 F
THEERHYARE(P>0.05), YLG WX A%
EMTERZMFEEEZRAREP>0.05),. 5+

24 , A 23 23
22t = AB =
1) S =
181 4 =S
glor  p =T
£ 141
Z 12}
I8 10|
& g
6 5
N 2 |, B a2
] ok s n -y
YLG GZ

X Forest region
A —AEERIAR A/B. B4R R R P AR RUAR
V. AR S AR T IR AR
Bl 2 SR BASHEE T RN PR B A I BURRE
A. Annual plants; A/B. Annual or biennial plants;P. Perennials;
V. Vines;S. Shrubs;T. Trees
Fig. 2 Species life type characteristics in soil seed bank

of P. purpurea communities

BWRZEM TR ER THEEZRY R E (P
0.05) ; - HESR 2RI - 8 3R 2 b 7 5 25 v N
(P>>0.05), fl HIEWZFh ¥ % B 22 5 0 & (P <
0.05); FIEW 3R 2 F - IEHZFh 75 8 22 7 B %
(P<C0.05). GZ MRIX ik 2 A+ R L HOI
RIZZEFFHEEZRYAREZF(P>0.05, 5+
BREM FREZ R R E (P<<0.05); LHEEZE
A HEBR R A 8 22 57 0.3 (P <<0. 05) ; LI
RJZ N A IRGZ B 7 22 5 A 35 (P >0, 05).,
ST L3 AR R IR 4 2 T B 22 S K, b
T 2 S OR Y RRAIE
2.2 TEMFESH EERNXR
22,1 TEMFESH EEKBMNE S 34
RIS B2 A2 B VR M 1A B 5 4 S0 2 22 8] 1 A
3 Ki7% /2 20-10 cm Litter layer and 0-10 cm
3 K47 2 Litter layer

40+ = 0-2 cm EZ2-5 cm Hl 5-10 cm
34 3 33
8 ] —
Q
% 30F 2
kS ]
2
£ 20t
=
Z
210}
§
0

-"YLG GZ
#RIX Forest region

B3 SR BAZTEVE TR0 P W Rl BT 143 A AR AR

Fig. 3 Species number vertical distribution in soil seed
bank of P. purpurea communities

[ ;7% Z Litter layer

E 02 cm 2-5cm = 5-10 cm

600

2% & Density/m’

YLG
# X Forest region

P&l i RS ] S B 2 R [/ — Ak X 2 1] 22 57 5 38 (P <20, 05)
B4 SR BAZTEVE 1 R0 P 1 8 8 2 00 A R E
Different normal letters indicate significant differences
among soil layers in the same forest regions
Fig. 4 Seed density vertical distribution in soil seed bank

of P. purpurea communities
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Table 3 Diversity characteristics between aboveground vegetation and soil seed bank of P. purpurea communities
TH YLG GZ
LR — . -
Diversity Hb b 4 R TR b F R F R - + R R
Aboveground Soil seed bank Aboveground Soil seed bank Aboveground Soil seed bank
R 7.37%+0.32Aa 4.25+0.19Ba 5.89+0.19Aa 4.23£0.66Aa 6.08+0.71Aa 4.46+0.11Aa
H 2.95+0.16Aa 2.41+£0.06Ba 2.82+0.19Aa 2.44+0. 14Aa 2.80+0.20Aa 2.54+0.08Aa
D 0.89-£0.04Aa 0.86+0.03Aa 0.86+0.04Aa 0.87=+0.03Aa 0.89+0.03Aa 0.89+0.02Aa
E 0.73+0.04Aa 0.83£0.05Aa 0.74%+0.06Aa 0.84+0.04Aa 0.73£0.04Aa 0.86+0.03Aa

7 :R. Margalef & JE 8% ; H. Shannon-Wiener ZEEMEFE 5D, Simpson 285G E. Pielou WA JE 8 ¥, AR KE FHF /R R —
PR DX A S0 P2 R b A B ] Y 25 5 B 3 (P <0, 05) , RRIV/ING 1 3 7% R R X ] A= 390 )22 s bl LA ok 1 25 57 B 3 (P <<0. 05)

Note: R. Margalef; H. Shannon-Wiener; D. Simpson; E. Pielou. Different capital letters mean significant differences between soil seed

banks and aboveground vegetation in the same forest region (P<C0. 05) , Different normal letters indicate significant differences among soil seed

banks or aboveground vegetation in the different forest regions (P<Z0. 05)

Hh - AE R Aboveground vegetation species
B2 L4 Y Common species
3 LR 7 Y FE Soil seed bank species

< S0p SEE g e
R i i
£ 60F @« %) %)
[«
o
e
£ 40t
=
N

20

0 1 1

TH YLG GZ

X Forest region

Se. AR LU 2 2
K5 ZER AR TR T b ) oA AL
Sc. Similarity coefficient
Fig.5 Similarity between species in soil seed bank and

aboveground vegetation of P. purpurea communities
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