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Spatial Distribution Characteristics of Soil Seed Bank
in the Low Mountainous Area of Helan Mountain
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Abstract: As a potential source of vegetation regeneration above ground, soil seed bank plays an important
role in the natural restoration and succession process of vegetation and the restoration of ecosystems. the
relationship between the changes of soil physicochemical properties and the characteristics of soil seed
banks (SSBs) of plant communities at different altitudes in the low mountain area of Helan Mountain, was
discussed, in order to reveal the spatial distribution characteristics and natural restoration potential of SS-
BS of various plant communities. The results showed that: (1) the seeds resources of SSBs at 1 200 m
were from annual herbs, at 1 600 m perennial herbs, and at 2 000 m shrubs and small shrubs. With the in-
crease of altitude, the annual herbs were the dominant species in SSBs at all five elevations. (2) The sta-
bility index, dominance index, evenness index and richness index of SSB at 1 400 m were significantly low-
er than those at the other four elevations, that is, the SSB diversity at 1 400 m was the lowest. (3) Soil

pH and electrical conductivity were the most significant factors among physical and chemical properties
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that effected SBB diversity on species of seed bank. The SSB density and species diversity at five elevations

in the low mountainous area of Helan Mountain were low, which could not meet the demand of natural

vegetation restoration. Ecological restoration measures such as aerial seeding could be adopted to make up

for the shortage of seeds in surface soil, so as to meet the provenance required for above-ground vegetation

restoration.
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Table 1 Determination methods of soil physical and chemical properties

5 $8 Fr Measured metric

% H 7 % Method

+ 45 K& Soil moisture content HE=+9% Drying method

+ 2L # Soil bulk density

M J13#: Cutting-ring method

pH PHS-3G pH iFilE (kK + £=2.5:1) PHS-3G pH method (water ® soil=2.5: 1)

1 5% Electrical conductance

+ e HLER Soil organic carbon
4% Total nitrogen

4 Total phosphorus

0 f#t A Alkali-hydrolyzable nitrogen

AL Available phosphorus

DDS-307 H, § %4 DDS-307 conductivity meter

A R A0 25 B - AMINFAEE Potassium dichromate volumetric method-external heating method
it LR 2 A% Semi-micro Kjeldahl method

FHEBHT L 2 1 Mo-Sb colorimetric method

A e Alkali-hydrolysis diffusion method

0.5 mol » L' NaHCO, ¥ 0.5 mol » L™' NaHCO, sodium bicarbonate method
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m AR BN AR PR % R I 2 000 m>1 800
m=1 200 m, HG#k a2 7 B 2% (P<<0. 05),
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PEHZ 45 % Pielou ¥ 5] & 48 UM Margalef £ 5 &
TRBORRIR . 5 I 380w B2 L e D 1 3 v, 4 AR A
WFh Shannon-Wiener %5 1 200 m>>2 000 m >
1 600 m>>1 800 m>>1 400 m,Simpson I % Ji & ¥t
71 600 m>1 200 m>>1 800 m>>2 000 m>1 400
m, Pielou ¥ EEHR N 1 800 m>1 600 m™>2 000
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Table 2 The composition and density of soil seed banks at different altitudes (seeds * m *)

2

WK Altitude

1 3 7 UL P
Life form Species Family
1200 m 1400 m 1600 m 1800 m 2000 m
Wi J§ % Eragrostis pilosa AAFl Gramineae 390 195 15 15
RIBH Chloris virgata AARL Gramineae 5 — 60 — —
BT Tragus racemosus ARAFL Gramineae 25 — — — —
MR Setaria viridis AAFL Gramineae 60 345 290 — —
'EH Arthraxon hispidus AAF} Gramineae 10 — — — —
INFAFE Chenopodium iljinii #iFl Chenopodiaceae 50 10
ey ¥ B3 Salsola collina # Bl Chenopodiaceae 225 5 20
A*Enlfzjal ik Kochia scoparia #Fl Chenopodiaceae — — — 45
herb RIMEE Chenopodium acuminatum — FEF} Chenopodiaceae — — — —
Ih % Suaeda salsa # %} Chenopodiaceae — — — 5
2544 5 Halogeton arachnoideus — #F} Chenopodiaceae — — — 50
W B Artemisia anethoides 4%} Compositae 10
PEFE Tribulus terrester PEH PR Zygophyllaceae 5
WS Euphorbia humifusa Kk Fl Euphorbiaceae 15 — 5 — —
B K& Glycine soja HF} Leguminosae 5 — — — —
1t Total 810415.28A 34547.64C 565+£11.55B 154+2.89E  145+10.41D
H# Rehmannia glutinosa %2 F} Scrophulariaceae 5 — — — —
LAY BAEET 3 Stipa breviflora ARAFEL Gramineae 45 — — —
Perennial
herb JUTREL Ennea pogon borealis AAFL Gramineae 120 5
) F R Cynodon dactylon ARAF} Gramineae — — 5 —
it Total 5+0.00C 45+5.77B 120+7. 64A 5+0.00C 5+2.89C
H 8 Artemisia sacrorum % Bl Compositae 10 — — 5 330
%g% EWRWA Ajania achilloides %t Compositae — — 5 35
ztlbr:]}ll)rsl; ALK Artemisia giraldii % Bk Compositae — — — 345
A1t Total 10+2.89B 10£5.77B 710+=7.64A
B 825+16.07A 3904+10.41C 685+5.00B 3045, 00D 860+ 18.93A

Total density

T FOR AR B YRl . AR R RS T - FOR 4R ] 22 57 4k 3% (P<<0. 05)

Note: —No this plant appear. Different letters indicate significant differences between altitudes (P<20. 05)
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Diversity characteristics of soil seed banks at different altitudes

*3 AEHEEETEMHTFERME
Table 3 Similarity of soil seed bank among

different altitudes

R
Altitudes 1 200 1 400 1 600 1 800 2 000
/m
1 200 1
1400 0.12(1) 1
1 600 0.45(5) 0.22(1) 1
1 800 0.21(2) — 0.18(1) 1
2 000 0.32(4) — 0.35(3) 0.29(2) 1

1400 m &b KW 2 Fl B R IE T RAR.
1600 mALHAEY 7 B, SR8 T 4 B A oRARL 4
Fir 22 BRI EFE 1 Fh, 1 800 m AbAH AHY)
AR SRIET 2 B O RAE RS 2 Fh, 2 000
m AR 10 Bl SRR T 3 BE H AR 5 Rl 45
3P RAEL 2 B, BEE RIS SR E T ARARY
Py EC R T R R A, A R R R R G RE n  , pEA
BEOREE SR Z SRHE R,

WS 4 A5 B Rt st b A bl B 9% 36 81
33 A KB T 13 B AR KR £, 8 Fl, R
ARBE 7 FLEERL 4 L TR 3 B BIE R RTEAE R4S 2
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Table 4 Important values of aboveground vegetation species at different altitudes
ilfiﬂ %ﬂl ) ﬂ_ Al Important value
style Species Family 1200m 1400m 1600m 1800m  2000m
G Setaria viridis AAF} Gramineae 7.07 18. 64 — — —
E 3 Txeris polycephala % B} Compositae — — 3.57 — —
WA H Artemisia annua % Fl Compositae — — 3.43 — —
T Bk Echinops gmelini %%} Compositac — — 3.23 — —
Ak?:rli)al WKEEFEE Chenopodium glaucum # Bl Chenopodiaceae 0.6 — — — —
Wik Kochia scoparia # B} Chenopodiaceae 2.49 — — — —
¥ B3 Salsola collina #F} Chenopodiaceae 1. 15 — 2.16 — —
F28ih 4 % Halogeton arachnoideus — #EFF Chenopodiaceae — — — — 21.82
BIAEETF Stipa breviflora AARL Gramineae 20.13 6.18 9. 87 31.57 —
BE B2 F 5L Cleistogenes squarrosa ARAF} Gramineae 0.57 7.83 4,95 — —
VK¥E Agropyron cristatum AAF} Gramineae 2.89 — — — —
B Leymus secalinus AZAE} Gramineae 12.21
FEWME Roegneria kamoji AAF Gramineae 7.17
% H B Achnatherum splendens ARAE} Gramineae — — — — 11.48
RIS A Scorzonera pseudodivaricata %%l Compositae 0.57 — — — —
A Bif R ZE MWk AE Heteropap pus altaicus %%} Compositae 0.93 — 4.97 — —
Peiﬁ al Y Artemisia desertorum 2%} Compositae 9.01 25.08 13.16
herb KW #E Astragalus discolor H A} Leguminosae — — — 8.88 —
LB G Oxytropis subfalcata H# Leguminosae — — — — 31.18
¥E I Phlomis umbrosa JBIEFL Labiatae — — 13.01 — —
K HEMRIEIE Lagochilus ilicifolius  JBIEA} Labiatae 3.53 — 10. 01 — —
Smrdk Allium mongolicum HAF Liliaceae 1.22 — 4.19 4.19 —
L& Polygala tenuifolia it B} Polygalaceae 0. 88 — — — —
HKBEAE Convolvulus ammannii i€ /£®} Convolvulaceae 4.91 8.02 — — —
KERBH Corydalis adunca B 3EF} Papaveraceae — 10.52 — — —
LK Artemisia giraldii % Fl Compositae 12.82 — 15.53 6. 86 —
EIRWAY Ajania achilloides %%} Compositae — 13. 36 — — —
BT Lespedeza bicolor H# Leguminosae 0.6 — — — —
E?{;;& HIHEAE Convolvulus tragacanthoides Jig fE Bl Convolvulaceae 2.33 — — — —
szgf}?rsg W T & Leptodermis potanini 74 5 Bl Rubiaceae 5.46 14. 27 — — —
Sl Ak Amygdalus mongolica 3 B} Rosaceae 4.92 — — 25.4 28. 35
Wi ¥ Sarcozygium xanthoxylon #EHRL Zygophyllaceae 8.27 8.97 — 9.95 —
FRA Ziziphus jujuba 22 Fl Rhamnaceae 9. 66

T R 7R R BL AR ) b

Note: — No this plant appear
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TR SERL RS 1 A, b, — AR AR 8 B SRR
T3P BB KR Z N 4 Tl AR 3 B ARARE 1
s ZAEEREARSAT 17 Fh SRR T 8 B RABFIE
wZ, 06 ML R ML RIERER S 2 ML 0 G
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Bh B HRE R R RS 1
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Table 5 The number of soil seed banks and above-ground vegetation species and their
family distribution at different altitudes
WAL W Altitude/m
Bl Family Numbgr of
species 1200 1400 1600 1 800 2 000
RAFL Gramineae 8 5 2 4 2 2
% Bl Compositae 4 1 — 1 2 3
# B} Chenopodiaceae 6 2 — 1 — 5
TR TR PEHF} Zygophyllaceae 1 1
Soil seed
banks Kl Euphorbiaceae 1 1 — 1 — —
H# Leguminosae 1 1 — — — —
% %F} Scrophulariaceae 1 1
Y %L Total 21 12 2 7 4 10
RAFL Gramineae 7 A A 2 1 2
327} Chenopodiaceae 4 3 — 1 — 1
% Fl Compositae 8 4 1 6 2 —
B £ FF Liliaceae 1 1 — 1 1 —
L & Bl Polygalaceae 1 1 — — — —
J§IEF} Labiatae 2 1 2
b b AE B Ji€#£ 8+ Convolvulaceae 2 2 1 — — —
Aboveground
vegetation H#} Leguminosae 3 1 — — 1 1
%Rl Rubiaceae 1 1 1
% 3%F} Rosaceae 1 1 — — 1 1
#E R PRl Zygophyllaceae 1 1 1 — 1 —
2R Rhamnaceae 1 1
MIERL Papaveraceae 1 — 1 — — —
Y EEL Total 33 21 9 12 7 5
RIMGRLAE 5 MR M EEAEE 2 Sk, Hoh, B5EF 2.2.3 TEMFESH EEEREXERE WX

T T ) o A A o A A D ) AR Ak 2 S R (P <<
0. 05) , T 1= 45 10 ol A= 105 760 40 il 76 Vg ¢ 1) 22 52 R
W EH(P>0.05), —FAEFRARLERIR 1 200~1 800
m R T 7 E K (R AR R b B
T2 ERARNERSCE#EAR, 15K 1 200 m
Aib - SEFR - P 2 R v — A AR R B R R, T
BR TR 98. 18 %0 M+, (H M b A8 9k 7 L B K
() ok 22 4 A B 3K AT g S R — AR 2R TR 1 B
W T R B . 5 H AR A R 1 800 m
HERh T 12 % 5 v 28 AR A BAR J HEORE X8R e s A R
(10 b b A B R R K Sy 2 AR A BOR . FE R
2 000 m Ab 3 Fh 5 P 2% 5 vh E K Bl E R B %
J B A BTk T %R 82. 60 % B A T E b |k Bk
A bR R O 2241 A AR, 3 AT RE TR B
VE K 1 S 0 R s T S B0

7 » 5 AU BE M b R B 5 - R % A R
PESSBAR , H M [ AR 5 5 SRR 1 22 75 ) b 4 AR 1
AW EESR, 5 MR EE S R TR
(R FR L 2R 800591 9 0. 12,0, 33,0, 11,0. 12 1 0. 12,
AR 3.2.1.1 1, MR 1 400 m AL
B, 0,334k 1 600 m AH LB AL, XN
0. 11, Uk BHIZ A% X AS [R) ¥ 4 voi B M- s g A 5 B
FEMERUR R R BT 22 b
2.3 1TEMFEYMESEESLIEECEATFY
RDA 43 #f

J T B R R R R TR S AR
[E] 9 6 22 o SR F U 20 B 1 0 0k 6 AT HE T S 8 R [l g
W B R T Y R 24 48 8 (Shannon-Wie-
ner 84 . Simpson i ¥ 48 %4 . Pielou ¥ 5] B 45 £k
Hl Margalef =F & B 48 50O 1B i I 42 i, + 384 24k
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Table 8 Similarities between soil seed banks and M e Rh T AL B AL I . B3 9 Al A,
aboveground vegetation at different altitudes RDA HEJF B (157 7 4 HE 5 B i ?E {Eﬁi}’[ﬁlu 3 0.708

i34k o b 250 7 e Soreson 0. 248 FIXT L F) ) ol i 4l A2 43 g3 i)

g A TR AL E (AT A
Altitud Aboveground 4 AT N .
1/;1 e ng:il‘i’;n Seed banks  Soreson similarity S 70. 8% F1 95. 6%, it 1 h@;@f@fi%i%ﬂ]¥

(common species)
: HEI T RV 5 A I T (0 (L A 1 2

1 200 15 21 0.12(3) N

1 400 2 10 0.33(2) ﬁ%‘% 10 HI%D 9i%ﬁ¥ﬁ§%ﬁg#‘i%ﬁﬁ5i%§

00 : . i L pH AT HLIT 4 4 A L L Rl 2 1 A

- \ ) s Xy 5 KR LIRS B A U
' Hop 5 pH 5 535 A, 5 SR R U

2 000 10 7 0.12(1)

Rl pH R 5300 E SR 1 Ay o A R R S MR ER

x6 ARBRIEMHFEDTEFTREM

Table 6 Species life form composition of soil seed bank at different altitudes

— A A B AR LA AR R Bl R

o Annual herb Perennial herb Shrub or subshrub

Alt/f;lde i Tl w5 Ik R TURR R
Density Contribution Density Contribution Density Contribution
/(seeds * m %) rate/ % /(seeds * m ™ %) rate/ %% /(seeds » m ™) rate/ %6

1200 8104 15.28Aa 98.1840.33Aa 5+0.00Ch 0.61£0.01Ch 10+2. 89Bb 1.2140. 34Cb

1400 345+7.64Ca 88.50+1.27Aa 4545.77Bb 11.50+1. 27Bb — —

1 600 565+11.55Ba 82.47+1.20Aa 120+7.64Ab 17.53+1.20Ab

1 800 15+1. 25Ea 52.50+4. 36Ba 5+0.00Ca 17.50+1.45Aa 10+8. 08Ba 30.0042.49Ba

2 000 145+10.41Db 16. 8340. 89Cb 5+2.89Cc 0.5740. 32Cc 71047.64Aa 82.60+0.96Aa

e KE FHERIR ARG R0 22 5, /NG F-0: 7R AN [F] A= 1% BLA) ) i) 26 5
Note: Capital letters indicate the difference between different altitudes, while lowercase letters indicate the difference between different life

form species

®7 AREBRM EEHERDTEFERAK

Table 7 Species life form composition of aboveground vegetation at different altitudes

Wi b AR B Annual herb LA B Perennial herb HE AR B HE K Shrub or subshrub
Altitude wE AE wE AE BE e

i Density/(seeds » m~ %) Important value Density/(seeds » m~?) Important value Density/(seeds * m 2) Important value

1200 5 11.31 20 44. 64 10 44,05

1 400 16 18. 64 16 44,76 5 36. 60

1 600 4 12. 38 15 72.09 8 15. 22

1 800 — — 20 57.79 4 42. 21

2 000 40 21.82 3 49, 84 1 28. 35

R TEMTEYMSHES TEELETH RDA HF S

Table 9 RDA ranking analysis of soil seed bank species diversity and soil physical and chemical factors

HEF A Axe 1 2
FFAE(H Eigenvalues 0.708 0.248
Py Fh-FR 55 #1 K Species-environment correlations 0.983 0.987
AR AT Y M EYE Cumulative percentage variance of species data 70.8/ % 95.6/%
Y Fh-2R55 X & species-environment relation 73.1/% 98.7/%
T FEAE{E Z Al Sum of all eigenvalues 1

Fr A LR AR AE 2 F1 Sum of all canonical eigenvalues 0.968
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SM. - HEF K 45 SBD. LA TPS. 18 fLBUE 5
SOM. A HLIT; pH. BRBIJE s EC. #1433 TC. &6 TN, 245
C/N. i & Lt s AN. B it 2 ; AP. 20 ; SW. Shannon-Wiener
F8 4 ; SP. Simpson it # B 5 %1 ; PL. Pielou Y32 B8 5;

ML Margalef 3 & & 5 %k
Bl 2 TSR EY RS R T
RDA 5 &

SM. Soil moisture content; SBD. Soil bulk density; TPS. Soil
total porosity; SOM. Soil organic matter; pH. Acidity;
EC. Electrical conductance; TC. Total carbon; TN. Total
nitrogen; C/N. Carbon to nitrogen ratio; AN. Alkaline
nitrogen; AP. Available phosphorus; SW. Shannon-Wiener
Index; SP. Simpson Dominance Index; PL. Pielou Uniformity
Index; ML. Margalef Richness Index
Fig. 2 RDA ordination diagram of species diversity

of soil seed bank and soil physical and chemical factors

3 TheS%E

3.1 AEEHETEMFESLE

R TR AR B R S R SR e
HERY MR E WY EARB R L5 AN
PR BE Y A AR - b 0 B W R A R A T R
SRR 22 5 . AR S IR IR 3R I R i -
7 B AD T2 B2, K 2 000 m A1 200 m 4b +
HERp T B W T A L (0 R TR TR T
ASHHTE] AR 1 200 m AbFhF R BORE T — 4 A H
AR 2 000 m RN S EOR IR T R 5o
FEAR IR 1 600 m RN 7 E EEORIE T 244
TS, BT R BT &R UORAS B REARH Y O . b
F T R T RAB BRI 4
FHRIZERL ) Fi 5238 i 5, g2 2R L KRRl L SRR
LSRRG R .

- S 2 [) A U TR ke T 2 A ) B TR &
& R, TEAHEIE LS AN R B R R £

F10 TEEVEAFNLEMFEYH S EEN
RDA &4 HBELTE
Tablel0 RDA condition explanatory variables of soil
physical and chemical factors on species diversity

of soil seed bank

=

Fc%)r Infllijlj:r?lce F P MCR/ %
SM 0.03 1.77 0.176 3
SBD 0.01 0.77 0.508 1
TPS 0.01 0.77 0.508 1
pH 0.56 13.97 0.002" 56
EC 0.23 10. 83 0.002" 23
SOM 0.04 3. 44 0.070 4
TC 0.03 1.74 0.238 3
TN 0.01 0.41 0. 666 1
C/N 0.02 1.28 0. 264 2
AN 0.01 0.79 0. 466 1
AP 0.03 1.62 0.214 3
411 Total 98

1 MCR 7R B4 BR8] B ff B8 45+ » RORTE 0. 01 K
SR - 8 3 K

Note: MCR represents the explanatory variable of a single envi-
ronmental factor; * % is significantly correlated at the 0. 01 level

(two-sided)

SR PEAHALIE B AT 22 5% 189K 2 000 m A Y FF
7% 5 HAW T AR W) RV S Rh 1 AR M X KT
T4 55 Al v RO W) s L SR R T R AR AL L AT fE
S MR 2 000 m ME W) HET& L 33 Rh 7 B b AL D
B JE R B LT AR

A R 2 R AR B TR SR AR AL W) B TR R
TEFPRERRE PE , AT R 38000 A 7% 180 Oy ] 4. WA
ZFEMH ) Shannon-Wiener 841, Simpson i 34 &
R4 Pielou #2545 BRI Margalel 425 Ji 5 Bk
FoR . TEARBESE D B W T m — A A
ARBAHE KB Shannon-Wiener 820 F1 Simpson £
PR F WM, —4E A R Pielou X5) B
ZHA, HE R 5 2F K ) Margalel & & 8 50
Pielou ¥J5) AR ¥ & P K. 4K 1 400 m Ab 1
it P A RS PE AR R A S OL B R 5 5 BE R 2
YA R T RO W AR T A 4 AR
1400 m Ab IR T B ZREPESRAR . 13K 2 000
m Ab LR R R B Dy — 4 AR R AR K B
AW Z A S R T RS, 4R
AR AR AT AT BE R N 4K 2 000 m &b AR
Ydh g 2 (HRE AR SR RE AR D) A e L
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