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Abstract; The seed bank is the collection of viable seeds present on or within the soil at any given time. Soil seed bank is
an important indicator in response to changes in land utilization and climate, and also forms the basis for desert vegetation
restoration and development. Nitraria vegetation is typical of desert vegetation and with nebkhas is widely distributed along
the periphery of oasis in the arid regions of Northwest China, playing an important role in desertification control around
oases. In recent decades, Nitraria vegetation in the oasis-desert ecotone has been seriously degraded due to the rapid
decrease of the groundwater table caused by agricultural over development. However, there is little information regarding the

change in characteristics of the soil seed bank of Nitraria nebkhas in arid desert areas. Using the method of substituting
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space for time, the species composition, distribution pattern and quantitative variation of soil seed banks of N. Tangutorum
nebkhas in initial, stable, degraded and severely degraded stages were studied in the lower reaches of the Shiyang River.
Results showed that the soil seed bank of N. Tangutorum nebkha in the lower reaches of the Shiyang River was composed of
18 species, belonging to 9 families. Herb species accounted for 55%—80% and were the main body of soil seed banks. The
soil seed density of the stable stage was 660.7 seeds/m’, and was the highest, being 5.6, 14.5 and 6.2 times greater than
those measured in the initial stage, degraded stage and severely degraded stage, respectively. The soil seed density of the
degraded stage was 45.7 seeds/m”, and was the lowest, only accounting for 38.9% , 6.9% and 42.5% of those measured in
the initial stage, stable stage and severely degraded stage, respectively. The soil seed density of the N. Tangutorum
population at the different succession stages was also significantly different, showing a decreasing trend after the initial
increase. The soil seed density of N. Tangutorum population at the stable stage reached 9.33 seeds/m”. The soil seed density
in different positions of N. Tangutorum nebkhas was significantly different and was mainly distributed in the central parts of
the windward and leeward slopes of N. Tangutorum nebkhas, with seed densities of 329 seeds/m’ and 309 seeds/m’,
respectively. The mean soil seed density of the nebkhas was 1.9 times that in the depressions within the nebkhas. Similarity
coefficients of soil seed banks between the different succession stages were less than 0.6, which were recognized as having a
moderate similarity level except for the stable stage which showed a low similarity coefficient. There were more common
species which accounted for over 65% of vegetation above ground and the soil seed bank. Similarity coefficients between
vegetation above ground and the soil seed bank were more than 0.5, which showed a moderate to extreme similarity level,
and demonstrated a decreasing trend after the initial increase. The findings have proven the importance of soil seed banks
and Nitraria nebkhas in Nitraria vegetation and also suggest that human disturbance has impacted potential underground
vegetation and its restoration capacity. Therefore, man-made soil seed banks or vegetation construction should be adopted to

contain Nitraria nebkhas activation and restore degraded Nitraria vegetation in arid desert areas.

Key Words: the lower reaches of the Shiyang River; Nitraria vegetation; nebkhas; soil seed bank; similarity
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Table 1 Main characteristics of Nitraria vegetation and nebkhas at the different succession stages
] . _ . . AW i
e o i st o w1 | i i
- ) A ) Biomass/ Community
Stages Sites Long axis/m Short axis /m Height/m Coverage/ % )
(kg/m*) coverage/ %
N
%ﬂ,ﬁ_nmgi a4 2.27+0.27¢ 2.01+0.33b 0.49+0.07b 57.86+6.53a 0.71+0.12ab 37.6+14.8b
Initial stage
FaE BB U
& i 5.59+0.41bc 3.33+0.28b 0.85+0.08ab  65.80+5.89a 1.83+0.98a 64.7+3.7a
Stable stage
S B
RBRTE = 9.65+1.98a 6.18+1.37a 0.96+£0.12ab ~ 32.89+5.68b  0.62+0.11ab 32.4+3.5bc
Degraded stage
5 2 H Y
FEIER i B WIF 6.42+0.59b 4.50+0.45ab 1.25+0.28a 20.50+3.33b  0.20+0.03b 23.5+6.5¢
Severely degraded stage
ANTF) B ) R 7R 22 5 i
F2 BREMMEHAERFEBENERDHERE TESE
Table 2 Topsoil characteristics of Nitraria nebkhas at the different succession stages
N & Klogsr B N . )
e o ok Rk i BYA A it Wi IR
5 Bulk density/ Soil water Clay content . . .
Stages 3 Silt content/% Sand content/% Crust status
(g/cm”) content /% /%
IR BB YOI BN, JE W/ T R
1.47+0. .73£0.2 .79£0.10¢ .67£0.32c .54£0.41 ’
nitial stage +0.06a 0.73+0.29a 0.79+0.10¢ 3.67+0.32¢ 95.54+0.41a WLE
a7 B b E, VIE Y45
?EK)IE& 1.42+0.05a 0.75+0.09a 2.91+0.67b 8.31+1.82b 88.78+2.49a {/ﬁ[ﬂﬂi, AEHE K
Stable stage RE
wEiB M B L S
AR 1.35+0.06a 0.62+0.09a 4.37+0.82a 17.81+4.45a 77.81+£5.22h AL :EZjﬂﬂE, B
Degraded stage IR
S 22 O Er I T 92 7 51 /N T R
FERBHE 1.41+0.07a 0.36+0.03a 2.84+0.13b 7.14+0.37b 90.02+0.48a U, RENEE

Severely degraded stage

CR7E)d

FRFE VP HEATRIFR AL 0—5 om - HERLIE 4l AV LI 3, HAS ROV KL & 2 e AN 2%, £
S H LIE TR B, R R (] b , 55 HAB YD RO, TC 2 25 5 . R BE/K a3 DR 5 AL 257 ik L2 4 ) 3 £

R, G UPHER TN 22 57 3, (HUI R 0 XU P S TS 5 IR [ I S 3 22 5 (3R 3)
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Table 3  Topsoil characteristics at the different positions of Nitraria nebkhas
A kR s h i g A s A
Bree . A B A it BRI WA
Bulk density/ Soil water .
Stages 3 Clay content/% Silt content/ % Sand content/%
(g/cm”) content /%
100 IR
R . 1.39+0.09ab 1.91+0.34b 3.95+0.66ab 14.56+2.68ab 81.49+3.16ab
Foot of the windward slope
i JX i
Lﬂiﬁqﬂﬁﬂ . 1.40+0.08ab 0.66+0.08¢ 2.41x1.14b 6.84+3.16b 90.75+4.25a
Centre of the windward slope
0
HE IS 1.44+0.13a 0.82+0.19¢ 2.47+1.47b 7.03+4.08b 90.50+5.52a
Nebkhas crest
Hb X &Y,
FR 1.37+0.07ab 0.50+0.10¢ 2.53+0.89b 6.96+1.82b 90.51+2.63a
Centre of the leeward slope
El=) x > é:\
I—JJ_UZ.U]I] 1.35+0.08ab 1.63+0.33b 4.01+1.09ab 12.57+3.45ab 83.42+4.30ab
Foot of the leeward slope
T
AT 1.29+0.16b 3.56+0.65a 5.49+0.88a 22.19+5.05a 72.32+£5.95b

Interspace between nebkhas

2.5 Bt

I Excel F1 SPSS16.0 HF 58 G AL BEANGE T 08T , SR HT LSD S/ ik 38 2 B0 %F 1 0 DML 9 - 1
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30 RAEE 2 B SRR 2 B ISR SR B AR RFRZIRS | A (3R 4) o FURIFR RN R R DR
FEBT B IR, IR 8 9.33 L /m?, LI PRI DA O o R R S RN S A AR A, i 5 b R R A
FHARARBAT—3 (R 1,38 4) , FARY I JEFL 85 O FE R LU Rl 72 [R)80% B Be Y4 A 43 A, 1
HekE RVE NS R b B SRR | A AR T sl v B 038 s AR , P BE 11 0 E AR b SRR
VP BEE Y B, E SR I B P AR B, AR AR VD AR LR B B R B, T R TOTS A R e B B B
AR, IR PR i A RS B L 28 B TR/ N S B T N Ak AR P P A S S R AR

R4 BREIMEFRRENRIEMHFENDHEARRERE

Table 4 Species composition and seed density of soil seed bank at the different succession stages of Nitraria vegetation( #7/m?, mean+SE)

JEEFIRBB

ﬁw Ef# . %JJizﬁ [7d= FesE B iR B Severely degraded
Species Family Initial stage Stable stage  Degraded stage stage
YL Species number 14 9 13 10

1 A FAC Annual herb

T # Bassia dasyphylla F2F Chenopodiaceae 0.67+0.18 0 0.67+0.18 0.67+0.18
UK Agriophyllum squarrosum 2P} Chenopodiaceae 0 0 0.67+0.18 1.33+0.18
H5Z Corispermum patelliform FF Chenopodiaceae 32.00+6.33 0 0.67+0.18 0
b2 85 Halogeton glomeratus 3B} Chenopodiaceae 7.33+1.58 3.33+0.84 0 72.63+14.25
J3% Salsola ruthenica # B} Chenopodiaceae 2.00+0.44 0 0.67£0.18 0.67+0.18
I 5L Eragrostis pilosa ARAF} Gramineae 45.33£9.86  496.7+134.8 2.67£0.57 21.33+4.81
W HISk Echinops gmelini 458l Compositae 0.67£0.18 0 0 2.00+0.44
# Artemisia spp. %%} Compositae 2.00£0.55 0 0.67+0.18 0
ZAFEAHUR Perennial herb

FEAEAMALEE Limonium aureum Rl Plumbaginaceae 0 0 0.67+0.18 5.33x1.14
W 5T Sophora alopecuroide F B} Leguminosae 6.67+1.53 0.67+0.18 17.33+3.64 1.33+0.33
B FHE Cleistogenes squarrosa RAEL Gramineae 8.00+2.12  143.33+54.22 0 0
U%BU3%E Peganum harmala B} Zygophyllaceae 4.67+0.96 0.67+0.18 0.67+0.18 0
VP& Allium mongolicum HEF Liliaceae 0.67+0.18 0 0 0
FHER Semi-shrub

D Artemisia sphaerocephala 3%} Compositae 2.00+0.44 4.67+1.11 12.33+3.97 0
ZIR} Reaumuria songarica ML Tamaricaceae 1.33+0.37 0.67+0.18 0.67+0.18 0.67+0.18
ETUR Kalidium foliatum #F} Chenopodiaceae 0 1.33+0.37 0 0
AR Shrub

B # Nitraria Tangutorum PERERL Zygophyllaceae 4.00+0.88 9.33+1.93 6.67+1.36 1.330.32
VA Calligonum mongolicum FR} Polygonaceae 0 0 1.33+0.37 0
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Fig.1 Life form spectrum of soil seed banks at the different B2 BREAMESERERENRIEMTFERE
succession stages of Nifraria vegetation Fig.2 Seed bank density at the different succession stages of
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Stable stage; I : % M B BE Degraded stage; IV . ™ & % W B B
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P HE DAY AN ] BB A 114 - SR 1 J22 2 R/l
B ANTE], Herb 20 XU b 3 5 8 X b R e o, 233l
IBE 329 Ri/m* 309 Ki/m?, 58 XU F5 XU B
() M 25 5 W 2, (EL S VD S THUAT 22 S A 35 a0 KU 5
5 R - S8 b 5 28 2 2 ) 3R B 106 A/m® F1 100
Hr/m? 5 UDHETTERFIHE () o TG o 25 25 5% (161 3) . AR,
PSR AR B - S0 e P RS AR TERE AV HE | VD HE
X A S Al P R A B 211 Ri/m?, 2 ME R] M Y
1.9 %,
3.4 HEERFEEMYIRNZ AR AL

I RIE AR DI et A, 3R R R R 2 4
P S AR5 1 I AR R e, o Wk B B - 4
AT E Simpson , Shannon-Wiener LTS EUR Pielou
Py o) AR B i, AT B Y RD 2R IR P B
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Nitraria vegetation
1 . WIEE KB Initial stage; Il FaEM B Stable stage; IIl ; T B B
Degraded stage ; IV JEE I B Severely degraded stage
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=
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=
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%
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Fig. 3 Seed bank density at the different positions of
Nitraria nebkhas
P13 XU B foot of the windward slope; P2 i X3 H 3 centre of
the windward slope; P3: 3 TH & nebkhas crest; P4 # KU ¥
centre of the leeward slope;P5: T X B foot of the leeward slope;
P6 . Hi 5] b interspace between nebkhas
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(£5).
x5 BAREMERARFERENRTENFEANYMSEYE
Table 5 Species diversity of soil seed bank at the different succession stages of Nitraria vegetation

e Shannon-Wiener
b ool mbey | Smpson SREEIREL SRR Piclou 4153 15 41
Stages . ) Simpson diversity index Shannon-Wiener Pielou evenness index

(Cki/m?) L

diversity index

WA B BE Tnitial stage 117.3 0.77 2.64 0.69
FaE M Bt Stable stage 660.7 0.52 1.30 0.41
TR BB Degraded stage 45.7 0.75 2.43 0.66
FEH R B Severely degraded stage 107.3 0.50 1.47 0.46

3.5 RIERP TR

A AR R R T, W0 AR B B A B B A - SR 5 AR U R B 0.5, A T rR SR ALK
o FEE B B b SRl T RO K (HA AR D, S R B M E IR B B R SR T AR TR AR
HK o TR By B 7™ 1B By B FRTE IR AL M RIE R BOAF) 0.53 , AL TP BIKF (K 6) .

®6 BREMIBEAERRENRLENFENBUERY

Table 6 Similarity coefficients of soil seed banks between the different succession stages of Nitraria vegetation

e E IR BB

KBt TR B B FaE BB FEIRB B

. Severely degraded
Stages Initial stage Stable stage Degraded stage

stage

WL B BL Initial stage 1
FaE BB Stable stage 0.53 1
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Fig.4 Relationship between the standing vegetation and soil seed
bank at the different succession stages of Nitraria vegetation
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