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Characteristics of soil seed bank and standing vegetation change in

sandy grasslands along a desertification gradient

ZHAO Li-Ya, LI Feng-Rui, WANG Xian-Zhi  (Cold and Arid Regions Environmental and Engineering
Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China). Acta Ecologica Sinica.2003,23(9) 1745~
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Abstract: In sandy grasslands of the Horqin desert in Inner Mongolia of China, vegetation degradation
usually occurs under improper management regimes in fragile environmental conditions. Over the last
several decades, most sandy grasslands in this region have become shifting, semi-shifting and semi-fixed
sandy lands corresponding to severe, moderate and light desertification. However, little is known about
the effects of degradation level on the structure and performance of soil seed banks and standing vegetation
and the interactions between above-ground and below-ground communities in a semi-arid desert

environment. A field experiment was established in a sandy grassland steppe to test the effects of
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degradation level on the structure and performance of the seed bank and the established vegetation and
their spatial interactions at the level of individual plant species.

In early April 2002, four types of degraded sandy grassland (i.e. shifting, semi-shifting, semi-fixed
and fixed) were selected as the experimental sites. On the sites representing the four sandy lands, four
parallel 100m line transects (10 m apart) were established along the sand dune (across windward slope,
dune crest and leeward slope). For each transect, 10 sampling points were set up at 10m intervals, in
which a soil sample of 20 X 20 cm and 5 cm deep was collected from each sampling point. Soil samples
were transported to the laboratory in open plastic bags. The soil samples were germinated in round pots
(diameter 30 cm in diameter, 15 cm high). The pots were first filled with seed-free fine sand of
approximately 7cm deep, and then the soil samples were spread evenly to form an about 3cm thick layer
covered with about lcm thick layer of seed-free fine sand. All pots were placed in an unheated greenhouse,
and the seeds allowed germinating over a 10-week period. Pots were hand watered daily with a very fine
nozzle early in the morning. Emergent seedlings were identified to species and then carefully removed from
the pots. A few unidentifiable seedlings after 10 weeks remained in a longer period in the pots until they
were identified. The density of soil seed bank was expressed as the number of germinating seeds from the
soil samples of the 0~ 5cm layer per square meter (viable seeds m ~?). The subsequent vegetation (only
herbaceous community) was surveyed in late-August using a total of forty 1m? quadrats that were placed in
close vicinity to the sampling points of the soil seed bank at each site. In each quadrat, the density and
above-ground biomass of established plants were measured for individual species present in a quadrat. The
frequency of species occurrence in the soil seed bank and the established vegetation were determined in
terms of the 40 sampling points or the 40 quadrats.

Several important conclusions can be drawn from this study. (1) There were marked differences in
the patterns of species diversity change along the desertification gradient between seed bank and standing
vegetation. Species diversity in the seed bank showed a slight decrease at the stage from the least degraded
fixed sandy land to the moderately degraded semi-shifting sandy land but a significant decrease at the stage
from the semi-shifting sandy land to the severely degraded shifting sandy land. However, species diversity
in the standing vegetation followed a tendency for decreasing with desertification level, with the greatest
decease at the stage from the semi-shifting sandy land to the shifting sandy land. (2) Both densities of the
seed bank and the standing vegetation decreased with increasing level of desertification but there were
differences in the relative rates of decrease among different stages of desertification. The greatest reduction
in the densities of the seed bank and standing vegetation was found at the stage between the fixed and the
semi-fixed sandy lands. (3) The number of co-occurring species both in the seed bank and the standing
vegetation decreased with increasing level of desertification, thus leading to a decrease in compositional
similarity between the seed bank and the standing vegetation. (4) For each of the four sandy land types.,
there was a greater Sorensen’s similarity coefficient in the seed bank composition than in the standing
vegetation composition, suggesting that the species composition of the seed bank was less variable as
compared with that of the standing vegetation. (5) Regressions showed a significant positive relationship
between seed bank density and standing vegetation density when the data for individual species were
analysed. The variation of standing vegetation density with increasing density of the seed bank can be
described by a quadratic curve.

Key words: degraded sandy land; soil seed bank; standing vegetation; compositional similarity; spatial
relationship
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Table 1 Changes in densily(Mean= SE;viablc sceds/m?) of the soll seed bank in sandy lands at different levels of desertification
EnEHk # bR LRy R HEAEW LT 3l g F P
Species Family Shifting sand dune Semi-shifting sand dure Semi-fixed sanc dune Fixed sand dune
E PR Totzl number of species 17 24 24 24
0 FEE SR Total density of seed bank 2609 £1243b 2938+ 371h 3408 +1027b 19022+ 4054a 9.1 <0, DU
145 & Annval herbs
B % Eriochloa villosa FEFEC  — 2.3=1. 3a(9. 4) 10. 81 10.8a(3. 3 — 5.9 Q. 001
X RE Chloris mirgata FEH  4.2+2.1b013.3) 23. 4:9. Tbe31. 3) 5.0x£ 1. 8b(20. 07 6504, 241915, 3a(06. 7> 7.2 <0, 001
=¥ H Arizida edscensionis FAEH 442426, 2a(33. 3) 73, 4 15. 6b{68. 8) 120. 8+32. 5b(8C. 0 85. 0421, 7h{73. 3) 0.3 NS
B JH B Evagrestis pilosa FEH 50,0412, 6b{€3. 3) 82, 2L 18.2h(71. 9) 380. 0:£199, 4b(50, ) 5801. 71483, 24100, 0} 25.8 <20, 001
B O/ Digitaria cilliaris AA# 87 5%44.72(43. 3) 51. 6+ 28. 4a(50.0) 72, 3+36. 6a(40.0) 55.0417. 5a(43. 3) 0. % NS
BB Setaric viridis FEH 240, 0462 5c(8R.T) 256. 34 54. 0c (31, 3D 322, 5-58. 0b(100. 3} 1794 24438. 9a{100. 2 7,2 <0, 001
M B Kockia scoparia RO 7.8_3 1aC2l. ») 0. 8L 0, 8b(3. 3) 14, 214, 92(26. 7) 37.2 <0, 001
K2 Chenopodium glancum E 25 — L.b=1 1b{t 3> U. B+ 0. 8b(3.3) Bil. (454, 9a(23. 3} 21.4 <Z0.001
B ¥ HRasiia dasyphylia w1 38. 3% 18. 1a(36. 7) 19. 545. 3a(34. 4) 71.7+£56. 7a(30.0) 16. 74 86. 52(26. 7) 0.3 NS
L3 Salsola collina = 178. 31 54. 1b{60. 0) 278. 124 67. 0b(84. & 235. 8—52. 9b(80. 0) 907. 54272, 62(96.7) 6.3 <I0.0801
WA Agriophylium sqrarrosum wH 249. 2445, 0c(86. 7) 25, U412, 3b(31.3? 2.5+ 1. 4a€168. 0} 1.741. 7a(3. 3 16.6  <Z0.001
KR Coriipermum marrocar priem *H 803. 34179, 1k(90. 0) 1514, 1+ 275, 6b(9C. 6) 1477. 53291, 9b(50. 9} 665. 0+ 315, 6a(76.7) 0.2 NS
B R Txetis denticnlata HEHD - 2.3=2 3a(3. 1) 0.8+ 0. 8aC3. 3 0.810. 8a(3, 3) 1.1 NS
H & Artemisic scoparia ®H 3.34+2.3a(6.7) 2.5=1 3a(9.4) 63. 32682 5a6. D) 346. 7460 7h(86. ) B3 <C0. 001
BRE Kummerowia striate = 4 — — — 1.7+£1. 2(6.7) — —_
KBTI Erodiuwn stepkarntarmum ﬂ‘r}hﬁﬁ‘@ — — 0.810,8(3.3) - —
H# T Cuscuta clinensis BeAERE 16, 7+10. 3bO16. T) N.E=0 Bal3 1D 8.3+ 6. 0ab(10.0) 0.8+0. 8a(3. 3 8.5 <0, 001
E R Tribubus tervestris EHFHT 58436301332 2,3—1 389, 4) 2.541.8a(6.7) 4.2141. 7a(16. 7} 2.1 NS
BB Amaranthus reirofleaus EHE®  31.7£15.0a(46.7) 83. 6+ 28. 4b(65. 6> 38 3413 1ab{63 3 68. 312 3b(76.7) 2.8 <0.05
LW Poriuleca oleracen g RHE® 77 5415 3be(76.7) 66. 4110, 10(30. 6) G0, 6412 8b(43.3) 434, 24 14. 8a{180.0) 11.9 =0, 001
W Buphorbia hemifusa ABH® 8 3+2.8b(26. T 56. 32123, 5b(31. 3) 256. 7+ 53. 6a{80, 0} 110. UL 29, 3a(76. 72 201 <0, 001
% #.4 B & Perennial herbs .
T B Cleistogenes squarrosa FERE  4.24+2.1b(13.3) 15, 625, 9b(25. 0} 15. §45. 3b(30. 0) 315, 8+ 54. 0a€90. ©) 4.3 0. 004
HIE T Melissitus ruthenious u# — 2.3=1. 3a(9. 4} 2.54 1. 4a(10.0) — 10.4 <0, 001
B Medicage satita oH 1.6=-1.6b(3 1) 2.5+ 1 Bal{6.7)> 3.8+£7, 3a{20.0) 14.8  <0.001
il A Semi-shrubs
E O E Aremisia halodendrom HH 766, T4+747. 7c{36. 7) 350, B 4 89. 6b(87.5) 205. 8167, 3b(83. 3) 5.043.0a(10.9) 5.9 0. 001
55 B YIRT Lespedera davurica 2 — 18, 0+ 13.4bC15. §) 59. 7 +52 4h(23.3) 1828, 54300 8a10N. 0}  14.1  «Z6.001

* T RT R T TEAE Y AT FYERRE R BE(P<0.05); NS ERFBF no significant, 77 2 2875 1 H HUH R 8 Log-transTormed data AR F AN B AL RS
i ¥ 4% untransformed data are shown in table 1;4% 5 5 &7 % (8 & 2 % &9 45 M %5 % (%) values in parentheses are the frequency of occurrence for plant specics; T} Cramineae, (2}

Chenopodiaccac, @Compositae . @ Leguminosae , GGeraniaceae  BiConvolvulaccae s (DZygophyllaceae . 8 Amaranthaceae , @Portulacaceae , (9Euphorbiaceae
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Table 2 Changes in density(Mean+ SE;planis /m?) of the standing vegetation in sandy lands a1 different levels of deserLilicution

W AH - R £ Y E FEEFVE Al & £ P P
Species Family Shifting sand dune Semi-shifting sand dune Semi-fined sand dune Fixed sand dune

MY Total number of specics 14 12 20 23

W | 3 B Total density of standing vegetation  154+57b 176=¢2k 304=4rh 6261 78a 4.3 0. 007
1 4F4: B & Annual herha

R Eriochioa villosa EH -~ - . 03 M 0303, 3) - -
FER L Chloris virgata AR — - 0.034+0.02h(3. ) 26B. 61+66. 5a(80. 0) 127.8 <<0.001
SR Aristida adscensionis FF#  o.2Lf0 1bizo.® 3l 1 Ph{34. 4D 21,818 62090, 0) 22-5914. 4a(36, M) 10.5 <0, 001
BB Eragrostis pilesa FEH — - 17,3 L 13, 8b(30. ) 55, ik 22. Ta(73.3) 28.5 <20, 001
E£L B Digliaria cilliaris FFEH L4320 2.0 1. 5£0. 5a(40, 6> 7.941. 6b(83. ) 2. 741, 2a(40. 0) 4.1 0.007
MR Seraria viridis FEE 24,915 700051 19. T4 7h(90.6) 3€. 3+8. 1ab(100. 0} €8, 1119. 5a(1060, 0) 4.5 0. 006
Kk Kockia scoparia A — — — 0. 6+0. 4¢6. 73 — —
RERE Chemupodium glaucum 3 0. 140 1a€10.G) — 0. 1=0.1a(3, 2} 4.0 0, 003
BB Bassia dasyphytia 5 0. 3.1 0. 2L(32. 0} 0. 54¢. 2k¢25. 0) L840, 50046, 7) 1. 610, 8a40. Q) A5 <0001
L% Salsela colling E 32 34.6=+13. 1e(B0.0) 10, 849, 1b (00, 6) 35. 4 _17. 8b(93. 3 119. 4+ 1B, 4a(100. D) 4,3 0. 007
YK Agriophwlum squarrosum i L, 240, 9b{4D. 0) 031G 1a(12 8) — - 0.1 =<0, 001
KB AKX Corisparmum macrocarpurn 5 83.1 1 28, fibCg0. 0 22, 7=19.3b(90. 5) 114, 4423, 46100, 0} 31.4115.20(63. 3 5.7 fr. 001
M R Lretis denticulata g 3142 1adz20. 0 » 60, 2215, 8) 3. 711, 9a(26. 7} - 149 <0, 001
W Arcemizia scoparin # 6 — — — 0,240, 1(10.0) —
ol Echinops gmelini HE - — W 1E£0.0546. 7) - - —
KMIE Erodium stephaniamum HEILEH — — 0.840.606.7) N — —
D B Purtuleca oleracea oHes — — - L 541, 3(10.0) -
i Bupherbia humifusa REH 0.3+0.1c(26. 7 2. 240, 7c(43. 8} 3% 914.3b¢93. 3) 14. 746, 2a(43, 3) B & <20. 001
EHE 4 AF Perennial herbs

BiB2 T &5 Cleistogenes sguarrosa FEH - — 0.34+02.05k(5.7) 21. 75, 4a{80. 0} 132.5 <0, 001
| X Leymus secalinus AR — 0,410 3a(6. 3) — 0.3+0.3arA. 7Y 3.2 <20.05
P E Phragotites communts FEH 1.44 0, 4a(36. 7) ¢ 140 1b€5. 1> . 1+%1h<6. 7 — 7.7 <0, 001
BB Pennisetum centrasiaticum FEH 0.340.2(6. ) — — — —
WG Melistitus ruthenicus 3% 3 - 9.110. 1bC(zZ 1) 0.140.05b(6. 7) 1.1+ 0. Ral20. ) 11.1 <20, 001
FILH Hgaea lencophyite HE — — 0. DAL 0. N33, 3) — —

HEXY Duphorbia esula KEH  — 1.1£0.805.3) — — — —
W Cynanchum theisiodes FEEHD 0110 10¢6.7) 2,1+ 0. 8a(37. 52 0. 2+0.1b€13. 3) 0. 140 th(s. 7) 3.5 <20, 0U1
BEPAE Saposhuikinis divaricata AEHE - — 0. 03+0.03(3. 3 —

WS Linaria vulgaris TEHI 0. 14 0. 1h(6. 3) 2.3+ 12016, ) — 178 <0.001
M7k Semi-shrubs and shrubs

EZEME Ariemisia halodendron #H 2. 81, 2b(60. D) 9,942 Zc(84.4) 2. 3+ 6. 6b(70. D) 0.4+0. 3a(6. 7 1.9 <0.001
L EWRTF Lespedera davurica o 1.5+1 ¢h{15. 6> 1. 5& 1. 1bC70. 12 0.4£0 3a(6, 7) 1.9 <20.001
B3 L Caragana microphyila 58 2 — Q.03+ 0. 03¢5 1) — — —

Ui 11 BW Hedysarum frutieosum X - — 0. 1 £0. U5bh($6. 7) 5.4+ 2. 0al80. 0} 40. 1 <0. 001

* [ 1 The same as table 11T Asclepiadacene , @Umbelliferze . (3iScrophulariacess
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87% . , N , 92.7419. 3.40. 8
+9.1  19.7+44.7, 87% . . .
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) s 2
2.3
1 2 s
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4 s
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3 4

Table 3 Comparison of Sorensen’s similarity coefficient in species composition of the standing vegetation and the soil

seed bank among sandy grasslands at different levels of desertification

1
rem Fixed sand dune Semi-fixed sand dune Semi-shifting sand dune  Shifting sand dune

Standing vegetation

Fixed sand dune —
Semi-fixed sand dune 0. 698 —
Semi-shifting sand dune 0. 585 0. 737

Shifting sand dune 0.514 0.563 0. 667 —
Soil seed bank

Fixed sand dune —

Semi-fixed sand dune 0.917 —
Semi-shifting sand dune 0.917 1. 000 —
Shifting sand dune 0. 829 0. 829 0. 829 —
3 4 o 3
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