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A comparative study on diaspore weight and shape of 78 species in the Horqin

Steppe
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Ecologica Sinica,2004,24(11) :2422~2429.

Abstract: In this paper. we diaspore weight and shape of 78 species (23 seeds, 55 {ruits) in the Horqin Steppe. Horqin Steppe,
located in the semiarid agropastoral zone of northern China, has undergone severe desertification during the past decades with
the formation of active dunes, degeneration of natural vegetation, and loss of biodiversity. The objectives of the paper are to
find out the relationships between morphological characteristics of diaspores and vegetation processes, meanwhile, to
accumulate basic data for managing vegetation in the study area.

Seeds were taken at the Wulanaodu region (119°39' ~120°02'E, 42°29' ~43°06'N, 480 m a.s.l.) in 2003. The climate of
the region is semiarid with a mean annual precipitation of around 340 mm and a mean annual temperature of 6.3 C. At
present, 90% of the total land has been desertified and 70% of the meadow has become saline and sodic. Psammophile-
dominated vegetation is well developed.

Plant diaspores are usually referred to as seeds, even though many of them in fact are fruits. We analyzed data on seeds
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and indehiscent, single-seeded fruit. Air-dried weight of 100 diaspores was measured for each replica, and five replicas were
employed. Most grasses caryopses were measured with the persistent lemmas and awns with which they are normally
dispersed. The achenes of Compositae were measured with pappus. and seeds of Cynanchum chinense.Salix gordejevii.Salix
mongolica,Salix microstachya were measured with hairs. Fruits of Bidens bipinnata, Atriplex hastata and Tribulus terrestris
were measured with spine.

The shape of diapores was determined by the variance of three-dimensions (length, width, height), five replicas were
employed. Diapores of Gramineae (if there being awn) were measued with the persistent lemmas but without awn; those of
Compositae without pappus, Bidens bipinnata and Atriplex hastata with spine. The shape variance was smaller. the diaspore
was closer to sphericity.

In this paper, we presented diaspore weight and shape of 78 species, but analyzed 140 species (others obtained from
previous studies). Of the species examined, 24 species (accounting for 17%) had a diaspore weight less than 1 mg, and
meanwhile, close to sphericity (variance less than 0.09). Previous studies have shown that morphological characteristics of
diaspore are closely related to longevity of soil seed bank, thus these species might have persistent soil seed bank, and adapt to
disturbance.

Although diaspore weight and shape might be related to life form of plants, evident distinctions of diaspore weight of
different life forms were not found. The shape difference of diaspores, however, was distinct between annuals (mean variance
0.070) and biennials (mean variance 0.129) (P<C0.05), and the diaspores of biennials were flatter and longer. Besides, there
was an evident shape difference of diaspores between annuals and perennials (mean variance 0.109) (P <C0.05), and the
diaspores of perennials were flatter and longer. So, the diaspores of annuals were closest to sphericity in comparison with
biennials and perennials. Study on whether they were easier to form persistent seed bank is needed.

The diaspores of 55% Leguminosae species and 70% Chenopodiaceae species were close to sphericity (variance less than
0.06), and all the diaspores of Compositae and Asclepiadaceae species were flat and elongated (variance more than 0. 06). The
diaspore weight of Leguminosae species was evidently larger than that of Compositae, Gramineae and Chenopodiaceae species
(P<C0.05).

The appendages of diaspores played an important role in dispersal and establishment. 6 Asclepiadaceae species and 3
Salicaceae species had diaspores with hairs. The diaspores of 60% Compositae species had pappuses. Totally, 6 species had
diaspores with wings, and 8 species with styles or calyxes. All the species with appendages might be dispersed by wind easily.
The diaspores of 54% Gramineae species had awns, according to previous studies, these species were not likely to be
dispersed. The diaspores of species such as Xanthium sibiricum, Bassia dasyphylla, Lappula myosotis, Tribulus terrestris,
Atriplex hastata and Bidens bipinnata had hooks or spines, thus they might be dispersed by animals easily.

The characteristics of diaspore weight and shape was not the only mechanism adaptive to the mobility of sand dunes, but it
is one of the most important. All the psammophytes. 11 in total, had medium diaspores, some of them had appendages, and
flat and elongated shapes. The diaspores of Salsola ruhtenica and Bassia dasyphylla had spine, those of Agriophyllum
squarrosum and Corispermum candelabrum were disc-shaped, and those of Pennisetum centrasiaticum elongated. Besides,
diaspores of some psammophytes, Atraphaxis manshuricas Hedysarum fruticosum, Caragana microphylla and Sophora
flavescens were heavy, thus were not likely to be carried away by wind. Two other psammophilous species, Artemisia
halodendron and A. wudanica, had the capability of excreting mucilage and holding sand upon moistening to increase weight.
All of above mechanisims raised possibility of psammophytes’ germination and success of establishment on the active sand
dune.

Nevertheless, the investigation of diaspore dispersal and soil seed bank persistence is needed before we could fully

understand the ecological significance of diaspore morphology.
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Table 1 Diaspore variances and weights of 78 species
100
. . Ecological — Life (i‘SF) Mean ¢ . )
Species Fmily type form 100 diaspore variance Appendages Diaspore type
Weight (mg) (Seeds or fruits)
1 Artemisia halodendron Compositae P SS  34.58+0.37 0.112 None Achene
2 A. lavandulaefolia W PH 9.22+0.42 0.104 None Achene
3 A. wudanica P SS  49.16+0.69 0.111 None Achene
4 Bidens bipinnata w AH 205.18+6.63 0.156 Spine Achene
5 Brachyactis roulei M AH 181.42+8.81 0.125 Pappus Achene
6 Cirsium segetum w PH  254.40+6.98 0.126 Pappus Achene
7 Erigeron acer Y BH 14.10+1.23 0.102 Pappus Achene
8 Eupatorium lindleyanum M PH 31.5840.84 0.118 Pappus Achene
9 Heteropappus altaicus ST PH 35.5641.36 0. 097 Pappus Achene
10 Inula britannica M PH 11.98+1.66 0.129 Pappus Achene
11 Lxeris chinensis W PH 25.024£0. 46 0.172 Pappus Achene
12 Lactuca tatarica M PH 62.6243.30 0.137 Pappus Achene
13 Saussurea glomerata M PH 64.42+3.44 0.145 Pappus Achene
14 S. runcinata M PH 158.584+14.08 0.135 Pappus Achene
15 Scorzonera albicaulis M PH 319.28+15.31 0.184 Pappus Achene
16 Senecio argunensis M PH 73.084+2.91 0. 144 Pappus Achene
17 Taraxacum mongolicum M PH 87.4446.33 0. 145 Pappus Achene
18 Achnatherum inebrians Gramineae w PH 317.74+6.79 0.173 Awn Caryopsis
19 Chloris virgata w AH 56.54+1.08 0.133 Awn Caryopsis
20 Stipa krylovii ST PH 1330.14463.41 0.198 Awn Caryopsis
21 Puccinellia tenuiflora M PH 7.2440.80 0.124 None Caryopsis
22 Calamagrostis epigeios M PH 19.90£0.79 0.157 Awn Caryopsis
23 Leymus chinensis M PH 271.1843.38 0.171 None Caryopsis
24 Phragmites communis M PH 31.96+0.84 0.167 None Caryopsis
25 Miscanthus sacchariflorus M PH 55.184+2.66 0.161 None Caryopsis
26 Aristida adscensionis ST AH 97.92+44.93 0. 207 Awn Caryopsis
27 Agrostis clavata M PH 6.52+0.09 0.137 None Caryopsis
28 Arthrazxon hispidus M AH 77.20%1.76 0.151 Awn Caryopsis
29 Agropyron cristatum ST PH 203.60+4.82 0.156 Awn Caryopsis
30 Spodiopogon sibiricus M PH 108.82+4.01 0. 150 Awn Caryopsis
31 Pennisetum centrasiaticum P PH 92.904+2.17 0.159 None Caryopsis
32 Caragana microphylla Leguminosae P S 3324.48+58.91  0.047 None Seed
33 Thermopsis lanceolata M PH 1590.36428.57 0.035 None Seed
34 Oxytropis ramosissima P PH 182.5442.17 0. 069 None Seed
35 Chenopodium acuminatum Chenopodiaceae w AH  39.90+0. 34 0. 045 None Seed
36 C. aristatum w AH 9.224+0.16 0. 052 None Seed
37 Atriplex tatarica w AH 805.00+37.76 0.051 Curdle Ultricle
38 A. hastata w AH 817.30417.49 0. 030 Spine Ultricle
39 Corispermum candelabrum P AH  221.62+4.36 0.112 Wing Ultricle
40 Periploca sepium . ST S 1144.36493.42  0.163 Hair Seed
Asclepiadaceae
41 Cynanchum paniculatum M PH  423.70+32.57 0.113 Hair Seed
42 C. chinense w PH  465.96435. 39 0.139 Hair Seed
43 C. komarovii P PH 1261.56+60.75 0.133 Hair Seed
44 Asparagua dahuricus Liliaceae P PH 1754.30417.51 0.023 None Seed
45 Allium odorum M PH 108.96+2.18 0.070 None Seed
46 Lilium pumilum M PH 127.12+5.99 0. 160 None Seed
47 Salix gordejevii Salicaceae P S 30.1641.79 0. 096 Hair Seed
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48 S. mongolica M S 14.96£0.41 0.120 Hair Seed
49 S. microstachya M S 37.224£1.99 0.115 Hair Seed
50 Potentilla. discolor Rosaceae M PH 6.9640.41 0. 048 None Achene
51 Dianthus soongaricus Caryophyllaceae ST PH 54.6241.49 0.101 None Seed
52 Silene jenisseensis PH 14.9640.18 0. 007 None Seed
53 Bolboschoenus .
o Cyperaceae PH 3.0040.26 0.120 Awn Nutlet
marttimus
54 B. planiculmis M PH 25.72+0.63 0.077 Awn Nutlet
55 Thymus serpyllum Labiatae ST SS  27.80+£6.38 0.088 None Nutlet
56 Lysimachia barystachys Primulaceae M PH 626.50420.75 0.007 None Capsule
57 Androsace septentrionalis M PH 6.3640.40 0. 009 None Seed
58 Typha angustata Typhaceae M PH 6.8240.23 0.164 Style Nutlet
59 T. minima M PH 3.4440.42 0.136 Style Nutlet
60 Polygonum thunbergii Polygonaceae M AH 93.58+2.80 0. 007 Wing Achene
61 P. divaricatum M PH 844.88+31.91 0. 090 Calyx Achene
62 P. lapathifolium M AH 174.4241.89 0. 083 Style Achene
63 Hyoscyamus niger Solanaceae w BH 57.46+1.84 0. 060 None Seed
64 Thalictrum simplex Ranunculaceae M PH 73.32+1.59 0. 081 Style Achene
65 Euphorbia humifusa Euphorbiaceae w AH 97.80+1.65 0. 001 None Capsule
66 Plantago depressa Plantaginaceae w PH 20.60+0.39 0. 075 None Seed
67 Lythrum virgatum Lythraceae M PH 14.76+0.37 0.078 None Seed
68 Stellea chamaejasme Thymelaeaceae ST PH 116.40+1.76 0. 055 Calyx Nutlet
69 Tribulus terrestris Zygophyllaceae P AH 13075.82+579.91 0.044 Spine Polyfruit
70 Orobanche coerulescens Orobanchaceae AH 0.76+0.16 0. 081 None Seed
71 Galium verum Rubiaceae ST PH 62.10+1.47 0. 020 None Binate fruit
72 Linum stelleroides Linaceae M ABH 48.02+0. 86 0.104 None Seed
73 Parnassia palustris Saxifragaceae M PH 1.5640.21 0.118 None Seed
74 Bupleur
upeeurum Umbelliferae M PH 24.9240. 36 0.103 None Binate fruit
«\'L.()rz(lnerl_/‘()llllln
75 Stum suave M PH 97.4043.70 0. 046 Style Binate fruit
76 Peucedanum terebinthaceum M PH 260.32+13.80 0.105 Vitta Binate fruit
77 Linaria vulgaris Scrophulariaceae P PH 16.9440.65 0.128 Wing Capsule
78 Polygala tenuifolia Polygalaceae P PH 410.16+423.41 0.125 Wing Capsule
AH:1 Annuals; ABH:1.2 Annual-biennials ; BH ; 2 Biennials ; PH . Perennials;S: Shrubs;SS;
( )Semi-shrubs; W Weeds; ST Steppe; M ; Meadow ;P Psammophytes; the same below
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Table 2 Grouping of single diaspore weight
Group Species
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%)\ 17‘ 18‘ 19‘ 1]\ 32‘ 6%\ GG\
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Table 3 Grouping of diasporas for the species concerned
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<0.030 Seed M N o7
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Fruit 37\ 50 68‘ 6.‘)‘ 75
0.061~0.090 Seed 3 15 66 67 70
Fruit 54‘ 53‘ 61‘ 62 64
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( 0.5954+1.17mg 0.7432+1.73 mg), s s o . N
( 3.228+7.40 mg,12. 6404 14. 86 mg,33. 2454+ 58. 91 mg 46.782+93. 33
mg), o 1 mg, ( 0.159), ,
N N N N ., 55% L70%
( <0.05C 2), . ( >0.05), . N
(P<C0.05), o
0.25
o n.zale—-
- § 15
=% oaw
25 - il i
T | o
5 _pos |'||””II] [I
=5 -0
ﬂ_- o
& g -0.10
¥ 015 -
R
& -0.20
03T g FAH H w3 v E 6
Compositac Gruminese Leguminosae  Chenopodia Aselepiadaceae Lilincens
2 6

Fig. 2 The diaspore shape of species in 6 families

| 6 3 ,60%



11

78 2429

References :

(1]
[2]

[3]

L4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

[14]

[15]
[16]
[17]

[18]

[19]

[4]
[6]

[11]
[12]
[13]
[14]
[15]
[16]
[19]

Thompson K, Band S R, Hodgson J G. Seed size and shape predict persistence in soil. Functional Ecology, 1993, 7:236~241.

Weiher E, van der Werf A, Thompson K, et a/. Challenging Theophrastus: A common core list of plant traits for functional ecology.
Journal of Vegetation Sciences 1999, 10: 609~ ~620.

Guo Q, Brown J H, Valone T J, et al. Constrains of seed size on plant distribution and abundance. Ecology. 2000, 81: 2149~2155.
Liu Z M, Zhao X Y, Liu X M. Relationship between disturbance and vegetation. Acta Prataculturae Sinicas 2002, 11(4): 1~9.
Moles A T, Hodson D W, Webb C J. Seed size and shape and persistence in the soil in the New Zealand flora. Oikos, 2000, 89. 541~
545.

Zhong Y K., Bao Q H, Sun W, et al. The influence of mowing on seed amount and composition in soil seed bank of typical steppe 1 size
and weight of seeds of 120 plant species. Acta Scientiarum Naturalium Universitatis Neimongol, 2001, 32(3): 280~286.

Peart M H. Experiments on the biological significance of the morphology of seed-dispersal units in grasses. Journal of Ecology. 1979,
67: 843~863.

Peart M H. The effects of morphology, orientation and position of grass diasporas on seedling survival. Jouwrnal of Ecology. 1984, 72
437~453.

Thompson K. Morphology and color. In: Hendry G A F. Grime ] P, eds. Methods in Comparative Plant Ecology—— A Laboratory
Manual. London: Chapman &. Hall, 1993. 194~196.

Grime J P. Plant Strategies, Vegetation Processes, and Ecosystem Properties. Chichester: John Wiley &. Sons, 2001.

Liu Z M, Li X H, Li R P, et al. A comparative study on diaspore shape of 70 species found in the sandy land of Horqin. Acta
Prataculturae Sinica, 2003, 12(5): 55~61.

LiuZ M, Li R P, Li X H, et al. A comparative study on seed weight of 69 species in Horqin sandy land. Acta Phytoecologica Sinica.,
2004, 28(2): 225~230.

Comprehensive Surveying Team for Inner Mongolia and Ningxia Autonomous Regions Organized by Chinese Academy of Sciences,
Vegetation in Inner Mongolia. Beijing: Science Press, 1985.

Cao X S. Studies on the integrated control of wind, sand drifting and draught in eastern Inner Mongolia (2). Beijing: Science Press.,
1990.

Liu Y X. Flora in desertis deipublicae populorum sinarum. Tomus 1 -1 . Beijing: Science Press, 1985, 1987, 1992.

Liu X M,Zhao H L,Zhao A F. Aeolian environment and vegetation of Horqgin Sandy Land. Beijing: Science Press, 1996.

Funes G, Basconcelo S, Diaz S, et al. Seed size and shape are good predictors of seed persistence in soil in temperate mountain grasslands
of Argentina. Seed Science Research, 1999, 9 (4). 341~345.

Leishman M R, Westoby M. Seed size and shape are not related to persistence in soil in Australia in the same way as in Britain.
Functional Ecology, 1998, 12 (3): 480~485.

Liu Z M, Jiang D M, Gao H Y, et al. Relationships between plant reproductive strategies in the life history and disturbance. Chinese

Journal of Applied Ecology, 2003, 14(3): 418~422.

. . . . » 2002, 11(4): 1~9.
. . s . - 120
( ), 2001, 32(3): 280~286.
s s s 70 . , 2003, 12(5): 55~61.
s s s 69 . , 2004, 28(2): 225~230.
. 1985.
(2). : . 1990.
I-m. : . 1985, 1987, 1992.
s s . . : . 1996.
s s PR . , 2003, 14(3): 418~422.



