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Abstract: The species composition and diversity of weed seed bank of 0—15 cm soil layer in 31 sample
sites of main crop fields ( including upland and paddy fields) in Jiangsu Province were investigated by
water washing-microscopic examination method. And correlation between species in weed seed bank and
environmental factors ( including waterlogging days  organic matter content and pH in soil annual
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precipitation annual mean temperature latitude and longitude of sites) was analyzed by canonical
correspondence analysis ( CCA) and scatter diagrams of CCA two-dimensional ordination about sites—
and species—environment factors were also drawn. The investigation results show that weed seeds of 54
species (41 and 45 species respectively in upland and paddy fields) belonging to 15 families are detected
in weed seed bank of 31 sample sites in which common weed species are in the majority but dominant
species are various in upland and paddy fields. The common dominant species are Mazus japonicus
( Thunb) Kuntze Cyperus difformis L. Ammannia baccifera L. Leptochloa chinensis ( L) Nees
Polypogon fugax Nees ex Steud. and Malachium aquaticum ( L) Fries etc. and number of weed species
in Gramineae and Cyperaceae are the most accounts for 22. 6% and 20. 8% of total number of weed
species respectively. The dominant species in weed seed bank in different sites of upland field changes
greatly but that of paddy field is relatively stable while difference of dominant species frequency between
upland and paddy fields is greater. There are 19 weeds in upland field with frequency higher than 0. 30
while 20 weeds in paddy field with frequency higher than 0. 50. And there are 11 and 9 weeds
respectively in upland and paddy fields with average important value higher than 0.03 important value of
these weeds with high frequency is also high. Seed density of weed seed bank in upland and paddy fields
is 21 015 and 37 847 m™> respectively with an average density of 31 008 m™>. Weed seed density in
three soil layers in upland field has no significant difference but that in upper and middle soil layers in
paddy field is significantly higher than that in lower layer. Summer and autumn weeds are main types in
upland field while paddy and summer weeds are main types in paddy field. According to morphological
type the species number and density of weed from high to low in order is broadleaf grasses grasses
sedges and their species number and density in paddy field are higher than those in upland field.
Compared with upland field species richness ( S)  Shannon-Wiener index ( H”) and Simpson index
(D) of weed seed bank in paddy field are higher while Pielou index ( E) is lower. And with increasing
of soil depth S H” and D of weed seed bank in upland field decrease gradually but E increases but
change trend of species diversity indexes of different soil layers in paddy field are not obvious. Negative
correlation between the first axis of species and waterlogging days is the highest ( R=-0.814 3) and
negative correlations between the second axis of species and annual precipitation longitude are also
higher. The results of correlation and CCA analyses all indicate that waterlogging days is the most
important factor for impacting the structure of weed seed bank community. According to results of CCA
two-dimensional ordination the 31 sample sites can be divided into two groups of upland and paddy
fields and the upland field group is further divided into two sub—groups of long-term drought continuous
cropping and paddy-upland rotation while paddy field is further divided into two sub-groups of the north
area of Huai River and the south area of Huai River—Yantze River basin. It is suggested that dominant
species in potential community of weed seed bank is similar to ones in emerged community of above—
ground weeds therefore status of occurrence and harm of above-ground weeds may be predicted through
investigation of weed seed bank in soil.

Key words: weed seed bank; paddy field; upland field; species diversity; correlation analysis;
environmental factor
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Fig.1 Distribution schematic diagram of sample site for investigation
of weed seed bank of main crop fields in Jiangsu Province
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Table 1 Comparison of seed density of weed seed bank in different
soil layers of upland and paddy fields in Jiangsu Province (X+SE)"

-2

/m Seed density
/em
Soil layer Depth
Paddy field Upland field
Upper layer 0-5 15 084+2 408aA 10 720+4 848aA

Middle layer 5-10
Lower layer 10-15

13 388+1 492aA
9 375+1 036bA

5 650+1 527aB
4 645+1 370aB

D ( P<0.05) Different small
letters in the same column indicate the significant difference ( P<
0.05) ; ( P<0.05) Different
capitals in the same row indicate the significant difference ( P<0.05) .
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Table 2  Statistical results of species number and seed density of different types of weed in weed seed bank in soil of twelve sample sites of upland

field in Jiangsu Province

Summer weed in upland field

Weed in paddy field Autumn weed in upland field

No. Location

/m~2 /m~2 /m~2
Species number Density Species number Density Species number Density
1 Shi” erxu of Yizheng 5 8 887 1 248 7 34 566
2 Gaoliu of Xinyi 4 1 336 0 0 6 4 819
3 Dongchen of Rugao 6 13 953 5 10 480 2 1048
4 Huilong of Qidong 6 2 985 0 0 4 15 553
5 Jiangpu of Nanjing 6 5531 5 17 103 2 447
6 Shima of Lianshui 3 10 233 4 10 764 6 8 437
7 Jiangbin of Haimen 3 17 612 4 57 340 4 28 094
8 Huji of Hai” an 6 20 826 7 32 111 4 6 165
9 Linze of Gaoyou 4 3902 4 19 458 2 1673
10 Sizao of Dongtai 4 3 865 5 298 965 4 5 436
11 Baiju of Dafeng 9 10 433 4 28 887 0 0
12 Dongkan of Binhai 5 12 300 1 287 5 3051
Average 5.1 9321.9 3.3 39 636.9 3.8 9107.4
2.1.2.2 19 47.40%  29.84%;,
33.41%;
3. 3
15 ~26 20 12.03% 11.39%;
N N N 17.27% o
Al 3
(Sclerochloa kengiana ( Ohwi) Tzvel.) o



6 21

. N ( Ludwigia prostrata Roxb.) | . N ( Alopecurus japonicus Steud.) .

S N . (Pycreus globosus var. ( Cardamine hirsuta L) . N
strictus ( Roxb) C. B. Clarke ], ( Echinochloa ( Hemistepta lyrata ( Bunge ) Bunge )
crusgalli (L) Beauv.) ( Cyperus glomeratus 1..) (Beckmannia syzigachne ( Steud) Fern.) ;

) A} N A} A} o

3 19
Table 3 Statistical results of species number and seed density of different types of weed in weed seed bank in soil of nineteen sample sites of paddy
field in Jiangsu Province

Summer weed in upland field Weed in paddy field Autumn weed in upland field
No.  Location Jm™ Jm2 /m™2
Species number Density Species number Density Species number Density
13 Xushe of Yixing 7 36 455 11 29 531 4 3996
14 Shi” erxu of Yizheng 8 54 204 10 76 871 3 3353
15 Gaogiao of Xuyu 9 17 650 11 61 370 1 2 318
16 Shuanggou of Sihong 7 10 008 6 40 294 3 2751
17 Chenyang of Sheyang 6 5 859 9 43 521 3 4613
18 Dongchen of Rugao 9 159 346 8 70 564 3 1 862
19 Guanhu of Pizhou 5 9 032 9 61 764 3 2 575
20 Shima of Lianshui 6 45942 9 59 928 3 4328
21 Dongping of Lishui 5 27 063 9 82 127 1 249
22 Xilai of Jingjiang 7 94 020 9 47 377 2 1 867
23 Shen’ gao of Jiangyan 9 36 530 9 81 852 3 2273
24 Yangji of Guanyun 4 2 643 9 57 924 4 2 878
25 Linze of Gaoyou 9 29 866 9 50 709 3 1747
26 Gaobai of Gaochun 9 104 070 11 62 628 3 2 068
27 Taidong of Dongtai 10 55 190 9 37 120 4 2 349
28 Shiliu of Donghai 11 164 699 10 31 663 5 5380
29 Qianhuang of Changzhou 11 124 088 11 60 098 4 1 960
30 Xieqiao of Changshu 12 83 116 11 37 400 2 2 832
31 Caodian of Baoying 8 45213 5 32 020 5 4162
Average 6.8 41 562.7 9.1 59 426.9 2.8 2755.3
2.1.3 3
( P<0.05) .
22 171 31 2 2
N 31 54
3 15 41
o 45
3 5.
; 31
( P<0.05) ( Gramineae) ( Cyperaceae)
o 22.6%  20.8%;
( Caryophyllaceae) . ( Scrophulariaceae) .
; ( Amaranthaceae) ( Lythraceae) .

3 ( P<0.05) ( Cruciferae) ( Compositae) o
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Table 4 )Comparison of species number and seed density of different morphological types of weed in upland and paddy fields of Jiangsu Province
(X=SE)*

2

/m™
Species number of different types of weed Seed density of different types of weed
Type of crop field
Grasses Sedges Broadleaf grasses Grasses Sedges Broadleaf grasses
Upland field 3.6+0.38bA 1.6+0.47¢B 7.36+0.53aA 4 8061 622aA 34001 553aA 12 595+6 188aA
Paddy field 6.0+0.43bA 4.6+0.21cA 10.00+0. 39aA 10 272+2 907bA 7 973+594bA 19 039+2 510aA

h ( P<0.05) Different small letters in the same row indicate the significant difference among

different types of weed ( P<0.05) ; ( P<0.05) Different capitals in the same column indicate
the significant difference among different types of crop field ( P<0.05) .

1
Tals)le 5 Frequency and average important value of different species in weed seed bank of upland and paddy fields in Jiangsu Province"
Frequency Average important value
No. Species
Upland field Paddy field Upland field Paddy field
1 Mazus japonicus 0.83 1.00 0.090 0.158
2 Cyperus difformis 0.67 1.00 0.124 0. 154
3 Ammannia baccifera 0.67 0.95 0.140 0.071
4 Lindernia procumbens 0.50 1.00 0.019 0.099
5 Capsella bursa-pastoris 1.00 0.63 0.047 0.016
6 Leptochloa chinensts 0.50 1.00 0.036 0.059
7 Polypogon fugax 0.50 0.79 0.031 0.049
8 Monochoria vaginalis 0.25 0.95 0.023 0.022
9 Ludwigia prostrata - 1.00 - 0.031
10 Digitaria sanguinalis 0.67 0.58 0.060 0.009
11 Cyperus iria 0.17 0.89 0.016 0.021
12 Malachium aquaticum 0.42 0.74 0.033 0.035
13 Pycreus globosus var. strictus 0.17 0.84 0.002 0.012
14 Eclipta prostrata 0.33 0.63 0.011 0.017
15 Eleusine indica 0.33 0.68 0.051 0.009
16 Alopecurus aequalis 0.33 0.63 0.014 0.027
17 Acalypha australis 0.83 0.21 0.037 0.002
18 Alopecurus japonicus 0.17 0.58 0.008 0.020
19 Echinochloa crusgalli - 0.63 - 0.007
20 Fimbristylis dichotoma 0.17 0.53 0.009 0.012
21 Veronica anagallis-aquatica 0.17 0.47 0.003 0.020
22 Cyperus glomeratus - 0.58 - 0.029
23 1 No. I of unknown species 0.33 0.32 0.022 0.003
24 Fimbristylis miliacea - 0.47 - 0.015
25 Veronica peregrina - 0.42 - 0.011
26 Sclerochloa kengiana 0.08 0.37 0.002 0.038
27 Eragrostis pilosa 0.58 - 0.089 -
28 Rotala indica 0.08 0.32 0.001 0.003
29 Hemustepta lyrata 0.08 0.32 0.001 0.003
30 Setaria viridis 0.33 0.11 0.015 0.001
31 Cyperus imbricatus 0.17 0.21 0.007 0.002
32 2 No. 2 of unknown species 0.25 0.16 0.006 0.001
33 Cardamine hirsuta - 0.32 - 0.005
34 Poa annua - 0.32 - 0. 005
35 Galium aparine var. tenerum 0.25 0.16 0.004 0.002
36 Beckmannia syzigachne - 0.26 - 0.015
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5 Table 5 (Continued)

Frequency Average important value
No. Species
Upland field Paddy field Upland field Paddy field
37 Stellaria media 0.33 - 0.017 -
38 Amaranthus retroflexus 0.33 - 0.009 -
39 Celosia argentea 0.33 - 0.008 -
40 Stellaria uliginosa - 0.21 - 0.004
41 Chenopodium serotinum 0.08 0.16 0.007 0.002
42 Geranium carolinianum 0.08 0.16 0.008 0.002
43 Veronica persica 0.17 0.05 0.013 -
44 Cyperus michelianus 0.17 0.05 0.007 -
45 Silene conoidea - 0.11 - 0.001
46 Arenaria serpyllifolia 0.17 - 0.024 -
47 Cerastium viscosum 0.08 0.05 0.001 0.001
48 Polygonum aviculare - 0.05 - -
49 Scirpus planiculmis - 0.05 - -
50 Descuminia sophia 0.08 - 0.002 -
51 Aeschynomene indica 0.08 - 0.003 -
52 Panicum bisulcatum 0.08 - 0.002 -
53 Ixeris chinensis - 0.05 - -
54 Cyperus rotundus 0.08 - 0.001 -
n_ Undetected.
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Table 6 Analysis of species diversity of weed seed bank in different soil layers of upland and paddy fields in Jiangsu Province (X+SE)
/em Shannon—-Wiener Simpson Pielou
Type of crop field Soil layer Depth Species richness index  Shannon-Wiener index ~ Simpson index Pielou evenness index
Upland field Upper layer 0-5 10.077+0.729 1.622+0.101 0.713+0. 040 0.715+0. 041
Middle layer 5-10 7.923+0.780 1.502+0. 102 0.695+0.031 0.755+0.037
Lower layer 10-15 6.923+0.796 1.416+0. 121 0.676+0. 046 0.760+0. 041
Overall 13.308+0. 820 1.790+0. 104 0.746+0. 034 0.683+0.038
Paddy field Upper layer 0-5 14.053+0. 669 1.534+0. 140 0.825+0.029 0.592+0. 054
Middle layer 5-10 14.579+0. 623 1.655+0. 139 0.856+0. 020 0.629+0. 055
Lower layer 10-15 12.789+0. 740 1.611+0.120 0.840+0.023 0.648+0.050
Overall 20.895+0. 768 2.070+0. 050 0.808+0.011 0.695+0.016
7 n

Table 7 Correlation coefficients between species axes of weed seed bank of main crop fields in Jiangsu Province and some environmental
factors?

Factor axl ax2 D C pH P T Lat Long
axl 1.000 0
ax2 -0.0150 1.000 0
D -0.814 3 0.024 2 1.000 0
C -0.197 1 -0.161 4 0.259 9 1.000 O
pH 0.3912 -0.024 9 -0.407 0 -0.3105 1.000 0
p 0.005 2 -0.651 8 -0.0393 0.274 2 -0.226 0 1.000 0
T -0.066 8 -0.270 2 0.117 8 0.5456 -0.4233 0.750 0 1.000 0
Lat 0.019 8 0.548 0 -0.057 7 -0.4112 0.403 4 -0.809 2 -0.6190 1.000 0
Long 0.123 6 -0.761 1 -0.1527 -0.012'5 0.176 1 0.6135 0.2199 -0.408 3 1.000 0
Y axl: 1 The first axis of species; ax2: 2 The second axis of species; D: Waterlogging days; C:
Organic matter content in soil; pH: pH pH of soil; P: Annual precipitation; T: Annual mean temperature; Lat:
Latitude; Long: Longitude.
1 2 pH
0.8390 0.8320; 2 o
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Baoying. D: Waterlogging days; C: Organic matter content in soil; pH: pH pH of soil; P: Annual
precipitation; T: Annual mean temperature; Lat: Latitude; Long: Longitude. [ : Sample sites of upland field; 1I:
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Fig. 2 Scatter diagram of CCA two-dimensional ordination between thirty-ene sample sites of upland and paddy fields in
Jiangsu Province and environmental factors
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1: Mazus japonicus; 2: Cyperus difformis; 3: Ammannia baccifera; 4: Lindernia procumbens; 5: Capsella bursa—
pastoris; 6: Leptochloa chinensis; 7: Polypogon fugax; 8: Monochoria vaginalis; 9: Ludwigia prostrata; 10: Digitaria
sanguinalis; 11: Cyperus iria; 12: Malachium aquaticum; 13: Pycreus globosus var. strictus; 14: Eclipta prostrata;
15: Eleusine indica; 16: Alopecurus aequalis; 17: Acalypha australis; 18: Alopecurus japonicus; 19: Echinochloa
crusgalli; 20: Fimbristylis dichotoma; 21: Veronica anagallis-aquatica; 22: Cyperus glomeratus; 23: 1 No. 1 of
unknown species; 24: Fimbristylis miliacea; 25: Veronica peregrina; 26: Sclerochloa kengiana; 27: Eragrostis pilosa; 28:
Rotala indica; 29: Hemistepta lyrata; 30: Setaria viridis; 31: Cyperus imbricatus; 32: 2 No. 2 of unknown
species; 33: Cardamine hirsuta;, 34: Poa annua; 35: Galium aparine var. tenerum; 36: Beckmannia syzigachne; 37:
Stellaria media; 38: Amaranthus retroflexus; 39: Celosia argentea; 40: Stellaria uliginosa; 41: Chenopodium serotinum; 42:
Geranium carolinianum. D: Waterlogging days; C: Organic matter content in soil; pH: pH pH of soil; P:
Annual precipitation; T: Annual mean temperature; Lat: Latitude; Long: Longitude.
3 42 CCA

Fig. 3 Scatter diagram of CCA two-dimensional ordination between forty-two weeds in weed seed bank of main crop fields in
Jiangsu Province and environmental factors
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