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Study on reproductive biology of the invasive plant Solidago canadensis
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Abstract: Solidago canadensis, a perennial composite plant originating from North America, was introduced into China as a
horticultural plant in 1935 U nder natural conditions, S. canadensis allocates large anountsof energy to sexual reproduction
and producesmany seeds, w hich reflects an r-strategy w ith high seed number and snall seed size In addition, naturalized
populations have a great capacity to grow clonally with underground stens S. canadensis has become an invasive weed in
eastern China, and caused serious danage to agricultural production and ecosystan s in several provincesof China In order to
understand the reproductive characteristics of S. canadensis and effectively control its pread, we exanined il conditions,

seed characteristics, seed gem ination and the capacity for asexual reproduction in different plant parts W e investigated the
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population digersion of S. canadensis in fixed sites for three years, and analyzed the seasonal dynamics of morphological
param etersof below ground plant partsand the caloric valuesof different organsof S. canadensis W e also compared differences
in the root systeansof S. canadensis and composite exotic weeds The follow ing resultsw ere obtained: (1) U nder natural
conditions, the gemination season of S. canadensis lasts from M arch to O ctober, w ith a gem ination peak in April andM ay.
V egetative grow th and asexual reproduction w ere egecially vigorous during the summer seaon A suitable climate promotes
seed gem ination in the rainy season, w hile high tanperatures and il drought stress increase vegetative grow th and asexual
reproduction Most S. canadensis flow er betw een Septamber and January, and fruit in late October A mature plant can
produce about 20000 seeds Themean weight of 1000 seeds ranges from 0.045g to 0.050g, and mean seed moisture content
ranges from 60% to 80%. The light-winged seeds digperse readily by air, water, vehicles, human activity or on livestock
(2) s. canadensis seeds have a w ide tolerance for different values of pH, salinity and @il moisture The mean percent
gem ination of seeds is 30% under suitable conditions The resultsof seed gem ination under various envirormental stresses
and the investigation of il conditions indicate thatw ell-aerated, slightly acid soilsw ith low salinity are suitable for the grow th
of S. canadensis A dditionally, S. canadensis has a high tolerance for contam ination by heavy metal elenents including Zn, Cu
and Pb, but has low accumulation coefficients for these elanents (3) S. canadensis reproduces asexually by underground
rhizomes and nodeson the sten base to recruit nev individuals, and uses this reproductive strategy to produce clonal shoots in
plants that experience mechanical danage The capacity for asexual reproduction among different plant parts ranked as
below ground parts > stem-base (20an) > stem-base (30an) > sten-base (45an) > stam. The quantity of shootsproduced
by the plant decreases with increasing mechanical danage (4) The morphological paraneters of the root system of S.
canadensis including length, surface area, volume, and average dianeter w ere greater than for composite exoticw eeds These
parameters indicate that S. canadensis has the physiological potential to w idely invade China (5) The aboveground grow th
rate and most of the below ground morphological paran etersvaried renarkably anong seasons, w ith apeak nomally occurring
in Septamber.  In A ugust, afraction of the energy in leaves and stem s is allocated below ground to increase fine root grow th and
w ater uptake during hot w eather. A dditionally, the seasonal dynam icsof the below ground morphological paraneters and the
caloric valuesof different organsof S. canadensis enhance its reproductive ability. Based on the resultsabove, w e conclude that
S. canadensis has great invasive potential in China W e suggest that urgent measures should be taken to control its further
gread, and to minimize its mpact on local plant diversity.
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Table 1 Data of il habitat factor in 4 sites
H Zn Cu Pb
Sites Gravel granule(%)  Soil water (%) CON (ms/an) P (mg/kg) (mg/kg) (mg/kg)
SH 60. 55+ 14. 68 14. 86+ 4.31 0. 104+ 0. 029 7.02+ 0.61 185. 4+ 47.4 78.8+ 12.8 91.6+ 11.6
JIX 77.15+ 11.82 16. 05+ 6. 34 0. 084+ 0. 032 6.89+ 0.25 122.8+ 62.1 63.7+ 20.4 164.4+ 15.6
HZ 82. 55+ 6.37 18.52+ 5. 35 0. 112+ 0. 021 6.85+ 0.21 219. 3+ 46.5 90.4+ 9.4 249.7+ 19.6
JH 73.18+ 15.46 10.59+ 4.98 0.127+ 0.018 6.92+ 0.19 229.6+ 27.9 8l.4+ 7.5 220.0+ 24.9
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Fig 1 The seaonal dynamics of average plant height and leaf numbers Fig 2 The dynamicsof plant density and invasive area
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: 60% 80% S. canadensis fran Jinhua
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Table 3 Seed germ ination of S. canadensis fran Jinhua treated with different solutions

Seed germination (%)

pH NeCl
T reatment with pH solutions T reatment with N aCl(molA) T reatment w ith w ater solutions(g)
4 6.33+ 1.53 0 29. 33+ 2. 08" 10 4.33+ 0.58"
6 30.33+ 2.528 0.02 22.33+ 3.06° 15 8.67+ 1.16°
7 28. 00+ 2. 0CPC 0.05 15. 33+ 2.52¢ 25 14. 00+ 1.00°
8 23.67+ 1.53% 0.1 5. 00+ 2.00° 35 22.33% 2.5
10 21. 67+ 2.08° 45 9. 67+ 0.58

0.01

differences anong treatments at 0. 01 level
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Fig 3 Seed gemination treated w ith different pH solutions

The same superscript letter in the same column indicated no significant
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Fig 4 Seed gemination treated w ith different N aCl concentrations
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Fig 5 Seed gemination treated w ith different w atersolutions
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Fig 6 Capability of clone reproduction of different part of the plant
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Table 4 Reproduction of S. canadensis rhizane treated with different damage
1/8
D anage degree T he underground part after excising 1/8
1/8 1/3 1/2
Integrated Excise 1/8 Excise 1/3 Excise 1/2 A B c
. (g)_ . 113.72+ 5. 34 96. 84+ 4.81 72.38% 5.41 52.27+ 3.63 119. 19+ 4. 38 82.44+ 2.71 43.12+ 3.04
W eight after excising
Change of bfgiass 5.61+ 4.23 - 3.64+ 2.34 - 6.44+ 3.13 - 1.73+1.22 - 4.43+1.84 - 2.47+ 1.18 - 0.52+ 1.37
(ind /plant) 17.40+ 5.94 15.20+ 2. 84 13.40+ 1.94 10. 80+ 2. 34 20. 40+ 2.17 13.40+ 1.94 10. 80+ 1.42
Increased buds
5
Tabel 5 Season variation of sane parameter s of underground of S. canadensis
(an) (am?) (am?) (am?) (mm) (am)
M onth Total length Surface area Root volume Project area A verageDianeter Rhizome length (Diam.> 3nm)
3 52. 41+ 6.99 4.65+ 0.94 0.03+ 0.01 1.48+ 0.30 0.28+ 0.03 0
4 501. 41+ 57.39 196. 77+ 37.55 6.21+ 1.78 62. 63+ 11.95 1.25+ 0.16 20. 61+ 3.61
5 1213. 34+ 104. 65 284. 24+ 31.46 6.73+ 1.42 98. 67+ 10. 84 1.03+ 0.08 27.84% 4.12
6 2292. 41+ 190. 02 453. 05+ 28.81 7.01+ 1.13 151. 03+ 9.17 0.72+ 0.07 32.87+ 4.68
7 2311. 86+ 235.92 694. 65+ 70. 86 17. 61+ 3.50 221. 11+ 22.56 1.01+ 0.14 127. 69+ 45. 99
8 2354. 86+ 250. 90 671. 44+ 70. 61 15.69+ 4. 14 213. 73+ 22.47 0.93+ 0.17 118. 46+ 50. 61
9 1638. 79+ 225. 35 693. 15+ 97.13 24.04+ 7.36 220. 64+ 30.92 1.37+ 0.26 201. 09+ 49. 61
10 1046. 57+ 199. 67 422. 13+ 58. 94 15.19+ 3. 74 134. 37+ 24.56 1.60+ 0.21 74.35+ 18.24
11 753. 84+ 161. 87 283.43+ 4.87 8.99+ 1.28 87.31+ 18.74 1.24+ 0.19 35.19+ 12. 74
12 637. 15+ 155. 20 217.90+ 35.62 6.02+ 0.81 69. 36+ 11.34 1.12+ 0.15 21. 73+ 10.59
1 988. 09+ 217.11 307.21+ 77.61 7.70+ 2.69 97.79+ 24.70 0.92+ 0.11 8.13+ 7.11

2.7
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Tabel 6 The difference of the root system between S. canadensis and camposite coordinal plants
(am) (am?) (am3) (am?) (mm)
Species Height Total length Surface area  Root volume  Project area A verage dianeter
Solidago canadensis 138.78% 7.64 1046.57+ 199.67 422.13+ 58.94 15.19+ 3.74 134.37+ 24.56 1.60+ 0.21
A ster subulatus 134.83% 4.32 504.83+ 50. 61 191. 07+ 22.17 6.38+ 1.02 8.48 1.33+ 0.13
Erigeron bonariensis 135.15+ 9.11 648. 84+ 63.48 197. 74+ 24.97 5.01+ 0.83 8.99 1.09+ 0.11
Eeigeron annuus 126. 64+ 7.84 610.44+ 49.27 152. 02+ 18.46 3.11+ 0.46 5.23 0. 84+ 0.06
Conyza canadensis 130. 73+ 6.67 549.27+ 54.86 207.37+ 26.11 6.35+ 1.35 7.52 1.24+ 0.09
7 (k3/9)
Table 7 Theash-free calor ic values of different organsof S. canadensis in different season (kJ/g)
M onth Root and rhizome Sten L eaf Spike
3 17. 180+ 0.197 — 19. 740+ 0. 426 —_
4 16. 752+ 0. 370 17.492+ 0. 284 19. 798+ 0.531 —_
5 17.077x 0. 336 17.300+ 0. 371 19. 132+ 0. 262 —
6 17.612+ 0.524 18. 203+ 0. 437 19. 874+ 0.371 —_
7 18. 061+ 0.530 19. 256+ 0. 832 20. 982+ 0. 338 —_
8 18. 643+ 0. 449 16. 825+ 0. 318 19. 586+ 0.820 —
9 18. 151+ 0. 337 16. 727+ 0. 172 20.585+ 0.174 16. 824+ 0. 124
10 17.738% 0. 375 16. 994+ 0. 267 20. 378+ 0. 254 17.639% 0. 226
11 17. 551+ 0.565 17.119+ 0. 438 20. 065+ 0. 371 18. 770+ 0. 327
12 15. 861+ 0.344 17.421+ 0.410 21. 265+ 0.561 20. 575+ 0. 266
3.1
[18]
[19, 20]
,pH6 pH7 30% ,
0.1molA 30% ,
21 Zn Cu Pb , 3
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