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Introduction 

In a previous paper (Hayashi 1977), I described an example of secondary 
succession and the seed weight of constituent species of seral communities. The 
successiona] sequence of the dominant species in the ruderal and abandoned 
sites was as follows; Polyb"~onum spp., Echinochloa crus-galli, var. cl~us-galli, 
Chenopodium album, Setal~ia viridis, Ambrosia al~tel7~isitfolia and Dibo'itaria 
adscendens in pioneer stage; E1-igeron spp. and Oenothe/~a parvtflora, in winter 
annual stage; Artemisia p/-inceps. and Solida~ov altissima in perennial herb stage 
and Miscanthus sinensis and Imperata cylindl-ica var, koeni*o'ii in perennial grass 

stage. 

In the present report. I describe the germination behaviour of seeds and 
shade tolerance of the seedlings of important species of herbaceous seral com-
munities. The species names in this paper were refered to Ohwi's Flora of Japan 
(197_9). 

I. Materials and Methods 

The germination rate. under different temperature was determined for 45 
species regarded as the important species based on field surveys. An examina-
tion of shade to]erance of the seedlings was made for Chenopodium album, Eri-
ge'~on sumat7~ensis, A1-temisia princeps and Miscanthus sinensis, which are the 
dominants for each seral stand. 

Germination test 

I co]1ected the seeds used in the experiments from mature plants in the fields 
and made after-ripening of the seeds proceed by keeping them under room condition 
in dark for more than 60 days. One hundred sound seeds (fifty seeds in some 
species) were selected for use by examining seeds under binocular microscope. 
Seeds were sown on 0.6 percent agar medium prepared by boiling the agar 
with distilled water. The petridishes of 3 cm, 5cm and 10 cm in diameter were 
used according to the size of seeds tested. 

The seeds were incubated in a thermo-regulated chamber at 100c, 150c, 200 
C, 250C, 30ac, and 400C. Light was supplied from five 40W fluorescent lamps 
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fixed 50cm above the chamber. The seeds in petridishes were illuminated wrth 
light of intensity more than 5 Klux. Complete darkness was made by covering 
the whole petridish with the aluminum foil. A Iow temperature treatment in 
imbibed seed (stratifcation) was made by keeping the seeds in the chamber of 
40C for 60 days. At the same time, incubation 100c and 150C (non-stratiflcati-
on) was made to compare with the germination rate of stratifled seeds. Repre-
sentative species used for stratification experiment were Polygvnum lapatlfolium, 
P. persicaria, Chenopodium album, Erigeron canaclensis and A1-temisia p,-inceps. 

Table 1. The mean, standard cleviation (s. d). and variation coefficient (~~) of the germination rates 

in the chamber. 10 replications were made for each species 

Species Mean:ts. d Coeflicient variation 
A,naranthus patulus (Hosoaogeitoo) 95~9- 2 
Artefnisia p,-inceps (Yomogi) 29 d: 6 20 
Chenopodiu"t albu'n (Shiroza) 34:}:4 10 
Erigeron annuus (Himejoon) 82:t6 7 
E, canadensis (Himemukashiyomogi) 97:i;4 3 
Oenothera pa"viflol'a (Arechimatsuyoigusa) 76~; 9 12 

I observed the seeds in petridishes every day and the date on which no 
more seedlings emerged was regarded as the fina] day of the germination for the 
experiment. The germination rate at the time was recorded as the data in this 
experiment. In order to check the variation of germination rate in the chamber, 
ten replications of 100 seeds of representative species were incubated. The result 
of this preliminary test given in Table I shows the range of coeLficient of vari-
ation from 2 percent to 20 percent. 
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Weight of seedling grown for 34 days under different temperatures and on 
different pH media. 
Polygonu"I f'ersicaria, B: Ocnothera I'a'~vrflo"a 
Chenopodiu'n, albu"' ancl D : Erigeron cal2adensis 
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Shade tolerance of the seedlings 
Ten seeds of Chenopodium album, E1-i*~~e;-on sumatl~ensis, A?-temisia princeps 

and Miscanthus sinensis were sown on an agar medium of 50 percent Knopp 
solution. Dishes were incubated at 270C and different light intensities. The 
petridishes of 10cm in height and 10cm diameter were used for growth of se-
edJings. Various light intensities on the seed]ings were obtained by covering the 
lids 0L the petridishes with black netting. The sides of petridishes were covered 
by aluminum foi] to intercept the latera] Iight. 

Light intensities on the seedlings in medium dishes were 11.4 Klux, 7.8 
Klux, 5 Klux, 2.4 Klux, 1.2 Klux and 0.6 Klux. According to a preliminary 
test, the optimum growth of the seedlings occurred in the range from 250c to 
300c at pH of 5-6 (Fig. 1). Therefore, temperature and pH medium of this 
experiment were maintained at 270C and pH 6. 

Seedlings were grown for 20 days after germination under conrinuous illu-
mination. 

The seedlings of each species were harvested and the above and below 
ground weight were determined. Weights were measured after drying the se-
edlings in an oven at 850c for 24 hours and storing them in a desiccator. 

II. Results 

Germination test 

As shown in Table 2 and Fig. 2, it is possible to distinguish three types of 
seed germination behaviour of the important species incubated under different tem-

peratures. Maximum germination of the species occurred in three temperature 
ranges: 100_150c, 150_300c and 300400C. The maximum germination rate of 
Agl~opy7~on spp., Becklnannia syzi~"achne, 13rov7~us japonica and Festuca spp. oc-
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Fig. 2. Three types of germination behaviour of herbaceous species in relation to temperature 
A : Ag,-opyl'on ciliare var. 'ninus B : E1'igeron canadensis 
C : Dlgitaria adsce'idens 
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curred in the range from 100C to 150c. 
Most of dominants in the sera] stands germinated m maxrmum rate m 

range from 150c and 300c. Di~(Tita/~ia adscendens, Echinochloa gl~us-galli 
cl-us-boialli, however, germinated at higher temperatures. 

Teble 3. Percent germination of the dominant species in different pre-treatment 
temperatures before incubation 

411 

the 

var. 

Temperature in pre-treatment ('c) 20 lO 4 

Temperature in incubation ('c) 25 15 25 15 25 15 

Polygonu"I Ial)athtfoliw;t 

light condition o 90 o o o 80 

dark condition o 29 O O O l 

P. pel'sical'ia 

light condition O o o o 33 17 

dark condition o o o o 21 1 

Chenopodiul'~ albu';t 

light condition 2 28 16 6 39 3 

dark condition o o o o o O 

Erigeron canadensis 

light condition 66 49 31 50 90 79 

dark condition 3 12 5 5 63 3 

Artemisia pl-incel,s 

light condition 76 67 62 78 53 50 dark condition 37 67 4 58 28 22 
As shown in Table 3, stratification increased the germination rate of Poly~o~o-

nul7~ spp., the dominant species in pioneer stage (Kunimi et al. 1960, Timson 
1965, Hayashi and Numata 1967). 

Light i]1umination increased the germination 0L E/-1~oefvn spp. and Artemi-
sia pl-inceps as well as many other species. The seeds of Miscanthus sinensis 
germinated both under light and dark conditions. (Table 2). 

Shade tolerance of seedling 
Table 4 shows the results of the examination of shade tolerance of the se-

edlings of Chenopodium albul7~, E1-i~o~,-on sumatl~ensis, Artemisia princeps and 
Miscanthus sinensis. 

The seed weight was 0.473mg in C. albw7e, 0.022mg in E. sumat,~ensis, 
0.084mg in A. p/-inceps and 0.453mg in M. sinensis. The weight of seedling 
grown from these seeds for 20 days at 270c and 11.4 K]ux was, 10.5mg for C. 
album, 0.5mg for S. sumatrensis, 7.6mg for A. princeps and 10.9mg in M. si-
nensis. The ratio of the seedling weight to seed weight was 22.1 for C. album 
22.7 for E. sul7~atl-ensis, 90.5 for A. princeps and 24.1 for M, sinensis. On the 
other hand, this ratio under light condition of 1.2 Klux in the same temperature 
condition was as fol]ows: 0.4 for C. album, 4.5 for E. sumatrensis, 2.9 for A. 
p/-inceps and 1.1 for M, sinensis. 

Under this light intensity, the seed]ings of C. albur'~ decreased in weight by 
60 percent of the seed weight after 20 days, while the weight of the seedlings 
of E. san~atrensis and A. princeps better tolerate the gloom condition than that 
of C. album and M. sinensis. 
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Table 4. 

HAYASHI 

Seedling weight and the ratio of seedling weight to seed weight grown for 20 
days under various light intensities at 27'C for each dominant species in seral 
stands 

Light intensities (Klux) 

Chenopodium. albl.tln 
Seedling weight (mg. dw) 
Seedling weight/seed weight 

Erige"on swnatrensis (mg. dw) 
Seedling weight (mg. dw) 
Seedling weight/seed weight 

Arte'nisla pl-inceps 
Seedling weight (mg. dw) 
Seedling weight/seed weight 

Miscanthus sinensis 
Seedling weight (mg. dw) 
Seedling weight/seed weigl~t 
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o, 029-
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Table 5. Ratio of above ground weight to total weight 0L the seedlings of the 
species in seral stands 

clominant 

Above ground weight/total weight 

Light intensities (Klux) u. 4 7. 8 5. o 
Che'ropodiu."t albu."I o. 81 o. 81 o. 82 
Erigeron su'n.atrensis o. 89 A7'telnisia princeps o. 74 o. 75 o. 75 

M'iscanthus sinensis o. 75 o. 75 o. 72 

It the case of E. sumatrensis, the maximum growth 0L the seedlings was 
observed at light intensity of 5 Klux and the growth was inhibited by higher 
light intensities (7.8 Klux and ll.4 Klux). Although the seed weight of E. su-
matl~ensis and A, pl-inceps is lighter than that of C. aZbul7~ and M. sinensis, 
rapid growth under bright conditions as well as great shade to]erance are chara-
cteristic of these species. 

Table 5 shows the ratio of above-ground part to total weight of seedling 
for each species grown under 11.4 Klux, 7.8 Klux and 5.0 Klux, respectively. 
The ratio was 0.81-0.89 in Chenopodium album and E1-i*~lel~on sumatl~ensis, 0.74 
0.75 in Artemisia princeps and 0.79--O.75 in Miscanthus sinensis, respectively. 

The ratio of above-ground weight to total weight of C. album and E. sul7~-
atrensis is greater than that of A. p,-inceps and M. sinensis. 

III. Discussion and Conclusion 

The dominant species of herbaceous communities developing from summer 
to autumn in Japan, show the maximum seed germination rate in the range 
from 150c to 300C. 

The optimum range of temperature for germination, howe~er, is 100c_150C 
fbr the dominants in the stands initiated from autumn to winter such as Beck-
mannia syzi~~o'achne, Agl~opyl~on spp., Stellaria media and CapseZla bul~sa-pastoris 

Some of the dominants 0L pioneer stage such as Poly~o'onum spp., Setal~ia vil-i-
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dis and Ambrosia artemisitfolia require th,e stratification before incubation for 
their germination (Hayashi and Numata 1976, Bazzaz 1970, Pickett and Baskin 
1973). 

The seeds of Di~oita"ia adscendens, one of the pioneer species, however, do 
not require the stratification for germination. The germination rate of E7-ige'-on 
spp. and A1-ten~isia princeps, which dominate the winter annual stage and peren-
nial herb stage, increased signiflcantly with light il]umination. 

The seeds of M. sinensis are able to germinate without stratification and 
light illumination 

We may conclude that the seeds of the dominants 0L pioneer stage having 
the heavy seeds (Hayashi 1977) require a stratification for germination with a 
few exceptions (Digitaria adscendens and Chenopodiuln album) . 

According to Watanabe and Hirokawa (1974), however, stratiflcation increa-
ses germination of C. album in their materials collected in Hokkaido, although 
an increase of germination of the species was not observed in this study. In 
many pioneer species, heavy seeds, which exhibit seed dormancy and have a re-
quirement for stratiflcation for germination are characteristics of the early life hi-

story of these species. Other species, however, such as E1-i~>0iel~on spp., A1-tel7~isia 

p/-inceps and Solida~o~o aZtissima produce light seeds which have no dormancy 
but in which germination is enhanced by illumination. 

In general, the weight of the emergent seedling is propotional to the seed 
weight of the species. The ratio of seedling weight to seed weight, however, is 
greater in E. sumatl~ensis and A. p7-inceps than in C. aZbul7~ and M. sinensis. A 
comparison of shade tolerance among these species shows that the seedlings of 
E. sumatrensis and A. pl-inceps are able to tolerate under shaded condition 
whereas C. album and M. sinensis tolerate brighter and intermediate conditions, 
respectively. The ear]y life history features of E. sulnatl~ensis and A. princeps 
include light seed weight, an illumination requirment for germination and strong 
shade tolerance of seedling. E. sumatrensis is distinguished from A, pl-inceps by 
its larger ratio of above ground parts to total weight of seedlings. C. album, 
Polyg~onul7~ spp, ancl~_ Ambrosia artemisitfolia are characterized by heavy dormant 

seeds and weak shade tolerance (Hayashi and Numata 1967). These seeds may 
exist as buried seeds in soil for long time if they do not experience the cold 
temperature and site disturbance conditions neccessary for germination (Pickett 
and Baskin 1973). 

The girowth (seedling weight/seed weight) of seedling of A. princeps and 
M. sinensis differ but the distribution of assimilated matter to above-and under-
ground parts is similar. These species exhibit life history attributes including 
seed germination behaviour, growth characteristics and seed production which 
enable them to dominate early seral stages. 
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