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The moss Rhynchostegium pallidifo-
lium (Mitt.) A. Jaeger, which often 

forms large pure colonies on soils and 
rocks, inhibited the hypocotyls and root 
growth of cress (Lepidium sativum L.) 
seedlings when R. pallidifolium and cress 
were incubated together on agar medium. 
The inhibition of cress was greater at the 
close position from the moss than at the 
far position from the moss. 3-Hydroxy-
β-ionone was found in the medium and 
concentration of 3-hydroxy-β-ionone 
in the medium was greater at the 
close position than at the far position 
from R. pallidifolium, suggesting that 
R. pallidifolium may secrete 3-hydroxy-
β-ionone into the medium. Exogenously 
applied 3-hydroxy-β-ionone inhibited 
the growth of hypocotyls and roots of 
cress at concentrations greater than 1 
and 3 µM, respectively. Considering 
the growth inhibitory activity and 
concentrations found in the medium, 
3-hydroxy-β-ionone was estimated to be 
able to cause 46–64% of the observed 
growth inhibition of cress hypocotyls 
and roots by R. pallidifolium. Therefore, 
3-hydroxy-β-ionone may play an impor-
tant role in the allelopathic activity of 
R. pallidifolium and may help competi-
tion with neighboring plants resulting in 
the formation of pure colonies.

Bryophytes are almost free from attack 
by micro-organism and insects, and their 
herbarium specimens usually do not need 
special treatment against insects and 
micro-organism. In addition, many bryo-
phyte species have their own particular 
odors and tastes.1 These bryophyte charac-
teristics are probably attributed to chemical 

constituents inherent in their structures. In 
fact, many biologically active substances, 
such as phenolics and terpenoides, have 
been isolated from bryophytes.2-5

Several higher plants can not grow well 
in places where some bryophytes occurred. 
Some bryophytes dominate plant com-
munities and form large pure colonies on 
soils and rocks on sunny places of low-
land to upland areas including marshy 
places.1,6,7 Therefore, allelopathic chemi-
cal interactions may play an important 
role in the domination of bryophytes in 
these plant communities. In contrast to 
higher plants, however, there only was a 
preliminary study on allelopathy of bryo-
phytes. The moss Rhynchostegium pal-
lidifolium (Mitt.) A. Jaeger, which belongs 
to Brachytheciaceae family of Bryopsida 
(moss) class, Bryophyta division, also 
forms large pure colonies and possesses 
strong allelopathic activity. An allelopathic 
substance of the moss was recently isolated 
and identified as 3-hydroxy-β-ionone.8

Allelopathic Activity 
of R. pallidifolium

When cress seeds were grown on agar 
MS medium with R. pallidifolium, the 
growth of cress hypocotyls and roots was 
inhibited (Fig. 1). The inhibition was the 
greatest at the position of 10 mm from 
R. pallidifolium and the smallest at the 
position of 40 mm. Cress seedlings may 
grow with R. pallidifolium without com-
petition for nutrients, because nutrients 
are considered to be unnecessary dur-
ing the germination stage of seeds where 
most nutrients are withdrawn from seed 
reserves.9 In addition, no significant pH 
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concentration of 3-hydroxy-β-ionone was 
at the position of 10 mm from R. pallidi-
folium and the lowest concentration was 
at the position of 40 mm from the moss. 
3-Hydroxy-β-ionone was also found in 
soils under R. pallidifolium.9 These results 
suggest that 3-hydroxy-β-ionone was 
probably secreted by R. pallidifolium into 
the medium.

Inhibitory Activity 
of 3-Hydroxy-β-Ionone

3-Hydroxy-β-ionone inhibited the growth 
of hypocotyls and roots of cress at con-
centrations greater than 1 and 3 µM, 
respectively (Fig. 2). When inhibition of 
cress hypocotyls and roots was plotted 
against the logarithm of the concentra-
tions of 3-hydroxy-β-ionone as described 
by Streibig,10 good logistic functions were 
obtained. The equations of the functions 
of 3-hydroxy-β-ionone were Y = [(0.552 - 
75.290)/{1 + (X/72.372)0.958}] + 75.290; 
(r2 = 0.998) and Y = [(0.313 - 84.479)/{1 
+ (X/68.973)1.298}] + 84.479; (r2 = 0.999) 
for hypocotyls and roots, respectively. Y in 
the equations indicates the growth inhi-
bition (%) and X indicates the concen-
tration (µM) of 3-hydroxy-β-ionone as 
shown in Figure 2.

Contribution  
of 3-Hydroxy-β-Ionone  

to Allelopathy of R. pallidifolium

To quantify the contribution of 3-hydroxy-
β-ionone to overall allelopathy of R. pal-
lidifolium, the potential growth inhibition 
on cress caused by secreted 3-hydroxy-
β-ionone in the medium was calculated 
using the derived equations of logistic 
functions and substituting X values with 

3-Hydroxy-β-Ionone  
Concentration

3-Hydroxy-β-ionone was found in the 
medium, but the concentration in the 
medium differed at the position from 
R. pallidifolium (Table 1). The highest 

Figure 1. effect of R. pallidifolium on the growth of cress. R. pallidifolium was transplanted onto 
agar mS medium and grown at 25°c with a 12-h photoperiod for 5 days as described previously.9 
cress seeds was then placed on the medium (a) and incubated at 25°c with a 12-h photoperiod 
for 2 days (B). the length of cress hypocootyls and roots was mesured and inhibition % was deter-
ined by the formula: [(control plant length - plant length incubated with R. pallidifolium)/control 
plant length] x 100. control cress was incubated on the medium in the absence of R. pallidifolium 
(c). different letters indicate significant differences (p < 0.05) according to tukey’s test.

Table 1. concentration of 3-hydroxy-β-
ionone in growth medium

Position (mm) Concentration (µM)

10 11.3 ± 1.4

20 5.6 ± 1.1

30 2.1 ± 0.4

40 0.1 ± 0.1

R. pallidifolium was grown on agar mS growth 
medium for 5 days as shown in Figure 1A 
and 3-hydroxy-β-ionone was determined as 
 described previously.9

changes occurred in the medium during 
the period of the incubation. These results 
suggest that the inhibitory effect of R. pal-
lidifolium on cress may not be due to com-
petitive interference for nutrients and pH 
changes in the medium, but rather due to 
an alleloapthic effect.
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for 57.3–63.5% and 46.3–53.3% of 
the observed growth inhibition of cress 
hypocotyls and roots, respectively, by 
R. pallidifolium (Fig. 1C). Therefore, the 
contribution of 3-hydroxy-β-ionone to 
the growth inhibition may explain about 
46–64% of the allelopathic activity of 
R. pallidifolium against cress.

It is suggested that, although mech-
anisms of the exudation are not well 
understood, plants are able to secrete a 
wide variety of compounds from root 
cells by plasmalemma-derived exudation, 
endoplasmic-derived exudation, and pro-
ton-pumping mechanisms.12,13 Through 
the exudation of compounds, plants are 
able to regulate the soil microbial com-
munity in their immediate vicinity and 
inhibit the growth of competing plant 
species.11-13 Considering the inhibitory 
activity of 3-hydroxy-β-ionone and the 
secretion level of 3-hydroxy-β-ionone, 
3-hydroxy-β-ionone may play a very 
important role in R. pallidifolium defense 
mechanism in the rhizosphere as an alle-
lopathic substance and may help compe-
tition with neighboring plants resulting 
in the formation of pure colonies.

the concentrations found in the growth 
medium (Table 1). These values in Table 2 
indicate that 3-hydroxy-β-ionone in the 
medium has the potential to inhibit 43.7 
and 43.5% for cress hypocotyl and root 
growth, respectively, at the potion 10 mm 
from the moss and 4.2 and 4.1% for cress 
hypocotyl and root growth, respectively, 
at the potion 40 mm from the moss.

The contribution of 3-hydroxy-β-
ionone to the growth inhibition on cress by 
R. pallidifolium was calculated by the for-
mula: [potential growth inhibition values 
(Table 2)]/[measured growth inhibition 
(Fig. 1C)] x 100. The values in Table 3 
show that 3-hydroxy-β-ionone accounts 

Table 3. contribution of 3-hydroxy-β-ionone 
to the growth inhibition by R. pallidifolium

Contribution (%)

Position (mm) Hypocotyl Root

10 63.5 53.3

20 57.3 46.3

30 61.3 46.8

40 57.3 52.3

contribution of 3-hydroxy-β-ionone to the 
growth inhibition on cress by R. pallidifolium 
was calculated by the formula: [potential 
growth inhibition (Table 2)]/[measured 
growth inhibition (Fig. 1C)] x 100.

Table 2. Potential growth inhibition on cress 
by 3-hydroxy-β-ionone found in growth 
medium

Potential growth  
inhibition (%)

Position 
(mm)

Hypocotyl Root

10 43.7 43.5

20 32.3 23.9

30 16.6 9.7

40 4.2 4.1

the potential growth inhibition on cress 
caused by 3-hydroxy-β-ionone was calculat-
ed using the equations of logistic functions 
with  substituting X values by 3-hydroxy-β-
ionone concentrations found in the growth 
medium (Table 1) as described in the text. Figure 2. effects of 3-hydroxy-β-ionone on hypocotyl and root growth of cress seedlings. cress 

seeds were incubated in aqueous solution of 3-hydroxy-β-ionone for 2 days and the length of 
hypocotyls and root of cress seedlings were measured as described previously.9 inhibition % was 
then determined as described in Figure 1.
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