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Abstract. This research is intended to show the phytotoxic effects of allelochemicals in the rhizosphere
soils of flowering and nonflowering bamboo (Dendrocalamus latiflorus Munro). Seed bioassay results
showed that phytotoxcity was higher in the rhizosphere soils of blooming bamboo plants than in that of
nonflowering plants. The amounts of free and bound phenolics in flowering-plant soils were signifi-
cantly higher than those in nonflowering-plant soils. The following allelochemicals were identified in
the rhizosphere soils of flowering bamboo plants: p-hydroxybenzoic-, trans-p-hydroxycinnamic-, 8-
(m-~hydroxyphenyl)propionic-, trans-ferulic-, 3,4-dimethoxyphenylacetic-, c¢is-p-hydroxycinnamic-,
syringic~, 3,4,5-trimethoxybenzoic-, and 2,6-dihydroxybenzoic acid, and 4-hydroxy-3-methoxybenzal-
dehyde. The concentration of water-extractable allelochemicals in flowering-plant soil solutions ran-
ged from 2 to 4 M. In all soils, the amount of each allelochemical that was water-extractable re-
presented only a small portion of the total amount, which was estimated by extraction of the soil with
CaO and NaOH. The presence of large amounts of allelochemicals in flowering-plant soils may be the
first step in defining the cause-and-effect relationship of flowering. The results indicate that more free
phenolics are in the flowering-plant rhizosphere soils which may prove to be significant in explaining
the flowering bamboo plant.
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die after flowering; however, the death of bamboo after

Introduction

Bamboo (Bambusaceae) is one of the economically
important plants in Asia; its many uses in food and
manufacturing are well known. Dendrocalamus latiflor-
us Munro is one of the main bamboo and vegetable
plants in Taiwan, and the flowering of this species has
often been seen in the winter season. The flowering
occurs in the whole clump, even in the new shoot culms
(less than one year old). The earliest flowering takes
place in October and ends in February; however, the
flowering period in Taiwan covers about 6 months.
After flowering the whole clump will die, and a marked
reduction in yield of bamboo occurs in the flowering
bamboo plantation. It is normal for an annual plant to

flowering is unusual, because most bamboo plants are
long-lived monocarpous ones, being one of natures
“century plants” (Numata, 1970).

There are several proposals on the causes of bam-
boo flowering, including ripeness, simple periodicity,
state of nutrition, soil nutrient deficiency, the rhizome
system, and damage by insect pests, disease, or drought
(Chiang, 1969; Janzen, 1976; Kennard, 1955; Salisbury,
1963; Ueda, 1960; Wang and Chen, 1971), with the latter
authors reporting that no correlation between flower-
ing and age or size is found in the flowering of bamboo.
Chou and Hou (1981) evaluated the phytotoxic effects
of 14 bamboo species and showed that Sinocalamus lati-
florus had the highest phytotoxicity. Plant flowering
can be related to, or controlled by, phenolic substances
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(Bernier et al., 1981). Allelochemical compounds could
accumulate in the rhizosphere soil of perennial plants,
and finally cause flowering. The mechanism of such

flowering is still obscure. This research shows the
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all samples were air dried, crushed, and passed through
a 2-mm sieve prior to further analysis. Soil pH was
measured using a 1:1 (w/v) soil/water suspension ratio,
with a combination glass-calomel electrode. Organic
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soils of flowering and nonflowering Dendrocalamus
latiflorus Munro, and how these phenomena are related
to flowering.

Materials and Methods

Sampling of Bamboo Soils
Soil samples were collected from bamboo planta-
tions at Tali and Taichung in Taiwan. The bamboo
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kley and Black (Allison, 1965) and the Kjeldahl proce-
dures (Bremner, 1965), respectively. Particle-size anal-
ysis was completed by the pipette method (Soil Survey
Staff, 1984). Cation exchange capacity was determined
by NH} saturation (Chapman, 1965). The mineral ele-
ments N, P, K, Ca, Mg, Na, Fe, Mn, Cu, and Zn were
estimated as described in Methods of Soil Analysis
(Page, 1982). Some selected physical and chemical char-
acteristics of the study soils are shown in Table 1.

production on these plantations for at least 16 and 10
years, respectively. The soils at Tali and Taichung are
sandstone-shale, noncalcareous, alluvial soils with im-
perfect or po'or drainage, and the soils are classified as
coarse-loamy or sandy, mixed, hyperthermic, Aeric
Haplaquent (Sheh and Wang, 1989; Soil Survey Staff,
1990)(Table 1).

To assess the distribution of soil organic com-
pounds in the root-soil system, rhizosphere, and nonrh-
izosphere soils of flowering and nonflowering bamboo
plants were collected from around the root zone of the
bamboo plants. The nonrhizosphere soil samples were
collected 3 to 5 m from the bamboo roots in an open
area without bamboo growth. After measuring the pH

Extraction of Bamboo Soils

Partial identification of the phenolic compounds in
the rhizosphere soils of flowering and nonflowering
Dendrocalamus latiflorus Munro utilized four extrac-
tion techniques: the XAD-4 extraction method (Young,
1984a), the water-soluble extraction method (White-
head et al., 1983), the CaO extraction method (Sparling
et al., 1981), and the NaOH extraction method (Wang
et al, 1967). Schematic diagrams of the extraction
methods are presented in Figs. 1, 2, and 3.

Rhizosphere soil is defined as the soil in the vicin-
ity of a plant’s roots, chiefly ranging from the root sur-
face to a distance of 2 cm. Each soil sample comprised
twenty subsamples of rhizosphere soil. The soil sam-

Table 1. Selected physicochemical characteristics of the study soils

Soils of Dendrocalamus latiflorus plantation

Tali Taichung
Characteristics NRS® NF-RS F-RS NRS NF-RS F-RS
pH ‘ 5.3 5.1 4.2 7.9 75 7.2
Organic matter (g kg™!) 13.0 17.0 21.0 9.0 18.0 20.0
Total N (g kg™ 0.6 0.8 1.0 0.2 0.9 1.0
CEC® (cmol kg™) 4.8 7.2 6.3 3.4 8.0 10.1
Moisture content® (kg kg™*) 0.2 0.3 0.3 0.1 0.2 0.2
Soil series Neihsin series Hanhsi series
Drainage Poorly-drained? Imperfectly-drained®
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100 g soil
100 wl distilled water
20 wl XAD-4 resin

7 g NaCl

lmix and shake for 2 h (5 °C)
J Filter through 0.25 mm mesh sieve

l l

soil residue XAD-4 resin

| pour into a glass column (2 cm I.D. x 20 cm)
| elute with 25 wl methanol
} filter through 0.45um Millipore

methanol solution

¥

seed biocassay and analyze for allelochemicals

Fig. 1. Soil extraction procedure by using XAD-4 method.

50 g soil
10 g Ca0 + 150 mwl H.O
or 100 ml1 2 N NaOH

lNz atmosphere
lshake for 1 h
centriuge at 20,000 x g, 20 min

l l

soil residue supernatant
| adjust to pH 2.5 with HC1 (1 N)

| extract with CH,Cl,
aqueous residue CH;Cl, fraction
|l evaporate (40 °C)
dry residue

1 add 10 ml 50% methanol/50% distilled
water

seed bioassay and analyze for allelochemicals

Fig..2. Soil extraction procedure by using CaO or NaOH extractions.
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100 g soil
100 ml distilled water

N atmosphere
shake for 20 h (6 °C)
filter through Whatman No.42

! !

soil residue ‘supernatant
adjust to pH 2.5 with HC1 (1 N)

add 2 N NaOH
N, atmosphere
{ shake for 20 h (20 °C)

extract with ethyl ether
ethyl ether fraction

evaporate to dryness
dissolve in methanol

{ J adjust to pH 2.5 with 2 N HC1
analyse for the
FREE from of J extract with ethyl ether
ethyl ether fraction
evaporate to dryness

dissolve in methanol

allelochemicals

v

analyse for the
BOUND form of
allelochemicals

Fig. 3. Soil extraction procedure for free and bound forms of allelochemicals by using water extraction.

ples were collected during the winter season (early
December). Soil moisture content ranged from 10% to
33% (Table 1). Any visible plant or root residues were
removed, as far as possible, by hand and by passing
through a 4-mm sieve. The extraction was performed
immediately for analysis of phenolic compounds. The
soils were extracted in triplicate and the extracts stor-
ed below 5°C until further analysis.

Paper Bioassay
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incubation at 28°C the results were taken by measuring
the length of radicle growth. The phytotoxicity is cal-
culated as the ratio of radicle growth in the test solu-
tion to that in the distilled water control and is expres-
sed as percent inhibition. Differences among the mean
values from three replicates of treatment were compar-
ed using Duncan’s multiple range test.

Identification and Estimation of Allelochemicals in Soil
Extracts

the paper bioassay techniques described by Young
(1984b) were employed. Lettuce seeds (Lactuca sativa
cv. Salina) were substituted for bamboo seeds in the
bioassay. It is difficult to collect bamboo seeds, since
their production depends on unpredictable circum-
stances and events (Janzen, 1976), and they are rarely
found in field investigations (Tsai, 1987; Wang and
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allelochemicals were separated and identified by high
performance liquid chromatography (HPLC) and thin
layer chromatography (TLC). All extracts were passed
through a 0.45 xm filter (FH type, Millipore Co., USA).
The unknown samples and known authentic phenolic
compounds (reference standard) were analyzed on an
HPLC (Micromeritics Co., USA) using a high-pressure
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cromeritics Co., USA) set at 250 and 280 nm. Reversed-
phase chromatography was carried out using a steel
column (25 cm by 4.6 mm i.d.) containing Nucleosil C,q
(7 xm) bonded on silica gel (Merchery-Nagel Duren,
Germany), and isocratic elution was done with water,
acetic acid (ALPS Co., ROC; LC Grade), and n-butanol
(Mallinckrodt Co., USA; HPLC Grade) in the propor-
tions 347:1:11, as described by Hartley and Buchan
(1979). The flow-rate was 1.0 ml min and the column
pressure was 1150 psi. The standard curves of the refer-
ence phenolic compounds were linear over the range of
0 to 100 mg kg~!. The extracts from the soils, obtained
using various extraction techniques, were subjected to
HPLC in triplicate. The unknown compounds were
estimated by comparison to the standard curves. Sam-
ples and standard solutions were also analyzed by
TLC, using cellulose plates developed with 0.33 M gla-
cial acetic acid. After developing, the spots were
detected under shortwave UV light and the chromato-
grams were sprayed with DPNA (diazotized p -
nitroaniline) followed by 0.94 M sodium carbonate
(Bray et al., 1950).

Results and Discussion

Phytotoxic Effects in Bamboo Rhizosphere Soils
Aqueous soil-extracts obtained by the XAD-4
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method were used to analyze the phytotoxic potential
of bamboo soils. The phytotoxic effects of rhizosphere
and nonrhizosphere soils on bamboo plant from Tali
and Taichung are shown in Table 2. Bioassay results
showed that the extracts from rhizosphere soils were
significantly more phytotoxic than those from nonrh-
izosphere soils, and that the phytotoxicity of the rhizos-
phere soils from flowering plants was higher than that
from nonflowering plants. This is interpreted to mean
that allelochemicals accumulated in the rhizospheres of
monoculture bamboo plants. Soils from the Tali bam-
boo plantation exhibited more potent toxic effects than
did soils from the Taichung bamboo plantation.

Identification of Allelochemicals in Rhizosphere Soils of
Dendrocalamus latiflorus

Allelochemicals may accumulate in thé soil after
they are released from the plants. An attempt was
made to extract and identify these allelochemicals
from the bamboo soils. Preliminary examination by

TLC showed the presence of syringic-, p-hydroxyben-
zoic-, trans-ferulic-, B8-(m-hydroxyphenyl)propionic-,
and trans-p-hydroxycinnamic acids, and 4-hydroxy-3-
methoxybenzaldehyde in alkaline soil extracts of
flowering bamboo plants by their Rf values and their
color reactions (Table 3).

An HPLC equipped to measure absorption at two
wavelengths (250 and 280 nm) was used to detect the

Table 2. Allelopathic effects of XAD-4 extracts of the nonrhizosphere soil and rhizosphere soils of Dendrocalamus latiflor-
us Munro plantations on the growth of lettuce seedlings

luti ilibrated
Solugign cayibe

Inhibition of growth over that
in distilled water (control) (%)

Tali D. latiflorus Taichung D. latiflorus

Extract of soil (g/mL) plantation plantation
Nonrhizosphere soil 1 30.5a® 3.7a
2 41.5a 13.7b
4 84.7bcd 37.9¢
Rhizosphere soils
Nonflowering . 1 75.1b 47.7d
2 87.7cde 50.4de
4 96.4de 87.1f -
Flowering 1 81.1bc 57.8e
2 93.5cde 59.2e
4 99.5e 90.0f

®Means in the same column with the same letter are not significantly different (P=0.05) by Duncan’s multiple range test.
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phenolic compounds. The results showed that the num-
ber of peaks were different for each of the three
extraction methods (Table 4). The relative contents of
identified allelochemicals in extracts of rhizosphere -
soils from the bamboo plantations are shown in
Tables 5 and 6. Syringic-, frans-p-hydroxycinnamic-,
3,4,5-trimethoxybenzoic-, trans-ferulic-, p-hydrox-
ybenzoic-, 3,4-dimethoxyphenylacetic-, and 2,6-dihy-
droxybenzoic acids, and 4-hydroxy-3-methoxybenzal-

dehyde were identified in the rhizosphere soils of
flowering bamboo plants (Fig. 4). After hydrolysis with

alkaline treatment, A-(m-hydroxyphenyl)propionic-,-

cis-p-hydroxycinnamic-, and 2,6-dimethoxybenzoic
acids were detected in the rhizosphere soils of flower-
ing plants from the Taichung and Tali bamboo planta-
tions. Peak identifications were carried out on the

- Botanical Bulletin of Academia Sinica, Vol. 34, 1993

basis of retention time of these phenolic compounds
(Tsai, 1987).

The HPLC chromatograms for rhizosphere soils
from flowering and nonflowering plants were similar
(Fig. 4). Some of the phenolic compounds were found in
the nonrhizosphere soils, but the relative amounts of
allelochemicals were far less than found in the rhizos-
phere soils of bamboo clumps. The number and height

of peaks for different soils followed the sequence:
flowering-plant rhizosphere soil >nonflowering-plant
rhizosphere soil > nonrhizosphere soil.

The phenolic compounds; such as p-hydroxyben-
zoic-, syringic-, p-hydroxycinnamic-, and ferulic
acids, that were found in bamboo soils have been recog-
nized as phytotoxins (Borner, 1960; Chou and Muller,
1972; McPherson et al., 1971; Patrick, 1971; Rice, 1979;

Table 3. Identification of allelochemicals from NaOH alkaline soil extracts of flowering Dendrocalamus latiflorus Munro

by thin layer chvomatography

Color®
Compound Rf values® uv DPNA 10% Na,COs

p-Hydroxycinnamic acid 0.52 ab ND dk pu
Syringic acid 0.59 ab or pu
p-Hydroxybenzoic acid 0.64 ab ND r
trans-Ferulic acid 0.38 bl fl ND pu bl
Vanillin 0.70 ab ND pu bl
B-(m-Hydroxyphenyl) 0.82 ab yel pk

propionic acid

2Rf values are averages of three determinations using 29 acetic acid as developing solvent on cellulose plates.
®UV =254 nm, DPNA =diazotized p-nitroaniline, ab=absorption, bl=blue, fl=fluorescence, yel =yellow, dk =dark, pu=purple, r=red,

pk =pink, ND=not detectable.

Tahle 4. Number of peaks bv HPLC analvsis of extvacts of nownvhizosphere soil and rhizosphere soils of Dendrocalamus _

Number of peaks by HPLC analysis

Water-soluble Alkaline hydrolysis

Location and soil XAD-4 Free-type Bound-type CaO NaOH
Tali D. latiflorus plantation
Nonrhizosphere soil 7 (4)2 4(3) 12 (6) 12 (7) 14 (7)
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details of the individual concentrations of the allelo- * by extracting the soils with CaO and NaOH (Table 7

chemicals identified in aqueous soil-extracts obtained and 8). The results show that the proportion of water-
by XAD-4 and water-soluble methods are shown in extractable allelochemicals was less than 2.19% and
Table 7. Because these compounds are part of the soil 0.3% of the total amounts extracted by CaO and NaOH,
organic matter, comparisons between soils may be best respectively. As shown in Table 7, with concentrations
made in terms of ug of phenolic compounds per gram in the range of 2 to 4 4M in flowering-plant soil solu-
of organic carbon (Whitehead et al., 1983), and the tions the allelopathic effects are generally less appar-
results on this basis are shown in Table 8 for CaO and ent. The maximum total concentration of the six com-

NaOE extraction methods. In all soils, the amount of pounds was equivalent to 4 xM in the soil solution of
each phenolic compound that was water-extractable flowering-plant rhizospheres. At this low concentra-
represented only a small portion of the total estimated tion, some inhibition of microbial activity is possible

Table 5. Allelochemicals identified from rhizosphere soil extracts of nonflowering and flowering Dendrocalamus latiflorus
Muwnro in Tali plantation by three extraction methods using HPLC

Water-soluble Alkaline hydrolysis
XAD-4 Free-type Bound-type Ca0 NaOH
Allelochemicals NF-RS*  F-RS NF-RS  F-RS NF-RS  F-RS NF-RS  F-RS NF-RS F-RS
trans-p-Hydroxycinnamic acid +° + + + + ++ +4 HHEF A
p-Hydroxybenzoic acid + + + + + + ++ +++ ++++
Syringic acid + + + + + + ++ 44+ ++4+ +++
4-Hydroxy-3-methoxybenzaldehyde + + + + + + + ++ + ++
trans-Ferulic acid - + + + + + + ++ + ot
B-(m-Hydroxyphenyl)propionic acid - — - — + + + ++ ++ 44+
3,4,5-Trimethoxybenzoic acid + + - + + + + + + +
3,4-Dimethoxyphenylacetic acid - - - - - + + ++ +- +
cis-p-Hydroxycinnamic acid - - - - + + + + + +
2,6-Dihydroxybenzoic acid - - - - - - - + _ +
2,6-Dimethoxybenzoic acid - - - - — - — _ _ +

aNF-RS=nonflowering rhizosphere soil; F-RS=flowering rhizosphere soil.
®*HPLC identifications were described in a previous publication (Tsai, 1987), and the allelochemicals amount was based on the peak
heighth of the HPLC chromatograms (e.g.,+ ++++>++++>+++>++>+>-).

Table 6. Allelochemicals identified from rhizosphere soil extracts of nonflowering and flowering Dendrocalamus latiflorus
Munro in Taichung plantation by thvee extraction methods using HPLC

Water-soluble Alkaline hydrolysis
XAD-4 Free-type Bound-type CaO NaOH
Allelochemicals NF-RS F-RS NF-RS F-RS NF-RS F-RS NF-RS F-RS NF-RS F-RS
trans-p-Hydroxycinnamic acid + + + + + ++ +++ ++++ A+
p-Hydroxybenzoic acid + + + + + ++ +++ 4+ ++4 ++++
Syringic acid + + + + + ++ ++ 44+ +++ ++++
4-Hydroxy-3-methoxybenzaldehyde + + + + + + + ++ ++ +++
trans-Ferulic acid - + - + + + + ++ 4+ 4+
B-(m-Hydroxyphenyl)propionic acid - - - — - + + + + ++
3,4,5-Trimethoxybenzoic acid - + - + + + + + _ +
2,6-Dihydroxybenzoic acid - - - + + + — 4+ T 4+
c¢is-p-Hydroxycinnamic acid - - - — + + + + + +

aNF-RS=nonflowering rhizosphere soil; F-RS=flowering rhizosphere soil.
*HPLC identifications were described in a previous publication (Tsai, 1987), and the allelochemicals amount was based on the peak
heighth of the HPLC chromatograms(e.g,+++++>++++>+++>++>+>-).
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Table 7. Quantities of water soluble allelochemicals in the soil solution extracted from soils® of bamboo plantations with XAD
-4 and water extraction methods

. Tali plantation Taichung plantation
Allelochemicals
Extraction method NRS NF-RS F-RS NRS NF-RS F-RS
nM
tmns—p—Hgiroxycinnamic acid
XAD- 444 365 665 187 378 570
Water §Free type) 104 73 352 23 54 272
Water (Bound- type) 392 420 489 23 621 . 272
Syringic acid
XAD-4 235 256 411 93 351 353
Water EFree—type) 52 110 313 93 189 299
Water (Bound-type) 313 292 254 280 378 706
p-Hydroxybenzoic aci
XAD-4 209 311 724 93 378 . 869
Water gFree—type) 78 164 489 93 162 407
Water (Bound-type) 522 585 705 210 351 597
trans-Ferulic acid
XAD-4 52 110 176 — 162 244
Water EFree type) — 73 294 — 54 109
Water (Bound- tg 131 274 196 233 378 407
4—Hydroxy—3-methoxy enzaldehyde
XAD 104 219 274 — 243 272
Water §Free -type) 52 237 333 23 135 136
Water (Bound-type) 183 201 215 163 243 244
cis~-p- H\k; roxycinnamic acid
Total® ater (Bound-type) 78 73 78 47 81 109
ota
XAD-4 1045 1260 2251 373 1512 2308
Water (Free-type) 287 658 1781 233 594 1222
(15.1)¢ (26.3) (49. 2) (19.6) (22.4) (34.4)
Water (Bound-type) 1619 1845 1838 956 2052 2335
(84.9) (73.7) (50.8) (80.4) (77.6) (65.6)

8NRS = Nonrhizosphere soil; NF-RS= Nonflowering rhizosphere soil; F-RS=Flowering rhizosphere soil.
*Total amounts of the six allelochemicals.
"Percentage of total water extract.

Table 8. Quantities of allelochemicals extracted from soils® of bamboo plantations with CaO and NaOH extraction methods

Allelochemicals Tali plantation Taichung plantation
Extraction method : NRS NF-RS F-RS NRS NF-RS F-RS
. ug g~! organic carbon
tmns~p-H(¥droxycinnamic acid
Ca 176 366 912 184 368 702
~ NaOH 1568 2733 3296 1837 1912 5430
Syringic acid .
CaO 203 297 520 143 237 289
NaOH . ) 595 802 1256 469 351 816
j)—Hydrobeenzmc acid
Ca ] 54 89 208 20 70 79
NaOH 243 287 416 224 158 368
trans-Ferulic acid
Ca0Q 68 99 184 41 96 158
NaOH 243 416 528 184 289 710
4—Hydroxg)—f&-methoxybenzaldehyde
Ca 27 40 72 20 35 44
NaOH 122 ' 148 . 192 224 105 237
cis-p- Haldroxycmnamlc acid
7 10 16 6 9 9
54 49 72 41 53 53
B-(m- hgdroxyphenyl propionic acid
95 188 360 163 184 202
NaQOH 743 1000 904 1000 544 1175
Total®
Ca0 630 1089 2272 577 999 1483
NaOH 3568 5435 6664 3959 3412 8789

aNRS = Nonrhizosphere soil; NF-RS = Nonflowering rhizosphere soil; F-RS=Flowering rhizosphere soil.
vTotal amounts of the seven allelochemicals.
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{(Rice and Pancholy, 1974), although inhibition of plant
growth appears unlikely (Chou nd Patrick, 1976). How-
ever, it is apparent that the total amount of allelo-
chemicals identified and calculated in the soil extracts
of flowering-plant rhizospheres was significantly lar-
ger than that in the soil-extracts of nonflowering-plant
rhizospheres and of nonrhizosphere soil.

It is extremely difficult to estimate the actual con-
centrations of allelochemicals in the soil because of the
uncertainties about the effects of dynamic alterations

Botanical Bulletin of Academia Sinica, Vol. 34, 1993

cause-and effect relationship.

Dendrocalamus latiflorus Munro is the most wide-
spread bamboo in Taiwan and is famous for sporadic
flowering. Clumps of flowering bamboo are often found
beside a ditch or drain, and the soils at the site are usu-
ally imperfectly or poorly drained. This phenomenon
has been recorded in field observations (Wang and
Chen, 1971}, but the reason was little understood or dis-
cussed. Under poor water drainage, the quantities of

= j—

]

viQtoxic ¢ ances_ave significantly _hi

the field.- As discussed by Whitehead et al. (1981),

phenolics would not be uniformly distributed in undis-
turbed soil, and localized concentrations close to frag-

ments of decomposing plant material might be suffi-
ciently high to produce some effects. Rice (1979) con-
siders that some compounds may influence plant
growth at concentrations at which they are completely
adsorbed by soil particles and are not extractable by
water. Therefore, we used four extracting methods to
evaluate allelochemicals in various soils. An example
of a bound phenolic compound having allelopathic
effect has been reported by Tai et al. (1981). They
‘found that the p-coumaryl ester of 1,2-propanedicar-
boxylic acid had a marked inhibitory effect on the
growth of rice and lettuce seedlings at concentrations
greater than 0.6 mM in solution.

greater phytotoxicity (Chou, 1987). Furthermore, Wu et
al. (1976) found that the total amount of phytotoxic
phenolics in the well-drained Tsaotun soil (52 mmol
kg~! soil) was significantly lower than that in the poor-
ly drained Lotung soil {192 mmol kg~! soil). They also
reported that the amounts of non-volatile and volatile
fatty acids were significantly lower in the well-drained
soil (76 xmol kg™ soil) than those in the poorly drained
soil (376 gmol kg™! soil). Accumulation of allelo-
chemicals in rhizosphere soils of D. latiflorus occurred
in fields. Allelochemicals produced and accumulated
under such poorly drained soil environment conditions
may cause some stress on the plant development; how-
ever, convincing results are shown in this study which
can relate the allelopathic effects with bamboo flower- -
ing. Furthermore, phenolic compounds may play a sig-
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AIAFEE SRR AR RABTERITERE LS ERE - EETFSITERERHICEYRE LS EEYFTE
BORBATERS R - EYERIYE SFERTE BoRBETERRITARE L - (EFEE K3 BYEEREEY S IRE - & B
KETEWES » FERCEYIRE - & E HAEYHERY E B fEp-hydroxybenzoic-, frans-p-hydroxycinnamic-, 8-
(m-hydroxyphenyl)propionic-, trans-ferulic-, 3,4-dimethoxyphenylacetic-, cis-p-hydroxycinnamic-, syringic-, 3,4,
5-trimethoxvbenzaic-. 2.6-dihvdyoxvbenzoic acids & 4-hvdroxv-3-methoxvbenzaldehyde o ZERETEAE YA+ VAW




