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I . Allelopathic and Autotoxic Effects
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ABSTRACT

There was no significant difference in the final germination percentages(Experiment 1-3) as affected by
sunflower root exudates between the contro! and the treated for the test species, In general (Experiment 1),
however, germination onset was delayed the treated bottles. Germination rate was, also, reduced for both
radish (Raphanus saetivus L.) and rice(Oryza sativa L.). Therefore, the germination index was low in the
treated bottles but germination gradually increased with time in the greated bottles in all test species so that
the final germination percentages were similar between treatments, The root exudates of sunflower had
significant inhibitory effects(Experiment 1-3) on the lengths of the shoots and roots of all the test species.
Fresh weight was also significantly reduced in all test species.

Sunflower seedlings (Experiment 3) in the treated (with the XAD-4 resin column) were larger and healthier
than those in the control (without XAD-4 resin column) because of the removal of allelochemicals. The fresh
weight of sunflower seedlings was markedly inhibited by sunflower root exudates. These mean that sunflower
probably is an autotoxic crop.

Many studies have been done which demonstrate

INTRODUCTION the allelopathic nature of the effects of weeds on

crop growth and development (Tukey, 1969 . Put-

H . annuus is one of the important crops in the nam and Duke, 1978 ;Rice, 1979, 1984). In such

world. It is reported to be an allelopathic species studies considerable attention has been given to the

(Wilson and Rice, 1968 . Hall et al., 1982) and has role of allelopathic interactions between different

considerable variations for this trait (Leather. 1983 crop plants or the inhibitory effects of phytotoxins
b). produced by weeds on crops.
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Allelochemicals present in all plant tissues may be
released in different ways including root exudation,
leaching, decomposition and volatilization. Root
exudation may play a major role on the allelopathic
effect in agroecosystems. Much of the evidence for
root-mediated allelopathy has come from studies
where solutions passing by the root systems of one
plant are recycled into media containing the indica-
tor species.

A study on root exudation by Tang and Young
(1982) successfully utilized an adsorptive column
(XAD-4) to selectively trap organic and hydro-
phobic root exudates while allowing nutrient ions
and other hydrophilic compounds to pass through.
amberlite XAD-4 is more effective (725m?/g) in
adsorbing nonpolar solutes from polar solvents
compared to the most commonly used solvents (e.
g., methanol and acetone) which are water miscible
(Putnam and Tang, 1986). This continuous root
exudate trapping syvstem (Tang and Young, 1982)
makes possible the trapping of fixed compounds in
the root system while being free of physical distur-
bance.

The objectives of this study were to dertermine the
inhibitory effects of sunflower root exudates on early
growth of Echinochloa colona (L) Link, radish, and
upland rice and to evaluate autotoxicity from the
root exudates of sunflower,

MATERIALS AND METHODS

Experiment 1, Inhibitory Effect of Germinating
Sunflower Seeds

This experiment was conducted in vitro. Bottles
(266ml) containing 1.5% (w/v) agar, with cylindri-
cal rings (25% 10mm) cut from stainless steel tubing
fixed at the center of each dish, were autoclaved.
Seeds of sunflower, E. colona, radish, and upland
rice (cv. UPLRi-5) were sterilized for 30 minutes in
2% chiorox, then rinsed with distilled water, One
sunflower seed together with six seeds of either £
colona. radish, of rice were planted inside the inner
cylindrical ring . Outside the inner ring, sixteen seeds
of E. colona, radish, and rice were planted as con-
trols (Fig. 1).

The bottles were kept under continuous light in an

Seeds of Sunflower

test species Agar 1.5%
Stainless steel
(25X 10mm) Bottle (9 oz.)

Fig. 1. Experimental setup to examine the effect of
germinating sunflower on test species
growth

incubator at 28°C and 80% relative humidity. Each
treatment was replicated 10 times in a completely
randominized design.

After 10 days. percentage germination, lengths of
shoots and roots, fresh weights of shoots and roots,
and total fresh weight of each test species were
measured, Data were analyzed using least signifi-
cant difference test and Duncan’s multiple range
test.

Experiment 2. Seedling Growth of Upland Rice,
Echinochloa colona (L.) Link, and radish as
Affected by Inhibitory Exudates from Germinating
Sunflower

A continuous trapping apparatus (Fig. 2) was
installed at the International Rice Research Institute
(IRRI} phytotron under the following conditions :
temperature (day/night), 28/21°C ; relative humid-
ity, 70% ; light, natural. A continuous root exudate
collecting system developed by Tang and Young
{1982} was modified and used to grow donor plants,

This experiment consisted of three parts : One had
sunflower as the donor and upland rice as the
receiver, another had sunflower as the donor and E .
colona as the receiver, and the third had sunflower
as the donor and radish as the receiver,

The seedbeds were filled with a 20mm layer of
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Fig. 2. The continuous hydrophobic exudate trap-
ping apparatus.

glass beads (outer diameter, 3mm). The columns
were filled with XAD-4 resin (Fig. 2). The XAD-4
resin which was contaminated with aromatic im-
purities was cleaned by Soxhlet extraction using
acetone (HPLC grade), acetonitrile (HPLC grade),
and methano! (HPLC grade), each for 24h and then
the column (22x183mm) was packed with 12g of
resin as an aqueous slurry. The residual methanol
was removed by washing with distilled water and the
column was dried at 70°C.

Seeds (sunflower, upland rice, radish, and E.
colone) of uniform size and appearance were
selected. These were sown on the surface of the
appropriate seedbeds (Fig. 2).

The columns filled with resin were then con-
nected to a circulating attachment with Teflon tub-
ing connected to an air pump (Nippon Jisei Sangyo
Co., Japna) and a Soxhlet type time-release reser-
voir, Distilled water was circulated at a rate of
about 15ml/min by an air pump and seeds were
irrigated by water released periodically from the
time-release reservoir.

The water flooded the seedbed (donor, sunflower)
briefly and then drained into the lower seedbed
(receivers . upland rice, radish, and E. colona) and
finally drained into the lower XAD-4 resin column.

Hydrophobic exudates leached from the germinating
sunflower seeds through a continuous trapping appa-
ratus were adsorbed by the XAD-4 column while
water was transported back to the Soxhlet time
-release reservoir using the air pump.

Water was replenished twice daily with distilled
water to compensate for aspiration and evaporation
losses. The total volume of circulating water was
maintained at about 150ml. The flow rate of water
was adjusted to 4ml/min,

The seeedbed was protected from light by alumi-
num foil, which eliminated possible photoconver-
sions of exudates,

This experiment was replicated three times. Data
(percentage germination, lengths of shoots and
roots, fresh weights of shoots and roots, and total
fresh weights) were collected 10 days after seeding.

Experiment 3. Autotoxicity from the Root
Exudates of sunflower

A continuous root exudate collecting system devel-
oped by Tang and Young (1982) was modified (Fig.
3). The experiment was conducted at the IRRI
phytotron under the following conditions . tempera-
ture (day/night), 28/21°C ; relative humidity,
709% . light, natural. Sunflower seeds of uniform
size and appearance were used,

The seedbeds were filled with a 20mm layer of
glass beads (outer diameter, 3mm). Column prepa-
ration was the same as in Experiment 2. A control

reservoir

erforated]

plate 1} wWater
solution L

Glass wool Teflon
XAD-4 column——{ tubing ) |
Glass wool ‘

CONTROL

TREATED

Fig. 3. Continuous exudate trapping apparatus
used to determine autoxicity of sunflower,
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treatment was set up without an XAD-4 resin col-
umn. The column and circulating attachment were
then connected to the bottom of the lower reservoir
using Teflon tubing.

The solution was circulated at a rate of about 15
ml/min by an air pump and the seeds were irrigated
by water released periodically from a Soxhlet type
time-release reservoir, This experment was replicat-
ed three times. Data (percentage germination,
lengths of shoots and roots, fresh weights of shoots
and roots, and total fresh weights) were collected at
15 days after seeding.

RESULTS AND DISCUSSION

Experment 1. Inhibitory Eeffect of Germinating
Sunflower Seeds

Germination

When sunflower seed was planted in the center of
bottles containing agar, a light brown exudate was
observed, However, there was no significant differ-
ence in the final germination percentages between
the control and the treated for the test species (Fig.
4) . The highest concentrations reduced the rate of
germination, but had no effect on total percent
germination after 10 days.

Cumulative germination (%)

100

Days after inhibition onset
Fig. 4. Cumulative germination of test species as
affected by sunflower root exudate.

In general, germination onset was delayed in the
treated bottles (Fig. 4 and Table 1) . Germination
rate was, also, reduced for both radish and rice.
Therfore, the germination index was low in the
treated bottles but germination gradually increased
with time in the treated bottles in all test species so
that the final germination percentages were similar
between treatments, This implies that the concentra-
tion of inhibitor in the exudates was low enabling the
test species to recover with time.

The total percentage of seed that germinate does
not necessarily give an accurate measure of the
effects of an inhibitor, When germination rate, and
germination index were examined, it was observed
that germination of seed treated with distilled water
was markedly different from seed treated with
exudates of sunflower roots (Table 1).

In addition, Schon and Einhellig (1982) reported
that leaf leachates, decaying litter, root extract and
field soil of cultivated sunflower significantly
reduced the germination and seedling growth of
yellow soybean.

Seedling growth and fresh mass accumulation
The root exudates of sunflower had significant
inhibitory effects on the lengths of the shoots and
roots of all the test species (Table 2). Based on
shoot and root lengths (Table 2), there was a
greater inhibitory effect on E. colona and radish
than rice, Fresh weight was also significantly
reduced in all test species (Table 3). Among the
three species, radish was the most affected, foll-
owed by E. colona, and rice.

Leather (1983a) reproted that seedling growth of
Abutilon theophrastic Medic,, Datura stramonium
L., Ipomoea purpurea (L.) Roth., and Brassica
kaber (DC.) L.C. Wheeler was inhibited by lea-
chates of Hybrid 201 sunflower leaf and stem tissue
(Leather, 1983b) and root exudates inhibited

Table 1. Germination index of different treatments as affected by sunflower root exudates.

PARAMETERS CURVES
A B C D E F
Maximum germination, % 79 93 95 95 92
Germination onset, days 0.8 3.0 0.5 . 2.2 0.6 2.0
Germination rate, % day™! 10.9 16.6 26.6 16.4 21.6 23.0
Germination 1076 459 4948 708 3420 1058




Table 2. Effect of root exudates of sunflower seedlings on seedling growth o1 test species®,

TEST SHOOT LENGTH (mm) ROOT LENGTH (mm)
SPECIES Control Test Difference Control Test Difference
Echinochloa
colona 29.3 19.6 9.7** 20.1 12.7 7.4
Radish 88.3 66.6 21.7** 55.8 34.0 21.8**
Rice 45.0 36.7 8.3** 49.2 39.3 9.9**
* Average of 30 seedlings.
** Significantly different from the control at the 1% level,
Table 3. Effect of root exudates of sunflower seedlings on fresh weight of test species®.
TEST FRESH WEIGHT (mg/plant)
SPECIES Shoot Root Total
Control Test Difference Control Test Difference Control Test Difference
Echinochloa
colona 3.0 2.2 0.8* 1.8 1.1 0.7* 4.8 3.3 1.5*
Radish 170.7 102.0 68.7** 30.7 13.69 16.8° 201.4 115.9 85.5%*
Rice 13.8 11.3 2.5* 12.4 10.8 1.6* 26.2 22.1 4.1

® Average of 30 seedlings.

* Significantly different from control at the 5% level.

** Significantly different from the control at the 1% level,

Abuﬁlan theophrastic Medic. and Datura stramonium
L. growth. Field studies (Leather, 1987) were con-
ducted to determine if season-long weed control
could be achieved by combining the use of a herbi-
cide with the natural allelochemicals produced by
cultivated sunflower., The weed biomass was
reduced equally in plots planted with sunflower,
whether or not herbicide was applied. Also, Curtis
and Cottam (1950) reported that sunflower influences
succeeding generations through decomposition and
release of allelochemicals from underground plant
parts.

Experiment 2. Inhibition of Seedling Growth of
Tesh Species by Root Exudates of Sunflower

Germination and seedling growth
The root exudates of sunflower had no effect on

germination of all the test species, However, sun-
flower significantly inhibited seedling growth of E.
colona and radish. Rice was not affected (Table 4) .
The tesh species varied in response to the root
exudates of sunflower, with radish being most sensi-
tive (Fig. 5). E.Colona showed clear differences
in shoot growth(% of control : 90)
growth (% of control : 86) between treatments (Fig.
5).

Stevens and Tang (1985) reported that Bidens
pilosa L.
growth of lettuce

and root

root exudates significantly inhibited
(Lactuca sativa L.), beans
(Phaseolus vulgaris L), maize (Zea mays L.), and

sorghum (Sorghum bicolor (L.) Moench) .

Fresh weight accumulation
Fresh weights closely agreed with the results for the
lengths of shoots and roots (Table 5), Of the test

Table 4. Effect of sunflower root exudates on seed germination and seedling growth of test species®.

TEST SEED GERMINATION (%) MEAN LENGTH (mm)
SPECIES Shoot Root
Control Test Difference Control Test Difference Control Test Difference
Echinochloa
colona 67.0 69.3 +2.3" 45.2 40.6 4.6* 65.9 56.6 9.3*
Radish 93.3 95.7 +2.4% 83.2 68.7 14.5* 109.3 79.2 30.1*"
Rice 97.0 93.1 3.9% 116.2 119.3 +3.1% 81.2 82.3 1.6™

® Average of 30 seedlings.

* Significantly different from the control at the 5% level.
** Significantly different from the control at the 1% level .

"= Not significant.
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Fig. 5. Percentage inhibition of total fresh weights
of test species by sunflower root exudates,
(*Significantly different from the control
at the 5% level, **Significantly different
from the control at the 19 level, ns=Not
significant)

species, radish was most affected. Sunflower
exudates reduced fresh weight of radish by 23% which
was significant at the 1% level. Fresh weight of £,
colona was reduced by 17% which was significant at
the 5% level (Fig. 6) The fresh weight of rice was
not affected by the sunflower exudates.

Lovett and Jokinen (1984) reported that live
Agropyron vepens (L.) Beauv, affected the length of
barley roots and total dry weight of barley from the
commencement of growth and the effects were evi-
dent in the morphological and physiological charac-
teristics at harvest. Interference {competition+ al-
lelopathy) effects of fescue (Festuca arundinacea
Shreb.) on the growth of sweetgum (Liquidambar
styraciflua L))
(Walters and Gilmore, 1976). Fescue seeded into

were tested in the greenhouse

pots containing sweetgum seedlings resulted in

Shoot and root growth(% of control)

1201 772 Shoot
Root

100t

80~

E  colona Radish Rice

Fig. 6. Effect of sunflower root exudates on seed-
ling growth of test species. (*Significantly
different from the control at the 5%
level, **Significantly different from the

control at the 1% level, ns=Not signifi-
cant)
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sweetgum dry weight reduction from 29 to 95%.
Elimination of the competitive effect through the use
of a stairstep apparatus implied an allelopathic
mechanism in the interference of sweetgum growth
by fescue. Leachates from the rhizosphere of live
fescue resulted in reduction of up to 60% in dry
matter production of sweetgum seedlings.

Water soluble phytotoxins may be leached from
roots or aboveground plant parts (Bell and Koeppe,
1972) or actively exuded from living roots on envi-
ronmental stimulus.

Bell and Koeppe (1972) found that when maize
was seeded into pots with 6 week-old Setaria faberii
Herrm, maize height, fresh weight, and dry weight
were reduced by as much as 90% when compared to
comparable plants grown in monoculture. Mature
S. faberii inhibited the growth of maize approxi-
mately 35% through an allelopathic mechanism .

Table 5. Effect of sunflower exudates on fresh weight of test species®.

TEST FRESH WEIGHT (mg/plant)
SPECIES Shoot Root Total
Control Test Difference Control Test Difference Control Test Difference
Echinochloa
colona 16.3 13.8 2.5° 12.2 10.2 2.0° 29 24 5.1*
Radish 236.0 180.7 55.3** 24.8 20.3 4.5 261 201 60.0°*
Rice 437.8 450.0 +12.2™ 285.¢ 288.0 +3.0™ 723 738 15.0™

® Average of 30 seedlings.

* Significantly different from control at the 5% level.

** Significantly different from the control at the 1% level.

"= Not significant,
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Experiment 3. Autotoxicity from the Root
Exudates of Sunflower

Sunflower seedlings in the treated (with the XAD
~4 resin column) were larger and healthier than those
in the control (without XAD-4 resin column)
because of the removal of allelochemicals (Table 6) .
Without the column, however, seedlings in the con-
trol were stunted and the roots appeared brownish.

There is some evidence indicating that plant
exudates can inhibit or stimulate the growth of other
plants and microorganisms (Rice, 1984 and 1979 ;
Hale et al., 1978), but little is known of autotox-
icity by root exudates. Autotoxicity could be signifi-
cant in pure stands of long-term crops and in some
continuous cropping systems, particularly cash
crops. For example, Tang and Young (1982) report-
ed that asparagus residues can inhibit the shoot and
root growth of their own species, Therefore,
autointoxication from root exudates of asparagus
can be a problem in continous cropping of aspara-

gus.

Germination and seedling growth

There was no difference in percentage germination
between treatments which may be due to the low
concentration of inhibitors (Table 6). However,
mean lengths of shoots and roots differed between
treatments, Compared to the treated, the mean
lengths of the shoots and roots in the control were
reduced by about 25% .

Fresh weight
The fresh weight of sunflower seedlings was mar-
keldy inhibited by sunflower root exudates (Table
7). The inhibition of shoot fresh weight was greater
than that of root fresh weight. Compared to the
treated, total fresh weight of the control was
reduced by 42% . These data suggest that sunflower

Table 7. Inhibtion of fresh weight of sunflower seed-
ligns by sunflower root exudates.®

FRESH WEIGHT

TREATMENT (mg/plant)
Shoot Root Total
Control 318b 159b 477 b

(Without XAD-4 resin) (48) (260 (42)

Treated 608a 216a 824a
(With XAD-{4 resin)

Average of 10 seedlings. In a column, means foll-
owed by the same letter are not significantly differ-
ent by DMRT at the 5% level. Percent inhibition
indicated in parenthesis,

is an autoinhibited species whose root exudates
inhibit its own growth,

Based on demonstrated weed inhibition by sun-
flower in field plots, Leather (1987) conducted an
experiment to determine if season-long weed control
could be achieved by exploiting the use of herbicides
for weed control early in the season and the al-
lelopathic effects of cultivated sunflowers for late
-season weed control. Weed control diminished in
the second year in all plots. This was attributed to
reduced emergence of sunflower in second-year
plots, as a result of autotoxicity from sunflower in
second-year plots, as a result of autotoxicity from
sunflower crop residues remaining after the first
-year harvest,

A replant problem in continuous cropping or rota-
tion systems suggests a chemical effect of sub-
stances from previous crops or their residuces in the
soil, Among the possible causes, self-allelopathy or
autointoxication has often been suggested (Dommer-
gues, 1978) . Wang and his associates (1967) report-
ed the decline of sugarcane vield in Taiwan, and
found that five growth inhibitors were present in the
soil. They indicated that these inhibitors were plant
-originated and came from the debris of sugarcane
decomposing in the soil, Similarly, the productivity

Table 6. Inhibition of growth of sunflower seedlings by sunflower root exudates?®.

TREATMENT SEED GEMINATION SHOOT LENGTH ROOT LENGTH
(%) {{mm) (mm)

Control 81.7 a 52.5b 52.7b

(Without XAD-4 resin)

Treated 83.6a 69.7 a 72.9 a

(With XAD-4 resin)

® Average of 10 seedlings. In a column, means followed by the same letter are not significantly different by
DMRT at the 5% level. Percent inhibition indicated in parenthesis,
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of rice in the second crop is generally lower than that
in the first crop,
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