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ASSESSMENT OF BARLEY ALLELOPATHY

D.L.LiuandJ. V. Lovett
Department of Agronomy and Soil Science,
University of New England Armidale, N.S.W., 235

Summary. The allelopathic activity of barley (Hordeum vulgare L.) was evaluated by improved
bioassay techniques. The allelopathic potential of barley during germination was confirmed.
Allelopathic activity was maintained at later stages of growth and development. Numbers of
barley seeds and/or quantities of biomass determined whether weed species were significantly
inhibited by barley allelochemicals. The possibility of enhancing allelochemical content in barley
to give self-defence against weeds and, possibly, other organisms is discussed.

INTRODUCTION

In agricultural systems there is considerable evidence which indicates that weeds exhibit
allelopathy as a part of their interference with crops. However, a number of well-documented
examples of allelopathic activity by living crop plants against weeds is also known (27). For
example, root excretions of Lupinus albus L. and Zea mays L. were reported to inhibit the
growth of Chenopodium album L. and Amaranthus retroflexus L. (7), while one sweet potato
(Ipomaea batatas (L.) Lam.) cultivar showed higher allelopathic potential on yellow nutsedge
(Cyperus esculentus L.) and alfalfa (Medicago sativa L.) than another (12), confirming
evidence for variability in allelopathic activity within crops (9, 14, 15, 20).

An evaluation of 526 cucumber (Cucumber sativus L.) accessions for allelopathic activity
against a broad-leaved weed, Brassica hirta Moench, and a narrow-leaved weed, Panicum
miliaceum L. showed that one accession inhibited indicator plant growth by 87% and 25
accessions inhibited growth by 50% or more (26). A conclusion was that, if the allelopathic
ability of those accessions which severely inhibited the growth of weeds was heritable, attempts
could be made to incorporate the character into a commercial cultivar. Subsequently, a hybrid
cucumber, cv. Pioneer, was found to be less capable of chemically-based interference than an
unselected accession with which it was compared (14, 15). These results suggest that the
capacity for producing allelopathic chemicals has been reduced as plants have been crossed or
selected (26) plant breeders selecting for yield rather than allelopathy. Nevertheless, sunflower
(Helianthus annuus L.) hybrid cultivars grown in America were found to be more
allelopathically active than a native biotype (13). Allelopathic activity in open-pollinated
cultivars of sunflower grown in Australia was shown to be low but one of the inbred parents of
a hybrid sunflower, and the hybrid itself, possessed similar allelochemicals and evoked similar
responses (17), confirming an earlier conclusion (13) that sunflowers could retain their
allelopathic potential through selection. Collectively, these findings suggest a possibility of
breeding for allelochemical enhancement in crop plants, but very little work on the genetic
manipulation of allelopathic compounds has been carried out to date.

Among the cereal crops 3000 accessions of Avena spp. germplasm were screened for their
ability to produce scopoletin (9). Four accessions exuded up to three times as much scopoletin
as a standard oat cultivar (Avena sativa L. cv. “Garry'), while the accession PI 266281
produced the highest amount of scopoletin. In a further investigation it was found that the levels
of scopoletin exuded in a soil system were too low to cause the observed effects on the growth
of Brassica kaber (D.C.) L.C. Wheeler. Therefore, it was postulated that the final toxic effects
were possibly due to the exudation of scopoletin and other allelopathic compounds (9).
Alleopathic potential in cereal rye (4, 5, 6) and in wheat (3, 16, 21, 24) has also been reported.

Barley (Hordeum vulgare L.) has been reported to be a “smother' crop which can suppress the
growth of weeds through competition for environmental resources (23). However, in the
absence of competition, barley still inhibited germination of Amaranthus hybridus L. and C.
album (28), suggesting that phytotoxins might be involved (23). The inhibitory activity of
barley was further found to be selective among broad-leaved plants, Stellaria media L. being
more severely inhibited than Shepherd's Purse (Capsella bursa-pastoris (L.) Medic.) (23).

PROCEEDINGS OF THE 9 TH AUSTRALIAN WEEDS CONFERENCE
ADELAIDE. SOUTH AUSTRALIA. AUGUST 6-10 1990



441

To date, separation of allelopathy from other aspects of plant interference remains one of the
most challenging tasks in studies of plant interference and may need "more rigorous philosophy
in the search for cause and effect” (11). Techniques applied to studies of allelopathy have,
frequently, been crude, contributing to uncertainties about the significance of allelopathic
phenomena. The purpose of this study was to develop techniques for separating allelopathic
activity from competition and, through these techniques, to examine allelopathic activity of
barley on white mustard at different growth stages under controlled conditions.

MATERIALS

Experiment A. Petri dish bioassay ~ Allelopathic activity of germinating barley was bioassayed
on filter paper in 9 cm petri dishes in an incubator at 25°C in the dark using surface-sterilised
seeds of white mustard (Sinapis alba L.). Barley seeds were evenly distributed on two

Whatman No.1 filter papers at rates of 0, 0.13, 0.25, 0.5, 1.0 and 2.0 seeds cm=2 with 10
white mustard seeds in each petri dish for bioassay. Since germinating barley is able to absorb a
large amount of water (1), a preliminary experiment was carried out to determine the amount of
water uptake by germinating barley. Five, six and seven ml sterile distilled water for control
and 6ml for treatment were initially applied to filter paper. The same amount of water uptake by
germinating barley, monitored in the preliminary experiment, was added during the course of
bioassays. The bioassay was replicated five times for 72 h and Range Tests were applied to
determine statistically significant differences.

The apparatus consisted of a glass container (40 cm long, 40 cm wide and 12 cm hlgh) four
pieces of glass (45x9 cm), sixteen 9 cm glass petri dishes and 32 pieces of Whatman No.1
filter paper (25x3.5 cm). The four pieces of glass were placed, parallel, across the edges of the
container. Four glass petri dishes were set on each piece of glass. Two Whatman papers were
placed, parallel, over the petri dish and the ends of the papers were plugged into the water
container, which was filled with distilled water. The apparatus was set in an incubator at 25°C
in the dark.

When seeds were sown a number of 6 mm filter paper discs were placed between seeds to
monitor osmotic potentials for testing if germinating barley physically altered the moisture
conditions.

The experiment was designed to observe the effects of germinating barley on white mustard.
Treatments consisted of six harvest days; 10 white mustard seeds in monoculture and 10 white
mustard seeds in mixture with 10 barley seeds, with four replications. The data for mean radicle
length of white mustard collected at each harvest day were subject to analysis of variance. The
osmotic potentials were measured using a Wescor HR-33 dew point microvoltmeter on each
harvest day.

Experiment C. Hydroponics  An 18-cm-diameter plastic saucer covered the top of a glass
container, which was periodically increased from a minimum of 0.15 | to a maximum of 2.5 |
capacity. A glass petri dish, 9-cm-diameter and 2-cm-depth, was set on top of the plastic
saucer. There was a 3-cm-diameter hole through the glass petri dish and plastic saucer. Two
pieces of 2.5x4.0 cm glass were set parallel over the hole of the glass petri dish and roots of
plant seedlings were placed through the gap between the two pieces of glass into the glass
container. The epicotyls of the seedlings were surrounded by a gravel and sand mixture in the
glass petri dish. Hoagland's solution, varied in strength to match plant growth, was used to fill
glass containers after sampling, which was carried out at intervals of 4 or 7 days for analysis.
A RENA 301 air pump was used to pump air into the containers. The container was surrounded
by sand in a pot, which had free drainage. Water was added to the sand around the container to
avoid radiation accumulation in the system. During the experiment pH and electrical
conductivity (EC) were monitored. Hoagland's solution was run as an additional treatment,
together with a similar system without barley plants.
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Samples (50 ml) of the three solutions (fresh Hoagland's solution, hydroponic without barley
and hydroponic with barley) were passed through a 0.2 pm membrane filter to remove debris
and microorganisms on the day of collection. The samples were then stored in a refrigerator.

Aliquots from these samples were used in bioassay,with sterile distilled water as control. Five
ml of each solution was added to two Whatman No.1 filter papers set up in 9 cm sterile petri
dishes. Sixteen surface-sterilised white mustard seeds were then placed evenly on the filter
papers and allowed to grow in the dark at 25°C for three days. Bioassays were replicated four
times. During the bioassay cumulative germinations were counted each day and radicle length
was measured at the end of the run.

Experiment D. Stairstep apparatus A stairstep apparatus with four recycling nutrient units
was set up in a glasshouse (mean temperature 18 + 2°C with natural light supply) at the
Department of Agronomy and Soil Science, University of New England. The apparatus was
developed from an earlier model (18).

Each unit comprised six steps. The nutrient solution from the top reservoir flowed, by gravity,
to an incubation tray (57x35x18 cm) though three lines of pots (15 cm diameter, 14 cm height),
with 4 replications within each set of each step, to a collector tank (50 1 capacity, on the Ist and
6th steps) from which it was automatically recycled by an electric pump (FP Model, Onga
Pump).

Between steps 2 and 3, 3 and 4, and 4 and 5, there was an opaque tube (55 mm diameter, 800
mm long), to collect solutions from the preceding step. The topmost tube was joined to the
incubation tray by a 10 mm diameter black pipe. Connections from this tube to the next level
and between lower levels was by 3 mm diameter black tubes. A bent 3 mm diameter black
tubing with a 150° angle was inserted into the opaque tube over each pot for individual solution
supply. This bent tube was designed for a fine adjustment of the flow rate of solution by
turning the tube clockwise or anticlockwise. The opaque tube was mounted on two steel
semicircular supporters, thus, a coarse adjustment of flow rate could be obtained by turning it
backwards or forwards. In this system the flow rate of solution could be varied from 1 1to 20 1

h-1,

Three cm depth of gravel (5-10 mm particle size) was sandwiched by two nylon mesh (0.8
mm), liners on the base of the incubation tray. Twelve cm depth of sand (0.7-1.5 mm particle
size) covered the nylon mesh. Individual pots were filled in similar fashion and contained 500
g gravel and 2500 g sand.

On day 1 the collection tank was filled with 50 1 of half strength Hoagland's solution. Flow
rates were gradually increased from 11to 6 1 h-1 during the experiment and the solution was
cycled for 2 h twice a day. Before each recycling the electrical conductivity (EC) and pH of the
solution were monitored. Ten-percent-strength Hoagland's solution was added to each unit
collecting tank at day 12 and twenty-percent-strength Hoagland's solution was further added at
day 17, in order to maintain the EC range of 1.0-1.5 mScm-2. The value of pH did not vary
from 6.8 during the period of experiment.

The treatments consisted of a) without barley (control); b) barley at a density of 0.3 seed cm™2
sown at the same day as white mustard; c) barley at a density of 0.3 seed cm™2 growing for 28
days before introduction of white mustard, and d) 100 g oven dried plant materials of ¢). Four
white mustard plants in each pot were grown for 21 days.
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RESULTS AND DISCUSSION

Table 1. Total water losses, the total amount of compensating water added to the system, and
the effect of germinating barley on radicle length of white mustard in bioassay.

Density (seed cm2) 0.00 0.13 0.25 0.50 1.00 2.00
H70 losses (ml) 0.52 0.85 1.06 1.68 2.98 5.55
Compensation (ml) 0.00 0.20 0.50 1.00 2.90 6.00

Radicle length (mm)* 38.53 a 39.72 a 36.43 a 28.83 b 21.78 ¢ 8.93d

*Means of radicle length of white mustard which share a common letter are not significantly
different at 5% level, by Student's Range Test.

Germinating seeds are able to uptake water up to 88% of their dry weight for cereal crops and
up to 113% of their dry weight for legumes (1). The amount of water absorbed by germinating
barley could certainly alter the water available for other species. Therefore, addition of water for
compensation of such losses is essential in bioassay, Table 1. After competition for water
uptake, radicle length of white mustard was still significantly reduced by germinating barley at a

density of 0.5 seed cm™2 or more (Table 1). The critical density of barley seeds, where such
reduction may begin, was about 0.3 seed cm2 under our experimental conditions.

In conventional bioassays water uptake by germinating seeds cannot be ignored, especially in
limited test media such as petri dishes or when the number of, or size of, germinating seeds is
large. In the improved bioassay system water was continuously supplied to the system so that
the amount of water in each medium should, theoretically, be the same and any water uptake or
evaporation should be automatically compensated. Therefore, this technique enabled conclusive
separation of competition for water from allelopathic interference. In addition, since there were
no physical barriers limiting the early growth of germinating seeds in the open system, a
bioassay could be conducted much longer than is permitted by conventional petri dish
techniques.

Allelopathic interference by germinating barley, as previously reported (23, 25), was further
confirmed by the improved bioassay technique. When barley seeds and white mustard seeds
were sown at the same time there were no significant differences between radicle length of
white mustard with barley and without barley at day 1 harvest (Table 2). However, the radicle
length of white mustard was significantly (P=0.01) reduced at day 2-6. Some of the mustard
roots on day 5 and day 6 harvests were decayed, possible due to microorganism infection. In
addition the osmotic potential detected in this system ranged from -1.5 to -0.33 bars, which was
higher than the critical osmotic potential, -3.0 bars, determined in a preliminary experiment
(unpublished data).Thus, such effect was not attributable to osmotic potential or competition for
water but was attributable to allelochemical release by germinating barley. The presence of two
alkaloids, gramine and hordenine, in this system has been reported previously (19).

Table 2. Effect of germinating barley on radicle length (mm) of white mustard in
Experiment B.

Time Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Without barley 1.85 14.43 31.69 46.47 62.74 78.58
With barley 2.15 8.99 17.60 22.65 24.66 18.58
1.s.d.(P=0.01) 0.44 1.23 1.90 3.35 4.36 4.65
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Figure 1. (a). Effect of barley growing in a hydroponic system on radicle length (mm) of white
mustard; (b). Relationships between radicle length (mm) of white mustard and EC.
NS: not significant; *: P=0.05; **: P=0.01; ***: P=0.001, by t-test.

The aerated hydroponic system provided a technique to further assess phytotoxic activity. In
this system plant roots and nutrients were in the dark. Plant stands were supported by the gravel
and sand mixture, thus, simulating field conditions despite the roots being in the solution.
When solutions from the hydroponic system were used in bioassay, radicle length of white
mustard was significantly reduced by the hydroponic solution in which barley roots were
grown from 7-75 days after transplanting (Fig. 1a). Other solutions did not reduce radicle

length of white mustard. Electrical conductivity ranged from 0-3.6 mScm-2 but did not affect
radicle length of white mustard (Fig. 1b). The first day's germination was greatly reduced
(P=0.001) by hydroponic solution with barley growing in it up to 72 days after transplanting
and peak germination of white mustard was delayed from day 1 to day 2 (P=0.001) by
hydroponic solution with barley up to 48 days after transplanting, although there was no
evidence for inhibition of the germination of white mustard (data not shown).

In the stairstep system allelopathic effects of barley on leaf area, total fresh weight and total dry
weight of white mustard seedlings was evident (Table 3). The density of 0.3 barley seed cm2
was chosen as it was the critical density estimated in the petri dish experiment. Barley sown 28
days before the start of the experiment resulted in significantly (P=0.01) the greatest inhibition
of the growth of white mustard among these treatments, although all were at the critical density.

In the field situation germinating seeds of plants are generally subject to infection by fungal,
bacterial and viral diseases. The results of allelopathic activity of crop species which delay
germination or reduce radicle elongation of weed seedlings could complement these stresses, to
the advantage of establishing crop seedlings. Since the delayed germination and reduction of
root growth of weeds is a secondary expression of primary disturbance of metabolic activity by
germinating seeds (29), the ability of seeds to provide microbial inhibitors may be important
(8). Decaying roots of white mustard were noted in the improved bioassay (Experiment B)
suggesting that the germinating seeds were less resistant to diseases, including
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microorganisms.Therefore, crop plants could exhibit allelopathy as indirect self-defence
through interaction with other environmental stresses, and the combined effects of allelopathy
and pathogenicity may help to eliminate some weed seedlings.

Table 3. Effect of barley on leaf area, total fresh weight and total dry weight of white mustard
in the stairstep system.

Treatment Control ~ Day-O barley Day-28 barley Dead barley 1% 1.s.d.
Leaf area (cm? pot'1)  120.20 96.55 66.85 104.52 10.51
Fresh weight (g potl)  6.52 5.11 3.78 5.84 0.37
Dry weight (g pot1) 0.43 0.33 0.27 0.40 0.02

However, allelopathy may also play a direct role in self-defence of crops. Barley cultivars
which lack gramine are the most susceptible to aphids (Rhopalosiphum padi L.); gramine could
be one of the factors responsible for the resistance of barley seedlings to R. padi (31).There is
substantial evidence for allelopathy against weeds in rye (Secale cereale L.) in which
hydroxamic acids may contribute to phytotoxic activity (6). Hydroxamic acids, which are found
in a number of cereals, including rye, wheat and maize, have been reported as secondary
metabolities playing a major role in the defence of cereals against insects, fungi and bacteria, in
the detoxification of herbicides and in allelopathic effects of the crop (21). Between different
cereals or within the same species of a cereal, as concentration of hydroxamic acids increases
the aphid (Metopophium dirhodum Walker) population and hence the degree of infestation
decreases (2).

An analysis of 55 accessions of Triticum spp. for content of hydroxamic acids showed that
they were omnipresent but most abundant in T. speltoides (22). The potential exploitation of
hydroxamic acids from wheat as defensive allelochemicals against weeds has been discussed
(24). The high hydroxamic acid level of the accessions could be sources for wheat breeding
programmes and, if such enhancement of the self-defensive allelochemicals was successful,
increase in he level of toxic hydroxamic acids in wheat would pose no threat to human
consumption since these compounds are not present in the grain (22). Enhancement of
hydroxamic acid content through crossing of different wheats could be promising since
intergeneric hybridization in the subtribe Triticinae is already achievable (22). Hydroxamic
acids are not found in barley (21), but gramine is a constituent of barley leaves (3, 10).

Four wild barley (Hordeum bulbosum L.) accessions have been shown to be resistant to five
isolates of powdery mildew which were virulent on cultivated barley. Resistance was also
expressed in hybrids of H. bulbosum with H. vulgare (30). Thus, the genes for resistance
from H. bulbosum may be transferred into cultivated barley through plant breeding, although
the mechanism of such resistance remains unknown.

The accumulating evidence for a self-defence capability against pests, diseases and weeds, in
the cereal crops suggests an important new avenue for exploitation in crop protection.
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