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Grov^th responses of barley exposed to SO o
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SUMMARY
Barley {Hordeum vulgare cv. Schooner) plants were exposed to 4, 42, 121, 256 or 517 nl T ' SO2 to investigate the
relationship between the exposure concentration of SO, and growth. The plants were exposed from 14 days old,
in open-top chambers for 4 h day ' (10.00-14.00 h) for 79 days. The concentration-response curves established
illustrated a small growth stimulation (approx. 10",,) at 42 nl 1 ' and a growth inhibition at 121 nl 1 ' or greater.
The growth reduction was generally proportional to the exposure concentration at concentrations above 42 nl 1 ' .
Sulphur concentration in the shoot increased linearly with ambient SO, concentration.
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INTRODUCTION

Some sensitive cereals may show reduced growth
after long-term continuous exposure to SOj coticentrations below 100 n i l ' (Bell, 1982; 1984). This
response varies with exposure factors which include
the concentration, duration and pattern of exposure
to SO.,. It has been shown that light and temperature
(Jones & Mansfield, 1982), relative humidity (McI-aughlin & Taylor, 1980), soil moisture and mineral
nutrition (Guderian, 1977) modify the response of
plants to SO.,. Factors which may increase the
sensitivity of plants to SO.^ include increased wind
speed (Ashenden & Mansfield, 1977), early stage of
plant development (Bell, 1982; Whitmore & Mansneld, 1983), factors responsible for slow growth
(Bell, Rutter & Relton, 1979; Davies, 1980) and
stage of sward development (Whitmore & Mansfield,
1983). However, grasses possess considerable physiological plasticity enabling them to counteract the
effects of an SO^-induced reduction in photosynthetic efficiency by compensatory growth mechanisms, involving changes in assimilate partitioning
(Whitmore & Mansfield, 1983).

which ensure near ambient temperature, humidity,
rainfall, light and soil conditions (Heagle et al.,
1979).
MATERIALS AND METHODS

Fumigation conditions

Ten open-top chambers (Heagle, Body & Heck,
1973) were used for fumigation, each 3 m in diameter
and 2-4 m tall, consisting of a rigid aluminium frame
covered by u.v.-treated PVC plastic. The upper half
of the frame was covered by a single layer of PVC
plastic and the lower half was covered by a double
thickness of the PVC envelope with the inner layer
perforated by 25 mm diameter holes. Air was drawn
by a fan through a dust filter and forced along a duct
into the chamber through the holes in the lower
envelope, then out through the open top. The output
of the fan was 1
s and an air exchange rate of
about 3-5 air changes min"'. Dry air was mixed with
bottled z"bydrous SO.^ from a temperature-controlled cylinder and passed through a regulator and
a series of needle \alves to the inlets of the fumigated
chambers. The concentration of SO., was measured
The objective of this experiment was to investigate in each chamber for 12 min every 2 h using a timerthe effects of SOg on growth of a major cereal crop, controlled electrical sequencer in conjunction with
barley, under ambient conditions. Fumigation con- solenoid valves. T h e concentration of SOj was
centrations were chosen which reflect realistic con- monitored using a Thermo Electron Series 43 pulsed
ditions (Murray & Wilson, 1988). Plants were in- fluorescent ambient SO,, analyser, calibrated with a
termittently exposed to low concentrations of SOj Thermo Electron Model 145 calibrator with NBS
ror a relatively long period in open-top chambers traceable certified permeation tubes.
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Table 1. The SO^ exposure characteristics within the open top chambers

Treatment
1

2
3
4
5

Mean
concn*

4
42
121
256
517

Standard
deviation

3
32
59
103
152

Tenth
percentile
concn

2
3
42
120
319

Ninetieth
percentile
concn
9

80
191
384
675

* Concentrations are in nl

The experiment was conducted using five SOj

concentrations. T h e mean, tenth and ninetieth
percentiles, respectively, of concentration during the
4 h exposure period are shown in Table 1. Analysis
of variance of data showed no significant differences
between duplicate chambers, and hence, these data
for duplicate chambers, have been combined.
The experiment was conducted in winter from
June to September. Temperature and relative humidity were continuously recorded during the exposure period using thermohygrographs in Stevenson screens. The mean daily maximum and minimum temperatures were 19-3 and 9'5 °C, respectively, and the corresponding relative humidities
were 96-1 and 56-2%. Mean temperatures were
about 1 °C higher inside the chambers than outside
and relative humidity was about 1-5% lower inside
the chambers than outside. Average daylength
during the experimental period was 10 h 47 min.
Mean daily total irradiation was 2880 W h"' m"^
Irrigation took place to supplement natural rainfall.
Plant culture

ambient concentration is believed to be less than in
the Perth Central Business District where concentrations are low, with annual average ozone concentrations of about 13 nl 1"'; large peaks are very rare
(Public Health Department, 1982).
Statistical analysis
Data on ambient concentrations in each chamber
were analysed using analysis of variance followed by
Fishers Protected Least Significant Difference Test.
As this showed that data from duplicate chambers of
a single treatment were not significantly different,
these data were pooled for the descriptive statistics.
As growth is exponential (Hunt, 1979), and to
stabilize variances, data for growth variables were
transformed to natural logarithms. Analysis of
variance was used to determine treatment effects.
Fisher's Protected Least Significant Difference Test
was used at the 0-05 level to determine differences
between treatment means.

RESULTS

Hordeum vulgare cv. Schooner seed were planted in Exposure to SOj caused significant ( P ^ 0-001)
peat jiffy pots filled with a potting mix (2 sand : 3 decreases in shoot weight, head weight, head numsawdust: 3 peat). Plants were grown in a glasshouse ber, plant height, development stage and number of
until planting out. Seedlings were thinned from tillers (Fig. 1, Table 2). In contrast, SO, caused a
three to one per pot 5 days after emergence. Thirteen significant ( P < 0-001) linear increase in sulphur
days after planting, seedlings were planted in the concentration in the leaves.
ground in the chambers with 11 plants per chamber;
Although the shape of most of these curves may
these were distributed in the same sector of each suggest an apparent increase in growth of plants
chamber. The following day fumigation commenced. exposed to 42 nl r \ these were not significantly
Plants were harvested 79 days later. The height and different from plants exposed to < 4 n l l ' ' ot SOj,
tiller number were recorded, plants were cut at the with the exception of plant height. A significant
soil line and above-ground parts placed in an oven decrease in growth of barley occurred after exposure
set at 70 °C and dried to a constant weight.
to 121 nl r \ T h e decrease was generally proporDevelopmental stage of plants was assessed 7 days tional to the exposure concentration at concenbefore harvesting using the Zadok's growth scale as trations greater than 42 nl 1^^.
described by Kirby & Appleyard (1984). Total
sulphur concentrations were determined in the whole
DISCUSSION
shoot using the oxygen flask combustion method
(Hunt, 1980).
In reviewing dose-response relationships for SO2
Ambient concentrations of air pollutants in the effects, Roberts (1984) concluded that continuous
experimental area are low, with NO^ < 10 nl 1"', and exposure to small concentrations of SOj (about
SOj < 5 nl 1~'. Ozone was not monitored, but the 20 nl r ' for 9 species and 40 nl 1"' in the case of
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Figure 1. The relationship between growth response and SO., concentration for barley cv. Schooner grown in
open-top chambers. Plotted values represent arithmetic means of the response variables. Within each graph,
values labelled with the same letters are not significantly different at the 0-05 level of probability.

ryegrass) can result in growth stimulation of about
5-10%. Fxposure of barley to 42 nl T^ for 4 h day^'
in this experiment resulted in mean shoot height and
Weight exceeding the means of controls by about
10%. Higher SOj concentrations reduced shoot and
head weight, plant height, development stage and
the number of heads and tillers. Growth stimulation
at continuous low SOj concentrations appears to be
a general response as barley exposed to unfiltered air
containing average concentrations of 7—12 nl 1~' SOj
and 21-36 nl 1"' N O , increased growth and/or yield
by about 8"o, compared with filtered controls
(Fowler et al., 1988). Further, barley exposed in the
field to SO2 concentrations up to about 50 nl T' were
heavier and had more tillers than control plants, but

this was reversed when plants were exposed to
80-200 nl r ^ of SO., (Baker, Fullwood & Colls, 1987).
It is possible that some stimulation of growth in
barley occurred by a fertilising effect, as SOj
derivatives in the plant can be metabolised to
overcome a sulphur deficiency (Rennenberg, 1984).
Adequate levels of sulphur in green whole shoots of
barley are reported to be 0-1 5-0-40 "o (Reuter, 1986).
Control plants in this experiment had a green whole
shoot sulphur concentration of 0-14 "o, a barely
adequate concentration. Fxposure to 517 n l T ' of
SO, increased this to 0-77%.
Changes in assimilate distribution at these low
exposure concentrations also appear likely to result
in apparent growth stimulation by redistributing
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Table 2. Mean squares and level of significance of analysis of variance for
selected plant growth responses of barley exposed to SO.^ in open-top
chambers
Variable

Source of
variation

Height

SO,

Developmental stage

Residual
SO,
[Residual

Number of tillers

SO.,

Shoot S concentration

Residual
SO,

Residual
Shoot weight

SO,

Head weight

Residual
SO.,
Residual

Total head number

SO,

Residual

allocations of photosynthate from roots to shoots
(Roberts, 1984; Murray, 1985; Fulford & Murray,
1989). This may be associated with the need to retain
photosynthates in leaves in order to maintain
photosynthetic cell function despite metabolic dislocation. It may take priority over maintaining
growth of the root system (Murray, 1985). Another
causal factor is possible malfunction of the phloem
loading processes (Cooley & Manning, 1987). At
higher SO, concentrations less assimilate is available
for distribution, as a result of injury to the physiological processes and enhanced rates of respiration
for repair and detoxification processes (Murray,
1985; Darrall, 1989). In this case a generalised
growth reduction occurs, as illustrated by the SOg
concentration-plant response curves reported in this
study.
The form of the SO., concentration—response
curves is in agreement with the generalised doseresponse curve of Whitmore & Mansfield (1983)
showing a small growth stimulation at small doses
developing into substantial incremental yield reductions as dose increases. The parameters of this curve
are influenced by the variables discussed earlier,
including climate, soil, plant and other biotic factors.
Many stresses appear to increase the sensitivity of
crops to SO., with a relatively large impact on the
changeover point from stimulation to inhibition of
growth.
Barley is regarded as susceptible to SO., in acute
exposures (Last, 1982; Murray & Wilson, 1988) and
despite the differences in mechanisms and acclimation the reduction in growth reported in this
experiment and others (Murray & Wilson, 1988)
show that it is also sensitive to long term exposure in
the field.

d.f.

Mean square

P

4
82
4
85
4
83
4
83
4

3684

0-0001

103

0-0001

256
17

0-0001

810
61

0-266
0-0004
738
40

84

0-0001

3-14
0-44
73-4

4

85
4
85

0-0001

0-0001
0-0001
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