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Summary   Germination of common heliotrope is 
principally limited by temperature and water avail-
ability, requirements for which are relatively high and 
cycle seasonally. This provides a mechanism for the 
species to detect its temporal niche and to germinate 
only after sufficient rainfall to allow reproduction.

Keywords    Heliotropium europaeum,  arid 
ephemeral,  germination.

INTRODUCTION
Common heliotrope (Heliotropium europaeum L.) is a 
herbaceous Mediterranean summer annual that grows 
on areas devoid of vegetation in the dry-land cropping 
regions of southern Australia. It is considered a weed 
because it ties up nitrogen and transpires soil water 
that could otherwise be used by ensuing crops and is 
toxic to livestock.

The presence and density of common heliotrope 
infestations in a given season are largely determined 
by the ability of seeds to germinate, yet the germina-
tion requirements of common heliotrope are poorly 
understood. It germinates only in late spring or early 
summer after sufficient rainfall and not in the pres-
ence of other living plants. However, beyond a cursory 
study of thermal requirements for germination (Moore 
1956), no one has sought to reveal the mechanisms 
behind these observations. Preliminary experiments 
carried out in this study found temperature and water 
availability to be the principal environmental factors 
limiting germination. This paper outlines the effect of 
temperature and water availability on germination of 
common heliotrope, which provides a mechanism for 
the species to detect its temporal and spatial niche.

Seed populations can show degrees of relative 
dormancy, which can exhibit a distinct seasonal pat-
tern (Vleeshouwers et al. 1995). Field emergence of 
common heliotrope is triggered by discreet summer 
rainfall events, which in the plant’s range are highly 
variable in both timing and magnitude. Given this 
uncertainty, germination in response to rainfall events 
that are too small to support plant growth to the point 
of successful reproduction is risky, as no further rain 
may fall for the remainder of the season. This would 
result in plants suffering, quite literally, a fruitless 
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death. This constitutes an enormous selection pressure 
on common heliotrope to germinate only in response 
to rainfall events of sufficient magnitude to give a high 
probability of sustaining growth up to the production of 
viable seed. The central hypothesis of this paper is that 
selection in common heliotrope has occurred through 
the underlying relationship between probability of 
reproduction and the magnitude of the rainfall event 
that triggers germination. 

It is known that seeds of arid annual species ger-
minate only after a threshold amount of rain has fallen. 
Kigel (1995) states that the amount of rain required 
for germination in species growing in regions where 
water is the primary limit to growth is not merely a 
function of moisture requirements for germination, 
but also for continued reproductive success. Therefore, 
it is also our hypothesis that the minimum threshold 
amount of rain required for emergence of common 
heliotrope corresponds to the minimum amount of 
rain required to sustain growth until plants have suc-
cessfully reproduced. That is, that germination in the 
species is directly sensitive to environmental factors 
favourable for reproduction. 

MATERIALS AND METHODS
Effect of temperature and water availability on 
germination   Seeds of common heliotrope were 
harvested at Normanville, Victoria in April 2001. The 
seeds were placed into dry storage at 5°C until the time 
of the experiment (85 days).

Solutions of differing amounts of polyethylene 
glycol (PEG 8000) were made to give six osmotic 
potential treatments of 0, −0.1, −0.2, −0.3, −0.4, and 
−0.5 MPa (Michel 1983) at different constant incu-
bator temperatures of 20, 25, 30, 35 and 40°C (30 
treatments). Constant temperatures were used as it 
was an initial aim of the experiment to use the data to 
parameterise the model of hydrothermal time (Gum-
merson 1986) for germination of common heliotrope. 
A light/dark regime of 14/10 h was used to mimic 
summer day length at Normanville.

Seeds were placed in plastic Petri dishes contain-
ing two discs of Whatman No. 1 filter paper (100 seeds 
per dish). Five mL of PEG solution was added to each 
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dish and they were sealed with paraffin film and, to fur-
ther prevent desiccation, placed in zip-seal plastic bags 
containing a small amount of water. Petri dishes were 
considered replicates and were placed at random into 
six identical temperature-controlled growth cabinets. 
There were five replicates of each treatment. 

All treatments were checked at regular intervals 
and germinated seeds counted and discarded. Experi-
ments were terminated after 21 days, and all un-germi-
nated seeds were cut open and checked for viability. 

Seasonal changes in dormancy   Seeds from the soil 
seed bank at Normanville were extracted by passing 
dry soil through nested sieves of 1.8 mm and 1.1 mm 
in diameter. A consistent weight (0.6 g) of seed + 
impurity mixture was added to Petri dishes, aimed at 
giving around 100 viable seeds per dish. The effect 
of temperature and water availability on germina-
tion of the seeds was determined as described in the 
experiment outlined above, with slightly different 
temperatures used. 

Seeds were extracted and the experiment repeated 
five times throughout 2002 at two-monthly intervals 
starting in February. This gave estimates of dormancy 
level for this population of seeds in February, April, 
July, September and November. 

Minimum rainfall for emergence   Plastic rings 
0.45 m in diameter and 0.4 m in depth were buried 
in the field at Normanville in autumn 2001. Soil ho-
rizon integrity was preserved by returning soil in the 
reverse order to which it was removed. Approximate 
bulk density was preserved by ensuring that all soil 
was replaced into the same volume from which it was 
removed. The rings were located in a randomised 
complete block design with five replicates of each 
treatment. In spring 2001, rain shelters were placed 
over the rings to prevent rain causing germination. 
In January 2002, the rings were watered with four 
simulated rainfall treatments: 15, 25, 50 and 100 mm. 
The water was applied at a rate of approximately 50 
mm hour-1 using drip-irrigation in order to prevent 
ponding and associated dispersion of soil aggregates, 
and to assist draining of water through preferred path-
ways. The rings were then covered with hessian for 48 
hours after watering to simulate post-rainfall climatic 
conditions. Emergence was counted daily and emerged 
seedlings removed.

Minimum rainfall for reproduction   Plastic storm-
water pipe, 90 mm in diameter, was cut into 0.4 m 
lengths. The resulting tubes were hammered into soil 
at Normanville. These tubes were then dug out so that 
an intact core of the soil profile remained in each tube. 

Seeds of common heliotrope were sown in each tube 
and approximately 10 mm of wet soil was added in 
order to cover the seeds. The tubes were then watered 
daily until at least one seedling had emerged in each 
tube. Whilst the seedlings were still at the cotyledon 
stage, the soil in the tubes was saturated by allowing 
them to soak almost entirely submerged in water for 
two hours. After this period, the tubes were drained 
for one hour and then sealed at the top and bottom 
with 90 mm Petri dish lids and plastic cement, such 
that they were air- and water-tight, except for a small 
hole (5 mm diameter) through which the growing he-
liotrope seedling protruded. The tubes were weighed 
and then buried at Normanville on 22 January 2003 
with only the shoot of the seedlings protruding from 
the soil. Control tubes were also buried which had been 
likewise soaked, drained, sealed and weighed but had 
no plants in them. These tubes were used to estimate 
the evaporative loss out of the 5 mm aperture in the 
lids of the tubes.

The plants were allowed to grow for two weeks 
before the first harvest. At each harvest, five tubes 
with plants in them and five controls were removed at 
random and were weighed. The leaf area, rooting depth 
and dry weight of above- and below- ground plant parts 
were recorded. Harvests were repeated three times at 
two-week intervals. The amount of water used by each 
plant was calculated by subtracting the harvest weight 
of the tubes and dry matter weights from the initial 
weight of the tubes, and then further subtracting the 
amount of evaporation from the control tubes. 

RESULTS
Effect of temperature and water availability on 
germination   The optimum constant germination 
temperature for common heliotrope is 35°C, the 
optimum water potential for common heliotrope is 0 
MPa (Figure 1). The base temperature was between 
20 and 25°C.

Seasonal changes in dormancy   Germination per-
centage under sub-optimal conditions varies with 
time of the year i.e. dormancy cycles seasonally 
(Table 1).

Minimum rainfall for emergence   The threshold 
amount of rainfall required for the germination of com-
mon heliotrope was estimated as 24.2 mm (SE = 2.5). 
This was estimated by discarding the 15 mm treatment 
and fitting a rectangular hyperbola to the remaining 
data (Figure 2). Field observations of rainfall events 
that did and did not result in emergence of common 
heliotrope support this value (data not shown).
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Minimum rainfall for reproduction   In the 43 days 
from when they were placed in the field, common 
heliotrope plants were able to achieve a minimal 
reproductive output whilst transpiring a mean total of 
494 mL of water (Table 2). Assuming a plant density 
of 30 plants m-2, this is equivalent to 14.5 mm of soil 
water being transpired for minimal reproductive out-
put. Assuming that all water in the top 50 mm of soil 
following rainfall is completely lost to evaporation, 
in the soil type used the top 50 mm of this soil will 
hold 7.5 mm of rainfall. Therefore, the total amount 
of rainfall required for common heliotrope to reach a 
minimum reproductive stage is the sum of the above 
values of transpiration and evaporation, and is equal 
to 22 mm.

DISCUSSION
Seeds of common heliotrope appear to have a high 
temperature requirement in comparison to many spe-
cies studied in the literature. Germination was close 
to 0 at 20°C and is optimal at 35°C. Germination of 
common heliotrope is also very sensitive to water 
availability, with germination being reduced by 28% 
at −0.5 MPa in comparison to 0 MPa under optimal 
temperature conditions (Figure 1). The response to 
water availability was even greater at non-optimal 
temperature conditions. This is in contrast to the re-
quirements of temperate annuals reported within the 
literature, which are comparatively less sensitive to 
water potential and germinate at lower temperatures. 
The life strategy of common heliotrope suggests that 
its temperature and water requirements will be high. 
Therefore, the temperature and water requirements for 
germination of common heliotrope provide a mecha-
nism for detection of its temporal and spatial niche. 
It will only germinate in warmer months, when there 

is unlikely to be competition, and only after sufficient 
rainfall, to allow reproduction. 

Dormancy in seeds of common heliotrope cycles 
seasonally. Dormancy is induced in seeds in late sum-
mer (February), reaches a maximum in autumn (April), 
and is then relieved from winter through until late 
spring (July, September, November). This observation 

Table 1.   Germination extent (%) at 27°C and 0 MPa 
of seeds taken from the soil seed bank at different 
times of the year.

Month Germination extent (%) ± SE

February 67 ± 2

April 14 ± 5

July 100 ± 0

September 92 ± 2

November 100 ± 0

Figure 1.   The effect of temperature on germination 
extent (%) at 0 MPa (●),−0.1 MPa (○),−0.2 MPa 
(▲),−0.3 MPa (Δ), −0.4 MPa (■) and −0.5 MPa (□). 
Error bars are ± the standard error of the mean.

Figure 2.   Mean density of the number of emerged 
common heliotrope plants in the different simulated 
rainfall treatments (●), and the rectangular hyperbola 
(solid line) fitted to the three non-zero data points. 
Bars are ± SE.
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Table 2.   Mean volume of water used by the plants 
over the growth period, status of plants and reproduc-
tive output. Standard errors are given in parentheses.

Time 
(days)

Water transpired 
(mL)

Status Seed production 
(seeds plant-1)

0 0 alive 0

15 98 (14) alive 0

30 304 (41) stressed 10 (6)

43 494 (10) dead 43 (12)
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is in agreement with observations on other summer an-
nuals in the literature (e.g. Bouwmeester and Karssen, 
1993). The ecological advantage of such behaviour 
is clear: it provides a mechanism by which common 
heliotrope can detect its temporal niche and minimise 
its risk of germination. By the pattern determined in 
this experiment, common heliotrope will germinate in 
greater numbers in response to lower temperature and 
water availability in late spring when evaporation rates, 
and hence risk of germinating without reproducing, are 
lower. By mid-summer, when the risk of germinating 
without reproducing is higher, a lower proportion of 
the seed population will germinate in response to 
the same conditions. By autumn, when the risk of 
germinating without reproducing becomes very high 
due to frost, the majority of the seed population will 
not germinate unless exposed to optimum conditions, 
which rarely occur.

The estimate of 22 mm as the amount of rainfall 
required for minimal reproductive output by plants of 
common heliotrope corresponds well with the finding 
that 24 mm of rain is the minimum amount required 
for successful emergence of common heliotrope in the 
field. Obviously, the amount of rainfall required for 
minimal reproductive output will vary with soil type 
and evaporative conditions. This experiment was con-
ducted during late January and early February, which is 
when evaporation in the region is highest for the year 
and as a result, the estimate of 22 mm will be at the 
upper end of the range of actual amounts of rainfall 
required for minimal reproductive output. Plants that 
germinate in late spring when evaporation is less will 
require less water to achieve minimal reproductive 
output. Further evidence that the minimum amount 
of rainfall required for germination and the amount 
of rainfall required to achieve minimum reproductive 
output are linked, is provided by the cyclic behaviour of 
the germination requirements for common heliotrope. 
Less fastidious water requirements for germination 
in late spring will result in emergence after smaller 
rainfall events and in greater equivalent densities 
than in late summer when these requirements become 
more fastidious. 

These results support the hypothesis that the mini-
mum threshold amount of rain required for emergence 
of common heliotrope corresponds to the minimum 

amount of rain required to sustain growth until plants 
have successfully reproduced. That is, germination 
in this species is directly sensitive to environmental 
factors favourable for reproduction. This is likely the 
result of selection through the underlying relationship 
between probability of reproduction and the magnitude 
of the rainfall event that triggers germination. An 
important biological attribute of common heliotrope 
that complements its apparent predictive germination 
is its indeterminate growth and flowering. Flowering 
commences in common heliotrope three weeks after 
germination and continues until death by drought 
or senescence (Moore 1956). Consequently, whilst 
minimal reproductive output is virtually guaranteed 
by germination requirements, common heliotrope can 
respond to more water becoming available (through 
further rainfall or roots reaching sub-soil reserves) by 
greatly increasing growth and reproductive output. 
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