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Summary   An indoor study was conducted to assess 
the effects of both light quantity and quality (green 
shade) on the development and performance of sow-
thistle and its offspring. The stands of sowthistle were 
grown at three different levels of light availability (50, 
70, and 100%), and their phyllochron, height, number 
of branches and biomass were measured. To determine 
whether maternal environment influences the growth 
of offspring, seeds from the sowthistles grown under 
deep shade were planted in an optimum condition and 
a range of morphological characters measured. 

Although light availability had significant effects 
on the growth and development of sowthistle, there was 
no effect on offspring performance. Sowthistle canopy 
biomass was decreased by up to three and two times 
when the light availability was about 50 and 70%, 
respectively. In lower light availability (50%), the 
number of branches was suppressed up to nine fold. 
The results supported the concept that environmental 
light controls the growth of sowthistle and decreases 
the number of seeds but it does not have any effects 
on the quality of seeds and the performance of the 
next generation.

Keywords    Sowthistle,  Sonchus oleraceus, 
 natural shade,  maternal light environment,  offspring 
performance.

INTRODUCTION
Plants are affected by their environment and the avail-
ability of certain resources found in that environment. 
One of the resources that may have a critical effect on 
plant growth is light. Light is involved in the regulation 
of many aspects of plant growth and development. It 
does this as plants can measure the quantity, quality, 
and the duration of light (Holt 1995). The effects of 
light availability (quality and quantity) on plant per-
formance are summarised by Smith and Whiteland 
(1997). According to the authors, shaded plants will 
have thinner leaves, less biomass, longer internodes, 
fewer branches, and consequently fewer flowers and 
seeds. On the basis of reports in the literature, there 
is a positive correlation between light intensity and 
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plant biomass. In the case of the low red (600–700 
nm): far red (700–800 nm) ratio (R:FR ratio) either 
the dry weight is not affected or is increased. It has 
been argued that the larger sink had stimulated leaf 
photosynthesis through a feedback mechanism at a 
low R:FR ratio (Smith 2000). 

One of the important aspects of weed management 
is to elucidate how the resource availability experi-
enced by a weed can influence its offspring quality. 
Earlier studies have shown that maternal effects can be 
both genetic and non genetic (Gutterman 1992). The 
non-genetic effects may be caused by resource avail-
ability. It has been reported that environmental ma-
ternal effects are often temporary (Miao et al. 1991a, 
Miao et al. 1991b) but they may still be important in 
some of the aspects such as germination time (Weiner 
et al. 1997) which is an important issue in integrated 
weed management scenarios.

Sowthistle (Sonchus oleraceus L.) from the Aster-
aceae is one of the worldwide weeds that can grow 
all year round. An understanding of certain ecophysi-
ological responses of this plant to resource availability 
such as light may help us to develop better control and 
management strategies for it. In addition, knowing the 
response of sowthistle to shade will be helpful in the 
model parameterisation of crop canopy interference 
with this weed (Cici et al. 2005) and the examination of 
different hypotheses on potential management through 
computer simulations. 

Thus the aim of this study is to answer the fol-
lowing questions.
1.  What are the quantitative effects of light avail-

ability on sowthistle performance?
2.  Is offspring quality related to the maternal light 

environment? 

MATERIALS AND METHODS
Providing green (natural) shade   Growth and devel-
opment of plants are influenced by both light intensity 
and the R:FR ratio. Hence, crop-weed interference 
studies that attempt to quantify shade influence on 
either crop or weed should take natural rather than 
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neutral shade into account (Smith 2000). There are 
three common ways to create a green shade.
1.  Using a growth chamber in which both the R:FR 

ratio and the light intensity are adjustable (Smith 
and Hayward 1985). 

2.  Using filters (for example #138 Lee Filters) which 
change only the R:FR ratio (Griffith and Sultan 
2005) and using shade cloth over that to reduce 
the light intensity.

3.  Using other plants to surround a target. This 
method can change both the R:FR ratio and light 
intensity. The level of crowding can be adjusted 
according to the amount of the shade needed in 
the research (Collins and Wein 2000). 

Method three was chosen in this research. 

Preparing seeds   Sowthistle seeds were collected 
from the Lockyer Valley (Queensland) and sown in 
pots (17 cm diameter by 20 cm in height) filled with 
light textured soil. After the appearance of the first true 
leaf, seedlings were divided into two populations A 
and B. Seedlings of ‘population A’ were placed under 
full light and those of ‘population B’ placed under a 
dense canopy shade of Sorghum bicolor L. (light avail-
ability under the canopy was less than 40%). Plants 
were regularly watered and fertilised with 2.5 g L-1 
of water soluble 15:18:12 NPK every 10 days. Seed 
from these two populations were gathered and used to 
conduct experiments I and II. 

I. Dynamics of sowthistle in response to light avail-
ability   Seeds from ‘population A’ were sown directly 
in pots. The treatment period began after the appear-
ance of the first true leaf. Seedlings of sowthistle were 
placed under two different levels of shade and full 
light (as a control) and they were rotated every week 
to minimise the variation in growth. Each treatment 
had five replications in a random design. 

Shading was achieved by growing two different 
populations of chickpea (Cicer arietinum L.) around 
sowthistles to produce 30 and 50% shade. The amount 
of shade was controlled every week using a light 
intensity meter. The time of flowering (bolting), and 
the stem and internode lengths in each sowthistle were 
measured. The number of flowers and lateral branches 
were counted in each plant as well. At the end of the 
experiment plants were harvested, leaf areas were 
measured and then canopy components separately 
dried at 70°C for 72 hours and weighed. 

II. Offspring performance   The experiment was 
set up with 10 replications in a random design. Seeds 
from ‘population A and B’ were sown directly in pots 
and placed in full light. Ten seeds were sown in each 

pot and their germination was recorded over time. 
Only one seedling was kept in each pot after 20 days. 
Nine weeks after sowing, plants were removed from 
the pots and were dried at 70°C for 72 hours and then 
weighed. 

Statistical analysis   Data on node appearance rate 
and height with thermal time (growing degree-days 
– GDD) as affected by different light and shade 
regimes were analysed using a general linear model 
(GLM) (Model: replication + light + light × replication 
+ GDD + GDD × light; random factor: replication). 
Number of branches, number of flowers, and biomass 
were tested with a one-way ANOVA using Minitab 14. 
Differences between averages were tested by a LSD 
test for a significance level of P <0.05.

RESULTS
Sowthistle performance   Sowthistle plants grown 
under the two levels of shade had significantly (P 
<0.05) slower developmental time (Figure 1) than the 
ones grown in full light. Sowthistles grown at 50, 70, 
and 100% sunlight needed 1090, 940, and 640 GDD 
to transform from vegetative to reproductive phase, 
respectively. Phyllochron (leaf production) was nega-
tively correlated with the amount of light availability 
(Phyllochron = 66 − 0.38 light, R2=0.99). 

The biomass of sowthistles grown under full light 
was 69 and 51% greater than that of sowthistles grown 
under 50 and 70% full light, respectively (Table 1). Al-
though the mean of leaf area (Table 1) in plants grown 

Figure 1.   Effect of light availability (%) on leaf 
production on the main stem of sowthistle over days 
after germination. Points and interval bars represent 
means and standard errors respectively.
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in lower light was more than that of plants gown in full 
light, it was not significant (P >0.05). The number of 
branches (Figure 2) and seeds per capitulum (Figure 
3) were significantly affected by the amount of light 
availability. 

Offspring performance   Germination (data not 
shown), phyllochron (Figure 4) and final biomass (data 
not shown) of the sowthistle offspring were not signifi-
cantly different between the treatments (P >0.05).

DISCUSSION
Similar to the earlier reports on other plants (Ballare 
and Casal 2000), shade increased the developmental 
stages of sowthistle, but the number of nodes (leaves 
on main stem) per plant was not affected. Sowthistle 
plants grown under high shade were slightly taller 
than the ones grown under full light (data not shown). 
According to Ballare (1999), this is one of the mecha-
nisms that plants display to avoid shade. The green 
(natural) shade reflects light with a reduced R:FR ratio 
and as a result internode elongation in the neighbour-
ing plants will be induced. 

At least in terms of the parameters measured here, 
there was no evidence to suggest that light availability 
in which the maternal sowthistle plants grew had an 
effect on their offspring performance. The importance 
of environment to offspring was obvious through the 

Table 1.   Parameter means under different levels of light (%), GDD = growing degree-days, and standard er-
rors are shown in parentheses. 

Light availability (%)

50 70 100

Phyllochron (GDD) 48.4 (0.5) 41.4 (1.1) 28.4 (0.5)

Bolting (GDD) 1090 (10) 940 (5) 640 (24)

Leaf area (cm2 plant-1) 1437 (66) 1434 (26) 1425 (21)

Total biomass (g plant-1) 9.5 (0.7) 15.2 (1.5) 31.6 (1.8)

Figure 2.   Effect of light availability on number of 
branches in individual sowthistle plants. Bars and 
interval bars represent means and standard errors 
respectively.

Figure 3.   Influence of light availability on the mean 
seed number per capitulum. Bars are means and in-
terval bars are standard errors.

Figure 4.   Influence of maternal light environment on 
phyllochron (GDD) of sowthistle offspring. Bars are 
means and interval bars are standard errors. 
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number of offspring rather than their performance. 
Such a result was reported by Sultan (2001) working 
on Polygonum persicaria L. as well. This is in contrast 
to the study of Causin (2004) who found that the light 
spectral quality of the maternal environment affects 
the growth and biomass allocation of Chenopodium 
album L. offspring. 

This study revealed the high plasticity of sow-
thistle plants to light and suggests that the quality of 
sowthistle seeds is one of the least plastic characters 
to light. Future work should include more detailed 
investigations of the effects of biotic and abiotic 
environment on both sowthistle plant and its off-
spring.
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