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Abstract 

 

 

Life-history theory proposes that different activities, such as growth, maintenance and 

reproduction compete for limited resources and therefore, life-history traits are bound 

together by physiological trade-offs. In dioecious species, females are assumed to invest a 

higher amount of resources in reproduction in comparison with males and this higher 

investment in reproduction is then assumed to have numerous consequences for the 

expression of other life-history traits. Some recent papers have, however, suggested that 

although common, this investment pattern may not be the case in all dioecious plant species. 

One notable exception is Silene latifolia. Therefore, I examined whether the male sex could 

be investing more in reproduction than females in a closely related Silene species, Silene 

dioica. This study was carried out on three islands in the Skeppsvik Archipelago, Umeå, 

where I examined possible differences between the sexes in different life history traits. On 

each island, 20 patches were laid out in two different successional zones. In each patch, 

flowering date was recorded and stem diameter, length and width of cauline leaves, flower 

diameter, and number of open flowers on male and female plants was measured. At the end 

of the study, flowering stems were collected and thereafter dried so they could be weighed to 

estimate biomass allocated to male and female vegetative and reproductive structures. The 

hypothesis that males of S. dioica should have a higher reproductive cost seemed to be 

confirmed since males started flowering earlier, produced more and larger flowers, produced 

smaller and fewer leaves and thinner stems. The males also allocated a greater proportion of 

their total biomass to reproductive parts and as a consequence, had a higher sink to source 

ratio. This study has shown that there are exceptions to the “rule” of females having a higher 

cost of reproduction and when doing research on dioecious species, it is important not to 

assume that only one and the same sex has the higher investment in reproduction in all 

species. This higher cost may have consequences for survival and reproductive fitness and 

can select for differences in other ecological traits, such as phenology, growth, chemical 

composition and morphology, which could in turn affect the competitive ability and the 

susceptibility to herbivores and pathogens.  
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1. Introduction 
 

 

Dioecy is not uncommon in the plant kingdom. It is found in nearly half of all angiosperm 

families and in approximately 10% of flowering plant species (Geber et al. 1999). Dioecious 

plants have male (staminate) and female (pistillate) flowers on different individuals 

(Westergaard 1958). In addition to having separate sexes on separate individuals, dioecious 

plants can also be dimorphic in secondary sex characters (Geber et al. 1999), which Lloyd 

and Webb (1977) define as “differences between the sexes in structures other than the 

androecia and gynoecia”.  

 Secondary sex characters have not been given as much attention in plants as in animals, 

where sexual selection (either as male contest or female choice) frequently leads to niche 

differentiation and morphological distinctions between the sexes (Lloyd and Webb 1977).  

However, secondary sex characters have been found in flowering plants in both flowers and 

inflorescences (Eckhart 1999) and in life-history traits (Delph 1999).  Lloyd and Webb (1977) 

propose that most of the secondary sex characters in plants have an adaptive value which is 

associated with the distinct roles of males and females in sexual reproduction. These 

different adaptations could have arisen as a result of selection for different resource-use 

patterns or from sexual selection (Gehring 1993).  

  According to life-history theory, activities such as growth, maintenance and 

reproduction compete for limited resources and therefore, life-history traits are bound 

together by physiological trade-offs (Delph 1999, Obeso 2002). A greater investment in one 

of these activities means fewer resources available for one or more of the others (Lloyd and 

Webb 1977; Obeso 2002). A high investment of resources in reproduction means that fewer 

resources will be available for other activities such as vegetative growth. This implies a cost 

of reproduction which could manifest itself as slower growth rates and higher mortality. Bell 

(1980) defines reproductive cost as “the generally deleterious effect of present reproduction 

on future survival or fecundity or both”.  

 Sexual dimorphism is found in life-history patterns of dioecious plants and these 

patterns may manifest themselves as differences in the timing of allocation to various 

activities as well as differences in the amount of resources invested (Delph 1999; Sánchez 

Vilas and Pannell 2011).  If males and females of a dioecious plant species invest an unequal 

amount of resources in reproduction and growth, the cost of reproduction will differ between 

the sexes where the sex which has a higher level of investment in reproduction will suffer 

from a higher cost. Most of the differences found in life-history traits have been believed to 

be a consequence of the high physiological cost of fruit production, resulting in a greater 

level of investment in reproduction by females than males and thus that females are the 

costlier sex (Lloyd and Webb 1977).  Indeed, a comparison of several studies of dioecious 

species shows that a greater investment in reproduction by females is often associated with 

less growth, delayed reproductive maturity and lower flowering frequency, higher 

photosynthetic rates and death at a younger age, causing the sex ratio in populations to be 

male-biased (Delph 1999; Obeso 2002). This pattern of a higher investment in reproduction, 

and consequently a higher cost of reproduction for females is very common in the plant 

kingdom and regarded almost as a “rule” (Lloyd and Webb 1977; Delph 1999; Obeso 2002). 

Delph (1999) made a literature review on sexual dimorphism in life histories in dioecious 

plant species. She investigated 33 species and found that: “total biomass invested in 

reproduction per reproductive bout is higher for females than males in 31 species, equivalent 

in 2 species and higher for males in 0 species” (Delph 1999).  For example, a study 
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performed on the dioecious shrub Oemleria cerasiformis showed that females had a higher 

mortality rate (60 % of dead genets and 59% of genets with major dieback were females), a 

greater reproductive effort and slower growth rates than males. The sex ratio in the 

population was male-biased where the overall composition of the sampled populations 

consisted of 53.4% males, 36.9% females and 9.7% nonflowering individuals. This bias was 

thought to have arisen as a consequence of the higher mortality in females, which in turn 

directly or indirectly arises from their greater reproductive effort (Allen and Antos 1992). 

Thus, males of a dioecious species with their lower costs of reproduction, are expected to 

exhibit greater vegetative growth, greater life-spans and earlier and more frequent flowering 

(Lloyd and Webb 1977; Delph 1999).  

 There are, however, possible exceptions to this expectation that males have lower 

reproductive costs. Studies performed on the short-lived, perennial, dioecious herb Silene 

latifolia, have shown that the cost of reproduction appears to be higher for males (Delph 

1999). Even though females invest more biomass in reproduction and acquire less carbon 

(Delph et al. 2005), males produce many more and smaller flowers than females (Gross and 

Soule 1981; Gehring 1993; Delph and Meagher 1995; Laporte and Delph 1996) which could 

lead to a higher cost of reproduction if the elaborate floral display is genetically correlated to 

physiological traits that are important for life-history trade-offs.  This greater number of 

flowers in comparison with females in S. latifolia means that the males need to produce 

more branches to support the flowers, which exposes them to higher carbon losses through 

respiration (Delph et al. 2005). The greater number of flowers in males could be a result of 

intrasexual selection where selection favors males with a relatively exaggerated phenotype 

(Delph et al. 2002). As stated by Bateman’s principle, sexual selection should operate more 

on male function than female function since reproductive success for females is more likely 

to be limited by the availability of resources (required for the production of eggs, ovules, 

seeds, fruits etc.) then by mate availability. On the other hand, male reproductive success 

will tend to be limited by the availability of mating partners (Bateman 1948). One pollinator 

visit might be sufficient for the fertilization of the ovules but the fitness of the males may 

continue to increase with increasing pollinator visits and males, but not females, with large 

flower displays will therefore be favored by selection (Moore and Pannell 2011). In addition 

to having more flowers, S. latifolia males also have lower vegetative biomass (Lovett Doust et 

al. 1987), 1.4 – 1.5x higher nectar concentration (Gehring et al. 2004) and higher levels of 

mortality in the field, which causes the sex ratio in the populations to be female biased (403 

of the 578 sampled individuals were females) (Lovett Doust et al. 1987).  When all these 

factors are taken into account, males appear to suffer from the higher costs of reproduction 

in Silene latifolia.  

 Silene latifolia is not the only species which displays this more unusual pattern of a 

higher cost of reproduction for males. Harris and Pannell (2008) found evidence for a higher 

cost of reproduction in the male individuals of the annual herb Mercurialis annua, both in 

terms of biomass and nitrogen. They propose that the smaller size of males in dioecious 

herbs is due to the fact that males allocate a higher proportion of their biomass to roots in 

order to increase nitrogen acquisition for pollen production. This in turn leads to a reduced 

growth above ground and reduced carbon acquisition (Harris and Pannell 2008).  A study 

performed on the dioecious shrub Gynatrix pulchella also showed that males allocated 

significantly more resources to reproduction than females which was due to a combination of 

larger, more numerous flowers and lower leaf biomass per branch for males (Leigh et al. 

2006). However, Leigh et al. (2006) could not detect any direct cost of this greater allocation 

to reproduction in terms of decreased overall growth or increased mortality for the males.   
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 The differences between the sexes in the cost of reproduction may have consequences 

for fitness and can select for differences in other ecological traits, such as chemical 

composition, vegetative phenology, rate of growth and morphology (Lloyd and Webb 1977; 

Geber et al. 1999). These characters could affect competitive ability and interactions with 

herbivores and parasites (Ågren et al. 1999) where the sex with the lower reproductive cost 

may be more affected by, for example, herbivory  because greater proportions of resources 

are invested in growth (Cornelissen and Stiling 2005).  Herbivory in dioecious species is 

commonly thought to be male-biased and this is suggested to be due to the assumption that 

male plants grow faster, invest less in chemical defenses and exhibit better nutritional 

quality tissues than females, i.e. males are the better resource for the herbivores as a 

consequence of investing less in reproduction (Cornelissen and Stiling 2005). However, in a 

study by Pettersson et al. (2009), an indication of female-biased herbivory was found in 

Silene dioica which contradicts this “rule” (Cornelissen and Stiling 2005) of male-biased 

herbivory. The herbivores in this study were a fly and a moth (Delia criniventris and 

Caryocolum viscariella) and the larvae of these two species attack and eat the insides of the 

stems of S. dioica (Pettersson et al. 2009). A higher cost of reproduction in males may then 

provide a possible explanation to female-biased herbivory in S. dioica if indeed the sex that 

is more affected by herbivory is more affected because it has spent less resources on 

reproduction and more on growth at the time of attack.   

 The aim of this thesis is to investigate the differences in life-history traits between the 

sexes in the dioecious plant Silene dioica by looking at when flowering begins in the season, 

flower production and biomass allocation. Previous studies on S. dioica have shown that 

males produce more flowers than females (Kay et al. 1984; Hemborg 1998; Hemborg 1999) 

and produce larger flowers in populations studied in the field but smaller flowers in 

greenhouse studies (Baker 1947; Pettersson et al. 2009; B.E. Giles, unpubl. data). Males also 

have a higher nectar concentration (Kay et al. 1984; Hemborg 1998), initiate flowering 

earlier and stop flowering later in the season (Baker 1947; Carlsson-Granér et al. 1998) and 

the sex ratio in the populations is female-biased (Pettersson et al. 2009, B.E. Giles, unpubl. 

data). Silene dioica is closely related to Silene latifolia although the former is longer lived. 

The similarities between the two species in terms of sexual differences in life-history traits 

make it reasonable to ask the question: do males of S. dioica have a higher cost of 

reproduction as has been suggested in S. latifolia?  

  To test the hypotheses that S. dioica males have a higher cost of reproduction, this 

study was designed to answer the following questions. Do males begin flowering earlier and 

do they produce more and larger flowers during the season, thus indicating that males 

allocate more to reproduction in comparison with females? How do the sexes differ in their 

allocation to growth and maintenance over the season in terms of leaf and stem size? Finally, 

how does a greater level of allocation to reproduction manifest itself in other life-history 

traits and does a greater allocation to reproduction lead to a higher cost of reproduction? If 

males do indeed invest more resources in reproduction than females, I predict that they will 

have a lower vegetative biomass and produce smaller and fewer leaves than the females. It is 

also possible that males will begin flowering earlier and produce more flowers during the 

season. And finally, if males have a higher cost of reproduction, they will also have a greater 

allocation to reproduction seen as a higher sink to source ratio than females.  
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2. Material and methods 
 

 

2.1 Study species 

 

Silene dioica (Caryophyllaceae) is a dioecious, longish-lived perennial herb with dark pink to 

red flowers found throughout most of northern and central Europe. The distribution range 

stretches from the Faeroe Islands in the west to the Altai Mountains in the east (Baker 1947). 

Silene dioica requires moist, fertile soils and disturbed habitats and is a member of the 

earlier stages of primary and secondary successional communities (Baker 1947, Grime 1979). 

In the study area in northern Sweden, S. dioica colonises in the earlier deciduous phase of 

succession and disappears when species belonging to the coniferous phase become 

established (Giles and Goudet 1997). Plants begin reproduction at 2-3 years of age and have 

an average lifespan of 5-10 years. Flowering occurs in June and July and bumblebees 

(Bombus spp.) are the main pollinators (Kay et al. 1984; Giles et al. 2006). Plant sex is 

determined by sex chromosomes; males are the heterogametic sex with X, Y chromosomes 

and females the homogametic sex with two X chromosomes (Baker 1947; Westergaard 1958). 

 

2.2 Study site 

 

The study was carried out on three islands in the Skeppsvik Archipelago (Fig.1) which is 

located at the mouth of Sävar River, Västerbotten, Sweden (63º44-48’N, 20º31-33’E). The 

archipelago contains about 100 islands in a 20-km2 area. The archipelago is subject to land 

uplift (≈0.9 mm/year) and thus islands differ in age and stage of primary succession (Ericson 

and Wallentinus 1979; Giles and Goudet 1997). As the islands rise out of the sea, each goes 

though primary succession dominated successively by grasses, shrubs, deciduous trees and 

coniferous trees (Ericson and Wallentinus 1979). Seen in terms of years, populations of 

Silene dioica are unable to establish on islands less than 70-150 years old, they expand 

rapidly and attain large sizes on islands 120-250 years old and go extinct on islands older 

than ≈350 years  when coniferous forests have expanded to occupy most of each island (Giles 

et al. 1998).  
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The continuous land uplift also leads to successional gradients across islands (Fig 2). The 

young zones are located in the gray alder (Alnus incana) stands close to the shoreline and 

this is the area where Silene dioica starts to colonize. A characteristic plant found in this 

zone is the herb Filipendula ulmaria, which is also the dominant plant species. The 

intermediate zones are located higher up on the islands where Alnus incana are replaced by 

rowan (Sorbus aucuparia). The vegetation cover is more closed here and Silene usually 

occurs in abundance as the dominant species. Old zones are located where the rowans start 

to die off and are replaced by silver birch, Betula pendula, (outer archipelago) and Norway 

spruce, Picea abies, (inner archipelago). Here Silene has declined and now only occurs in 

scattered small patches or as single individuals (Petterson et al. 2009). 

 

 

 
 

 

 

 

1 

2 
3 

Figure 1. Skeppsvik Archipelago (from Giles et al. 1998). The study islands are marked in black and 

identified by number; 1 = Södra-Teklaredd, 2 = Gråsälshällen, 3 = Grisselögern 

Figure 2. Illustration of vegetation types characteristic of 120-150 year old islands in the Skeppsvik 

Archipelago. Young and intermediate refer to the two zones used to describe the primary successional 

gradient. From Carlsson (1995), drawn by Katarina Stenman. 

Intermediate 

Young 

Old 
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2.3 Study layout 

 

Since the measured traits associated with sexual dimorphism are quantitative rather than 

qualitative (Meagher 1984), the environment will affect the expression of these traits. 

Quantitative traits have continuously distributed phenotypes and are determined by the 

combined influence of the genotypes at many different loci and the environment (Freeman 

and Herron 2007). It is therefore common practice to conduct studies of such traits under 

controlled environmental conditions, such as greenhouses, where all individuals are exposed 

to the same environment. By having the same environment for all individuals, the chances 

that hypothesized differences between traits are due solely to environmental differences are 

reduced. However, we chose to study the differences in the expression of reproductive and 

vegetative traits between males and females in the field rather than under controlled 

conditions because we wanted to see whether consistent differences between male and 

female S. dioica were expressed in their natural habitats. 

Since we wanted to investigate if the difference between males and females in the 

measured traits would be expressed consistently in the natural habitats of Silene dioica, we 

examined them under several environmental conditions. Populations of Silene dioica from 

three different islands in the Skeppsvik Archipelago were chosen (Fig. 1). The islands were 

chosen to represent different positions within the archipelago (where they are subject to 

different wave and wind conditions) and contain all three successional zones across the 

islands. Island 2 is more sheltered from wind and waves as it is located more to inside of the 

archipelago and islands 1 and 3 are more exposed to the elements (Fig. 1). We focused on S. 

dioica growing in two different successional zones (the young (Y) and intermediate (I) 

successional stages as defined above and in Figure 2) since differences in the environment 

could affect the expressions of the traits measured. For example, there will be greater 

shading and intraspecific competition in the intermediate zones and soil nutrient conditions 

will differ between the zones. In addition to having three islands and two successional zones, 

ten 2×2 m patches were laid out along the young and intermediate successional zones on 

each island. This gives 20 2×2 m patches on each island and 60 2×2 m patches in total for 

the study, where the environment could differ between the patches as well. However, for the 

individual measurements, we wanted the individuals to be as equivalent to each other as 

possible and share the same micro-environment: we therefore chose and marked two male 

and two female individuals with only one floral stem separated by no more than 20 – 30 cm 

within each patch. 

  

2.4 Flowering time and number of flowers produced 

 

Between the 8th - 22nd of June 2010, all newly produced flowers were counted on the marked 

individuals.  In addition to the flower count on the marked individuals, newly opened flowers 

on all female and male individuals were counted in the survey patches. In each patch, the 

number of stems and flowers on each individual were counted and recorded. To avoid 

counting an individual as newly flowered twice, the recorded individuals were marked with 

twist-ties. This counting was performed on each island on seven different dates. On island 1, 

counting was carried out on the 11th, 14th, 17th and 22nd of June. On island 2, counting was 

carried out on the 8th, 10th, 16th and 22nd of June and on Island 3, on the 10th, 14th, 17th and 

22nd of June. The start time of the flower count also reflects the start time of flowering on the 

different islands, with individuals on exposed islands (island 1 and 3, Fig. 1) beginning to 

flower a few days later in the season.   
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2.5 Vegetative and flower traits 

 

Seven morphological traits were measured on each marked individual in the field; stem 

diameter, the length and width of the lowermost (closest to the leaf rosette) and the topmost 

cauline leaves (closest to the flower), flower diameter and the number of open flowers. The 

length of the leaf was measured as the distance from the tip to the bottom of the leaf and the 

width was measured at the widest part. The leaf lengths and widths were then used to 

calculate an approximate leaf area using the formula for calculating the area for an ellipse 

(area=Πab, were b is the distance from the center to a co-vertex and a is the distance from 

the center to a vertex).  All size measurements on leaves, stems and flowers were done in the 

field with a digital caliper. At the end of the survey, the entire reproductive stem was clipped 

off at the base and then pressed and oven-dried at 40º C for at least 72 hours. The plants 

were then separated into stem, leaves (the number of cauline leaf pairs on each plant was 

counted prior to separation) and reproductive parts (flowers and capsules) and weighed to 

the nearest 0.0001 grams on an analytical balance.  

 As mentioned in the introduction, the sex with the highest reproductive cost is often 

assumed to have slower growth rates and a lower vegetative biomass (Delph 1999; Obeso 

2002). Therefore, if males of S. dioica invest more and have a higher cost of reproduction 

than females, I predict that this cost will be reflected in the traits above. If males are costlier, 

they should produce thinner stems, smaller and fewer leaves, more and larger flowers and 

allocate a greater proportion of their total biomass to reproduction than females.   

 

2.6 Patterns of biomass allocation 

 

The biomass allocated to stems, leaves and reproduction was estimated using the weights of 

stems, leaves and reproductive parts (flowers and capsules) divided by the total weight of the 

individual. Developing capsules were included in the female flower weight. This was done 

because the females in the study were quickly pollinated and stopped producing flowers at 

an early stage: capsule formation had thus begun by the time the stems were harvested. The 

female flower weight would therefore be a slight overestimate. Since males shed their flowers 

continuously (Delph and Meagher 1995), the total flower weight estimated from the flowers 

attached at harvesting would underestimate the total weight of flowers produced by males. 

Therefore, an average flower weight was calculated by dividing the number of weighed 

flowers (and capsules if females) by the total weight of the flowers (and capsules) on each 

individual. This average flower weight was then multiplied by the total number of flowers 

produced over the study period to estimate the total flower weight produced per individual. 

This measure of flower weight was then added to the stem and leaf weight to get a new total 

weight so that relative allocation of biomass to the different reproductive and vegetative 

structures on males and females could be calculated. Sink : source ratios were calculated by 

dividing the dry biomass of all carbon-importing (“sink”) tissues (all reproductive organs) by 

the dry biomass of all carbon-exporting (“source”) tissues (stems and leaves) (see Delph and 

Meagher 1995).  
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2.7 Statistical analysis 

 

Unless otherwise specified, all statistical analyses are based on measurements from marked 

individuals within each patch. 

 To test whether sex has a significant effect on any of the traits measured, nested 

analyses of variance (ANOVA) were performed on the variables.  The model was the 

following: Yijk = μ + αi + βj(i) + γk(j(i)) + εijkl where μ is the grand mean of each response 

variable, αi is the effect of “Island” i, βj(i) is the effect of “Zone” j within “Island” i,  γk(j(i)) is the 

effect of “Patch” k within “Zone” j within “Island” i and εijkl is the error term of “Sex” l in the 

“Patch” k in the “Zone” k, in the “Island” i. The response variables were stem diameter, stem 

weight, flower diameter, flower weight, leaf area, leaf weight, number of cauline leaves, days 

to first flower and total weight. The explanatory variables, Island, Zone, Patch and Sex were 

treated as fixed factors. To carry out tests of significance, F-ratios were calculated as follows. 

First, the Island: Zone: Patch mean square was divided by the error mean square. If the F-

ratio was significant, the error mean square was used as the denominator to test the 

significance of Sex. The Island:Zone:Patch term was used as the denominator to test for 

significance of the Island:Zone term and the Island:Zone term was used to test the 

significance of the Island term. If, however, the Island:Zone:Patch term was not significant, 

the Island:Zone:Patch and error terms were pooled by summing the sum of squares for these 

two terms and dividing them by the sum of their degrees of freedom to produce a pooled 

mean square. The pooled mean square was then used to test the significance of sex and 

Island:Zone and the significance of the remaining terms were tested as above.   

 To see whether there was a relationship between amount of leaf tissue and the number 

of flowers produced, a regression analysis was performed on the leaf weight and the total 

number of flowers produced. To analyze whether there was any difference in the number of 

flowers produced between the sexes, a generalized linear model (GLM) with Poisson-

distribution (because of count data) was used on the flower number. The model was 

designed as above with “Patch” being nested within “Zone” which is nested within “Island”. 

The change in deviance was then referred to a chi-square distribution to test for significance. 

 To test whether there was a significant difference between the sexes with respect to the 

number of days until first flowering in regard to the flower count performed on all newly 

opened flowers in the patches (not including the marked individuals), a generalized linear 

model was used because of unbalanced data. The model was designed as above with “Patch” 

being nested within “Zone” which is nested within “Island”. As above, the change in deviance 

was then referred to a chi-square distribution to test for significance. 

 All statistical analyses were performed using the statistical package R (R version 2.13.0 

www.r-project.org).  
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3. Results 
 

 

3.1 Flowering time and floral traits 

 

Males started flowering earlier than females on all three islands (Table 1, Fig. 3, Fig. 4a; 

nested ANOVA, F1,135=7.29, P=0.0078). Even though individuals on island 2 begin flowering 

earlier than individuals on island 1 and 3 (Fig. 3),  there was no significant difference 

between the islands with respect to number of days until first flowering (Table 1, nested 

ANOVA, F2,3=1.30, P=0.3816).  Additionally, there were no significant differences between 

zones with respect to number of days until first flowering (Table 1, Fig. 3 and Fig. 4a). With 

respect to the flower count performed on all newly opened flowers in the patches (not 

including the marked individuals), the pattern of males flowering earlier than females was 

consistent on all three islands (difference in deviance=16.737, d.f. =1, p<4.293e-05). Males 

continued to flower when the experiment ended although many females stopped producing 

new flowers after fruit production had begun.  

 
 

 
 

 

 

The sex of the plant had a significant effect on the flower production (difference in 

deviance=305.82, d.f. =1, p<2.2e-16) with males producing more flowers in total over the 

study period on all three islands (Fig. 4b). In addition to producing more flowers, males also 

produced larger flowers in terms of flower diameter (Table 1, Fig. 4c; nested ANOVA, 
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Figure 3. Total number of individuals with newly produced flowers on different dates by islands and sex  

(males – open bars, females – grey bars).  
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F1,135=30.98, P<0.0001).  A regression analysis showed a significant relationship between the 

total number of flowers produced and the amount of leaf tissue for both males (β=0.0040, 

t=4.63, p=1.04e-05, r2=0, 17) and females (β=0.0137, t=3.78, p=0.0003, r2=0,15) which 

suggests that the more leaf tissue a plant has available, the more flowers a plant can produce 

and support. There were no significant differences in the expression of these traits on the 

different islands and zones (Table 1, Fig. 4b, and Fig. 4c).   

 

 

 

 
 

 
 

 

 

 

 

Figure 4. Means and SE for floral traits by 

island, zone and sex (males – open bars, 

females – grey bars). 4a – number of days 

until first flowering, 4b – total number of 

flowers, 4c – flower diameter (mm)  

b 

a 

c 

Table 1 Results of nested analyses of variance (ANOVA) testing 

for the effect of island, zone, patch and sex on floral traits. *If the 

Island:Zone:Patch term was non-significant (P<0.05), pooled 

mean squares and degrees of freedom were used to calculate the 

corresponding F-value. Pooled degrees of freedom were 189. 

 Source d.f MS F P

Days to first flowering

Island 2 1 1 .8 1 .30 0.391 6

Island:Zone 3 9.0 0.67 0.57 1 9

Island:Zone:Patch 54 1 3.4 2.66 <0.0001

Sex 1 36.7 7 .29 0.007 8

Error 1 35 5.0

Flower diameter*

Island 2 1 04.6 8.34 0.0595

Island:Zone 3 1 2.6 0.83 0.4807

Island:Zone:Patch 54 1 4.4 0.98 0.5583

Sex 1 480.9 30.98 <0.0001

Error 1 35 1 5.5
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3.2 Vegetative traits 

 

Sex had a significant effect on the leaf area on both the lowermost and the topmost cauline 

leaves (Table 2, nested ANOVA, F1,135=17.81, P<0.0001 and F1,135=14.72, P=0.0002) with 

females having larger leaves (Fig. 5a,b). With respect to the number of leaf pairs, females 

produced significantly more leaves than males (Table 2, Fig. 5c; nested ANOVA, F1,135=47.65, 

P<0.0001) and females also had wider stems (Table 2, Fig. 5d; nested ANOVA, F1,135=15.69, 

P=0.0001). There was a significant effect of zone on the stem diameter on islands 1 and 2, 

where individuals (both males and females) produced larger stems in the young zones 

compared to the intermediate zones, but island 3 is an exception (Table 2, Fig. 5d; nested 

ANOVA, F3,54=4.76, P=0.0051).  

 

 
  

 

  

 

  

a b 

c 

Figure 5. Means and SE for vegetative traits by island, zone and sex (males – open 

bars, females – grey bars). 5a – top cauline leaf area (mm2), 5b – bottom cauline 

leaf area (mm2), 5c – number of leaf pairs, 5b – stem diameter (mm) 

d 
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Source d.f MS F P

Top cauline leaf area*

Island 2 1 801 7 1 .03 0.4565

Island:Zone 3 1 7 494 1 .7 0 0.1 67 4

Island:Zone:Patch 54 9266 0.96 0.597 6

Sex 1 2E+05 1 4.7 2 0.0002

Error 1 35 1 0658

Bottom cauline leaf area*

Island 2 3447 6 0.1 3 0.8841

Island:Zone 3 3E+05 3.06 0.0293

Island:Zone:Patch 54 58230 0.88 0.7 881

Sex 1 2E+06 1 7 .81 <0.0001

Error 1 35 99363

Number of leaf pairs*

Island 2 0.7 1 .80 0.3060

Island:Zone 3 0.4 0.7 9 0.4993

Island:Zone:Patch 54 0.5 1 .06 0.37 04

Sex 1 21 .6 47 .65 <0.0001

Error 1 35 0.5

Stem diameter

Island 2 0.9 0.51 0.6466

Island:Zone 3 1 .8 4.7 6 0.0051

Island:Zone:Patch 54 0.4 1 .47 0.0390

Sex 1 4.1 1 5.69 0.0001

Error 1 35 0.3

Table 2 Results of nested analyses of variance (ANOVA) 

testing for the effect of island, zone, patch and sex on 

vegetative traits. *If the Island:Zone:Patch term was non-

significant (P<0.05), pooled mean squares and degrees of 

freedom were used to calculate the corresponding F-value. 

Pooled degrees of freedom were 189. 
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3.4 Biomass allocation patterns 

 

There was no significant difference between the sexes in terms of proportion biomass 

allocated to stems (Table 3, Fig. 6a; nested ANOVA, F1,135=2.21, P=0.1395) or to leaves (Table 

3, Fig. 6b; nested ANOVA, F1,135=3.30, P=0.0714). However, sex had a significant effect on 

the biomass allocated to reproductive parts (Table 3, nested ANOVA, F1,135=11.07, P=0.0011) 

where males spent a larger proportion of their total mass on reproduction compared with 

females (Fig. 6c.).  This higher allocation to reproductive parts also resulted in a significantly 

greater sink : source ratio for males (Table 3, Fig 6d; nested ANOVA, F1,135=10.41, P=0.0016). 

Differences due to islands and zones were marginally significant (Table 3, Fig. 6b, Fig. 6c, 

Fig. 6d) with the exception of biomass allocated to stems, where the zone effect was more 

strongly significant (Table 3, Fig. 6a; nested ANOVA, F3,54=4.41, P=0.0076).  For more 

information regarding numerical means see appendix I.  

 

 

 
 

 

  

a 
b 

c d 

Figure 6.  Means and SE for biomass allocation and sink: source ratio by island, zone and sex (males – open 

bars, females – grey bars). 
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Source d.f MS F P

% Total biomass allocated to stems

Island              2 7 69.8 3.1 8 0.1 81 5

Island:Zone         3 242.1 4.41 0.007 6

Island:Zone:Patch  54 54.9 1 .64 0.01 20

Sex                 1 7 4.1 2.21 0.1 395

Error 1 35 33.5

% Total biomass allocated to leaves

Island              2 203.0 1 .69 0.3225

Island:Zone         3 1 20.2 2.43 0.07 48

Island:Zone:Patch  54 49.4 2.1 4 0.0002

Sex                 1 7 6.0 3.30 0.07 1 4

Error 1 35 23.0

% Total biomass allocated to reproduction*

Island              2 669.7 9.7 9 0.0484

Island:Zone         3 68.4 2.55 0.0569

Island:Zone:Patch  54 26.0 0.99 0.5324

Sex                 1 300.2 1 1 .07 0.001 1

Error 1 35 27 .1

Sink to source ratio*

Island              2 0.1 3 1 1 .7 0 0.0383

Island:Zone         3 0.01 2.1 6 0.0943

Island:Zone:Patch  54 0.01 0.99 0.541 0

Sex                 1 0.06 1 0.41 0.001 6

Error 1 35 0.01

Table 3 Results of nested analyses of variance (ANOVA) 

testing for the effect of island, zone, patch and sex on 

biomass allocation. *If the Island:Zone:Patch term was 

non-significant (P<0.05), pooled mean squares and degrees 

of freedom were used to calculate the corresponding F-

value. Pooled degrees of freedom were 189. 
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4. Discussion 
 

 

In this study, I investigated differences in life-history traits between the sexes in the 

herbaceous, dioecious species Silene dioica and I found evidence of sexual dimorphism in 

most of the traits measured. For example, males and females differed in the timing of first 

flowering, size and numbers of flowers, size and number of leaves and most importantly, 

allocation to reproduction. The hypothesis that males of S. dioica should have a higher 

reproductive cost seems to be confirmed since males started flowering earlier (Fig. 3, Fig. 

4a), produced more (Fig. 4b) and larger flowers (Fig. 4c), produced smaller (Fig.5a, Fig. 5b) 

and fewer leaves (Fig. 5c) and thinner stems (Fig. 5d). The males also allocated a greater 

proportion of their total biomass to reproductive parts (Fig. 6c) and as a consequence, had a 

higher sink to source ratio (Fig. 6d). The consistency of the results for all locations is 

supported statistically by the general lack of significance in the island and zone factors in the 

analyses. Thus, that males have a higher cost of reproduction seems to be a general pattern 

found in the natural habitats of S. dioica. In the following sections I will discuss these 

findings in more detail.  

 

4.1 Flowering time and flower traits 

 

Males started flowering earlier in the season than females (Table 1, Fig. 3, Fig. 4a) on all 

three islands which is consistent with earlier studies (Baker 1947; Carlsson-Granér et al. 

1998). This pattern was also found when analyzing the starting date of flowering performed 

on all individuals in the patches. In addition to starting flowering earlier, males also 

continued flowering at the end of the survey while many of the females had started 

producing fruits and thus had stopped producing new flowers.  

It has been proposed that, in some species, females may be investing less in 

reproduction early in the growing season (by flowering later in the season), because they are 

investing more in vegetative growth at this time. A higher investment in vegetative growth 

earlier in the season would give the females more photosynthetic structures, which could 

allow them to acquire more resources overall. This “extra” resource pool for females could 

then be used later in the season when the fruits are maturing (Gross and Soule 1981; Delph 

1999). Is has also been seen that a higher investment in reproduction early in the season by 

males consequently results in a smaller size later on, as they have fewer resources available 

for vegetative growth (Sánchez Vilas and Pannell 2010). An example of a plant where the 

females have a greater vegetative growth early in the season is the subdioecious shrub Hebe 

subalpina (Delph 1990). Delph (1990) made a study where she compared vegetative growth 

and sexual reproduction for the two sexual morphs of H. subalpina. She found that, since the 

polliniferous morph (“males”) produced larger flowers, they allocated almost twice as much 

biomass to flower production in comparison with the females. By contrast, females allocated 

4.7 times as much as males on fruit production and therefore, overall, females allocated 

almost twice the biomass to flowers and fruit. The two sexual morphs of H. subalpina grew 

the same amount over the whole season but their maximal growth occurred at different 

times during the season. The vegetative growth for females were greater prior to anthesis 

(the opening of the flowers) while males had a higher growth rate post anthesis. Thus, 

females grew more during the time of flower production whereas males grew more during 

the time of fruit production. Delph (1990) proposes that this relatively greater investment 

early in the season by females may enable them to acquire more photosynthates than males 
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for use during the time of fruit maturation. Thus, this high level of investment in vegetative 

growth early in the season (which may be possible because the low investment in flower 

production), may increase resource levels over that of males, enabling them to allocate 

almost twice as much to reproduction overall, as well as grow the same amount over the 

season (Delph 1990).  Although I was unable to formally correlate a later flowering by 

females with differences in vegetative traits, the fact that the females in my study started 

flowering later and had a higher vegetative biomass suggest that females do invest more in 

vegetative growth early in the season which might account for their later flowering. This 

early investment in vegetative growth by the females may in turn reduce the cost of 

reproduction since they have more photosynthates available and thus the ability to acquire 

more resources when the fruits are maturing.  

  Strangely, there was no significant difference between the islands with respect to 

flowering time (table 1). Since the islands are in different locations in the archipelago (Fig. 1) 

and subject to different wave and wind conditions, one might assume that flowering would 

begin later on islands 1 and 3 since they are more exposed (Fig. 1). More exposed islands may 

take longer to warm up and therefore flowering could begin later on those islands. However, 

as seen in figure 3, there is nevertheless a trend towards earlier flowering on island 2. If the 

flower counts on the islands would have been initiated earlier in the season, I believe that the 

differences between the islands with respect to date of first flowering would have been larger 

as flowering on island 2 had already begun prior to the start of the survey while flowering on 

islands 1 and 3 started approximately right about the time the survey started.   

 Males produced more numerous (Fig. 4b) and also larger flowers (Fig.4c) than females. 

In a study of Silene latifolia, Delph et al. (2005) investigated whether allocation and 

physiological traits were genetically correlated with flower size. They found that individuals 

of both sexes with larger floral displays produced less vegetative biomass and less leaf 

biomass, had thinner leaves and lost more carbon via stem and leaf respiration than 

individuals that produced relatively few flowers. They interpreted these results as indicating 

that a large flower display may result in negative effects on growth and maintenance (Delph 

et al. 2005). However, in that study, they also found a flower size and number trade-off as 

males of S. latifolia produce many more but smaller flowers than females (Gross and Soule 

1981; Gehring 1993; Delph and Meagher 1995; Laporte and Delph 1996). Flower size and 

number trade-offs are common (Worley and Barrett 2000; Caruso 2004; Sargent et al. 

2007) and have been found in greenhouse experiments in Silene dioica (B.E. Giles, unpubl. 

data) but not in the field (this study; B.E. Giles, unpubl. data; Baker 1947). Therefore, I 

believe that the cost of reproduction for males is even higher in S. dioica in comparison with 

the cost for males in S. latifolia because males in S. dioica produce both larger and more 

flowers in the field. Larger and more numerous flowers means a greater pollen production 

and because pollen production is costly, mostly because pollen is very rich in nitrogen 

(Harris and Pannell 2008), this suggests a high cost of reproduction for males in S. dioica.  

 As mentioned earlier, the large floral display in males may be due to intrasexual 

selection (Delph et al. 2002; Moore and Pannell 2011) because the fitness of males increases 

with increasing pollinator visits and large flower display would therefore be favored by 

selection (Moore and Pannell 2011). Indeed, pollinators seem to prefer male S. dioica 

individuals in the field (Kay et al. 1984; Carlsson-Granér et al. 1998) and this is probably due 

to the fact that the flowers on male plants are more densely aggregated and therefore the 

male plants will be more attractive to the insects from a distance (Kay et al. 1984).  
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4.2 Vegetative traits 

 

Females produced larger leaves with respect to cauline leaf area (Fig. 5a, Fig. 5b) and also 

more leaves (Fig. 5c) than males. As above, these results can be discussed in terms of the 

timing of investment. If females invest more resources into vegetative growth earlier in the 

season, they will have a larger amount of vegetative tissue and consequently larger and more 

leaves. This greater amount of vegetative tissue allows them to photosynthesize more and 

have more resources available for reproduction later in the season (Gross and Soule 1981). 

As a consequence of this greater investment in vegetative growth early in the season, females 

might flower later. One may also turn the argument around and propose that, since females 

produce smaller and fewer flowers (and consequently have a smaller cost of reproduction) 

they are able to invest more resources into growth which then results in a greater amount of 

vegetative tissue. Since the sex which invests more in reproduction is assumed to have a 

lower growth rate (Delph 1999; Obeso 2002) and in this case, the males produce significantly 

fewer and smaller leaves, these results also suggest that males have a higher cost of 

reproduction.  

 A significant relationship between the total number of flowers produced and amount of 

leaf tissue was also found in both sexes which suggests that plants that have a high 

production of leaf tissue are able to produce more flowers in comparison to plants that 

produce smaller amounts of leaf tissue. This seems logical as more vegetative tissue means 

that more resources can be acquired through photosynthesis and these resources can then be 

put into flower production. Since females had a greater amount of leaf tissue available (Fig. 

5a, Fig. 5b and see Appendix 1) this implies that females potentially also have more resources 

available for producing flowers and for provisioning seeds after flowering.  

 Females also produced larger stems than males (Fig. 5c). In addition to being a support 

organ for the leaves and the reproductive parts of the plant, the stem is responsible for the 

overall growth of the plant from the primary and secondary shoot meristems. Nutrient and 

water transport also occur in the stem (Sundström 1994).  One possible explanation for 

females having larger stems than males could be that, in females, large stems has been 

selected for, to provide support for the mature fruits. A greater stem size could also provide 

more support for leaf tissue and since females have more and larger leaves, a larger stem size 

in females could have evolved as a consequence of this. A larger stem size also implies a 

larger amount of phloem and xylem for nutrient and water transport and since females have 

more leaf tissue, this suggests that a greater transport of nutrients and water will be required 

in the female plants. However, I have no evidence which supports the idea that females 

should have more transport vessels in their stems. There was a significant effect of the 

successional zone on the stem diameter (Table 2, Fig. 5d) and allocation of biomass to stems 

(Table 3, Fig. 6a) where individuals (both males and females) on islands 1 and 2, growing in 

the intermediate zones, produced smaller stems than individuals growing in the young 

zones. A possible explanation for this is that stem growth may be negatively affected by the 

higher levels of intra-specific competition and greater shading in the intermediate zone.  

 The fact that females have larger stems (and larger and more leaves) could provide a 

possible explanation to the observed female-biased herbivory in S. dioica since the larger 

stems in females may provide a better food resource and/or offer an increased shelter from 

predators and parasitoids for the herbivore larvae (Delia criniventris and Caryocolum 

viscariella) that attack and eat the insides of S. dioica stems (Pettersson et al. 2009). It is 

often assumed that the sex which invests less in reproduction should be more attacked by 

herbivores since a lower investment in reproduction means a greater investment in, for 
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example, vegetative growth which then makes the plant a better resource (Cornelissen and 

Stiling 2005). That females are the sex that are somewhat more attacked by herbivores in S. 

dioica, is also consistent with females having more to offer which they might do if they have 

a lower cost of reproduction. Understanding which sex that has the lower cost of 

reproduction and consequently which sex may be more affected by herbivory is an important 

factor in understanding the evolution of dioecy since female-biased herbivory could help to 

explain how dioecy has evolved from gynodiecy (i.e. populations which are composed of a 

mixture of hermaphrodites and females). In a gynodioecious population, female-biased 

herbivory may give the more male-like hermaphrodites an advantage, thus leading to an 

increased frequency of males in the population and finally, dioecy (Ashman 2002).  

 

4.3 Biomass allocation 

 

Because males produced many more and larger flowers than females, they allocated a greater 

proportion of their total biomass to reproduction in comparison with females (Fig. 6c), even 

though the female flower weight was a slight overestimation because capsules were included 

in the flower weight. One of the arguments for the assumption that females have a greater 

cost of reproduction than males is that, even though both males and females invest resources 

in reproduction during the flowering period, females additionally devote energy to 

reproduction later in the season when the fruits are maturing. Females, therefore are 

assumed to have a total greater reproductive effort than males (Putwain and Harper 1972; 

Hancock and Bringhurst 1980; Gross and Soule 1981; Sánchez Vilas and Pannell 2011). Since 

the weight of the capsules was included in the female flower weight (and therefore some of 

the fruits) and males continued flowering after the study ended and had a higher allocation 

to reproduction, I suggest that this strongly supports the idea that males have a greater cost 

of reproduction in Silene dioica.  

 The comparison of reproductive allocation in this study has been based on 

measurements of biomass similar to those in several earlier studies of Silene latifolia (e.g. 

Gross and Soule 1980; Lovett Doust et al. 1987; Gehring 1993) but it has been argued that 

the view of reproductive allocation may be incomplete if biomass is the only currency used 

(Gehring and Linhart 1993; Hemborg and Karlsson 1999; Harris and Pannell 2008) because 

flowers, fruits and their supporting structures can sometimes photosynthesize (Gehring and 

Linhart 1993). Furthermore, male and female functions may be limited by different 

resources (Hemborg and Karlsson 1999; Harris and Pannell 2008). Therefore, I believe that 

a more reliable estimation of the reproductive effort would have been achieved if also 

allocation of different nutrients (such as phosphorus and nitrogen) had been examined. For 

example, a study made on sexual differences in biomass and nutrient allocation of first year 

S. dioica plants showed that, although the reproductive cost was not significantly different 

between the sexes in terms of biomass and nitrogen, males had a higher reproductive cost in 

terms of phosphorus (Hemborg and Karlsson 1999).  

 In addition to examining allocation of nutrients, it would also have been interesting to 

include measurements of below-ground parts (i.e. roots) to investigate if there are any 

differences between the sexes in terms of biomass allocated to below-ground parts. Harris 

and Pannell (2008) suggest that the smaller size of males in some dioecious herbs can be 

explained by their greater allocation to roots (in order to increase nitrogen acquisition for 

pollen production), which then causes them to have reduced growth above ground. Since 

males in this study were smaller than the females in terms of both vegetative and total 
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biomass (see Appendix 1), it would have been interesting to see if this partly could be 

explained by a greater allocation to roots.  

 As a result of a greater allocation to reproductive parts, males also had a significantly 

greater sink to source ratio which indicates that a greater proportion of their total mass is 

found in carbon-importing (“sink”) tissues (reproductive organs) in comparison with 

females. This implies that, indeed, males do suffer from a higher cost of reproduction since 

females have a larger proportion of their total mass in carbon-exporting “source” tissues 

(stems and leaves”) and therefore, the females are potentially able increase their resource 

pool by having the ability to photosynthesize more than the males. 

 

4.4 Conclusions and future developments  

 

In light of these findings, I would argue that, in Silene dioica, males are the costlier sex in 

terms of reproduction since they begin flowering earlier and flower longer in a season, 

allocate a greater proportion of their total biomass to reproduction and have less vegetative 

biomass in comparison with females. The reproductive cost per flower may be higher in 

females since they produce fruit, but overall, there is a larger allocation to flowers by males 

(since they start flowering earlier and continue flowering longer as well as producing more 

and larger flowers) which raises the reproductive cost per plant in males more than females. 

Thus, per plant basis, the reproductive cost is higher for males in S. dioica. In addition, 

previous studies have also shown that males in S. dioica have a higher nectar concentration 

(Kay et al. 1984; Hemborg 1998) and the sex ratio in the populations is female-biased 

(Pettersson et al. 2009; B.E. Giles unpubl. data). If this female-biased sex ratio is due to sex-

linked mortality, where males have greater levels of mortality in comparison with females, 

one could argue that this higher mortality of males is a consequence of their higher 

reproductive cost. However, in this short study, I could not examine mortality rates of males 

and females.  

 Since this study was performed in the field, there were many different factors which 

could potentially influence the results. For example, the islands had different locations in the 

archipelago where different wave and wind conditions and different exposures to the open 

sea could influence growth and flowering and the study patches were laid out in different 

successional zones on the islands where competition and soil conditions differ between the 

zones (Pettersson et al. 2009). Nevertheless, over all three islands and across each of the 

successional zones, my results still showed a consistent pattern of males having a greater 

investment in reproduction in comparison with females which strongly implies that this is a 

general pattern found S. dioica populations in their natural habitats.  

 To investigate this further, it would be interesting to perform a controlled greenhouse 

experiment as well where the reproductive cost of males, un-pollinated females and 

pollinated females would be examined. I believe that, by examining the effect of pollination 

and resultant fruit set on allocation to reproduction in females, one could more thoroughly 

assess the trade-off between reproduction and growth prior to and after reproductive 

investment. Again, relative investment in root growth should also be included in this 

experiment. 

 This study has shown that there are exceptions to the “rule” of females having a higher 

cost of reproduction and I would argue that, when investigating life-history patterns and 

other ecological traits in dioecious herbs, one should not assume that the female sex always 

invests more in reproduction than males, even though this seems to be the more common 

pattern. As a final conclusion, I would say that this is indeed an important research area 
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because it is important to know more about plant reproductive biology and the different 

roles of the sexes in reproduction in order to understand how they can reproduce 

successfully, especially when considering that climate change, habitat fragmentation and 

spread of invasive species could potentially affect the phenology and reproductive success of 

the plants.  
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Appendix I Measures of mean individual vegetative and reproductive biomass, leaf areas, number of leaves, stem and flower diameters, 

sink to source ratios, the total number of flowers and number of days until first flowering. Values are the mean ± standard error in grams, 

square millimeters and millimeters for females and males on each island.  

 
 

 

Island 1 Island 2 Island 3

Trait Females Males Females Males Females Males

Stem diameter (mm) 2.72 ± 0.10 2.36 ± 0.09 2.50 ± 0.11 2.08 ± 0.08 2.41 ± 0.13 2.35 ± 0.09

Top cauline leaf area (mm2) 262.02 ± 20.58 185.82 ± 13.87 211.89 ± 18.17 164.45 ± 11.23 222.20 ± 30.91 173.13 ± 16.34

Bottom cauline leaf area (mm2) 740.56 ± 79.14 560.10 ± 45.40 724.79 ± 29.99 495.49 ± 29.99 747.18 ± 39.33 588.85 ± 39.33

Flower diameter (mm) 20.98 ± 0.82 23.91 ± 0.64 19.22 ± 0.64 21.31 ± 0.50 19.24 ± 0.90 23.99 ± 0.67

Stem biomass (g) 0.3087 ± 0.0273 0.2215 ± 0.0195 0.2940 ± 0.0304 0.1727 ± 0.0143 0.3692 ± 0.0358 0.2348 ± 0.0227

Leaf biomass (g) 0.1577 ± 0.0141 0.1106 ± 0.0079 0.1477 ± 0.0112 0.0809 ± 0.0055 0.1469 ± 0.0108 0.0982 ± 0.0082

Reproductive biomass (g) 0.0784 ± 0.0106 0.0708 ± 0.0051 0.0488 ± 0.0062 0.0307 ± 0.0026 0.0646 ± 0.0108 0.0435 ± 0.0031

Total biomass (g) 0.5447 ± 0.0473 0.4029 ± 0.0295 0.4905 ± 0.0449 0.2843 ± 0.0205 0.5806 ± 0.0523 0.3694 ± 0.0312

Sink:Source ratio 0.17 ± 0.01 0.24 ± 0.02 0.11 ± 0.01 0.13± 0.01 0.13 ± 0.02 0.14 ± 0.01

Number of leaf pairs 5.44 ± 0.12 4.56 ± 0.12 5.40 ± 0.11 4.81 ± 0.11 5.46 ± 0.13 4.92 ± 0.13

Total number of flowers 4.04 ± 0.39 12.64 ± 0.79 2.09 ± 0.17 6.41 ± 0.46 2.75 ± 0.37 8.30 ± 0.60

Days to first flower 13.00 ± 0.36 12.25 ± 0.32 12.43 ± 0.58 11.43 ± 0.62 13.21 ± 0.48 12.35 ± 0.35


