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ABSTRACT 
 
 Coreopsis tinctoria Nutt. (coreopsis, goldenwave, Asteraceae) is a spring and early summer 
flowering annual found throughout most of North America. Its apparent habitat is primarily vegetation 
gaps or patches in disturbed grasslands and woodlands. It was hypothesized that achene mass and light 
levels were important for achene germination. Achene mass, determined by seed buoyancy, was used as a 
surrogate to determine viability. All collected achenes were presumed viable. To test the effectiveness of 
achene mass as a surrogate for determining seed viability, mean germination of high mass (non-buoyant) 
achenes was compared to mean germination of low mass (buoyant) achenes. The role of light level was 
investigated by germinating collected achenes at three light levels: 121.50, 0.01, and 0.00 µmol·m-2 s-1. 
The float test correctly identified viable achenes 80% of the time. There were significantly fewer 
germinations (5±2, mean±standard deviation, 20%) of the low mass achenes than for the high mass 
achenes (21±4, 84%), indicating that achene mass was a fast and easy surrogate for determining C. 
tinctoria achene viability. The mean germination of achenes in the light treatments was 84% (21±4) with 
no significant differences in the mean number of achenes that germinated in the three light treatments. In 
addition, 56% of the achenes germinated four days after placement into a moist environment and 84% 
germinated in eight days, suggesting a lack of dormancy.  Published on-line www.phytologia.org 
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_____________________________________________________________________________________ 
 
 Successful establishment of a plant from seed requires favorable environmental conditions for 
seed germination (Fenner 1985). Typical environmental conditions required for germination include 
appropriate temperature, soil moisture, and oxygen levels. In some cases, light level, photoperiod, and the 
red/far-red light ratios are also necessary for germination (Baskin and Baskin 1998). Factors that control 
seed germination can give insights into the habitat and growth requirements of a species (Van Auken 
2013). Seed mass, measured by buoyancy in water, is a common, non-destructive, rapid technique used to 
estimate the viability of collected seeds (Paynter and Dixon 1990, Gribko and Jones 1995, Dalgleish et al. 
2012). However, its use has not been tested with Coreopsis tinctoria achenes (seeds). Many non-dormant 
seeds need light for germination, and it has been reported that C. tinctoria achenes do require certain light 
levels for germination (Baskin and Baskin 1998).  
 
 Coreopsis tinctoria (Fig. 1) is commonly known as goldenwave, plains coreopsis, calliopsis, or 
golden tickseed (Native Plant Information Network 2009). It is an early spring and early summer 
flowering annual in the Asteraceae family that reaches heights between 250 and 1200 cm (Correll and 
Johnston 1979, Native Plant Information Network 2009), and is widely distributed throughout most of the 
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lower 48 United States, parts of southern Canada, and northern Mexico (Fig. 2) (Strother 2006, USDA 
2012). It can tolerate various soil types, but seems to prefer moist sandy or clayey soils (Enquist 1987, 
Strother 2006). It is not a good competitor (Elliott and Van Auken 2014) similar to other species of 
Coreopsis (Folgate and Scheiner 1992) and appears to grow best in open grassland patches, disturbances, 
or gaps. It was hypothesized that achene mass and light levels were important for achene germination in 
C. tinctoria. 
 

 
 
Figure 1.  Coreopsis tinctoria flower head (A – Photograph by K. C. Eddy, senior author) and  
achenes (B – Photograph by Steve Hurst (USDA 2012)). 
 

 
 
Figure 2.  Distribution (shaded area) of Coreopsis tinctoria in the United States, Canada, and northern 
Mexico (Strother 2006). Albers equal-area conic projection. 
 

MATERIALS AND METHODS 
 
 Mature Coreopsis tinctoria seed heads were harvested from various locations in northwestern 
Bexar County, Texas (29°35' N, 98°37' W), in May of 2011. Seed heads were dried and stored at room 
temperature in paper sacks for six months prior to starting the experiments. Seed heads were then crushed 
in a resealable plastic storage bag and sieved with a 2 mm sieve to remove most chaff from the achenes 
(seeds). Achenes were then removed from remaining chaff by picking with tweezers or a metal spatula. 
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 Achene mass (buoyancy) (Arrillaga et al. 1992, Elliott 1999) was tested as a potential surrogate 
for viability of collected achenes. One half ml of detergent was added to 400 ml deionized water to reduce 
surface tension. Thirty-five batches of 30 achenes each were used to separate low mass and high mass 
achenes in the water-detergent solution. Following separation of the low mass and high mass achenes, 
they were rinsed in deionized water, dried, and then a portion of each group was tested for ability to 
germinate.  
 
 The germination test consisted of two treatments (low mass and high mass achenes), each with 
eight replicates. Each replicate consisted of twenty five achenes placed on a 700 mm diameter Whatman® 
#4 qualitative filter paper in a petri plate. One ml of deionized water was placed on the filter paper; the 
plates were covered, placed in resealable plastic storage bags to prevent evaporation, and placed in the 
laboratory at low light and at approximately 25° C. Throughout the experiment, 1 ml of deionized water 
was added every two days, if needed, to keep the filter paper moist. Achenes were checked for 
germination every other day for two weeks. Germination occurred when the radicle emerged and was >1 
mm long (Baskin and Baskin 1998, Elliott 1999). Achenes that germinated were counted and removed 
from the petri plates. The plates were then replaced in the plastic storage bags which were resealed. The 
number of achenes that germinated and the length of time required for germination were recorded. The 
mean total number of achenes that germinated was compared using a Wilcoxon rank-sum test. The 
number that germinated in time was compared using a Kruskal-Wallis one-way non-parametric ANOVA 
followed by pairwise comparisons using the Wilcoxon rank-sum test (Sall et al. 2012). 
 
 Achene germination was also determined at three light levels. Light levels were 
121.50 µmol·m-2 s-1, 0.01 µmol·m-2 s-1, and 0.00 µmol·m-2 s-1. Light levels were measured using a Li-Cor® 
LI-190 Quantum Sensor attached to a Li-Cor® LI-1000 Data Logger. Temperatures were approximately 
250 C. Every other day, for two weeks, the achenes were checked for germination. Germination occurred 
when the radicle emerged and was >1 mm long (Baskin and Baskin 1998, Elliott 1999). Those that 
germinated were counted and removed from the petri plates and the plate was replaced in the treatment as 
above. The number of achenes that germinated and the time required for germination were recorded. The 
mean number of germinations in the light treatments was compared using a one-way non-parametric 
ANOVA and pairwise comparisons, as above (Sall et al. 2012).  
 
 Because there were no significant differences in the number of germinations between the light 
treatments, results from these three treatments were pooled to compare germinations through time. The 
number of achenes that germinated per two days was plotted as was the sum of the mean number of 
achenes that germinated. In addition, the mean and standard deviation of the total number of achenes that 
germinated in each treatment was plotted as a bar graph. 
 

RESULTS 
 
 In the achene mass experiment, 52% of all collected achenes germinated; 20% (5±2, x̄ ± SD) of 
the low mass achenes, which was significantly fewer than the 84% (21±4) of high mass achenes (Fig. 3, 
Wilcoxon rank-sum, H=11.41, P=0.0007). On day 4, 3±2 low mass achenes germinated, significantly 
more than on any other day (Fig. 4; one-way non-parametric ANOVA, H=25.67, P<0.0001, Kruskal-
Wallis followed by Wilcoxon rank-sum). Significantly more high mass achenes germinated on day 4 
(18±3) than on any other day, and significantly more high mass achenes germinated on day 6 (3±3) than 
on days 2, 8, and 10 (Fig. 4; one-way non-parametric ANOVA, H=33.40, P<0.0001, Kruskal-Wallis 
followed by Wilcoxon rank-sum). There were no further low mass or high mass achene germinations after 
day 6 (Figs. 4 & 5). 
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Figure 3.  Comparison of the mean total number of germinated achenes after separation by mass. Of the 
high mass achenes, 84% germinated (21±4), significantly more than the 20% of low mass achenes that 
germinated (5±2) (Wilcoxon rank-sum one-way non-parametric ANOVA, H=11.41, P=0.0007). Error 
bars indicate ± one standard deviation of the mean. 
 

 
 
Figure 4.  Comparison of low mass and high mass achene germinations per two days (error bars indicate 
+ one standard deviation of the mean). Significantly more low mass or high mass achenes germinated on 
day 4 than on any other day (Kruskal-Wallis one-way non-parametric ANOVA, H=25.67, P<0.0001 and 
H=33.40, P<0.0001, respectively, Wilcoxon rank-sum pairwise comparison). For either type of achene, 
the same upper case (high mass) or lower case (low mass) letters indicate no significant difference.  
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Figure 5.  Comparison of the sum of the mean of low mass and high mass achene germinations per two 
days (error bars indicate + one standard deviation of the mean). Out of a total of 25 seeds used in each 
replicate, 5±2 low mass achenes germinated and 21±4 high mass achenes germinated. In both cases, there 
were no further germinations after day six.  
 
 In the light treatment experiment, the mean number of germinated achenes at 125.50 mol m-2 s-1 
(21±4) was not significantly different than the 20±2 achenes germinated at 0.01 mol m-2 s-1 or the 20±3 
achenes germinated at 0.00 mol m-2 s-1 (Fig. 6, one-way nonparametric ANOVA, H=1.77, P=0.4121, 
Kruskal-Wallis). Examination of the pooled results shows that significantly more achenes germinated on 
day 4 (14±4) than any other day, and significantly more germinated on day 6 (6±4) than days 2, 8, or 10 
(Fig. 7, one-way non-parametric ANOVA, H=100.91, P<0.0001, Kruskal-Wallis followed by Wilcoxon 
rank-sum). No more achenes germinated after day 8 (Fig. 8). Overall, approximately 84% of all tested 
achenes in the light treatments germinated or conversely 16% did not germinate and appeared nonviable. 
 

 

H = 1.77 

P = 0.4121

 
Figure 6.  Comparison of the mean number of germinated achenes in each light treatment. There were no 
significant differences in mean number of germinations between light treatments (Kruskal-Wallis one-
way non-parametric ANOVA, H=1.77, P=0.4121). Error bars indicate ± one standard deviation of the 
mean. 
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H = 100.91 

P < 0.0001

 
Figure 7.  Pooled mean number of germinated achenes in the light treatments per two days. Sixty six 
percent of the achenes germinated through day 4 (14±4), significantly more than any other day (Kruskal-
Wallis one-way non-parametric ANOVA, H=100.91, P<0.0001, Wilcoxon rank-sum pairwise 
comparison). Different letters indicate a significant difference. Error bars indicate + one standard 
deviation of the mean. 
 

 
 
Figure 8.  Pooled sum of mean number of achenes germinated per two days. After 8 days, 21±4 achenes 
had germinated. There were no further germinations after 8 days. Error bars indicate 
+ one standard deviation of the mean. 
 

DISCUSSION  
 
 For a plant to be successful, its seeds must germinate when environmental conditions favor the 
survival of seedlings and are conducive to their growth and reproduction (Fenner 1985, Kettenring et al. 
2006). By understanding the germination requirements of seeds, seedlings could be available for 
experimentalists to do ecological, physiological, or genetic studies and to better understand species 
interactions in the environment, including competition (Smith and Smith 2012). Interspecific competition 
has been shown to negatively affect the growth of C. tinctoria (Eddy 2013, Elliott and Van Auken 2014) 
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and C. lanceolata (Folgate and Scheiner 1992) and determine where C. tinctoria occurs by limiting it to 
physical or temporal gaps (Eddy 2013, Elliott and Van Auken 2014). 
 
 Of all collected achenes, 52% germinated, comparable to 48 – 80% for C. lanceolata (Norcini 
and Aldrich 2007), and 69% for C. leavenworthii (Kabat et al. 2007). Buoyancy, or the float test, 
commonly used in horticulture to distinguish viable and nonviable seeds or achenes (Czarnota et al. 
2003), appears to be a reasonable, fast, and simple method for determining viability of C. tinctoria 
achenes, with only 20% of the viable achenes misidentified as nonviable. Seed morphology and predation 
may be factors that affect the usefulness of flotation testing for estimating seed viability. Comparing 
floatation testing and seed x-raying as viability estimation techniques, the float test misidentified 
chestnuts damaged by seed predation 50% of the time (Dalgleish et al. 2012). However, for acorns the test 
was correct 91.6% of the time (Gribko and Jones 1995). Flotation testing may not be appropriate for 
plants that would use buoyancy as a method of seed dispersal, as is the case with some wetland plants 
(van den Broek et al. 2005). 
 
 Light levels and photoperiod have been shown to be important for germination in various 
members of the family Asteraceae (Meyer et al. 1990, Baskin and Baskin 1998, Elliott 1999). However, 
in the current study variation in low light levels was not a factor in C. tinctoria germination. In a study of 
C. leavenworthii that incorporated photoperiod, exposure to light significantly increased achene 
germination, while buried achenes did not germinate but became part of the seed bank, suggesting they 
would have to be brought to the surface by some disturbance before they would germinate (Kabat et al. 
2007). The apparent lack of a light effect combined with rapid germination (most achenes germinated by 
day 4, Fig. 6) suggests that C. tinctoria achenes are not dormant. This may allow C. tinctoria to germinate 
as soon as environmental temperature and soil moisture conditions become favorable for growth, giving 
C. tinctoria a growth advantage in gaps or patches in C4 grasslands where competition for resources may 
be very intense (Elliott 1999, Smith and Smith 2012, Eddy 2013). A light requirement has been reported 
for C. tinctoria germination (Baskin and Baskin 1998), but not in this experiment, thus further research is 
needed to clarify the role of light levels in C. tinctoria germination. 
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