AYURG Final Report

Distribution of quantitative traits within and among natural populations of Dichanthelium leibergii

My project aimed to quantify the distribution of variance of key seed and seedling traits in D. leibergii plants from five prairie remnant populations using a uniform environment experiment (or common garden experiment, as it will be referred to hereafter).
Prior to conducting this project, I carried out a pilot experiment to determine methods to maximize germination and learn what seedling traits are variable and how to measure them. I found that scarification and stratification increased germination rates increased germination rates 3-4 fold when employed individually, but lowered germination rates when combined (GLM with quasibinomial response, n = 30dishes, 886 seeds, p<0.0001). Germination rate was highest for seeds in the scarification without stratification treatment (34.7% +/- 5.2), compared to untreated seeds (8.2 % +/- 2.7). 
Based on the results of the pilot study, I decided to scarify all the seeds for the common garden experiment. Each maternal line plant may have up to 8 separate packets of seeds, because seeds were harvested from some plants on multiple days over 8 weeks during the summer. Initially, I had planned to factor in harvest time (early summer vs. late summer) in the data analysis. However, because I had to scarify seeds from each packet separately, scarification took much longer than expected. After scarifying about half of the seed collection, I found that there was insufficient seed to include the harvest time as a factor, so I bulked the seeds within each maternal line. This helped save a lot of time in the scarification process. 
On April 27, I started the germination experiment. With the help of lab volunteers and lab group members, I bleached scarified seeds in 10% bleach solution and plated the seeds on 1.5% agar in a randomized order. The seeds were germinated in a growth chamber under an alternating light/dark regime, with alternating temperatures of 20°C/10°C for 8/16 hours. I recorded the number of seeds that germinated within 3 weeks, and transplanted seedlings into randomly assigned plug trays. On May 22, I measured the number of leaves, the vertical height, and the length of the longest leaf of each seedling. Seedling survival was also recorded. 

Results
Overall germination rate was lower than predicted by the data from the pilot study (pilot germination rate for scarified seeds: 0.347+/- 0.052). However, overall germination rate was comparable to the predicted rate for stratified seeds (0.231 +/- 0.031). The lower germination rates may be due to increased mold growth during germination. At the end of the germination period of 3 weeks, 96.8% of remaining seeds were moldy. Most moldy seeds that had germinated did not survive after they were transplanted into soil. The higher mold levels (as compared to the pilot experiment) may be due to the shorter bleaching time this time. 

Summary of germination and survival data for the common garden experiment
	Site
	No. of maternal lines
	No. of seeds plated on agar
	Proportion germinated
	Proportion planted
	Proportion survived

	HL1
	31
	489
	0.323
	0.286
	0.200

	HL2
	32
	628
	0.299
	0.256
	0.313

	HL3
	29
	820
	0.183
	0.144
	0.286

	LC4
	30
	326
	0.209
	0.169
	0.260

	SPP5
	26
	298
	0.114
	0.070
	0.300

	Total/Overall proportion
	148
	2561
	0.234
	0.193
	0.265



Summary of mean values of growth measurements 
	Site
	No. of leaves
	Vertical height (mm)
	Length of longest leaf (mm)

	HL1
	3 +/- 0.7
	10.4 +/- 3.85
	9.2 +/- 3.52

	HL2
	4 +/- 0.9
	12.7 +/- 5.09
	10.5 +/- 3.61

	HL3
	4 +/- 0.7
	13.5 +/- 6.24
	10.5 +/- 4.56

	LC4
	3 +/- 1.1
	10.6 +/- 5.06
	9.5 +/- 4.77

	SPP5
	4 +/- 1.2
	11.5 +/- 5.99
	8.6 +/- 3.61

	Overall
	3 +/- 0.9
	12.1 +/- 5.28
	10.1 +/- 3.96



Statistical tests

Germination data
I performed GLM (generalized linear model) with quasibinomial response, using “site” as the categorical predictor. Site was a significant predictor of germination rates (n=148, p<0.00001). However, when “plantID” (maternal line identitiy) was factored in, “site” was not a significant predictor. I will be seeking the advice of my faculty advisor concerning these conflicting results.

Survival data
I performed GLM with binomial response, using “site” as the categorical predictor. Site was not a significant predictor of survival rates (n=502, p=0.224). 

Growth data
I performed linear models with continuous response (number of leaves, vertical height, and length of longest leaf) and categorical predictor (“site”). Site was not a significant predictor of all three measures of growth (n=501, p= 0.301 (number of leaves), 0.118 (vertical height), 0.433 (length of longest leaf))

Conclusion and future steps
From the preliminary analysis, it appears that the D. leibergii populations may vary in germination rates, but do not vary in survival and growth rates. This suggests that there is no genetic differentiation among the 5 prairie remnant populations, and observed differences in the maternal plants were due to environmental variation. The results also suggest that habitat fragmentation did not differentially impact the fitness of D. leibergii plant progeny from different remnants. 
I will conduct further data analysis to confirm the results. I will also include additional factors in the analysis, such as mold levels and date transplanted. I also have yet to compare the variation in germination, growth, and survival rates within each site. I will also continue to analyze data from the pilot study, to obtain values for comparison with the common garden experiment. This summer, the D. leibergii seedlings will be transplanted into field soil in Minnesota. I will measure the seedlings again this summer, before or after transplanting. These measurements will also be included in the data analysis.
