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Introduction
We know maternal competitive environments could influence the seeds produced by the maternal plant (through differences in resource availability, resource provisioning, etc.), and we know germination under stressed conditions (ex. water stress) could influence germination rates, but we don’t know how the competitive environment of the maternal plant might influence seed germination of their progeny. The effect of the maternal environment on seed germination is defined as the maternal effect. Many studies have investigated the maternal effect, specific studies include temperature ( Huang’s et al., 2017; El-Keblawy et al., 2015), salinity (El-Keblawy et al., 2018), and light/dark regimes (El-Keblawy et al., 2015) have all been investigated as predictors of successful seed germination; indicating maternal habitat does contribute to the successful germination of a seed. Therefore, we wanted to understand if the maternal effect is altered by water stressed conditions for the seed or vice versa. 
To explore this theory, we outlined specific qualities necessary for our focal plant: a history of growing under water stress conditions, ability to germinate relatively quickly, second generation seeds from a competition experiment, and easily obtainable in our lab. Based on these qualities, Lasthenia californica (goldfields) was chosen as our focal plant for this experiment. Goldfields are California annual flowers that populate a variety of habitats throughout the state (Rajakaruna et al., 2003).  Over the last decade, California has experienced severe droughts, such as the 2014 drought that occurred between April and November, which resulted in an average precipitation of 243.6 millimeters as opposed to the previous year, which had an average precipitation of 350 millimeters (AghaKouchak et al.,2014). These severe water stressed conditions not only impact human life, but also plant life. Droughts such as these directly impact California annual plants by impeding germination, which is generally cued by the first autumn rain of 15 - 25 millimeters (Bartolome, 1979). Little is known about goldfield’s ability to survive in such diverse habitats along the west coast. To address this knowledge gap, two researchers at the Chicago Botanic Garden, Lea Richardson and Selena Vengco, studied the coexistence of two California annuals, goldfields and Layia platyglossa (tidy tips). 
Through this experiment, Richardson and Vengco studied whether the coexistence theory applies to tidy tips and goldfields. The coexistence theory was derived from Gause’s principle, which states stable coexistence may occur between two species if intraspecific competition is greater than interspecific competition (Silvertown, 2004). They found goldfields experiencing interspecific competition had less flowers and leaves than goldfields in intraspecific competition. They concluded goldfields responded more to the presence of tidy tips rather than the presence of other goldfields. Therefore, goldfields may have lower stabilizing niche differences than tidy tips.
Based on Richardson and Vengco’s study, we went a step further to assess the maternal effect in water stressed conditions. Since California is continuing to undergo severe droughts, it is important to understand to what extent does the maternal effect change the seed’s ability to survive. Understanding this concept, could aid in future conservation efforts and give scientists a new perspective on what factors influence seed germination in other ecosystems. 
Seeds derived from parent plants that underwent interspecific competition (experienced) seeds may be more capable of dealing with harsh conditions than seeds derived from parent plants that underwent intraspecific competition (naive) because the seed is dominantly composed of maternal tissues and consequently, if the maternal plant survived stressful conditions, it is likely the seed was created with stronger tissues enabling it to also survive stressful conditions. We hypothesize there is going to be a difference between germination success rates in naive and experienced seeds based on the water treatment. We expect the number of experienced seeds to germinate  under water stressed conditions to be higher than the number of naive seeds because the experienced seeds developed under more stressful conditions than the naive seeds. 
Methods
Seed germination setup:
Using pooled goldfield seeds derived from Richardson and Vengco’s experiment, we x-rayed the seeds to identify achenes within each experienced and naive batches. This allowed us to determine whether a majority of the seeds had embryos present within the seed coat to be able to germinate for this experiment. Next, we randomized seed treatment and water treatment in 200 conetainers. Seed treatment was the difference between seeds derived from parent plants that underwent interspecific competition (experienced) or intraspecific competition (naive). Water treatment was a continuous initial bottom watering treatment of soaking the soil spanning from 0 minutes to 30 minutes, in increments of 5, prior to sowing the seeds. 
Conetainers were placed in every other slot in two trays each holding 200 containers total and marked by a toothpick indicating minutes soaked and seed treatment. Next, we sowed the seeds in the marked conetainers based on the color of the toothpick and number of lines marked on it. The germination chamber was set to 20℃ and 60% humidity. Prior to entering the germination chamber, we misted the conetainers to add an additional moisture to the top layer of the soil to account for the conetainers that did not receive bottom watering. This way there would at least be some moisture to cue germination. The trays received misting every 2 - 3 days via spray bottle until the 8th day. 
On the 8th day, we watered a second time by adding 5mLs to the top soil per conetainer based on the initial watering treatment. For example, the conetainers not soaked initially received 5mLs for top watering, 5 minutes soaked initially received 10mLs, and so forth. As seeds continued to germinate, we continued to mist every 2 - 3 days until the 18th day, when we simulated a heavy rain via misting with a hose. From this point, every 7 days we misted with a hose to simulate heavy rain and misted with a spray bottle every 2 - 3 days in between. 
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Fig. 1 - Conetainer trays set up and ready to enter the germination chamber on October 15, 2018.



Data collection:
We collected data on germination date, first true leaf date, first bud date, leaf count, and plant height. From those data, we used R to calculate days to germination, first true leaf, and first bud, leaf count and height differences in seed treatment, and leaf count and height differences in water treatment based on seed treatment.
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Fig. 2 - Seeds germinated on October 22, 2018(A and B), October 29, 2018(C).
Statistics:
 We used a bootstrapping method to explore the difference in germination success rate between experienced and naive seeds. Next, we generated models using germination success, presence of buds, and plant height as a response variable and seed treatment and water treatment as predictor variables to understand whether these responses were dependent on seed or water treatment or both. Then, we used backwards elimination to select the minimal adequate model for each response variable.
Results
	After using a bootstrapping method to understand the differences between seed treatment, we found no evidence of germination success differing between naive and experienced seeds (p=0.22). Next, we used an ANOVA to test the differences between two generalized linear models that included seed treatment and water treatment. We found some evidence that seed treatment (p=0.09) and the interaction effect (p=0.08) explained some variation in germination success rates (Table 1). Water treatment had clear evidence explaining the variation in germination success rates (p=<0.001, Table 1). We also used the same predictor variables to assess the presence of buds and plant height. We found that neither water treatment nor seed treatment predict the presence of buds or plant height (Table 1).
Table 1: ANOVA and Chi-square results of general linear and linear models.
	Response Variable
	Predictor Variables
	Degrees of Freedom
	p-value

	Germination Success
(Chi-square test)
	seed_treatment:water_treatment
	1
	0.08

	
	seed_treatment
	1
	0.09

	
	water_treatment
	1
	<0.001

	Presence of buds
(Chi-square test)
	seed_treatment:water_treatment
	1
	0.62

	
	seed_treatment
	2
	0.34

	
	water_treatment
	2
	0.28

	Plant Height
(F test)
	seed_treatment:water_treatment
	1
	0.62

	
	seed_treatment
	2
	0.17

	
	water_treatment
	2
	 0.13
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Fig. 3 - Germination success on a gradient of water treatment based on California drought conditions. Green represents experienced seeds and purple represents naive seeds. Water treatment (p=<0.001) explained the most about the variation of germination success rates for goldfields. There were 38 germinants out of the 200 seeds. The minimal adequate model, Model 5 (germination success ~ water treatment) was used to generate this graph.
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Fig. 4 - Germination success on a gradient of water treatment based on California drought conditions between seeds derived from inter- and intraspecific competition. Green represents experienced seeds and purple represents naive seeds. Seed treatment (p=0.09) explained some of the variation of germination success rates for goldfields. There were 38 germinants out of the 200 seeds. Model 3 (germination success ~ water treatment + seed treatment) was used to generate this graph.
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Fig. 5 - Germination success on a gradient of water treatment based on California drought conditions. Green represents experienced seeds and purple represents naive seeds. Seed treatment (p=0.09) and the interaction effect (p=0.08) explain some of the variation of germination success rates for goldfields. There were 38 germinants out of the 200 seeds. The maximal adequate model, Model 2 (germination success ~ water treatment * seed treatment), was used to generate this graph.


Discussion:
Goldfields were germinated under realistic California drought conditions (watering treatment gradient) to portray a wide range of potential scenarios of water availability. We found successful germination of goldfields was dependent on water treatment (Fig. 3, p=<0.001). Germination success was slightly influenced by an interaction effect between seed treatment and water treatment (p=0.08, Fig.5) and seed treatment alone (p=0.09, Fig. 4). Although, these values are only marginally significant there is some evidence indicating the impact of water availability may be influenced by the maternal effect on germination success rates. However, due to the small sample size (ngerm = 38, ntotal=200) we were unable to strongly conclude that the maternal effect occurred in this experiment. 
We outlined successful seed germination increased as water became more available in the watering treatment (Fig. 3). We also found experienced seeds germinated more in total than naive seeds (experienced = 23, naive = 15) indicating there is some evidence of the maternal effect occurring in this experiment. As for presence of buds and plant height, neither are influenced by seed or water treatment (Table 1) indicating once a seed germinates the initial bottom watering of the soil and the maternal effect does not influence the plant’s ability to grow in height or produce buds. 
Our results add support to the theory that the maternal environmental conditions have some influence on seed germination. For example, Huang’s et al., 2017 results are consistent with ours in portraying that the maternal environment does impact seed germination. Huang et al., 2017 simulated global warming conditions on two generations of Arabidopsis seeds to understand how the temperature gradient would impact seed germination. They found no changes in seed size, yield, or quantity from the first generation, however, changes in dormancy behavior of second generation seeds were observed, which resulted in a delayed germination time (Huang et al., 2017). They concluded changes in temperature of the maternal environment can dramatically impact future seed performance (Huang et al., 2017). 
We found that many seeds did not germinate at all; which may have something to do with the stressful competition conditions the parent plants underwent in Richardson and Vengco’s experiment. The seeds we obtained from Richardson and Vengco’s experiment were pooled, therefore, we do not know the level of competition the maternal plant underwent prior to our germination experiment. Nevertheless, competition is another environmental factor that is rapidly changing as global warming becomes more prominent. Therefore, it is important to continue researching how competition of the maternal environment will affect the performance of seeds in the coming generations in order to mediate the loss of native plants. 
In future studies, we hope to have a larger sample size and a control in future experiments to compare germination success rates. The control would be the original seeds planted from Richardson and Vengco’s experiment germinating in optimal conditions. This would give us a baseline to better understand what changes are occurring between the two treatments and whether or not the maternal effect is occurring.
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