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Project Title:



Morphological and Genetic Variation among Common Utah Globemallows
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Utah State University, Logan, Utah



Principal Investigators and Contact Information: Heidi A. Kratsch, Area Horticulture Specialist University of Nevada Cooperative Extension 4955 Energy Way, Reno, NV 89502 (775)784-4848, Fax (775)784-4881 [email protected] Chalita Sriladda, Graduate Assistant Dept. of P lants, Soils and Climate Utah State University 4820 Old Main Hill Logan, UT 84322-4820



Project Description: We study variation and diversity among Intermountain West native plant species to 1) assure their stability and performance in home and commercial landscapes and 2) assess their useful range for growers to establish a market for their stock. Sphaeralcea (globemallow) species are a diverse group of forbs in the family Malvaceae. Their drought tolerance and bright orange flowers make them attractive for xeriscape gardening. They are early seral species and palatable to livestock, making them useful in rangeland restoration. They are also obligate outcrossers, and inter-specific hybridization among Sphaeralcea is common. The fact that they readily hybridize makes field identification difficult and brings into question the identity of species distributed or sold for rangeland restoration and home garden use. Four species are common to Utah: S. coccinea, S. grossulariifolia, S. munroana and S. parvifolia. Gooseberryleaf globemallow (S. grossulariifolia) is promoted as an attractive, drought-tolerant native species for northern intermountain western markets. Objective To clarify taxonomic relationships among the four species by investigating morphological and genetic variation. Taxonomy The main taxonomic characters used to distinguish among Sphaeralcea include leaf shape, pubescence and degree of dissection; length and plane of starlike leaf hairs, number of flowers per node; and shape of the fruit (schizocarp). For practical field identification, leaf shape and degree of dissection are the most commonly used characters. However, our work has shown these characters to be quite variable within species and not reliable as the sole indentifying characters. We noticed that Sphaeralcea obtained from a variety of sources labeled as a particular species are not consistent in their appearance. We also observed that Sphaeralcea grown from seed obtained from different sources produce plants with highly variable characters. 28



Further, we found that plants transplanted from the wild into a common garden respond to a common soil environment and irrigation regime by modifying their leaf lobe size and degree of dissection. Approach We studied differences in a variety of morphological characters using a statistical approach called principal components analysis (PCA). PCA is a multivariate analysis which reveals the internal structure of large quantities of data in a way that best explains the variation. This stepwise mathematical procedure transforms a number of possibly correlated variables into a smaller number of uncorrelated variables called principal components. Second, we used a molecular marker technique, Amplified Fragment Length Polymorphism (AFLP), to see if we could detect variation at the DNA level among the four species. Morphological Variation A type specimen is the original plant specimen from which the description of a new species is made. We obtained type specimens for the four Sphaeralcea from herbaria across the U.S. and Great Britain. We compared ten morphometric characters of herbarium samples (table 1) and our own field-collected specimens with those of the type specimens. Using PCA to create a predictive model, we were able to check the identity of local herbarium specimens, and to assign field-collected specimens to one of the four species by their similarity to type specimens. Table 1. Means of ten morphometric characters obtained from type specimens of the four Sphaeralcea species. No one character accounts for differences among species. Character (mm) Petiole length Mid-lobe length Mid-lobe width Secondary lobe length Secondary lobe width Lobe depth Pedicel length Calyx length Petal length Flowers/node (no.)



S. coccinea



S. grossulariifolia



S. munroana



S. parvifolia



(n = 8)



(n = 5)



(n = 3)



(n = 17)



10.6 20.0 3.3



14.7 25.5 4.7



8.7 22.4 3.7



14.0 20.6 10.6



13.1



17.5



14.3



14.1



2.6



3.6



2.8



8.3



1.0 3.1 6.7 12.3



0.8 2.9 5.7 11.7



0.5 2.9 5.9 11.0



0.2 3.0 6.5 11.6



1



5



4



6



Based on our model, we found that while 94% and 100% of S. coccinea and S. parvifolia herbarium samples, respectively, correlated with their respective type specimens, only 12% of S. grossulariifolia samples grouped with S. grossulariifolia type specimens (table 2). None of the S. munroana herbarium samples were true to type; all S. munroana herbarium specimens grouped with S. parvifolia type specimens (table 2).
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Table 2. Proportion of herbarium samples assigned to the corresponding type specimen using a multivariate analysis model of ten morphometric characters.



Herbarium specimen S. coccinea S. grossulariifolia S. munroana S. parvifolia



S. coccinea



Type specimen S. grossulariifolia



S. munroana



S. parvifolia



93.75% 75.00% -



6.25% 12.50% -



12.50% -



100.00% 100.00%



Genetic Variation We used Amplifie d Fragment Length Polymorphism (AFLP) to resolve differences among the four species. Genomic DNA from leaf samples from 20 populations (10-12 plants per population) was extracted and subjected to the AFLP technique. The resulting amplified DNA fragments were separated on a gel matrix to compare the band patterns. These were scored and subjected to cluster analysis. The resulting groups were consistent with those resolved using morphometric characters. These data support the existence of two main groups rather than four within the Sphaeralcea species included in the study. Correlation of geographic with genetic and morphological distances We used Mantel’s test of morphological, genetic and geographic distances among Sphaeralcea to investigate the possibility of relationships with geographic occurrences of the species. Both morphological and genetic distances correlated with geographic distances among populations of S. parvifolia and S. munroana. The groups could be separated on the basis of ecoregions, S. munroana (and related S. parvifolia) associated with the Great Basin region, and a distinct subset of S. parvifolia associated with the Colorado Plateau region. These differences were supported by morphological and genetic data. Sphaeralcea parvifolia associated with the Colorado Plateau had leaves that were more densely pubescent and only shallowly lobed, as compared with the Great Basin S. parvifolia. Conclusions ▫ Sphaeralcea coccinea is a distinct species. The presence of a single flower per node is characteristic. ▫ Sphaeralcea munroana may be an ecotype of S. parvifolia. These taxa can be differentiated from S. coccinea by having an almost entire rather than a dissected leaf shape. ▫ Sphaeralcea grossulariifolia does not appear to be distinct, and may represent inter-specific hybridization among the other three species. Publications: Kratsch, H.A.; Johnson, D.; Connors, K. 2010. Demonstration, education and outreach activities related to GBNPSIP plant materials. Great Basin Native P lant Selection and Increase Project FY2009 Progress Report. p. 24-32. http://www.fs.fed.us/rm/boise/research/shrub/projects/documents/2009_Progress_Report.pdf
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Presentations: Kratsch, H.A.; Johnson, D. 2010. Adaptability of selected Great Basin native plants to Utah markets. Great Basin Native Plant Selection and Increase Project Annual Meeting; 2010 January 26-27; Salt Lake City, UT. http://www.fs.fed.us/rm/boise/research/shrub/GBNPSIP/GBNPSIPpresentations2010.shtml Management Applications and Seed Production Guidelines: These results will enable seed collectors, growers and land managers to make informed decisions about which Sphaeralcea is most appropriate for a given land restoration application. If S. munroana or S. parvifolia is specified or desired, seed source location will be of great importance to successful planting establishment. These two taxa appear to have adapted morphological characters that have allowed them to survive within unique climatic parameters. Products: ▫ The importance Great Basin native plants in xeriscape plantings and rangeland restoration has been incorporated into master gardener and other consumer training programs. ▫ A list of intermountain regional native plant growers has been assembled and added to the WERA 1013 website (http://www.uwyo.edu/wera1013/). ▫ A report of native plant trial garden data was presented at the Idaho Nursery and Landscape Association meeting in Boise on January 21, 2011. ▫ A Great Basin native plant demonstration garden is planned in collaboration with Washoe County, Neva da pending approval of a Memorandum of Understanding between University of Nevada Cooperative Extension and Washoe County Parks and Recreation.
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