Overcoming dormancy of native Hawaiian sandalwood
seeds with gibberellic acid (GA3) treatment
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Abstract
Santalum ellipticum (Santalaceae) is an ecologically and culturally important species endemic to Hawai‘i, occurring primarily in dry forest habitats that are subject to degradation. Santalum seeds are
known to have morphophysiological dormancy, causing delayed and uneven germination and presenting challenges for propagation. We investigated the effects of pre-treating seeds with gibberellic
acid (GA3) on germination of S. ellipticum. Treatments included two brands of GA3, one laboratory grade product and one commercially available product, and four concentrations of GA3, along
with a control. Based on these treatments we calculated time to first germination, percent germination (%G), and germination rate (GR). Our results indicate that GA3 treatment increases S. ellipticum %G and GR, while decreasing the time to first germination. However, interaction effects showed that the relationship between concentration of GA3 and its effectiveness differed between the
two brands tested. For GR, there was increased effectiveness with concentrations ≥ 200 ppm of Sigma, but with SuperGrow there was no difference in effectiveness among treatments. The results of
this study will be of interest to individuals propagating Santalum for restoration and other purposes, both in Hawai‘i and elsewhere.

Introduction

Results

Santalum ellipticum (Santalaceae), also known as ‘iliahialo‘e, is a hemi-parasitic woody species endemic to Hawai‘i, occurring from coastal to dry shrubland and forest habitats up to 560m elevation. Once widespread across all the main islands, it is now rare on some islands, and survives mostly in areas that
have been degraded by invasive species (Wagner et al. 1999, Lilleeng-Rosenberger 2005).

After a period of 210 days, our results indicate that to some degree all GA3 treatments effectively stimulated germination in Santalum ellipticum seeds. In contrast, the
control showed no sign of germination until 100 days. For time to first germination (T1), there were no significant differences among any GA3 treatments. The only significant difference for percent germination (%G) was between the control and all other treatments (P < 0.0001; Fig. 9). For Maguire’s germination rate (GR), there was a significant difference among concentrations (P = 0.0001), as well as an interaction effect (P = 0.0145; Fig. 10). Both %G and GR showed correlation with GA3 concentration within
the Sigma treatments (Spearman rank correlation coefficients = 0.0034 and < 0.0001 respectively). All treatment combinations produced some abnormal seedlings. Average
percent abnormal seedlings was significantly higher with SuperGrow than with Sigma (P < 0.0246).

Because of its ecological importance in Hawaiian ecosystems, there is a need for the development of effective propagation methods in order to supply conservationists and landowners with plant material for restoration efforts. However, the seeds of Hawaiian sandalwoods are known to exhibit morphophysiological dormancy, resulting in sporadic germination over the course of many months (Lilleeng-Rosenberger 2005, Baskin & Baskin 2014). Through experimentation and greenhouse propagation trials, horticulturalists have determined that GA3 is an effective compound for breaking dormancy in Hawaiian sandalwood
seeds (Culliney & Koebele, 1999).
At the Harold L. Lyon Aboretum’s Seed Conservation Laboratory, researchers investigated the effectiveness of two different brands of GA3, one laboratory
grade product and one commercially available product, and four concentrations of GA3 (100, 200, 400, and 600 ppm), on the germination of Santalum ellipticum seeds.

Fig. 1. S. ellipticum habit

Fig. 2. S. ellipticum fruit

Fig. 3. S. ellipticum seed

Fig. 4. Germinated seedlings

Fig. 9. Cumulative average %G over the 210 days of experiment

Materials and Methods
Seed Source- Mature fruits were collected in December 2014 from 10 plants of Santalum ellipticum from a wild population in the Piliokahe/Palehua area of the
Wai‘anae Mountains on O‘ahu, at approximately 425m elevation (Fig. 1-3). After processing, seeds were air dried at room temperature (22°C) overnight.
Pre-Sowing Treatments- In order to test effectiveness of two different brands of GA3, we used Simga Gibberellic Acid (Sigma-Aldrich Co.), a laboratory grade chemical, and SuperGrow Gibberellic Acid (Consolidated Chemical), which is commercially available to the general public online (Fig. 5). Based on literature and our preliminary data, we used the following concentrations: 100, 200, 400, and 600 ppm in a solution of room temperature deionized water. For a fully-crossed factorial, we
had eight treatment combinations, plus a control using only room temperature deionized water. Four replicates of 50 seeds each were soaked for 24 hours in each of the
above treatments (Fig. 6).
Sowing and Germination- Each replicate of each treatment was sown in a 6:1 perlite to vermiculite mix in 500 ml plastic nursery pots (Fig. 7). Pots were randomly
placed within two blocks (two replicates per block) on a bench in the Lyon Arboretum Hawaiian Rare Plant Program greenhouse. Pots were rotated every ten days, at
which time the number of germinated seeds in each pot was also recorded. For our purposes, which are geared toward seedling survivorship, a seed was considered to
have germinated if the first true leaves were beginning to expand (Fig. 4,8). All germinated seeds were removed from pots after being counted and recorded. Seedlings
were counted as abnormal if they began to germinate but died before true leaves expanded due to rotting of the epicotyl.
Data Analysis- Percent germination data were normalized using arcsine square root transformation. Germination rate was calculated using Maguire’s formula
(Maguire, 1962). Data were analyzed with analysis of variance (ANOVA) and Spearman’s correlation, using Proc GLM and Proc CORR in the software program SAS
9.4 (SAS Institute 2013).

Fig. 10. Interaction effect on GR by GA3 type and concentration

Fig. 11. Germination flush at 60 days

Discussion
Our results show that GA3 pretreatment stimulates and accelerates germination in seeds of Santalum ellipticum (Fig. 11). Furthermore, both brands of GA3 tested were effective at all concentrations tested. However, interaction effects showed that the relationship between concentration of GA3 and its effectiveness differed
between the two brands tested. For GR, there was increasing effectiveness with increasing concentration of Sigma, but with SuperGrow, there was no significant
difference in effectiveness at any concentration beyond 100ppm.
Based on these results, either brand of GA3 could be used at a concentration of 200ppm to achieve the effectiveness equal to any higher concentration tested.
Since SuperGrow is commercially available on the internet at a lower price, it is a useful alternative for plant propagators not affiliated with any laboratory. However, as a caveat, SuperGrow did produce a slightly higher percentage of abnormal seedlings than Sigma or the control. The results of this study will be significant to
individuals interested in propagating Santalum for restoration or other purposes, in Hawai‘i and elsewhere. Our work with GA3 also illustrates the potential for further research into GA3 pretreatment with other seeds of Hawaiian species that exhibit dormancy.

Fig. 5. GA3 compunds

Fig. 7. Seed sowing arrangement
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