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Germination, a critical stage in the life cycle of plants, encompasses the processes How do heat and smoke impact germination of Liatris punctata seeds?
starting from imbibition to radicle protrusion through the testa. The timing of germination Figure 1. Germination Frequency Of Treatments Over 10 Days

ultimately determines survival success (Wolny et al., 2018). Seed germination is primarily

 In early spring, heat and smoke together (fire) increased germination

regulated by naturally occurring hormones, namely gibberellins (GAs) (Carrera-Castafio, g 1 Figure 1. Germination frequency of smoke and frequency, particularly early in germination. (Figure 2). In late spring,
2020). Environmental factors often influence the biosynthesis of these hormones. Fire- 3 o GA4+7 treatments over days 3, 7, and 10 in germination frequency was not significantly improved by fire (Figure 3).
assoclated cues, such as heat shock and smoke, have been identified as key triggers - _ [ Day 3 late spring conditions. This previous study . Heat treatment alone was never a significant factor in germination in either
capable of stimulating germination (Bradshaw et al. 2011, Keeley et al, 2011). Smoke £ . r T B 0sy 7 iunsdeic(:jate\(ljvu?r;(;ct)”zfrtue)dke tsreeiff{en:ziegnifzizﬁ'@ spring conditions. On the other hand, smoke had a significant role in
specifically has emerged as a potent germination stimulant in over 1,000 plant species 5 - E 5] Day 10 enhanced germination success, while the promoting early spring germination, but its role in late spring germination
i, el el ITERIE R S b ER e I G e e S pels e LB O E . ;i ti j 4 I'}r additon of GA4+7 did not significantly became less pronounced later into germination (Table 2).
et al., 2022). g GA105 T rmoke Water Corral enhance germination compared to smoke e Nafan i : | 1o e e [ragt s o frd d
GA104 M Solvent Control . Unthinned Plot Control (Ragan et al., 2008). ermination timing in spring may play a role in the heat and smoke-induce
Liatris punctata, or dotted gayfeather, Is a native aster common In dry prairies and plains Treatments germination response.

as well as the foothills of the Rocky Mountains in Colorado (Menhusen, 1972). Although
non-threatened, L. punctata plays a critical role as the primary nectar source of the
threatened Pawnee montane skipper butterfly (Hesperia leonardus montana). This

Note: GAZ M, GA® M, Smoke, solvent control, and water control treatments used seeds from the thinned plot

What is the role of GA4+7 in germination responses to heat and smoke?
Does the role of GA4+7 differ between heat or smoke-induced Liatris

butterfly subspecies Is endemic to the South Platte River system in Colorado, specifically  Figures 2-5 report germination responses to various experimental treatments comparing simulated early spring and late spring growing ation?

near Deckers and Cheesman Reservoir in dry, open ponderosa pine woodlands (Ellis et conditions. Fire significantly enhanced germination in early spring but not as significantly in late spring. JEHTIRatOn:

al., 2023). Despite the importance of L. punctata to the butterfly’s preservation, the plant’s « Germination frequencies of smoke and/or heat-treated seeds were reduced

germination requirements remain poorly understood. Data from a previous study found by uniconazole, which inhibits GA biosynthesis (GA blocker) (Figures 4 & 5).

exogenously applied gibberellins, specifically GA4+7, increased germination but not as ! > ! _ L

pronounced as with butenolide (Figure 1). Thus, more research on the germination and %) 02 o g: T t t > lo@ity S{ATGE: S.moke_+GA treatments redu_ced_ge.rmmatlc.)n, |_nd|cat|ng et

establishment of L. punctata is critical to the butterfly’s recovery. g O° % 07 : | T smoke may negatively interact with GA4+7 |n_L|atr|s SJETITEOT FESPONSE.
g 07 T I i E However, GA4+7 rgs_cued_ heat-treat(?d seeds in both seasons. Interestingly,

As low Intensity fires in the ponderosa forest habitats where L. punctata occurs are an Lé gg % 0.5 GA4+7 had no significant impact on fire-treated seeds (Figures 4 & 5).

occasional yet essential part of the ecology, fire may be important to the germination *§ 04 £ 04 T « Exogenously applied GA4+7 increased germination (Figures 4 & 5).

physiology of this species. This study examines the role of gibberellins 4 and 7 (GA4+7) In [ g 0.3 i

germination following different combinations of smoke and heat exposure on L. punctata S o o 2

seeds in early and late spring conditions. We aim to identify and interpret the effects of 2 o1 < 0'; | | | s | In comparison with past data (Figure 1), smoke treatments on Liatris seeds did

low-grade fire on germination, exploring individual factors such as smoke, gibberellins, 0 - Blocker 70C Smoke 70C+ GA  70C+ Smoke 70C + not induce the same degree of germination. Here, germination frequency of the

and heat. [note: unreported data indicated that L. punctata prefers GA4+7 slightly over Solvent Control Smoke 70C 70C + Smoke Control Smoke GA  +GA Smoke smoke treatment was lower compared to the solvent control (Figure 3), and

GA3] |bays mbay7 Bbay 10 (Fre) mDay3 @bay 10 " A GA4+7 significantly increased germination frequency relative to the smoke

_ Figure 2. Mean (x SE) germination frequencies for smoke  Figure 4. Mean (£ SE) germination frequencies for uniconazole treatment (Figure 5). Because our study uses farm-collected seeds, there may
. + . + Inati uenci uni Z : :
treatments over days 3, 7, and 10 in early spring. (Blocker) treatments over days 3 and 10 in early spring. All 2& ELOENEE COMPpOnEn i iiese CliisEni EoronsEe.

treatments include uniconazole. Low-grade fires may be a major factor in signaling germination in L. punctata,

L. punctata seeds were obtained from Prairie Moon Nursey, Winona, MN and stratified at

. L . articularly in early spring. GA4+7 may have a secondary role in its smoke-
4°C in the dark for three weeks. After, seeds were washed with distilled water, dried, and : ) ﬁq duced grminatign rgs gnse otentiaﬁ Neqativel interagtin with smoke
placed on standard filter papers or smoke papers containing butenolide in 1% agar plates. 06 > o9 J P P y ned y J '
Prior to washing, a subset of seeds was heat-treated in a pre-heated oven at 70°C for an 9 0'8 § 08 r T I
hour to mimic low-grade fire residence times in montane ponderosa pine savannas %;0'7 8 07 L ! T

' T
(Massman et al., 2003). T 06 Lé 0.6
: : = = 0.5
In total, 272 plates were created (8 replicate plates with 8 seeds, 13 treatments per S 03 g ..
season). Two Iincubators simulated early and late spring conditions modeled after = 04 % 0.3
temperature data from Cheesman Reservoir (USNO, 2009) and the germination 30'3 © 0.
requirements of Liatris squarossa (Baskin & Baskin, 1989). early spring 20°C day/5°C o x Z o1 ‘1
night and late spring 28°C day/15°C night, with a 12/12 hour photoperiod. < 'O 0 T S
ocker Mmoke + + moke +
Germination success was recorded at 3, 7, and 10 days. Viability was assessed by Solvent Control Smoke oc 70C + Smoke Control Smoke GA  +GA Smoke
. . . , .’ . () Day 3 lDay 7 0O Day 10 (Flre) -Day 3 O Day 10 + GA
checking seed firmness with forceps, with non-viable seeds excluded from the

germination count. . L . . - . .
Figure 3. Mean (x SE) germination frequencies for smoke Figure 5. Mean (x SE) germination frequencies for uniconazole

treatments over days 3, 7, and 10 in late spring. (Blocker) treatments over days 3 and 10 in late spring. All

Table 1. Seeds were subject to 13 different germination treatments. . .
treatments include uniconazole.

Treatments used 3mL of the respective solution. The chemical uniconazole
was used here to inhibit GA biosynthesis. 10”-3M of GA4+7 was used.
Table 2. ANOVA for smoke treatment and temperature (Temp) on  Table 3. ANOVAs for temperature and treatment type (Trt) and

Temperature reported: *** p<0.001; ** p<0.01; * p<0.05; + p<0.10. In early and late spring. F and p values are reported:
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Solvent Control Eg:g’gm‘g 22°C No Smoke 3mL Solvent
Early Spring o i i i
W ater Control 22°C No Smoke 3mL dH20 , . _ , Figure 6. a) Pawnee montane skipper (Hesperia leonardus montana
ate Spring i Early Spring Late Spring Early Spring Late Spring fe?nale nectllrin on dotted ga featﬁgr L(iatrisp nctata), Source: Bo ce)
GA Blocker Early Spring 22°C No Smoke 1.5mL Uniconazole Effect F Values Effect F Values J =0 9ay = pur h Sz B0y
Late Spring 1.5mL Solvent Day 3 Day 10 Day 3 Day 10 Day 3 Day 10 Day 3 Day 10 A. Drummond; b) Experimental replicate containing L. punctata seeds
GA4+7 Eai'ygpﬁ'"g 22°C No Smoke 1-omL Uniconazale Smoke 29.0737" 02336™ 69183 05125 Temp 00377 00028 2375 71235 and smoke paper with butenolide; c) A L. punctata seed that has not
aie rn . . . . . ] )
Ear S"‘ ring Tem 0.0346 0.1867 0.7626 2735 Trt 18.3508*** 7.1501* 14.9546*** 11.7680*** germinated; d) A germinated L. punctata seed. Both ¢ and d were
Smoke Y oPthd 22°C Smoke 3mL Solvent P ' ' ' ' Temp*Trt 12265 15357  47010*  9.4771* T I
Late Spring , Smoke * Temp 5.3590  6.8975**  4.2875*  9.3736** photograp ugh a light microscope.
Smoke + GA Blocker Early Sp(lng 2996 Smoke 1.5mL Uniconazole _ |
Late Spring 1.5mL Solvent Early Spring Late Spring
ate opring . ay ay ay ay
70C Earlyssprrmg 70°C No Smoke 3mL Solvent Smoke 607672*** 01 1 52 40064* 34304"‘ gascljir;], J. I\g 8BBaD§kin, CK. C\IN(1389). Ecgpgysiflogg of Sﬁed&g_«leirminatign;nc;g%veﬁqg in L'igtris s,c]lua;.c>s,s,a(.:i Btjllgtir: om;':’or'rtey B'?/Itag?::al Club, 11|§(1)t, 45-51. Trends in Plant Sai 602
E::IE Spl:ir:ig Tl'"t 261516*** 66944** 132526*** 86277** rads aévé_7.6.~., ixon, .' ., Hopper, S. D., Lambers, ’ ., & Turner, ~. .(, ). Little evidence for fire-adapte | plant traits in e'lerranean C|maTer'eg|ons. rends in Plant Science, 16(2),
70C + Smoke P Sgﬁng 70°C Smoke 3mL Solvent Smoke * Trt  0.8669 11.8144**  12.7184*** 5.9134** Eiis, 5., Sovel, 3. & Paimer M. (2073, Pawnee montane skipper Hesperia Isonardus momtana SKiner (Lepidoptera: Hesperidae): Habiat reqirements. distibttion and abndance,
- population responses to forest thinning and wildf'ire, and genetic investigatipns. 'Lepidoptera. of North America (B. A. Drummond, Ed.), (19), Contributions of the C. P. Gillette Museum
TU‘C + Gﬂ E'DGI(EI' EEF'}" Spnng TU“C NCI S ITIDKE 1 5lTI|_ U I"IIECIHEIZI‘J'E Keeley, gf é:tfggsggsl?‘lj\./eésnlt)éuizltljlg; (\)/]\c/f%récnuclifu\;\il‘ls. CE %izz’si)(lllg,r aRé?A.SEgtoeliJ)bll\:Iﬁtrasg)sﬂ .;? gv%ﬁjllcligi’a?yog)rreza}sc'js%r;-gr?allping plant traits. Trends in Plant Science, 16(8), 406-411.
Late Sprlng 1.5mL Solvent Massman, W. J., Frank, J. M., Shepperdm W. D., and Platten, M. J. (2002). In Situ Soil Temperature and Heat Flux Measurements During Controlled Surface Burns at a Southern Colorado
\ " Forest Site. In Omi, P. N. & Joyce, L. A. (Eds), Fire, Fuel Treatments, and Ecological Restoration: Conference Proceedings (pp. 69-87). U.S. Department of Agriculture, Forest Service,
70C + Smoke + GA Blocker Early Sp(lng 70°C Smoke 1.5mL Uniconazole Rocky Mountain Research Staﬁion.” | o ’ - B ’ pp_ i N ?
LEItE Sprlng 1 5m|_ SD'VEFI[ Menhusar;i\?érls?& ;1&;?1)5;;:;;0?2; 21"5 gz prairie species of the genus Liatris. In Hulbret (eds.) Third Midwest Prairie Conference Proceedings (pp. 60-62). Division of Biology, Kansas State
70C + GA4+7 Ea:lygprlng 70°C No Smoke 1 .51m5LmLIJ_I"IiGEE:?-§D|E Moyo, Mé'oﬁ?r]mo:fri;s;égﬁo% %e;r{;t;c:ta;,] ;l ﬁgZi)pA?%Lile%z .smoke and karrikin influence seed germination of Amaranthus dubius in varying light, temperature and osmotic stress conditions.
dale rin : g g g g agan, |. K., Drummond, B. A., and Heschel, M. S. . Ecophysiology of seed germination in the Colorado Liatris punctata [Poster Presentation]. Colorado College Summer Collaborative
S Tl Uniconazols We thank the Colorado College OBE Department for logistical support (Donna Sison, Ali Keller, Sarah Senese, & Izabela Ragan). We e e e " R
70 + Smoke + GA4+7 y Sp i g 70°C Smoke ] . US Naval Oceanography. (2009). Naval Oceanography Portal: Meteorology. http://www.usno.navy.mil/meteorology
Late Spnng 1.5mL GA4+7 aISO than k the H evey Fu nd for fu nd | ng our Stu dy Wolny, E., Betekhtin, A., Rojek, M., Braszewska-Zalewska, A., Lusinska J., & Hasterok, R. (2018). Germination and the Early Stages of Seedling Development in Brachypodium distachyon.
International Journal of Molecular Sciences, 19(10): 2916.




