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Abstract 

Exposure of seed to smoke has been reported to break seed dormancy in several species adapted 
to fire prone environments. One element of smoke is ethylene, a plant hormone known to 
sometimes break seed dormancy. To test the effect of timing of field burning and ethylene 
treatment on emergence, small plot trials were conducted at OSU facilities at Madras and at 
Warm Springs with burn treatments applied: (1) before planting; (2) immediately after 
planting; (3) after irrigating; (4) not applied (control). An ethylene treatment also was imposed 
with application of ethephon to seed one day before planting versus non-treated seed as a 
control in each plot. The grasses tested were Great Basin wildrye, Indian ricegrass, and needle-
and-thread grass. Because of problems with volunteer bluegrass in the burn plots (from 
burned hay), comparison of burned and non-burned plots is difficult. Nevertheless, it appears 
that the post- irrigation burn treatment increased seedling emergence for all the grasses. 
Indian ricegrass showed an emergence response to the ethephon seed treatment, but the other 
grasses did not. 

Introduction 

There are both economic and environmental reasons for studying seed dormancy in native range 
plants. Availability of seed of native range species is a limitation in rangeland rehabilitation work. 
Breaking seed dormancy is a prerequisite for successful seed production of these species. 
Identifying conditions that break dormancy opens a door for further research to look at dormancy 
mechanisms and pathways for signaling germination. It also would open a door for field-level 
agronomic studies to define optimum planting dates, weed control strategies, and ways to 
minimize harvest losses of seed. Oregon is well known as a premier area for production of grass 
seed. Given the largely unmet demand for seed of native range species, we believe there is a 
possibility to establish a niche for production of native range grasses and forbs here in Oregon. 

Seed dormancy is an adaptive advantage in delaying germination until the optimum season for 
seedling growth and also in spreading out risk by preventing all the seed in the soil from 
germinating at once whenever conditions are conducive to growth. Seed dormancy may be caused 
by several factors, including: seed coats that limit movement of moisture and or oxygen into the 
seed, inhibitors that block the germination process, and immature seed which must develop 
further (after-ripen) before it can germinate. It may be that the seed is designed to survive 
passage through the digestive tract of some animal, or to age for a long period (overwinter, or 
over several years), or to be exposed to the effects of fire, before germinating (Copeland and 
McDonald, 1985). 

While previous work has been done with breaking dormancy in Indian ricegrass using 
concentrated sulfuric acid and other treatments (Rogler, 1960; McDonald and Khan, 1977; Jones 
and Nielson, 1992), these methods have not proven to be practical for seed producers. Recent 
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work with fire effects on germination have shown increased germination in response to trace 
gasses in smoke, burned soil, and aqueous smoke extracts among several plant species native to 
areas where fires are part of the ecosystem (e.g., Brown and van Staden, 1997; Keeley and 
Fotheringham, 1998). However, overexposure of seed to smoke also can inhibit germination 
(Brown et al., 1993). Blank and Young (1998) reported enhanced germination of Indian ricegrass 
and increased rate of leaf expansion in Great Basin Wildrye exposed to smoke in a laboratory 
environment. With these reports in mind, it was decided to conduct a trial to ascertain whether 
and at what time field burning might enhance germination of Great Basin wildrye, Indian 
ricegrass, and needle-and-thread grass. Because we have had some success with ethephon in 
breaking seed dormancy, we also included an ethephon treatment in the trial to see if it might 
benefit germination of these species. 

Methods 

Seed of Great Basin wildrye, Indian ricegrass, and needle-and-thread grass were obtained from 
Windriver Seeds (Manderson, Wyoming) Seeds were planted at a rate of 57, 170, and 170 seeds 
per foot of row for the Great Basin wildrye, indian ricegrass, and needle-and-thread grass, 
respectively. Single row plots, 20 feet long, were used for the experiment. Seed was planted at a 
depth of 3 to 6 mm with a four-row cone planter (Almaco Inc., Nevada, Iowa) and rolled with a 
cultipacker after planting. Plots were irrigated with 0.5 inch of water the day after planting and 
were kept moist for two weeks after planting. Burn treatments were imposed using air-dry 
Kentucky bluegrass hay which was evenly spread (3.6 kg per plot) over the plot and ignited 
using a propane torch. After the initial burn, any remaining hay was flamed with the hand-held 
propane torch. Plots consisted of six rows 20 feet long. Burns were imposed at three times: 
before planting, immediately after planting, and one day after the first irrigation (three days 
after planting) There was also a no-bum control plot. In addition to the bum treatments, an 
ethephon seed treatment (Feghahati and Reese, 1994) was tested for each grass versus a non-
treated control. Thus for each grass there were eight treatments: 
1. no burn, no ethephon 
2. no burn, 1 mM ethephon seed treatment 
3. preplant burn, no ethephon 
4. preplant burn, 1 mM ethephon 
5. postplant burn, no ethephon 
6. postplant bum, 1 mM ethephon 
7. post-irrigation burn, no ethephon 
8. post-irrigation burn, 1 mM ethephon 

Ethephon treatments were imposed by placing seed in a beaker and adding a solution of 1 mM 
ethephon sufficient to cover the seed, immediately removing the seed, and allowing seed to dry 
overnight before planting the next day. The trial was laid out in a randomized complete block 
design with four replications at Madras and two replications at Warm Springs. 

Counts were made by hand along 2 feet of row in each plot at 27 days after planting at Warm 
Springs and 23 days after planting in Madras. Data for each grass were subjected to analysis 
of 
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variance using the PROC GLM procedure in the SAS statistical package (SAS Institute, Cary, 
NC). Site by treatment effects were non-significant for each grass, so the data were pooled 
across sites. 

Results and Discussion 

The hay we used for the burn treatments contained viable Kentucky bluegrass seed, which later 
germinated prolifically. This made it difficult to make stand counts in the rows where burn 
treatments had been imposed, and counts were consistently lower in the burn than in the non-bum 
(control) treatments because it was much easier to identify and count desired grasses in the 
control than in the bum treatments. For this reason, the control treatments were analyzed 
separately from the bum treatments. 

Among the burn treatments, the post-irrigation bum consistently gave the greatest emergence 
rates for all three grasses (Table 1). Differences between sites were nonsignificant and there were 
no significant interaction effects between the bum and ethephon treatments, nor were there 
interactions of the treatments with trial location (Table 2). Ethephon seed treatment had a 
significant effect on emergence for Indian ricegrass, but not for the other grasses (Tables 1 and 2). 
This also was observed in the control plots, where ethephon boosted emergence of Indian 
ricegrass, but not of Great Basin wildrye nor of needle-and-thread grass (Table 3). 
The data suggest that whatever the effect of burning, it is not a function of ethylene release. If it 
were, then one would expect the same response to ethephon as was observed with fire. However, 
Great Basin wildrye and needle-and-thread grass did not respond to ethephon, while they did 
respond to fire (Tables 1 and 2). Furthermore, Indian ricegrass showed an additive effect of the 
post-irrigation bum and ethephon treatments (Table 1). Since one effect did not replace or 
obviate the other, it appears that they act independently. 
In conclusion, the data here suggest that field burning after an initial irrigation is superior to 
burning either before or immediately after planting. An ethephon seed treatment benefitted 
emergence in Indian ricegrass, but not in Great Basin wildrye or needle-and-thread grass. While 
evaluating the burn treatments, we cannot make a true comparison with a non-burned treatment 
because of the problem with volunteer bluegrass that existed in the bum plots. For this reason, 
the trial will have to be repeated using hay that does not contain any viable seed before more solid 
conclusions can be drawn. 
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Table 1. Number of emerged plants per foot of row for three range grasses submitted to burn 
treatments imposed preplant, post-plant, and post-irrigation. 

Bum Treatment Ethephon Emergence  
Great Basin Wi Id rye (plants per ft) 
Post-irrigation bum N 15.8 
Post-irrigation bum Y 13.8 
Pre-plant burn Y 10.3 
Pre-plant burn N 9.0 
Post-plant bum N 8.4 
Post-plant bum Y 6.5 
LSD 2.6 
CV 44.5 

Indian Ricegrass 
Post-irrigation bum Y 25.7 
Post-irrigation bum N 12.8 
Post-plant bum Y 8.3 
Pre-plant bum Y 5.6 
Pre-plant bum N 5.4 
Post-plant bum N 5.0 
LSD 2.9 
CV 56.4 

Needle-and-Thread Grass 
Post-irrigation bum Y 21.4 
Post-irrigation bum N 20.0 
Pre-plant bum N 11.0 
Post-plant bum N 9.8 
Pre-plant bum Y 9.3 
Post-plant bum Y 9.1 
LSD 3.7 
CV 70.4 

Table 2. ANOVA table on significance of main effects (burn treatment, ethephon, site) and 
interactions on germination of three native range grasses. The symbols *, and **, indicate 
statistical significance at the 0.05, and 0.01, levels respectively. 'NS' indicates treatment effects 
are statistically nonsignificant. 

Source of Variation' Great Basin Wildrve Needle-and-Thread 
Indian Ricegrass Grass 

Bum (B) 
** ** * 

Ethephon (E) NS * NS 
Site (S) NS NS NS 
BxE NS NS NS 
BxS NS NS NS 
ExS NS NS NS 
BxExS NS NS NS 

1) B= Burn Treatment; E= Ethephon; S=Site.

141 



 

Table 3. Effect of ethephon on germination of three native range grasses in plots where no burn 
treatments were imposed. The symbol * indicates statistical significance at the 0.05 level. 'NS' 
indicates treatment effects are statistically nonsignificant. 

Grass Ethephon Emergence  
Great Basin Wildrye 
Control (no bum) N 17.8 NS 
Control (no bum) Y 14.9 

Indian Ricegrass 
Control (no bum) N 10.3 
Control (no bum) Y 21.3 

Needle-and-Thread Grass 
Control (no bum) N 16.9 NS 
Control (no bum) Y 17.0 
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