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Introduction 
Corn lily (Veratrum californicum) is native to higher elevations of the Intermountain West.  Corn 
lily is of interest because it has the potential to provide pharmaceutical precursors for use against 
cancer.   

A consistently successful establishment system is needed if corn lily seed is to be planted in 
intensive nurseries for transplanting to commercial fields.  Although skepticism has been voiced 
about the possibility of establishing corn lily from seed due to the near absence of seedlings 
observed in nature, direct mechanical planting of seed could be a practical option to start 
plantings.  Fall planting should be preferred, because the seed requires a period of cold to break 
dormancy (vernalization).  Fall planting of seed of other native perennials has resulted in 
inconsistent stands in some years at Malheur Experiment Station.  Loss of soil moisture, soil 
crusting, bird and rodent damage, seed decomposition, and seedling damping off are some 
detrimental factors that could impede successful establishment of fall-planted seed.  Previous 
trials with native perennial seed at Malheur Experiment Station have examined seed pelleting, 
planting depth, and soil anti-crustants (Shock et al. 2010).  Planting seed at depth with soil anti-
crustant improved seedling emergence compared to surface planting.  Seed pelleting did not 
improve emergence.  Despite these results, emergence of native seed can be extremely low due 
to soil crusting, bird damage, and other factors. 

In established native perennial seed production fields at Malheur Experiment Station and in 
natural rangelands, we have observed prolific emergence from seed of other species that falls on 
the soil surface and is covered by a thin layer of organic debris.  We have observed corn lily 
seedlings emerging from below a light layer of duff in the mountains of Utah and California.  
The systems we tested did not test all possible combinations of factors, but tested the 
combination that we thought might be likely to result in adequate stand establishment.  Row 
cover can be a protective barrier against soil desiccation and bird damage.  Sawdust can mimic 
the protective effect of organic debris.  Sand cover over the seed can help hold the seed in place.  
Seed treatment can protect the emerging seed from fungal pathogens that might cause seed 
decomposition or seedling damping off.  Hydroseeding mulch could be a low cost replacement 
for row cover.  The trial tested systems composed of combinations of seed cover, row cover, and 
seed treatment for establishment.  Three sources of corn lily seed were planted at two sites: 
Ontario, Oregon and McCall, Idaho.   
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Materials and Methods 
This trial tested the effect of various establishment systems in 2010-2012 for surface-planted 
corn lily seed (Table 1).  Seed weights for three seed sources of corn lily were determined (Table 
2).  A portion of the seed was treated with a liquid mix of the fungicides Ridomil MZ58 and 
Captan (100 g Ridomil, 100 g Captan in 1 l of water).  Seed weights of the treated seeds were 
determined after treatment.  The seed weights were used to make seed packets containing 
approximately 600 seeds each.  The seed packets were assigned to one of seven treatment 
combinations in 2010 (Table 1).   The trials were planted manually on November 2, 2010 at 
Ontario, Oregon and on November 9, 2010 at McCall, Idaho.  The experimental designs were 
randomized complete blocks with six replicates.  Plots were 1 30-inch by 5 ft long bed.  Seed 
was planted on the soil surface in 2 5-ft-long rows on each bed.   

Drip tape (Aqua Traxx EA 508 1222) was installed before planting in the center of each bed at 1-
inch depth.  The fields at each site were irrigated automatically to maintain the soil water tension 
(SWT) in the root zone below 10 cb.  Soil water tension was measured with five granular matrix 
sensors (GMS, Watermark Soil Moisture Sensors Model 200SS, Irrometer Co., Riverside, CA) 
installed at 8-inch depth in the center of the bed.  The fields at each site were irrigated 
automatically to maintain the SWT in the root zone below 10 cb as described by Shock et al. 
(2013).  The GMS had been previously calibrated to SWT (Shock 2003).  The GMS were 
connected to a datalogger via multiplexers (AM 410 multiplexer, Campbell Scientific, Logan, 
UT).  The datalogger read the sensors and recorded the SWT every hour.  The datalogger made 
irrigation decisions every 12 hours based on the average SWT.  The irrigations were controlled 
by the datalogger using a controller (SDM CD16AC controller, Campbell Scientific, Logan, UT) 
connected to a solenoid valve.   

Loss of stand could be caused by rodent damage, insect damage, or early drying of the soil.  
Mouse bait packs were scattered over the trial area prior to the installation of the row cover.  
Plants were regularly observed and protected from insect damage, if it occurred.  The seed beds 
and seedlings were supplied with drip irrigation if the soil dried. 

 
 
Table 1. Establishment systems evaluated for corn lily (Veratrum californicum) in 2010-
2012, Malheur Experiment Station, Oregon State University, Ontario, OR.   

  
Row cover 

Seed 
treatment Sawdust Sand 

Hydroseed 
mulch System 

1 yes yes yes no no 
2 yes yes no no no 
3 yes no yes no no 
4 no yes yes no no 
5 yes yes yes yes no 
6 no yes no no yes 
7 no no no no no 
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Table 2. Seed weight and percent live seed determined by tetrazolium tests for three 
seed sources of corn lily (Veratrum californicum) utilized in establishment systems in 
2010-2012, Malheur Experiment Station, Oregon State University, Ontario, OR. 

Selection Origin 
Untreated seed 

weight 
Tetrazolium 

test 
seeds/g % 

A Manti-La Sal National Forest, Utah 202.8 92 

B Sawtooth Mountains, Idaho 226.9 95 

C Central Mountains, Idaho 219.4 85 

 

Tetrazolium tests were conducted to determine corn lily seed viability from the three seed 
sources (Table 2).  The tetrazolium results were used to correct the raw emergence data to be the 
percent emergence of viable seed.   

After planting, sawdust was applied in a narrow band over the seed row at 0.26 oz/ft of row (558 
lb/acre).  For the treatments receiving both sawdust and sand, the sand was applied at 0.65 oz/ft 
of row (1,404 lb/acre) as a narrow band over the sawdust and seed.  Following planting and 
sawdust and sand applications, some of the beds were covered with row cover.  The row cover 
(N-sulate, DeWitt Co., Inc., Sikeston, MO) covered four rows (two beds) and was applied with a 
mechanical plastic mulch layer.  Hydroseeding mulch (Hydrostraw LLC, Manteno, IL) was 
applied dry at 7.5 g/ft of row in a 3 cm band over the seed row.  The applied dry mulch was 
sprayed with water using a backpack sprayer to simulate hydroseeding. 

In 2011, the row cover was removed and emergence counts were made in each plot on March 23, 
March 29, and April 15 in Ontario and on May 17 in McCall.  In 2012, stand counts were made 
on May 7 in Ontario and on May 9 in McCall.  The fields were irrigated in 2011 and 2012 as 
described above.  The fields were hand weeded in 2011 and 2012.   

Data were analyzed using analysis of variance (General Linear Models Procedure, NCSS, 
Kaysville, UT).  Means separation was determined using a protected Fisher’s least significant 
difference test at the 5% probability level, LSD (0.05).   

Ontario Procedures 

The trial was conducted in a field of Owyhee silt loam (30% sand, 52.5% silt, and 17.5% clay) at 
Malheur Experiment Station, Ontario, Oregon.  On November 3, 2009, 50 lb nitrogen (N)/acre, 
100 lb phosphorus (P)/acre, 40 lb sulfate (SO4)/acre, 4 lb zinc (Zn)/acre, 2 lb manganese 
(Mn)/acre, and 1 lb boron (B)/acre were broadcast.  Analysis of a soil sample taken in April of 
2010 showed a pH of 7.9, 1.85% organic matter, 18 ppm P, 353 ppm potassium (K), 24 ppm 
SO4, 1,932 ppm calcium (Ca), 432 ppm magnesium (Mg), 99 ppm sodium (Na), 4.1 ppm Zn, 1.7 
ppm copper (Cu), 11 ppm Mn, 11 ppm iron (Fe), and 1.5 ppm B.  In order to lower the pH, 5 
tons/acre of elemental sulfur were broadcast on September 30, 2010.  Soil analyses revealed 
substantial changes: a soil sample taken on October 18, 2010 showed a pH of 5.3, 2.39% organic 
matter, 31 ppm P, 283 ppm K, 358 ppm SO4, 1,982 ppm Ca, 420 ppm Mg, 200 ppm Na, 3.9 ppm 
Zn, 2.9 ppm Cu, 113 ppm Mn, 67 ppm Fe, and 0.8 ppm B.   
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On April 13, 2011, 50 lb N/acre as CaNO3 was injected through the drip tape.  On May 19, 2011, 
gypsum at 1,600 lb/acre was applied in two bands located between the drip tape and the seed row 
on each bed. 

On August 3, 2011 the trial was furrow irrigated using each furrow between the 30-inch beds to 
leach salt from the root zone.  On August 23, 2011 a thin layer of shredded tree bark was spread 
on the soil surface of all plots.  On March 2, 2012, April 30, 2012, and June 7, 2012, Fe at 0.3 
lb/acre (iron chelate, Sprint 138, Becker Underwood, Inc., Ames, IA) was injected through the 
drip tape.  On May 7, 2012 and June 4, 2012, Ca as a foliar spray (InCa, Plant Impact, Preston, 
UK, 1 oz/gal water) was applied to all plots.  Immediately after the Ca, Dithane® fungicide was 
sprayed on all plots.  All plants in each plot were measured for height and diameter on June 17, 
2011 and June 18, 2012.   

McCall Procedures 

The trial was conducted in a field of loamy sand (85% sand, 5% silt, and 10% clay).  Analysis of 
a soil sample taken in the fall of 2009 showed a pH of 6.3, 1.63% organic matter, 17 ppm P, 304 
ppm K, 7 ppm SO4, 846 ppm Ca, 102 ppm Mg, 21 ppm Na, 0.8 ppm Zn, 0.3 ppm Cu, 6 ppm Mn, 
57 ppm Fe, and 0.2 ppm B.  On May 20, 2010, 200 lb/acre of gypsum, 100 lb N/acre as urea, 40 
lb K/acre as K-Mag, 2.4 lb of Zn/acre as zinc sulfate, 2.4 lb Cu/acre as copper sulfate, and 1.2 lb 
B/acre were broadcast.   

In 2012, May 9, May 31, June 6, June 13, and June 28, Ca as a foliar spray (InCa, Plant Impact, 
Preston, UK, 1 oz/gal water) was applied to all plots.  Immediately after the Ca, Dithane 
fungicide was sprayed on all plots.  On May 31, 20 lb N/acre was injected through the drip tape.  
On June 21, 2011, 200 lb/acre of gypsum, 100 lb N/acre as urea, 40 lb K/acre as K-Mag, 2.4 lb 
of Zn/acre as zinc sulfate, 2.4 lb Cu/acre as copper sulfate, and 1.2 lb B/acre were broadcast.  On 
May 1, 2012, 2,000 lb/acre of gypsum, 10 lb Cu/acre, and 100 lb Mg/acre were broadcast.   

 

Results and Discussion 

2011  

Averaged over systems and selections, establishment averaged 22.5% at Ontario and 51.9% at 
McCall (Table 3).  Seed from the different sites varied slightly in their establishment at Ontario 
and varied substantially at McCall.  The plants from seed from the Sawtooth Mountains of Idaho 
established better than seed from the other sources in both Ontario and McCall. 

Planting system No. 1 was the standard system, incorporating seed treatment, seed cover with 
sawdust, and row cover.  Systems No. 2, 3, and 4 each had only one factor omitted from system 
No. 1.  Planting system No. 5 had all treatments included in No. 1 plus sand lightly covering the 
seed.  System No. 6 had hydroseeding mulch plus seed treatment and No. 7 was an untreated 
check (Table 1). 

For system No. 4, where the row cover was omitted, plant establishment was radically reduced.  
System No. 4 was a failure at Ontario, averaging 4.7% establishment, yet was reasonably 
successful at McCall with 46.6% establishment, perhaps due to the prolonged snow cover at 
McCall in 2011.  Omitting seed treatment from system No. 1 (system No. 3) resulted in 
improved establishment in McCall and no difference in Ontario.  Omitting sawdust from system 
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No. 1 (system No. 2), resulted in reduced establishment in both Ontario and McCall.  Adding 
sand to system No. 1 (system No. 5) improved emergence in Ontario.   

The comparison of system No. 2 with system No. 6 allows a comparison of the substitution of 
row cover with hydroseeding mulch to lower the cost of nursery establishment (Table 1).  
Seedling emergence and establishment was higher with row cover in both Ontario and McCall, 
but the difference was smaller in McCall.  Hydroseeding mulch (system No. 6) improved 
establishment over bare ground (system No. 7) in both Ontario and McCall.   In Ontario, system 
No. 6 had 6.1% establishment versus 3.5% for system No. 7.  In McCall, system No. 6 had 
42.8% establishment versus 34.9% for system No. 7.  The poor establishment with the hydroseed 
mulch suggests that as applied it would not be an effective replacement for the row cover.  These 
results are not conclusively negative for hydroseeding mulch because the small-scale manual 
application was simulated rather than applied conventionally in a water slurry. 

2012 

Survival of the seedlings from 2011 to 2012 in Ontario was extremely poor for all selections and 
treatments, with plant stand averaging 0.2% overall (Table 4).  Survival in McCall was 
substantially higher, with plant stand averaging 32.9% overall.  The highest plant stand in 
McCall was for the Sawtooth, Idaho selection with system No. 5 (61.8% stand).    

McCall Stand and Survival 

For system No. 4, where the row cover was omitted from system No. 1, plant stand in 2012 was 
reduced for the Utah selection.  For planting system No. 2, where the sawdust was omitted from 
system No. 1, plant stand was only reduced for the Utah selection.  For planting system No. 3, 
where the seed treatment was omitted from system No. 1, plant stand was reduced for the Utah 
selection, but improved for the central Idaho selection.  For planting system No. 5, where sand 
was added to system No. 1, plant stand was improved for the Sawtooth, Idaho selection.   

Hydroseeding mulch (system No. 6) resulted in better stand than row cover (system No. 2) for 
the Utah selection.  For the Sawtooth, Idaho selection, row cover resulted in better stand.  For the 
Central Idaho selection, there was no difference in stand between the row cover and hydroseed 
mulch.   

Hydroseeding mulch resulted in higher seedling survival than row cover for all three selections, 
but especially for the Utah and Central Idaho selections (Table 5).  Hydroseeding mulch resulted 
in among the highest seedling survival of all systems.  Hydroseeding mulch also resulted in 
higher survival than row cover for the Sawtooth, Idaho selection in Ontario. 

The results suggest that row cover, sawdust, and sand were important factors in improving 
establishment at Ontario and McCall. 

While row cover clearly results in better emergence than hydroseeding mulch, the improved 
seedling survival with hydroseeding mulch suggests that further testing of systems that include 
hydroseeding mulch is important.   Maybe mulch should be added to the seedling beds following 
emergence to enhance plant survival. 

Neither site was ideal for corn lily growth.  At Ontario the climate may have been too hot and the 
soil was too salty once the pH was corrected.  At McCall the plants that survived grew larger in 
2012 than they had grown in 2011.  The McCall site was also not ideal due to summer frost and 
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poor soil.  The soil was much less fertile than typical sites where corn lily grows (Shock and 
Shock 2012) and it was difficult to maintain adequate soil nutrients.   
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Table 3.  Establishment of corn lily (Veratrum californicum) in 2011 from three seed sources in response to seven direct seeding 
treatments in the fall of 2010 in Ontario, OR and McCall, ID.  Emergence for each source was corrected to the percent emergence 
of viable seed.  Malheur Experiment Station, Oregon State University, Ontario, OR, 2012. 

  
Row 
cover 

  
Seed 

treatment 

    Ontario    McCall  Average over sites 

System Sawdust Sand Mulch
Veratrum selection Veratrum selection Veratrum selection

A B C Avg.   A B C Avg. A B C Avg. 
----------------------------------------------- % stand ---------------------------------------------- 

1 yes yes yes no no 31.0 43.7 34.5 36.4 55.6 71.9 48.6 58.7 43.3 57.8 41.6 47.5 
2 yes no yes no no 27.9 32.3 28.6 29.6 48.3 74.4 44.3 55.7 38.1 53.4 36.5 42.6 
3 yes yes no no no 36.7 43.8 26.7 35.7 48.7 84.7 56.3 63.2 42.7 64.2 41.5 49.5 
4 no yes yes no no 5.7 4.1 4.3 4.7 38.1 66.7 35.1 46.6 21.9 35.4 19.7 25.7 
5 yes yes yes yes no 42.2 41.7 41.2 41.7 57.2 79.7 47.1 61.3 49.7 60.7 44.1 51.5 
6 no no yes no yes 6.7 5.4 6.4 6.1 41.9 54.5 31.9 42.8 24.3 30.0 19.1 24.5 
7 no no no no no 2.0 4.2 4.1 3.5   28.8 42.4 33.6 34.9    15.4 23.3 18.9 19.2 

        Average 21.7 25.0 20.8 22.5   45.5 67.8 42.4 51.9  33.6 46.4 31.6 37.2 

LSD (0.05) System  2.9 
LSD (0.05) Selection 2.1 
LSD (0.05) Site 1.2 
LSD (0.05) System X Site 3.0 
LSD (0.05) Selection X Site 2.0 
LSD (0.05) System X Selection 5.6 
LSD (0.05) System X Selection X Site                            5.3 

 

 

 

 

 

 

 

 

 

 



 

 

Table 4.  Stand of corn lily (Veratrum californicum) in 2012 from three seed sources in response to seven direct seeding 
treatments in the fall of 2010 in Ontario, OR and McCall, ID.  Emergence for each source was corrected to the percent emergence 
of viable seed.  Malheur Experiment Station, Oregon State University, Ontario, OR. 

  
Row 
cover 

  
Seed 

treatment 

    Ontario    McCall  Average over sites 

System Sawdust Sand Mulch
Veratrum selection Veratrum selection Veratrum selection

A B C Avg.   A B C Avg. A B C Avg. 
  ------------------------------------------ % stand --------------------------------------------------- 

1 yes yes yes no no 0.5 0.8 0.1 0.4 36.9 52.0 23.9 37.6 18.7 26.4 12.0 19.0 
2 yes no yes no no 0.2 0.0 0.0 0.1 25.7 50.5 22.9 33.0 12.9 25.2 11.4 16.5 
3 yes yes no no no 0.0 0.0 0.0 0.0 26.0 55.1 31.4 37.5 13.0 27.6 15.7 18.8 
4 no yes yes no no 0.2 0.1 0.1 0.1 24.5 51.7 20.0 32.1 12.4 25.9 10.0 16.1 
5 yes yes yes yes no 0.2 0.2 0.1 0.2 34.4 61.8 28.4 41.5 17.3 31.0 14.2 20.8 
6 no no yes no yes 0.3 0.5 0.1 0.3 32.1 42.2 23.4 32.6 16.2 21.4 11.7 16.4 
7 no no no no no 0.1 0.0 0.1 0.1   9.3 24.2 13.8 15.8    4.7 12.1 6.9 7.9 

        Average 0.2 0.2 0.0 0.2   27.0 48.2 23.4 32.9  13.6 24.2 11.7 16.5 

LSD (0.05) System  1.6 
LSD (0.05) Selection 1.5 
LSD (0.05) Site 1.0 
LSD (0.05) System X Site 2.7 
LSD (0.05) Selection X Site 1.8 
LSD (0.05) System X Selection NS 
LSD (0.05) System X Selection X Site                            4.7 

 

 

 

 

 

 

 

 

 



 

 

Table 5.  Percent survival in 2012 of corn lily (Veratrum californicum) seedlings that had emerged alive in 2011.  Three corn lily 
seed sources had been planted with seven direct seeding treatments in the fall of 2010 in Ontario, OR and McCall, ID.  Malheur 
Experiment Station, Oregon State University, Ontario, OR. 

  
Row 
cover 

  
Seed 

treatment 

    Ontario    McCall  Average over sites 

System Sawdust Sand Mulch
Veratrum 
selection 

Veratrum 
selection 

Veratrum 
selection 

A B C Avg.  A B C Avg. A B C Avg.

------------------------------------------- % survival --------------------------------------------- 
1 yes yes yes no no 1.0 1.6 0.2 0.9 67.2 70.7 49.2 62.4 34.1 36.2 24.7 31.7 
2 yes no yes no no 0.3 0.0 0.0 0.1 53.3 68.1 50.5 57.3 26.8 34.0 25.2 28.7 
3 yes yes no no no 0.0 0.1 0.0 0.0 54.3 67.4 54.6 58.7 27.1 33.7 27.3 29.4 
4 no yes yes no no 4.1 1.6 1.0 2.2 68.2 75.6 57.2 67.0 36.2 38.6 29.1 34.6 
5 yes yes yes yes no 0.3 0.6 0.2 0.3 61.1 75.4 59.5 65.3 30.7 38.0 29.8 32.8 
6 no no yes no yes 4.6 10.6 1.5 5.6 76.9 75.3 75.9 76.0 40.7 42.9 38.7 40.8 
7 no no no no no 3.1 0.5 0.9 1.5  33.6 55.9 41.5 43.7    18.4 28.2 21.2 22.6 

        Average 1.9 2.1 0.5 1.5  59.2 69.8 55.5 61.5  30.6 35.9 28.0 31.5 

LSD (0.05) System  NS 
LSD (0.05) Selection 2.5 
LSD (0.05) Site 1.4 
LSD (0.05) System X Site NS 
LSD (0.05) Selection X Site 2.4 
LSD (0.05) System X Selection NS 

LSD (0.05) System X Selection X Site                           6.3 

 

 

 

 

 

 

 

 


