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Hemp is a non-psychoactive variety of Cannabis sativa L. The crop is one of historical importance in the 

U.S. and re-emerging worldwide importance as medical providers and manufacturers seek hemp as a 

renewable and sustainable resource for a wide variety of consumer and industrial products. Hemp grown 

for all types of end-use (health supplement, fiber, and seed) contains less than 0.3% tetrahydrocannabinol 

(THC). Some hemp varieties intended to produce a health supplement contain relatively high concentrations 

of a compound called cannabidiol (CBD), potentially 10-15%. The compound CBD has purported benefits 

such as relief from inflammation, pain, anxiety, seizures, spasms, and other conditions. The CBD compound 

is the most concentrated in the female flower buds of the plant, however, it is also in the leaves and other 
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consisted of three plants spaced 5’ apart in the row and between rows (Table 1). Treatments consisted of 

the 27 individual hemp flower varieties (Table 2).  

Fertility amendments were based on soil test results received from the University of Vermont Agricultural 

and Environmental Testing Laboratory (Burlington, VT). On 5-Jun, all plots were fertilized with 180 lbs N 

ac-1, 20 lbs P ac-1, 72 lbs K ac -1, using Kreher’s (8-2-2) (Kreher’s Family Farm; Clarency, NY), Pro-Booster 

(10-0-0) (North Country Organics; Bradford, VT), and sulfate of potash (0-0-52). Fertility amendments 

were based on soil test results (University of Vermont Agricultural and Environmental Testing Laboratory, 

Burlington, VT). All entries were transplanted into black plastic mulch with drip tape irrigation.  

Table 1. Agronomic information for the hemp variety trial, Alburgh, VT, 2020.  

Location 
Borderview Research Farm                          

 Alburgh, VT 

Soil type Benson rocky silt loam, 3-5% slope 

Previous crop Winter Canola 

Plant spacing (ft) 5 x 5 

Planting date 8-Jun, 25-Jun, 7-Jul 

Fertilization 180 lbs N ac-1, 20 lbs P ac-1, 72 lbs K ac -1 

 

The plant material received from the companies 



Front Range Biosciences Hybrid #5 Seedlings Seedling CBD 

Front Range Biosciences Hybrid #9 Clones Rooted cutting CBD 

Oregon CBD Lifter Seed CBD 

The Hemp Mine Lucky #7 URC CBD 

The Hemp Mine Maine CBD 2 URC CBD 

Davis Farms Oregon Painted Lady Seed CBD 

Front Range Biosciences Panakeia Rooted cutting CBG‡ 

Front Range Biosciences Pure CBG Rooted cutting CBG 

Blue Forest Farm Queen Dream Seed CBD 

The Hemp Mine Southern Sunset URC CBD 

Blue Forest Farm Stormy Seed CBD 

Oregon CBD Suver Haze Seed CBD 

Northern Roots Nursery Suzy Q Seed CBD 

Northern Roots Nursery Suzy's Gift Seed CBD 

American Hemp Ventures T1 URC CBD 

Northern Roots Nursery Tangie Seed CBD 

Oregon CBD White CBG Seed CBG 
† URC, Unrooted Cutting 

‡ CBG, Cannabigerol. CBG varieties were part of the full-



Cherry Blossom 7-Jul 20-Oct 28 36 43 

Early Pearly 25-Jun 20-Oct 26 33 43‡ 

Eighty-Eight 8-Jun 12-Oct 24 36 42 

Elektra 8-Jun 25-Sep 24 32 39 

Honolulu Haze P.17 25-Jun 6-Oct 24 34-35 41 

Hot Blonde 8-Jun 21-Oct 24 36 43 

Hybrid #5 Clones 25-Jun 20-Oct 26 35 43 

Hybrid #5 Seedlings 25-Jun 20-Oct 26 35 43+ 

Hybrid #9 Clones 25-Jun 21-Oct 26 36 43+ 

Lifter 8-Jun 24-Sep 24 32 39 

Lucky #7 8-Jun 21-Oct 26 34 43 

Maine CBD 2 25-Jun 12-Oct 26 32 42 

Painted Lady 8-Jun 6-Oct 24 32-35 41 

Panakeia 25-Jun 20-Oct 26 38 43‡ 

Pure CBG 25-Jun 21-Oct 26 36 43‡ 

Queen Dream 8-Jun 20-Oct 24 35-37 43‡ 

Southern Sunset 25-Jun 21-Oct 26 35 43‡ 

Stormy 8-Jun 21-Oct 24 35-36 43 

Suver Haze 8-Jun 6-Oct 24 33 41 

Suzy Q 8-Jun 6-Oct 24 32-33 41 

Suzy's Gift 8-Jun 6-Oct 24 32-34 41 

T1 7-Jul 20-Oct 28 36 43 

Tangie 8-Jun 24-Sep 24 32-36 39 

White CBG 8-Jun 6-Oct 24 34 41 
†Varieties with a range listed for flowering week exhibited seedling variation in flowering dates so the entire period of 

flowering is listed. 

‡Varieties with a “+” listed next to harvest date could have had an additional 1-2 weeks to fully mature. 

§  of the year in which each respective event sPlanting week, harvest week, and flowering week are the week occurred . 

 

Scouting took place weekly from 15-Sep until 9-Oct. One plant per plot was scouted for disease and insect 

pests. Three leaves per plant at low, medium, and high locations on each plant were counted for insect 

populations. Entire plant assessments were made for disease with total number of infected buds or stems 

counted and severity rated for p1S 



Plants were harvested by hand using bypass loppers or chainsaw 

depending on trunk diameter. The whole plant weight was 

recorded. Each harvested plant was broken down into smaller 

branched sections and larger “fan” or “sun” leaves were removed 

by hand, while smaller leaves were left attached since they 

subtend from the flower bract. Remaining stems were then 

bucked using the BuckmasterPro Bucker (Maple Ridge, BC, 

Canada) (Image 1) and remaining leaf material and buds were 

collected. Wet bud and leaf material was then run through the 

CenturionPro Gladiator Trimmer (Maple Ridge, BC, Canada) 

(Image 2). Wet bud weight and unmarketable bud weight were 

recorded. The flower buds were then dried at 80⁰ F or ambient 

temperature with airflow until dry enough for storage without 

molding. A subsample of flower bud from each plot was dried in a small dehydrator and wet weights and 

dry weights were recorded in order to calculate the percent moisture of the flower buds. The percent 

moisture at harvest was used to calculate dry matter yields. 

Metrics were collected for each of the three harvested plants 

within each plot and a plot average was calculated. 

Autoflower varieties are included for comparison with full season 

plants in the variety trial. Each was evaluated using similar metrics 

and received similar field preparation to those grown within the 

variety trial. Spacing for autoflower varieties was reduced to 2’ 

and were similarly planted into irrigated black plastic. Autoflower 

varieties ‘Auto Ceiba,’ ‘Early Bird 1,’ and ‘Early Bird 2’ are 

included for comparison, but were not included for statistical 



RESULTS 

Seasonal precipitation and temperature were recorded with a Davis Instrument Vantage Pro2 weather 

station, equipped with a WeatherLink data logger at Borderview Research Farm in Alburgh, VT (Table 4). 

The growing season was defined by hot and dry conditions throughout the summer months, punctuated by 

a handful of larger, infrequent rain events seen largely in August. June was especially dry during the 

transplant and establishment period for our hemp trials with below average precipitation in much of the 

growing season. Average temperatures during the growing period were 4.11 degrees higher than the 30-

year average for the season with a 5.5% higher growing degree day accumulation for the year.  

 

Table 4. Seasonal weather data collected in Alburgh, VT, 2020. 

Alburgh, VT June July August September October 

Average temperature (°F) 66.9 74.8 68.8 59.2 48.3 

Departure from normal 1.08 4.17 0.01 -1.33 0.19 

            

Precipitation (inches) 1.86 3.94 6.77 2.75 3.56 

 





to Lifter and Painted Lady, which were much more upright and compact. Stormy had the highest whole 

plant biomass with plants reaching 33.2 lbs plant-1. No other varieties were similar in size with some of the 

smallest plants weighing only 4.10 lbs plant-1 and a trial average of 16.7 lbs plant-1. Average heights for the 

trial were 138 cm and widths were 117 cm for whole plants. For each of the measured metrics, autoflower 

varieties ‘Auto Ceiba,’ ‘Early Bird 1,’ and ‘Early Bird 2’ are included for comparison. In this case, Auto 

Ceiba and Early Bird 1 had the potential to be planted at a 1’ plant spacing based on growth habit, whereas 

Early Bird 2 would have benefitted from greater plant spacing of 5’. Auto Ceiba and Early Bird 1 were 

more likely stressed due to hot weather during establishment or shipping methods as the Early Bird cultivar 

was received as started seedlings. Those that grew to full size were substantially larger and had growth 

habits more akin to full term varieties within the trial. 
 

Table 6. Hemp whole plant weight, height, and width, Alburgh, VT, 2020. 

Variety Plant height Plant width Plant weight 

  cm cm lbs plant-1 

Angie 120 102 11.0 

Anna Lee 122 111 11.3 

Ceiba 146 134 18.9 

Cherry Blossom 122 117 17.3 

Early Pearly 68 74 4.10 

Eighty-Eight 175* 133 23.0 

Elektra 171* 140 22.5 

Honolulu Haze P.17 159 109 15.8 

Hot Blonde 165 118 21.5 

Hybrid #5 Clones 65 62 5.0 

Hybrid #5 Seedlings 108 96 9.2 

Hybrid #9 Clones 94 80 5.7 

Lifter 173* 142* 22.3 

Lucky #7 172* 151* 26.0 

Maine CBD 2 155 163 22.2 

Painted Lady 185 119 16.0 

Panakeia 125 92 9.3 

Pure CBG 94 93 6.7 

Queen Dream 155 143* 25.6 

Southern Sunset 141 123

155



 

Total bud weight, leaf weight, and stem weight were measured at harvest to further evaluate growth 

characteristics of each variety (Table 7). Stormy had the highest overall stem weight per plant by far with 

12.30 lbs plant-1 and was 37.2% of the whole plant weight. Interestingly, although Eighty-Eight and 

Southern Sunset had lower stem weight, the stems made up over 40% of the whole plant biomass. Lifter 

was a standalone top performer in the trial for flower weight at 9.4 lbs plant-1 though it is also worth noting 

that other varieties produced large amounts of flower in excess of 7 lbs plant-1 including Ceiba, Lucky 

Number 7, Stormy, and Suver Haze. Tangie had the highest percentage of flower material per plant at 44.6% 

and was statistically similar to Panakeia, Lifter, Ceiba, and Hybrid #5 Clones. Leaf weights were highest 

in Stormy at 13.6 lbs plant-1 which was statistically similar to Queen Dream at 11.4 lbs plant-1. Bud:stem 

ratios were also calculated with Panakeia having the highest ratio of flower to stem material at 2.3:1 

alongside similar top performer Tangie at 2.01:1. Early Pearly had the highest ratio of leaf to stem material 

at 2.2:1 and was statistically similar to Hybrid #9 clones, Panakeia, and Pure CBG largely suggesting that 

stem material made up a very small fraction of plant material for Panakeia in particular. Pure CBG, 

Panakeia, and Hybrid #9 Clones were among the last varieties planted for the trial, which may have also 

had an impact on vegetative growth, reducing overall leaf weight. 

 

The amount of total leaf or stem material can also greatly affect harvest time. While we were not able to 

record hand harvest times for each variety (as we switched to mechanical assisted harvest for later maturing 

varieties), a few were documented in 2019 and 2020. From 2019, VT Cherry was one of the smallest 

varieties which took approximately 45 minutes per plant to break down plants, remove fan leaves, and buck 

flowers from stems. In 2020, some smaller varieties with very little leaf material, such as Panakeia, took 

approximately 15 minutes to process plants. This variety had one of the lowest overall plant weights with 

the highest bud:stem ratio and was one of the last varieties to be planted, contributing to the size. 

Conversely, other much larger plants, such as Stormy, required approximately 3 hours to process and had 

the highest leaf weight within the trial. Growth habits varied greatly within the trial and each of these factors 

can greatly impact harvest time for individual plants. Some other larger, later harvested varieties may 

require additional time to trim and harvest by hand. Amount of time required to harvest plants will vary 

drastically depending not only on selected cultivars but also desired end-product and intricacy of trimming, 

however all are important factors 



Hot Blonde 7.63 35.9 4.12 19.4 9.71 44.7* 0.54 1.25 

Hybrid #5 Clones 1.12 22.3 1.94 40.6* 1.9 37.1 1.87 1.66 

Hybrid #5 Seedlings 2.28 25.1 3.09 33.3 3.78 41.6* 1.34 1.66 

Hybrid #9 Clones 1.28 22.4 1.83 32.4 2.54 45.2* 1.46 2.05* 

Lifter 7.15 32.0 9.40 42.1* 5.75 25.9 1.37 0.86 

Lucky #7 8.7 34.4 7.32 28.6 9.98 37 0.84 1.14 

Maine CBD 2 7.36 33.2 5.13 23.5 9.66 



Table 8. Hemp flower bud yield, Alburgh, VT, 2020.  

Variety 
Flower dry 

matter 

Dry matter flower 

yield† 

Unmarketable flower 

yield 

Dry matter flower 

yield 

Yield at 8% 

moisture 

  % lbs plant-1 lbs plant-1 lbs ac-1 lbs ac-1 

Angie 23.1* 0.87 0.007 1524 1656 

Anna Lee 19.0 0.41 0.043 718 781 

Ceiba 22.2* 1.72 0.108 2998 3259 

Cherry Blossom 16.8 0.68 0.128 1180 1282 

Early Pearly 20.2 0.27 0.05 463 504 

Eighty-Eight 19.0 0.99 0.037 1717 1866 

Elektra 23.6* 1.60 0.370 2786 3028 

Honolulu Haze 23.7* 1.16 0.019 2014 2189 

Hot Blonde 18.3 0.73 0.122 1266 1376 

Hybrid #5 Clones 17.2 0.33 0.247 580 631 

Hybrid #5 Seedlings 16.2 0.49 0.149 858 932 

Hybrid #9 Clones 17.1 0.31 0.272 538 585 

Lifter 24.1 2.26 0.000 3940 4283 

Lucky #7 18.9 1.38 1.458 2403 2612 

Maine CBD 2 21.9* 1.11 0.296 1934 2102 

Painted Lady 23.1* 1.00 0.000 1745 1896 

Panakeia 16.4 0.63 0.645 1105 1201 

Pure CBG 18.3 0.36 0.279 635 690 

Queen Dream 19.1 0.92 0.042 1611 1751 

Southern Sunset 16.3 0.40 0.005 702 763 

Stormy 18.4 1.30 0.199 2266 2463 

Suver Haze 23.2* 1.65 0.026 2877 3127 

Suzy Q 22.4* 1.33 0.013 2318 2519 

Suzy's Gift 22.0* 1.12 0.025 1959 2130 

T1 19.9 0.49 0.093 861 936 

Tangie 23.1* 1.54 0.174 2691 2925 

White CBG 21.1* 1.14 0.702 1978 2150 

LSD (0.10)‡ 3.10 0.267 0.339 464.5 504.9 

Auto Ceiba 24.4 0.088 0.000 3819 4125 

Early Bird 1 28.2 0.025 0.000 1082 1169 

Early Bird 2 22.9 1.11 0.000 1928 2082 

Trial Mean 20.2 0.97 0.204 1691 1838 



 
Figure 1. Dry matter flower yield of hemp varieties for the flower market, 2020. 

Similar letters indicate that these results are statistically similar. Autoflower varieties are included, and are denoted by striped bars. 

 

 

Each cultivar within the trial was also analyzed for cannabinoid content and terpenes (Table 9, Figure 2).  

Results for cannabinoids are on a dry matter basis (0% moisture).  



Table 9



 
Figure 2. Dominant hemp flower cannabinoid concentrations, 2020.  
CBG varieties are denoted by light gray bars, whereas autoflower varieties are denoted by striped bars for comparison with other CBD 

dominant varieties. 

 

 

The cannabis plant contains a wide array of non-cannabinoids that contribute to aromatic profiles and may 

potentially have similar health benefits to some cannabinoids. Terpenes make up one group of many types 

of compounds found in hemp.  Terpene profiles were determined in one replicate for each variety (Table 

10). Results are included for 23 analyzed, unique terpenes, which have distinct chemical compositions and 

associated aromas that contribute to individual plant characteristics. Some terpenes may have medicinal 

uses as anti-



Table 10. Total flower bud terpene profiles, Alburgh, VT, 2020†. 

†The above data represents only one replicate, hence no statistical analysis was 



Table 10 continued. Total flower bud terpene profiles, Alburgh, VT, 2020†. 

†The above data represents only one replicate, hence no statistical analysis was run on terpene profiles. 

 

 

Variety Cis-beta-ocimene D-limonene Delta-3-carene 



DISCUSSION 

 

Many of the varieties within the trial appeared to perform well in our Northeast climate, however others 

appeared as if they would have benefit from additional time in the field as they did not reach full maturity. 

Varieties including Early Pearly, Hybrid #5 Seedlings, Hybrid #9 Clones, Panakeia, T1, and Pure CBG all 

could have benefit from an additional week of growth and higher yields could potentially have been 

obtained if planted earlier as challenges arose from shipping delays earlier on in the season. On the other 

hand, varieties including Queen Dream and Southern Sunset were in for some of the earlier planting dates, 

yet did not appear to reach full maturity. Additionally, there were some stark differences in growth habits 

and quality across the board. Based on growth habit alone, there is potential to adjust plant spacing of any 

given variety to optimize per acre yields, while also maintaining adequate spacing for air flow and thus 

disease control. This year there was noticeably more disease pressure present within the trial when 

comparing to past years. Differences in disease resistance was particularly noticeable across cultivars as 

some had severe infection, 




