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Summary of 2016-2017 Activities: 

 April 2016 to March 2017 is the third and final year of this project located in Aylesford. The 

following is a summary of project results through the 2016 growing season. 

Plant Survival 

 A total of 175 hop rhizomes were initially planted at a spacing of 15’ by 3’ in the first year of the 

project on May 27th, 2014. Due to a poor establishment rate in 2014 (Table 1), replacement rhizomes 

were provided by the supplier for all plants that did not survive in 2014. Replacement rhizomes were 

planted on May 4th, 2015. The 2016 plant survival rate reports the percentage of plants out of the 

maximum number of 25 (5 plants/plot X 5 plots/variety) that have survived to harvest in 2016 for each 

variety. 

Table 1: Establishment, replant, and overall plant survival rates to harvest 2016 by variety. 

Variety 2014 Rhizome 
Establishment 

Success Rate (%) 

2015 Rhizome 
Replant Success 

Rate (%) 

2015 Plant 
Survival Rate 

(%) 

2016 Plant 
Survival Rate  

(%) 

Cascade 32% ab 52% ab 64% ab 64% ab 

Fuggle 64% a 23% ab 76% ab 76% ab 

Galena 0% b 40% ab 44% b 40% b 

Golding 56% a 45% ab 76% ab 76% ab 

Magnum 60% a 90% a 92% a 92% a 

Nugget 36% ab 4% b 40% b 40% b 

Willamette 60% a 93% a 96% a 88% a 

P-Value 0.0054 0.0036 0.0017 0.0024 

SEM 11.3 14.8 9.6 9.7 

Discussion: The 2014 rhizome establishment success rate indicates a significant difference in 

plant survival in 2014. The highest success rate was observed with Fuggle, Magnum, and 

Willamette, compared with Galena which did not have a single surviving plant. Willamette and 

Magnum rhizomes had the highest replant survival rate in 2015 whereas only a single Nugget 

rhizome survived. In terms of the 2015 plant survival rate, Willamette and Magnum had the 

highest surviving plant number, whereas Nugget and Galena have the least number of surviving 

plants. Cascade, Fuggle, and Golding have had a moderate number of surviving plants to date. 

There was little change in the plant survival rate from 2015 to 2016 with only three fewer 

surviving plants at harvest in 2016: two Willamette and one Galena. The ranking of plant survival 

rates did not change between 2015 and 2016. 

Pests, Diseases & Weeds 

Pests: Hop looper (Hypena humuli) was observed again in 2016 chewing leaves of several plants in mid 

July. It has become clear this is likely an annual pest of hops grown in Kings County. A single application 

of Dipel (Bacillus thuringiensis) at 275 g/ha controlled the larvae and remains an effective treatment for 

hop looper. Twospotted spider mites (Tetranychus urticae) were not observed in any significant 
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numbers in 2016 and no leaf bronzing was observed from mite feeding. No hop aphid (Phorodon humuli) 

was observed at the trial location in 2014, 2015, or 2016. 

Diseases: A spray program continued in 2016 to control downy mildew (Pseudoperonospora humuli) 

which can be a major disease of hops. A preventative fungicide program was initiated at the beginning 

of June on approximately a two week interval (Table 2). Similar to 2015, the spray program seemed to 

have prevented most infections in 2016, though some plants did exhibit leaf curling and stunted 

terminals that could have been attributed to downy mildew (Figure 1). After two seasons, this two week 

interval program has shown reasonable efficacy at controlling downy mildew, however, a tighter interval 

of 7-10 days would likely be recommended in a commercial planting to minimize the possibility of 

downy mildew establishment. No powdery mildew was observed in 2016. 

Table 2: Fungicide spray program for downy mildew prevention. 

Date Product Rate 

02-Jun-16 Copper 53W 5 g/L 

15-Jun-16 Revus 600 mL/ha 

24-Jun-16 Copper 53W 5 g/L 

04-Jul-16 Revus 600 mL/ha 

18-Jul-16 Copper 53W 5 g/L 

28-Jul-16 Revus 600 mL/ha 

09-Aug-16 Copper 53W 5 g/L 

Weeds: Regular weeding was done by the summer students in 2016 and weed control was excellent all 

season. No herbicides were applied in 2016 but would be required in a commercial operation as hand 

labour would not be economically feasible. 

Training & Stripping 

Hops were trained to coir strings in May by selecting the strongest four bines from each plant. Two coir 

strings were inserted at the base of each plant in a V-formation with two bines being trained to each 

coir string. A fifth bine was left as an alternate in case one of the other four was damaged. It was later 

removed. All additional bines were removed during suckering which took place after training was 

complete. Leaf stripping was performed by hand for the lower 1 m of the canopy when the bines had 

reached approximately 2 m in height to increase air flow through the canopy. 

Soil Fertility & Irrigation 

A soil sample taken in March 2016 indicated a need for lime and potassium. Based on the soil test, a 

total of 3.5 tonnes/ha of pelletized lime was broadcast across the entire hopyard in early May. A total of 

286 kg/ha of potash (0-0-60) was also broadcast across the entire hopyard at the same time.  

Nitrogen was applied in 2016 by both hand application of granular fertilizer to the base of each plant as 

well as through a fertilizer injection system in the irrigation line. Each plant received a total of 33 g of 

calcium ammonium nitrate (27-0-0) on May 11, May 26, June 3, and June 9. The entire hopyard also 
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received a fertigation of 7.9 kg/ha of urea (46-0-0) on June 11, June 16, June 19, June 22, and July 3. In 

total, the hopyard received 124 kg/ha of actual nitrogen in 2016 via both methods. 

Based on a petiole tissue sample taken on July 8, leaf concentrations of nitrogen, calcium, potassium, 

magnesium, phosphorous, copper, iron, manganese, and zinc were all above sufficiency levels as 

recommended by Colorado State University. Boron was the sole exception and tested below the 

sufficiency level. This hopyard will require boron fertilization in future years which is not unexpected 

since boron is known to be generally limiting in Nova Scotia soils. 

Drip irrigation was installed in 2015 using a line of Netafirm Emitters spaced at 3’ intervals emitting 2.3 

L/hr when the system is in operation. It was used regularly in 2016 when water was available, however, 

the pond level became limiting in July as the season was exceptionally dry. 

Yield & Dry Matter Content 

Hop harvest timing was targeted for when cones had approached a dry matter content of 20-25%, hop 

cones began to feel papery, and lupulin accumulation could be seen in the bracts. Hop bines were cut 

from the trellis and brought to a table on location for harvesting by hand (Figure 2). A collective sample 

of approximately 1 kg of harvested hop cones from each variety was taken during harvest, immediately 

refrigerated, and shipped overnight to the Biorefinery Technology Scale Up Centre at the Collège 

Communautaire du Nouveau-Brunswick in Grand Falls, NB for analysis of dry matter (Table 3), alpha 

(Table 5) and beta acids content (Table 6), and total hop oil content (Table 7) and oil profile (Table 8). 

Each plant was harvested individually and the weight of hop cones was recorded (Table 4). 

Table 3: Harvest date and dry matter content of each variety in 2015 and 2016. 

Variety Harvest Date 
2015 

Harvest Dry 
Matter  

(%) 

Harvest Date 
2016 

Harvest Dry 
Matter  

(%) 

Cascade 25-August-15 21.49 24-August-16 23.48 

Fuggle 25-August-15 21.85 23-August-16 23.29 

Galena 26-August-15 19.86 30-August-16 23.92 

Golding 26-August-15 20.61 24-August-16 23.98 

Magnum 25-August-15 27.74 23-August-16 23.68 

Nugget 26-August-15 20.48 2-September-16 19.57 

Willamette 26-August-15 21.04 30-August-16 23.95 

Discussion: With a target dry matter content of 20-25% at harvest, most of the varieties were 

harvested within the target dry matter. Nugget had a somewhat lower dry matter content than 

other varieties and could have benefited from a later harvest date. 

Yield data for each variety has been expressed on a dry weight basis, determined from the dry matter 

content of the samples sent for analysis. Yield is presented for each variety as an average of all live 

plants and at 8% moisture on a per acre basis as a standard industry comparison (Table 4). 
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Table 4: Dry yield per plant and yield per acre for each variety based on live plants only in 2015 and 2016. 

Variety 2015 Dry Yield 
Plant Average 

(g/plant) 

2015 Yield @ 8% 
Moisture 
(lb/acre) 

2016 Dry Yield 
Plant Average 

(g/plant) 

2016 Yield @ 8% 
Moisture 
(lb/acre) 

Cascade 105 244 198 ab 459 ab 

Fuggle 58 135 87 bc 202 bc 

Galena 39 90 340 a 789 a 

Golding 37 86 33 c 77 c 

Magnum 90 209 86 bc 199 bc 

Nugget 83 193 158 ab 367 ab 

Willamette 63 146 89 b 206 b 

P-Value 0.2639 0.2639 <0.0001 <0.0001 

SEM 21.4 49.6 52.0 120.6 

Discussion: All varieties except for Golding and Magnum had increased yield in 2016 compared 

to 2015. Statistically significant differences in yield were observed between varieties with 

Galena and Cascade having the highest average yield per harvested plant. Golding was the 

poorest producing variety in 2016. Expressed on a per acre basis, Galena produced a yield of 789 

lbs per acre at 8% moisture which is approaching the target yield of 1000 lbs per acre at 8% 

moisture noted by Julien Venne (Agronomist, Centre de recherche et de développement 

technologique agricole de l’Outaouais). It remains clear that hand harvesting hops is not a viable 

option for commercial production.  

Brewing Quality 

Alpha and beta acids content as well as total hop oil content and oil profile of each variety was 

determined by the Collège Communautaire du Nouveau-Brunswick from the samples taken at harvest. 

As a comparison, the US hop average ranges for hop quality parameters are included as published by the 

Hop Growers of America in the USA Hops Variety Manual available at 

http://www.usahops.org/userfiles/file/HGA%20BCI%20Reports/HGA%20Variety%20Manual%20-

%20English%20(updated%20March%202011).pdf. In the case of the hop oil compound profiles, 

published values are also used from Yakima Chief, Inc. (https://ychhops.com/) as an industry standard.  

Table 5: Alpha acid content of each variety in 2015 and 2016 compared to the US average ranges published by 
the Hop Growers of America. 

Variety 2015 
Harvest 

Date 

2015 Alpha 
Acid 
(%) 

Alpha Acid 
US Hop 

Range (%) 

Below, 
Met, or 
Exceed 

2016 Harvest 
Date 

2016 
Alpha 

Acid (%) 

Below, 
Met, or 
Exceed 

Cascade 25-August 8.96 4.5-7.0 Exceed 24-August 7.13 Exceed 

Fuggle 25-August 5.39 4.0-5.5 Met 23-August 4.34 Met 

Galena 26-August 4.90 11.5-13.5 Below 30-August 12.01 Met 

Golding 26-August 2.95 4.0-6.0 Below 24-August 4.22 Met 

Magnum 25-August 19.58 12.0-14.0 Exceed 23-August 11.61 Below 

Nugget 26-August 6.88 11.5-14.0 Below 2-September 13.01 Met 

http://www.usahops.org/userfiles/file/HGA%20BCI%20Reports/HGA%20Variety%20Manual%20-%20English%20(updated%20March%202011).pdf
http://www.usahops.org/userfiles/file/HGA%20BCI%20Reports/HGA%20Variety%20Manual%20-%20English%20(updated%20March%202011).pdf
https://ychhops.com/
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Willamette 26-August 3.74 4.0-6.0 Below 30-August 5.21 Met 

Table 6: Beta acid content of each variety in 2015 and 2016 compared to the US average ranges published by the 
Hop Growers of America. 

Variety 2015 
Harvest 

Date 

2015 Beta 
Acid 
(%) 

Beta Acid 
US Hop 

Range (%) 

Below, 
Met, or 
Exceed 

2016 Harvest 
Date 

2016 
Beta 

Acid (%) 

Below, 
Met, or 
Exceed 

Cascade 25-August 6.78 4.8-7.0 Met 24-August 7.85 Exceed 

Fuggle 25-August 2.91 1.5-2.0 Exceed 23-August 2.86 Exceed 

Galena 26-August 3.73 7.2-8.7 Below 30-August 8.78 Exceed 

Golding 26-August 1.36 2.0-3.0 Below 24-August 2.12 Met 

Magnum 25-August 7.30 4.5-6.0 Exceed 23-August 7.53 Exceed 

Nugget 26-August 1.99 4.2-5.8 Below 2-September 5.08 Met 

Willamette 26-August 3.44 3.5-4.5 Below 30-August 7.68 Exceed 

Discussion: Alpha and beta acid contents of each variety in 2016 met or exceeded US average 

ranges with the sole exception of alpha acids for Magnum. From the perspective of alpha and 

beta acids, the hops produced in this trial demonstrate quality equal to or better than the US 

average ranges.   

Table 7: Total oil content of each variety in 2016 compared to the US average ranges published by the Hop 
Growers of America. 

Variety Total Oil Content 
US Hop Range 

(ml/100 g) 

2016 Harvest 
Date 

2016 Total Oil 
Content 

(ml/100 g) 

Below, 
Met, or 
Exceed 

Cascade 0.7-1.4 24-August 0.48 Below 

Fuggle 0.7-1.2 23-August 0.97 Met 

Galena 0.9-1.3 30-August 0.12 Below 

Golding 0.7-1.0 24-August 0.46 Below 

Magnum 1.9-2.3 23-August 1.07 Below 

Nugget 1.8-2.2 2-September 0.99 Below 

Willamette 1.0-1.5 30-August 1.35 Met 

Discussion: Total oil content of each variety for the 2016 harvest was generally below that of US 

average ranges, with the exception of Fuggle and Willamette. It is hypothesized that perhaps the 

total oil content may have improved with a later harvest date, despite the fact that dry matter 

content was within the 20-25% range at harvest. 

Table 8: Major hop oil compounds for each variety in 2016 expressed as a percent of total oil content. Values 
highlighted green are equal to or exceeding the US average ranges published by the Hop Growers of America 
and Yakima Chief, Inc. while values highlighted red are below the average ranges. 

Variety Myrcene Humulene Caryophyllene Farnesene Linalool 2-M-B-I* Geraniol 

Cascade 60.3% 11.9% 4.0% 4.4% 0.3% 0.6% 0.2% 

Fuggle 55.1% 28.7% 9.5% 4.6% 0.8% 0.5% 0.1% 

Galena 58.0% 21.2% 11.4% 0.1% 0.9% 0.6% BDL 
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Golding 38.3% 43.2% 14.5% 0.3% 0.5% 0.4% 0.1% 

Magnum 39.1% 45.7% 13.5% 0.3% 0.3% 0.4% 0.1% 

Nugget 44.8% 31.1% 14.9% 0.2% 0.7% 0.6% 0.2% 

Willamette 42.9% 50.3% 18.8% 1.4% 0.5% 0.3% BDL 
*Note 2-M-B-I indicates 2-methyl-butyl isobutyrate. 

Discussion: Analysis of the hop oil compounds found in each of the varieties at harvest indicates 

that the individual oil compositions did not vary much from the US average ranges published by 

Hop Growers of America and Yakima Chief, Inc. There was some variation in notably the content 

of linalool and geraniol to published values, however, it was very minor and measured values 

were only lower by 0.1%. It can therefore be concluded from the oil compound analysis that the 

quality of hop oil harvested in the trial in 2016 is comparable with hop oil from the same 

varieties produced elsewhere.  

2016-2017 Project Summary 

The completion of the third and final year of this project has revealed significant differences in terms of 

hop variety suitability for production in Nova Scotia. A total of 7 hop varieties have now been 

established for three full growing seasons in Aylesford and yield data has been collected for the past 

two. Some varieties (e.g. Cascade) have shown a good general suitability for Nova Scotia conditions 

whereas others (e.g. Golding) appear to have some significant limitations. An overall summary of the 

variety performance to date is summarized below (Table 9). 

Table 9: Relative ratings of performance by variety. 

Variety Use Plant 
Survival 

Yield Alpha 
Acid 

Standard 

Beta Acid 
Standard 

Total Oil 
Content 
Standard 

Overall 

Cascade Dual Fair Good Exceeded Exceeded Below Good 

Fuggle Aroma Fair Fair Met Exceeded Met Fair 

Galena Bittering Poor Good Met Met Below Fair 

Golding Aroma Fair Poor Met Met Below Poor 

Magnum Bittering Good Fair Below Exceeded Below Fair 

Nugget Bittering Poor Good Met Met Below Fair 

Willamette Aroma Good Fair Met Exceeded Met Fair 

 

Variety Summary 

The following is a brief recommendation on the suitability of each variety for commercial hop 

production in Nova Scotia as well as their strengths and weaknesses observed in this trial. 

Cascade: A dual-use hop with the best overall performance in the trial. Recommended for commercial 

production. 

Strengths: Consistent, good yield with moderate alpha and high beta acids content. 
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Weaknesses: Total oil content was a bit lower than standard levels – perhaps could have 

increased with a slightly later harvest date. 

Fuggle: Aroma hop with potential if yield improvements can be made. Recommended for further 

evaluation. 

Strengths: Low alpha and beta acid content with moderate total oil content. 

Weaknesses: Low yield potential. 

Galena: Bittering hop with very good potential if plant establishment success is improved. 

Recommended for further evaluation. 

Strengths: High alpha and beta acid content with low total oil content and moderate yield 

potential. 

Weaknesses: Establishment success with rhizomes in this trial was very poor. Perhaps 

greenhouse transplants could result in a better overall survival rate. 

Golding: Aroma hop with low potential. Not recommended for further evaluation. 

Strengths: Lowest alpha and beta acids of any variety in the trial. 

Weaknesses: Total oil content was a bit lower than standard levels – perhaps could have 

increased with a slightly later harvest date. However, main weakness was poor yield which was 

far lower than any other variety in the trial. 

Magnum: Bittering hop with potential if yield improvements can be made. Recommended for further 

evaluation. 

Strengths: High alpha and beta acids content with moderate total oil content. 

Weaknesses: Total oil content was a bit lower than standard levels – perhaps could have 

increased with a slightly later harvest date. Low yield potential. 

Nugget: Bittering hop with potential. Recommended for further evaluation. 

Strengths: High alpha and low beta acids content with moderate total oil content. Moderate 

yield potential. 

Weaknesses: Total oil content was a bit lower than standard levels – perhaps could have 

increased with a slightly later harvest date.  

Willamette: Aroma hop with good potential if yield improvements can be made. Recommended for 

further evaluation. 

Strengths: Low alpha and moderate beta acids content with moderate total oil content.  

Weaknesses: Low yield potential. 
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Figure 1: Hop plant suspected of possible downy mildew infection. 
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Figure 2: Hand harvesting hops in late August, 2016. 


