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Foreword

The Corona pandemic has been a major topic also in crop year 2021. The Delta variant was
followed by the Omicron variant, which turned out to be much more contagious but resulted
in less severe cases. Eventually, Corona might transition into a regular infectious disease,
similar to the flu, which would finally allow for the resumption of normal life with folk
festivals and other public events. Two other challenges of existential significance for hu-
manity and of great importance for hop cultivation are the changing climate and the preser-
vation of biodiversity. Both challenges can be met only through a more sustainable and
resource-saving life style in all areas; and hop cultivation must make its contribution to these
objectives. Humans not only have the privilege to use nature but also the duty to preserve
it.

“The Lord God took the man and put him in the Garden of Eden to work it and take care of
it!” (Gen. 2,15)

Our hop research is well positioned for its mission. Our hop breeding efforts are focused on
the development of stress-tolerant varieties that can cope with such extreme weather condi-
tions as heat, drought, and excess moisture, while also ensuring a combination of stable
yields and stable alpha acid values next to exceptional brewing qualities. The new varieties
from Hiill can already be considered a huge success.

The Working Group IPZ 5a is developing fertigation methods for the use of fertilizers in a
more targeted, needs-based, and more efficient manner to allow the plants to make better
use of available nutrients. The seepage of nitrogen from agriculture into the soil is another
hotly debated topic. The investigation of nitrogen dynamics in hop soils, as well as experi-
ments in composting and recycling shredded hop bines should generate important insights.
The optimization of hop kilning processes saves heating oil, while also securing hop quality.
At the same time, it reduces CO> greenhouse gas emissions and generates savings for the
grower.

The “Green Deal” of the EU envisions a reduction in the application of herbicides and pes-
ticides of 50 percent by 2050. This represents a huge and far-reaching future challenge for
plant protection measures in hop cultivation. During the crop year 2021, the CBCVd was
monitored again; and three hop farms had to be added to list of infected operations, which
brings the total numbers to 10 farms.

The Working Group IPZ 5 focused on several important projects that contribute to the
preservation of biodiversity and the environment in hop cultivation. In addition, a large new
research project will soon focus on naturally induced resistances against spider mites.

The Annual Report presented here gives a comprehensive picture of the many activities
currently carried out at the Hop Research Center in Hiill. Successful hop research is the
work product of many diligent, dedicated, and creative staff members. They deserve our
special thanks.

Dr. Michael Moller Dr. Peter Doleschel
Chairman of the Board Head of the Institute for
Society for Hop Research Crop Science and Plant Breeding
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1 Statistical Hop Production Data
Managing Director (LD) Johann Portner, Dipl.-Ing. agr.

1.1 Acreage data

1.1.1 Structure of hop production

Table 1.1: Number of hop farms and their acreages in Germany

Year Number of Hop acrt?age per Year Number of Hop acrefage per
Farms farm in ha Farms farm in ha
1975 7,654 2.64 2005 1,611 10.66
1980 5,716 3.14 2010 1,435 12.81
1985 5,044 3.89 2015 1,172 15.23
1990 4,183 5.35 2020 1,087 19.05
1995 3,122 7.01 2021 1,062 19.42
2000 2,197 8.47
Hop acreage per
Farms farm in ha

2000 20,0

7.000 17,5

6,000 15,0
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Figure 1.1: Number of hop farms and their acreages in Germany

Table 1.2: Area under hop cultivation, number of hop farms, and average acreage per farm in
each of the German growing regions

H
Hop acreage Hop growers op area per

farm in ha
Growing area in ha Increase +/ Increase +/
Decrease - Decrease -
2020 2021 2020 to 2021 2020 2021 2021 to 2020 2020 2021
ha % Farms %
Hallertau 17,233 | 17,122 -111 -0.6 880 860 -20 -2.3 | 19.58 19.91
Spalt 408 400 -8 -1.9 51 46 -5 -9.8 7.99 8.69
Tettnang 1,479 1,494 42 15.0 125 125 +0 + 0| 11.84 11.96

Baden, Bitburg,

Rhein-Palatinate 22 22 0 +0 2 2 +0 + 0] 11.00 | 11.00
Elbe-Saale 1,564 | 1,582 18 1.1 29 29 +0 + 0| 5393 | 5455
Germany 20,706 | 20,620 | -86 -0.4 | 1,087 | 1,062 -25 -2.3 | 19.05 | 19.42
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Figure. 1.2: Hop acreage in Germany and in the Hallertau
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Figure 1.3: Hop acreage in Spalt, Hersbruck, Tettnang and Elbe-Saale
Since 2004, the Hersbruck region has been considered part of the Hallertau region.

1.1.2 Hop varieties

After seven years of acreage increases, the German hop acreage decreased for the first time
in 2021, by 86 hectares (ha). The total acreage is acreage now 20,620 ha.

The portion planted with aroma varieties decreased slightly and is now at 53.3%. Germany
now cultivates 29 aroma varieties on 11,000 ha. Most aroma varieties lost acreage. The largest
decrease in the aroma category was for Herbrucker Spat, which lost 83 ha. In addition, signifi-
cant acreage eliminations occurred for Saphir, Spalter Select, Tettnanger, and Hallertauer Mit-
telfriih, as well as for varieties once called “Flavor” hops. Perle, on the other hand, experienced
an increase in acreage, as did a few new aroma varieties, such as Akoya.
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Bitter hop cultivation increased once again in Germany, this time by 252 ha. It now accounts
for 46.7% of all German hop cultivation. Again, older bitter varieties, such as Hallertauer Mag-
num, Taurus, Nugget, and Merkur declined in acreage, whereas Herkules (+ 257 ha) and Polaris
(+ 96 ha) once again gained acreage. This has propelled Herkules to the position of the most
plentiful hop variety by far in Germany (6,974 ha). This is almost one-third of the total hop
acreage.

Table 1.3: Hop varieties in German growing regions in hectares in 2021

Aroma Varieties

D

Variety § %n 3 . E 5_3 g"’*n

= = £ S s g E Lel| E=

= 2 ko4 2 | £2 3 5| E<

= ) = = s Q > £ | O.E5
Akoya 90 3 9 1 104 0.5 78
Amarillo 127 8 10 144 0.7 -34
Ariana 73 5 2 79 04 -3
Aurum 1 1 0.0 0
Brewers Gold 17 17 0.1 -2
Callista 44 1 8 62 0.3 1
Cascade 48 4 2 8 1 64 0.3 -14
Comet 4 0 4 0.0 -4
Diamant 9 0 14 0.1 3
Hallertau Blanc 127 3 13 6 149 0.7 -18
Hallertauer Gold 4 2 6 0.0 0
Hallertauer Mfr. 478 26 138 7 1 650 3.2 =21
Hallertauer Tradition 2,661 42 81 55 4 2,844 13.8 -26
Hersbrucker Pure 1 2 3 0.0 0
Hersbrucker Spit 815 6 0 821 4.0 -83
Hiill Melon 54 5 10 2 71 0.3 -36
Mandarina Bavaria 205 3 11 10 230 1.1 -48
Monroe 15 3 18 0.1 -5
Northern Brewer 127 128 255 1.2 -11
Opal 135 1 1 138 0.7 -7
Perle 2,886 37 123 272 8 3,331 16.2 34
Relax 5 5 0.0 0
Saazer 7 155 162 0.8 6
Saphir 317 18 40 20 395 1.9 -55
Smaragd 58 1 14 73 04 -9
Solero 11 11 0.1 8
Spalter 1 107 108 0.5 -5
Spalter Select 444 86 23 4 557 2.7 -51
Tettnanger 682 682 3.3 -37
Total (ha) 8,764 353 | 1,169 696 15| 10,997 | 53.3 -338
Percentage (%) 42.5 1.7 5.7 34 0.1 53.3 -1.6
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Bitter Varieties

I

o| 8 | B =

Variety § o8 E g = é ?n

5| = s 4 5 El 2 =

= 2| 3 2 £ 5 = S

o 77 = = @) &) > @)

Hallertauer Magnum | 1,234 2 621 3 1,861 9.0 -58

Hallertauer Merkur 2 3 1 6 0.0 -2

Hallertauer Taurus 165 1 0 3 169 0.8 -42

Herkules 6,499 38 294 137 51 6974 | 33.8 257

Nugget 107 4 111 0.5 -12

Polaris 291 27 119 437 2.1 96

Record 1 1 0.0 0

Xantia 2 2 0.0 2

Others 56 2 3 1 62 0.3 10

Total (ha) 8,358 47 325 886 81 9,623 | 46.7 252

Percentage (%) 40.5 0.2 1.6 4.3 0.0 46.7 1.2
All Varieties

S| B

«| 8 | &l £

g @ g g g & &

5| = sl <% & El 2 £

c 2| 5| = £ 5 = E

= ) = = @) Q > @)

Total (ha) 17,122 400 | 1,494 | 1,582 22 | 20,620 | 100.0 -86

Percentage (%) 83.0 1.9 7.2 7.7 0.1 100.0 -0.4

1.2 Harvest volumes, yields, and alpha acid contents

The 2021 hop harvest in Germany brought in 47,862,190 kg (= 957,244 German hundred-
weight), which was just above the previous year's good harvest result of 46,878,500 kg (=
937,570 German hundredweight). Except for 2019, this was the second largest hop harvest ever
in Germany. Considering that the total hop area had declined by 86 ha, this result was better
than average.

With an average yield of 2,321 kg/ha for the total area, the hectare yield this year is 57 kg/ha
above that of the previous year, but it did not reach the record set in 2019.
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In 2021, the most important hop varieties achieved top values for alpha acid content. These
were often above the long-term average. At this writing, the overall amount of alpha acids
produced in Germany in 2021 is estimated to be 6,240 metric tons (MT), which is about 780

MT more than the previous year; and even almost 1,000 MT more than for the record harvest
of 2019. This development is a clear sign of the growing impact of high-alpha varieties as

well as the growing portion of alpha-focused cultivation.

Table 1.4: Harvest volumes and yields per hectare of hops in Germany

2016 2017 2018 2019 2020 2021

Yield kg/ha 2,299 2,126 2,075 2,374 2,264 2,321
Acreage in ha 18,598 19,543 20,144 20,417 20,706 20,620
El";jgl harvest | 15 766,000 | 41.556,250 | 41,794,270 | 48.472.220 | 46.878.500 | 47.862.190

kg Ta
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Figure 1.4: Average yields of the different growing regions in kg/ha
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Harvest volume in 1,000

Harvest volume
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Figure 1.5: Total harvest volume in Germany
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Figure 1.6: Total harvest volume in Germany

Figure 1.7: Average yield per hectare in Germany
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Table 1.5: Yields per hectare in German cultivation areas

Yield in kg/ha total area

Growing area 2013 2014 2015 2016 2017 2018 2019 2020 2021
Hallertau 1,638 2,293 1,601 2,383 | 2,179 2,178 2,441 2,338 2,400
Spalt 1,428 1,980 1,038 1,942 | 1,949 1,564 1,704 1,759 2,020
Tettnang 1,184 1,673 1,370 1,712 | 1,677 1,486 2,024 1,927 1,818
Eﬁ;‘;ﬁﬁ%ﬁ?w 1,953 | 2421 | 1,815 | 1,957 | 1,990 | 1985 | 2,030 | 2,003 973
Elbe-Saale 2,116 2,030 1,777 | 2,020 | 2,005 1,615 2,150 1,906 2,038
2e‘1'{1i::::1/;l?kg) 1,635 2,224 1,587 | 2,299 2,126 2,075 2,374 2,264 2,321
Total harvest
Germany (MT) | 27,554 38,500 | 28,337 | 42,766 | 41,556 | 41,794| 48,472| 46,879 | 47,862
Acreage Ger-
many (ha) 16,849 17,308 17,855 | 18,598 | 19,543 | 20,144 | 20,417 | 20,706 20,620
Table 1.6: Alpha acid values of individual hop varieties in Germany
Growing area/variety | 2012|2013 | 2014 [ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 25 | 2
Years | Years
Hallertau Hallertauer 46| 33| 40| 27| 43| 35| 36| 41| 45| 5.2 4.2 4.0
Hallertau Hersbrucker 30 19| 21| 23| 28| 23| 20| 25| 33| 29 29 2.7
Hallertau Hall. Saphir 441 26| 39| 25| 40| 3.0 33| 33| 42] 3.6 3.6 3.6
Hallertau Opal 90| 57| 73| 59| 78| 72| 64| 73| 85| 87 7.6 7.4
Hallertau Smaragd 60| 43| 47| 55 62| 45| 30| 50| 58] 7.6 5.2 53
Hallertau Perle 81| 54| 80| 45| 82| 69| 55| 67| 741 9.0 7.1 7.0
Hallertau Spalter Select 51| 33| 47| 32| 52| 46| 35| 44 52| 64 4.8 4.6
Hallertau Hall. Tradition | 6.7 | 5.0 | 58 | 47| 64| 57| 50| 54| 63| 6.1 5.7 5.7
Hallertau Mand. Bavaria | 88 | 74 | 73| 70| 87 | 73| 75| 79 ] 90| 9.9 83 8.1
Hallertau Hall. Blanc 96| 78| 90| 78| 97| 90| 88 | 9.0 109 ] 9.9 9.5 9.2
Hallertau Hiill Melon 73| 53| 54| 58] 68| 62| 58| 66| 72| 84 6.8 6.5
Hallertau North. Brewer | 99 | 6.6 | 9.7 | 54 |105 | 7.8 | 74| 81 ] 9.1 |10.5 8.6 8.5
Hallertau Polaris 20.0 | 18.6 |19.5 |17.7 {21.3 | 19.6 | 18.4 | 19.4 [20.6 |21.5 | 19.9 19.7
Hallertau Hall. Magnum | 14.3 [ 12.6 | 13.0 | 12.6 | 143 |12.6 |11.6 | 123 |14.2 |16.0 | 13.3 134
Hallertau Nugget 1221 93| 99| 92 129 |10.8 |10.1 |10.6 |12.0 |11.1 | 10.9 10.8
Hallertau Hall. Taurus 17.0 | 159 | 174 | 129 |17.6 | 159 |13.6 |16.1 | 155 |17.8 | 15.8 16.0
Hallertau Herkules 17.1 | 16.5 | 17.5 | 15.1 |17.3 | 155 [14.6 | 16.2 |16.6 |18.5 | 16.3 16.5
Tettnang Tettnanger 431 26| 41| 21| 38| 3.6 | 30| 38| 43| 4.7 3.9 3.6
Tettnang Hallertauer 471 33| 46| 29| 44| 43| 38| 43| 47| 5.0 4.4 4.2
Spalt Spalter 41| 28| 34| 22| 43| 32| 35| 39| 47| 52 4.1 3.7
Spalt Spalter Select 46 | 33| 45| 25| 55| 52| 29| 41| 47| 64 4.7 4.4
Elbe-S. Hall. Magnum | 14.1 [12.6 | 11.6 | 10.4 | 13.7 |12.6 | 9.3 |11.9 | 119 |13.8 | 11.9 12.2

Source: Arbeitsgruppe fiir Hopfenanalytik (AHA); (Hop Analytics Working Group)

15




2 Weather and Growth Development 2021
Managing Director (LD) Johann Portner, Dipl.-Ing. Agr

2.1

The 2021 hop year started with dry conditions and cold temperatures. Although all initial field
work during March and April was completed on time and on dry soil, subsequently, the emer-
gence and growth of hops progressed only slowly. Therefore, the pruning of excess growth and
the training of hop shoots had to wait until the beginning of May; and for some varieties and
locations, this work dragged on until the end of that month. In addition, above-average precip-
itation and cool temperatures in May delayed such necessary measures as tilling and further
pruning. June turned out to be warmer than average, but this could not make up for the growth
deficit of up to 14 days. As a result, flowering began about a week later than normal. July and
August were once again cool and also wet, which is why the hops took their time with cone
formation. The maturation phase before the harvest started very late this year, only in early
September. It took some warm and dry harvest weather in September to finally accelerate mat-
uration.

Weather and Growth Development
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Figure 2.1: Weather during the 2021 growing season in Hiill by month, as a deviation from
the 10-year average

On the positive side, the Hallertau and the hops grown there were mostly spared the severe
downpours that caused serious large erosion damage in many parts of Germany, including in
Bavaria. Overall, during the hop growing season from March to August, the Hiill site experi-
enced 150 mm more precipitation than the average for the previous 10 years. But there was a
local differential in the Hallertau, with the northern regions getting about 100 mm less rain
during July and August than the southern region. This year, however, the soil moisture was
sufficient everywhere so that the hops did not suffer from drought stress. The heavier soils in
the southern Hallertau even showed signs of a lack of oxygen, because the water could not
drain away and the soils remained too wet.
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2.2 Problems resulting from disease and pest infestations

There were only local and sporadic infestations of lovage weevils, but these could be combated
with Exirel, a pesticide that was approved on short notice on an emergency basis. Fleas and, on
the other hand, caused considerable damage through their feeding, in several areas.

Peronospora (downy mildew) primary infections occurred only sporadically during the cold
spring. Only after the onset of precipitation in May and the rise in temperatures in June (around
June 3) did strong outbreaks of downy mildew primary infections occur in some locations.
Peronospora-induced melanized sporangia could be observed on bottom, side, and main shoots
until well into July. Thus, downy mildew pressure because of secondary infections was corre-
spondingly high for all varieties. Throughout the growing season up to harvest time, therefore,
seven mitigation campaigns were necessary. Unfortunately, plant protection measures could
not always be carried out when needed because of the wet soil conditions or softened ground;
and many farms had to contend with Peronospora infestation from flowering to harvest time.

Fighting powdery mildew was also difficult. Although there were fewer symptoms of infesta-
tion this year compared to 2020, the powdery mildew fungus recurred throughout the season,
particularly in dense stands of the bitter variety Herkules. The strong antidote Luna Sensation
was also approved on an emergency basis, because most growers considered milder, conven-
tional, mid-strength preparations no longer sufficient.

Among the hop diseases, the feared Verticillium wilt was also rather severe this year, mostly
because of the cool and damp conditions in May, which favored infections of the roots. The
first wilt symptoms and early signs of plant deaths could already be observed in mid-June, and
these intensified in August all the way to harvest time.

Thanks to the emergency approval of Movento SC 100, which allowed for a timely fight against
animal pathogens, infestations of hop aphids could be kept in check with relatively little effort.
Common spider mite infestations also caused hardly any problems in 2021 because of the
weather. The side effects of Movento often proved sufficient, so that no further acaricide
measures were necessary.

The spread of the citrus viroid or "Citrus Bark Cracking Viroid" (CBCVd), which was detected
in the Hallertau for the first time in 2019, continued to be monitored in an extensive risk-based
study in Bavaria in 2021. In total, three more farms had to be added to the list of farms known
to be infested. This brings the total of currently pathogen-infected operations to nine, at two
locations in the Hallertau. CBCVd infestations and the spread of the pathogen, therefore, are
still very limited.

23 Out-of-the-ordinary events in 2021

Plant protection issues - especially those associated with downy mildew - and the use of plant
protection products were both very intensive in the 2021 crop year. In particular, the massive
occurrence of hop wilt and the further potential spread of the Citrus Bark Cracking Viroid pose
major challenges for hop growers and the entire hop industry.

Another factor that made the past season noteworthy were, of course, the delays in the plants’
growth and development and the late harvesting, which could only be completed because of
the sunny harvest weather that finally accelerated plant maturation.
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Tab. 2.1: Weather data for 2020 (monthly mean, maximum, and minimum values) compared
to 10-year * and 30-year ** mean values

Temperature at 2 m elev. Relative Precip. | Days w/ | Sunshine
Month Mean Min Max Humidity (mm) Precip. (hours)
CO | O | €O (%) >0.2 mm
January 2021 -1.0 -5.5 2.5 99.0 60 21 37.9
%) 10-y 0.2 -33 3.7 933 68.4 17.4 39.5
30-y| -23 -5.9 1.1 86.7 50.8 14.8 47.1
February 2021 2.0 -2.5 7.6 94.6 453 14 99.3
) 10-y 0.6 -4.0 5.6 87.8 45.7 12.1 79.6
30-y| ~-1.0 -4.9 3.1 81.4 46.8 13.3 72.1
March 2021 4.1 -0.8 10.3 87.6 27.4 14 162.1
) 10-y 4.8 -0.9 10.8 81.5 35.7 12.6 156.1
30-y 2.8 -1.7 7.8 78.9 47.7 13.8 132.2
April 2021 6.4 0.2 13.1 79.9 249 11 211.3
) 10-y| 10.2 33 16.0 73.1 40.8 9.4 207.6
30-y 7.1 1.9 12.8 73.8 60.8 14.1 164.3
May 2021 10.9 5.5 16.3 87.3 143.1 20 175.2
%) 10-y| 13.0 7.3 18.7 77.8 99.4 15.5 199.3
30-y| 11.9 6.1 17.7 73.9 82.3 15.4 203.6
June 2021 19.3 12.1 26.3 80.3 99.5 11 287.5
%) 10-y| 17.6 11.3 23.7 71.5 112.2 12.9 239.7
30-y| 15.1 9.0 20.8 74.6 103.5 15.3 212.3
July 2021 18.1 12.5 243 90.1 116.6 19 196.1
%) 10-y| 19.0 12.4 25.7 77.4 76.7 12.3 248.3
30-y| 16.7 10.5 23.1 74.3 90.5 14.1 236.8
August 2021 16.5 11.9 225 92.8 203.3 20 162.8
%) 10-y| 18.2 11.8 25.1 81.9 102.7 12.1 235.9
30-y| 16.0 10.2 22.6 78.2 91.7 13.8 212.4
September 2021 14.8 8.9 22.1 90.3 19.8 5 213.9
) 10-y| 139 8.1 20.2 86.5 54.4 10.7 171.4
30-y| 127 7.4 19.1 80.7 67.9 11.6 175.0
October 2021 8.1 34 14.0 95.4 27.7 5 130.1
) 10-y 9.2 4.5 14.3 91.9 53.0 11.4 109.3
30-y 7.6 32 13.1 84.2 51.1 11.0 117.2
November 2021 3.0 0.3 5.9 99.7 37.1 14 33.5
%) 10-y 4.4 1.0 8.2 94.9 50.9 11.8 49.7
30-y 2.6 -0.6 6.1 85.5 57.5 14.4 52.9
December 2021 2.0 -0.6 4.7 99.7 93.1 22 32.1
%) 10-y 1.8 -1.4 5.7 95.1 514 15.1 39.9
30-y| -0.9 -4.3 1.8 86.5 52.2 15.0 38.7
O-Year 2021 8,7 3.8 14.2 91.4 897.8 176 1.741.8
10-Year Mean 9.4 4.7 14.8 84.9 791.3 153.3 1.776.3
30-Year Mean 7.4 2.6 12.4 79.9 802.8 166.6 1.664.6

* The 10-year mean covers the years 2012-2021

** The 30-year mean covers the years 1961-1990
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3 Research and Permanent Technical Tasks

3.1 IPZ 5a — Hop growing production technology
Current research projects of IPZ Sa (hop production, production technology) funded by
third parties
Working Groups Project Project | Cost Allocation Collaborators
Project Management, Duration
Project Operations
IPZ 5a Nitrogen dynamics in hop 2018- Erzeugergemein- 21 hop farms;
J. Portner, soils in commercial hop 2022 schaft HVG IPZ 5b, 5¢
A. Schlagenhaufer farms with different types (HVG Hop Pro-
of soil and fertilizer systems ducer Group)
(6054)
IPZ 5a Composting trial using 2018- Erzeugergemein- Prof. E. Meinken,
J. Portner, shredded bines to optimize | 2022 schaft HVG HSWT
A. Schlagenhaufer the nutrient efficiency of or- (HVG Hop Pro- Dr. D. Lohr, HSWT
ganically bound nitrogen ducer Group) Prof. T. Ebertseder,
(6141) HSWT
M. Stadler, AELF PAF;
IPZ 5b, 5¢
Permanent tasks: Product-technical trials
AG | Project Duration Collaborators
Sa Training and continued education of hop growers Permanent task
S5a Specialized production engineering and business management Permanent task
consulting in hop production
S5a Development and updating of documents for consulting Permanent task
services
S5a Dissemination of advisory strategies and exchange of infor- Permanent task | Hopfenring e.V.

mation with group advisory services

(Hop Circle)

S5a Generation of Peronospora infestation forecasts and warning

messages

Permanent task

S5a Generation of business data for calculating profit margins and

other business accounting issues

Permanent task

Sa Optimization of PS applications and device technologies

Permanent task

S5a Optimization of techniques and measures to prevent soil erosion

and to promote soil fertility in hop cultivation

Permanent task

IAB

Sa Development of strategies and measures to avoid nitrate move-

ments in the soil and run-off in hop cultivation

Permanent task

IAB, water consult-
ant, AELF PAF and

SR, ECOZEPT
Sa HopNO:; - practical optimization of the nitrogen cycle in hop 2016-2022 Ecozept, LfU
cultivation Leader-AG
Sa Optimization of settings of multi-tier kilns to adjust for different | 2018-2022 Hop growers
drying behaviors of different hop varieties
Sa Optimization of drying processes in belt dryers 2018-2022 Hop growers
Sa Investigation of the nitrogen increases of hops as a function of | 2020-2021 TUM
fertilization with fertigation (master thesis) Florian Weil3
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http://www.lfl.bayern.de/ueber_uns/ipz/organisation/index.php?ab=5&ag=a
http://www.lfl.bayern.de/ueber_uns/ipz/organisation/index.php?ab=5&ag=a

AG | Project Duration Collaborators

Sa Simulation of agro-PV systems in hops with regard to the occur- | 2021 Tubesolar, Augs-
rence of pathogens, yield and quality of the hops burg, hop grower

Sa Suitability of different plant protection dosing models related to | 2021-2022 Bachelor thesis To-
leaf volume and leaf wall area in hop cultivation bias Berger

Sa Investigation of labor-intensive and labor-extensive methods of | 2021-2022 Bachelor thesis
hop training and their impact on subsequent work and yield Christina Sternecker

3.2

IPZ 5b - Crop protection in hop production

Current research projects of IPZ Sb (crop protection in hop cultivation) funded

by third parties
Working Groups Project Project | Cost Allocation Collaborators
Project Management Duration
Project Operations
IPZ 5b GfH project for 2017- Gesellschaft fiir IPZ 5c, Dr. E. Seigner,
S. Euringer, Verticillium research 2023 Hopfenforschung | P. Hager, R. Enders,
K. Lutz (GfH) J. Kneidl, A. Lutz
(Society for Hop Dr. Radisek,
Research) Slovenian Institute of
Hop Research and
Brewing
IPZ 5b Verticillium in selected hop | 2015- Erzeugergemein- | IPZ 5S¢
S. Euringer, gardens: 2024 schaft Hopfen
K. Lutz Niederlauterbach HVG
(from 2015-2021) (HVG Hop Pro-
Engelbrechtsmiinster ducer Group)
(from 2016-2022)
Gebrontshausen
(from 2020)
IPZ 5b Remote sensing: hyperspec- | 2021 Gesellschaft fiir Geo-konzept GmbH
S. Euringer tral sensors in hops Hopfenforschung
K. Lutz (GfH)
(Society for Hop
Research)
IPZ 5 CBCVd-Monitoring 2020- Bayerisches IPZ 5a, IPS 4b, IPS 2¢
S. Euringer, 2022 Staatsministerium
F. WeiB, fiir Erndhrung,
N.N. Landwirtschaft
und Forsten
(StMELF)
(The Bavarian
State Ministry for
Food, Agriculture
and Forestry),
Erzeugergenossen-
schaft HVG e.G.
(HVG Hop Pro-
ducer Group)
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Permanent tasks: Crop protection trials

Working | Project Duration Collaborators
Group
5b Official means test Permanent task
5b Execution and supervision of residue analyses in | Permanent task
hop cultivation (GEP portionl)
5b Spray tower experiments to monitor the potential | Permanent task
development of resistance in hop aphids
5b Aphis fly monitoring Permanent task
5b ELISA-Testing for ApMV and HpMYV in hops Permanent task
for breeding purposes
5b Monitoring of the plant protection product ap- Permanent task
proval situation in hop growing
5b Preparation of emergency use applications ac- Permanent task | Verband dt. Hopfenpflanzer
cording to Art. 53 (German Hop Growers
Association),
Hopfenring e.V.
(Hop Circle)
5b Technical commentary on emergency permits for | Permanent task | Verband dt. Hopfenpflanzer
individual farms, according to Art. 22 (German Hop Growers
Association);
Hopfenring e.V.
(Hop Circle)
5b Training and continuing education of hop grow- | Permanent task
ers
5b Development and updating of advisory docu- Permanent task
ments
5b Viroid monitoring (CBCVd and HSVd) Permanent task | IPZ 5S¢, IPS2¢
5b Organization and supervision of plant protection | Permanent task | IPZ a,
trials after consultation with the official hop ad- Hopfenring e.V.
visory service (Hop Circle)
5b Technical support for the implementation of Permanent task
plant passports in hops
5b Implementation of the Eppo-Guideline PP 1/239 | 2018 to present
(Leaf Wall Area) in hop cultivation
5b Maintenance of the reporting address, 2019 to present
hop.pfla@lfl.bayern.de, for special fertilizers,
plant strengtheners, bio-stimulants, and pesti-
cides in hop cultivation
5b Powdery mildew GWH trials to test current and | 2019 to resent
new crop protection products
5b Development of a concept for a blower sprayer 2020 to present
prototype for the AMP
5b Establishment of the test software ARM in the 2021- to pre-
AMP sent
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3.3

IPZ 5c — Hop breeding research

Current research projects of IPZ Sc (hop breeding research) funded by third parties

Working Groups Project Project | Cost Allocation Collaborators
Project Management Duration
Project Operations
IPZ 5¢ Development of | 2016- Thiiringer Ministerium fiir | IPZ 5d: Dr. K.
A. Lutz high-perfor- 2024 Infrastruktur und Landwirt- | Kammhuber & Team;
Dr. E. Seigner mance, healthy, schaft; Hopfenpflanzerverband
high alpha varie- (Thuringian Ministry of Inf- | Elbe-Saale e.V.
ties with particu- rastructure and Agricul- (Hop Growers Association
lar suitability for ture); Elbe-Saale e.V.)
cultivation in the Ministerium f. Umwelt, Betrieb Berthold,
Elbe-Saale region Landwirtschaft und Energie | Thiiringen
des Landes Sachsen-Anhalt (Hop Farm Berthold, Thu-
(Ministry for Science, ringia);
Energy, Climate Protection | fopfengut Lautitz, Sachsen
and the Environment of the (Hop Farm Lautitz, Sax-
State of Saxony-Anhalt); ony); ’
Sach51§ches Sta'latsm%mste- Agrargenoss. Querfurt,
rium fiir Energie, Klima- Sachsen-Anhalt
schutz, Umwelt und Land- . .
. (Agricultural Cooperative
wirtschaft . Querfurt, Saxony-Anhalt)
(Saxon State Ministry for
Energy, Climate Protection,
Environment and Agricul-
ture);
Erzeugergem. Hopfen HVG
(HVG Hop Processing
Cooperaive) e.G.
IPZ 5c Genome-based 2017- Landwirtschaftliche Ren- IPZ 5d: Dr. K. Kammhuber
Dr. E. Seigner precision breed- | 2021 tenbank & Team;
A. Lutz ing for future-ori- (Agricultural Pension IPZ 1d: Prof. Dr. V. Moh-
ented quality Bank) ler;
hops IPZ 2c¢: Dr. Th. Albrecht;
University Hohenheim:
Prof. Dr. J. Wiinsche, Dr.
M.H. Hagemann, Prof. Dr.
G. Weber;
Gesellschaft fiir
Hopfenforschung
(Society for Hop Research):
W. Konig;
Hopfenverwertungsgen.
(Hop Sales Cooperative);
HVG: Dr. E. Lehmair
IPZ 5¢ Research and 2015- Erzeugergemeinschaft Hop- | IPZ 5c: A. Lutz;
Dr. E. Seigner work on 2023 fen HVG IPZ 5b: S. Euringer, K.
Verticillium wilt (HVG Hop Producer Lutz;
in hops — molec- Group) Dr. Radisek, Slovenian. In-
ular proof of stitute of Hop Research and
presence Brewing, Slovenia
IPZ 5c Powdery mildew | 2017- Gesellschaft fiir EpiLogic, Freising
Dr. E. Seigner isolates and their | 2021 Hopfenforschung
A. Lutz use in breeding (Society for Hop Research)

for powdery mil-
dew resistance in
hops
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http://www.lfl.bayern.de/ueber_uns/ipz/organisation/index.php?ab=5&ag=c
http://www.lfl.bayern.de/ueber_uns/ipz/organisation/index.php?ab=5&ag=c
http://www.epilogic.de/

Permanent tasks: Hop breeding research

Workng | Project Duration Collaborators
Grouip
5c Breeding hop varieties with excellent Permanent Task | [PZ 5d: Dr. K. Kammhuber & Team;
brewing quality Beratungsgremium der GfH
(Society of Hop Research Advisory
Committee);
TUM, Lehrstuhl Getrdnke- und
Brautechnologien,
(Department of Beverage and Brewing
Technology);
Bitburger Versuchsbrauerei
(Bitburger Pilot Brewery);
Versuchsbrauerei St. Johann
(Pilot Brewery St. Johann);
Breweries worldwide; Hop growers
Sc Breeding of quality varieties with Permanent task | IPZ 5d;
increased levels of health-promoting, anti- EpiLogic, Freising
oxidative, and microbial substances, also
for alternative areas of application of hops
outside the brewing industry
5S¢ Testing for aphids Permanent task | IPZ 5b: M. Felsl
Sc Leaf system for testing hops for Perono- | Permanent task
spora tolerance for the purpose of breed- | since 2012
ing disease-tolerant hops
5S¢ Faster availability of healthy hops through | Permanent task | IPZ 5b: M. Miihlbauer;
improved in vitro tissue culture since 2015 IPS 2c: Dr. L. Seigner
Sc Cultivation, assaying, and harvesting of Permanent task | IPZ 5d: Dr. K. Kammhuber & Team
hops for approval and permitting by the
CPVO (Community Plant Variety Office
of the EU)
5c Serial trial cultivation in commercial hop | Permanent task | IPZ 5d: Dr. K. Kammhuber & Team
farms
5¢c Biogenesis trials to generate information | Permanent task | IPZ 5d: Dr. K. Kammhuber & Team,;
for the hop and brewing industries about IPZ 5a
ripeness states, as well as hop harvest
forecasts
34 IPZ 5d — Hop quality and hop analytics
Current research projects of IPZ 5d (hop quality and hop analytics) funded by third parties
Working Group Project Project | Cost Allocation Collaborators
Project Management Duration
Project Operations
IPZ 5d Isolation, identification, and | 2019- Wissenschaftliche Sta- | TU Berlin
Dr. K. Kammhuber | analysis of multifidols in 2021 tion fiir Brauerei Miin- | Dr. Witstock

hops

chene.V.
(Scientific station for

Brewery Munich e.V.)
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Permanent tasks: Hop quality and hop analytics

Working | Project Duration Collabrators
Group
5d All analytical investigations in support of the Permanent task | IPZ 5a, IPZ 5b,
Working Groups of the hop division, in partic- IPZ 5c¢, IPZ 5¢
ular regarding hop breeding
5d Development and optimization of a reliable Permanent task
method for the analysis of aromas using gas
chromatography-mass spectroscopy
5d Establishment and optimization of NIRS- Permanent task
methods for analyses of hop bitter substances
and water content
5d Development of methods for analyzing hop Permanent task | Arbeitsgruppe fiir Hopfenanalytik
polyphenols (AHA)
(Hop Analytics Working Group)
5d Organization and evaluation of chain analyses | Permanent task | Labore der Hopfenwirtschaft (La-
for hop contracts boratories in the hop industry)
5d Analysis, evaluation, and dissemination of fol- | Permanent task | Labore der Hopfenwirtschaft (La-
low-up and control examinations for hop boratories in the hop industry)
contracts
5d Administrative assistance in the analyses of Permanent task | Lebensmitteliiberwachung der Land-
hop varieties for food safety authorities ratsimter
(Food safety monitoring by
district offices)
5d Supervision of IT and the Internet for the Hop | Permanent task | AIW ITP
Research Center in Hiill
3.5 IPZ Se — Ecological issues in hop cultivation
Current IPZ Se research projects of (ecological issues in hop cultivation) funded by third
parties
Working Groups Project Duration | Cost Allocation Collaborators
Project Management
Project Operations
IPZ Se Reduction in the use of 2014- Erzeugergemein- Betrieb Robert Drexler,
Dr. F. Weihrauch copper-containing crop 2022 schaft Hopfen HVG | (Farm Robert Drexler)
M. Obermaier protection agents in (HVG Hop Producer | Riedhof:
organic, as well as Group) e.G. Forschungsinstitut fiir Bio-

integrated hop cultivation

logischen Landbau (FiBL),
Frick, Schweiz

(Research Institute for Or-
ganic Agriculture, Frick,
Switzerland);

IFA-Tulln Institut fiir Um-
weltbiotechnologie, Oster-
reich

(IFA-Tulln Institute for En-
vironmental
Biotechnology, Austria)
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Working Groups Project Duration | Cost Allocation Collaborators
Project Management
Project Operations
IPZ 5e Further development of | 2017- Bundesanstalt fiir Bund Okologische
Dr. F. Weihrauch culture-specific strategies | 2022 Landwirtschaft und | Lebensmittelwirtschaft
M. Obermaier for organic crop protec- Erndhrung (BLE), (BOLW e.V.)
tion with the help of divi- BOLN-Projekt (Organic Food Production
sional networks - Hop 28150E095 Alliance; BOLW e.V.)
Division. (Federal Agency for
Agriculture and
Food; BLE)
IPZ 5e Development of a catalog | 2018- Erzeugergemein- IGN Nierderlauterbach
Dr. F. Weihrauch of measures to promote 2023 schaft Hopfen HVG | AELF PAF, FZ
M. Obermaier biodiversity in hop culti- e.G. Agragdkologie
vation (HVG Hop Producer | (Dr. S. Gresset);
Group) (IGN Niederlauterbach
AELF PAF, FZ
Agroecology)
TU Miinchen, Department
of terrestrial ecology
(Prof. Dr. Weiser);
LBV, KG PAF (Ch. Huber)
IPZ 5e Introduction of predatory | 2018- Bundesanstalt fiir Companies practicing
Dr. F. Weihrauch mites in hop cultivation | 2021 Landwirtschaft und | ecological and integrated
M. Obermaier via cover crops Erndhrung (BLE), hop cultivation
BOLN-Projekt
2815NA131;
GfHe.V.
(Federal Agency for
Agriculture and
Food)
IPZ Se Induced resistance in 2021- Deutsche Bundes- 20 commercial farms prac-
Dr. F. Weihrauch hops to spider mites 2026 stiftung Umwelt ticing integrated hop culti-
M. Obermaier (German Federal vation; AG IPZ 5d
Foundation for the
Environment) DBU

(FKZ 35937/01-34/0)
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4 Hop Cultivation, Production Techniques
Managing Director (LD) Johann Portner, Dipl.-Ing. agr.

4.1 Nmin-Investigation 2021

Analyses of soils for available nitrogen and Nmin are required by the new German Fertilizer
Ordinance (DUiV) for hop farms located in so-called "red areas." These analyses have become
crucial benchmarks for determining fertilizer needs in different locations.

In 2021, more than half the hop-growing farms in the Bavarian growing regions of the Hallertau
and Spalt took part in Nmin studies. A total of 3,344 hop gardens were examined (2020: 3,782
samples), with the average Nmin content of all soils used for hop cultivation in Bavaria at 59 kg
N/ha, a value that is unchanged from the previous year. As is the case every year, the 2021 Nmin
studies showed large fluctuations from one farm to the next, as well as among individual hop
plots and different varieties cultivated by the same farm.

According to the DiiV, every hop farm must calculate its nitrogen fertilizer requirements (N)
annually, while considering the amount of N that is already in the soil before the first round
of fertilization. This applies to all plots or management units, according to defined specifica-
tions.

Hop farms outside the “red areas” are not obliged to account for their Nuin requirements in-
dividually. Instead, they can use regionalized, provisional averages listed in Table 4.1 to cal-
culate N requirements for their plots.

Table. 4.1: Number of sample, preliminary, and final Nuin values 2021 in the various hop
growing districts and regions

Preliminary Final
County/Region Number of tests Nmin value
Nmin Value
(As of March 22, 2021)

Eichstitt (including Kinding) 240 69 69
Freising 330 63 60
Hersbruck 76 53 68
Kelheim 1,317 61 61
Landshut 174 70 69
Pfaffenhofen (and Neuburg- 1,102 48 50
Schrobenhausen)

Spalt 105 89 88
Bavaria 3,344 58 59

Hop growing operations that calculate their nitrogen requirements using the provisional Nmin
averages for their district or growing region need to correct these values if the final, empirically
determined Nmin value is more than 10 kg N/ha higher than the provisional Nmin value in the
table. In 2021 this was the case in the Hersbruck growing region, where the average final Nmin
value was 15 kg N/ha above the provisional Nmin value. Hop growing operations in the Hers-
bruck region that had calculated their requirements using the provisional Nmin value of 53 kg
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N/ha, therefore, had to correct their fertilizer requirement calculations using the higher final
Nmin value of 68 kg N/ha.

Farms in the “red areas” had to test at least 3 plots for Nmin, in 202 1. If they operated additional
hop plots in the red area, the average Nmin values had to be transferred to these as well!

The figure below shows the number of Nmin tests and Nmin amounts in Bavaria over several
years of testing.
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Figure 4.1: Nuin investigations, Npuin amounts and the trend line for Nuin values in hop gardens
in Bavaria over the years

4.2 Summary of research work about "Drip irrigation and fertigation
in hops"

The working group Hop Cultivation and Production Technology IPZ 5a started to conduct ir-
rigation trials in hop gardens in the early 1990s. Research into hop irrigation received more
emphasis starting in 2011 as a result of two major research projects (doctoral dissertations).

Research in recent years has no longer focused on the need for additional watering of hops
because this issue is no longer under dispute among experts. Instead, the focus has been on the
questions of when and in which quantities additional water is required.
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An irrigation app developed in cooperation with the Association of Land Technology and Ag-
ricultural Construction in Bavaria (ALB Bayern) was adapted specifically to hop irrigation
needs. It offers hop growers a suitable tool for regulating irrigation amounts. They key objec-
tive of this work is the sustainable use of irrigation water and the conservation of resources.
Therefore, the LfL recommends only the use of water-saving drip irrigation systems for hops.

Figure 4.2: Drip irrigation systems for hops

Research into new fertilizer systems with nutrients delivered via irrigation water (fertigation)
was another goal of the irrigation experiments. In conventional practice, the amount of nitrogen
is delivered in three separate doses. Using a combined irrigation/fertilization system instead,
allows for the administration of nitrogen exactly at the time when it is needed. While nitrogen
fertilizer spread into the fields often fails to dissolve if there is no rain, thus making it unavail-
able for the plants, plants can take up nitrogen supplied via targeted fertigation immediately
and as required. This means that less residual nitrogen remains in the soil, where it could shift
among different soil layers; or it might get washed entirely out of the soil after the harvest.

Once the results of the study had been collected, it was time to share the knowledge thus ac-
quired with hop growers in a practical and understandable manner. This resulted in a 74-page
LfL information brochure, “Drip irrigation and fertigation in hops.” A printed version is avail-
able from the Bavarian State Institute for Agriculture. It can also be downloaded from the L{L
website using the following link:

https://www.lfl.bayern.de/publikationen/informationen/268104

28


https://www.lfl.bayern.de/publikationen/informationen/268104

In addition, a summary of the brochure is available in an ALB working paper approved by
environmental authorities. This so-called ALB worksheet is entitled "Drip irrigation and ferti-

gation for hops."

https://www.alb-bayern.de/De/Bewaesserung/Bewaesserungs-

forumBayern/Ergebnisse/hopfenanbau-klimawandel-be-

waesserungsmanagement befl 1.html

Detailed research results can also be found in the doctoral dissertation "Needs-based nitrogen
uptake of hops (Humulus Lupulus L.) by way of fertigation fertilizer systems" by Dr. Johannes

Stampfl.
F :.1 :
http://opus.uni-hohenheim.de/volltexte/2021/1889/ = e F

4.3 Nitrogen dynamics in hop soils of different types and with different
fertilizer systems (ID 6054)

Sponsor:

Financing:

Project Management:

Team:
Collaboration:

Duration:

Background

Bayerische Landesanstalt fiir Landwirtschatft,
Institut fiir Pflanzenbau und Pflanzenziichtung,
AG Hopfenbau, Produktionstechnik (IPZ 5a)

[Bavarian State Research Center for Agriculture,
Institute for Plant Production and Plant Breeding,
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Erzeugergemeinschaft HVG e. G.
(HVG Hop Producer Group)

J. Portner

A. Schlagenhaufer

Hallertau hop farms

March 1, 2018 to February 28, 2021

In the Hallertau, hops are a very densely cultivated specialty crop. Because such intensive
cultivation especially of old landraces comes with a huge nutrient demand, nitrogen fertilizer
requirements are also correspondingly high. This often results in increased nitrate levels in
the soil, especially on farms with generous applications of organic fertilizers. After the har-
vest, hops obviously no longer absorb any residual nitrogen in the soil. Thus, such excess
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nitrogen loads can only be partially reduced by intermediate cover crops; and any nitrogen
that still remains can shift in the soil. It can also cause nitrate leaching.

Goal

As part of the project, the nitrogen dynamics in hop soils were investigated at 21 hop farms.
For this purpose, intensive Nmin investigations were conducted in the spring, fall, and winter.
This involved determining the nitrogen requirements for these plots and recording their actual
amounts of N fertilization. The data was summarized into an operational nutrient comparison.
This allowed for an estimate of nitrogen shifts in the soil and of depletion potentials during the
growing season, for different farm types, with different fertilization systems, on different soils.
It also allowed for the development of possible approaches to optimizing nitrogen management
in hop cultivation. The aim was to optimize operational processes for optimal yields and qual-
ities, while still observing and complying with the specifications of the Fertilizer Ordinance, as
well as protecting clean water resources.

Method

For each of the 21 farms, three plots were selected. The 63 sub-areas reflect the actual range of
varieties grown in the Hallertau. They also represent a wide variation of operating and fertilizer
systems. Nmin sampling was carried out at the start of the vegetation period in March and after
the harvest in October to record the remaining nitrogen levels in the soil, as well as during
dormancy in winter to identify possible N shifts in the soil. The available nitrogen in the form
of ammonium and nitrate was examined up to a soil depth of 90 cm. Each sample was divided
into three 30 cm deep soil sections to better determine the displacement in the different soil
layers. Each farm received individual advice on fertilization strategies. All nitrogen fertilizer
applications were recorded in terms of timing and quantity.

During the first harvest in 2018, cones and residual plants
were sampled to calculate the exact nitrogen removal from
the soil. The purpose was to determine area-specific nutri-
ent balances and their connections to the Nmin levels in the
soil. Because the exact amount of cones and bine shreds at
harvest time could only be approximated in these working
farms, such sampling was abandoned in the succeeding
two years. Instead, various hop gardens with the most im-
portant Hallertau varieties in Hiill were harvested with
great precision. well as for the entire plant, for different
varieties, at different yield levels:

Figure 4.3: Nmin soil sampler
* Fresh mass (FM) and dry mass (DM) per ha

* Total solids (TS) levels

* N contents

* N-removal by cones and by bine shreds

* Ratio of accumulation of cones and bine shreds (ratio of main harvest crop to
waste ratio = HNV)

With the help of this data, the nitrogen removal as well as the accumulation of bine shreds
could be re-assessed for a greatly expanded range of varieties, as a function of the cone yield.
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Results

The trial years 2018-2021 provided extensive insights into the nitrogen dynamics in hops.
Based on 10 samples, the distribution of Nmin contents in the respective soil layers can be shown
as a function of the sample dates (Figure 4.4). The higher Nmin levels in the upper 30 centimeters
in the fall are striking, in both relative and absolute terms. The decline of these levels until the
spring can be explained by the N-uptake of intermediate cover crops. However, nitrogen shifts
into deeper soil layers — especially when there was plenty of precipitation in the fall and winter
— cannot be ruled out as a cause either.

In addition, strong annual fluctuations in Nwin levels were evident.
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Figure 4.4: Nyinlevels across all sampling dates, broken down by soil layers (0-30 cm, 30-60,
60-90), 2018-2021

Further analysis reveals that the Nmin content depends on the variety cultivated in the respective
sample plots. It also shows that aroma varieties have higher Nmin levels than do bitter varieties.
Because the new Hiill aroma varieties and old landraces were sampled on only a small number
of plots, the data does not allow for an evaluation of their variety-specific Nmin content (Figure
4.5). Differences in Nmin content between aroma and bitter varieties were particularly pro-
nounced in the fall samples. The differences can be explained by a more extended root system
and a resulting higher N-removal by bitter varieties near harvest time. In addition, as part of
the fertilization documentation, we discovered that, in the past, growers did not always make a
distinction between varieties and different yield levels in N fertilization routines. However, a
new approach of differentiating between varieties and site-specific yields in N fertilization is
now considered essential for optimizing N fertilization in hops.
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Figure 4.5: Mean Npuin levels across all sampling dates broken down by variety groups
(2018-2021)

As part of the project and where applicable, Nmin levels of organic fertilizations were also pre-
cisely recorded and categorized. Three out of 21 farms fertilized their hop gardens without any
organic fertilizer, while four farms fertilized them in conjunction with an organic fertilizer
(without bine shreds). Yet others applied organic fertilizer exclusively in the form of bine
shreds; and seven farms used additional organic fertilizers next to the bine shreds in the fall.
When looking at the spring Nmin levels as a function of organic fertilization, a clear trend
emerged (Figure 4.6). The more organic fertilizer was used on the farm, the higher was the
average Nmin content. The long-term fertilizing effect of organically bound nitrogen is therefore
reflected in the Nmin content; and the supply of nitrogen from organic fertilizers must be taken
into account when supplementing organic in conjunction with mineral fertilizers.
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Figure 4.6: Average spring Nuin contents for 4 tests as a function of the types of organic fertilizers used
in commercial hop garden (2018 — 2021)
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During the four sampling years, however, differences in soil types proved to have no signifi-
cant influence on the mean Nmin content (Figure 4.7). The Numin contents tended to be lowest in
areas with very light soils (02). Medium sites with sandy loam (04) showed the highest aver-
age Nmin content.
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Fig 4.7: Average Nnin contents of all test periods as a function of the soil type (2018 — 2021)
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In the Hallertau hop-growing region, 860 farms cultivate 17,000 ha of hops and produce a total
of roughly 230,000 MT of shredded bines each year. Around 80% of this plant matter is cur-
rently being returned to the soil as fertilizer. These bines, however, contain substantial amounts
of nitrogen. With the implementation of the new Fertilizer Ordinance, a farmer is required to
use the nitrogen contained in the shredded bines as efficiently as possible, while avoiding N-
dispersion into other ecosystems. To meet these requirements, extensive composting and field
trials with shredded hop bines were conducted over three years.

Objectives

e Risk assessment of increased nitrate leaching as a result of the application of shredded
hop bines in the fall in accordance with current practice

e Development of environmentally compatible and practicable composting processes for
shredded hop bines

e Investigation of the nitrogen effects of the various composts/substrates in field trials
e Comparison of the different processes with regard to economy, ecology, and practicality
e Reduction of nitrogen losses in shredded bines

e Legally compliant, practical, and environmentally friendly recycling of the shredded bines
with optimal use of the organically bound nitrogen.

Method

The experimental setup of the project is divided into four “work packages” (AP 1 to 4): The
experiment is based on composting tests (AP 1), to develop the basic conditions for aerobic
composting on a small scale (size approx. 1.5 m?). At the same time, in a further experiment,
after the harvest, shredded bine material is simply stored aerobically and composted or siloed
(AP 2) using the no-turning, microbial carbonization (MC) compost technique developed by
Walter Witte (MC composting). This composting trial under practical conditions has several
objectives. On the one hand, the knowledge gained under small-scale conditions should be ver-
ified for its real-world practical applicability. Also, aerobic composting should be compared to
the three other trial variations regarding the practicality and the conservation potential for the
nitrogen present in the shredded hop bines. Furthermore, these trials should produce the mate-
rial for plot tests to determine the N-efficiency of the four materials (stored shredded hop bines;
aerobic and MC compost; and silage), which form the third project part (AP 3). The material
for the fourth part of the project, that is, practical experiments to determine N-dynamics in hop
gardens (AP 4), is also based on these tests. All four sub-projects were started at the same time
after the hop harvest in the fall of 2018. In addition, in 2017, as part of a bachelor's thesis,
vascular tests with shredded bines were conducted. This work continued as part of this project.
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Figure 4.8 Representation of the experimental scheme:
Above: AP 2, practical composting experiment
Bottom left: AP 4, field trial with hops, shredded bines applied in May
Below right: AP 3, plot tests with shredded bines

Results

Small-scale composting trials (AP 1):

As part of the small-scale composting trials, the basic suitability for composting of hop bine
shreds was examined in the first trial year. Six compost boxes were equally filled with homo-
geneously chopped bine material; and during the hot rotting phase, they were turned over at
different intervals. During composting, measurements of the essential process parameters were
taken at regular intervals (temperature, as well as 02, CO2, CH4, H2S, and NH3 concentra-
tions). In addition, the losses in dry matter and nitrogen in the six variants were also determined.
Escaping seepage water was collected and analyzed for nitrate.

Figure 4.9 shows the temperature profile in the six compost boxes. No influence of the turning
frequency could be determined, (box 1 was turned most frequently, box 6 was turned not at
all). Shortly after setting up the boxes, the temperatures rose sharply to over 60 °C. Tempera-
tures stayed at that level for the first seven days and then dropped steadily.
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Figure 4.9: Progression of the core temperature in the compost boxes (mean value at a depth
of 50 and 75 cm; 2 samples each, taken from the top and from the side)

The turning frequency between the boxes also had no effect on dry mass (33%) and nitrogen
losses (14%). There was also no leaching of liquids because of the relatively efficient aeration
of the compost boxes, which is why the nitrogen losses were entirely gaseous. In the second
test year, therefore, the investigation turned to whether the gaseous N losses could be reduced
by adding chabazite or biochar. However, the addition of these substances failed to influence
the composting process in any significant way. During the third trial year, the small-scale com-
posting trials were also used to study the effects of thermal treatments on bine shreds infested
with Verticillium wilt. This work was conducted in cooperation with the Verticillium research
on hops carried out by the LfLL working group IPZ 5b. The results of these experiments are
presented in the annual reports of the research project on Verticillium wilt.

Practical composting experiment (AP 2):

In the practical composting experiment, the rotting material was tested for the following varia-
bles: Fresh Mass (FM), Total Solids (TS), Dry Mass (DM), as well as N content in the DM at
the beginning and the end of the experiments.

e (lassic storage method 2> 4 Weeks (September-October)

e Aerobic composting

e MC process 7 Months (September- May)

e Silage

e Layered storage > 1 Year (September-September)

In composting bine shreds according to conventional practices, dry mass losses after only 4
weeks amounted to around 20% and nitrogen losses, to around 8% (mostly as gaseous losses).
(Figure 4.9). Using the two new composting methods, these losses continued at roughly the
same rates with longer storage times. Eventually, the dry mass losses were in the range of 50%
and the nitrogen losses were 14% in aerobic composting and 21% for the MC composting pro-
cess. As expected, neither significant mass nor nitrogen losses occurred during the silage pro-

cess. With the layered "superimposition" process, dry mass losses were around 60% and the N
losses 28%.
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In all variants, cumulative N emissions via leached liquids were very low.
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Figure 4.10: N losses (in percentages) of fresh and dry masses as a function of storage types

Plot trial in cereals (AP 3):

The substrates of “classic storage,” “aerobic compost,” the “MC process,” “silage,” a control,
and a mineral fertilizer variant were tested in repeat trials for their nitrogen efficiency as organic
fertilizer. For this, equal amounts of organic fertilizer, measured by their N values, were dis-
persed in all plots. The plots were divided into those that remained fallow but received bine
shreds and those that were planted with cereal crops. This allowed for an assessment of N
fertilization effects on the substrates.

99 ¢ 99 ¢¢

In the first year of the trial, organic fertilizers were applied to green rye, as this places high
demands on the nitrogen supply. The shredded bines applied in the fall increased the biomass
production of green rye by almost 7% compared to the zero-control; and the nitrogen uptake
was 46 kg N/ha higher, taking into account, from sowing to harvest, the change in Nmin reserves
up to a depth of 90 cm. However, these differences could not be statistically verified.

The summer oats that followed did not develop well, regardless of the variant. The reason for
this is probably the very late sowing date as a result of the trial and the weather, combined with
the drought that followed.

Differences in the N fertilization effect between the organic fertilizers could not be determined
up to that point. The subsequent crop rotation consisted of winter wheat, an intermediate cover
crop, and siloed corn. At the time of this writing, there is no harvest evaluation of the last two
crops, wheat and corn.
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Field trials in hops (AP 4):

In field trials with hops, the main focus was an investigation of the short- and long-term N-
fertilization effect of bine shreds applied in the fall, which is in line with current practice. For
this purpose, a field trial was set up in the fall of 2018, on an easy site, with Herkules cultiva-
tion. The fertilizer variants for this field test are listed in the table below.

Table 4.2: Fertilizer variants in the hop field trial

Month October 19 April May June July Total
KW Rebh. Mg |14 15 16 17|18 19 20 21 22 (23 24 25 26|27 23 29 30 [kg N/ha]
Control 50 40 90
Fall bines 151t 30 50 40

180
[Mineral-rich | 50 40 45 45 | w0 |

The N-fertilization effect of hop bine shreds could be determined on the basis of N-removal
during the test harvest. Figure 4.10 shows the nitrogen removal during harvest, broken down
into cone removal and residual plant removal of the three variants presented as averages from
the three test years. The N fertilization effect of the shredded bines can be calculated from the
difference between the "control" and the "rebh. fall" (bine shreds in the fall). Given a nitrogen
removal that was only 15 kg N/ha higher, the short-term N fertilization effect from bine shreds
can be regarded as minimal.

To assess the long-term N fertilization effect of bine shreds, this part of the test will be contin-
ued for several years to come.
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Figure 4.11: 3-year mean N withdrawals broken down into withdrawals by cone and residual
plant matter as a function of the N fertilization (control = 90 N mineral; Fall bines = 90 N
mineral + 90 N via bines; mineral = 180 N mineral) 2018-2021, variety Herkules, easy loca-
tion
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4.5 An investigation into the suitability of calculating dosages of plant
protection preparations in hop cultivation based on aggregate leaf
volumes and leaf wall areas (Bachelor thesis by Tobias Berger)

Team: T. Berger (Bachelor Thesis)
A. Schlagenhaufer (LfL)
Collaboration: Prof. Dr. T. Ebertseder, Fakultit Nachhaltige Agrar- und

Energiesysteme, (Faculty of Sustainable Agriculture and Energy
Systems) Hochschule Weihenstephan-Triesdorf (HSWT)

Duration: May 2021 to September 2021

Background and Objectives

The European and Mediterranean Plant Protection Organization is calling for the introduction
of a new plant protection model in hops as a function of the total leaf surface (the leaf wall).
The question is whether or not the Leaf Wall Area model (LWA) or the Tree Row Volume
model (TRV) are suitable as a replacement of the current model, which is based on the plant’s
development stages. According to the new models and contrary to current practice, pesticides
should no longer be applied in three stages but should be adapted to the foliage area of the crop.
This would require the development of a uniform reference system that could be used for all
plant cultures. This would also allow for regulatory approvals of plant protection products to
become transferable among different crops and cultivation methods. To determine the suitabil-
ity of the various models specifically for hop cultivation, part of the research of the bachelor
thesis involved leaf area measurements, as well as plant height and width measurements.

Method

The experiments were set up with Perle and Herkules at two locations. At the start of vegetation,
ten plants of each variety were planted, each with two shoots whose height and average width
were measured weekly. For the height determinations, the length of each shoot was measured
separately. In addition, the leaf areas of three bines of the two varieties were measured on three
separate dates. This involved plucking all leaves on these bines by hand and sorting them ac-
cording to size, with the aid of 10 templates. The templates allowed for the sorting of leaves
into 10 categories. Figure 12 shows the template for category 8 as an example.

Figure 4.12: Template for categorizing leaf surfaces according to size
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Next, the leaves in each category were counted and their number multiplied by the area of their
respective templates. Figure 4.13 shows the experimental set-up for plucking, sorting, and
counting the leaves.

Figure 4.13: Experimental set-up for plucking, sorting, and counting the leaves of selected
hop bines

This procedure produced values for each date and variety, approximating reality as closely as
possible. On the last date of the leaf area measurements (the middle of August), cones were
already present. These were also picked, counted, and photographed. The images were evalu-
ated by an image processing program called ImagelJ. Figure 4.14 shows the photo setup. The
software counted the cones and calculated the surface area in cm?. When the results were added
to the leaf area measurements, the sum represented the total leaf area for each bine.

Figure 4.14: Setup for hop cone photographs
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The growth height and width measurements were fed into the formulae of the LWA and TRV
models. These are:

TR, OO i : i
LWA ————— treated canopy height * number of sides
TRV = 2200™" ., treqted canopy height * mean width [m]

 Tow spacing [m]

The calculation results of both models were compared with the leaf and cone area measure-
ments to check which dosing model best matches reality. For the LWA model, values were
calculated for LWA 2 sides and LWA 4 sides. In the TRV model, values were calculated for a
TRV row, a TRV cylinder, and a TRA cylinder. The two formulae differed merely in their
calculation bases.

Results

The following table gives an overview of the size of the measured foliage areas and the number
of leaves and cones per bine. The small foliage areas of Herkules at T3 could be attributed to
the cones not being fully developed at the time of the measurement.

HKS PER
23. Jun 22, Jul 19. Aug 23. Jun 22, Jul 19. Aug

Tl T2 T3 Tl T2 T3
Cone surface/bine [m?] - - 6,5 - - 9.3
| Leafsurface/bine[m™] | 305 5L O | — 0 V) S— =
Total surface/bine [m?] 3,05 14,02 21,99 3,03 11,71 21,77
Cones'bine - - 6.109 - 9.144
Leaves/bine 259 2128 3.249 204 2475 3.073

Table 4.3: Size of the foliage area and number of leaves and cones per bine for Herkules
(HKS) and Perle (PER) on three different dates

When determining pesticide dosages, the surface areas of the leaves and, at a late stage, also
that of the cones play an important role. Another factor is the amount of water in the application
to deliver enough active ingredients exactly to the parts of the plant that need to be protected.
In the past, concentration specifications were guided by the amounts of active ingredients
needed based on the plant’s development stage and leaf mass. Especially for contact agents, a
uniform distribution of active ingredients is essential to achieve the intended pest control effect.

Any evaluation of the suitability of the various dosing models, therefore, should be based on
the "measured leaf and cone area" (Figure 4.15) as a reference value.
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Figure 4.15: Percentage change in the dosage models depending on the final value on August
19 for Perle

All calculated models (LWA, TRV series and TRV cylinder), as well as the current model
based on plant development stages prescribe dosages that are slightly premature when related
to the actual leaf and cone area. The LW A models differ most in this regard. The main problem
is related to the growth spurt of the hop plant during the early stages of development. The LWA
formula considers only the growth height of the shoots. At the beginning of the vegetation
period, the plants reached a great shoot length rather quickly, while the actual foliage area was
still rather small because there are fewer and smaller leaves. This is the reason for the large
discrepancy between the two LWA models, on the one hand, and reality, on the other. Another
problem with this model is the maximum trellis height of approx. 7 m. Once the plants reach
that height at the end of June, growth stops and the LWA value no longer changes because the
growth height remains constant. However, from this date onwards, there is still a substantial
increase in leaf area and eventually in cone surface, too, neither of which the LWA model takes
into account.

The TRV models, on the other hand, are a better fit. At the beginning of the vegetation period,
these come closest to the measured foliage areas because they take both the plant width and
height into account. Starting in the middle of June, there is a stronger increase in the rapid
growth of side shoots, which greatly increases the plant diameter and thus also its apparent
volume. In reality, however, though the volume of the plants continues to increase, it does not
do so as much as calculated by the TRV models.

The graphic representation of the model that is based on development stages reveals one fact:
It shows good parallels with the TRV models. This is not surprising because the plant mass and
thus the volume is the primarily determinant of dosages, instead of a fictitious leaf wall area,
which no longer changes after the plant has reached the trellis height.

Therefore, the current model is still best suited for hop cultivation. Should this model ever be
dropped for administrative reasons, for instance, it might become necessary to adjust any new
dosing model, as well as its correction factors or concentration instructions, based on the actual
leaf area.
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4.6 LfL projects as part of the production and quality initiative

For the period 2019 to 2023, the Bavarian State Research Center for Agriculture is conducting
a survey of yields and qualities of selected crops within the framework of a production and
quality initiative. On behalf of the IPZ Hops Working Group, the Hopfenring group serves as
a partner in this initiative. The following is a summary of the objectives of these hop projects
and of the results for 2021.

4.6.1 TS and alpha acid monitoring

During the period between August 17 and September 28, one hop bine each of Hallertauer
Mittelfriih, Hallertauer Tradition, Perle, Hersbrucker Spit, Hallertauer Magnum and Herkules
(5 aroma and 7 bitter varieties) were harvested in 10 commercial hop gardens, in different lo-
cations in the Hallertau, and dried at weekly intervals. The following day, an accredited labor-
atory analyzed the green hops at a 10-percent moisture content for their dry matter and alpha
acid content. These data were transmitted to the LfL hop advisory service for evaluation. The
results were tabulated, averaged, converted to graphic representations, and posted with com-
ments on the Internet. These postings provided hop growers with information about optimal
harvest maturities of the most important hop varieties.

Alpha-Acid Monitoring 2021 of the Most Important
Aroma Varieties
(Conductometer value right after harvest at 10% H,0)

? |
; |

Fialbertaucy M Hallsrtaner Traditsn Hemsbrucker Spit

Alpha-Acid Content in %o

Variety

17.Aug =24 Aug =31 Aug =07 S¢p W |4 Sep

Figure 4.16: Monitoring of the development of alpha acid levels in 2021 for the most important
aroma varieties
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Alpha-Acid Monitoring 2021 of the Most Important
Bitter Varieties
(Conductometer value right after harvest at 10% H,0)
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Figure 4.17: Monitoring of the development of alpha acid levels in 2021 for high alpha varie-
ties

Dry Matter Monitoring 2021 of the Most Important
Hop Varieties
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Figure 4.18: Monitoring of the development of the dry matter content in 2021 for the most
important hop varieties
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Another graphic overview compared the data from 2020 and 2021, as well as the averages of
the last 6 years, as a function of staggered harvest times. These comparisons to previous years
were helpful in assessing alpha acid levels of different varieties. Using Perle and Herkules as
examples, the figure below shows how, in 2021, alpha acid levels increased at a relatively late
point in time. This confirmed the LfL. recommendation last year for a later start of the harvest
because of a delay in plant maturity.

Alpha Acid Content - Perle
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Figure 4.19: Development of alpha acid content in Perle in 2021 compared to previous years.
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Figure 4.20: Development of alpha acid content in Herkules in 2021 compared
to previous years
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4.6.2 Annual survey and investigation of pest infestations in representative hop gar-
dens in Bavaria

To assess the extent of aphid and spider mite infestations for the purpose of disseminating
cultivation advice and control strategies, surveys and exact examinations of such infestations
in commercial hop gardens are a necessity.

For this purpose, investigations were conducted on location, on 12 dates in weekly intervals, in
33 representative hop gardens (including 3 organic hop gardens), between May 25 and August
9,2021. The hop gardens were in the Hallertau (23), in Spalt (7), and in Hersbruck (3). Assess-
ments covered infestations with hop aphids (a count) and common spider mites (according to
an infestation index). These served as the basis for formulating advice and control strategies.

As an example, Figure 4.21 shows an overview of the evolution of the spider mite infestation
index. Because of the cool spring in 2021, spider mites were first detected relatively late and
the infestation progressed much more slowly than it did in the two previous years. However,
by calendar week 26, a sudden increase in spider mite infestations in numerous areas triggered
the control threshold, just as it did in previous years. Following the control measures, the in-
festation index decreased.

Monitored Spider Mite Infestation Index 2019-2021
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Figure 4.21: The spider mite infestation index as an average across all 33 monitoring loca-
tions
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4.6.3 Chlorophyll measurements on hop leaves to estimate the nitrogen supply and
the need for fertilizer

Objective

The specifications and restrictions contained in the new Fertilizer Ordinance pose major chal-
lenges for hop-growing operations. On the one hand, it is important to maintain high yield and
quality levels. On the other hand, water protection goals must be pursued consistently. Regard-
ing nitrogen fertilization, this means that the nitrogen must be administered in a needs-based,
targeted, and nutrient-efficient manner, even more so than in the past. Since hops take up most
of their nitrogen in June and July, nitrogen fertilizer might not dissolve if the weather is too
dry; or organically bound nitrogen might mineralize if the soil is too moist. This can make it
difficult to estimate the nitrogen supply in the soil and the amount of fertilizer that is still re-
quired. Therefore, regular leaf examinations at different locations and of different varieties are
intended to provide information about the nutritional status of the hop plants, which, in turn,
yields recommendations for needs-based fertilizer applications.

Method

Using a SPAD meter (soil plant analysis development SPAD-502 plus) chlorophyll measure-
ments are carried out on hop leaves of two varieties at two different locations in the Hallertau,
in 10 weekly intervals, from the end of May to the middle of August. To obtain representative
results, on each date, four samples of 20 individual measurements are taken on leaves at a
height of approx. 1.6 m. To determine the actual N supply status, the 20 leaves are plucked,
dried, and examined by the Dumas method for their total N content. The SPAD values are
tabulated individually for each variety and location and then averaged. Using linear regression
models, the relationship between measured chlorophyll values and actual N levels can then be
analyzed.

In a mineral fertilizer experiment conducted in 2019, a chlorophyll meter was able to clearly
identify differences in N supplies in the test (see Annual Report 2019).

In 2021, such measurements were carried out for the second time in field trials, as part of the
project "Trials for composting and recycling hop bine shreds." This investigation focused on
whether the SPAD meter could detect N supply differences caused, among other factors, by
fertilization with shredded hop bines. Figure 4.22 shows that there were indeed differences in
nitrogen supplies between the variants. Initially, the differences were small, but they increased
starting in mid-June.
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Figure 4.22: SPAD values in 2021 for Herkules on an easy location with three fertilizer lev-
els: 180 N = 180 kg N/ha mineral, 90 N + Shredded Bines = 90 kg N/ha mineral + 100 kg
N/ha organic (vine shreds), 90 N = 90 kg N/ha mineral (control)

Figure 4.23 shows the relationship between chlorophyll measurements with a SPAD meter and
N levels in the leaves. In 2021, precise conclusions about the actual N content in the measured
leaves and thus about the N supply of the plants were possible only after T6 (June 22). Before
that date, chlorophyll measurements were inconclusive because, in this experiment, higher de-
termination coefficients (R?) of over 0.60 could not be achieved. Before that date, there is no
data that would establish a connection between the measured chlorophyll values and the actual

nitrogen supply. However, later on in the vegetation period, such a connection could be estab-
lished.

T

N-content in the leaf blade as a % of TM
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Figure 4.23: N content of the leaves in % of dry matter of the dry mass as a function of SPAD
meter readings, HKS, easy location, T6 = June 22, 2021
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4.6.4 Ring analysis for quality assurance in the determination of alpha acid values
for hop supply contracts

For years, there has been a clause in hop supply contracts, in which the alpha acid content of
the delivered hop batches is part of the basis for determining payments. Depending on the
availability of testing capacity, the alpha acid content is determined by government laborato-
ries, corporate laboratories, or private laboratories. However, the procedure (sample pro-
cessing, storage) is precisely defined in specifications issued by the "Working Group for Hop
Analysis," which also determines which laboratories carry out follow-up examinations. This
group also determines the tolerances permitted for analysis results. To ensure the quality of the
alpha acid analysis. It is in the interest of hop growers that chains of analyzes are organized,
carried out, and evaluated by the Bavarian State Institute for Agriculture as a neutral body.

As part of the project, it is the task of the Hopfenring to carry out the sampling of a total of 60
randomly selected hop batches on 9 or 10 dates, in the Hallertau, and to make the results avail-
able to the LfL laboratory in Hiill.

4.7 Consulting and training activities

In addition to applied research in the field of production technology in hop growing, the work-
ing group Hop Cultivation, Production Technology (IPZ 5a) is tasked with the preparation of
test results for network and cultivation advice. This helps hop growers obtain access, for in-
stance, to special consultations, training lessons, training courses, seminars, lectures, print me-
dia, Internet information, and working groups. The organization and implementation of the
downy mildew warning service and the updates used by that service are as much a part of these
tasks as is the cooperation with hop organizations or the training and technical support of the
Hopfenring as a partner.

The training and consulting activities during the past year are summarized below.

4.7.1 Information in written form

e The “Green Book” entitled “Hops 2021 — Cultivation, Varieties, Fertilization, Plant
Protection, Harvesting” was updated and published in coordination with the consult-
ing services of the federal states of Baden-Wiirttemberg and Thuringia, as well as the
plant protection working group. The press run was 2,100 copies. The LfL distributed
these to the AELF and research institutions; and the Hopfenring Hallertau distributed
them to the hop growers.

e The 74-page LfL information brochure “Drip Irrigation and Fertigation of Hops” is a
comprehensive reference work with compilations of many years of test results and
practical experience with irrigation and fertilizer application in hop cultivation. It is
available to all hop growers via the HVG producer group.

e A distribution list of approximately 1000 subscribers via Fax is maintained by the
Hopfenring. It serves to broadcast up-to-date hop growing instructions and warning
calls by the LfL. Some 33 faxes were sent to hop growers in 2021. A total of 68 faxes
went to addresses in the Hallertau, in Spalt, and in Hersbruck.

e Advice and specialist articles for hop growers and the brewing industry were pub-
lished in circulars by the Hopfenring, as well as in 9 monthly issues of the Hopfen-
Rundschau; and in 3 articles in the Hopfenrundschau International.
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472 Internet and Intranet

Warning service and advisory information, specialist articles, lectures, and 3 videos were made
available to hop growers via the Internet.

4.7.3 Telephone advice, announcement services

e The Peronospora warning service maintained by the Hop Growing Working Group, Pro-
duction Technology in Wolnzach, in cooperation with the Plant Protection Working group
in Hiill, was updated 79 times between May 11 and September 1, 2021. It supplied answers
via answering machine (Tel. 08161 8640 2460) and on the Internet.

e The consultants of the Working Group Hop Cultivation, Production Engineering provided
information over the telephone some 1,300 times, as well as advice in one-on-one meetings
or on site on special questions relating to hop cultivation.

474 Lectures, conferences, guided tours, training courses and meetings
e Weekly exchange of experiences during the growing season with Ringfach advisors
e 15 specialist lectures

e Various conferences, specialist events, seminars, and workshops

4.7.5 Education and training

e Provided topics for 4 examinations and 4 work projects as part of the master craftsman's
examination

e Gave 13 lessons on hop cultivation to students at the Pfaffenhofen agricultural school

e Held a 4-evening BiLa seminar on hop cultivation

e 1 day of schooling during the summer semester of the agricultural school in Pfaffenhofen
e 1 information event for vocational students at Pfaffenhofen

e | meeting of the working group “Hop Farm Management”
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5 Plant Protection in Hops
Simon Euringer, M.Sc. Agricultural Management
5.1 Pests and diseases in hops

5.1.1 Peronospora warning service 2021

During the 2021 growing season, a total of seven spraying campaigns against downy mildew
secondary infection were necessary for both susceptible and tolerant varieties.
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Figure 5.1: Representation of the Peronospora warning service 2021 (median zoosporangia
count Hallertau (4-day total, 5 locations) and mitigation campaigns), source IPZ 5a
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5.1.2  Arrival date of the aphis fly in 2021

During the 2021 aphis fly migration, no unusual events occurred in the Wolnzach area. The
first aphis flies were discovered on winter hosts in May. The influx increased until mid-June
and then subsided until the end of June.
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Figure 5.2: Arrival date of aphis flies in the Wolnzach area, 2017 - 2021
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5.2 Official means test

Management: S. Euringer

Team: R. Obster, A. Baumgartner, M. Felsl, K. Kaindl, K. Lutz, M.
Miihlbauer, M. Obermaier (IPZ 5e), J. Weiher
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Figure 5.3: GEP tests as part of the official means test 2021

In the 2021 test year, six AMPs (official means tests) were carried out according to GEP
(Guidelines for Good Engineering) standards (Figure 5.3). Five indications were covered in
these GEP trials, which meant that 28 new products or combinations could be tested in 51 trial
variants on about 5 hectares.

Furthermore, a greenhouse test for indications of powdery mildew, as well as two field tests in
cooperation with hop growers and the Hopfenring were conducted to check for powdery mil-
dew and common spider mites. In order to generate results and solutions concerning residue
problems with fluopicolide (EU standard: reduction to 0.15 ppm) and to generate a pelargonic
acid MRL (Maximum Residue Limits) test for Japan, the LfL also conducted residue tests in
cooperation with producers of plant protection chemicals. The problem of potential captan res-
idues from Folpan 80 WDG was also part of the test plan.

In the 2022 season, further residue tests regarding fluopicolide and Folpan 80 WDG are in the
planning stage.
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5.3 Introduction of the experimental ARM (Agriculture Research Man-
agement) software

In recent years, the main tool for planning and evaluating trials in connection with the AMP
was Excel. This led to a great deal of additional work for all parties because the data had to be
entered laboriously into the test software for additional calculations. In order to improve coop-
eration and teamwork, a user survey was conducted, which unearthed that an absolute majority
of growers works within the ARM framework. After a great effort by the head of the institute,
Dr. Doleschel, the IPZ 5b working group was the first German regulatory authority to acquire
two ARM licenses.

54 Setting up a test garden for investigating the effectiveness of crop
protection

For future tests of the effectiveness of various products within the AMP framework, a special
test hop garden was set up in 2021. Its purpose is to provide early insights into and support for
the development of crop protection products and to ensure that new products become quickly
available for use in the field. In October 2021, this new hop area of roughly 1 ha was planted
with certified Herkules seedlings. There is enough space for nine experimental plots. The first
effectiveness tests for plant protection products are planned for the 2023 growing season. How-
ever, only one efficacy trial per year can be carried out there, which means that, even after
2023, commercial hop gardens will still have to be used for any additional trials.

The lease cost of the area is covered by the GfH (German Society for Hop Research).

5.5 Purchase of weather stations

When conducting plant protection product tests, it is extremely important to collect weather
data from the test site. However, at some locations, this can be a problem because weather
stations may be located more than 5 to 15 km distant, which makes it impossible to gather local
precipitation data. Yet, knowing the exact time frame in which the first precipitation after the
treatment occurred is absolutely crucial for the implementation and evaluation of the experi-
ments. If active substances are washed off by rain, their effectiveness declines, which means
that follow-up applications might become necessary earlier than otherwise.

Thanks to the splendid support by Mr. Walter Kerscher, Agrarmeteorologie Bayern (Agricul-
tural Meteorology Bavaria), three weather stations will be available for the AMP in the 2022
season. One of these will be placed permanently inside the new test yard to compare the weather
data obtained in the hop garden with the data from stations elsewhere.

5.6 Automatic aphid counts via APP

A joint project with Dynamic Ventures, Inc., d/b/a CountThings has worked on the develop-
ment of a hop aphid count template for the 2021 season. This is currently available free of
charge. There are plans to improve this census template for aphids further. Current issues relate
to the difficulties in distinguishing between lupulin glands and aphids, as well as coping with
the curved surfaces of some hop leaves and ensuring that aphids are counted on young hop
leaves.
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5.7 Resistance and efficacy tests against hop aphids in spray towers

Management: S. Euringer

Team: A. Baumgartner, M. Felsl, M. Miihlbauer

Hop aphids attack all hop varieties; and do so every year. The banning of important insecticides
makes it much more difficult to alternate active ingredients to avoid creating resistances. Re-
peated use of the same active ingredient or ingredients relying on the same mechanisms leads
to a one-sided selection of harmful organisms.

As aresult, resistances develop; and combating harmful organisms will no longer be successful.
Therefore, current and new active ingredients with regard to resistance to hop aphids are tested
in spray tower tests. Depending on the active ingredient, the test results can vary greatly from
those in real-world applications. Therefore, the results are not published. In 2021, seven active
ingredients were tested in seven concentrations each.

5.8 Enzyme-linked Immunosorbent Assay (ELISA) for identification of
Hop Mosaic Virus (HpMYV) and Apple Mosaic Virus (ApMYV) infec-
tions in hops

Management: S. Euringer
Team: A. Baumgartner, M. Miihlbauer, M. Felsl,

Viral diseases are widespread in all hop-growing regions. In order to be able to identify and
recognize plants infected with viruses, the ELISA test was re-established at the Hop Research
Center in Hill.

Table 5.1 Result of the ELISA tests in 2021

Investigation of Plant Material in 2021

Total number of ApMV HpMV Sum of plants
plants n.d. positive n.d. positive n.d. positive
Female plants for hop 7 7 0 7 0 7 0
propagation—Part 2
Breeding material IPZ 5¢ 659 659 0 643 16 643 16

Investigation of Plant Material in 2022

Female plants for hop

2
propagation—Part | 270 261 9 263 7 256 14

Breeding material IPZ 5¢ Spring 2022

* n.d. = not detectable
Samples showing results close to the detection limit are counted as positives. This minimizes the risk of potentially
infected material entering the propagation stream.

Of 1001 plants tested, 30 were discarded. The healthy plants were provided as breeding mate-
rial and as mother plants to the GfH's contract propagator (Table 5.1).
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Special thanks go to Daniel Eisenbraun (IPZ 3a), who actively supported the IPZ 5b working
group in the spring of 2021 in an effort to analyze the samples. He was there when needed, with
advice and help.
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5.9 Monitoring increased virus infestations in the spring 2021

Background

In June and July 2021, an increased number of hop plants with growth anomalies were observed
in the Hallertau. Growth retardation, as well as the shape and color of the leaves indicated the
presence of viral diseases. For this reason, virus monitoring was carried out in conjunction with
the Hopfenring and the LfL (IPS 2c and IPZ 5a/5c¢).
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Figure 5.4: Hercules with virus symptoms

Method

On July 14, 2021, samples of plants that appeared to be symptomatic were collected from var-
ious regions and hop gardens in the Hallertau. These were collected and passed on to the labor-
atory of Dr. Luitgardis Seigner (IPS 2c). There, a test for apple mosaic virus and hop mosaic
virus was conducted via ELISA tests (DAS-ELISA based on PM 7/125(1) for viruses 2015-
09). Other tests involved real-time reverse transcriptase polymerase chain reaction (RT-PCR)
for the presence of American hop latent virus and hop latent virus.

Results

Based on the test results, it cannot be ruled out that there were also infestations from viruses
that were not part of the test. Furthermore, it is unclear how various cross-infections affect the
hop plant. Even after a negative test result, a very small infestation cannot be ruled out. The
following table shows that none of the hop plants with symptoms were virus-free. The most
common infection was with apple mosaic virus (ApMV), followed by hop mosaic virus
(HpMV) and hop latent virus (HpLV). Only 5% of the plants showed an infection with Amer-
ican hop latent virus (AHpLV).

Table 5.2: Percentage representation of the results of virus infection tests

AHpLV HpLV ApMV HpMV
(American hop (Hop latent (Apple Mosaic (Hop Mosaic
latent virus) virus) virus) virus)
positive 5 % 48 % 76 % 62 %
unclear 5 %* 52 Y%o** 24 % 38 %
nd 90 % 0% 0% 0%

nd = Virus not detectible in the investigated material

* This sample gives a weak detection signal for AHpLV, the result is assessed as unclear. ** For HpLV, the result
was unclear for some samples (weak, background fluorescence in real-time RT-PCR, atypical for positive sam-
ples). It is more likely that these cases represent negative findings. [Seigner, L., 2021]
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5.10  Strawberries as indicator plants for powdery mildew
(Sphaerotheca macularis)

Background

A forecast model for powdery mildew, which is one of the most important pathogens affecting
hops, is currently still in the development and testing phase. For this reason, an indicator plant,
i.e., a plant that is much more susceptible to powdery mildew, is of great interest. Once early
symptoms of powdery mildew appear on the indicator plant, it is an indicator to consider using
targeted spraying to protect the somewhat less susceptible hop plant against powdery mildew.
This has a savings potential for pesticides at the beginning of the season. The indicator plants
selected for the experiment were strawberries, more specifically, the variety Daroyal, a cultivar
susceptible to powdery mildew. Like hops, these strawberries are attacked by Sphaerotheca
macularis, specifically by the variety Sphaerotheca macularis f. sp. fragariae.

Method

Strawberry and hop plants were placed next to each other in a greenhouse and spores of Sphaer-
otheca macularis were seeded there on March 9, 2021. For this, a severely infected carrier plant
was taken into the area and the spores were distributed by a leaf blower.

Result

Even after several weeks, the strawberry plants remained symptom-free, while the hop plants
showed severe powdery mildew infections. Thus, this greenhouse experiment established that
strawberries are not suitable as indicator plants for Sphaerotheca macularis in hops.

Figure 5.5 Hop plant on April 6, 2021 Figure 5.6: Strawberry plant without
powdery mildew symptoms
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5.11  Off-flavors caused by the application of sulfur preparations to
protect hops against powdery mildew

Figure 5.7: Hop cones infested with powdery mildew

Background

There is a persistent view among members of the hop industry that liquid sulfur, in particular
the liquid anti-fungicide Thiopron, leaves little or no odor on hop cones if used after the cones
have formed. This year's effectiveness test offered a unique opportunity to test this theory be-
cause one test plot was treated with solid sulfur and another with liquid sulfur.

Method

The selected samples for odor testing come from an efficacy test for powdery mildew in Her-
kules. The sulfur samples were treated throughout the season with either just Thiopron or the
solid-sulfur Microthiol WG. Another sample from the same plot was treated on the same spray-
ing dates against powdery mildew with conventional plant protection products (PPP). No sulfur
products were used on this sample plot. The test was conducted at a location 3 km distant from
Hiill. A total of six treatments against powdery mildew were administered. The last application
was administered on September 3, 2021. The samples were harvested on September 14, 2021.

Weather

The protocol indicates that there was precipitation only on the 3rd spraying date, within six
hours after the application. Specifically, 28 mm of rain fell three hours after the application.
There was no further precipitation between the last treatment date and the harvest date.

However, during the entire test phase, there was more precipitation in May, July, and August
2021 (between +19.6 and +104.6 mm, compared to the long-term mean between 1961 and
1990), while in September, precipitation amounted to much less (-53.2 mm). In May 2021,
temperatures were slightly lower than the long-term mean (-1.2 °C), while they were slightly
higher from June to September 2021 (+0.3 °C to +4 °C).
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Monthly values from April 2021 to October 2021
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Figure 5.8: Weather data relating to precipitation and temperature for April to September
2021

Results

To generate a representative (resultx), hop samples were blind-tasted by experts as well as by
laypersons (). Both groups were asked to evaluate individual samples for off-flavors caused
by sulfur preparations and record these on a scale (sulfur odor imperceptible to very intense).
These are the results:

Sample # 2 (conventional PSM without sulfur):
Sulfur Odor

A 4

Non-detectable very intensive

0 1* 2 3 4 5 6 10

Sample # 3 (Thiopron/liquid sulfur):

Sulfur Odor

v

Non-detectable very intensive

0 1 2 3 4 5 6

Sample # 6 (Microthiol WG [water dispersible granules] /solid sulfur):
Sulfur Odor

Non-detectable > very intensive

0 1*2 3 4 5 6 10
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e The perception of sulfur odors was low in all samples. Some participants even detected
slight sulfur smells in the reference cones, although none of them had come in contact with
sulfur.

e The large amount of precipitation in 2021 and the continuous “washing” of the cones could
explain why sulfur was hardly perceptible.

e In addition, Herkules may not have been the most suitable variety for the experiment, be-
cause its inherently intense odor could mask slight sulfur odors.

e Finally, even at full application rates, less product may have reached the Herkules cones
compared to traditional aroma varieties, because this cultivar has an enormous cone area,
which may have caused a certain dilution effect.

5.12  Hop pruning: Vinegar as a way to reduce the amount of herbicides?

" ‘4 .I T 3 A %, i Thy

Figure 5.9: Experiment 12c of 80%-vinegar (30%) + Adhdsit (0.1%) + Break Thru (0.04%)

Background

Hop pruning after training promotes growth. At the same time, pruning has a phytosanitary side
effect. Normally, the lower leaves and side shoots of the hop bine, as well as new shoots sprout-
ing from the ground are removed on twice in a season.

There are several pruning methods next to the non-chemical removal of leaves by hand or by
flaming. Other methods rely on herbicides. In Germany, these include Beloukha (no JP MRL),
Quickdown (US MRL 0.02 ppm; currently unknown whether sufficient); and Vorox F, which
is currently approved only up to BBCH 55 and is not recommended for young hops or weak
stocks. Hop pruning is limited to the ridges between the furrows, growers usually apply only
one-third of the amount permitted per hectare. Because of regulations seeking to minimize the
use of nitrogen, hop gardens in so-called red zones, for instance, may not even use two appli-
cations of nitrogenous nutrient solutions for hop pruning.
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Overall efforts to reduce the use of pesticides are ongoing. Therefore, in this year's GEP trial,
the vinegar was tested as a possible alternative for limiting nutrient solutions and serving as a
herbicide substitute for both the first and the second hop pruning. Approval of vinegar as a raw
material is easy to come by.

Experimental plan

The trial was conducted with Herkules at a location 5 km distant from Hiill. The design of the
experiment relied on a randomly selected hop garden. Except for one untreated control plot, all
other plots were treated individually on two dates. Only test segment four was different from
the others in that the amount of Vorox F was changed between the first hop pruning on June
16, 2021 and the second one on July 22, 2021.

Overview of the individual test elements:

Test Ele- Product Application . Appl. | Spra .
ment # Name Q?lgntity Unit nge DI())saZe Unit
1 Untreated Check
2 AHL 30 % v/v AB 1200 L/ha
4 Vorox F 0.06 kg/ha A 1200 L/ha
Vorox F 0.09 kg/ha B 1200 L/ha
AHL 30 % v/v AB
8 AHL 15 % v/v AB 1200 L/ha
Adhaésit 0.1 % v/v AB 1200 L/ha
Break Thru 0.04 % v/v AB 1200 L/ha
10 60 % Vinegar 30 % v/v AB 1200 L/ha
Adhasit 0.1 % v/v AB 1200 L/ha
Break Thru 0.04 % v/v AB 1200 L/ha
11 60 % Vinegar 30 % v/v AB 1200 L/ha
AHL 15 % v/v AB 1200 L/ha
Adhasit 0.1 % v/v AB 1200 L/ha
Break Thru 0.04 % v/iv AB 1200 L/ha
12 80 % Vinegar 30 % viv AB 1200 L/ha
Adhaésit 0.1 % v/v AB 1200 L/ha
Break Thru 0.04 % v/v AB 1200 L/ha

A Caffini Agricultural Mist-Blower Sprayer with two TD 80-04 nozzles on each side was used
as the application device. For practical reasons, no more than two TD 80-04 nozzles can be
used on each side. Obviously, three or four nozzles per side might generate better results. How-
ever, because this limitation was applied uniformly across all plots, it does not prevent a com-
parison of results.
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Weather

The precipitation before and after the application dates (colored blue) is shown below:

Date Precipi.tation NNO050 Datum Precipi.tation NNO050
in mm in mm
June 6, 2021 59 July 12, 2021 0.2
June 7, 2021 0.0 July 13,2021 16.9
June 8, 2021 0.0 July 14, 2021 0.0
June 9, 2021 29 July 15, 2021 43
June 10, 2021 0.1 July 16, 2021 0.0
June 11, 2021 0.0 July 17, 2021 0.2
June 12, 2021 0.0 July 18, 2021 0.0
June 13, 2021 0.0 July 19, 2021 0.1
June 14, 2021 0.0 July 20, 2021 3.8
June 15, 2021 0.0 July 21, 2021 0.0
June 16.2021' 0.0 July 22, 2021 ' 0.0
Ist Hop pruning 2nd Hop pruning
June 17, 2021 0.0 July 23, 2021 0.0
June 18, 2021 0.0 July 24, 2021 4.2
June 19, 2021 0.0 July 25,2021 4.3
June 20, 2021 0.0 July 26, 2021 24
June 21,2021 33 July 27,2021 1.2
June 22, 2021 1.3 July 21, 2021 3.6

[Source: Agrarmeteorologie Bayern Weather Station Hiill]

Results of leaf and side shoot evaluation

In the first assessment four days after the first hop pruning, test segment 4 (Vorox F + AHL
30%) showed the best results. The pure AHL 30% variant (VG 2) took second place, followed
by the test with 80%-vinegar at 30% + Adhisit + Break Thru (VG 12), while VG 10 (60%-
vinegar at 30% + Adhdsit + Break Thru) showed the worst result.

A further assessment five days after the second hop pruning showed that neither vinegar nor
AHL alone came close to the effects of the mixture with Vorox F (VG 4), while test segment
11 (60%-vinegar at 30% + AHL 15% + Adhésit + Break Thru) showed a significantly better
result than the same test (VG 8) without the vinegar. This indicates that vinegar had an effect,
which is confirmed by VG 12 (80%-vinegar + Adhésit + Break Thru).
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On August 10, 2021, 19 days after the 2nd hop pruning, another evaluation was conducted.
Once again, test 4 (VG 4) with Vorox F showed the best results, followed by the pure AHL
30% test (VG 2). In addition, VG 8 confirmed that it is worthwhile to upgrade AHL 15%
(VG 8) with 30%-vinegar (VG 11). The test with 80%-vinegar at 30% (VG 12) performed
better than the test with 60%-vinegar at 30% (VG 10), and also better than the test with AHL
15% (VG 8).

EVALUATION OF THE EFFICACY N HKS HOP LEAVE S IN 2021

Figure 5.10: Effectiveness of the individual test variants on the hop leaves. Legend: Rating
type; rating date; days after the 1st hop pruning; days after the 2nd hop pruning

l THE LATERAL HOP BHOOT 8 [HK B)
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Figure 5.11 Effectiveness of the individual test variants on side shoots. Legend: Rating type;
rating date; days after the st hop pruning; days after the 2nd hop pruning

Vinegar test results in a nutshell
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v The use of vinegar was effective in the experiment

v 80%-vinegar had a better effect than 60%-vinegar

v Vinegar showed a better effect against hop leaves than side shoots
v’ The vinegar effect is currently still unsatisfactory

Conclusion: The effect of vinegar in different forms proved to be still insufficient in practice.
Therefore, future work should concentrate on possible increases in effect, perhaps through im-
proved application techniques or through the use of other mixing partners. Approval for vinegar
as a raw material should be easy to come by.

5.13  GfH-Project in Verticillium Research

Sponsor: Bayerische Landesanstalt fiir Landwirtschaft, Institut fiir Pflanzenbau
und Pflanzenziichtung

(Bavarian State Research Center for Agriculture, Institute for Plant
Production and Plant Breeding)

Financing: Forderung aus Mitteln der Gesellschaft fiir Hopfenforschung (GfH)
und der Erzeugergemeinschaft HVG
(Supported by the Society for Hop Research and the Hop Producers

Group)

Project Management: S. Euringer

Team: K. Lutz, Team IPZ 5b

Collaboration: AG Ziichtungsforschung Hopfen (IPZ 5¢):
(WG Breeding Research):

Dr. E. Seigner, P. Hager, R. Enders, A. Lutz, J. Kneidl

Dr. S. Radisek, Slovenian Institute of Hop Research and Brewing,
Slovenia

Duration: June 1, 2017 to October 29, 2023

Objective

Since the first emergence of lethal strains of Verticillium nonalfalfae, a cause of aggressive
forms of hop wilt, in the Hallertau growing region, its spread has been continuous. The patho-
gen is a soil-dwelling fungus with a wide range of other hosts. It can survive in the soil for up
to 5 years as a permanent mycelium without any host plant. It cannot be combated directly.
This necessitates an integrated approach to disease infestations that encompasses sanitary
measures, breeding efforts, adapted cultivation techniques, and reclamation efforts. A quick
and regular transfer of all cutting-edge knowledge about the pathogen should help affected hop
farms in implementing management measures and in achieving successful recoveries as quickly
as possible.

Cooperation with commercial farms

In addition to making visual assessments in the field, the Breeding Research Group (see 6.5)
analyzed 606 hop plants (the equivalent of 2,822 real-time qPCR (quantitative polymerase
chain reaction, a technology used for measuring DNA sequences) for Verticillium nonalfalfae.
Likewise, this group analyzed 147 plants from commercial plots. These real-time qPCR anal-
yses are indispensable for validating visual assays. The results of the qPCR analyses also con-
firmed that the spread of lethal Verticillium races is on the rise. The lethal form of the fungus
was detected in all hop gardens sampled in 2021.
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Selection Gardens

The wilt tolerance of varieties under cultivation, as well as of breeding lines, is tested in so-
called selection gardens that are infested with the lethal form of wilt (the only selection crite-
rion) and are made available by the growers. In the 2021 season, the breeding material was
tested at two locations in the Hallertau.

Starting in mid-May, assessments are conducted in regular two-week intervals. Each vine is
checked and evaluated for typical wilt symptoms. Thus, at the end of the season, a wilt index
can be compiled for each variety that can serve as an indicator of the resistance of the different
varieties and breeding lines to hop wilt. Tolerances can vary slightly depending on the location
and the year the plants were put into the ground. This, in turn, forms the basis for further re-
search and breeding work.

After the 2021 season, one of the hop gardens, in Engelbrechtsmiinster, was cleared because
the five-year wilt test at this location had been completed. Table 5.3 shows a section of the
evaluation. To better compare the different years and locations, Herkules, which is considered
to be tolerant, served as a reference. After each season, Herkules receives a rating of 1.0. The
other varieties and breeding lines are then evaluated relative to this reference. If a variety
achieves a wilt index of less than 1.0, it is considered to have good Verticillium tolerance.

Table 5.3: Results for 2019, 2020, and 2021 in the Engelbrechtsmiinster selection garden.
The table shows wilt tolerances of different varieties relative to the reference variety Herku-
les, which was assigned the value 1.0. Varieties with values smaller than or equal to 0 have a
good Verticillium tolerance and are marked in green.

Variety Reference | Reference | Reference
2019 2020 2021
Northern Brewer 3.3 8.1 6.2
Hallertauer Mittelfriih 3.7 8.8 6.9
Hallertauer Tradition 1.2 5.0 3.5
Opal 1.9 4.3 1.8
Perle 0.7 1.3 1.5
Smaragd 1.8 4.0 2.1
Hiill Melon 0.9 0.8 0.4
Htr. Magnum 1.0 1.6 1.3
Herkules 1.0 1.0 1.0
Polaris 1.0 0.8 0.5
Callista 1.2 1.5 0.9
Tango 1.0 0.2 0.2
Hallertau Blanc 1.5 1.3 1.1
Wye Target 1.6 3.1 3.0
Ariana 0.9 0.6 0.5
Mandarina Bavaria 0.8 1.7 0.7
Spalter Select 1.4 3.1 2.9
Cascade 0.9 1.3 1.2
2011/070/019 1.3 2.0 1.4
Saphir 2.3 7.7 6.9
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Outlook

The testing of varieties and breeding lines for Verticillium tolerance should be continued. The
evaluation of the other selection garden, in Gebrontshausen, continued into the 2021 season.

Host plants: Verticillium in intermediate cover crops and weeds

It is advisable to plant Verticillium-neutral cover crops between the furrows. Because of the
low host specificity of Verticillium, all dicotyledonous plants can be considered as potential
hosts for hop wilt. This is why grasses/cereals are preferable cultivars in infested areas. In ad-
dition, controlling and removing weeds that can serve as host plants also reduces the pathogen
population.

Intermediate
Cover Crop

Int