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HoPVen – Impacts of agrivoltaics on hop 
production and biodiversity 
Increasing temperatures, altered precipitation patterns, and a growing frequency of extreme weather events 
pose signifi cant challenges to hop cultivation in Europe, particularly in the Hallertau region, the world’s largest 
hop-growing area. The research project “HoPVen” investigated the eff ects of agrivoltaics (AV) on soil moisture, 
plant health, hop yield and quality, as well as on fl ora and fauna, in a two-year fi eld trial conducted during the 
2024 and 2025 growing seasons. As part of the experiment, the hop varieties Hallertauer Tradition (HTR) and 
Herkules (HKS) were cultivated under two diff erent shading treatments, corresponding to reductions in solar 
radiation (RSR) of 28 % and 37 %, respectively, and compared with an unshaded control. The results demon-
strated that the agrivoltaic system improved soil moisture retention, particularly during the comparatively 
dry growing season 2025. While powdery mildew infestations increased under the AV system, hop aphid settle-
ment was noticeably reduced. Hop yield declined with increasing shading intensity; however, shading had only 
a minor eff ect on alpha acid concentration and hop oil content. No signifi cant eff ects of the agrivoltaic system 
on fl ora and fauna within the hop fi eld were observed. Instead, biodiversity patterns were primarily infl uenced 
by agricultural management practices. These fi ndings indicate that agrivoltaic systems may support climate 
change adaptation in hop cultivation without adversely aff ecting the characteristic agroecosystem. Further 
optimisation of system design and management is required to improve yield performance and maintain plant 
health.
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1 Introduction

Hop cultivation in Europe, particularly in the Hallertau region, is 
increasingly challenged by changing climatic conditions [1]. As 
a native fl oodplain plant, hop requires moderate summer tem-
peratures and adequate precipitation to achieve high yields and 
alpha acid contents [2]. In 1969, Kohlmann et al. [2] described the 
Hallertau as an optimal hop-growing region, reporting a long-term 
(1927–1961) mean annual temperature of 7.4 °C and annual pre-
cipitation of 814 mm. In comparison, the current climate normal 
(1991–2020) indicates a mean annual temperature of 9.1 °C and 
annual precipitation of 884 mm [3]. Without adaptation measures, 
yield losses of up to 18 % are projected for European hop-growing 

regions under future climate conditions [1]. Traditional land hop 
varieties, including Hallertauer Mittelfrüher, Spalt Spalter, and 
Tettnanger, response particularly sensitive to climatic changes. 
Similar responses have been reported for the aroma hop variety 
Perle [4]. Agrivoltaic (AV) systems have recently emerged as a 
promising strategy to enhance climate resilience in agriculture. They 
can reduce land-use competition between food production and 
renewable energy generation while providing additional benefi ts 
for crop production [5]. Reported eff ects include improved soil 
moisture retention, reduced exposure to extreme weather events, 
and enhanced water availability [6]. Positive yield responses under 
AV systems compared with conventional open-fi eld cultivation have 
been observed particularly in berry crops and fruiting vegetables 
[7]. In 2023, the fi rst agrivoltaic system in combination with hop 
cultivation was established in the Hallertau region (Fig. 1). 

The primary motivation for implementing the system was to in-
crease resilience to climate change and extreme weather events 
while reducing economic vulnerability to fl uctuations in the hop 
market. Due to limited knowledge on the interaction between 
hop cultivation and agrivoltaic systems, the “HoPVen” project was 
initiated in 2023 with funding from the German Federal Ministry 
of Agriculture, Food and Regional Identity. The project investigates 
the potential of agrivoltaic systems to improve climate resilience in 
hop production and assesses their eff ects on crop performance, 
biodiversity, and ecosystem functioning. The research consortium 
comprises the University of Applied Sciences Weihenstephan-



129        7/8 2026 (Vol. 79) BrewingScience

Triesdorf (HSWT), the Bavarian State Research Center 
for Agriculture (LfL), the Fraunhofer Institute for Solar 
Energy Systems (ISE), AgrarEnergie GmbH & Co. KG, and 
hop grower Josef Wimmer.

2 Materials and methods 

2.1 Experimental design 

The fi rst commercial agrivoltaic (AV) system combined 
with hop cultivation is located near Au in der Hallertau 
in the Hallertau hop-growing region. The AV system 
is structurally comparable to conventional steel trellis 
systems used in the region. Photovoltaic modules are 
installed at a height of seven metres, corresponding to 
standard hop trellis height, and are mounted at a 20 ° 
inclination (Fig. 2). Hop plant growth is limited from nor-
mally seven metres to a maximum height of six metres 
to maintain a one-metre clearance between the plants 
and the photovoltaic (PV) modules. The clearance is de-
signed to protect the PV modules from being overgrown 
by hop plants.

The pilot site is used for research purposes and covers 
an area of two hectares. Two hop varieties are cultivated: 
the aroma hop variety Hallertauer Tradition (HTR) and 
the bitter hop variety Herkules (HKS). Each variety is 
grown under three diff erent treatments: an unshaded 
control and two shading treatments. The shading levels 
are achieved using PV modules of diff erent sizes. Based 
on simulations conducted by the Fraunhofer Institute 
for Solar Energy Systems, the larger modules result in a 
reduction in solar radiation (RSR) of 37 %, while the smaller 
modules reduce incoming radiation by 28 %. Replicates 
were established within each shading zone, resulting in 
a strip-plot design. Due to the technical constraints of 
the pilot installation, full randomisation was not pos-
sible; therefore, a pseudo-replicated block design with 
four replicates per treatment was implemented. The 
experimental layout is shown in fi gure 3.

Unshaded control plots were established along the outer boundaries 
of the experimental site. The dark blue zones represent the 37 % 
shading treatment, while the light blue zones correspond to 28 % 
shading. The yellow strips indicate two consecutive experimental 
plots, each consisting of 12 hop plants.

To minimise potential soil-related confounding eff ects, the Nor-
malised Diff erence Vegetation Index (NDVI), derived from historical 
satellite data, was calculated prior to plot establishment and used 
to support site homogeneity assessment.

2.2 Weather condition and soil moisture

Air temperature, precipitation, soil water content, and soil water 
tension were monitored at the test site using a LoRa (Long Range 
Radio) based sensor network (Weenat). Soil water tension (kPa) was 
measured using Watermark granular matrix sensors (Irrometer, ; 

Fig. 4). Soil volumetric water content (Vol. %) was estimated using 
capacitive sensors (HydraScout). 

Soil water tension was recorded at depths of 30 and 60 cm. Volu-
metric water content was measured at depths from 10 to 60 cm in 
10 cm intervals. The reference level for all depth measurements was 
defi ned as the soil surface after hop cutting in spring (cutting line).

All soil moisture sensors were installed in trial plots of the hop 
variety Herkules. In 2024, sensors were installed in the control and 
the 28 % shading treatment. In 2025, sensor installation covered 
the control and both shading treatments.

2.3 Diseases and pests 

To evaluate the impact of the AV system on plant health, hop plants 
were assessed in accordance with guidelines of the European and 

Fig. 1 Pilot and research agri-photovoltaic site in the Hallertau (Photograph 
by the author)

Fig. 2 Technical design of the pilot hops agrivoltaic system (Source: Own il-
lustration)
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Mediterranean Plant Protection Organization (EPPO). Powdery mil-
dew (Sphaerotheca macularis) infestation was evaluated following 
EPPO PP 1/215 [8], based on the proportion of infected samples 
among 100 randomly selected leaves and cones from the middle 
and upper leaf layers.

Hop aphid (Phorodon humuli) infestation was assessed according 
to EPPO PP 1/22(3) [9]. For each plot, 50 leaves were examined: 
25 from the upper, 13 from the middle, and 12 from the lower 
sections of the bines.

2.4 Yield and quality

For each shading variant and hop variety, four replicates of 20 hop 
bines were harvested from the stock using a cutting device (Fig. 5). 
Subsequently, cones were separated from the bines using a hop-
picking machine, and wet hop yield was measured.

Fresh hop cones were dried in a hop kiln to stabilise the harvest. 
Dry matter content of the hop cones was determined by diff erential 
weighing. Based on these measurements, yield was calcu-
lated in kilograms per hectare (kg ha–1) at a standardised 
water content of 10 %.

Alpha acid content (% by mass) was analysed using con-
ductometric measurements according to EBC Method 7.4, 
“Lead Conductance Value of Hops” [10]. Bitter compounds 
were quantifi ed by extracting alpha acids from hop cones 
with toluene, followed by conductometric titration using a 
lead acetate solution (Pb(CH₃COO)₂).

The hop oil content was determined by steam distillation 
following EBC Method 7.10, “Hop Oil Content of Hops and 
Hop Products” [11].

2.5 Statistics 

Due to the technical layout of the experimental system, a 
fully randomised design was not feasible (Fig. 3). Therefore, 

inferential statistical analyses were limited to selected variables. An 
analysis of variance (ANOVA) was performed for hop yield because 
the results were replicable over the trial years. After assessing the 
eff ect of year and confi rming no signifi cant interaction, an additive 
ANOVA model without interaction terms was applied (yield ~ variant 
+ year). This approach accounted for annual eff ects and enabled 
comparison of treatments across years.

2.6 Flora and fauna

Vegetation surveys were conducted in 6 × 6 m experimental plots 
using the Braun-Blanquet method [12]. Four plots were established: 
two within the agrivoltaic system, representing the two shading treat-
ments, and two in a nearby hop garden without photovoltaic mod-
ules, serving as reference areas. The reference plots were used to 
compare vegetation under shaded conditions with vegetation in hop 

Fig. 3 Experimental layout of the HoPVen project. Dark blue areas correspond 
to 37 % shading, light blue areas to 28 % shading. The yellow strips each 
represent two consecutive experimental plots. The red line marks the 
boundary between hop varieties (Map base: Google Maps; processing: 
QGis)

Fig. 4 Watermark and capacitive soil moisture sen-
sors (Photograph by the author)

Fig. 5 Harvest under the agrivoltaic system (Photo: Felix Kaspar Rosic, 
Frankfurter Allgemeine Zeitung/F.A.Z.)
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cultivation unaff ected by the agrivoltaic installation 
(Fig. 6).

To characterise site conditions, the recorded plant 
species were assigned ecological indicator values, 
including light, nutrient, and moisture preferences, 
according to Ellenberg [13]. These indicator values 
were used to infer environmental conditions from 
the species composition of each plot. Vegetation was 
classifi ed according to the vegetation units described 
by Hilbig and Nezadal [14]. 

Ground beetles (Carabidae) were selected as an indi-
cator group for assessing the eff ects of the agrivoltaic 
system on fauna. As a species-rich group commonly 
found in agricultural landscapes and sensitive to en-
vironmental changes, ground beetles are well suited 
for evaluating habitat conditions and biodiversity 
in agroecosystems. The abundance and activity of 
ground beetles were recorded in both shaded and 
unshaded areas of the agrivoltaic system to assess 
potential eff ects of the photovoltaic modules on 
microclimatic conditions and species composition. 

Ground beetle activity and species composition were assessed us-
ing pitfall traps following established standard methods [15–20]. 
Sampling periods were defi ned according to published survey 
guidelines [19,21,22], and traps were sampled at two-week intervals 
over a period of four months. 

Captured individuals were identifi ed to species level following 
Trautner [23]. However, specimens belonging to the genera Amara
and Bembidion could not be assigned reliably to species due to high 
morphological variability. 

Statistical analyses of arthropod data were based on the meth-
odological framework described by Licht [24], which was originally 
developed and applied in studies investigating soil, fl ora, and fauna 
communities of sheep pastures.

3 Results 

The results include the trial years 2024 and 2025. It is notable that 
further scientifi c literature [25] concerning hop yield and ingredients 
is available and used for the yield and quality description.

3.1  Weather conditions during the growing seasons

During the 2024 growing season (1 May to 15 September), total 
precipitation amounted to 589 mm, which was 216 mm higher 
than in 2025 (373 mm). In addition to the higher precipitation, the 
mean air temperature during the 2024 growing season was 2.3 °C 
higher than in 2025.

3.2 Soil moisture and precipitation 

At a soil depth of 30 cm, soil water tension was generally higher in 
the control variant than in the shaded areas during both growing 

seasons (Fig. 7) In 2024, soil water tension in the 28 % RSR treat-
ment increased more slowly from July onwards and responded 
more strongly to precipitation events than the control. A similar 
pattern was observed in 2025, with the 28 % RSR treatment show-
ing a more moderate increase in soil water tension compared with 
the control. In addition, the 37 % RSR treatment exhibited lower 
soil water tension than the other treatments from July onwards. 
Following precipitation events, soil water tension decreased more 
strongly in the 37 % RSR treatment and remained at lower levels for 
most of the season. Only during a prolonged dry period in August 
did soil water tension increase substantially.

At 30 cm depth, the mean soil water tension in 2024 was 86 kPa in 
the control and 71 kPa in the 28 % RSR treatment. In 2025, mean 
soil water tension increased to 114 kPa in the control, while values 
of 100 kPa and 92 kPa were recorded for the 28 % and 37 % RSR 
treatments, respectively. 

At a soil depth of 60 cm, soil water tension showed a diff erent pat-
tern (Fig. 8) In 2024, soil water tension remained at a comparable 
level in the control and 28 % RSR variants until the end of June. 
From July onwards, both treatments followed a similar seasonal 
trend; however, soil water tension was generally higher in the 28 % 
RSR treatment. In contrast, lower soil water tension was consist-
ently observed in the shaded treatments during the 2025 growing 
season, except during periods of higher precipitation. 

At 60 cm depth, mean soil water tension in 2024 was 60 kPa in the 
control and 70 kPa in the 28 % RSR treatment. In 2025, mean soil 
water tension was 108 kPa in the control, 78 kPa in the 28 % RSR 
treatment, and 88 kPa in the 37 % RSR treatment.

Volumetric soil water content rose with increasing shading intensity 
in both growing seasons (Fig. 9). Diff erences between treatments 
were particularly pronounced in 2025, when the shaded treat-
ments consistently exhibited higher soil water contents than the 
control.

Fig. 6 Location of the vegetation survey plots and pitfall traps within the study 
area Map base: Open Street Map (Source: Own illustration)
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3.3 Diseases and pests 

In hop aphids (Phorodon humuli), shaded treatments showed 
lower initial infestation levels, particularly in 2025 (Fig.s 10 and 11). 
However, after establishment in the stock, slightly higher infesta-
tion levels were observed in the agrivoltaic treatments compared 
with the control. 

Powdery mildew (Sphaerotheca macularis) showed a clear seasonal 
and interannual pattern. In 2024, a high level of infestation was 
observed, whereas in 2025, powdery mildew incidence was neg-
ligible. In 2024, shaded treatments exhibited higher infestation 
levels than the control, both on leaves (Fig. 12) and cones (Fig. 13). 

Diff erences between hop varieties were also observed, with HTR 
showing lower susceptibility to powdery mildew than HKS. Within 
HKS, the 28 % RSR treatment showed higher infestation levels than 
the 37 % RSR treatment at several assessment dates. 

3.4 Hops yield and quality 

A clear trend of decreasing hop yield 
with increasing shading intensity 
was observed (Fig. 14). A statisti-
cally signifi cant reduction compared 
with the control was not consist-
ently observed at 28 % shading 
across all years. At 37 % RSR, yield 
was consistently and signifi cantly 
lower. 

On average over the trial period, HTR 
showed a yield reduction of 13 % 
(9–17 %) at 28 % shading and 31 % 
(27–38 %) at 37 % RSR. In HKS, yield 
reductions were 16 % (11–19 %) at 
28 % shading and 35 % (33–38 %) at 
37 % RSR. Overall, HKS responded 
more sensitively to shading than 
HTR.

According to the additive ANOVA 
model (yield ~ variant + year), ad-
justed for annual eff ects, signifi cant 
diff erences were detected between 
all three treatments in both varie-
ties.

As shown in Table 1, alpha acid and 
hop oil content were also aff ected 
by shading. With the exception of 
HKS in one year, alpha acid content 
at 28 % RSR diff ered only slightly 
from the control. At 37 % RSR, alpha 
acid content showed a moderate 
decrease in both varieties.

In HKS, hop oil content showed 
a slight decrease under shading, 
whereas no consistent diff erences 

were observed in HTR. With the exception of the HKS in 2023, alpha 
acid levels at 28 % RSR diff ered little from the control. However, a 
further increase in shading to 37 % resulted in a moderate decrease 
in alpha acid content.

The HKS exhibited a slight decrease in hop oil content in shaded 
variants, though no notable diff erences were observed in the HTR 
variety.

3.5 Flora

The study plots were classifi ed as belonging to the class Stellarietea 
mediae (chickweed–shepherd’s-purse communities). This vegetation 
class is characterised by plant communities strongly infl uenced by 
agricultural management. Typical species included Elymus repens
(couch grass), Capsella bursa-pastoris (shepherd’s-purse), Stellaria 
media (common chickweed), and Lamium purpureum (purple dead-
nettle) (Fig. 15 and Fig. 16) [14]. These communities are typical of 

Fig. 7 P recipitation, mean soil water tension, and standard error of soil water tension at a depth 
of 30 cm during the 2024 and 2025 growing seasons for the control, 28 % RSR, and 37 % RSR 
treatments. Shaded areas indicate the standard error of the mean

Fig. 8 Pr ecipitation, mean soil water tension, and standard error of soil water tension at a depth 
of 60 cm during the 2024 and 2025 growing seasons for the control, 28 % RSR, and 37 % RSR 
treatments. Shaded areas indicate the standard error of the mean
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intensively managed agricultural systems and partially shaded 
arable habitats, and are therefore also representative of the ac-
companying fl ora in hop-growing areas.

A total of 19 plant species were recorded in 2024 and 22 species in 
2025. The mean number of species per plot was 10.4 in 2024 and 
9.4 in 2025, which is below the average species richness reported 
for hop gardens (12.1 species) [26].

The most frequently occurring species across all plots included 
Poa spp. (bluegrass), Lamium purpureum, Capsella bursa-pastoris, 
and Senecio vulgaris (common groundsel), with Poa spp. being the 
most consistently abundant species throughout the study period.

The recorded species were characterised by high light requirements 
(Ellenberg indicator value L) and high nitrogen demand (indicator 
value N) (Fig. 17 and Fig. 18). No clear diff erences in species compo-
sition or cover were observed between plots within the agrivoltaic 
system and those without photovoltaic coverage.

Analyses of species abundance and Ellenberg indicator values 
showed species-specifi c variability; 
however, no diff erences were de-
tected in the abundance of the fi ve 
most common species. Overall, no 
signifi cant diff erences in vegetation 
composition or cover were observed 
between shaded and unshaded 
plots. 

3.6 Fauna

As observed for the vegetation, 
no clear eff ect of the agrivoltaic 
system on ground beetle communi-
ties was detected. Instead, ground 
beetle assemblages were primarily 
infl uenced by land management 
practices, including soil tillage and 
plant protection application.

Ground beetle catches (Table 3) 
were dominated by species typical 
of agricultural landscapes, includ-
ing Anchomenus dorsalis, Brachinus 
explodens, Harpalus rufi pes, Harpalus 
affi  nis, Poecilus cupreus and Pterosti-
chus niger.

Species diversity across plots was 
generally low, with Shannon diver-
sity indices ranging between 1 and 
2. Evenness values ranged from 
0.5 to 0.7, indicating a relatively 
balanced distribution of individuals 
among species. Species richness was 
similar across plots, although Plot 
B2 showed the highest number of 
species (19 species). 

Fig. 9 Vo lumetric soil water content across the soil profi le (0–60 
cm) in 2024 and 2025 for the control and shading levels of 
28 % and 37 %

Fig. 10 A ssessment of hop aphid infestation on three leaf layers: bottom, middle, top at two diff er-
ent dates of the two hop varieties of the year 2024

Fig. 11 A ssessment of hop aphid infestation on three leaf layers: bottom, middle, top at two diff er-
ent dates of the two hop varieties of the year 2025
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Activity density varied between 1146,95 and 2887,66 individuals 
per sampling period. The highest activity densities were recorded 
in Plot A0 (2436,89) and Plot B2 (2887,66). These plots were located 
adjacent to forest edges, which likely acted as source habitats 
infl uencing local species abundance.   

The species composition observed is similar to that expected on 
intensively farmed arable land. Statistical analysis revealed no 
signifi cant impact of the agrivoltaic system on the fl ora or ground 

beetles. The species composition and activity pat-
terns of the two groups studied are comparable to 
those of typical hop gardens without PV modules 
and those with 28 % and 38 % coverage. 

4 Discussion

The results indicate that the agrivoltaic system 
may infl uence key microclimatic and agronomic 
parameters in hop cultivation. Lower soil water 
tension and higher volumetric soil water content 
suggest that agrivoltaic systems can contribute 
to soil moisture conservation, with the eff ect de-
pending on shading intensity. Reduced radiation 
input is associated with lower evapotranspiration 
losses, which is refl ected in the higher and more 
persistent soil moisture observed in shaded treat-
ments. At the same time, reduced aboveground 
biomass under shading is linked to lower plant 
water demand, which may further contribute to 
the observed soil moisture patterns [27]. The visibly 
higher soil moisture in shaded areas supports the 
assumption of reduced evaporative losses under 
decreased solar radiation [28].

The increased incidence of powdery mildew under 
shaded conditions can be attributed to altered 
microclimatic conditions, particularly reduced light 
availability, which favours fungal development [29]. 
Higher infestation levels in moderately shaded 
treatments compared with strongly shaded treat-
ments may be explained by diff erences in canopy 
density and host plant vigour. In addition, the higher 
susceptibility of HKS compared with HTR is consist-
ent with previously reported varietal diff erences in 
disease resistance [30,31]. 

The lower initial infestation of hop aphids in shaded 
treatments may be related to altered visual or 
physical conditions aff ecting aphid migration from 
winter hosts to hop plants, although this mechanism 
remains speculative.

Yield reductions with increasing shading refl ect the 
central role of solar radiation in photosynthetic 
activity and biomass production [32]. The stronger 
decline under high shading levels suggests a 
non-linear response of yield to reduced radiation 
availability. The lower sensitivity of HTR compared 

with HKS may be associated with its lower yield potential and its 
genetic background, which includes older, less intensively bred 
hop varieties [33].

Changes in hop quality parameters follow a similar pattern, 
as the formation of secondary metabolites is closely linked 
to photosynthetic activity and assimilate availability [34]. But 
these compounds respond more moderate to the reduced sun-
light. 

Fig. 14 Hop  yield for the varieties Hallertauer Tradition and Herkules at diff erent 
shading levels through the agrivoltaics site in 2023, 2024 and 2025

Fig. 12 P owdery mildew infestation of hop leaves in the middle and top leaf layer at 
the fi rst and second assessment dates of the year 2024

Fig. 13 Powdery mildew infestation of hop cones in the middle and top leaf layer at 
the third and fourth assessment dates for the year 2024
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The vegetation within and around 
hop fi elds refl ects typical conditions 
of intensively managed agricultural 
landscapes. Species composition is 
dominated by light- and nutrient-
demanding taxa and is strongly 
shaped by management intensity 
[14]. Frequent use of plant protec-
tion products contributes to reduced 
species diversity and favours a small 
number of stress-tolerant generalist 
species [26,35].

Similarly, arthropod communities are 
strongly infl uenced by agricultural 
practices, resulting in pronounced 
temporal and spatial variability [36]. 
Ground beetle assemblages are 
dominated by generalist species that 
contribute to biological pest control 
in agricultural systems [37–38]. In 
addition, proximity to semi-natural 
habitats, such as fi eld margins or 
forest edges, plays an important role 
in shaping species composition [39].

Overall, the results suggest that agrivoltaic systems do not exert 
a dominant eff ect on fl oral and faunal community composition 
compared with agricultural management and landscape context. 
Instead, their primary infl uence appears to be mediated through 
microclimatic modifi cation, particularly changes in radiation and 
soil moisture conditions.

5 Conclusions

Agrivoltaic systems in hop cultivation show potential to enhance 
climate resilience, particularly through improved soil moisture 
retention. In both trial years, increased soil water content and 

reduced soil water tension were observed under the photovoltaic 
modules, with the strongest eff ects occurring in the drier year 2025.

However, shading resulted in yield reductions, while hop quality 
parameters remained comparatively stable. In addition, shaded 
conditions were associated with increased incidence of powdery 
mildew, whereas hop aphid pressure was reduced.

Biodiversity patterns were primarily driven by agricultural manage-
ment practices such as soil tillage and plant protection measures, 
while the infl uence of the agrivoltaic system was comparatively 
minor.

Overall, the system off ers opportunities to support climate change 
adaptation in hop production, but requires further optimisation 

Fig. 15 A comparison of the fi ve most common plant species in relation to the shading treatments 
in the 2024 trial year

Table 1 Alpha   acid and hop oil content of Hallertauer Tradition and Herkules under diff erent shading levels of the agrivoltaic system 
in 2023, 2024, and 2025

Hop Variety Hallertauer Tradition Herkules

Year Variant α-acids [%] SD Hop Oil 
[ml/100g] SD α-acids [%] SD Hop Oil 

[ml/100g] SD

2023 Control 5,1 ± 0,2 0,74 ± 0,03 16,3 ± 1,3 2,92 ± 0,30

28 %_RSR 5,4 ± 0,2 0,88 ± 0,08 14,6 ± 0,9 2,40 ± 0,09

37 %_RSR 4,9 ± 0,3 0,72 ± 0,14 14,9 ± 0,8 2,25 ± 0,24

2024 Control 5,7 ± 0,3 1,37 ± 0,21 17,1 ± 0,9 2,50 ± 0,34

28 %_RSR 5,4 ± 0,4 1,27 ± 0,14 16,9 ± 0,7 2,56 ± 0,13

37 %_RSR 4,8 ± 0,2 1,19 ± 0,12 16,3 ± 0,7 2,31 ± 0,10

2025 Control 5,1 ± 0,1 0,84 ± 0,15 16,4 ± 0,9 3,01 ± 0,24

28 %_RSR 5,0 ± 0,1 0,94 ± 0,12 16,4 ± 0,4 2,61 ± 0,18

37 %_RSR 4,6 ± 0,3 0,87 ± 0,11 15,9 ± 1,0 2,46 ± 0,12
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of shading intensity and variety 
selection.

Based on initial project results, the 
agrivoltaic system design was modi-
fi ed, and the module inclination was 
adjusted from 20 ° to 45 ° to increase 
radiation availability during the main 
growing period.
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Fig. 17 Classifi cation of the fl ora under the AV plant according to the Ellenberg index values to 
determine site conditions respective to the shading degrees for the trial year 2024

Fig. 16 A comparison of the fi ve most common plant species in relation to the shading treatments 
in the 2025 trial year
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