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EXAMPLES 
• Message from IHC- acceptance for horticulture APV
  (and a little blueberry)

• Fig/Feige (Japan)

• Ginger/Ingwer vanilla/Vanilla (Taiwan)

• Raspberry/Himbeere  (Juelich)

• Spinach/Spinat  (Juelich & Burgewald)

• And a bit more blueberry/Blaubeere..
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GARTENBAU UND APV
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GARTENBAU/HORTICULTURE
Horticulture is the science, art, and practice of growing fruits, vegetables, flowers, and ornamental plants
Often in protected environment such as greenhouse , foil tunnels 
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APV VERSUS NORMAL BLUEBERRY : WHAT DO YOU TASTE?

30/~40 persons 
guessed that 

‘normal’ 
blueberries were 

APV  grown
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Thank you! to Sagamiko farm 
berry garden for APV blueberries

https://www.menti.com/alg5o2ia2vge



JAPAN, GREENHOUSE WITH PV-PANELS
Cultivation in Hachihama
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Workshop organization thank you to :Emiliane Kiladze



TAIWAN, GREENHOUSES WITH PV-PANELS
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Ginger Vanilla



AGRIVOLTAICS AS A DUAL LAND-USE STRATEGY FOR THE SUSTAINABLE 
PRODUCTION OF LONG-CANE RASPBERRY ‘LAGORAI’ (RUBUS IDAEUS L.)

E. KILADZE, C. JEDMOWSKI, O.A. LEAL, A. AGARWAL, A. UMEROVA, N. BRÜGGEMANN, R. BOL, U. RASCHER, 
M. MEIER-GRÜLL, D.R. BRYLA, and O. MULLER

Date: 24.08.2026 – THE 32ND INTERNATIONAL HORTICULTURAL CONGRESS

Vorführender
Präsentationsnotizen
Hello everyone, my name is Emeliane KILADZE from Forshungzentrum Juelich in Germany, Today I am pleased to share our work on agrivoltaics as a dual land-use strategy for long-cane raspberry production 



RESEARCH MATERIALS

Plant Material
• 400 long-cane raspberry plants (Rubus idaeus L. ‘Lagorai’), 15 rows.
Variety chosen because:

• Produces harvest in the first year (long-cane system).
• Widely used in commercial production and experimental trials.
• Popular cultivar with high market acceptance.
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Experimental Treatments (roofs)
• 60% shade – semi-transparent solar panels.
• 40% shade – semi-transparent solar panels.
• Polytunnel control system – standard plastic roof used in raspberry production.

Management Practices
• Fertilization, plant protection, and irrigation were identical across treatments.
• All practices followed standard commercial raspberry production protocols.

Slide and results : Emiliane Kiladze

Vorführender
Präsentationsnotizen
First, looking at the roofing systems, we compared three treatments: 60% shade and 40% shade created by semi-transparent solar panels, and a polytunnel control with a standard plastic roof used in raspberry production.

For plant material, we used 400 long-cane raspberry plants of the cultivar ‘Lagorai’, distributed across 15 rows. We selected this cultivar because it is commercially relevant and, as a long-cane system, it can produce fruit already in the first year.

Importantly, irrigation, fertilization and plant protection were managed consistently across all treatments, following standard commercial production practices.

Now, let me show you how these plants were arranged within the experiment.




EXPERIMENTAL DESIGN
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• 3 treatments.

• 5 rows per treatment 
(10 m; 27 plants per 
row).

• Measurements were 
collected from the 
central 15 plants of 
the middle row (Row 
3) in each treatment.

60% SHADE 
Semi-transparent 

solar panels

40% SHADE 
Semi-transparent 

solar panels

CONTROL
Polytunnel plastic 

roof

Slide and results : Emiliane Kiladze

Vorführender
Präsentationsnotizen
Here you can see our experimental design. We had three treatments: 60% shade, 40% shade, and the polytunnel control.
Each treatment consisted of five rows, with 27 plants per row.
To minimize possible edge effects, our detailed physiological and plant measurements were performed on the central 15 plants of the middle row, Row 3, as highlighted here.
This provided the plants used for direct comparison among the three growing environment




RESEARCH GOALS and OBJECTIVES

Research goal:
To evaluate the overall suitability of APV systems for 
sustainable raspberry production.
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Research objectives:
• Monitor key physiological performance 

indicators.
• Assess plant growth and yield components 

during the first year.

Outcome:
First-year results provide a baseline for 
understanding raspberry performance under APV 
conditions.

Slide and results : Emiliane Kiladze

Vorführender
Präsentationsnotizen
“\Based on this experimental design, our overall goal was to evaluate the suitability of agrivoltaic systems for sustainable raspberry production.
More specifically, we focused on two aspects: first, how the plants responded physiologically to the different growing conditions; and second, how these conditions affected plant growth and yield components.
Since these are first-year results, they provide an initial baseline for understanding raspberry performance under agrivoltaic conditions.
So, let’s now look at how the plants actually responded




RESULTS: LEAF TRAITS 2025
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• Leaf Mass per Area (LMA):Significantly lower under shading, indicating thinner leaves.

• Chlorophyll index (SPAD): Higher under shading, indicating increased leaf chlorophyll.

Slide and results : Emiliane Kiladze

Vorführender
Präsentationsnotizen
Now moving to our results, we first looked at leaf traits.
Leaf mass per area was significantly lower under both shading treatments compared with the control, indicating the development of thinner leaves.
At the same time, the chlorophyll index increased under shading, particularly at 40% shade.
Together, these changes suggest morphological acclimation of the raspberry leaves to the reduced-light environment, consistent with the response we expected from the literature




RESULTS: FLOWERING and FRUIT TRAITS 2025
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• Flowers: Highest in control; both shading levels significantly reduced flower number.

• Fruit number: Similar trend; slight difference between 40% and 60% (Not all flowers developed into 
fruits, likely due to low temperatures).

Slide and results : Emiliane Kiladze

Vorführender
Präsentationsnotizen
Moving to reproductive performance, we observed a clear effect of the agrivoltaic treatments.
The number of flowers was significantly lower under both shading levels compared with the control.
We observed a similar pattern for fruit number, with significantly fewer fruits under both 40 and 60% shade.
Interestingly, there was no significant difference between the two shading levels, either for flower or fruit number.
So, although the plants showed good physiological acclimation to reduced light, reproductive performance was reduced under agrivoltaic shading




RESULTS: FRUIT TRAITS 2025
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• Fruit weight & 
sweetness: 
No significant 
differences.

• Fruit size: 
40% shade 
increased 
length and 
diameter; 60% 
shade 
reduced both.

Slide and results : Emiliane Kiladze

Vorführender
Präsentationsnotizen
Looking more closely at fruit traits, we found no significant differences in individual fruit weight or sweetness among the three treatments.
However, fruit dimensions responded differently. Under 40% shade, fruits were slightly larger in both length and diameter compared with the control, whereas under 60% shade, both dimensions were strongly reduced.
So, moderate shading maintained fruit weight and sweetness and even increased fruit size, while stronger shading negatively affected fruit dimensions




RASPBERRY AGRIVOLTAICS (HortiPV): RESEARCH RESULTS FROM GERMANY

24 August 2026 Page 15

2025

40% APV Crop Yield = 79% of control

60% APV Crop Yield = 69% of control

2026

40% APV Crop Yield = 85% of control

60% APV Crop Yield = 83% of control

Late planting, 
harvest fall

Hot summer

results: Emiliane Kiladze



SPECIALCATEGORY,  AGRICULTURE IN GREENHOUSE 
AND SOLAR PANELS:
HORTI-PV
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HORTI- PV INTEGRATING ORGANIC PV IN FOIL TUNNES
Foiltunnels in Jülich
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Special thanks to : H.-J. Egelhaaf



ORGANIC PV TEST IN GREENHOUSE AND FIELD IN JULICH
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U.N. Ukwu et al. Effect of Organic Photovoltaic and 
Red-Foil Transmittance on Yield, Growth, SPAD Value 
and Photosynthesis of Two Spinach Genotypes under 
Field and Greenhouse Conditions. Photosynthesis 
research 2022



OPV IMPACT ON SPINACH GROWTH IN GREENHOUSE
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OPV IMPACT ON SPINACH GROWTH IN FOILTUNNEL



SPINACH GROWTH IN FOIL TUNNEL WITH OPV 
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SPINACH GROWTH UNDER APV
UAV images allows to ‘remove’ PV panels in 3D to quantify plant growth under APV
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Erekle Chakhvashvili  et al.



BLUEBERRIES UNDER APV IN BURGEWALD ?
• Next year , more 

info:
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AgriFEe
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