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The size of leaf area, a tool for environmentally 
friendly hop protection

Introduction
Environmentally friendly pesticide application methods are being sought for permanent crops such as vineyards, hop gardens or orchards. One way to reduce the environmental risk of excessive 
spray liquid dispersion in permanent crops is to apply an amount that meets the current needs of the crop while maintaining the quality of the treatment (Toews a Friessleben, 2014). Compared 
to the area application concept, parameters based on leaf area size and stand height are much more suitable for calculating the spray liquid volume. While the height of the hop plants can be 
measured easily, measuring the leaf area is not that simple. Hops belong to plants with high dynamics of height increase of bine and leaf area in a relatively short time. It creates two types of 
leaves. Bine leaves, grow directly from the main bine, lateral ones grow from the lateral shoots. 

Material and methods
The leaf area of the hops was measured by a direct destructive method, consisting in removing all the leaves from the plant (Bréda, 2003). All hop bine leaves were first plucked by hand and 
weighed on analytical balances and at the same time the leaf area per unit weight (cm2/g) was determined planimetrically. The second method was based on planimetric image analysis  
(Figure 1). The measurements took place in 7 to 14 day intervals from the end of May until the harvest in the years 2019 to 2021 on a hop garden planted with the Czech variety Premiant. The 
hop garden was monitored by a fixed wing eBee X drone, equipped with a Micasense RedEdge MX multispectral (MS) camera and a Duet T thermal camera (Figure 2). The Micasense RedEdge 
MX camera consist of five spectral bands (Blue, Green, Red, Red Edge and Nir) to calculate the structure and crop vitality. The Duet T camera comprised a thermal sensor and a reference S.O.D.A. 
camera in the visible part of electromagnetic spectrum (Blue, Green and Red bands = RGB). The MS and RGB image can be used to calculate the leaf area. Triangular Greenness Index (TGI) was 
first derived from the images and converted to a raster binary model, only two categories were detected – the green parts of the detected crops and the others (soil, litter etc.). After extracting 
the green parts of the hop garden, it is possible to calculate the leaf area. 

Results and disscussion
Comparison of methods for determínation of hop leaf area is summarized in Table 1 (variety Premiant, 2 bines/wire, 2 seasons 2019, 2020). The results of measurements by both methods were 
in good agreement, the differences did not exceed ± 15 % rel. The leaf area of solitary bines, which also occasionally occur in hop gardens, reaches 60–70 % of the leaf area of the two-bine line.
The total leaf area measured over the past 15 years in several Czech hop varieties is given in Table 2. Leaf area was measured for solitary bines (one bine on a training wire), mostly for 2 bines 
which is the most common way of hop training in the Czech Republic. The leaf area of hop plants is mainly in the range of 2.5–5 m2. Measurements on varieties (at harvest period) with a heavier 
habit or in years with sufficient rainfall have shown that the total leaf area can reach up to 5–7 m2. 

Table 1: Comparison of methods for determínation of hop leaf area 

While the longitudinal growth of hops is terminated at the time when the plant enters the generative phase (flowering 
and cones formation), the leaf area, especially of the small lateral leaves, is constantly growing. During the harvest 
season, when the hops reach full maturity, the lateral leaves make up 60 to 75 % of the total leaf area (Figure 3). The 
area of bine leaves at the end of the growing season in the lower parts of the plant often decreases due to the fall of necrotized leaves. The size of the leaf area depends on the variety and weather 
conditions during the vegetation. An important factor is also the occurrence of diseases and pests, which can lead to growth anomalies affecting the size of the leaf area (necrosis).
Relative area (%) of green crops in ratio to total plot area for selected hop varieties determined by remote sensing method (wing eBee X drone) is shown in Table 3. Monitoring of organic hop 
garden started in 7th of May. Data show the difference between the measured varieties. Saaz aroma hop achieved a faster development of leaves and laterals compared to Premiant in the early 
growth stages. While we could see a continuous increase in green matter at Premiant, Saaz peaked in middle of June and then the volume of green matter fluctuates, probably under high infectious 
pressure of downy mildew. However, the use of this method of leaf area estimation is limited in terms of lighting conditions during vegetation sensing, where shadows and different colours 
of leaves (shades of green and yellow) could influence the crop 
area selection, as mentioned Padúa el al. (2018) in their study on 
vineyards.
 
Conclusions
• Measurement of total leaf area of the hop plants by a 

direct destructive method and gravimetrically and plani 
metric image analysis provides accurate and comparable results,

• The leaf area of hop plants is mainly in the range of 2.5–5 m2. 
Measurements on varieties (at harvest period) with a heavier 
habit or in years with sufficient rainfall have shown that the 
total leaf area can reach up to 5–7 m2,

• The size of the leaf area depends on the variety and weather 
conditions during the vegetation. An important factor is also 
the occurrence of diseases and pests, which can lead to growth anomalies affecting the size of the leaf area (necrosis),

• The results show that remote sensing allows a rapid and non-destructive estimation of vegetation development, 
including the detection of disease pressure. Each of the selected variants also showed a typical course of development 
and response to disease pressure.
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Date
2019 DOY

Total leaf area (m2)
Image 

analysis Gravimetry

May 15. 135 0.11  -
May 24. 145 0.35  -
June 5. 156 0.51 0.71

June 12. 163 1.78 1.93
June 21. 172 2.25 2.02

July 2. 183 3.05 3.02
July 19. 200 3.25 3.65

August 13. 225 5.15  -
August 28. 240  - 6.19

Date
2020 DOY

Total leaf area (m2)
Image analysis Gravimetry

May 19. 141 0.22 0.18
May 26. 147 0.46 0.41
June 9. 161 0.67 0.56

June 24. 176 1.18 1.16
July 13. 195 2.29 2.20

August 11. 224 3.81 4.53
August 25. 238 3.33 3.41

DOY = day of year

Figure 1: Image Analysis

Figure 2: eBee X drone Figure 4: Monitoring of hop garden by drone

Figure 3: Development of leaf area during vegetation season.

Date (2019) DOY Saaz Premiant

7 May 127 07.6 03.3

17 May 137 10.1 06.6

23 May 143 14.0 09.8

31 May 151 20.3 17.7

10 June 161 56.0 39.2

21 June 172 43.0 45.1

9 July 190 43.1 44.4

24 July 205 39.8 48.5

5 August 217 58.4 60.8

28 August 240 - 76.3

Table 3: Relative area (%) of green crops in ratio to 
total plot area for selected hop varieties derived from 
TGI index calculated from orthophoto
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Table 2: Total leaf area of Czech hop varieties
Year Variety Number of bines /wire Total leaf area (m2)

2005 Agnus 1 3.04

2006 Agnus 3 4.69
Agnus 2 2.92

2007 Agnus 2 4.28
Agnus 3 5.97

2010 Agnus 2 4.27
Agnus 1 3.11

2011 Premiant 2 7.54
Premiant 1 4.96

2012 Premiant 2 3.37

2013 Premiant 1 3.62
Premiant 1 3.51

2016
Premiant 2 5.23
Premiant 1 4.41

2019
Agnus 1 3.85
Vital 1 2.29

Premiant 1 3.25


