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Abstract 
 
Hops are native to the Northern Hemisphere and are widespread throughout the world; in Brazil, crops are grown on a small scale. 
How management differentiation can affect the physiological development of crops in subtropical climates is not well studied. The 
objective of this study was to evaluate the physiological and morphometric performance of five hop varieties under organic and 
conventional management. These experiments were conducted at Lageado Farm, at the campus of São Paulo State University in 
Botucatu. A 2 x 5 factorial design was adopted, with the main factor being the cultivation system (organic and conventional) and 
the secondary factor being the hop varieties (Cascade, Columbus, Chinook, Hallertau Mittelfrüeh and Nugget). The cultivation 
systems differed by fertilization and phytosanitary management. Analyses of gas exchange and chlorophyll a fluorescence were 
performed during the vegetative development of the plants and during branch elongation. Morphometric analyses of the plants 
were performed to determine the number of internodes (22.40; 18.20) and the heights of the plants (201.09; 131.07), with organic 
and conventional treatment, respectively. All the varieties showed satisfactory physiological and morphometric performance; 
however, plants grown under organic management had better results than those grown under the conventional cropping system. 
Lastly, we measured the potential efficiency of PSII; Hallertau M. (0.89), Nugget (0.89) and Columbus (0.88) presented the highest 
measurements, and the lowest values were observed in Cascade (0.86) and Chinook (0.85). In general, Hallertau M. and Columbus 
had the highest gas exchange values, while Cascade had the lowest. 
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ns_Not significant; PH_Plant height; PPFD_Photosynthetic photon flux density; PSII_Photosystem 2; S_Sulfur; t.ha
-1

_Tons per 
hectare; WUE_Water efficiency; Zn_Zinc 
 
Introduction 
 
Hop (Humulus lupulus L.) is a perennial dioecious 
horticultural plant grown commercially for its female 
inflorescence, called a cone, which has lupulin glands that 
are rich in secondary metabolites (Ruggeri et al., 2018; 
Spósito et al., 2019). 
The organoleptic properties of cones have important 
medicinal and industrial characteristics, especially in 
breweries (Keskin et al., 2019), because they add an aroma 
and a bitterness to beers, in addition to preserving them (Liu 
et al., 2015). 
In 2020, Brazil reached a total of 1383 registered breweries, 
an increase of 14.4% compared to 2019, according to data 
from the Yearbook of Beer 2020 (Governo do Brasil, 2021). 

The country imported 3243 tons of hops, totaling US$ 57 
million (Comexstat, 2020). There is an interest in reducing 
the external dependence on importing hops and on 
supplying breweries with the Brazilian hops that are under 
development. 
The center of origin for hops is the Northern Hemisphere, 
and hops are grown in regions with a temperate climate 
where there is a daily light duration that meets the needs for 
the natural vegetative development of the crop; generally, 
hops grow within the range from 35° to 55° north or south of 
the Equator (Keukeleire et al., 1999; Dodds, 2017). 
Botucatu is located in the state of São Paulo in southeastern 
Brazil at a latitude of 22°50' S, and its photoperiod reaches a 
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maximum of 13 hours of light on the longest day of the year; 
however, the ideal photoperiod for hop crop development is 
16 hours (Pearson et al., 2016; Kolenc et al., 2016). 
Several hop crops are found in the southeastern region of 
Brazil, which predominantly has a subtropical climate 
(Guimarães et al., 2021). Thus, the crop is acclimated to 
Brazilian soil, where the climatic conditions are different 
from those of the origin of the crop cultures. 
The management used in hop plantations is commonly 
conventional in relation to fertilization and phytosanitary 
control, but there are already crops being cultivated under 
the organic system, and although there are fewer of these 
systems, they are increasing worldwide (Turner et al., 2011; 
Rossini et al., 2021). Another important point of 
management differentiation is in the control of spontaneous 
plants, in which the herbicides commonly used in 
conventional management are not used on organic fields 
(Delahunty et al., 2015). 
The practices adopted in organic management help improve 
the biological and physical attributes of the soil, such as the 
incorporation of organic matter, the use of beneficial 
microorganisms and the use of green manure, in addition to 
having a beneficial influence on soil microbial activity (Oszut 
et al., 2014; Dantas et al., 2015; Carvalho et al., 2020). 
The physiological development of hops can be affected by 
cultivation practices and abiotic factors; thus, it is necessary 
to understand their influences on plant development 
(Pokorný et al., 2011; Da Silva et al., 2017). 
These factors are potentiated when they occur 
simultaneously, such as temperature, light and solar 
radiation factors, which are crucial for the physiological 
development of plants (Galon et al., 2010; Da Silva et al., 
2021). 
Thus, the objective of this study was to evaluate the gas 
exchange and morphometric measurements of five 
varieties of hops grown in subtropical conditions under 
organic and conventional management. 
 
Results and discussion 
 
Gas exchange and chlorophyll a fluorescence 
The gas exchange and chlorophyll a fluorescence results of 
the hop varieties grown in Brazil under organic and 
conventional management were elucidated for the first time 
in this study. Significant interactions were observed for most 
of the measures evaluated in the comparison between 
varieties and production systems. Only for the traits Fv/Fm 
and Fv'/Fm' were no significant interactions observed in 
relation to the types of management; however, significant 
interactions were observed between the varieties (Tables 1, 
2 and 3). 
The Hallertau Mittelfrüeh variety results under organic 
management differed statistically from those of the other 
varieties, with the highest values for A, gs, WUE, A/Ci and 
ETR, and it also had the lowest E value, indicating good 
photosynthetic use. 
The varieties managed under the conventional system had 
similar values for E, WUE and ETR, and the Cascade variety 
showed differences in these variables with the lowest value. 
For A, gs and A/Ci, the variety with the highest values was 
Hallertau. 
Higher internal concentrations of CO2 (Ci) were observed in 
the conventional system; thus, plants under this cultivation 
system should have higher photosynthetic rates (Silva et al., 
2019). However, plants under organic management showed 
higher values of carbon assimilation (A), higher 

carboxylation efficiency (A/Ci) and a higher relative electron 
transfer rate (ETR), indicating greater efficiency in 
photosynthetic processes. The carbon that is accumulated 
by the leaves is destined for photosynthesis, suggesting that 
the high concentration of CO2 observed in the plants under 
the conventional system is not being used in photosynthesis. 
Eriksen et al. (2020) of Oregon, United States, reported that 
the Cascade variety also showed a high rate of carbon 
assimilation, as observed in the present study in the organic 
system. It is worth noting the climatic differences between 
the experiments conducted in the United States and Brazil 
and how the physiological development of the varieties can 
be affected by these abiotic differences. 
Plants that were cultivated under the conventional system 
showed higher transpiration rates and less water 
consumption, denoting inefficiency in the photosynthetic 
processes. This result can be attributed to the fertilizers in 
use, such as potassium chloride, which has a high salt level 
compared to that of the other fertilizers used in this 
experiment (Mantovani et al., 2017). Prazeres et al. (2015) 
also showed the negative effect of KCl on the transpiration 
rate. 
Hejnák et al. (2015) obtained the lowest transpiration values 
when evaluating Columbus compared to Vital, Saaz Late and 
Magnum. Higher transpiration rates in both management 
types were found when compared to other varieties. 
Graf et al. (2019) indicated that hops have very high daily 
water consumption, and in this experiment, under organic 
management, the plants showed higher water use efficiency 
for photosynthesis, with less loss, and the consumed water 
was destined for use in photosynthetic processes. 
 There were no significant differences between the adopted 
management systems in terms of Fv/Fm and Fv'/Fm'; however, 
the highest quantum yield and photochemical efficiency of 
PSII were found in Hallertau M., with values of 0.89 and 
0.50, respectively, and the lowest values were observed in 
Chinook (0.85) for Fv/Fm and in Cascade (0.40) for Fv'/Fm' 
(Table 4). 
 Similar Fv/Fm values, ranging from 0.80 to 0.85, were 
reported by Eriksen et al. (2020) for the Chinook and 
Cascade varieties. Santabarbara et al. (2019) reported that 
photochemical quantum yield values in PSII above 0.75 are 
considered normal in mature and stress-free plants. 
These data showed that the plants in this experiment had 
satisfactory physiological performance and were responsive 
to the adopted practices; additionally, they may not have 
experienced strong stress levels, which could cause damage 
to the structures of chloroplasts and other biochemical 
limitations related to the performance of photosynthesis 
(Peloso et al., 2017). 
 
CO2 assimilation response curve as a function of PPFD 
Table 5 shows that there were significant differences 
between the varieties regarding the light compensation 
point, the saturation point and the amount of respiration in 
the dark, indicating that they require different PPFDs for the 
absorption of CO2 and the accumulation of dry matter. 
The highest light compensation value (54.40 μmol m

-2
 s

-1
) 

was observed in the Chinook variety, and the lowest was 
observed in Hallertau M. (28.64 μmol m

-2
 s

-1
). Columbus had 

the lowest light saturation value, with a PPFD of 1303.33 
μmol m

-2
 s

-1
, and the highest value was observed in Nugget, 

with a PPFD of 1873.33 μmol m
-2

 s
-1

. This result indicates 
that the latter variety has the greatest resistance to solar 
radiation  stress.  Hallertau  M.  had  the  lowest   respiration  
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Table 1. Results for the CO2 assimilation rate (A), stomatal conductance (gs) and internal CO2 concentration (Ci) of different hop 
varieties and management types. 

 A 
μmol CO2 m

-2
s

-1
 

gs 
mol m

-2
s

-1
 

Ci 
μmol m

-2
s

-1
 

Variety Org. Conv. Org. Conv. Org. Conv. 

Hallertau M. 26.73 Aa 19.49 Bb   0.25 Aa 0.21 Ba 216.18 Ba 229.46 Ca 

Cascade 19.64 Ba 5.61 Cb 0.22 Aa 0.12 Cb 236.52 Ab 308.55 Aa 

Nugget 16.83 Ca 17.47 Ba 0.20 Aa 0.23 Ba 247.46 Aa 254.06 Ba 

Columbus 16.69 Cb 22.35 Aa 0.22 Ab 0.30 Aa 254.50 Aa 256.99 Ba 

Chinook 14.42 Cb 17.95 Ba 0.14 Bb 0.27 Aa 215.55 Bb 269.53 Ba 

F 31.05** 56.12** 7.45** 20.84** 5.86** 15.53** 

CV (%) 8.37 11.98 5.11 

**Significant at the probability level of 0.01. Equal means do not differ according to Tukey’s test at 5% probability. Subtitle: Org.: 
Organic; Conv.: Conventional. 

 
Figure 1. Net CO2 assimilation rate (A, µmol m

-2
 s

-1
) as a function of photosynthetic photon flux density (PPFD, µmol m

-2
 s

-1
) of hop 

varieties. 
 
Table 2. Results for the transpiration (E) and water use efficiency (WUE) of different hop varieties and management types. 
 
 
 
 
 
 
 
 
 
 
 
** Significant at the probability level of 0.01. 

ns
 Not significant at the probability level of 0.01. Equal means do not differ according 

to Tukey’s test at 5% probability. 
 
 
Table 3. Results for the carboxylation efficiency (A/Ci) and relative electron transfer rate (ETR) of different hop varieties and 
management types. 
 
 
 
 
 
 
 
 
 
 

** Significant at the probability level of 0.01. Equal means do not differ according to Tukey’s test at 5% probability. 

  E  WUE 

  mmol water vapor m
-2 

s
-1

 µmol CO2 m
-2 

s
-1

/mmol
-
 H2O m

-2 
s

-1
 

 Variety  Organic  Conventional  Organic  Conventional 

 Hallertau M. 2.79 Bb 3.89 Aa 9.55 Aa 4.99 Ab 

 Cascade 3.88 Aa 2.98 Ba 5.18 Ba 1.85 Bb 

 Nugget 3.29 Ba 4.16 Aa 5.40 Ba 4.19 Aa 

 Columbus 3.96 Aa 4.66 Aa 4.25 Ba 4.79 Aa 

 Chinook 3.15 Bb 4.71 Aa 4.83 Ba 3.83 Aa 

 F 2.70
ns 

5.41** 19.67** 6.88** 

 CV (%) 13.99 16.89 

  A/Ci  ETR 

 Variety  Organic  Conventional  Organic  Conventional 

 Hallertau M. 0.12 Aa 0.08 Ab 157.36 Aa 124.64 Ab 

 Cascade 0.08 Ba 0.01 Cb 149.86 Aa 56.32 Bb 

 Nugget 0.06 Ca 0.06 Ba 95.96 Bb 125.47 Aa 

 Columbus 0.06 Cb 0.08 Aa 136.49 Aa 133.65 Aa 

 Chinook 0.06 Ca 0.06 Ba 143.67 Aa 144.83 Aa 

 F 40.66** 51.84** 7.82** 16.48** 

 CV (%) 9.09 11.73 
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Table 4. Results of the quantum (Fv/Fm) and effective yield of PSII for the hop varieties. 
 
 
 
 
 
 
 
 
 
*Significant at the 0.05 probability level. ** Significant at the 0.01 probability level. Equal means do not differ according to Tukey’s 
test at 5% probability. 
 
 
Table 5. Light compensation point (μmol m

-2
 s

-1
), light saturation point (μmol m

-2
 s

-1
) and dark respiration (µmol m

-2
 s

-1
) of hop 

varieties. 

Variety Light compensation point Light saturation point Dark respiration 

 Hallertau M. 28.64 D 1558.87 B  -2.87 A 

 Cascade 53.17 A 1392.22 D  -4.21 C 

 Nugget 33.79 C 1873.33 A  -3.44 B 

 Columbus 41.65 B 1303.33 E  -3.43 B 

 Chinook 54.40 A 1425.55 C  -4.14 C 

 F 70.9** 46.9** 61.92** 

 CV (%) 8.79 9.36 5.06 

** Significant at the probability level of 0.05. Equal means do not differ according to Tukey’s test at 5% probability. 
 
Table 6. Results for the number of internodes (NI) and the plant height (PH) of hops (cm) in the organic and conventional 
management systems.  

 Management  NI  PH (cm) 

 Organic 22.40 a 201.09 a 

 Conventional 18.20 b 131.07 b 

 F 8.70** 8.25** 

 CV (%) 24.80 51.90 

 ** Significant at the probability level of 0.05. Equal means do not differ according to Tukey’s test at 5% probability. 
 

Table 7. Results of the number of internodes (NI) and the plant height (PH) (cm) of the hop varieties. 
 
 
 
 
 
 
 
 
 

ns
 Not significant at the probability levels of 0.01 and 0.05. Equal means do not differ according to Tukey’s test at 5% probability. 

 
Table 8. Soil analysis of the conventional cropping system collected in March 2020. 

 
 
 
 
 

Subtitle: O. M.: Organic matter; CEC: Cation exchange capacity. 
 

Table 9. Soil analysis of the organic cropping system collected in March 2020. 
 
 
 
 
 
        Subtitle: O. M.: Organic matter; CEC: Cation exchange capacity. 
 
 
 

Variety  Fv/Fm  Fv'/Fm' 

 Hallertau M. 0.89 A 0.50 A 

 Cascade 0.86 B 0.40 B 

 Nugget 0.89 A 0.47 A 

 Columbus 0.88 A 0.44 A 

 Chinook 0.85 B 0.45 A 

 F 3.11* 7.39** 

 CV (%) 2.61 7.24 

Variety  NI  PH (cm) 

 H. Mittelfrüeh 21.30 a 152.48 a 

 Columbus 20.70 a 196.15 a 

 Cascade 20.40 a 167.04 a 

 Chinook 19.80 a 156.65 a 

 Nugget 19.30 a 158.10 a 

 F 0.24
ns

 0.42
ns

 

 CV (%) 24.80 51.90 

Samples 
 

pH O. M. Presin K Ca Mg CEC V% B Cu Zn 

CaCl2 g.dm
-3

 mg.dm
-3

 mmolc.dm
-3

  mg.dm
-3

 

0 – 20 4.9 19 16 2.6 20 5 64 42 1.09 6.1 0.9 

20 – 40 4.4 15 6 1.4 13 4 63 29 0.86 5.3 0.4 

Samples 
 

pH O. M. Presin K Ca Mg CEC V% B Cu Zn 

CaCl2 g.dm
-3

 mg.dm
-3

 mmolc.dm
-3

  mg.dm
-3

 

0 – 20 5.0 25 56 3.4 39 11 77 70 1.00 4.7 3.8 

20 – 40 4.8 19 30 2.2 23 10 70 50 0.90 5.4 1.7 
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value in the dark (-2.87 μmol m
-2

 s
-1

), and Cascade had the 
lowest value of -4.21 μmol m

-2
 s

-1
. 

Figure 1 shows the CO2 assimilation curve in relation to the 
PPFD values for the five varieties. The highest CO2 
assimilation value was achieved by the varieties with 
approximately 1500 μmol m

-2
 s

-1
, with Cascade having the 

highest value and Nugget and Chinook having the lowest 
values. 
 
Morphometric data 
 Significant differences were found in the comparison of 
management types regarding the number of internodes and 
the plant height (Table 6). 
 The distance between the nodes and the number of 
internodes in the hop plants determine the length of the 
branches and the number of productive nodes (Bauerle, 
2021). A higher number of internodes was found in plants 
subjected to organic management; therefore, it is possible to 
hypothesize that these plants will have a higher production 
capacity than those grown in a conventional manner. 
Plant height is another characteristic that directly represents 
the productive capacity of plants (Fagherazzi, 2020) because 
the larger the plant is, the greater the possibility of the 
formation of productive branches. The organic system 
resulted in plants with greater heights (201.09 cm) than 
those in the conventional system (131.07 cm). 
Thus, it is possible to affirm that the supply of natural 
fertilizers generated greater vegetative and productive 
capacities for the plants. Amoriello et al. (2020) also 
obtained positive effects from the use of natural fertilizers, 
such as biochar, in hop plants not only in terms of vegetative 
development but also in terms of physiological 
development. 
 There was no significant differentiation between the means 
of different varieties (Table 7). 
Hallertau M. was the variety with the highest number of 
internodes (NI) (21.30), and Nugget had the lowest NI 
(19.30). The highest plant height was in the Columbus 
variety (196.15 cm), and the lowest was in Hallertau M. 
(152.48 cm), which was different from the results found by 
Rossini et al. (2016), in which Cascade was the variety with 
the highest plant height. 
This is a pioneering work that has generated information on 
the physiological and vegetative development of hop 
varieties grown under organic and conventional 
management systems during the fall-winter season in Brazil. 
Thus, this study can contribute to the Brazilian hop 
production chain. 
 
Materials and methods 
 
Experimental conditions 
These experiments were conducted at the orchard of the 
Lageado Farm at the Faculty of Agronomic Sciences (FCA) of 
São Paulo State University (UNESP) in Botucatu, São Paulo, 
Brazil (latitude 22°50'S, longitude 48°26'W and altitude 791 
m). According to Köppen (1948), the climate is classified as  
subtropical with a hot summer (Cfa). During this period, the 
minimum average temperature was 17.94 °C, the maximum 
average temperature was 28.45 °C, and the rainfall amount 
was 1257.61 mm. The soil is a clayey dystroferric Red Latosol 
(Santos et al., 2018). 
 

Treatments and experimental design 
A randomized block experimental design was adopted in a 2 
× 5 subdivided plot scheme, with the main factor being the 
cultivation system (conventional and organic) and the 
secondary factor being the hop variety (Cascade, Columbus, 
Chinook, Hallertau Mittelfrüeh and Nugget); there were four 
blocks and four useful plants per plot. The organic and 
conventional management systems were differentiated 
primarily by fertilization and phytosanitary control. 
 
Conventional cultivation 
Fertilizations were performed according to the needs 
observed in the soil analyses, which were measured in 
March 2020 (Table 8). 
Topdressing fertilization was performed with calcium nitrate 
(375 kg.ha

-1
), urea (94 kg.ha

-1
), chicken litter (3.12 t.ha

-1
) and 

potassium chloride (186 kg.ha
-1

) with a mix of the 
micronutrients in Oligogreen® (Mg: 2.7%; S: 4.4%; B: 0.5%; 
Cu: 1%; Fe: 2%; Mn: 4%; Mo: 0.05%; Zn: 3%; N: 3%) (20 
kg.ha

-1
). Borate fertilization was performed with boric acid (4 

kg.ha
-1

), and foliar fertilization was performed with zinc 
sulfate (5 kg.ha

-1
). For phytosanitary control, applications 

were performed with abamectin (Abamex®) (20 ml for 20 
liters of water) for spotted mites (Tetranychus urticae), and 
fipronil (Regent®) was used for leaf-cutting ants. 
 
Organic farming 
Fertilizations were also performed according to the needs 
determined using the soil analysis, which was performed in 
March 2020 (Table 9). 
Fertilization was performed with bokashi (1.5 t.ha

-1
), castor 

bean cake (1.4 t.ha
-1

) and organic poultry litter (2 t.ha
-1

). 
Potassium sulfate (94 kg.ha

-1
), potassium silicate (312 kg.ha

-

1
), thermophosphate (203 kg.ha

-1
), boric acid (4 kg.ha

-1
) and 

bone meal (1 t.ha
-1

) were also used. Spraying was performed 
with Super Magro biofertilizer, and biological activation of 
the soil was performed with effective microorganisms (EM) 
(2 liters of EM for 20 liters of water). For phytosanitary 
control, when pests and diseases were identified, 
sulfocalcium spray was applied to treat for streaked mites 
(Tetranychus urticae), with organic formicide (Bioisca®) used 
to treat powdery mildew (Podosphaera macularis). 
Metarhizium anisopliae + Beauveria bassiana (B Exchange ®) 
was applied as a form of pest control. 
 
Photosynthetic measurements 
Chlorophyll a fluorescence measurements were performed 
using a fluorometer coupled to an LI-6400 photosynthesis 
analyzer (IRGA), Li-Cor, using the saturated pulse method 
(Maxwell et al., 2000), with the nomenclature recommended 
by Baker et al. (2004). Thus, the maximum photochemical 
yield of photosystem II (PSII), initial fluorescence (F0), 
maximum fluorescence (Fm) and variable fluorescence (Fv) 
were measured, which enabled the calculations of the 
following measurements: PSII potential quantum efficiency 
(Fv/Fm), representing the quantum yield of the 
photochemical phase of photosynthesis; quantum efficiency 
of the antennas (Fv'/Fm'), representing the efficiency of the 
capture of the excitation of the electrons by the open 
reaction centers of PSII; and the apparent ETR, which was 
calculated according to Schreiber et al. (1986). To calculate 
the ETR, the fraction of energy excitation distributed to PSII 
was considered to be 0.5, and the fraction of 
photosynthetically active photon flux density (PPFD) 
absorbed by the leaf was 0.84 (Demmig et al., 1987). For 
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these analyses, the leaves were wrapped with aluminum foil 
for 15 min to adapt them to the dark. 
The following characteristics were also obtained: the rate of 
carbon assimilation (A, μmol CO2 m

-2
 s

-1
); stomatal 

conductance (gs, mol m
-2

 s
-1

); internal carbon concentration 
(Ci, µmol m

-2
 s

-1
); transpiration (E, mmol water vapor m

-2
 s

-1
); 

water use efficiency (WUE, µmol CO2 m
-2

 s
-1

/mmol H2O m
-2

 s
-

1
), which was determined by the relationship between CO2 

assimilation and the transpiration rate; and the 
carboxylation efficiency (A/Ci, µmol CO2 m

-2
 s

-1
/µmol m

-2
 s

-1
), 

which was determined by taking the ratio between the CO2 
assimilation rate and the internal CO2 concentration in the 
leaves. 
The photosynthetic photon flux density (PPFD, μmol m

-2
 s

-1
) 

was used to confirm the consistency of the experimental 
conditions; therefore, standardization was performed during 
each evaluation period using a light-emitting diode coupled 
to the IRGA in accordance with the PPFD. During the 
evaluation, the ambient air concentration was the reference 
for the CO2 concentration, with values ranging from 380–400 
μmol mol

-1
 of air. 

 
CO2 assimilation response curve as a function of PPFD 
The CO2 assimilation rate curve (A, μmol CO2 m

-2
 s

-1
) was 

obtained as a function of the density of photosynthetically 
active photons (PPFD, μmol m 

-2
 s 

-1
) by reducing the PPFD 

from 2000 μmol m
-2

 s
-1

 to 0 μmol m
-2

 s
-1

 in intervals of 200 
μmol m

-2
 s

-1
 to 200 μmol m

-2
 s

-1
 and then in intervals of 50 

μmol m
-2

 s
-1

 for a more precise curve. The experiment was 
conducted at 25 ± 3 °C, close to room temperature. 
The response curve was defined for the hyperbolic function 
A = a [(A max * PPFD)/(b + PPFD)], where A max is the 
maximum CO2 assimilation, and “a” and “b” are the 
parameters of the hyperbolic equation. The dark respiration 
(equation parameter a) and light point compensation 
(equivalent to the PPFD value where A is zero) were 
calculated using this function. A straight line (y = 1) was 
fitted at the highest points of the curve to establish the light 
saturation point. 
 
Morphometric analyses 
In terms of the morphometric measurements, the number of 
internodes and the plant height (PH) were obtained. The 
plants were harvested, the number of internodes on the 
most vigorous branch of each plant was counted, and the 
total plant height was measured using a tape measure. 
 
Statistical analysis 
The data were subjected to homogeneity and normality 
tests using the Shapiro–Wilk test in Minitab 17. The analysis 
of variance and the means were compared using the Scott–
Knott test with a 5% probability in AgroEstat. The SAS 9 
statistical program was used to adjust the hyperbolic 
function of the light response curves. 
 
Conclusions 
 
The test varieties presented satisfactory and responsive 
physiological performances, showing that the practices 
adopted here met the existing needs for the vegetative 
development of these varieties during the autumn-winter 
cropping period in Brazil. 
Hop plants grown under organic management had higher 
values regarding physiological performance and 

morphometrics than those grown under the conventional 
system. 
The Hallertau M. and Columbus varieties had the highest 
measures of gas exchange under both organic and 
conventional management, and Cascade had the lowest 
observed values. 
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