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HUNGARY

1

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Columella – Journal of Agricultural and Environmental Sciences Vol. 10. No. 2 (2023)

Authors of the current volume of Columella

Shreya BHATTACHARYA
María Rosa CASALES
Sandra FUSELLI
Susana GARCIA DE LA ROSA
Miklós HELTAI
Katalin IRMES
Alexandra KALANDARISHVILI
István KRISTÓ

Mihály MÁRTON
Sandra MEDICI
Attila RÁCZ
Gabriela SÁNCHEZ PASCUA
Edgardo SARLO
László SZABÓ
Melinda TAR
Marianna VÁLYI NAGY

Reviewers of the current volume of Columella

Zsolt BÍRÓ
Helga DÉRI
Attila FARKAS
Ákos HORVÁTH

István MAJZINGER
Péter PEPÓ
László SZABÓ
Tímea SZALÓKI

Scientific board of Columella

Igor BOGUNOVIĆ (HR)
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The varied diet of the golden jackal (Canis aureus): Experiences
from stomach analyses

Shreya BHATTACHARYA1,2* – László SZABÓ1 – Mihály MÁRTON1 – Miklós HELTAI1

1: Hungarian University of Agriculture and Life Sciences, Institute for Wildlife Management and Nature
Conservation, Gödöllő, Páter Károly u. 1, 2100 Hungary., e-mail: bshreya93@gmail.com
2: Current Address: University of Malaysia Sarawak, Institute of Biodiversity and Environmental
Conservation, 94300, Kota Samarahan, Sarawak

Abstract: The golden jackal population shows a rapid expansion in Europe during the recent decades, raising
several management and conservation issues. Among others, the opportunistic feeding strategies might be a
reason which is responsible for the invasive spreading and survival success of the species in various parts of
Hungary. Our aim was to analyze the diet composition of the jackal through stomach content analysis to pro-
vide an insight about the evolution and behavioural adaptations of this mesopredator. The stomach samples
were collected between 2003 and 2014 from different parts of Hungary.The percentage frequency of occur-
rence (%FO) as well as the biomass (%B) of the stomach content data were analyzed. Statistical analysis tests
based on the presence and absence data of the remains of wild ungulates (cervids and wild boar) from seasonal
data (winter-spring and summer-autumn) and between gender groups were conducted. Also, comparisons of
the presence and absence data for the three main food categories (rodents, big game and vegetative/plant parts)
were statistically tested. The results of the comparisons did not show any significant differences between the
classes. This can be explained due to the high spatio-temporal variation of the data. The findings of our study
show the presence of a varied occurrence of food items such as rodents, insects, fruits, plant parts, ungulates
(wild boar, cervids), reptiles (such as lizards and pond turtles), bird species (such as pheasants) as well as jaw
remains of the red fox. It is noteworthy to mention in this context that majority of the ungulate remains from
the stomach contents were associated with maggots, which indicated the presence of carrion consumption.
Our study, based on varied diet composition, supports and confirms the opportunistic, scavenging and highly
adaptive foraging of the golden jackal.
Keywords: Golden jackals, feeding habits, stomach analysis
Received 28 August 2023, Revised 14 November 2023, Accepted 18 November 2023

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 In-
ternational License

Introduction

The increasing distribution range of the
golden jackals in Europe has led to argu-
ments regarding various challenges faced
by the management authorities and interna-
tional legal frameworks (Heltai et al., 2000;
Lanszki & Heltai, 2002; Trouwborst et al.,
2015). The occurrence of any non-native
species in a region can significantly influence
the ecological balance along with the prey-
predator relationship (Mondal et al., 2012;

Kuijper et al., 2016). Despite of their indige-
nous status, the golden jackal after disap-
pearing from the fauna between the 1950s
and 1970s (Tóth et al., 2009), recently re-
turned in a manner typical of invasive species
(Szabó et al., 2007). Many stakeholders
in Hungary, including the game managers,
sport hunters and farmers assume (Szabó
et al., 2009) that the golden jackal popula-
tion largely affect important game species
like roe deer (Capreolus capreolus) and fal-
low deer (Dama dama). Studies also sup-
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port the fact that various species of Cervi-
dae like red deer (Cervus elaphus), roe deer
and fallow deer were among the notable diet
components of the golden jackal in Hungary
(e.g., Lanszki and Heltai (2002)), whereas,
a similar study conducted in Serbia, sug-
gests that the main components of the winter
diet of the golden jackal constitutes the re-
mains of domestic animals (Ćirović, Penezić,
Milenković, & Paunović, 2014). Thus, to
minimize conflicts and enhance a better un-
derstanding of the facts, it is important to un-
derstand the ecology, evolution and feeding
adaptations of the species.
The hypothesis of our study based on the for-
merly published articles from Hungary was
that the presence of small rodents and/or
wild ungulates (Heltai et al., 2004; Lanszki
et al., 2015; Lanszki & Heltai, 2002) will
be the primary food items.The objectives of
the study are: (i) to describe the general diet
composition, including the season and gen-
der related features; (ii) to obtain a detailed
idea regarding the golden jackal’s wild un-
gulate (cervids and wild boar) consumption.

Materials and Methods

Stomach content analysis was performed
through standardized wet techniques
(Penezic & Ćirović, 2015) of 40 samples
collected by hunters from different parts of
Hungary (Fig. 1). As a first step the stom-
achs were defrosted at room temperature.
Then the wet weight of the whole stomach
samples (including the abdominal wall along
with the contents) were measured and reg-
istered in grams. After opening/exploring,
the stomach contents were segregated and
measured according to the various specified
classes. The classes include: 1 – plant parts,
2 – seeds, 3 – cervids, 4 – wild boar, 5 –
domestic animals, 6 – rodents, 7 – birds, 8
– insects, 9 – reptiles, 10 – plastic/garbage.
The presence of the carrion consumption was
identified by the presence of maggots from

the associated food contents. The “unknown”
class referred to the contents which cannot
be identified or differentiated according to
the previously prescribed classes. The wet
weight of each specified class of the stomach
contents was measured in grams (accuracy
0.01 grams).The microscopic analysis of the
stomach contents such as hair, bones, teeth
or feather samples to identify the species
were analyzed using references from stan-
dardized reference books (Teerink, 1991;
Ujhelyi, 1989). The frequency of occurrence
(%FO) and the biomass (%B) of the contents
were calculated.
The comparison of the presence and absence
data between the three prominent food cate-
gories (rodents, big game and plants) were
compared and statistically tested using the
Fisher’s Exact test in R statistics software
(Matloff, 2011). The statistical tests were
conducted using 2 × 2 contingency tables
(Mehta & Patel, 1983). For the statistical test,
if p value is less than or equal to 0.05, the test
can be considered as significant.

Results and Discussion

The overall diet composition indicated un-
gulates and small mammals consumption as
the primary food sources of the species (Ta-
ble 1). Besides, the jackals are also con-
sidered beneficial for the control of ro-
dent species such as House rat (Rattus rat-
tus) in Asian countries such as India and
Bangladesh, where they are often consid-
ered as disease spreading pests (Jaeger et
al., 2007; Majumder et al., 2011; Mukherjee
et al., 2004). Small rodents found from the
stomach samples were wholly swallowed,
this might be considered as a suitable adapta-
tion of a behavioural trait of the golden jack-
als. Chewing a rodent might consume more
time which otherwise can be utilized by the
species to prey on other food resources avail-
able (Mondal et al., 2012; Mukherjee et al.,
2004). Also, from the results, it is evident
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Figure 1: Collection locations of jackal stomach samples from Hungary

Table 1: Overall diet composition of the golden jackal based on biomass (%B) and occur-
rence (%FO) calculations (n = 40, mean ± SD).

Diet composition Biomass Frequency of occurrence
Mean ± SD (%) Mean ± SD (%)

Plant parts 5.7 ± 13.7 77.5 ± 0.4
Seeds 1.4 ± 2.9 20.0 ± 0.4
Cervids 21.7 ± 37.7 47.7 ± 0.5
Wild boar 19.9 ± 72.2 15.0 ± 0.3
Domestic animals 3.1 ± 9.4 10.0 ± 0.3
Rodents 15.8 ± 24.8 52.0 ± 0.5
Birds 2.7 ± 8.8 20.0 ± 0.4
Insects 9.0 ± 24.3 27.5 ± 0.4
Reptiles 0.8 ± 3.3 7.5 ± 0.2
Plastic/Garbage <0.1 5.0 ± 0.2

that the jackals primarily consumed ungulate
remains mostly from carrions as the stomach
samples found were infested with maggots in
most of the cases. Thus, considering the pre-
vious literature from Europe (Ćirović et al.,
2014; Lanszki et al., 2015; Lanszki & Heltai,
2002) and the findings of the study, it can be
stated that the rodents and other small mam-
mals constitute as one of the primary food

sources for the golden jackals after the ungu-
late carrion consumption in Hungary.

The secondary food items of the species in-
clude insects and plant material (fruits and
seeds). In other studies, it was found that
jackals consumed domestic animals more
frequently, especially from offal/by-products
and carrion (Mondal et al., 2012; Ćirović et
al., 2014; Lanszki et al., 2015; Lanszki &
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Figure 2: European Pond Turtle (Emys orbicularis) embryo found from one of the jackal
stomachs

Figure 3: Nasal part of juvenile red fox (Vulpes vulpes) found in a golden jackal stomach
sample

Heltai, 2002; Majumder et al., 2011). It is
noteworthy to mention in this context that for
food components of plant origin, the biomass
percentage (%B) value is much lesser than
the frequency of occurrence (%F) ( see Ta-
ble 1). This might be due to the fact that the
jackals consistently consumed plant parts as
being opportunistic predators, but this does
not constitute as the primary food items for
the species. The presence of bird and rep-
tile remains found in the stomach contents
can be found occasionally. The consump-

tion frequency and biomass of domestic an-
imals were found to be negligible. Also, in
most of the occassions (see Table 1) the un-
gulate (deer species and wild boar) remains
found from the stomach contents were asso-
ciated with the presence of maggots which
indicated the direct evidence of carrion con-
sumption or scavenging behaviour of the
jackals (Lanszki et al., 2015).

The Presence/Absence analyses of the big
game category shows similar distributions in
every comparisons (Seasonal, Gender based,
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Table 2: Presence / Absence analyses of the big game category based on different variables.
(Legend: * = Big game as the only consumed food source).

Analysis Categories Big Game Category P value
Presence (n) Absence (n)

Seasonal data
Winter-Spring 8 4

0.486
Summer-Autumn 11 10

Gender based
Male 11 10

0.500
Female 11 5

Big game*
Other food source Presence 23 14

0.553
Other food source Absence 1 2

Big game). Only one stomach was found
which contained big game solely (Table
2).This result does not prove the extreme un-
gulate consumption theory of certain game
managers. From the economic point of view,
jackals feeding on ungulates might cause a
huge impact on the trophy hunting indus-
try and hence will directly interfere with the
game management policies. On the contrary,
as the jackals are considered as opportunis-
tic predators they are often known to feed
on any available food sources, such as reptile
and bird species, for instance the hatchlings
of Emys orbicularis.
According to the statistical analysis of the
presence and absence data of the three main
categories of food items (Table 3), this case
study did not show difference between the
seasons and genders in the feeding habit
of the jackals in Hungary. The high spatio-
temporal difference of the data might be one
of the reasons. It might be interesting to
note that during the winter-spring season, the
stomachs containing big game remains were
twice as compared to the stomachs where the
big game remains were absent, as this may
indicate the consumption of young or sub
adult individuals.
There were some unusual findings from the
stomach content analysis. One stomach sam-
ple collected in autumn in a wetland area
(Lake Velence) contained six European pond
turtle eggshells along with embryos (Fig. 2).

The jackal might have consumed a clutch of
nearly formed un-hatched turtle eggs (Brown
& Macdonald, 1995). The embryos were
found to be attached with the eggshells in the
sample. Another important finding from one
of the stomach samples was the upper jaw
and nasal part of a red fox (Vulpes vulpes)
(Fig. 3). It is unknown whether the individual
was preyed or scavenged, but competition
based on high trophic niche overlap between
the two canids might be expectable (Lanszki,
Körmendi, Hancz, & Zalewski, 1999; Lan-
szki, Molnár, & Molnár, 2006).

Conclusions

The results of the study yielded a variety
of diverse and interesting knowledge about
the feeding ecology, dietary preferences and
evolution of the golden jackals in Hungary. It
is evident from this case study that the golden
jackal in Hungary has successfully evolved
as a mesocarnivore with several feeding
adaptations and preferences (Aiyadurai &
Jhala, 2006; Giannatos et al., 2010; Yumnam
et al., 2015). Hence due to the high adapt-
ability of the species, its population is in-
creasing in several parts of Europe, includ-
ing Hungary (Lanszki et al., 2018; Szabó et
al., 2009). The findings of the study exhibit
both the opportunistic feeding patterns as
well as the scavenging behavioural traits of
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Table 3: Comparison of only Absence data for the main food categories based on the stom-
ach size.

Average stomach size
Comparison Food Category (73.3 g) P value

Smaller Bigger
Rodents and Rodents 13 6

1.000
Big Game Big game 11 5
Big Game and Big game 11 5

0.126
Vegetative/Plant part Vegetative /Plant parts 9 0
Rodents and Rodents 13 6

0.136
Vegetative/Plant part Vegetative /Plant parts 9 0

the species. Hence, to obtain a better under-
standing of the effects caused by the golden
jackal on the nature conservation manage-
ment in Hungary, more such studies about
the feeding ecology of the species should be
conducted. Besides, to address conflicts be-
tween stakeholders such as livestock /poul-
try farmers and game managers, results of
scientific studies, such as this one, should be
widely communicated and shared.
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of the golden jackal (Canis aureus L., 1758) in Serbia. Mammalian Biology 79(2), 132-137. doi:
10.1016/j.mambio.2013.11.003

Giannatos, G., Karypidou, A., Legakis, A., & Polymeni, R. (2010). Golden jackal
(Canis aureus L.) diet in Southern Greece. Mammalian Biology 75(3), 227-232. doi:
10.1016/j.mambio.2009.03.003

Heltai, M., Szemethy, L., Lanszki, J., & Csányi, S. (2000). Returning and new mammal
predators in Hungary: the status and distribution of the golden jackal (Canis aureus), raccoon dog
(Nyctereutes procyonoides) and raccoon (Procyon lotor) in 1997-2000. Beiträge zur Jagd- und Wild-
forschung 26(1), 95-102.

Heltai, M., Szucs, E., Lanszki, J., & Szabó, L. (2004). Latest data on the distribution of jackal
in Hungary. Allattani Közlemények — Zoological Records 89(1), 43–52.

10 DOI: https://doi.org/10.18380/SZIE.COLUM.2023.10.2.5

https://doi.org/10.1016/0006-3207(94)00020-Q
https://doi.org/10.1016/0006-3207(94)00020-Q
https://doi.org/10.1016/j.mambio.2013.11.003
https://doi.org/10.1016/j.mambio.2009.03.003
https://doi.org/10.18380/SZIE.COLUM.2023.10.2.5


Columella – Journal of Agricultural and Environmental Sciences Vol. 10. No. 2 (2023)

Jaeger, M. M., Haque, E., Sultana, P., & Bruggers, R. L. (2007). Daytime cover, diet and
space-use of golden jackals (Canis aureus) in agro-ecosystems of Bangladesh. Mammalia 71(1/2),
1–10. doi: 10.1515/mamm.2007.016

Kuijper, D. P. J., Sahlén, E., Elmhagen, B., Chamaillé-Jammes, S., Sand, H., Lone, K., &
Cromsigt, J. P. G. M. (2016). Paws without claws? Ecological effects of large carnivores in anthro-
pogenic landscapes. Proceedings of the Royal Society B: Biological Sciences 283(1841), 20161625.
doi: 10.1098/rspb.2016.1625

Lanszki, J., & Heltai, M. (2002). Feeding habits of golden jackal and red fox in south-western
Hungary during winter and spring. Mammalian Biology 67(3), 129-136. doi: 10.1078/1616-5047-
00020

Lanszki, J., Körmendi, S., Hancz, C., & Zalewski, A. (1999). Feeding habits and trophic
niche overlap in a Carnivora community of Hungary. Acta Theriologica 44(1), 429-442. doi:
10.4098/at.arch.99-41

Lanszki, J., Kurys, A., Heltai, M., Csányi, S., & Ács, K. (2015). Diet Composition of the
Golden Jackal in an Area of Intensive Big Game Management. Annales Zoologici Fennici 52(4),
243–255. doi: 10.5735/086.052.0403

Lanszki, J., Molnár, M., & Molnár, T. (2006). Factors affecting the predation of otter (Lu-
tra lutra) on European pond turtle (Emys orbicularis). Journal of Zoology 270(2), 219-226. doi:
10.1111/j.1469-7998.2006.00132.x

Lanszki, J., Schally, G., Heltai, M., & Ranc, N. (2018). Golden jackal expansion in
Europe: First telemetry evidence of a natal dispersal. Mammalian Biology 88(1), 81-84. doi:
10.1016/j.mambio.2017.11.011

Majumder, A., Sankar, K., Qureshi, Q., & Basu, S. (2011). Food habits and temporal activity
patterns of the Golden Jackal Canis aureus and the Jungle Cat Felis chaos in Pench Tiger Reserve,
Madhya Pradesh. Journal of Threatened Taxa 3(11), 2221-2225. doi: 10.11609/JoTT.o2713.2221-5

Matloff, N. (2011). The art of R programming: A tour of statistical software design. No
Starch Press.

Mehta, C. R., & Patel, N. R. (1983). A Network Algorithm for Performing Fisher’s Exact
Test in r× c Contingency Tables. Journal of the American Statistical Association 78(382), 427-434.
doi: 10.2307/2288652

Mondal, P. C. K., Sankar, K., & Qureshi, Q. (2012). Food habits of golden jackal (Canis
aureus) and striped hyena (Hyaena hyaena) in Sariska Tiger Reserve, Western India. World Journal
of Zoology 7(2), 106-112. doi: 10.5829/idosi.wjz.2012.7.2.63139

Mukherjee, S., Goyal, S. P., Johnsingh, A. J. T., & Pitman, M. R. P. L. (2004). The impor-
tance of rodents in the diet of jungle cat (Felis chaus), caracal (Caracal caracal) and golden jackal
(Canis aureus) in Sariska Tiger Reserve, Rajasthan, India. Journal of Zoology 262(4), 405-411. doi:
10.1017/S0952836903004783
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Szabó, L., Heltai, M., Szűcs, E., Lanszki, J., & Lehoczki, R. (2009). Expansion range
of the golden jackal in Hungary between 1997 and 2006. Mammalia 73(4), 307-311. doi:
10.1515/mamm.2009.048

Teerink, B. (1991). Atlas and identification key hair of West-European mammals (Tech. Rep.).
Research Institute for Nature Management.

Tóth, T., Krecsák, L., Szűcs, E., Heltai, M., & Huszár, G. (2009). Records of the golden jackal

DOI: https://doi.org/10.18380/SZIE.COLUM.2023.10.2.5 11

https://doi.org/10.1515/mamm.2007.016
https://doi.org/10.1098/rspb.2016.1625
https://doi.org/10.1078/1616-5047-00020
https://doi.org/10.1078/1616-5047-00020
https://doi.org/10.4098/at.arch.99-41
https://doi.org/10.5735/086.052.0403
https://doi.org/10.1111/j.1469-7998.2006.00132.x
https://doi.org/10.1016/j.mambio.2017.11.011
https://doi.org/10.11609/JoTT.o2713.2221-5
https://doi.org/10.2307/2288652
https://doi.org/10.5829/idosi.wjz.2012.7.2.63139
https://doi.org/10.1017/S0952836903004783
https://doi.org/10.15679/bjwr.v2i1.27
https://doi.org/10.15679/bjwr.v2i1.27
https://doi.org/10.1515/mamm.2009.048
https://doi.org/10.18380/SZIE.COLUM.2023.10.2.5


Columella – Journal of Agricultural and Environmental Sciences Vol. 10. No. 2 (2023)

(Canis aureus Linnaeus, 1758) in Hungary from 1800th until 2007, based on a literature survey.
North-Western Journal of Zoology 5(2), 386-405.

Trouwborst, A., Krofel, M., & Linnell, J. D. C. (2015). Legal implications of range expansions
in a terrestrial carnivore: the case of the golden jackal (Canis aureus) in Europe. Biodiversity and
Conservation 24(10), 2593-2610. doi: 10.1007/s10531-015-0948-y
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Abstract: Camera traps have been gaining popularity in population estimation studies. Based on 60 scientific
journals, we evaluated the strengths, weaknesses and improvements of the camera trap method to better un-
derstand its effectiveness for studying population parameters. Camera traps have a strong advantage of being a
non-invasive method, requiring minimal labor and because of its ability to detect multiple species per sampling
effort. However, theft and time-consuming data analyses, poor sensor performance and potential behavioral
changes of wildlife due to noise and flashlights, prevent the camera traps from being the optimal population
estimation method. The population parameter studied depends strongly on the behavior and biology of the
target species, although the most common opportunity for development is all related to sensor performance
(better triggering response and higher sensitivity) as well as extreme weather condition resistance.
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Introduction

Estimating carnivore population abundance
is an active challenge, nevertheless, obtain-
ing such information as accurately as pos-
sible is critical (Nichols & Williams, 2006).
Camera trapping has emerged as a powerful
tool that allows for non-invasive data collec-
tion to study behavioral and ecological as-
pects of target species (Delisle et al., 2021).
Information from camera traps allow unam-
biguous individual identification making its
data useful for generating accurate popula-
tion estimates from capture-recapture anal-
ysis (Joubert et al., 2020; Macdonald et al.,
2020).
Camera traps are being actively used to study
carnivore population diversity and evaluate
their abundance and in recent years cameras

have been used to study more complex ele-
ments of carnivore populations such as age
structures, predatory behavior, and daily ac-
tivities (Joubert et al., 2020; Miyamoto et al.,
2018; Thornton et al., 2018). However, there
are several factors that may impact the over-
all performance of the camera traps: users’
expertise, the condition of the study area, the
quality of the equipment, and bias due to sys-
tematic error. Certain limitations – technical,
user or otherwise are further limited by great
differences among the cameras themselves,
namely in their sensitivity, detection zones
and performance under variable environmen-
tal conditions.

Comparative tests of the applicability and ef-
fectiveness of camera raps are rarely con-
ducted, although it is important to know the
potential issues in terms of the strengths and

DOI: https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13 13

https://journal.uni-mate.hu/index.php/columella/index
alexkalandarishvili97@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13


Columella – Journal of Agricultural and Environmental Sciences Vol. 10. No. 2 (2023)

weaknesses and select traps suitable for lo-
cal application. In this paper, we aim to con-
duct a systematic literature review and ana-
lyze camera trapping as the method to es-
timate wildlife populations using a known
method of SWOT analysis (strength, weak-
nesses, opportunities, and threats).

Materials and Methods

We used the Scopus as our database to gather
publications. The keywords that we com-
bined included “camera trap” OR “photo
trap” OR “remote camera” AND “effective-
ness” OR “Practicality” AND “Carnivores”
OR “Predators”. The search for scientific pa-
pers was filtered by keywords which were in-
cluded in the title, abstract and/or keywords.
To perform the SWOT analysis, we used the
following definitions to extract information
from the scientific papers and classify them
accordingly. Strength in this case is defined
as attributes of the camera trap methodology
that benefits the study at hand and makes it
easier and more practical to execute. In other
words, characteristics that are absent in other
more traditional methods and that separate
camera trapping from other methods. Weak-
nesses are defined by attributes that hinder
the method to perform at its optimal level
and attributes that are likely to lead to biased
or imprecise results. We defined the Oppor-
tunities as potential external factors that are
not part of the method but could potentially
give a method an additional advantage. Fi-
nally, we defined Threats as factors that have
the potential to harm the final outcome of the
study.

Results

In total 60 articles were generated as a re-
sult of the search. The list of the scientific
publications that were collected does not in-
clude all papers that were published on the

topic of camera trapping, nevertheless, the
list acquired enables us to have a good over-
all understanding of the limitations and ad-
vantages of the camera traps as a popula-
tion estimation method. The strengths, weak-
nesses, opportunities and threats of the cam-
era trap method based on the analyzed papers
are summarized in Table 1.

Discussion

Strengths and Weaknesses
We investigated the strengths and weak-
nesses of camera trapping as a first part of
the study. Camera trapping is relatively low
cost in the long term compared to other
methods of population estimation, it is non-
invasive, and makes it possible to obtain in-
formation on trap-shy species in a wide range
of habitats (Table 1 Strength 1 & 5). It is
a great tool that replaces traditional meth-
ods especially in areas that are remote and
hard to access (Table 1 Strength 4) while pro-
ducing data on multiple species simultane-
ously (Table 1 Strength 6). Steinbeiser et al.
(2019) demonstrated the substantial under-
estimation of species richness using transect
surveys in comparison to camera traps in a
savanna ecosystem.
Recorded photos permanently document
multiple types of information. Camera-traps
are now being more frequently used to study
behaviors of species such as unique behav-
ioral associations among and between differ-
ent trophic levels (Table 1 Strength 7). For
example, Burton et al. (2012) modeled the
responses of carnivores to hunting, habitat
and prey in western African protected areas,
while Thornton et al. (2018) managed to doc-
ument two spatial hotspots of probable hunt-
ing association between badgers and coyotes
in north-central Washington which suggests
a large role of environmental characteristics
in shaping foraging associations.
Camera traps are specifically effective meth-
ods for mid-sized and large carnivore species

14 DOI: https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13

https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13


Columella – Journal of Agricultural and Environmental Sciences Vol. 10. No. 2 (2023)

Table 1: SWOT analysis of the camera trapping as a method for population estimation.

Strengths

1. Not invasive method of data collection (Gompper et al., 2006; Joubert et al., 2020)
2. Effective monitoring method for mid-sized and large carnivore species (Avrin et al.,

2021; Balme, Slotow, & Hunter, 2009; Gompper et al., 2006; Joubert et al., 2020;
Kämmerle et al., 2019; Rogan et al., 2022; Shamoon et al., 2017; Strampelli et al.,
2020; Stobo-Wilson et al., 2020; Sunarto et al., 2015)

3. Most optimal choice for the the studies focusing on population diversity and abun-
dance evaluation (Balme, Slotow, & Hunter, 2009; Beirne et al., 2021; Burgar et al.,
2019; Farris et al., 2014; Kluever et al., 2013; Lazenby et al., 2015; Macdonald et al.,
2020; Muench & Martínez-Ramos, 2016; O’Brien & Kinnaird, 2011; Palencia et al.,
2021; Rogan et al., 2022; Shamoon et al., 2017; Silveira et al., 2003; Steinbeiser et
al., 2019; Xiao et al., 2016)

4. Great replacement for traditional methods when working in remote, hard to access
areas (Bernard et al., 2022; Silveira et al., 2003; Steinbeiser et al., 2019)

5. Minimal labor and cost effective on a long term (Delisle et al., 2021; Foresman &
Pearson, 1998; Steinbeiser et al., 2019)

6. Ability to detect multiple species and Species detection is usually unambiguous
(Burgar et al., 2019; Farris et al., 2014; Foresman & Pearson, 1998; Joubert et al.,
2020; Macdonald et al., 2020; O’Connell et al., 2011)

7. Recorded photos are permanent and document multiple types of information (age, be-
havior, predation, daily activity) (Comer et al., 2018; Joubert et al., 2020; Lazenby et
al., 2015; Miyamoto et al., 2018; O’Connell et al., 2011; Srbek-Araujo et al., 2017;
Thornton et al., 2018)

Weaknesses

1. Behavior changes of wildlife (Meek et al., 2016; Selonen et al., 2022)
2. Ineffective for small carnivores (Gompper et al., 2006; Pirie et al., 2016)
3. Needs to be accompanied with other methods for accuracy (Balme, Hunter, & Slotow,

2009; Engeman & Witmer, 2000; Gompper et al., 2006; Pirie et al., 2016)
4. Time-consuming data analyses and expensive equipment (Foresman & Pearson, 1998;

Glover-Kapfer et al., 2019; Kelly et al., 2012; O’Connell et al., 2011; Palencia et al.,
2021; Steinbeiser et al., 2019)

5. Battery and memory limitations (O’Connell et al., 2011)
6. High risk of theft and wildlife damage (Glover-Kapfer et al., 2019; Kelly et al., 2012;

Steinbeiser et al., 2019)
7. Camera traps have limitations for estimating population parameters, especially if in-

dividuals cannot be identified (Jordan et al., 2011; Joubert et al., 2020; Kelly et al.,
2012; Larrucea, Brussard, et al., 2007; Larrucea, Serra, et al., 2007; Negrões et al.,
2010)
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Table 1: SWOT analysis of the camera trapping as a method for population estimation (con-
tinued).

Opportunities

1. Allows for complex sampling design for studies on a population level (Burton et al.,
2012; Farris et al., 2014; Kämmerle et al., 2019; Kelly, 2001; Kluever et al., 2013;
Mendoza et al., 2011; Rogan et al., 2022; Sunarto et al., 2015; Thornton et al., 2018)

2. Can be used with or without bait/lure (Barcelos et al., 2023; Buyaskas et al., 2020;
Comer et al., 2018; Joubert et al., 2020; Dri et al., 2022; Palmer et al., 2021; Stobo-
Wilson et al., 2020; Thorn et al., 2009)

3. Can be paired with other software and give more diverse results (Mendoza et al., 2011)
4. Camera traps are used to generate abundance indices (Beirne et al., 2021; Burton et

al., 2012; Farris et al., 2014; Muench & Martínez-Ramos, 2016; Sollmann et al., 2013;
Strampelli et al., 2020; Windell et al., 2022)

5. Pictures produced are aesthetically pleasing and can be used in research fundraising
and awareness raising (O’Connell et al., 2011)

6. Can be used to evaluate other monitoring measures (Avrin et al., 2021; Comer et al.,
2018; Nekaris et al., 2020; Palmer et al., 2021; Windell et al., 2022)

Threats

1. Capturing non-target species (Kelly et al., 2012)
2. Human scent may cause the animals to avert the camera device (Buyaskas et al., 2020)
3. Bias due to under-recording. misidentification of the species and/or translating the

data (Borah et al., 2014; Joubert et al., 2020; Mendoza et al., 2011; Pirie et al., 2016)
4. Data can be lost due to equipment failure (O’Connell et al., 2011)
5. Technology is changing rapidly and software needs to be constantly updated

(Mendoza et al., 2011)

(Table 1 Strength 2). While some authors
like Gompper et al. (2006) and Pirie et al.
(2016) argue that camera traps are ineffective
for observe and study small mammal, Srbek-
Araujo et al. (2017) successfully investigated
squirrel preys on seeds defecated by low-
land tapirs in the Atlantic Forest, southeast-
ern Brazil.

There are two parameters to assess the effec-
tiveness of a method: latency to initial de-
tection (LTD) and probability of detection
(POD). LTD measures the time it takes for
the first detection of a species at a survey site
to be documented. POD looks at the proba-
bility of detecting a species with a specific

technique. In an ideal scenario, more effi-
cient survey methodologies should result in
a low LTD and high POD.

Gompper et al. (2006) found that the value
for each of those parameters varies depend-
ing on the target species and concluded that
for mid-sized carnivores, for example, rac-
coon, fisher, opossum, and domestic cat,
camera traps and plate tracks had a very
similar detection efficiency, this is also con-
firmed by the study done by Shamoon et al.
(2017) that investigated medium-sized car-
nivores in Mediterranean agricultural areas.
At the same time, the wariness and aversion
to foreign equipment by the animals showed
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higher LTD for track plates compared to
camera tramps (Gompper et al., 2006).
LTD can be manipulated through a combi-
nation of bait and lure on the site (Table
1 Opportunities 2). Buyaskas et al. (2020)
finds that the combination of bait and lure
as an attractant was particularly effective
for all mustelid species, especially Ameri-
can marten and fisher, and slightly less effec-
tive than bait for short-tailed weasel. Opos-
sum records in lured stations were almost
three times higher than in non-lured stations
Barcelos et al. (2023). Lure has proved com-
paratively more effective than bait for Amer-
ican black bear and bait was notably more
effective than lure for mustelids, which also
had a much greater chance of being de-
tected with attractive use than other carni-
vores (Buyaskas et al., 2020).
For smaller mammals like martens and
weasels, track plates had higher POD com-
pared to camera traps, however, camera traps
proved to be a useful method to survey
the bears showing low LTD and high POD
(Gompper et al., 2006). On the other hand,
because coyotes are more warry, cameras
proved ineffective as shown by the high
LTD and low POD. For coyotes, the best
method for surveying remains to be snow
tracking (Gompper et al., 2006). Buyaskas et
al. (2020) also confirms this by concluding
that compared to mustelids, the use of attrac-
tants for eastern coyote and American black
bear was less successful in maximizing de-
tection probability, despite increases in de-
tection probability for both species, suggest-
ing that the eastern coyote is wary of human
scent at bait stations.
Buyaskas et al. (2020) found that except
for coyotes and red foxes, the faecal sur-
veys proved inefficient to detect the pres-
ence of the species. Genetic tests of the fe-
cal and snow tracking confirmed the pres-
ence of red foxes in areas where other meth-
ods were unable to document them. As a re-
sult, Gompper et al. (2006) argue that cam-

eras and track-plates are inefficient for sur-
veying small canids in some harder-reaching
regions. The high POD indicated that snow
tracking surveys were highly effective for de-
tecting species that are normally active in
winter, and this method may be more effec-
tive than both cameras and track plates given
that the conditions are suitable.
Behavior changes of wildlife as a result of
camera traps was also observed by Meek et
al. (2016) and Selonen et al. (2022) who
argue that the flash light causes animals to
avoid the camera stations (Table 1 Weakness
1). Dealing with these changed reactions is
critical as this will influence time spent in
front of the camera, and can therefore result
in bias. As a result, some authors proposed
to disregard the first period of the survey to
allow animals to become used to the equip-
ment (Howe et al., 2017); while others dis-
carded all the observations where animal be-
havior indicated a slight change in reaction to
the camera traps (Bessone et al., 2020). while
others discarded some data to obtain a rea-
sonable detection function fit-ting (Cappelle
et al., 2019). This all points to the fact that
different methods need to be used when try-
ing to examine different species in the carni-
vore community.
Those studies that set out to report on
wildlife species on a population or commu-
nity level require a much more intense sam-
pling effort and a more complex design of the
sampling technique. Camera traps have been
actively used in that regard, as they are said
to offer a better alternative to the so-called
traditional methods that focus on population
diversity and abundance evaluation (Table 1
Strength 3). However, camera traps have lim-
itations for estimating population parameters
especially if individuals cannot be individu-
ally identified and this is only possible for
species with distinctive markings, (Table 1
Weakness 7).
Moreover, analyzing the data from the
camera traps is extremely time consuming
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and requires purchasing of rather expensive
equipment (Table 1 Weakness 4) which are in
themselves limited by battery life and mem-
ory, thus in need constant monitoring (Table
1 Weakness 5). Cameras being an expensive
and a valuable tool are often at risk of theft
or damage by wildlife resulting in both finan-
cial and experimental losses (Table 1 Weak-
ness 6), although this is easy to prevent by
use of locks, camouflage, or security cases.
Nevertheless, Silveira et al. (2003) mentions
that when it comes to comparing different
methods and choosing one for the population
diversity and abundance evaluation, camera
traps are the better choice, primarily because
camera traps are most useful and appropri-
ate in remote areas that are difficult to ac-
cess and where conducting traditional meth-
ods like line transects and/or animal track-
/scat surveys are rather impossible (Table
1 Strength 4). Contrary to Silveira et al.
(2003), Gompper et al. (2006) and Pirie et al.
(2016) argue that camera traps are quite inca-
pable to identify small canids that would oth-
erwise be easily detected by more traditional
methods for example by scat or track surveys
and/or DNA analysis (Gompper et al., 2006;
Silveira et al., 2003). Interestingly, Pirie et
al. (2016) similarly found that in South
Africa camera traps largely under-recorded
the number of animals that were passing a
trapping area compared to those identified
using traditional traps, especially the smaller
species. The study effectively demonstrated
that the track plates can provide us with
an opportunity to advance the success of
the camera traps. In order to avoid under-
recording of the species Engeman and Wit-
mer (2000); Gompper et al. (2006); Balme,
Hunter, and Slotow (2009); Pirie et al. (2016)
argue that camera trapping stations need to
be accompanied by other methods to im-
prove accuracy of species recording (Table
1 Weakness 3).
Threats and Opportunities
It is true that camera traps allow for com-

plex sampling design for studies that focus
on population level. For example, using cam-
era traps as the main method, Sunarto et
al. (2015) successfully addressed knowledge
gaps on the topic of cat coexistence in cen-
tral Sumatra by investigating general ecolog-
ical characteristics of each cat species in re-
lation to geographic location and site condi-
tions; factors affecting probability of site use
by each cat species; and the extent of inter-
actions between cat species pairs as indicated
by spatial and temporal co-occurrence. How-
ever, it is important to consider the bias of the
camera trapping for the population estima-
tion studies and account for that bias. Bias
due to under-recording. misidentification of
the species and/or translating the data (Table
1 Threats 3).

Consideration of human presence at the
monitoring site should also be taken into ac-
count in the initial study design. If the study
design protocol requires frequent site visits
for rebating as concluded by Barcelos et al.
(2023), care must be taken to assure that the
species of study is known to be resilient to
effects of human presence; otherwise, such a
protocol may not be suitable as human scent
may cause the animals to avert the camera
device (Buyaskas et al., 2020). Lure renew-
ing will in itself imply a significant increase
in field-related costs and it’s likely to bias
other species studies.

Camera traps are used to generate abundance
indices as well, to get a quick insight into
population size (Table 1 Opportunities 4).
However, it is important to note that the in-
dices are in themselves limited and biased
compared to actual population density. It is
important to note that differences and vari-
ations in indices are not directly proportion-
ate to variations in the actual population size.
However, the very nature of using the in-
dices requires the researcher to establish cer-
tain assumptions. For example, one such as-
sumption is that wildlife detectability is con-
stant in both dimensions of space and time as
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well as among species which in itself is ques-
tionable (Sollmann et al., 2013). Moreover,
indices are not often corrected to the actual
population dynamics, this leads to the indices
being unable to give insight into the true pop-
ulation dynamics (Sollmann et al., 2013).

Nonetheless, the information gathered from
camera traps can prove a great use in the oc-
cupancy model which aims to study species
occurrence and absence from the area in or-
der to outline certain population dynamic
parameters. This has very helpful impli-
cations for monitoring elusive species for
which observations are scarce (Trolliet et
al., 2014). Once the information is gath-
ered from the cameras, researchers must re-
alize that data processing often takes more
time than deploying and monitoring cam-
eras in the field (Table 1 Weakness 4). Con-
siderable data management is required in
any camera-trapping study such as sifting
through photographs and entering them into
a relevant database. In addition, other than
target species, cameras also capture non-
target species which also need to be entered
into the database (Kelly et al., 2012). While it
may seem like nontarget species are an unim-
portant part of the study at hand, they can
also provide some important information, for
example, nontarget species can give a great
idea about potential competitors, and the dis-
tribution of prey. It is also a possibility to link
the trapping rates of the target carnivores to
the trapping rates of prey (Kelly et al., 2012).

Individual animals are identified by natural
fur marks, injuries, and coloration patterns.
While the differences in the individual mark-
ings may be obvious, these types of identifi-
cations are always subjective and will vary
depending on the individual observer. This
also affects the precision of the estimation
outcome. In order to minimize the possibil-
ity to misidentify an individual, a number of
computer models have been developed for
this specific reason - to help identify the pic-
tures of marked animals (Kelly, 2001; Men-

doza et al., 2011). These tools significantly
improve the researchers’ ability to recognize
and identify individuals and ultimately make
population density estimates more accurate.
Improvements
In their review of 2,167 papers, Delisle et
al. (2021) observed that there is a significant
decline in studies published since 2005 that
used capture-recapture camera trap method-
ology as the main study method. One of the
most common reasons for these declines in
camera trap use is researchers’ inability to
effectively identify individuals. As a result,
many researchers who are unable to identify
individuals either shifted their focus to es-
timates of occupancy or switched to using
abundance indexes. Both alternatives are less
costly choices (Delisle et al., 2021).
To tackle the issue of identification, Joubert
et al. (2020) designed an study site ar-
rangement by strategically positioned baits
to enhance the identification of individually
marked carnivores, ensuring optimal scrutiny
of the right side for species with distinct coat
patterns like leopards, jaguars, ocelots, and
clouded leopards. This approach facilitates
precise measurement of body dimensions, as
well as more accurate determination of an
individual’s age and sex from photographs.
However, a potential limitation lies in the
methodology favoring the recording of in-
dividuals attracted to bait, potentially intro-
ducing bias by not capturing bait-shy indi-
viduals. Moreover, the use of baits at camera
stations may influence the ranging behavior
of the target species, potentially condition-
ing them to bait presence and affecting their
movement patterns during sampling.
In order to have more efficient camera trap
data that leads to unbiased population esti-
mations, it is important to consider the dis-
tribution of cameras around the study site de-
pending on the habitat use, compliance with
the assumptions of mark-recapture models,
sampling frequency, and the adequate selec-
tion of individual animal characteristics to
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be used to distinguish between different in-
dividuals (Mendoza et al., 2011). However,
one other methodological aspect that needs
to be given significant attention is the reduc-
tion of subjectivity during individual identi-
fication.

Mendoza et al. (2011) suggested two ways
in which misidentification and its potential
bias can impact population size estimates.
First, in case the misidentification cannot
be improved, models can be composed that
would account for the misidentification and
include its possible effects in the final pop-
ulation estimations (Mendoza et al., 2011).
Yoshizaki et al. (2009) modeled the possi-
ble effect that miscounting would have on the
population estimates due to natural marks on
a single individual changing over time, for
example, evolving markings over time con-
tributed to a significant bias and often overes-
timated the population size (Yoshizaki et al.,
2009). The second way to prevent misidenti-
fication bias is to digitalize the identification
process. This is primarily important when
a researcher works with exceptionally large
picture databases which are repetitive, and
time-consuming, therefore, easily suscepti-
ble to identification error. Kelly (2001), used
a 3-dimensional computer-matching system
to assist to classify close to 10,000 images of
Serengeti cheetahs. While the speed of iden-
tification increased dramatically as well as
identification accuracy, the effectiveness of
the method highly depends on the quality of
the image and the angle at which the com-
pared pictures have been captured (Kelly,
2001).

These models, while theoretically viable,
have two practical shortcomings when iden-
tifying species. The first shortcoming is the
rather poor performance of the camera traps
for rare species, and the second shortcoming
is the overall poor transferability. This is typ-
ical for the case scenarios when classifying
pictures from the cameras that are not in the
model training set (Delisle et al., 2021). Poor

detection of rare species is a cause for actual
concern as the rare species are of greater con-
servation interest. However, the poor trans-
ferability is a significantly bigger issue as it
in turn limits the effective classification per-
formance for rare species. Tabak et al. (2020)
suggest increasing the diversity of the cam-
era trap sites and therefore the backgrounds
on which to train the models (Tabak et al.,
2020).
Mendoza et al. (2011) proposed a new
method to help reduce individual identifi-
cation bias. For this, an online web inter-
face was constructed that allows first to clas-
sify all the pictures captured by camera traps
into time-related clusters and then allows the
classifiers to independently name the target
species of bobcats simultaneously, in a mu-
tually blind procedure. The picture identifi-
cation tool significantly decreased the differ-
ences between the classifiers as shown by the
Adjusted Rand Index (ARI) (Mendoza et al.,
2011).
Delisle et al. (2021) predict that the num-
ber of studies that set out to examine un-
marked populations will grow, these stud-
ies will highly rely on modern technology
and relatively newly developed methods, es-
pecially for population abundance estima-
tions (Delisle et al., 2021). Delisle et al.
(2021) suggest that improved accessibility
of software and continued methodological
refinement should result in better decision-
making and greater adoption by future cam-
era trap studies focused on abundance esti-
mation (Delisle et al., 2021).
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Cushman, S. A. (2020). Predicting biodiversity richness in rapidly changing landscapes: climate,

22 DOI: https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13

https://doi.org/10.1016/j.biocon.2022.109793
https://doi.org/10.1007/s10764-014-9786-0
https://doi.org/10.2307/3801985
https://doi.org/10.1002/rse2.106
https://doi.org/10.2193/0091-7648(2006)34[1142:ACONTT]2.0.CO;2
https://doi.org/10.2193/0091-7648(2006)34[1142:ACONTT]2.0.CO;2
https://doi.org/10.1111/2041-210X.12790
https://doi.org/10.1111/2041-210X.12790
https://doi.org/10.2981/09-091
https://doi.org/10.1016/j.mex.2020.101042
https://doi.org/10.1111/csp2.115
https://doi.org/10.1644/1545-1542(2001)082<0440:capmis>2.0.co;2
https://doi.org/10.1002/wsb.261
https://doi.org/10.2193/2006-407
https://doi.org/10.3398/1527-0904(2007)67[538:cburc]2.0.co;2
https://doi.org/10.3398/1527-0904(2007)67[538:cburc]2.0.co;2
https://doi.org/10.1890/ES14-00522.1
https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13


Columella – Journal of Agricultural and Environmental Sciences Vol. 10. No. 2 (2023)

low human pressure or protection as salvation? Biodiversity and Conservation 29(14), 4035-4057.
doi: 10.1007/s10531-020-02062-x

Meek, P., Ballard, G., Fleming, P., & Falzon, G. (2016). Are we getting the full picture?
Animal responses to camera traps and implications for predator studies. Ecology and Evolution
6(10), 3216-3225. doi: 10.1002/ece3.2111

Mendoza, E., Martineau, P. R., Brenner, E., & Dirzo, R. (2011). A novel method to improve
individual animal identification based on camera-trapping data. The Journal of Wildlife Management
75(4), 973-979. doi: 10.1002/jwmg.120

Miyamoto, K., Squires, T. E., & Araki, H. (2018). Experimental evaluation of predation
of stocked salmon by riparian wildlife: effects of prey size and predator behaviours. Marine and
Freshwater Research 69(3), 446-454. doi: 10.1071/MF17215

Muench, C., & Martínez-Ramos, M. (2016). Can Community-Protected Areas Conserve
Biodiversity in Human-Modified Tropical Landscapes? The Case of Terrestrial Mammals in Southern
Mexico. Tropical Conservation Science 9(1), 178–202. doi: 10.1177/194008291600900110

Negrões, N., Sarmento, P., Cruz, J., Eira, C., Revilla, E., Fonseca, C., . . . Silveira, L. (2010).
Use of camera-trapping to estimate puma density and influencing factors in central Brazil. The
Journal of Wildlife Management 74(6), 1195-1203. doi: 10.1111/j.1937-2817.2010.tb01240.x

Nekaris, K. A. I., Handby, V., Campera, M., Birot, H., Hedger, K., Eaton, J., & Imron, M. A.
(2020). Implementing and Monitoring the Use of Artificial Canopy Bridges by Mammals and Birds
in an Indonesian Agroforestry Environment. Diversity 12(10), 399. doi: 10.3390/d12100399

Nichols, J. D., & Williams, B. K. (2006). Monitoring for conservation. Trends in Ecology &
Evolution 21(12), 668-673. doi: 10.1016/j.tree.2006.08.007

O’Brien, T. G., & Kinnaird, M. F. (2011). Density estimation of sympatric carnivores using
spatially explicit capture–recapture methods and standard trapping grid. Ecological Applications
21(8), 2908-2916. doi: 10.1890/10-2284.1

O’Connell, A. F., Nichols, J. D., & Karanth, K. U. (Eds.). (2011). Camera traps in animal
ecology: Methods and analyses. Springer Japan. doi: 10.1007/978-4-431-99495-4

Palencia, P., Rowcliffe, J. M., Vicente, J., & Acevedo, P. (2021). Assessing the camera trap
methodologies used to estimate density of unmarked populations. Journal of Applied Ecology 58(8),
1583-1592. doi: 10.1111/1365-2664.13913

Palmer, R., Anderson, H., Richards, B., Craig, M. D., & Gibson, L. (2021). Does aerial
baiting for controlling feral cats in a heterogeneous landscape confer benefits to a threatened native
meso-predator? PLOS ONE 16(5), e0251304. doi: 10.1371/journal.pone.0251304

Pirie, T. J., Thomas, R. L., & Fellowes, M. D. E. (2016). Limitations to recording larger
mammalian predators in savannah using camera traps and spoor. Wildlife Biology 22(1), wlb.00855.
doi: 10.2981/wlb.00129

Rogan, M. S., Distiller, G., Balme, G. A., Pitman, R. T., Mann, G. K. H., Dubay, S. M., . . .
O’Riain, M. J. (2022). Troubled spots: Human impacts constrain the density of an apex predator
inside protected areas. Ecological Applications 32(4), e2551. doi: 10.1002/eap.2551

Selonen, V., Banks, P., Tobajas, J., & Laaksonen, T. (2022). Protecting prey by deceiving
predators: A field experiment testing chemical camouflage and conditioned food aversion. Biological
Conservation 275(1), 109749. doi: 10.1016/j.biocon.2022.109749

Shamoon, H., Saltz, D., & Dayan, T. (2017). Fine-scale temporal and spatial population
fluctuations of medium sized carnivores in a Mediterranean agricultural matrix. Landscape Ecology
32(6), 1243-1256. doi: 10.1007/s10980-017-0517-8

Silveira, L., Jácomo, A. T., & Diniz-Filho, J. A. F. (2003). Camera trap, line transect cen-
sus and track surveys: a comparative evaluation. Biological Conservation 114(3), 351-355. doi:
10.1016/S0006-3207(03)00063-6

Sollmann, R., Mohamed, A., Samejima, H., & Wilting, A. (2013). Risky business or simple

DOI: https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13 23

https://doi.org/10.1007/s10531-020-02062-x
https://doi.org/10.1002/ece3.2111
https://doi.org/10.1002/jwmg.120
https://doi.org/10.1071/MF17215
https://doi.org/10.1177/194008291600900110
https://doi.org/10.1111/j.1937-2817.2010.tb01240.x
https://doi.org/10.3390/d12100399
https://doi.org/10.1016/j.tree.2006.08.007
https://doi.org/10.1890/10-2284.1
https://doi.org/10.1007/978-4-431-99495-4
https://doi.org/10.1111/1365-2664.13913
https://doi.org/10.1371/journal.pone.0251304
https://doi.org/10.2981/wlb.00129
https://doi.org/10.1002/eap.2551
https://doi.org/10.1016/j.biocon.2022.109749
https://doi.org/10.1007/s10980-017-0517-8
https://doi.org/10.1016/S0006-3207(03)00063-6
https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13


Columella – Journal of Agricultural and Environmental Sciences Vol. 10. No. 2 (2023)

solution – Relative abundance indices from camera-trapping. Biological Conservation 159(1), 405-
412. doi: 10.1016/j.biocon.2012.12.025

Srbek-Araujo, A. C., Da Cunha, C. J., Roper, J. J., et al. (2017). Post-dispersal seed predation
by Atlantic Forest squirrels monitoring lowland tapir latrines. Tropical Ecology 58(3), 673-678.

Steinbeiser, C. M., Kioko, J., Maresi, A., Kaitilia, R., & Kiffner, C. (2019). Relative abundance
and activity patterns explain method-related differences in mammalian species richness estimates.
Journal of Mammalogy 100(1), 192–201. doi: 10.1093/jmammal/gyy175

Stobo-Wilson, A. M., Brandle, R., Johnson, C. N., & Jones, M. E. (2020). Management
of invasive mesopredators in the Flinders Ranges, South Australia: effectiveness and implications.
Wildlife Research 47(8), 720. doi: 10.1071/wr19237

Strampelli, P., Andresen, L., Everatt, K. T., Somers, M. J., & Rowcliffe, J. M. (2020). Leopard
Panthera pardus density in southern Mozambique: evidence from spatially explicit capture–recapture
in Xonghile Game Reserve. Oryx 54(3), 405–411. doi: 10.1017/S0030605318000121

Sunarto, S., Kelly, M. J., Parakkasi, K., & Hutajulu, M. B. (2015). Cat coexistence in central
Sumatra: ecological characteristics, spatial and temporal overlap, and implications for management.
Journal of Zoology 296(2), 104-115. doi: 10.1111/jzo.12218

Tabak, M. A., Norouzzadeh, M. S., Wolfson, D. W., Newton, E. J., Boughton, R. K., Ivan,
J. S., . . . Miller, R. S. (2020). Improving the accessibility and transferability of machine learning
algorithms for identification of animals in camera trap images: MLWIC2. Ecology and Evolution
10(19), 10374-10383. doi: 10.1002/ece3.6692

Thorn, M., Scott, D. M., Green, M., Bateman, P. W., & Cameron, E. Z. (2009). Estimating
Brown Hyaena Occupancy Using Baited Camera Traps. South African Journal of Wildlife Research
39(1), 1–10. doi: 10.3957/056.039.0101

Thornton, D., Scully, A., King, T., Fisher, S., Fitkin, S., & Rohrer, J. (2018). Hunting associa-
tions of American badgers (Taxidea taxus) and coyotes (Canis latrans) revealed by camera trapping.
Canadian Journal of Zoology 96(7), 769–773. doi: 10.1139/cjz-2017-0234

Trolliet, F., Vermeulen, C., Huynen, M.-C., & Hambuckers, A. (2014). Use of camera traps for
wildlife studies: a review. Biotechnologie, Agronomie, Société et Environnement 18(3), 446-454.

Windell, R. M., Bailey, L. L., Young, J. K., Livieri, T. M., Eads, D. A., & Breck, S. W.
(2022). Improving evaluation of nonlethal tools for carnivore management and conservation: evalu-
ating fladry to protect an endangered species from a generalist mesocarnivore. Animal Conservation
25(1), 125-136. doi: 10.1111/acv.12726

Xiao, W., Feng, L., Mou, P., Miquelle, D. G., Hebblewhite, M., Goldberg, J. F., . . . Ge, J.
(2016). Estimating abundance and density of Amur tigers along the Sino–Russian border. Integrative
Zoology 11(4), 322-332. doi: 10.1111/1749-4877.12210

Yoshizaki, J., Pollock, K. H., Brownie, C., & Webster, R. A. (2009). Modeling misidentifica-
tion errors in capture–recapture studies using photographic identification of evolving marks. Ecology
90(1), 3-9. doi: 10.1890/08-0304.1

24 DOI: https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13

https://doi.org/10.1016/j.biocon.2012.12.025
https://doi.org/10.1093/jmammal/gyy175
https://doi.org/10.1071/wr19237
https://doi.org/10.1017/S0030605318000121
https://doi.org/10.1111/jzo.12218
https://doi.org/10.1002/ece3.6692
https://doi.org/10.3957/056.039.0101
https://doi.org/10.1139/cjz-2017-0234
https://doi.org/10.1111/acv.12726
https://doi.org/10.1111/1749-4877.12210
https://doi.org/10.1890/08-0304.1
https://doi.org/10.18380/SZIE.COLUM.2023.10.2.13


Columella – Journal of Agricultural and Environmental Sciences Vol. 10. No. 2 (2023)

Yield stability of winter wheat in intercrop makes better
adaptation to climate conditions

Marianna VÁLYI NAGY1* – Melinda TAR2 – Attila RÁCZ1 – Katalin IRMES1 – István KRISTÓ3

1: Department of Agronomy, Institute of Agronomy, Hungarian University of Agriculture and Life Sciences,
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Abstract: Global climate change is a major issue affecting the agricultural sector worldwide. Hungary is no
exception to this, gradual warming, decreasing annual precipitation and increasingly frequent extreme meteo-
rological events affected us as well. These effects significantly tested the adaptive capacity of cultivated plants.
In Hungary, two-thirds of the arable land is occupied by cereals. In most cases, there is no crop rotation, and
the pre-crop effect remaining unused. Intercrop is a special plant association where two or more crops are
grown together on the same field, with complementary utilization of the available resources. This cultivation
method enchances weed control, increases resilience against pests and pesticides, and improves soil fertility
and conservation. Our experiments were made in 2020/2021 with three winter wheat varieties (GK Szilárd,
Celulle, GK Csillag) and a winter pea variety (Aviron) in four repetitions on 10-square-meter random layout
plots in Szeged-Öthalom. We tested three different seed densities for each variety in every combination. We
found that a higher seed density of wheat resulted in a higher yield regardless of the presence of pea, except
for GK Csillag at 75% seed density of wheat and pea. When the pea ratio in the mixture was increased, the
wheat yield decreased. However, we observed that GK Szilárd and Cellule achieved higher yield at 75% and
100% mixtures with 75% Aviron. Pure stands showed better values than the combined ones, vice versa for GK
Csillag: every seed density with 50% of Aviron gave the highest wheat yield. Growing wheat and pea together
provides greater financial stability than a single crop, even in extreme weather conditions.
Keywords: intercrop, climate change, yield advantage, crop failure
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Introduction

Today, global climate change affects our
lives in many ways. Over the past century,
the average annual temperature in Hungary
have gradually risen by 1 °C, while precipi-
tation has decreased with unfavorable distri-
bution. These facts indicate that global cli-
mate change is a real phenomenon that af-
fects us directly (Jolankai & Birkás, 2007).
Extreme weather events are now more fre-
quent and intense. Today it can be declared
that every second year is a dry year. Due to

the geographical location of Hungary, con-
tinental climate is mixed with oceanic and
Mediterranean elements, where the different
climatic effects occur simultaneously (Pepó
& Sárvári, 2011). These effects are signifi-
cantly testing the adaptive capacity of cul-
tivated plants. We can mitigate some of the
negative effects of climate change by choos-
ing adaptive varieties and using intensive
cultivation technology, but we cannot elim-
inate them entirely. Future crop production
opportunities will depend on how we can
adapt to these changing climatic conditions
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(Jolankai & Birkás, 2007).

Almost two-thirds of the arable land in Hun-
gary is planted with five main crops: maize,
wheat, barley, sunflower, and rape (Antal,
2005). The high proportion of cereals created
short rotations. Today wheat is sown after
one-third of its own, one-third of maize, and
one-third of other plants (Pepó & Sárvári,
2011). The agricultural development of the
1960s, the extensive use of mechanization,
genetic selection and intensive use of chem-
icals led to oversimplification of the crop-
ping systems and significant loss of biodi-
versity (Pankou et al., 2021). To increase ef-
ficiency and sustainability, it is essential to
redesign the current arable cropping system
(Bedoussac et al., 2015; Naudin et al., 2014;
Pelzer et al., 2012). One solution solution
could be intercropping (Bedoussac & Justes,
2011). It is a special form of plant associa-
tion, where growing two or more species si-
multaneously on the same field at the same
time (Willey, 1990). There is a growing in-
terest in intercropping, because of the in-
creasing awareness of environmental pollu-
tion which comes from the excessive use
of chemical inputs (Naudin et al., 2014)
and the limited availability and high cost
of fertilizers (Thilakarathna et al., 2016).
Legumes have the unique ability to fix bi-
ologically nitrogen and provide inexpensive
and green source of N fertilisers (Voisin et
al., 2014). They also reduce synthetic nitro-
gen fertilizers use (Bedoussac et al., 2015)
and break crop-effect in cereal-rich rota-
tions (Neugschwandtner, Kaul, et al., 2021).
Legumes, such as field pea are valuable
sources of protein, and can be an alterna-
tive to soybean (Neugschwandtner, Bernhu-
ber, et al., 2021). However, there was a con-
tinous decline in field pea cultivation area ex-
plained by a relative low economic competi-
tiveness compared to more profitable crops
(Divéky-Ertsey et al., 2022; Kristó et al.,
2020a), such as susceptibility against pest,
diseases, and weeds, intolerance to water

stress, poor strem strength, and unstable
yield (Bedoussac et al., 2015; Gollner et al.,
2019). These high cultivation risks can al-
most be eliminated by plant associations.

The most obvious advantage of intercrop-
ping is to achieve greater yield on a given
arable land by efficient utilization of avail-
able resources than in pure stands (Kristó
et al., 2020b; Lithourgidis et al., 2011;
Pankou et al., 2021). A yield advantage
occurs when niche overlap is minimal be-
tween the companion plants and interspe-
cific competition for resources is less than
the intraspecific competition. Ideally, inter-
cropping should involve varieties from dif-
ferent families (Pankou et al., 2021), but
the selection of the appropriate crop may be
challenging (Lithourgidis et al., 2011). Most
field crops were bred for sole crop culti-
vation; therefore, these varieties are not al-
ways suitable for intercropping (Nelson et
al., 2021). The typical sowing period for field
pea for east-central Europe is spring, shifting
sowing time from spring to autumn within
plant association could be a field manage-
ment strategy to avoid the critical periods of
development, when there is a high probabil-
ity of drought (Neugschwandtner, Bernhu-
ber, et al., 2021). Winter crops are usually
ready to harvest earlier than spring crops,
therefore their yield are usually higher and
more stable due to their longer growing pe-
riod and lower dependence on water avail-
ability during spring (Naudin et al., 2014).
Moreover, the greater variability of spring
pea yield can be explained primarly by the
amount and distribution of precipitation dur-
ing plant growth. Spring crops are often char-
acterized by a high soil compaction due to
early sowing or lack of water because of
delayed sowing. Both factors have signifi-
cant influence on nitrogen fixation and pea
yield, making it difficult to find an ideal sow-
ing time. Yield stability can be attributed
also the partial restoration of diversity by
intercropping, that is lost under sole crop-
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Figure 1: Monthly precipitation and temperature in the year of 2020/2021 and in long term
mean (2010-2019) in Szeged-Öthalom

Table 1: Sowing density of winter wheat and winter pea.

Number of seed of winter pea
0 seed 0.5 million 0.75 million 1 million
ha−1 seed ha−1 seed ha−1 seed ha−1

0 seed ha-1 - 0:50 0:75 0: 100
Number of seed 2.5 million seed ha-1 50:0 50:50 50:75 50:100
of winter wheat 3.75 million seed ha-1 75:0 75:50 75:75 75:100

5 million seed ha-1 100:0 100:50 100:75 100:100

ping (Lithourgidis et al., 2011). Intercrop-
ping provides high insurance against crop
failure especially in extreme weather condi-
tions such as frost, drought, and flood. When
several crops are grown together, farmers are
less exposed to total crop failure or fluctuat-
ing market demands.

In Hungary only a few studies have been
published about intercropping, and little is
known about the conditions of plant associa-
tions. Therefore, the objectives of the present
study were to determine (1) the crop yield of
winter wheat in mixtures and compare it with
each other and sole crops, (2) the difference
between each winter wheat variety, and (3)

the difference in sowing density.

Materials and Methods

Our investigations were made in the research
station of the Hungarian University of Agri-
culture and Life Sciences in Szeged-Öthalom
in one growing season (2020/2021), with
three winter wheat varieties (GK Szilárd,
Cellule, GK Csillag) and one field pea vari-
ety (Aviron). The experimental design was a
randomized complete block design in a split
plot arrangement in 4 repeats, where the to-
tal size of each plot was 10 square meters.
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The experimental area is located in the north-
ern part of Szeged, next to the junction of the
M5 motorway and the road 5. Our trial field
is easily accessible, the soil type is deep salt
meadow chernozem soil, it is well supplied
with nutrients. The montly precipitation and
temperature characteristics are shown in Fig-
ure 1. We can highlight that the precipita-
tion in June was significantly below than the
10 year average precipitation (2010-2019),
which affected crop development.
We used three different seed densities in ev-
ery species, in every combination. We chose
the most commonly used and ideal sow-
ing density either for winter wheat and pea,
where 100% was 5 million seed ha−1 in case
of wheat, and 1 million seed ha−1 for winter
pea (Table 1). Besides that, 75% sowing den-
sity of winter wheat was 3.75 million seed
ha−1 and 750 thousand seeds of winter pea.
50% sowing density of winter wheat was 2.5
million seed ha−1 and 500 thousand seeds of
winter pea.
GK Szilárd was a medium-ripe winter wheat
variety with a good adaptibility to environ-
mental conditions and high yield productiv-
ity. It has great stem strength, which is suit-
able for pea support. Crop yield: 7.5–9.5 t/ha.
Cellule was a medium-ripe strong tillering
variety with high yield stability and nutri-
ent utilization. It has high yield productivity
even in dry conditions. Crop yield: 9–12 t/ha.
GK Csillag was an early-ripe winter wheat
with high balanced yield, homogen ripening
and easy threshing. It is one of the varieties
which has grown in the largest area in Hun-
gary. Crop yield: 6.5–8 t/ha. Aviron was a
semi-leafless winter pea variety with tendrils.
It is suitable for both feeding and human
consumption. It is characterized by medium
growing and excellent cold resistance. It has
rapid initial development and good disease
resistance. Crop yield: 4.5–5 t/ha.
Preceding crop was winter wheat. All of the
varieties were sown simultaneously on 21st
October 2020. We use process seed without

inoculation in the case of winter pea. Crops
received no fertilizer in the experimental pe-
riod. Single harvest was on 2nd July 2021.
Following the grains were separated with a
grain separator for each parcel. After grain
yield was measured, data from field experi-
ments were analyzed by two-way analysis of
variance.

Results

In our investigation we examined crop yield
of winter wheat. In the case of mixed plots
we added the yield of the two companion
plants, because yield advantage occurs when
we define them together. In Table 2 we can
see, that in many cases the values of the as-
sociated plots surpassed the control plot. All
mixtures of the GK Csillag variety has higher
yield than in pure stands. In the case of GK
Szilárd 2.5 million seed ha−1 and all of the
sowing densities of winter pea gave higher
values than in monoculture, and it was the
same in GK Szilárd 5 million seed ha−1 and
Aviron 0.75 million seed ha−1 combination.
For the Cellule variety we also find high crop
yields, although these only approached the
values of the control plot.
In every case we considered winter pea sow-
ing density as an independent application.
Thus, in the first case we observed whether
there were differences between the number
of seeds of winter wheat and the applica-
tions. At GK Szilárd variety higher seed den-
sity made higher yield regardless of winter
pea (Table 3). There was a statistical differ-
ence between the 2.5 million seed ha−1 and
the 5 million seed ha−1. In pure wheat the
highest value was the sowing density of 3.75
million seed ha−1, so without winter pea it
was more ideal for GK Szilárd variety. The
lowest grain yield has the GK Szilárd 2.5
million seed ha−1and Aviron 1 million seed
ha−1 combination of the mixtures, by com-
parison the best grain yield was in the mix
of GK Szilárd 5 million seed ha−1 and Avi-
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Table 2: The total yield of the plant association (winter wheat and pea together) and yield in
pure stands (t ha−1)

Applications
Pure wheat Aviron 0.5 Aviron 0.75 Aviron 1

million seed ha−1 million seed ha−1 million seed ha−1

GK Szilárd 2.5 million seed ha−1 4.73 5.00 5.06 5.03
3.75 million seed ha−1 5.55 4.98 5.40 5.12
5 million seed ha−1 5.51 5.45 5.85 5.48

Cellule 2.5 million seed ha−1 5.76 5.50 5.63 5.45
3.75 million seed ha−1 6.35 5.88 5.80 5.67
5 million seed ha−1 6.59 6.03 6.21 6.15

GK Csillag 2.5 million seed ha−1 5.25 5.69 5.71 5.47
3.75 million seed ha−1 5.65 6.05 6.00 6.01
5 million seed ha−1 5.47 6.49 5.88 6.08

Table 3: Grain yield of the variety GK Szilárd (t ha−1)

GK Szilárd pure wheat Aviron 0.5 Aviron 0.75 Aviron 1 Average
million seed ha−1 million seed ha−1 million seed ha−1

2.5 million seed ha−1 4.73AB 4.44AB 4.42AB 4.15A 4.43a

3.75 million seed ha−1 5.55B 4.54AB 4.83AB 4.37AB 4.82ab

5 million seed ha−1 5.51B 5.00B 5.42B 4.87AB 5.20b

Average 5.26b 4.66a 4.89ab 4.46a

LSD = 0.67 between the sowing density of winter wheat, LSD = 0.77 between the applica-
tions, LSD = 0.95 between any two. Values marked with different letters are significantly
different at the p = 0.05 significance level. Capital letters indicate significance between any
two.

Table 4: Grain yield of the variety Cellule (t ha−1)

GK Szilárd pure wheat Aviron 0.5 Aviron 0.75 Aviron 1 Average
million seed ha−1 million seed ha−1 million seed ha−1

2.5 million seed ha−1 5.76AB 4.99AB 4.89AB 4.51A 5.04a

3.75 million seed ha−1 6.35B 5.08AB 5.36AB 5.07AB 5.46a

5 million seed ha−1 6.59B 5.66AB 5.69AB 5.43AB 5.84a

Average 6.23b 5.24a 5.31ab 5.00a

LSD = 0.82 between the sowing density of winter wheat, LSD = 0.95 between the applica-
tions, LSD = 1.65 between any two. Values marked with different letters are significantly
different at the p = 0.05 significance level. Capital letters indicate significance between any
two.
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ron 0.75 million seed ha−1. Obviously higher
pea ratio in mixture made less grain yield
for winter wheat, except of the application of
Aviron 0.75 million seed ha−1with the sow-
ing density of winter wheat in 3.75 million
and 5 million respectively. By p = 0.05 there
was significant difference only between the
pure wheat parcel and its combination with
the smallest and the largest sowing density
of winter pea. We observed a significant dif-
ference between any two applications for the
Aviron 1 million seed ha−1 GK Szilárd 2.5
million seed ha−1 mixture and all associa-
tions with 5 million seed ha−1 (without the
highest sowing density of Aviron) and for
pure wheat with 3.75 million seed ha−1.

We observed that for the winter wheat vari-
ety Cellule (Table 4), the yield was higher in
pure wheat than in mixture. By concentrat-
ing the sowing of wheat, a higher yield was
obtained. In contrast, there was no statistical
difference between the sowing densities. We
have noticed two combinations where grain
yield was remarkably high: Cellule seed den-
sity in 3.75 million seed ha−1 and 5 mil-
lion seed ha−1 with Aviron 0.75 million seed
ha−1. In these two cases, grain yield did not
decrease despite the plant density. In terms
of the applications there was a deviation be-
tween the control plot and all of the mixed
parcels with winter pea. This could have hap-
pened because the Cellule variety does not
tolerate overdensity, therefore crop depres-
sion is created. By p = 0.05 there were sig-
nificant differences between Aviron’s 1 mil-
lion ha−1 sowing density with Cellule 2.5
million ha−1 sowing density and the pure
stands with 3.75 and 5 million ha−1 sowing
density.

GK Csillag was a new variety in our inter-
crop experiment. Highlighted in this variety
(Table 5) that in the case of control and Av-
iron 0.75 million seed ha−1 with GK Csil-
lag 3.75 million seed ha−1combination re-
sulted higher grain yield than denser mixed
trial fields. This shows thatthis mixture ra-

tio was more advantageous for winter wheat
than the others. The best yield was in the
mix of GK Csillag in a sowing density of
5 million seed ha−1 and Aviron 0.5 million
seed ha−1. It represents much higher values
than all the others. Although we could not
prove this deviation from the others statis-
tically. The lowest crop yield we got in the
mixture of winter wheat in 2.5 million seed
ha−1 and Aviron 1 million seed ha−1. By in-
creasing the density of winter pea in plant as-
sociation we got lower grain yield, except of
the 5 million seed ha−1GK Csillag and Avi-
ron 1 million seed ha−1 couple. There was no
significant difference between any two treat-
ments.

Our other aspect of this study was whether
there were differences between the varieties
of winter wheat and the applications (Table
6). We could prove statistical difference be-
tween GK Szilárd and GK Csillag. Although
Cellule was better in monoculture than GK
Csillag, this statement no longer applies to
mixture. The highest value in the case of 2.5
million seed ha−1 of winter wheat we can
find the variety of GK Csillag and the Avi-
ron 0.5 million seed ha−1 mix. It was 5.36 t
ha−1, which is 1.21 tones more than the low-
est grain yield in the mix of GK Szilárd and
the Aviron 1 million seed ha−1. There was no
difference in the treatments. As the propor-
tion of winter peas increased, the grain yield
of each winter wheat variety within the mix-
tures decreased. Significant difference was
measured between the mixture of GK Szilárd
with 0.75 and 1 million seed ha−1 of Aviron
and the pure wheat of Cellule.

In table 7 we can see the grain yield of win-
ter wheat in a sowing density of 3.75 mil-
lion seed ha−1. Based on the examination of
the varieties we can make the following find-
ings: (1) there was no difference between the
yield of the mixed winter wheat and pure
plots; (2) there was a significant difference
between GK Szilárd and GK Csillag in terms
of wheat varieties. Although the Cellule vari-
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Table 5: Grain yield of the variety GK Csillag (t ha−1)

GK Szilárd pure wheat Aviron 0.5 Aviron 0.75 Aviron 1 Average
million seed ha−1 million seed ha−1 million seed ha−1

2.5 million seed ha−1 5.26A 5.36A 5.28A 4.89A 5.20a

3.75 million seed ha−1 5.65A 5.79A 5.62A 5.60A 5.66a

5 million seed ha−1 5.47A 6.29A 5.58A 5.67A 5.75a

Average 5.46a 5.81a 5.49a 5.39a

LSD = 0.92 between the sowing density of winter wheat, LSD = 1.06 between the applica-
tions, LSD = 1.84 between any two. Values marked with different letters are significantly
different at the p = 0.05 significance level. Capital letters indicate significance between any
two.

Table 6: Grain yield of winter wheat in a sowing density of 2.5 million seed ha−1 (t ha−1)

2.5 million pure Aviron 0.5 Aviron 0.75 Aviron 1 Average
seed ha−1 wheat million seed ha−1 million seed ha−1 million seed ha−1

GK Szilárd 4.73AB 4.44AB 4.42A 4.15A 4.43a

Cellule 5.76B 4.99AB 4.89AB 4.51AB 5.04AB

GK Csillag 5.26AB 5.36AB 5.28AB 4.89AB 5.20b

Average 5.25a 4.93a 4.86a 4.52a

LSD = 0.66 between the varieties of winter wheat, LSD = 0.76 between the applications,
LSD = 1.32 between any two. Values marked with different letters are significantly different
at the p = 0.05 significance level.
Capital letters indicate significance between any two.

Table 7: Grain yield of winter wheat in a sowing density of 3.75 million seed ha−1 (t ha−1)

3.75 million pure Aviron 0.5 Aviron 0.75 Aviron 1 Average
seed ha−1 wheat million seed ha−1 million seed ha−1 million seed ha−1

GK Szilárd 5.55AB 4.54A 4.83AB 4.37A 4.82a

Cellule 6.35B 5.08AB 5.36AB 5.07AB 5.46ab

GK Csillag 5.65AB 5.79AB 5.62AB 5.60AB 5.66b

Average 5.85a 5.14a 5.27a 5.01a

LSD = 0.8 between the varieties of winter wheat, LSD = 0.93 between the applications, LSD
= 1.6 between any two. Values marked with different letters are significantly different at the
p = 0.05 significance level.
Capital letters indicate significance between any two.
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ety had higher grain yield in the sowing den-
sity of 3.75 million seed ha−1 than the others
in pure stands, it has already achieved less
good results in intercrop. This phenomenon
is still due to the sensitivity of the Cellule va-
riety to density. GK Szilárd variety reached
higher yield in the pea rate of 75% in plant
association than in the other sowing density,
which is also true for the Cellule variety. By
p= 0.05 there were significant difference be-
tween the Aviron 0.5 million and 1 million
sowing density with GK Szilárd and the pure
stand of Cellule winter wheat variety.
Table 8 shows the crop yield of winter wheat
varieties at a sowing density of 5 million
seed ha−1. There was no realized significant
difference between winter wheat varieties.
The GK Csillag variety reached its maxi-
mum yield in this sowing density. It was
6.29 t ha−1, which is 11% higher than the
yield of the Cellule, and 25% higher than the
GK Szilárd variety. In addition Cellule was
achieved the highest yield of the variety in
plant association with a 75% proportion of
winter pea, but we could not prove it statis-
tically. The GK Szilárd variety also reached
the maximum of the variety in this mixture
ratio. Increasing the sowing ratio of both the
companion plants to 100% only resulted in
a higher yield for GK Csillag variety. There
was a significant deviation between only the
1 million seed ha−1 Aviron with GK Szilárd
mixture and the pure stand of Cellule.

Discussion

Global climate change leads to constant ex-
posure of our cultivated plants to the negative
effects of extreme weather events (Jolankai
& Birkás, 2007). Intensive agriculture pro-
vides high yields but the excessive use of
pesticides and fertilizers can cause envi-
ronmental pollution (Pelzer et al., 2012).
Therefore, it is important to seek innova-
tive cropping systems that can exploit tech-
nological advances and prevent the loss of

varietal diversity (Bedoussac et al., 2015).
Cereal-legume intercropping contribute to
the mitigation to climate change, might re-
duce dependence on artificial fertilizers and
the nitrogen fixing ability of legumes im-
proves yield and crop security (Naudin et
al., 2014; Pankou et al., 2021). Due to the
complementer use of available resources, to-
tal yields are often higher compared to the
sole crops, especially when N fertilization is
low (Bedoussac et al., 2015; Justes et al.,
2021; Księżak et al., 2023; Pelzer et al.,
2012). In our investigation, we found sim-
ilar results where the associated plots gen-
erally surpassed the control plots. However,
the winter wheat varieties achieved differ-
ent crop surplus at different sowing densi-
ties and different combinations. Yield ad-
vantage was observed in all mixtures of the
GK Csillag variety, and all pea combinations
with GK Szilárd in the sowing density of 2.5
million seed ha−1. Similarly, the same phe-
nomenon was observed in GK Szilárd 5 mil-
lion seed ha−1associated with Aviron 0.75
million seed ha−1. Different results were re-
ported the Cellule variety, where the control
plots have higher crop yield, and pea mix-
tures were slightly below this. In summary
the yield advantage appears only at the com-
bination of the GK Szilárd and GK Csillag
varieties.

According to Hauggaard-Nielsen et al.
(2006), because of the efficient utilization of
the available growth resources, companion
plants can tolerate much denser stands than
the recommended crop plant density. More-
over, Neumann et al. (2007) experienced
that the highest intercrop advantages were
achieved in mixtures with densities above the
optimal rate of the sole crop. We used the
conventional sowing rates for wheat and pea,
which were considered to be 100% treat-
ment. Additionally, we set mixed parcels at
rates of 75% and 50%. Mixtures with dif-
ferent pea proportions were considered as a
separate application. First we examined the
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Table 8: Grain yield of winter wheat in a sowing density of 5 million seed ha−1 (t ha−1)

5 million pure Aviron 0.5 Aviron 0.75 Aviron 1 Average
seed ha−1 wheat million seed ha−1 million seed ha−1 million seed ha−1

GK Szilárd 5.51AB 5.00AB 5.42AB 4.87A 5.20a

Cellule 6.59B 5.66AB 5.69AB 5.43AB 5.84a

GK Csillag 5.47AB 6.29AB 5.58AB 5.67AB 5.75a

Average 5.86a 5.65a 5.56a 5.32a

LSD = 0.82 between the varieties of winter wheat, LSD = 0.94 between the applications,
LSD = 1.63 between any two. Values marked with different letters are significantly different
at the p = 0.05 significance level.
Capital letters indicate significance between any two.

relationship between sowing density and pea
combination according to winter wheat va-
rieties. Nelson et al. (2021) mentioned that
most arable crops have been bred for sole
cropping, thus not all varieties are suitable
for plant association. The balance between
the companion plants during the growing
season depends on various factors, including
the sowing density, plant architecture, root-
ing patterns, competitive advantages, and the
dynamics of the nitrogen availability Fujita
et al. (1992); Lithourgidis et al. (2011). In
our experiment, we observed differences be-
tween pure sowing and plant association in
winter wheat varieties. GK Szilárd has a
good adaptibility to environmental condi-
tions. In combination with all proportion of
pea, a higher wheat sowing rate resulted in
higher yields. GK Szilárd reached its max-
imum yield by the pea rate in 75% and
wheat rate in 100%. The lowest grain yield
was reached in the mixture of GK Szilárd
2.5 million seed ha−1 and Aviron 1 million
seed ha−1. In our observations, the monocrop
of the Cellule variety produced significantly
higher yields compared to intercrop. By the
higher proportion of winter wheat we ob-
served higher yield. We obtained two out-
standing values in the seed density of 3.75
million seed ha−1and 5 million seed ha−1 in
combination with Aviron 0.75 million seed
ha−1. Cellule has high tillering ability, which

makes it sensitive to overdensity. For this
reason, a 75% combination of winter pea
seems to be the most suitable for this variety.
GK Csillag is a new variety in our exper-
iment. Based on the recommendations, we
did not expect a very high yield from this
winter wheat variety. However we included
it among our experimental varieties because
of its balanced yield and homogen ripening.
In the combination of GK Csillag in a sow-
ing density of 3.75 million seed ha−1and Av-
iron 0.75 million seed ha−1resulted a little
bit higher yield than the denser association.
This variety reached its maximum yield by
the pea rate in 50% and the wheat propor-
tion in 100%, which also gave the highest
value of the mixtures. In all three varieties
we observed that if the peas dominate in the
mixtures, the wheat reaches the lowest yield.
Only the GK Csillag variety can withstand
100% density of both species without yield
loss.
Our second study aspect is the relationship
between the winter wheat vareties and the
applications. At a sowing density of 50% for
winter wheat the GK Csillag clearly achieved
a higher yield than in monocrop. It was the
opposite of the previous one for the Cellule
and the GK Szilárd varieties. At a sowing
density of 3.75 million seed ha−1 there was
only a slight difference between GK Csil-
lag and Cellule varieties, which is smaller
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than the difference between GK Szilárd and
GK Csillag varieties in the pea rate in 50%
and 100%. Similar to the previous sowing
density, the Cellule variety was significantly
higher in monoculture, than in the mixtures.
The GK Csillag variety also reached the
highest values. Finally at the highest sowing
density of 5 million seed ha−1 provides the
best results for all the three winter wheat va-
rieties. For the GK Csillag variety with the
pea rate in 50%, and for GK Szilárd and Cel-
lule with the pea proportion in 75%.
According to Nelson et al. (2021), most
plant breeding programs focus on devel-

oping varieties for monoculture, leaving a
gap in knowledge about how these varieties
perform in plant associations. Plant traits
required for intercropping can maximalize
the yield advantages and avoid competition
(Lithourgidis et al., 2011). The greatest po-
tential to increase the efficiency of inter-
crops lies in experimenting with crop cobi-
nations. Intercropping can be a safer alterna-
tive for farmers than single-crop cultivation
due to the complementary use of resources
(Lithourgidis et al., 2011), and can be a tool
to achieve stable grain yields in a sustainable
and environmentally friendly form.
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Abstract: Argentina is one of the world’s largest producers of honey. It shows great botanical and geographical
diversity that allows producing honey with varied sensory characteristics. Honey samples belonging to Buenos
Aires, Catamarca and Misiones provinces (Argentina) were analyzed and typified by their odour, colour and
flavour. Sensory attributes depend on phytogeographic origin. No differences were found in sensory analysis
beneath years for each province, however significant differences in colour were found between provinces,
indicating a distinctive floral composition throughout space. Lighter honeys are produced in Buenos Aires;
whereas Misiones and Catamarca produce darker ones. Even though half of Catamarca territory is used for
honey production, it yield a wide diversity of honey characteristics related to different ecoregions and several
microclimates, making honeys produced indistinguishable from those of the other two provinces studied. A
Protected Designation of Origin (PDO) of a broader area for Catamarca province, as Catamarca and Yungas
region will solve this problem. Sensory analysis allows making distinctions between phytogeographic regions,
fundamentally due to their different flora. A certified PDO will provide honeys with an added value and allow
them to access new markets with higher commercial value than standard quality ones.
Keywords: Geographical origin, Multifloral honeys, Sensory profile, Phytogeographic Province (PP), Pro-
tected Designation of Origin (PDO)
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Introduction

Argentina is worldwide one of the largest
producers of honey. Its position has re-
mained within the top three, being the second
global exporter in 2021 (Organizacion Inter-
nacional Agropecuaria (OIA), 2022). Argen-
tinian honey represents 70% of the honey
produced in the southern hemisphere of the
American continent, 25% of the production

of the entire continent, and 6% of the total
produced in the world (Poliero et al., 2022).
Approximately 95% of Argentinian honey is
exported as non-differentiated product with-
out any regard to its provenance of origin
at the regional level (Fechner et al., 2020;
Ministerio de Agroindustria, 2012). Indeed,
the wide botanical and geographical diver-
sity and the varied ecosystems and climatic
conditions in Argentina leads to the pro-
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duction of a wide variety of honeys, allow-
ing beekeepers to obtain honey with diverse
sensory characteristics, differentiating them-
selves from other honey competitors’ pro-
ducer countries.
Sensory analysis of a product is the eval-
uation of the perceptible organoleptic at-
tributes, such as colour, odour, taste, touch,
texture and noise (Piana et al., 2004).
Honey’s aroma has been used in Europe
since 1970 and, currently it is still used in
some countries of South America such as Ar-
gentina and Uruguay. This characteristic is
used as an analytical tool for the quality con-
trol of honeys in relation to their botanic ori-
gin as well as a means for the recognition of
problems, like fermentation, presence of im-
purities and other undesirable characteristics
that common laboratory routine analyses do
not access (Marcazzan et al., 2017).
Honey taste and odour are fundamentally
influenced by their botanic origin. Hence,
in addition to the elementary tastes (sweet,
acid, bitter and salty), also other scents/aro-
mas appear, grouped in seven families: flo-
ral, fruit, warm, aromatic, chemical, veg-
etable and animal, including scents notes like
spicy, resinous, menthol, alcoholic, medic-
inal, caramelized, smoked and resinous
(Bruneau et al., 2000; M. Ciappini et al.,
2013; Piana et al., 2004). Appearance at-
tributes such as colour and texture are also
considered in the honey’s sensory character-
isation.
Honey colour depends on its alkalinity, ash
content and antioxidant compounds, such
polyphenols, terpenes and carotenoids (Naab
et al., 2008; Viuda-Martos et al., 2010;
Wilczyńska, 2014). Thus, honey colour is
considered as an index of its antioxidant ca-
pacity, since generally dark honeys present
higher amounts of phenolic compounds and
antioxidant activity, whereas the opposite oc-
curs in light honeys (Alves et al., 2013;
Machado De-Melo et al., 2017; Özcan &
Ölmez, 2014; Rosa et al., 2011). Since the

antioxidant compounds come from the flow-
ers that feed honeybees, the colour of honey
can provide information related to its botan-
ical origin (Aazza et al., 2018; Anjos et al.,
2015; Naab et al., 2008; Szabó et al., 2016).
Organoleptic characteristics of honeys are
defined by their botanic origin and by the
nectar collected by the honeybees, therefore
a classification by organoleptic test is a fun-
damental value, being a high contribution
along with physicochemical and palynologic
data in the characterization of honey (Juan-
Borrás, 2016). As it is established by the
Directive 110/2001 of the European Union,
honey can be defined by its botanic origin, by
its palynologic and physicochemical charac-
teristics, as well as its botanic sensory char-
acteristics. Thus, the botanic or geographic
characterization of honey, especially as ex-
port products, will provide added value once
a territorial designation of origin is achieved
(Acquarone, 2004; Cayú, 2017; C. Ciappini
et al., 2009; Montenegro et al., 2008; Telle-
ria, 2010).
Due to the large extension of its territory, the
Republic of Argentina has a broad diversity
of climates, environments and types of soil,
so there is a wide variation in the vegetation
features in so much that it contains 5 Do-
mains with 13 Phytogeographic Provinces
(PP) distributed in 24 geopolitical provinces,
each one of them can include from 1 to 6
different regions in their territory (A. Cabr-
era, 1976). Such is the case of the geopo-
litical provinces of Misiones, Buenos Aires
and Catamarca, to reference the phytogeo-
graphic origin of the analyzed honeys; the
physiognomic-floristic division of Oyarzabal
et al. (2018) was used. These authors rede-
fined the regions described by A. Cabrera
(1976) generating divisions that they called
Vegetation Units (VU).
Misiones province (25°–28° S, 53°–56° W)
is located in the country’s extreme northeast,
under a wet subtropical climate with warm
and humid summers, mild winters and abun-
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dant, constant and regular rainfall. These
characteristics lead to evergreen vegetation
and high biodiversity. Misiones province in-
cludes two Phytogeographic Provinces (PP
Paranaense and PP Pampeana) and two Veg-
etation Units (VU) (Oyarzabal et al., 2018;
Poliero et al., 2023).

The province of Buenos Aires, situated
in the middle-east of the country (33°–
41° S and 57°–63° W), is the main
honey-producing province, accounting for
more than 50% of the Argentinian honey
production with around 915.000 beehives
(Poliero et al., 2022). The province of
Buenos Aires presents several Phytogeo-
graphic Provinces (PP), districts and vegeta-
tion units (Oyarzabal et al., 2018), as well as
different climates. The major honey produc-
tion areas belong to: (i) PP Pampeana, where
the dominant vegetation type is the steppe or
pseudo-steppe combined with grassland; (ii)
PP Espinal with the sclerophytic forest and
the savannah, including arboreal and shrub
species, xerophytic mimosoides legumes and
an herbaceous layer as the main vegetation
types; and (iii) PP Monte, presenting the
steppe of xerophytic shrubs with perennial
and resinous foliage as the predominant veg-
etation, and characterized by a shortage of
grasses and trees (A. L. Cabrera & Zardini,
1978; Malacalza et al., 2007; Oyarzabal et
al., 2018; Poliero et al., 2022).

Finally, Catamarca province (25°–30° S,
65°–69° W) located in the Argentina north-
west region (NOA), offers a unique oppor-
tunity for apiculture, since it is an area of
reduced anthropogenic activity with native
flora of different vegetation units (VUs), with
6 PP (Alto andino, Prepuna, Puneña, Monte,
Chaqueña and Jungla) that offer a great di-
versity of flora and climate (Alonso-Salces
et al., 2023; Oyarzabal et al., 2018; Vergara-
Roig et al., 2019). Catamarca province rep-
resents 0.5% of the Argentinian apiaries and
1.1% of the Argentinian honey producers
(Poliero et al., 2022). Buenos Aires and Mi-

siones regions show fairly uniform climate
conditions, whereas the different PP recog-
nized in Catamarca exhibit several microcli-
mates from the subtropical rains in the East,
to the arid highland in the West (Arana et al.,
2017) which influence honey characteristics.
The aim of this work is the sensory character-
ization of a set of Argentinian honeys from
the provinces of Buenos Aires, Misiones and
Catamarca, with the purpose of typifying the
honey produced in these phytogeographic re-
gions. Honey characterization from differ-
ent botanical and/or geographical origins is
highly relevant to the honey market since ev-
ery region present particular quality charac-
teristics determining high commercial value.

Materials and Methods

Honey samples
Eighty-five (N = 85) authentic and trace-
able multifloral Apis mellifera honey sam-
ples were ocollected from the Argentinian
provinces of Buenos Aires (n = 31), Cata-
marca (n = 26) and Misiones (n = 28) along
several harvests (2015-2016-2017). Sam-
ples, about 1 kg of raw honey each, were pro-
vided directly by beekeepers and/or honey
producer cooperatives with farming informa-
tion (harvest date and conditions, declared
botanical origin, apiary location (GPS), agri-
cultural system and beehive treatments). All
honey samples met the specifications of the
national and international standards, which
confirmed their blossom origin, high qual-
ity, good maturity and freshness. The honeys
were harvested between November and May
and manufactured following the guide for
good beekeeping and manufacturing prac-
tices provided by the Ministerio de Agricul-
tura, Ganadería y Pesca (2019). All honey
samples were stored in screw-capped plas-
tic containers at 4 °C in dark settings until
analysis, performed immediately after each
harvest season.
Sensory analysis
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Figure 1: Colour frequencies of honeys classified by province

The quantitative descriptive sensory analy-
sis (QDSA) was carried out by a panel of 7
evaluators trained for this type of products
(Sánchez-Pascua et al., 2017). All the tests
were carried out in duplicate and in accor-
dance with the sensory evaluation guidelines
(ISO 6658, 2005). Tests were performed in
individual odour-free cabins. Three differ-
ent honey samples were given per session to
each evaluator. Samples were coded with 3-
digit random numbers and divided into 90 g
glass jars, keeping a sample/volume ratio of
1/5 (Piana et al., 2004). Samples were kept at
room temperature for at least two hours prior
to tests.

Odour/Flavour attributes

To evaluate and quantify the intensity of the
odour and flavour attributes (sweet, acid and
bitter), a structured 12-point scale was used,
corresponding 0 to undetectable and 12 for
very intense. The standardized terminology
developed in the Odour and Aroma Wheel
of the International Honey Commission was
used as a framework of reference to sen-
sory defines the honeys in terms of smell
and flavour (Piana et al., 2004). Odour notes
of each different families (warm, aromatic,
floral, fruit, vegetable, fresh, chemical and
degraded) and subfamilies present in honey
due to their botanical origin or as a result of
the extraction and handling processes of the

product were identified.
Colour/Granulometry attributes
Honey colour measurements were performed
according to IRAM 15941-2 (1997) using
HI 96785C HANNA colorimeter (Hanna In-
struments Inc., Woonsocket, Rhode Island,
USA). In the case of crystallized honeys,
samples were melted at 55±2 °C in thermo-
static bath until complete crystals dissolution
and dissolved air eliminated, as indicated in
the IRAM standard protocol. Colour of liq-
uid honey was measured and results were
expressed in Pfund-scale (Fell, 1978). Three
replicate analyses were done for each sam-
ple.
Granulometry appearance is caused by for-
mation of sugar crystals in honey caused by
the separation of glucose in solid form. The
rate, shape, size and density of the crystal-
lization nuclei vary with honey composition
and room temperature. Granulometry and
crystal size were evaluated using three differ-
ent standards (icing sugar glucose syrup so-
lution and white and brown sugar solutions)
and analysis were performed on a structured
12-point scale.
Statistical Analysis
Multiple comparisons test was performed us-
ing InfoStat program. Fisher’s LSD (Least
Significant Difference) test was used to com-
pare means of t levels of a factor, after reject-
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ing the Null Hypothesis of Equality of Means
by ANOVA technique. This test was applied
to compare both, different families of odours
and intensities of flavour. Consistency Tables
methodology was used to analyze if differ-
ences in colour attributes between samples
collected from each province or region, for
different years were significant, taking as hy-
pothesis that there is an association between
colour attributes, province and year of col-
lection.

Results

Flavour/Odour/Granulometry
The flavour results showed average values
for sweet intensity of 6.25, 5.69 and 5.74
for honeys evaluated from the Provinces of
Buenos Aires, Catamarca and Misiones, re-
spectively. For acid intensity, the average val-
ues were 3.14, 3.13 and 3.50, while for bitter
intensity, the average values obtained were
1.08, 1.38 and 2.09, respectively (Table 1).
Regarding odour intensity, honeys from the
province of Misiones exhibited a more in-
tense smell compared to those from the
provinces of Catamarca and Buenos Aires,
regardless of the year of study (α = 0.05;
p < 0.001). As for the granulometry of
the honeys, it was observed that the three
provinces studied did not show significant
differences, regardless of the year of harvest
(α = 0.05; p > 0.005) (Table 1).
Colour
To examine the relationship between the
colour of honey and its geographical origin
in each year of the study, a statistical analy-
sis of the contingency table was conducted.
Based on the data, it can be concluded that
the year of harvest does not significantly af-
fect the colour of honey (p > 0.05) (Table 2).
A similar analysis was performed to de-
termine whether there are significant dif-
ferences in the frequency of honey colours
among the three provinces under study. It
can be inferred that the province of ori-

gin significantly influences the colour of
the honey (p < 0.0001) (Table 3). Light-
coloured honeys (water white, white and ex-
tra light amber) are characteristic of Buenos
Aires province, meanwhile dark coloured
ones (dark amber, amber and light amber)
are predominant in Catamarca and Misiones
provinces (Figure 1).
Odour families/subfamilies
Characterization of honeys by odour families
can be observed in Table 4, which presents
the percentage of response to different sub-
families for each odour family, categorized
by province and harvest year of the study. In
Buenos Aires honeys, the warm family has a
more intense subfamily subtle note (average
46%), while in Catamarca honeys, the fruit
family exhibits a subfamily dry note (average
53%), and in Misiones honeys, the fresh fam-
ily displays a subfamily refreshing note (av-
erage 67%) (Table 4). The sensory percep-
tion of family/subfamily notes per harvest for
each province (Figure 2 a, b and c) is consis-
tent with Table 4, indicating that the botani-
cal characteristics of each region play a sig-
nificant role in shaping the perceived smells
in the honeys.
The statistical analysis of the results showed
significant differences in some honey odour
families (warm and fruit) between the
provinces of Buenos Aires and Misiones.
Catamarca province present significant dif-
ferences in aromatic family odour compared
to the other provinces studied (Table 5).

Discussion

Organoleptic characterization was conducted
on honeys from three Argentinian provinces.
No differences in colour, taste, and aroma
intensity were found for each province
throughout the years of the study. However,
significant differences in honey colour and
some family odour were observed between
the provinces, indicating consistent and char-
acteristic floral composition over time, re-
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Table 1: Values for flavour intensity, odour and granulometry by province and harvest year.

Origin Year
Flavour intensity

Odour Granulometry
Sweet Acid Bitter
x±SD x±SD x±SD x±SD x±SD

Buenos Aires 2015 6.05±1.73a 2.73±3.47a 0.35±1.02a 5.17±1.96a 4.23±2.30a

Buenos Aires 2016 6.43±2.65a 3.28±2.92a 1.47±2.30a 4.72±2.18a 4.64±2.76a

Buenos Aires 2017 6.27±2.30a 3.41±3.00a 1.43±2.46a 4.66±1.96a 4.29±2.64a

Catamarca 2015 6.12±1.79a 3.58±3.75a 0.63±1.54a 5.73±2.14a 3.42±1.76a

Catamarca 2016 5.49±2.63a 2.70±2.59a 1.72±2.34a 4.73±2.31a 3.37±2.52a

Catamarca 2017 5.46±2.12a 3.10±3.13a 1.79 ±2.78a 5.59±2.21a 3.83±2.56a

Misiones 2015 5.74±1.97a 3.64±4.06a 1.16±2.12a 6.37±2.02b 2.85±1.78a

Misiones 2016 6.08±2.69a 3.37±2.97a 2.04±2.70a 6.34±2.20b 3.99±3.10a

Misiones 2017 5.41±2.28a 3.48±3.17a 3.07±3.47a 6.77±2.06b 5.92±3.12a

Different letters correspond to significant differences (α = 0.05; p < 0.001)

Table 2: Relative frequency of each colour (expressed as percentage) for each harvest year.

International Scale
Harvest year

2015 2016 2017 Total
water white 3.85 0.00 0.00 1.18
white 23.08 14.29 12.90 16.47
extra-light amber 11.54 25.00 25.81 21.18
light amber 19.23 35.71 38.71 31.76
amber 23.08 21.43 12.90 18.82
dark amber 19.23 3.57 9.68 10.59
Total 100.00 100.00 100.00 100.00
Statistic Value df p
Pearson Chi Square 10.91 10 0.3646
MV-G2 Chi Square 11.47 10 0.3218
Cramer’s conting. coef. 0.21
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Table 3: Relative frequency of each colour (expressed as percentage) for each province.

International Scale
Provinces

Buenos Aires Catamarca Misiones Total
water white 3.23 0.00 0.00 1.18
white 35.48 7.69 3.57 16.47
extra light amber 48.39 11.54 0.00 21.18
light amber 12.90 30.77 53.57 31.76
amber 0.00 34.62 25.00 18.82
dark amber 0.00 15.38 17.86 10.59
Total 100.00 100.00 100.00 100.00
Statistic Value df p
Pearson Chi Square 53.26 10 < 0.0001
MV-G2 Chi Square 65.06 10 < 0.0001
Cramer’s conting. coef. 0.46
Pearson’s conting. coef. 0.62

Table 4: Percentage of response of the different families/subfamilies of odour notes by har-
vest year and province.

Family Scents/ Buenos Aires province Catamarca province Misiones province
Subfamily (% response) (% response) (% response)

2015 2016 2017 2015 2016 2017 2015 2016 2017
Warm Subtle 48.94 42.67 45.24 24.00 27.69 25.49 40.08 22.68 38.91

Candy 26.52 22.22 24.38 32.72 22.48 23.75 27.78 19.59 15.26
Lactic 18.90 18.13 11.10 16.05 15.67 17.10 12.63 10.10 6.69
Tosted 1.39 0.79 0.00 6.17 12.90 12.07 12.75 11.48 7.66
Burnt 1.58 0.79 0.00 16.22 9.11 1.77 1.00 3.70 1.14

Aromatic Wood 22.78 49.08 50.28 30.88 44.05 27.29 6.71 17.82 25.33
Resin 38.45 14.81 9.26 16.83 27.62 12.69 31.25 37.42 19.63
Spicy 23.03 2.78 14.26 39.38 20.39 38.41 55.75 33.54 29.20

Fruit Fresh 34.17 23.70 9.50 19.00 9.00 16.17 14.38 27.46 16.45
Cítric 15.81 20.92 25.67 7.67 18.17 31.67 11.13 28.81 11.92
Dry 46.15 35.00 34.83 69.33 45.83 43.00 64.38 33.26 46.70

Floral Subtle 43.44 38.94 55.72 31.88 20.00 29.00 32.29 40.48 1.30
Intense 28.17 34.89 29.11 13.88 26.66 44.33 33.34 37.82 65.32

Vegetal Green 11.08 20.37 35.00 8.33 37.33 35.00 46.88 27.78 31.82
Dry 15.33 20.37 40.00 50.00 10.67 25.00 25.00 16.67 0.00

Fresh Refreshing 45.83 0.00 50.30 50.00 40.00 84.54 75.00 85.19 41.13
Chemical Stinging 33.13 0.00 10.00 22.17 25.00 10.00 25.00 41.74 49.55

Petrochemical 6.18 0.00 0.00 11.17 20.00 0.00 0.00 22.22 4.55
Degraded Animal 29.53 29.63 2.50 12.50 10.00 20.00 32.50 33.96 25.60

Proteic 9.10 47.22 22.50 23.33 20.00 6.67 12.50 13.68 16.21
Sulfur 13.58 9.26 5.00 10.00 0.00 3.33 27.50 3.70 7.88
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Figure 2: Sensory profile of honeys by harvest year and by province evaluated a) Misiones,
b) Catamarca and c) Buenos Aires.

gardless of whether they originated from one
or more phytogeographic regions.

Honeys from Misiones and Buenos Aires

provinces are distinguishable basically be-
cause their surface is predominantly occu-
pied by a common phytogeographic region
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Table 5: Mean percentage of response for each family odour for each province.

Family Response (%)
Buenos Aires Catamarca Misiones

Warm 17.51a∗∗ 17.55ab∗ 15.43b∗∗

Aromatic 24.97a∗∗ 28.62b∗∗ 28.52ab∗

Fruit 27.31a∗∗ 28.87ab∗ 28.27b∗∗

Floral 38.38a∗ 27.63a∗ 35.09a∗

Vegetable 23.69a∗ 27.72a∗ 24.69a∗

Fresh 32.04a∗ 58.18a∗ 67.11a∗

Chemical 8.22a∗ 14.72a∗ 23.84a∗

Degraded 18.70a∗ 11.76a∗ 13.58a∗

Different letters correspond to significant differences (α = 0.05; p < 0.001)

(PP Pampeana). While only half of Cata-
marca province is engaged in intensive honey
production, it produces a diverse range of
honeys, some of which share sensory charac-
teristics with the honeys from the other two
provinces, making them undifferentiable.
Nevertheless, sensory analysis allows for
differentiation between phytogeographic re-
gions primarily due to their distinct flora.
The influence of the flora and the pedocli-
matic conditions of each phytogeographical
region on the sensorial properties of honey
allowed its characterization (Poliero et al.,
2022).
Sensory characteristics play an essential role
in studies of food preference and aver-
sion among human consumers. Some con-
sumers may prefer dark-coloured honeys
with intense aroma and refreshing scent
notes (Fresh family), such as those produced
in Misiones province. On the other hand, oth-
ers may prefer light-coloured honeys with
a mild odour and subtle scent notes (Warm
family), like those from the Pampeana ecore-
gion (Buenos Aires).
In this context, a Protected Designation of
Origin (PDO) could be assigned to honeys
from specific geopolitical origins, particu-
larly when a single phytogeographic region

covers a significant portion of the territory
(e.g., Misiones). For Catamarca province,
which encompasses more than one phyto-
geographic region, a broader PDO area could
be considered (e.g., honey from Catamarca
and Yungas region) to define its charac-
teristics. Typifying honeys from each stud-
ied phytogeographical region would provide
them with added value and access to new
markets, as typified honey has a higher com-
mercial value than standard quality honey.
Notably, there is a growing global demand
for differentiated products, highlighting the
importance of having typified honeys. Thus,
this study makes a significant contribution
to the characterization of honeys from Ar-
gentina.
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