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Abstract. Global honey production is increasing.In Italy, the two predominant mon-
ovarietal honey types are acacia and chestnut . Climate change, with an increase in
extreme weather events (including droughts, heat waves and late frosts), impacts both
the phenology of melliferous species andhoneybee activity. The aim of this study was
to correlate the honey yields of acacia and chestnut in five Italian climatic sub-regions
with the thermal extremes during the flowering phases of the two melliferous species.
The objective was to understand the impact that these parameters have on yields.The
results highlighted differing impacts of thermal extremes on honey yields for acacia
and chestnut, respectively . In the acacia, temperature below 4.3C° in the flowering
period had a negative impact particularly in the North-West (P<0.01). Instead tem-
peratures above 17.5C° impacted positively in North Italy. In contrast, for chestnut,
temperatures above 23.5C° negatively affected honey yields in the North-West. Under-
standing the interaction between climate, melliferous species and bees is useful for
beekeepers towards developing adaptation strategies to climate change with the aim of
protecting the yields, income, animal welfare and ecosystem services.

Keywords: bees, climate change, agrometeorology, plant phenology, ERA5 land.

1. INTRODUCTION

Honey production is rising on a global level with an 85 % increase in
the number of managed honeybee colonies reported for the 1961-2017 peri-
od (Phiri et al. 2022). In Italy honey production was 0.026Mt in 2021 and
according to ISMEA (2020), the increase in the last 10 years was attribut-
able to the growth in the number of professional and amateur beekeepers.
In 2022 the recorded number of beekeepers was 72020 (Report Osservatorio
nazionale del miele 2022) with 60 monovarietal honey types. However, annu-
al production is strongly influenced by the weather conditions (Rahimi_2021,
Delgado et al. 2012, Olvera et al. 2023). Acacia (Robinia pseudoacacia L.) and
chestnut (Castanea sativa L.) honeys in Italy represent the two main mono-
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varietal types spread over almost the national territory
(Parri et al. 2014). From both observational and experi-
mental studies, it is well established that climate change
has been associated with an alteration of phenological
cycles, resulting in an earlier onset of vegetation activity
in spring with effects on the related leaf-out and flow-
ering dates (Piao et al. 2019). Strong relationships were
found between phenological events and early spring
weather (Sparks and Carey 1995, Linderholm 2006,
Richardson et al. 2013) with vegetal species respond to a
rise in temperature by coming into leaf or/and flowering
earlier. It is projected that in the future, leaf and flower-
ing dates will to be 3-4 weeks earlier than present (IPCC
2023, Simpson et al. 2023). In Italy there are insufficient
studies investigating the impact of meteo-climate con-
ditions on honeybee production. Nonetheless, there
have been research reports correlating the activity of
bees, phenological period and resultant honey produc-
tion with climatic factors (Wyver et al. 2023a, Wyver et
al. 2023Db, Blasi et al. 2023). It has been found (Medina
2018) from simulated bee stress conditions in the labora-
tory thatf high temperatures (<= 40°C) influenced on the
phenotype and behavior of honey bees under heat stress,
with potential consequences for colony fitness (Medina
2018). In two sites in Portugal, Fernandes et al. (2015)
in Portugal showed that high rainfall and low tempera-
tures advanced vegetative growth and early flowering
in the northern study site, whereas high temperatures
with no rainfall advanced growth and ripening phase of
fruits in the southern site. Previous work demonstrated
that the increase in average temperatures in winter and
early spring accelerated the phenological development of
plants by interacting with the activity of pollinators in
the various ecosystems (Hung e al 2018, Villagomez et
al. 2021, Hunichen et al. 2021, Mashilingi et al. 2022,).
A decrease in honey production under extreme drought
conditions was also observed in a case study in Cor-
doba, Spain (Flores et al. 2019). Zhao et al. (2021) high-
lighted two temperature values, 5°C and 10°C of daily
minimum values, which determined the optimal start of
bee activity inside and outside the hive, respectively In
China an increase in temperatures and a reduction in
rainfall, respectively, was shown to alter the phenology
of plants in general but more specifically honey plants
(Guo et al. 2013). The growing season expanded by 4.3
days per decade in Beijing region with the first flower-
ing was advanced by high temperatures between January
and June, but delayed by warm conditions during the
chill accumulation phase.

Moreover, it was reported that from 1956 to 2010,
the budding of many honey plants, was progressively
brought forward, up to 13.5 days, with impacts on the
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subsequent phenological stages of many honey spe-
cies (Juknys et al. 2011). This was corroborated by Vis-
ser and Both (2005), demonstrating an advance from
3 to 11 days in the manifestation of many phenologi-
cal phases of cultivated species during the end of win-
ter and the beginning of spring. Also Dalla Marta_et
al. (2010) showed that the phenology of Montepulciano
vine progressively advances for one day every 2 years in
the budding and flowering phases. Back in 2005 (Peat
amd Goulson 2005)attention was already drawn to the
effects of climate change. Those authors pointed out
that climate change modifies the quality and quantity
of available nectar and/or pollen, limiting its collection
by pollinating insects. Southern European countries,
including Italy, are among the most critically affected by
climate change in Europe and the situation is expected
to worsen in the coming decades with an impact both
temperatures and precipitation distribution (IPCC 2021).
A variation in the distribution of precipitation regimes
and temperatures in different Italian areas were evi-
denced (Brunetti et al. 2006) These variations were also
highlighted by studies on a regional scale (Bartolini et
al. 2014) with a decrease in precipitation during winter
and spring, especially in northwestern areas. Regard-
ing temperatures, an increase was observed during all
months of the year, also associated with an increase in
heat waves. More recently, Bartolini et al. (2021) demon-
strated both spatial and temporal changes in dry spells
in Central Italy during the 1955-2017 period. Given the
climate changes and impacts on the phenology of hon-
eybee species, the aim of the present study is to correlate
the honey yields of acacia and chestnut with the thermal
extremes during the flowering phases of the two spe-
cies, within five Italian climatic sub-regions, in order to
understand the impact of these environmental param-
eters on yields.

2. MATERIALS AND METHODS
2.1. Climatological dataset (Era5 Land)

Climatological data was obtained by the ERA5 rea-
nalysis dataset from 1950 at a 0.1° resolution.The data
wasstored in a tridimensional hypercube data store where
the first two dimensions represented spatial dimensions
(Longitude and Latitude) and the third, a time dimen-
sion. Taking into account the high heterogeneity in cli-
mate (Martinelli and Matzarakis 2017), Italy divided into
5 climatic sub-regions (North West, NW; North East,
NE; Northern Central Tyrrhenian, NCT; Central Adriat-
ic, CA; South, S) (Figure 1), each describing the different
climatic zones in the April-July period. Recently a simi-
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Figure 1. Italian climatic sub-regions used in the study. North West,
NW; North East, NE; Northern Central Tyrrhenian, NCT; Central
Adriatic, CA; South, S.

lar approach was used in studies investigating the impact
of atmospheric circulations on the crop yields in specific
Italian sub-areas (Central and North-East Italy) (Salinger
et al. 2020, Salinger et al. 2022).

2.2. Honey production

The production of acacia and chestnut honey was
obtained from the National Honey Observatory annu-
al reports (https://www.informamiele.it/). The database
reports the average production in kg/hive on a regional
scale for the period 2015-2022. For each climatic sub-
area, an average was calculated (Figure 2).

2.3. Phenological data

Phenological data for chestnut and acacia were
acquired from the Italian PHEnology Network (IPHEN)

database, a national system of monitoring based on com-
prehensive phenological observations for some plant spe-
cies. IPHEN is a cooperative project that started in 2006
with theaim of producing nationwide maps analysis
maps and forecasts for the phenological stages of plants
of interest to agriculture, health, and environmental
care. More details about the IPHEN dataset have been
described by Mariani et al. (2012).

For acacia and chestnut, weekly IPHEN phenologi-
cal maps shows the BBCH phenological stadium (Meier
2001, Meier 2018) for each vegetative season. The Day Of
the Year (DOY) when 50% of flowering occurs in most
of the domain was estimated for each of the Italian cli-
matic sub-regions. DOY was considered as the Annual
Zonal Peak Flowering (AZPF) in the present study.
Starting from the AZPF, a temporal flowering window
(FW) of 16 days (Figure 3) was derived, The FW ranges
from 7 days before the AZPF to 7 days after.

2.4. Data processing and statistical analysis

For each macro-climatic area, average daily tem-
perature data was obtained from each pixel (0.1° x 0.1°,
Lat/Lon). During FW, the number of days (occurrence)
for different thermal extremes were calculated. These
extremes were identified with the following percentile
classes: 2,10,15, 25, 75, 80, 85, 90 and 98 respectively. The
occurrence was calculated during the period 1950-2022.
The data obtained was than related to the honey produc-
tion for the two melliferous species using a linear cor-
relation.

Statistical analyses were carried out in the Conda
4.2 open source, using the Python 3.8 programming
language, related temporal and statistical analysis (XAr-
ray, SciPy, Statistics, Numpy, Pandas) and visualization
(Matplotlib) modules.

3. RESULTS AND DISCUSSION
3.1. Effects of low temperature on honey production

The effect of low temperature anomalies had a sig-
nificant negative impact only on acacia honey yields in
Northern Italy (Table 1).

The NW TItalian area showed the highest significance
(p<0.01) with a negative impact of low temperatures for all
percentile classes except for the most extreme one (2th).

This result can be explained by the fact that during
the acacia flowering period (May) the low air tempera-
tures impacted negatively on bee activity. The present
work corroborated a recent study carried out on Rho-
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Figure 2. Production in kg/hive for each climatic sub-area in the period 2015-2022.

des Island, from 2015 to 2019, showing a link between
wildflower honey production and the main microcli-
matic parameters (air temperature and humidity). The
results showed that the optimal temperature values for
the daily production of honey in spring were around
17°C, while below 14°C the balance between the honey
produced and consumed became negative (Gounari et
al. 2022). This was also confirmed in an earlier study
demonstrating that bee foraging activity was reduced
to the point of cessation at 6.5°C (Oshi and Joshi 2010).
Instead, foraging activity was shown to increase at
higher temperatures reaching a maximum peak around
20°C (Tan et al. 2012).

Furthermore, as is well-documented, air tempera-
ture is a determining factor of the plant species phenol-
ogy (Alilla et al. 2022). Robinia pseudacacia was shown
to be particularly damaged by late frosts which nega-
tively impact young leaves, shoots and flowers thereby
reducing the availability of food for the bee (Vitkova et
al. 2017). Of note, it is important to take into considera-
tion that the low percentiles in northern Italy had lower

values than the temperatures obtained in central and
southern Italy.

As far as the chestnut honey yields are concerned,
the analysis did not show statistical significance as
regards the low temperatures. The chesnut flowering
period (June) occurrs one month later than Acacia, and
for this reason low temperatures are not conditioning
chesnut flowering.

3.2. Effects of high temperature on honey production

The effect of positive temperature anomalies on aca-
cia honey yields was positive in most macro-areas (Table
2) with statistical significance in NW, NE, NCT, CA.

In North Italy and in NCT, the greatest significance
occurred in the less extreme percentiles. The highest sig-
nificances (P<0.001) were observed in North Italy in the
75th percentile class.

The positive effect of high temperature is in agree-
ment with that shown by Tan et al. (2012) who identi-
fied that the maximum bee foraging activity occurred
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Figure 3. Acacia and chestnut flowering windows for each Italian climatic sub-region.
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in the spring with temperatures close to 20°C. This tem-  the inflorescences, reducing the time period needed by the
perature also has a positive effect on the nectar charac-  bees to obtain nectar (Giovannetti et al. 2013).

teristics which becomes more available to the insects and In Southern Italy, high temperatures did not have a
contained a higher sugar content (Bertsch 1983, Kim et  significant effect on honey yields.
al. 2020). Furthermore, Alilla et al. (2022) found a greater In contrast, for Chestnut honey yields, the positive

nectar quantity in the advanced stages of flowering in Rob-  temperature anomalies were generally shown to have
inia pseudacacia a greater nectar quantity with maximum  a negative impact, significant in the NW climatic sub-
availability starting from the second week. The higher  region, with a reduction especially for the 85th and 90th

temperatures were also shown to allow a faster opening of  percentile (Table 3).
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Table 1. Correlation coefficient (r) and significance (sig) of the correlations between low temperatures and Acacia honey production. NS
Not significant; * P<0.05; ** P < 0.01; *** = P<0.001%; NW = North West; NE = Nord East; NCT = Northern Central Tyrrhenian; CA =
Central Adriatic; S =South. tt= average temperature of the percentile for each Italian climatic sub-regions.

Climatic sub-regions

Acacia NW NE NCT CA S

r sig tt r sig tt r sig tt r sig tt r sig tt

2 -049 NS 1.0 0.00 NS 1.3 0.00 NS 4.4 0.00 NS 22 0.00 NS 5.2

% 10 -0.70 > 27 -0.51 NS 32 -0.49 NS 6.0 -038 NS 4.0 -0.38 NS 6.4

§ 15 -0.82 h 33 -0.61 NS 3.8 049 NS 6.4 -0.35 NS 4.5 -0.55 NS 6.9
-

8 20 -0.79 h 39 -063 NS 44  -0.51 NS 6.9 -0.47 NS 5.0 -0.51 NS 7.3

25 -0.88  o* 4.3 -0.67 * 4.8 -0.60 NS 72 -0.58 NS 5.5 -0.56 NS 7.7

Table 2. Correlation coeflicient (r) and significance (sig) of the correlations between high temperatures and Acacia honey yields. NT Not
significant; * P<0.05; ** P < 0.01; *** = P<0.001%; NW = North West; NE = Nord East; NCT = Northern Central Tyrrhrenian; CA = Cen-
tral Adriatic; S =South. tt= average temperature of the percentile for each Italian climatic sub-region.

Climatic sub-regions

Acacia NW NE NCT CA S
r sig tt r sig tt r sig tt r sig tt r sig tt
75 0.89 o 175 0.93 o 18.0  0.76 * 20.2  0.66 * 194 023 NS 20.4
% 80 0.84 > 18.0  0.92 o 185  0.83 b 206 0.74 * 200  0.16 NS 20.9
§ 85 0.71 * 185  0.89 o 19.0  0.83 h 21.0  0.69 * 205 015 NS 215
-
& 9 0.78 * 192 0.86 > 19.7  0.84 h 21.6  0.73 * 212 0.01 NS 223
98 0.76 * 212 0.63 NS 21,5 0.86 > 238  0.63 NS 234 0.08 NS 24.7

Table 3. Correlation coefficient (r) and significance (sig) of the correlations between high temperatures and Chestnut honey yields. NE =
Not significant ; * P<0.05; ** P < 0.01; *** = P<0.001%; NW = North West; NE = Nord East; NCT = Northern Central Tyrrhrenian; CA =
Central Adriatic; S =South. tt= average temperature of the percentile for each Italian climatic sub-region.

Climatic sub-regions

Chestnut NwW NE NCT CA S
r sig tt r sig tt r sig tt r sig tt r sig tt
75 -0.73 * 23.5 0.19 NS 242 -0.26 NS 27.1 -0.19 NS 26.2 -0.25 NS 28.3
% 80 -0.72 * 24.1 0.23 NS 248 -0.26 NS 275 -0.15 NS 269  -0.19 NS 289
§ 85 -0.84 b 24.8 0.07 NS 254 -0.30 NS 28.1 -0.14 NS 27.5 -0.12 NS 29.6
-
g 9 -0.79 b 256  -0.05 NS 262 -0.23 NS 28.8 -0.13 NS 28.4  -0.01 NS 30.3
98 -0.508 NS 279  0.333 NS 282  -0.679 * 30.8  -0.01 NS 30.6 0.11 NS 32.7

This result can probably be explained by the
change in nectar characteristics with air temperature.
In a recent study on Castanea sativa, it has highlighted
that a higher sugar content was present in the nectar
with average daily air temperatures between about 22
and 25°C but that the sugar content tended to rapidly
decrease with higher air temperatures (Kim et al. 2020).

In addition, studies have highlighted a positive role
of high air humidity levels in the nectar characteristics.
In particular, an increase in the sugar content produced
by numerous herbaceous flowers, shrubby and tree spe-
cies with high air humidity was reported Corbet et al.
(1979). Therefore, if we consider that over the last few
decades, the northern Italian areas have experienced
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negative rainfall anomalies (Caloiero et al. 2021) and an
increase in drought episodes (Baronetti et al. 2020), the
decrease in honey production could also be explained by
low air humidity.

However, this result cannot be generalized to all
melliferous species. In fact, a study on the evaluation of
the sugar content in the nectar of Epilobium angustifo-
lium (Bertsch 1983) did not show significant differences
at different air humidity rates (50%, 78%, 94%).

The main strength of the present study was to draw
cognitive awareness to the complex interaction of plant,
insect, man and climate. To date, correlation studies
between honey production and meteorological param-
eters are still scarce, especially in the Mediterranean
Basin.However, these correlation studies can provide a
very useful tool for beekeepers to understand produc-
tion dynamics. Furthermore, the use of ERA5 Land spa-
tialized data can also be very useful in instances where
ground meteorological stations are not sufficiently near
apiaries.

This preliminary study must is to be considered as
a starting point for understanding the dynamics corre-
lating climate with bee activity and phenology of mel-
liferous species. However, some limitations were shown
to exist. The first limitation was the represented by the
limited sample size. The number of years of production
is in fact rather limited and does not allow for a suffi-
cient comparison with the thermal extremes. Further-
more, the climatic data was calculated as an average of
the macro-area, also including information from pixels
of areas not suitable for the two honey species. Probably,
a comparison with the Corine Land Cover could help in
better defining the thermal characteristics of the areas.

Future studies are aimed at increasing the sample
size, extending the study to other honey types, thereby
including other melliferous species. This would also
make it possible to increase the honey production win-
dow to the entire summer. In addition, overwintering
conditions, effects of pests on hive health conditions
should be taken into account in future studies.

Furthermore, the correlation analysis could also be
extended to other meteorological parameters (e.g. wind,
air humidity), which which also may play an impor-
tant role in both bee activity and nectar availability.
For this reason, a cross-disciplinary research in envi-
ronmental sciences that make available long historical
series of climatic-environmental data (for example Itin-
eris Project,Italian Integrated Environmental Research
Infrastructures System), colud be very useful in order to
improve this type of research by including case studies
on honey yields in specific sites.

4. CONCLUSION

Our study showed that air temperature was able to
describe the trend of acacia and chestnut honey yields
in Italy under many situations. Above all, high tempera-
tures (higher percentiles) were shown to exert a positive
impact on the spring acacia honey yields, especially in
the more northern latitudes (North and central Italy)
where cold spells are generally more likely during the
spring. In contrast, the chestnut honey yields seemed
to be negatively influenced by the higher air tempera-
ture which impacted on both honeybee activity and on
the phenology of the melliferous species. These results,
especially in the contest of climate change, could be
very useful in understanding the mechanisms of inter-
action between climate, melliferous species and bees. In
particular, the integration of the results obtained using
models for estimating honey production as a function
of the expected climatic conditions could allow for an
early estimation of honey production in the various Ital-
ian climatic macro-areas. Moreover, the use of seasonal
forecasts assist beekeepers in choosing the locations in
which to carry out nomadism. The study was performed
with a view to provide to beekeepers a tool that allows to
adopt adaptation strategies to counteract climate change
effects and consequently to protect production, income,
animal welfare and ecosystem services.

ACKNOWLEDGEMENT

Activities were carried out as part of the “‘BEEWIN”
project “Bando Miele” 2021-MASAF and ITINERIS
(Italian Integrated Environmental Research Infrastruc-
tures System) PNRR project (IR0000032).

REFERENCES

Alilla R., De Natale F, Epifani C., Parisse B., Cola
G., 2022. The Flowering of Black Locust (Rob-
inia pseudoacacia L.) in Italy: A Phenology Mod-
eling Approach. Agronomy, 12, 1623. https://doi.
org/10.3390/ agronomy12071623.

Balvino-Olvera EJ., Lobo J.A., Aguilar-Aguilar M.]. et al.
2023. Long-term spatiotemporal patterns in the num-
ber of colonies and honey production in Mexico. Sci
Rep 13, 1017. https://doi.org/10.1038/s41598-022-
25469-8;

Baronetti A., Gonzailez-Hidalgo J.C., Vicente-Serrano
S.M., Acquaotta E, Fratianni S. 2020. A weekly spa-
tio-temporal distribution of drought events over the


https://doi.org/10.3390/
https://doi.org/10.3390/
https://doi.org/10.1038/s41598-022-25469-8
https://doi.org/10.1038/s41598-022-25469-8

56

Po Plain (North Italy) in the last five decades. Int |
Climatol 40(10), 4463-4476. https://doi.org/10.1002/
joc6467.

Bartolini G., Betti G., Gozzini B., Iannuccilli M., Magno
R., Messeri G., Spolverini N., Torrigiani T., Vallorani
R., Grifoni D., 2021. Spatial and temporal changes
in dry spells in a Mediterranean area: Tuscany (cen-
tral Italy), 1955-2017. International Journal of Cli-
matology, 42(3), 1670-1691. https://doi.org/10.1002/
joc.7327.

Bartolini G., Messeri A., Grifoni D., Mannini D., Orlan-
dini S., 2014. Recent trends in seasonal and annual
precipitation indices in Tuscany (Italy). Theor. Appl.
Climatol. 118, 147-157. https://doi.org/10.1007/
s00704-013-1053-3.

Bertsch A.,1983. Nectar production of Epilobium angus-
tifolium L. at different air humidities; nectar sugar
in individual flowers and the optimal foraging the-
ory. Oecologia. 59(1), 40-8. https://doi.org/10.1007/
BF00388069. Epub 2004 Sep 13. PMID: 25024144.

Blasi M., Carrié R., Fagerstrom C., Svensson E., Persson
A.S. 2023. Historical and citizen-reported data show
shifts in bumblebee phenology over the last century
in Sweden. Biodivers Conserv 32, 1523-1547. https://
doi.org/10.1007/s10531-023-02563-5

Brunetti M., Maugeri M., Monti F, Nanni T., 2006. Tem-
perature and precipitation variability in Italy in the
last two centuries from homogenized instrumental
time series. Int. J. Climatol. 26, 345-381. https://doi.
org/10.1002/joc.1251.

Caloiero T., Caroletti G.N., Coscarelli R., 2021. IMERG-
Based Meteorological Drought Analysis over Italy.
Climate, 9, 65. https://doi.org/10.3390/cli9040065.

Corbet S.A., Willmer P.G., Beament JW.L., Unwin D.M.,
Prys-jones O.E., 1979. Post-secretory determinants of
sugar concentration in nectar, 2(4), 293-308. https://
doi.org/10.1111/j.1365-3040.1979.tb00084.x.

Dalla Marta A., Grifoni D., Mancini M., Storchi P,
Zipoli G., Orlandini S., 2010. Analysis of the rela-
tionships between climate variability and grape-
vine phenology in the Nobile di Montepulciano
wine production area. The Journal of Agricultural
Science, 148(6), 657-666. https://doi.org/10.1017/
S0021859610000432.

Delgado D.L., Perez M.E., Galindo-Cardona A., Giray T,
Restrepo C., 2012. Forecasting the Influence of Cli-
mate Change on Agroecosystem Services: Potential
Impacts on Honey Yields in a Small-Island Devel-
oping State. Psyche: A Journal of Entomology, 2012.
https://doi.org/10.1155/2012/951215.

Fernandes P, Antunes C., Correia O., Maguas, C. 2015.
Do climatic and habitat conditions affect the repro-

Alessandro Messeri et al.

ductive success of an invasive tree species? An assess-
ment of the phenology of Acacia longifolia in Portu-
gal. Plant Ecology, 216(2), 343-355. http://www.jstor.
org/stable/24557713.

Flores J.M., Gil-Lebrero S., Gadmiz V., Rodriguez M.I,
Ortiz M-A., Quiles EJ., 2019. Effect of climate change
on honeybee colonies in a temperate Mediterranean
zone assessed through remote hive weight moni-
toring system in conjunction with exhaustive colo-
nies assessment. Science of the Total Environment,
653, 1111-11119, https://doi.org/10.1016/j.scito-
tenv.2018.11.004.

Giovanetti G., Aronne G. 2013. Honey bee handling
behaviour on the papilionate flower of Robinia pseu-
doacacia L. Arthropod-Plant Interact, 7, 119-124.
https://doi.org/10.1007/s11829-012-9227-y.

Gounari S., Proutsos N., Goras G., 2022. How does
weather impact on beehive productivity in a Mediter-
ranean island? Italian Journal of Agrometeorology 1:
65-81. https://doi.org/10.36253/ijam-1195.

Guo L., Dai J.,, Ranjitkar S., Xu J., Luedeling E., 2013.
Response of chestnut phenology in china to climate
variation and change. Agricultural and Forest Mete-
orology, 180, 164-172. https://doi.org/10.1016/j.agr-
formet.2013.06.004.

Hung K.L.J., Kingston J. M., Albrecht M., Holway D.
A., Kohn J.R., 2018. The worldwide importance of
honey bees as pollinators in natural habitats. Proc.
R. Soc. B 285, 20172140. https://doi.org/10.1098/
rspb.2017.2140.

Hiinicken P.L, Morales C.L., Aizen M.A., Anderson
G.K.S, Garcia N., Garibaldi L.A., 2021. Insect pol-
lination enhances yield stability in two pollinator-
dependent crops. Agriculture, Ecosystems and Envi-
ronment, 320, 107573. https://doi.org/10.1016/j.
agee.2021.107573.

IPCC, 2021. Climate Change 2021: The Physical Science
Basis. Contribution of Working Group I to the Sixth
Assessment Report of the Intergovernmental Panel
on Climate Change[Masson-Delmotte, V., P. Zhai, A.
Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y.
Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leit-
zell, E. Lonnoy, ].B.R. Matthews, T.K. Maycock, T.
Waterfield, O. Yelek¢i, R. Yu, and B. Zhou (eds.)].
Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, In press, https://
doi.org/10.1017/9781009157896.

IPCC, 2022. Climate Change 2022: Impacts, Adaptation,
and Vulnerability. Contribution of Working Group
II to the Sixth Assessment Report of the Intergov-
ernmental Panel on Climate Change [H.-O. Port-
ner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K.


https://doi.org/10.1002/joc6467
https://doi.org/10.1002/joc6467
https://doi.org/10.1002/joc.7327
https://doi.org/10.1002/joc.7327
https://doi.org/10.1007/s00704-013-1053-3
https://doi.org/10.1007/s00704-013-1053-3
https://doi.org/10.1007/BF00388069
https://doi.org/10.1007/BF00388069
https://doi.org/10.1007/s10531-023-02563-5
https://doi.org/10.1007/s10531-023-02563-5
https://doi.org/10.1002/joc.1251
https://doi.org/10.1002/joc.1251
https://doi.org/10.3390/cli9040065
https://doi.org/10.1111/j.1365-3040.1979.tb00084.x
https://doi.org/10.1111/j.1365-3040.1979.tb00084.x
https://doi.org/10.1017/S0021859610000432
https://doi.org/10.1017/S0021859610000432
https://doi.org/10.1155/2012/951215
http://www.jstor.org/stable/24557713
http://www.jstor.org/stable/24557713
https://doi.org/10.1016/j.scitotenv.2018.11.004
https://doi.org/10.1016/j.scitotenv.2018.11.004
https://doi.org/10.1007/s11829-012-9227-y
https://doi.org/10.36253/ijam-1195
https://doi.org/10.1016/j.agrformet.2013.06.004
https://doi.org/10.1016/j.agrformet.2013.06.004
https://doi.org/10.1098/rspb.2017.2140
https://doi.org/10.1098/rspb.2017.2140
https://doi.org/10.1016/j.agee.2021.107573
https://doi.org/10.1016/j.agee.2021.107573
https://doi.org/10.1017/9781009157896
https://doi.org/10.1017/9781009157896

Effects of air temperatures on acacia and chestnut honey yields: case study in Italy 57

Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S.
Loschke, V. Moller, A. Okem, B. Rama (eds.)]. Cam-
bridge University Press. Cambridge University Press,
Cambridge, UK and New York, NY, USA, 3056 pp.,
https://doi.org/10.1017/9781009325844.

ISMEA - Istituto di Servizi per il Mercato Agricolo Ali-
mentare. Report settembre 2022. https://www.
ismeamercati.it/api-miele;

Joshi, N.C., Joshi, P. 2010. Foraging behaviour of Apis
spp. on apple flowers in a subtropical environment.
New York Science Journal, 3(3), 71-76.

Juknys R., Sujetoviene G., Zeimavicius K., Gustainyte J.,
2011. Effects of climate warming on timing of lime
(Tilia cordata L.) phenology. In Environmental Engi-
neering. Proceedings of the International Conference
on Environmental Engineering. ICEE, 8, 139). Vil-
nius Gediminas Technical University, Department of
Construction Economics & Property.

Kim Y.K., Lee S., Song J.H., Kim M.]., Yunusbaev U,
Lee M.L., Kim M.S., Kwon H.W., 2020. Comparison
of Biochemical Constituents and Contents in Floral
Nectar of Castanea spp. Molecules. Sep 15; 25(18),
4225. https://doi.org/10.3390/molecules25184225.

Linderholm H.W., 2006. Growing season changes in
the last century. Agricultural and Forest Mete-
orology, 137, 1-14. https://doi.org/10.1016/j.agr-
formet.2006.03.006.

Mariani L., Parisi S.G., Cola G., Failla O 2012. Climate
change in Europe and effects on thermal resources
for crops. Int ] Biom. https://doi.org/10.1007/s00484-
012-0528-8

Martinelli L., Matzarakis A. 2017. Influence of height/
width proportions on the thermal comfort of court-
yard typology for Italian climate zones, Sustain-
able Cities and Society, 29, 97-106 pp. https://doi.
org/10.1016/j.5cs.2016.12.004.

Mashilingi, S. K., Zhang H., Garibaldi L. A., An J. 2022.
Honeybees are far too insufficient to supply optimum
pollination services in agricultural systems world-
wide. Agr. Ecosyst. Environ. 335, 108003. https://doi.
org/10.1016/j.agee.2022.108003.

Medina R.G., Paxton R.J., De Luna E., Fleites-Ayil EA.,
Medina L.A., Quezada-Euan J.J.G., 2018. Develop-
mental stability, age at onset of foraging and lon-
gevity of Africanized honey bees (Apis mellifera L.)
under heat stress (Hymenoptera: Apidae). ] Therm
Biol, 74, 214-225. https://doi.org/10.1016/j.jther-
bi0.2018.04.003.

Meier U. 2018. Growth stages of mono- and dicoty-
ledonous plants: BBCH Monograph. Quedlin-
burg: Open Agrar Repositorium. https://doi.
org/10.5073/20180906-074619.

Meier U, 2001. Growth Stages of Mono and Dicotyledon-
ous Plants. BBCH Monograph, Federal Biological
Research Centre for Agriculture and Forestry, Bonn.

Parri E., Lenzi A, Cifelli M, Restivo A, Degano I., Ribe-
chini E., Zandomeneghi M., Domenici V., 2014.
Studio di mieli toscani monoflorali mediante tec-
niche chimiche cromatografiche e spettroscopiche.
Quinto Congresso di Scienze Naturali Ambiente
Toscano; Edizioni ETS: Pisa, Italy, 159-169. ISBN
9788846738899.

Peat J., and Goulson D., 2005. Effects of Experience and
Weather on Foraging Rate and Pollen versus Nec-
tar Collection in the Bumblebee, Bombus Terrestris.
Behavioral Ecology and Sociobiology, 58(2), 152-56.
http://www.jstor.org/stable/25063598.

Phiri B.J., Fevre D., Hidano A., 2022 Uptrend in global
managed honey bee colonies and production based
on a six-decade viewpoint, 1961-2017. Sci Rep, 12(1),
21298. https://doi.org/10.1038/s41598-022-25290-3.
PMID: 36494404; PMCID: PMC9734161.

Piao S., Liu Q., Chen A., Janssens I.A., Fu Y., Dai J., Liu
L., Lian X., Shen M., Zhu X, 2019. Plant phenology
and global climate change: current progresses and
challenges. Global Change Biol 25, 1922-1940. htt-
ps://doi.org/10.1111/gcb.14619.

Rahimi E., Barghjelveh S., Dong P, 2021. Estimating
potential range shift of some wild bees in response
to climate change scenarios in northwestern regions
of Iran. j ecology environ 45, 14. https://doi.
org/10.1186/s41610-021-00189-8.

Report Osservatorio Nazionale del miele 2022. 1l valore
della terra: agricoltura e nuova ruralita, economia e
sostenibilita, qualita e consumo consapevole. Rivista
multimediale 1/2023. https://www.informamiele.it/
wp-content/uploads/2023/03/Report-2022-I1-Valore-
della-Terra-per-web.pdf.

Richardson A.D., Keenan T.F., Migliavacca M., Ryu Y,
Sonnentag O., Toomey M. 2013. Climate change,
phenology, and phenological control of vegeta-
tion feedbacks to the climate system, Agricultural
and Forest Meteorology, 69, 156-173. https://doi.
0rg/10.1016/j.agrformet.2012.09.012.

Salinger M., Dalla Marta A., Dalu G., Messeri A., Baldi
M., Messeri,G., Vallorani R., Crisci A., Morabito M.,
Orlandini S., Altobelli E, Verdi L. 2020. Linking crop
yields in Tuscany, Italy, to large-scale atmospheric
variability, circulation regimes and weather types.
The Journal of Agricultural Science, 158(7), 606-623.
https://doi.org/10.1017/50021859620001021.

Salinger M., Verdi L., Dalla Marta A., Dalu G., Baldi M.,
Messeri G., Messeri, A., 2022. Linking maize yields
in Veneto Italy, to large-scale atmospheric variability,


https://doi.org/10.1017/9781009325844
https://www.ismeamercati.it/api-miele
https://www.ismeamercati.it/api-miele
https://doi.org/10.3390/molecules25184225
https://doi.org/10.1016/j.agrformet.2006.03.006
https://doi.org/10.1016/j.agrformet.2006.03.006
https://doi.org/10.1007/s00484-012-0528-8
https://doi.org/10.1007/s00484-012-0528-8
https://doi.org/10.1016/j.scs.2016.12.004
https://doi.org/10.1016/j.scs.2016.12.004
https://doi.org/10.1016/j.agee.2022.108003
https://doi.org/10.1016/j.agee.2022.108003
https://doi.org/10.1016/j.jtherbio.2018.04.003
https://doi.org/10.1016/j.jtherbio.2018.04.003
https://doi.org/10.5073/20180906-074619
https://doi.org/10.5073/20180906-074619
http://www.jstor.org/stable/25063598
https://doi.org/10.1038/s41598-022-25290-3
https://doi.org/10.1111/gcb.14619
https://doi.org/10.1111/gcb.14619
https://doi.org/10.1186/s41610-021-00189-8
https://doi.org/10.1186/s41610-021-00189-8
https://www.informamiele.it/wp-content/uploads/2023/03/Report-2022-Il-Valore-della-Terra-per-web.pdf
https://www.informamiele.it/wp-content/uploads/2023/03/Report-2022-Il-Valore-della-Terra-per-web.pdf
https://www.informamiele.it/wp-content/uploads/2023/03/Report-2022-Il-Valore-della-Terra-per-web.pdf
https://doi.org/10.1016/j.agrformet.2012.09.012
https://doi.org/10.1016/j.agrformet.2012.09.012
https://doi.org/10.1017/S0021859620001021

58

circulation regimes and weather types. The Journal of
Agricultural Science, 1-17. https://doi.org/10.1017/
S0021859622000545.

Simpson N.P,, Williams P.A, Mach K.J., Berrang-Ford L.,
Biesbroek R., Haasnoot M, Segnon A.C., Campbell
D., Musah-Surugu J.I, Joe E.T., Nunbogu A.M., Sab-
our S., Meyer A.L.S, Andrews T.M., Singh C., Siders
A.R,, Lawrence J., van Aalst M., Trisos C.H., 2023.
Adaptation to compound climate risks: A systematic
global stocktake. iScience, 26(2), 105926. https://doi.
org/10.1016/j.is¢i.2023.105926.

Sparks H.T., Carey P.D., 1995. The Responses of Species
to Climate Over Two Centuries: An Analysis of the
Marsham Phenological Record, 1736-1947. Journal of
Ecology, 83(2), 321-329.

Tan K., Yang S., Wang, Z.W.,, Radloff, S.E., Oldroyd B.P,,
2012. Differences in foraging and broodnest tempera-
ture in the honey bees Apis cerana and A. mellifera.
Apidologie, 43(6), 618-623. https://doi.org/10.1007/
$13592-012-0136-y.

Villagomez G., Nurnberger F, Requier E, Schiele S., Stef-
fan-Dewenter I., 2021. Effects of temperature and
photoperiod on the seasonal timing of Western hon-
ey bee colonies and an early spring flowering plant.
Ecology and Evolution, 11(12), 7834-7849. https://
doi.org/10.1002/ece3.7616.

Visser M.E and Both C., 2005. Shifts in phenology due
to global climate change: the need for a yardstick-
Proc. R. Soc. B.2722561-2569. http://doi.org/10.1098/
rspb.2005.3356.

Vitkova M., Miillerova J., Sadlo J., Pergl J., Pysek P.
2017. Black locust (Robinia pseudoacacia) beloved
and despised: a story of an invasive tree in Cen-
tral Europe. For Ecol Manage. 15; 384, 287-302.
https://doi.org/10.1016/j.foreco.2016.10.057. PMID:
30237654; PMCID: PMC6143167.

Wyver C., Potts S.G., Edwards M., Edwards R., Roberts
S., Senapathi D. 2023a. Climate-driven phenological
shifts in emergence dates of British bees. Ecology and
Evolution 13(7)- https://doi.org/10.1002/ece3.10284.

Wyver C., Potts S.G., Edwards M., Edwards R., Roberts
S., Senapathi D. 2023b. Climate driven shifts in the
synchrony of apple (Malus x domestica Borkh.) flow-
ering and pollinating bee flight phenology. Agricul-
tural and Forest Meteorology 329, 109281. https://
doi.org/10.1016/j.agrformet.2022.109281.

Zhao H.,, Li G., Guo D. et al. 2021. Response mechanisms
to heat stress in bees. Apidologie 52, 388-399. htt-
ps://doi.org/10.1007/s13592-020-00830-w.

Alessandro Messeri et al.


https://doi.org/10.1017/S0021859622000545
https://doi.org/10.1017/S0021859622000545
https://doi.org/10.1016/j.isci.2023.105926
https://doi.org/10.1016/j.isci.2023.105926
https://doi.org/10.1007/s13592-012-0136-y
https://doi.org/10.1007/s13592-012-0136-y
https://doi.org/10.1002/ece3.7616
https://doi.org/10.1002/ece3.7616
http://doi.org/10.1098/rspb.2005.3356
http://doi.org/10.1098/rspb.2005.3356
https://doi.org/10.1016/j.foreco.2016.10.057
https://doi.org/10.1002/ece3.10284
https://doi.org/10.1016/j.agrformet.2022.109281
https://doi.org/10.1016/j.agrformet.2022.109281
https://doi.org/10.1007/s13592-020-00830-w
https://doi.org/10.1007/s13592-020-00830-w

	_Hlk151643380
	_Hlk79678285
	_Hlk166854898
	_Hlk79678585
	_Hlk79678837
	_Hlk79679060
	highlights
	introduction
	_Hlk139300848
	_Hlk139300904
	_Hlk159872902
	materials_method
	structure_phenological_water_balance
	_Hlk50907978
	_Hlk142155970
	required_data
	step_by_step_procedure
	_Hlk142155995
	_Hlk142156014
	study_area
	study_area_acclivity_coefficient
	_Hlk142156108
	evaporation_parameter_KcTerr
	the_four_typologies_of_evaporation
	_Hlk139305643
	_Hlk142156669
	crop_coefficients
	_Hlk142156708
	_Hlk139466484
	_Hlk139466827
	_Hlk142156757
	_Hlk142156782
	correzione_climatica_Kc
	_Hlk142156826
	territory_unique_crop_coefficient_KcTerr
	USDA_curve_number_method
	_Hlk139469606
	_Hlk159966263
	_Hlk159966205
	_Hlk160034549
	_Hlk160034605
	_Hlk160034684
	comparison_base_flow_piezometric_levels
	_Hlk160037066
	_Hlk142157053
	water_deficit
	_Hlk160037259
	_Hlk142157115
	_Hlk110700686
	_Hlk142157099
	_Hlk132387578
	references
	_Hlk142085489
	_Hlk158037926
	_Hlk19530846
	_Hlk19531988
	Williams_equation
	_Hlk16684242
	_Hlk16686782
	_Hlk135301609
	_Hlk135302110
	_Hlk48994713
	_Hlk135225076
	_Hlk98075779
	_Hlk98076061
	_Hlk126920419
	_Hlk48987860
	_Hlk126827374
	_Hlk135291702
	_Hlk82340065
	_Hlk135291825
	_Hlk135296136
	_Hlk105498291
	_Hlk53847008
	_Hlk110514539
	_Hlk110348797
	Water use efficiency and canopy temperature response of soybean subjected to deficit irrigation
	Ailson Maciel de Almeida1,*, Rubens Duarte Coelho1, Timóteo Herculino da Silva Barros2, Carlos Alberto Quiloango-Chimarro1, Angelo Tiago Azevedo1, Jéfferson de Oliveira Costa3
	The phenological soil water balance: a proposed model for estimating water resources for an entire watershed using crop coefficients
	Michele Bartolucci1,*, Francesco Veneri2
	Effects of air temperatures on acacia and chestnut honey yields: case study in Italy
	Alessandro Messeri1,*, Lorenzo Arcidiaco1, Evangelista Bianca2, Djialeu Tiako2, Simone Orlandini2,3, Gianni Messeri1, Marco Mancini2,3
	Using a random cross-validation technique to compare typical regression vs. Random Forests for modelling pan evaporation
	Konstantinos Babakos1,2, Dimitris Papamichail2, Vassilios Pisinaras1, Panagiotis Tziachris1, Kleoniki Demertzi3, Vassilis Aschonitis1,*
	The frequency distribution and stochastic analysis of the hydrological drought in northern Algeria
	Brahim Habibi1,*, Mohamed Meddi2, Mohamed Abdelkader3 
	The influence of temperature on germination and seedling growth of sorghum 
	Albertus Husein Wawo1,*, Peni Lestari2, Ninik Setyowati1, Fauzia Syarif3, Titi Juhaeti1, Kartika Kartika2
	Influence of meteorological variables on the development in plantation of Tachigali vulgaris L.G. Silva & H.C. Lima (tachi-branco)
	Lenilson Ferreira Palheta1,*, Pedro Henrique Oliveira Simões2, Raphael Lobato Prado Neves3, Wander Luiz da Silva Ataíde1, Manoel Tavares de Paula3, Karoline Carvalho Dornelas2, Alailson Venceslau Santiago5, João Olegário Pereira de Carvalho4

