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Simple Summary: The survival of pollinators is in real danger, and the reasons are due to climate
change, inadequate pesticide use, invasive species and diseases. The nectar produced by plants is
the basic food for many of these insects, together with pollen. However, the scarcity of nectar secre-
tion in certain plant species is becoming alarming, especially in recent years. We focused our study
on sunflower species, a plant which is an object of debate within the scientific community for the
strong industrial interest, but also for the decline in pollen, nectar and honey production displayed
globally in recent decades. We tested a commercial hybrid variety in different soil conditions and
verified nectar secretion and quality. We also evaluated the pollinator visiting habits using the same
hybrid in comparison with a non-hybrid variety. Our findings point out the effect of compost with
respect to nectar composition and the pollinators preference toward the non-hybrid variety.

Abstract: Nectar is a complex biochemical substance secreted with particular rhythm by flower nec-
taries. Nectar is the base of a mutualism in which pollinators consume nectar, as food source, and
are involuntarily responsible for the transport of pollen and pollination. The dynamics and tem-
poral patterns of nectar secretion are still not fully understood as well as the environmental and
climatic factors influencing its production. The quantity and quality of nectar found in standing
crops at flowering influence the mutualistic relationship with pollinators and their foraging behav-
ior. This situation is even more significant considering the reduction in undisturbed environments,
the loss of soil quality, the spread of monoculture agricultural management and the use of self-
fertile hybrids. The objects of the study are understanding the relationship among soil properties
and nectar quality, comparing the nectar composition in a sunflower hybrid variety and evaluate
pollinator preferences in selecting nectar sources among hybrid and non-hybrid varieties. For these
purposes, two different experimental tests were established. Results highlighted that fertilization
strategy influenced crop biomass development, determined soil characteristics and nectar compo-
sition in Sunflower. However, when comparing nectar composition of hybrid and non-hybrid vari-
eties of sunflower, no significant differences were found. Despite this, the analysis of number of
visits on the two treatments showed statistically significant differences. This research provides fur-
ther understanding of the very complex relationship among soil, crop and nectar to support the
definition of agricultural management strategies and reach the optimal nectar composition level for
pollinators in agricultural crops.
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1. Introduction

Sunflower (Helianthus annuus L.) is a herbaceous cross-pollinated plant that belongs
to the family of Asteraceae, requiring insects to achieve pollination for seed production
[1]. The species is considered one of the most important crops for oilseed production, with
a global cultivated surface of 27 Mha and an estimated seed production of 52 Mtons per
year [2,3]. In Italy, the cultivation of sunflower is concentrated in the central part of the
peninsula [4], where climatic conditions allow rainfed cultivations covering a total surface
of 123,000 ha [5]. Sunflower is also considered an important species for honeybee produc-
tion, being ranked among the principal plants for melliferous potential [6]. Sunflower
honey is also highly demanded for its aromatic and nutritional properties, which includes
the abundance of nutraceutical and antioxidant substances as polyphenolic compounds
[7]. Despite the large interest for this species in agriculture, beekeeping and food markets,
studies suggest that in recent decades, the honey production from sunflower has de-
creased dramatically worldwide [8-10].

Many theories have been put forward to explain for this decline, and global warming
due to climatic change is undoubtedly considered one of main factors affecting the nectar
production, as nectar secretion relies much on optimal environmental factors, especially
in rainfed herbaceous crops such as sunflower [11-15]. Indeed, studies suggest that under
both experimental and natural conditions, the nectar volumes and the nectar production
rates in sunflower decrease at higher temperatures, high plant water stress (influenced by
soil moisture), and low relative air humidity [6]. Nectar is an important floral resource
playing a fundamental role as an energetic resource for pollinators [16]. Apart from its
involvement in a mutualistic relationship with pollinators [17], nectar production dynam-
ics are not completely understood and the variability in its quality and production may
be related to environmental, ecological and morpho-anatomical factors. Recent studies
have suggested that this variability can also manipulate pollinator behavior during or af-
ter visits, which can directly affect pollen transfer and plant reproduction [18,19]. This was
observed also in pollen, where the specialization of certain insects play a key role for the
survival of certain species [20].

However, despite global warming and climate change, other causes generally at-
tributed to the decline of sunflower honey production include the availability of the pest
of the insect, the pesticide exposure, the beekeeping mismanagement, the long-distance
transport, and the decreased genetic diversity [13]. In particular, the introduction of new
self-fertile hybrids respect to old population seems another verified option [8,9]. In a study
performed in India, six hybrids and two old sunflower cultivars were tested with respect
to nectar secretion and honey production capacity, utilizing a quantification method
based on dry nectar sugar (DNS). The researchers attributed the missing honey produc-
tion to the scarce production of nectar in the majority of the new hybrids (83.3%), while
the old cultivars far exceeded the hybrids in all DNS parameters evaluated [9]. However,
there are still many doubts regarding the nectar production decline in sunflower and the
existing potential relationship between soil properties, plant cultivars and pollinators.
Studies on different plant species revealed different results according to the soil charac-
teristics analyzed [21-25].

In a review by David et al. (2019) [21], it was investigated if changing in soil nitrogen
could affect plant—pollinator interactions. The authors concluded that floral traits relevant
to pollinators, such as phenology, morphology, nectar production, pollen production and
quality can be affected by soil N, but a lack of knowledge was still identified to determine
if and how pollinators will be impacted by these changes. In a study performed in New
Zealand [22], the influence of soil chemical properties was investigated on three manuka
(Leptospermum scoparium ].R.) cultivars utilizing soils from different locations and evalu-
ating the plant growth, the flowering phenology, and the nectar production and quality.
The study suggests that higher nectar yield in certain cultivars was related to soil moisture
stress. In addition, greater plant growth and floral density was achieved in response to
specific soil nutrients, suggesting the potential to improve nectar yield by using targeted
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fertilization. Other studies suggest that soil quality enhancement achieved with ver-
micompost amendment can significantly affect plant-pollinator interactions and directly
influences pollinator nutrition and overall performance [21]. On the other hand, the soil
nutrient enrichments in some cases determined problems to pollinators. For instance, in a
study conducted by Ceulemans et al. (2017) [26], the addition of soil nutrients as fertilizer
in Succisa pratensis Moench species determined the alteration of amino acids and sugar
composition of plant nectar and pollen, increasing the larval mortality of its natural polli-
nator Bombus terrestris L. Therefore, the relationship among soil properties and nectar
composition is not completely understood. In the present study, the specific relationship
mentioned above has been investigated testing a sunflower “high oleic” hybrid variety in
a field experiment using different soil treatments. A further goal of this study was to com-
pare the nectar composition in two sunflower varieties (one hybrid and one non-hybrid)
grown in the same conditions. The last objective was to quantify the visiting habits of
pollinators on two sunflower varieties (one hybrid and one non-hybrid). For these pur-
poses, three different experimental tests were established: a study on the influence of soil
treatments on nectar composition, a specific study on nectar composition of hybrid and
non-hybrid varieties, and a pollinators study.

2. Materials and Methods
2.1. Experimental Area

The experimental field was set up at CREA-IT of Treviglio (Bergamo, Italy)
(45°31'17.18" N; 09°33'50.82" E) during the period April-September 2021. On a field of
about one hectare, which was not cultivated before the test, the soil was ploughed and
harrowed to sow sunflower (Helianthus annuus L.) on 7th April 2021, selecting a hybrid
variety (Ref. N° LST 907). Sowing was performed in order to reach a density of 7 plants
per m2. The site of the experiment was identified within the field by selecting a homoge-
neous area according to the soil map obtained via automatic resistivity profiling (ARP).
The main physical and chemical characteristics of the soil before starting the test were
studied by collecting three soil samples randomly selected from the study area. Crop was
grown under rainfed conditions.

2.2. Soil Treatments Influence on Nectar Composition

In order to study the influence of soil on nectar, three soil treatments were identified:
CONTROL (no fertilizer or compost application), CHEMICAL (only mineral fertilizer ap-
plication), COMPOST (only compost application).

Nine plots, three per treatment, of 16 m? (4 m x 4 m) were organized in three blocks
(three plots per block) according to a randomized block experimental design.

Regarding the treatment CHEMICAL (CHEM), after the sowing, 30 g m= of chemical
fertilizer was applied for a total of 480 g per plot corresponding to 300 kg ha™'. The same
fertilization was also applied on 1st of June at flower bud development stage. The fertilizer
applied was NPK 15-15-15.

Concerning the treatment COMPOST (COM), before harrowing, 3 kg m= of compost
was applied for a total of 48 kg per plot corresponding to 3 Mg ha'. No further application
of compost was applied. The compost used was characterized as follows: 50% moisture
content, 8 pH, salinity 1.5 dS m™, organic C 20%, and C/N ratio 25.

For treatment CONTROL (CON), no fertilization was applied during all the crop de-
velopment.

2.3. Crop Development

During crop development, the physiological status of plants was evaluated using
Dualex (ForceA, Université Paris Sud-Bat 503, Rue du Belvédere, 91893 ORSAY CEDEX
France), by a leaf clip sensor to measure chlorophyll and polyphenols indexes of plant
leaves. This optical sensor allows non-destructive estimation of chlorophyll, flavonols and
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anthocyanins in leaves and calculate the NBI® (Nitrogen Balance Index), which combines
chlorophyll and flavonols contributions (related to nitrogen/carbon allocation). Sampling
was performed by testing upper and lower side of the highest leaf of the plant, for 12
different plants of each plot, and was carried out on 22nd June and 7th July. The instru-
ment was calibrated following its specific procedure before starting to test each treatment.

2.4. Nectar Sampling

In order to measure nectar composition and concentration of sugars, the washing
method was used [27] on flowers collected during sampling on 28 June and on 5 July. As
for the quantification of sugars, the methodology proposed by Rinku and Chaudhary
(2017) [28] was followed, with some modifications. Specifically, ten flowers at the same
stage were collected from the same inflorescence and sealed in a Falcon test tube with 5
mL of distilled water; the weight of the ten flowers was 0.1 g on average. Three samples
for each plot were collected for a total of 27 samples, the inflorescence of which was col-
lected, and the flowers were covered with a plastic tulle mesh to prevent nectar consump-
tion from pollinators. Samples were directly transported to the lab to be analyzed. Anal-
ysis performed regarding the extract of the flowers treated with water, vortexed for 20
seconds, and ultrasounded for 5 min, then further subjected to filtration on glass wool.

The level of soluble solids residue (SSR) was measured on the aqueous phase by re-
fractometry, using a Bellingham-Stanley REM 91 multi-scale digital apparatus, and unity
of measure used for SSR was Brix (°Bx), taken from the dried units of SSR for a single
flower (°Bx/flower).

Single sugars concentrations were measured by HPLC, injecting an aliquot of the
clean aqueous flower extract into the chromatograph (Jasco system), equipped with a col-
umn specific for carbohydrate separation, Benson polymeric, Ca++, 300 per 8.7 mm, kept
at 80 °C, with mobile phase water at a flow 0.7 mL/min. In these conditions, the retention
times of the identified and quantified simple sugars were 6.0 min (polysaccharides at low
molecular weight, composed of 5 or 4 sugars units, DP5 and DP4), 7.2 (raffinose), 8.4 (su-
crose), 10.1 (glucose), 12.1 (fructose) and 14.9 (mannitol). The data analysis from the out-
put of the chromatographic system were managed by a Clarity software, version 2.6.5.517,
DataApex Ltd, Prague, Czech Republic. The calibration of the chromatographic system
was achieved by using solutions at known concentrations of pure compounds (nystose
for DP4 and DP5 sugars), and the quantitative data were obtained by interpolation of peak
areas from the flower extract with calibration curves (r2 = 0.993-0.999). Quantitative data
were given as dried nectar secretion, in ug/flower, as dried sugars content, following the
methodology established by Rinku and Chaudhari (2017) [28].

2.5. Biomass Collection

At day 1st of August the total biomass of each plot was harvested, collecting the
aboveground biomass. Stems with leaves and flowers were weighted separately using the
scale RADWAG WLC6/C1/R, Radom, Poland with 0.1 g sensitivity. Dry weight and mois-
ture content of each part of the biomass were estimated according to EN ISO 18134-2:2017
standard [29].

2.6. Soil Sampling

After biomass harvesting, soil samples were collected from each plot in order to
study soil quality variation. One sample of 500 g from each plot was collected and shipped
to the lab in order to be analyzed. Each sample was collected following the soil sampling
methodology (ISO 18400-205:2018) [30]. Parameters studied were: Clay, Silt, Sand, pH,
total organic C, total N, available P (Olsen), exchangeable K.
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2.7. Comparison of Nectar Composition

A second field experiment was set up in a plastic greenhouse of 40.5 m? (9 m x 4.5 m)
to compare nectar composition of a hybrid variety and a non-hybrid variety. Inside the
greenhouse, the soil was sown with two varieties of sunflower (Helianthus annuus L.), the
left part sown with a non-hybrid variety “Irish eye” and the right part with the hybrid
variety (Ref. N° LST 907), utilized in the other field experiment. Front and back part of the
greenhouse were opened during the test to allow ventilation and to reduce the inner tem-
perature to allow pollinators activity. Sowing was performed manually on 7th April 2021
with a plant density of 7 plants per m? with the same quantity as that used in other field
experiment. No fertilization was applied while irrigation was applied once per week from
15th of April to 15th July. Nectar sampling was performed in the same dates of the other
experiment and following the same methodology, as described in Section 2.4, collecting
three samples per treatment for a total of six samples.

2.8. Pollinator Study

In the same plastic greenhouse described in Section 2.8, a further experiment was set
up to study the visiting habits and preferences of some pollinator groups, namely honey-
bees (Apis mellifera) and Bombus spp. insects. In the experiment, 2 cameras were installed
for each variety, for a total of 4, capable of acquiring images of one sunflower inflorescence
per camera that was selected for similar height and area. The images were acquired from
a single-board computer with wireless LAN and Bluetooth connectivity Raspberry pi3
Model B + (1.4 GHz 64-bit quad-core processor, dual-band wireless LAN) and a v2. The
camera has an 8 megapixel Sony IMX219 sensor and has been programmed using the
Picamera Python library program. The images were acquired every minute, lasting 1.5 h,
from 10:00 am to 11:30 am, for 7 consecutive days starting from the flowering stage.

Subsequently, an analysis methodology was applied to the images for counting the
pollinating insects present in each inflorescence of each image using the binarization of
the images based on the thresholds that discriminated the colors of the bees with respect
to the corollas on which they were laying.

2.9. Data Analysis

Statistical analyses of data of soil and leaf sampling, biomass harvesting, and nectar
characteristics were conducted with the Comprehensive R (R Core Team 2021) Archive
Network (CRAN) software (Institute for Statistics and Mathematics, Wien-Umgebung,
Austria) [31].

The “MissMech” Package was used for testing homoscedasticity and normality, after
checking data, and the analysis of variance was developed through the “stats” package
and the ANOVA test for the verification of the statistical significance of the effect of the
observed independent variables (see Tables, letter of significance) and the consequent post
hoc tests (i.e., Tukey) [32] for the evaluation of the difference between the variants. This
procedure was used for all the parameters studied in the first experiment that showed a
p-value < 0.05 after ANOVA test. For the analysis of pollinator visit regarding the varietal
study, the t-test was used for the verification of the statistically significant differences
among treatments.
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3. Results
3.1. Soil Treatments

Results of soil sampling regarding the different treatments are depicted in Table 1.

Table 1. Main physical and chemical characteristics and standard deviation of the soil tested. In
each column, values with different letters indicate mean values significantly different according to
the Tukey’s post hoc test performed on results of ANOVA with p-value < 0.05 CON = Control;
CHEM = chemical fertilizer; COMP = Compost.

Treatments Clay Silt Sand pH T;atzic%‘- N Olsen P Inteal{)cﬁalr(lge-
%dm) (%dm) (%dm. % d.m. kg d.m.

(%dm) (%dm) (% dm.) oty (©dm)  (mg/kgdm) me/k dam)

Before 191443 305+65 504+100 7.7+05 22+04a 0.15+0.02a 149.0+30.0a 204.0+29.0a
ploughing

CON 187+42 301+65 512+10.1 7.8+05 23+04a 0.18+0.03a 211.0+40.0b 252.0+35.0b

CHEM 189+42 31+66 501+100 7.8+05 27+04b 0.19+0.03a 227.0+420b 224.0+31.0b

COMP 201+45 295463 504+100 7.7+05 3+05b 024+0.04b 2260+42.0b 306.0 +43.0b

Clay: F 0.07, df 11, P 0.97; Silt: F 0.02, df 11, P 0.99; Sand: F 3.97, df 11, P 0.057; pH: F 1.58, df 11, P
0.26; C: F 67.6, df 11, P 5,0E-06; N: F 25.71, df 11, P 0.0001; K: F 160.8, df 11, P 1.73E-07; P: F 223.9 df
11, P 4,7E-08.

The results of soil sampling highlighted that the soil under study was a medium loam
soil (USDA). The results of clay, silt and sand confirmed the homogeneity of the area of
experiment concerning physical characteristics. All the treatments showed an increase in
total organic C, N, P and K with respect to the sampling before ploughing. Considering
values of clay, sand, silt and pH, no statistically significant differences were found among
treatments. Regarding the results of organic C, treatment COMP and CHEM showed
higher values (3 and 2.7%, respectively) with respect to other treatments (2.3 and 2.2% for
CON and before ploughing, respectively) with statistically significant differences. Con-
cerning N, treatment COMP highlighted higher values (0.24%) with respect to all other
treatments with statistically significant differences. Considering the results of P, the treat-
ments COMP, CHEM and CON showed higher values (226, 227 and 211 mg/kg d.m., re-
spectively), with statistically significant differences, respect to the “Before ploughing”
treatment (149 mg/kg d.m). The same situation was found considering results of K; treat-
ments COMP, CHEM and CON showed higher values (306, 224 and 252 mg/kg d.m., re-
spectively), with statistically significant differences with respect to the “Before plough-
ing” treatment (204 mg/kg d.m). The results highlighted that concerning the chemical pa-
rameters, the experimental test caused an increase in the values with respect to the situa-
tion before ploughing. Concerning P and K, no differences were found among CON,
CHEM and COMP treatments. Only the treatment COMP showed statistically significant
differences for each chemical parameter with respect to the “Before ploughing” condition.
The results of C, P and K of COMP and CHEM did not show statistically significant dif-
ferences.

3.2. Crop Development and Biomass Collection

In Table 2, the results of the two leaf samplings by using the Dualex instrument are
described. The values of NBI® index are expressed as a range between 0 and 100, with the
values of chlorophyll as a range between 0 and 150 and the values of flavonols and antho-
cyanins as a range between 0 and 3.
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Table 2. Results of mean value and standard deviation of leaf samplings. Values with different let-
ters indicate mean values significantly different according to the Tukey’s post hoc test performed
on results of ANOVA with p-value < 0.05, conducted within each sampling. CON = Control; CHEM
= chemical fertilizer; COMP = Compost.

22nd June Sampling

Treatment Chlorophyll Flavonols Anthocyanins NBI®
CON 3756 +2.1 1.22+0.4 0.16 +0.01 4281+2.7
CHEM 37.00+5.7 1.36 +0.2 0.16 +0.01 32.82+5.5
COMP 38.22+1.6 1.17+0.6 0.16 +0.01 43.74 +3.2

5th July sampling

Treatment Chlorophyll Flavonols Anthocyanins NBI®
CON 3724+1.0 1.29+0.1 0.18 £ 0.01 36.35+£1.6
CHEM 36.45+4.1 129+0.19 0.18 £ 0.01 36.35+7.8
COMP 36.75+2.3 1.28+0.6 0.18 + 0.003 37.99£3.0

22nd June sampling Chlorophyll: F 0.08, df 8, P 0.92; Flavonols: F 1.74, df 8, P 0.25; Anthocyanins:
F 0.33, df 8, P 0.72; NBI: F 2.1, df 8, P 0.2; 5th July sampling Chlorophyll: F 0.06, df 8, P 0.94; Flavo-
nols: F 0.005, df 8, P 0.99; Anthocyanins: F 0.01, df 8, P 0.98 NBI: F 0.04, df 8, P 0.95.

The results of leaf sampling highlighted very similar values between treatments and
among the two sampling dates for each parameter. No statistically significant differences
were found. Regarding the first sampling, treatment COMP resulted in a higher value of
chlorophyll (38.22), a lower value of flavonols (1.17), with a consequent higher value of
NBI® (43.74). Concerning the second sampling treatment, COMP showed slightly a lower
value of flavonols (1.28) and a higher value of NBI® (37.99). Considering anthocyanins,
the values were very low with respect to the range of the parameter (0 to 3), and they were
very similar among treatments (0.16) and slightly higher in the second sampling (0.18).

The results of biomass collection (Table 3) showed very similar results for stem
weight of treatments CHEM and COMP (24.57 and 24.97 kg f.m., respectively) but higher
than CON (19.97 kg f.m.), with statistically significant differences among treatments. Re-
garding the stem moisture content, statistically significant differences were found among
treatment COMP (79.12%) and treatments CHEM and CON (76.83 and 75.68%, respec-
tively). Treatment COMP showed a higher moisture content, but it showed the same
amount of stem biomass collected. No significant differences were found regarding inflo-
rescence weight and its moisture content.

Table 3. Results of biomass collected and moisture content and relative standard deviation. In each
column, values with different letters indicate mean values significantly different according to the
Tukey’s post hoc test performed on results of ANOVA with p-value < 0.05. CON = Control; CHEM
= chemical fertilizer; COMP = Compost.

Treat- Stem (kg  Moisture Content Inflorescences (kg Moisture Content
ment f.m.) (%) f.m.) (%)
CON 1997 +1.76a 75.68 +4.73a 10.57 +1.02 78.95+0.6
CHEM 24.57 +2.37b 76.83 £2.76a 13.07+1.4 78.73+£2.13
COMP  24.97 +4.61b 79.12 £ 0.62b 12.7 +3.29 80.13 +1.83

Stem: F 5.38, df 8, P 0.04; Moisture content: F 8.1, df 8, P 0.019; Inflorescence: F 1.18, df 8, P 0.36
Moisture content: F 0.61, df 8, P 0.57.

3.3. Nectar Characteristics

In Table 4, the results of flower extracts composition collected from different treat-
ments of the plots are described.
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Table 4. Results of flower extracted nectar analysis. In each column, values with different letters
indicate mean values significantly different according to the Tukey’s post hoc test performed on
results of ANOVA with p-value < 0.05. Units are expressed as pg/flower, and the °Bx value is mul-
tiplied by 106. nd = not detectable. CON = Control; CHEM = chemical fertilizer; COMP = Compost.

Sampling 28 June
Oligosac-
lc)hI?;l::csl Raffinose Sucrose Glucose Fructose Mi::ln - TotaaIrSSug- Brl);/ﬂ(:wer Total/°Bx
DP5
CON 50+25 25+10 5+2 270+65 320+130a nd 670x170a 850 350 0.79 £ 0.19a
CHEM 25+20 1510 5+5 170 +100 230 + 85a nd 445+230a 750 +200 0.59 +0.13b
COMP 301 25+4 10+1 105 + 95 175+40b nd 345 +5b 700 = 200 0.49 + 0.09b
Sampling 5 July
Oligosac-
g‘;f:;; Raffinose Sucrose Glucose Fructose Mi:;‘ r Tot:lrssug- Brlz/ﬂ)(:wer Total/°Bx
DP5
CON 25+10 105 5+2 150 + 35 270+40a 2+2  462+85a 900 + 100 0.51+0.1
CHEM 30«10 10+5 5+1 155 +2 250+5a 2+3  452+20a 1050 + 30 0.43 +0.01
COMP 35+3 10+3 5+2 105 + 30 180+10b 2+1 337+28b 950 + 60 0.35+0.03

22nd June sampling Oligosaccharides: F 0.99, df 8, P 0.42; Raffinose: F 0.92, df 8, P 0.44; Sucrose: F
0.39, df 8, P 0.68; Glucose: F 4.1, df 8, P 0.07; Fructose: F 5.26, df 8, P 0.04; Total sugars: F 5.43, df §,
P 0.04; °Brix/flowers: F 0.27, df 8, P 0.76; Total/°Bx: F 5.17, df 8, P 0.04. 5th July sampling Oligosac-
charides: F 0.65, df 8, P 0.55; Raffinose: F 0.40, df 8, P 0.68; Sucrose: F 0.58, df 8, P 0.58; Glucose: F
2.94, df 8, P 0.12; Fructose: F 11.9, df 8, P 0.008; Mannitol: F 0.07, df 8, P 0.93; Total sugars: F 6.03, df
8, P 0.03; °Brix/flowers: F 2.29, df 8, P 0.18; Total/°Bx: F 4.63, df 8, P 0.06.

Considering the first sampling, the total sugars concentration of the exudates showed
statistically significant differences between treatments CHEM and COMP (average of 445
and 345 mg/flower, respectively) and treatment CON, which highlighted a more concen-
trated exudate, with 670 mg/flower (Table 4).

The components more relevant to the flower extract were glucose and fructose for
each treatment, representing 40% and 47% of the total for CON, 37% and 51% for CHEM,
and 30% and 50% for COMP, respectively, with fructose as the main component for each
treatment, highlighting a high internal variability, especially in the first sampling (see data
of std deviation, Table 4). However, statistically significant differences were found be-
tween treatments CHEM and COMP (average of 230 and 175 mg/flower, respectively) and
treatment CON (320 mg/flower), in a close relationship with the case of total sugars con-
centration (Table 4). Results of °Brix were very similar between the treatments without
statistically significant differences. The ratio Total/Brix showed higher values of CON
(0.79) with respect to CHEM (0.59) and COMP (0.49), with statistically significant differ-
ences. Considering the second sampling, the total concentration of the flower extracts
showed statistically significant differences among treatments, with COMP highlighting
more diluted exudate, with a lower average sugar content (337 mg/flower) than CON and
CHEM (Table 4), confirming the data from the first sampling.

For the second sampling, the components more relevant to the exudate were also
glucose and fructose for each treatment, representing 31% and 57% of the total for the
CON, 31% and 54% for CHEM and 31% and 53% for COMP, respectively. Fructose was
also the main component for each treatment for the second sampling date, with a minimal
internal variability if compared with the previous sampling (see std deviation data, Table
4). Statistically significant differences were found between treatments CON (270
mg/flower), CHEM (250 mg/flower) and treatment COMP (180 mg/flower), fully confirm-
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ing the case of total concentration. The results of °Brix were very similar between the treat-
ments without statistically significant differences. The ratio Total/°Brix showed only a ten-
dency to higher values of CON and CHEM with respect to COMP, with no statistically
significant differences, resembling the data from the first sampling.

3.4. Pollinator Study

In Table 5, the results of nectar composition collected from treatments of the green-
house, comparing two different sunflower genotypes sampled in two distinct periods, are
reported.

Table 5. Results of nectar analysis of the varietal study. Nd = not detectable. Units are expressed as
ug/flower, the °Bx value is multiplied by 106.

Sampling 28 June Sampling 5 July
Parameter Hyl?rld Non-I—?ybnd Hyl?nd Non-Hybrld
Variety Variety Variety Variety

Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev.

Oligosaccharides DP4 and 50 40 25 15 105 15 85 10

DP5
Raffinose 30 25 10 10 20 4 20 10
Sucrose 12.5 5 7.5 5 10 1 10 4
Glucose 150 140 60 47 205 20 170 40
Fructose 190 110 115 51 390 80 265 30
Mannitol Nd Nd 40 48 10 2 5 1
Total sugars 433 320 258 174 740 121 555 95
°Brix/flower x 106 700 350 550 100 1300 200 1100 100
Total/°Bx 0.62 023 047 0.04 057 0.02 050 0.01

Concerning the first sampling, the components more relevant to the flower extracts
were glucose and fructose for each treatment, representing 34% and 43% of the total for
the hybrid and 22% and 42% for non-hybrid, respectively. Fructose was the main compo-
nent for each treatment, as in all previous samplings. The presence of mannitol was de-
tected in Non-Hybrid variety in the first sampling and in both genotypes in the second
sampling.

The components more relevant to the flower extract were also for the second sam-
pling Glucose and Fructose for each treatment, representing the 27% and 52% of the total
for the Hybrid and 30% and 47% for Non-Hybrid. Fructose was the main component for
each treatment also for the second sampling date. The presence of mannitol was detected
in the two treatments, with average values of 40 mg/flower in the non-hybrid variety of
the first sampling and in both hybrid and non-hybrid varieties of the second sampling (10
and 5 mg/flower, respectively), as shown in Table 5.

Regarding the results of nectar analysis in hybrid and non-hybrid varieties, the com-
parison among the two samplings periods showed an increase in the values of glucose,
fructose, total sugars and Brix for each treatment in the second sampling, with statistically
significant differences. On the other hand, no significant differences were found between
treatments. Specifically, total sugars levels changed from averages of 433 and 258
mg/flower in the first sampling to 740 and 555 mg/flower in the second sampling (Table
5) for the hybrid and non-hybrid varieties, respectively. A similar trend has been found
for the average °Bx values, changing from 700 and 550 in the first sampling to 1300 and
1100 in the second sampling (Table 5) for the hybrid and non-hybrid varieties, respec-
tively.

Glucose level increased from 150 and 60 mg/flower in the first sampling to 205 and
170 mg/flower in the second sampling (Table 5) for the hybrid and non-hybrid varieties,
respectively. Similarly, the fructose level increased from 190 and 115 mg/flower in the first
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sampling to 390 and 265 mg/flower of the second sampling (Table 5) for the hybrid and
non-hybrid varieties, respectively.

The results of the analysis of the images recorded in the greenhouse showed that only
two pollinator groups were detected, namely honeybees (Apis mellifera) and Bombus spp.
(species not detected). The total number of visits recorded was 506 and 1526 for hybrid
and non-hybrid varieties, respectively, after 10.5 h of observations. The number of visits
of the two species of pollinators increased in the first few days and then decreased, con-
firming that the number of visits followed the progress of flowering. After the 7th day,
the number of visits was so low, and the number of flowers open in the inflorescences
selected too small, that the recording was stopped. Figure 1 shows how the number of
visits photographed on the flower heads of the non-hybrid variety (orange in the graph)
was considerably higher than the hybrid variety (blue), although the trend was very sim-
ilar. The values indicated in the graph refer to the number of visits, intended as the sum
of bumblebees and honeybees, photographed during 1.5 h on two flower heads. The anal-
ysis of the number of visits photographed in the two treatments showed statistically sig-
nificant differences according to the t-test (t = =3.8136, df = 12, p-value = 0.002468) per-
formed on the number of visits photographed during 1.5 h on two flower heads of each
treatment. Despite the absence of statistically significant differences among nectar of two
varieties studied, a trend toward the dilution of nectar was identified that might have
influenced the pollinators’ visits.

350

300 341
277 273
250 247

200 216

150

1L

100 - + 1%6

92

Number of pollinator visits

50

0
29 June 30 June 1 July 2 July 5 July 6 July 7 July

Date of sampling
e Hybrid variety Non-Hybrid variety

Figure 1. Results of image analysis of the visits of some pollinator insects on the flower heads of the
two varieties. The values reported refer to the number of insects photographed during 1.5 h on two
flower heads, intended as the sum of bumblebees and honeybees.

4. Discussion and Conclusions

The study had the objective to evaluate the effect of soil fertilization on nectar pro-
duction and composition in a high oleic hybrid variety of sunflower and, in another ex-
periment, to compare this variety with a non-hybrid one with respect to nectar produc-
tion, nectar quality and pollinator preference habits. In the first part of the study, the effect
of COMP and CHEM on soil characteristics was evaluated. The results showed that
COMP increased all levels of chemical parameters (C, N, P and K) with respect to soil
conditions before the test. Comparing the results with those of CHEM, the treatment
COMP evidenced a significantly higher nitrogen content in soil, while a non-significant
but increasing trend was observed for C content. As other studies suggest [33,34], the in-
crease in C and N are indicators of the balance improvements between soil mineralization



Insects 2022, 13, 717

11 of 14

and humification, induced by both the amendment with compost and the incorporation
into the soil of the residues of spontaneous vegetation prior to the field test.

Results of the study performed with dualex leaf sampling did not show significant
difference among treatments. This study was performed because several studies have
shown that polyphenols, specifically flavonols, are a good indicator of nitrogen status of
plants. On one hand, when a plant is under optimal conditions, it favors its primary me-
tabolism. As a result, the plant shifts its metabolism towards the proteins (nitrogen-con-
taining molecules) containing chlorophyll, unfavoring the synthesis of flavonols (carbon-
based secondary metabolites compounds). On the other hand, in the case of nitrogen de-
ficiency, the plant directs its metabolism towards an increased production of flavonols.
The NBI® is less sensitive to the variations of environmental conditions than the chloro-
phyll (leaf age and leaf thickness among others). As a result, the higher the NBI®, the better
the plant status. The absence of significant differences in leaf sampling parameters indi-
cates that regarding plant status, the use of chemical fertilizer and soil amendment has no
evident effects.

The study of biomass displayed a higher development of the plants treated with com-
post and chemical fertilizer, but it also showed that the water content was higher in stems
of the COMP treatment. This can be interpreted as a positive physiological response of the
plant to absorb water by using the soil amendment, which was not achieved with chemical
fertilization. The increase in biomass moisture can also be linked to the higher water re-
tention of the soil resulting from the amendment, which leads to a greater availability of
water for the crop [35].

The study of nectar characterization revealed that that the use of compost in the
longer term (2nd sampling period) has determined a reduction in total sugar concentra-
tion. Searching for connections between the results obtained in biomass analysis (Table 3)
and those of nectar characterization (Table 4), it can be observed that the reduced concen-
tration of total sugars is associated to the higher moisture content ofplant stem as a con-
sequence of the soil amendment application. This finding evidences the effect of compost
on sunflower nectar composition and could be further exploited in the future.

Another interesting observation derives from the Total/Brix ratio. From the results, it
is evident that CHEM and COMP have a higher tendency to accumulate soluble sub-
stances other than simple sugars with respect to CON samples. For example, a significant
contribution to this ratio could be given by amino acids contribution, noted for their pres-
ence in nectar [36,37]. This is in line with previous studies regarding the increase in free
amino acids with increased fertilizer use. The results of the second sampling, performed
in July, also highlighted the presence of mannitol for each treatment among the sugars,
even in a very low concentration. This presence could possibly be related to a potential
stress response, as well as osmotic balancing phenomena [38]. Interestingly, mannitol was
found as a minor component of nectar from other species [39].

In the second study, the nectar composition and some pollinator habits were evalu-
ated with respect to the sunflower hybrid already used in the first study and a non-hybrid
variety. The nectar analysis displayed no difference among hybrid and non-hybrid varie-
ties. Since plants were grown in the same conditions, with no agronomical inputs applied
(irrigation, fertilization), it is possible to conclude that genetic differences due to plant
variety did not affect the nectar composition of the plants. On the other hand, the number
of pollinator visits on the flower heads of the non-hybrid variety was considerably higher
than that observed in the hybrid variety, although the trend was similar. The literature in
this regard is still uncertain. For instance, Liu et al., 2019 [40] stated that the strong linkage
between soil, plants, and pollinators can influence pollination services, but the composi-
tion of nectar sources that are preferably selected by pollinators is not completely under-
stood. A specific study of Heyneman (1983) [41] stated that because bees often travel long
distances to flowers, the flight to and between flowers constitutes the most energetically
costly phase of their foraging. Although bees might be expected to favor the production
of even more concentrated nectars, in order to gain more energy per volume of nectar
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acquired, their water needs may effectively set an upper limit on acceptable sugar concen-
trations. Following the study of Heyeman, an observation to be noted is that despite the
absence of significant differences, the total sugar content observed in the non-hybrid va-
riety of nectar was lower, indicating a certain nectar dilution. However, this cannot rep-
resent a safe explanation of the pollinator behavior as other attractive effects may have
determined the insect choices. For instance, the unknown semiochemical profilenn emit-
ted by the different sunflower varieties differently influences the behavior of honeybees,
especially in some volatile compounds emitted by sunflower [42,43]. Other factors can be
the number of flowers per plant, the small sample size for pollinator observation, the
flower color, the flower morphology and so on. These aspects will be considered for future
studies.

In conclusion, for the sunflower hybrid analyzed, this work demonstrated that the
differences in some biomass characteristics and in nectar composition can be attributed to
different soil treatments. The use of compost as a soil amendment determined a better
water absorption of the plants, which was highlighted by the higher moisture content of
the biomass and the reduced sugar concentration in the nectar. The varietal study focused
on pollinators demonstrated the strong propensity of the insects to visit the non-hybrid
variety. The observed trend in nectar dilution may have influenced the insect choices, as
verified in previous studies, but differences in sugar concentration of two varieties were
non-significant and other factors (flower morphology, number of flowers per plant, color)
may have affected the pollinator selectivity. Future studies will be conducted to further
understand nectar composition dynamics and compare nectar composition in different
sunflower varieties subjected to different fertilization strategies and to study the pollina-
tor preferences regarding the selection of different sources of nectar.

Author Contributions: S.B. and E.R. conceived and designed the experiments. S.B. performed the
experiments. 5.B., A.S., RL.S,, C.B,, E.R. and F.L. analyzed the data. S.B., A.S,, RL.S., CB, E.R. and
F.L. wrote the manuscript and provided editorial advice. All authors have read and agreed to the
published version of the manuscript.

Funding: The work was co-financed by CREA and the Italian Composting and Biogas Association
CIC.

Institutional Review Board Statement: Ethical review and approval were waived for this study
because not applicable

Informed Consent Statement: Patient consent was waived because not applicable.
Data Availability Statement: Data available on request from corresponding author.

Acknowledgments: The authors wish to thank Ivan Carminati, Gianluigi Rozzoni, Alex Filisetti and
Elia Premoli for their assistance in performing the tests and for their professionalism and availabil-
ity.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Chambo, E.D.; Garcia, R.C.; Oliveira, N.T.; Duarte-Jinior, ].B. Honey bee visitation to sunflower: Effects on pollination and
plant genotype. Sci. Agric. 2011, 68, 647-651.

2. Adeleke, B.S.; Babalola, O.O. Oilseed crop sunflower (Helianthus annuus) as a source of food: Nutritional and health benefits.
Food Sci. Nutr. 2020, 8, 4666-4684. https://doi.org/10.1002/fsn3.1783.

3.  Pilorgé, E. Sunflower in the global vegetable oil system: Situation, specificities and perspectives. OCL 2020, 27, 34.
https://doi.org/10.1051/0cl/2020028.

4.  Foppa Pedretti, E.; Del Gatto, A.; Pieri, S.; Mangoni, L.; Ilari, A.; Mancini, M.; Feliciangeli, G.; Leoni, E.; Toscano, G.; Duca, D.
Experimental Study to Support Local Sunflower Oil Chains: Production of Cold Pressed Oil in Central Italy. Agriculture 2019,
9, 231. https://doi.org/10.3390/agriculture9110231.

5. ISTAT. Available online: http://dati.istat.it/Index.aspx?DataSetCode=DCSP_COLTIVAZIONI (accessed on 1 January 2021).

6. Terzi¢, S.; Mikli¢, V.; éanak, P. Review of 40 years of research carried out in Serbia on sunflower pollination. OCL 2017, 24,

D608. http://doi.org/10.1051/0cl/2017049.



Insects 2022, 13, 717 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Pauliuc, D.; Dranca, F.; Oroian, M. Raspberry, Rape, Thyme, Sunflower and Mint Honeys Authentication Using Voltammetric
Tongue. Sensors 2020, 20, 2565. https://doi.org/10.3390/s20092565.

Chabert, S.; Sénéchal, C.; Fougeroux, A.; Pousse, |.; Richard, F.; Noziéres, E.; Geist, O.; Guillemard, V.; Leylavergne, S.; Malard,
C.; et al. Effect of environmental conditions and genotype on nectar secretion in sunflower (Helianthus annuus L.). OCL 2020, 27,
51. http://doi.org/10.1051/0cl/2020040.

Poonia, R.; Chaudhary, O.P. Unraveling the mystery of non extraction of honey from modern sunflower hybrids. J. Apic. Res.
2020, 61, 557-566. http://doi.org/10.1080/00218839.2020.1753325.

Charriere, ].D.; Imdorf, A.; Koenig, C.; Gallmann, S.; Kuhn, R. Do sunflowers influence the development of honey bee, Apis
mellifera, colonies in areas with diversified crop farming? J. Apic. Res. 2010, 49, 227-235. http://doi.org/10.3896/IBRA.1.49.3.01.
Takkis, K.; Tscheulin, T.; Tsalkatis, P.; Petanidou, T. Climate change reduces nectar secretion in two common Mediterranean
plants. AoB Plants 2015, 7, 111. http://doi.org/10.1093/aobpla/plv111.

Takkis, K.; Tscheulin, T.; Petanidou, T. Differential Effects of Climate Warming on the Nectar Secretion of -Early and Late-
Flowering Mediterranean Plants. Front. Plant Sci. 2018, 27, 874. http://doi.org/10.3389/fpls.2018.00874.

Smith, D.; Davis, A.; Hitaj, C.; Hellerstein, D.; Preslicka, A.; Kogge, E.; Mushet, D.M.; Lonsdorf, E.V. The contribution of land
cover change to the decline of honey yields in the Northern Great Plains. Environ. Res. Lett. 2021, 16, 6.
http://doi.org/10.1088/1748-9326/ABFDES.

Descamps, C.; Quinet, M.; Jacquemart, A.L. Climate Change-Induced Stress Reduce Quantity and Alter Composition of Nectar
and Pollen from a Bee-Pollinated Species (Borago officinalis, Boraginaceae). Front. Plant Sci. 2021, 12, 2264.
http://doi.org/10.3389/fpls.2021.755843.

Descamps, C.; Boubnan, N.; Jacquemart, A.L.; Quinet, M. Growing and Flowering in a Changing Climate: Effects of Higher
Temperatures and Drought Stress on the Bee-Pollinated Species Impatiens glandulifera Royle. Plants 2021, 10, 988.
https://doi.org/10.3390/plants10050988.

Zambon, V.; Agostini, K.; Nepi, M.; Rossi, M.L.; Martinelli, A.P.; Sazima, M. Nectar as manipulator: How nectar traits influence
changes in pollinator groups of Aechmea vanhoutteana, a bromeliad from the Brazilian Atlantic Forest. Bot. ]. Linn 2020, 192, 803—
815. http://doi.org/10.1093/botlinnean/boz086.

Nepi, M.; Grasso, D.A.; Mancuso, S. Nectar in plant-insect mutualistic relationships: From food reward to partner manipulation.
Front. Plant Sci. 2018, 9, 1063. http://doi.org/10.3389/fpls.2018.01063.

Pyke, GH. Floral nectar: Pollinator attraction or manipulation? Trends Ecol. Evol. 2016, 31, 339-341.
http://doi.org/10.1016/j.tree.2016.02.013.

Endres, K.L.; Morozumi, C.N.; Loy, X.; Briggs, HM.; CaraDonna, P.J.; Iler, A.M.; Picklum, D.A.; Barr, W.A.; Brosi, B.J. Plant-
pollinator interaction niche broadens in response to severe drought perturbations. Oecologia 2021, 197, 577-588.
https://doi.org/10.1007/s00442-021-05036-0.

McAulay, M.K;; Killingsworth, S.Z.; Forrest, ] R.K. Understanding pollen specialization in mason bees: A case study of six spe-
cies. Oecologia 2021, 195, 559-574. https://doi.org/10.1007/s00442-020-04786-7.

David, T.I; Storkey, J.; Stevens, C.J. Understanding how changing soil nitrogen affects plant-pollinator interactions. Arthropod
Plant Interact. 2019, 13, 671-684. http://doi.org/10.1007/s11829-019-09714-y.

Clearwater, M.].; Revell, M.; Noe, S.; Manley-Harris, M. Influence of genotype, floral stage, and water stress on floral nectar
yield and composition of manuka (Leptospermum scoparium). Ann. Bot. 2018, 121, 501-512. https://doi.org/10.1093/aob/mcx183.
Bodé, A.; Farkas, A.; Nagy, D.U.; Rudolf, K.; Hoffmann, R.; Kocsis, M.; Morschhauser, T. Soil Humus, Iron, Sulphate and Mag-
nesium Content Affect Nectar Traits of Wild Garlic (Allium wursinum L.). Plants 2021, 10, 597.
https://doi.org/10.3390/plants10030597.

Nickless, E.M.; Anderson, C.W.N.; Hamilton, G.; Stephens, ].M.; Wargent, J. Soil influences on plant growth, floral density and
nectar yield in three cultivars of manuka (Leptospermum scoparium). N. Z. ]. Bot. 2017, 55, 100-117.
http://doi.org/10.1080/0028825X.2016.1247732.

Shuel, R W.; Shivas, J.A. The Influence of Soil Physical Condition during the Flowering Period on Nectar Production in Snap-
dragon. Plant Phys. 1953, 28, 645-651. http://doi.org/10.1104/pp.28.4.645.

Ceulemans, T.; Hulsmans, E.; Vanden Ende, W.; Honnay, O. Nutrient enrichment is associated with altered nectar and pollen
chemical composition in Succisa pratensis Moench and increased larval mortality of its pollinator Bombus terrestris L. PLoS ONE
2017, 12, e0175160. http://doi.org/10.1371/journal.pone.0175160.

Morrant, D.S.; Schumann, R.; Petit, S. Field methods for sampling and storing nectar from flowers with low nectar volumes.
Ann. Bot 2009, 103, 533-542. http://doi.org/10.1093/aob/mcn241.

Rinku Chaudhary, O.P. Nectar production and nectar secretion rhythms in sunflower populations and hybrids. J. Entomol. Zool.
Stud. 2017, 5, 1259-1266. Available online: https://www.entomoljournal.com (accessed on 1 April 2022).

ISO 18134-2:2017; Solid biofuels—Determination of moisture content—Oven dry method —Part 2: Total moisture—Simplified
method. International Organization for Standardization, Vernier, Geneva, 2017.

ISO 18400-205:2018; Soil Quality —Sampling —Part 205: Guidance on the Procedure for Investigation of Natural, Near-Natural
and Cultivated Sites. International Organization for Standardization, Vernier, Geneva, 2018.

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2021. Available online: https://www.R-project.org/ (accessed on 10 August 2021).



Insects 2022, 13, 717 14 of 14

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Steel, R.G.D.; Torrie, J.H.; Dickey, D.A. Principles and Procedures of Statistic a Biometrical Approach, 3rd ed.; The Mc Graw Hill, Inc.
Book Co: New York, NY, USA, 1997.

Chertov, O.G.; Komarov, A.S.; Nadporozhskaya, M.A. Analysis of the dynamics of plant residue mineralization and humifica-
tion in soil. Eurasian Soil Sci. 2007, 40, 140-148. https://doi.org/10.1134/51064229307020032.

Rossi, G.; Beni, C. Effects of Medium-Term Amendment with Diversely Processed Sewage Sludge on Soil Humification—Min-
eralization Processes and on Cu, Pb, Ni, and Zn Bioavailability. Plants 2018, 7, 16. https://doi.org/10.3390/plants7010016.
Zemanek, P. Evaluation of compost influence on soil water retention. Acta Univ. Agric. Silvic. Mendel. Brun. 2011, 59, 227-232.
http://d0i:10.11118/actaun201159030227.

Gardener, M.C.; Gillman, M.P. Analyzing Variability in Nectar Amino Acids: Composition is less variable than concentration.
J. Chem. Ecol. 2001, 27, 2545-2558. https://doi.org/10.1023/A:1013687701120.

Bliithgen, N.; Gottsberger, G.; Fiedler, K. Sugar and amino acid composition of ant-attended nectar and honeydew sources from
an Australian rainforest. Austral. Ecol. 2004, 29, 418-429. https://doi.org/10.1111/j.1442-9993.2004.01380.x.

Stoop, ].M.; Williamson, J.D.; Pharr, D.M. Mannitol metabolism in plants: A method for coping with stress. Trends Plant Sci.
1996, 1, 139-144. https://doi.org/10.1016/S1360-1385(96)80048-3.

Aksi¢, MLF,; Tosti, T.; Nedi¢, N.; Markovi¢, M.; Lic¢ina, V.; Milojkovi¢-Opsenica, D.; Tesi¢, 7. Influence of frost damage on the
sugars and sugar alcohol composition in quince (Cydonia oblonga Mill.) floral nectar. Acta Physiol. Plant. 2015, 37, 1701.

Liu, H.; Macdonald, C.A.; Cook, J.; Anderson, I.C.; Singh, B.K. An ecological loop: Host microbiomes across multitrophic inter-
actions. Trends Ecol. Evo. 2019, 34, 1118-1130. http://doi.org/10.1016/j.tree.2019.07.011.

Heyneman, A.J. Optimal sugar concentrations of floral nectars—Dependence on sugar intake efficiency and foraging costs.
Oecologia 1983, 60, 198-213. http://doi.org/10.1007/BF00379522.

Pham-Delegue, M.H.; Masson, C.; Etievant, P.; Azar, M. Selective olfactory choices of the honeybee among sunflower aromas:
A study by combined olfactory conditioning and chemical analysis. ]. Chem. Ecol. 1986, 12, 781-793.

Thiery, D.; Bluet, ].M.; Pham-Delegue, M.H.; Etiévant, P.; Masson, C. Sunflower aroma detection by the honeybee. ]. Chem. Ecol.
1990, 16, 701-711. https://doi.org/10.1007/BF01016481.



