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Tablel- Geographical coordinates, annual rainfall and average temperature of research stations in the present study
Annual rainfall

Research Stations Longitude Latitude Altitude (mm) Average temperature (°C)
Gerizeh station 68° 45" 60.60 39°05'173.05 1384 425 18.4
Saral station 49° 21" 63.60 39°49' 684.05 2100 343 9.3

(Bowels 2 Ve o> gl) 2ol adllas 1o LrgasS ag sl Y Slge Y Jgu
Table 2: Materials required for kombucha production in the present study (for a volume of 10 liters of kombucha)

Number Required materials Amount/ volume
1 Water 8L
2 Sugar 750 g
3 Dry tea (Iranian type) 50¢g
4 10% starter (ready kombucha) 1L
5 Kombucha mushroom 400 g

rol imgs 3 alls 3)50 Juus )35 sla S —) JS
Fig. 1. Honey bee colonies studied in the present study
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Fig.2. Evaluation of stored pollen surface in the studied honey bee colonies
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Table 3. Variance analysis results of the effect of adding kombucha to sugar syrup on wax glands, hypopharyngeal glands, venom
production, and overwintering performance of the studied honey bee colonies

Studied traits

Variations Size of hypopharyngeal glands (micron
Sources df Size of wax Length of hypophZEyrl:gcaliy : V%/idth o(f hypop)haryngeal Venom production Overwintering
glands (micron) (gram) performance
glands glands
Treatments 3 119307.747** 5524.064** 1031.855** 0.005** 0.0486**
Error 24 7019.407 16.953 10.508 0.0004 0.004

** : Significance level of one percent, *: significance level of five percent, n.s: not significant

The number for each trait represents the mean of squares
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Table 4. Mean comparison results of the effect of adding kombucha to sugar syrup on wax glands, hypopharyngeal glands, venom

production, and overwintering performance of the studied honey bee colonies based on the Tukey method at a probability level of one
percent

Studied traits

Traits
ize of h h 1 i
Size of wax L 0 fS ;lze o hYP op aliyngealv?/.znl(jis (fn;cronil I Venom production Overwintering
Treatments glands (micron) ength of ypopharyngea e ot ypopharyngea (gram) performance

glands glands
Kombucha 5 % 938.50° 144.32° 87.37" 0.11° 0.50°
Kombucha 10 % 1142.86* 153.08* 93.92¢ 0.14* 0.62*
Kombucha 15 % 951.43% 146.34° 85.64° 0.09% 0.48"
Control 828.57¢ 93.14¢ 65.77¢ 0.08° 0.43¢
SEM 2.63 4.73 2.10 0.05 0.18

polo allas > ((lof] (flaloss S 555 Sl oS 435 3 LygunsS 09938 bl s =0 g

Table 5. Economic analysis of adding kombucha to the diet of honey bee colonies in the experimental treatments of the present study

Experimental treatments

Variables Kombucha 5 % Kombucha 10 % Kombucha 15 % Control

Price per kilo of produced honey 6000000 6000000 6000000 6000000
Price per kilo of produced pollen 4500000 4500000 4500000 4500000
Cost of feeding each colony 214500 249000 283500 180000
Other costs (35 percent of total costs) 2125000 2787500 1934375 1553125
Total costs 2339500 3036500 2217875 1733125
Income from each colony 71670000 106194000 64296000 52143615
Profit 74009500 103157500 62078125 50410490

SEM 6250000 7245301 5091140 4304091

*- Economic evaluation was calculated based on two traits: honey and pollen production in the present study.
**- Prices are based on the September 2024 rate, and prices and costs are in Rials.
*** - Calculations were performed per colony at the end of the experiment
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Abstract. This study aimed to investigate the effect of adding different
concentrations of kombucha to sugar syrup on wax glands, hypopharyngeal glands,
venom production, overwintering performance, and its economic analysis on the
performance of honey bee colonies in the climatic conditions of Kurdistan
province during 2023 to 2025. This research was conducted in a completely
randomized design with four treatments and seven replications. The treatments
included a control treatment, treatments containing concentrations of 5, 10, and
15 percent per liter of kombucha dissolved in sugar syrup (in a ratio of 1:1). Wax
gland size, hypopharyngeal gland size, venom production, and overwintering
performance traits of honey bee colonies in experimental treatments were
investigated in the present study. The results of variance analysis showed that the
effect of different concentrations of kombucha on the studied traits was significant
(p<0.01). Based on the results of the mean comparison, the highest mean of wax
glands size (1142.86 micron), hypopharyngeal glands size (length (153.08) and
width (93.92) micron), venom production (0.14 g), and overwintering
performance (0.62) were related to honey bees of 10 % kombucha treatment, and
the lowest was related to bees of control treatment. Economic analysis of the
kombucha effect on honey bee colony performance was conducted based on honey
production and pollen collection traits in the present study. The results showed
that adding kombucha to bee nutrition led to an increase in profits from the sale
of each colony products (honey and pollen) compared to the control treatment.
The highest profit from adding kombucha in the experimental treatments was
related to the 10% kombucha treatment per liter, which this treatment was
recognized as the best treatment with the highest profit of 103,157,500 Rials per
hive and a profit of 52,747,010 Rials compared to the control treatment. With
regard to the results of this study, adding a 10% concentration per liter of
kombucha to the feeding of bees can be recommended for improving the
functional traits of honey bee colonies and increasing the economic efficiency of
apiaries especially periods of nectar and pollen scarcity in nature.
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