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ABSTRACT

In plant and animal production, sodium or potassium compounds which are soluble forms of humic
substances are used. Sodium humates are used because of the sodium content which is important for
animals in animal production. This study was carried out to investigate the effects of sodium humate
added to sugar syrup in the development of adult honey bees, brood production and honey yield.
Experimental colonies were randomly selected, and 5 study groups were formed with 6 colonies in
each group. In the study, 4 different doses of sodium humate (5 cc, 10 cc, 20 cc, 50 cc/L and control 0
cc/L) were added to 1 liter 1:1 ratio of sucrose syrup and given to the experimental colonies. The
highest brood production was obtained at a dose of 10 cc. In addition to, high dose (50 cc) negatively
affected brood production. The average honey yield for the 5 cc, 10 cc, 20 cc, 50 cc and control groups
was determined as 19.15%1.48, 26.35%1,83, 22.50%1.86, 8.75%1.29 and, 18.50%1.57 kg/colony,
respectively. The highest honey yield was obtained from the group of 10 cc. For this group, the honey
yield was 29.79 % higher than the control group.

Keywords: Brood area, colony development, honey bee, honey yield, sodium humate

oz

Bitkisel ve hayvansal iiretimde, humik maddelerin ¢o6ziiniir formlari olan sodyum veya potasyum
bilesikleri kullanilir. Hayvansal iiretimde hayvanlar i¢in 6nemli olan sodyum igerigi nedeniyle sodyum
humatlar kullaniimaktadir. Bu ¢aligma, seker surubuna eklenen sodyum humatin ergin bal arilarinin
geligimi, kulugka uiretimi ve bal verimindeki etkilerini aragtirmak amaciyla yapilmistir. Deney kolonileri
rastgele secgilmis ve her grupta 6 tekeriirlii koloni ile 5 galigma grubu olusturulmustur. Galismada 1
litre 1:1 oraninda siikroz surubuna 4 farkli doz sodyum humat (5 cc, 10 cc, 20 cc, 50 cc/L ve kontrol 0
cc/L) ilave edilerek deney kolonilerine verilmistir. En yiiksek kulugka uretimi 10 cc'lik dozda elde
edilmistir. Ayrica yiiksek doz (50 cc) kulugka liretimini olumsuz etkilemistir. Ortalama bal verimi 5 cc,
10 cc, 20 cc, 50 cc ve kontrol gruplari igin sirasiyla 19.15%+1.48, 26.35%+1,83, 22.50+1.86, 8.75+1.29 ve
18.50%1.57 kg / koloni olarak belirlendi. En yiiksek bal verimi 10 cc grubundan elde edildi. Bu grup i¢in
bal verimi, kontrol grubuna gore %29.79 daha yiiksekti.

Anahtar kelimeler: Bal Arisi, Bal Verimi, Kulugka Alani, Koloni Gelisimi, Sodyum Humat
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GENISLETILMiS OZET

Amag: Bal arilarinin temel gida Uridnleri nektar,
polen ve baldir. Bitki kaynaklari yeterli oldugunda
arilar kendi ihtiyaclarini karsilayabilir. Ancak ari
kolonileri dogada vyeterli nektar ve polen
bulamadiklarinda, bal akis donemine kadar
kolonilere ek yemleme yapilmalidir. Ari kolonileri
icin ek yem genellikle polen, bal, soya unu, st tozu,
vitaminler ve mineral katkili ari keki veya seker
surubu ile yapilir. Beslenme bal arilarinin (Apis
mellifera L.) gelisiminde oldugu kadar bal veriminde
de O6nemlidir. Bu sebepten dolayl beslenmenin
etkinligini artirmak amaciyla verim artirici yem katki
maddeleri kullaniimaya baslanmigtir. Ancak, ari
beslenmesinde verimi artirici yem katki maddeleri
daha ©6nce arastinlmamistir. Humatlar birgok
hayvanda verim artirici yem katki maddesi olarak
kullanilimigtir.  Bu ¢alismada, sodyum humat
katkisinin ergin ari gelisimi, kulucka Uretimi ve bal
verimi Uzerine etkileri arastirnimistir.

Yontem: Arastirma, Mart-Haziran 2018 tarihleri
arasinda Artvin ili Ardanug ilgesinde, Haziran-EylUl
aylari arasinda Ardahan Universitesi aricilik ve
arastirma merkezinde gerceklestirildi. Denemede,
esit glcte arilarin bulundugu 10 gerceveli standart
Langstroth tipi kovanlar kullaniimigtir. Bu ¢alisma,
24 test ve 6 kontrol olarak rastgele segilen 30 Kafkas
bal arisi (Apis mellifera caucasica) kolonisinde
gergeklestirildi. Her grup 6 tekrardan (alt gruplar)
olusmustur. Deneyde 1 litre 1: 1 siikroz surubuna (1
birim seker +1 birim su) 5 cc, 10 cc, 20 cc, 50 cc/L
oranlarinda 4 farkli doz sodyum humat katkil gruplar
ile kontrol (0 cc/L) grubu kulaniimistir. Nisan'dan
Ekim'e kadar olan ddénemde arilar ile kapl petek
sayisi 21 gunlik araliklarla belirlendi. Elde edilen
degerler yetigkin ari gelisiminin bir 6lglsu olarak
kullaniimigtir. Kulugka alani Nisan'dan Ekim'e kadar
21 gln araliklarla PUCHTA yontemi
(S=3.14xA/2xa/2) ile cm cinsinden O&lglimustdr.
Alinan veriler, kulugka alaninin gelisiminin bir dlgtsu
olarak kullaniimistir. Bal verimi, kig ihtiyaclari i¢in bal
disinda kolonilerin bal haznelerinde depoladiklari bal
miktarina goére belirlenir. Bu amacla her koloninin bal
odas! numaralandiriimig ve toplu olarak hasat
edilmigtir. Kolonilerin tam bal odasi agirliklari
belirlendi. Bos cerceveler kendi bal haznelerine
yerlestirildi ve bos c¢ergeveli agirliklar bulundu.
Ortalama bal verimi, iki tartim arasindaki farka gore
belirlendi

Sonug: Belirli dozlarda (5 cc, 10 cc ve 20 cc)
sodyum humat, bal arilarinda yetigkin arilarin
gelisimini, kulugka Uretimini ve toplam bal Uretimini
arttirir. Ancak yiiksek doz sodyum humat (50 cc) bal
arilarinin fizyolojik 6zellikleri Gzerinde olumsuz bir
etkiye neden olur. Aricilar, ilkbaharin baglarinda bal
arisi kolonilerini gu¢lendirmek igin surup i¢inde ideal
dozda (10 cc) humat kullanabilirler, bu da énemli bir
maliyet artisi olmadan bal Gretimini artirabilir (1 litre
sodyum hiimat yaklagik 1 $ 'dir).

INTRODUCTION

Nutrition is important in the development of honey
bees (Apis mellifera L.) as well as in honey yields.
The main food products of honey bees are nectar,
pollen and honey (Silva et al. 2017). Bees can meet
their own needs when plant resources are sufficient.
However, when the bee colonies do not find enough
nectar and pollen in nature, supplemental feeding
should be done to the colonies until the honey flow
period (Bonoan et al. 2018). Supplemental feed for
bee colonies is usually made with pollen, honey, soy
flour, milk powder, vitamins and minaral added bee
cake or sugar syrup (Akyol et al. 2006; Geng and
Dodologlu 2017). In one study (Kumova 2000),
antibiotics were added to the cake or syrup used in
the supplemental feeding of bee colonies because of
their ability to kill pathogenic bacteria or to prevent
their growth. As a result of the use of antibiotics as a
feed additive, antibiotic residues have been found in
animal products and some microorganisms have
been found to be cross-resistant against antibiotics
in humans (Moudgil et al. 2018). The use of
antibiotics as feed additives in bees is prohibited in
Europe due to their risks to human health (Higes et
al. 2014; Suwannapong et al. 2018). For this reason,
organic feed additives that have no negative effect
on human and animal health have been used. One
of these organic feed additives is humates, which are
organic matter of high molecular weight; they are
also hydrophilic, black or dark brown in color and
originate from certain substances such as phenol,
carbohydrate and amino acid, which are formed by
the decomposition and decomposition of organic
matter in the soil over time (Islam et al. 2005). It is
reported that humates increase cell membrane
permeability and increase the absorption of nutrients
as a result of changes in the metabolism of some
nutrients such as carbohydrates (De Melo et al.
2016). Soluble sodium humates are generally used
in animal production since they increase the use of
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animal feed and stabilize intestinal flora. Humic
acids have anti-bacterial properties (Tung and Yorik
2017) as well as anti-inflammatory ones (Van
Rensburg 2015). In a study conducted in chickens,
humic acid has a positive effect on the immune
system (Sanmiguel and Rondén 2016). Due to these
characteristics, humates have been used as a feed
additive for many livestock. However, no feed
additives have been studied that are an important
source for bees and are necessary for crop
production. In this study, the effects of the sodium
humate additive on the adult bee development, the
brood production, and the honey vyield were
investigated.

MATERIALS and METHODS
Creation of experiment groups

The research was carried out between March and
June 2018 in the Ardanug district of Artvin province
and between June and September at the
beekeeping and research center in Ardahan
University, Turkey. In the study, 10-frame standard
Langstroth type hives with the presence of bees of
equal strength were used. Experimental colonies
were formed with sister bees who were reared from
the same breeder colony in 2017. This study was
conducted on 30 Caucasian honey bee (Apis
mellifera caucasia) colonies, which were randomly
selected as 24 tests and 6 controls. Each group
consisted of 6 replicates (subgroups). The
experiment started on 15 March 2018 and ended on
6 October 2018. At the beginning of the experiment
(15 March) the colonies were equalized in terms of
food stock, the number of comb with bees and the
brood areas.

Feeding program

In the experiment, 4 different doses of sodium
humate (5 cc, 10 cc, 20 cc, 50 cc/L and control 0
cc/L) were added to1 litre 1:1 sucrose syrup (1 unit
sugar +1 unit water). The spring feeding program
was applied to colonies during 6 weeks (between 21
March and 4 May). In addition, periodic maintenance
and control of all colonies were conducted during the
research. The sodium humate preparation used in
the study was taken from Humat Chemistry
Pharmaceutical Industry Trade Limited Company
Limited Company. The specification of the
preparation is given in the table below;
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Table 1. Specification of sodium humate

Tablo 1. Sodyum humatin spesifikasyonu

Sodium humate 12%
Organic C 8.5%
pH 11-12
Density 1.12 kg/L
The size of the colloid particles <100 ym
Color Dark brown -black
Product type Sodium suspension
Energy 195 kcal/100 g
Protein 2,6g/100 g
Fat none
Carbohydrate 46,1 mg/kg
Ferrous (Fe) 6776 mg/kg
Zinc (Zn) 40,2 mg/kg
Magnesium (Mg) 2017 mg/kg
Selenium (Se) 18587 ug /kg
Molybdenum (Mo) 2300 ug kg

Taking data from experimental colonies

During the period from April to October, the number
of combs covered with bees was determined at 21-
day intervals. The obtained values were used as a
measure of adult bee development (Akyol et al.,
2014). The brood area was measured by PUCHTA
method (S = 3.14xA/2xa/2) in cm at 21 days intervals
from April to October (YUcel & Kdsoglu, 2011; Akyol
et al., 2014; Cengiz & Erdogan, 2017). The obtained
values were used as a measurement of the
development of the brood area. Approximately 15-
16 kg of honey is left to each colony for winter needs.
Honey yield is determined by the amount of honey
that colonies store in their honey chamber, except
the honey for their winter needs. For this purpose,
the honey chamber of each colony was numbered
and mass harvested. The full honey chamber
weights of the colonies were determined. Empty
frames were placed in their own honey chamber and
empty framed weights were found. Average honey
yields were determined by the difference between
the two weighings (Akyol et al. 2014; Cengiz and
Dilger 2018).



Statistical analysis

SPSS 17.0 package program was used in the
statistical calculations. The data about the
development of adult bee and brood production were
analyzed by univariate analysis of variance and one-
way ANOVA was used for analyzing the honey yield.
Ducan multiple comparison test was performed for
the features with a significant effect (Ergiin and
Aktas 2009; Mendes and Akkartal 2010).

5cc 10cc
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20

15
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0

RESULT
Development of Adult Bee

According to the amount of sodium humate applied
to colonies; the average number of combs covered
with bees for 5cc, 10 cc, 20 cc, 50 and control groups

was determined as 11.711£0.75, 13.74+0.88,
12.61+0.82, 9.34+0.43 and 10.95+0.66
number/colony, respectively. The difference

between groups was statistically significant (F4, 265=
119.67; p<0.01), according to applied sodium
humate amount. Among the groups, the best result
was observed in colonies fed with 10 cc of sodium
humate (Fig 1).

20cc 50cc == CC

4.20.2018 5.11.2018 6.1.2018 6.22.2018 7.13.2018 8.3.2018 8.24.2018 9.14.2018 10.5.2018

Figure 1.The average number of combs covered with bees of the groups

Figir 1. Gruplarin ortalama ari ile kapli gergeve sayisi

Development of Brood Area

The average brood areas for 5 cc, 10 cc, 20 cc, 50
cc and the control group was determined as
2009.5+£189.7, 2417 .41240.3, 2207.31£222.3,
1604.14+147.1 and, 1806.56+164.1cm?/colony,
respectively. The differences in the brood production

between the groups according to the applied sodium
humate doses were also statistically significant (Fa,
265= 34.58; P <0.01). The highest brood production
was obtained at a dose of 10 cc, followed by 20 cc
and 5 cc doses (Fig. 2). High dose (50 cc) negatively
affected brood production.
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Figure 2. The average brood areas (cm?/colony) of the groups

Figiir 2. Gruplarin ortalama kulugka alanlari (cm2/koloni)

Honey Yield

Figure 3 shows the average honey yields of the
groups. The average honey yields for 5 cc, 10 cc,
20 cc, 50 cc, and the control group were determined
as 19.15+1.48, 26.35+1,83, 22.50+1.86, 8.75+1.29
and, 18.50+1.57 kg/colony, respectively. The effect

40
35
30

25 .
26,35
20

15 19,15

22,5

10

5cc 10 cc 20 cc

Figure 3. Average honey yield (kg/colony) of the groups

Figiir 3. Gruplarin ortalama bal verimi (kg/koloni)
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of applied sodium humate on honey yield was
statistically significant (F425= 16.24; P<0.01). The
optimum dose for honey production was determined
as 10 cc, and the 5 cc and 20 cc groups also
increased honey production compared to the control

group (Fig.3).

l 18,5
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8,75

50 cc Kontrol



DISCUSSION

In this study, the average number of combs covered
with bees for the control group was found to be
10.95+0.66 number/colony. However, this finding was
found to be lower than the one reported by Geng et
al. (1999) for Caucasian honey bees (15.62
number/colony). The average number of combs of
Caucasian honey bees in our research was
consistent with the previous studies reported by
Arslan (2003) and Yeninar et al. (2009) (informed as
10.40 and, 11.06 number/colony). In addition, in
previous studies, sugar syrup and feed additives were
reported to increase the development of adult bees
(Guler 2000; Sahinler and Kaya 2001). These
findings were consistent with our study. The results
show that the optimal dose of sodium humate for
honey bees is 10 cc. On the other hand, a high dose
of sodium humate (50 cc) has a negative effect on the
development of adult bees. According to these
results, the addition of 10 cc humate to the sugar
syrup will increase the development of adult bee in
the spring feeding.

In the study, the average brood area for the control
group was determined as 1806.56+164.1 cm?%colony.
This finding was found to be higher than the average
value (1184.8 cm?/colony) reported for Caucasian
honey bees by Giler and Kaftanoglu (1999). The
average brood area of Caucasian honey bees in our
research was consistent with the previous results
reported by Akyol et al. (2014) (informed as 1701.9
cm?/colony). In this study, the highest brood area was
obtained in the 10 cc sodium humate group. In this
case, it can be said that adding 10 cc of humate to
sugar syrup increases the brood production activity in
colonies in the spring feeding. The results obtained in
this study are parallel with the findings of previous
studies: supplementary feeding increased brood
production in honey bees (Kumova 2000; Karacaoglu
et al. 2003; Mortensen et al. 2018).

The average honey yield in the control group was
18.50+1.57 kg/colony. The honey production of
Caucasian honey bees was found to be lower than
the findings by Geng et al. (1999), and Yeninar et al.
(2009) (reported as 30.6 and 36.3 kg/colony,
respectively), but they were consistent with the
previous results reported by Kutluca (2003), Cengiz
and Erdogan (2017) (informed as 18.13 and 19.28
kg/colony, respectively). In addition, it has been
reported that supplementary feeding increased the
total honey yield in previous studies (Karacaoglu et
al. 2003; Dodologlu et al. 2004). The average honey

yield in the dose of 10 cc of the sodium humate was
29.79% higher compared to the control group.
According to these results, it can be said that certain
doses of sodium humate (5 cc, 10 cc and 20 cc)
increase the total honey vyield but high dose (50 cc)
has the opposite effect.

CONCLUSIONS

As a result, certain doses (5 cc, 10 cc and 20 cc) of
sodium humate increase the development of adult
bees, the brood production and total honey
production in honey bees. However, a high dose of
sodium humate (50 cc) causes a negative effect on
the physiological properties of honey bees.
Beekeepers can use the ideal dose (10 cc) of humate
in syrup to strengthen their honey bee colonies in the
early spring, which could increase honey production
without a significant cost increase (1 liter of sodium
humate is approximately $ 0.97).
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