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ABSTRACT: Both climatic factors and bee forage characteristics affect the population size and 
productivity of honey bee colonies. To our knowledge, no scientific investigation has as yet 
considered the potential effect of nectar-rich bee forage exposed to drastic subtropical weather 
conditions on the performance of honey bee colonies. This study investigated the performance 
of the honey bee subspecies Apis mellifera jemenitica Ruttner (Yemeni) and Apis mellifera carnica 
Pollmann (Carniolan) in weather that was hot and dry and in an environment of nectar-rich flora. 
The brood production, food storage, bee population and honey yield of Yemeni (native) and Car-
niolan (imported) colonies on Talh trees (Acacia gerrardii Benth.), a nectar-rich, subtropical, and 
summer bee forage source in Central Arabia were evaluated. Owing to their structural and be-
havioral adaptations, the Yemeni bees constructed stronger (high population size) colonies than 
the Carniolan bees. Although both groups yielded similar amounts of Talh honey, the Yemeni bees 
consumed their stored honey rapidly if not timely harvested. A. m. jemenitica has a higher perfor-
mance than A. m. carnica during extremely hot-dry conditions and A. gerrardii nectar-rich flow.
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Introduction

Climatic factors and bee forage characteristics 
affect the performance and productivity of honey bee 
colonies. The most important factor affecting honey bee 
activities, i.e. honey production, is bee forage. Honey-
bees reap three benefits from plants: nectar, pollen and 
resin (Hill and Webster, 1995; Keasar and Shmida, 2009). 
However, hot and dry weather leads to unequal effects 
on the different subspecies of honey bees (Rachad and 
Parker, 1958; Corbet et al., 1993; Dag and Eisikowitch, 
1999; Abrol, 2006; Alqarni, 2006; Ali, 2007). 

Acacia gerrardii Benth. is a melliferous plant in-
digenous to Africa and the Middle East (Dharani, 2007) 
that provides numerous benefits to ecosystems includ-
ing food for human consumption, stock pasture, tradi-
tional medicine, and honey bee forage (Al-Khalifa and 
Al-Arify, 1999; Aref et al., 2003; Dharani, 2007). Acacias 
are major sources of nectar and pollen for bees in the 
Arabian Peninsula (Alqarni et al., 2011). The Talh tree 
Acacia gerrardii blooms from May to Aug every year and 
produces a remarkable amount of nectar which is as-
sumed to yield approximately 45 kg of honey per tree 
each season (Alqarni et al., 2015), making it one of the 
most common types of honey consumed in Saudi Arabia 
(Adgaba et al., 2012). In the subtropical zone, the nectar-
rich Talh flow enhances honey bee food collection flights 
despite the extremely hot-dry-windy weather. Moreover, 
honey bees play a valuable role in cross-pollinating Talh 
trees (Alqarni et al., 2016).

No previous data were available concerning the 
performance and productivity of honey bee colonies 
during the Talh bloom. Moreover, the effect of forage on 

the response of honey bee colonies to harsh conditions 
has not been discussed and has been poorly explored. In 
this study, the colony strength and honey productivity 
were evaluated in a native (Apis mellifera jemenitica) and 
an exotic (A. m. carnica) honeybee subspecies in Saudi 
Arabia, under extremely hot and dry conditions and A. 
gerrardii nectar flow.

Materials and Methods

Study area
The field investigations were carried out at Rawd-

hat-Khoraim, an oasis located in a vast subtropical desert 
in Central Arabia (25°32’ North, 47°17’ East, and 554 
m altitude). It is approximately seven km2 in area. Its 
climate is type BWh (BW refers to a desert climate with 
accumulated annual precipitation that is less than 50 % 
of the potential evapotranspiration, while h refers to a 
hot steppe or desert with an average annual temperature 
≥ + 18 °C) according to the updated world map of the 
Köppen-Geiger climate classification (Peel et al., 2007). 
The Talh trees in Rawdhat-Khoraim constitute a prime 
tree population and are among the few floral species in 
the area (Alfarhan, 2001). The flowering season of Talh 
trees extends from May to Aug (Alqarni et al., 2015), and 
beekeepers annually move their hives to this region to 
harvest the valuable Talh honey. 

The coinciding bee flora was initially tested dur-
ing 2011 in a field survey. Rough data were collected to 
standardize the methods that were then followed in the 
two successive years. In addition to Talh trees, only two 
other flowering plant species were found to be present, 
and only in low densities: Ziziphus nummularia (Rham-

nectar-rich flow
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naceae) and Calotropis procera (Apocynaceae) (Nuru et 
al., 2016). Consequently, Talh is the prevalent honey bee 
forage source in this subtropical area with its hot-dry-
windy weather conditions. The field investigations for 
the present study were carried out for two consecutive 
years, 2012 and 2013, from May to Aug. 

The values of weather factors during the Talh 
nectar flow season of 2012 and 2013 were extracted 
from weather data provided by the nearest weather 
station which is approximately 50 km southwest of 
the study area. The flowering season of Talh trees 
in the study area coincides with extremely hot-dry-
windy weather. The minimum, maximum and aver-
age values of temperature and relative humidity were 
22 °C, 47 °C, and 35 °C, and 4 %, 36 %, and 11 %, 
respectively. The average wind speed throughout the 
season was 12 km h−1 and the temperature in 2013 
(33 °C) was slightly lower than that in 2012 (36 °C) 
during the Talh nectar flow. 

Tested Honey bees 
Performance (colony strength) and productivity 

(honey production) during the Talh nectar flow season 
were evaluated on two honey bee subspecies: the Yeme-
ni honey bee (Apis mellifera jemenitica Ruttner), a native 
subspecies of Saudi Arabia, and the Carniolan honey bee 
(A. m. carnica Pollmann), which is European in origin 
but is often imported from Egypt to Saudi Arabia. These 
subspecies were selected because they are the most com-
monly reared honey bees in Saudi Arabia. These bees 
were intended to represent two groups: native bees that 
have high adaptation (Yemeni) and exotic bees of less 
adaptation (Carniolan) to this harsh environment.

Twenty similar colonies were tested (five colonies/
subspecies/season). The queens were replaced during the 
second season because the Carniolan bees die after one 
season of honey harvesting in Central Arabia (Alqarni et 
al., 2011; Adgaba et al., 2014). All the queens used were 
1 year old. The colonies selected were hived in modified 
Langstroth hives (7 frames capacity) and placed together 
under sunshades in the Rawdhat-Khoraim a few days 
before the Talh flowering start.

Brood rearing and food storage
Measurements of sealed worker brood, bee bread, 

and sealed honey were recorded for the tested honey 
bee colonies every 12 days. These tests were performed 
from May to Aug (the flowering season of Talh trees) in 
2012 and 2013 using a standard wire frame divided into 
square centimeters (Jeffree, 1958). 

Bee population
The number of combs covered with bees on both 

sides was recorded in each tested colony every 12 days. 
Adult bee populations were estimated in groups of 1100 
adult workers, which is the number of bees that can 
occupy one side of a fully occupied Langstroth frame 
(Buco et al., 1987).

Honey yield
The amount of honey that could be harvested from 

each group was calculated using the values of the last 
two readings of the sealed honey area from the 2012 and 
2013 seasons. In 2012, the last two stored honey readings 
were taken on 30 July and 11 Aug, while in 2013, they 
occurred on 7 Aug and 19 Aug. In each year, the afore-
mentioned two readings were a few days before and af-
ter the end of the Talh flowering season, respectively. 
The honey volume was based on the observed area (cm2) 
and the cell depth, evaluated at 1 cm on average. Next, 
the honey weight was calculated using the formula for 
honey amount which is the honey volume × 1.4115, where 
1.4115 is the average density value of Talh honey (Alqa-
rni et al., 2012). In addition to the estimation of honey 
production, this procedure also evaluated the effect of 
delaying Talh honey harvesting on its mean yield. 

Statistical analysis
Statistical testing and analysis were carried out 

using the SPSS 22 program. The data were first tested 
for normality and homogeneity using the Kolmogorov-
Smirnov test and Levene’s tests, respectively. When 
necessary, square roots were used to eliminate hetero-
geneity. Variation between means were tested using re-
peatedly measured ANOVA, and the values were then 
separated using Tukey's range test (p < 0.5). The factors 
tested were subspecies, month and year (Blocks).

Results

Sealed brood
The sealed brood production of the Yemeni colo-

nies (1529 ± 70 cm2 colony−1) was higher than the Car-
niolan colonies (932 ± 62 cm2 colony−1) (F1,168 = 38.142, 
p < 0.001); in other words, the Yemeni colonies pro-
duced sealed brood at a rate 1.6 times greater than the 
Carniolan colonies. The Yemeni colonies reared 1.3, 1.5, 
1.7, and 2.7 times more sealed brood than the exotic 
Carniolan colonies during May, June, July, and Aug, re-
spectively. The sealed brood rearing rate was patterned 
according to subspecies, month, and year (Figure 1 and 
Table 1).

Bee bread 
The Yemeni colonies stored 648 ± 50 cm2 colo-

ny−1, which was 4.3 times (F1,168 = 355.072, p < 0.001) 
the amount stored by the Carniolan colonies (150 ± 18 
cm2 colony−1). The bee bread storage rates varied sub-
species, month, and year. The native colonies stored 
significantly higher amounts of bee bread compared to 
the Carniolan colonies during each month of Talh nec-
tar flow {(May: F1,38 = 34.230, p < 0.001) (June: F1,38 = 
21.316, p < 0.001) (July: F1,58 = 363.761, p < 0.001) (Aug: 
F1,28 = 107.437, p < 0.001)}. The stored bee bread in 
native colonies was 3.0, 3.6, 4.0 and 16.6 times greater 
than that in the imported colonies during May, June, 
July, and Aug, respectively (Figure 2 and Table 1). 
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Bee population
The Yemeni colonies housed a significantly larger 

bee population (F1,168 = 33.226, p ≤ 0.05) than the Car-
niolan colonies and produced worker bees at a rate 1.2 
times greater than the Carniolan bees. The Yemeni sub-
species built colonies at bee population rates 1.2 times 
higher than those of the Carniolan subspecies during 
each of June (F1,38 = 5.921, p < 0.05), July (F1,58 = 29.009, 
p < 0.001), and Aug (F1,28 = 8.088, p < 0.01). The tested 

subspecies varied in bee population rates during Talh 
nectar flow in different months and in different years 
(Figure 3 and Table 1).

Sealed honey 
The stocked honey areas were similar (F1,168 = 

5.561, p > 0.05) in both bee subspecies. The rates of 
stored sealed honey varied according to subspecies, 
month, and year (Figure 4 and Table 1). In the native 

Table 1 − Seasonal values (mean ± SE) of sealed worker brood rearing, food storage and bee population of Yemeni (Apis mellifera jemenitica) 
and Carniolan (A.m. carnica) honey bee colonies during Talh (Acacia gerrardii Benth.) nectar flow (May to Aug) in Central Arabia.

Season Subspecies Sealed Brood Bee bread Honey Bee population
cm2 colony−1 bees colony−1

2012
Yemeni 1909 ± 82** 278 ± 29** 1920 ± 212** 11500 ± 349*

Carniolan 618 ± 79 67 ± 14 648 ± 108 8475 ± 134

2013
Yemeni 1192 ± 83 976 ± 56** 1253 ± 151 11333 ± 348

Carniolan 1212 ± 73 224 ± 28 2175 ± 251* 11111 ± 346

2012-2013
Yemeni 1529 ± 70** 648 ± 50** 1567 ± 132 11412 ± 246*

Carniolan 932 ± 62 150 ± 18 1457 ± 164 9871 ± 240
*Refers to a significant difference (p < 0.05) between the subspecies tested; **Refers to a highly significant difference (p < 0.001) between the subspecies tested.

Figure 1 − Monthly values of sealed worker brood rearing rates 
(mean ± standard error) of Yemeni (Apis mellifera jemenitica) and 
Carniolan (A.m. carnica) honey bee colonies during Talh (Acacia 
gerrardii Benth.) nectar flow season (May to Aug) in Central Arabia.

Figure 2 − Monthly values of bee bread storage rates (mean ± 
standard error) of Yemeni (Apis mellifera jemenitica) and Carniolan 
(A.m. carnica) honey bee colonies during the Talh (Acacia gerrardii 
Benth.) nectar flow season (May to Aug) in Central Arabia.
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Yemeni colonies, the sealed honey area during Aug (1567 
± 132 cm2 colony−1) was 18.5 and 1.5 times more than 
the sealed honey areas during May and June, respec-
tively. Likewise, the sealed honey area of the Carniolan 
colonies during Aug (1457 ± 164 cm2 colony−1) totaled 
22.6, 2.0, and 1.4 times more than the sealed honey ar-
eas during May, June, and July, respectively (Figure 4).

Honey yield
The honey yield of the Yemeni colonies (5653 ± 

419 g colony−1) was 1.2 times more than that of the 
Carniolan colonies (3995 ± 954 g colony−1) one week 
before flow cessation. However, by one week after flow 
cessation the subspecies were still not significantly dif-
ferent (F1,18 = 2.047, p > 0.05). Talh honey yield var-
ied according to harvest time, bee subspecies and year, 
which served to underline the importance of harvesting 
time.

After the Talh nectar flow ceased, the amount of 
Talh honey decreased (F1,38 = 4.729, p ≤ 0.05) by 13 % 
compared to the amount before flow cessation. In par-
ticular, this reduction was very sharp in Yemeni colonies 
(19 %) compared to Carniolan colonies (7 %).

Discussion

The different honey bee subspecies dealt with the 
hot-dry-windy weather differently during the Talh nec-
tar flow season in the study area. Honey bee colonies 
regulate their nest temperature between 33 and 36 °C 
(Kronenberg and Heller, 1982; Petz et al., 2004), which 
was often far below the temperatures found outside the 
colony in the present study. Thus, bee colonies have 
been thought to suffer mostly from the need to maintain 
these lower in-colony temperatures.

The nectar-rich Talh forage boosted honey bee 
colonies in this hot-dry-windy weather. In other 
words, the availability of flowers rich in nectar ob-
scured the negative effect of summer weather on the 
performance of the studied honey bee subspecies. The 
values of brood, bee bread, honey, and bee popula-
tion obtained in the current study were slightly higher 
than those recorded by El-Sarrag (1993). However, 
Abou-Shaara et al. (2013) also reported lower values 
of the same parameters during similar weather condi-
tions, but on a less rich source of bee plants compared 
to Acacia gerrardii. 

Figure 4 − Monthly values of sealed honey storage rates (mean ± 
standard error) of Yemeni (Apis mellifera jemenitica) and Carniolan 
(A.m. carnica) honey bee colonies during the Talh (Acacia gerrardii 
Benth.) nectar flow season (May to Aug) in Central Arabia.

Figure 3 − Monthly values of worker bee population rates (mean ± 
standard error) of Yemeni (Apis mellifera jemenitica) and Carniolan 
(A.m. carnica) honey bee colonies during the Talh (Acacia gerrardii 
Benth.) nectar flow season (May to Aug) in Central Arabia.
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The seasonal Talh honey yield from the tested col-
onies was approximately 4 kg colony−1 during the Talh 
nectar flow. The Talh honey price reached US$ 65 kg−1 in 
Saudi Arabia (Adgaba et al., 2014) and, consequently, Talh 
honey yield from a single colony reached approximately 
US$ 260. In apiculture management and planning, it is 
important to evaluate the honey yield of a particular area 
or flow (as we did in the present study) as well as the 
potential honey yield of a particular forage (e.g., Adgaba 
et al., 2012, 2014). The annual yields are far higher than 
this value because modern beekeeping is mainly migra-
tory beekeeping (Sharma and Bhatia, 2001). Beekeepers 
in Saudi Arabia migrate from their apiaries on average 
approximately five times per year (Adgaba et al., 2014).

Delaying the honey harvest for a few days after 
the season ended decreased the Talh honey yield. Honey 
bee colonies consume part of their honey stock after 
the season ends owing to the presence of brood (Woyke, 
1992). In the present findings, honey reduction in the Ye-
meni colonies was greater than in the Carniolan colonies 
because the Yemeni colonies had both a larger brood 
area and a higher bee population. Similar results were 
observed by Alqarni et al. (2014).

Yemeni colonies produced brood, stored bee bread 
and retained a bee population greater than those of Car-
niolan colonies during Talh nectar flow; however, both 
subspecies produced similar honey yields (p > 0.05). This 
trend was also documented by Alqarni et al. (2011) and 
Abou-Shaara et al. (2013). The superiority of the Yemeni 
bees under the hot-dry-windy weather conditions could 
be due to their physiological and behavioral adaptation 
to those conditions. Adaptive traits such as less water 
loss (Alqarni, 2006), better egg hatchability (Al-Ghamdi 
et al., 2014), and active foraging behavior during hot peri-
ods (Ali, 2011; Abou-Shaara et al., 2012) have been docu-
mented. The high brood production of Yemeni bees could 
explain their low honey yield, as the brood consumes the 
stored honey towards the end of the season. 

The Yemeni honey bee subspecies has evolved 
in south Arabia close to A. m. scutellata and the two 
subspecies coexist in East Africa; however, they suffer 
somewhat drastic conditions, namely, hot-dry weather 
and the annual lack of bee forage during certain months. 
Both subspecies have high migration rates under these 
conditions as they escape to other potentially more suit-
able locations (Nuru et al., 2002). However, this migra-
tion was documented under traditional beekeeping prac-
tices in East Africa, and included the use of traditional 
bee hives. No migration was recorded during the pres-
ent study, either in the tested colonies or in the huge 
apiaries in the study area. This lack of migration may 
be attributable to the nectar-rich Talh bloom. Nuru et 
al. (2002) stated that food depletion bears the primary 
responsibility for migration-not the hot-dry weather. Ad-
ditionally, it could be argued that the lack of migration is 
due, in part, to the modern beekeeping practices used in 
Central Arabia. These practices include modern hiving, 
routine inspections, and a constant water supply. On the 

other side of the globe, Winston et al. (1979) reported 
high migration rates in Africanized honey bees (A. m. 
scutellata) in South America, which they attributed to 
the hot-dry weather and declines in food source. A. m. 
jemenitica and A. m. scutellata share similar morphologi-
cal and physiological adaptations to hot-dry weather (A. 
m. jemenitica: Alqarni, 2006; Ali, 2011; Abou-Shaara et 
al., 2012; Al-Ghamdi et al., 2014 and A. m. scutellata: 
Southwick and Heldmaier, 1987; Southwick and Moritz, 
1987; Human et al., 2006). 

Even a slight improvement in weather and for-
age conditions enhanced the Carniolan bees similar to 
the Yemeni subspecies in terms of both performance 
and productivity. During 2013, the Carniolan colonies 
elevated their sealed brood, bee population, and honey 
productivity rates close to those of the Yemeni colonies 
(Table 1). The slight enhancement in weather and Talh 
flowering quality during 2013 could thus explain the 
improvement in the performance and productivity of 
the Carniolan bees during the same year. The Yemeni 
colonies had distinct advantages in extremely hot-dry-
windy climates compared to the Carniolan colonies 
(Abou-Shaara et al., 2013). However, the superiority of 
the standard Carniolan bees appeared when the weather 
became slightly less drastic. A similar trend was ob-
served in Venezuela in a comparison of Africanized and 
European honey bees (Rinderer et al., 1985). It could be 
that there is an adaptive cost for the Yemeni subspecies, 
which makes them far better than Carniolan bees in 
drastic weather, but under less drastic conditions, these 
costs affect them. This kind of ecological concept needs 
more studies to be clarified. 

The brood rearing, food storage and bee popula-
tion of honey bee colonies fluctuated throughout the 
Talh nectar flow season (from May to Aug). Two vari-
ables could be responsible for this monthly variability: 
weather and forage. The weather varied slightly as the 
months passed. Talh forage quality can be represented 
by the nectar secretion rate, and great differences were 
found in the nectar secretion rate between months 
throughout the flow season (Alqarni et al., 2015). Con-
sequently, it is thought that the quality of Talh forage is 
the major cause of monthly variations in the strength of 
honey bee colonies. 

This study recommends that beekeepers should 
benefit from Talh forage and other summer bee flora 
in the subtropics because the bees are still able to col-
lect honey in such environment. Therefore, beekeepers 
should select the honey bee subspecies with care in or-
der to capitalize on such flows. For example, Yemeni bees 
are better able to maintain colony strength compared to 
Carniolan bees even though both groups can produce 
similar amounts of honey. Talh honey should be harvest-
ed a few days before the cessation of seasonal flow. In 
addition, extreme care should be taken in the hiving and 
housing of honey bees during subtropical summers. En-
hanced hiving practices may reduce the negative effects 
of the predominantly hot-dry-windy weather. 
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 The honey bees were able to maintain remark-
able rates of brood rearing, food storage, and bee popu-
lation during Talh nectar flow despite the hot-dry-windy 
conditions of the subtropical desert. The native subspe-
cies constructed stronger colonies than the Carniolan im-
ports; nevertheless, their honey yield was approximately 
equal. Therefore, Yemeni bees may be the best evolved 
to benefit from Talh nectar flow because they were able 
to maintain the strength of their colonies even in such 
harsh weather. The nectar-rich bee flora enhanced the 
performance of the honey bee colonies, overcoming the 
negative effects of hot-dry-windy summers of the sub-
tropical desert. 
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