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Abstract: Recently, the Sudan witnesses prominent expansion in commercial beekeeping, mainly utilizing monofloral forage sources available at different periods of the year. Hence, questions were raised about the effect of these sources on performance of honeybees, since some plants such as neem constitute active chemicals against insects. Accordingly, a plan was put forward to study this phenomenon in phases. The current research studied the performance of Carnio-Egyptian honeybee when fed on flowers of either neem or sunflower. Four parametrical measurements were used for comparisons, namely levels of worker and drone broads, pollen collection, colony strength and honey production. Moreover, the performance of the same honeybee was also compared among three differently managed commercial apiaries, based on the previous parameters except honey production. Data were collected per ten days intervals and statistically analyzed. Results showed that foraging on neem flowers gave the higher counts of worker (146.9±63.0 in2 ) and drone (1.44±1.6) broods and pollen gains (94.4±45.9), but for some reasons scored the lower honey yield as compared with sunflower (114.6±21.2, 0.1±0.0, 92.35±20.3, respectively). Therefore, no apparent negative effects were detected as a result of bee feeding on these two plants. On the other hand, one of the apiaries that received the best practices of bee caring especially the periodical sanitation of hives and use of apiary sun-shade, has reflected the best performances in all aspects and showed significantly higher worker broad and colony strength compared with the others. Generally, the findings were good and useful for improving the work and encouraging to proceed the research on the rest of plant sources.
Introduction

Sudan is a vast country occupies about 2.5 million km² with variable climatic conditions and long rainy season enriching its biodiversity. Flora of the Sudan was studied since the first half of the 20th century (e.g. Broun and Massey, 1929, Andrews, 1956, and Harrison and Jackson, 1958), but still new plant species were discovered everyday (e.g. Elkhalifa et al., 2003). However, more than 3100 species of flowering plants have been identified up to date (Elkhalifa, 2003). Most plants are grown naturally including trees, shrubs and annual weeds, and various thick forests made of different tree species are present mainly in savanna regions and southern Sudan. Besides, there were various crops grown in irrigated schemes and rain-fed agriculture. One of the main consequences of these floral resources is the faunal diversity including insects such as honeybees. Therefore,  feral honeybees were detected since earlier times wherever floral reward is plenty. 
Among the recorded plants in Sudan several species were recognized as toxic to human beings like Datura species and Calotropis procera, while others were detected as medicinal plants (e.g., Elghazali et al., 1987, 1994) being used immemorially in traditionl medicine to treat microbial infections, intestinal worms or others. Moreover, about hundred plant species were proved in Sudan as insecticides against various agricultural pests (Satti et al., 2004), among which is the neem tree (Satti and Nasr, 2006a, 2006b). Nevertheless, neem forests are one of the forage sources targeted by the beekeepers nowadays in many areas. Therefore, a question was raised about the effect of such kinds of bioactive plants on honeybees, since these plants are utilized during their long flowering seasons by the modern beekeepers as mono-floral sources. Accordingly, the aim of this research is to study the performance of the Carnio-Egyptian honeybee when reared on flowers of either neem or sunflower.  Moreover, the performance of the same honeybee was also compared among three differently managed commercial apiaries reared on sunflower so as to provide complete picture about the impacts of various prevailing circumstances on such non native honeybee.  
Materials and Methods

This study aimed to evaluate the performance of Carnio-Egyptian honeybee as affected either by forage source or apiary care in Sudan. Effect of forage sources was evaluated among neem and sunflower, and apiary care among three commercial apiaries reared on sunflower.
Effect of forage source:
Two experiments were carried out separately for testing the performance of the above honeybee when fed either on flowers of neem or sunflower. The experiment on sunflower was located at "Um-Elgura" area of northern Rahad Scheme-Gezira State, during March – May 2008, whereas neem experiment was conducted at Burri neem forest in Khartoum during April – May of the same season. Ten bee colonies of nearly equal strength were kept at each location, and investigated per ten days intervals. Four measurements were taken in the study, namely areas (in²) of worker and drone broads, pollen area (in²), colony strength (No. bees/colony) and honey production (kg/ colony). The data collected from each source were statistically analyzed and compared.

Effect of apiary care:

The performance of the same Carnio-Egyptian honeybee was also compared among three differently managed apiaries foraging on sunflower at Um-Elgura area. Ten colonies were chosen randomly from each apiary and inspected, based on the same previous measurements utilized for forage sources, except honey production. Notes were taken through questionnaire and observations on the states of these apiaries including chiefly awareness of beekeepers, way of apiary setup, sanitary precautions, presence of honeybee pests and diseases and use of apiary sun-shade. According to such information the detected performance differences among the studied apiaries have been justified.
Results and Discussion
Effect of forage source:
Table (1) shows the effect of the two studied forage plants (viz. neem and sunflower) on the performance of Carnio-Egyptian honeybee, as indicated through four parametrical measurements. It is obvious that foraging on neem flowers gave the higher worker broad (146.9±63.0 in²), drone broad (1.4±1.6 in²), and pollen counts (94.4±45.9 in²) as compared with foraging on sunflower. On the other hand, neem scored significantly lower honey yield (11.9±5.kg/colony) compared with sunflower (38.7±2.1 in²).

Actually, both neem and sunflower are rich in flower nectar and pollen grains which provide all the requirements of honeybees from these two vital nutritional items. The flowering duration of an individual sunflower plant usually lasts for about two weeks. But, due to the differences in sowing dates among fields and the variation in flowering commencements among individual plants or tillers in the same canopy, such crop generally sustains excellent source of nectar and pollen grains for more than 

Table 1. Performance of Carnio-Egyptian honeybee foraging on neem and sunflower during March-May 2008.

	Parameter
Forage plant
	Worker broad (in²)
	Drone broad (in²)
	Pollen area (in²)
	Colony strength (bees/colony)
	Honey yield (kg/colony)

	Neem
	146.9±63.0
	1.4±1.6
	94.4±45.9
	0.7±0.1
	11.9±5.6

	Sunflower
	114.6±21.2
	0.1±0.0
	92.4±20.3
	0.7±0.1
	38.7±2.1

	LSD 5%
	55.0
	1.1
	43.8
	
	12.8


ANOVA of forage effect on drone broad area (in²), and honey yield (kg/ colony).

	Source of variation
	d.f.
	Sum of squares
	Mean squares
	F-value
	Significance

	Drone broad:

Forage plant

Replication

Error

Total
	1

9

9

19
	8.98
11.40

11.40

31.78
	8.978

1.267

11.402
	7.09

1.00
	*

NS

	Honey yield:

Forage plant

Replication

Error

Total
	1

2
2
5
	1377.74
58.21
88.67
1524.62
	1377.74
29.105
44.335
	31.08
0.66
	*

NS


three months in a season. In the study area the flowerings of sunflower nearly took four months from January to April.  Therefore,  no  problems were encountered 

regarding the availability of the two mentioned nutritional items on sunflower during the study period. On the other hand, the peak flowering time of neem took three months from February to April. Nevertheless, during the last month (April) neem flowers seems to be rich in pollens but poor in their nectar constituents. Since the neem experiment was conducted later in the season during April month, the significantly lower honey yield achieved from this tree was attributed mainly to the scarcity of nectars in flowers. However, this result awaiting to be confirmed in the next season experiment.
According to some authors the nectar and pollens of certain flowers are toxic to honeybees (Hayes, 2007). Regarding the neem tree no research results were detected on the effect of neem flowers when used as forage source by honeybees. However, few research have shown variable effects from neem insecticides. Although, neem pesticides have shown good effects in controlling insect pests of various crops, the softness of neem on honeybees and other beneficial insects have been reported in different regions (Liu, 1995). According to Schmutterer (1990) no biological effect of compounds present in neem extracts was observed against the honeybees (Apis mellifera), especially in colonies of <200 individuals. That means the effect of neem extracts on honeybees is dose dependent, but it was shown that the doses used in agriculture are always sub-lethal to honeybees. On the other hand, Shawki et al., (2005) studied some formulations of neem stated that residues of NeemAzal granules did not adversity affect bee mortality, foraging activity or brood development, while NeemAzal T/S caused some reduction in foraging activity and brood development. Therefore, such records indicated the importance of the research, like the current one, concerning the effects of bioactive plants as forage sources for the honeybees.  

Effect of apiary care:
Several commercial companies were established nowadays investing on beekeeping largely for honey production and export. Most of these producers utilize the various mono-floral forage sources available in the country including natural forests and certain crops like sunflower. However, the poor apiary management experienced by the majority was thought to be among the main factors weakens the performance of bees and reduces the benefit received from those big forage resources. Therefore, in the current preliminary investigation the performance of Carnio-Egyptian honeybee was compared among three apiaries (M, D and A) reared on sunflower, using the foregoing parametrical measurements. The results in Table (2) showed that one of the apiaries (Apiary M) was the best in all aspects and achieved significantly higher worker broad (131.7±43.2 in²) and colony strength (0.7±0.1 bees/colony) compared with the other two apiaries, which were more or less similar to each other. 
However, to prove the above positive results of Apiary M some observations were recorded on the conditions of the three apiaries supported with a questionnaire as explained in Table (3). It is clear that Apiary M receives the best care as a result of relatively more trained workers. Such apiary was perfectly setup under sunshade and subjected to periodical sanitations which minimize pests and diseases and strengthening colonies. In contrast, the other two apiaries were haphazardly scattered without shading in such an area where the daily temperature exceeds 40 °C. The awareness of workers is very poor and no sanitary measures were adopted. Consequently, these apiaries were found highly infested with many destructive pests and diseases like the greater wax moth (Galleria mellonella), hawk moth (Acherontia atropos), hive beetles  (Hyplostoma  fuligineus and  Aethina tumida) and  the Varroa 
Table 2. Comparisons of honeybee (Carnio-Egyptian) performance among three commercial apiaries (M, D and A) foraging on sunflower at Um-Elgura area, during April – May 2008.
	              Parameter

Apiary
	Worker broad (in²)
	Drone broad (in²)
	Pollen area (in²)
	Colony strength (bees/colony)

	M (aver. of 10 colonies)
	131.7±43.2
	0.3±0.6
	50.6±12.8
	0.7±0.1

	D (aver. of 10 colonies)
	49.7±31.5
	0.1±0.0
	48.3±21.1
	0.5±0.2

	A (aver. of 10 colonies)
	79.2±16.7
	0.4±0.6
	44.3±11.4
	0.5±0.1

	LSD 5%
	30.6
	0.5
	14.0
	0.1


ANOVA of worker broad area (in²), and colony strength (bees/ colony).

	Source of variation
	d.f.
	Sum of squares
	Mean squares
	F-value
	Significance

	Worker broad:

Apiaries
Replication

Error

Total
	2
9

18
29
	34501.67
9155.47
19056.33
62713.47
	17250.8

1017.3
1058.7
	16.29

0.96
	**

NS

	Colony strength:

Apiaries
Replication

Error

Total
	2

9

18

29
	0.26
0.13
0.32
0.70
	0.129
0.014
0.018
	7.36
0.82
	**

NS


Table 3. States of the three studied apiaries at Um-Elgura area, during April – May 2008.
	Apiary
	Awareness of keepers
	Apiary setup
	Sanitation
	Pests and diseases
	Apiary sun-shade

	M
	70%
	Good
	Applied
	Rare
	Used

	D
	40%
	Bad
	Not applied
	High
	Not used

	A
	40%
	Bad
	Not applied
	High
	Not used


mite. The dangerous exotic small hive beetle and Varroa mites were among the recently introduced pests and diseases in Sudan which entered through imported honeybees (El-Niweiri et al., 2005, and El-Niweiri and Satti, 2008). Therefore, several investigators raised the necessity of proper apiary management in beekeeping. Keku (2001) stated that management of honeybee based on the various annual biological cycle of colony will conserve bees during unfavourable conditions and ensured the highest honey yield.
Recommendations:

1. Replication of this experiment is necessary for improving the current findings.

2. The effect of foraging on these plants should be checked on the queen produced and the coming generations of the studied honeybees.

3. Other bioactive plants can also be studied in the same way.

4. Beekeepers should be trained for better management of their apiaries.
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أثر مصدر التغذية النباتية وكيفية العناية بالمنحل علي أداء النحل الكارنيولي المصري بالسودان، جزء 1: دراسة حالتي شجرة النيم وزهرة الشمس
عبدالله عبدالرحيم ساتي وسيف الدين عبدالرحمن محمد

معهد أبحاث البيئة والموارد الطبيعية، المركز القومي للبحوث

الخرطوم / السودان

يشهد السودان مؤخرا توسعا ملحوظا في المناحل التجارية تعتمد في الغالب علي مصادر نباتية أحادية للتغذية خلال فترات مختلفة من العام، مما أثار بعض الأسئلة حول مدي تأثير هذه المصادر علي أداء النحل نسبة لاحتواء بعضها مثل شجرة النيم علي مواد كيميائية فعالة ضد الحشرات. لذلك وضعت خطة لدراسة هذا الموضوع علي مراحل. وفي هذا البحث تم إجراء مقارنة عن أداء النحل الكارنيولي المصري عند تغذيته علي كل من أزهار شجرة النيم ومحصول زهرة الشمس. استخدمت أربعة معايير للمقارنة شملت مستوي إنتاج الحضنة (شغالة وذكور) وجمع حبوب اللقاح وقوة الطائفة وإنتاج العسل. هذا بالإضافة لإجراء دراسة أخري لمقارنة أداء نفس السلالة بين ثلاثة مناحل تجارية خاضعة لإدارات مختلفة، أثناء تواجدها علي زهرة الشمس، باعتماد ذات المعايير السابقة (عدي إنتاج العسل). أجريت فحوصات دورية كل عشرة أيام وحللت النتائج إحصائيا. أوضحت النتائج أن التغذية علي أزهار النيم قد أعطت تعدادا أكبر بالنسبة لحضنة الشغالة (146.9±63.0 in2) والذكور(1.44±1.6) وجمع حبوب اللقاح (94.4±45.9) إلا أنها لبعض الأسباب قد حصدت كمية أقل من العسل مقارنة مع زهرة الشمس (114.6±21.2 و±0.00.1 و±20.392.35، علي التوالي). وهكذا خلصت النتائج إلي عدم وجود أي أثر سالب لهذين المصدرين علي أداء النحل. وعلي الجانب الآخر من البحث وجد بأن أحد المناحل الخاضعة لرعاية جيدة في معظم شئون النحل مثل تطبيق إجراءات العناية الصحية واستخدام المظلات الشمسية، قد أظهر أداء أفضل في جميع القياسات كما أدي إلي إنتاج أكبر معنويا لحضنة الشغالة والحصول علي طوائف أقوي معنويا مقارنة ببقية المناحل. عموما تعتبر المخرجات مطمئنة ومفيدة لتحسين الأداء ومشجعة لمواصلة البحث في بقية المصادر.
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