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Abstract: Sudan is a vast country encompasses virtually every climatic and geographical feature and wide range of vegetation cover. A number of natural forests of trees and shrubs were found, in addition to various crops grown in large areas. These sources induce their flowerings at different periods, almost in a consecutive manner, hence provide continuous refuge for honeybee feedings. Therefore, wild bees are known in Sudan since earlier time and very good kinds of natural honey are produced. Although, some beekeepers are found traveling among certain forests nowadays, but the huge forage sources of the country are not yet fully exploited. The purpose of this study is to show the potentiality of Sudan in beekeeping and honey production. The important forests areas and the dominant species of natural trees and plants in addition to cultivated crops and their flowering periods were indicated as monofloral feeding targets for honeybees. Moreover, the important kinds of honeys produced from such sources were recorded owing to their economical and medicinal values and their increasing demand in markets. Most of the data were obtained through several surveys carried out during the years 2002-2008. The results showed a small dearth period in natural forage sources in central Sudan during summer time, and some suitable crops were suggested to fill the gap. However, such dearth period generally decreases gradually as we go southwards where plenty rainfalls and dense vegetation cover are prevailing. According to the current five years plan for agricultural development, honeybee industry will ultimately be flourished to play its role in crop yield improvement.

Introduction
The Sudan is a large country of about 2.5 million km² (≈ one million squire miles), lies between latitudes 3° 53′ N and 21° 55′ N, and longitudes 21° 54′ E and 38° 30′ E. Such long south-north distance (1300 miles) encompasses virtually every climatic and geographical feature and wide range of vegetation cover, including the desert (29%) in the north, semi-desert (20%), semi-humid (28%) and the humid region (22%) in the southern part. The average annual rainfalls contributed to such diversity in vegetation also have a wide range from zero to 1400mm (White, 1983). Besides, there were riverine vegetations along the rivers and montane vegetations on some few elevated areas in east, west and south. The riverine vegetation is very important due to the fact that the country is traversed by the Nile River and its two main tributaries (White Nile and Blue Nile) flowing from the southern to the northern borders (Ireland, 1948, and Rath, 1954), hence contributed in enriching the biodiversity of the country especially in areas of low rains.

Therefore, the above discussed situation have shown its greatest manifestation in floral diversity of the country, which embraced thousands of flowering plants attractive to bees. Consequently, honeybees are detected in Sudan since ancient times and very good kinds of honeys especially of mono-floral sources are known. However, the type and density of the vegetation present varies from some few scattered endemic desert plant species in the north through the savanna in the center to the tropical thick forests in the south. The whole land of the country, especially south of latitude 15°N, turns green during the rainy season (July-Oct. and April-Nov. in central and southern Sudan, respectively), as numerous herbaceous annual plants germinate. Therefore, proper management of all these natural floral sources, besides those vast areas cultivated to horticultural and field crops, can provide good environment for raising great honeybee industries. This paper through some light on these huge resources, emphasizing the diversity of mono-floral forage sources available for honeybees and their implication on the different kinds of honey produced in the country. The potential areas and important bee plants and their flowering periods were indicated.
Materials and Methods
The data regarding the recognition of bee plants were collected through several surveys carried out during the years 2002-2008. Such surveys covered several areas of honeybees in Sudan except the south. All flowering plants observed visited by honeybees (Apis mellifera or Apis florea) in the field were listed as bee plants, and photographs were taken in most cases. Several important bee plants found attracting high populations of bees or found in large areas were documented. Moreover, the flowering times of these plants were indicated during the periodical field visits. However, some bee plant species and their flowering periods recorded by other workers (Ibrahim, 1985, Abdalla, 1996, Satti, 2002, Abdelwahab, 2003) and not recognized during this study were also included in the lists, especially the plants of southern Sudan. Finally, four flowering calendars of potentially important bee plants were prepared for the desert, semi-desert, semi-humid and humid regions of the country. Meanwhile, the dearth periods in flowering time, when scarcity of forage occurs, were monitored. Accordingly, some suitable crops were suggested to fill such gaps in affected regions.
The kind and distribution of the main forests acting as mono-floral forage sources for honeybees, whether inhabited by wild honeybees or utilized by modern beekeepers, were pointed in various regions. The different kinds of mono-floral honeys produced from these natural sources, including certain mono-crops, were covered by the study owing to their economical and medicinal values and their increasing demand in markets. In this respect, the paper also make use of the results achieved from previous studies on Sudanese honeys (e.g. Ibrahim, 1985, Mohamed, 2008). Therefore, putting in mind the expected future expansion in agricultural development through the current five years plan adopted by the government, the paper emphasized the necessary of such research on honeybees as one of the key factors in production improvement.
Results and Discussion
1. Floral diversity and distribution
Most studies regarding ecology and flora of the Sudan were done earlier during the last century mainly by Broun and Massey (1929), Smith (1949), Andrews (1956), Harrison and Jackson (1958), and others. But, some changes were expected to occur with time. However, recent studies were scanty including for instances, El Amin (1990), Braun et al., (1991) and FNC and FAO (1998). Some localized studies restricted to specific areas were also found (e.g., Elkhalifa et al., 2003, and Ibrahim, 2005). Therefore, based on the different ecological regions of the country, various types of vegetations are present starting from the poor desert in the north to the rich tropical forests in the south. The identified flowering plants reported in Sudan were 3140 species belonging to 1280 genera and 170 families. From such figure, a sum of more than 278 species in 210 genera and 72 families were identified as medicinal and culinary plants (El Amin, 1990, Elghazali, 1986; Elghazali et al., 1987; 1994; 1997; 2003; Elkhalifa 2003, and Elkhalifa et al., 2003). The prominent ecological features of the country and their suitability for honeybees were outlined as follows.

Desert region (≈17-22°N): This part of northern Sudan is characterized by very low rainfall, hot summer and cold dry winter seasons. The region witnessed severe desertification during the last century, where almost all natural trees were removed, and rainfalls drastically decreased (0 - 50mm) leading to dryness and bareness of plains and valleys. Hence, very scarce natural trees or shrubs can be detected, and cultivated plants are restricted only to narrow strips along the two banks of the Nile. Various species of indigenous weeds can germinate, but not outside the cultivated habitats due to the absence of rain water. Accordingly, honeybees can hardly be survive in such region unless the agricultural areas expanded over the uplands beyond the river sides. 
Semi-desert (≈14 -17°N): In this zone the annual rainfall ranges between 75-300mm, where relatively high density and species diversity of natural flowering plants are found compared to the desert part. Recently, just in Shambat area of Khartoum North 96 tree species related to 33 families were reported by Elkhalifa et al. (2007). Agricultural areas are also wider and more intensive, and some weeds can grow annually during August-October of the rainy season, particularly in the southern fringe. Since, wild honeybees are found in some locations, the area is potentially suitable for beekeeping.     

Semi-humid (≈8-14°N): This region seems to be the most richest one in diversity of natural flowering plants, with annual rainfalls ranges between 300 to 800mm. Braun et al. (1991) reported about 150 weed plants of central Sudan, while Elkhalifa et al. (2003) detected a total of 163 plant species (in 112 genera and 41 families) representing the current flora of the Gash Delta. In El Fula area of Western Kordofan (Lat. 11°39'-11°47'N) 95 plants (dominated by thorny species) belonging to 68 genera and 32 families were documented by Ibrahim (2005). Localized studies of medicinal plants within the semi-humid region revealed 46 species in white Nile (Lat. 12°-15° 30'N), 59 species in Northern Kordofan (Lat. 11°15'-16°30'N) and 55 species in the Ingassana area (Lat. 11°15'-11°30'N)  (Elghazali et al., 1994, 1997 and 2003). Most of the beekeeping and honey production activities in Sudan are restricted to this area, which invites more investment for maximum exploitation of such wide resources.
Humid region (≈4 -8°N): Here the rainfall exceeds 800mm, an area where part of tropical forests exists. No survey was done in this region, and the data recorded were obtained from scarce previous studies (e.g. Morgan et al., 2000, Gorashi, 2001). This area is very potential with high production of honeys from wild swarms, but very few modern bee keepings were found.
2. The potential bee plants and their flowering periods

The important plant species found visited by honeybees in the different regions of Sudan, including their flowering periods, were recorded. They include natural trees and shrubs, natural weeds and cultivated plants as shown in Tables (1), (2), (3), and (4) for the desert, semi-desert, semi-humid, and humid regions, respectively. A total exceeding 21, 85, 121 and 30 plant species were recorded for these regions, in the same sequence. Such detected species were considered as potential plants attracting honeybees, despite the fact that some of which may not be found in large densities for sustaining bees alone. Some photos of important species showing foraging bees are depicted in Pl. (1). It is clear that plants in southern part of the country induce their flowerings earlier than the same plant species lies northwards. Accordingly, a difference of about one month in flowering commencements was observed every 400 km apart. However, it is important to note that the current lists were not embracing all bee plants in Sudan, awaiting for future studies so as to be completed.  
Table (1). Important bee plants at the desert region and their flowering periods.  

	Species 
	Family
	Local name
	Flowering time

	Natural plants:

Acacia nilotica

Acacia seyal

Acacia tortilis

Capparis deciduas

Hyphaene thebaica 

Prosopis chilensis

Salvadora persica

Solanum incanum

Tamarix aphylla
	Mimosaceae

Mimosaceae

Mimosaceae

Capparaceae

Palmae

Fabaceae

Salvadoraceae

Solanaceae

Tamaricaceae
	Sunt

Taleh

Seyal

Tundub

Dome

Meskit

Araak

Kadrabas

Tarfa
	Aug. – Dec.

Jan. – April 

Aug. – Dec.

Jul. – Dec.

Nov.*
All seasons

Nov – May 

Oct. – Dec.

Oct. – Dec.

	Cultivated plants:

Abelmoschus esculentus

Azadirachta indica

Citrus spp.
Corchorus olitorius

Coriandrum sativum

Mangifera indica

Medicago sativa

Phaseolus vulgaris

Pheonix dactylifera
Trigonella foenum greaecum
Vicia faba
	Malvaceae

Meliaceae

Rutaceae

Tiliaceae

Umbelliferae

Anacardiaceae

Papilionaceae

Fabaceae

Palmae

Fabaceae
Fabaceae
	Bamia

Neem

Mawaleh

Khudra 

Kasbara

Mango

Barseem

Fasolia

Nakheil

Hilba
Fool Masri
	All seasons

Feb. – April 

Feb. – April 

Dec. – Feb.

Dec. – Feb.

Feb. – April 

All seasons

Jan. – March 

Feb. – March
Jan. – Feb.
Dec. – Jan.


*= Flowering period with asterisk needs to be confirmed.
Table (2). The common plant species in semi-desert area potentially important as forage sources for honeybees, and their flowering periods.  

	Species 
	Family
	Local name
	Flowering time

	Natural trees and shrubs:

Acacia albida

Acacia ehrenbergiana

Acacia mellifera

Acacia nilotica

Acacia seyal

Acacia tortilis

Albizzia spp.
Balanites aegyptiaca

Capparis deciduas 

Conocarpus lancifolius

Cordia sinensis

Grewia tenax

Hyphaene thebaica 

Ipomea carnea
Leptadenia arabica

Maerua oblongiflia

Mimosa pigra

Moringa oleifera

Nerium oleander

Pithecellobium dulce

Prosopis chilensis

Ricinus communis

Salvadora persica

Tamarindus indica

Tamarix aphylla
Ziziphus spina-christi
	Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Balanitacceae

Capparaceae:

Combretaceae

Boraginaceae

Tiliaceae

Palmae

Convolvulaceae
Asclepiadaceae

Capparaceae

Mimosaceae

Moringaceae

Apocynaceae

Mimosaceae

Fabaceae

Euphorbiaceae

Salvadoraceae

Caesalpiniaceae

Tamaricaceae

Rhamnaceae
	Haraz

Salam

Kitir

Sunt

Taleh

Seyal

(e.g.Dignelbasha) 
Heglig

Tundub

Damas

Andrab

Guddaim

Dom

Aweer
Luweis

Erg almahaba

Sit El-Mustahiya

Rawag

Ward elhameir

Tamr hindi

Meskit(Tamr abuna)

Khirwaa

Araak

Aradeib

Tarfa

Sider
	Oct. – Feb.*
May – Aug.* 

Nov. – May 

Aug. – Dec.

Dec. – April 

Aug. – Dec.

March – Jul.

Feb. – Jun.

Jul. – Dec.

Jul. – Dec.

Oct.*
All seasons

Nov.*
Jul. – April 

Jul. – April 

Aug. – May

Aug. – Nov.

Dec. – April 

All seasons
Jan. – March 

All seasons

Sep. – Dec.

Nov. – May 

Aug. – Jan.

Oct. – Dec.

Oct. – Jan.

	Natural weeds:

Abutilon spp.

Amaranthus viridis

Cardiospermum halicacabum

Cassia senna

Citrullus colocynthis

Cleome gynandra

Crotalaria saltiana

Cucumis melo var. agrestis

Datura innoxia

Datura stramonium

Echium rauwolfii

Heliotropium spp.

Indigofera oblongifolia

Ipomoea spp.
	Malvaceae

Amaranthaceae

Sapindiaceae

Caesalpiniaceae

Cucurbitaceae

Cleomaceae

Fabaceae

Cucurbitaceae

Solanaceae

Solanaceae

Boraginaceae

Boraginaceae

Fabaceae

Convolvulaceae
	Hambouk

Lissan-tair Kabir

Hab-El-Aris

Sanamakah

Handal

Tamaleka

Sofeira

Humaid

Sakran

Sakran

Shok Gumri

Danab Elagrab

Dahasier

Tabar
	Feb. – March

Aug. – Dec.

Oct. – Dec.

Aug. – April 

Aug. – Oct.

Oct. – Jan.

Jul. – Jan.

Sep. – Dec.

Aug. – Nov.

Aug. – Nov.

Oct. – March 

Oct. – March

Aug. – April 

Jul. – April 


Table (2). Continued.

	Species 
	Family
	Local name
	Flowering time

	Ocimum spp.

Phyllanthus spp.

Pluchea diosecoridis

Solanum coagulans(dubium)
Sonchus spp.

Trianthema portulacastrum

Tribulus spp.

Tridax procumbens

Xanthium brasilicum
	Labiatae

Euphorbiaceae

Asteraceae

Solanaceae

Asteraceae

Ficoidaceae

Zygophyllaceae

Asteraceae

Asteraceae
	Rehan

Soreb

Rehan Elgadawil

Gubbein

Moleita

Ararib (Rabaa)

Dereisa

Zirar-kabbout
Rantouk
	Nov. – March

Sep. – Dec.

Nov. – March 

Oct. – Dec.

Aug. – Nov.

Sept. – Nov.

Aug. – March
August – Jan. 

Sep. – Dec.

	Cultivated plants:

Abelmoschus esculentus

Allium cepa

Azadirachta indica

Cajanus cajan

Citrus spp.
Coriandrum sativum

Corchorus olitorius

Cucumis melo

Eruca sativa

Eucalyptus spp.
Khaya senegalensis

Lawsonia alba

Mangifera indica

Medicago sativa

Nerium oleander

Peltophorum pterocarpum

Phaseolus vulgaris

Pheonix dactylifera

Portulaca oleracea

Psidium guajava

Solanum lycopersicum

Solanum melongena

Sorghum bicolor

Vicia faba
Zea mays
	Malvaceae

Liliaceae

Meliaceae

Fabaceae

Rutaceae 

Umbelliferae

Tiliaceae

Cucurbitaceae

Cruciferae

Myrtaceae

Meliaceae

Lythraceae

Anacardiaceae

Papilionaceae

Apocynaceae

Caesalpiniaceae

Fabaceae

Palmae

Portulacaceae

Myrtaceae

Solanaceae

Solanaceae

Gramineae

Fabaceae

Gramineae
	Bamia

Basal

Neem

Adasi

Mawaleh 

Kasbara

Khudra

Shamam

Girgeer

Ban

Mahogany

Henna

Mango

Barseem

Ward El Hamir

Baltaphrum

Fasolia

Nakheil

Rigla

Guava

Tamatim

Aswad

Durra
Fool Masri

Aishelreef
	All seasons

Jan. – April 

Feb. – April

Oct. – Dec.

Feb. – April 

Dec. – Feb.

Dec. – Feb.

Dec. – Feb.

Nov. – Feb.

Feb.-Jun./Sep.-Nov.

Feb. – April 

March – Sept.

Jan. – March 

All seasons

Aug. – April

April – Jun.

Jan. – March 

Feb. – March

Nov. – March

Nov. – Jan.

 Dec. – March 

All seasons

Sep. – April 

Dec. – Jan.

Sep. – April 


*= Flowering period with asterisk needs to be confirmed.
Table (3). The common plant species in semi-humid area potentially important as forage sources for honeybees, and their flowering periods.  

	Species 
	Family
	Local name
	Flowering time

	Natural trees and shrubs:

Acacia albida

Acacia ehrenbergiana

Acacia mellifera

Acacia nilotica

Acacia nubica

Acacia senegal

Acacia seyal

Acacia siberiana

Acacia tortilis

Adansonia digitata

Adenium honghel

Albizzia spp.
Anogeissus leiocarpus

Balanites aegyptiaca

Bauhinia spp.

Borassus aethiopum

Boswellia papyrifera

Capparis deciduas

Combretum spp.

Commiphora africana 

Conocarpus lancifolius

Cordia sinensis

Dalbergia melanoxylon

Delonix regia

Diosphyros mespiliformis

Grewia tenax

Hyphaene thebaica 

Ipomea carnea

Lannea spp.
Leptadenia arabica

Maerua spp.
Mimosa pigra

Moringa oleifera

Nerium oleander

Parkinsonia aculeata

Pithecellobium dulce

Prosopis africana

Prosopis chilensis

Pterocarpus lucens

Ricinus communis

Salvadora persica

Sclerocarya birrea

Sterculia setigera

Stereospermum kunthianum

Tamarindus indica

Tamarix aphylla
	Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Mimosaceae

Bombaceae

Apocynaceae

Mimosaceae

Combretaceae

Balanitacceae

Caesalpiniaceae

Arecaceae

Burseraceae

Capparaceae

Combretaceae

Burseraceae

Combretaceae

Boraginaceae

Fabaceae

Caesalpiniaceae

Ebenaceae

Tiliaceae

Palmae

Convolvulaceae

Anacardiaceae

Asclepiadaceae

Capparaceae

Mimosaceae

Moringaceae

Apocynaceae

Caesalpiniaceae

Mimosaceae

Fabaceae

Fabaceae

Leguminosae

Euphorbiaceae

Salvadoraceae

Anacardiaceae

Sterculiaceae

Bignoniaceae

Caesalpiniaceae

Tamaricaceae
	Haraz

Salam

Kitir

Sunt

Laot

Hashab

Taleh

Kuk

Seyal

Tabaldi

Shagar El-sim

(e.g. Arrad)

Sahab (Silag)
Heglig

(e.g.Kulkul)

Daleib

Tarag-tarag

Tundub

(e.g. Habil)

Gafal

Damas

Andrab

Babanus

Goldmore

Gugan

Guddaim

Dom

Aweer

Layeum

Luweis

-

Sit El-Mustahiya

Rawag

Ward elhameir

Sesaban

Tamr hindi

Abu El-siroh

Meskit(Tamr abuna)

Taraya

Khirwaa

Araak

Homeid

Tartar

Khushkash

Aradeib

Tarfa
	Oct. – Feb.*
May – Aug.* 

Oct. – April 

Jul. – Nov.

Jul. – Aug.
Dec. – April
Nov. – March 

April – Sep.

Jun. – Nov.

Jun. – Aug.

May – Jun.* 

March – Jul.

Jun. – Jul.*
Feb – Jun.

Dec. – April

March - April* 

March – April* 

Jun. – Dec.

Oct.*
Jun. – Jul.*
Jul. – Dec.

Oct.*
May – Jun. 

March – Jul.
Oct. – Nov.

All seasons

Nov.*
Jun. – April

Dec.*
Jul. – April 

Jul. – May

Jul. – Oct.

Oct. – April 

All seasons
Sep. – April 

Dec. – March 

May – Jun.* 

All seasons
June – Jul.* 

Sep. – Dec.

Nov. – May

March – Aug.

Jul. – Aug.* 
Dec. – April 

Jul. – Jan.

Sep. – Nov.


Table (3). Continued.

	Species 
	Family
	Local name
	Flowering time

	Terminalia spp.
Ziziphus spina-christi
	Combretaceae

Rhamnaceae
	(Subagh & Drout)

Sider
	Jul. – Aug.*.

Sep. – Jan.

	Natural weeds:

Abutilon spp.

Amaranthus viridis

Cardiospermum halicacabum

Cassia auriculata

Cassia fistula

Cassia siamea

Cassia sieberiana

Citrullus colocynthis

Cleome gynandra

Crotalaria saltiana

Cucumis melo var. agrestis

Datura innoxia

Datura stramonium

Echium rauwolfii

Heliotropium spp.

Indigofera spp
Ipomoea spp.
Lactuca taraxifolia

Ocimum spp.

Phyllanthus spp.

Pluchea diosecoridis

Senna alexandrina

Solanum coagulans(dubium)
Solanum incanum

Sonchus spp.

Trianthema portulacastrum

Tribulus spp.

Tridax procumbens
Xanthium brasilicum
	Malvaceae

Amaranthaceae

Sapindaceae

Caesalpiniaceae

Caesalpiniaceae

Caesalpiniaceae

Caesalpiniaceae

Cucurbitaceae

Cleomaceae

Fabaceae

Cucurbitaceae

Solanaceae

Solanaceae

Boraginaceae

Boraginaceae

Fabaceae

Convolvulaceae

Asteraceae

Labiatae

Euphorbiaceae

Asteraceae

Caesalpiniaceae

Solanaceae

Solanaceae

Asteraceae

Ficoidaceae

Zygophyllaceae

Asteraceae
Asteraceae
	Hambouk

Lissan Tair Kabir

Hab-El-Aris

Cassia

Tamur El Abeed

Cassia

Um Katasho

Handal

Tamaleka

Sofeira

Humaid

Sakran

Sakran

Skok Gumri

Danab Elagrab

(e.g.Dahasier)

(e.g.Tabar)

Moleita

Rehan

Soreb

Rehan Elgadawil

Sanamakka

Gubbein

Bejen Bejem

Moleita

Ararib (Rabaa)

Dereisa

Zirar-kabbout
Rantouk
	Feb. – March 

Aug. – Dec.

Oct. – Dec.

Feb. – Jul.

Feb. – Jul.

Sep. – April

Jul. – Jan. 

Aug. – Oct.

Oct. – Jan.

Jul. – Jan.

Sep. – Dec.

Aug. – Nov.

Aug. – Nov.

Oct. – March 

Oct. – March 

Aug. – April 

Jul. – April 

Aug. – Nov.

Nov. – March 

Sep. – Dec.

Nov. – March

 Aug. – April 

Oct. – Dec.

Oct. – Dec.

Aug. – Nov.

Sep. – Nov.

Aug. – March
Jul. – Jan. 

Sep. – Dec.

	Cultivated plants:

Abelmoschus esculentus

Allium cepa

Azadirachta indica

Cajanus cajan

Carica papaya

Citrus spp.
Citrullus lanatus

Corchorus olitorius

Cucumis melo
Cucurbita spp.

Eruca sativa
Eucalyptus spp.

Gossypium spp.
	Malvaceae

Liliaceae

Meliaceae

Fabaceae

Caricaceae

Rutaceae 

Cucurbitaceae

Tiliaceae

Cucurbitaceae

Cucurbitaceae

Cruciferae

Myrtaceae

Malvaceae
	Bamia

Basal

Neem

Adasi

Ba-Bye

Mawaleh 

Batikh

Khudra

Shamam

Garaa

Girgeer

Ban 
Gotn
	All seasons

Jan. – April 

Dec. – March

Oct. – Dec.

?

Jan. – March 

Aug. – Oct.

Dec. – Feb.

Dec. – Feb.

All seasons

Nov. – Feb.

Feb.-Jun.(Sep.-Nov.)

Oct. – Dec.


Table (3). Continued.

	Species 
	Family
	Local name
	Flowering time

	Helianthus annus

Hibiscus sabdarifa

Khaya senegalensis

Mangifera indica

Medicago sativa

Nerium oleander

Pennisetum typhodium

Portulaca oleracea

Psidium guajava

Solanum lycopersicum

Solanum melongena

Sorghum bicolor

Vicia faba
Zea mays
	Asteraceae

Malvaceae

Meliaceae

Anacardiaceae

Papilionaceae

Apocynaceae

Gramineae

Portulacaceae

Myrtaceae

Solanaceae

Solanaceae

Gramineae

Fabaceae

Gramineae
	Zahrat Elshams

Karkadeh
Mahogany

Mango

Barseem

Ward El Hamir

Dukhun

Rigla

Guava

Tamatim

Aswad

Durra

Fool Masri

Aishelreef
	Jan. – April٭٭ 

Jul. – Feb.

Jan. – April 

Sep. – Feb. 

All seasons

Aug. – April 

Aug. – Nov.

Nov. – March

Oct. – Feb.

 Dec. – March 

All seasons

Aug. – Oct.

Dec. – Jan.

Sep. – April 


*= Flowering period with asterisk needs to be confirmed.
٭٭= This indicates the flowering time based on the Gezira growing season, but sunflower can induce flowerings at any time of the year depending on sowing date.
Table (4). The common natural plant species in humid area potentially important as forage sources for honeybees, and their flowering periods.  

	Species 
	Family
	Local name
	Flowering time

	Acacia siberiana

Albizzia spp.
Anogeissus leiocarpus

Carica papaya

Combretum spp.

Cordia abyssinica

Cordia sinensis

Dalbergia melanoxylon

Diosphyros mespiliformis

Grewia spp.
Ipomoea spp.
Isoberlinia doka

Khaya senegalensis

Kigelia Africana

Lannea spp.
Lonchocarpus laxiflorus

Mangifera indica

Psuedocedrela kotschyi

Sclerocarya birrea

Senna spp.

Tectona grandis

Terminalia spp.
Ziziphus spina-christi
	Mimosaceae

Mimosaceae

Combretaceae

Caricaceae

Combretaceae

Boraginaceae

Boraginaceae

Fabaceae

Ebenaceae

Tiliaceae

Convolvulaceae

Fabaceae

Meliaceae

Bignoniaceae
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    (a)                                (b)                                 (c)                                 (d)
Plate (1). Examples of important bee plants showing foraging bees; (a)- Acacia nilotica, (b)- Ziziphus sp., (c)-Helianthus annus, (d)-Tamarix aphylla. 
3. The dearth periods 
Based on the above tables, it is obvious that the current situation of flowering plants in northern desert region of the Sudan is inadequate for bees unless the situation has been improved. Currently, only limited forage sources can be sustained mainly during winter season in few certain cultivated habitats included some irrigated schemes (e.g. El-Gureir and El-Ghaba agricultural schemes) and flood irrigated basins (Lettey and El-Silaim basins). The other three regions (Semi-desert, semi-humid and humid) are suitable for bees, but exhibited forage shortage in some habitats during variable times of summer season.
As shown in Figure (1) such dearth period in desert area covers most of the year time (about eight months),  while it confined to the whole summer season (April-July) in the semi-desert part, and narrowed to two months (May-June) in semi-humid. In fact the latter dearth period (May-June) almost restricted only to the northern fringe of the semi-humid region, as it disappears gradually southwards when approaching to humid area. This is because of the availability of several forests and large areas of cultivated plants in this part. During dearth periods in most areas of semi-desert and semi-humid bees can collect some pollen grains from certain perennial weeds, but the lack of nectar induce beekeepers to maintain their colonies with sugar solution.
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Fig. (1). Shows the dearth periods (Light coloured cells) in forage sources of the four ecological regions of Sudan.
4. Plants suggested for filling the gaps
Desert region: With an already newly established 'Hamdab Dam' at the point where the Nile bends backwards in northern Sudan and the proposed 'Kagbar Reservoir' some few hundred kilometers downstream, vast plains in the desert region were expected to turn green in the near future. As the area is already known to be climatically very favourable for the production of various trees and crops, intensive cropping of diversified flowering bee plants can be sustained throughout the year. Among such plants adapted to the area are the followings:

1. Citrus crops (i.e. orange, grapefruit, mandarin and lemons).

2. Grapes.

3. Mangoes.

4. Guavas. 
5. Wood forests (e.g. Eucalyptus spp., Azadirachta indica, Acacia spp., Albizzia spp).

6. Leguminous crops (e.g. Vicia faba, Phaseolus vulgaris, Cajanus cajan, Dolichos sp., Medicago sativa, and various beans and peas).

7. Spices (e.g. Coriandrum sativum, Trigonella foenum greaecum).
8. Vegetables (e.g. okra, cucurbits).

9. Cereal crops (e.g. maize, sorghum).
Semi-desert and Semi-humid: There is a trend to expand the agricultural areas horizontally and vertically in these regions through the current adopted Five Years Plan for Agricultural Development in Sudan. However, it is suggested that the expansions in growing the following plants would contribute significantly in filling summer dearth gaps for honeybees in such regions. Flowerings of Eucalyptus spp. already coincide with summer season, while the other suggested plants can show their flowerings at any time if properly managed to be cultivated in consecutive manner to cover the intended period. These plants include:
1. Consecutive growing of sunflower (Helianthus annus).

2. Strip cutting of Lucerne (Medicago sativa).

3. Expansion in plantation of Eucalyptus spp.
4. Plantation of Grewia tenax.
5. Consecutive growing of some vegetables such as okra, eggplant and cucurbits (e.g., Cucumis sativus var. flexusus, Cucubita spp. and Citrullus spp.). 
5. Important mono-floral plants in the country 
Forests: Different natural or planted forests with different mono-floral species of trees are located in many parts of the country particularly along the rivers and valleys. The forest and woodland area is currently amounts to 85.90 million ha, which represents 34.5% of the total land area of the country. In this respect forest reserves is about 8.86 million ha (FNC 2000). The savanna (poor and rich) which covers the largest area across the central Sudan embraced most of the reserved forests today. However, the main kinds of mono-floral forests and their locations are illustrated in Table (5).
Field and horticultural crops: Cultivated area in Sudan amounts about 3 million ha in irrigated sector and 9 million ha in rain-fed (FNC 2000). Therefore, the current study revealed numerous bee crops which can act as mono-floral forage sources for honeybees. Examples of these crops are shown in Table (6). Such kinds of bee crops are grown in large areas, but there are certain problems hampering their full utilization by the beekeepers. Some drawbacks were summarized below, hoping to be solved for better exploitation of those rich sources.

1. Some crops like cotton (ca.400.000fed.) and vegetables were heavily sprayed with broad-spectrum insecticides which are very toxic to bees. This is experienced in all large schemes and even in small holder farms. Hence, no bees are introduced in these crops and consequently millions of tons of nectars and pollen grains are lost every year. According to Ibrahim (1985) cotton, an economic crop in Sudan, was found to be rich in certain important minerals like iron. Thus, introduction of bees in these crops can improve their production and provide good nutritive honey.
2. Flowerings of crops like citruses, mangoes, cotton, cereals, broad beans and most vegetables occurred during the same flowering intervals of some forest trees (e.g. Acacia spp. and Ziziphus sp.). Beekeepers preferred forest trees due to several reasons including, lack of insecticides treatments, presence of shelters for both keepers and bees, absence of human beings in the forests which are usually far from residential areas, in addition to the fact that the relatively longer flowering periods of forests permit longer stay in each forest compared to other crops.

3. Other crops like cereals are cultivated mainly in rain-fed sector where the habitats are not suitable due to difficulties in movement and scarcity of water and food, besides the short flowering intervals.

Table (5). Forests (natural& planted) important as mono-floral sources for honeybees.

	Forest kind
	Major Tree species
	Location (s)

	Kitir
	Acacia mellifera
	Kordofan, Darfur 

	Sunt 
	Acacia nilotica
	Khartoum, Gezira, Sennar, Blue Nile(Singa).

	Hashab
	Acacia Senegal
	Blue Nile, Kordofan, Darfur.

	Taleh
	Acacia seyal
	Kordofan, Blue Nile, Darfur

	Kuk
	Acacia siberiana
	Southern Sudan

	Seyal/Samer
	Acacia tortilis
	Kordofan

	Tabaldi
	Adansonia digitata
	Kordofan

	Sahab
	Anogeissus leiocarpus
	Blue Nile, Souther Kordofan, Bahr-Elghazal.

	Neem
	Azadirachta indica
	Khartoum, Umrawaba

	Heglig
	Balanites aegyptiaca
	Kordofan

	Tundub
	Capparis deciduas 
	Northern and Blue Nile States.

	Habil
	Combretum spp.
	Southern Sudan

	Gambiel
	Cordia abyssinica
	Southern Sudan

	Babanus
	Dalbergia melanoxylon
	Blue Nile, South Kordofan, Bahr-Elghazal.

	Gugan
	Diosphyros mespiliformis
	Southern Sudan

	Ban
	Eucalyptus spp.
	White Nile, Rahad, 

	Guddaim
	Grewia tenax
	Kordofan, Darfur

	Mahogany
	Khaya senegalensis
	Southern Kordofan, Bahr-Elghazal.

	Tamr hindi
	Pithecellobium dulce
	Kordofan

	Meskit
	Prosopis chilensis
	North, R.Nile, Khart., Kh.-elgirba, Kordofan

	Aradeib
	Tamarindus indica
	Kordofan, Darfur

	Tarfa
	Tamarix aphylla
	Gash and Tokar deltas, R. Nile and North

	Teak
	Tectona grandis
	Southern Sudan

	Sider
	Ziziphus spina-christi
	Blue Nile, Dinder, Kordofan, Darfur.


Table (6). Cultivated field and horticultural plants important as mono-floral forage sources for honeybees.
	Arabic name
	Species
	Location (s)

	Mawaleh 
	Citrus spp.
	North, R.Nile, Gezira, Kassala

	Battikh
	Citrullus lanatus
	Kordofan, W.Nile.

	Shamam
	Cucumis melo
	Khartoum, Kassala, Gezira.

	Gotn
	Gossypium spp.
	Gezira, Rahad, Kh.G., Sennar, W.Nile, N.M.

	Zahrat Shams
	Helianthus annus
	Gezira (Rahad scheme), Gash Delta.

	Karkadeh
	Hibiscus sabdarifa
	Western Sudan

	Henna
	Lawsonia alba
	El-Damer and Atbara area.

	Mango
	Mangifera indica
	S.K., Kassala, W.Nile, Kh., R.Nile, North.

	Barseem
	Medicago sativa
	Gezira, Khartoum and River Nile States.

	Nakheil
	Pheonix dactylifera
	Northern and River Nile States.

	Dukhun
	Pennisetum typhodium
	Kordofan, Darfur, Blue Nile, Gedarif

	Guava
	Psidium guajava
	Elgaily, Sennar, Singa, Darfur

	Khirwaa
	Ricinus communis
	Gash Delta and wild habitats

	Durra
	Sorghum bicolor
	Gedarif, Blue Nile, Gezira, Kordofan, R.Nile

	Fool Masri
	Vicia faba
	Northern and R.Nile States, Gezira, Rahad.

	Aishelreef
	Zea mays
	River Nile State, Gezira


- R= River; W.= White; Kh.G.= Khashm-Elgirba; N.M.= Nuba Mountains; S.K.= South Kordofan; Kh.= Khartoum.
6. Important mono-floral honeys
Although multi-floral honeys produced from different forage sources are found in Sudan, but a lot of mono-floral honeys were originated from individual sources. In fact the Sudan may be unique among few countries in providing such kind of honeys, owing to the diversity and richness of mono-floral sources as explained previously. Most honeys collected from wild colonies were of mixed sources, but honeys produced in portable hives (Langstroth or Local) were mainly of single sources, because beekeepers harvest and move their hives from one plant source to another. Therefore, modern beekeepers are flourishing during last decades traveling from one forest or field crop to another yielding variable high quality mono-floral honeys (see Table 7). There is a local and international increasing demand for such kind of honeys largely pertaining to their medicinal values, since many species of forage sources are known as medicinal plants (e.g., Elghazali et al., 1994, 1997 and 2003). 
Mono-floral honeys differ characteristically from each other specially in colours, odours, densities, viscosities, crystallization and proportional chemical constituents. The colours ranged between yellowish-white to almost black with the majority are dark amber, while odours are more or less typical to volatile substances of each plant. Active substances (e.g. phenolic and terpenoid compounds) were detected in honey of some trees such as Acacia and neem indicating their medicinal properties. Analysis also showed that darker honeys are rich in minerals (e.g., Na and K) than light honeys. Ibrahim (1985) and Mohamed (2008) reported the chemical characteristics of some Sudanese honeys, but more other sources are still need to be studied.

Recommendations

· A study is needed to confirmed the suspected flowering periods shown in the lists.
· More elaborated research is also necessary for documenting the rest of bee plants and their population densities and flowering periods to complete the above calendars and preparing a manual of forage sources for the country.

· Growing of some plants suggested for the dearth periods consecutively or in a rotational manner to overcome the shortage of flowerings in summer time.

· To impose legislations regulating pesticides application in major agricultural schemes with the presence of bees, so as to permit improving crop yields and simultaneously conserving bees during dearth periods.

Table (7). Examples of important mono-floral honeys in Sudan.   
	Honey kind
	Forage source
	Observations

	Kitir
	Acacia mellifera
	Promising

	Sunt 
	Acacia nilotica
	Black colour, medicinal, high production

	Hashab
	Acacia Senegal
	Medicinal

	Taleh
	Acacia seyal
	Reddish colour, high production

	Kuk
	Acacia siberiana
	From southern Sudan

	Seyal (Samer)
	Acacia tortilis
	From Blue Nile

	Tabaldi
	Adansonia digitata
	Medicinal, western Sudan

	Sahab
	Anogeissus leiocarpus
	Promising, B.Nile, west and south

	Neem
	Azadirachta indica
	Yellowish-white colour, medicinal

	Heglig
	Balanites aegyptiaca
	Medicinal, western Sudan

	Tundub
	Capparis deciduas 
	Promising medicinal plant

	Mawaleh 
	Citrus spp.
	Area is increasing, exportable

	Habil
	Combretum spp.
	Southern Sudan, promising

	Gambiel
	Cordia abyssinica
	Southern Sudan, promising

	Shamam
	Cucumis melo
	Area increasing, exportable, high prodct. 

	Babanus
	Dalbergia melanoxylon
	Southern Sudan, promising

	Gugan
	Diosphyros mespiliformis
	Southern Sudan, promising

	Ban
	Eucalyptus spp.
	Dark orange, medicinal, area increasing

	Gotn
	Gossypium spp.
	Potential crop, the largest cultivated 

	Guddaim
	Grewia tenax
	Medicinal, promising

	Zahrat Elshams
	Helianthus annus
	Medicinal, area increasing, high product.

	Mahogany
	Khaya senegalensis
	Medicinal, promising

	Mango
	Mangifera indica
	Dark reddish colour, area increasing

	Barseem
	Medicago sativa
	Promising, area increasing

	Tamr hindi
	Pithecellobium dulce
	Promising 

	Meskit
	Prosopis chilensis
	Potent. invasive tree, large areas, attractive

	Guava
	Psidium guajava
	Yellowish colour, medicinal

	Aradeib
	Tamarindus indica
	Medicinal, western Sudan

	Tarfa
	Tamarix aphylla
	Potential attractive tree

	Teak
	Tectona grandis
	Promising, southern Sudan

	Aishelreef
	Zea mays
	Promising, area increasing 

	Sider
	Ziziphus spina-christi
	Medicinal, from Blue Nile and Darfur
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مدي توفر مراعي للنحل أحادية المصدر وفتراتها وانعكاس ذلك علي تنوع إنتاج العسل أحادي المصدر في السودان

عبدالله عبدالرحيم سآتي 

معهد أبحاث البيئة والموارد الطبيعية، المركز القومي للبحوث

الخرطوم / السودان

السودان قطر مترامي الأطراف ومعروف بتنوع مناخه وجغرافيته وغطائه النباتي. هنالك العديد من الغابات الطبيعية المختلفة لأنواع لا حصر لها من الأشجار والشجيرات بالإضافة لبعض أنواع المحاصيل التي تزرع بمساحات واسعة. تنتشر هذه المصادر بمناطق عديدة وتحدث إزهارها بمواقيت مختلفة تكون بوتيرة متعاقبة في معظم الأحيان، وبذلك توفر مصادر مستمرة لغذاء النحل. لذلك عرف النحل البري في السودان منذ القدم وكان وما زال يوفر أجود أنواع العسل من مصادره الطبيعية. واليوم نجد بعض مربي النحل الحديث يتعقبون بعض الغابات تبعا لأزهارها من موسم إلي آخر، ولكن رغم ذلك لم تتم الاستفادة الكاملة من تلك المصادر الهائلة. هدفت هذه الدراسة إلي إظهار إمكانية السودان في مجال تربية النحل وإنتاج العسل من خلال توضيح أهم مناطق الغابات وأهم أنواع الأشجار والنباتات الطبيعية بالإضافة للمحاصيل المستزرعة وفترات إزهارها كمراعي أحادية للنحل عبر فتراتها المختلفة. تعرض البحث أيضا لأهم أنواع الأعسال المنتجة من تلك المصادر المتنوعة نسبة لما لها من مردود اقتصادي وطبي وطلب متزايد في الأسواق. معظم المعلومات الخاصة بهذه الدراسة تم الحصول عليها من خلال عدد من المسوحات الميدانية في الفترة من 2002 إلي 2008م. أظهرت الورقة وجود فجوة صغيرة في مصادر التغذية الطبيعية للنحل بمناطق وسط السودان خلال فترة الصيف، رشحت بعض المحاصيل المناسبة لتغطيتها. ومن الواضح أن هذه الفجوة تقل اتساعا كلما اتجهنا جنوبا حيث الأمطار الغزيرة وكثافة الغطاء النباتي. وبحسب الخطة الخماسية الحالية للتنمية الزراعية ستشهد صناعة النحالة ازدهارا كبيرا حتى يقوم النحل بأداء دوره في تحسين وزيادة الإنتاج.
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