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Abstract. The present study is an attempt to cvaluate thc effect of honeybee pollination on the yield of 
sunflower, lucerne and cotton. Sunflower plants arc known of their self incompatibility and the produc­
tion of abundant pollen and nectar during flowering. This gave sunflower the advantage of being more 
attractive to honeybees and other insect pollinators than either cotton or lucerne. As a result, seeds of 
good quality and high yield were produced. Thc present work shows the importance of honeybees as pol­
linators for these crops under Sudan conditions. Sunflower was most affected by honeybees followed by 
lucerne and cotton. The seed-set. seed weight and oil content obtained for these crops could respectively 
be arranged in a descending order. The lowest quality and lowest yields were produced by non-pollinated 
plants. Besides honeybees other hymenopterous insects may playa secondary role as pollinators. 

Introduction 

Honeybee pollination is one of the most important factors affecting seed production 
of sunflower, lucerne and cotton [1, pp. 184-198 and 2J. It increases crop yield and 
improves seed quality. Inadequate pollination, on the other hand. can result not only 
in the production of low and delayed yields, but also in the productton of high percen­
tages of inferior seeds [3]. Drake [4J mentioned that cross-pollination of lucerne is 
largely dependent on insects. Bees are considered a primary agent in this respect and 
should therefore be present in great numbers. According to Headings [5J honeybees 
are efficient pollinators because of their physical and behavioral characteristics. 
Other insect pollinators such as Bombus and Megachilids play an important role in 
the pollination of many crops. 

The present work was carried out to evaluate the role of honeybees and other 
insect pollinators in seed production of three of the most important crops in Sudan; 
sunflower, lucerne and cotton. Both yield and quality were considered. 
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Materials and Methods 

The present work was carried out in the apiary of the Faculty of Agriculture, 
University of Khartoum, Shambat, Sudan throughout the years 1985-1986, 1986-
1987. Wild swarms of honeybees were collected from the neighboring regions in 
swarm boxes supplied with combs containing honey and pollen. Each colony was 
provided with sugar syrup (1: 1 w/w) one week before being rehived in a Langstroth 
hive. Tests were made on the following three crops: Sunflower (Helianthus annus L.) 
variety Kenya black, lucerne (Medicago sativa L.) cultivar Higazi and cotton (Gos­
sypium hirsutum L.) vaT. Barac-B-67. 

Honeybees together with other insect species were collected during the flower­
ing periods of the test crops using a hand sweeping net. Three sampling locations 
were randomly chosen for each crop at varying distances from the hives. Insects were 
collected once a week at 2-hour intervals starting from 6 a.m. to 6 p.m. They were 
then sorted, counted and identified. Ten flowers from each crop were tagged and 
observations on the number of visiting bees and their behavior were taken every two 
hours during the test period. 

To evaluate the effect of honeybee pollination on the yield of the above men­
tioned crops, three treatments were adopted for two successive years (1985-1986 and 
1986-1987). In the first treatment, plants were covered with wire screen cages 2 x 2 
x 2.5 m. enclosing a nucleus colony with a mated laying queen, two brood and three 
more combs containing honey and covered with worker bees. Feeding of the nuclei 
began a few days before the blooming season and continued daily at 5 p.m. until the 
end of the season. In the second treatment, plants were covered with similar cages so 
that all insect visitors were prevented from entering. In the third treatment, plots 
were left for open pollination by honeybees and other insects in the vicinity of the 
apiary site. Each treatment was replicated four times. 

For yield assessment, fifteen randomly selected sunflower plants were taken 
from each experimental plot, harvested, threshed and the number of normal and 
empty seeds per head counted. The weight of 100 normal seeds was also measured. 
All the plots were then harvested, threshed, their yield determined, and the total 
yield per feddan* estimated. 

Seven cotton plants from each plot were also taken at random to determine the 
number of bolls/plant, the number of seeds/boll, weight of 100 normal seeds, weight 
of lintiboll, yield/plot and the yield/feddan. 

* one feddan (F) - 4200 m2 
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Similarly, twenty lucerne plants were randomly selected from each experimen­
tal plot and records were taken of the number of pods/plant, number of seeds/pod, 
weight of 1000 normal seeds, yield/plot and yield/feddan. 

The germination capacity of seeds was tested according to the method described 
by ISTA [6]. A sample of 50 seeds from each test crop was taken immediately after 
harvesting and incubated at 20-30°C for eight days. Normal, abnormal and dead 
seedlings were counted and the germination percentage calculated. 

To determine the oil content of sunflower and cotton seeds, the same technique 
adopted by AOAC [7] was followed. Results were in most cases subject to stastistical 
analysis. 

Results and Discussion 

A list of insect visitors to the three crops during two successive years (1985-1986 
/11986-1987) is presented in Table l. The data in this table show clearly that insects 
of eight orders were attracted to the crops during the blooming seasons. These can 
be arranged in a descending order as follows: Hymenoptera (56.6% of the total 
number of visitors), Hemiptera (2l.4%), Odonata (5.1%), Lepidoptera (4.9%), 
Orthoptera (4.3%), Thysanoptera (3.2%), Diptera (3.0%) and Coleoptera (1.5%). 

The Hymenoptera constituted the highest percentage of insects attracted to 
sunflower and lucerne; mean percentages of73.4 and 72.3 were recorded for them on 
both crops respectively. On cotton, almost equal percentages of the Hemiptera 
(41.1%) and Hymenoptera (37.2%) were trapped. 

Cotton and sunflower seem to be more attractive to honeybees. About 80% and 
75.6% of the total Hymenopterous insect visitors to both crops respectively were 
honeybees. However, about 44% of the Hymenoptera trapped from lucerne were 
honeybees. 

Hymenopterous insects visiting the three test crops and directly affecting crop 
yield were Apis mellifera (67.8%), Bombus spp (14.7%), Nomia spp (5.5%), Vespa 
orientalis (5.3%), Megachile spp (5.2%), Halictus spp (1.0%) and Philianthus abdul­
gader (0.6%). 

Figure 1 indicates the abundance of honeybees on the three crops. Their active 
peaks were shown in the early morning (6.00 a.m.) and late afternoon (4.00 to 6.00 
p.m.). This was true with the three tested crops. 



256 M.S.A. EI-Sarrag et al. 

Table t. Average number of insect visitors collected from sunflower, cotton and lucerne during two succes-
sive years 1985-1986 J 1986-1987 (means of 8760 observation). 

Average number of insects on 
Order Family Scientific name 

Sunflower Cotton Lucerne 

Lepidoptera Papilionidae Papilio domodocus L. 92.5 166.5 80.5 

Noctuidae t;arias vitella F. 39 17 22.5 

Pyralidae Slypta deragota F. 23 13 

Pieridae Eurema hecabe L. 12.5 

Diptera Syrphidae Eristalisspp. (2spp.) 20.5 14.5 13.5 

Muscidae Musca spp. (2 spp.) 58.5 136.5 39.5 

Hymenoptera Apidae Apis melli/era L. 1675 1278.5 681.5 

Vespidae Vespa orientalis L. 105.5 101.5 77 

Philianthus abdulgader L. 32 

Bombidae Bombus spp (3 spp) 182.5 221 383.5 

Halictidae Halictus sp. 18.5 34 

Nomia melanderi L. 163.5 

Nomiasp. 117.5 13.5 

Megachilidae Megachile rotundata L. 71.5 164.5 

Megachilesp. 12.5 29.5 

Coleoptera Coccinellidac Henosepilachna elaterii L. 16.5 35 15.5 

Coccinel/a sp. 15.5 

Galerucidae Epicautfl aethiops L. 23 12 25 

Odonata Libellulidae Unidentified 178 176.5 120.5 

Thysanoptera Thripidae Thrips sp. 148.5 133 20.5 

Hemiptera Aphidae Aphids gossypii L. 1145 

Aleurodidac Bemisia tabaci L. 626.5 256.5 

Orthoptera Acrididae Schistocerca [{regaria L. 30.5 146.5 

Unidentified 125 67 

Mantidae Mantissp. 18.5 19.5 

Total 3016.5 4309.5 2141 
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Table 2 shows that sunflower pollinated by honeybees and other insect pol­
linators gave the highest yield (652.3 kg/F), followed by sunflower pollinated by hon­
eybees alone (556.2 kg/F). Crops prevented from pollinators gave the least yield. 
The same trend was true for the remaining two crops (Tables 3 and 4). These findings 
arc in close agreement with those of other workers. Free [8] and Free and Williams 
[9] stated that flowers of sunflower plants are characterized by being self-incompati­
ble. In the mean time, they produce abundant pollen and nectar throughout the day 
during blooming. This may explain why sunflower was more attractive to honeybees 
and other insect pollinators. 

Although cotton is a self-pollinated crop, more yield was produced and higher 
levels of seed germination and oil content were obtained in the presence of insect pol­
linators particularly honeybees (Table 4). 

Honeybees visit cotton flowers primarily to collect nectar, and rarely to collect 
pollen. According to Glushkov [10], 88% of honeybee workers visiting cotton were 
observed collecting nectar only. 

In the present study. 72.3(10 of the insect visitors of lucerne were Hymenopter­
ous insects. Honeybees were the most abundant [44{Yo) followed by Bombus spp 
(25%), Megachile spp. (12.5%) and Nomia spp (11.4%). These findings arc sup­
ported by those of certain other workers [11-13]. 

The germination capacity of seeds of the three crops and the oil content of 
sunflower and cotton were obviously affected by pollination. As a general rule, the 
presence of insect pollinators resulted in higher percentage of germination and 

Table 2. Effects of pollination of sunflower on the seed yield and seed quality (means oftwo seasons 1985·1986/ 
1986-1987). 

Pollinators 

Parameters Honeybees Without 
Honeybees and L.S.D. L.S.D. 

other insects 5% 1% 

No. seeds I head 503.38 ± 38.20 81.31 ± 33.05 557.58 ± 29.28 69.08 103.14 

No. empty seeds I head 84.53 ± 18.25 446.08 ± 126.38 70.68 ± 9.66 132.72 201.06 

Wt. of lOOnormai seeds (gm.) 6.74 ± 00.43 4.17 ± 00.82 8.10 ± 00.42 1.03 1.56 

Yield (KIF) 556.17 ± 58.26 72.54 ± 33.41 652.31 ± 46.68 62.32 94.41 

% Germination 81.50±01.99 70.50 ± 01.83 88.50 ± 01.82 3.71 3.62 

%OH 42.20 ± 00.19 28.95 ± 00.52 44.28 ± 00.25 0.39 0.59 
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Table 3. Effects of pollination of lucerne on the seed yield and germination (means of two seasons 1985-1986/ 
1986-19871. 

Pollinators 

Honeybees and L.S.D. L.S.D. 
Parameters Honeybees Without other insects 5% 1% 

No. pods / plant ss.n± 6.91 19.05 ± 4.27 04.06 ± 6.74 16.07 1O.5H 

No. seeds/pod 5.31 ± OAI 3.32 ± 0.39 5.69 ± 0.29 1.16 0.76 

Wtl000normalsceds(gm 1.92 ± o 10 1.27 ± 0.10 2.02 ± 0.11 0.32 1120 

Yield (kg/F.) lO9.05 ± 14.24 33.32 ± 8.44 121.05 ± 14.07 31.68 21.09 

% Germination 84.S ± 01.29 67.S0 ± 1.29 S7.13 ± 1.S{) 2.47 1.25 

Table 4. Effects of pollination of cotton on the seed yield and seed quality (means of two seasons 1985-1986/ 
1986·1987). 

Pollinators 

Honeybees 
Honeybees and L.S.D. L.S.D. 

Parameters Without 
other insects 5% 1% 

No. boll~/plant S.27 ± OA6 4.93 ± 0.29 5.64± 0.58 0.89 1.35 

No. seeds / boll \7.81 ± 0.5X lS.47 ± 0.56 19.38 ± 0.76 1.36 2.06 

Wt. 100 normal seeds (gm) 13.28 -t 0.30 10.47 ± 11.79 14.01 ± IIA4 1.05 1.59 

Yield (kg/F.) 769A4 ± 68.83 SH5.81 ± 75.73 R67.22 ± 86A3 161.39 244.50 

Cotton lint/boll (gm.) O.M ± 0.01 0.52 ± 0.03 0.70 ± (HI! 0.03 0.04 

% Germination HS.50 ± 02.00 73.OU ± 01.88 89.00±O1.41 3.33 5.05 

'Yo Oil 46.3X ± 00.28 41.45 ± 0.34 47.33 ±OOAI (1.71 1.08 
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higher oil content than no pollinators. Honeybees with other pollinators gave slightly 
better results than honeybees alone (Table 2,3 and 4). 

References 

[I] Free, J.B. Management afHoneyhee Colonies for Crop Pollinarion. Report: Rothamsted Experi­
mental Station for 1970, Part 2,1971. 

[2 J McGregor. S. E. "Value of Bee Pollination to United States Agriculture." Arner. Bee Jour., 124. No. 
J (19H4), IH4-1H6. 

[3[ Levin, M.D. "Value of Bee Pollination to US Agriculture." Rull. Entom. Soc. America., 29, NO.4 
(19K3).50-51. 

[4[ Drake, C ,J. "'Influence of Insect of Alfalfa Seed Production in Iowa .. 1. £('On. Em., 41, No.:=; (194,11), 

742-750. 

[5J Headings, M.E. "Honeyhee Pollinators," Gleanings in Bee Cullure. 112, No.9 (19H4), 501-502. 

[6] International Seed Testing Association. "International Rules for Seed Testing." Seed Science Tech .. 
13 (19H5). 356-513. 

[7] Association of Analytical Chemi:.;t~. Official Method~' of Analysis. Washington, DC: Bull. Associa­
tion of Official Analytical Chemists. 1975. 

[8] Free. J .B. The Behavior of Honeybees on Sunflower (Helianthus annllS L.".I. Appl. Em!., 1(1964), 
19-27. 

[9] Free .. r. B. and Williams. l.H. "Foraging Behavior of Honeybees and Bumble Bees to Produce Hyb­
rid Seeds.".I. Apic. Res., 22, No.2 (1983). 94-97. 

[10] Glushkov. N.M. "Increasing the Cotton Crop by Saturation Bee Pollination." Pche/ovostvo Mask 
(English summary). 37 (llJ60). 29-30. 

[II] Foster. 1. W. "Behavior and Effectiveness of Bees in Pollinating Legume~. ,. Proc. New Zealand 
Grass l"and Assoc., 36, No.1 (197H), 105-110. 

r [2] Gasanenko, L.S. "How to Increase Seed Production of Lucerne." Apic. Ahsf., 29. No.4 (IlJ7H). 219. 

[13] Hassanein. M. H. "Studies on the Effect of Pollinating imect, Especially the Honeybees on the Seed 
Yield of Clover and Lucerne in Egypt." Bull. Soc. Fouad. ler. En!., 37 (1953), 337-344. 



imcCl Pollinator" 

'¥jJ rL::;! ~ ~I ~t;J .)b;-J~ J,-PbJl ~ ~?I .:;b..alll 

)J.i.:J1 

"J!..l.,.> ~I¥.J.J.J ....... I.J.J. ~lA '·C.,..JI ~';"""".J.J. 

';'~I ""rI' <>:WI ,,,,,~)I ,~d11I<"'L,- ,4.<0)1<,15 ,.;:-UI ';'IiJ ~;ff 

JI~I ';'~JP" ,.;:-L...; ,~~I.c...L,- ,4.<0)1<,15 ,,;,,,,,WI "Ii) ~;ff;ff 

261 

;;"'1).u.!!liS ,Jbr-1L (.,1;l1 wle- ;"'1))1 ~ uL...; ~ ,,..,..,~I) ,j..<lG ,~I 

..r")-" JOl>- )).i...J 1 ¥ -'"") ",,"L.;;! j>' ulrJ-1 :J........, J,., ~ L>.ll ,.;... ) L» ~ ~t; 

·r'~Av/'~A~) i"A~/'~AO 

<';1; J! ~ ,,'OUI ~WI ,.;... )lA) ~) 'Af. (yAS cfl ulrJ-1 JI ~I.:.JI u~i 

r-' cf 1 u l>.All1 (:r':' J' i 0 ~ , ~) ~ ~I <,lL;:j. <...,;) : -,I L:J15 0 jL:.; 4:-:'; ~ ,--,.;) 
~ ,(l.t,~) ~~I~? ,(io, ') uL.;~)I ,(iYl ,t) ~~I ~;;,:;) ,(lA.c,..o 

. (i' ,0) ~~I <.;~) (ir) ~l:J:-1 ul; ,(!.r, y) ~~I "".l,.o ,(/t ,I") ~~I 

~ ,..,..,~G ~I'~ -,lJ-A"-.j i.r)); ~~I <,l~;;':;) ..... kll ul>.All1 <,....;-:...AL 

;U;U,I ,1"", ~I ,.;... ~ J' . j..<ll J ......... .j irv 4h--ro tL k l,r.o J5 .) ivr .k...ro ~ 

J ......... .j itt)~I,~J ......... .j iVo,~ ,j..<ll J .. ,l>-.j iA'''''''; J...--li ~ <,....;-:...AL 

Bombu."pp- Jl:kIl j.>..:J1 : -,ll::Il ...,...:JI j>' .;...;[5::; ;;':;)1 ,.;... ul....i.l.. JL ~t; Lol . ,..,..,~I 

j.>..:J1 • (10 , Y") Vespa orientalis ..j rJl Jy..ul • (10,0) Nomia spp. )L:LI ~\ I, (I' t , V) 

Phifimzthus ahdulgade j.>..:JI ~~J (/.') Halicrus }J-I j.>..:JI • Megachile spp. JIJJ)U e:blill 

. (i,~) 

."'" <IJ'C! r-' ))..i.JI ¥y) Cl;;! j>' <.;rJ-1 ul>.All1 <.k...ly <.?f')I ~I ~t; ;;"'I).u 

w",..:..sJ.1 ~ ~ J15 ~I,l.,>o Jr=JCI;;! j>'1 jl ':"l>...;~1 ,.;... ~I;; u~1 ,ul},:...;.1 



262 M.S.A. EI-Sarrag et at. 

~~ ~I -!.U; J; ,(~ i. Y) y.:. JI.lAJ1 ~L:;l ~ ~ (eS?1 ulf.>- + ~ IN) 
y.:. &I..w Jili'-I ~ vPA t ",jjl Jr=J.I L.i .(JIJj/~ •• i).h;;; J-.---II IN 
~I """)\ <,.....; ~ \,5 ,/.V, J "/./\' ,AA uL;~1 <,.....; '::';\5 -!.U.!.5 . .h;;; JIJj / ~VY 

. ........A; .k...JL ~l:; .::.;l5:; Jo.i.lIJ r-"~I J~ lol . ,1lpl J>' "/. Y ~ J "/. t Y ,t t .iJ.i.JI :.r' 


	
	
	
	
	
	
	
	
	
	

