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Abstract
A greenhouse study was conducted in the Botswana College of Agricultures’ greenhouse to determine the
possible movement of two aphid species Aphis craccivora) (Koch), and Melanaphis sacchari (Zehntner), on
cowpea and sorghum respectively. The aphid colonies of each species used were obtained from a greenhouse
culture reared from progeny of single virginoparous apterous females. The plants were arranged such that one
plant (the source plant) was put in the centre surrounded by four other plants (catch plants) so that the edges of the
pots touched but without contact between the plants. In both experiments, each of the four groups of plants was
kept on permanently moist irrigation matting in the greenhouse. The results showed that dispersal from initially
colonized source plants occurred when plants appeared to be growing normally and when crowding was unlikely
to be the cause. In both experiments this dispersal occurred when the population on the source plant exceeded
about 10 adults and their offspring per plant. The implications of this behaviour are discussed, and it is argued
that apterous dispersal may be common in aphids, allowing maximum utilization of the environment than would
be likely by alate dispersal alone.
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1. Introduction
Aphids represent one of the world's major insect pests, causing serious economic damage to a range of temperate
and tropical crops (van Emden & Harrington, 2007). Aphids predominantly occur in temperate regions, but they
have a world-wide distribution (Dixon, 1998). There are about 4 000 species of aphids in the world of which
about 250 are serious pests (Dixon, 1998). Blackman and Eastop (2000) considered that major species of aphids
attacking field crops in Africa include black bean aphid (Aphis fabae), groundnut aphid (Aphis craccivora), cotton
aphid (Aphis gossypii), Russian wheat aphid (Diuraphis noxia), maize aphid (Ropalosiphum maidis), pea aphid
(Acyrthosiphum pisum) and yellow sugarcane aphid (Melanaphis sacchari Z.). In Botswana, cowpea aphid (A.
craccivora) and sugarcane aphid, (M. sacchari) are considered the most important aphid species attacking field
crops (Manthe, 1992; Obopile, 2006; Ingram et al., 1973).
A. craccivora is a polyphagous pest widely distributed across the world (Ikisan, 2000). Adults are mostly shiny
black or dark brown, variable in size, being from 1.5 to 2 mm long. Nymphs are wingless, dark or dusty brown
with wax and fairly rounded in body shape (Ofuya, 1997). Winged and wingless forms breed parthenogenetically
and hence population build up is quite fast (Gutierrez et al., 1971). The cowpea aphid cause significant economic
damage either directly by sucking sap from leaves, pods and other aerial tissues of the plant, or indirectly
through transmission of viral diseases (Hill & Walker, 1988; van Emden & Harrington, 2007). Obopile (2006)
reported that more than 50% yield can be lost when high infestations of cowpea aphids are not controlled.
The sugarcane aphid, M. sacchari is an important pest in the sorghum growing areas of the SADC regions
(Manthe, 1992). Flattery (1982) reported that the M. sacchariassumes greater economic importance on improved
sorghum production systems in Botswana.The sugarcane aphid is usually lemon yellow but under some
conditions is pale green and 2 mm long. The winged aphids have dark marks on the bark (Teetes & Pendleton,
1999). The aphid sucks sap from the plant tissues and produce honeydew that may hamper transpiration. On
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sorghum, development may be seriously affected and yield losses can be as high as 78% (Matthee, 1974; van
Rensburg & van Hamburg, 1975).
The alatae and apterous morphs in both A. craccivora and M. sacchari occur in cowpea and cereal crops under
field conditions (Ofuya, 1997; Teetes & Pendleton, 1999). Winged forms are produced when the quality of the
host plant declines and when population density is high (Dixon, 1985; Teetes & Pendleton, 1999). The ability of
the aphids to use flight for dispersal is an important factor that contributes to the status of these insects as pests
(van Emden & Harrington, 2007). The frequent dispersal of aphids among host plants is important in
maintaining metapopulations, because aphid colonies tend to be short lived and transient (Dixon, 1998). Aphids
are vectors of many plant diseases and transmit viruses to plants as they feed and establish colonies (Eastop,
1983; Nault, 1997; Hull, 2002). Winged dispersal is not the only means by which aphids colonize new plants.In
response to crowded conditions, late instar apterous aphids will also leave colonies and wander to new locations
on the same plant or along the ground to a new host (Hodgson, 1991). Indeed, this local wandering dispersal can
be the primary means of aphid dispersal to neighboring plants (Furuta & Aloo, 1994). Both aphid dispersal
strategies are important in allowing aphids to efficiently exploit resources such as agricultural crops that are
homogeneous at a local scale yet patchy at larger spatial scales (Lombaert et al., 2006).
Although there are many studies of alate aphid dispersal (Dixon & Glen, 1971; Gutierrez et al., 1971; Dixon,
1985; Dixon, 1998; Teetes & Pendleton, 1999; Van Emden & Harrington, 2007), there are few studies on
apterous dispersal (Hodgson, 1991, Lombaert et al., 2006). Many studies have shown that crop damage and/or
virus spread between crops or from one distance to another is done mainly by winged aphids than their wingless
counterparts (Eastop, 1983; Nault, 1997; Hull, 2002). However, according to Hodgson (1991) and Lombaert et al.
(2006), evidence shows that apterae leave their host plants quite readily and can then play an important role in
local spread of virus within crops. Most work done on apterous dispersal has concentrated on temperate species
(Hodgson, 1991; Oliver, 2007). There is a need to continue work on apterous dispersal that include species that
were not included in previous studies to add more evidence to the general suggestions and understanding of this
mode of aphid movement. The objective of the study therefore, was to investigate possible movement of
apterous aphids between adjacent sorghum and cowpea plants and test the hypothesis that apterous dispersal is
common among aphids.
2. Materials and Methods
2.1 Aphids and Aphid Cultures
Two experiments were conducted during this investigation using A. craccivora in experiment 1 and M. saccharina
in experiment 2. The aphid colony of A. craccivora and M. saccharina used for this study were obtained from a
greenhouse culture reared from progeny of single virginoparousapterous females collected around Sebele crop
fields near Gaborone, Botswana.Cultures of both aphid species were maintained as uncrowded colonies by regular
transfer of apterae on to uninfested clean seedlings of cowpea and sorghum host plants. The seedlings maintained
ineach aphid culture were kept in the green house inside insect-proof cages (45 x 46 x 20 cm) at temperature of
25±5 oC under photoperiod of about 12:12 h (L:D) (Berg, 1984).
2.2 Preparation and Arrangement of Experimental Plants
Cowpea and sorghum seeds were sown in 15-18 cm diameter pots in a general purpose peat based potting compost
and seedlings were thinned to one plant per pot. Three to four days prior to the start of the experiment, plants were
transferred to the greenhouse. Cowpea seedlings were used when they had about 2-3 trifoliate, and sorghum
seedlings when they had 2-4 leaves. In all the two experiments, the plants that were chosen for each experiment
were as uniform as possible with same height and same growth stage. Plants were arranged in a completely
randomized design with four replicates groups each containing five plants. For cowpea only two replications were
used because the plants on other replications died of unidentified cause. In each plant species, one plant (the source
plant) was put in the centre surrounded by four other plants (catch plants) so that the edges of the pots touched but
without contact between the plants. In both experiments, each of the four groups of plants was kept on permanently
moist irrigation matting in the greenhouse.
2.3 Procedures for Infesting Plants with Aphids
In both experiments, a single pre-larvipositionapterous adult was placed on upper leaves of each source plant and
allowed to settle. At daily intervals, counts were made of the number of cowpea trifoliate and number of sorghum
nodes per plants. The final counts were made on both source and catch plants. The data collected included the
number of apterous nymphs and adults, alate nymphs and adults. The catch plants were observed daily to note the
day on which the first immigrant aphids would be found on each catch plant. For cowpea plant growth rate was
2
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expressed as the total number of trifoliate per plant per day. For sorghum, plant growth rate was expressed as the
total number of nodes per plant per day. Each experiment was terminated at the onset of alate morph appearance.
2.4 Statistical Analysis
The differences in plant growth rate, aphid population growth rate and rate of spread among the plants and
between days was analyzed as repeated measure designs using repeated statement in mixed model procedure
(PROC MIXED) (SAS Institute, 2003). The procedure adjusts for the serial autocorrelation among the repeated
counts on each counting date (Littell et al., 1996). Selection of the covariance structure was done using the
Akaike’s Information Criterion (AIC) (Akaike, 1974). In the mixed model procedures, replication was
considered random while plants and counting dates was fixed effects. The analysis tested significance for the
following treatment effects: plants, counting dates and the interaction between plants × counting.
3. Results
3.1 Experiment 1. Aphis Craccivora on Cowpea
Population growth rate of apterous Aphis craccivora over twenty days of this study is shown in Figure 1A and B.
The results showed that apterous adults and nymphs increased significantly over time. Around 6 days after
infestation, apterous aphids moved from the central source plant to catch plants (Figure 1A). A regression line
was fitted to the data (apterous adults and nymphs) and graph showed an exponential growth typical of aphids
under no regulation (Figure 1A and B). No significant differences in population growth of adult apterae between
the source plant and catch plants were observed in the final counts (F=3.32, df=4, 4; P<0.1360) (Table 1). Mean
separation using LSD showed that plant 2 had significantly higher numbers of adult apterae than other four
plants (Table 1).
The number of alate adults varied significantly among plants (F=8.29, df=4, 4; P<0.0323). No significant
difference in number of adults occurred between plant 1 and 4, but significances were observed between plant 3
and 5 (Table 1). The highest number of alate adults was recorded on plant 4 which was significantly higher than
plant 3 and 5. No Significant differences between source and catch plants were observed for apterous nymphs
(F=1.01, df=4, 4; P<0.4973), alate nymphs (F=1.17, df=4, 4; P<0.4428), and trifoliate (F=1.00, df=4, 4;
P<0.5000) (Table 1).
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¥

The day when apterous adults moved from source pant to catch plant on replications. §Day when experiment
was terminated during the onset of alates.
3

www.ccsenet.org/jas

Journal of Agricultural Science

Vol. 4, No. 12; 2012

Table 1. Population growth rate of Aphis craccivora between cowpea plants and cowpea plant growth rate in
experiment 1 (in which the populations were monitored every day)
Nymph apterae

Adult alatae

Pot

Adult apterae (± S.E)

1

47.00 ± 12.0ab

774.0 ± 396.0a

35.00 ± 19.0a

9.500 ± 4.50a

3.00 ± 0.00a

2

59.50 ± 5.50a

726.0 ± 49.0a

16.50 ± 2.50a

7.500 ± 3.50ab

2.50 ± 0.50a

3

40.00 ± 4.00ab

554.50 ± 30.5a

38.50 ± 15.5a

5.500 ± 2.50b

2.00 ± 0.00a

4

32.50 ± 10.5ab

678.50 ± 23.5a

40.50 ± 5.50a

10.500 ± 2.50a

3.00 ± 0.00a

5

19.50 ± 7.50b

334.50 ± 43.5a

10.50 ± 3.50a

5.000 ± 3.00b

3.00 ± 1.00a

LSD

32.42

688.7

49.93

3.285

1.756

CV

29.41

40.43

63.77

15.56

23.42

(± S.E)

Nymph alatae (± S.E)

(± S.E)

Trifoliates (± S.E)

Means ± SE within column followed by the same letter do not differ significantly according to Fisher’s protected
LSD (P ≤ 0.05).
3.2 Experiment 2. Melanaphis sacchari on Sorghum
There was considerable movement observed between plants, even on original adults which appeared on new
plants leaving small groups of nymphs on the plants previously colonized. Significant difference in population
growth of the apterous adults and nymphs on sorghum plants were observed (Figure 2A and B). Apterous adults
and nymphs increased significantly over time. Ten days after infestation apterous aphids in replication 1 and 4
moved from source plant to catch plants. Thirteen days after infestation, apterous aphids in replication 2 and 3
also moved from source plant to catch plants (Figure 2A). Like on A. craccivora (Figure 1A and B), when a
regression line was fitted to the data the graph showed that population growth of M. sacchari assumed an
exponential growth typical of aphids under no regulation (Figure 2A and B).
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Figure 2. Population growth of Melanaphis sacchari on sorghum
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Even though the number of adult apterae increased significantly, there was no significant difference between the
source plant and the catch plants (F=1.31, df=4, 12; P<0.3206) on final counts (Table 2). There was no
significant difference between the source plant and catch plants for apterous nymphs (F=0.98, df=4, 12; P
<0.4553). However, mean separation using LSD showed that plant 1 had significantly higher numbers than the
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other four plants (Table 2). The number of alate adults between source and catch plants did not vary between
plants (F=2.16, df=4, 12 P<0.1363). Alate adults from plant 1 and 4 were significantly different but no
significant difference occurred on plant 2, 3 and 5 (Table 2). Plant 1 had significantly higher number of alate
adults than the other four plants. No significant difference were also observed between source plants and catch
plants for alate nymphs (F=0.87, df=4, 12; P=0.5110).There was no variation observed on number of nodes.
Table 2. Population growth rate of Melanaphis sacchari between sorghum plants and sorghum plant growth rate
in experiment 2 (in which the populations were monitored every day)
Pot

Adult apterae (± S.E)

1

33.00 ± 4.06a

2

Nymph apterae

Nymph alatae (± S.E)

Adult alatae (± S.E)

Nodes (± S.E)

173.75 ± 40.77a

9.250 ± 4.98a

18.750 ± 8.67a

3 ± 0.00a

60.50 ± 10.0a

306.75 ± 53.86a

4.000 ± 1.41a

10.000 ± 5.83ab

3 ± 0.00a

3

38.00 ± 6.20a

236.25 ± 45.0a

3.250 ± 0.85a

9.500 ± 3.27ab

3 ± 0.00a

4

47.25 ± 14.95a

273.75 ± 95.18a

3.250 ± 1.43a

4.750 ± 2.28b

3 ± 0.00a

5

49.50 ± 6.55a

279.25 ± 63.02a

4.500 ± 1.84a

9.750 ± 3.96ab

3 ± 0.00a

LSD

28.74

160.12

8.324

10.64

0

CV

40.86

40.92

111.4

65.5

0

(± S.E)

Means ± SE within column followed by the same letter do not differ significantly according to Fisher’s protected
LSD (P ≤ 0.05).
4. Discussion
The results from this study indicated that movement of apterous aphids between the source and catch plants
occurred as evidenced by no significant differences among plants during the final count. The results showed that
aphid populations increased significantly with time. Moreover, this increase in aphid populations resulted in
considerable movement between the source and catch plants. The present results suggest that, even in the
absence of inadvertent factors such as force of impact, predators, air currents, gravity, or a combination of these,
apterous aphids rapidly spread within a host. Aphid movement from the source to catch plants was observed 6
days after infestation for A. craccivora on cowpea and at around 10 to 13 days for M. sacchari on sorghum.
The experiment with A. craccivora on cowpea showed high degree of aphid restlessness even at low population
densities. When the central source plant was artificially infested, aphids left it and moved to catch plants even at
very low population levels. These results agreed with that of Hodgson (1991) working with Myzus persicae on
radish plants who reported significant movement of apterous aphid even at low population levels. The plants
used for the source and catch plants were the same size and age at the commencement of the experiment, only
the catch plants in pot 2 and 3 had fewer trifoliate per plant but did not differ from the other plants. It is therefore
unlikely that movement from catch plant to source plants will be attributed only to change in growth of plants.
The source plant had higher aphid population levels, yet it grew significantly faster than plants 2 and 3 which
initially had lower aphid population levels.
Apterous aphids walk from leaf to leaf or from plant to a neighbouring plant due to intrinsic forces or extrinsic
perturbations (Loxdale & Lushai, 1999). This movement evokes a search response for specific resources (e.g.
food, oviposition target) or triggers an escape response (e.g. from natural enemies, chemical changes of
senescing hosts) (Loxdale & Lushai, 1999). While experimental plants were not subjected to plant sap (or
nutrition) analysis it is still likely that plant quality may somehow have contributed to the rapid movement of
aphids between plants. Besides, the frequent dispersal of aphids among host plants is important in maintaining
metapopulations, because aphid colonies tend to be short lived and transient (Dixon, 1998).
The experiment with M. sacchari on sorghum showed a gradual reduction in aphid populations of both apterous
adults and nymphs. Because no restrictions (e.g. parasitoids or predators) were present, all mortality would have
been due to intrinsic causes, which would not have been enough to account for all the population loss.Some of
the losses could be accounted for reduced aphid growth and reproduction at higher population densities
(Hodgson, 1978 & 1991; Lombaert et al., 2006) but again this is unlikely to account for all the missing aphids.
Thus dispersal is likely to have been the major cause. We observed a considerable movement between plants
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among original adults which left nymphs on the plants previously colonized. Apart from that, small groups of
nymphs were found on plants without adults present. This results are in line with those of Hodgson (1991)
working on M. viciae who reported that aphid population loss was evident even during the second generation and
became very much greater during the third generation.
There was no variation observed on number of nodes because sorghum plants were grown at the same time and
were exposed to the same growth conditions in the greenhouse. As the population of aphids increased (Figure 3),
the lower leaves of the experimental plants were browning (chlorotic) and falling off. M. sacchari feeds on the
abaxial surface of older sorghum leaves and inject toxin (Schenck, 2000). The combination of reduction in plant
growth and the size of the aphid population resulted in a remarkably increase in the dispersal of apterae between
plants. Hodgson (1991) noted that in response to crowded conditions, late instar apterous aphids would also
leave colonies and wander to new locations on the same plant or along the ground to a new host. This confirms
that M. sacchari movement of apterae aphids may also have been evoked by crowding. Hodgson (1991)
considered that intra-plant movement of M. persicae on radish was frequent in order to maintain suitable feeding
sites on rapidly growing plants and that aphid failing to locate them may move off the plant.
Previous studies suggested that apterae leave their host plants quite readily and can play an important role in
local spread of virus within crops (Hodgson, 1991; Furuta & Aloo, 1994; Lombaert et al., 2006). Besides, the
exponential growth of the population observed in the environmental conditions is fuelled largely by an increase
in the number of apterous individuals (Lombaert et al., 2006) which play a key role in outbreaks of plant diseases.
The results from this study are in agreement with the standing hypothesis that dispersal of apterae is common
among aphids. This is supported by frequent movement of aphids from plants even at low population densities
which became more rapid as the host plant growth slowed down. Such spread from initially colonized plants
suggests that apterous dispersal is a normal activity.
Due to this frequent intra-plant movement, there was no significant difference in the spread of apterous aphids
between the source and catch plants. It is therefore argued that dispersal of apterae is significant, and that it may
be common in other aphid species. Since the observed movement can spread viral diseases within the plant and
among neighboring plants, routine monitoring of pest activity is necessary for effective implementation of pest
management programs. This routine monitoring will provide information about the numbers of apterous aphids,
where they are taking up residence and why they are surviving.
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