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1.Abstract 
 Aphids are small sap-sucking insects and members of the superfamily 
Aphidoidea. They are  plant sucking bugs which occur throughout the world. The 
greatest diversity is observed in the temperate regions, where few higher plants are free 
from aphids. Many species are green but other commonly occurring species may be 
white and wooly, brown, red or black. Aphids are among the most destructive insect 
pests on cultivated plants in temperate regions. They are capable of extremely rapid 
increase in numbers by asexual reproduction.  
 In this project, we aim at studying the life cycle of aphids found in broccoli and 
their different preferences on food and living habitats. A species of aphid,Acyrthosiphon 
pisum, along with its host, a broccoli, Brassica oleracea var. italica, was collected from 
the vegetable garden in our school to be investigated. The life cycle of aphid was 
recorded with time elapsing for observation. Different species of Brassica was put in a 
petri dish along with the aphids to investigate aphid’s food preference. Results showed 
that aphids may prefer Brassica oleracea var. botrytis. 
  

2.  Introduction 
 
2.1 Introduction on research topic 
 Acyrthosiphon pisum is a species of aphids, which can damage plants. They fed 
on the sap of phloem vessels in plants. Through feeding, aphids often transmit plant 
viruses to the plants. These viruses can sometimes kill the plants. Polymorphism is a 
characteristic of aphids. Asexual aphids of some species can either possess wing or lack 
wings.There are several structurally different morphs in a species, including both sexual 
and asexual forms. During our field observation in our vegetative farm in our school, we 
found a group of aphids on the body of broccoli. It was observed there were aphids only 
at particular places on the plant, and some were brown in colour while others were green. 
Some scientists believe that aphids were concentrated at the newly grown parts of the 
stem because the aphids’ stylets could only pierce through the softer parts of the stem, 
which were the newly grown parts. It was also suggested that the aphids were green in 
colour due to chloroplast present in the plant juice they intaken. Finding the nature of this 
insect interesting, our group decided to investigate its preferences on food and position, 
as well as its life cycle.  
 
 

2.2 Objectives 
1. To investigate the life cycle of aphid 
2. To investigate the food preference of aphid 
3.To investigate the position for colonization of aphid on broccoli 

 
 
 
 
 
 
 

2.3 backgound infomation of aphid 
                                                                                   



2.3.1Taxonomy 

 
Kingdom Animalia 

Phylum Arthropoda 

Class Insecta 

Order Homoptera 

Family Aphididae 

Genus Acyrthosiphon 

Species A. pisum 

                                                                          
 
2.3.2 Distribution of aphids 
 Aphids are distributed worldwide, but are most common in temperate zones. 
They can migrate great distances, mainly through passive dispersal by riding on 
winds.They mainly live on the above-ground parts of the host plants in those regions. 
Some species interact with plant tissue forming a gall, an abnormal swelling of plant 
tissue. Aphids can live inside the gall, receiving protection from predators and the 
elements. In a host plant, aphids keep shifting their most-favoured feeding sites as plant 
development proceeds, or disperse from overcrowded positions to new ones on the 
same or neighbouring host plants. Another feature of their habitation is that they are host 
alternating. They move between woody and herbaceous host plants according to 
seasons. Whether the aphids have wings also determine their living position. Winged 
morphs can more effectively take advantage of the diverse and rapidly changing 
microhabitats within a single tree than the wingless forms. (For example, when local 
populations in a colony is too high, winged aphids will fly to a new suitable leaf and leave 
a few “colonizers”. After a week, the newly settled females will reproduce greatly. 
Repeated a few times, the suitable leaves will be colonized and aphids can be seen at 
the lower epithelium of the leaves.) 
 



2.3.3 Structural characteristics  
 Aphid bodies are soft and pear-shaped. They have abdominal appendages 
called cornicles, which can secrete waxy lipids or alarm pheromones for them to sense a 
threat. Their antennae may have five or six segments, with the final segment ending in a 
thin flagellum. At the other end, they possess a cauda, a short, tail-like appendage 
centered between the cornicles. Moreover, they usually do not have wings. Wings will 
only develop in certain kinds of environmental conditions. They have stylets for feeding 
on phloem sap in host plants. For reproduction, aphids can reproduce asexually. The 
overwintering eggs that hatch in the spring result in females, called fundatrices.

 
(From the above photo of an aphid taken from our broccoli, the head, body, legs, 

antennae, siphunculi and the cauda is visible.)  
 
2.3.4 Feeding patterns 
 Aphids feed on plant phloem tissues, sucking the sugary liquids from the host 
plant's vascular system. They use a straw-like proboscis that contains thin, delicate 
stylets for piercing plant tissue. They tap the plant's own nutrient sap stream in the 
phloem sieve tubes. The stylets of the aphids may be maintained within the plant tissue 
for several hours or even days. Some of them will ingest xylem sap too. Also, they need 
to consume an enormous quantity of phloem liquids to acquire enough nitrogen as 



nutrition. Then, they excrete the excess sugars in the form of honeydew. Essential 
amino acids are also provided to aphids by bacterial endosymbionts, harboured in 
special cells in aphids, called bacteriocytes. During this feeding process, many species 
also inject salivary toxins to the plant in order to prevent protein clogging inside  
causing damage to the host plant. Additionally, the aphids always control the rate of sap 
intake.  
 
2.3.5 Reproductive methods 

Aphids practise both sexual and asexual reproduction. Most aphids are female 
and they carry out asexual reproduction during Summer. They give birth to living young 
aphids but not laying eggs, shortening the time needed for maturity of newly born aphids, 
approximately 7 to 10 days. While in Autumn, female aphids carry out sexual 
reproduction to produce sexual male and female aphids due to environmental cues like 
photoperiod and temperature. These sexual aphids may be wingless or even mouthpart-
missing. The sexual male and female aphids mate and through internal fertilization, 
female aphids lay eggs which develop outside of the female aphids.  
When the host plant becomes overcrowded and too stressed, winged aphids are 
produced. These winged forms of aphids fly off to search for new hosts. 
 

3. Methodology 
 
3.1. Field observation 
Venue: Vegetative Garden in Cheung Chuk Shan College  
Aim: To observe the aphids present in the broccoli in the garden 
Observation: Clusters of aphids were spotted on the broccoli, mainly on the younger part 
of the stems. Nearly no aphid was found on the lower and older stem. Most of the aphids 
appeared wingless while a few were winged where the local population was high. To 
observe the aphids in a stable environment and carry out experiments effectively, 
broccoli was dug up and was put in a flower pot and transported to the biology lab. In 
order to observe the life cycle of aphids in greater detail.The broccoli plant infected by 
aphids was moved to a place under a high-definition camera. One aphid was selected 
and transferred to a uninfected area. Time-lapsed video clips of an unwinged aphid were 
taken in order to capture the life cycle of aphids. 
 



 
(Setting of camera) 

 
 
 
 

3.2 Experiment 1: Determination of the preference of sugar for aphids 
Objective: To find out the preferable type of sugar for aphids 
Design of the Experiment:  
The tendency of aphids to choose the best food source is used in this experiment. We 
set our scope of sugar to be glucose, sucrose and fructose, which are the most common 
type of sugar in school laboratories. Instead of just dropping a droplet of sugar solution 
on the Petri dish used in this experiment with a dropper, small pieces of filter paper were 
soaked with sugar solution to attract the aphids instead. This can prevent the aphids 
from possibly drowning. The aphids chosen had similar appearance and size (body 
length about 1mm) as it is one of the controlled variables in this experiment. They were 
allowed to move freely within the petri dish during the experiment. The petri dishes were 
the same size and thus the sugar soaked filter papers were equally distanced from the 
centre of petri dishes in all setups. The filter paper pieces were cut into equal sizes and 
the sizes of the drops of sugar from droppers were kept as similar as humanly possible 
as the amount of sugar solutions is a controlled variable. One filter paper was soaked 
with water to act as a control. Three dishes were set for replication. The set-ups were 
covered with a tray to eliminate the effects of background light on the aphids. The 
lengths of the aphids used are about 1mm long. 
 



Materials and apparatus: 
3 x Petri dish 
3 x dropper 
1 x tray 
10 x test tube 
1 x 10 mL pipette 
1 x pipette filler 
3 x paint brush 
Filter paper, 20% glucose, sucrose,fructose solution and water 
 
Set-up:  
 

 

 

Aphid under investigation Dish 1-3 
                                            
Procedure: 
1.The filter paper was cut to 12 pieces with the size of 1cm x 1cm.  
2.The 12 pieces of filter paper were soaked with different sugar solution and water by a 
dropper. (3 pieces for water, 3 for 20% glucose solution, 3 for 20% sucrose solution, 3 
for 20% fructose solution) 
3. 6 aphids were chosen for each Petri dish. The sizes of them were observed under the 
microscope before putting them into the dishes. 
4. The filter paper pieces soaked with sugar solution and water were put inside the 
dishes using a forcep, arranged into a  periphery (equidistant from the centre). The 
chosen aphids were put inside at the centre using a brush. 
5. Petri dish covers were put over the setups to prevent aphids from leaving. 
6. The three Petri dishes were put together and were placed in a dark area. 
7. The dishes were observed on the next day.  
 



Remarks: On the next day of the experiment, we found that all the pieces of filter paper 
had aphids present on it. They seems to be just moving randomly, without being affected 
by the sugar solution. Some climbed onto the cover of the petri dish. 
We thought that one drop of sugar solution may not be enough to attract the aphids. 
Therefore, we decided to modify the set up and repeat again with larger areas of sugar 
solutions added in filter paper. 
 
 
 
 

modified set up 
 

 

 

Aphids under investiagtion  Three dishes were set at the same way 
 
   
3.3 Experiment 2: Determination of preference of positions in a plant for aphids 
Objective: To find out the preferable position of a plant 
 
Design of the Experiment: 
Leaf, flower and  stems of different thicknesses from the broccoli were under 
investigation in this experiment. The above parts of the broccoli were cut, put into a petri 
dish, and arranged into a  periphery (equidistant from the centre). Their size were kept 
as identical as possible to ensure a fair test. The aphids chosen had similar appearance 
and size (body length about 1mm) as it is one of the controlled variables in this 
experiment. They were allowed to move freely within the petri dish during the experiment. 
The petri dishes were the same size and thus the sugar soaked filter papers were 
equally distanced from the centre of petri dishes in all setups. The experiment was 
carried out in dark area to minimize the effect of background light. Three replicates were 
carried out to increase the reliability of the results obtained.  



 
Materials and apparatus: 
Apparatus: 
3 x Petri dish 
1 x paint brush  
1 x tray 
1 x microscope 
broccoli 
 
Set-up:  
 

 

 

Aphid under investigation Dish 1-3 
 

Procedure: 
1. Leaves, flowers and stems of three different sizes were cut from the broccoli. They 
were cut into similar sizes, transferred equally into 3 petri dishes and arranged into a 
periphery (equidistant from the centre). 
2. 6 aphids were transferred to the centre each Petri dish. Aphids of similar size under 
the microscope were chosen. 
3. Petri dish covers were put over the setups to prevent aphids from leaving. 
4. The three Petri dishes were put together and were placed in a dark area. 
5. The aphid were allowed to move freely and dishes were observed the next day. 
 
3.4  Experiment 3: Determination of preference of vegetables for aphids 
Objective: To find out the preferable types of vegetables for aphids 
 
Design of the Experiment: 
Different species of Brassicaceae(Kale, Flowering Cabbage and Cauliflower) were under 
investigation in this experiment. The different parts of each of the above vegetables were 
cut, put into a petri dish, and arranged into a  periphery (equidistant from the centre). 
Their size were kept as identical as possible to ensure a fair test. A few aphids were 
transferred from the broccoli to the centre of the petri dish. The aphids chosen had 
similar appearance and size (body length about 1mm) as it is one of the controlled 
variables in this experiment. They were allowed to move freely within the petri dish 



during the experiment. The experiment was carried out in a dark area to minimize the 
effect of background light.Three replicates were carried out to increase the reliability of 
result.  
 
Apparatus: 
3 x Petri dish 
1 x paint brush  
1 x tray 
1 x microscope 
Vegetables: Flowering Cabbage (Brassica oleracea var. capitata), Chinese Kale 
(Brassica oleracea var. alboglabra) and cauliflower (Brassica oleracea var. botrytis) 
 
Set-up:  
 

 

 

Aphids under 
investigation 

Dish 1-3 

 
Procedure:  
1. Fresh Chinese kale, flowering cabbage and cauliflower were prepared. 
2. Leaves and stems of two different sizes were cut from each vegetable. They were cut 
into similar sizes, transferred equally into 3 petri dishes and arranged into a periphery 
(equidistant from the centre). 
3. 6 aphids were transferred to the centre each Petri dish. Aphids of similar size under 
the microscope were chosen. 
4. Petri dish covers were put over the setups to prevent aphids from leaving. 
5. The three Petri dishes were put together and were placed in a dark area. 
6. The aphid were allowed to move freely and dishes were observed the next day. 
 
 
 
 
 
 



 
4. Results 

4.1 Life cycle(timelapse video) 
The aphid under observation reproduced once it colonized the new habitat. It produced 
around five to seven aphids per day in the first three day. The reproductive cycle 
gradually slows down as the population get crowded.In addition, the aphids changed its 
body colour from green to red at the 2nd day while frequent moulting was seen 
throughout the video time.  
 

 
4.2 Results for Experiment 1 

Setup 1 
The number of aphids attracted by different sugars 
 
Sugar solution Number of aphids attracted to the filter paper 

Dish 1 Dish 2 Dish 3 

Sucrose 0 0 0 

Glucose 0 0 0 

Fructose 0 0 0 
 
Set-up 2 
The number of aphids attracted by different sugar solution 
 
Sugar solution Number of aphids attracted to that area 

Dish 1 Dish 2 Dish 3 

Sucrose 2 2 3 

Glucose 2 1 1 

Fructose 2 3 2 
Observation: The aphids in all set-ups moved randomly inside the petri dish without 
going to any particular area. No preference for a particular type of sugar were shown. 
Winged aphids were seen after three days of experiment.  
 
 
 
 
 
 
 
 



4.3 Results for Experiment 2 
 
 
Broccoli Parts 

No. of aphids attracted to that part 

Dish 1 Dish 2 Dish 3 

Flower 0 0 0 

Flower bud 0 0 0 

Leaves 0 0 0 

Petiole 0 0 0 

Thicker stem 0 0 0 

Tinner stem 0 0 0 
Observation: The aphids in all set-ups moved randomly inside the petri dish without 
adhering to any broccoli part. No preference for parts of plants were shown. 
 
 
4.4 Results for Experiment 3 
 
 
Plant Parts 

No. of aphids attracted to that area 

Dish 1 Dish 2 Dish 3 

Cauliflower Flower 0 0 2 

Thicker Stem 0 0 1 

Thinner Stem 0 0 0 

Chinese kale Leaves 0 0 0 

Thicker Stem 0 0 0 

Thinner Stem 0 0 0 

flowering cabbage Thicker Stem 0 0 0 

Thinner Stem 0 0 0 
 
Observations: Nearly all aphids moved randomly inside the petri dish without adhering to 
any vegetable part, except in dish 3, where 2 aphids moved to the flower of the 
cauliflower and one moved to thicker stem of cauliflower. 
 
 
 



5. Discussion 
 
5.1 Interpretation of results 
Life cycle observation by time-lapse video 
From the time-lapse video, it is found that the aphid observed reproduced once it 
colonized in a new habitat. The reproductive cycle will gradually slow down as the area 
is largely colonized by young aphids. The older aphids will move to nearby area for 
colonization.  
 
This was observed along with the movement of young aphids away from their place of 
birth. Two days after the set-up, Some aphids developed wings and they were attracted 
to the light source. It shows that light may attract winged aphids which is common in 
many flying insects.  
 
Frequent moulting is observed throughout the time-lapse video. Some newly-born aphid 
moulted a number of time. It shows that the growth rate of aphids is high.  
 
Colour change from green to red is seen in young aphid at second day of birth. A 
possible explanation is that the exoskeleton of aphid hardens and thickens as it matures. 
The thicken exoskeleton is less transparent and leads to a colour change in aphid. 
However, we did observe some bigger aphid green in colour. Perhaps it is related to its 
diet or other reasons that are not well defined. 
 
Experiments 
In experiment 1, aphids were present in all sectors. It is concluded that the aphids were 
moving randomly and did not show preferences on types of sugar. The development of 
winged aphids shows that its food source was limited, which means the environment is 
too hostile and unfavourable. As food was provided in the form of filter paper soaked in 
sugar solution, it can be deduced that this was not a feasible way for aphids to obtain 
food. One reason why filter paper soaked in sugar solution was not considered to be 
food by aphids may be that the aphids could not prick their stylets into the filter paper. 
Another is that since aphids feed by passively receiving pumped phloem sap, they do 
not have the ability to suck the sugar solution from the filter paper. A third reason is that 
the aphids were damaged in the transfer process from the broccoli plant to the petri dish, 
and had lost the ability to intake food. Therefore they did not settle down at any 
particular piece of filter paper 
 
In experiment 2, we cannot observe the pattern of aphids since no aphids were seen in 
any sectors. No consistent results can be obtained from experiment 2. Since plant tissue 
is used as food source instead of filter paper, the aphids should be able to prick their 
stylets into the plant tissue. One reason why aphids were not seen in any sectors is that 
not enough time was provided for the aphids to settle down on the plant tissue. However, 
the aphids were observed to move at a decent speed, so that might be less likely. 
Another reason is that the aphids were damaged in the transfer process from the 
broccoli plant to the petri dish, and had lost the ability to intake food. A third reason is 
that since the aphids do not have the ability to suck plant juice, dead plant tissue without 
the pumping action of phloem juice could not feed the aphids. In other words, the 
pumping action of phloem juice present in living plants is required for aphids’ survival, 
and experiments conducted in petri dishes are not suitable. 
 



In experiment 3, 2 aphids adhered to the flower of cauliflower. An explanation is that the 
flower of the cauliflower had the softest vegetable tissue among those prepared, aphids 
could pierce the plant tissue more easily with their stylets. Another explanation is that the 
shape of the flower of cauliflower has the highest resemblance to the flower of broccoli. 
The similarity between the two makes the aphids accept cauliflower quickly. These two 
features of the flower of the cauliflower attracted aphids, resulting in cauliflower being 
the optimal host in the experiment. However, an explanation why aphids were not 
attracted by other plant tissues may be that the plant tissues bought at different times 
from the supermarket were of decreased quality as they were harvested, packaged, 
transported before being used in the experiment. Thus the aphids lost interest in the bad 
plant tissue. 
 
5.2 Limitations 
 
5.2.1 Small sample size 
Too few aphids was chosen in each experiment. It could just be an individual case when 
two aphids adhere to a particular plant type in experiment 3. It could also be an 
individual case when the aphids did not display a tendency to favour a type of sugar in 
experiments 1 and 2. 
The small sample size is contributed by 
 

5.2.2 Unnatural environment 
The food samples used, including sugar solution and cut pieces of plants, are not living 
and fresh. Aphids, which feed on nutrients inside living plants’ phloem, are not attracted 
to cut pieces of plants because the plant tissue is dying. Meanwhile, artificial 
environment cannot provide a real-like environment for aphid to live on, thus the results 
obtained cannot fully reflects the response of aphids towards stimuli under natural 
condition. 
 
5.2.3 The Aphid’s disinterest in sugar solution 
The aphids need to pierce plant tissues with their stylets when sucking the plant sap. 
They cannot suck the sugary solution directly as the sugary solution were exposed in air. 
Thus, the aphids were not attracted to the sugary solution we prepared. 
In experiment 1, it could be seen that the aphid were not attracted to the sugary solution. 
Some scientists suggested that aphids need to suck the plant juice through piercing 
plant tissues with their stylets. They couldn’t directly suck the sugary solution without 
piercing anything. The aphids also prefer natural plant juice in xylem which contains 
other nutrients like nitrogen apart from sugar. Therefore, they were not sucking the 
sugary solution and were not attracted by the sugar provided. 
 

5.3 Sources of errors 
5.3.1 The distraction from light  
Background lighting is present in the laboratory which could sometimes be unilateral. 
The presence of unilateral light may cause the aphid to move to a particular direction as 
a result of phototropism. Therefore, the movement of aphid may not necessarily due to 
the preference of food. 
 
 



5.4 Improvements 
5.4.1 Conducting the experiment in nature habitat 
Instead of conducting the experiment in petri dish, the experiment can be conducted 
on  the plant itself. The aphids should be placed on different parts of the stem of the 
plant to find the aphids’ preference on position. The aphids should be placed among 
different kinds of living Brassicaceae to let them pick where they want to feed to 
determine their food preference. 
 

5.4.2 Increase the sample size  
Increasing the number of aphids would help to enhance the reliability of the experiment. 
From the experiment, it can be seen that only two out of the 72 aphids tested show 
response to food. An increase in the number of aphids would increase the number of 
aphid that show response to food and hence the validity of the result. 
 

5.5 Conclusion 
Aphids reproduces asexually once it attached to a new habitat. it could reproduce 5-6 
aphids per day when the area is not fully occupied. The reproduction rate will slow down 
once the area is full and young aphid will move away for colonizing a new habitat. Body 
colour change is observed due to the moulting process once it born. The preference of 
food and position for colonized is not yet known but it did prefer Brassica oleracea var. 
botrytis. among other Brassica species. 
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