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Abstract: As part of our chemistry club we did a research on the influence of certain external factors on photosynthesis. We chose an 

experimental approach. Our focus was on aquatic plants in which we were monitoring photosynthesis by measuring generated oxygen. 
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1. Introduction 

The objective of the instruction in the subject Science in 

primary school is to enable pupils an acquaintance with and 

understanding of scientific concepts and laws needed for the 

comprehension of natural phenomena from the point of view of 

interconnections between animate and inanimate nature, especially 

the search for cause-and-effect links between characteristics and the 

structure and functioning of animate and inanimate systems in the 

environment. The acquisition of content objectives in the field of 

Physics, Chemistry and Biology takes place in the framework of 

reaching process objectives, which encompass a range of cognitive 

processes. By training in experimentation and research skills and by 

getting acquainted with research methodology, students do not 

acquire only basic knowledge in natural sciences, but, among other 

things, learn about the significant role of natural sciences as regards 

sustainable development. Teaching Science needs to be planned in a 

way that allows pupils to apply gained knowledge and skills to 

identifying and solving authentic problems in the natural 

environment as well as in other areas of human activity. The 

primary school subject Science is defined as a general education 

subject through which students gain fundamental knowledge in 

natural sciences and develop their experimental skills, which can be 

summed into the natural sciences literacy – equipping pupils for a 

responsible and active life and participation in contemporary 

society. The experiential-experimental-problem-and-research-

oriented approach to teaching contributes to a better comprehension 

of and a positive attitude towards scientific findings and these 

scientific fields in general. 

2. Research assignment on photosynthesis as an 

example of using scientific research in primary school 

1. INTRODUCTION 

The writing of a research assignment enables students to do 

independent research into the links between different phenomena, to 

form hypotheses and to test them by doing experiments, which the 

student plans and carries out on his or her own. 

 1.1 Objectives 

Photosynthesis is one of the most widespread chemical 

reactions that take place in the natural world. Photosynthesis is 

performed by all green plants, both those that live on land and those 

living in water. The basic steps of the process of photosynthesis 

were taught in Year 5 (of an eight-year primary school), in the 

framework of Science (or, literally, “Learning about Nature”), but 

we wanted to expand our knowledge through a research assignment.  

In our research, we focused on water plants. We were interested in 

the following:  

   1. How is the process of photosynthesis affected by different 

kinds of water (different pH, distilled water, sea water, mineral 

water ..), in which green plants find themselves? 

   2. Do different plants produce different amounts of oxygen 

during photosynthesis? 

 

 

2. THEORETICAL  PART 

2.1 What is photosynthesis? 

Photosynthesis is a process through which plants turn the 

energy of light into chemical energy, which enables the conversion 

of carbon dioxide and water into sugar. In photosynthesis, organic 

matter is produced from anorganic. Photosynthesis is the synthesis 

of sugar with the help of sunlight. It is one of the basic life 

processes taking place on Earth. In the process, basic elements 

(sugars) building up the world of plants are generated with the help 

of sunlight, from the gas carbon dioxide and water. As a byproduct, 

the gas oxygen is generated, needed by people and animals for our 

existence. Plants and their fruits are built from substances produced 

in the process of photosynthesis and its further products. Both 

plants themselves and their fruits are also the foundation of Earth’s 

food chain, where more developed organisms feed on those that are 

less developed. Plants with their fruits are basic food for the animal 

world as well as people. 

 The simplified equation of photosynthesis is: 

6𝐶𝑂2 + 12𝐻20 → 𝐶6𝐻12𝑂6 + 6𝐻2𝑂 + 6𝑂2 

For photosynthesis, the plant needs a »factory«, a sort of an 

assemly line, which is termed the »photosynthetic apparatus« - 

chlorophyll, other pigments, various proteins, membranes, 

molecular pumps etc. The plant has got the photosynthetic 

apparatus chloroplast, as it developed through evolution and as the 

basic characteristic of plants. As any factory, the plant needs an 

energy source and raw materials for production (photosynthesis). 

The light energy, which propels the photosynthetic factory, is 

generously and freely supplied by the Sun. While raw materials are 

also close at hand – carbon dioxide, a gaseous component of our 

atmosphere, and little water. Light, carbon dioxide, water, the 

biological assemly line – and sugars come out. An economic 

miracle! 

2.2 The photosynthetic apparatus 

Photosynthesis takes place deep in the structure of each leaf. That is 

where special little grains are located, namely chloroplasts. We call 

chloroplasts the plants’ photosynthetic apparatus. Chloroplast is a 

microscopically small grain, which has a very complex inner 

structure despite its size. There are green-coloured plastids. Inside a 

chloroplast, there is plenty of interconnected stacks of discs called 

thylakoids, which are some kind of flattened and interconnected 

membrane sacs or pouches. Molecules of the green photosynthetic 

pigment chlorophyll are bound to the membranes of thylakoids. 

Chlorophyll "steals" the energy from the Sun, namely the energy 

which is used in the process of sugar production. Chlorophyll is a 

lipophilic pigment (it is not water-soluble). On thylakoids, the 

transmutation of light energy into chemical one takes place. The 

majority of thylakoids is organised into stacks – grana. In the 

stroma, a synthesis of carbohydrates takes place, through the 

binding of carbon. During intense photosynthesis, primary or 

photosynthetic starch accumulates during the day in the 

chloroplast’s stroma. At night, this starch decomposes and turns 

into sucrose, which passes (along the transport tissue phloem) into 

those parts of the plant which need carbohydrates. In reserve tissues 

(e.g. in seeds and tubers), sucrose can turn into starch again and is 

145

INTERNATIONAL SCIENTIFIC JOURNAL "SCIENCE. BUSINESS. SOCIETY" WEB ISSN 2534-8485; PRINT ISSN 2367-8380

YEAR IV, ISSUE 4, P.P. 145-147 (2019)



stored for the long term – this is reserve starch, accumulated in 
amyloplasts. 

3. EXPERIMENTAL  PART 

For the purposes of our research assignment we used the 

following methods:  

 the overview of relevant literature; 

 field work 

 laboratory work. 

 

We gathered the majority of literature at the Srečko Vilhar 

Central Library in Koper, while also finding some things of interest 

on the Internet. 

After collecting all literature we came up with the concept of 

our research. Our essential research method was laboratory work. 

We precisely determined the experimental procedure and prepared 

the laboratory equipment.  

We decided that we would do our laboratory work at school, in 

Chemistry room. 

We started our field work by collecting plants and different 

water samples. In the nearby stream, we collected the common 

water cress (Nasturtium Officinale) and sampled the stream water. 

We purchased some aquarium plants in a specialised shop. We also 

set off to the sea shore and took a sample of sea water. 

3.1 Organising the experimental part  

The experimental part was then divided into two sections: 

a) In the first set of experiments we made 7 experiments. We 

tried to find out the amount of oxygen produced during the 

photosynthesis of the common water cress (Nasturtium Officinale) 

in relation to water’s pH and the type of water.  

We used:  

- distilled water 

- tap water 

- river water 

- alkaline water with the pH = 8 (we added a few drops of 

sodium hydroxide solution to tap water) 

- acidic water with the pH = 4 (we added a few drops of 

concentrated hydrochloric acid to tap water) 

- sea water 

- mineral water  

 

  b) In the second set of experiments we carried out 5 

experiments, through which we established the volume of the 

oxygen produced in the photosynthesis of different kinds of water 

plants in tap water. We used the following plants: 

- Nasturtium Officinale – the common water cress 

- Samolus Valerandi 

- Echinodorus bleheri (paniculatus) 

- Lilaeopsis brasiliensis 

- Anubias barteri nana 

The procedure was the same in all cases. 

3.2  Laboratory equipment 

One experiment required: 

- a large beaker 1000 ml  

- a funnel 

- a graduated tube (10 ml) 

- a splinter of wood 

- a green water plant  

- water 

 

3.3  Work procedure 

We weighed 5 g of the water plant. We poured water into the 

beaker. Then we placed the plant under a funnel (see Image 4) and 

submerged everything to the bottom of the beaker.  

We mounted the tube on the funnel so that the tube was 

completely filled with water. There was not a bubble of air in the 

tube. 

The thus prepared apparatus was placed on the window sill in 

the classroom. Air temperature ranged from 20 to 22°C.  

After 7 days, we read off the volume of the gas produced in the 

tube. We proved the presence of oxygen by inserting a smouldering 

sliver of wood into the tube, where the sliver caught fire. 

 

 

 

 

 

 

 

 

 

Image 1: A sketch of the apparatus for experiments 

4. RESULTS 

4.1 Oxygen produced with different types of water 

The photosynthesis of the common water cress in different 

types of water produced the following results: 

 

WATER VOLUME OF GAS (ml)  

Tap water 2.0 

Distilled water 0.2 

Stream water 2.0 

Sea water 0.6 

Mineral water 2.1 

Acidic water (pH=5) 0.3 

Alkaline water (pH=9) 0.05 

Table 1: Oxygen produced with different types of water 

 

 

 Graph 1: Oxygen produced with different types of water 

Most oxygen was produced during the photosynthesis in 

mineral water (2.1 ml) as well as in tap and stream water (2.0 ml). 

Least oxygen was generated in alkaline water (0.05 ml). 
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Water 
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4.2  Oxygen produced with different plants 

As regards the photosynthesis of various plants in tap water, we 

got the following findings: 

 

PLANT VOLUME OF GAS (ml) 

Nasturtium officinale 

(the common water cress) 

2.0 

Samolus Valerandi 1.2 

Echinodorus bleheri 

(paniculatus) 

0.2 

Lilaeopsis brasiliensis 0.8 

Anubias barteri nana 1.2 

 

Table 2: Oxygen produced with different plants 

 

 

 

 

 

 

 

 

 

 

 

   Graph 2: Oxygen produced with different plants             

Most oxygen was produced during the photosynthesis of the 

common water cress (2.0 ml), while least oxygen was produced by 

Echinodorus bleheri (0.2 ml).  

5. DISCUSSION AND CONCLUSION 

The experiments done helped us determine the following: 

5.1  Photosynthesis occured with the same intensity both in 

stream and tap water. Therefore hypothesis 1 (Most oxygen is 

produced by the plant in stream water, where the plant also grows) 

was refuted. Tap water is thus an equally good environment for 

carrying out photosynthesis as stream water, which is the common 

water cress’s native natural environment.  

5.2  Photosynthesis occured considerably less intensely in acidic 

water (7-times less intensely than in stream water), while it 

practically did not take place in alkaline water, by which we 

confirmed hypothesis 2 (Acidic and alkaline water impede the 

process of photosynthesis). A change in the pH value damages 

plant’s cells and hinders the performance of vital processes. 

5.3  Photosynthesis also took place in sea water, though at 3-

times lesser intensity than in stream water, by which we refuted 

hypothesis 3 (Freshwater plants do not perform photosynthesis in 

sea water). In sea water, some life processes occur only to some 

extent and at some level they stop altogether due to the changed 

environment (osmosis). 

5.4   According to our results, photosynthesis was at its most 

intense in mineral water, which proves hypothesis 4 (An increase in 

the concentration of carbon dioxide accelerates photosynthesis). An 

increased concentration of CO2 speeds up photosynthesis because 

there is more substance – reactant – at disposal. 

5.5   In distilled water, photosynthesis took place with 10-times 

lesser intensity than in stream water, which actually refutes 

hypothesis 5 (Photosynthesis does not take place in distilled water). 

Since the reading of the oxygen’s volume was very small indeed, 

we do not exclude the chance that the present gas was the result of 

our proceedings at the start of the experiment (the bubbles on 

leaves, present already in the preparation stage of the experiment). 

Because distilled water is a pure substance, we assumed that 

photosynthesis does not happen there due to the absence of carbon 

dioxide. 

 5.6  The intensity of photosynthesis also depends on the type of 

plant – most oxygen was produced by the common water cress, 

while least (which was, in fact, 10-times less) was produced by 

Echinodorus bleheri (paniculatus). Our findings support hypothesis 

5 (Different plants produce different amounts of oxygen). A variety 

of plants implies different surfaces of leaves and different numbers 

of stomata, and, with the exception of water cress, all plants were of 

tropical origin. 

3. Conclusions  

While writing a research paper, pupils gain an abundance of 

new knowledge and skills. The use of laboratory equipment and 

experimental work meant for them extending and deepening their 

knowledge of Chemistry and Biology. Research assignments 

provide individuals with a chance to develop their potentials, 

interests and their particular talents. They represent an ideal 

opportunity for personalization, which essentially means that we 

adapt our teaching to an individual student. Research allows 

students to direct their interest and learning. Of course the mentor’s 

support and consultation are indispensable. 
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