
Plants cannot grow without nitrogen. But they cannot just 
use the nitrogen in the air (even though there is plenty of 
it!). Plants can only take up inorganic forms of nitrogen 
from the soil, like ammonia and nitrate. This is why 
farmers use nitrogen chemical fertilizers.

But this causes a problem: half of the nitrogen fertilizer used 
in farming is lost in the atmosphere. This increases nitrous 
oxide concentrations. This then contributes to greenhouse 
gas emissions and global warming!

Plus, chemical fertilizers can leach into the water. This 
causes the eutrophication of water. This might cause 
serious health problems for people. Converting atmospheric 
nitrogen into ammonia also uses up a lot of energy.

Because of this, scientists are trying to find new ways to 
reduce the use of inorganic nitrogen fertilizers. One way is 
to work with bacteria! Some bacteria can convert nitrogen 
from the atmosphere into ammonia using a process called 
biological nitrogen fixation. If we can use bacteria to do 
this, then we won't need to use as much nitrogen fertilizer 
on plants. These nitrogen-fixing bacteria work by making 
a special enzyme called nitrogenase that controls the 
conversion of nitrogen to ammonia.

Bacteria thrive in biofilms on the plants’ roots. Biofilms 
are a combination of bacteria and different compounds. We 
wanted to know what would happen if we modified the DNA 
of rice plants to increase the production of the compounds 
that help biofilm formation. Would that help the bacteria fix 
more nitrogen?
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Abstract

Introduction

How do bacteria help plants?

All plants need nitrogen to grow. Farmers use chemical 
fertilizers to add nitrogen to the soil. But this creates a lot 
of problems for the environment. So, scientists have been 
working on alternative ways to get nitrogen to their plants. 

We found a way to edit the DNA of rice plants so that they 

produce a compound that helps the formation of bacterial 
biofilms in the soil. These bacterial biofilms are very important 
to plants. They help them to absorb more nitrogen from the 
air. The edited rice plants in our experiment did grow better!
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We edited the DNA of rice plants to see 
if they would absorb more nitrogen.

1Мore free environmental science resources аt: www.ScienceJournalForKids.org



Methods
First, we tried to find which compounds stimulate biofilms. 
We found 2 candidates, luteolin and apigenin. Both are 
compounds called flavones (Fig. 1).

Next, we needed to edit the plant’s DNA to make more 
apigenin. How? We blocked the catabolism (breakdown) 
of apigenin.

Then, we wanted to check if the edited plants made more 
biofilm on their roots and if they absorbed more nitrogen. 

We measured the amount of nitrogen in the roots using 
mass spectrometry.

Finally, we wanted to see if the DNA edit had any side effects 
on other bacterial species. We sequenced the bacterial 
DNA and used computer programs to check the results.

Alongside the experimental plants, we grew control plants, 
which were not edited. We compared the data from the two 
groups. 

Results
We found that when the plants were grown under low 
nitrogen conditions, our edited plants:

had more nitrogen during different stages of plant 
development.

were better at growing seeds compared to the control 
plants.

made seeds that contained more nitrogen.

had more nitrogen-fixing bacteria.

were shorter than the control plants.

Plants take up less nitrogen when they are older, which is 
why the 16-week plants show a lower amount of nitrogen 
(Fig. 2). But there was still an increase in nitrogen uptake in 
our older edited plants.
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Figure 2:

We measured the amount of 
nitrogen gas fixated into the 
plant roots for both the control 
and edited groups. We used 
mass spectrometry to do this 
at two stages – 8 weeks and 
16 weeks.  

Figure 1:
Flow chart showing how increased 
apigenin leads to increased plant growth.
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Our results were really promising. Our new method improved 
rice growth. 

We already knew that soil bacteria were important. But we 
found a way to help them fix more nitrogen for the plant. 
In the past, scientists tried to introduce special nitrogen-
fixing bacteria to the soil. This did not work because the local 
bacteria out-competed them. Our experiment changed the 
plant instead!

We were surprised that the edited plants were shorter. But 
this could actually be good! Shorter plants need less water 
and nitrogen. So, as long as they produce more seeds, this 
change is useful.

There are some issues with our experiment:

Decreasing apigenin catabolism caused the decrease of 
other plant compounds. We should investigate whether 
this affects the plant in any way.

We may need different amounts of apigenin in the lab and 
in the field. 

It is important in science that results are reproducible. We 
should repeat this experiment and test the plants in the field, 
not just in the lab.

Discussion

Conclusion
Have you ever tried growing your own garden? You should! 
You just need a little bit of space, rich soil, some seeds, 
water, and sunlight. Plants need even less care than pets 
and you get to eat the results in the end. Without plants, 
none of us would be here. And without bacteria in the soil, 

few of the plants would even survive. So, we should try to 
use less chemical fertilizer on soil and use more organic 
compost. This way we can take good care of the bacterial 
community in the soil. 

Glossary of Key Terms

Ammonia – a gas made of nitrogen and hydrogen.

Apigenin – a natural product found in plants (most commonly parsley, celery, and chamomile tea).

Biofilm – a thin, sticky layer of bacteria and microorganisms.

Biological nitrogen fixation – the conversion of atmospheric nitrogen into ammonia through chemical reactions.

Catabolism – the breakdown of complex molecules into simpler ones.

DNA – how our genetic information is carried. DNA can be seen as the basic instructions for life.

Enzyme – a substance that helps catalyze specific reactions.

Eutrophication – a type of water pollution caused by the addition of sewage or fertilizer.

Inorganic – describes compounds that do not contain carbon and hydrogen as essential compounds. 

Leaching – the washing out of water-soluble substances (like nutrients or fertilizers) from the soil.

Mass spectrometry – a technique that can measure the exact weight of molecules, revealing which specific molecules 
are present in a sample.

Nitrate – a form of nitrogen, useful for plant growth.

Reproducible – finding the same results if the experiment is repeated in the same way.

Sequencing – reading the order of DNA in an organism.
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Why do plants need nitrogen-fixing bacteria? 

What roles do bacteria have?

Why could shorter plants be more useful?

How does using chemical fertilizers cause environmental harm? Can you think of any 
other reasons that we didn’t mention?

What environments do bacteria like to live in? Share what you know in your group or class.
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Check your understanding
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