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4-10 Utilization of Atmospheric Nitrogen as Nutrition by Leguminous Plants
—Imaging of Symbiotic Nitrogen Fixation Using a Positron-Emitting Tracer Imaging System —

Fig.4-22 Experimental set-up (left)
and a test plant (right)

A test soybean plant, whose underground
part was inserted into a sealed plastic
box, was placed between the detectors
(star signs) of the PETIS apparatus
installed in a growth chamber for plants.
First, the box was filled with hydroponic
solution. When the PETIS imaging was
started, the level of the solution was
lowered and the gaseous [°N]N,
radiotracer was introduced into the box
simultaneously. Nodules were exposed to
the radiotracer for 10 min and then
flushed with fresh air. A static image was
made every 10s, and in total 360 serial
images were obtained from one
experiment.

Fig.4-23 Underground part with many nodules (left) and the
PETIS image of the same area (right)

Individual nodules can be identified in the PETIS image. The fixation
rate of the whole nodules was estimated to be 7ug N. h™ in this case.

Nitrogen is one of the most important nutritional elements
in the soil for cultivation of plants. Although it is rich in the
atmosphere as nitrogen gas (N), in this form it is unusable as
nutrition by eukaryotes and must be converted into nitrogen
compounds such as ammonium by (bio)chemical processes
called “nitrogen fixation”. Symbiotic nitrogen fixation is a
representative example of this process in nature, which is
mainly performed in the nodules of leguminous plants in
collaboration with rhizobia (soil bacteria). Industrial nitrogen
fixation, another representative process, has been a
foundation of modern agriculture through its role in
producing chemical fertilizers. However, this process
completely depends on fossil energy resources. Therefore,
symbiotic nitrogen fixation is considered to be a key to
realizing sustainable agriculture over the world which does
not lead to overconsumption of natural resources.

We have been developing a non-invasive imaging method
for plant study, the positron-emitting tracer imaging system
(PETIS) which can visualize movement of various substances

inside an intact plant body. In this study, we established a
new production method of “N-labeled nitrogen gas tracer and
successfully obtained the world’s first images of the fixed
nitrogen in nodules of intact soybean plants (Figs.4-22 and
4-23). Moreover, the fixation activities of the nodules were
quantitatively estimated from the PETIS images.

This non-invasive technique enables examination of the
effects of various treatments on the fixation activity with the
same plant. It will facilitate research into the regulation
mechanism of symbiotic nitrogen fixation. Excess application
of nitrogen fertilizers often results in decrease of the soybean
yields due to reduction of the plant’s own symbiotic nitrogen
fixation activity. Our technique may be very useful to
establish the best fertilizer management with efficient
symbiotic nitrogen fixation, which will lead to sustainable
and environment-friendly food production, potentially
doubling the soybean production in Japan. Because
leguminous plants are also used as oil crops and green
manure, much wider benefits are expected in the future.
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