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Abstract
The purpose of this project was to use NIR spectroscopy (near
infrared) to measure nitrogen uptake in wheat plants grown in soil
with various concentrations of nitrates. The endgame was to create
a device that could be used in agriculture settings to externally
identify when a plant has reached its optimal nitrate concentration
in order to prevent excessive use of fertilizers that leads to
eutrophication and nutrient runoff, as well as determining if
additional nitrogen is needed to increase growth. Phase one of the
process entailed growing many groups of wheat samples, differing
in soil nitrogen concentrations, with the intent of measuring the
plant consumption of nitrogen. Phase two saw the creation of a
battery-powered breadboard containing NIR light-emitting LEDs
and a black-out box in which to place the device. Using a camera
capable of capturing NIR light, pictures were taken of every wheat
sample and 5 RGB values were sampled from each of the pictures.
Images containing darker leaves signified a higher concentration of
nitrogen, as the NIR light has a harder time traveling through
leaves denser with nitrates. Ultimately, the imaging was able to
determine the maximum nitrogen consumption possible of the
triticum aestivum and gave insight into the amount needed for
optimal growth.

Introduction
Plants require a steady supply of nitrates and are considered a
key component for supporting plant growth. Most commercial
fertilizers contain large amounts of nitrates to facilitate plant
growth. Generally, the concentration of nitrates in fertilizers has
been determined through trial and error. There is currently no
cost-effective way to determine nitrogen concentration in the
triticum aestivum, common winter wheat. Various plants require
different amounts of nutritional nitrates, so commercial fertilizers
attempt to satisfy all plants by appealing to the highest common
denominator, resulting in excess nitrate exposure in soil. Wheat is
one of the most stable crops in the United States and requires a
large amount of fertilizer to maintain. As a result, this process
leads to widespread nitrate runoff, which escapes into nearby
ecosystems.
Nutrient Pollution is a costly, widespread, and taxing
environmental challenge for the United States. Nitrogen is a
natural part of aquatic ecosystems and facilitates algae growth to
feed the aquatic animals. However, when excess concentrations of
these nutrients enter the environment, mainly introduced by the
agricultural industry, they have had detrimental effects on all
bodies of water. Excess nitrogen from plant-soil enters aquatic
systems through ground runoff. Eutrophication occurs from the
nitrogen facilitating excessive growth of algae and plants. As more
water is removed from the system, the aquatic body can turn into
a dead zone, which doesn’t have enough oxygen to support life
forms. The purpose of this project was to use NIR spectroscopy
(near-infrared) to measure nitrogen uptake in triticum aestivum
plants grown in soil with various concentrations of nitrates to
identify deficiencies and provide insight for optimal growth.
Excess nitrogen from plant-soil enters aquatic systems
through ground runoff. Eutrophication occurs from the nitrogen
facilitating excessive growth of algae and plants. These products
include “phytoplankton,” which reduces oxygen levels when it
decomposes. As more water is removed from the system, the
aquatic body can turn into a dead zone, which doesn’t have
enough oxygen to support life forms. The purpose of this project
was to use NIR spectroscopy (near-infrared) to measure nitrogen
uptake in triticum aestivum plants grown in soil with various
concentrations of nitrates to identify deficiencies and provide
insight for optimal growth.

Methodology

Materials
Materials The materials for this experiment include wheat seeds,
raw nitrogen powder, Miracle-Grow gardening soil, See3Cam_CU55M
NIR chroma camera, NIR emitting LEDs (at 940 nm), cardboard box,
Seed Starter Trays, and the Ecam-View software to view the images
from the camera.

Stage One: Growing Stage:
In the first stage, a total of 144 triticum aestivum plants
are grown, with three seeds going into one pod and the 48
pods divided into four groups. Each group has a differing
amount of added nitrogen to the soil, ranging from 0 grams
to .75 grams of added nitrogen, with about 18.5 grams of
total soil per pod. Additional nitrogen was added to the soil
by dissolving solid raw nitrogen in 10 ml of water and
adding the solution to each pod. Once the soil was prepared,
three seeds of the triticum aestivum were added to each
pod. The triticum aestivum was grown for about one week
and kept moist throughout the growing process.

Results

Discussion
Five RGB codes were taken from each NIR picture with an RGB rank
assigned to each of them, and the averaging the five ranks form a more
representative value of that individual. After comparing the RGB ranks
of plants grown under different amounts of added nitrogen, the plants
with higher concentrations of nitrates produced lower RGB codes,
meaning the photographs were darker. The NIR light was at 940 nm,
so it reflected off of the nitrogen in the leaf, producing a darker color of
the blade in the photograph.
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Stage Two: NIR Capture
After the week of growth, one triticum aestivum blade
was broken off a plant in each of the pods the wheat was
grown in. A black box was created to minimize external light
from interfering with the NIR spectroscopy and add a crisp
contrast to the leaf, resulting in crisper images. LEDs that
emit 940 nm wavelengths (NIR light) were then assembled
on a breadboard. This circuit was then placed into the black
box, and the tricticum aestivum was held over the LEDs.
Using the NIR camera, an image was captured of the plant
sample as it is held over the light. This process was repeated
for all 48 plant pods, although often, no tricticum aestivum
sprouted in a pod (in which case it was skipped over).

Stage Three: NIR Image Analysis
Each of the images was uploaded into the windows
software Ecam-View. The software captured a still frame
image of the sample, showing the extent to which the NIR light
is shining through the leaf. Five different RGB codes were
taken at the parts of the blade directly over the NIR light. After
compiling all of the RGB codes from the plant pictures, each
code was assigned an integer value based on its brightness,
allowing for a comparative ranking system. The average blade
RGB code ranking was then paired with that blade’s
corresponding pod.
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The graph shows some of the summary statistics of the wheat blade
distributions. The results show how the average RGB rank values
significantly diminish after adding additional nitrogen to the soil. The
fact that the blade with no added nitrogen to the soil had a lighter
color than the blade with added nitrogen to the soil shows that the
camera was functional and supports that 940 nm wavelengths bounce
off nitrogen
.

Evidence of Equality P-Value
0 - 0.25

0.0009

0.25 - 0.5

0.8576

0.5 - 0.75

0.2033

The table above shows that it is quite unlikely (.0009 chance) for the
average color of triticum aestivum grown with 0 added nitrogen to
equal the average color of those grown with 0.25 grams of added
nitrogen. These p-values identified the point at which triticum
aestivum no longer absorbs nitrogen. The triticum aestivum with 0
grams of added nitrogen and 0.25 grams of added nitrogen differed
substantially in NIR brightness. However, there was a clear association
between maximum nitrogen uptake and higher p-values. It is more
likely for the NIR brightness of triticum aestivum with 0.25 grams and
above-added nitrogen to be equal.
With about 1.6722 grams of nitrogen already present in the fertilizer
for each pod, the triticum aestivum stops absorbing additional
nitrogen when there are around 1.927 grams of nitrogen already
present in the soil.
Since the RGB codes were pulled randomly from the picture of the
wheat blade, there is the chance for differences between the specific
codes taken and the general color of the blade. This problem was
mitigated significantly since five codes were taken from each blade.
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Conclusion
To conclude, it was found that the triticum aestivum grown with
greater amounts of nitrogen yielded darker NIR images and
greater RGB values. The images tended to have the same, dark
color when there were more than 0.25 grams added to the
original soil, showing that the tricctivum aestivum had a
maximum nitrogen uptake. The values identified the point at
which triticum aestivum reached a limit where it can no longer
absorb additional nitrogen into its blades. At 0.25 grams of added
nitrogen, both the triticum aestivum’s height and sprout rate
reached their peak. Furthermore, we identified deficiencies in
concentrations and provided insight for optimal growth through
RGB values. This unique system sets a new standard for the future
of agricultural nutrient optimization and will significantly reduce
the likelihood of eutrophication.
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