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Chemistry 141 Fall
2021 Soils Project
with Dr. B. Carlson
by Josh Li

(Ulitsky)

Literature Research
My literature research project
focused on the use of
electronics in an automated

crop-watering system. It detects
when the moisture of soil is too
low and automatically waters it
until its moisture is high enough
to sustain the crops until the
next automatic watering (Đuzić
and Đumić 2).

(Morales)

This type of automatic watering could save
tons of water of space,as it uses a tenth of the
water and a hundredth of the land required for
conventional farming and irrigation methods
(Đuzić and Đumić 3).

This system could also be implemented in
propagating crops that produce medicinal
herbs or those that help reduce the amount of
toxic components in the air such as carbon
monoxide, carbon dioxide, formaldehyde, or
benzene (Đuzić and Đumić 3).
(AtonMatyukha)

➔ In 2017, two engineers created
a device that can
automatically water crops
when it is necessary (Đuzić
and Đumić 1). This was done
with a probe that measures
the moisture level of the soil
which was hooked up to
various electronics that can
tell a water pump when to
turn on and off (Đuzić and
Đumić 2).

➔ The most important parts of the
system included a probe that
goes in the soil to measure the
moisture, an Arduino Nano
microcontroller to interpret the
current sent by the probe, and a
pump (Đuzić and Đumić 2).
➔ When the moisture of the soil
drops below a certain threshold,
the microcontroller tells the
pump to turn on, and when it
reaches desired moisture levels,
it turns off (Đuzić and Đumić
2).

➔ They tested this system
for thirty days on a
plant, and the results
were as expected (Đuzić
and Đumić 3). The plant
remained healthy
without any signs of
withering or
dehydration (Đuzić and
Đumić 3).

Experimental
Research

For my analyses, I chose
two soil samples.

Sample 1:

I chose from my backyard garden.

Sample 2:

I chose from bank of a nearby pond.

I wondered if the fertility or chemical
composition between these two locations

would differ significantly due to the
different treatment. The garden soil is
cultivated and fertilized, while the pond
soil doesn’t undergo any special
treatment.

Analyses Results
1.

Soil Texture
a.
b.
c.

2. pH

a.
b.
c.

1.

pt. 1

Garden soil: clay loam
Pond soil: clay
Most students in the class got some sort of
clay, ranging from silty to loamy.
Garden soil: 8.42
Pond soil: 8.17
The pH of most students’ soils ranged from 68.50, with the majority of them being within
7-8.

Electrical Conductivity
a.
b.
c.

Garden soil: 221μS
Pond soil: 231μS
The students’ values for electrical conductivity
had a wide range, with some as low as around
100μS to over 1000μS. However, most had
values of around 200μS-300μS

Analyses Results
pt. 2
1.

K Analysis (concentration of potassium in
lb/acre)

a.
b.
c.

1.

Garden soil: 535.1 𝑎𝑐𝑟𝑒
𝑙𝑏𝐾
Pond soil: 475.1 𝑎𝑐𝑟𝑒
We also saw a large range here, with some
as high as in the high 1000’s or below 100.
It’s hard to come with a range that most
fell into, since the values were all over the
place.
𝑙𝑏𝐾

P Analysis (concentration of phosphorus in
lb/acre

a.
b.
c.

𝑙𝑏𝑃
Garden soil: 146.5 𝑎𝑐𝑟𝑒
𝑙𝑏𝑃
Pond soil: 35.67 𝑎𝑐𝑟𝑒
Most students either got values under 10
𝑙𝑏𝑃
lbP/acre or from 50-80 𝑎𝑐𝑟𝑒
. I was one of the
𝑙𝑏𝑃
only students who got over 100 𝑎𝑐𝑟𝑒 for a
sample.

Analyses Results

Standard Curve for
absorbance/concentration

pt. 2 (cont.)
1

This is the standard curve I used for my
phosphorous test.

Absorbance

0.8

As can be seen, there is some noticeable
deviation from the best-fit trendline. This
could be a source of some error, since the
line seems to be a little lower than it should,
especially on the left-hand side.
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Analyses Results
pt. 3
1.

Slake Test
a.

b.

1.

Garden soil: There was almost no slaking.
The soil ped stayed completely intact with
only a few bubbles and particles escaping
every few seconds.
Pond soil: Slaked much more than the
garden soil, but did not completely
disintegrate. It still stayed in the mesh, but
lost much of it structural integrity.

Cotton Test (57 days)
a.

b.

Garden soil: The cotton appeared yellowed
showed several holes. It was quite easy to
tear apart.
Pond soil: The cotton also appeared yellow
but did not have any holes. However, it
seemed a bit easier to pull apart.

Analyses Results
pt. 4
Microbial Activity Titration test:
1.

By placing a test tube of NaOH in a CO2 trap with
our soil, we can determine the approximate
amount of microbes in the soil. CO2 produced by
the respiration of microbes react with the NaOH.
We can then determine the amount of NaOH left
in the tube by titrating it with HCl after
precipitating out other products that interfere
with the titration. This amount directly correlates
with microbial activity.

1.

Results:

a.
b.
c.

2
Garden soil: -34.1 𝑘𝑔 𝑠𝑜𝑖𝑙 𝑑𝑎𝑦𝑠
𝑚𝑔𝐶𝑂2
Pond soil: -97.5 𝑘𝑔 𝑠𝑜𝑖𝑙 𝑑𝑎𝑦𝑠
It is very unusual that I got negative values.
It could be an issue with the control for
atmospheric CO2we used, but most students
𝑚𝑔𝐶𝑂2
had values ranging from 20 – 80 𝑘𝑔 𝑠𝑜𝑖𝑙 𝑑𝑎𝑦𝑠
.

𝑚𝑔𝐶𝑂

Analyses Results
pt. 5
POXC test:
1.

1.

We can use KMnO4 to determine the concentration
of soil organic matter (SOM), also known as reactive
carbon (RC) or permanganate oxidizable carbon
(POXC). KMnO4 is naturally a pink-purple solution
that turns colorless when reduced in the presence of
POXC. We used visible light spectroscopy to
determine the absorbance and therefore the
concentration of the solution.
Results:

a.
b.
c.

Garden soil: 1,350 mg RC in every kg
Pond soil: 0.00 mg RC in every kg
These are very unusual values. No one else in
the class got anywhere close to 0 mg. It also
may seem unusual to have more than 1,000
mg, since there are only 1,000 mg in one kg.
However, many other students had values
well over 1,000 mg.

Standard Curve for Molarity of Potassium
Permanganate and its Absorbance

pt. 5 (cont.)

0.00025

0.0002

y = 0.0014x + 4E-06

This is the standard curve I used for my
POXC test.
Aside from slight deviations from the bestfit trendline, there does not seem to be any
major error in the line.

Molarity

0.00015
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However, my absorbance values were both
outside the domain of my standard curve
(the pond soil had very high absorbance and
the garden soil had very low absorbance).
Because of this, I needed to extrapolate the
trendline past its limits.

0.00005

0
0.04

Analyses Results

0.06

0.08

0.1

Absorbance

0.12

0.14

Conclusions:
Sample 1 & Sample 2 (similarities)
➔ Seemed to be mostly similar in almost every test we did. They had similar
texture although sample 1 (garden soil) was more loamy. Their pH and
electrical conductivities were also essentially the same.
➔ They had similar concentration of potassium despite sample having around 60
𝑙𝑏𝐾
more 𝑎𝑐𝑟𝑒
.

➔ The results of the cotton test also proved similar. After 57 days, the strip of
cotton looked and felt similar, although the one in the pond soil had less holes
and retained a bit less tensile strength.

Conclusions:
Sample 1 & Sample 2 (differences)
➔ The two samples differed significantly in their phosphorus concentration: the garden soil had over 100
𝑙𝑏𝑃
more 𝑎𝑐𝑟𝑒 than the pond soil.
➔ The pond soil also had much lower slake resistance than the garden soil. When submerged in water, it
fell apart much more easily.
➔ It is hard to evaluate the microbial activity due to the incorrect negative values, but if the control for
atmospheric CO2 were not subtracted, the pond soil would have had the lower microbial activity (-97.5
𝑚𝑔𝐶𝑂2
𝑚𝑔𝐶𝑂2
𝑘𝑔 𝑠𝑜𝑖𝑙 𝑑𝑎𝑦𝑠 vs -34.1 𝑘𝑔 𝑠𝑜𝑖𝑙 𝑑𝑎𝑦𝑠).
➔ The garden soil also had an extremely high level of POXC compare to the pond soil (1,350 mg vs 0
mg) Perhaps it was a little too high. I saw this visually as well, even before using the
spectrophotometer.

Conclusions:
(cont.)

The biggest difference
between the two soils were
the concentration levels of
phosphorous and the amount
of POXC. The garden soil had
higher levels in both
categories.

The difference in POXC is not
due to chemicals/fertilizers in
the soil, but the plants in it.
However, the difference in
phosphorus concentration
might be due to fertilizers in
the garden soil.

Error Analysis and Future
Directions:
➔ The main concern for error in these
experiments was the negative values I
got from the microbial activity tests.
When calculating the CO2 produced
from the microbes, we must also take
into account the atmospheric CO2 that
NaOH can react with. It is then
subtracted from the total amount. This
control was done for us, but I suspect
there might be an error in its
procedure, resulting in the negative
values.

➔ If I could do any experiments
again, I would redo the
microbial activity test as well
as the POXC test to find out
why I got such a seemingly
nonsensically high value for
the garden soil.
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