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Introduction

The goal of this project is to determine whether the utilization of rubidium as a proxy for potassium can
be used to determine where in the soil profile potassium is taken up. Rubidium bromide has been used in
the past as a tracer to look at movement of potassium in the soil profile. Rubidium is also thought to be
taken up by plants in a similar fashion to potassium and enriching zones at various depths within the soil
could be used to determine whether the uptake of K varies among soils. A pilot project is being suggested
as | do not know how successful this technique will be. Determination of rubidium in plant tissue can be
completed by ICP analysis, but the cost is greater than the analysis of ICP elements that are more
important to plants (macro- and micro-nutrients). Before a larger project is initiated, I am proposing a
smaller study at lower cost to prove the efficacy of this technique for use in future research.

Most consider the surface six inches of the soil to be the most important layer where plant nutrients are
taken up as this zone is where most of the finer root hairs responsible for uptake are located. This fact is
why we focus on the top six inches for soil samples collected to determine immobile nutrients such as P
and K. In some of my past research I have sampled below six inches and have noticed relatively greater
concentrations of P and sometimes K in the sub-soil depths for sandy or silt loam soils compared to soils
with higher quantity of clay. Past research funded by the Minnesota Corn Research and Promotion
council has demonstrated that the critical soil test, the soil test where crop yield is typically at a maximum
for a given nutrient, tends to be lower for soil with low clay contents. Factors such as the ratio of illite to
smectite have been identified to classify soils that may differ in their critical soil test K concentrations.
What I am unsure about is whether clay speciation is the sole reason for any differences in critical soil test
K concentration or just part of the issue.

One area that has not been researched fully is where plants take up most of their K and for soils with more
fertile sub-soils whether these specific soils can supply nutrients at deeper soil depths which do not
require as high of a soil K concentration near the soil surface. Most of the soils with higher illite
concentrations and less total clay tend to have lower total K concentrations versus high clay soil and
should theoretically run out of potassium much faster than higher clay soils. However, it is not
uncommon to find little to no response to K at soil test values that would be considered low to very low
for higher clay soils. Could these sub-soils of high illite soils feed the plant more than high clays soils?

Objectives
The objectives of this study will be:

1. Determine whether rubidium injected into different points (depths) in the soil near growing plants
can help determine where in the soil potassium is taken up by corn or soybean.



Materials and Methods

Table 1. Soil series information, routine soil test (ST) data and total elemental concentration
(digested soil) for the two plot locations at Becker, MN in 2025.

Exchangeable ST Total”?
Soil Series  Depth P K SOM pH K Rb Description
ppm %o ppm
Hubbard 0-6 44 141 1.7 6.6 585 13.4 Ca. Hapludoll
Corn 6-12 44 70 1.6 6.5 553 13.0
12-24 23 56 1.6 5.4 443 0
Hubbard 0-6 65 206 1.5 6.2 553 9.6 Ca. Hapludoll
Soybean 6-12 56 107 1.9 5.7 587 0
12-24 15 33 1.3 5.7 501 10.2

1/ P, Bray-P1 phosphorus; K, Soil test potassium (K-ammonium acetate); SOM, soil organic matter (loss on
ignition); pH, 1:1 soil:water pH.
2/ K, total potassium; Rb, total rubidium following digestion.

This pilot study was conducted at Becker at the Sand Plains Research Center. Rubidium nitrate was
purchased for use in this study. Around the V10 growth stage for corn and in late June to Early July
rubidium was injected into the soil at a depth of 0 (soil surface), 3, 6, 12-, 18-, 24-, and 30-inches depths
within two inches of an individual corn or soybean plant. The specific application date for 2025 was June
27. For soybeans, plants were thinned within 1 row so that there was around 4-5 inches between six
consecutive plants. Corn plants were not thinned. Separate plots were used for each application depth
treatment and there was at least 10’ of row between different treatments. Plants next to the treatment
application were identified with flags and corn and soybean whole plant samples were collected at the
same time when the corn plots reached the VT growth stage (22-Jul).

A cordless drill with a auger was used to open holes to apply the treatments. The target application rate
was to apply 1.1 grams of rubidium nitrate (0.64 grams of Rb) per plant using an automatic pipette or
bottle top dispenser in a total of 10 mL of water. The dispenser was not calibrated prior to use an applied
roughly 30% too high a rate and resulted in only 3 plants being treated for corn replicated 3 times instead
of the 6 plants replicated 4 times that was used in the soybean plot. The decrease in the number of plants
and replications did not affect the results. Sampled plants were dried, ground, and sent to the U of MN
Research and Analytical laboratory for determination of total rubidium. Since this was a pilot study the
amount of rubidium in the irrigation water was not measured in the study.

Results and Discussion

The 2025 data collected at Becker for corn is summarized in Figure 1 and Soybean is summarized in
Figure 2. The intention of this study was to use 2025 as pilot work to determine if rubidium could be used
to estimate where potassium is being taken up at depth in the soil profile. One question I wanted to
address is whether any substantial amount of rubidium is contained in the soil that would be taken up by
the plant. There was some measurable Rb in the soil and a small amount was taken, less by soybean and
more by corn but the total uptake at most was less than 0.5 mg in the plant. In all cases I found higher
concentrations of Rb taken up than the non-fertilized control, so I am confident the Rb applied is available



to uptake by the plant. Because of the over application I don’t know exactly how much Rb was applied
per plant so I cannot calculate the percentage of what was applied that was taken up. Since this study was
a pilot study the percentage of uptake is not as relevant as determining whether the Rb is taken up. It will
be important for follow up research to know with more certainty the amount of Rb applied to each plant.

The corn data showed a large decrease in uptake starting with the surface application through the 30”
application depth. There were clear differences among the 0, 3, and 6” sampling depths and less of a
difference between the 12, 18, 24, and 30” sampling depth. I did not fit a model to the data, which will be
done with future work. The data did appear to fit some sort of decay model with the uptake potential
greatly decreasing with the depth of application. There appeared to be twice the uptake potential when the
Rb was applied to the soil surface with a 50% reduction in uptake potential as depth increased by 3” from
the soi surface. I was surprised to see as large of a difference between the surface and 3 application as |
expected to see consistent results in uptake within the two six inches from the soil surface. One thing to
note is that it is possible that the Rb may have leached over time. I am not summarizing rainfall and
irrigation data as that was not a point of interest for this study. Follow up studies will incorporate a
impermeable barrier placed over the injection zones to limit the amount of downward movement of water
that may carry the Rb deeper in the soil profile. One theory I have had with sandy soil is that uptake
potential of K may be more likely at deeper depths but in this case appears that most of the uptake is
likely occurring in the top six inches where soil samples are typically collected from.

There was less Rb taken up by soybean compared to corn (Figure 2). The lower uptake is mostly reflected
in the less biomass produced by the soybean crop compared to corn. Unlike corn, soybean uptake of Rb
was similar among the 0, 3, and 6” injection depths. The 12, 18, and 24" depths showed similar uptake
but the uptake at these depths were about 50% of the top six inches, and there was another drop of in
uptake for the 30” depth. More data will be beneficial but initially it seems like the soybean tap root might
be more efficient at taking up K at deeper depths than corn. I’'m planning to follow up at Becker with a
new study in 2026 then move the study to another location, Rosemount, as well in 2026. I would like to
add more soil types over time as the study progresses. The initial year was a success though as it
demonstrates that Rb is an effective tool to study nutrient uptake in soils in Minnesota as the natural
amount of uptake is low and any applied Rb can be taken up by corn and soybean plants.



Becker Corn 2025
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Figure 1. Summary of uptake of rubidium by corn plants sampled at the VT-R1 growth stage based
on Rb injection depth from the soil surface at the V9 growth stage.
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Becker Soybean 2025
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Figure 2. Summary of uptake of rubidium by soybean plants sampled in late July based on Rb
injection depth from the soil surface in late June.
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