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[Abstract] Rhizosphere bacterial communities have become a major focal point of research in
recent years, especially regarding how they affect plants and vice versa (Philippot et al., 2013).
Changes in microbial density and diversity within the rhizosphere occur in a spatial temporal
manner. The soil zone closest to the plant roots has the most density and diversity of microbes
(Clark, 1940). The lack of methods to consistently isolate rhizosphere samples in a spatially
defined manner is a major bottleneck in rhizosphere microbiology. We hypothesized that
microbes with increasing affinities to and distance from the plant root can be isolated using
increasing strengths of physical disruption. Sonication is an excellent choice due to the ability
to gently remove rhizosphere soil and bacterial biofilms without damaging plant roots (Doi T et
al., 2007; Bulgarelli et al., 2012; Lundberg et al., 2012). In addition, simply increasing the time
of sonication can increase the amount of physical force. We used such an approach to
consistently isolate microbial communities with different affinities to the soybean roots (White
et al., 2014). This article describes the use of successive sonication to isolate distal, middle,
and proximal soil from the rhizosphere of soybean roots.

Materials and Reagents

1. Soybean seedlings (Glycine max) in the vegetative stage (~ V3 to V5 period)
2. Soil with a history of soybean cultivation
3. dH2O
4. K2HPO4 (VWR International, catalog number: BDH0266-500 g)
5. KH2PO4 (VWR International, catalog number: BDH0268-500 g)
6. NaCl (Sigma-Aldrich, catalog number: S7653-1 kg)
7. Tween-20 (Sigma-Aldrich, catalog number: P9416-100 ml)
8. Phosphate buffered saline Tween 20 (PBST) (see Recipes)

Equipment

1. Razor blade
2. Tweezers
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3. 15 ml conical-bottom polypropylene centrifuge tubes (3 per sample) (VWR
International, catalog number: 89039-670)
4. 50 ml conical-bottom polypropylene centrifuge tubes (3 per sample) (VWR
International, catalog number: 21008-940)
Note: Needed if plant roots are too large for 15 ml centrifuge tubes.
5. Styrofoam raft to suspend centrifuge tubes in sonicator (homemade)
6. Sonicator (Input: 117 V-50-60HZ 1ϕ, Output: 70 W 42KHZ +/-6%) (Thermo Fisher
Scientific, model: FS20)
7. Centrifuge with a fixed angle rotor for 15 and 50 ml conical bottom tubes at 4 °C
capable of at least 5,000 x g relative centrifugal force (120 V 12 A 60 Hz 1,300 W)
(Example: Eppendorf, model: 5804R 15 amp version)

Procedure

1. Either directly sow plant seeds or plant seedlings into soil of interest and allow
seeds/seedlings to grow for desired amount of time (minimum of 1 week suggested for
soybean plants).
Notes:
a. Although larger roots (ex. mature tree roots) are not recommended for this
procedure, representative samples of the root system can be used depending on
the research question.
b. Amount of growth time depends on the research focus, for example the impact of
a particular root exudate or the plant growth stage on the soil microbial
community.
2. Carefully remove plant seedlings by saturating the soil with dH2O or gently loosening
the soil by hand to avoid damage to the roots.
Note: Using an excessive amount of dH2O during saturation (i.e. resulting in a soil
consistency thinner than mud) risks a loss of sample size and rhizosphere bacteria.
3. Submerge the roots in a still pool of dH2O and gently shake the roots (as if painting a
picture or dunking a teabag) to remove the larger soil particles. Skip this step if plant
seedlings were removed by soil saturation in the previous step. See Figure 1 for
example of soybean roots before and after the removal of large soil particles.
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Figure 1. Thirty-six day old soybean roots before (A) and after (B) submersion in a
still pool of dH2O to remove large soil particles. The amount of soil clinging to the plant
roots can vary depending on soil properties, the root architecture, and the size(s) of the
plant roots.

4. Use a razor blade to sever the plant roots (cutting near the plant stem).
5. Place the severed roots into separate, labeled 15 ml centrifuge tubes filled with 10 ml
of PBST, ensuring they are completely submerged (may use tweezers to gently push
roots deeper into the tube).
Notes:
a. Roots should be placed into the centrifuge tube vertically.
b. Ensure the centrifuge tube is not packed with the root sample. The number of
roots placed into one tube depends on root size and/or the desire to keep root
samples separate (ex. pooling all roots from one plant together, pooling multiple
roots from several plants together, or keeping each root from one plant separate).
Overly large roots, or too many roots in one tube, will lead to poor sample isolation
whereas tiny roots, or too few roots in one tube, will yield a miniscule sample size.
c.

For seedlings with larger root systems, use a 50 ml centrifuge tube filled with 45 ml
of PBST in this step and all subsequent steps. See Figure 2 for demonstrative
sample of an acceptable amount of roots in a single tube.
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Figure 2. Soybean roots submerged in 10 ml of PBST within a 15 ml centrifuge
tube

6. Firmly secure the centrifuge tube lids, then place the tubes in a floating raft within a
sonicator filled with dH2O.
Note: Ensure the centrifuge tubes do not touch the bottom or sides of the sonicator
(see Figure 3 for demonstrative diagram).

Figure 3. Diagram demonstrating how to properly load samples and floating raft
into the sonicator filled with dH2O. Centrifuge tubes should be submerged up to the
10 or 45 ml line (dependent on if a 15 or 50 ml centrifuge tube was used). Tubes
should not touch the bottom or edges of the sonicator.

7. Subject the centrifuge tubes to sonication for 60 sec, then turn off the sonicator (see
Figure 4 for sonication summary).
Notes:
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a. This sonication yields the rhizosphere soil furthest from the plant root or soil with
least affinity to the plant root, noted as the “distal soil” sample.
b. Use the same sonication time for both the 15 and 50 ml centrifuge tubes.

Figure 4. Diagram of successive sonication procedure for isolation of distal, middle,
and proximal soil samples from plant roots. Distal soil samples consist of the
rhizosphere soil furthest from and with least affinity to the plant root. Middle soil samples
consist of the rhizosphere soil that is closer to and with relatively less affinity the plant root.
Proximal soil samples consist of the rhizosphere soil closest to and with highest affinity the
plant root. Image adapted from a previous article (White et al., 2014).

8. Using tweezers, gently remove the root(s) from the current centrifuge tube(s) and
transfer into a new, labeled centrifuge tube (or tubes) containing 10 ml of fresh PBST.
Note: Keep roots/samples separated in the same manner used for the first sonication.
Do not pool roots/samples from different centrifuge tubes together.
9. Firmly secure the centrifuge tube lids, place the tubes in the floating raft within the
sonicator, and subject the tubes to sonication for 60 sec. Then turn off the sonicator.
Note: This sonication yields the rhizosphere soil that is closer to the plant root, noted
as the “middle soil” sample.
10. Using tweezers, gently remove the root(s) from the current centrifuge tube(s) and
transfer into a new, labeled 15 ml centrifuge tube (or tubes) containing 10 ml of fresh
PBST.
Note: Again, keep roots/samples separated in the same manner used for the first
sonication. Do not pool roots/samples from different centrifuge tubes together.
11. Firmly secure the centrifuge tube lids, place the tubes in the floating raft within the
sonicator, and subject the tubes to sonication for 10 min. Then turn off the sonicator.
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Note: This sonication yields the rhizosphere soil closest to the plant root including any
biofilms, noted as the “proximal soil” sample. At this point, soil should not be visible on
the plant root.
12. Using tweezers, gently remove the root(s) from the current centrifuge tube(s) and
either discard the roots or place them into a new, labeled centrifuge tube (or tubes)
filled with fresh PBST, then store the tubes at 4 °C until needed. Harvested samples
may then be immediately used for bacterial cultivation or further processed for DNA or
RNA isolation. If seeking to isolate DNA or RNA, complete the next 2 steps of the
protocol. For bacterial cultivation, promptly subject the samples to a series of 6 to 10
fold dilutions using sterile dH2O and select several of these dilutions for plating
(dilutions >10-3 recommended). When plating the chosen dilutions, ensure the
appropriate nutrient medium (or media) is chosen. One hundred microliters of the
chosen dilution should be dispensed onto the center of the petri dish and spread
across the media using a flame-sterilized glass spreader. The petri dish should then
be inverted and incubated under the ideal cultivating conditions (i.e. time and
temperature). See Figure 5 for an example of bacterial cultivation via petri dish.
Notes:
a. Distal, middle, and proximal soil samples are all useful for bacterial cultivation.
However, proximal soil samples are preferable as they contain the bacteria that
most likely affect the plant directly and vice versa.
b. Possible media for bacterial cultivation include a soil extract medium such as
SESOM, DR2A + supplements, and R2A solidified with agar or gellan (Tamaki et
al., 2005; Vilain et al., 2006).
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Figure 5. Bacterial cultivation of proximal soil samples from untransformed
soybean roots on nutrient media solidified with agar (A-C) or gellan (D-F). Nutrient
media consisted of DR2A+ (A, D), R2A (B, E), and SESOM (C, F). Bacterial samples
acquired from a 10-5 dilution. Black dots and red circles indicate the presence of individual
bacterial colonies.

13. After securing the lids on all the centrifuge tubes, place them into a 4 °C centrifuge and
subject them to centrifugation at 5,000 x g for 10 min or 4,500 x g for 15 min
(depending on the limits of the centrifuge).
14. Once centrifugation is complete, discard supernatant and either immediately use the
pellets for DNA or RNA isolation or store them at -80 °C until needed.

Limitations of the method

1. Sonication times may vary depending on the types of plant roots used as well as the
properties of the soil in which they were grown.
2. It is uncertain how useful this procedure is for soil fungi.
3. Sample sizes will be small (likely < 0.3 g when using 15 ml centrifuge tubes) and
decrease from sonication to sonication, with proximal soil samples being the smallest.
This might be an issue for methods such as proteomics and metabolomics that
generally require a larger sample size.
4. Age of the plant makes a difference (root system is very large at later stages). This
procedure is better suited for smaller root sizes. For perennial plants or older plants
with large root systems, one can use a golf cup cutter (4” to 8” diameter) to obtain a
soil core (6” to 12” deep) and obtain root segments from that by placing it in water and
allowing the soil to separate from the roots. Obviously, this would depend on whether
Copyright © 2015 The Authors; exclusive licensee Bio-protocol LLC.
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the representative samples of the root system would suffice to answer the research
question.

Recipes

1. Phosphate buffered saline Tween 20 (PBST) (500 ml, pH of 7.2)
a. Add 0.605 g of K2HPO4 to 300 ml of dH2O, stir until K2HPO4 is completely
dissolved
b. Add 0.17 g of KH2PO4 to mixture, stir until KH2PO4 is completely dissolved
c.

Add 4.1 g of NaCl to mixture, stir until NaCl is completely dissolved

d. Adjust pH with NaOH or HCl until final pH is 7.2
e. Add dH2O to mixture until the final volume is 500 ml, stir to ensure even
distribution
f.

Sterilize solution via autoclaving (liquid cycle, 121 °C for 30 min)

g. Add 250 µl of Tween20 to mixture, gently swirl to ensure even distribution
Note: Adding Tween20 before autoclaving will result in frothing overflow due to
bubble formation.
h. Store at room temperature (~20 °C)
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