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[Abstract] Researchers face a number of challenges in the construction of soil columns which can affect 

the outcome of their experiments. The use of intact soil cores closely mimics actual field conditions. 

However, the excavation of large intact soil cores is a time-consuming, labor-intensive process and may 
lead to soil compaction that would influence the solute transport behavior of the soil column. Repacked 

soil columns are used as an option to circumvent these challenges of intact soil cores. However, 
repacked soil columns also have their limitations and introduce other challenges. Here, we present a 

step by step procedure for the design of repacked soil columns to achieve a realistic bulk density, prevent 
preferential flow paths, and ensure hydraulic connectivity between soil layers. This protocol will be 

beneficial to Soil Scientists, Hydrologists and other Environmental Scientists utilizing repacked soil 
columns. 
Keywords: Soil columns, Solute transport, Nutrients, Microbes, Unsaturated 
 
[Background] Soil columns play important roles in experimental set up for monitoring the fate and 

mobility of solutes such as contaminants and nutrients. They are also used in evaluating solute transport 

models. Soil columns are used widely in studies on the fate and transport of nutrients, pesticides, 
microbes, and heavy metals (Lewis and Sjöstrom, 2010). 

  Specifically, soil columns have been used in several studies including leaching of pharmaceuticals 
(Oppel et al., 2004), response of root growth to soil compaction levels (Tracy et al., 2012), dissolved 

organic carbon and nitrate fluxes (Eykelbosh et al., 2015), fate of organic micropollutants (Banzhaf and 
Hebig, 2016), and modelling of micropollutants to simulate riverbank filtration (Bertelkamp et al., 2016). 

The experimental setup has a great influence on the outcome of soil column studies (Bromly et al., 

2007). Therefore, it is very vital to design soil columns in such a way as to overcome associated 
challenges and minimize any potential source of bias (Weihermuller et al., 2007). The purpose of this 

protocol is to provide a step-by-step guidance in the construction and use of repacked soil columns to 

obtain reproducible experimental outcomes. 
 
Materials and Reagents 
 

1. PVC pipes (e.g., sewer pipes having a thickness of 4.1 mm) 

2. Silicon sealant and gun 
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3. Coarse textured Sandpaper 

4. 35-micron nylon mesh 
5. Measuring tape 

6. Syringe (10 ml) 
7. Measuring cylinder 

8. Collection trays 
9. Supporting trays 

10. Rhizon MOM (from Rhizosphere.com, catalogue number 19.21.21F) 
11. Buckets 

12. Ryegrass (or the plant of your interest) 
13. Soil 
14. 100 seeds of perennial ryegrass (Lolium perenne) 

15. Water 
 
Equipment 

 
1. Hand drill with various size bits (e.g., 0.5 mm, 1 mm) 
2. Saw 
3. 3.35 mm mesh size sieve (depending on the purpose of the experiment) 

4. Shovel 
 

Procedure  

 

1. Cut the long PVC pipes having a diameter of 160 mm (Figure 1A) into 40 cm lengths (Figure 
1B) to make the columns (adapt to your desired length of choice). This is because the PVC 
pipes comes in various lengths (2 m, 6 m, etc.). 

 

 
Figure 1. Photos of (A) a long PVC pipe and (B) a 40 cm long column cut from the pipe 
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2. At 10 cm height intervals, using the hand drill with the attached bit, drill holes (0.5 mm diameter) 

at the side so that rhizons can be fitted to collect soil solution samples. Also, at 5 cm from the 
bottom of the column, drill five holes (0.5 mm diameter) around the column at 5 cm distances. 

This is to allow free flow of water through the column and to avoid creating anaerobic conditions 
during the experiment. Moreover, the extra holes at the base of the soil columns will provide 

suction which is very important in obtaining realistic results for unsaturated soil columns. 
3. Use the sandpaper to roughen the internal parts of the column to prevent preferential flow parts 

during water application to the columns. 
4. Use water to wash off the internal parts of the columns and allow to dry for 5 min. 

5. As both ends of the column are open (Figure 2A), cover one end (the end with five drilled holes 
used as the bottom of the column) with the 35 micron mesh and secure by sealing with the 

silicon sealant to hold the soil intact (Figure 2B). This will allow water to flow through and contain 
the root growth within the column. Hold the columns upside down while fixing the mesh and 

keep them in that position while the silicon hardens. Allow the sealing to dry for 36 h. Also, 
attach the rhizons at 10 cm height intervals into the holes drilled earlier (Figure 2C). 

 

 
Figure 2. Photos of (A) soil column with open ends (B) columns secured with micron 
mesh attached at the base (C) soil column with attached rhizons and (D) columns with 
germinating ryegrass 
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6. Sieve the soils through the 3.35 mm mesh size sieve to keep out stones and other large particles. 

7. Mix the soils thoroughly using shovel (hand mixing can be used depending on the scale of the 
experiment). 

8. Stand the columns on the supporting tray (in the present case a green container in Figure 2D) 
to prevent the creation of anaerobic conditions during water application. 

9. Place the column with the supporting tray into the larger collection tray (here a black container 
in Figure 2D) to collect the water flow through.  

10. Pour water (rainwater or distilled water depending on the purpose of the study) to wet the soil 
(up to 70% field capacity, that is the amount of soil moisture or water content held by soil after 

excess water is drained so that the soil is just moist and not saturated), and fill the columns 
gradually with the wet soil, compressing at intervals to achieve a near-field bulk density.  

11. Allow the columns to stand for three days (under the same conditions as the experimental 
conditions) and top up with soil as the soil levels decrease. 

12. Sow 100 seeds of perennial ryegrass (Lolium perenne) 2 cm below the soil surface or use the 

recommended sowing rate of the test crop and allow the grass to grow (Figure 3A). 

13. Water the columns with 200 ml of rainwater, three times every week for 14 weeks. This should 
be adjusted depending on the purpose of the study and available rainfall data. 

14. Use the syringe to collect soil solution samples (1 ml or as much as required for the specific 
analysis) weekly (or as frequently as the experimental requirements) and analyze for macro and 

micro nutrients (or other parameters depending on the purpose of the study). When sampling, 
apply suction by pulling the plunger of the syringe. Use the cover of the rhizon to keep the 

suction for about 2-3 min or until the required volume of soil solution is collected (Figure 3B). 
 

 
Figure 3. Photos of (A) soil columns with fully-grown ryegrass and (B) soil columns with 
syringe for sampling soil solution 
 

15. For analysis of plant growth and soil microbes, at the end of the 14 weeks (or end of study), 
harvest the grasses, use the saw to cut open the columns (Figure 4A) and take soil and/or root 

samples for analysis (see Figures 4B-4C). At the time of harvest, remove the rhizons carefully 
as they can be reused for about 2-3 more times. 
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Figure 4. Photos of (A) cutting the column open (B) deconstructed column and (C) 
sampling roots and soil from the columns 

 
Notes 

 
The results of using this method have been published in three peer-reviewed articles: Ikoyi et al. 

(2018, 2020a, 2020b). 
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