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A & L Biologicals received 10 different soil samples from The Regional Municipality of York (Table 1). 

Samples corresponded to soils treated with either 10 or 20 % compost, a mix of biochar and compost 

and control soils. We compared the chemical composition of the soils, as well as, the bacterial and fungal 

communities in the samples. Microbial communities were analyzed using a fingerprinting technique 

known as terminal restriction fragment length polymorphism (TRFLP). 

Table 1. Samples received from The Regional Municipality of York  

 

 

 

 

 
          
         
  
           

 

Microbial communities’ analysis: A & L Biologicals have refined DNA technologies that utilize terminal 

restriction fragment length polymorphism (TRFLP) analysis of DNA extracted from environmental 

samples. TRFLP is a popular high-throughput fingerprinting technique for monitoring composition of 

microbial communities. A conserved region of DNA extracted from the samples is amplified with two 

primers where at least one of them is fluorescently labeled. The fluorescent PCR products are then 

digested with at least one restriction enzyme. The size and quantity of the fragments are then 

determined using capillary electrophoresis. The banding pattern obtained provides a fingerprint of the 

microbial community. The relationship of such fingerprints to one another is identified using a 

multivariate statistical technique called Principle Component Analysis (PCA). Principle Components (PC) 

are statistical values generated to best explain the variation in a set of samples.  

TRFLP data is transformed into binary data (is a certain size signal there or not?) before performing PCA. 

PCA analysis cluster the data on the basis of similarity of peak presence; 95% confidence intervals are 

automatically drawn around each treatment group. Groups that do not overlap are considered 

statistically different in their microbial community.  

TRFLP data can also be visualized using peak intensity graphs where the intensity of the peak potentially 

represents the abundance of a microorganism in a sample. Peak intensity profiles of the microbial 

communities provide a snap shot of the diversity and abundance of the organisms that make up the 

populations in each sample. Each peak may represent a unique species or a family of related species and 

Sample # Sample ID 

1 818 Control 

2 820 Control 

3 273 10% compost 

4 757 10% compost 

5 819 20% compost 

6 758 20% compost 

7 269 10% biochar/compost 

8 270 10% biochar compost 

9 272 20% biochar/compost 

10 765 20% biochar/compost 
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it is possible to identify the microorganism responsible for each peak. TRFLP can be used to track spatial 

and temporal shifts in microbial populations due to different treatments. 

Objectives 

- To determine the profiles of the bacterial and fungal communities using terminal restriction fragment 

length polymorphism (TRFLP) in the samples provided. 

- To determine the chemical composition of the samples provided. 

Materials and Methods 

DNA extraction and TRFLP analysis: Three (250 mg) subsamples (replicates) from each soil sample were 

collected and their DNA was extracted using a Norgen Genomic DNA Isolation kit (Norgen Biotek Corp. 

ON) following the manufacturer’s protocol.   

A PCR master mix was made using bacterial primers 63F (CAGGCCTAACACA TGCAAGTC) and 1389R 

(ACGGGCGGTGTGTACAAG) or fungal primers ITS1F (CTTGGTCATTTAGAGGAAGTAA) and ITS4 

(TCCTCCGCTTATTGATATGC). PCR reactions were confirmed by electrophoresis and the products were 

purified using a DNA clean and concentrator kit (Zymo Research Corporation, Irvine, CA, USA). Purified 

PCR products were then digested for 3 h before been separated using a 3730 DNA Analyzer alongside 

GeneScan 1200 LIZ Size Standards (Applied Biosystems, USA). TRFLP results were analyzed using Gene 

Marker (SoftGenetics LLC) with default settings and a modified fragment peak intensity cut-off of 30. 

The forward and reverse fragment size and intensities were exported to Microsoft Excel and the data 

was analyzed using principle component analysis (PCA) with the software XLStat. The TRFLP results were 

transformed into binary data (is a certain size signal there or not) for PCA analysis and clustered based 

of similarity of peak presence. 

Intensity graphs of the fluorescent values of each peak were also generated to better illustrate the 

microbial profiles of each sample. Intensity graphs can uncover patterns and shifts in abundance in 

community profiles that could be missed by principle component analysis which mainly focuses on 

presence or absence. 

 

Results 

Soil chemistry results: Results from the soil chemistry analysis (see appendix for complete report) 

showed that all soils had basic pH, very high content of sodium, manganese and iron and very low 

content of magnesium and sulfur. Independent of the treatment, treated soils had higher content of 

organic matter than control soils (Table 2).  
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Table 2.  Chemical composition of control and treated soils. 

Sample ID OM CEC pH P-Bray P-Bicarb K (ppm) Ca (ppm) Mg (ppm) 

818 CONTROL 2.7 19.6 8.1 29 L 23 M 191 H 3440 VH 110 VL 

820 CONTROL 2.3 22.9 8.7 31 L 18 L 183 H 3860 H 135 VL 

273 10% COMPOST 3.3 20 8.5 45 M 30 M 217 H 3300 H 100 VL 

757 10% COMPOST 4.2 23.3 8 91 H 43 G 229 H 3880 H 140 VL 

758 20% COMPOST 4.1 21.6 8.2 93 H 46 G 230 H 3590 VH 120 VL 

819 20% COMPOST 4.1 22.8 8.3 36 M 25 M 184 H 3900 VH 115 VL 

272 20% BIOCHAR-COMPOST 4.9 19.9 7.8 55 M 35 G 260 VH 3520 VH 140 L 

765 20%BIOCHAR-COMPOST 4.4 21 8.4 67 G 39 G 222 H 3460 H 125 VL 

269 10% BIOCHAR-COMPOST 5.2 21.5 8.1 55 M 35 G 224 H 3770 VH 145 L 

270 10% BIOCHAR-COMPOST 3.9 21 8.1 81 G 41 G 229 H 3530 H 130 L 

 

Sample ID S (ppm) Na (ppm) Zn (ppm) Mn (ppm) Fe (ppm) Cu (ppm) B (ppm) 

818 CONTROL 26 L 230 VH 3.4 M 53 VH 72 VH 1.3 H 0.5 L 

820 CONTROL 21 VL 456 VH 4.7 M 50 VH 72 VH 2.7 H 0.7 M 

273 10% COMPOST 14 VL 498 VH 4.8 M 63 VH 76 VH 2.8 H 0.6 M 

757 10% COMPOST 20 VL 489 VH 7.5 H 62 VH 86 VH 3.1 VH 0.7 M 

758 20% COMPOST 10 VL 480 VH 7.2 H 60 VH 88 VH 2.7 H 0.7 M 

819 20% COMPOST 12 VL 425 VH 5.2 H 57 VH 69 VH 6.7 VH 0.7 M 

272 20% BIOCHAR-COMPOST 14 VL 102 VH 5.4 H 56 VH 78 VH 2.1 H 0.7 M 

765 20%BIOCHAR-COMPOST 13 VL 481 VH 6 H 64 VH 77 VH 1.8 H 0.7 M 

269 10% BIOCHAR-COMPOST 19 VL 207 VH 6.4 H 51 VH 76 VH 1.7 H 0.7 M 

270 10% BIOCHAR-COMPOST 19 VL 379 VH 5.5 H 61 VH 74 VH 1.5 H 0.6 M 

 

Sample ID Al (ppm) % K % Mg % Ca % Na Saturation % P  K/Mg ENR 

818 CONTROL 248 2.5 4.7 87.8 5.1 2 0.53 39 

820 CONTROL 156 2.1 4.9 84.4 8.7 2 0.43 35 

273 10% COMPOST 231 2.8 4.2 82.3 10.8 3 0.67 45 

757 10% COMPOST 225 2.5 5 83.4 9.1 7 0.5 54 

758 20% COMPOST 282 2.7 4.6 83 9.7 7 0.59 53 

819 20% COMPOST 188 2.1 4.2 85.7 8.1 3 0.5 53 

272 20% BIOCHAR-COMPOST 289 3.4 5.9 88.6 2.2 4 0.58 62 

765 20%BIOCHAR-COMPOST 243 2.7 5 82.4 10 5 0.54 56 

269 10% BIOCHAR-COMPOST 166 2.7 5.6 87.6 4.2 4 0.48 65 

270 10% BIOCHAR-COMPOST 261 2.8 5.2 84.2 7.9 6 0.54 51 

VL: very low, L: low, M: medium, H: high, VH: very high, G: good. 
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Comparison of the soil bacterial communities  

 

TRFLP analysis can identify about 1-2% of the microbial population in a given sample. This however, 

represents hundreds of observations. In order to compare the profiles generated from such data we 

transformed the presence or absence of peaks into 1s or 0s, where 0 means absent and 1 means present. 

Principal component analysis (PCA) was the used on the binary data. Results of this analyses were 

summarized in two different ways.  Figure 1A, shows each TRFLP result as a vector. The closer the vectors 

are to each other, the more similar are the bacterial populations they represent. As shown in Figure 1A, 

triplicates per sample clustered together, indicating good reproducibility of the experiments. 

Surprisingly, control samples 820 and 818 did not group together, they are indeed on different 

quadrants. If both controls soils were treated the same, these results suggest that to a certain degree 

the variability between samples is independent of the treatments applied.  

To visualized if the differences observed in Figure 1A were statistically significant, we summarized our 

results as single data points and plotted them two dimensionally (Figure 1B). The degree of separation 

between samples indicates the extent of similarities or differences. The further the dots are separated, 

the greater the difference. The closer they are, the more similar the population. Confidence circles that 

do not overlap are considered statistically different. None of the differences between samples were 

statistically significant (Figure 1B).  

 

 

 

 

 

 

 

Figure 1. PCA of bacterial communities in soil as analyzed using Terminal Restriction Fragment Length 

Polymorphism (TRFLP). The PCA is analyzed based on presence or absence of bacterial peaks. Results 

were represented as vectors (A) or dots (B). 

 

Peak intensity profiles of the bacterial communities provide a snap shot of the diversity and abundance 

of the organisms that make up the populations in each sample. Each peak may represent a unique 

species or a family of related species and it is possible to identify the bacterium or bacteria responsible 

for each peak. As shown in Figure 2 the bacterial community profile of all samples were very similar. 
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Figure 2. Peak intensities profile of bacterial communities. The X axis represents the base size fragments 

and the Y axis the fluorescent intensity of the peak. The higher intensity peak indicate a greater 

abundance of certain bacteria. 

 

A closer look confirmed that soils treated with 10% compost shared the same bacterial communities 

than control soils (Figure 3). Both sets of samples are dominated by bacterial species represented by 

peaks at 181 bp, 303 bp, 304 bp and 472 bp. Those bacterial species were consistently more abundant 

on treated soils (Figure 3). Similarly, 20% compost treated soils had the same bacterial profile than 

control soils (Figure 4). Once again the bacterial communities were dominated by the species 

represented by peaks at 181 bp, 303 bp, 304 bp and 472 bp.  Treated soils had also a peak at 335 bp that 

was considerably higher than on control soils, suggesting a possible shift on the dominant bacterial 

species. 

Soils treated with 10% biochar/compost had the same bacterial profile than control soils (Figure 5). Once 

again, the differences between them was the intensity of the peaks, suggesting that although the 

bacterial populations are the same, the abundance of certain species had changed. Control and treated 

soils shared the most abundant species represented by peaks 181 bp, 303 bp, 304 bp and 341 bp. Treated 

soils had also high peaks at 183 bp, 341 bp and 1055 bp. Soils treated with 20% biochar/compost and 

control soils had a very similar bacterial profile (Figure 6). Not only the share the bacterial peaks, but 

also the abundance of those peaks was similar. The most abundant bacteria on treated soil were 

represented by peaks at 303 bp, 329 bp and 472 bp. 
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Figure 3. Peak intensities profile of bacterial communities of control and 10% compost treated soils. 

The X axis represents the base size fragments and the Y axis the fluorescent intensity of the peak. The 

higher intensity peak indicate a greater abundance of certain bacteria. 

 

 

 

 

 

 

 

 

 

Figure 4. Peak intensities profile of bacterial communities of control and 20% compost treated soils. 

The X axis represents the base size fragments and the Y axis the fluorescent intensity of the peak. The 

higher intensity peak indicate a greater abundance of certain bacteria. 
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Figure 5. Peak intensities profile of bacterial communities of control and 10% biochar/compost treated 

soils. The X axis represents the base size fragments and the Y axis the fluorescent intensity of the peak. 

The higher intensity peak indicate a greater abundance of certain bacteria. 

 

 

 

 

 

 

 

 

 

 

Figure 6. Peak intensities profile of bacterial communities of control and 20% biochar/compost treated 

soils. The X axis represents the base size fragments and the Y axis the fluorescent intensity of the peak. 

The higher intensity peak indicate a greater abundance of certain bacteria. 
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Comparison of the soil fungal communities  

 

Fungal TRFLP results were analyzed by PCA based on the presence or absence of fungal peaks found 

through 30 bp to 1000 bp.  Similar to the bacterial populations, fungal communities from control soils 

820 and 818 were somehow different in between them (Figure 7A). While most of biochar/compost 

treated soils clustered together, there is a bigger variation on soils treated with 10% or 20% compost 

(Figure 6A). Once more, the differences were not statistically significant (Figure 7B), indicating that all 

soils have similar fungal communities.  

 

 

 

 

 

 

 

 

 

Figure 7. PCA of fungal communities in soil as analyzed using Terminal Restriction Fragment Length 

Polymorphism (TRFLP). The PCA is analyzed based on presence or absence of fungal peaks. Results were 

represented as vectors (A) or dots (B). 

 

Through peak intensity profiles analysis, we found that all samples shared the same fungal populations 

(Figure 8). The biggest differences between them was the intensity of the peaks. That is particularly true 

for the two control samples. While 818 control had the most abundant fungal species at 123 bp, 150 bp, 

190 bp and 317 bp, 820 control had the higher peaks at 163 bp, 166 bp, 310 bp, 333 bp, 339 bp, 349 bp, 

and 423 bp. 

Samples 273 10% compost and 757 10% compost shared some of their dominant fungal species as the 

one represented by peaks at 150 bp, and 352 bp. Soils from 273 10% compost are also dominated by 

fungi represented by peaks at 195 bp, 333 bp and 423 bp, while 757 10% compost had a fungi 

represented by a peaks at 303 bp as one of the dominant species. Soils treated with 20% compost shared 

dominant peaks at 195 bp and 352 bp. Sample 819 20% compost also had dominant peaks at 330 bp and 

411 bp, while sample 758 20% compost had dominant peaks at 166 bp and 331 bp. 
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Soils treated with 10% biochar/compost mix shared dominant peaks at 150 bp, and 352 bp. Sample 269 

10% biochar/compost had two additional dominant peaks at 190 bp and 317 bp.  

Soils treated with 20% biochar/compost shared a dominant peak at 150 bp. Sample 765 20% 

biochar/compost had peaks less intense that the rest of the soil samples, while sample 272 20% 

biochar/compost had some of the higher peaks of all soil tested. The fungal communities present in 

sample 272 are dominated by fugi represented by peaks at 317 bp, 320 bp, 326 bp, 333 bp, 335 bp and 

352 bp.  

 

 

 

 

 

 

 

 

 

 

Figure 8. Peak intensities profile of fungal communities. The X axis represents the base size fragments 

and the Y axis the fluorescent intensity of the peak. The higher intensity peak indicate a greater 

abundance of certain fungi. 

 

Conclusions 

Soil chemistry analysis showed that control soils had less organic matter than treated soils. All soils had 

basic pH, very high content of sodium, manganese and iron and very low content of magnesium and 

sulfur. No other differences in the chemical composition of the soils were found. 

TRFLP analysis indicated no significant difference in the diversity of the bacterial and fungal communities 

found all the soils tested. However, the abundance of certain bacterial and fungal species was different 

between control and treated soils. In general, treated soils had more abundant bacterial and fungal 

species as suggested by the higher intensity of certain peaks. This suggests that although the treatment 
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did not change the composition of the microbial communities, they had induced a change on what 

microbial species are the most abundant. Considering the variability between samples, a larger number 

of biological replicates (more independent samples from one location) is necessary to demonstrate that 

soils from those locations have different microbial populations. 
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