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Abstract 

Arbuscular mycorrhizal fungi (AMF) strongly affect ecosystem functioning. To 

understand and quantify the mechanisms of this control, knowledge about the 

relationship between the actual abundance and community composition of AMF in 

the soil and in plant roots is needed. We collected soil and root samples in a natural 

dune grassland to test whether, across a plant community, the abundance of AMF in 

host roots (measured as the total length of roots colonized) is related to soil AMF 

abundance (using the neutral lipid fatty acids (NLFA) 16:1ω5 as proxy). Next-

generation sequencing was used to explore the role of community composition in 

abundance patterns. We found a strong positive relationship between the total length 

of roots colonized by AMF and the amount of NLFA 16:1ω5 in the soil. We provide 

the first field-based evidence of proportional biomass allocation between intra-and 

extraradical AMF mycelium, at ecosystem level. We suggest that this phenomenon is 

made possible by compensatory colonization strategies of individual fungal species. 

Finally, our findings open the possibility of using AMF total root colonization as a 

proxy for soil AMF abundances, aiding further exploration of the AMF impacts on 

ecosystems functioning. 
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5.1. Introduction 

Arbuscular mycorrhizal fungi (AMF) are widespread obligate symbionts forming 

associations with 85% of the vascular plant species (Brundrett and Tedersoo 2018), 

dominating most of the tropical forest and temperate grassland ecosystems (Read 

1991, Soudzilovskaia et al. 2018). Besides the fundamental role of AMF in plant 

nutrition and fitness (Smith and Read 2008, Smith and Smith 2011), it is widely 

recognized that AMF have a substantial impact on ecosystem functioning. To 

understand this role, it is important to distinguish between the “intraradical 

mycelium”, which is the fungal biomass inside the root and the “extraradical 

mycelium” which is the fungal body in soil (Leake et al. 2004). While the intraradical 

part will likely only affect ecosystem processes indirectly through host plant nutrition 

and performance (Rillig 2004), the extraradical mycelium is directly related to 

ecosystem functioning. AMF extraradical mycelium can modify the soil microbial 

community structure and composition (Hodge 2000, Van Der Heijden 2002, Urcelay 

and Diaz 2003, Toljander et al. 2007), and enhance soil aggregation via stabilization 

of soil aggregates (Rillig 2004, Leifheit et al. 2013). The extraradical mycelium also 

acts as an active distributor of carbon (C) in the soil, feeding soil heterotrophs (Staddon 

et al. 2003, Pollierer et al. 2007) and stabilizing C in recalcitrant organic compounds 

(Treseder and Turner 2007, Sousa et al. 2012).  

A comprehensive understanding of the impacts of AMF in the above-mentioned 

processes and the incorporation of mycorrhizal pathways into biogeochemical models 

requires quantitative measurements of AMF abundances in both of their functional 

compartments, roots and soils (Soudzilovskaia et al. 2015). Information about AMF 

abundances in roots (typically expressed as percentage root length colonized) is 

common in the literature (e.g. 19-21). In contrast, and despite their direct impact on 

C and nutrient cycling (Rillig 2004, Finlay 2008, Bunn et al. 2019), the abundance of 

AMF extraradical mycelium in natural ecosystems is rarely reported and its relation to 

abundances of AMF in the plant roots is poorly understood.  

So far, information based on studies of single fungal isolates indicates a general 

increase of AMF extraradical mycelium during the process of root colonization by 
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AMF (Van Aarle et al. 2002, van Aarle and Olsson 2003). This suggests that within 

the same single AMF species isolate, a higher intraradical C allocation generally leads 

to a higher C allocation in the soil compartment. However, natural ecosystems 

comprise a heterogeneous network of AMF species that may have remarkable 

differences in the proportion of biomass they allocate inside and outside the roots 

(Graham et al. 1982, Hart and Reader 2002, Hart and Reader 2005). Laboratory 

studies demonstrate that, for instance, members of the AMF family Glomeraceae 

(order Glomerales) are known to have high intraradical colonization but only little 

expansion into the soil; members of Gigasporaceae (order Diversisporales) have the 

opposite colonization strategy and members of Acaulosporaceae (order 

Diversisporales) have low levels of both soil and root colonization (Hart and Reader 

2002). Therefore, in a natural ecosystem where different AMF colonization strategies 

potentially coexist, whether an increase of AMF colonization in roots results in an 

increase of AMF mycelium in the soil is less evident and remains unsolved. Obtaining 

a field-based quantitative answer to this question will 1) provide important insights into 

the mechanisms of C and nutrient flow through mycorrhizal pathways at ecosystem 

level, and 2) will inform us about the feasibility of using estimates of AMF abundance 

in roots as a proxy of AMF soil abundance. 

Here, we explore the quantitative patterns of AMF abundances in roots vs soil and the 

corresponding community composition in a natural dune grassland to answer the 

following questions: 1) is the level of colonization by AMF in the roots positively 

related to the abundance of AMF mycelium in the soil, within a natural ecosystem? 

And if so, 2) do different AMF colonization strategies influence the relationship 

between AMF abundance in root and soil compartments? We hypothesize that, if at 

the ecosystem level a single colonization strategy dominates, the proportion of biomass 

allocated by AMF in roots and soil compartments will remain constant, and therefore 

a relationship between the biomass in soil vs roots may be expected. If root and soil 

colonization strategies co-occur along the plant community but their intra- and 

extraradical relative abundances are complementary, a correlation between root and 

soil AMF biomass may also be expected (see Figure 5.1).  
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Figure 5.1: Conceptual scheme indicating possible patterns between the abundance of AMF in 

roots vs soil compartments. Dotted lines and coloured shapes represent three different 

scenarios depending on the predominance of AMF taxa with different colonization strategies. 

A first scenario (green shape) represents an AMF community dominated by species with 

preference for soil colonization. A second scenario (blue shape) represents an AMF 

community dominated by species with a preference for root colonization. In a third scenario 

(purple shape) both root and soil colonization strategies are present but their abundance tends 

to even out. Finally, a fourth scenario where no relationship is expected (not shown in the 

graph) if a) community assembly along the plant community is random (no compensated 

colonization strategies) or if b) the biomass allocation in root and soil of individual AMF taxa 

is not coupled. 

5.2. Methods 

5.2.1. Sample collection 

Plant and soil samples were collected in May 2017 in the Kennemer Dunes National 

Park (52.43 N, 4.57 E), a 25 km
2

 dune ecosystem situated along the north coast of the 

Netherlands. Based on a visual inspection of vegetation conditions to avoid non-

mycorrhizal plants, a 350-meter-long transect was established, covering a gradient from 
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moist to dry soils. Such natural moisture gradient was used as a mean to ensure 

sampling of plant communities featuring distinct levels of AMF root colonization. This 

expectation is based on the fact that AMF are suppressed by high soil moisture (Miller 

2000, Escudero and Mendoza 2005). Within this transect, fifteen sampling points 

were established. Areas with known non-mycorrhizal species were avoided.  

At each sampling point, we established a circular area of approximately 3 m diameter, 

where five subsamples, separated from each other by at least 1 m, were collected from 

the topsoil layer (15 cm). These subsamples were later pooled and homogenized to 

obtain a total volume 1 dm
3

 of soil. During the collection, samples were kept frozen 

using dry ice to avoid degradation of organic compounds. 

From each sample, soils and roots were separated by sieving. The extracted roots were 

carefully cleaned with tap water and weighted. Half of the root samples were preserved 

in 50% ethanol for AMF colonization measurements while the rest was oven-dried (35 

°C, 30 h) for molecular analysis. 

5.2.2. Root colonization 

To estimate AMF root colonization, roots preserved in ethanol were first cut into small 

pieces (ca 1 cm each), cleaned with 2.5% KOH and stained by autoclaving in 5% 

Pelikan Blue ink (Brundrett et al. 1996). The percentage of colonization was estimated 

by examining vesicles, hyphae and arbuscular structures with a grid line intersect 

procedure (McGonigle et al. 1990). Total root length was measured with the 

WinRhizoTM Pro 2003b image analysis system (at 400 dpi; Regent Instruments Inc., 

Ville de Québec, QC, Canada). Standing root length colonized by AMF (used as a 

proxy of AMF abundance in roots) was calculated by multiplying the percentage of 

colonization and total root length per volume of soil. 

5.2.3. Extraradical mycelium abundance 

The abundance of AMF extraradical mycelium was measured using fatty acid analysis. 

The lipid extraction from 3g of freeze-dried soil was performed using a one-phase 
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mixture following Bligh and Dyer (Bligh and Dyer 1959) and modified by Frostegård et 

al (Frostegård et al. 1991). The neutral lipid fatty acid (NLFA) 16:1ω5 was used as a 

proxy for AMF abundance (Olsson 1995, Olsson and Wilhelmsson 2000).  

5.2.4. AMF community structure 

DNA was extracted following the protocol of Tedersoo et al (Tedersoo et al. 2014) 

using a PowerSoil DNA Isolation Kit (Mo Bio Laboratories, Inc., Carlsbad, CA, 

USA). We used 0.25 g of dried soil and 0.1 g of ground dried roots. Polymerase chain 

reaction (PCR) was performed using the primer pair ITS9mun/NS8a (Tedersoo and 

Lindahl 2016) targeting the rRNA 18S gene V9 variable region. This universal primer 

set was selected to cover most of the fungi including phylum Glomeromycota across 

an intron-free fragment of equal length (Nilsson et al. 2019). The PCR program 

consisted of 15 min incubation at 95 °C, followed by 25 cycles of 30 s at 95 °C, 30 s at 

55 °C and 50 s at 72 °C. PCR products were purified using Favorgen GEL/PCR 

Purification Mini Kit. Amplicons were sequenced with Illumina MiSeq platform at the 

Estonian Genome Center.  

Sequencing data were analyzed with PipeCraft (Anslan et al. 2017). To remove low-

quality reads, filtering was performed with vsearch (v1.11.1) (parameters: minoverlap= 

15, minlength= 50, E_max=1, maxambigu=0). Operational Taxonomic Units (OTU) 

were constructed using the UPARSE algorithm (Edgar 2013) at 97% sequence 

similarity threshold. Singleton clusters were removed. A post-clustering curation to 

OTU table was performed with LULU (Frøslev et al. 2017). Representative OTU 

sequences were taxonomically assigned using SILVA (release 128) database (Quast 

et al. 2012) with BLAST (Altschul et al. 1990) (threshold criterion e-value<e
-10

). 

Chimera check was performed using UCHIME de novo option. No rarefaction was 

done because richness was unrelated to sequencing depth. The resulting OTU table 

was deposited in Figshare public repository 

(https://doi.org/10.6084/m9.figshare.9785930.v1). 

https://doi.org/10.6084/m9.figshare.9785930.v1
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5.2.5. Statistical analysis 

The relationship between root length colonization and NLFA abundances was 

assessed using a linear model for vesicles, arbuscules and hyphae separately. 

Differences between root and soil AMF community structures were visualized using 

non-metric multidimensional scaling (NMDS) with Bray–Curtis dissimilarity using 

“metaMDS” function in R Package “vegan”. Root and soil community differences 

were tested for statistical significance using permutational multivariate analysis of 

variance (PERMANOVA) (“adonis” function in R Package “vegan”). 

PERMANOVA’s assumption of homogeneity in within-groups variability was tested 

using “betadisper” function in R Package “vegan”. All statistical analyses were 

performed using R 3.4.3 (R Core Team 2021). 

5.3. Results 

5.3.1. Relationship between intra-and extraradical mycelium  

The linear regression models showed a significant positive relationship between the 

amounts of NLFA 16:1w5 in the soil and total root length colonization at the studied 

community (Figure 5.2). This positive relation was consistent among the different 

AMF structures for which colonization was measured (arbuscular, hyphae and 

vesicles). Root colonization by arbuscular structures showed the strongest relation with 

NLFA 16:1w5, followed by hyphal colonization and vesicle colonization. Despite the 

influence of an extremely high NLFA 16:1w5 value, the relation remained highly 

significant when this value was removed from the input data (see Figure S5.1-A).  
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Figure 5.2: Linear relation between the AMF biomass in the soil and the total root length 

colonized for the three detected AMF structures. (a) arbuscules (b) hyphae and (c) vesicle. 

NLFA 16:1w5 was used as a proxy of the AMF biomass in the soil. 

4.1.1. Community composition 

Community composition analysis showed a clear dominance of members of the order 

Glomerales in root samples (see Figure S5.1-B). In contrast, soil samples showed a 

more heterogeneous composition, having in general a higher proportion of the order 

Diversisporales, Archaeosporales and Paraglomerales than in root samples (Figure 
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5.3a). Therefore, a general shift in the relative abundance of the four Glomeromycota 

orders can be seen between soil and plant roots. PERMANOVA analysis ratified this 

pattern showing significant differences (R2

= 0.035, p=0.001) in AMF community 

composition between soil and roots based on OTUs’ relative abundances (Figure 

5.3b). 

 

Figure 5.3: Differences in AMF community composition between root and soil samples. a) 

Means and standard error of the difference between the relative abundances of the AMF 

orders Archaeosporales, Diversisporales, Glomerales and Paraglomerales in soil and root 

samples. Positive values indicate that, on average, root samples had a higher relative proportion 

than their soil pairs, while negative values indicate the opposite trend. Different letters indicate 
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significant differences between orders. b) Nonmetric multidimensional scaling (NMDS) 

ordination plots of arbuscular mycorrhizal fungal communities present in soil and roots 

compartments based on relative proportions of OTUs. Ellipses delimit the 95% confidence 

interval around centroids 

5.4. Discussion 

5.4.1. Relationship between root vs soil AMF abundance 

We found a strong positive relationship between the abundance of AMF in soil and 

the total root length colonized. Although a similar pattern has been found before in 

single AMF isolates (Van Aarle et al. 2002, van Aarle and Olsson 2003), our results 

provide the first evidence of a relationship between intra- and extraradical AMF 

abundance at an entire plant community level in a natural ecosystem. This suggests 

that, even at plant community level where different AMF species are expected, plant 

C allocation to the symbiotic fungi is proportionally distributed between root and soil 

compartments.  

The strong relationship found here raises the question of whether measurements of 

total root colonization can be used to infer information about AMF abundance in soils 

or vice versa. Given the relevance of AMF for ecosystem functioning, this link is 

promising to gain understanding of AMF distribution in soils and roots. However, the 

extrapolation of the patterns found in this study to different ecosystems and 

environmental conditions requires caution and further testing.  

Firstly, while the techniques applied here (fatty acid analysis and microscopic 

quantification) are widely used, they are known to induce serious biases (Vierheilig et 

al. 2005, Frostegård et al. 2011) that may introduce uncertainties to our results. 

Therefore, within the framework of this research, we have explored the possibility to 

use molecular quantification tools (i.e. the novel digital droplet PCR technique 

(Hindson et al. 2013)) as a potentially robust, accurate and rapid methodological 

alternative to assess AMF abundance in roots and soil. This test and its outcomes are 

presented in detail in the Appendix S2. In short, we have detected that the abundance 

of AMF in roots using ddPCR was positively related with the total root length 
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colonized, while using ddPCR for examining the abundance of AMF in soil was 

problematic, and delivered obscured results. We conclude that ddPCR techniques 

can already be used for the assessment of AMF abundance in roots, while the methods 

of using this technique for soil samples still need further development (see Appendix 

S2 for recommendations). 

A second potential source of uncertainties it that neither the traditional nor the 

molecular techniques explored here can discriminate between active and dormant 

stages or recently dead biomass (Blagodatskaya and Kuzyakov 2013). This issue is 

potentially less problematic when our results are used in the context of nutrients and 

C cycling assessments. However, it should be considered when the assessment of 

ecosystem function is the main goal and differences in microbial physiological states 

are relevant. 

5.4.2. Role of community composition  

A crucial step towards further generalizations of the relationship found here is 

disentangling the role of AMF community composition and, specifically, the 

contribution of different colonization strategies (i.e. soil vs root colonizers) in affecting 

the relationship between root and soil abundances. 

In line with the findings of several field experiments (Hempel et al. 2007, Varela‐

Cervero et al. 2015, Varela-Cervero et al. 2016), we found that AMF community 

composition differed between roots and soil compartments (Figure 5.3b). While roots 

were clearly dominated by members of the order Glomerales (Figure S5.1-B), their 

relative abundance in soil samples tended to decrease, being partially replaced by 

members of the order Archeaeosporales and Diversisporales (Figure 5.3a). This shift 

in community composition between root and soil reflects, as proposed by Hart and 

Reader (Hart and Reader 2002), differences in colonization strategies among the main 

AMF groups.  

Despite these differences in community composition, the ratio between AMF biomass 

in root and soil compartments remains relatively constant, as reflected by the strongly 
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significant linear relationship of soil vs roots abundance (Figure 5.2). This suggests that 

the second theoretical scenario presented in Figure 5.1 prevails in the studied system, 

indicating that co-occurring AMF species have compensatory colonization strategies, 

resulting in a robust relationship between soil and root abundances. The co-

occurrence of different strategies may reflect an ecological specialization of co-existing 

AMF linages to avoid competition for space and resources (Jansa et al. 2008, Powell 

et al. 2009, Maherali and Klironomos 2012). Moreover, different colonization 

strategies have been proposed to relate to different benefits to the plant. A more 

extensive extraradical mycelium is generally associated with an increase of nutrients 

supply to the plant (Van Der Heijden and Scheublin 2007), while a higher intensity of 

root colonization provides the host plant with greater protection against soil pathogens 

(Newsham et al. 1995). Therefore, the C flow from the host plant to their fungal 

partner may be distributed within different functional strategies to maximize fitness 

(Maherali and Klironomos 2007), which ultimately leads to coupled AMF abundances 

inside and outside the plant roots, even at the community level.   

Even though colonization strategies seem to play an important role in assembling AMF 

communities, other environmental factors such as soil properties (Lekberg et al. 2007) 

or plant identity (Chagnon et al. 2015) can also influence AMF community 

composition. Within an ecosystem, the chance that higher AMF abundance in roots 

leads to a higher abundance in the soil will ultimately depend on the relative 

contribution of distinct AMF functional groups to the intra- and extra-radical biomass. 

Therefore, in particular conditions specific strategies may be favoured, affecting the 

relations found here. We tested if deviations in the AMF community mean 

composition of the order Divesisporales (chosen as a reference group due to its higher 

relative abundance in soils) were related to deviations in the relationship of AMF 

abundance between soil and roots (Figure S5.1-C). We found that if in a given 

location, the relative abundance of the order Divesisporales was higher than the 

community mean, the abundance of AMF in the soil was underestimated by the linear 

model (as indicated by positive residuals in the abundance correlation). This suggests 

that plant communities within which the AMF colonization strategies are not fully 

evened out, the relationship between intra- and extraradical may be weakened.  
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Further research targeting the absolute abundance of specific groups with different 

colonization strategies will be key to improve our understanding of AMF community 

assembly rules and its role in the abundance pattern of soils vs roots.   

5.5. Conclusions 

Our results provide the first direct evidence of a relation between AMF abundances 

in soils and roots at the ecosystem level, suggesting that the input from the host plant 

is proportionally distributed between the root-associated mycelium and the 

extraradical mycelium. This relationship of AMF abundances is likely to be caused by 

compensatory colonization strategies of individual fungal species. Specific 

environmental conditions may favour certain functional groups that may interfere with 

the coupling of AMF abundances at community level, which will demand further 

testing. Our findings open the possibility of using AMF intraradical abundance 

measurements as a proxy of extraradical abundance at a community scale.  This proxy 

will help to estimate AMF abundance in soils, which is key towards a better 

understanding of terrestrial ecosystems functioning in present and future climates. 
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5.7. Supporting information  

5.7.1. Appendix S1: Supplementary figures 

 

Figure S5.1-A. Linear relation between the AMF biomass in the soil and the total root length 

colonized for the three detected AMF structures. NLFA 16:1w5 was used as a proxy of the 

AMF biomass in the soil. One extreme value of NLFA (23.65 nmol/cm3) was omitted, 

compared to the relationship shown in Figure 5.2 in the main text, to evaluate the influence of 

this point on the significance of the relationship.  

Figure S5.1-B: Relative abundance of the main AMF orders in roots and soil in each sample 

location.   
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Figure S5.1-C. Linear relation between the residuals of the model on AMF abundances of soil 

vs roots (measured with arbuscules (A), hyphae (B) and vesicles (C) colonization) and the 

deviance from the mean in the relative proportion of the order Divesisporales between root 

and soil. Positive residual values indicate that the linear model underestimates AMF abundance 

in the soils. At those conditions, the relative abundance of Divesisporales tends to be lower 

than the mean.   
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5.7.2. Appendix S2: Evaluation of AMF abundance in roots and soils using 

digital droplet PCR (ddPCR) 

As traditional method may induce considerable biases, we tested a new, potentially 

more reproducible technology, ddPCR. 

5.7.2.1.Methods 

Intraradical and extraradical abundance of AMF was complementarily assessed using 

a digital droplet PCR (ddPCR) analysis. This technique provides an absolute 

quantification of target DNA copy number by partitioning the PCR reaction in 

multiple replicates (droplets) and detecting successful DNA amplification in each 

replicate (Hindson et al., 2011). The ddPCR technique is more accurate and sensitive 

than the commonly used quantitative PCR (qPCR), especially at low DNA 

concentrations (Hindson et al., 2013; Yang et al., 2014; Doi et al., 2015; Nathan et al., 

2015). Furthermore, the fact that ddPCR analysis does not need calibration curves nor 

many replicates makes it a more cost-efficient alternative to qPCR (Doi et al., 2015b; 

Hindson et al., 2013; Nathan et al., 2014; Yang et al., 2014). 

Quantitative molecular techniques require the use of specific primers that avoid 

amplifying non target organisms. For this reason, we used the reverse primer AM1 

(Helgason et al., 2002) and the forward AMG1F (Hewins et al., 2015) that specifically 

target members of the filum Glomeromycota. The final ddPCR reaction volume of 22 

μl contained 2 μl DNA extract, 2.5 μl 100 nM forward and reverse primers, 10 μl Bio-

Rad Evagreen Supermix (Bio-Rad, Hercules, CA, USA) and 5 μl Milli-Q. Of this 22 

μl PCR mixture, 20 μl were transferred onto a DG8 Biorad cartridge containing 8 

wells, of which one was used for a blanc sample containing 3 μl Milli-Q. Droplets were 

produced using a Bio-Rad QX-200 droplet generator with 70 μl Bio-Rad generator oil 

per well. Of the resulting emulsion mixture, 40 μL of the produced droplet mixture 

was pipetted into a semi skirted twintec 96-well plate and sealed using the PX1 PCR 

Plate Sealer (Bio-Rad). The amplification program incorporated an initial 95 °C 

denaturation for 5 min, followed by 35 cycles of 15 s at 95 °C, 60 s at 62 °C, and 90 s 

at 72 °C and a final step of 90 s at 72 °C. The samples were then analyzed with a 



Chapter 5 

 

120 
 

QX200 Droplet Reader and processed with QuantaSoft software version 1.7.4 (Bio-

Rad) to obtain AMF copy number/ μl of PCR mixture. Droplets were assigned as 

positive or negative by thresholding based on the height of their respective 

fluorescence amplitude. The absolute DNA concentration was estimated from the 

proportion of total positive reactions and the initial concentration of the sample using 

a Poisson distribution. Roots and soil results were transformed to AMF copy 

number/cm3 of soil.   

5.7.2.2.Results 

We found a significant positive relationship between the total number of DNA copies 

detected by ddPCR inside the root compartment and the total root length colonization 

measured by microscopic identification (Figure S5.2A). In contrast, we did not find a 

relation between ddPCR estimation in soils and NLFA 16:1w5 values (Figure S5.2B). 

Concomitantly, the total number of AMF DNA copies measured inside the roots was 

not significantly related to the number of AMF DNA copies in soils (Figure S5.2C).  

 

Figure S5.2-A. Linear relation between the abundance of AMF in roots measured with ddPCR 

and root length colonized by the three detected AMF structures (hyphae, arbuscules and 

vesicles). 
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Figure S5.2-B. Correlation between AMF abundances in soil measured with ddPRC 

technology and AMF abundance measured with fatty acids analysis. The total number of DNA 

copies detected in the samples is used as proxy of AMF abundance.  

 

Figure S5.2-C. The relationship between AMF abundances in soil and roots compartments 

using ddPRC technology. The total number of DNA copies detected in the samples is used as 

a proxy of AMF abundance. 
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5.7.2.3.Discussion 

The ddPCR technique has been shown to be a promising tool to quantify with high 

precision the abundance of target DNA molecules (Kim et al., 2014; Doi et al., 2015). 

Despite its potential, ddPCR has been rarely used in ecological research. Here, we 

tested the possibility to assess AMF abundance both in roots and soils using ddPCR. 

The abundance of AMF in roots using ddPCR was positively related with the total root 

length colonized (Figure S5.1). This clearly reflects the applicability of ddPCR 

techniques for the assessment of AMF abundance in roots. However, it seems that the 

higher proportion of organic compounds in soil interfered with the PCR reaction, 

leading to a lack of positive relation between NLFA analysis and ddPRC technique in 

soil samples (Figure S5.2). This interference was indicated by a much lower difference 

in fluorescence amplitudes between positive and negative observations in soil (even 

though ddPCR has been shown to be more robust to effects of organic compounds 

than other PCR techniques (Rački et al., 2014; Cavé et al., 2016)). Thus, the use of 

ddPCR for AMF quantification in soil samples requires further optimization and 

standardization of protocols that can mitigate the high concentration of PCR 

inhibitors. Possibly, inclusion of additional cleaning steps or using inhibitor removal 

kits such as the DNeasy PowerClean Pro Cleanup Kit (Qiagen) our protocols might 

yield better ddPCR results. The relatively poor performance of our ddPCR protocol 

in soil also seems to explain the lack of relationship between soil and root abundances 

when using ddPCR. Together, this implies tailor-made ddPCR protocols for soil 

samples are needed before it may replace the labor intensive, hard to automate and 

time-consuming traditional methodologies.


