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Summary 

 

 

 

 

 

 

Soil organisms are responsible for many aspects of soil quality such as plant-

nutrient provision, soil structure, water infiltration, and soil nutrient 

immobilization. Therefore, these organisms are important for maintenance of 

fertility and sustainability of agricultural systems. However, they are also 

sensitive to agricultural management practices, and thus care must be taken not 

to disturb functioning of these organisms too much. 

 

Currently, one of the most important developments in agriculture is Genetic 

Modification (GM), which allows for the creation of new plant varieties with 

traits not normally found in these plant species. These can include increased 

drought resistance, herbicide resistance, or resistance to herbivorous insects. 

GM crops are grown on approximately 9% of agricultural land, and this area is 

expected to increase in the coming decades.  

 

Many of the beneficial soil biological functions are (partially) performed by 

arbuscular mycorrhizal (AM) fungi, which intimately interact with plants through 

colonizing plant roots and soil, forming a dense mycelium. These fungi transport 

soil nutrients to plants and get sugars in return, which thus constitutes an 

interaction conferring a mutual benefit; a symbiosis. There are multiple species 

within this class of fungi, many of which often co-occur within a given area, or 

even a given plant-root. Evidence suggests that at higher diversity performance 

of functions by AM fungi is increased. 

 

Therefore, the main research aim of this thesis has been to analyze diversity of 

AM fungi under varying agricultural management conditions, as a means to 
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interpret and estimate risk of changes in AM fungal communities in response to 

GM-plants. Because it has been proposed that organic farming increases AM 

fungal diversity, we have taken this farming practice as a case study: we 

compared estimates of AM fungal community composition assessed by DNA-

based analysis 26 arable fields (13 pairs of organically and conventionally 

managed fields) and five semi-natural grasslands, all on sandy soil.  

 

We found that the average number of AM fungal species was highest in 

grasslands, intermediate in organically managed fields, and significantly lower in 

conventionally managed fields. Moreover, AM fungal richness increased 

significantly with time since conversion to organic agriculture. AM fungal 

communities of organically managed fields were also more similar to those of 

natural grasslands as compared to those under conventional management, and 

were less “uniform” than their conventional counterpart (higher between - site 

diversity). These results indicate that AM fungi are indeed strongly influenced by 

farming practices. 

 

Our next approach was trying to resolve whether we could find specific 

community characteristics that might be used to make inference on degree of 

“stress” AM fungi are under. This would accomodate risk assessment of GM-

plants. We expanded our research to 40 agricultural fields and now sampled soil 

as well as roots (only roots were analyzed previously), to get an even more 

inclusive picture of AM fungal communities. We found that communities from 

species-poor fields were subsets of those in richer fields, indicating nestedness 

and a progressive loss from the species pool. Moreover, we found that species-

poor communities were characterized by a particularly high dominance of one 

AM fungal species, which may be a character suitable to measure ecological 

stress. Across our agricultural fields the strongest predictors of AM fungal 

diversity were soil Phosphorus concentration and previous grass or grass-clover 

mixture cropping. 

 

In a next experiment we directly measured the effect of GM-plant varieties on 

AM fungal communities in soil associated with these plants, where we targeted 

both DNA (as a measure for presence) and RNA (which is only present in active 
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organisms).  AM fungi were found to be abundant in soil, accounting for 30% of 

RNA and 8% of DNA of all fungi at plant maturity. This implies that AM fungi are 

indeed an abundant and active functional group in soil and need to be 

considered in risk assessment procedures. There were no significant differences 

between AM fungal communities associated with GM and non-GM plants. 

Additionally, a comparison against “natural” field communities confirmed that 

GM-related variation in AM fungal communities was lower than seasonal 

variation and variability among a range of agricultural fields. This approach of 

comparing GM related changes to within- and between-field community 

variation may provide a suitable framework for scaling GM-imposed effects to 

natural community variation. Overall, our observations indicate that the 

investigated GM-trait (Bt in maize) does not impose a risk for these beneficial 

soil fungi. 

 

In a last set of experiments, we attempted to evaluate the functioning of 

different AM fungal communities, and how this relates to the community 

characteristics we evaluated before. To test this we inoculated maize plants 

under glasshouse conditions with soil from each of three organic and three 

conventional maize fields. We measured plant productivity and nutrient loss 

during leaching events induced by simulated rain. In particular, we examined 

whether differences in productivity and nutrient loss are related to the 

abundance and species composition of AM fungi. We hypothesized that soil 

biota from organically managed fields would improve maize growth and reduce 

nutrient leaching significantly more than those from conventionally managed 

fields. In contrast to our hypothesis we found that plant productivity was 

negatively affected by soil inoculation, and this effect was stronger with 

inoculum from organic fields. However, soil inoculation did alter the ecological 

functioning of the system by reducing phosphorus leaching losses after 

simulated rain. Moreover, these leaching losses were lower with increased 

hyphal density and were related with abundance of particular AM fungal species. 

These results suggest that abundance of AM fungi and their community 

composition may be useful indicators of phosphorus leaching losses, but may not 

always be beneficial for plant growth.  
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In conclusion, the results presented in this thesis indicate that AM fungi can be 

abundant and diverse in agricultural fields, but are sensitive to management 

practices. These are particularly represented by forms of intensive 

“conventional” agriculture with continuous monoculture and high soil nutrient 

levels. AM fungi were associated with reduced nutrient leaching and plant 

biomass production, which thus indicates stimulation of these fungi may be 

beneficial for the environment but may not necessarily increase plant 

productivity. We found no effects of the GM-plants tested on AM fungi using an 

elaborate comparison with natural community variation, and suggest this 

approach is suitable for testing future GM-plant varieties for effects on non-

target soil organisms. 

 


