
Key facts
•	 Arbuscular mycorrhizal fungi 

(AMF) are soil organisms that 
form symbiotic associations with 
most vascular plants. Exceptions 
include spinach, sugar beets, lupins, 
and brassicas (e.g., radish, canola, 
cauliflower, cabbage, and turnip).

•	 Robust AMF development increases 
the capacity of plant roots to take up 
nutrients and water, and can lead to 
improved plant health and yield.

•	 Tillage reduces the growth of AMF.

•	 Long fallow periods or cropping of 
non-AMF supporting plants reduces 
AMF, which can result in reduced 
yield for AMF-associated crops.

•	 These soil organisms are often 
referred to as “mycorrhizae” or 
“vesicular arbuscular mycorrhizae” 
(VAM).

What are arbuscular 
mycorrhizal fungi?
AMF are specialized soil fungi that 
benefit many important crops and 
require an association with vascular 
plants to survive. Plants allow AMF 
to live within their roots and provide 
the fungi with sugars (carbohydrates) 
that enable them to grow (figure 1). 
In exchange, the fungi provide the 
plant with additional water and 
nutrients that the plant could not 
otherwise extract from the soil. To 
accomplish this, the fungi develop tree 
branch-patterned “root” structures 
(arbuscules) within plant root cells and 
grow “threads” (hyphae) from the plant. 
These threads act as an extended root 
system, pulling nutrients and water 
from the soil and storing them in 
small swellings (vesicles) in the roots’ 
upper cell layers. The plant can then 
use the water and nutrients stored in 
these swellings to supplement those 
absorbed directly by the plant roots.
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The name arbuscular 
mycorrhizal fungi 
translates directly  
from Latin as:
LITTLE TREE (ARBUSCULUM)+

FUNGUS (MYCO)+ROOT (RHIZA).
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FIGURE 1. Cross section of AMF plant root colonization.
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Where do AMF come 
from?
AMF are present in most soils 
worldwide, and are readily transported 
by wind, soil, and animals. Local 
climate and soil type determine which 
AMF species grow best at a particular 
location.1

Why should I manage 
my fields to increase AMF 
growth?
The association of AMF with a crop 
increases the crop’s capacity to take up 
phosphorus (P), zinc (Zn), copper (Cu) 
and water (figure 2).2 This increased 
capacity usually results in more robust 
plant growth, especially under stress 
conditions such as drought or limited 
nutrient availability. AMF also help 
increase plant resistance against 
pathogens and make plants generally 
healthier.3

From a soil health perspective, AMF 
help stabilize soils by producing a 
glue-like compound called glomalin. 
Glomalin coats and protects the fungal 
threads as they grow from the plant’s 
roots. Furthermore, glomalin glues 
surrounding soil particles together, 
which increases soil aggregate size 
and stability. The glomalin itself is 
an important source of soil organic 
matter—estimates of glomalin 
deposition range from hundreds to 
thousands of pounds of carbon per 
acre per year.4

How do my soil 
management practices 
impact AMF growth?
Soil tillage
Strip till or no-till enhances AMF 
growth.

•	 Tillage inhibits AMF development 
by physically tearing apart fungal 
threads, disrupting AMF growth, and 
decreasing glomalin production.5

•	 AMF colonize crop roots earlier in 
the season in no-till versus tilled 
fields.6 Early colonization increases 
spring P and Zn uptake, which may 
improve yield and reduce the need 
for additional P-containing fertilizer. 
Glomalin added by AMF helps with 
soil aggregation, which can also 
increase yield over time.7

Crop rotation
Regular crop rotation, reducing the 
use of crops that do not form AMF 
associations, and avoiding long fallow 
periods increase AMF abundance.

•	 In fields with regularly rotated 
crops, the AMF community is 
typically healthier and more diverse 
than communities found under 
monocultures.8 

•	 In fallow soil or in soils planted with 
non-mycorrhizal crops, the number 
of AMF spores and threads are low 
and AMF are largely dormant.9 

Cover crops
Non-brassica cover crops (e.g., rye, oat, 
clover, and vetch) maintain continuous 
AMF colonies between growing 
seasons.

•	 AMF colonize cash crops more 
rapidly in the spring if fields are 
planted with non-brassica cover 
crops rather than left fallow over 
winter.10 Early AMF colonization 
helps crops to better utilize nutrients 
and can result in increased crop 
yield.

•	 Brassica cover crops (e.g., radish, 
turnip, and mustard) can be used in 
cover crop rotation plans or mixtures 
without long-term AMF impact.11

Pest management
Fumigants wipe out AMF in the short-
term, but pesticides have little to 
modest effect on AMF.

•	 Soil fumigants are very damaging to 
AMF populations and temporarily 
eliminate them from the upper soil 
layer.12

•	 Herbicide effects on AMF are 
variable depending on a range 
of conditions, but are generally 
modest.13

•	 Insecticides and nematicides 
generally have little adverse impact 
on AMF.14

•	 Fungicide impacts on AMF are also 
variable.15 Systemic fungicides 
have been shown to reduce AMF 
growth or change AMF species 
composition.16 Foliar fungicides 
have little impact on AMF because 
of their limited soil contact.

•	 Limited research has shown that 
healthy AMF populations under corn 
can suppress some weed species.17

FIGURE 2. Mycorrhizal threads (hyphae) 
assist this pine tree’s root system to 
absorb additional nutrients. Image 
courtesy of Professor Sir David Read, FRS.
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Fertilizer inputs
Robust AMF growth may mean 
reduced need for P fertilizer.

•	 AMF improve P plant uptake and 
shifts the maximum cost–benefit on 
P application to lower application 
rates (figure 3).18

•	 When available P is above 
optimum for a crop, AMF growth is 
suppressed.19

•	 Organic fertilizers such as animal 
and green manures may increase 
AMF growth and species diversity.20

Does inoculating the soil 
with AMF help?
While AMF inoculants are commercially 
available, independent research has 
not yet verified that the use of these 
products will definitively increase 
either short- or long-term production 
yield. Although AMF is present in 
all soils, AMF inoculation may be 
beneficial when soils have limited P 
availability, fields have been frequently 
tilled, or non-AMF supporting plants 

have been grown in continuous or 
frequent rotation.21 It is prudent to 
first try small-scale testing before 
widespread use to make sure you see 
benefits from inoculating your fields.

Further reading
Brundrett, M. C. “Mycorrhizal Associations: 

The Web Resource.”  
www.mycorrhizas.info

Rodale Institute. “A Complete How-To: On-
farm AM Fungus Inoculum Production.” 
http://rodaleinstitute.org/a-complete-
how-to-on-farm-am-fungus-
inoculum-production

Abbott, L. K. “Soil Health—Mycorrhizal 
Fungi.”  
www.soilhealth.com/soil-health/
biology/beneficial/fungi/index.htm

Smith, S., M. Manjarrez, and A. Smith. 
“Arbuscular Mycorrhizas—South 
Australia.” www.soilquality.org.au/
factsheets/arbuscular-mycorrhizas-s-a

Comis, D. “Glomalin: Hiding Place for a 
Third of the World’s Stored Soil Carbon.” 
http://agresearchmag.ars.usda.
gov/2002/sep/soil

Storer, P. “The Effects of Fungicides 
and Insecticides on Mycorrhiza.” 
www.growsafe.com.au/news/
pdf/11%20WMF%20Effect%20
of%20Fungicides%20and%20
Insecticides%20on%20
Mycorrhiza%20-%20Dec%2012.pdf

Habte, M. and N. W. Osorio. “Arbuscular 
Mycorrhizas: Producing and Applying 
Arbuscular Mycorrhizal Inoculum.”  
www.ctahr.hawaii.edu/oc/freepubs/
pdf/amf_manual.pdf

References
1	 Soudzilovskaia, N. A., et al. “Global 

patterns of plant root colonization 
intensity by mycorrhizal fungi explained 
by climate and soil chemistry.” Global 
Ecology and Biogeography 24.3 (2015): 
371–382.

2	 Bieleski, R. L. “Phosphate pools, 
phosphate transport, and phosphate 
availability.” Annual Review of Plant 
Physiology 24.1 (1973): 225–252;  
Hopkins, B. G., et al. “Improving 
phosphorus use efficiency through 
potato rhizosphere modification and 
extension.” American Journal of Potato 
Research 91.2 (2014): 161–174; 
Cavagnaro, T. R., “The role of arbuscular 
mycorrhizas in improving plant 
zinc nutrition under low soil zinc 
concentrations: a review.” Plant and 
Soil 304.1–2 (2008): 315–325; 
Douds Jr., D. D., et al. “Inoculation 
with arbuscular mycorrhizal fungi 
increases the yield of potatoes in a 
high P soil.” Biological Agriculture & 
Horticulture 25.1 (2007): 67–78; 
Cavagnaro, T. R., et al. “The role of 
arbuscular mycorrhizas in reducing soil 
nutrient loss.” Trends in Plant Science 20.5 
(2015): 283–290; 
Gosling, P., et al. “Arbuscular mycorrhizal 
fungi and organic farming.”Agriculture, 
Ecosystems & Environment 113.1 (2006): 
17–35;

3	 Lagunas, B., et al. “Housing helpful 
invaders: the evolutionary and molecular 
architecture underlying plant root-
mutualist microbe interactions.” Journal 
of Experimental Botany (2015).
doi:10.1093/jxb/erv038.

4	 Treseder, K. K., et al. “Glomalin in 
ecosystems.” Soil Science Society of 
America Journal 71.4 (2007): 1257–1266.

FIGURE 3. AMF acting as root system extensions to 
absorb phosphorus. Image courtesy of OMICS International.

https://www.mycorrhizas.info
http://rodaleinstitute.org/a-complete-how-to-on-farm-am-fungus-inoculum-production
http://rodaleinstitute.org/a-complete-how-to-on-farm-am-fungus-inoculum-production
http://rodaleinstitute.org/a-complete-how-to-on-farm-am-fungus-inoculum-production
http://www.soilhealth.com/soil-health/biology/beneficial/fungi/index.htm
http://www.soilhealth.com/soil-health/biology/beneficial/fungi/index.htm
http://www.soilquality.org.au/factsheets/arbuscular-mycorrhizas-s-a
http://www.soilquality.org.au/factsheets/arbuscular-mycorrhizas-s-a
http://agresearchmag.ars.usda.gov/2002/sep/soil
http://agresearchmag.ars.usda.gov/2002/sep/soil
http://www.growsafe.com.au/news/pdf/11%20WMF%20Effect%20of%20Fungicides%20and%20Insecticides%20on%20Mycorrhiza%20-%20Dec%2012.pdf
http://www.growsafe.com.au/news/pdf/11%20WMF%20Effect%20of%20Fungicides%20and%20Insecticides%20on%20Mycorrhiza%20-%20Dec%2012.pdf
http://www.growsafe.com.au/news/pdf/11%20WMF%20Effect%20of%20Fungicides%20and%20Insecticides%20on%20Mycorrhiza%20-%20Dec%2012.pdf
http://www.growsafe.com.au/news/pdf/11%20WMF%20Effect%20of%20Fungicides%20and%20Insecticides%20on%20Mycorrhiza%20-%20Dec%2012.pdf
http://www.growsafe.com.au/news/pdf/11%20WMF%20Effect%20of%20Fungicides%20and%20Insecticides%20on%20Mycorrhiza%20-%20Dec%2012.pdf
http://www.ctahr.hawaii.edu/oc/freepubs/pdf/amf_manual.pdf
http://www.ctahr.hawaii.edu/oc/freepubs/pdf/amf_manual.pdf


T H E  V A L U E  O F  A R B U S C U L A R  M Y C O R R H I Z A L  F U N G I  F O R  F I E L D  C R O P S

4

5	 Kabir, Z. “Tillage or no-tillage: Impact on 
mycorrhizae.” Canadian Journal of Plant 
Science 85 (2005): 23–29.

6	 Ibid.
7	 Ibid.
8	 Frossard, E., W. E. H. Blum, and B. P. 

Warkentin (eds) 2006. Function of Soils 
for Human Societies and the Environment. 
Geological Society, London, Special 
Publications, 266 (2005): 89–115.

9	 Ibid.
10	White, C. M., and R. R. Weil. “Forage 

radish and cereal rye cover crop effects 
on mycorrhizal fungus colonization 
of maize roots.” Plant and Soil 328.1–2 
(2010): 507–521.

11	Higo, M., et al. “Impact of a 5-year 
winter cover crop rotational system on 
the molecular diversity of arbuscular 
mycorrhizal fungi colonizing roots 
of subsequent soybean.” Biology and 
Fertility of Soils 50.6 (2014): 913–926.

12	Menge, J. A. “Effect of soil fumigants 
and fungicides on vesicular-arbuscular 
fungi.” Phytopathology 72.8 (1982): 1125–
1133.

13	Ibid.
14	Venkateswarlu, K., et al. “The impact of 

carbofuran soil application on growth 
and mycorrhizal colonization by Glomus 
clarum of groundnut.” Mycorrhiza 5.2 
(1994): 125–128;  
Trappe, J. M., et al. “Reactions of 
mycorrhizal fungi and mycorrhiza 
formation to pesticides.” Annual Review 
of Phytopathology 22.1 (1984): 331–359.

15	See note 12.

16	Burrows, R. L., and I. Ahmed. “Fungicide 
seed treatments minimally affect 
arbuscular-mycorrhizal fungal (AMF) 
colonization of selected vegetable 
crops.” Journal of Biological Sciences 7.2 
(2007): 417–420; 
Jin, H., et al., “Suppressive effects of 
seed-applied fungicides on arbuscular 
mycorrhizal fungi (AMF) differ with 
fungicide mode of action and AMF 
species.” Applied Soil Ecology 72 (2013): 
22–30.

17	Veiga, R., et al. “Can arbuscular 
mycorrhizal fungi reduce the growth 
of agricultural weeds.” PLOS ONE 6.12 
(2011): e27825;  
Adesemoye, A. O., et al. “Enhanced 
plant nutrient use efficiency with PGPR 
and AMF in an integrated nutrient 
management system.” Canadian Journal 
of Microbiology 54.10 (2008): 876–886.

18	Harris, D., and E. A. Paul. 1987. Carbon 
requirements of vesicular-arbuscular 
mycorrhizae. In: G. R. Safir, ed., 
Ecophysiology of VA mycorrhizal plants. 
CRC Press, Inc., Boca Raton, Florida, USA. 
pp. 93–105; 
Fitter, A. H. “Costs and benefits 
of mycorrhizas: implications 
for functioning under natural 
conditions.” Experientia 47.4 (1991): 
350–355.

19	Kormanik, P. P., et al. “Procedures and 
equipment for staining large numbers of 
plant root samples for endomycorrhizal 
assay.” Canadian Journal of 
Microbiology 26.4 (1980): 536–538; 
Ryan, M, and J. Ash. “Effects of 
phosphorus and nitrogen on growth 
of pasture plants and VAM fungi in 
SE Australian soils with contrasting 
fertiliser histories (conventional and 
biodynamic).” Agriculture, Ecosystems & 
Environment 73.1 (1999): 51–62; 
Son, C. L., and S. E. Smith. “Mycorrhizal 
growth responses: interactions between 
photon irradiance and phosphorus 
nutrition.” New Phytologist 108.3 (1988): 
305–314.

20	Toljander, J. F., et al. “Community analysis 
of arbuscular mycorrhizal fungi and 
bacteria in the maize mycorrhizosphere 
in a long-term fertilization trial.” FEMS 
Microbiology Ecology 65.2 (2008): 
323–338.

21	Douds Jr., D. D., et al. “Inoculation with 
arbuscular mycorrhizal fungi increases 
the yield of potatoes in a high P soil.” 
Biological Agriculture and Horticulture 
25.1 (2007): 67–78; 
White, C. M., and R. R. Weil. “Forage 
radish and cereal rye cover crop effects 
on mycorrhizal fungus colonization 
of maize roots.” Plant and Soil 328.1–2 
(2010): 507–521; 
Adesemoye, A. O., et al. “Enhanced 
plant nutrient use efficiency with PGPR 
and AMF in an integrated nutrient 
management system.” Canadian Journal 
of Microbiology 54.10 (2008): 876–886.

© 2016 University of Wisconsin System Board of Regents and University of Wisconsin-Extension, Cooperative Extension. All rights 
reserved. 

Authors: Department of Soil Science: Geoffrey Siemering, outreach specialist; Matthew Ruark, associate professor; Francisco Arriaga, 
assistant professor; Department of Plant Pathology: Erin Silva, assistant professor; all with UW-Madison and UW-Extension. Heidi 
Johnson, crop and soils educator with UW-Extension Dane County. Cooperative Extension publications are subject to peer review.

Images: Figure 2 courtesy of Professor Sir David Read, FRS. Figure 3 courtesy of OMICS International, www.omicsonline.org.

University of Wisconsin-Extension, Cooperative Extension, in cooperation with the U.S. Department of Agriculture and Wisconsin 
counties, publishes this information to further the purpose of the May 8 and June 30, 1914, Acts of Congress. An EEO/AA employer, the 
University of Wisconsin-Extension, Cooperative Extension provides equal opportunities in employment and programming, including 
Title IX and ADA requirements. If you have a disability and require this information in an alternative format, please contact Cooperative 
Extension Publishing at 432 N. Lake St., Rm. 227, Madison, WI 53706; pubs@uwex.edu; or (608) 263-2770 (711 for Relay).

This publication is available from your county UW-Extension office (counties.uwex.edu) or from Cooperative Extension Publishing. To 
order, call toll-free 1-877-947-7827 or visit our website at learningstore.uwex.edu.

The Value of Arbuscular Mycorrhizal Fungi for Field Crops (A4114-01)� I-06-2016

http://www.omiconline.org

