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Many of the foods we eat today look very different than they did in the past. 
Corn, or maize, did not exist 10,000 years ago: it descended from a weedy 
grass with tiny hard-shelled seeds that we would not recognize as corn 
kernels. That wild ancestor of corn, called teosinte, grew in mixtures of many 
other plants, instead of grows in cornfields like today. Big changes between 
teosinte and corn that we can see aboveground lead us to think that there 
have been changes belowground too. Plants form partnerships with microbes, 
such as bacteria and fungi, to get the nutrients that they need to grow. 
Scientists are finding that microbes near the roots of teosinte are different 
than microbes that live around corn roots. Understanding how corn’s microbe 
partners have changed can help us make corn varieties that are better for 
the environment.

PLants anD their MiCrobe Partners

What do corn roots have in common with your Facebook profile?
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No, that was not the beginning of a joke. The two have more in common than 
you might think. We often think of a corn plant as a single organism. But plants 
are part of a network of relationships, sort of such as Facebook. These plant 
relationships are easy to overlook because they are hard to study. Still, they 
are very important because they affect how healthy plants are.

Soil is full of millions of microscopic bacteria and fungi. These microscopic 
organisms are collectively called microbes. Some of these microbes form close 
partnerships with plants. Plants can rely on microbes to help them get nutri-
ents that are scarce in soil. Microbes break down dead plants and animals, 
and this process slowly releases nitrogen, phosphorus, and other elements 
that plants need to grow. When plants cannot get enough of these nutrients 
on their own, they can send out sugars from their roots. The energy microbes 
get from these sugars helps them break down even more dead plants and 
animals. If enough nutrients are available in the soil, though, plants would 
rather keep their sugars for themselves. They only ask for help from microbe 
partners when they need it.

Here is how we could compare the relationships between corn and its microbes 
to a Facebook profile. You know lots of people through school and activities, 
but you are only Facebook friends with some of them. In the same way, there 
are millions of microbes in the soil, but corn only interacts with some of them. 
The area near plant roots, called the rhizosphere, has fewer types of microbes 
than the rest of the soil. Plants attract specific microbes to the rhizosphere by 
sending out signals and sugars from their roots.

Your group of Facebook friends could change as you change. This might 
happen as you grow older or move and meet new people. Corn’s microbes 
change too. Different microbes live in the rhizosphere when corn is a seed 
than when it is a full-grown cornstalk. Corn in Mexico has different microbes 
in the rhizosphere than does corn in California.

We know that microbes change over the course of a single plant’s life cycle. 
But what about the long term? How has corn’s social network changed over 
the past 10,000 years?

teosinte, the WiLD anCestor oF Corn

Humans evolved from apes. Birds evolved from dinosaurs. Corn evolved 
from... teosinte?

Corn on the cob did not exist 10,000 years ago. Modern corn comes from a 
weedy grass, called teosinte, that grew in Mexico. Teosinte’s tiny seeds do not 
look anything like corn kernels. These seeds had a hard shell that kept them 
from being eaten by animals. In fact, we would not recognize teosinte as related 

rhizosphere

The area of soil near plant 
roots.

teosinte

A Mexican grass that is 
the wild ancestor of corn.
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to corn just from looking at it! Scientists had to look at the DNA of teosinte 
and corn to figure out that the two plants are related. They compared DNA 
from corn to DNA from lots of its wild relatives, collected in different regions 
of Mexico. Teosinte from the Balsas Valley was the best match, telling us that 
it is the direct ancestor of corn [1].

Teosinte lived in a challenging environment. Nutrients were scarce. Other 
plants competed for sunlight and water. Teosinte looked very different from 
corn because it needed to survive in this challenging environment (Figure 1). 
Large roots helped teosinte get nutrients and water and many stalks helped it 
compete with other plants for light.

Humans slowly created corn from teosinte. Thousands of years ago, people 
began to grow food instead of hunting and gathering. They selected seeds 
from their best plants at harvest time to plant the next year. Large kernels 
without hard shells were easier to eat, so every year farmers saved the largest, 
softest seeds. Over thousands of years, this selection process created corn 
from teosinte. Corn began to spread throughout Mexico and to the rest of the 
world. Early varieties, called landraces, were as different from one another 
as they were from teosinte. Each variety of corn had qualities that helped it 
grow in its particular location.

Corn has changed even more over the last 80 years. Modern farming is 
very different from early agriculture. Today, cornrows are planted very 
close together and farmers apply nitrogen and phosphorus fertilizer to 
the soil. Modern varieties of corn need to be able to grow well in these 
conditions.

variety

A type of corn (or another 
crop) with unique 
characteristics that make 
it different from other 
types of the same plant. 
For example, one variety 
might be ready to harvest 
earlier than others and 
another variety might 
resist diseases better.

LanDraCe

An early domesticated 
variety of a crop that 
grows well in a particular 
location.

Figure 1

Teosinte and modern 
corn. Teosinte (left) is 
much shorter than 
modern corn (right) and 
has many more stalks, but 
only tiny, hard-shelled 
seeds instead of corn 
cobs. Teosinte’s many 
roots are narrow and short 
and have lots of branches. 
Corn roots are longer and 
thicker, which helps them 
get nutrients that are deep 
in the soil, and the corn 
stalks are much taller than 
the stalks of teosinte.

Figure 1
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ooPs, We shrunK the roots: inDireCt 
seLeCtion on roots

We often focus on aboveground plant characteristics, or traits, such as height 
or leaf shape, because they are easier to see. But characteristics of the plants that 
lie belowground are important too. Plants depend on roots to find nutrients 
and water in the soil and take them up. Roots also transport those resources 
up to the stem so that they can go to the leaves. And plants send out signals 
from roots to interact with their social network of microbes.

When early farmers chose which seeds to save, they were not thinking about 
the roots. They wanted plants that produced a lot of large, soft, tasty seeds. 
Plants with these kinds of seeds did not necessarily have the biggest, strongest 
roots. In fact, they might have had tiny roots because they used the energy 
that could have gone into growing roots to make large seeds instead. But roots 
and seeds are part of the same plant. By saving the seeds from these plants, 
humans might have chosen certain root traits without planning to. We call 
this indirect selection.

Modern corn roots look very different from teosinte roots because of indirect 
selection [2] (Figure 1). Teosinte needed roots that were good at getting nutri-
ents and water. It produced many more roots than corn. The roots coming 
out of the main stalk of teosinte were narrow and short, with many branches. 
These roots spread out close to the surface of the soil. All of these traits helped 
teosinte find and take up scarce nutrients. But a cornfield is very different from 
the wild environment of teosinte. On a farm, humans provide fertilizer and 
water (if there is not enough rain), and keep weeds out. Modern corn does 
not have to work very hard to find nutrients. It produces fewer roots that do 
not have as many branches. Modern corn roots are thicker and can transport 
lots of nutrients quickly. They go deeper into the soil instead of spreading out 
near the surface. Since corn rows are planted very close together, deep roots 
can help plants find nutrients without competing with their neighbors [3].

We can see that corn has changed both aboveground and belowground. But 
what about the part we cannot see: its soil microbes?

has Corn Gotten LaZy?

It is clear that corn is very different from teosinte and a cornfield is very dif-
ferent from a river valley filled with many different wild plants. Even though 
corn is related to teosinte, these changes make us think that corn might have 
picked up new microbes or lost some of the old ones as it evolved.

We know that corn varieties have many of the same microbes as their relatives. 
One corn plant can pass some of its microbes on to the next generation through 
seeds [4]. The next generation can also attract similar microbes because the 

trait

A characteristic, like a 
particular leaf shape or 
seed color.

indirect 
selection

Choosing certain 
characteristics without 
meaning to, because they 
are linked to 
characteristics that are 
being selected.
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plants send out the same signals into the soil as their parents did. This makes 
us think that corn and teosinte might have some of the same microbes, even 
though teosinte is more like corn’s great-great-great-grandparent than its 
parent.

But we also know that different kinds of corn can attract different microbes. 
We still do not understand exactly why this is, but we think it has to do with 
their roots and the signals the roots send. Just like human kids, corn plants 
are not exact copies of their parents. Their roots can be different, or they can 
send out different signals. This means a corn plant can have different microbes 
than its parents, especially if its roots are different in other ways. One variety 
of corn can attract more microbes than another, even when both varieties 
grow in the same soil. Some varieties might have more active microbes, which 
provide the plant with more nutrients.

Differences between corn and teosinte roots make us think that corn 
might have fewer, less active microbes. Microbes would rather live near 
roots than in the soil. Both living and dead roots provide food and pro-
tection from the harsh soil environment. Since modern corn has fewer 
roots, it may not be able to support as many microbes. These microbes 
might also be less active than microbes in the rhizosphere of teosinte. 
Since modern corn gets all the nutrients it needs in fertilizer instead of 
relying on microbes, it might send out fewer sugars for the microbes to 
eat. This means microbes near modern corn might be less active. To see if 
this is true, scientists are starting to compare microbes around the roots 
of teosinte and corn.

you Win soMe, you Lose soMe: Corn’s 
ChanGinG MiCrobe CoMPanions

Does modern corn have different microbes than teosinte? And even if the 
same microbes are there, are they doing different things?

Recently, scientists have found some differences in the microbes around corn 
and teosinte roots. Modern sweet corn has fewer microbes than teosinte and 
fewer different kinds of bacteria and fungi [5]. This supports the idea that 
modern corn may have lost some microbes over time and gained new ones. 
However, some of the same microbes can be found around the roots of both 
teosinte and corn. This shows that a core group of microbes has stayed the 
same over time.

We still have a lot of questions to answer, though. When, during the 
thousands of years between teosinte and corn, did these changes occur? 
Does modern corn send out different signals than teosinte sent out? Do 
different microbes mean that modern corn can get more nutrients from 
soil, or fewer?
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MiCrobes anD the suPer-Corn oF the Future

Studying corn’s roots and its microbes can help us make farming more effi-
cient. The first step is to identify desirable traits of the roots and microbes. 
We may find that teosinte roots are better at getting nutrients. Or modern 
corn might have microbes that provide more nitrogen. Once we find those 
good traits, we can trace them to the plant genes that control them. Plant 
breeders can combine these genes to make corn plants that are better at 
getting nutrients from soil and from microbes. These plants would need 
less chemical fertilizer. Producing fertilizer uses lots of energy, and pol-
lution from fertilizer sometimes hurts water quality, the animals in the 
water, and the humans who drink it. We still have many questions, but 
research on how corn’s roots and microbes have changed will help lead to 
making corn varieties that use less fertilizer and that would be better for 
the environment.

oriGinaL sourCe artiCLe

Schmidt, J. E., Bowles, T. M., and Gaudin, A. C. M. 2016. Using ancient traits to  

    convert soil health into crop yield: impact of selection on maize root and rhizosphere  

    function. Front. Plant Sci. 7:373. doi:10.3389/fpls.2016.00373

reFerenCes

  1. Doebley, J. 1990. Molecular evidence and the evolution of maize. Econ. Bot. 

44:6–27. doi:10.1007/BF02860472D

2. Gaudin, A. C., McClymont, S. A., Soliman, S. S., and Raizada, M. N. 2014. The 

effect of altered dosage of a mutant allele of Teosinte branched 1 (tb1-ref) on the 

root system of modern maize. BMC Genet. 15:23. doi:10.1186/1471-2156-15-23

3. York, L. M., Galindo-Castañeda, T., Schussler, J. R., and Lynch, J. P. 2015. 

Evolution of US maize (Zea mays L.) root architectural and anatomical phenes over 

the past 100 years corresponds to increased tolerance of nitrogen stress. J. Exp. 

Bot. 66:2347–58. doi:10.1093/jxb/erv074

4. Johnston-Monje, D., and Raizada, M. N. 2011. Conservation and diversity of seed 

associated endophytes in Zea across boundaries of evolution, ethnography and 

ecology. PLoS ONE 6:e20396. doi:10.1371/journal.pone.0020396

5. Szoboszlay, M., Lambers, J., Chappell, J., Kupper, J. V., Moe, L. A., and McNear, D. 

H. 2015. Comparison of root system architecture and rhizosphere microbial 

communities of Balsas teosinte and domesticated corn cultivars. Soil Biol. Biochem. 

80:34–44. doi:10.1016/j.soilbio.2014.09.001

submitted: 11 March 2017; accepted: 29 June 2017;  
Published online: 17 July 2017.

eDiteD by: Ana Maria Rocha De Almeida, University of California, Berkeley, United States

http://kids.frontiersin.org/
http://journal.frontiersin.org/article/10.3389/frym.2017.00037
https://doi.org/10.3389/fpls.2016.00373
https://doi.org/10.1007/BF02860472D
https://doi.org/10.1186/1471-2156-15-23
https://doi.org/10.1093/jxb/erv074
https://doi.org/10.1371/journal.pone.0020396
https://doi.org/10.1016/j.soilbio.2014.09.001
http://loop.frontiersin.org/people/112473


Corn’s Changing Microbial Partners

kids.frontiersin.org July 2017 | Volume 5 | Article 37 | 7

Schmidt and Gaudin

Citation: Schmidt JE and Gaudin ACM (2017) “Where Did My Friends Go?”: How Corn’s 
Microbe Partners Have Changed Over Time. Front. Young Minds 5:37. doi:10.3389/
frym.2017.00037

Conflict of interest stateMent: The authors declare that the research was 
conducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Schmidt and Gaudin. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License (CC BY). The use, distribution or 
reproduction in other forums is permitted, provided the original author(s) or licensor are 
credited and that the original publication in this journal is cited, in accordance with accepted 
academic practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

revieWeD by

Wish biLinGuaL sChooL, 10-11 years oLD
We are the “Raios” (“lightning” in English) class. In our classroom, there are 12 students – 8 
students are 11 years old and 4 students are 10 years old. We like very much to play soccer 
and to make activities together with each other. We are happy, handsome, funny, lazy, 
creative, and comical. But we feel sleepy at school sometimes. Our first names: Isabelle, 
Luana, Isabela, Gabriel, Thomas, Pedro, Enrico, Heitor, Rodrigo, Gustavo, Rafael, Laion.

authors

JenniFer e. sChMiDt
Jennifer E. Schmidt is a Ph.D. student at the University of California, Davis. Her focus is on 
plant–microbe interactions in the rhizosphere and she is currently working with corn. She 
plans to use research on these interactions to help develop sustainable agricultural systems 
that are better for the environment. *jenschmidt@ucdavis.edu

aMéLie C. M. GauDin
Amélie C. M. Gaudin is an Assistant Professor of Agroecology at the University of California, 
Davis. Her research focuses on the important role roots play in agricultural systems and 
ways to make farms more resilient in a changing climate. She has studied cropping 
systems, roots, and rhizosphere ecology in France, Peru, the Philippines, Canada, and the 
United States.

http://kids.frontiersin.org/
http://journal.frontiersin.org/article/10.3389/frym.2017.00037
https://doi.org/10.3389/frym.2017.00037
https://doi.org/10.3389/frym.2017.00037
http://creativecommons.org/licenses/by/4.0/
mailto:jenschmidt@ucdavis.edu

