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There are many potential benefits

• Increased microbial activity


• Increased soil nitrogen (when using legumes)


• Increased soil carbon


• Increased evapotranspiration (soil drying)


• Suppress weeds


• Improved physical properties (soil structure)


We’ll focus on these (and often they overlap, i.e. erosion protection via improved structure):


• Microbial activity 


• Reduced erosion and water runoff


• Moderation of soil temperature (with a field activity)



Improved Microbial Activity

Plant roots produce exudates that interact with microbes in 
various ways—sometimes to the benefit of microbes and other 
times to their detriment (Hartmann 2009). The interaction 
between plant roots and microbes can be leveraged to (among 
other things):


• Improve nutrient mineral solubilization by leveraging 
interactions between roots producing phytosiderophores 
and microbes producing siderophores


• Reduce the populations of microbial pathogens through 
antimicrobial exudates such as butanoic acid or cinnamic 
acid to control Pseudomonas syringae pv. tomato



Improved Microbial Activity

…knowing that, we can intentionally select cover crops to affect the 
following:


• Improve the diversity of microorganisms in the microbiome, which 
can help suppress the proliferation and concentration of pathogenic 
microorganisms through a "dilution effect” (Vukicevich, 2016) 


• Specific crop litter can effect both the activity and community 
structure of soil microbiomes by providing different ratios of carbon-
to-nutrients, different carbon chemistry, etc. High quality litter is 
broken down more quickly and thus favors faster-growing microbes 
like the Pseudomonads, a family of bacteria that can be disease-
suppressive (and also includes genera involved in the nitrogen cycle, 
such as Azorhizophilus  and Azotobacter). (Vukicevich, 2016)



Reduced erosion and water runoff

Cover crops can significantly, and in some cases almost 
completely reduce soil loss to erosion by protecting the soil from 
the impact of water droplets, binding the soil and improving soil 
structure with roots, and possibly improving water infiltration.


• Cover crops such as rye, barely, or wheat can reduce erosion 
by up to 100% when compared to exposed or fallow soil 
(Tellatin & Myers, 2017)


• By reducing erosion and runoff, cover crops can help reduce 
nonpoint source (NPS) pollution caused by agrochemicals 
(Clark, 2007). This also helps keep the agrochemicals in the 
system, instead of being lost to the surrounding area.



Reduced erosion and water runoff

Some nutrients, such as nitrogen, calcium and potassium, 
can move with water and leach out of the system or be 
otherwise lost to runoff. 


• The roots of a cover crop can help draw those nutrients 
up from deeper in the soil (Clark, 2007)


• These nutrients can also be better retained by reducing 
loss to runoff, in a similar way to the agrochemicals 
previously mentioned. 



Moderation of soil temperature

Cover crops can moderate and stabilize the temperature of 
the soil near the surface. This is achieved in a few ways, 
including:


• Cover crops can absorb solar radiation that would 
otherwise be absorbed directly by the soil 


• The lighter color of cover crops, compared to dark-colored 
soil, reflect more of the solar radiation 


• Cover crops can act as a lid, trapping heat below and 
insulating against temperature fluctuations. (Al-Kaisi, 2017)



Field Activity
Over spring break I constructed a solar-powered, Arduino-based soil 
monitor that included two temperature probes and two (crude) moisture 
probes. The goal was to capture trends and patterns comparing an exposed 
patch of soil and a covered patch of soil in my lawn. 




Field Activity
Some quick facts:


Location: Jimbaran, Bali, Indonesia

Cover crop: A broadleaf carpet grass (Axonopus compressus)

Soil texture: loamy sand to sand (using the ‘jar test’ I found ~90% sand)

Exposed area: a roughly circular patch with a diameter of 28cm

Distance between sample areas: 71cm

Depth of temperature probes: 15cm

Depth of moisture probes: 4cm

Data logged and graphed online, in real time: 

https://io.adafruit.com/mcwresearch/dashboards/soil-sensor-socr

Hardware information and programming code:

https://github.com/OilSlick/soil_sensor_socr/wiki

A build diary of sorts, as a Twitter thread, “unrolled” for easy reading (note the unrolled version is missing some tweets and side monologues): 

https://threadreaderapp.com/thread/1239698555561865216.html


Note: Moisture sensor B started malfunctioning a few days ago. The probes have become overly corroded. 


https://io.adafruit.com/mcwresearch/dashboards/soil-sensor-socr
https://github.com/OilSlick/soil_sensor_socr/wiki
https://threadreaderapp.com/thread/1239698555561865216.html


Field Activity
Interesting observations

After four days of no rain or irrigation, the soil was relatively dry. For the first time, temp A (exposed soil, indicated by the blue 
line) crossed temp B. That day marked the driest recorded since the monitor had been deployed. I believe the exposed soil 
was easier to heat because 1) it contained less water, which buffers temperature changes due to its heat capacity and 2) the 
soil is directly exposed to solar radiation, allowing it to absorb more heat energy than the covered soil. (graph below)


Excessively high soil temperatures plus low moisture content can negatively impact soil microbial activity and reduce plant 
nutrient availability (Al-Kaisi, 2017). A cover crop can help moderate temperatures and reduce this risk.

Covered soil can actually lose moisture more rapidly than 
exposed soil due to evapotranspiration (Kladivko, 2016); the 
uptake of water by the plants and subsequent evaporation of 
most of it to the atmosphere (graph on the right).


The often steeper decline in moisture of the covered soil (Soil 
B, indicated by the green line) illustrates this effect.



Field Activity
Interesting observations

In the graph on the left, the vertical increases in moisture at 
both sensors (just after 4p and again after 10p) are rain 
events. Both samples received equal amounts of water. The 
covered sample (green line) had less water reach down into 
the soil compared to the exposed sample (blue line). 


Some of the moisture is being trapped by the cover crop and 
not penetrating deeper into the soil where the probes are 
located. (Hoorman, 2017)

As an experiment, I manually irrigated the system and 
intentionally did not irrigate the sample sites directly and 
instead irrigated in a roughly 10cm perimeter around both 
sites to see how much lateral water movement would occur 
and it looks like in this sandy system, lateral water movement 
due to capillarity, matric potential, etc is not enough to 
counter gravity and a sandy soil (with large pores and low 
aggregation).



Summary
It’s important to remember that cover crops are only part of a 
system and many factors must be considered when trying to 
correct problems or improve soil health with any one tool such as 
cover crops.


Cover crops can provide a number of benefits to the system, 
including improved microbial populations and activity, reduced 
erosion and runoff, as well as temperature moderation. Each of 
these factors are also interrelated—without appropriate soil 
moisture content, microbial populations suffer. Without healthy 
microbial activity, soil structure suffers and without appropriate soil 
structure, the risk of erosion and runoff increases. 


Cover crops are just one aspect of a very complex system. 
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