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Do diverse cover crop mixtures
perform better than
cover crop monocultures?
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It has been widely presumed
that cover crop mixtures
are superior
to cover crop monocultures
in terms of:
Biomass productivity
Biomass stability
Weed suppression
Nitrogen retention
Soil biology promotion
Soil water conservation
Crop yield promotion

But most research shows that
cover crop monocultures
can capture the same level
of these benefits as
cover crop mixtures.

Why is there such a disconnect between the
research on cover crop mixtures and the
narrative around cover crop mixtures?
Research design and interpretation concerns
A. Missing monocultures
B. Confounding variables
C. Mistaking average effects for absolute effects

Confirmation bias
“Cherry picking”
Publication bias

A. Missing monocultures
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Let’s say you want to see if a
9-species cover crop mix can
produce more biomass than
cover crop monocultures can.
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One approach is to compare
the cover crop mix to all the
constituent species planted as
monocultures.
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Dry aboveground cover crop biomass ± SEM. Cover crops planted on 8/31/13 and sampled 10/31/13 in Eastern NE. Data from Florence et al. (2019)

A. Missing monocultures
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Another approach is to compare
the cover crop mixture to a
fraction of its constituent species
as monoculture.
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E.g., comparing the mixture only
to oats.
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A. Missing monocultures
4000
3500

Another approach is to compare
the cover crop mixture to a
fraction of its constituent species
as monoculture.

Biomass (kg/ha)

3000
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E.g., comparing the mixture only
to oats.
It would be inappropriate to interpret
this as mixtures being able to
produce more biomass than
monocultures.
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is common.
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Dry aboveground cover crop biomass ± SEM. Cover crops planted on 8/31/13 and sampled 10/31/13 in Eastern NE. Data from Florence et al. (2019)

B. Confounding variables
When comparing cover crop mixtures to monocultures,
we need to be mindful of whether they were given
the same environment and management.
For example:
•
•
•
•
•
•

Site location
Planting date
What does it mean for a mixture and a
Seeding rate
monoculture to have the same seeding rate?
Planting method
Field management (e.g., tillage, irrigation)
Sampling date

Otherwise, we risk confounding
the effects of environment and management
with the effects of the cover crop treatments.

There’s no strict rules for deciding the seeding rate of a cover crop mixture.
Let’s say there are three species planted at 9 seeds/ft2 in monoculture.

< Substitutive
< 9 seeds/ft2

3 seeds/ft2
33% of the
monoculture rate

Substitutive seeding rate
9 seeds/ft2

> Substitutive
> 9 seeds/ft2

100% of the
monoculture rate

27 seeds/ft2
300% of the
monoculture rate

Is it fair to compare monocultures to mixtures
which are seeded at greater than substitutive rates?

9 seeds/ft2

9 seeds/ft2

Maybe this mixture
produces more biomass
or suppresses more weeds.
Is it fair to say from this that
mixtures are better than
monocultures?

9 seeds/ft2

What if the monocultures
would have also
produced more biomass
or suppressed more weeds
if you tripled the seeding
rate?
27 seeds/ft2
300% of the
monoculture rate

Seeding rates affect cover crop performance.

This is true of monocultures as well as mixtures.

When seeding rates are not substitutive,
treatment effects are confounded with seeding rate effects.

C. Mistaking average effects for absolute effects
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3500

Biomass (kg/ha)

3000

Most productive monoculture:

3524 kg/ha

Mixture:

3152 kg/ha

“Mixtures are almost twice as
productive as monocultures.”
Technically true, but also misleading.
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Which comparison is of more relevance
to cover crop management?
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3500

Most productive monoculture:

3524 kg/ha

Mixture:

3152 kg/ha

Average monoculture:

1663 kg/ha
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Things to consider when evaluating assertions that
mixtures are better than monocultures:
Missing monocultures?
Confounding variables?
Average effects or
absolute effects?

33%

100%

300%

Taking all these concerns into account,
what does the cover crop mixture research show?

To avoid the
aforementioned issues:
We only looked at studies:
• Where all constituent
monocultures were planted
out.
• Where seeding rates were
published.

And only compared the
best mixture to the best
monoculture (rather than
looking at averages).

Let’s take a look at the review process.

Why a
systematic
review?
Less susceptible to
bias than
traditional reviews.
Search strategy is
documented and
replicable.
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Amazing Zone

Trenbath (1974) Biomass
Productivity of Mixtures.

What data
did we
extract?
Any data that
could possibly fall
into these seven
categories.

Studies
included in
review
• 36 papers
• 27 studies
• 119 site-years
• 10 countries
• 12 states within the US

Studies
included in
review
• Cover crops planted
anywhere from Feb. to
Dec.
• Biomass sampled from 32
to 270 days after planting.
• Small grains, soybean,
corn, vegetable, orchard,
vineyard, alfalfa, and sod
systems.

Studies
included in
review
• Mixture seeding rates
ranged from 54-347% of
the rate used in
monoculture.

Now, let’s look at the results.
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BIOMASS PRODUCTIVITY
We extracted 95 published comparisons
between the most productive monoculture
and the most productive mixture in terms of
dry aboveground biomass.
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For example, from the previous bar graph:
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That’s one comparison from one site-year
from one study. What do the other 94
comparisons look like?
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Cover crop monocultures were able to
be just as productive as cover crop
mixtures.
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WEED SUPPRESSION
white non-significant
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Three of these points
are outside plot limits.
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No systematic difference observed
between mixtures and monocultures in
terms of weed suppression.
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No systematic difference observed
between mixtures and monocultures in
terms of nitrogen retention.
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SOIL WATER
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Soil water loss (-) pathways
↑ transpiration
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Soil water gain (+) pathways
↑ shading / ↓ evaporation
↓ runoff / ↑ infiltration
↑ water holding capacity (long term)
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Cover crops can be net users or
conservers of soil water but no
systematic difference was observed
between mixtures and monocultures in
terms of soil water use.
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SOIL BIOLOGY INDICATORS
Cover crops can affect soil biology through a
variety of ways (e.g., soil organic matter
additions, changes in soil moisture, temperature,
physical properties, fertility, etc.).
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No systematic difference observed
between mixtures and monocultures in
terms of promoting soil biology
indicators.
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CROP YIELD PROMOTION

Two points beyond plot limits:
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O[285, -2]; +[665,1187].

Cover crops can affect crop yield by
affecting weeds, soil fertility, soil water,
soil biology, etc.
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No systematic difference was observed
between mixtures and monocultures in
terms of promoting crop yields.
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Lower coefficient of variation (Cv) is
popularly interpreted as higher stability.
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10/30: mixture Cv < monoculture Cv.
Average monoculture Cv was lower than
mixture Cv by 11 percentage points ( ).

*

Mixtures have not been documented
to be less variable than monocultures
across sites and years.

Do diverse cover crop mixtures
perform better than
cover crop monocultures?

243 full comparisons

(comparisons with treatment means, control means, and statistical data)
extracted from 27 studies and 119 site-years
In 88% of comparisons, the best monoculture and the best mixture performed comparably.
In 10% of comparisons, the best monoculture did better than the best mixture.
In 2% of comparisons, the best mixture did better than the best monoculture.

• These comparisons were all where the mixture was seeded at elevated rates compared to the monoculture.

It has been experimentally proved
that if a plot of ground be sown
with one species of grass,
and a similar plot be sown
with several distinct genera of grasses…
a greater weight of dry herbage
can thus be raised.
CHARLES DARWIN
.
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Darwin, C. 1872. On the origin of species by means of natural
selection. Murray: London.

It is a good morning exercise
for a research scientist
to discard
a pet hypothesis
every day before breakfast.
It keeps him young.
KONRAD LORENZ

Science Source

Lorenz, K. 1966. On Aggression, trans. M. Latzke. Methuen: London.
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