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In Schaub et al.1, we analyzed plant diversity effects on biomass
yield, forage quality, quality-adjusted yield (biomass yield ×
forage quality) and revenues across different management

intensities (extensive to very intensive) within the Jena Experi-
ment (a large-scale grassland biodiversity experiment). For forage
quality, we focused especially on metabolizable energy content
and milk-production potential, variables rarely assessed eco-
nomically in a biodiversity context. Our analysis suggested that
plant diversity can substantially add to the milk-production
potential yield (per unit of area) in semi-natural grasslands. This
creates additional revenues from milk production. Our results
showed that these plant diversity benefits can be as high as those
from increasing management intensities within semi-natural
grassland settings. In a recent comment, Tonn et al.2 challenged
our findings, questioned their applicability for real-life systems
and our calculation of the milk-production potential. We argue
that their calculation offers a perspective on livestock perfor-
mance, complementing our perspective of marginal benefits of
plant diversity, and it shows that our main results for semi-
natural grasslands are robust to differences in assessing milk-
production potential yield.

Tonn et al.2 questioned if our results could be applied to
real-life systems and they compared the experiment to resown,
temporary, or permanent grasslands in different parts of their
comment. However, the species used in our grassland plots
belong to those of Central European Arrhenatherion semi-natural
grasslands3, thus, clearly representing permanent grasslands.
Using—among others—the same experimental data, Jochum
et al.4 showed that plant diversity-ecosystem functioning rela-
tionships of biodiversity experiments (including the Jena
Experiment) are realistic and that the plant communities in these
experiments cover almost all of the variance observed in “real-
world” communities. Jochum et al.4 further found that results

from biodiversity experiments are largely insensitive to the
exclusion of unrealistic communities, i.e., to communities that are
not observed in the “real-world”. Moreover, it is worthwhile to
highlight that plant diversity also increased biomass yield in
another sub-experiment within the Jena Experiment, considering
only highly performing species5. Similar to our analysis, various
other studies showed no (or only small) plant diversity effects on
forage quality in semi-natural and intensively managed grasslands
(refs. 6–9). These findings highlight the relevance of our results in
different contexts, including semi-natural grasslands. Moreover,
we agree that different properties of grasslands can be considered,
e.g., transgressive overyielding (i.e., that mixtures perform at least
as good as the highest yielding monoculture10, best-performer
approach9 or optimizing the mixture based on ecological pro-
duction functions11. However, also considering these properties,
positive economic benefits related to plant diversity have been
shown for farmers in semi-natural grasslands and in intensively
managed grasslands9,11. Consequently, we argue that our results
are well within the range of real-life systems.

Tonn et al.2 also questioned whether the time span
(2005–2007) was long enough for plant diversity to adapt to
management changes. Findings from further studies of the same
Management Experiment over a longer time span (2006–2009)
showed that the plant diversity effect on biomass yield remained
similar and that plant diversity only slightly declined with
increasing management intensity12,13. In addition, plant diver-
sity effects on forage quality (i.e., crude protein concentration)
were found to be similar after plants had more time to
adapt (2009)8. Moreover, differences observed in biomass yield
and forage quality are clearly a result of plant ecophysiology and
competition which change according to environmental and
management drivers. In addition, also other plant diversity
studies in more intensively managed grasslands and with
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different levels of plant diversity showed clear benefits from
plant diversity (refs. 9,11). Therefore, we believe that the time
span of our experiment was sufficient to reveal diversity
responses to management changes.

Tonn et al.2 claimed that the exclusion of subplots with very
low biomass yield, due to poorly performing plants (especially in
the more intensive management), led to an overestimation of the
plant diversity effect on biomass yields and quality-adjusted
yields. We agree that under high-intensity management other
species mixtures might prevail, which we have not studied as our
focus was on semi-natural grasslands and the related species
pool. However, considerable positive plant diversity effects on
biomass yield have also widely been found with agronomic
species mixtures specifically adopted to high-intensity leys14.
Moreover, it is correct that we excluded subplots with very low
biomass yield, but these were mostly communities with one or
two species as in semi-natural grasslands the more diverse
communities are more productive. Therefore, the exclusion
reduced the number of plots on the lower end of the diversity
gradient, and if anything, this rather led to an underestimation
of the plant diversity effects.

Furthermore, Tonn et al.2 questioned our calculation of the
milk-production potential and proposed an alternative calcula-
tion, assuming no supplementary feeding and that plant diversity
effects on metabolizable energy contents existed. However, before
assuming this, it would have been important to consider in a first
step if the empirical analysis confirmed such plant diversity
effects or not (i.e., if the Null Hypothesis of plant diversity effects
≠ 0 holds). Only then, inference on the economic significance of
these effects (i.e., monetary consequences of plant diversity)
should have been done in a second step. Conducting the second
step without the first, as done by Tonn et al.2, can lead to
unsubstantiated conclusions. This is important as in our original
analysis we found no plant diversity effect on metabolizable
energy contents for four out of five management intensities (i.e.,
all except intensive).

In our analysis, we applied the Swiss feeding recommendations
for ruminants15 and estimated the benefits of plant diversity on
potential milk production per area. We focused on marginal
benefits in terms of revenues per area in semi-natural grasslands,
without making any assumption about the in- or exclusion of the
potential use of supplementary feeds. In contrast, Tonn et al.2

focused on metabolizable energy available for milk production
after subtracting metabolizable energy requirements for main-
tenance. In addition, they calculated negative effects on dry
matter intake assuming negative plant diversity effects on meta-
bolizable energy contents and, consequently, digestibility and
rumen emptying, following also Jans et al.15. We acknowledge the
effects of forage quality on dry matter intake, but mainly for
grazing systems without any complementary feeding. However,
the here considered feeding recommendations15, like those in
other countries, are based on the additivity principle, meaning
that every unit of ingested energy counts, independent if derived
from the roughage or from supplementary feeding. Indeed, in the
majority of dairy systems, also in Germany where the Jena
Experiment is located, the harvest is usually used as a diet com-
ponent in combination with feeds of different compositions and
quality to generate a balanced diet16. Accordingly, the harvest
provides a defined amount of metabolizable energy per area,
which adds to cover maintenance requirements and milk yield.
Hence, and because forage quality stayed mainly constant in our
experiment, it is justified to calculate the milk-production
potential of harvests based on nutrient and energy amounts
from the swards. Besides, our original analysis focused on iden-
tifying these marginal benefits of plant diversity and not on

evaluating the entire feeding system. In addition, roughage intake
from semi-natural swards was not always found to decrease along
a decreasing energy gradient even when no supplementation was
provided17,18, indicating that Tonn et al.’s2 argument of roughage
intake depression may not hold true across all systems. Therefore,
our original calculation is indeed valid to inform about marginal
plant diversity benefits on milk-production potential yield, thus,
on revenues in semi-natural grasslands. Finally, despite the dif-
ferences in calculations, the findings by Tonn et al.2, presented in
Fig. 1, support the main message of our analysis: plant diversity
increases milk-production potential and revenues per area.
Therefore, we argue that our original paper provided indeed
important, correct insights into the economic marginal benefit of
plant diversity in a semi-natural grassland.

Reporting summary. Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability
No new data were generated for this reply. Data collected for the original study by
Schaub et al.1 are available in Schaub et al.19.
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