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Abstract

Recently, we conducted a case study that showed a no-till, diverse cropping system increasing corn yields in a semiarid
climate compared with a tilled, corn—soybean rotation. Further analysis showed that the no-till system improved
resource-use-cfficiency of corn; inputs were reduced 42% averaged across five resources. The largest reduction with
inputs involved nitrogen fertilizer and fuel. Reduced fertilizer input was attributed to greater soil microbial activity.
A surprising trend was that cost of weed management in corn was 45% lower in the no-till system, due to resistant
weeds being present only in the tilled, corn—soybean system. Crop diversity in the no-till system suppressed development

of weed resistance. Integrating a diversity of crops with no-till can improve efficient use of resources.
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The agricultural community has made advances in crop
management to increase food production for the world’s
growing population. For example, development of no-
till practices is restoring soil health by increasing micro-
bial activity, organic matter levels and soil aggregation
stability (Triplett and Dick, 2008). To facilitate adoption
of no-till worldwide, the United Nations is encouraging
conservation agriculture, which integrates no-till with
crop diversity in rotation and soil cover by plant material
(FAO, 2016). Land productivity has increased with con-
servation agriculture, especially in semiarid regions
(Hobbs, 2007).

However, there is also the global issue of limited
resources, especially non-renewable resources such as
phosphorus (P). Phosphorus is a key nutrient for crop pro-
duction, yet global reserves may be depleted in 50-100 yr
(Cordell et al., 2009). A second concern is energy use, not
only for fuel, but also for manufacturing fertilizers and
pesticides (Kirschenmann, 2007). Thus, a question
facing the agricultural community is can resource-use-
efficiency (RUE) be improved such that more food is pro-
duced with less resources? Struik et al. (2014), considering
this concern with RUE, encouraged a farming approach
that capitalized on ecological processes to increase agri-
cultural output with less resources. Wezel et al. (2014) sug-
gested that increasing crop diversity in farming systems
could improve RUE.

Recently, we assessed impact of no-till on corn (Zea
mays L.) yields across time, comparing a no-till, diverse

cropping system [rotation was winter wheat (Triticum
aestivum L.)—dry pea (Pisum sativum L.)-corn—soybean
(Glycine max (L.) Merr.)-oat (Avena sativa L.)] to a
tilled corn—soybean rotation (Anderson, 2016). In this
case study, corn yield increased 116% in no-till across a
25-yr interval, but only 32% in the tilled system. The
greater gain in corn yield with no-till was attributed to
improved soil health and increased soil microbial activity.
During the last 6 yr of the comparison (2008-2013), corn
yielded 9500 kgha™' in the no-till system and
8700 kg ha™! in the tilled system, even though precipita-
tion at the no-till site was 125 mm lower. Corn yielded
9% more in no-till with 22% less rainfall. The sites were
160 km apart but located at the same latitude with soils
having similar organic matter levels (4%) and textures
(loams to silt loams). Both systems also grew similar
hybrid maturities of corn. Because corn was more
efficient in using precipitation in no-till, we examined
corn use of other resources to see if use-efficiency of
these resources also varied between the two systems.

Reduction in Resource Use with a No-Till,
Diverse Cropping System

Production inputs for several resources were considerably
less in the no-till system (Fig. 1). For example, corn
density was 57,000 plants ha™' in the no-till system, but
78,000 plants ha™"! in the tilled system. Thus, corn in the
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Figure 1. Reduction of inputs for corn production in a no-till,
diverse cropping system compared with a tilled, corn-soybean
rotation in South Dakota.

no-till system produced 45% more grain per plant than
corn in the tilled system. Furthermore, nitrogen (N) and
P fertilizer inputs were 65 and 30% less, respectively.
Averaged across five resources, inputs for corn production
were 42% lower in the no-till system. Corn in the no-till,
diverse cropping system was more efficient in using
resources to produce grain.

We believe that changes in the soil microbial commu-
nity are involved in this improved efficiency. The 25 yr
of no-till with a diverse crop rotation has increased micro-
bial biomass. Assessment in a nearby research study
showed that no-till and crop diversity increased soil mi-
crobial biomass almost 3-fold compared with a tilled
monoculture after 17 yr (Liebig et al., 2004). Increased
microbial biomass and activity due to no-till and crop di-
versity can improve land productivity (Kohl et al., 2014,
Montgomery and Bikle, 2015). Yamoah et al. (1998)
showed that, in favorable years, enhanced microbial activ-
ity increased corn yield 16% when comparing corn grown
in a diverse rotation [corn—soybean—sorghum (Sorghum
bicolor L. Moench)-oat/red clover (Trifolium pratense
L.) mix for forage] with continuous corn. This yield in-
crease occurred with the same inputs of water, N and P.

Reduced N and P Fertilizer Inputs

Higher soil microbial activity in the no-till system of our
case study may have reduced the need for N and P fertil-
izer (Fig. 1). The 65% reduction in N fertilizer in the no-
till system occurred because the producer calculates N
need for corn based on 1.5 kg N 100 kg grain™', which
is 25% lower than the 2 kg N 100 kg grain™" value used
for tillage-based systems (Gerwing and Gelderman,
2005). Less N fertilizer is needed because no-till and
crop diversity increase the N-supplying capacity of soil
with time. Bender and van der Heiden (2015), comparing
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indigenous and enriched microbial communities in soil,
showed that the enriched microbial community increased
N and P concentration in corn 29 and 110%, respectively,
and improved grain yield 22%. This gain in N and P
concentration in corn was attributed to microbial en-
hancement of nutrient absorption and translocation.
Richardson and Simpson (2011) also found that enhanced
microbial activity increased both organic pools of nutri-
ents and nutrient absorption by crops. Both teams of
authors encouraged farming practices that increase mi-
crobial biomass and diversity in soil to improve nutri-
ent-use-efficiency.

To more accurately match fertilizer input to crop N re-
quirement, scientists are developing methodology to esti-
mate nutrients supplied by the soil microbial community
(Harmel and Haney, 2013; Haney et al., 2015). An intri-
guing consequence of reducing N fertilizer use is that it
may preserve soil health. Khan et al. (2007) found that
excess N fertilizer can promote breakdown of soil organic
matter by stimulating microbial carbon use, and conse-
quently, reduce organic matter content in soil across time.

Weed Management

One benefit of no-till is that fuel inputs are reduced. An
assessment in the Great Plains showed that fuel consump-
tion in no-till is 50% less than in tilled systems (Gregory
et al., 2015). A concern with no-till, however, is that reli-
ance on herbicides for weed control will result in resistant
weeds (Shaner, 2014). Yet, a surprising trend with our case
study is that cost of weed management in corn was 45%
higher in the tilled, corn—soybean system because of
herbicide-resistant weeds. Both systems controlled weeds
in corn with glyphosate and glyphosate-resistant
hybrids, but management costs were higher in the tilled
system because of glyphosate-resistant weeds such as
common waterhemp (Amaranthus rudis Sauer), horse-
weed [Conyza canadenis (L.) Cronq.] and common
ragweed (Ambrosia artemisiifolia 1.) (Heap, 2015).
Weeds resistant to glyphosate have not been observed
yet in the no-till system. Producers in the tilled system
have to apply preemergence herbicides to control these re-
sistant weeds (Senseman and Grey, 2014), thereby in-
creasing cost of weed management.

Resistant weeds likely were not present in the no-till
system because the diversity of crops (five different
crops) allows rotation of herbicides with different modes
of action, a key strategy for minimizing resistance
(Shaner, 2014). This practice reduces the frequency that
glyphosate is applied for weed control. A second benefit
of diverse crop rotations is that weed population dynam-
ics are more disrupted in crops with different life cycles,
further suppressing population growth of resistant
weeds (Anderson, 2008). Even though the no-till system
relied on herbicides to manage weeds, resistance has not
occurred because greater crop diversity provides more
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opportunities to minimize selection pressure for resistance
(Shaner, 2014).

The no-till producer in our case study is growing cover
crops after harvest of small grains to further improve
soil health. Cover crops can also control weeds after
small grain harvest and replace the use of glyphosate
(Anderson, 2015). Furthermore, a 2-yr sequence of small
grains and after-harvest cover crops reduces the need for
herbicides in soybean grown after the small grain sequence
(Anderson, 2009). Thus, cover crops could further minim-
ize selection pressure for resistant weeds in no-till systems.

A further benefit of no-till, diverse cropping systems is
that improved soil health increases corn tolerance to weed
interference. Comparing a corn-soybean—spring wheat
rotation with and without cover crops after 25 yr, Ryan
et al. (2010) found that yield loss in corn was 20-30%
less in the rotation with cover crops when uniform infesta-
tions of weeds were present. The rotation with cover crops
increased soil microbial activity, organic matter levels and
stability of soil aggregates, which the authors believed
improved corn tolerance to weeds. Even in weed-free con-
ditions, corn yielded 16% more with improved soil health.

Farming System Design

Kirschenmann (2007), reviewing the status of global agri-
culture facing limited resources, proposed that new
farming systems be designed to conserve energy, restore
soil health and favor biological synergies to reduce the
need for external resources. Similarly, Dura et al. (2015)
suggested that farming systems be redesigned based on
biodiversity to promote internal resources such as nutrient
cycling to improve productivity and RUE.

The no-till, diversified cropping system in our case
study is achieving these goals. Corn yields were 9%
higher in the no-till system, yet inputs for five resources
for corn production were 42% lower than with a tilled,
corn-soybean rotation. A startling trend was that
weeds’ resistant to herbicides have not been observed in
the no-till system, but were present in the tilled system.

As our case study demonstrates, a diversified farming
system that increases crop productivity can also reduce
resource inputs by improving RUE. We believe that a crit-
ical component for improved efficiency in our case study
was the multi-crop rotation. Crop diversity provides an
array of ecological benefits to improve crop growth
efficiency in no-till, as well as opportunities to minimize
development of weed resistance.
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