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Take Home Message

Corn crop residues represent an abundant biomass that may be used to feed cattle.
These residues are poor quality and can limit cattle performance in some cases. The
way that residues are harvested and whether or not they are treated, affects how
digestible they are and cattle performance when they are fed. Variations in performance
and volatility of both the corn and cattle markets are all factors that affect what cattle
producers can afford to pay for corn stover. Although performance and digestibility are
enhanced with CaO treatment of corn crop residues, the additional cost is not always
warranted. In addition, greater economic advantages may be realized when light weight
cattle are fed corn crop residues as opposed to heavy cattle. Corn residues are one
more feed option for cattle feeders to consider.

Introduction

Discussing ways to reduce input costs is often at the forefront of many cattle feeders
minds. One way to reduce costs is to use alternative feeds (Felix, 2015). One such
method includes feeding combinations of corn grain and ethanol co-products to finishing
beef cattle; however, variable corn grain and ethanol co-products prices have led
producers and nutritionists to seek other alternative feedstuffs. One alternative feed for
cattle that has gained emerging attention in the United States in the past 5 years is
harvested corn crop residues.

Corn crop residues are called by many names: corn stalks, corn stover, corn stalklage,
or, simply, corn residues. Each slight twist on the name comes with minor characteristic
changes; however, the end goal is the same: to use the forage in the field after corn
grain harvest. Around 2009 to 2010, a shift in the U.S. literature on corn residues
occurred. Prior to this time, much of the discussion surrounding corn residues referred
to how best to graze them (Klopfenstein et al., 1987; Gutierrez-Ornelas and
Klopfenstein, 1991; Vanderpol et al., 2009). Many articles included discussions on the
agronomic properties, such as yields, soil compaction, etc., of crops that followed
grazed residues (Sawyer and Mallarino, 2007; Tracy and Zhang, 2008). These factors
vary greatly depending on soil type and structure of a given region. Although, grazing
corn residues can still be an economically favorable production scenario, grazing may
not always be a feasible option. In addition, it may be more economically advantageous
to feed cattle in confinement. Thus, interest in the use of corn crop residues as stored
forages began to increase around 2009 and 2010. According to feedlot surveys
conducted by Vasconcelos and Galyean (2007) and Galyean and Gleghorn (2001), corn
crop residues were not mentioned as primary roughage source for any of the surveyed



cattle nutritionists prior to this time. However, the most recent survey suggested 29.2%
of U.S. beef feed yards are using corn crop residues as the primary roughage source for
finishing cattle (Samuelson et al., 2015).

Despite the knowledge surrounding and the use of corn crop residues in and by the
U.S. industry, the published literature are largely extension articles (for example see
Myers and Underwood, 1992; McCutcheon and Samples, 2002; Dejong-Hughes and
Coulter, 2009). Several reasons for the relatively few peer-reviewed articles on the
topic, when compared with other alternative feeds like distillers grains, for example,
could be cited. However, chief among them are likely: 1) not enough funding for the
applied research, 2) the variation in results that have been noted, and 3) lack of
producer acceptance.

Corn crop residues are abundant, representing approximately 50% of the total biomass
of the corn crop (McCutcheon and Samples, 2002; Sawyer and Mallarino, 2007). It has
been estimated from anywhere from 75 million tons (Roth, 2014) to 232 million tons
(Perlack et al., 2005) of corn residues are available for harvest every year in U.S.

In Brazil, 15.69 million hectares of corn were harvested in 2014/15, producing, on
average, 5,396 kg/ha (CONAB, 2016). Using a 50% of the total biomass of corn crop
biomass available to be harvested, an estimated 42.33 million tons of corn residue were
available to be harvested in 2015. Of course these numbers vary depending on how
much residue is actually harvested and with what technique (discussed more below)
and are far greater in the U.S. due to the greater corn production.

Although it may seem logical to harvest such an abundant feed resource, a state-wide
survey from lowa, the state with the greatest corn production in the U.S., in 2011 found
that only 17% of farmers were even interested in harvesting their corn residue (Tyndall
et al., 2011). The lack of interest in harvesting corn residue was a major shift from
earlier surveys throughout the state that suggested as many as 74% of farmers would
be interested in selling corn residues if they were profitable.

A key concern among farmers surveyed in lowa (Tyndall et al., 2011) was the impact on
the environment that corn residue removal may have. This suggests that the data on
corn residue harvesting is still not making it back to producers. In fact, leaving just 30%
of the corn residue on the field will diminish the impacts of removal on water and wind
erosion (Gallagher and Baumes, 2012). However, surveyors felt the lack of acceptance
or consideration of harvesting corn residue also centered on perceptions about harvest
and transportation costs. If harvested though, there is a tremendous amount of potential
corn residue available.

The objectives of these proceeding will be to outline the feeding of harvested corn
residues, treated and untreated, and discuss the value addition of treatment in several
corn residue scenarios.

Corn Crop Residues for Cattle



As previously mentioned, several articles have been published on the grazing of corn
residues (Klopfenstein et al., 1987; Gutierrez-Ornelas and Klopfenstein, 1991; Sawyer
and Mallarino, 2007; Tracy and Zhang, 2008; Vanderpol et al., 2009). One of the
reasons that the focus on this abundant forage supply initially was on grazing is that
grazed forages often represent the most economically viable source of feed in many
beef production systems. To truly evaluate the truth of this statement, however, costs
associated with harvesting and storage must be calculated based on performance and
compared in both confined and grazed cattle systems.

When fed in confinement, how corn residues are harvested can greatly impact the yield
(tonnage) and the moisture content of the residues (Atchison and Hettenhaus, 2003).
Most corn residue harvested gathers stalks, leaves, cobs, and husks. The majority of
the moisture resides in the corn stalk, which is also the greatest proportion of the
residue (Myers and Underwood, 1992; Table 1). Thus, in order to ship “dry bales”, corn
residues must remain in the field to dry down, which may not be the most economically
advantageous harvesting method. This dried, baled corn residue (referred to as corn
stover) is a mature, poor quality forage and often must be further processed, particularly
when used as part of a total mixed ration for cattle fed in confinement.

Table 1: Corn stover material distribution DM during grain harvest

Stover Component Moisture, % Percent of biomass, DM basis
Stalk 70-75 50
Leaf 20-25 20
Cob 50-55 20
Husk 45-55 10

Source: Myers and Underwood, 1992

The poor quality of corn stover may have been the first limiting factor to its inclusion in
cattle diets historically. At the time of traditional dry grain harvest, corn residue has
about 60 to 70% NDF and 45 to 50% ADF (Duckworth et al., 2013). This is because the
corn stover represents a mature forage source. With increasing forage maturity, cell wall
composition changes, more structural carbohydrates are deposited within the cell wall:
NDF concentrations increase, as do lignin concentrations. Jung and Vogel (1986)
reviewed lignin inhibition of cell wall digestibility and there is a large body of literature
discussing the negative effects of increasing ADF and NDF on DM and fiber digestibility
(Allinson and Osbour, 1970; Smith et al., 1972; Cherney et al., 1993). Because of the
poor quality of corn stover and the limitations on digestibility, recent U.S. efforts have
attempted to increase the feeding value of corn stover through processing (Russell et
al., 2011; Duckworth et al., 2014; Chapple et al., 2015).

One of the processing methods producers and nutritionist have used to improved
feeding value of poor quality forages in the past is chemical treatment of the forage
itself. Depending on the forage and the end goal, various chemical solutions that have
been investigated for their effectiveness including sulfur dioxide (Ben-Ghedalia and
Miron, 1984; Miron et al., 1990), ozone (Miron and Ben-Ghedalia, 1982; Bunting et al.,
1984), and weak acids (Knappert et al., 1980; Silanikove and Levanon, 1987). Each of



these chemicals has health risks or environmental concerns associated with it. Due to
the abundance and safety, relative to some of the other agents used, CaO gained
popularity as the corn residue treatment beginning in 2011. Calcium oxide is the
dehydrated, powdered form of Ca(OH), and can be added to a wet forage. Briefly
summarized: yhe CaO corn stover treatment process involves wetting corn stover to
50% DM and then adding 5% CaO (DM basis). The treated corn stover must sit for at
least one week before feeding to allow the chemical reaction to be effective.

During the process of chemical treatment, the chemicals dissolve the hydrogen bonds
among lignin crust and the hemicellulose and cellulose (the fractions of the cell wall that
can be digested by ruminant microorganisms). The treatment swells the cellulose
microfibrils, which serves to partially break off and solubilize the hemicellulose
polymers. This increases the surface area of cellulose, and the accessibility to
hemicelluloses, and increases hydrolysis of both by rumen microbial cellulases (Kahar,
2013). In addition to its binding and inhibitory effects, lignin inhibits cellulose hydrolysis
by irreversibly adsorbing cellulase enzymes. So, when lignin is separated from the
cellulose/hemicellulose complex, it not only increases substrate availability, but also
increases cellulase (enzymatic) activity (Lee, 1994). The end results is a reduction in
total NDF concentrations of treated corn stover (Duckworth et al., 2014) and increased
digestibility for cattle fed treated corn stover when compared to those fed untreated corn
stover (Russell et al., 2011; Shreck et al., 2013; Duckworth et al., 2014; Chapple et al.,
2015). However, even with increased digestibility, corn stover still contains inadequate
energy and protein for growing cattle. Consequently, in most studies, a combination of
corn stover (most often treated with 5% CaO, DM basis, and fed at 20% inclusion, DM
basis) and distillers grains (usually wet or modified at 40% inclusion, DM basis) have
been fed (Russell et al., 2011; Shreck et al., 2012; Shreck et al., 2013; Duckworth et al.,
2014; Chapple et al., 2015). This feed became dubbed in U.S. industry circles as a
“corn replacement feed”, referencing its potential ability to equally replace corn grain in
the diet of growing cattle.

In growing cattle, increased digestibility of the diet (i.e. the CaO treatment of corn
stover) should increase cattle performance. This often occurred when cattle fed CaO-
treated corn stover were compared to cattle fed untreated corn stover in one of the
aforementioned “corn replacement feed” diets. Russell et al. (2011) observed a 9.6%
and 10.2% increase in DM digestibility for CaO-treated stover over baled and untreated,
hydrated stover, respectively. In addition, Russell et al. (2011) reported 5%
improvement in feed efficiency, driven by a reduction in DMI with no change in ADG,
when steers fed 20% CaO-treated corn stover and 40% modified distillers grains with
solubles (MWDGS; DM basis) were compared to steers fed the control that contained
70% corn and 20% MWDGS (DM basis). Shreck et al. (2011) concluded that feeding
cattle CaO-treated corn stover at 20% of the diet DM improved IVDMD when compared
with feeding an untreated corn stover control. A follow-up study in their lab compared
CaO treatment of corn stover to that of CaO-treated corn cobs and wheat straw (Shreck
et al., 2012). They reported that feeding CaO-treated corn stover and straw to cattle
resulted in increased final BW, ADG, and feed efficiency when compared to feeding
untreated corn stover and straw; furthermore, they observed no differences in ADG,



DMI, or G:F between cattle fed the treated corn stover diet and those fed the corn-
based control diet (46% corn grain, DM basis).

Positive responses have not always occurred, however. Although Duckworth et al.
(2014) reported improvements in ruminal degradations of CaO corn stover relative to
untreated corn stover, steers fed treated corn stover gained 0.26 kg/day less than
steers fed untreated corn stover. This trial was unique because Duckworth et al.
compared corn stover treatment only, all other dietary ingredients and inclusions were
equal (i.e. 20% corn stover, treated or untreated; 40% modified distillers grain; 30% dry
rolled corn; 10% vitamin mineral supplement, on a DM basis). Similarly, Chapple et al.
(2015) reported an 8% increase in DMI and an 18% greater ADG in steers fed a corn-
based diet (55% dry rolled corn and 5% untreated corn stover, DM basis) when
compared to steers fed CaO-treated corn stover diets (20% stover and 40% modified
distillers grains, DM basis).

Due to variations in performance and harvest technique in the aforementioned trials, if
corn stover is treated prior to feeding, processing costs need to be added to the cost of
corn stover if one wishes to compare true costs. Processing costs will vary depending
on whether producers choose to use a custom processor or hire their own labor. All of
the previous trials have fed mature, dry baled corn stover (harvested after dry corn
grain) that was ground and wetted, prior to treatment with CaO. The need to grind corn
stover bales prior to chemical processing represents an additional labor and energy cost
when feeding CaO treated corn stover. Although performance results were not
improved with corn stover feeding, Chapple et al. (2015) concluded that feeding treated
corn stover yielded a significant reduction in total feed costs compared to cattle finished
on a corn based diet. Improtantly, the authors did not feed an untreated corn stover
control in this experiment and meant only to compare the corn replacement feed
technology of the time that was being advocated.

Costs associated with treatment increase the CaO treated corn stover price over ground
wetted corn stover. As mentioned previously, Duckworth et al. (2014) reported
improvement in ADG when corn stover was simply wetted and bagged, suggesting the
additional chemical treatment may not be entirely necessary. The processes used to
simply bag wetted corn can vary as well though.

Traditional corn stover harvest may include a one-, two-, or three-pass technique. One
pass techniques involves more expensive equipment and may slow corn harvest
(Vadas and Digman, 2013). It has been suggested that one-pass harvesting, harvesting
corn and stover at the same time, may be economically viable, yielding
R$255.00/hectare ($1.00 = R$3.44) for farmers (Atchison and Hettenhaus, 2003). Two-
pass technique involves more common equipment and may be accomplished with less
cost than the three-pass technique. However, variations in these harvest techniques
can also greatly impact the yield (tonnage) and the moisture content of the residues
(Atchison and Hettenhaus, 2003).



Because of the variable responses and the cost of CaO treatment, Carvalho et al.
(2016) compared differences in harvest window of corn residues instead of chemical
treatment. These researchers hypothesized that corn stover harvested at high moisture
corn harvest would be more economical that corn stover harvested at dry corn harvest
due to changes in labor costs associated with a three-pass harvest technique and
improvements in growth performance when “immature” corn stover (that harvested after
high moisture corn) was fed to cattle. Thus, Carvalho et al. (2016) harvested the high
moisture corn residues (also referred to as corn stalklage) after high moisture corn grain
by raking windrows after the combines and harvesting the residue with a silage wagon
so that it did not have to be baled and then ground. Moisture of the corn residues with
this harvest method was ~45% DM and no water needed to be added. In addition, due
to the variable results with CaO treatment and the desire to test maturity response,
Carvalho et al. (2016) analyzed untreated forages, thus, the additional costs associated
with CaO treatment were negated. One of the primary reasons to adjust harvest
technique was cost. While baling stover is an expense, one can usually get a dry ton of
stover out of the field and baled for close to R$156.03 (Ag Decision Maker, 2015).
However, the grinding and treatment costs to produce the CaO treated corn stover fed
in many of the aforementioned trials, greatly increases the price per ton. Such that if
one feeds a CaO-treated corn stover that is rehydrated, has 5% CaO added, and is then
bagged, the final cost per dry ton is closer to R$499.32. By comparison, the one-pass
harvest technique costs were R$333.92/ton (dry). Cattle performance was monitored
through the growing phase of this experiment. Diets were fed for 85 d, during the
growing phase, and contained 25% corn plant residue, 30% modified distillers grain with
solubles, 35% high moisture corn, and 10% supplement (DM basis). There were no
treatments effects on ADG, DMI and G:F from d 0 to 85 when all cattle were compared
as a single group. Nor were there effects of treatment on dry matter disappearance and
NDF disappearance over time. Average NDF disappearance at 48 h were 27.4 and 30.6
% for stover harvested at dry corn harvest and stover harvested at high moisture corn
harvest, respectively (Carvalho et al., 2016). However, strong differences were noted by
block: with light weight cattle outperforming heavy weight cattle when fed the corn
residue.

The block data become important when the whole system economics using corn
residues are calculated. Because cattle performance also drives the price producers are
able to pay for corn residues, greater animal performance, in particular ADG, yield a
more profitable is the system. This is one of the reasons that harvesting corn residues
and feeding it in a feedlot has become more widely practiced in the U.S. as opposed to
just grazing corn residues. Evaluating the true cost of feedstuffs based off of their
energy values can only be done if animal performance is known. Due to the associative
effects of feeds in the rumen, book values can both over- and under-estimate the true
value of feeds, affecting their economic advantage. The previous economic evaluations
of corn residues (Felix and Carvalho, 2016) show they are most advantageous in a
growing system where light weight cattle are fed. Book values for corn residues predict
grazing ME to be 2.38 Mcal/kg with harvested ME closer to 1.99 Mcal/kg (NRC, 2000).
However, using NRC (1996) equations, to backcalculate the true energy value for corn



residues for growing cattle based on performance Russel et al. (2011) had 3.12 MCal
ME/kg for corn stover and Carvalho et al. (2016) showed 2.94 Mcal ME/kg.

Conclusions

Because of these variations in performance, the bottom line economics must be used to
determine the appropriate use of corn residue in cattle diets. Processing costs
associated with dry, baled stover affect the “real” price of corn stover feeding in
confinement. If corn residues are wetted and bagged in an ag bag after harvest, as
opposed to being fed as dry ground stover, there appears to be little value to treatment.
However, if corn stover is to be fed in a feedlot at 20% of the diet DM, it is better to wet
it to 50% moisture and bag it versus feeding dried ground stover. In addition, timing of
feeding corn residue in the system may be a valuable consideration. Cattle that fed corn
residue only in the growing phase, and then finished on corn are more profitable than
cattle fed corn residue during the finishing phase (Felix and Carvalho, 2016). Thus, the
advantage to feeding corn residue during the growing phase suggests greater benefits
to the use of corn residues in a backgrounding or growing program (light weight cattle)
than throughout the finishing program.

One of the most challenging aspects of beef cattle nutrition is the ever variable
economics of the industry itself. The storage, handling, and feasibility issues with corn
stover are different for each system and cost within system should be analyzed in
Brazilian systems. Special attention should also be given to the potential economic
return to the producer before corn stover is incorporated in any beef system. As an
industry, we continue to seek out new ways to remain economically profitable in the
face of ever changing commodity prices.
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