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Abstract
Intercropping systems involving cerealswith legumes provide several advantages
such as elevated forage yield and improved forage nutritive value. This study was
designed to assess viability of corn (Zeamays L.) intercrops to improve the forage
crude protein (CP) of corn forage for beef cattle production. A cornmonocrop (C-
M)was comparedwith seven corn intercrops (five annual legumes, a non-legume
crop (radish (Raphanus sativus L.), C-RA) and an annual crop mixture (ACM)).
The corn forage drymatter (DM) yield was significantly improved (P< .05) for C-
M than all intercrops. Of the seven intercrops, only corn-radish intercrop (C-RA)
produced significantly lower total forage DM yield (corn + companion) than C-
M.Of the seven corn intercrops, only corn-hairy vetch (Vicia villosaRoth) (C-HV)
and corn–annual cropmixture (C-ACM) had significantly (P< .05) improved for-
age CP and digestible CP than C-M. Both C-HV and C-ACMexceeded the CP rec-
ommendations for mature beef cattle and also had adequate CP for young (grow-
ing and finishing calves) beef cattle, thereby eliminating the need for protein
supplementation during the feeding of either C-HV or C-ACM beef cattle. For-
age minerals were not significantly affected (P > .05) by corn intercrops. Forage
total digestible nutrients (TDN) was significantly (P < .05) influenced by inter-
crops and varied from 65.9-71.2%. Results indicate that selected corn intercrops
can improve nutritive value of forage for beef cattle production.

Abbreviations: ACM, annual crops mixture; C-ACM, corn intercrop
with an annual crops mixture; CC, crimson clover; C-CC, corn intercrop
with crimson clover; C-FB, corn intercrop with fababean; C-FP, corn
intercrop with field pea; CHU, corn heat unit; C-HV, corn intercrop
with hairy vetch; C-M, corn monocrop; CP, crude protein; C-RA, corn
intercrop with radish; C-SB, corn intercrop with soybean; DE, digestible
energy; DM, dry matter; FB, fababean; FP, field pea; HV, hairy vetch;
LTA, long-term average; NDFD, neutral detergent fiber digestibility; RA,
radish; SB, soybean; TDN, total digestible nutrients; Tmax, maximum
temperature; Tmin, minimum temperature.
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1 THE IMPORTANCE OF STANDING
CORN TO BEEF CATTLE

Winter feeding costs are a major contributor to the overall
cost of production for beef cattle producers in western
Canada (Krause et al., 2013). Crops that are adapted to
warmer climates are increasing in western Canada due to
changing climate conditions. Corn for silage and grazing
has attracted great interest beef production. Grazing
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standing corn is an option with great potential to extend
the grazing season into the fall and winter months to
reduce winter feeding costs (McMillan et al., 2018). Also,
shorter season corn is being grown for silage for beef cattle
production in areas of northwestern Alberta where corn is
fairly to moderately adapted, resulting in a steady increase
in corn hectarage for livestock feed (grazing and silage)
over the past number of years in northwestern Alberta
(Omokanye, 2014).
Corn forage can fit well in the grazing system as it

meets the nutritive composition requirements for many
categories of cattle, particularly beef cows in mid- and
late-stage pregnancy (Lardner, Pearce, & Damiran, 2017;
Omokanye, 2019). A long-term evaluation of feed test
results for several forages showed that whole plant corn
had improved total digestible nutrients (TDN) than oats
(Avena sativa L.) at milk stage and barley (Hordeum vul-
gare L.) at soft-dough stage, because of its high starch and
low fiber content (Omokanye, 2019). Lardner et al. (2017)
reported that whole plant corn and barley had similar TDN
content. However, the forage of standing corn hybrids had
lower CP content than barley across the Canadian prairie
environments (Lardner et al., 2017) as well as oats and
barley in northwestern Alberta (Omokanye, 2019). Several
reports have indicated that corn forage protein concentra-
tions would not normally be adequate for beef cattle diet at
all physiological stages (e.g. Abeysekara, Christensen, Niu,
Theodoridou, & Yu, 2013; Armstrong, Albrecht, Lauer, &
Riday, 2008; Darby & Lauer, 2002; Lardner et al., 2017;
Omokanye, 2016). Karsten, Roth, and Muller (2003) found
that corn forage CP and fiber content decreased from silk-
ing to milk–dough stage.
In addressing the shortfall in corn forage CP for beef

cattle, producers can use CP additive (Damiran, Lardner,
Larson, & McKinnon, 2016; Jose, 2015; Van De Kerck-
hove, Lardner, Walburger, McKinnon, & Yu, 2011) or good
legume hay (Krause et al., 2013) to supplement corn forage
CP for beef cattle (Omokanye, 2016). However, this process
adds extra costs to the already expensive beef production.
Corn intercropping with legumes or other annual crops is
an option to consider for improving forage corn CP con-
tent (Dahmardeh, Ghanbari, Syasar, & Ramroudi, 2009) at
aminimal extra cost. Intercropping can enable efficient use
of resources, which leads a reduction of production costs
(Hauggaard-Nielsen et al., 2009; Jensen, 1996; Morris &
Garrity, 1993a,b), offers greater financial stability (Ofor &
Stem, 1987) and greater total forage yield (Brooker, Bennett,
& Cong, 2015; Dhima, Lithourgidis, Vasilakoglou, & Dor-
das, 2007) as well as improved forage nutritive value (Gill
& Omokanye, 2018). The review by Hauggaard-Nielsen
and Jensen (2005) provided a list of disadvantages when
intercropping to include possible overextraction of nutri-
ents, the difficulty of mechanizing intercropping systems,

Core Ideas

∙ The choice of companion crop species affected
corn growth and forage production.

∙ Forage protein content was significantly
improved by most intercrops.

∙ Intercrops can eliminate the need for protein
supplementation of beef cattle diets.

the possibility of supporting a proliferation of harmful
flora and fauna for the crops, and the reality that more
complex cropping systems are less understood compared
with sole crops. Beef cattle producers are unlikely to adopt
the increased cost and complexity of managing intercrops
without demonstrated evidence of their potential advan-
tages over corn monocrops.
The objective of this study was to compare corn inter-

crops with annual legumes and non-legume crops to C-M
in terms of forage yield and quality. Our initial hypothesis
was that intercrops could provide greater forage yield and
improve quality compared with C-M, and offer a balanced
forage diet that is better able to meet the protein require-
ments of beef cattle.

2 SITE DESCRIPTION AND
EXPERIMENTAL DESIGN

Field experiments were carried out over two growing sea-
sons, from 25 May to 15 Sept. 2017, and from 28 May to 24
Sept. 2018, at the Fairview Research Farm, Fairview (56◦
04′ 53″N lat., 118◦ 26′ 05″W long.; 670m), located in north-
western Alberta, Canada. The site has a subarctic climate
(boreal climate), which is characterized by long, very cold
winters and cool to mild, short summers. The soil type
at the experimental site is a Gray Luvisolic soil with elu-
vial and Bt horizons (Soil Classification Working Group,
1998). The surface soil characteristics (0-15 cm soil depth)
during the field experiments (2017 and 2018) are shown in
Table 1.
Long-term average (over 30 years) and monthly-

recorded precipitation during both growing seasons
(Table 2) were collected from the nearest Alberta Agri-
culture and Forestry meteorological station, which
was located within 200 m of the research site used for
the present study. The monthly average precipitation,
temperature and corn heat units (CHU) at the experi-
mental site are shown Table 2. Corn heat units (CHU)
is a measurement of cumulative heat over the growing
season. The CHU were calculated on a daily basis, using
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TABLE 1 Cropping history, soil characteristics (0-15 cm depth) and spring soil moisture, and spring soil temperatures at seeding for the
two experimental years

Parameter 2017 2018
Cropping history 2011: Corn 2011-2012: Chemical fallowa

2012: Canola 2013–2016: Oats for forage
2013–2015: Oats for forage 2017: Forage-type soybeans
2016: Forage brassicas

Nutrients and properties of soil
Soil organic matter, % 5.8 6.4
pH (1:2.5 H2O) 5.6 6.8
Electrical conductivity (dS/m) 0.25 0.39
Nitrate-N (kg/ha) 36 60
P (Bray 1-P method) (kg/ha) 58 36
K (kg/ha) 330 400
Sulphate-S (kg/ha) 13 18
Total exchangeable cations (meq/100 g) 24.7 13
Cation Saturation
Ca (%) 43.7 64
Mg (%) 14.6 22.7
Na (%) 0.8 1.2
K (%) 1.5 3.5
Base saturation (%) 60.7 91.5
Spring soil moisture 13.0% (0-5 cm)b 12.0% (0-5 cm)

12.1% (0-20 cm) 12.2% (0-20 cm)
Spring soil temperature 10.9◦C (0-5 cm) 10.4◦C (0-5 cm)

8.95◦C (0-20 cm) 8.61◦C (0-20 cm)
aChemical fallow (left unseeded but sprayed during the growing season) with Roundup WeatherMax herbicide at a rate of 1.65 L ha-1 with 100 L ha-1 of water.
bValues in parentheses indicate soil depths.

TABLE 2 Monthly mean air temperature, total corn heat units (CHU) and total precipitation during the 2017 and 2018 growing seasons,
and the long-term average (LTA, 30-year)

Temperature (◦C) CHUa Precipitation (mm)
Month 2017 2018 LTA 2017 2018 LTA 2017 2018 LTA
May 11.9 14.3 9.81 128 46 128 30.2 5.3 40.0
June 14.5 14.9 13.9 474 479 426 53.7 77.3 64.3
July 15.9 16.3 15.8 552 576 558 57.2 108.5 68.7
August 15.7 14.7 14.7 554 485 498 14.2 23.3 47.8
Septemberb 11.9 7.14 11.6 49.3 9.9 44.6 1.4 1.6 7.7
Total - - - 1758 1596 1655 156.7 216 228.5

aCHU in 2017 and 2018 - from seeding (25 May 2017 and 28 May 2018) to first fall frost (4 September in both years and LTA).
bLast data in September coincides with date of first fall at the experimental site.
May temperature and precipitation was from 1 to 31 May each year.
Source: Environment Canada (www.climate.weatheroffice.ec.gc.ca)

the maximum (Tmax) and minimum (Tmin) daily air
temperatures,measured frommidnight tomidnight, in ◦C.
The following equation was used to calculate daily CHU:
Daily CHU = (Ymax + Ymin)/2; where Ymax = [3.33
× (Tmax-10)] - [0.084 × (Tmax-10)2] (if Ymax <0, set

Ymax = 0) and Ymin = [1.8 × (Tmin-4.4)] (if Ymin <0, set
Ymax = 0) (Brown & Bootsma, 1997).
The studywas a randomized complete block designwith

four replicates of each treatment. The following eight treat-
ments were investigated (Table 3):

http://www.climate.weatheroffice.ec.gc.ca
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3 CULTURAL PRACTICES

Each year, the land was prepared with a three-point hitch
Ferguson row crop cultivator (Type 9BO-20; Harry Fergu-
son, Inc., Detroit, MI) and diamond harrows before seed-
ing. Forage treatments were established using a six-row
Fabro plot drill (with two cone seeders, a seed box, and a
fertilizer box) equipped with disc type openers on 25 May
2017 and on 28May 2018. The plot drill had 23-cm row spac-
ing. Typical corn planting recommendations for silage pro-
duction are generally employed for establishing corn for
grazing. The corn in all treatments was seeded in 69-cm
rows apart, to achieve corn population of 80,000 plants
ha-1 (recommended rate). Between two corn rows, two
rows of companion crops were also seeded, spaced 23-cm
apart (Figure 1). Both corn (seed box) and companion crops
(cone seeder) were seeded simultaneously. To achieve a
row spacing of 69-cm for corn, we blocked off two rows at a
time so that one in three rows drops corn seed (69-cm spac-
ing). In addition, we set the drill opening on the desired
setting. Depth of seeding for both corn and companion
crops was 2 cm. The companion crops in the corn inter-
cropping treatments were seeded at 40% of their respective
monocrop recommended seeding rates (FP = 69 kg ha-1,
CC = 6.47 kg ha-1, FB = 96.3 kg ha-1, HV = 6.47 kg ha-1,
SB = 20.2 kg ha-1, RA = 2.24 kg ha-1, and ACM = 28.7 kg
ha-1). The C-ACM seeding rates were 21.5 kg ha-1 barley (cv.
CDCMaverick), 3.58 kg ha-1 pea, 1.79 kg ha-1 HV field pea,
0.45 kg ha-1 CC, 0.45 kg ha-1 forage brassica [cv. Winfred - a
cross between a turnip (Brassica rapa L.) and a kale (Bras-
sica oleracea var. acephala)], 0.45 kg ha-1 Italian ryegrass
(Lolium multiflorum Lam.; cv. Green Spirit) and 0.45 kg
ha-1 sunflower (Helianthus annuus L.).
Plot size was 22.1 m2 (2.76 × 8 m). There were 0.69 m

unseeded alleys between plots. Only 50% of the recom-
mended fertilizer blend following soil tests was applied
each year, at 56 kg N ha-1, 16 kg P2O5 ha-1, 17 kg K2O
ha-1 and 11 kg S ha-1 in 2017, and 62 N ha-1 21 P2O5 ha-1,
27 K2O ha-1 and 12 kg S ha-1 in 2018. The inorganic fer-
tilizer blend was only applied to corn rows by banding at
planting in each year. No inorganic fertilizer blend was
applied to the companion crop and annual crop mixture
at seeding. However, all the legumes were inoculated at
seeding with appropriate Rhizobium inoculants (Nitragin
Gold for clover seed, Nodulator Duo SCG for FP, FB and
HV seed, and N-Rhizo Soy for SB). Pre-emergent weeds
were controlled with glyphosate herbicide at 1.70 L ha-1.
Except for C-ACM and C-RA intercrops, post-emergence
(in crop) weed control of broadleaf such as lamb’s quar-
ters (Chenopodium album L.), stinkweed (Thlaspi arvense
L.) and wild buckwheat (Fallopia convolvulus (L.) Á. Löve)
was with Basagran Forte herbicide at 2.25 L ha-1 when
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F IGURE 1 Schematic diagram of corn and companion crops arrangement and row spacing

the corn was at 5 to 6 leaf stage. Both C-ACM and C-RA
intercrops were hand weeded the same day the other plots
sprayed.

4 FIELDMEASUREMENTS

The day before harvest for forage yield and quality, plant
height of ten corn plants from each plot were measured,
while plant height of the companion crops was not mea-
sured. Two corn rows (corn rows 2 and 3, see 1), which
were 3-m in length at 0.69 m row spacing and two center
rows of each companion crop (3-m in length × 0.23-m row
spacing) were hand-harvested at about 8-cm above ground
from each plot and weighed to determine forage yield
on September 15, 2017 and September 24, 2018. Corn was
harvested at kernel half milk line stage in 2017 and kernel
blister stage in 2018, as described by Abendroth, Elmore,
Boyer, and Marlay (2011). This corresponds to silage har-
vest stage, with a kernelmaturity of 45%DM. All harvested
(at about 8-cm above ground) materials (including whole
corn plant with ears and tassels) were shredded using a
wood chipper shredder (Samson Machinery, 15HP 420CC
Gas Powered), and a 750-g subsample was dried to a con-
stant weight at 60 ◦C. Another set of two corn–companion
crop rows of two meters in length from each plot was har-
vested for determination of corn and companion crops per-
centages on a biomass dry matter basis.

5 FORAGE NUTRITIVE VALUE
ANALYSIS

Every year, dried forage samples were analyzed for forage
nutritive value by A&LCanada Laboratories Inc. (London,

Ontario, Canada). Nutritive value parameters are reported
on a DM basis. The forage DM content of sub-samples was
determined by drying in a forced air oven at 65◦Covernight
(Horwitz, 2000). Forage CP was determined by the Dumas
direct combustion method using LECO FP628 Nitrogen
analyser (AOAC-990.03, 2005). ANKOM Method 5 using
ANKOM 200 was used for measuring ADF (AOAC- 973.18,
1990), while NDF was determined with ANKOM Method
6 using ANKOM 200 (AOAC-2002.04, 2007). Mineral con-
tent of P, K, Ca and Mg were determined using modi-
fied AOAC 968.08 and 935.13A procedures (Cunniff, 1995).
The 48-h neutral detergent fiber digestibility (NDFD) was
determined from in vitro true digestibility in aDaisyII incu-
bator (ANKOM Technology, Macedon, NY), which con-
sisted of a thermostatic chamber (39 ◦C) with four rotat-
ing jars, following the Tilley and Terry (1963) approach
modified by Goering and Van Soest (1970), as described
by Ammar, López, Bochi, García, and Ranilla (1999). Both
digestible energy (DE) and total digestible nutrients (TDN)
parameters were calculated from equations provided by
Adams (1980).

6 STATISTICAL ANALYSIS

To determine treatment effects, data from both years were
analyzed with CoStat statistical software package, ver-
sion 6.311 (CoStat, 2005). Means were separated by the
least significant differences (LSD) at the 0.05 probabil-
ity level when parameters were found significant. Sig-
nificant differences in the text refer to P < .05. Pear-
son’s correlation coefficients (r) were determined among
selected nutrients, total forage yield, and companion crop
yield.
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7 CORN PLANT HEIGHT, FORAGE
DRYMATTER YIELD, AND PERCENT OF
CORN AND COMPANION CROPS

Intercropping corn with other annual crop species signif-
icantly affected (P < .05) corn plant height, corn forage
DM yield and total forage DM yield (Table 4). Significant
(P < .05) differences also existed among the companion
crop DM yield and the forage botanical contribution
of companion crops towards total production (yield)
(Table 4).
The C-M treatment had the highest plant height

(230 cm), which was similar (P > .05) to those of corn
in C-FB (215 cm) and C-SB (220 cm) and significantly
(P < .05) greater than those of corn in C-HV, C-CC, C-
RA, C-ACM and C-FP intercrops. The C-RA significantly
(P < .05) reduced corn height than other intercrops.
Corn forage DM yield was significantly (P < .05) greater

for MC (11.8 Mg ha-1) than all intercrops (Table 4). Out
of the intercrops investigated, C-SB produced more corn
forage DM yield than other intercrops (except for C-CC).
Interestingly, C-ACM produced significantly (P < .05)
improved companion crop forage DM yield (9.31 Mg ha-1)
than other companion crops (Table 4). The C-ACM gave
4.49 to 6.57 Mg ha-1 more companion crop forage DM yield
than other companion crops in the different intercrops.
Total yield was the same for C-M as for every intercrop
other than C-RA.
Overall, except for C-RA, total forage DM yields were

not decreased by the additional seeding of other crops
with corn, but the yields were similar or slightly increased
numerically when compared with C-M treatment.
The companion crop forage DM yield from C-ACM con-

stituted 65% of the total forage DM yield in the C-ACM
intercrop, followed by that of C-RA,which consisted of 54%
(Table 4). In comparison, other companion crops only con-
tributed 20 to 37% to the total forage production (DMyield).

8 FORAGE NUTRITIVE VALUE

Forage CP was significantly (P < .05) influenced by inter-
crops (Table 4). Both C-HV and C-ACM significantly
(P < 0.05) had greater forage CP content than other inter-
crops and C-M. The C-ACM and C-HV had 40 and 44%,
respectively increased forage CP compared with C-M.
Forage macro minerals measured in the present study

(Ca, P, K and Mg) were unaffected significantly (P > 0.05)
by intercropping (Table 4).
Forage TDN was affected significantly (P < .05) by

intercropping (Table 5). The C-SB had significantly more
(P < 0.05) TDN than C-FB, but had similar levels to other
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TABLE 5 Forage total digestible nutrients (TDN), digestible energy (DE), acid detergent fiber (ADF), neutral detergent fiber (NDF) and
neutral detergent fiber digestibility (NDFD) after 48 h

TDN DE ADF NDF NDFD 48 h
Intercrop % Mcal kg-1 % % %
C-M 68.7ab 3.02ab 35.2ab 54.6a 65.6d
C-HV 70.0ab 3.07ab 32.7b 47.5c 64.0f
C-SB 71.2a 3.13a 32.3b 48.7bc 71.8ab
C-CC 69.4ab 3.05ab 37.0a 55.1a 72.5a
C-RA 69.3ab 3.05ab 33.8ab 48.4bc 64.6e
C-ACM 67.4ab 2.96ab 34.2ab 48.0bc 58.3 g
C-FB 65.9b 2.91b 32.21b 51.5b 50.4h
C-FP 69.7ab 3.06ab 33.3b 48.9bc 71.4b
aCV, % 2.7 3.0 4.9 3.4 0.7

Note: Means within a column with the same superscript(s)/letter(s) were not significantly different according to LSD (P < 0.05).
aCV means coefficient of variation.

TABLE 6 Significant Pearson’s correlation coefficients (r)
between some select measured parameters and their levels

Parameters Correlation (r) P (r = 0) n
Yield and TDN% 0.59 0.004** 64
Yield and corn yield 0.59 0.000*** 64
Yield and companion yield 0.74 0.000*** 56
Companion yield and P 0.51 0.005** 28
Ca and P −0.64 0.000*** 64
Ca and Mg 0.51 0.002** 64

** and ***, significant at P < .01 and P < .001, respectively.

intercrops and C-M. On the other hand, only C-SB had sig-
nificantly elevated (P < 0.05) forage DE than C-FB while
forage DE values were similar levels with other intercrops.
Forage fiber contents (ADF and NDF) and NDFD 48 h

were all affected (P < .05) by intercropping (Table 5). Both
C-M and C-CC had significantly (P < .05) superior forage
NDF than other intercrops. C-HV has shown lower NDF
value overall. The C-M did not differ significantly (P> .05)
with all corn intercrops in forage ADF.

9 PEARSON’S CORRELATION
COEFFICIENTS (R) OF SELECTED
PARAMETERS

Table 6 shows correlations between some measured
parameters. High positive correlation was observed
between total and companion crop DM yield. Only Ca and
P had negative correlation. Companion crop DM yield had
moderate correlation with P content. The positive correla-
tion of Ca content wasmoderate withMg. The correlations
between total DM yield and TDN% as well as total DM
yield and corn DM yield moderate and significant.

10 FORAGE YIELD AND NUTRITIVE
VALUE, AND IMPLICATIONS

Developing year round sustainable forage-based grazing
production systems for beef cattle that includes grazing
standing corn to extend the grazing season into the fall
and winter months requires improving nutritive value,
especially energy and protein during cold winter months.
Energy and protein are some of the most important crite-
ria for nutritive value evaluation. Our hypothesis was that
the inadequacies of C-M forage for supplying adequate pro-
tein content for beef cattle could be improved by intercrop-
ping corn with either legumes or other annual crops. Ade-
quate forage protein from potential intercrops would thus
reduce the need for protein supplementation and associ-
ated costs of winter feeding beef cattle. The present study
showed that of the different companion crops tested with
corn, only C-HV and C-ACM intercrops greatly improved
forage CP over C-M, increasing CP content considerably
by as much as 3.5 percent. The HV in the C-HV intercrop
was slow to establish in the spring and early summer dur-
ing the study, but it did grow vigorously and became a long
sprawling vine in the fall. Similarly, the HV, Winfred for-
age brassica and Italian ryegrass in the C-ACM were all
still in vegetative stage when forage harvesting was done.
The vegetative stage of these crops during harvest con-
tributed to the greater forage CP obtained for C-HV and C-
ACM than C-M and other intercrops. However, it is impor-
tant to note that the greater forage protein content from
the C-ACM intercrop came from the combination of crops
in the ACM, particularly those of legumes (FB, HV and
CC). When including legumes in an intercrop system, the
symbiotic N2 fixation and residue incorporation also con-
tribute to ameliorating soil fertility (Jensen, 1996). Further-
more, implementation of intercrops in agroecosystems has
been shown to increase diversity of microbes, flora and
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fauna, which often have a positive impact on crop produc-
tivity (Vandermeer, 1995). Recent research by Omokanye
(2019) in the same geographic region revealed thatWinfred
forage brassica and ryegrass also showed great benefits in
improving the nutritive value of multispecies annual crop
mixtures over cereal monocultures. When forage crops
are used within intercropping systems, the producers gain
long-term environmental and soil quality benefits, while
potentially achieving short-term economic value within
their operations (Fae et al., 2009).
Thewintermonthsmake upmost of the gestation period

for calf–cow operations in the study region. The NASEM
(2016) model for formulating diets for beef cows suggests
a 7 to 11% CP content for mature beef cows from mid-
pregnancy to lactation and 12 to 14% CP for growing and
finishing beef calves. All corn intercrops in the current
study had adequate CP for a mature beef cow, but only
C-HV and C-ACM intercrops met the CP requirements of
both young and mature beef cattle. This shows that for
backgrounding and finishing calves, C-HV and C-ACM
intercrops are potential protein alternatives to low protein
C-M in the study region. It is therefore evident from the
present study that some corn intercrops (as seen from both
C-HV and C-ACM) would provide beef cattle protein ade-
quate diets and savings in the cost of protein supplemen-
tation than is typical with feeding or grazing C-M, par-
ticularly beyond the mid-pregnancy stage of mature beef
cattle. The present study therefore shows the potential of
both C-HV andC-ACM to provide high quality feed for cat-
egories of beef cattle whose level of performance may be
limited by the low protein content of C-M such as back-
grounding cattle. The ACM was the dominant component
of the intercrops largely because the crops in the mix-
ture have been selected from a diversity of plant families
(Polygonaceae, Brassicaceae, Poaceae, and Fabaceae), cor-
responding to different plant functional groups (Lavorel,
McIntyre, Landsberg, & Forbes, 1997). Each crop species
in the mixture reached maturity at slightly different times,
therefore providing available immature forage continu-
ously through the growing season (BCRC 2016).
In the study area, FB is a late-maturing crop and may

be suitable for intercropping and ensiling with corn under
the climate conditions for the area. Thus, FBmay be a good
alternative to FP or CC, which are early-maturing crops. A
further investigation is needed on suitable production sys-
tems for practical farming to improve forage and nutritive
value of silage corn and FB intercrop for beef cattle.
The present study reveals that, in terms of corn growth

(height) and production (yield), therewas clear evidence of
competition from companion crops used in the intercrop
treatments. The corn height in C-RA, C-ACM and C-FP
was as much as 70 cm less in height than C-M. In 2017 and
2018, the corn in C-RA consistently had lower height (data

not shown) and RA is considered a problematic crop when
interceded simultaneously with corn for C-RA intercrops
and forage production. Forage crops are more competi-
tive and have greater shade adaptability, thus accumulat-
ing sufficient forage mass in intercropping systems (Pariz
et al., 2016). This explainswhy the forage-typemultispecies
crops used in C-ACM resulted in lower corn stand forage
yield compared to other intercrops.
The greater reduction in corn forage DM yield from

C-RA or C-ACM further confirms that corn does not have
the ability to withstand competition with many crop types
and that corn would not be compatible with either of
these companion crops for improved corn forage produc-
tion (biomass). It is important to note that inherently FP,
RA and most crops in the ACM would normally have suc-
cessfully have grown within the study area. Corn on the
other hand, as a C4-warm season crop species, takes longer
to germinate and has initial slow growth, and thus takes
much longer establish. The findings from the present study
that intercropping systems did not generally reduce corn
productivity or intercropped forage DM are in agreement
with La Guardia Nave and Corbin (2018), and Crusciol
et al. (2013). For C-RA and C-ACM, which both reduced
corn productivity in the present study,whether or not seed-
ing RA or ACM on a later date (about two weeks) after
corn seeding would reduce corn DM needs to be investi-
gated. The expectation is that during this phase, the corn
plants gradually grow above the intercrops, capturing an
ever greater proportion of the available light, water and
nutrient resources (Mao et al., 2012).
Although three of the companion crops in the current

study, reduced corn growth (RA, FP and ACM), interest-
ingly, all intercrops (except for RA) had similar total for-
age DM yield compared with C-M. As found in the present
studywithmost intercrops, Riday andAlbrecht (2008) also
reported similar forageDMyield for different corn–legume
intercrops and for C-M. However, Geren, Avcioglu, Soya,
and Kir (2008) and Marchiol, Miceli, Pinosa, and Zerbi
(1992) both reported lower total forage yield fromC-M than
most corn intercrops in their studies. Conversely, Stoltz,
Nadeau, and Wallenhammar (2013) found that corn–faba
beans with N fertilizer application greatly reduced forage
DM yield compared to C-M. The findings in the present
study showed that C-HV did not out yield C-M in total for-
age production (yield), but Javanmard,Majdi, Hamzepour,
and Nasiri (2017) reported that C-HV greatly out yielded
C-M as well as other intercrops of corn and other crops.
The differences in the results obtained in both studies
could be due to differences in final plant populations, seed-
ing methods and environment (soil type, soil water avail-
ability and soil nutrient status). It is also important to state
that factors as critical to crop growth as soil nutrient and
water status should be noted. The present study however
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indicates that the companion crops were generally able
to compensate or even overcompensate for reduced corn
growth (plant height) in most cases by producing simi-
lar total forage DM yield compared with C-M. As noted
in an earlier study elsewhere, grain legume–barley inter-
cropping might not be the highest yielding as compared
with the yield of one of the corresponding sole crops inves-
tigated in a single year, but it can be regarded as insur-
ance against the complex abiotic and biotic stresses influ-
encing crop performance, especially in organic systems
(Hauggaard-Nielsen et al. 2008)
Energy is also one of the important criteria for nutritive

value evaluation, particularly in beef cattle production in
cold climates. The results from the present study particu-
larly fromC-Magreewith published values forwhole plant
corn forage (TDN = 68.8%; NRC, 2001). Though, C-SB
intercropping had the highest forage TDN value, all treat-
ments investigated had adequate TDN to meet require-
ments for mature beef cattle, which require 55 to 65% TDN
from mid-pregnancy to during lactation (NASEM, 2016;
Yurchak & Okine, 2004). As well, the treatments investi-
gated were well within the 65 to 70% TDN recommended
for growing and finishing calves (NASEM, 2016). The
C-SB had a 2.5% increase in forage TDN over C-M. This
improvement in energy is crucial for winter range forage
and could be translated into providing less supplementa-
tion and reduction in feeding costs.
Acidosis is a nutritional disease that is caused by cattle

consuming toomuch starch (primarily grain). The severity
of acidosis, generally related to the amount, frequency, and
duration of grain feeding, varies from acute acidosis due to
lactic acid accumulation, to subacute acidosis due to accu-
mulation of volatile fatty acids in the rumen (Nagaraja &
Titgemeyer, 2007). In the study area, because of the gen-
erally lower than 2000 CHUs during the growing season,
only immature standing cornwith Zadoks growth scales 71
to 75 (Zadoks, Chang, & Konzak, 1974) is usually available
for grazing from current commercial corn hybrids. How-
ever, a combination of several factors such as warmer tem-
peratures of the summer months, adequate precipitation
and delayed date of killing frost in early fall, and availabil-
ity of corn hybrids with lower CHUs than that used in the
present study can allow corn to grow to maturity. To avoid
acidosis in such situation, mature standing corn should be
strip grazed during thewinter and offered somehay as they
graze the corn to reduce risk of acidosis.
In all cases, the forage minerals were not significantly

affected by the treatments investigated, but C-ACM inter-
crop seemed to show greater potential for improved min-
eral content than other intercrops as well as C-M. The
requirements for macro-minerals vary depending on the
class of animal, and the level and state of production. The
beef cattle requirements for K and Mg have been exceeded

by all treatments investigated in the present study. How-
ever, all treatments fell short in meeting at least two of
recommended concentrations of Ca (0.57% for young and
0.33% for mature beef cattle) and P (0.30% for young
and 0.26% for mature beef cattle) (NASEM 2016). Overall,
C-ACM produced the highest forage minerals, but still
fell short of meeting P recommended for cows of differ-
ent physiological stages (NASEM 2016). Therefore, design-
ing a mineral supplementation program to ensure cattle
requirements are met is essential for optimal beef produc-
tion when feeding C-M or the intercropping systems inves-
tigated here.
The moderately to high positive correlation between

companion forage DM yield and overall forage produc-
tion (total forage DM yield) or P content seems to sug-
gest the potential advantages of companion crops when
intercropped with corn to improve both forage production
(yield) and some nutritive value parameters.

11 CONCLUSION

Corn growth (height) in the C-RA, C-FP and C-ACM
intercrops did not grow as tall as C-M. In general, inter-
cropping systems studied did not reduce total forage
DM yield. However, C-RA, in particular produced lower
corn stand forage DM yield over C-M compared with the
other corn intercrops. Nutrients needs depend on the
physiological state of the animal. In the study region,
winter months make up most of the gestation period for
calf–cow operations. Here, grazing standing will coincide
to mid-pregnancy (or second trimester) of beef cows.
Both C-ACM and C-HV intercrops greatly improved CP
content (no supplementation necessary beef cattle). On
the other hand, C-M was only able to meet the protein
requirements of beef cows in the mid (7% CP) and late
(9% CP) pregnancy stages, while all intercrops (C-FP just
barely) met the 11% CP required by a lactating beef cow.
Both C-HV and C-ACM intercrops were the only mixtures
that sufficiently met the protein requirements beef cattle.
The C-ACM intercrop seemed to have greater potential
to improve forage Ca, P, K and Mg over C-M than the
other intercrops. NASEM (2016) considers 0.58% Ca and
0.26% P adequate for mature beef cattle. In the present
study, for a lactating beef cow, additional supplement
will be needed for Ca (in most cases) and P for all corn
intercrops and C-M to compensate for their mineral
deficiencies. All intercrops as well as C-M had sufficient
TDN content for beef cattle. For improved protein in
corn forage diets for beef cattle (direct grazing or silage),
C-HV and C-ACM intercrops would be recommended
in that order when grown in similar environments. In
addition to the selection of C-HV and C-ACM intercrops,
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an appropriate production technology also needs to be
developed to mitigate the effect of possible competition
among the intercropped plants and it should be possible
to produce a crop that will be high yielding, nutritious and
palatable tomost livestock (Ćupina,Mikić, &Krstić, 2009).
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