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Abstract

The objective of this study was to evaluate the effect of different intercropping and spacing
arrangements of corn (Zea mays L) and crotalaria (Crotalaria spp) on the agronomic
characteristics, chemical composition and forage digestibility. The experiment was distributed
in a randomized complete block design with a 2 × 2 + 1 factorial scheme. The treatments were
two cultivation systems (corn + Crotalaria juncea (CCJ) intercropping, and corn + Crotalaria
ochroleuca (CCO) intercropping), in two spacing arrangements (A1 (corn and crotalaria sown
in the same row) and A2 (corn and crotalaria sown in alternate rows)) plus control (single
corn monocropping (CSC)), with six replicates per treatment, for 2 years. Forage plants
were harvested when the corn grain reached the doughy-farinaceous phenological stage.
Forage mass (total and of each species), morphological composition, chemical composition
and in vitro digestibility were evaluated. The forage accumulation was higher for the A1 spatial
arrangement. In the second year, the highest total forage mass was verified in the CCO inter-
cropping (11 140 kg/ha). The highest corn mass (9402 kg/ha) was observed for CSC. The
highest crotalaria mass was observed in the CCJ intercropping in both years. Regarding the
chemical composition, CCJ and CCO intercropping had the highest crude protein concentra-
tion. The lowest acid detergent fibre concentration was observed in CSC and CCO intercrop-
ping, directly reflecting the in vitro dry matter digestibility coefficients. It is concluded that
C. ochroleuca, sown between corn rows, had higher forage accumulation and nutritive
value among the treatments tested in this experiment.

Introduction

Corn silage is one of the primary feeds used in intensive ruminant production systems due to
relative high productivity and nutritive value. However, corn silage usually contains crude pro-
tein (CP) concentrations below the requirements of many ruminant categories (NRC, 2001),
requiring supplementation with protein sources to supply the animal needs (Riday and
Albrecht, 2008). As the legumes have a high protein concentration (Iqbal et al., 2019), corn
intercropping with legume species for silage production could be an excellent solution to min-
imize protein supplementation need (Adesogan et al., 2004; Soleymani et al., 2012).

Among various legume species, Crotalaria spp. has excellent potential for intercropping
with corn under tropical conditions (Souza et al., 2019). Crotalaria species are less demanding
on soil fertility, require simple management, have a deep root system, control nematode popu-
lations and contribute to soil nitrogen fixation (Sangakkara et al., 2004; Tavares et al., 2011).
Crotalaria juncea and Crotalaria ochroleuca are the main species used for intercropping with
corn in Brazil (Garcia and Silva, 2019). Crotalaria juncea has a high growth speed and high
production of fibrous stem mass. In contrast, C. ochroleuca has a slower growth speed and
lower fibre concentration in the stems (Pfüller et al., 2019).

The advantage of intercropping corn with legume species is increased forage accumulation
and nutritive value (Kappes and Zancanaro, 2015). However, a study has also shown that com-
petition between the two crops may reduce forage mass and corn grain yield (Seran and Brintha,
2010). According to Zhang and Li (2003), legume species with a high growth rate (C. juncea) that
are sown in the same row as the main crop may impair the productivity of both species, and leg-
ume species with lower growth rates (C. ochroleuca) would be recommended in such cases.

Therefore, the present study was conducted to evaluate forage agronomic characteristics,
chemical composition and digestibility of the corn as monocropping or intercropping with
two crotalaria species (C. juncea and C. ochroleuca) in two spacing arrangements (cultivation
in the same row or alternate rows). The current study was based on two hypotheses: (i)
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intercropping corn with a fast-growing legume, sown in between
corn rows, will result in less competition among species, leading
to high forage mass, and (ii) intercropping corn with slow-
growing crotalaria, sown in the same row, will produce forage
with better nutritive value.

Materials and methods

The experiment was conducted at Embrapa Agropecuária Oeste –
CPAO, in Dourados, MS, Brazil (22°16′S, 54°49′W at an altitude
of 408 m a.s.l) from February to July 2018 and 2019. Chemical
composition analyses were performed at the Laboratory of
Agricultural Residues Utilization belonging to the Federal
University of Grande Dourados (UFGD).

According to the Köppen classification, the region climate is
Cwa (humid mesothermal with rainy summer; Fietz and Fisch

2008). Figure 1 gathers the temperature, relative humidity, precipi-
tation, and radiation data observed during the experimental period.

The soil at the experimental area is classified as distroferric
dark red latosol with very clayey texture according to the
Brazilian System of Soil Classification (Santos et al., 2018). Soil
characteristics of the experiment areas during 2018 and 2019
are presented in Table 1.

The lime application and fertilization were performed based
on the recommendation of Pereira Filho (2015). Initially, 2300
kg/ha of lime (ECCE 80%; dolomitic limestone) was applied in
the first year and 3000 kg/ha in the second year. Regarding sowing
fertilization, 190 kg/ha of NPK formula 04-18-18 (corresponding
to 7.6 kg/ha of N, 14.9 kg/ha of P and 28.3 kg/ha of K) was applied
in 2018, and 200 kg/ha of NPK formula 04-20-20 (corresponding
to 8 kg/ha of N, 17.4 kg/ha of P and 33.2 kg/ha of K) in 2019.
Additional fertilization was performed 20 days after germination,

Fig. 1. Average air temperature (Tave), maximum (Tmax) and minimum (Tmin), relative humidity (RH), precipitation (Prec) and radiation, observed during the two
experimental years (2018 and 2019).
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with 75 kg/ha of protected urea and 60 kg/ha of potassium chlor-
ide (corresponding to 33 kg/ha of N and 31.4 kg/ha of K) applied
in both years.

Treatments were a factorial arrangement among two intercrop-
ping cultivation systems (corn +Crotalaria juncea (CCJ) intercrop-
ping, and corn +Crotalaria ochroleuca (CCO) intercropping) and
two spacing arrangements (A1 (corn and crotalaria sown in the
same row, with 45 cm of inter-row spacing) and A2 (corn and cro-
talaria in alternate rows, with 45 cm of inter-row spacing)) plus a
control treatment (single corn monocropping (CSC)), distributed
in a randomized complete block design with six replicates (Fig. 2).

The corn hybrids used were BRS 1010 in the first year and
RB9789 VIP3 in the second year. The plants were sown in
February of each year, using a SHM 1517 planter. The target
corn plant population was 60 000 plants/ha. For the intercrop-
ping, 25 and 13 kg/ha of seeds of C. juncea and C. ochroleuca
were used, approximating populations of 222 222 and 444 444
plants/ha, respectively. The experimental plots consisted of 14
rows, each 8 m long, excluding 1 m in each final row defining
the useful area.

The harvest was performed manually at 15 cm above ground
level using a hand-held sickle when the corn reached the doughy-
farinaceous phenological stage (approximately 100 days after sow-
ing). Nine samples were collected per plot (plants contained in
two linear meters), which were used to determine the morpho-
logical composition and forage dry matter (DM) concentrations.
Corn plants were separated into stem, leaf, tassel and ear.
Crotalaria species were separated into the stem, leaf blade plus
petiole, inflorescence and pods (when present). Forage mass was
estimated by the total number of plants in each plot (corn or
corn plus crotalaria), multiplied by the average dry weight of
each plant, and expressed in kg of DM/ha.

For the chemical composition of the intercropping cultivation
system, a sample from each plot (4 m from two central lines) was
collected and milled in a stationary grinder and the intercropped
plants were homogenized to facilitate sampling. A sample of
approximately 300 g of each treatment was pre-dried in a
forced-air oven at 55°C for 72 h. Then, samples were milled in
a Wiley-type mill with a 1.0 mm mesh sieve. The concentration
of DM, OM (method 942.05) and CP (method 976.06) was deter-
mined according to AOAC (2005). For the evaluation of neutral
detergent fibre (NDF), we use thermostable amylase. The NDF
include hemicelluloses, cellulose, lignin and fibre-bound proteins.
The acid detergent fibre (ADF) mainly consists of cellulose, lignin
and insoluble proteins. Lignin was determined by ash-free acid
extraction, with the assumption that the fraction of lignin-bound
nitrogen is insignificant. Cellulose was determined by calculating
the difference between ADF and lignin, and hemicellulose was
determined by the difference between ADF and NDF. The in
vitro true DM digestibility (ivDMD) was determined according
to the methodology described by Tilley and Terry (1963) and
modified by Holden (1999).

Data were analysed using the mixed model procedure of
RStudio (R, 2009). The years were analysed separately because
of the different corn hybrids and locations. Since the additional
treatment is randomized in with others, we perform the standard
ANOVA considering all treatments (including the additional)
without the factorial structure; and then perform the factorial
analysis (without the additional treatment) (Healy, 1956). When
an interaction occurred (α≤ 0.05), the spacing arrangement was
analysed within each intercropping cultivation system, and the
results were presented in figures. In the case of non-significance
of the interaction, both factors were analysed independently,
and the results were presented in tables. The means were com-
pared using the Scott–Knott test at a significance level of 5%.
Data related to agronomic aspects in the factorial structure were

Table 1. Soil characteristics of the experiment areas during 2018 and 2019

Parameters 2018 2019

Sand, g/kg 82.5 87.7

Silt, g/kg 191.3 183.3

Clay, g/kg 720.9 728.9

Organic matter, g/kg 26.5 28.5

pH 5.12 5.26

CaCl2 pH 4.34 4.48

Al3+, cmolc/dm
3 0.7 0.6

Ca2+, cmolc/dm
3 2.6 2.4

Mg2+, cmolc/dm
3 0.7 0.6

H+ + Al3+, cmolc/dm
3 6.3 7.3

K+, cmolc/dm
3 0.7 0.5

P (Mehlich), mg/dm3 10.1 10.9

C, g/kg 25.1 16.5

Sum of bases, cmolc/dm
3 4.1 3.5

Cation exchange capacity, cmolc/dm
3 10.4 10.9

Base saturation (BS), % 39.2 32.6

Fig. 2. Sketch of the spatial arrangements, A1 (left) = 45 cm between rows, with corn and crotalaria in the same row; A2 (right) = 45 cm between rows, with corn and
crotalaria in alternate rows.
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analysed according to the following model:

Yijk = m+ bk + Si + SAj + S× SAij + 1ijk

where Yijk = dependent variable, μ = overall mean, βk = block
effect (random effect; k = 1, 2, 3, 4, 5 and 6), Si = effect of different
intercropping cultivation system (fixed effect; i = CCJ and CCO),
SAj = effect of spacing arrangement (fixed effect; j = A1 and A2),
S × SAij = effect of the interaction between intercropping and spa-
cing arrangements, and ϵijk = random error associated with each
observation.

Results

First-year of assessment

For the first year of evaluation, there were no differences in forage
mass among intercropping cultivation system or spacing arrange-
ment. However, differences were observed between corn and cro-
talaria mass (Table 2). The CCJ intercropping had the lowest corn
mass when compared to CSC and CCO intercropping, which did
not differ from each other. Planting both cultures (corn and cro-
talaria) in the same row resulted in corn yields lower than those
obtained in A2 spacing. Conversely, the CCJ treatment had

Table 2. Forage mass and plant morphological characteristics from corn in monocropping and intercropping with two crotalaria species (C. juncea and C.
ochroleuca) in two spatial arrangements (cultivation in the same row or alternate rows) for the years 2018 and 2019

Parameters

Cultivation system Spatial arrangements

S.E.M.

P value

CSC CCJ CCO A1 A2 CS SA CS × SA

2018

Total forage mass, kg DM/ha 13 375 11 947 14 539 11 752 13 764 2999 0.22 0.08 0.47

Corn

Corn mass, kg DM/ha 13 375a 8280b 12 976a 10 162B 13 094A 1551 <0.01 <0.01 0.48

Leaf, g/kg DM 188.8b 201.9a 182.1b 216.2A 167.4B 14.9 0.01 <0.01 0.21

Stem, g/kg DM 234.3 251.4 256.1 229.2B 275.6A 29.5 0.11 <0.01 0.39

Tassel, g/kg DM 14.8 14.2 15.4 15.8 14.6 2.1 0.19 0.12 0.35

Cob, g/kg DM 562.1 532.5 545.5 538.7 542.1 33.5 0.07 0.81 0.32

Leaf:stem ratio 0.82 0.83 0.75 0.9A 0.6B 0.1 0.14 <0.01 0.51

Crotalaria

Crotalaria mass, kg DM/ha – 3667a 1563b 1590A 670B 87.9 <0.01 <0.01 <0.01

Leaf, g/kg DM – 117.8b 193.1a 175.3 165.0 64.8 <0.01 0.70 0.50

Stem, g/kg DM – 804.1a 682.7b 547.1 511.6 66.4 <0.01 0.10 0.71

Inflorescence, g/kg DM – 77.9a 118.9a 27.6 70.9 57.4 <0.01 0.09 0.25

Leaf:stem ratio – 0.10b 0.30a 0.3 0.3 0.1 <0.01 0.94 0.50

2019

Total forage mass, kg DM/ha 9402b 9410b 11 140a 7487B 12 482A 667.1 <0.01 <0.01 <0.01

Corn

Corn mass, kg DM/ha 9402a 6106c 8477b 6391B 10 381A 955 <0.01 <0.01 0.56

Leaf, g/kg DM 126.2c 163.8a 155.7b 148.9 142.5 13.8 <0.01 0.45 0.75

Stem, g/kg DM 244.7b 321.2a 328.4a 292.1 289.9 29.2 <0.01 0.53 0.32

Tassel, g/kg DM 14.5 15.7 16.2 15.2 15.4 1.4 0.08 0.74 0.32

Cob, g/kg DM 614.4a 499.1b 499.5b 543.5 552.1 72.8 <0.01 0.35 0.95

Leaf:stem ratio 0.52 0.53 0.5 0.54A 0.49B 0.01 0.37 0.02 0.87

Crotalaria

Crotalaria mass, kg DM/ha – 3310a 2672b 1393A 2595B 361.72 <0.01 <0.01 0.45

Leaf, g/kg DM – 111.9b 118.6a 128.5A 107.6B 22.1 <0.01 <0.01 0.65

Stems, g/kg DM – 803.7b 864.7a 829.9 831.5 68.9 <0.01 0.87 0.64

Inflorescence, g/kg DM – 84.2a 16.6b 41.5B 60.8A 9.1 <0.01 <0.01 0.21

Leaf:stem ratio – 0.16a 0.15a 0.11 0.09 0.02 <0.01 0.26 0.09

CSC, single corn monocropping; CCJ, corn + C. juncea; CCO, corn + C. ochroleuca; A1 = 45 cm between rows, with corn and crotalaria in the same row; A2 = 45 cm between rows with corn and
crotalaria in alternate rows; S.E.M., standard error of the mean; DM, dry matter. Averages followed by different letters differ by Scott Knott test at 5% probability; capital letter represents the
difference between the spatial arrangements (SA) and lowercase letters the difference between cultivation system (CS).
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greater herbage mass when the A1 spacing arrangement was
adopted (Fig. 3).

Corn leaf mass was higher in the CCJ intercropping than in
either CSC or CCO. There was also a difference between the spa-
cing arrangements, with the highest leaf mass between spacing
arrangements observed in A1 compared to that obtained in A2.
The corn stem mass did not differ among the crotalaria species
used in the intercropping. Still, concerning spacing arrangements,
the highest corn stem mass was obtained in A2 compared to that
observed in A1 (Table 2). The difference obtained in leaf mass
among crotalaria species used in the intercropping did not reflect
in the corn leaf:stem ratio. However, there were differences
observed in the corn leaf:stem ratio regarding spacing arrange-
ments with the highest values observed in A1. Tassel and cob
mass did not differ among the species of crotalaria used in the
intercropping or spacing arrangements.

Crotalaria leaf and inflorescence mass differed among the spe-
cies intercropping, with the highest values reported for CCO
(Table 2). Regarding stem mass, CCJ intercropping had the high-
est average when compared to CCO. These results led to a higher
crotalaria leaf:stem ratio of legumes for CCO. No differences were
observed for leaf:stem ratio, the mass of leaf, stem and inflores-
cence between the spacing arrangements A1 and A2 (Table 2).

There was an interaction between intercropping cultivation
system and spacing arrangement in the forage mass proportion
(%) of each crop culture (corn and crotalaria; Fig. 3). The higher
corn mass proportion was at CCO intercropping in the spacing
arrangement A1. The lowest corn mass proportion was obtained
in the CCJ intercropping and A1 spacing arrangement, which
consequently resulted in the highest crotalaria mass in this treat-
ment. However, there was no difference between CCO and CCJ at
A2 spacing arrangement.

There were no differences among treatments in OM concen-
tration. Corn intercropped with crotalaria had a higher CP con-
centration than corn monocropping. The highest CP was found
in CCJ intercropping (95.1 g/kg DM), followed by CCO (77.4 g/
kg DM; Table 3). Regarding fibrous fractions, differences were
observed in ADF and cellulose concentration, in which CCJ had
higher values compared to the other treatments. However, there
were no differences in NDF or lignin concentration among treat-
ments. The highest ivDMD was observed in CSC (average of
806.6 g/kg DM), with no difference in ivDMD in CCJ and
CCO. No differences were observed between the A1 and A2 spa-
cing arrangements regarding forage chemical composition and
ivDMD in the first year.

Second year of assessment

In the second year of evaluation for forage mass, the interaction
was observed between the intercropping cultivation system and
spacing arrangements tested (Table 2, Fig. 4). The highest forage
mass was obtained in CCO and CCJ intercropping, both culti-
vated in A2 spacing arrangement. The lowest forage mass was
observed in CCJ intercropping grown in A1 spacing arrangement.
The CCJ intercropping had the lowest corn mass in both spacing
arrangements; the higher corn mass was at CCO at A2 spacing
arrangement. The planting of both crop cultures (corn and crota-
laria) in the same row resulted in a corn mass of 6391 kg DM/ha,
which was lower than that obtained in the A2 spacing arrange-
ment. Results opposite to these were obtained for legume mass,
whereas the highest mass was observed in CCJ with an A1 spacing
arrangement.

Corn leaf and stem mass were lower in CSC than either CCO
or CCJ, which resulted in a higher proportion of cob in CSC than
in the intercropping cultivation systems (Table 2), with no differ-
ences in tassel mass. Interactions among factors were observed in
corn cob production (Fig. 4). Higher cob mass was observed in
CSC monocropping, followed by CCO and CCJ in A2, and then
in CCO and CCJ in A1. Corn leaf:stem ratio did not differ
among the tested intercropping cultivation systems. However,
there was a higher leaf:stem ratio with corn grown in the A1 spa-
cing arrangement.

Crotalaria leaf mass and leaf:stem ratio did not differ between
CCO and CCJ intercropping. However, the stem mass was higher
for CCO, which also had lower inflorescence mass (Table 3). The
spacing arrangement also altered crotalaria leaf mass, with higher
values being observed in the A1 spacing arrangement. The highest
inflorescence mass was observed in the A2 spacing arrangement.

Fig. 3. Percentage of corn and crotalaria in the total forage mass, and crotalaria
mass from corn in monocropping and intercropping with two crotalaria species in
two spatial arrangements in 2018. CSC, single corn monocropping; CCJ, corn + C. jun-
cea intercropping; CCO, corn + C. ochroleuca intercropping; A1 = 45 cm between rows,
with corn and crotalaria in the same row; A2 = 45 cm between rows with corn and
crotalaria in alternate rows. Averages with different letters indicate significant inter-
action between spatial arrangements and crotalaria species according to the test of
Scott Knott at 5%.
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Regarding the chemical composition of the intercropped
forages, spacing arrangements did not influence the parameters
evaluated (Table 3). The crotalaria species used in intercropping
did not influence the OM, hemicellulose and lignin (Table 3).
The highest CP concentration was observed in CCJ and CCO
intercropping. The lowest NDF concentration was found in
CSC intercropping. Regarding ADF and cellulose, the lowest
values were found in CSC and CCO intercropping. No differences
were observed among the other nutrients (P > 0.05). The CCJ
intercropping presented the highest values of fibrous fractions,
which was reflected in the ivDMD coefficients (Table 3). The
highest ivDMD coefficients were observed in CSC and CCO inter-
cropping. Similar to the first experimental year, no differences
were observed in the second experimental year between the spa-
cing arrangements in the forage chemical composition or
digestibility.

Discussion

We used different corn hybrids in each experimental year, so
years were evaluated separately. In the first year, hybrid BRS
1010 was used, followed by hybrid RB9789 VIP3 in the second
year. Thus, corn mass was not equivalent between 2018 and
2019. Factors including climatic variations and different experi-
mental areas also affected the difference in the corn mass. The
lower performance of the corn plants in the second experimental
year may have contributed to the greater crotalaria mass.

Based on data from the second experimental year, the use of
C. juncea and C. ochroleuca in inter-row planting (A2) increased
the forage mass per area. However, the use of these legumes in the
same row as corn did not provide benefits in terms of forage mass
production when compared to CSC. When two different species
are planted in the same area, there is a natural competition for
nutrients, water and light (Soleymani et al., 2012). However,
when planting occurs in the same row, competition for light
becomes the most decisive, especially when taller species are inter-
cropped because of the more accentuated shading (Kappes and
Zancanaro, 2015).

The forage mass observed in this current study differs from the
report of Kappes and Zancanaro (2015), who found higher forage
mass when C. juncea and C. ochroleuca were grown in the same
row as corn. This probably occurred because the authors mea-
sured the mass at the end of the production cycle (the ideal
phase for grain harvesting), while this current study measured
the forage mass at the doughy-farinaceous phenological stage of
corn. According to Zhang and Li (2003), after the main crop
reaches maturity, the subordinate species recovers the growth
rhythm, thus increasing the total forage mass. In a field trial con-
ducted by Zhang and Li (2003), the mass accumulation rates of
corn intercropped with wheat were significantly lower than
those observed for the corn monocropping during the early
stage. However, in the final stage, the rates of mass accumulation
were significantly greater for corn intercropped with wheat in
comparison to corn monocropping.

Table 3. Chemical composition of forage derived from single corn monocropping and intercropping with two crotalaria species (C. juncea and C. ochroleuca) in two
spatial arrangements (cultivation in the same row or alternate rows) for the years 2018 and 2019

Parameters

Cultivation system
Spatial

arrangements

S.E.M.

P value

CSC CCJ CCO A1 A2 CS SA CS × SA

2018

Organic matter, g/kg DM 941.6 940.6 938.5 941.4 938.8 7.3 0.23 0.32 0.06

Crude protein, g/kg DM 75.8b 95.1a 77.4b 81.5 80.1 13.3 0.02 0.77 0.73

Neutral detergent fibre, g/kg DM 506.0 574.9 546.4 546.1 540.7 47.1 0.06 0.74 0.96

Acid detergent fibre, g/kg DM 251.6b 340.6a 267.6b 284.9 292.5 56.2 0.01 0.75 0.71

Hemicellulose, g/kg DM 254.4 234.2 278.8 261.3 248.2 29.9 0.09 0.27 0.09

Cellulose, g/kg DM 207.4b 279.2a 218.5b 231.2 238.7 20.0 <0.01 0.70 0.81

Lignin, g/kg DM 31.3 44.2 36.1 38.3 38.0 5.0 0.12 0.95 0.29

ivDMD, g/kg DM 806.6a 754.4b 766.9b 778.7 774.8 37.2 0.02 0.79 0.37

2019

Organic matter, g/kg DM 955.8 955.9 954.3 955.5 954.8 4.02 0.65 0.38 0.66

Crude protein, g/kg DM 46.6b 55.45a 54.15a 54.2 55.4 4.25 0.02 0.27 0.33

Neutral detergent fibre, g/kg DM 629.4b 653.5a 659.15a 666.01 646.65 32.54 0.02 0.71 0.16

Acid detergent fibre, g/kg DM 230.4b 262.4a 235.45b 243.9 253.95 12.261 0.01 0.75 0.11

Hemicellulose, g/kg DM 399 391.05 423.7 422.05 392.7 20.28 0.09 0.26 0.19

Cellulose, g/kg DM 158.5b 178.6a 159.5b 164.95 173.15 8.34 <0.01 0.57 0.31

Lignin, g/kg DM 72.01 83.85 75.95 79.01 80.80 3.916 0.12 0.55 0.24

ivDMD, g/kg DM 651.11a 624.35b 650.31a 644.74 629.95 32.004 0.02 0.59 0.67

CSC, single corn monocropping; CCJ, corn + C. juncea; CCO, corn + C. ochroleuca; A1 = 45 cm between rows, with corn and crotalaria in the same row; A2 = 45 cm between rows with corn and
crotalaria in alternate rows; S.E.M., standard error of the mean; DM, dry matter; ivDMD, in vitro true DM digestibility. Averages followed by different letters differ by Scott Knott test at 5%
probability.
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In the current study, the CCJ and CCO intercropping in the
A2 arrangement produced on average 4400 kg DM/ha more for-
age mass than that in CSC. According to Paz et al. (2017), the
higher forage mass obtained in some corn intercropping with
legumes is due to sowing area optimization, in which the second-
ary crop interferes less in corn growth (lower competition for
light, water and nutrients).

The higher corn biomass is due to tropical grasses (corn) hav-
ing C4 metabolism, which results in plants with higher growth
rates and larger size than legumes such as crotalaria that have a

C3 metabolism (Lempp, 2013). Although it was the dominant
plant in the intercropping, the corn biomass and grain yield
were impaired when C. juncea was used in the intercropping
(observed in both experimental years). This could be related to
the growth rate of C. juncea. According to Lepcha et al. (2019),
among the crotalaria species, C. juncea is the one with the highest
growth rate, which may lead to greater competition with the main
crop. The influence on the leaf production, quantity and quality of
the CCJ biomass at harvest could be a result of the emergence
rate, plant density and apical dominance. This occurs because
these factors strongly affect the canopy architecture, which in
turn regulates the leaf/stem size, heterogeneity and number
(Parenti et al., 2021). The competitive effects among the species
were more evident when the legumes were sown in the same
row as the corn crop (A1 spacing arrangement), in which both
crops had less spacing between plants, which resulted in greater
competition for water, nutrients and sunlight.

Due to its direct link to the plant photosynthetic rate, the radi-
ation intercepted by the plant can interfere with the plant morph-
ology in intercropping (Caron et al., 2014). In a competitive
scenario, plants can direct photoassimilates and their derivatives
towards the production of stems (Baumann et al., 2001; de
Paula Leonel et al., 2009), thus modifying their structural charac-
teristics. This behaviour was evident in the second experimental
year, when greater stem mass was observed in both crotalaria
and corn.

Legumes normally have higher CP concentrations when com-
pared to grasses (Lepcha et al., 2019). According to Lempp
(2013), this higher legume CP concentration is explained by the
forage leaf anatomy (the proportion and arrangement of meso-
phyll cells). In legume leaves, the mesophyll cells compose a
great part of leaf tissue and have a loose arrangement, which
results in a great CP concentration and higher ruminal degrad-
ation rates. On the other hand, C4 grass leaf is mostly composed
of bundle sheath cells which are poor in protein and rich in fibre,
resulting in lower ruminal degradation rates. Hence, the treat-
ments that contained higher legume proportions were those
that had higher CP concentrations. The higher CP concentration
observed in the intercropping during the first experimental year is
possible due to the type of corn hybrid used, which besides being
more productive, also has a higher CP concentration as a charac-
teristic. Even so, the CCJ provided, for both years, forage with a
great CP concentration (on average 22% higher than with CSC)
that was close to the concentrations obtained by Zavala et al.
(2011) with the same type of intercropping (an increase of
15.7% in CP concentration).

In contrast, the high fibrous stem production, which is a char-
acteristic of C. juncea (Morris and Kays, 2005), provided a high
concentration of forage fibrous fractions in both experimental
years. The increase in fibre concentration of the forage mass
was also described by Zavala et al. (2011), who found values on
average of 389.0 g ADF/kg DM in the intercropping of corn
with C. juncea, which corresponded to an increase of 23.6% in
comparison to the corn monocropping. According to the authors,
the phenological stage (flowering) of C. juncea at the time of cut-
ting favoured that result. The same behaviour was observed in the
current study, where great pod mass was observed in CCJ (the
plant at the end of the life cycle).

Fibre plays a fundamental role in ruminant nutrition because it
is an important energy source, which stimulates chewing and sali-
vation, rumination, gut motility and health, buffers ruminal acid-
osis, regulates feed intake, and produces fat milk precursors.

Fig. 4. Percentage of corn and crotalaria in the total forage mass, forage mass and
cob mass from corn monocropping and intercropping with two crotalaria species in
two spatial arrangements in 2019. CSC, single corn monocropping; CCJ, corn + C. jun-
cea intercropping; CCO, corn + C. ochroleuca intercropping; A1 = 45 cm between rows,
with corn and crotalaria in the same row; A2 = 45 cm between rows with corn and
crotalaria in alternate rows. Averages with different letters indicate significant inter-
action between spatial arrangements and species of crotalaria according to the test
of Scott Knott at 5%.
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Cellulose and hemicellulose, the main fibre components, are
potentially digestible in the rumen (Adesogan et al., 2019).
However, their close association with lignin and hydroxycinnamic
acids (mainly the ferulic acid) in the plant cell wall is the greatest
hindrance to complete feed digestion. Thus, according to
Beauchemin (1996), forage ADF concentration is an accurate
way to estimate the digestible energy content of the diet. Based
on this, we can conclude that CCJ intercropping presented
lower digestible energy in comparison to the others.

In the second experimental year, the beneficial effect of inter-
cropping between corn and C. ochroleuca was more evident, as CP
was numerically higher, without resulting in a significant increase
in the forage fibrous fractions in comparison to that found in
CSC. According to Parentoni et al. (2004), C. ochroleuca has a
lower fibre concentration in the stems than C. juncea, which con-
tributes to this forage being more digestible and more palatable to
animals.

The ivDMD observed in this study demonstrated that the CCO
intercropping has the potential to raise the CP concentration
without reducing its digestibility (the second experimental year).
Niderkorn et al. (2011) found that the association between
legumes and grasses can lead to a synergistic response with a posi-
tive effect on DM digestibility.

Conclusions

It can be concluded that Crotalaria ochroleuca, sown between
corn rows, has greater forage mass productivity per area and is
associated with higher CP concentrations (than those observed
in corn) without influencing digestibility. The intercropping of
corn with crotalaria may be a viable alternative for the farmer
due to the productivity and forage quality. In both years of
study, the intercropping that had the greatest potential was corn
with C. ochroleuca.
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