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Abstract: The changing climate, inadequate water supply, insufficient agricultural inputs, decreasing
in agricultural arable land areas under forage crops of Northwestern Loess Plateau region, expanding
livestock population, increasing demands for meat and milk production, and food and feed security
concerns all insist on a necessary requirement in forage quality production. Cereal-legume mixed-
cropping is a biological approach to enhancing herbage yield and quality of upgraded animal feed
(forage and silage). However, little information exists about the appropriate mixing seeding ratios
and its impacts on yield and quality. Therefore, this study was conducted to examine the forage
yield and nutritional quality of maize (Zea mays L.) and common bean (Phaseolus vulgaris L.) in
mono-and mixed-cropping approaches at the seeding proportions of 100:0, 75:25, 50:50, 45:55, 25:75,
and 0:100 in 2019 and 2020 in Northwestern Loess Plateau region. A randomized complete block
design with four replicates was used in this experiment. The results indicated that forage quality was
significantly affected by the mixture ratios. The land equivalent ratio (LER) of all mixed-cropping
treatments greater than 1.0, in which maize—-common bean at the 50:50 seeding ratio achieved higher
LER (1.46) than that of other treatments, showing that mixed-cropping combination systems are
better users of land resources. Laboratory forage quality analysis and Pearson correlation analysis
showed that the relative feed value had highly positive correlation with total digestible nutrients
and relative forage quality in mixed-cropping treatments. Our results showed that fresh forage yield
and dry matter yield were higher in monocropped maize forage than in other intercropped forages,
whereas crude protein yield was lower compared with other mixed cropping forages. After 60 days
of ensiling, the highest organic acid profile and ammonia-nitrogen were observed in M25:CB75
silage compared with other silages. The highest ensilability of fermentation coefficient was also
found in M50:CB50 compared with other intercropped silages. Regarding forage preservation, silage
showed higher contents of crude protein, relative feed value and lower crude fiber, water-soluble
carbohydrate neutral detergent fiber, and acid detergent fiber contents than forage. This study
determined that the ratios of maize-common bean 25:75 and 50:50 were the most desirable mixture
ratios among mixed-cropped forage and silage based on chemical composition and quality analysis for
livestock feeding.

Keywords: diversified cropping; maize; farming system; common bean; mixture ratios; forage yield;
nutritive value; silage quality
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1. Introduction

At present, cereal-legume cropping system-based forage cultivation mitigates the
impact of greenhouse gases such as CO,, CHy, and N,O [1]. The effects of climate change
such as dry spells, floods, erosion, and land degradation heavily impact agriculture, par-
ticularly smallholder systems on the Northwestern Loess Plateau region of China [1,2].
A mixed cropping system, which consists of cereal and legume mixtures, can perform a
potential plant-to-plant interaction to improve the sustainability of grain and forage crop
production on the Plateau. Among forage cereals, maize is the most widely cultivated eco-
nomic feed crop hybrid maize in China. Based on the database of the Food and Agriculture
Organization, grain maize has been abundant for the past 10 years, but the amounts of
imported forage have increased in China [3]. In China, less than 3% of the overall maize
acreage of 37 mi hectare (ha) was harvested for silage making in 2016 [4]. Silage maize
is an important feed source for high-quality milk production not only in Inner Mongolia
and Heilongjiang but also throughout the world [5,6]. Therefore, the Chinese government
has driven and focused on the production of good-quality maize forage and silage since
2015. By comparing monocultures, cereal-legume mixtures have increased economic grain
yield and quality forage production [6], enhanced soil fertility maintenance, increased land
use efficiency, and promoted good utilization of natural resources to forage growers [7].
The cereal-legume mixed cropping system has become popular among the advances in
agricultural farming systems for nature, organic, and low-input farming systems in devel-
oping countries [8]. The insufficient quality of forage crops because of low-input supply
in forage production may result in constraints and serious challenges not only for forage
growers but small also for ruminants. The decreasing in agricultural arable land areas due
to human settlements, insufficient inputs for agricultural crop production, low diversity in
cropping systems, and the persistently changing climate are further detrimental to forage
production [9].

To date, most forage growers widely use cereal-legume mixed cropping patterns to
achieve high-quality products of crop yield and feed on a per unit area basis. In addition,
legumes are a rich protein source, which have low water-soluble carbohydrate (WSC) and
dry matter (DM) and high buffering capacity (BC) [10]. Maize has high fiber and energy
content [10]. Cereal, which is a heavy feeder crop, absorbs nutrients from soil by competing
with companion legume crops and obtains additional N through N-fixation by the legume,
whereas in the case of deficient situations, N is added by legumes in the soil through cereal—
legume combinations [11]. Moreover, cereal-legume mixed cropping of small and marginal
farmers in developing countries utilizes natural resources, thereby reducing incidence of
pests and diseases, suppressing weed growth, maintaining soil moisture loss, enhancing
soil conservation, and improving farm economy [11].

Furthermore, the cultivation of cereal-legume mixtures utilizes natural resources
(water, light, soil organics, etc.) and returns to individual crop species, thereby increasing
the total yields and stability of yield [12]. At present, the cereal-legume mixed cropping
system has emerged as a biologically viable and economically attractive option for herbage
production in arid regions. The suitable crops/varieties for a region obtain the highest
fresh biomass yield from cereal and legume mixtures in the mixed cropping system [11].
However, the total biomass yield of mixtures and crop nutritional quality mainly depend
on the selected companion crop species and their relative ratios in mixed grown crops.
The seeding ratios of barley and pea in 50:50 and 25:75 ratios showed 50% higher biomass
yield than monocultures, owing to better ability to capture and utilize resources during
the growing season than those of monoculture system [13]. Sorghum-mixed seeding with
lima bean in an 80:20 ratio obtained higher biomass yield by suppressing weeds and
conserving nutrient losses from soil [14]. It was also inferred that mixed seeding persisted
more effectively in transferring of N to cereal than row or relay intercropping systems [15].
Research on seed blending of barley and faba bean in 70:30 ratios has recorded 52% higher
herbage [16]. By contrast, sorghum-cowpea intercropping in a 100:100 seed ratio produces
18% higher biomass yield than other seed mixing ratios [17]. Soufan and Al-Suhaibani [13]
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also reported that the ratio of barley and pea with 50:50 and 25:75 produced higher herbage
yield and the best quality of forage. However, Igbal et al. [18] stated that intercropping of
cereals with legumes at a seeding ratio of 100:50 had greater herbage yield and nutritional
quality than other seeding ratios because of the low competition among the members of
different crop species for its growth resources. The seed mixing ratio of sorghum and rice
bean (70:30) has recorded higher forage yield and greater nutritional quality than other seed
mixing ratios [19]. Therefore, seeding ratios of mixture cropping of cereals with legumes
must be enhanced to overcome inter-and intraspecific competition for natural environment
and crop growth resources. Previous studies have also investigated cereal crop mixed
cropping with several legumes to improve the chemical composition and crude protein
(CP), upgrade the quality, and increase the biomass yield of maize forage and silage [20].
Maize silage quality can be upgraded by using different silage additives, inoculants, and
organic and inorganic chemicals [21]. These different types of additives not only can
stimulate microbial activities in making good-quality silage but also can enhance silage
preservation [22]. However, obtaining additives to improve silage quality for ruminant
feed is difficult, especially for small holder livestock feeding systems. Therefore, optimal
silage additives and conflicting findings on seeding ratios of cereal-legume mixed cropping
systems require more studies, particularly in arid and marginal regions of China, where
natural resources for agriculture are insufficient.

It was hypothesized that mixed cropping of maize and common bean might exhibit
varying impacts on the herbage yield of companion crops and on the nutritional quality of
preserved fodder such as forage and silage under the Loess Plateau region. Therefore, the
present study was conducted to investigate the impacts of seed mixture ratios of maize (Zea
mays L.) and common bean (Phaseolus vulgaris L.) on the produced forage biomass yield
and nutritional quality. This study also aimed to find the suitable productive mixture ratio
to enhance the biomass yield and nutritional values in prolific animal feeding of forage and
silage for animal growers in Loess Plateau region.

2. Materials and Methods
2.1. Experimental Location, Treatments, and Design

This experiment was conducted at the North campus experimental area (108°5" E,
34°18' N) of the Northwest Agriculture and Forestry University, Yangling, Shaanxi Province,
China. Yangling was characterized by a semi humid climate type. The average temperatures
during the growing seasons were 33.5 °C and 36.0 °C in 2019 and 2020, respectively
(Figure 1). Precipitation that occurred at the study site during the growing season in 2019
(6.5 mm) and in 2020 (10.3 mm) was included. The experimental soil of Yangling was
Loess soil [23]. Soil chemical analysis was performed according to the method described
by Piper [24]. The soil had a pH of 8.30, organic matter of 13.34 g kg ™!, total nitrogen of
0.63 g kg, available phosphorus of 5.49 mg kg, and available potassium of 108.32 mg
kg~ ! in the topsoil layer (0-40 cm). Winter wheat was the previous crop in both growing
seasons, which was harvested on 17 May of each year. Afterward, wheat straw and debris
were removed from the experimental field.

Summer hybrid maize (cv. Zheng Dan 958) and a local and annual variety common
bean (var. Jin Jia Dou) were applied in this study. The maturity dates of maize and
common bean were 90 to 110 days and 65-70 days, respectively. The experimental seeds
of maize and common bean were supplied by the Northwest Agriculture and Forestry
University. This experiment consisted of six mixing ratios of maize (M) and common bean
(CB) viz., 100% maize, 75% maize: 25% common bean, 50% maize: 50% common bean,
45% maize: 55% common bean, 25% maize: 75% common bean, and 100% common bean.
The plot size of each treatment was 12 m x 5 m. The sowing seed rates of maize and
common bean monocrops were 20 and 85 kg/ha, respectively. These rates were within
the recommended seeding rates for forage production in Loess Plateau regions. However,
the optimum seeding rates of maize and common bean in a mixture remain unknown.
Therefore, we used different ratios of seed mixtures of each crop based on their seed weights.
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A randomized complete block design replicated four times was used in this experiment
from 2019 to 2020.
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Figure 1. Monthly precipitations (A) and average temperatures (B) of field experiments during the
growing seasons in 2019 and 2020.

2.2. Planting, Forage Production, and Yield Calculation

After removing winter wheat debris, the experimental field was tilled two times using
a disc plow before planting in both years. Based on the soil analysis results, all plots
were fertilized using the recommended fertilizer (N, P, and K) before planting and soil
incorporated at 60, 70, and 70 kg ha~1 in 2019 and 70, 70, and 70 kg ha~1 in 2020. Both
maize and common bean were seeded on 12 June 2019 and on 11 June 2020. The seeds of
maize and common bean were grown to a depth of approximately 7 and 5 cm, respectively,
by hand in both years. None of the common bean seeds was treated with commercial
Rhizobium before planting. Weeds were managed by hand, and neither herbicides nor
pesticides were used. Irrigation was applied as needed according to soil moisture and
rainfall. The trials were irrigated almost every week. The field capacity was reached
in each irrigation. A sickle was used to harvest fresh forages in both growing seasons;
maize reached the milk (R3) stage of maturity, whereas common bean was at the pod
formation stage. At the maize reproductive stage of R3, 1 m? in three sampling areas of each
plot was harvested for the determination of chemical composition and forage and silage
quality analyses.

The harvested maize and common bean fodder were cut using a power chaff cutter (JB
400, Gujarat, India) with a theoretical cut length of 2-3 cm and weighed separately using a
digital balance. After total fresh weight was recorded, common bean was separated from
maize (in maize-common bean mixed treatments) and weighed separately. Then, a subsample
of 500 g of fresh forage was collected from each harvested plot for each species, weighed,
and dried in an oven (GZX-9140MBE, Shanghai Boxun Co., Ltd., Shanghai, China) for 48 h
at 80 °C and then at 65 °C until the weight became constant. Dry and fresh weights were
used to estimate fresh fodder yield (t ha~1), DM percentage, and DM yield (t ha=1) [13,25].
Dry samples were ground using a sample grinder (FW-200, Beijing Zhong Xing Wei Ye
Instrument Co., Ltd., Beijing, China) to pass through a 1 mm screen for further chemical
and quality analysis. The CP content was analyzed using an automatic Kjeldahl nitrogen
apparatus (Kjeltec 2300 Auto-Analyzer, FOSS Analytical AB, Hoganas, Sweden) in accordance
with the method described by the Association of Official Analytical Chemists procedures
(AOAC 2000). The calculated data of CP percent were used for converting into t ha—1.
Land equivalent ratio (LER) was calculated using the following equation: LER = (intercrop
1/monocrop 1) + (intercrop 2/monocrop 2) [26]. The resulting data is a ratio that shows the
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amount of land needed to grow both component crops together compared to the amount
of land needed to grow sole crop of each. A LER of 1.0 indicates that the two intercropped
species make alike demands on the same limiting resources. A LER more than 1.0 reveals
an intercropping advantage or a demonstration that interspecific facilitation is higher than
interspecific competition so that intercropping results in greater land-use efficiency. A LER
under 1.0 reveals mutual antagonism in the intercropping system. As a result, a LER less
than 1.0 has no intercropping advantage and indicates that interspecific facilitation in the
intercropping system [26].

2.3. Silage Preparation and Ensiling of Samples

The sub-samples of each chopped plant (3 kg) were immediately collected and packed
in fermentation polythene bags with a dimension size of 0.6 m x 0.3 m. The samples
without silage additive or inoculant were manually pressed into polythene bags during
silage preparation. The compacted sample plastic bags were vacuum sealed and allowed to
ferment at room temperature (~25 °C) for 60 days. After the ensiling period, 500 g of well-
preserved silage was collected from the center of each plastic bag for further determination
of chemical compositions. The silage samples were then dried in a forced-air drier at 105 °C
for 24 h. Finally, the well-dried samples were ground to pass through a 1 mm sieve for
further silage chemical composition and quality analysis.

2.4. Determination of Chemical Compositions of Fresh Fodder and Silage

A subsample of 30 g of samples was placed in a blender (FS-2, Changzhou Xinhang
Instrument Industry, Jiangsu, China), diluted with 300 mL of distilled water, and well
homogenized for 2 min. Then, the samples were passed through a four-layer cheesecloth.
The extracted aqueous solution of pH was analyzed using an electrode meter (Five Easy
Plus FE28, Mettler Toledo Co., Ltd., Shanghai, China). Then, 20 mL of the filtrate was
kept at 20 °C for further analyses. Crude ash (CA) content was determined using a mulffle
furnace (Nabertherm, Lilienthal, Germany) at 550 °C for 2 h in accordance with the method
reported by Matsoukis et al. [27]. Crude fat (CFA) and crude fiber (CF) were determined
via a standard method of AOAC [28]. Neutral detergent fiber (NDF), acid detergent
fiber (ADF), and acid detergent lignin (ADL) were determined in accordance with the
method described by Van Soest et al. [29] using an Ankom fiber analyzer (A220, ANKOM
Technology, Macedon, NY, USA).

2.5. Calculations and Laboratory Quality Analysis of Forage and Silage

The percentage of total digestible nutrients (TDN) for forage was estimated in accordance
with the recommended NRC 2001 system using the following equation: TDN% = 87.84 —
(0.70 x ADF%). Relative forage quality (RFQ) was calculated as reported by Undersander [30].
The following equation was used to calculate RFQ: RFQ = (TDN, % of DM x DMI, % of
BW)/1.23, where the divisor (1.23) represents the mean and range values of the relative feed
value (RFV). Water-soluble carbohydrate (WSC) was determined by using enthrone sulfuric
acid colorimetry [31]. Buffering capacity (BC) was determined using the method of Wang
et al. [32]. The fermentation coefficient (FC) of an ensiling sample was calculated using the
following equation: FC = DM (%) + 8 WSC/BC, and a score value showed the ensilability of
a sample (>45, good; >45 > 35, medium; <35, weak) [33]. Flieg’s point (FP) score has been
widely used for the determination of forage and silage quality. FP was calculated using the
following formula: FP = (220 + [(2 x %DM) — 15] — 40 x pH), and FP scores of a sample,
including >80, 61-80, 41-60, 2140, and 0-20, represent excellent, good, medium, weak, and
poor silage quality, respectively [34]. Digestible dry matter (DDM) and dry matter intake
(DMI) were calculated using the following formula: DDM = 88.9 — (0.779 x ADF%), and
DMI (% of body weight) = 120/ (NDF%), respectively [35]. The following formula was used in
calculating the RFV value index: RFV = (DDM x DMI)/1.29. Dry matter recovery (DMR) was
determined in accordance with the procedure previously described by Kizilsimsek et al. [36].
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2.6. Organic Acid Profiles of Silage

The profiles of organic acids, including lactic acid (LA), acetic acid (AA), propionic acid
(PA), and butyric acid (BA), were analyzed using high-performance liquid chromatography
as previously reported [37]. The ratio of LA:AA was obtained by dividing LA by AA.
Ammonia nitrogen (AN) concentration was determined using the method developed by
Broderick and Kang [38].

2.7. Statistical Analysis

The yield data, chemical composition, and quality analysis of forage and silage
were analyzed using one-way-ANOVA on SPSS version 22.00 (IBM Co., Chicago,
IL, USA). Duncan’s multiple range test was performed to compare the treatment
means. Repeated measurements were used during the study within each experimental
treatment to assess the chemical composition and quality analysis. Difference at
p < 0.05 was considered significant.

3. Results and Discussion
3.1. Fresh Forage Yield, Dry Matter Yield, Crude Protein Yield, and Land Equivalent Ratio

The averaged over years of fresh forage, DM, and CP yields of maize-common
bean treatments are shown in Figure 2. Fresh forage yields were significantly different
among cropping treatments (ranging from 31.42 to 46.61 t ha~!). The highest FFY
(46.61 t ha~!) was recorded in maize—-common bean cropping treatment (at 100:0
seeding ratio), whereas the lowest value was observed in the monocrop common bean
treatment (31.42 t ha—!) as shown in Figure 2A. DMY is an important parameter for
the determination of forage quality [39]. The DMY of maize-common bean mixed-
cropping treatments ranged from 12.19 t ha=! to 14.56 t ha=!. The highest DMY
(14.56 t ha—!) was found in sole maize (100:0 seeding ratio) compared with the other
mixed forages in Figure 2B. This difference in DMY contents may be due to the effect of
the harvesting stage of maturity [40]. Sole maize produced higher FFY and DMY than
maize intercropped with soybean [40] and cowpea [41]. The high FFY in sole maize
might be due to its tall plant height and leafy component, which resulted in a shading
effect on the intercropped legume crops [42]. Figure 2C shows mono common bean
had the highest CPY (2.67 t ha™1) compared with other treatments. Maize-common
bean mixture cropping had higher CPY than sole maize. This result was consistent
with that of Amole et al. [43], who reported that CPY increased in maize intercropped
with climbing bean and lablab bean forages compared with monoculture maize.

Land equivalent ratio was significantly affected by cropping treatments. LER, averaged
over years, ranged from 1.0 (monocropped species) to 1.46 (maize—common bean mixed
cropping treatments, Figure 3). The highest LER value was found in a 50:50 maize-common
bean mixed cropping treatment as compared with monocropped maize and other mixed
cropping treatments. In the current study, LER values greater than 1.0 indicated the higher
productivity of land for mixed cropping (maize-common bean) compared with monocrop
treatments. Abera et al. [44] reported the high yield and economic advantages of maize
mixed with common bean cropping with LER values ranging from 1.40 to 2.41. Our findings
are in contrast to the above-mentioned result of LER values, which could be correlated with
the different growing conditions. The high LER indicates a production in conjunction with
the improvement of crop population densities and natural resources used as compared
with the component of each monocropped species.



Sustainability 2022, 14, 6022

7 of 17

th th
h © h © W

S

Fresh fodder yield (t ha-1)
- NN 8 W s

H

wh
1

H o

Hin

Hiea

Hin

[
=]

[
h
"

Pt
-
"

[ [
L ~
" "

Dry matter yield (t ha-1)
—
@

ot
(=]

A
S
" ;

p
(¥
"

(= b
~1 ~
1 1

o
(¥

T T T T T 1

M100:CBO M75:CB25 M50:CB50 M45:CB55 M25:CB75 MO0:CB100

Cropping treatments

L]

—_—
™

—

T T T T T l

M100:CBO M75:CB25 M50:CB50 M45:CB55 M25:CB75 MO0:CB100

Cropping treatments

a
[
b
C C
:
- : ; . I

Crude protein yield (t ha-1)
ot
-~

HH e

M100:CBO M75:CB25 M50:CB50 M45:CB55 M25:CB75 MO0:CB100

Cropping treatments

Figure 2. Fresh fodder yield (A), dry matter yield (B), and crude protein yield (C) as affected by
maize (M) and common bean (CB) in mono-and mixed-cropping at different seeding ratios: M:CB at
100:0, 75:25, 50:50, 45:55, 25:75, and 0:100, respectively. Means are averaged over 2 years and four
replicates. Vertical bars indicate the standard error. Different letters represent significant differences
among cropping treatments at p < 0.05.

3.2. Chemical Composition of Forages

In the present study, we found that the chemical composition of forage was signifi-
cantly affected by planting different mixture ratios (Table 1). However, the highest values
of CF (28.80%), WSC (8.00%), NDF (43.19%), and ADF (24.20%) were recorded in the maize—
common bean ratio of 100:00, and the values decreased significantly by reducing maize
level and increasing the common bean ratios. The lowest values of these chemical composi-
tions were observed in 0:100 maize-common bean mixed cropping treatment. On the other
hand, these values were increased with the decreasing density of maize. Moreover, 0:100
maize—common bean ratio showed the best results for CP (12.86%) and ADL (5.28%) as
compared with other treatments. Strydhorst et al. [45] reported that legume—cereal mixtures
have been increased through CP yield, relative to sole cereal crops. Our results indicated
that the mixed cropping of maize with legumes increased the CP of forage. Proper CP
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levels are essential in forages for many types of livestock that rely on them for nutrition [40].
The CFA and CA contents did not significantly differ (p > 0.05) among the maize—-common
bean mixture ratios, which were consistent with our results [40].
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Figure 3. Land equivalent ratio (LER) as affected by maize (M) and common bean (CB) in mono-
and mixed-cropping at different seeding ratios: M:CB at 100:0, 75:25, 50:50, 45:55, 25:75, and 0:100,
respectively. Means are averaged over 2 years and four replicates. Vertical bars indicate the standard
error. Different letters represent significant differences among cropping treatments at p < 0.05.

Table 1. Effect of mixture ratio (maize-common bean) on the chemical composition of forages (%DM).

Treatments DM (%) CP (%) CFA (%) CA (%) CF (%) WSC (%)  NDF (%) ADF (%) ADL (%)
M100:CBO 29.76d 8.29d 2.09a 6.07a 28.80a 8.00a 43.19a 24.20a 5.00c
M75:CB25 35.20a 10.09¢ 2.06a 6.09a 28.57b 7.07b 40.09b 21.43b 5.17b
M50:CB50 35.66a 10.11c 2.09a 6.09a 28.59b 6.80c 40.11b 21.86b 5.17b
M45:CB55 33.69b 10.16c 2.09a 6.09a 28.55b 6.90c 32.69¢ 21.21c 5.18b
M25:CB75 34.20b 11.39b 2.06a 6.10a 28.58b 7.05b 32.89¢ 21.32¢ 5.19b
MO0:CB100 31.06¢ 12.86a 2.09a 6.06a 25.60c 6.17d 31.53d 20.09d 5.28a
SEM 0.17 0.01 0.04 0.11 0.07 0.06 0.13 0.2 0.02
LOS *% *% ns ns * *3% *% * *

M: maize, CB: common bean at 100:0, 75:25, 50:50, 45:55, 25:75, and 0:100 seeding ratios, respectively. DM: dry
matter, CP: crude protein, CFA: crude fat, CA: crude ash, CF: crude fiber, WSC: water-soluble carbohydrates, NDF:
neutral detergent fiber, ADF: acid detergent fiber, ADL: acid detergent lignin. SEM: standard error of means, LOS:
level of significance, ns, not significant. * and **: significant differences at the 0.05 and 0.01 probability levels,
respectively. Values followed by different letters are significantly different at the 0.05 probability level.

3.3. Laboratory Forage Quality Analysis

Laboratory quality analysis of maize-common bean forages at different mixture ratios
is summarized in Table 2. The highest values of pH (4.00%), TDN (73.66%), REQ (223.37),
RFV (209.02), and DMI (3.73) were recorded in the maize—common bean ratio of 25:75.
Monocropped maize (100:0) had lower pH (3.60%), RFQ (165.28), RFV (150.94), DDM
(70.04), and DMI (2.78) than other monocropped common bean and mixture treatments.
However, these values decreased with the decrease of ratios of common bean in mixtures.
DM and pH were used in the determination of the FP index in forage quality analysis. In
our current study, monocropped maize (100:0 seeding ratio) had a higher FP value (121.20)
than other treatments. Our results showed TDN that was greater than 70% was supreme for
forage quality. RFQ values of 100:0, 75:50, and 50:50 ratios of maize—-common bean were fall
in 100-200, which was the recommended quality of forage livestock feeding, particularly
for 18-24 months, of mature female cattle or dry cow [46].
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Table 2. Effect of mixture ratio (maize—-common bean) on the quality traits of fresh forage.

Treatments pH TDN RFQ FP RFV DDM DMI
M100:CBO 3.60d 73.13b 165.28¢ 121.20a 150.94¢ 70.04d 2.78¢c
M?75:CB25 4.0la 73.38a 177.78b 116.40b 166.81b 72.21c 2.98b
M50:CB50 4.02a 73.29a 176.97b 115.20b 165.47b 71.87c 2.97b
M45:CB55 3.95b 73.26a 219.18a 114.80b 207 .45a 72.37b 3.68a
M25:CB75 4.00a 73.66a 223.37a 113.92b 209.02a 72.29¢ 3.73a
MO0:CB100 3.89¢ 73.11b 221.71a 111.79¢ 211.80a 73.25a 3.73a

SEM 0.01 0.02 0.02 0.23 0.13 0.11 0.03
LOS * * *3% * *3% * *

M: maize, CB: common bean at 100:0, 75:25, 50:50, 45:55, 25:75, and 0:100 seeding ratios, respectively. TDN: total
digestible nutrients, RFQ: relative forage quality, FP: Flieg’s point, RFV: relative feed value, DDM: digestible dry
matter, DMI: dry matter intake. SEM: standard error of means, LOS: level of significance. * and **: significant
differences at the 0.05 and 0.01 probability levels, respectively. Values followed by different letters are significantly
different at the 0.05 probability level.

3.4. Correlation between Proximate Composition and Quality Traits of Fodder

The Pearson correlation results between proximate composition and quality traits
of maize fodder are shown in Figure 4. The DM content was positively correlated with
pH (r = 0.896). TDN had a highly negative correlation with ADF (r = —0.974). RFQ is
an updated version of RFV, which was developed by the University of Wisconsin and
measured for fiber digestibility and quantity analyses [46]. The RFQ had a strong negative
correlation with NDF (r = —0.999) and a highly positive association with TDN (r = 0.814).
FP showed a highly positive correlation with NDF (r = 0.866) and ADF (r = 0.914) and highly
negative association with TDN (r = —0.865) and RFQ (r = —0.853). RFV was strongly and
negatively correlated with NDF (r = —0.999). Furthermore, RFV had a strongly significant
positive correlation with RFQ (r = 1.000) (Figure 5). The DDM was strongly and negatively
associated with ADF (r = —0.968). In addition, the DDM had a positive relationship with
RFV, and it showed a negative correlation with ADF, which was consistent with other
studies [30]. In the present study, DDM also showed a strong and positive correlation with
TDN (r = 0.999). The DMI showed a significant negative correlation with NDF (r = —0.994).
Moreover, DMI had a strong and significant positive correlation with RFQ (r = 0.992) and
RFV (r = 0.992).

pH

pH
DM
NDF
ADF
TDN
RFQ

FP

RFV 0.412  0.017

DDM  0.560 0.188 DMI

DMI

0.386  0.005

1.0 0.0 -1.0

Figure 4. Pearson correlation between the proximate composition and quality traits of maize-common
bean mixed-cropping forages. DM: dry matter, NDF: neutral detergent fiber, ADF: acid detergent
fiber, TDN, total digestible nutrients, RFQ: relative forage quality, FP: Fleig’s point, RFV: relative feed
value, DDM: digestible dry matter, DMI: dry matter intake. The numbers in each field represent the
correlation extent; the color represents significant correlation (p < 0.05); the deeper the color of the
field is, the more significant the correlation (p < 0.01). The green color means a positive correlation,
and the red color means a negative correlation.
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Figure 5. Comparison of relative forage quality (RFQ) and relative feed value (RFV) of maize—
common bean mixed-cropping forages.

3.5. Organic Acid Profile of Silages

The organic acid profiles were also significantly influenced by the maize-common
bean mixture ratios after 60 days of fermentation in our study (Table 3). Organic acids
could not only promote silage aerobic stability but also decreased the development of
molds and yeast in ensiled forages [47]. Based on the overall organic acid profile analysis,
the highest values of pH (4.39%), LA (7.33%), AA (1.52%), BA (2.21%), and AN (10.58%)
were recorded in the maize—common bean ratio of 25:75. On the contrary, pH, LA, AA,
and AN were decreased in monocropped maize with decreasing ratios of common bean in
mixtures. Different mixture ratios also affected the ratio of LA:AA, and the highest LA:AA
ratio (16.86) was found at the monocropped maize treatment of 100:0 compared with other
mixed cropping silages.

Table 3. Effect of mixture ratio (maize—-common bean) on the organic acid profile of silages (%DM).

Treatments pH LA AA BA PA LA:AA AN
M100:CBO 3.8% 4.89% 0.29% 1.00c 0.90c 16.86a 8.11e
M75:CB25 4.09d 7.23b 1.31c 1.29b 1.21a 5.52b 9.00d
M50:CB50 4.12c 7.11c 1.33b 1.31b 1.22a 5.35¢ 9.02d
M45:CB55 4.20b 6.90d 1.30c 1.19b 1.19a 5.30c 10.43b
M25:CB75 4.39a 7.33a 1.52a 2.21a 1.18a 4.82d 10.58a
MO0:CB100 4.09d 6.89d 1.29d 1.09¢ 0.96b 5.34c 10.09¢

SEM 0.3 0.2 0.02 0.1 0.3 0.21 0.23
LOS 3% * * *3% * 3% *

M: maize, CB: common bean at 100:0, 75:25, 50:50, 45:55, 25:75, and 0:100 seeding ratios, respectively. DM: dry
matter, LA: lactic acid, AA: acetic acid, BA: butyric acid, PA: propionic acid, LA:AA: ratio of lactic acid and acetic
acid, AN: ammonia-nitrogen. SEM: standard error of means, LOS: level of significance. * and **: significant
differences at the 0.05 and 0.01 probability levels, respectively. Values followed by different letters are significantly
different at the 0.05 probability level.

3.6. Fermentation Quality Traits of Silage

The results of fermentation quality of maize-common bean mixed cropping silages
are listed in Table 4. In the present study, all the treatments of FP values were higher than
80, which was preferable for silage quality in feeding ruminants [34]. RFV values of 100:0,
75:25, and 50:50 ratio of maize—-common bean were 165.42, 176.09, and 174.61, respectively;
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the results were recommended for quality silage for feeding of 18-24 months female cattle
or dry cow [46].

Table 4. Effect of mixture ratio (maize-common bean) on the fermentation quality traits of silages (%DM).

Treatments FP RFV DDM DMI
M100:CB0 107.38b 165.42d 70.93e 2.98d
M75:CB25 112.04a 176.09c 73.71d 3.08c
M50:CB50 110.79a 174.61c 73.61d 3.07¢
M45:CB55 100.55d 215.02b 76.88a 3.80b
M25:CB75 98.07d 230.55a 74.18¢ 3.96a
MO0:CB100 103.33c 231.47a 74.70b 4.03a

SEM 1.21 0.28 0.13 0.17
LOS *3% *3% * *

M: maize, CB: common bean at 100:0, 75:25, 50:50, 45:55, 25:75, and 0:100 seeding ratios, respectively. DM: dry
matter, FP: Flieg’s point, RFV: relative feed value, DDM: digestible dry matter, DMI: dry matter intake. SEM:
standard error of means, LOS: level of significance. * and **: significant differences at the 0.05 and 0.01 probability
levels, respectively. Values followed by different letters are significantly different at the 0.05 probability level.

The DMR was used to determine the increase of silage feed quality for ruminants by
intercropping with several legumes [22]. The highest DMR content was found in 25:75 of
maize-common bean ratio (100.76%, Figure 6A). The WSC content is important not only
for the preservation of forage in the form of silage but also for good fermentation quality of
silage [22]. The WSC content of different silages ranged from 1.91% to 2.50% after fermen-
tation, and the monocropped maize showed the highest WSC content (2.50%) compared
with other treatments (Figure 6B). This result was similar to that of Liu et al. [11], who
reported that silage-specific maize had the highest WSC content. As shown in Figure 6C,
BC content was higher in monocropped common bean (4.80%), whereas monocropped
maize had the lowest content of BC (3.50%). Artabandhu et al. [48] reported that legumes
with high content of BC and low level of WSC intercropped with maize for silages. In our
current study, the percentage of FC content was preferable by mixed-cropping of maize
with common bean to upgrade the fermentation quality of silage. The 25:75 seed ratio of
maize—common bean treatment had the highest FC (45.61%) content, and the monocropped
common bean had the lowest FC (30.35%) content (Figure 6D). Several studies have re-
ported that mixed-intercropping of maize with legumes for silage was crucial for improving
FC and other chemical compositions in silages [8,49].

3.7. Chemical Composition of Maize—Common Bean Mixtures of Silages

The different seed mixtures showed significant influences on silage chemical com-
positions (Table 5). The chemical traits of silage followed the nutritional traits of forage,
due to the interaction effects of maize and common bean as mixtures and sole crop. The
highest values of CP (14.69%) and ADL (3.36%) were found at 0:100 of maize—common
ratio, but the values decreased with the increase in maize ratio in the mixture. On the other
hand, the CF (%), NDF (%), and ADF (%) values were increased with the increase in maize
proportions in the mixture. The highest values were found at 100:0 of maize-common
ratio (sole maize). In contrast, the values of those nutritional traits were decreased with
the increased common bean ratio in the mixtures, and the lowest values were at 0:100 of
maize—common ratio. Fischer et al. [50] and Sohail et al. [51] reported that the legumes
increased the yields of CP of cereal-legume mixtures, and they produced high quality
CP content. On the contrary, the increase in legume ratios caused a reduction in NDF
and ADF contents for the cereal-legume mixtures [52]. In this experiment, a significant
difference (p > 0.05) was not found in the percentage of CFA and CA contents among
different silages. These results were consistent with that of Nurk et al. [53], who reported
that such contents were not significantly different in the research of maize intercropped
with bean. Consequently, maize-common bean mixed-cropping silages were also favorable
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to meet the nutrient requirement for dairy feeding, which may provide alternative quality
silage for the livestock industry.
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Figure 6. Dry matter recovery (A), Water-soluble carbohydrates (B), Buffering capacity (C), and
Fermentation coefficient (D) as affected by maize (M) and common bean (CB) in mono-and mixed
cropping at different seeding ratios: M:CB at 100:0, 75:25, 50:50, 45:55, 25:75, and 0:100, respectively.
Means are averaged over 2 years and four replicates. Vertical bars indicate the standard error.
Different letters represent significant differences among cropping treatments at p < 0.05.

Table 5. Effect of mixture ratio (maize-common bean) on the chemical composition of silages (%DM).

Treatments DM (o/o) CP (tyo) CFA (o/o) CA (o/o) CF (o/o) NDF (0/0) ADF (0/0) ADL (0/0)
M100:CB0 29.13e 8.90d 2.20a 7.04a 28.80a 40.20a 22.20a 3.11c
M75:CB25 35.20a 11.20c 2.20a 6.80a 28.71c 38.65¢ 19.46¢ 3.25b
MS50:CB50 35.45a 11.21c 2.20a 6.96a 28.75b 39.21b 19.65b 3.25b
M45:CB55 32.30c 12.22¢ 2.19a 7.03a 28.70c 30.93d 18.95d 3.26b
M25:CB75 34.13b 12.25b 2.19a 6.74a 28.75b 32.09d 19.19d 3.26b
MO0:CB100 29.99d 14.69a 2.20a 7.04a 28.70c 29.81e 16.20e 3.36a
SEM 0.23 0.01 0.03 0.01 0.43 0.13 0.14 0.02
LOS *k *% ns ns * *% * *

M: maize, CB: common bean at 100:0, 75:25, 50:50, 45:55, 25:75, and 0:100 seeding ratios, respectively. DM: dry
matter, CP: crude protein, CFA: crude fat, CA: crude ash, CF: crude fiber, NDF: neutral detergent fiber, ADF: acid
detergent fiber, ADL: acid detergent lignin. SEM: standard error of means, LOS: level of significance, ns: not
significant. * and **: significant differences at the 0.05 and 0.01 probability levels, respectively. Values followed by
different letters are significantly different at the 0.05 probability level.

3.8. Analysis of Pearson Correlation between Proximate Compositions and Quality Traits in
Cereal-Legume Mixtures of Silages

In examining the relationship between proximate compositions and silage quality
traits, Pearson correlation analysis was performed (Figure 7). Based on correlation analysis,
a highly positive correlation between pH and CP was found (r = 0.906). The NDF content
had a strongly positive correlation with WSC (r = 0.930) and highly positive correlation
with FP (r = 0.826). FP, which is an excellent quality index, was determined to evaluate
the fermentation characteristics of maize and legume silage [54]. FP also had a negative
correlation with CP (r = —0.489), which was consistent in different carbohydrate sources
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of alfalfa silage at different fermentation periods [55]. The results indicated that RFV had
a strongly negative correlation with NDF (r = —0.996) and WSC (r = —0.936) and highly
negative correlation with ADF (r = —0.822). The DDM content had a highly positive
correlation with CP (r = 0.859) and RFV (r = 0.813). On the contrary, DDM was strongly and
negatively correlated with ADF (r = —0.995). DMI was strongly and negatively correlated
with NDF (r = —0.999) and WSC (r = —0.935). Moreover, the DMI was strongly and
positively correlated with RFV (r = 0.994). The result was similar to that of Kizilsimsek
et al. [36], who reported that DDM and DMI were positively correlated with silage feed
quality of maize intercropped with some legume crops. The BC tended to be negatively
correlated with DM (r = —0.846). The FC value had a strongly positive correlation with
DM (r = 0.951) and strongly negative association with BC (r = —0.967). This result was
similar to that reported by Knicky and Sporndly et al. [33]. Furthermore, DM had a positive
relationship with FC in studying the effects of different additives on the quality of silages
fermented from various animal forage crops [56].

pH

pH
CP
DM

DMR
NDF
ADF

WSC

FP 0.577

RFV 0.580  0.661

DDM 0.620 -

DMI 0.567 0.615

DDM

BC 0.549 0161 0.568

FC

1.0 0.0 -1.0

Figure 7. Pearson correlation between the proximate composition and quality traits of maize-common
bean mixed-cropping silages. CP: crude protein, DM: dry matter, DMR: dry matter recovery, NDF:
neutral detergent fiber, ADF: acid detergent fiber, WSC: water-soluble carbohydrate, FP: Fleig’s point,
RFV: relative feed value, DDM: digestible dry matter, DMI: dry matter intake, BC: buffering capacity,
FC: fermentation coefficient. The numbers in each field represent the correlation extent; the color
represents significant correlation (p < 0.05), the deeper the color of the field is, the more significant
the correlation (p < 0.01). The green color means a positive correlation, and the red color means a
negative correlation.

3.9. Comparisons of Chemical Compositions and Quality Parameters of Forage and Silage

It was found that the DM (35.2%), CF (32.60%), WSC (8.0%), and NDF (42.33%) content
were higher (p < 0.01) in forage than in silage based on the results (Figure 8A,B), which
were consistent with previous studies in the determination of mixed-cropping of maize
with legume forage [8,57]. The CP (11.41%) and ADF (22.00%) contents were higher in
silage than forage (Figure 8A,B). CFA and CA contents between the forage and silage did
not significantly differ in our findings, and this result was consistent with other findings
in the research of maize intercropped with bean and soybean [40,58]. With regard to
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laboratory quality parameter analysis, the FP value (130) was higher in forage than in
silage (Figure 8C). The results showed that RFV (200.04), DDM (85.00%), and DMI (30.00%)
contents were higher in silage than in forage, which were consistent with several studies
reporting that the RFV, DDM, and DMI values of silage were significantly different from
those of forage [36,59]. After comparing the forage and silage of mixed-cropped maize—
common bean between chemical compositions and quality parameter analysis, silage had a
higher CP content and forage quality index.

A BForage BSilage

Value (%DM)
o 1 9 W W
h © h © h © h

=]

DM CP CFA CA

Proximate compositions

B BForage MSilage

Value (%DM)
e hD 1 W W

hoO oo h

=]

CF WsC NDF ADF

Proximate compositions

C BForage MSilage

FP RFV DDM DMI
Quality indexes

Figure 8. Proximate compositions (A,B) and quality indexes (C) as affected by maize (M) and common
bean (CB) in mono-and mixed cropping at different seeding ratios. DM: dry matter, CP: crude protein,
CFA: crude fat, CA: crude ash, CF: crude fiber, WSC: water-soluble carbohydrate, NDF: neutral
detergent fiber, ADF: acid detergent fiber, FP: Fleig’s point, RFV: relative feed value, DDM: digestible
dry matter, DMI: dry matter intake. Means are averaged over 2 years and four replicates. Vertical
bars indicate the standard error. Different letters represent significant differences among cropping
treatments at p < 0.05. Treatment means with same letters under a given proximate compositions and
quality indexes are not significantly different from each at a probability level of 0.05.
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4. Conclusions

The results of this study indicated that mixed cropping of maize and common bean
at the seeding ratios of 100:0, 75:25, 50:50, 45:55, 25:75, and 0:100 affects the forage yield
and quality, chemical composition, and fermentation quality traits of forage and silage in
Northwestern Loess Plateau region. This crop combination can be used as a nutritionally
rich source of feed for ruminants. Pearson correlation analysis indicated the strong positive
correlation of RFV with RFQ in maize-common bean mixed-cropping fodders. In mixtures,
the common bean supports more improved quality proteins than maize. By contrast, maize
increased the fresh biomass productions, water-soluble carbohydrate, and fiber contents.
The results showed that a mixture of maize with common bean at a ratio of 25:75 and 50:50
was superior in forage and silage quality traits. Therefore, mixed cropping of maize and
common bean at 25:75 and 50:50 seeding ratios is recommended to obtain the nutritional
composition and quality trait of forage and silage. These results can provide important
additional information and benefit for livestock farmers or small holders growing forage
in Loess Plateau region in making silage without using silage additives and inoculants.
The current research work should be extended to different agro-climatic zones in Loess
Plateau region to verify whether or not 25:75 and 50:50 are the suitable mixture ratios for
proximate composition, nutrient contents, and fermentation quality traits of forage and
silage in the livestock industry. In addition, feeding experiments are required to verify the
above-mentioned conclusion in combination with the good nutritional quality of forage
and silage production and animal performance.
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