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Abstract: The changing climate, water scarcity, reduction in the land area under forage crops, ex-
panding ruminant population, burgeoning demands for milk and meat production and food security
concerns all insist on a necessary increase in forage production and quality. Cereal–legume mixed
intercropping offers a biologically superior option to boost herbage yield and quality of preserved
fodder (hay and silage), provided that rationalization of the component crop’s proportional ratio is
performed. Therefore, the current study was conducted to determine the forage yield and quality of
barley (Hordeum vulgare L.) and pea (Pisum sativum L.) mixtures at the ratios 100:0, 75:25, 50:50, 25:75
and 0:100. The experiment was laid out in the regular arrangement of a randomized complete block
design with three replicates. The results exhibited that forage quality was significantly affected by
the mixture ratio. There was a significant improvement in protein, fiber rate and digestibility from
the mixture. The ratios of barley and pea with 50:50 and 25:75 produced the maximum productivity
and the best quality of forage. Regarding forage preservation, silage recorded higher contents of
crude protein, ash and lower fiber contents than hay. Among seed mixtures, 0:100 ratio of barley–pea
yielded the highest quality of silage with the maximum crude protein, ash and digestibility with
lowest fiber contents.

Keywords: forage mixture; silage quality; hay nutritive value; intercropping; nutrition qulaity; yield

1. Introduction

Under the changing climate, mixed cropping, which entails cereal and legume mix-
tures, can serve as a biologically viable approach to impart sustainability and regenerative
capacity to forage production systems. Mixtures of cereals and legumes are superior to
their monocultures for providing a higher yield, nutritional quality and economic turnouts
to forage growers [1]. The use of annual legumes in cereal cropping systems can improve
sustainability by increasing biological nitrogen (N) fixation, reducing weed competition
and escalating soil organic matter [2]. Mixed cropping of cereals with legumes has been
ranked among the best agricultural practices for organic and low-input farming systems
in semi-arid and arid regions of the world [3]. The uninterrupted supply of forage in
sufficient quantity which has acceptable nutritional value for large and small ruminants
continues to remain one of the serious challenges. The decreasing agricultural land area
due to human settlements, scant irrigation supplies for crop production, farmers’ interest in
high-revenue generating cash crops and the persistently changing climate have all further
deteriorated forage production [4]. Cereal forages, including sorghum, maize, oats, barley,
millet, etc., produce a higher herbage yield but are deficient in nutritional values. On
the other hand, leguminous forage crops give high nutritional values in comparatively
lower quantities [5]. Therefore, it becomes pertinent to enhance forage production on a
per unit area basis. Mixed cropping of cereal with legumes might serve as a pragmatic
strategy to cope with the challenges of forage scarcity, inferior nutritional quality, unsus-
tainable farming practices and deteriorating soil fertility. Additionally, legumes are rich in
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protein, and cereal has superior carbohydrate contents. At the same time, cereals, along
with absorbing nutrients from soil solution, also benefit from the N fixed by legumes
via roots intermingling and N contributed by legumes in the soil [6]. Moreover, other
advantages offered by cereal–legume mixed cropping include better water and nutrient
uptake, improved weed suppression and enhanced soil restoration and conservation [7].

Furthermore, the cultivation of mixtures contributes to the complementary use of
habitat resources and compensatory growth of individual plant species, causing increased
productivity and yield stability [8]. Recently, the cereal–legume mixed intercropping sys-
tem has emerged as a biologically viable and economically attractive option for forage
production in arid regions. The suitable species/varieties for a region get the highest yield
from the cereal and legume mixtures in the mixed intercropping system [9]. However, the
yield potential of mixtures and crop quality largely depends on the companion crop’s selec-
tion and their relative proportion in the mixed seeded crops. The seed blending of maize
and peas in 50:50 ratios recorded 50% higher biomass than monocultures, owing to better
utilization of growth resources (fertilizers and irrigation water). Similarly, sorghum–lima
bean intercropping in a 80:20 ratio yielded a higher biomass by reducing the interfer-
ence of weeds and preventing the leaching of nutrients. It was also inferred that mixed
seeding remained more effective in N transfer to cereal than row or relay intercropping
systems [10]. Barley–faba bean mixed seeding in a 70:30 seed-blending ratio produced 52%
higher herbage yield [11]. In contrast, sorghum intercropping with cowpea using a 100:100
seed ratio yielded 18% higher biomass. When viewed alongside seed-blending ratios of
100:80, 50:50, etc., it had set a comparatively high yield [12,13]. However, Iqbal et al. [14]
reported that cereal-mixed seeding with legumes (cowpea, cluster bean and soybean) in a
100:50 ratio outperformed the rest of the seed-blending ratios in terms of herbage yield and
nutritional quality owing to lower inter and intraspecific competition for growth resources.
Ayub et al. [15] inferred that sorghum-mixed seeding with rice bean in a 70:30 seed ratio
remained effective in yielding higher biomass and nutritional quality compared to other
seed-blending ratios. It was suggested that the seed-blending ratio of cereal to legume must
be optimized to avoid interspecific competition for environmental (light, CO2, etc.) and
farm-applied resources (moisture, fertilizers, etc.). The changing climate and conflicting
findings on seed-blending ratios of cereal–legume mixed intercropping systems requires
the conduction of new studies, especially for arid regions of the world, where water scarcity
has worsened with the passing of time.

It was hypothesized that mixture ratios of pea and barley seeds might exhibit varying
impacts on the herbage yield of component crops and on the nutritional quality of preserved
fodder such as hay and silage under the arid climatic zone. Therefore, the current study
was conducted to determine the impact of seed mixture ratios of pea (Pisum sativum L.)
and barley (Hordeum vulgare L.) on the produced forage yield. The ultimate objective was
to rationalize the most productive mixture ratio to boost herbage yield and the nutritional
quality of hay and silage under arid conditions.

2. Materials and Methods
2.1. Experimental Material, Treatments and Design:

Barley (cv. Gusto.) and a local pea (var. Macrocarpon) were employed in this experi-
ment, which was performed at the Agricultural Research and Experiment Station of College
of Food and Agricultural Sciences, King Saud University (KSU), Riyadh, Saudi Arabia,
during the 2014–2015 cropping season. Climatic data for the study period are shown in
Table 1. Soil samples were collected at the depths ranging from 0 to 40 cm beneath the
soil’s surface before starting the experiment. After pooling all the soil samples, physical
and chemical characteristics of the soil were analyzed. Analyses were performed in the
laboratories of KSU and the Ministry of Environment, Water and Agriculture (MEWA) in
Saudi Arabia, using an Inductively Coupled Plasma Mass Spectrometer (NexION 300D,
Perkin Elmer, Waltham, MA, USA). The physical and chemical characteristics of the soil
taken for this experiment are shown in Table 2.
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Table 1. Weather conditions during the study period (2014–2015).

Average Daily Temperatures (◦C) Total Rainfall (mm)

2014 2015 2014 2015

January 13.7 20.5 49.4 T *
February 15.95 18.5 T 0

March 22.3 23.05 3.9 35
April 27.8 27.85 10.2 T
May 31.95 32.9 T 2
June 33.85 34.45 0 0
July 35.55 36 0 0

August 35.5 32.1 0 0
September 32.8 33.2 0 0

October 28.55 30.4 0 0
November 19.7 22.55 17.6 41
December 16.4 15.4 1.8 11.2

Data source: Presidency of Meteorology and Environment, Saudi Arabia (2013–2015). * T < 1.

Table 2. Chemical and physical properties of soils.

Parameters Value

pH 7.14
EC * (dS m−1) 0.35

Sand (%) 61
Silt (%) 26

Clay (%) 13
Soil texture Sandy loam

P (%) 5.98
K (%) 9.78

* EC: Electrical conductivity.

This experiment consisted of five seed mixing ratios of the barley and peas viz.,
T1 = 100% barley, T2 = 75% barley: 25% pea, T3 = 50% barley: 50% pea, T4 = 25% barley:
75% pea, and T5 = 100% pea. The crops were sown on lines separated by 25 cm. The sowing
rates of barley and peas were 200 and 160 kg/ha, respectively. The experiment was laid
out in the regular arrangement of the randomized complete block design (RCBD) with
three replications. The net (excluding paths, field and plot bunds, etc.) unit plot size was
3 m × 4 m.

The crops were fertilized by organic fermented cow manure (25 t. ha−1) and diammo-
nium phosphate (120 kg/ha). Urea fertilizer was added twice, at a rate of 50 kg/ha each
time. The first time was two weeks after the emergence of seedlings, and the second time
was at the beginning of the spiking stage of barley. Irrigation was applied as needed
according to soil moisture and rainfall. Irrigation was applied almost every week. The field
capacity was reached in each irrigation. Table 3 shows the physical characteristics of the
used water in the study. The experiment was kept in pest and disease-free conditions and
weeds were removed manually as necessary.

Table 3. Physical properties of the used water.

Parameters Value

pH 7.14
EC * (dS m−1) 0.35
TDS ** (ppm) 61

* EC: electrical conductivity. ** TDS: total dissolved solids.

2.2. Data Collection

Growth: plant samples were taken at the beginning of the flowering stage of barley,
which corresponded to the middle of the flowering stage of peas. The whole plot was
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harvested at sampling for each treatment and each replicate at a cutting height of 5 cm.
The shoot lengths of barley and pea (cm) were measured in the randomly selected plants
from the middle rows of each treatment.

Stem, leaves and spike/flower: random samples were taken for each treatment and
each replicate. The leaves and the flowers/spikes were separated from the stems and
branches of peas and barley tillers in order to calculate the percentages.

On hay yield and quality assessment, the fresh plant samples were taken, weighed
and then dried at 65 ◦C for two days to estimate the dry matter percentage and dry matter
yield (t ha−1). The dried samples were finely ground (1 mm) to evaluate all of the quality
components. Similarly, for silage preparation, plant samples were taken from all treatments
at the beginning of the milky phase of the barley coinciding with the formation of the pods
in the peas. Plants were cut and then pressed into glass jars. The glass jars were kept in the
dark under laboratory conditions. The glass jars were opened after eight months and the
samples were taken out. The samples were weighed and dried at a temperature of 65 ◦C,
and the dry matter percentage was estimated. The samples were then ground (1 mm), and
all components of the nutritional value were assessed, using the same protocols as with
hay samples.

Quality traits: The nutritive value of the forage samples from hay and silage were
estimated in laboratories of Verband Deutscher Landwirtschaftlicher Untersuchungs-und
Forschungsanstalten (VDLUFA) e. V., Speyer, Germany. A near-infrared spectroscopy
(NIRS) instrument (Technicon 500, Technicon Industrial Systems, NY, USA) was used to
determine percentages of crude ash (CA), crude protein (CP), crude fiber (CF), crude fat
(CFA), water-soluble carbohydrates (WSC), neutral detergent fiber (NDF), acid detergent
fiber (ADF) and digestibility (DIG) in each forage sample.

2.3. Data Analysis

The analyses of variance (ANOVA) were applied to determine the treatment means
significance. Least significant difference (LSD) was used for the comparison of each
treatment at p ≤ 0.05. All statistical tests were performed using SPSS statistics 20.0 software
(IBM, Armonk, NY, USA).

3. Results and Discussion
3.1. Growth Parameters

Growth was significantly (p < 0.01) affected by seed-blending ratios of barley and
peas (Figure 1). The shoot length of barley was considerably decreased with an increasing
ratio of pea in seed mixtures. Similarly, the increase in pea plant ratio decreased the plant
height of peas. As has been stated by Ayub and Shoaib [15], the adverse effects on the plant
height of legumes could be due to severe intraspecific competition for sunlight, moisture
and nutrients with cereals. On the other hand, the increasing proportion of legumes in
cereal–legume mixtures could result in superior performance of legumes, while cereals,
such as sorghum and maize, remain dominant in mixed seeded crops, owing to superior
agro-botanical traits (better plant canopy, extended roots network, etc.) [15].

The results indicate that the percentage of plant parts (stem leaves: spike/flower)
of barley and pea were varied due to their mixing ratios (Figure 2). The stem ratio was
significantly reduced in barley with the increased pea ratio, and this led to an increase
in the level of leaves. On the other hand, the ratio for spike/flower was varied, and the
best value was obtained using a 100:0 ratio (T1). The mixture ratio significantly influenced
the stem ratio, and the treatment 50% barley: 50% pea (T3) produced the maximum value
and T1 outperformed the rest of intercropping systems in terms of spike–flower ratio. The
rapid growth and high yield of the cereal and of legumes ensured increased production
and forage quality traits in the cereal and legume mixtures [16]. It was also reported that
the production of legume–cereal mixtures could be intermediate or even lower than the
productivity of monocultures because of the competition between species [17].
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Figure 1. Effect of barley and pea seed mixing ratios on the shoot length (cm) of grown plants.
1 = 100% barley, 2 = 75% barley: 25% pea, 3 = 50% barley: 50% pea, 4 = 25% barley: 75% pea, and
5 = 100% pea; Capital letters express significant differences in length between treatments in barley
and small letters in pea.
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Figure 2. Effect of barley and pea mixing ratios on the different plant parts (stem:leaves:spike/flower)
of barley and pea; T1 = 100% barley, T2 = 75% barley: 25% pea, T3 = 50% barley: 50% pea, T4 = 25%
barley: 75% pea, and T5 = 100% pea. Capital letters express significant differences in plant parts
between treatments in barley and small letters in pea.

3.2. Yield and Nutritional Value of Legume-Cereal Mixturesof Hay

In the present study, we reported that the quality of forage was significantly affected
by the different mixture ratios. However, the highest values of FM (t ha−1), DM (t ha−1),
CA (%), WSC (%), NDF (%) and ADF (%) were recorded in the barley–pea ratio of 100:0%
(T1), and the values decreased significantly by reducing the barley level and increasing
the pea ratios. The lowest values of these nutritional traits were found in plants derived
from a 0:100 barley–pea mixed intercropping system (T5). On the other hand, these values
were increased with the decreasing density of barley. The reduction in CF (%) and CFA
(%) was prominent with the complete absence of barley in the mixture that underwent T5
treatment (Table 4). Moreover, treatment T5 showed the best results for DM (%), CP (%)
and DIG (%) as compared with other treatments. The increase in the proportion of cereal in
mixed (legume–cereal) forages increases the yield of dry matter per unit area [6]. Annual
legume–cereal mixtures usually lead to high yield and high-quality traits, compared with
cereal alone [6].The most important profits of legume–cereal mixtures have been improved
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through CP yield, relative to sole cereal crops [18]. The increase in the rate of legumes in
the mixtures improves the digestibility and increases the protein content; thus, the quality
of forage obtained from the mixtures increases [19].

Table 4. Effect of mixture ratio (barley–pea) on the yield and nutritional value of hay forage.

Treatments
FM * DM DM CA CP CF CFA WSC NDF ADF DIG

(t ha−1) % (t. ha−1) (%) (%) (%) (%) (%) (%) (%) (%)

T1 49.13 a 22.15 e 10.88 a 10.54 a 13.14 e 31.12 a 2.14 a 7.11 a 61.94 a 34.70 a 61.33 e

T2 45.10 b 22.77 d 10.27 ab 10.04 b 13.69 d 30.71 a 2.30 a 7.07 a 61.37 b 33.86 b 61.97 d

T3 39.63 c 23.61 c 9.36 bc 9.39 c 14.23 c 31.21 a 2.20 a 6.71 b 60.68 c 33.15 c 62.93 c

T4 40.57 c 24.10 b 9.78 c 9.13 d 14.89 b 31.10 a 2.16 a 6.50 bc 58.90 d 32.62 cd 64.02 b

T5 19.27 d 25.05 a 4.83 d 8.00 e 17.24 a 26.60 b 1.78 b 6.34 c 43.42 e 32.29 d 76.07 a

Pr > F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Significant * * * * * * * * * * *

FM: fresh matter, DM: dry matter, CA: crude ash, CP: crude protein, CF: crude fibers, CFA: crude fat, WSC: water-soluble carbohydrates,
NDF: neutral detergent fiber, ADF: acid detergent fiber, DIG: digestibility. Means followed by different letters are statistically different from
each other according to Duncan’s Multiple Range test at p ≤ 0.05, *: significant at p ≤ 0.05.

3.3. Quality Traits of Legume–Cereal Mixtures of Silage

The silage quality traits were also significantly influenced by the barley–pea mixture
ratios (Table 5). The nutritional traits of silage followed the dietary traits of hay, due to the
interaction effects of barley and pea as mixture and sole. Nevertheless, the highest values
of DM (%), CP (%) and DIG (%) were recorded at T5 treatment (pea sole), but the values
reduced with the increase in barley ratio in the mixtures. On the other hand, the CA (%),
CF (%), CFA (%), WSC (%), NDF (%) and ADF (%) values were increased with the increase
in barley ratio in the mixture. The highest values were recorded at T1 treatment (100:0 of
barley–pea ratio), i.e., sole barley cultivation. In contrast, the values of those traits were
reduced with the increased pea ratio in the mixtures, and the lowest values were at T5
treatment. The legumes increased the yields of CP of mixtures because they produced high
CP content [20,21]. The increase in legume proportion caused a reduction in ADF and NDF
rates for the legume–grass mixtures [22]. The quality traits of silage were improved with
the increase in the ratio of barley [23]. It has been reported that ADF ratio, feed digestibility
and nutrient uptake reduced with the increase in legume in the mixture [24]. The rate of
NDF increased with the increase in the cereal ratio in the mixture [25]. As the ratio of the
legume in the mixture increased, the protein ratio was raised [24]. The ADF and NDF
ratios of mixtures were affected by the rates of legumes in mixtures due to the lower thin
cell wall tissues of legume compared to the cereals [26].

Table 5. Effect of mixture ratio (barley–pea) on the quality traits of silage forage.

Treatments DM
(%)

CA
(%)

CP
(%)

CF
(%)

CFA
(%)

WSC
(%)

NDF
(%)

ADF
(%)

DIG
(%)

T1 25.92 d 12.97 a 14.21 e 29.42 a 3.91 a 6.17 a 57.93 a 32.92 a 63.99 e

T2 26.47 d 12.44 b 14.82 d 28.14 b 3.89 a 6.06 a 57.56 b 32.39 b 65.01 d

T3 30.15 c 11.79 c 16.03 c 26.92 c 3.58 b 5.76 b 56.56 c 32.19 c 66.50 c

T4 33.46 b 11.12 d 17.26 b 26.11 d 3.68 b 5.54 c 55.58 d 31.19 d 67.62 b

T5 35.34 a 9.95 e 19.21 a 24.68 e 2.71 c 5.56 c 42.43 e 26.46 e 73.12 a

Pr > F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Significant * * * * * * * * *
DM: dry matter, CA: crude ash, CP: crude protein, CF: crude fibers, CFA: crude fat, WSC: water-soluble car-
bohydrates, NDF: neutral detergent fiber, ADF: acid detergent fiber, DIG: digestibility. Means followed by
different letters are statistically different from each other according to Duncan’s Multiple Range test at p ≤ 0.05,
*: significant at p ≤ 0.05.
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3.4. Comparative Study of Hay and Silage Quality

It was observed that the hay contained a considerably higher amount of CF, WSC, NDF
and ADF than silage. On the contrary, the silage had higher DM, CA, CP, CFA and DIG
values over hay (Table 6). The yield of forage was superior in cereal monocultures compared
to the pea–cereal mixtures. Pea–cereal mixtures produced superior CP content, TDN (total
digestible nutrient) and RFV (relative feed value) values, compared to the monoculture of
oats and barley [6,27]. These findings line up with [28,29], in that they opined that silage
prepared from cereal–legume mixtures contained higher protein content and lower fiber
content, which boosted the overall nutritional values of silage for large ruminants.

Table 6. Interactive effect of hay × silage on forage qualityand yield of barley–pea mixture.

Forage
Products

DM
(%)

CA
(%)

CP
(%)

CF
(%)

CFA
(%)

WSC
(%)

NDF
(%)

ADF
(%)

DIG
(%)

Hay 23.54 b 9.42 b 14.64 b 30.15 a 2.12 b 6.75 a 57.26 a 33.32 a 65.26 b

Silage 30.27 a 11.65 a 16.31 a 27.06 b 3.56 a 5.82 b 54.01 b 31.03 b 67.25 a

Pr > F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Significant * * * * * * * * *
DM: dry matter, CA: crude ash, CP: crude protein, CF: crude fibers, CFA: crude fat, WSC: water-soluble car-
bohydrates, NDF: neutral detergent fiber, ADF: acid detergent fiber, DIG: digestibility. Means followed by
different letters are statistically different from each other according to Duncan’s Multiple Range test at p ≤ 0.05,
*: significant at p ≤ 0.05.

4. Conclusions

The current findings aligned with the postulated research hypothesis, as varying
seed-blending ratios imparted significant influence on the yield attributes, forage yield and
nutritional quality of hay and silage under arid conditions. In mixtures, the peas achieved
more improved protein, DIG and fiber than barley. On the other hand, barley increased
the forage productions. The results showed that a mixture of pea with barley at the ratio
of 50:50 (T3) and 25:75 (T4) was superior in yield and selected quality parameters. It can
be concluded that 50:50 and 25:75 combination are the best options to grow a mixed crop
of barley and peas to obtain the maximum yield and quality traits of hay and silage. The
current research findings might be helpful to cover the knowledge gap of selecting the
best mixture ratio of pea and barley for maximizing herbage yield, and good qualitative
traits of hay and silage for ruminants in arid regions of the world. Despite the encouraging
results observed during one growing season, research during multiple seasons would
help strengthen the findings of the present study and possibly shed light on the long-term
viability of the mixture success. In addition, the present research plan needs to be tested
under different agro-climatic zones to authenticate 50:50 and 25:75 as the best combinations
for maximum yield and quality of forage and silage as preserving method of feed.
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