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on the Qinghai-Tibetan Plateau
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Dengpan Bu1*
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Sciences, Beijing, China, 2School of Agriculture and Food Science, University College Dublin, Belfield,
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Livestock intensification improves production e�ciency and enhances the

demand for quality forage to feed ruminants. Novel combinations of forage plants,

especially including Gramineae and Leguminous plants, benefit both ruminant

animals and contribute to a sustainable environment. This study explored an oat-

pea mixed seeding strategy as an approach to improving silage quality. Before

ensialing, lactic acid bacteria (Lactobacillus plantarum and Lactobacillus brucelli)

were added to forage from five di�erentmixed seeding proportions of oats (O) and

peas (P) (10:0, 8:2, 7:3, 5:5, and 0:10 oat to pea ratio) at two harvesting periods

(the early flowering stage and the milk ripening stage for the oats). The results

showed that mixed seeding changed the soil quality parameters. Moreover, the

silage from the O5P5 (5:5 oat to pea ratio) group showed the lowest pH values

(4.16) and highest LA contents (7.74% DM) after ensiling for 7d (p < 0.05) in early

flowering stage. Also, the O5P5 group increased the number of tillers/branches

and produced silage with the highest CP content (13.14–14.06) after ensiling for

7d in early flowering stage and both 7d and 30d in early flowering stage and milk

ripening stage (p < 0.05). In conclusion, this study found that the selection of oat-

pea mixed seeding as O5P5 and harvesting at the milk ripening stage of oat is

recommended as a desirable oat-pea mixed seeding strategy for producing high

quality silage.
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1. Introduction

With increasing demands for livestock products, there is increasing emphasis on the
need for good quality animal feeds and forages. This emphasis differs in different parts of the
world and in the Qinghai-Tibetan Plateau, modern animal husbandry practices include an
emphasis on the requirements for high quality seasonal and local forage products (Zhuang
and Li, 2017) that are produced under conditions of the ecological benefit. Many different
plant species are used to make forages for ruminants and an emerging area of potential is
the silage production following mixed seeding of different plant species. The purpose of this
approach is to (a) utilize the characteristics of stratification of different forage plants that
may utilize water and nutrients separately and (b) to produce nutritious high-quality silage.
Thus, the planting combination of Gramineous plants (such as cereal crops or grass) and
Leguminous plants (such as peas or beans) shows great potential (Cui et al., 2014).
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Oat (Avena sativa) is an annual forage crop and a main source
of supplementary livestock feed in the cold season in alpine regions.
It has strong cold resistance, high yield, and good quality (Dong
et al., 2007). Peas (Pisum sativum) fix atmospheric nitrogen, are
high-yielding and produce high-quality, high nutritional value,
animal feeds, and human foods. Peas are extremely suitable for
inclusion in ruminant diets in high-altitude plateau regions because
of the excellent planting and growth conditions in the continental
monsoon climate zone with long sunshine hours, high atmospheric
transparency, strong solar radiation, and abundant light energy
resources (Pflueger et al., 2020).

Oat and pea seeding mixtures have been shown to have high
productivity (Pflueger et al., 2020) and produce silage, which is
a usual low-cost forage processing technology (Muck, 2010), that
shows great potential. However, to our knowledge, few studies have
used oat-pea mixed forage with different seeding proportions to
make silage in the Qinghai-Tibetan Plateau. Therefore, our study
aimed to examine the effect of five sowing treatments differing
in the seeding proportion of oats and peas and the two maturity
stages at harvest, on soil properties and silage quality on the
Qinghai-Tibetan plateau.

2. Material and methods

2.1. Site description, experimental design,
and forage sampling

The study was conducted on 13.5 ha (each plot size was greater
than 1 ha, see Figure 1A) of land on a farm in Qinghai Province,
China, in the northwest of an area known as the Qinghai-Tibetan
plateau. (36.65N, 101.20E, elevation 2,930m, average temperature
1.0 ◦C, average annual precipitation 450mm). The land area was
divided into 10 plots, each receiving 150 kg/ha of diammonium
phosphate and urea based fertilizer (diammonium phosphate: urea,
1:1). The based fertilizer was turned into the soil before sowing.
Plots were randomly assigned to the five sowing treatments of
different mixing ratios (10:0, 8:2, 7:3, 5:5, and 0:10 oat to pea
ratio) according to the weight of expected forages wet yield of
Gramineae and Leguminous plants (Oat, Qingtian No. 1 and Pea,
Qingjian No. 1). Oats (O) and Peas (P) in different farm plot
were seeded at the corresponding weight (Table 1) from May 12
to 13, 2021. Each plot of land was seeded with a seeder after the
seeds were mixed according to the predetermined sowing plan
(seed vigor above 95%), with the seeding depth of 6–10 cm, and
a roller was used to flatten after sowing (Figure 1C). Five sowing
proportions compound two forages harvest periods for oats (at
the early flowering stage, from September 7 to 11, S1; the milk
ripening stage, from October 11 to 13, S2), resulting in 10 different
combinations (Table 1, Figure 1).

In each plot five 5 × 5m large quadrats were chosen at
the place with the same growth trend according to the “W”
shape. Furthermore, five 0.5 × 0.5m sampling quadrats were
set in each large quadrat according to the 5-point sampling
method (Figure 1D).

Twenty-five sampling quadrats (Figure 1D) were collected for
each farm plot, yielding 125 quadrats for all five farm plots at each
harvest time. The stubble on the ground was 15 cm, and all quadrats

were harvested manually while the rest were with a combine
harvester. Agronomic traits of oats and peas (wet weight yield,
dry weight yield, the number of tillers/branches, stalk length of
oat/stem length of pea, and natural height of pea) were determined
immediately at the sampling time according to Guo et al. (2022).

2.2. Soil sampling and biochemical analysis

Before planting and at two harvest times in the autumn of
2021, soil samples from each large quadrat were collected from
a depth of 0–30 cm, sieved (<2mm) to remove visible fine roots
and plant residues, stored at 4◦C, and then analyzed according
to the procedure described by (Jia Y. et al., 2022). Soil pH
and Electro Conductibility (EC) were measured in water (1:2.5
w/v). The organic matter (OM) and cation exchange capacity
(CEC) were measured according to Fan et al. (2020) and (Jia
R. et al., 2022). Total nitrogen (TN) was measured by the
Kjeldahl digestion (FOSS KjeltecTM 2300, FOSS NIR Systems
Inc, Denmark). Total potassium (TK), total phosphorus (TP),
and alkali-hydro nitrogen (AN), rapidly-available phosphorus (AP)
and rapidly-available potassium (AK) were measured according to
Shao et al. (2020). The concentrations of exchangeable Na (ANa),
Ca (ACa), and Mg (AMg) were tested following the hot block
acid digestion protocol (Huang and Schulte, 1985). NH+

4 -N and
NO3-N were determined according to Fan et al. (2020) using
microplate spectrophotometer (Thermo1510, MULTISKAN GO,
Thermo Fisher, USA). To calculate the soil quality index (SQI), each
soil indicator was converted to a value between 0 and 1, following
the procedure described by Zeraatpisheh et al. (2020), Zhou et al.
(2020). The overall SQI score was estimated using an SQI-area
approach according to the area of a radar diagram yielded by all
standard soil indicators (Kuzyakov et al., 2020).

2.3. Silages preparation and analysis

Forages were harvested at S1 (at the early flowering stage of
oats, from September 7 to 11) and S2 (the milk ripening stage of
oats, from October 11 to 13) stage from each of the eight plots
containing Oats, and were chopped by a combine harvester (GR80,
LOVOL, China, Figure 1E) into pieces of about 2 cm immediately
during harvesting. Lactic acid bacteria (LAB), commercial strains,
were purchased from an animal husbandry market (Gansu Pro-
Bicon Biotech. Co., Ltd., Lanzhou, Gansu, China) and the forage
was added to the water containing LAB (1.0 × 105 colony forming
unit/g on a fresh matter basis of forage) after chopping. Then the
raw materials were mixed and packed as bales (38 × 40 × 68 cm)
at a density of approximately 483.75 kg fresh weight (FW)/m3 and
put into the silage bags with the same specification. Wrapping and
anaerobic sealing were carried out in the local common way shown
in Figure 1F. Triplicate silage bags for each treatment were stored at
ambient temperature (1–22◦C) and opened for analysis after 7 and
30 days of ensiling.

All fresh silages from each bag were taken out by a forage
sampler and then immediately mixed to obtain samples of about
500g by quartering. And among each silage sample, 20g subsamples

Frontiers in Sustainable FoodSystems 02 frontiersin.org

https://doi.org/10.3389/fsufs.2023.1143431
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Liu et al. 10.3389/fsufs.2023.1143431

FIGURE 1

Explanations of the 10 plots and photos of the schematic diagram of the experiment. (A) Farm plot (Di�erent number represents di�erent treatment.

1. O0P10 at early flowering stage; 2. O10P0 at the early flowering stage; 3. O0P10 at the milk ripening stage; 4. O10P0 at the milk ripening stage; 5.

O5P5 at the early flowering stage; 6. O8P2 at the early flowering stage; 7. O7P3 at the early flowering stage; 8. O5P5 at the milk ripening stage; 9.

O8P2 at the milk ripening stage; 10. O7P3 at milk ripening stage); (B) ploughing the soil; (C) seeding; (D) sampling quadrats (large blue 5 × 5m

squares arranges across the plot in a W shape, and small yellow 0.5 × 0.5m squares). (E) Harvesting; (F) bale silage.

TABLE 1 Overview of the experimental groups with seeding ratios and rates.

Farm plot Nos. Treatments
(Oat:Pea)

Harvest stage of
oats

Oat sowing rate
(kg/ha)

Pea sowing rate
(kg/ha)

Total sowing
rate (kg/ha)

1 O0P10 S1 0.0 120.0 120.0

2 O10P0 S1 165.0 0.0 165.0

3 O0P10 S2 0.0 120.0 120.0

4 O10P0 S2 165.0 0.0 165.0

5 O5P5 S1 82.5 60.0 142.5

6 O8P2 S1 132.0 24.0 156.0

7 O7P3 S1 115.5 36.0 151.5

8 O5P5 S2 82.5 60.0 142.5

9 O8P2 S2 132.0 24.0 156.0

10 O7P3 S2 115.5 36.0 151.5

Seeding ratios of Oats:Peas were 10:0, 8:2, 7:3, 5:5, and 0:10 giving groups denoted as O10P0, O8P2, O7P3, O5P5, and O0P10. Crops were harvested at the Early Flowering stage (S1) or the Milk

Ripe stage (S2) of the oats.

were blended with sterilized distilled water (w:v = 1:9) for 1min
and filtered through three layers of qualitative filter paper. The
filtrate was collected to measure pH. The NH3-N level was
measured using the phenol-hypochlorite method (Broderick and
Kang, 1980) expressing in proportion to total nitrogen (%TN).
Organic acids, such as lactic acid (LA), acetic acid (AA), propionic
acid (PA), and butyric acid (BA), were evaluated using a high-
performance liquid chromatography method, adjusted from those
previously described (column, Shodex RS Pak KC-811; Showa
Denko K.K., Kawasaki, Japan; detector, DAD, 210 nm, SPD-20A;

Shimadzu Co., Ltd., Kyoto, Japan; eluent, 3 mmol L−1 HClO4; flow
speed, 1.0ml min−1; column oven temperature, 50◦C) (Ohmomo,
1993). Dry matter (DM) was measured by oven-drying at 105◦C
for 3 h (Porter and Murray, 2010). All dried samples were ground
in a hammer mill and filtered through a 1mm screen for other
analyses. Crude protein (CP) was measured according to the
Association of Official Analytical Chemists (AOAC) International
procedures (method 976.05; AOAC., 2000). Contents of neutral
detergent fiber (NDF) and acid detergent fiber (ADF) (Van Soest
et al., 1991) were measured using an Ankom 2000i fiber analyzer
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(Ankom Technology Corp., Fairport, NY). Heat-stable α-amylase
and sodium sulfite were used in the determination of NDF. Water
soluble carbohydrate (WSC) content was determined using the
improved anthrone-sulfuric acid assay (Webster, 1992) whereas
Ether Extract (EE) was analyzed using an automatic Fat Analyzer
(ANKOM XT15i, ANKOM Inc, USA) (AOAC., 2000).

2.4. Statistical analysis

The data were analyzed in a completely randomized 2x5 or
2×4 factorial design for Tables 2, 3, or for Table 4, using the
Proc MIXED method of SAS (Statistical Analysis System, version
9.3) to determine significant differences among treatments. Mean
values were compared using Tukey’s test and the level of statistical
significance was set to P ≤ 0.05, a very significantly difference was
set if P ≤ 0.01. Soil physicochemical properties were ordinated
by principal component analysis (PCA) using the R package
FactoMineR v1.0.7 (Le et al., 2008).

3. Results

3.1. Soil properties and soil quality index

The soil physicochemical properties that were measured were
not affected (p > 0.05) by the seeding ratio (Table 2) while
harvesting stage significantly affected soil pH, EC, TP, TK, AN, and
NO3-N (p < 0.05). The overall soil pH and TP were higher at the
early flowering harvest stage (S1) whereas EC, TK, AN, and NO3-N
were higher at the milk ripening harvest stage (S2). Seeding ratio by
harvesting stage interaction effects were detected in exchangeable
Na (Ana) and exchangeable Mg (Amg) with the highest and lowest
Ana in O8P2 at S2 and O7P3 at S1, respectively (p = 0.025) and
highest and lowest Amg in O5P5 at S2 and O8P2 at S1, respectively
(p = 0.036). This is also shown in the PCA plots for the difference
between harvest stages (Figure 2) and among seeding ratios within
the harvest stage (Figure 3).

At the milk ripening stage, SQI comparison (Figure 4)
between different mixed seeding ratios showed that the O5P5
group had higher soil quality parameters than others (although
not significant).

3.2. Profiles of mixed seeding forage

Table 3 shows that the yield and chemical composition of mixed
seeding forage was affected to varying degrees by different seeding
ratios, harvesting stage, and seeding ratio by harvesting stage
interaction. The highest wet weight yield was inO10P0 at S1 and the
lowest was in O5P5 at S1 for Oats whereas O0P10 had the highest
wet yield of Peas in S1 and S2. There was no significant difference
in the dry weight yield of peas at S1 and oats at S2 of mixed seeding
treatment groups. However, the highest dry weight yield for oats
was shown at S2 in the single seeding group (O10P0). For the CP
content at S2, the O7P3 group had the highest protein content in
both oats and peas. In each planting pattern, the EE contents of
both peas and oats were higher at S2 than at S1; the opposite was

detected for NDF and ADF. The WSC content of oats decreased
significantly (p < 0.05) with increasing ratio of pea seeding both at
S1 and S2. In addition, the O5P5 group at S1 showed the highest
ash content in all samples (p < 0.05).

The agronomic traits of mixed seeding forage are in Table 3.
Except for single seeding (O10P0 and O0P10), the maximum
number of tillers/branches of peas was in O5P5 at S1, while it was in
O8P2 at S2 for oats. As far as the AH and NH were concerned, the
O5P5 group also got the best results in mixed groups, and the S2
was better than S1. The seeding rate by stage of harvest interaction
effects showed that O5P5 at S1 had the highest Ash contents of oats
and peas and ADF content of peas, compared to all groups. O5P5
at S2 had the highest NDF and AH contents of peas. O7P3 at S1
had the highest NDF and ADF contents of oats and DM and NDF
contents of peas (p < 0.05).

3.3. Fermentation quality and chemical
composition of silages

After ensiling, all fermentation quality indicators (pH value,
contents of LA, AA, PA, LA/AA ratio, and NH3-N) and
fermentation quality and chemical composition (DM, CP, NDF,
ADF, WSC, and ash) were affected by varying degrees by different
treatments (Table 4). After storage for 7 days (d), both mixed
seeding ratio and harvest stage caused very significant differences
(p < 0.01) in all the contents of LA, PA, DM, CP, NDF, WSC,
ash, and LA/AA ratio, while very significant interaction effects
occurred in the pH value, contents of LA, NDF, WSC, and ash
(p < 0.01). However, for 30 d silage samples, only the AA and
ash contents were very significantly affected (p < 0.01) by mixed
seeding ratio and harvest stage among all fermentation quality
and chemical composition parameters. For the four organic acids,
PA was not detected in some treatment groups, but there were
significant differences (p < 0.05) in the contents of LA, AA, and
PA. Interestingly, O8P2 and O5P5 groups at S1 rather than O10P0
had the highest LA content in both storage times (p < 0.05). The
O8P2 and O5P5 groups at S1 groups also resulted in higher AA
content (especially greater than 3.6% DM at storing for 30 d).
Overall, the LA/AA ratio of S2 samples was less than 2.00. At 7
and 30 d of ensiling, the O10P0 group at S1 showed the lowest
NH3-N content (p < 0.05), while the treatment at S2 after 7d was
abnormally high.

The O10P0 group had the highest DM content in all treatments
at 7 and 30 d, and O5P5 showed the highest CP content (except
ensiling for 30 days in S1), which indicated the CP content of oat-
pea silage generally increased with the proportion of peas in mixed
seeding at the same harvest time. As far as cellulose was concerned,
the NDF and ADF contents in silages seem mainly contributed by
oats. Single seeding oats at S1 had higher NDF and ADF contents
than at S2, which was also observed in most groups with the same
mixed seeding ratio after storage for 7 or 30 d. There was lower
WSC content after ensiling for 30 d than for 7 d (except O8P2 and
O7P3 groups S1).

Seeding ratio by stage of harvest interaction effects were
detected in all the fermentation quality and chemical composition
indicators except in PA and DM after 7 days of ensiling, whereas
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TABLE 2 Soil physicochemical properties in oat and pea mixed seeding plantations (n = 5).

Soil
characteristics

Early flowering stage (S1) Milk ripe stage (S2) SEM P-value

O10P0 O8P2 O7P3 O5P5 O0P10 O10P0 O8P2 O7P3 O5P5 O0P10 R S R × S

Soil pH 8.33 8.27 8.26 8.22 8.35 8.15 8.08 8.12 8.07 8.16 0.044 1.101 <0.001 0.968

EC (µS/cm) 161.70 182.89 179.11 172.65 164.28 236.95 214.80 238.44 233.92 208.55 7.911 0.069 <0.001 0.224

OM (g/kg) 35.78 26.72 35.26 36.36 29.06 23.02 34.32 27.32 35.84 26.36 5.178 0.570 0.325 0.366

CEC (cmol(+)/kg) 13.49 10.65 12.24 12.56 10.82 10.40 14.55 11.45 14.24 11.03 1.589 0.614 0.705 0.264

TN (g/kg) 1.99 1.35 1.83 1.97 1.45 1.23 2.07 1.55 2.10 1.51 0.265 0.324 0.871 0.097

TP (g/kg) 0.71 0.80 0.77 0.85 0.71 0.64 0.68 0.72 0.70 0.74 0.045 0.249 0.016 0.325

TK (g/kg) 18.98 16.66 17.04 17.78 18.31 18.76 19.57 18.28 19.81 17.91 0.652 0.315 0.010 0.067

AN (mg/kg) 74.99 55.67 64.95 76.88 56.44 60.52 101.85 80.50 95.24 81.21 11.289 0.467 0.015 0.136

AP (mg/kg) 30.99 41.47 38.59 45.30 40.18 23.18 46.34 32.2 32.58 34.66 5.431 0.053 0.116 0.595

AK (mg/kg) 114.88 120.65 108.70 130.12 97.15 110.68 107.48 95.58 106.15 106.14 8.408 0.202 0.095 0.384

Ana (mg/kg) 36.95 30.85 29.73 33.59 37.55 34.85 41.59 33.71 40.60 34.46 2.360 0.196 0.033 0.025

Aca (mg/kg) 5670 4857 5514 5580 5325 5184 5798 5367 59.01 5329 219.972 0.330 0.368 0.029

Amg (mg/kg) 192.30 138.17 154.36 162.52 175.18 190.63 179.16 191.94 216.87 165.64 11.786 0.041 0.002 0.036

NH+

4 -N (mg/kg) 3.66 1.98 2.29 4.15 2.97 2.47 2.06 1.25 1.49 3.40 0.736 0.220 0.067 0.259

NO3-N (mg/kg) 2.03 1.39 1.06 1.61 0.54 2.49 2.62 2.89 2.15 2.56 0.457 0.443 0.000 0.427

O10P0, O8P2, O7P3, O5P5, and O0P10 mean the mixed seeding ratio of oat and pea was 10:0, 8:2, 7:3, 5:5, and 0:10; S, Harvest stage; R, Mixed seeding ratio; SEM, standard error of the mean; EC, electro conductibility; OM, organic matter; CEC, cation exchange

capacity; TN, total nitrogen; TP, total phosphorus; TK, total potassium; AN, alkali-hydro nitrogen; AP, rapidly-available phosphorus; AK, rapidly-available potassium; Ana, exchangeable Na; Aca, exchangeable Ca; Amg, exchangeable Mg.
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TABLE 3 The e�ect of seeding ratios and maturity stages at harvest on the chemical composition of oats and peas in mixed seeding plantations (n = 5).

Plant
characteristics

Early flowering stage (S1) Milk ripe stage (S2) SEM P-value

O10P0 O8P2 O7P3 O5P5 O0P10 O10P0 O8P2 O7P3 O5P5 O0P10 R S R × S

Oats

WY (t/ha) 45.93a 28.83b 28.01b 26.46b - 43.22 37.86 35.78 37.06 - 1.956 <0.001 <0.001 0.003

DY (t/ha) 11.88ab 6.66b 12.28a 7.88ab - 14.62 12.49 11.42 11.49 - 1.206 0.006 0.001 0.052

DM (%) 25.82b 24.44b 31.97a 31.37a - 34.1 34.08 31.8 31.05 - 0.970 0.325 <0.001 <0.001

CP (%DM) 4.58b 5.75ab 6.57a 7.04a - 4.93b 6.27ab 7.66a 7.61a - 0.349 <0.001 0.010 0.732

EE (%DM) 1.92 1.76 2 1.94 - 3.18 3.13 2.98 2.9 - 0.089 0.500 <0.001 0.056

NDF (%DM) 60.50b 65.36a 69.06a 65.84a - 56.76 55.41 54.69 58.15 - 0.959 0.002 <0.001 <0.001

ADF (%DM) 33.75c 37.89b 42.17a 41.64a - 32.44 32.09 30.62 32.87 - 0.607 <0.001 <0.001 <0.001

WSC (%DM) 21.95a 15.31b 9.10c 8.02c - 19.16a 12.16b 12.65b 13.73b - 0.800 <0.001 0.140 <0.001

Ash (%DM) 4.54c 5.26ab 5.84a 6.38a - 4.14b 5.42a 5.09a 5.49a - 0.137 <0.001 <0.001 0.001

NTB 4.10b 5.78a 3.34bc 5.24a - 3.76b 4.88a 4.28ab 4.72a - 0.222 <0.001 0.194 0.000

AH (cm) 133.85a 123.70b 125.01b 132.98a - 147.91a 137.20b 139.95ab 143.26ab - 1.805 <0.001 <0.001 0.589

Peas

WY (t/ha) - 17.61b 18.78b 26.27b 63.40a - 6.28b 11.69b 16.72b 88.00a 2.531 <0.001 0.638 <0.001

DY (t/ha) - 4.55 4.7 5.47 10.6 - 1.33b 3.55b 11.16ab 16.77a 2.618 0.000 0.311 0.175

DM (%) - 26.69a 27.43a 23.14a 16.70b - 19.34 20.33 24.03 19.15 1.269 <0.001 0.003 <0.001

CP (%DM) - 21.95a 18.54b 21.67ab 23.19a - 23.61a 24.29a 20.39b 20.30b 0.726 0.091 0.114 <0.001

EE (%DM) - 2.01b 2.27b 2.22b 3.19a - 1.85b 2.26a 2.21a 2.44a 0.076 <0.001 <0.001 <0.001

NDF (%DM) - 42.67b 48.77a 46.16a 44.12ab - 41.13b 41.31b 48.36a 45.15ab 1.217 0.000 0.096 0.001

ADF (%DM) - 26.60b 31.37a 34.74a 34.21a - 27.95 27.65 29.24 31.51 0.968 <0.001 0.000 0.005

WSC (%DM) - 15.21a 10.87b 7.59c 10.81b - 10.16 10.78 12.77 9.96 0.677 0.001 0.675 <0.001

Ash (%DM) - 5.03b 5.79a 6.01a 5.46ab - 4.76b 4.60b 4.84b 5.74a 0.162 0.000 <0.001 <0.001

NTB - 1.78b 1.40b 19.32a 19.7a - 1.23 1.17 1.2 1.24 0.162 <0.001 <0.001 <0.001

AH (cm) - 130.04b 137.40b 138.14b 148.76a - 133.82b 148.41a 157.86a 150.20a 2.305 <0.001 <0.001 0.000

NH (cm) - 119.28a 122.81a 125.24a 82.44b - 122.41b 131.84a 123.00ab 96.32c 2.065 <0.001 <0.001 0.001

a−cMeans in the same row with different superscripts differ significantly (P < 0.05); O10P0, O8P2, O7P3, O5P5, and O0P10 mean the mixed seeding ratio of oat and pea was 10:0, 8:2, 7:3, 5:5, and 0:10; S, Harvest stage; R, Mixed seeding ratio; SEM, standard error of

the mean; WY, wet yield weight; DY, dry yield weight; WAT, water content; CP, crude protein; EE, ether extract; NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, Acid detergent lignin; WSC, water-soluble carbohydrates; NTB, number of tillers/branches;

AH, stalk length of oat/ stem length of pea; NH, natural height.
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TABLE 4 The e�ect of ensiling time on fermentation quality and chemical composition of silage made from oats and peas planted in mixed seeding plantations (n = 3).

Items Early flowering stage (S1) Milk ripe stage (S2) SEM P-value

O10P0 O8P2 O7P3 O5P5 O10P0 O8P2 O7P3 O5P5 R S R × S

7d

pH 4.12b 4.39ab 4.69a 4.16b 4.53 4.50 4.45 4.35 0.063 0.001 0.025 0.002

LA (%DM) 5.27b 6.64a 4.47b 7.74a 2.96 3.21 3.50 3.33 0.340 0.001 <0.001 0.001

AA (%DM) 3.13a 2.84ab 2.04b 3.44a 2.23 2.40 2.09 2.22 0.211 0.014 0.001 0.049

LA/AA 1.71b 2.35a 2.15ab 2.25a 1.33 1.34 1.70 1.50 0.100 0.008 <0.001 0.029

PA (%DM) 0.07b 0.27b 0.41a 0.60a - - 0.18 0.27 0.047 0.001 0.001 0.329

NH3-N (%TN) 2.84 6.64 5.21 6.79 10.65 4.87 5.84 4.84 1.427 0.866 0.275 0.021

DM (%) 34.27a 31.84b 31.74b 27.17c 35.62a 32.59b 33.54b 28.49c 0.381 <0.001 0.000 0.604

CP (%DM) 7.50c 10.93b 12.46a 14.06a 5.47c 9.45b 9.03b 13.14a 0.330 <0.001 <0.001 0.011

NDF (%DM) 69.12a 66.97a 69.46a 61.58b 59.30 60.22 58.02 58.78 0.767 0.000 <0.001 0.000

ADF (%DM) 41.94a 39.43a 42.43a 37.77b 35.20 34.27 34.96 35.62 0.669 0.014 <0.001 0.006

WSC (%DM) 7.06 5.25 5.16 6.17 17.30a 9.02b 14.07a 9.57b 0.963 0.001 <0.001 0.006

Ash (%DM) 8.86a 6.30c 7.88ab 7.29b 5.49 5.75 5.35 6.23 0.211 0.001 <0.001 <0.001

30d

pH 4.10 4.16 4.76 4.20 4.82 4.51 5.09 4.38 0.278 0.126 0.061 0.788

LA (%DM) 6.02 7.31 4.88 7.90 3.11 4.62 2.86 5.59 0.863 0.017 0.001 0.955

AA (%DM) 3.06 3.66 3.36 3.63 1.88b 2.98ab 1.58b 3.78a 0.294 0.001 0.001 0.030

LA/AA 1.97 2.07 1.48 2.17 1.68 1.56 1.63 1.49 0.271 0.691 0.099 0.465

PA (%DM) - 0.60 0.55 0.67 - - - 0.67 0.090 0.667 0.966 -

NH3-N (%TN) 3.49b 8.97b 8.82b 19.60a 4.35 9.38 5.45 10.27 2.875 0.011 0.179 0.295

DM (%) 32.70a 31.03b 29.89b 28.21b 34.07a 29.49b 29.71b 27.44b 0.792 <0.001 0.627 0.336

CP (%DM) 6.50 10.34 11.62 10.69 6.01b 9.76b 9.89b 13.97a 1.143 0.001 0.884 0.183

NDF (%DM) 67.81a 62.30b 65.20ab 55.67c 64.38a 62.11a 65.24a 54.70b 0.982 <0.001 0.120 0.305

ADF (%DM) 40.16a 38.85a 43.27a 35.83b 37.51 37.97 39.52 36.25 1.160 0.003 0.053 0.317

WSC (%DM) 5.32b 6.81ab 8.90a 5.44b 6.63 6.29 5.55 7.45 0.451 0.088 0.673 <0.001

Ash (%DM) 8.41a 6.70b 7.99a 8.99a 6.32 5.90 6.23 6.85 0.231 <0.001 <0.001 0.037

a−cMeans in the same row with different superscripts differ significantly (P < 0.05); O10P0, O8P2, O7P3, and O5P5 mean the mixed seeding ratio of oat and pea was 10:0, 8:2, 7:3, and 5:5; S, Harvest stage; R, Mixed seeding ratio; SEM, standard error of the mean;

LA, lactic acid; AA, acetic acid; PA, propionic acid; NH3-N, ammonia nitrogen; TN, total nitrogen; DM, dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; WSC, water-soluble carbohydrates. -, most of the initial data was lost so the

samples were not analyzed.
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FIGURE 2

Principal component analysis (PCA) based on soil physicochemical properties as variables. The samples of the same harvest stage were outlined and

grouped in di�erent colors.

FIGURE 3

Principal component analysis (PCA) based on soil physicochemical properties as variables. The samples of the same mixed seeding ratio from the

early flowering stage (A) and milk ripening stage (B) were outlined and grouped in di�erent colors. Only Peas: O0P10; Only Oats: O10P0.

after 30 days of ensiling, interaction effects were detected only
in AA, WSC, and Ash contents (p < 0.05). After 7 days of
ensiling, O5P5 at S1 had the highest LA, AA, LA/AA, and
CP contents compared to all groups. O10P0 at S1 had the
highest contents of NDF, ADF, and Ash while O10P0 at S2
had the highest contents of NH3-N and WSC. After 30 d of
ensiling, O5P5 at S2 had the highest contents of AA whereas
O5P5 at S1 and O7P3 at S1 had the highest Ash and WSC
contents, respectively.

4. Discussion

The present study explored the silage production from mixed
planting of two forage species, Leguminous and Gramineous,
suitable for cultivation on the Qinghai-Tibetan Plateau. The results
demonstrated that, using oats and peas, nutritional quality of silage
and utilization potential can be improved by varying the mixed
seeding ratio and the harvest time, and that they are suitable for
producing high-quality silages for livestock.
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FIGURE 4

The radar graphs show the relative responses of soil properties to mixed seeding ratios at the early flowering stage and milk ripening stage. Only

Peas: O0P10; Only Oats: O10P0.

Mixed sowing of Leguminous and Gramineous plants is
considered an effective approach to improving total biomass
and soil fertility (Berdahl et al., 2001; Tekeli and Ates, 2005;
Salama et al., 2020). Our results indicated that although mixed
seeding could alter the availability of some nutrients, it could not
comprehensively change the soil quality. By scaling at the mixed
seeding ratio, the O8P2 group obtained the highest total wet weight
yield among themixed seeding groups. Previous studies have found
that the mixed sowing of peas and oats is a successful model (Lauk
and Lauk, 2008). Similar to the results of our study, the maximum
yield per unit area comes from pure crop (single seeding) plots
but mixing with peas decreased the amount of additional nitrogen
required. Specifically, they found that the addition of peas to oats
resulted in a significant increase in protein content in cereals.
Moreover, mixed seeding promoted tillering of oats, which may be
due to reduced competition from grass weeds (Arlauskiene et al.,
2021). Due to peas’ chemical composition, themixture was superior
to single grain oat in protein yield (Soufan and Al-Suhaibani, 2021).
Furthermore, the co-sowing of peas and oats has also been shown to
have application potential in organic agriculture due to a relatively
good harvest and high protein yield in the soil without fertilizer
(Candelaria-Morales et al., 2022). This might provide a possible
feed source for the organic production of dairy and meat products.

Several factors may be attributable to the characteristics of
co-sowing pea-oat silages in our study. Nitrogen ammoniation
during silage due to high moisture content was of concern. Zhang
et al. (2020) showed that the NH3-N/TN (NH3-N concentration
expressed in TN%) of silage had a strong negative correlation
with the DM intake of livestock. Thus, the content of ammonia
nitrogen directly determined the feeding value of the silage. In the
O5P5 group, regardless of harvesting and ensiling at S1 or S2, the
DM content was always lower than in other treatments. At the
same time, NH3-N concentration was at a worrisome high level

in these silages unexpectedly, even though the samples had low
pH values and high LA content, that may explain the higher AA
content of O8P2 and O5P5 groups at S1 groups. Silage with low
moisture content delays the growth of anaerobic microorganisms
(Mariotti et al., 2020), thus reducing the speed and ability of
sugar to convert into organic acids (Zhang et al., 2014). When the
moisture content of the silage was high, Clostridium spp. would
multiply, and butyric acid, ammonia nitrogen, and other harmful
substances would produce in large quantities, thus affecting the
quality of silage fermentation (Zheng et al., 2018; Du et al., 2022).
Therefore, successful ensiling fermentation by lactic acid bacteria
can only be obtained if the water content is appropriate. Weinberg
and Ashbell (2003) demonstrated that when the DM content of
silage raw materials is high (the moisture content is low), the
inhibitory effect on the activity of lactic acid bacteria and other
microorganisms increases so that the silage cannot quickly reach
a stable state.

Previous studies have attributed successful ensiling to the
contribution of LAB (Muck, 2010). More studies have proved
that LAB is the dominant fermentation in high-quality silage
(Dunière et al., 2013). Compared with spontaneous fermentation,
the exogenous addition of LAB has become a necessary part of
silage production (Kung et al., 2018). In this study, all treatments
were applied with the same LAB specie in equal loadings to
accommodate subsequent animal production needs. Therefore,
the difference in fermentation quality may be mainly due to the
available substrates of LAB. Low pH and high LA content were key
indexes indicating good silage quality. Results of our study showed
that the ratio of foragematerials seeding withO8P2 at S1 had higher
WSC content than other mixing ratios, resulting in a lower pH
value of silage samples in this treatment group. In addition, the
lower WSC residuals and higher LA content after storage for 7
and 30 d also suggested that superior LAB had a better utilization
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effect on WSC during ensiling in this group (Zhang et al., 2017). In
addition, the increasing ash content might be due to the chemical
composition of raw material peas.

5. Conclusions

Our study found that the forages of the oat-pea mixed seeding
altered the availability of soil nutrients and obtained the best
fermentation quality at the O8P2 and O5P5 ratios on the Qinghai-
Tibetan Plateau. The O5P5 ratio is further recommended as a
desirable oat-pea mixed seeding silage production strategy giving
the highest crude protein content.
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