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Abstract

:

The current study investigated the influence of mixture composition on the biomass yield and early establishment of legume–grass mixtures. The legume species alfalfa (Medicago sativa L. (A)), white clover (Trifolium repens L. (WC)), and red clover (Trifolium pratense L. (RC)) and grass species orchardgrass (Dactylis glomerata L. (O)), tall fescue (Festuca arundinacea Schreb. (TF)), and perennial ryegrass (Lolium perenne L. (PR)) were grown in monocultures and in different legume–grass mixtures. Legume–grass mixtures (M1: WC + O + TF; M2: A + O + TF; M3: A + WC + O + TF; M4: RC + WC + O + TF; M5: A + WC + O + TF + PR; M6: RC + WC + O + TF + PR; and M7: A + RC + WC + O + TF + PR) were sown in a legume–grass seeding ratio of 3:7. The results showed that M2 had the greatest two-year average biomass yield (12.92 t ha−1), which was significantly (p < 0.05), 4.7%, 5.4%, 15.8%, and 29.1% greater than that of WC monoculture, M7, M4, and M1, respectively. The grass biomass yield proportions of all mixtures significantly decreased, while legume biomass yield proportions significantly increased in the second year compared to the first year of establishment. The land-equivalent ratio values of M2 and M4 were greater than 1 in each cutting period. The competition rate of grasses gradually decreased with prolonged establishment time. Overall, the biomass yield, legume and grass biomass yield proportions, land equivalent ratio, and competition rate data highlighted that M2 is the best choice to achieve greater productivity and early establishment in southwest China.
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1. Introduction


There has been increasing interest in growing legume–grass mixtures rather than their respective monocultures because they often provide greater biomass yields and balanced feedstock’s for ruminants [1,2]. Including legume in a mixture improves the use of natural resources, such as available water and solar radiation, while reducing the fertilizer requirements through biological nitrogen fixation [3]. The grass specie in the mixture contributes to the total biomass production and reduces invasion by weeds, legume lodging, and the possibility of bloat [4]. However, legume–grass mixtures often face numerous challenges due to lack of agronomic knowledge, improper species selection, poor grass growth in summer, and fierce competition among species for resources which significantly hinder the productivity and establishment of such mixtures.



Appropriate species choice for legume–grass mixture is the key to agricultural management to acquire greater productivity and early establishment [5]. The early establishment of legume–grass mixtures is usually calculated by the dynamics of biomass yields in different years, land-equivalent ratio (LER), and competition rate (CR) [6]. A study reported that successful forage productions of legume–grass mixtures depend on fast establishment and regrowth capability after mowing the legumes and the ability of grasses to compete with legumes for light capture and growth rate without N fertilization [7]. Therefore, in order to cope with the empty and unproductive gaps, mixtures should composed of well-adopted species grown in the specific soil and environmental conditions [8]. The most common legume and grass species in the subtropics regions that are generally included in legume–grass mixtures are alfalfa (Medicago sativa L.), white clover (Trifolium repens L.), red clover (Trifolium pratense L.), orchardgrass (Dactylis glomerata L.), tall fescue (Festuca arundinacea Schreb.), and perennial ryegrass (Lolium perenne L.). Alfalfa is a perennial, protein-rich fodder legume that is differentiated by a higher dry matter production, increased drought tolerance, and the capacity to improve soil health through biological nitrogen fixation [5]. Clovers are abundant in calcium, phosphate, and protein and have a limited lifespan [9]. They are valuable plants that improve and preserve soil, and they quickly regrow from their seed. Orchardgrass, tall fescue, and perennial ryegrass are distinguished by greater winter hardiness, fast growth, and greater biomass production [1]. Numerous studies have reported the benefits for biomass yield production when legume–grass mixture are composed of above-mentioned species [1,10,11]. However, the early establishment of legume–grass mixtures consisting of above-mentioned legume and grass species from well-defined diversity gradient is still unknown.



The productivity and regeneration of legume–grass mixtures are not only affected by the type of mixed pasture but also by the proportions of mixed sowing and external environments. The knowledge related to the formulation of the specie seeding rate for legume–grass mixtures and its impact on the mixture’s productivity and early establishment is useful information for the farmers. A study reported that the effects of varying species proportions on the productivity of mixtures depend on the dominant species [12], while another study established that, when proportions of the species in the mixture became more equal, then the production of the legume–grass mixture increased [13]. However, most of the studies concerning the impacts of legume and grass seeding ratios on the production of mixtures suggested that the presence of a 30–40% seeding rate of the legume could achieve greater biomass yields [6,14]. Therefore, it is important to pay more attention while formulating the seed mixes for legume–grass mixtures to achieve the better productivity and early establishment.



The Sichuan province of China is considered as one of the largest producers of animal husbandry. However, the lack of forage in this region is the primary constraint on the animal husbandry development. This scarcity is usually caused by the environmental stresses, and most important perennial grasses cannot survive in the summer season in the low-altitude region of Sichuan. Moreover, the species selection for legume–grass mixtures is problematic due to the lack of suitable varieties for this region. Therefore, it is imperative to adapt a mixed planting technique to alleviate the forage deficit in this region. Moreover, an experiment-based study through a legume–grass mixed planting technique is crucial in this region in order to utilize the grassland resources and abandoned farmlands efficiently, which can significantly contribute to sustainable agriculture production and improve the livelihoods of farmers.



Consequently, the current study aimed to explore the effect of different legume–grass combinations on the early establishment and biomass yield of mixtures in Southwest China.




2. Materials and Methods


2.1. Study Site and Plant Materials


A two-year field study was conducted from September 2017 to June 2019 at the Modern Agriculture Research and Development Base of Sichuan Agricultural University, Chongzhou, China (103°07′ E, 30°30′ N). The selected forage species for the legume–grass mixtures were as follows: alfalfa (A), white clover (WC), red clover (RC), orchardgrass (O), tall fescue (TF), and perennial ryegrass (PR). The variety names and biological characteristics of selected species are given in Table 1.




2.2. Soil Properties and Weather Description


The study area has uniformly fertile paddy soil with the following soil characteristics: 6.30 pH, 37.6 g kg−1 of organic matter, 135.7 mg kg−1 of alkali-hydrolyzed nitrogen, 1.81 g kg−1 of total nitrogen, 10.2 mg kg−1 of available phosphorous, and 101.1 mg kg−1 of available potassium. The research site features a subtropical monsoon humid climate with an average annual temperature of 15.9°C, 1012.4 mm of total annual rainfall, and 1161.5 h of sunshine. The monthly average temperature (°C) and the sum of rainfall (mm) of the study site from year 2017 to 2019 are given in Table 2.




2.3. Experimental Design and Field Management


The experiment was conducted in a randomized complete block design with three replicates. The seven legume–grass mixtures (M1: WC + O + TF; M2: A + O + TF; M3: A + WC + O + TF; M4: RC + WC + O + TF; M5: A + WC + O + TF + PR; M6: RC + WC + O + TF + PR; M7: A + RC + WC + O + TF + PR) and six monocultures were sown in a net plot size of 5 m × 3 m on 15 September 2017. The legume and grass seeding ratio for mixtures was adjusted to 3:7. The seeding ratio for each legume or grass species was adjusted to 1:1 if the mixture contained two or more than two species. For instance, the seeding rate of each grass specie was evenly distributed in M1 (contains two grasses). For monocultures of A, WC, RC, O, TF, and PR, the corresponding seeding rates were 22.50, 7.50, 15, 15, 37.50, and 18 kg ha−1, respectively. Seeding rates for legume–grass mixtures were calculated using the following formula:


Seeding rate of specie in mixture = Monoculture seeding rate × Mixed seeding ratio











The seeding rates of legume and grass species used for growing mixtures are presented in Table 3. The basal dose of nitrogen (N), phosphorus (P2O5), and potassium (K2O) fertilizers was applied at the rate of 47, 24, and 40 kg ha−1, respectively, and the same amount was also applied after each mowing. The first, second, and third cuts of biomass production were performed on 24 March, 6 May, and 23 July in 2018 and 21 March, 1 May, and 15 July in 2019, respectively.




2.4. Soil Sampling and Measurement


Before sowing, soil samples from 20 cm depth were taken at random sites of the study area. For the purpose of determining soil parameters, soil samples were air-dried at room temperature to a consistent weight and passed through a 2 mm sieve. A pH meter was used to determine the pH of a 1/5 (w/v) aqueous extract. Following nitric-perchloric acid digestion, the levels of phosphorus and potassium were assessed using ICP spectrometry. The dilution heat method was used to measure soil organic matter, while the alkaline hydrolysis diffusion method was used to measure alkali-hydrolyzed nitrogen [15]. The Kjeldahl technique was used to calculate the total nitrogen [16].




2.5. Biomass Yield Determination


All plots were mechanically cut to a stubble height of 5 cm with a sickle bar mower, when A reached the flowering stage or when the main grass reached 1 m tall. The side rows of each plot were removed before harvesting. The harvesting period was slightly different each year due to the growing environment and plant growth. After harvesting, weeds were removed firstly, and then the legume and grass components were separated. The whole-plot fresh weight was recorded and then a sub-sample of approximately 300 g was dried at 75 °C until reaching a constant weight to estimate the dry matter (DM) concentration, which was used to calculate the DM yield. The legume and grass biomass yield proportions were calculated by manual sorting of legume and grass biomass yields and expressed in percentage.




2.6. Competitive Indexes Determination


The land-equivalent ratio (LER) among two functional groups (i.e., legume and grass) of legume–grass mixtures was calculated by the following formula: [17]


LER = Yij/Yii + Yji/Yjj











Here, Yij is the biomass yield of the functional groups, when functional groups i and j are mixed; Yii is the biomass yield when functional group i is sown in a monoculture; Yji is the biomass yield of functional group j when specie j is combined with functional group i; and Yjj is the biomass yield when functional group j is sown in a monoculture.



An LER close to 1 indicates that the interspecific and intraspecific interference in the mixed planting community are equal under the mixed planting mode. An LER greater than 1 indicates that the interspecific interference is less than intraspecific interference, and there is a possibility of niche differentiation among various groups in the mixed community. The greater the value, the greater the possibility of differentiation, the better the compatibility, and the higher the efficiency of resources utilization by species of the mixed community. An LER less than 1 indicates that the interspecific interference in the mixed community is greater than intraspecific interference, and various groups have the possibility of overlapping in the same niche. The smaller the value, the greater the possibility of niche vacancy leading to insufficient utilization of resources.



The competition rate (CR) among the two functional groups (i.e., legume and grass) of legume–grass mixtures was calculated according to following formula: [18]


CRi = (Yij/(Yii × Zij))/(Yji / (Yjj × Zji))











Here, CRi is the competition rate of functional groups i; Zji is the ratio of seed j in mixed sowing; and the rest are the same as mentioned above.




2.7. Statistical Analysis


Data were analyzed using the SPSS software (version 19.0). To examine the effects of legume–grass combination and year on the biomass yield, we used two-way ANOVA with treatments and year, and their interaction was considered as a fixed effect and replication was considered as a random effect. However, the land-equivalent ratio and competition data were analyzed by the one-way ANOVA. The means were compared for significance by Duncan’s multiple range method, and significance was declared at p < 0.05. The tables and graphics were shaped by Excel 2007 and Prism GraphPad.





3. Results


3.1. Biomass Yield of Whole Cropping Systems


The first, second, and third cutting biomass yields of legume–grass mixtures and monocultures for two consecutive years are shown in Table 4. The total biomass yield in 2018 and 2019 differed significantly among the treatments and years (p < 0.001), and their interaction was also significant (p < 0.001). The M2 showed the greatest two-year average biomass yield (12.92 t ha−1), which was 4.7%, 5.4%, 15.8%, and 29.1% higher than that of WC monoculture, M7, M4, and M1, respectively. Moreover, the two-year average biomass yield of WC monoculture was not only significantly (p < 0.01) greater than other monocultures but also higher than 5 out of 7 mixtures (except for M2 and M7). However, the legume–grass mixtures that included WC were less productive. Moreover, M2 showed the least reduction of biomass yield (0.7 t ha−1) in the second year (12.6 t ha−1) compared to the first year (13.3 t ha−1), followed by M7 (2.0 t ha−1), M4 (2.1 t ha−1), and M6 (2.2 t ha−1). However, M3 and M1 showed the greatest reduction of biomass yields of 2.9 and 3.5 t ha−1 in the second year compared to their respective first-year biomass yields. These results suggest that M2 produced a more stable biomass yield and established faster than that of other legume–grass mixtures.




3.2. Dynamics of Legume and Grass Biomass Yield Proportions of Mixtures during Early Establishment


The biomass yield proportions of the same type of components (legume and grass) of mixtures during early establishment are represented in Figure 1. The legume biomass yield proportions of all mixtures significantly increased, while grass biomass yield proportions of all mixtures significantly deceased in the second year compared to the first year. The M6 had the lowest legume proportion of 12.49% in the first year, while M3 had the highest legume proportion of 88.15% in the second year. However, M2 showed quite better stability in term of legume biomass yield proportion compared to other mixtures, accounting 78.88% in the first year and 86.20% in the second year, followed by M3 (Figure 1a). Contrarily, M6 had the greater grass biomass yield proportion of 87.51% in the first year, while M3 had the lowest grass biomass yield proportion of 11.85% in the second year. However, the lowest reduction of grass biomass yield in second year was found in M2 compared to its first year followed by M1 and M3. These findings suggest that M2 had the better biomass yield stability during early establishment compared to other mixtures, which might reflect the inclusion of alfalfa that can be combined with other grasses to compensate their biomass yield reduction in the following years.




3.3. Competitive Indices


Based on the biomass yield, the LER values of most of the cuttings of legume–grass mixtures were higher than 1.0 over the two years, indicating the greater land-use efficiency of the mixed planting system compared to the monocultures (Table 5). For example, all the cutting LER values of M2 and M4 were greater than 1 in both years, which showed that the species of these mixtures were using land resources efficiently. However, some other mixtures showed LER values greater than 1 in the first, second, and third cutting but not in all cuttings. For example, the third cutting of M3 showed the maximum LER value of 2.16 in 2019, but had LER value of 0.97 in the first cutting in 2018. These findings highlight that M2 has good interspecific compatibility during mixed planting coupled with a land use advantage.



The LER can only explain the degree of comprehensive utilization of environmental resources but cannot demonstrate the species-specific competitiveness. Therefore, in order to better describe the species competition in the current study, the CR of grasses and legumes was calculated (Table 6). The first, second, and third cutting CR of grasses in all mixtures except M2 and M3 was significantly greater than that of legumes in the first year. However, it considerably decreased in the second year compared to legumes. All cuttings CR of legumes of M2 and M3 were substantially greater than those of grasses in the two consecutive years. These findings suggest that legume competitiveness increased, while grass competitiveness decreased with prolonged establishment time.





4. Discussion


4.1. Biomass Yield and Early Establishment of Different Cropping Systems


Multispecies swards could achieve greater biomass yields compared to the corresponding monocultures [6,19]. This greater productivity is usually related with the resource utilization and interspecific competition among species [20,21]. The biomass yield is highly influenced by the component species of the mixture due to differences in their competitive ability for the resources [22]. Similarly, the current study indicates that M2 produced the greatest biomass yield compared to other legume–grass mixtures and monocultures. This could probably be attributed to the deliberate selection of species for composing a mixture with high yield potential and distinct differences in their traits to acquire resources. It highlights that the species contributed in M2 were partly complementary with resource utilization by decreasing the fierce competition among species, and, as a bonus, alfalfa’s biological nitrogen fixation in its root nodules may be transferred to grasses to support their growth. Moreover, in the current study, the biomass yield of white clover monoculture was not only greater than that of other monocultures but was also higher than 5 out of 7 legume–grass mixtures, supporting that species choice in mixture is more important than diversity [12]. However, it was fascinating to know that the mixtures which included white clover were substantially less productive. This might be related to the vigorous growth and tallness of grasses during the early stage, meaning that white clover cannot get light resources properly, which turned into its lower production when grown with grasses [23].



The productivity of greater diversified mixtures except M7 was less governed by the deliberate selection of species for mixtures in the current study. This result is inconsistent with other reports, where more diverse species mixtures were shown to exceed the average biomass yield of their component monocultures by 70% to 200% [24,25]. This can be exemplified by the lower biomass yield advantage from the best-adapted species because of their lower seeding density in high diversified mixtures [26]. However, M7 had the significantly greater biomass yield compared to other legume–grass mixtures except M2. This lower biomass production of M7 compared to M2 might be related to the presence of perennial ryegrass in M7, which experienced no mowing of perennial ryegrass in the second year, leading to limited overall biomass production.



The establishment of legume–grass mixtures is a fundamental component for their success besides greater productivity. Studies have reported that mixture productivity is often stabilized by greater plant diversity [25,26], but its impact on the establishment of mixtures is not universal [27]. In the current study, all legume–grass mixtures except M2 showed less biomass yield in 2019 compared to 2018, highlighting the lower influence of greater species diversity on the stability of biomass yields. The legume biomass yield proportions of all mixtures significantly increased, while grass biomass yield proportions of all mixtures significantly deceased in the second year compared to its first year. It is conceivable that the biomass yield declines were simply due to the grass components of mixtures hardly surviving the summer season, which in turn would be a function of the success of legumes. Moreover, the M2 mixture showed greater early establishment, and there was no significant differences in the two years’ biomass yields. This might be attributed to the presence of alfalfa in that mixture which can absorb water from deeper soil than grasses because of its complementary root systems and provide N to the grasses when resources are more likely to become limiting for growth [28]. In addition, it is well known that perennial legumes grow better in the second year, which compensated the M2 biomass yield reduction of grasses in the second year.




4.2. Grasses of Legume–Grass Mixtures Had Lower Competitive Ability Than Legumes in the Following Year


Interspecific interactions play key roles in determining the biomass yield and early establishment of legume–grass intercropping systems. Grasses may take advantage of readily available nutrients, such as nitrogen from legumes, and transform them into high biomass yields and land-use efficiency [28]. Multispecies sward productivity studies have established that the competitive abilities of component species are positively correlated with the yield production of this system [29,30]. Therefore, investigations of the interspecific competitiveness of each crop have played a crucial role in accurately estimating the advantages of intercropping systems [31]. In the current study, the LER values of all cuttings of M2 and M4 were greater than 1 in two consecutive years, highlighting that the species included in these mixtures have good interspecific compatibility during intercropping and occupy a different ecological niche in terms of resources and environmental utilization. Similarly, a previous study revealed that the mixture containing alfalfa in the intercropping system had a higher LER value [32]. This finding could be explained by the legume’s ability to fix atmospheric nitrogen, which can also significantly contribute to synergistic interactions via the transfer of fixed nitrogen between species to improve mixture establishment [33]. Overall, the LER values of all legume–grass mixtures represented an increasing trend from 2018 to 2019, suggesting that the mixtures were utilizing land resources efficiently with a prolonged establishment time.



The CR is considered as a more accurate indicator of the competitive ability of the mixture’s component species [6]. The current study found that the all cuttings grasses CR of all legume–grass mixtures except M2 and M3 was significantly greater than the legumes CR in 2018. However, grasses CR decreased significantly while legumes CR increased substantially with prolonged establishment time, highlighting that grasses were less competitive to legumes in the later period of establishment in accordance with previous work [28]. Moreover, all the grasses were cold-season types and produced more biomass yields in winter and spring, while legumes biomass yields were concentrated in the summer season. The decrease in grasses’ competition compared to legumes was simply due to the summer season, which affected the growth of grasses seriously, and fertilization application after each cut could not help the grasses to compete with legumes in later period of establishment. That was another reason for the lower competitiveness of legumes in the early periods of the establishment. Nevertheless, M2 and M3 had alfalfa as a component specie, which has more profound, more developed, and larger roots, with a smaller proportion of root mass in fine roots and nodules, providing a greater competitive ability and a superior ecological niche to alfalfa in the intercropping system [6]. These characteristics may reduce belowground competition with forage grasses, particularly in areas immediately around grass roots, and contribute to higher biomass yields.





5. Conclusions


Overall, the data supported the advantages of mixing alfalfa with orchardgrass and tall fescue (M2), under a legume and grass seeding ratio of 3:7, in terms of biomass yield and early establishment in the first two years. The M2 showed the least biomass reduction of 0.7 t ha−1, while M3 and M1 represented the greater biomass yield reductions of 2.9 and 3.5 t ha−1 in the second year compared to their corresponding first year biomass yields. The productivity of white clover in monoculture was not only greater than that of other monocultures but also greater than 5 out of 7 mixtures. It was fascinating to know that mixtures that included white clover were substantially less productive. The LER of all legume–grass mixtures increased with prolonged establishment time. The grasses were more competitive to legumes in the first year but were less competitive to legumes in the second year. It is concluded that a mixture of alfalfa, tall fescue and orchardgrass has the potential to exert better utilization of environmental resources and to improve the livelihoods of farmers of Southwest China.
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Figure 1. The biomass yield proportions of the same type of components in legume–grass mixtures within different years: (a) for legume and (b) for grass. M1: WC + O + TF; M2: A + O + TF; M3: A + WC + O + TF; M4: RC + WC + O + TF; M5: A + WC + O + TF + PR; M6: RC + WC + O + TF + PR; and M7: A + RC + WC + O + TF + PR. A, alfalfa; WC, white clover; RC, red clover; O, orchardgrass; TF, tall fescue; and PR, perennial ryegrass. Error bar shows the standard error mean of the replicates. Significance was tested by Student’s t-test. ‘*’, ‘**’ shows the significant differences at p < 0.05 and p < 0.01. 
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Table 1. Variety names and biological characteristics of selected legume and grass species.
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	Specie Name
	Variety Name
	Biological Characteristics





	Legumes
	Alfalfa
	Xibuzhixing
	Fall dormancy class 7



	
	White clover
	Ladino
	Large-leaf type, prefers warm, humid climates



	
	Red clover
	Duoli
	Suitable for warm and humid climates



	Grasses
	Orchardgrass
	Amba
	Early maturing, hardy, and heat-labile



	
	Tall fescue
	Meishijia
	Suitable for cold, warm, and humid climates with slight heat resistance



	
	Perennial ryegrass
	Kaidi
	Prefers cool and humid climates, not heat-resistant
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Table 2. Monthly average temperature and sum of rainfall of the experimental site from 2017 to 2019.
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Month

	
Average Temperature (°C)

	
Rainfall (mm)




	
2017

	
2018

	
2019

	
2017

	
2018

	
2019






	
January

	
8

	
6

	
7

	
16

	
3

	
5




	
February

	
10

	
8

	
7

	
3

	
1

	
14




	
March

	
14

	
15

	
13

	
11

	
26

	
28




	
April

	
15

	
18

	
19

	
24

	
69

	
45




	
May

	
21

	
23

	
20

	
62

	
122

	
146




	
June

	
22

	
25

	
24

	
152

	
235

	
7




	
July

	
26

	
27

	
24

	
289

	
358

	
294




	
August

	
27

	
27

	
25

	
66

	
85

	
32




	
September

	
23

	
22

	
20

	
145

	
110

	
205




	
October

	
18

	
17

	
18

	
46

	
37

	
9




	
November

	
12

	
12

	
11

	
9

	
11

	
13




	
December

	
8

	
6

	
8

	
5

	
4

	
3








Note: The Chongzhou Meteorological Bureau was consulted for the climate information.
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Table 3. Seeding rates of components species in the legume–grass mixtures.
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Legume–grass Mixtures

	
Species

	
Seeding Rate (kg ha−1)/Mixed Ratio (%)




	
L:G 3:7






	
M1

	
O

	
5.25/35




	
TF

	
13.13/35




	
WC

	
2.25/30




	
M2

	
O

	
5.25/35




	
TF

	
13.13/35




	
A

	
6.75/30




	
M3

	
O

	
5.25/35




	
TF

	
13.13/35




	
A

	
3.36/15




	
WC

	
1.13/15




	
M4

	
O

	
5.25/35




	
TF

	
13.13/35




	
WC

	
1.13/15




	
RC

	
2.25/15




	
M5

	
O

	
3.45/23.30




	
PR

	
4.14/23.30




	
TF

	
8.63/23.30




	
A

	
3.36/15




	
WC

	
1.13/15




	
M6

	
O

	
3.45/23.30




	
PR

	
4.14/23.30




	
TF

	
8.63/23.30




	
WC

	
1.13/15




	
RC

	
2.25/15




	
M7

	
O

	
3.45/23.30




	
PR

	
4.14/23.30




	
TF

	
8.63/23.30




	
A

	
2.25/10




	
WC

	
0.75/10




	
RC

	
1.50/10
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Table 4. The biomass yield (t ha−1) of monocultures and their legume–grass mixtures in the establishment years of 2018 and 2019.
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Year

	
Cuttings

	
Monocultures

	

	
Legume–Grass Mixtures




	
WC

	
A

	
RC

	
O

	
PR

	
TF

	

	
M1

	
M2

	
M3

	
M4

	
M5

	
M6

	
M7






	
2018

	
First cut

	
4.6 cd

	
4.5 cde

	
4.0 e

	
4.2 de

	
5.6 a

	
3.1 f

	

	
4.9 bc

	
4.8 bcd

	
3.1 f

	
4.2 de

	
4.9 bcd

	
3.9 e

	
5.2 abc




	

	
Second cut

	
3.8 de

	
3.1 f

	
3.0 f

	
3.1 f

	
4.4 bc

	
2.9 f

	

	
3.0 f

	
4.0 cde

	
3.5 df

	
4.2 bcd

	
4.0 cde

	
4.6 ab

	
5.0 a




	

	
Third cut

	
4.2 b

	
1.7 e

	
3.1 d

	
2.7 d

	
1.4 e

	
2.8 d

	

	
3.0 d

	
4.4 a

	
3.8 bc

	
3.6 c

	
3.1 d

	
2.6 d

	
3.0 d




	

	
Total

	
12.6 a

	
9.4 gh

	
10.1 f

	
9.9 fg

	
11.4 de

	
8.8 h

	

	
10.9 e

	
13.3 b

	
10.6 ef

	
11.8 cd

	
11.8 cd

	
11.2 de

	
13.2 b




	
2019

	
First cut

	
4.5 a

	
3.2 bc

	
2.8 bc

	
1.6 e

	
-

	
1.9 e

	

	
3.0 c

	
4.5 a

	
2.3 d

	
3.4 bc

	
2.9 c

	
3.0 c

	
3.6 b




	

	
Second cut

	
3.1 b

	
2.2 f

	
2.6 c

	
2.3 def

	
-

	
2.6 cde

	

	
2.7 cd

	
4.0 a

	
2.2 ef

	
3.2 b

	
3.0 bc

	
2.9 bc

	
3.8 a




	

	
Third cut

	
4.1 a

	
1.4 e

	
2.8 c

	
1.5 e

	
-

	
1.9 d

	

	
1.8 de

	
4.1 a

	
3.1 b

	
3.2 b

	
3.8 a

	
3.0 bc

	
3.8 a




	

	
Total

	
11.7 b

	
6.7 fg

	
8.2 d

	
5.4 h

	
-

	
6.4 g

	

	
7.4 ef

	
12.6 a

	
7.8 e

	
9.8 c

	
9.6 cd

	
9.0 cd

	
11.2 bc




	

	
Average

	
12.1 b

	
8.0 f

	
9.1 e

	
7.7 f

	
5.7 g

	
7.6 f

	

	
9.2 e

	
12.9 a

	
9.2 e

	
10.9 c

	
10.8 c

	
10.1 d

	
12.2 b




	
ANOVA

	
Treatment

	

	

	

	

	

	

	
0.001

	

	

	

	

	

	

	




	

	
Year

	

	

	

	

	

	

	
0.001

	

	

	

	

	

	

	




	

	
T × Y

	

	

	

	

	

	

	
0.001

	

	

	

	

	

	

	








Note: M1: WC + O + TF; M2: A + O + TF; M3: A + WC + O + TF; M4: RC + WC + O + TF; M5: A + WC + O + TF + PR; M6: RC + WC + O + TF + PR; and M7: A + RC + WC + O + TF + PR. A, alfalfa; WC, white clover; RC, red clover; O, orchardgrass; TF, tall fescue; and PR, perennial ryegrass. T × Y shows the interactive effect between treatments and years. Data are the mean of three replicates. The small superscripts indicate the significant differences within the same row. Significant difference was tested at p < 0.05.
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Table 5. Land-equivalent ratio values of legume–grass mixtures at different cuts for the establishment years 2018 and 2019.






Table 5. Land-equivalent ratio values of legume–grass mixtures at different cuts for the establishment years 2018 and 2019.





	
Year

	
Cuttings

	
Legume–Grass Mixtures




	
M1

	
M2

	
M3

	
M4

	
M5

	
M6

	
M7






	
2018

	
First cut

	
1.25 a

	
1.23 ab

	
0.76 c

	
1.04 ab

	
1.11 b

	
0.92 bc

	
1.20 a




	

	
Second cut

	
1.00 b

	
1.17 ab

	
1.09 ab

	
1.19 ab

	
1.15 ab

	
1.31 a

	
1.39 a




	

	
Third cut

	
1.16 bc

	
1.21 b

	
1.22 ab

	
1.13 a

	
0.98 d

	
1.07 bcd

	
0.99 cd




	

	
Average

	
1.08

	
1.19

	
1.16

	
1.17

	
1.07

	
1.19

	
1.19




	
2019

	
First cut

	
1.60 a

	
1.48 ab

	
0.84 c

	
1.38 ab

	
1.34 ab

	
1.24 b

	
1.59 a




	

	
Second cut

	
1.71 bc

	
1.54 bc

	
0.96 d

	
1.66 bc

	
1.39 c

	
1.79 b

	
2.21 a




	

	
Third cut

	
1.94 ab

	
1.65 c

	
1.51 c

	
2.16 a

	
1.85 b

	
2.12 a

	
2.05 ab




	

	
Average

	
1.75

	
1.56

	
1.10

	
1.73

	
1.53

	
1.72

	
1.95








Note: M1: WC + O + TF; M2: A + O + TF; M3: A + WC + O + TF; M4: RC + WC + O + TF; M5: A + WC + O + TF + PR; M6: RC + WC + O + TF + PR; and M7: A + RC + WC + O + TF + PR. A, alfalfa; WC, white clover; RC, red clover; O, orchardgrass; TF, tall fescue; and PR, perennial ryegrass. Different small superscripts indicate the significant differences within the same row. Significant difference was applied at a probability level of 0.05.
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Table 6. Competition rate of legumes and grasses of different legume–grass mixtures at different cuttings for the establishment years of 2018 and 2019.
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Year

	
Legume–Grass Mixtures

	
Cuttings




	
First Cut

	
Second Cut

	
Third Cut




	
Legume

	
Grass

	
Legume

	
Grass

	
Legume

	
Grass






	
2018

	
M1

	
1.25 bc

	
0.81 d

	
0.40 c

	
2.51 b

	
0.42 d

	
2.52 a




	

	
M2

	
2.92 a

	
0.35 d

	
2.81 a

	
0.36 b

	
7.96 a

	
0.13 d




	

	
M3

	
1.39 b

	
0.73 d

	
2.01 b

	
0.51 b

	
4.19 b

	
0.24 cd




	

	
M4

	
1.00 c

	
1.02 d

	
0.51 c

	
3.57 b

	
1.39 d

	
0.74 bc




	

	
M5

	
0.21 d

	
5.14 c

	
0.17 c

	
6.47 ab

	
1.82 cd

	
0.61 bcd




	

	
M6

	
0.08 d

	
13.55 a

	
0.11 c

	
15.67 a

	
1.19 d

	
0.84 b




	

	
M7

	
0.12 d

	
8.47 b

	
0.25 c

	
4.72 ab

	
3.47 bc

	
0.29 bcd




	

	
SEM

	
0.2130

	
1.0744

	
0.2273

	
1.5849

	
0.5726

	
0.1775




	
2019

	
M1

	
2.16 d

	
0.52 a

	
1.54 cd

	
0.65 a

	
0.97 c

	
1.04 a




	

	
M2

	
3.58 abc

	
0.28 bc

	
2.68 b

	
0.39 b

	
3.84 b

	
0.26 bc




	

	
M3

	
4.46 abc

	
0.23 bc

	
4.09 a

	
0.24 c

	
6.30 a

	
0.16 c




	

	
M4

	
5.10 ab

	
0.20 bc

	
2.79 b

	
0.36 bc

	
3.44 b

	
0.29 bc




	

	
M5

	
2.56 d

	
0.44 ab

	
2.72 b

	
0.37 bc

	
3.37 b

	
0.30 b




	

	
M6

	
5.87 a

	
0.18 c

	
2.30 bc

	
0.44 b

	
3.97 b

	
0.25 bc




	

	
M7

	
3.33 cd

	
0.34 abc

	
1.13 d

	
0.59 a

	
3.78 b

	
0.26 bc




	

	
SEM

	
0.3607

	
0.0354

	
0.2198

	
0.0320

	
0.3429

	
0.0638








Note: M1: WC + O + TF; M2: A + O + TF; M3: A + WC + O + TF; M4: RC + WC + O + TF; M5: A + WC + O + TF + PR; M6: RC + WC + O + TF + PR; and M7: A + RC + WC + O + TF + PR. A, alfalfa; WC, white clover; RC, red clover; O, orchardgrass; TF, tall fescue; and PR, perennial ryegrass. SEM is the standard error mean. Different small superscripts indicate the significant differences among mixtures within the same year. The significant difference was tested at a probability level of 0.05.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  agronomy-12-02425


  
    		
      agronomy-12-02425
    


  




  





media/file0.png





media/file2.png
El 2018
El 2019

i

100

|
S S S S
o0 O < o

(94) uonodoid ssein

]
S
=

(94) uonzodord sawn3ar]

M2 M3 M4 M5 M6 M7

Ml

M4 M5 M6 M7

M2 M3

Ml






media/file1.jpg
Legume proport

a

-

e R

r‘I J

@
]
2

MI M2 M3 M4 NS M6 M7

2018
2019

Z

50

0

a0

20

M

E_ gl

M2

M3 M Mis

M6

M7






