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Abstract

:

Intercropping is a globally accepted method of forage production and its effect on silage quality depends not only on forage combination but also fertilization strategy. In the present study, field intercropping of orchardgrass (Dactylis glomerata) and alfalfa (Medicago sativa) at five seed ratios (100:0, 75:25: 50:50, 25:75, 0:100 in %, based on seed weight) was applied under three N fertilizing levels (0, 50, and 100 kg/ha), and harvested for silage making and in vitro rumen degradation. As a result of intercropping, the actual proportions (based on dry matter) of alfalfa in mixtures were much closer to seed proportion of alfalfa in field, except 75:25 orchardgrass-alfalfa intercrops with no fertilization. The actual proportions of alfalfa in mixtures decreased by 3–13% with the increase of N level. Increases of alfalfa proportion in mixtures increased silage quality, nutrients degradability and CH4 emissions. Increasing N levels increased silage pH, concentration of butyric acid, and fiber fractions. In summary, inclusion of alfalfa at around 50% in orchardgrass-alfalfa silage mixtures were selected for favorable ensiling and higher forage use efficiency while also limiting CH4 emissions, compared to monocultures. The silage quality and feeding values of mixtures were influenced more by forage ratios than by N levels.
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1. Introduction


Ensiling has been increasingly used for forage preservation across the world, especially where precipitation patterns limit opportunities for dependable hay production. Orchardgrass (Dactylis glomerata) as a high nutritive grass widely cultivated in North America, Europe, and East Asia [1,2]. Although orchardgrass is suitable for ensiling with high water-soluble carbohydrates (WSC) [3], its protein content is commonly insufficient to satisfy nutrient requirements of ruminants [4,5]. In contrast, the sole use of legumes (e.g., alfalfa, Medicago sativa, and clover) can increase the protein content of silage but cause undesirable fermentation and proteolysis due to the high buffering capacity and low WSC and poor utilized nitrogen (N) by ruminants [6,7]. Additionally, previous studies noted that the high degradable nutrients in alfalfa provided a large number of substrates to methanogens, resulting in relative high methane (CH4) and carbon dioxide (CO2) emissions [8,9]. To overcome the imbalance of nutrient supply, intercropping of grass and legumes has been increasingly accepted as a good practice of high-quality forage production in terms of either mixed hay or mixed silage [10,11]. It is important to identify the suitable ratio of grass-to-legume that well coordinates with the needs in the field and during the ensiling process, quickly increasing acidity and reducing proteolysis. However, it is presently not clear whether the intercrop mixtures of orchardgrass and alfalfa at appropriate ratios would make superior quality silage with high nutritive values and nutrients’ degradability and low CH4 emissions.



The effect of intercropping on forage yield and nutritive quality depends not only on forage ratio but also N fertilization strategy, since the N fertilizing level plays a vital role in plant growth processes [12]. The effects of N level on forage nutritive value and digestibility are varied, which might result in the difference in CH4 emissions. A previous study noted that increasing the N level from 0 to 336 kg/ha increased the protein content but did not affect fiber content in alfalfa [13]. Orchardgrass has a life cycle that matches well with alfalfa and exhibits consistent growth throughout the growing season [14]. Orchardgrass also has high polyphenol oxidase activity to reduce protein degradation and lipolysis during the aerobic conditions of ensiling and rumen fermentation [15,16]. We hypothesized that orchardgrass and alfalfa intercrop mixtures would improve silage quality and nutrients’ digestibility while also reducing CH4 emissions, compared to sole silage crops, and the increases of N levels might compromise silage quality and digestibility. Therefore, the objectives of our study were to: (1) investigate the appropriate ratios of orchardgrass and alfalfa intercrop mixtures for acquiring high silage quality and in vitro degradability and low CH4 emissions and (2) evaluate the effect of N levels on silage fermentation and in vitro degradation characteristics of intercrop mixtures.




2. Materials and Methods


2.1. Experimental Site


Field experiments were conducted at the Teaching and Research Station of China Agricultural University in Dongchengfang County, Zhuozhou City, Hebei Province. The experimental site was located at 39°21′ N and 115°51′ E at 41 m altitude. The sward soil was a sandy loam with pH 7.89, 12.5 g/kg organic matter (OM), 0.76 g/kg total N, 14.8 mg/kg phosphorus (P), and 79.3 mg/kg available potassium (K). Corn was planted and harvested before conducting the current field experiment. The annual rainfall in the field was about 550 mm in 2016, with rainfall mainly occurring in the summer (July to August).




2.2. Field Experimental Design


The field experiment was arranged in a two factorial randomized complete block design with four replications, in which the two main treatments included five intercropping ratios and three N levels. The intercropping ratios and N levels were randomly assigned to each plot. The five intercropping ratios of orchardgrass (cv. Aba) to alfalfa (cv. WL534) were 100:0, 75:25, 50:50, 25:75, and 0:100 (in %, based on seed weight). The three N levels provided by urea (46% N) were 0, 50, and 100 kg/ha, and fertilization was performed annually via top-dressing soon after regrowth began (4 April 2016). Before seeding, the field was plowed, harrowed, and then divided into four blocks. Compound fertilizer (containing 28, 28, and 28 kg/ha of N, P, and K, respectively) at 187 kg/ha was uniformly incorporated into the top 20 cm of the soil. Each plot had an area of 25 m2 (5 × 5 m) and comprised 17 rows with a 30 cm spacing. All plots were separated by a 1-m-wide discard zone, and the two species in each plot were sown manually and simultaneously in different rows at depths of 2 cm according to the current experimental design on 13 September 2015. After planting, all plots were uniformly irrigated, and a sprinkler irrigation system was used during the entire experimental period. Swards were weed-free, and no pests were observed throughout the entire growth period.



Whole fresh orchardgrass and alfalfa plants at the jointing and early bloom stages respectively, were harvested with a reaping hook from the field plots. The cutting dates were on 22 May 2016 for the first cut and on 30 June 2016 for the second cut. Three square areas (1 × 1 m) from each plot were randomly selected and harvested at a stubble height of 5 cm above the ground. The harvested fresh samples were immediately sorted and separately weighed after cutting. A representative fresh subsample of 500 g from each species from each plot was oven-dried to 65 °C for 48 h and then weighed to determine the actual proportions (based on dry matter, DM) of the two species and the chemical composition of mixtures.




2.3. Silage Production and Chemical Analysis


The remaining fresh forages were sun-wilted by placing on a polyethylene sheet with occasional turning until the DM content increased to 400 g/kg. The DM content was rapidly checked at regular intervals by using a microwave oven. No leaf or stem loss was observed during the wilting process, and the weather conditions were favorable for field drying, with no rainfall during harvest. The wilted orchardgrass and alfalfa intercrop mixtures were chopped to a particle size of 2 cm, and then samples of approximately 750 g were packed into polyethylene silos (1 L capacity), with three silos per plot. All silos were sealed with screw lids to prevent oxygen inflow but to enable escape of gas from the silage and kept in a dark room at 25 °C.



After 40 days of ensiling, the silos were opened, and a subsample of 20 g from the ensiled mixtures was homogenized in a blender with 180 mL of distilled water for 1 min. The content of the blender was filtered through four layers of cheesecloth to make a silage extract for the determination of silage pH, ammonia N, and organic acid, e.g., lactic acid, acetic acid, propionic acid, and butyric acid. Finally, silages were oven-dried at 65 °C for 48 h and ground in a mill and passed through a 1.0 mm sieve for subsequent chemical analysis and in vitro incubation.



The crude protein (CP) was determined using a KjeltecTM 2300 (Foss, Hillerod, Denmark). The neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) concentrations were determined by the batch procedures outlined by ANKOM Technology Corporation (Fairport, New York, NY, USA). The concentrations of cellulose and hemicellulose were calculated by subtracting ADL from ADF and ADF from NDF, respectively. The concentrations of ammonia N and organic acids in the silage extract were determined according to the method described by Li and Meng [17].




2.4. Rumen Fluid Collection


The Institutional Animal Care and Use Committee of the College of Animal Science and Technology of China Agricultural University approved the animal experimental procedures in the current study (CAU20171014-1). Rumen fluid was collected from three lactating Holstein dairy cows (510 ± 20 kg body weight) fitted with permanent rumen cannula, and cows were fed a total mixed ration made up of 4.0 kg alfalfa hay, 3.0 kg whole corn silage, and 6.0 kg commercial concentrate ad libitum. The ration was provided twice daily in equal meals at 06:00 and 18:00 h, and fresh water was available to cows at all times. Rumen contents from the three cows were obtained 1 h before the morning feeding, squeezed and filtered through four layers of gauze, and then mixed in equal volumes to obtain a representative rumen fluid. The fluid was held under CO2 in a water bath at 39 °C for later in vitro inoculation.




2.5. In Vitro Batch Culture and Sample Collection


Dried silage samples of each treatment weighing 500 mg each were placed into a total of 180 glass bottles (five mixtures × three nitrogen levels × four field plots × three bottles per plot) with a capacity of 120 mL and sealed with a rubber stopper and screw caps. Fifty milliliters of fresh buffer solution with a pH of 6.85 [18] and 25 mL of homogeneous rumen fluid were added to each bottle and continuously flushed with N2 to maintain anaerobic conditions. After sealing the bottles with rubber stoppers and screw caps, all bottles were incubated at 39 °C for 48 h. Simultaneously, four bottles without forage samples were incubated as blanks to correct the final values. The harvested forage samples from the first and second cuts were separately arranged to conduct in vitro incubation at different times. All of these batch cultures were repeated in three experimental runs during different weeks.



At the end of incubation, the bottles were uncapped, and the pH value in the cultured fluids was immediately measured by a pH meter (FiveEasy 20 K, Mettler Toledo International Inc., Greifensee, Switzerland). The entire content of each bottle was filtered with pre-weighed nylon bags (8 × 12 cm, 42 μm pore size) to obtain the non-degraded particles. Ten milliliters of filtrate were sampled to measure the concentrations of ammonia N and volatile fatty acids (VFAs) [19]. The nylon bags were then thoroughly rinsed with fresh water and then oven-dried at 65 °C for 48 h. The in vitro dry matter disappearance (IVDMD), in vitro neutral detergent fiber disappearance (NDFD), and in vitro acid detergent fiber disappearance (ADFD) was calculated by the difference between the pre-incubated and post-incubated amounts, corrected by the blanks after the incubation.




2.6. Calculations


Metabolizable energy (ME, MJ/kg DM) and organic matter digestibility (OMD, g/100 g DM) were calculated according to CSIRO [20] and IRNA [21] as in the following Equations (1) and (2):


   ME   =   0.172     IVDMD   −   1.707   



(1)






   OMD   =   62.9     +   0.137     ×   CP   −   0.23     ×    10  − 3      ×    CP 2     −   0.020     ×   NDF   −   0.479     ×   FL   



(2)




where CP and NDF are the crude protein and neutral detergent fiber contents (g/kg DM) and FL is the feeding level (since FL is not known, the designated value in this equation is 2.1 as recommended by the original authors).



Fermentative CO2 production (mmol/L) was estimated [22,23] with Equation (3):


    CO  2     = Acetate  /  2 + Propionate  /  4 + 1.5     Butyrate   



(3)







Methane production (mmol/L) was estimated [24] with Equation (4):


    CH  4     =   0.45     Acetate   −   0.275     Propionate   +   0.40    Butyrate  



(4)







The production, utilization, and recovery of metabolic hydrogen (H) were calculated according to the method of Dijkstra [25], as shown in Equations (5)–(7):


  Production   of   metabolic    H 2     =   2   Acetate   +   Propionate   +   4   Butyrate   +   2   Isovalerate   +   2   Valerate   



(5)






  Utilization   of   metabolic    H 2     =   2   Propionate   +   2   Butyrate   +   4   Methane   +   Valerate   



(6)






  Recovery   of   metabolic   hydrogen   =    H 2    utilization /  H 2     production   ×   100   ( % )   



(7)








2.7. Statistical Analysis


The field experiment was arranged in a two-factorial randomized complete block design with four replications, and analysis of variance (ANOVA) was conducted to determine the main effects of intercropping ratios and N levels as well as their interactions. Regression analyses were performed to evaluate the effects of intercropping ratios and N fertilizer levels on response variables. The means comparison of each feature was calculated using Tukey’s HSD test, and significance was considered to be p < 0.05 unless otherwise noted. Since there were significant interactions between the two main treatments (intercropping ratios and N levels) and cuts on most variables of field yield, the results of the treatment effects were analyzed separately for each cut.



Linear and nonlinear models were used to simulate the regression of chemical composition, ensiling characteristics, and in vitro degradation characteristics of silage mixtures with the actual alfalfa proportions and the N levels, respectively. Models with the least Akaike’s information criteria (AIC) were finally selected. In vitro incubation data of each of the three experimental runs within the same treatment were averaged before statistical analysis. All statistical analyses were performed using R software (version 3.2.3), and the figures were plotted using SigmaPlot 12.0. Since there were different in vitro incubation periods between the first and the second cut forage samples, the results of the treatment effects were analyzed separately for each cut.





3. Results


3.1. Forage DM Yield of Orchardgrass and Alfalfa Intercrop Mixtures


Both the increases in alfalfa seeding rate with intercropping and increasing N levels increased the total DM yield during the two harvests (p ≤ 0.001, Table 1). The actual proportion of alfalfa in intercrop mixtures increased with the increases of its respective seeding rate in both of the two harvests (p < 0.001, Table 1). Increases in N levels significantly decreased the actual proportion of alfalfa in the first cut (p < 0.001, Table 1), and marginally decreased that in the second cut (p = 0.091, Table 1). Significant interactions between the intercropping ratios and N levels were observed on the total DM yield and actual proportion of alfalfa and orchardgrass for either of the two cuts (p < 0.05, Table 1).




3.2. Chemical Composition of Orchardgrass and Alfalfa Intercrop Mixtures Prior to Ensiling


The chemical composition of orchardgrass and alfalfa intercrop mixtures prior to ensiling was shown in Table 2. Alfalfa was usually rich in CP and ADL and lacking fiber fractions’ (e.g., NDF and ADF) accumulation, compared with orchardgrass. Increases in N levels significantly increased the concentrations of ADF and ADL and decreased the concentration of Ash in the First cut. The DM concentration was not affected by the actual alfalfa proportion or N levels (p > 0.05).




3.3. Chemical Composition of Orchardgrass and Alfalfa Silage Mixtures


The different chemical composition of silage mixtures followed a similar pattern as those observed with raw forage mixtures. The concentrations of CP and ADL increased (p < 0.001, Table 3), whereas those of NDF, ADF, ash, hemicellulose, and cellulose decreased with the increase in the actual alfalfa proportion of the mixtures (p < 0.05, Figure 1 and Figure 2, Table 3). No effect of N levels on CP concentration was observed in the two harvests (p > 0.05, Table 3). Increases in N levels significantly increased the concentrations of ADF and ADL and decreased the concentration of Ash in the two harvests (p < 0.05, Figure 2, Table 3). The N fertilizer level at 100 kg/ha resulted in the highest concentrations of ADF, ranging from 302 to 340 g/kg and ADL ranging from 44.3 to 80.2 g/kg, respectively. Silage DM concentration was not affected by the actual alfalfa proportion or N levels (p > 0.05, Table 3).




3.4. Ensiling Characteristics of Orchardgrass and Alfalfa Silage Mixtures


Quadratic effects were observed on silage pH and the concentrations of ammonia N, lactic acid, acetic acid, and propionic acid (p < 0.05, Table 4), while no effects occurred on the concentration of butyric acid, as the actual alfalfa proportion increased among intercrop mixtures for both harvests (p > 0.05, Table 4). Increasing N level increased the silage pH and the concentrations of ammonia N and butyric acid but decreased the concentration of lactic acid for the two harvests (p < 0.05, Table 4). Silage mixtures with no N fertilization had the lowest silage pH, ammonia N, and the highest lactic acid concentration.




3.5. In Vitro Degradation Characteristics of Silage Mixtures


The IVDMD (Figure 3), OMD (Figure 4), and ME (Table 5) increased, whereas NDFD (Figure 5) and ADFD (Figure 6) decreased as the actual alfalfa proportion increased among silage mixtures for both harvests (p < 0.001). Nitrogen fertilization did not change the nutrients’ degradability in both harvests (p > 0.05, Figure 3, Figure 4, Figure 5, and Figure 6).



The final pH, ammonia N, and total VFAs increased with an increasing alfalfa proportion in the silage mixtures for the two harvests (p < 0.05; Table 5 and Table 6). Regarding the fermentation end-products, there was an increase in the concentrations of acetate, isobutyrate, valerate, and isovalerate as the actual alfalfa proportion increased among the silage mixtures (p < 0.05; Table 5 and Table 6). The increase in the alfalfa proportion in the silage mixtures also increased the CO2 and CH4 for both harvests (p < 0.05; Table 6). Compared with sole alfalfa, silage mixtures of orchardgrass and alfalfa caused a great decrease (up to 17.4%) in the estimated CH4 emissions. Nitrogen levels promoted the production of total VFAs and acetate (p < 0.05), although these effects were marginal in the first cut (p < 0.10; Table 5).





4. Discussion


As we hypothesized, the mixture of orchardgrass and alfalfa at appropriate forage ratios is a good option for making well-preserved silage as indicated by better ensiling profiles, silage quality, and feeding values, with less proteolysis during ensiling and fewer CH4 emissions during ruminal fermentation (Figure 7). The effect of N levels in this study caused less favorable ensiling fermentation and more fiber fractions’ accumulation but did not change IVDMD and ME (Figure 7). These results in our study were helpful for the effective production, preservation, and utilization of superior forages in dairy systems, achieving desirable animal performances but without causing environmental concerns.



4.1. Forage Yield of Orchardgrass and Alfalfa Intercrops


Intercropping legumes with grasses increases forage productivity, nutritive value, and resource-use efficiency [26]. In our current study, the total DM yield increased as the seeding rate of alfalfa increased in intercropping, and the intercropping ratios of orchardgrass and alfalfa at 50:50 commonly resulted in higher total DM yield than other ratios for the two harvests. This might be due to the complementarity and facilitation effects of the intercropped orchardgrass and alfalfa, which increased the resource-use efficiency of light, water, and soil nutrients through the role of soil microorganisms in these processes, hence reducing interspecific competition [27]. Consistently, many studies noted that the total forage DM yield was improved by a grass-legume intercropping system [28,29]. Nitrogen is an essential nutrient for growth and development of plants, and N fertilization is usually practiced to improve forage yield. As expected in the current study, N fertilization increased the total DM yield of orchardgrass and alfalfa intercrops in most occasions, compared with the sole crops. In accordance with a previous study [30], application of 78 kg N/ha to bermudagrass, stargrass, and bahiagrass increased the forage mass by an average of 129% over the value observed under the condition of no N fertilization. Grasses responded positively to higher soil N level, but legumes usually saved the soil N pool, which explained the significant interactions between intercropping ratios and N levels on the total forage DM yield in the current study. High N levels that are in excess of legumes’ needs may interfere with the effect of N-fixing bacteria and reduce the percentage of N derived from the atmosphere and the amounts of fixed N from the legume species, resulting in low DM yields [31,32].




4.2. Chemical Composition of Silage Mixtures


Generally, grasses tend to increase the fiber fractions, such as NDF and ADF, of mixtures owing to the abundant cell wall materials [33], and legumes are usually richer in CP than grasses due to their substantial biological fixation of N from the atmosphere [34]. Similar to the current study, increasing the alfalfa proportion in mixtures increased CP and decreased NDF, ADF, hemicellulose, and cellulose concentrations, suggested that forage mixtures improved nutritive values and reduced the need for purchased protein supplements in ruminant rations [35]. In the present study, an increase in N levels did not change CP in the two cuts, possibly because of the lack of N accumulation in aboveground biomass and the more developed root biomass [36]. In the present study, the concentrations of ADF and ADL increased as the N level increased, because of the quicker plant growth and greater development [37] as well as more cell wall biosynthesis and fibrous tissue accumulation [38]. Similarly, the increase in N levels was negatively associated with the concentrations of NDF in perennial ryegrass [39]. The decrease in the concentration of ash for orchardgrass and alfalfa intercrop mixtures receiving higher N levels in the current study, similar to the study from Waramit et al. [40], was possibly because of higher plant growth rate that increased photosynthetic activity and accumulated more carbon compounds in plants [41].




4.3. Ensiling Characteristics of Silage Mixtures


Silage pH is one of the main determinants that influence the extent of fermentation and quality of ensiled crops, and well-preserved silage usually has a low pH but high lactic acid concentration. In our current study, the increase in the alfalfa proportion in mixtures increased the silage pH, and the concentrations of ammonia N and acetic acid, in agreement with the previous study from Contreras-Govea et al. [42] showing that legumes such as alfalfa, pea, and red clover do not easily make good silage because of their high buffering capacity and low WSC content as well as their high level of proteolysis under the combined effects of both plant and silage microbial enzymes, which compromises the ensiling quality compared with that associated with grasses. Higher production of acetic acid facilitates enterobacteria activity, leading to poor fermentation during the early stages, lowering DM and energy, and the process of acetic acid production directly competes with lactic acid bacteria for nutrient use [6], resulting in a tendency and shift toward acetate production especially when sugar concentrations are low.



In our current study, silage from intercrop mixtures of orchardgrass and alfalfa tended to have higher lactic acid compared with those from an alfalfa monoculture, probably because the higher content of WSC in orchardgrass provided a more readily available fermentation substrate, e.g., soluble sugars for lactic acid-producing bacteria, associated with a more rapid decline in pH for successful fermentation compared with that in sole alfalfa silage [3]. The lower silage pH and ammonia N from silage mixtures than from sole alfalfa crops might also be attributed to the activity of polyphenol oxidase in orchardgrass and the mediated and reduced alfalfa proteolysis, since much higher activity of polyphenol oxidase was observed when orchardgrass was at 740.6 U/g (fresh weight) than with perennial ryegrass, timothy and tall fescue at 119.0, 16.3, and 6.5 U/g, respectively [15].



The increase of N levels increased silage pH in our current study, which could be explained by the increased ammonia N accumulation that acted as a buffer against the pH decline. In comparison with a previous study [43], application of N fertilizer level at 75 kg/ha to alfalfa resulted in the silage pH value at 4.96 and ammonia N concentration at 11.1 mmol/L, lower than the values of sole alfalfa silage under the 50 kg/ha N level in the current study, which could be explained by the different concentrations of CP and lactic acid of alfalfa silage in response to different N levels. Although the accumulation of acetic acid was helpful to improve aerobic stability of silage, excessively accumulated acetic acid and ammonia N may negatively decrease silage intake by cows [44,45]. In the current study, increasing N levels resulted in the increase in acetic acid formation accompanying the decrease in lactic acid concentration, which implied certain hetero-fermentation rather than homo-fermentation during the ensiling process [6]. The decrease in lactic acid concentration might also be owing to substantial lactate acting as the substrate for different fermentation processes, such as acetate fermentation [46]. Similar to the study from Tremblay et al. [47], a higher N application rate for timothy caused less favorable ensiling properties.




4.4. In Vitro Degradation Characteristics


In the present study, the increase in the actual alfalfa proportion in the mixtures increased the IVDMD and OMD compared with that from an orchardgrass monoculture for both harvests. In agreement with a previous study [48], IVDMD quadratically increased when the proportion of alfalfa increased in axonopus-alfalfa and tall fescue-alfalfa mixtures. This may be because balanced digestible nutrients from orchardgrass and alfalfa silage mixtures set off a ruminal synergistic effect on the fractional rate of degradation and the extent of fermentation, followed by better nutrient availability and utilization efficiency for rumen microorganisms [49]. The association between fermented nutrients from grass and legume mixtures may also lead to synergistic effects on the dominant microbial populations and shifts in the microbial community composition [50], and different metabolic pathways might be simultaneously driven through niche compartmentalization and functional dominance between abundant bacteria [51]. In the current study, no differences were observed in the IVDMD and OMD for silage mixtures when alfalfa proportion was ≥50%. If a mixture with a high level of IVDMD and OMD is needed, at least 50% alfalfa is required.



Higher fiber content means a lower degradation rate and longer fermentation time [52], and the indigestible fiber, e.g., ADL, in particular, is the main physical barrier interfering with microbial attachment and degradation, and this is negatively correlated with fiber digestibility [33]. In accordance with the present study, the decrease in NDFD and ADFD with an increasing alfalfa proportion in silage mixtures is due to the higher ADL in the cell wall of alfalfa compared with that of orchardgrass, and the higher degree of NDF lignification and lower level of digestible NDF fractions in alfalfa than in grass [53], corresponding to the diversified populations of the three predominant fibrolytic bacteria, e.g., F. succinogenes, R. albus, and R. flavefaciens in the rumen [54]. In the current study, no effect of N levels was observed on IVDMD, in parallel with the previous study [55], and the pronounced fiber fractions accumulation with increasing N levels in the second cut explained the decreased NDFD and OMD in the present study.



The end-product gases (e.g., CH4, CO2, and H2) are mainly produced from the process of carbohydrate fermentation rather than protein fermentation during in vitro incubation, and only a small proportion of gas is indirectly produced from the buffering of short chain VFAs [56]. These gases imply not only lower efficiency and productivity of livestock systems but also considerable threats to our environment [57]. In the current study, the increase of alfalfa proportion in orchardgrass and alfalfa mixtures increased the CO2 and CH4. Consistent with the previous studies [58,59], the amount of CO2 and CH4 produced from grass pastures was less than that from alfalfa pastures, because CH4 production was positively corrected with the concentrations of readily fermentable nitrogen free extract and IVDMD. In contrast, the CH4 production from orchardgrass hay was higher than from alfalfa hay at 15.76 and 20.56 mol/100 mol respectively, which was mainly due to the higher ratio of acetate to propionate in orchardgrass than in alfalfa [60]. Other researchers also confirmed that tannins in forages could suppress the methanogenic bacteria to mitigate CH4 emissions [61]. However, N levels did not affect the end-product gases due to the similar responses of IVDMD and the ratio of acetate to propionate to different N levels.




4.5. In Vitro Fermentation Characteristics


The final pH and ammonia N in cultured fluid tends to be associated with the proportion of legumes in the fermented forages [62]. In the current study, increasing the alfalfa proportion increased the final pH and ammonia N in the cultured fluid, possibly indicating the rapid release of NH3 from soluble protein degradation and lower NH3 uptake by ruminal bacteria. Similarly, a higher concentration of NH3 was found in sole alfalfa silage at 32.8 mg/dL than in sweet sorghum sole silage at 25.6 mg/dL [54]. Volatile fatty acids from ruminal degradation of feed constituents account for the majority of the energy utilized by the host animal, especially the total VFAs and the relative concentrations of important determinants, e.g., acetate, propionate, and butyrate [63]. Higher levels of soluble carbohydrates provided energy resources for better fermentative environments and ruminal microbe growth, and coincided with higher VFAs production, degradation rates, and effective degradability [64]. Our present study also confirmed that increasing alfalfa inclusion increased the total VFAs’ production. Nitrogen fertilization did not change the total VFAs’ production in the current study, in agreement with the study from Peyraud an Astigarraga [55].



Branched-chain VFAs (e.g., isobutyrate, valerate, and isovalerate) are mainly fermented in the rumen as end-products from protein degradation, and they are the essential factors for cellulolytic bacterial growth. The concentrations of branched-chain VFAs produced were mainly dependent on the composition and extent of ruminal deamination of amino acids in feeds, and higher CP was significantly correlated with the higher molar concentrations of valerate and isovalerate production [65], which explained the higher ruminal valerate and isovalerate production with increasing alfalfa proportion in the present study. However, no effects of N levels occurred on the molar concentrations of branched-chain VFAs in the present study because the community of dominant ruminal microbes and fermentation pathways of VFA end-products were not affected or changed [19].





5. Conclusions


Inclusion of alfalfa at 62%, 57%, and 54% under a 0, 50, and 100 kg/ha N level respectively, in orchardgrass-alfalfa mixtures is a good option to make well-preserved silage with higher forage quality and feeding values but with lower CH4 emissions than sole crops. The intercrop mixtures possibly compensated for the low WSC content and high buffering capacity of alfalfa that favored good ensiling and also alleviated the extensive proteolysis which may adversely affect the utilization of N by ruminants. Compared with unfertilized intercrops, a high N level at 100 kg/ha caused less favorable ensiling fermentation and more fiber fractions’ accumulation accompanied by more acetate and total VFAs’ production, although it did not change the nutrients’ degradability. This practice in our study provides guidance and reference on effective production, preservation, and utilization of superior forages in dairy rations, which underpins to achieve desirable animal performances and profitability but with a reduction of up to 17.4% of estimated CH4 emissions.
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Figure 1. Effects of orchardgrass and alfalfa silage mixtures on the neutral detergent fiber (NDF) concentration in (a) the first cut and (b) the second cut. The data are shown as means ± standard error. The horizontal error bar represents the variations of actual alfalfa proportion in silage mixtures, and the vertical error bar represents the variations of NDF concentrations. Contrasts were tested to symbolize the linear and quadratic effect of both the actual alfalfa proportion and the N fertilizing levels on NDF concentrations. 
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Figure 2. Effects of orchardgrass and alfalfa silage mixtures on the acid detergent fiber (ADF) concentration in (a) the first cut and (b) the second cut. The data are shown as means ± standard error. The horizontal error bar represents the variations of actual alfalfa proportion in silage mixtures, and the vertical error bar represents the variations of ADF concentrations. Contrasts were tested to symbolize the linear and quadratic effect of both the actual alfalfa proportion and the N fertilizer levels on ADF concentrations. 
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Figure 3. Effects of orchardgrass and alfalfa silage mixtures on the in vitro dry matter disappearance (IVDMD) in (a) the first cut and (b) the second cut. The data are shown as means ± standard error. The horizontal error bar represents the variations of actual alfalfa proportion in silage mixtures, and the vertical error bar represents the variations of IVDMD concentrations. Contrasts were tested to symbolize the linear and quadratic effect of both the actual alfalfa proportion and N levels on IVDMD concentrations. 
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Figure 4. Effects of orchardgrass and alfalfa silage mixtures on the organic matter digestibility (OMD) in (a) the first cut and (b) the second cut. The data are shown as means ± standard error. The horizontal error bar represents the variations of actual alfalfa proportion in silage mixtures, and the vertical error bar represents the variations of OMD concentrations. Contrasts were tested to symbolize the linear and quadratic effect of both the actual alfalfa proportion and the N levels on OMD concentrations. 
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Figure 5. Effects of orchardgrass and alfalfa silage mixtures on the in vitro neutral detergent fiber disappearance (NDFD) in (a) the first cut and (b) the second cut. The Data are shown as means ± standard error. The horizontal error bar represents the variations of actual alfalfa proportion in silage mixtures, and the vertical error bar represents the variations of NDFD concentrations. Contrasts were tested to symbolize the linear and quadratic effect of both the actual alfalfa proportion and the N levels on NDFD concentrations. 
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Figure 6. Effects of orchardgrass and alfalfa silage mixtures on the in vitro acid detergent fiber disappearance (ADFD) in (a) the first cut and (b) the second cut. The data are shown as means ± standard error. The horizontal error bar represents the variations of actual alfalfa proportion in silage mixtures, and the vertical error bar represents the variations of ADFD concentrations. Contrasts were tested to symbolize the linear and quadratic effect of both the actual alfalfa proportion and the N levels on ADFD concentrations. 
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Figure 7. A qualitative scheme indicating the effects of forages ratios and nitrogen (N) fertilizer levels on the ensiling characteristics, nutritive values and in vitro degradation characteristics of orchardgrass and alfalfa silage mixtures. Note: CP, crude protein; ADL, acid detergent fiber; NDF, neutral detergent fiber; ADF, acid detergent fiber; IVDMD, in vitro dry matter disappearance; OMD, organic matter digestibility; ME, metabolizable energy; VFA, volatile fatty acids; CO2, carbon dioxide; CH4, methane; NDFD, neutral detergent fiber disappearance; ADFD, acid detergent fiber disappearance. 






Figure 7. A qualitative scheme indicating the effects of forages ratios and nitrogen (N) fertilizer levels on the ensiling characteristics, nutritive values and in vitro degradation characteristics of orchardgrass and alfalfa silage mixtures. Note: CP, crude protein; ADL, acid detergent fiber; NDF, neutral detergent fiber; ADF, acid detergent fiber; IVDMD, in vitro dry matter disappearance; OMD, organic matter digestibility; ME, metabolizable energy; VFA, volatile fatty acids; CO2, carbon dioxide; CH4, methane; NDFD, neutral detergent fiber disappearance; ADFD, acid detergent fiber disappearance.



[image: Sustainability 12 00871 g007]







[image: Table] 





Table 1. Forage dry matter (DM) yield of intercrops mixtures and the actual proportions of orchardgrass and alfalfa in intercrops mixtures in the first and second cut.
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N Level

(kg/ha)

	
Intercropping Ratios of

Orchardgrass to Alfalfa

	
Total Yield (g/m2)

	
Actual Orchardgrass (%)

	
Actual Alfalfa (%)




	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut






	
0

	
100:0

	
328cB

	
329bB

	
100a

	
100a

	
0e

	
0e




	

	
75:25

	
479bcB

	
426aB

	
54bB

	
64b

	
46dA

	
36d




	

	
50:50

	
638ab

	
487a

	
32cB

	
45c

	
68cA

	
55c




	

	
25:75

	
768a

	
514a

	
20d

	
23d

	
80b

	
77b




	

	
0:100

	
573b

	
392a

	
0e

	
0e

	
100a

	
100a




	
50

	
100:0

	
449cAB

	
418bAB

	
100a

	
100a

	
0e

	
0d




	

	
75:25

	
516cB

	
631aA

	
71bA

	
56b

	
29dB

	
44c




	

	
50:50

	
600bc

	
574a

	
43cAB

	
43c

	
57cAB

	
57b




	

	
25:75

	
720ab

	
508a

	
22d

	
32c

	
78b

	
68b




	

	
0:100

	
647ab

	
552a

	
0e

	
0d

	
100a

	
100a




	
100

	
100:0

	
576aA

	
438aA

	
100a

	
100a

	
0e

	
0d




	

	
75:25

	
713aA

	
496aAB

	
73bA

	
72b

	
27dB

	
28c




	

	
50:50

	
683a

	
565a

	
50cA

	
43c

	
50cB

	
57b




	

	
25:75

	
675a

	
458a

	
29d

	
32c

	
71b

	
68b




	

	
0:100

	
598a

	
467a

	
0e

	
0d

	
100a

	
100a




	
SEM 1

	
17.0

	
12.4

	
4.6

	
4.4

	
4.6

	
4.4




	
ANOVA-Intercropping ratios

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001




	
ANOVA-N levels

	
0.001

	
<0.001

	
<0.001

	
0.091

	
<0.001

	
0.091




	
Contrast-Intercropping ratios 2




	
Linear

	
<0.001

	
0.150

	
<0.001

	
<0.001

	
<0.001

	
<0.001




	
Quadratic

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001




	
Contrast-N level 3




	
Linear

	
0.027

	
0.068

	
0.427

	
0.802

	
0.427

	
0.802




	
Quadratic

	
0.078

	
0.001

	
0.724

	
0.950

	
0. 724

	
0.950




	
Interaction 4

	
<0.001

	
0.049

	
<0.001

	
0.009

	
<0.001

	
0.009








1 SEM: standard error of means. ANOVA: analysis of variance. Different small letters indicate significant differences at p < 0.05 among intercropping ratios under the same N level, and different capital letters indicate significant differences at p < 0.05 among N levels under the same intercropping ratio. 2 Contrast-Intercrop ratios: linear and quadratic polynomial contrasts for intercropping ratios. 3 Contrast-N level: linear and quadratic polynomial contrasts for N levels. 4 Interaction indicates the interaction between intercropping ratios and N levels.
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Table 2. Chemical composition of orchardgrass and alfalfa intercrop mixtures prior to ensiling in the first and second cut (on dry matter basis, g/kg).






Table 2. Chemical composition of orchardgrass and alfalfa intercrop mixtures prior to ensiling in the first and second cut (on dry matter basis, g/kg).





	
N Level

(kg/ha)

	
Actual Alfalfa Proportion (%)

	
DM 1

	
CP

	
NDF

	
ADF

	
ADL

	
Ash




	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut






	
0

	
0

	
0

	
255

	
267

	
120

	
114

	
550

	
573

	
299

	
321

	
34.8

	
39.7

	
97.0

	
119.9




	

	
46

	
36

	
265

	
248

	
146

	
142

	
491

	
564

	
307

	
329

	
43.7

	
49.0

	
105.7

	
115.1




	

	
68

	
55

	
275

	
247

	
153

	
176

	
441

	
509

	
285

	
323

	
44.8

	
61.7

	
103.4

	
91.2




	

	
80

	
77

	
263

	
250

	
181

	
200

	
429

	
471

	
286

	
302

	
58.4

	
73.0

	
101.8

	
86.6




	

	
100

	
100

	
255

	
264

	
191

	
204

	
392

	
430

	
256

	
296

	
61.0

	
76.9

	
95.9

	
83.0




	
50

	
0

	
0

	
245

	
245

	
119

	
120

	
569

	
585

	
314

	
335

	
41.8

	
48.2

	
93.3

	
112.7




	

	
29

	
44

	
267

	
254

	
142

	
154

	
478

	
558

	
294

	
339

	
42.8

	
62.6

	
95.5

	
108.6




	

	
57

	
57

	
261

	
278

	
156

	
183

	
474

	
515

	
305

	
324

	
55.3

	
66.9

	
99.7

	
102.7




	

	
78

	
68

	
261

	
266

	
182

	
197

	
455

	
504

	
288

	
318

	
66.6

	
71.0

	
96.8

	
90.9




	

	
100

	
100

	
253

	
263

	
207

	
199

	
392

	
449

	
281

	
315

	
63.9

	
86.7

	
97.2

	
84.6




	
100

	
0

	
0

	
252

	
257

	
137

	
125

	
560

	
598

	
323

	
341

	
45.7

	
55.6

	
102.4

	
109.0




	

	
27

	
28

	
260

	
256

	
144

	
144

	
499

	
562

	
308

	
339

	
58.5

	
56.4

	
99.3

	
103.5




	

	
50

	
57

	
261

	
252

	
155

	
175

	
469

	
548

	
300

	
326

	
62.1

	
64.7

	
97.4

	
92.4




	

	
71

	
68

	
273

	
262

	
175

	
186

	
447

	
512

	
295

	
328

	
65.3

	
73.8

	
89.1

	
87.9




	

	
100

	
100

	
244

	
246

	
182

	
201

	
411

	
404

	
296

	
294

	
77.4

	
89.6

	
88.7

	
81.2




	
SEM 2

	
0.4

	
0.4

	
0.4

	
0.4

	
0.8

	
0.8

	
0.3

	
0.3

	
0.17

	
0.20

	
0.07

	
0.18




	
Contrast-actual alfalfa proportion 3




	
Linear

	
0.794

	
0.448

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.143

	
<0.001




	
Quadratic

	
0.273

	
0.713

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.015

	
<0.001




	
Contrast-N level 4




	
Linear

	
0.663

	
0.625

	
0.984

	
0.936

	
0.358

	
0.430

	
<0.001

	
0.104

	
<0.001

	
0.114

	
<0.001

	
0.340




	
Quadratic

	
0.875

	
0.745

	
0.925

	
0.902

	
0.629

	
0.703

	
0.004

	
0.153

	
0.004

	
0.227

	
0.002

	
0.484








1 DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent fiber, ADL: acid detergent fiber. 2 SEM: standard error of means. 3 Contrast-actual alfalfa proportion: linear and quadratic polynomial contrasts for actual alfalfa proportion. 4 Contrast-N level: linear and quadratic polynomial contrasts for N levels.
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Table 3. Chemical composition of orchardgrass and alfalfa silage mixtures as affected by alfalfa proportion and N levels in first and second cut (on dry matter basis, g/kg).






Table 3. Chemical composition of orchardgrass and alfalfa silage mixtures as affected by alfalfa proportion and N levels in first and second cut (on dry matter basis, g/kg).





	
N Level

(kg/ha)

	
Actual Alfalfa Proportion (%)

	
Crude Protein

	
Ash

	
Hemicellulose

	
Cellulose

	
Dry Matter

	
Acid Detergent Lignin




	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut






	
0

	
0

	
0

	
121

	
113

	
126

	
121

	
168

	
154

	
278

	
275

	
380

	
379

	
37.5

	
41.6




	

	
46

	
36

	
149

	
147

	
116

	
117

	
162

	
149

	
237

	
261

	
381

	
380

	
53.8

	
49.6




	

	
68

	
55

	
166

	
173

	
109

	
112

	
122

	
124

	
234

	
244

	
386

	
380

	
55.3

	
59.3




	

	
80

	
77

	
184

	
174

	
110

	
111

	
70.6

	
111

	
227

	
241

	
379

	
381

	
56.3

	
65.1




	

	
100

	
100

	
190

	
186

	
106

	
111

	
78.5

	
92.2

	
213

	
235

	
382

	
384

	
66.1

	
61.9




	
50

	
0

	
0

	
120

	
121

	
116

	
121

	
192

	
184

	
274

	
271

	
376

	
375

	
40.6

	
49.2




	

	
29

	
44

	
151

	
139

	
113

	
104

	
124

	
135

	
249

	
256

	
387

	
382

	
51.1

	
56.9




	

	
57

	
57

	
174

	
168

	
107

	
108

	
86.6

	
90.9

	
243

	
250

	
383

	
378

	
55.3

	
57.6




	

	
78

	
68

	
187

	
174

	
104

	
108

	
97.8

	
80.6

	
227

	
237

	
377

	
382

	
63.9

	
63.2




	

	
100

	
100

	
200

	
183

	
103

	
102

	
85.3

	
81.3

	
215

	
236

	
380

	
377

	
69.0

	
72.1




	
100

	
0

	
0

	
140

	
113

	
110

	
112

	
193

	
183

	
284

	
291

	
383

	
386

	
44.3

	
49.0




	

	
27

	
28

	
158

	
130

	
105

	
104

	
159

	
148

	
256

	
264

	
381

	
382

	
57.9

	
59.6




	

	
50

	
57

	
181

	
164

	
106

	
104

	
111

	
93.7

	
264

	
254

	
374

	
383

	
58.1

	
61.4




	

	
71

	
68

	
189

	
164

	
104

	
100

	
124

	
93.8

	
243

	
242

	
378

	
381

	
69.6

	
67.6




	

	
100

	
100

	
195

	
188

	
98.3

	
98.4

	
90.9

	
99.5

	
230

	
222

	
376

	
383

	
74.7

	
80.2




	
SEM 1

	
3.6

	
3.4

	
0.85

	
1.05

	
5.47

	
5.28

	
2.99

	
2.96

	
2.8

	
1.8

	
1.44

	
1.35




	
Contrast-actual alfalfa proportion 2




	
Linear

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.808

	
0.855

	
<0.001

	
<0.001




	
Quadratic

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.922

	
0.983

	
<0.001

	
<0.001




	
Contrast-N level 3




	
Linear

	
0.245

	
0.424

	
<0.001

	
<0.001

	
0.259

	
0.856

	
0.015

	
0.648

	
0.617

	
0.630

	
0.043

	
0.014




	
Quadratic

	
0.510

	
0.700

	
0.004

	
<0.001

	
0.350

	
0.643

	
0.038

	
0.813

	
0.878

	
0.658

	
0.118

	
0.049








1 SEM: standard error of means. 2 Contrast-actual alfalfa proportion: linear and quadratic polynomial contrasts for actual alfalfa proportion. 3 Contrast-N level: linear and quadratic polynomial contrasts for N levels
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Table 4. Ensiling characteristics of orchardgrass and alfalfa mixtures in the first and second cut.






Table 4. Ensiling characteristics of orchardgrass and alfalfa mixtures in the first and second cut.





	
N Level

(kg/ha)

	
Actual Alfalfa Proportion (%)

	
pH

	
Ammonia N (mmol/L)

	
Lactic Acid (mmol/L)

	
Acetic Acid (mmol/L)

	
Propionic Acid (mmol/L)

	
Butyric Acid (mmol/L)




	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut






	
0

	
0

	
0

	
4.47

	
4.42

	
4.69

	
3.68

	
1025

	
1136

	
1.82

	
2.78

	
0.84

	
1.15

	
0.08

	
0.07




	

	
46

	
36

	
4.63

	
4.48

	
5.04

	
6.89

	
910

	
997

	
1.99

	
6.50

	
0.56

	
1.60

	
0.10

	
0.08




	

	
68

	
55

	
4.68

	
4.82

	
6.51

	
7.18

	
859

	
874

	
4.79

	
6.89

	
0.39

	
0.65

	
0.06

	
0.06




	

	
80

	
77

	
4.54

	
5.05

	
6.28

	
8.67

	
754

	
718

	
5.20

	
9.89

	
0.41

	
1.60

	
0.08

	
0.05




	

	
100

	
100

	
5.11

	
5.18

	
7.46

	
9.06

	
533

	
598

	
7.06

	
9.99

	
0.67

	
0.56

	
0.23

	
0.02




	
50

	
0

	
0

	
4.52

	
4.56

	
5.12

	
5.93

	
724

	
1068

	
2.08

	
2.90

	
0.41

	
1.38

	
0.13

	
0.06




	

	
29

	
44

	
4.54

	
4.79

	
6.58

	
7.98

	
588

	
983

	
2.92

	
7.25

	
0.25

	
1.32

	
0.09

	
0.10




	

	
57

	
57

	
4.53

	
4.65

	
8.04

	
8.99

	
574

	
977

	
7.54

	
7.87

	
0.51

	
0.70

	
0.15

	
0.10




	

	
78

	
68

	
4.76

	
5.05

	
8.06

	
10.4

	
538

	
794

	
7.88

	
8.77

	
0.83

	
0.46

	
0.13

	
0.06




	

	
100

	
100

	
5.22

	
5.23

	
10.3

	
11.6

	
515

	
546

	
8.63

	
8.68

	
0.14

	
0.29

	
0.22

	
0.04




	
100

	
0

	
0

	
4.67

	
4.64

	
4.34

	
7.40

	
795

	
913

	
3.38

	
4.76

	
0.97

	
2.22

	
0.44

	
0.06




	

	
27

	
28

	
4.81

	
5.13

	
5.98

	
9.04

	
722

	
806

	
3.37

	
5.92

	
0.78

	
1.80

	
0.37

	
0.12




	

	
50

	
57

	
4.77

	
5.12

	
7.16

	
11.5

	
740

	
773

	
7.57

	
7.90

	
0.20

	
1.87

	
0.34

	
0.16




	

	
71

	
68

	
4.84

	
5.18

	
9.77

	
12.7

	
511

	
665

	
7.73

	
7.95

	
0.22

	
0.34

	
0.38

	
0.05




	

	
100

	
100

	
5.23

	
5.33

	
13.2

	
13.4

	
409

	
441

	
10.2

	
6.23

	
0.19

	
0.21

	
0.41

	
0.14




	
SEM 1

	
0.035

	
0.043

	
0.420

	
0.356

	
30.5

	
29.8

	
0.415

	
0.328

	
0.045

	
0.094

	
0.021

	
0.009




	
Contrast-actual alfalfa proportion 2




	
Linear

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.008

	
<0.001

	
0.754

	
0.648




	
Quadratic

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.022

	
<0.001

	
0.426

	
0.458




	
Contrast-N level 3




	
Linear

	
0.037

	
0.005

	
0.040

	
<0.001

	
0.014

	
0.046

	
0.024

	
0.418

	
0.357

	
0.455

	
<0.001

	
0.024




	
Quadratic

	
0.080

	
0.014

	
0.101

	
<0.001

	
0.004

	
0.058

	
0.067

	
0.691

	
0.397

	
0.064

	
<0.001

	
0.057








1 SEM: standard error of means. 2 Contrast-actual alfalfa proportion: linear and quadratic polynomial contrasts for actual alfalfa proportion. 3 Contrast-N level: linear and quadratic polynomial contrasts for N levels.
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Table 5. Metabolizable energy (ME) and in vitro fermentation characteristics of orchardgrass and alfalfa silage mixtures in the first and second cut.






Table 5. Metabolizable energy (ME) and in vitro fermentation characteristics of orchardgrass and alfalfa silage mixtures in the first and second cut.





	
N Level

(kg/ha)

	
Actual Alfalfa Proportion (%)

	
ME

(MJ/kg DM)

	
Ammonia N

(mmol/L)

	
tVFAs 1

(mmol/L)

	
Acetate

(mmol/L)

	
Propionate

(mmol/L)

	
Butyrate

(mmol/L)

	
Isobutyrate

(mmol/L)




	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut






	
0

	
0

	
0

	
10.2

	
10.0

	
61.9

	
26.2

	
90.2

	
72.3

	
51.6

	
42.6

	
20.9

	
18.4

	
11.0

	
7.53

	
2.37

	
0.83




	

	
46

	
36

	
10.5

	
10.2

	
65.8

	
27.5

	
94.9

	
78.6

	
52.1

	
46.2

	
23.3

	
18.8

	
10.2

	
8.73

	
2.53

	
1.06




	

	
68

	
55

	
10.7

	
10.5

	
62.7

	
31.6

	
95.5

	
75.1

	
54.2

	
45.1

	
22.5

	
17.1

	
11.0

	
8.38

	
2.54

	
0.96




	

	
80

	
77

	
10.9

	
10.6

	
74.8

	
34.1

	
95.3

	
80.8

	
54.8

	
49.1

	
21.5

	
18.3

	
10.6

	
8.42

	
2.53

	
1.03




	

	
100

	
100

	
10.9

	
10.7

	
69.7

	
33.1

	
96.7

	
78.0

	
55.4

	
49.2

	
22.2

	
16.5

	
10.5

	
7.41

	
2.66

	
0.96




	
50

	
0

	
0

	
10.2

	
9.99

	
61.7

	
30.1

	
92.7

	
72.3

	
53.8

	
42.3

	
22.3

	
18.5

	
10.8

	
6.55

	
2.34

	
0.75




	

	
29

	
44

	
10.3

	
10.2

	
70.8

	
31.7

	
94.7

	
71.2

	
51.7

	
42.8

	
24.8

	
17.0

	
9.90

	
6.46

	
2.44

	
0.89




	

	
57

	
57

	
10.8

	
10.5

	
67.1

	
33.4

	
94.5

	
82.6

	
52.9

	
43.3

	
22.7

	
20.4

	
10.3

	
8.79

	
2.40

	
1.05




	

	
78

	
68

	
10.9

	
10.5

	
69.3

	
33.4

	
95.1

	
77.7

	
54.2

	
46.0

	
20.9

	
18.9

	
10.3

	
7.93

	
2.38

	
0.96




	

	
100

	
100

	
10.9

	
10.7

	
74.9

	
36.4

	
96.2

	
78.1

	
54.1

	
47.7

	
22.7

	
16.8

	
10.4

	
8.41

	
2.54

	
1.05




	
100

	
0

	
0

	
10.3

	
9.88

	
64.0

	
27.8

	
93.1

	
72.8

	
53.9

	
42.2

	
22.2

	
18.4

	
11.0

	
7.46

	
2.37

	
0.86




	

	
27

	
28

	
10.5

	
10.1

	
70.3

	
30.3

	
94.5

	
75.6

	
54.6

	
44.6

	
24.4

	
18.6

	
11.4

	
8.09

	
2.61

	
1.00




	

	
50

	
57

	
10.8

	
10.4

	
65.7

	
31.4

	
94.7

	
70.8

	
54.2

	
43.3

	
20.8

	
15.7

	
9.79

	
7.64

	
2.36

	
0.84




	

	
71

	
68

	
10.8

	
10.5

	
68.8

	
34.3

	
96.9

	
73.8

	
56.9

	
46.5

	
22.9

	
14.7

	
11.1

	
6.92

	
2.59

	
0.82




	

	
100

	
100

	
10.8

	
10.6

	
73.5

	
33.3

	
96.9

	
74.8

	
55.9

	
45.9

	
22.7

	
15.7

	
10.7

	
8.72

	
2.60

	
0.91




	
SEM 2

	
0.04

	
0.041

	
0.75

	
0.97

	
0.36

	
0.75

	
0.33

	
0.46

	
0.21

	
0.33

	
0.085

	
0.151

	
0.023

	
0.020




	
Contrast-actual alfalfa proportion 3




	
Linear

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.017

	
0.010

	
0.008

	
<0.001

	
0.622

	
0.017

	
0.191

	
0.023

	
0.005

	
0.130




	
Quadratic

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.059

	
0.024

	
0.023

	
<0.001

	
0.245

	
0.020

	
0.428

	
0.048

	
0.020

	
0.016




	
Contrast-N level 4




	
Linear

	
0.905

	
0.333

	
0.431

	
0.539

	
0.056

	
0.002

	
0.068

	
0.006

	
0.312

	
0.083

	
0.455

	
0.218

	
0.726

	
0.009




	
Quadratic

	
0.980

	
0.603

	
0.600

	
0.228

	
0.083

	
0.008

	
0.063

	
0.025

	
0.470

	
0.021

	
0.420

	
0.264

	
0.147

	
0.025








1 tVFAs: total volatile fatty acids. 2 SEM: standard error of means. 3 Contrast-actual alfalfa proportion: linear and quadratic polynomial contrasts for actual alfalfa proportion. 4 Contrast-N level: linear and quadratic polynomial contrasts for N levels.













[image: Table] 





Table 6. Volatile fatty acids and fermentative gases emissions of orchardgrass and alfalfa silage mixtures in the first and second cut.






Table 6. Volatile fatty acids and fermentative gases emissions of orchardgrass and alfalfa silage mixtures in the first and second cut.





	
N Level

(kg/ha)

	
Actual Alfalfa Proportion (%)

	
Valerate

(mmol/L)

	
Isovalerate

(mmol/L)

	
Acetate/Propionate

	
pH

	
Carbon Dioxide

(mmol/L)

	
Methane

(mmol/L)

	
Recovery Hydrogen

(%)




	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut

	
First

Cut

	
Second

Cut






	
0

	
0

	
0

	
1.98

	
1.53

	
2.98

	
1.45

	
2.48

	
2.34

	
6.62

	
6.73

	
46.6

	
37.2

	
21.6

	
17.1

	
86.0

	
87.3




	

	
46

	
36

	
2.29

	
1.78

	
2.98

	
2.02

	
2.24

	
2.46

	
6.61

	
6.73

	
47.7

	
40.9

	
21.2

	
19.1

	
86.0

	
86.7




	

	
68

	
55

	
2.25

	
1.83

	
2.98

	
1.81

	
2.41

	
2.79

	
6.61

	
6.76

	
49.3

	
39.4

	
22.6

	
19.0

	
86.1

	
86.8




	

	
80

	
77

	
2.29

	
1.94

	
3.05

	
2.02

	
2.56

	
2.75

	
6.64

	
6.76

	
48.2

	
41.8

	
22.9

	
20.4

	
86.0

	
86.8




	

	
100

	
100

	
2.31

	
1.94

	
3.15

	
2.02

	
2.51

	
3.01

	
6.67

	
6.75

	
49.7

	
39.9

	
23.2

	
20.6

	
86.0

	
86.6




	
50

	
0

	
0

	
1.77

	
1.37

	
2.58

	
1.41

	
2.42

	
2.29

	
6.59

	
6.70

	
47.3

	
35.6

	
22.0

	
16.6

	
86.6

	
87.3




	

	
29

	
44

	
2.39

	
1.61

	
3.08

	
1.70

	
2.09

	
2.53

	
6.62

	
6.70

	
49.4

	
35.3

	
21.1

	
17.2

	
86.0

	
86.8




	

	
57

	
57

	
2.09

	
1.96

	
2.84

	
2.03

	
2.34

	
2.37

	
6.62

	
6.73

	
47.5

	
42.4

	
21.7

	
19.6

	
86.2

	
86.7




	

	
78

	
68

	
2.10

	
2.02

	
2.86

	
1.97

	
2.60

	
2.44

	
6.66

	
6.75

	
47.2

	
39.6

	
22.6

	
18.7

	
86.2

	
86.6




	

	
100

	
100

	
2.49

	
2.07

	
3.47

	
2.07

	
2.40

	
2.85

	
6.70

	
6.76

	
49.2

	
40.7

	
22.5

	
20.2

	
85.6

	
86.5




	
100

	
0

	
0

	
2.27

	
1.51

	
2.89

	
1.50

	
2.44

	
2.30

	
6.65

	
6.71

	
48.5

	
36.9

	
22.4

	
16.9

	
86.2

	
87.2




	

	
27

	
28

	
2.49

	
1.62

	
3.18

	
1.82

	
2.26

	
2.40

	
6.62

	
6.74

	
50.1

	
39.1

	
22.3

	
18.2

	
85.9

	
86.9




	

	
50

	
57

	
1.96

	
1.70

	
2.71

	
1.57

	
2.60

	
2.76

	
6.70

	
6.73

	
47.0

	
37.0

	
22.6

	
18.2

	
86.4

	
87.0




	

	
71

	
68

	
2.46

	
1.70

	
3.15

	
1.68

	
2.50

	
3.18

	
6.63

	
6.76

	
51.3

	
37.3

	
23.9

	
19.7

	
86.1

	
86.9




	

	
100

	
100

	
2.58

	
1.61

	
3.14

	
1.93

	
2.47

	
3.13

	
6.67

	
6.80

	
50.2

	
39.9

	
23.3

	
19.8

	
85.9

	
86.8




	
SEM 1

	
0.040

	
0.038

	
0.045

	
0.040

	
0.027

	
0.057

	
0.027

	
0.008

	
0.007

	
0.428

	
0.159

	
0.231

	
0.050
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Contrast-actual alfalfa proportion 2




	
Linear

	
0.007

	
<0.001

	
0.022

	
<0.001

	
0.081

	
<0.001

	
0.012

	
0.003

	
0.019

	
<0.001

	
0.003

	
<0.001
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<0.001




	
Quadratic

	
0.028

	
<0.001
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<0.001

	
0.101

	
<0.001

	
0.026
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0.002

	
0.007

	
<0.001
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<0.001




	
Contrast-N level 3




	
Linear

	
0.177

	
0.016

	
0.924

	
0.002

	
0.834

	
0.611

	
0.186

	
0.893

	
0.068

	
0.009

	
0.140

	
0.053

	
0.690

	
0.015




	
Quadratic

	
0.146

	
0.030

	
0.857

	
0.008

	
0.376

	
0.056

	
0.407

	
0.349

	
0.069

	
0.034

	
0.058

	
0.058

	
0.847

	
0.036








1 SEM: standard error of means. 2 Contrast-actual alfalfa proportion: linear and quadratic polynomial contrasts for actual alfalfa proportion. 3 Contrast-N level: linear and quadratic polynomial contrasts for N levels.
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