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Abstract:
							                           
Annual winter pastures are strategic components in crop-livestock systems in Uruguay. The aim of this study was to evaluate the N legume fixation into an annual ryegrass pasture contrasted to the N fertilizer addition. The experimental design was a randomized complete block design with 2x2 factorial arrangement of the treatments, two pasture types: a) annual ryegrass (Lolium multiflorum L.) pasture, and b) of annual ryegrass with two annual legume species (Trifolium resupinatum L. and Trifolium vesiculosum L.); and two levels of N fertilizer: a) no N fertilizer, and b) 64 kg N ha-1. They were grazed with Holstein steers. Setaria italica crop was planted in summer to evaluate the carry over effects of the treatments on its herbage mass production. Pasture accumulated herbage mass was significantly increased with N fertilizer (P ≤ 0.01), increment of 1277 ± 322.5 kg DM ha-1. The legume species’ addition plus N fertilization led to a higher nitrogen nutrition index in the mixed pastures. Ryegrass herbage mass was positively influenced by N addition, but with that there was a 47% of weed herbage mass increase in the pure annual ryegrass pastures. The average daily gain of steers was positively influenced by legumes, with an average of 1.01 kg PV day-1 in mixtures. N fertilizer addition allowed a higher stocking rate and higher animal production in winter. A carryover effect of the treatments was not found on S. italica accumulated herbage mass. Legumes’ addition to annual ryegrass allowed a greater animal performance but did not provide any additional benefit to the following summer crop.



Keywords: nitrogen use, BNF, legumes incorporation, NNI (Nitrogen Nutrition Index).
		                         


Resumen:
						                           
Las pasturas anuales de invierno son componentes estratégicos de los sistemas agropecuarios en Uruguay. El objetivo de este estudio fue evaluar el efecto de la fijación biológica de N de leguminosas en una mezcla con raigrás anual en contraste con la adición de fertilizante nitrogenado. El diseño experimental fue un diseño de bloques completos al azar con arreglo factorial 2 x 2 de los tratamientos, con dos tipos de pasturas: a) pastura de raigrás anual (Lolium multiflorum L.), y b) pastura mezcla de raigrás anual con dos especies de leguminosas anuales (Trifolium resupinatum L. y Trifolium vesiculosum L.); y dos niveles de fertilización con N: a) sin fertilizante, y b) 64 kg N ha-1. Las pasturas fueron pastoreadas con novillos Holstein. En verano se realizó un cultivo de Setaria italica para evaluar los efectos de los tratamientos en la producción de biomasa de este. La biomasa acumulada de las pasturas de invierno incrementó significativamente con fertilización de N (P ≤ 0.01), con un incremento de 1277 ± 322.5 kg MS ha-1. La pastura mezcla fertilizada con N produjo un mayor índice de nutrición nitrogenada que la pastura de raigrás anual. La biomasa aérea de raigrás presentó un incremento con el agregado de N; sin embargo, en las pasturas monofíticas de raigrás hubo un aumento del 47% de malezas. La ganancia media diaria de los novillos incrementó con la incorporación de leguminosas, con un promedio en las pasturas mezclas de 1,01 kg PV día-1. La adición de fertilizante nitrogenado permitió una mayor carga animal y una mayor producción animal en invierno. No se encontró un efecto de los tratamientos en la biomasa acumulada de S. italica. La incorporación de leguminosas al raigrás anual permitió una mayor ganancia diaria de peso vivo por animal, pero no produjo un efecto adicional sobre el cultivo sucesor de verano.



Palabras clave: eficiencia del nitrógeno, FBN, incorporación de leguminosas, INN (Índice de nutrición nitrogenado)..
                                







INTRODUCTION

Integrated crop-livestock systems create synergies between livestock and crops (Peyraud et al., 2014). These systems allow agriculture to be more sustainable by diminishing the soil degradation processes generated by the over utilization of resources produced by certain practices, such as continuous cropping. Pasture inclusion within a crop rotation has shown to break soil degradation processes, the reason why this practice has been adopted in agricultural countries such as Uruguay, since the 60s decade (Garcia-Prechac et al., 2004). The inclusion of legume species, as annual legume cover crops or as part of long-rotation pastures accompanying grasses, is supported by the legume’s atmospheric nitrogen fixation capability (Peyraud et al., 2014).

In mixed pastures, nitrogen (N) fixation is associated with the amount of clover in the mixture total yield, due to the relation between N fixation and the percentage of legume present in the pasture botanical composition, however, this is diminished by N fertilizer addition (Enriquez-Hidalgo et al., 2016). The transference of the N fixed by legumes to the companion grasses in a pasture is highly variable, it depends on which are the other species, the agricultural management and the environmental conditions (Ledgard, 1991; Pirhofer-Walzl et al., 2011). Nevertheless, in a grazing system the amount of N coming from the animal excreta, especially urine, can be larger than that from the legume N fixation activity (Whitehead, 1970; Schnyder et al., 2009). The spatial distribution of N in the soil through large herbivores, which generates patchiness in the pastures, is influenced by several factors including the percentage of legume utilization, excreta distribution in the area and the magnitude of N losses by lixiviation and denitrification (Vallis, 1978).

Legumes in pastures have shown that animal live weight gain per day improves with their inclusion in a grass-only pasture, because of the high legume nutritive value (Sleugh et al., 2000). Normally this has been associated with the larger protein content in legume tissues compared to the grasses, which also favors a greater amount of N cycling in the system. The proportion of N retained by animals is relatively constant, about 10%. The remaining N is returned to the soil, mainly as urine deposition (Wetselaar and Ganry, 1982). More N could be restored to the soil if animals harvested more N from fodder (Cadisch et al., 1994).

The N captured while the biological fixation process is being carried out by winter annual legumes may be a feasible strategy to increase the available N for the next growing season and, thus, be utilized by the following crop in the rotation. However, this process can be erratic when a pasture is grazed. Animal depositions tend to be not homogeneously distributed in paddocks, concentrating larger amounts of N in specific individual soil positions. This increased patchiness in the soil exacerbates pasture growth unevenness, reaching up to 25% of the total defoliated area destined for an individual grazing event (Moir et al., 2010).

The implementation of integrated crop-livestock systems may result in high agricultural productivity levels, enhancing the efficient use of N by the whole system (Peyraud et al., 2014). The research was realized to test the hypothesis that the inclusion of an annual legume alongside an annual ryegrass pasture reduces the need for N fertilizer addition without diminishing pasture forage production, improves the animal performance, and provides soil fertility conditions that allow the successor summer crop to perform competitively without the extra N addition. The aim of the trial was to evaluate herbage mass accumulation and animal production in annual winter pastures and carryover effects of legumes incorporation and/or N fertilization in a no-tillage crop-livestock system.




MATERIALS AND METHODS


 Site, treatments and climatological data 


The trial was carried out in Paysandú (32° 23’ 27.1’’ S; 58° 03’ 41.76’’ W), Uruguay. The soil was Typic Argiudol, superficial to moderately deep and clay loam texture (Altamirano et al., 1976). Two types of pastures (M) were sown on 26 March 2016 to be evaluated, monophyte annual ryegrass pasture (RG), and RG – legumes mixture pasture (MX), under two N fertilizer rates (N), 0 (N0) and 64 (N64) kg N ha-1. The combination of both main factors generated the following treatments: 1) Lolium multiflorum L. cv. LE284 (RG) pasture without N fertilizer addition (0 kg N ha-1), called RG0; 2) RG with 64 kg N ha-1 (RG64); 3) RG, Trifolium resupinatum cv. Maral and Trifolium vesiculosum cv. Fertiseta pasture (MX) without N fertilizer (MX0); 4) MX with 64 kg N ha-1 (MX64). The N fertilization criterion was based on the herbage mass production (~2000 kg ha-1) (Leborgne, 1984), as well as the forage N content (~3%) during winter.

Legume seeds were inoculated with Rhizobium leguminosarum and pelleted with calcium carbonate. The temperature conditions and the hydric balance for the period are shown in Fig. 1. Evapotranspiration was estimated using the FAO method, with weather data (temperature, relative humidity, solar radiation and wind speed).
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Figure 1






Average temperatures during the experimental period (April 2016 to February 2017) and historical series (2002-2014) in Paysandú, Uruguay. Bars indicate precipitations, potential evapotranspiration (ET) and soil water balance (Bal) in mm from April 2016 to February 2017. temp. (Series): average temperature during 2002-2014; Temp. (Period) average temperature for the experimental period. Horizontal arrows indicate length of each grazing cycle and vertical arrows indicate application time of mineral N and herbicide.











For the monophyte pastures, the annual ryegrass sowing rate was 19.2 kg ha-1. In the mixed pastures the annual ryegrass sowing rate was 12 kg ha-1, plus 5 kg ha-1 of legumes. Seed germination tests and seed weight calculation in laboratory determined that the monophyte pastures had 626 RG viable seeds per m-2, meanwhile the MX pastures had 392 RG viable seeds per m-2 and 305 viable seeds per m-2 clovers. The annual legumes were composed of 24% of T. resupinatum and 6% of T. vesiculosum, which were not possible to distinguish the seedlings between species in the laboratory due to the morphological similarity. The proportion of each species used in the mixtures was to pursue a pasture legume biomass capable of fixing a similar amount of N as the provided by N fertilizer utilized.

Seeds were sown by direct drilling in lines 17 cm apart. In MX, seeds were allocated in the same sowing line. Soil samples taken from the first 20 cm soil depth indicated that Olsen-P levels were 6 mg kg-1. To fulfill species P requirements, all plots received 17.5 kg ha-1 of P. Urea fertilizer (46% of N) was applied to RG64 and MX64 at the rate of 32 kg ha-1 of N in two opportunities: 50 days after sowing date (May 18, 2016) and after first grazing (September 6, 2016).

The experiment was a randomized complete block design, with six blocks and a 2 x 2 factorial arrangement of the treatments: two pasture types and two N rates, resulting in RG0, RG64, MX0 and MX64 treatments. The area of the plots was 0.35 ha, comprising a total experimental area of 8.4 ha. The trial was grazed with yearling Holstein steers (average weight of 200 kg ± 17 kg). Each grazing event started when the undisturbed pasture height reached 15-20 cm. The residual pasture height target was 5-7 cm height. Non-core animals were added or removed to keep pasture forage allowance at about 8 kg DM pasture mass per 100 kg of animal body weight. Thus, the number of steers per plot was different with a minimum of three and a maximum of five animals.

A rotational grazing was utilized. Three groups of steers were randomly assigned to the pastures and three of the six blocks were grazed at the same time. When the post-grazing target was reached in one block, the steers were moved to a second block, after which they returned to the prior block, completing with this a grazing cycle. Each plot was grazed by three to five steers; thus, the forage allowance was maintained steady.

To avoid nutrient transference between treatments, at all times the animals grazed the same treatment during the whole trial. Grazing began on 15 July 2016, and ended on 3 November 2016. Three grazing cycles were completed, with an average of 15 days of grazing and 20 days of rest for each block. The first grazing cycle was from 15 July to 6 September and corresponded to winter, the second grazing cycle was between 6 September to 14 October and the last cycle was from 14 October to 3 November. The last two cycles occurred in the spring season.

After the last cycle, the pastures were sprayed with 3 l ha-1 of glyphosate and 1 l ha-1 of 2,4-Dichlorophenoxyacetic acid herbicides to establish the summer crop. Setaria italica was sown in all treatments, on 12 December 2016, with a seeding rate of 20 kg ha-1 by direct-drilling.


 Tiller number per plant and tiller number m-2  



Immediately before the first grazing cycle, the ryegrass tiller population was measured, tillers m-2 were counted in situ at six locations per plot (in a one-meter line following the sown rows, 15 cm between sowing rows). Daughter tillers per plant was registered by destructive technique collecting six 10 cm-2 cores per plot (Jewiss, 1972).


 Accumulated herbage mass and botanical composition 


Herbage mass production was calculated according to Campbell (1996). The pre-grazing and post-grazing herbage mass were determined using the double sampling technique with 8 samples per plot and a 20 x 50 cm quadrat. The double sampling technique consisted in measuring undisturbed pasture height in three locations inside the quadrats, and after cutting the forage inside them to a ground level, the herbage mass was dried in a forced air oven at 65 °C until constant weight. A regression analysis between herbage height (independent variable) inside the quadrat and its herbage weight (dependent variable) was made. In order to calculate the herbage mass per plot, the formula obtained from the regression analysis was replaced with the average of 40 undisturbed pasture height measurements recorded in each plot (Haydock and Shaw, 1975). This procedure was repeated for each pre and post-grazing herbage mass measurement. The botanical composition was estimated by the area estimation cover method (Brown, 1954), using a 20 x 50 cm quadrat to perform the estimation. Forty visual samples per plot were taken to estimate botanical composition and the percentage of pasture cover was sorted into “grass”, “legumes” and “weeds”. Thus, the kg ha-1 of each component of the pastures was calculated as the product of each component percentage and pasture herbage mass production.


 Nutrition status of pastures 


From RG and MX pastures, grass and legume herbage N concentration (Nact) was measured separately using the Kjeldahl method (Bradstreet, 1954). Thus, the nitrogen content of the pre-grazing herbage mass was measured at the beginning of the second grazing cycle. This was performed to four of the six blocks. The nitrogen status of the pastures was assessed through the Nitrogen Nutrition Index (NNI) (Lemaire and Gastal, 1997):

NNI = Nact/ Ncr 


where, Ncr is the critical N concentration estimated as

Ncr = 4.8 W-0.32 


where, W is the pre-grazing dry matter herbage mass (t ha-1). NNI was calculated also for the grass and legume components. A regression analysis was made between the NNI and the second grazing cycle accumulated herbage mass for the RG and MX pastures.


 Successor summer crop  


Total soil nitrogen concentration was measured from soil samples taken from the first 5 cm of soil before sowing S. italica. The soil sampling was carried out before applying the herbicide pre-direct drilling S. italica on the remnant pastures growing at that time. Soil sampling was done in a paired basis, from the soil directly located under the urine patches and at 1.5 m distance from that individual urine patch, being called “no urine patch” position. A urine patch was detected by the stronger green color of the forage and larger plant size, compared to its surrounding pasture. A total of 7 paired samples per plot were taken and assessed in December 2016. Soil N content was determined through the Kjeldahl method (Bradstreet, 1954) in the Agricultural School Laboratory, Universidad de la República, Uruguay.

Soil bulk density (g cm-3) from a urine patch and from a no urine patch was assessed by inserting a cylinder (5 cm length and 2.5 cm diameter) to a ground level. The soil was dried at 104°C during 48 h and weighted. Bulk density was calculated based on the volume of the cylinder and the dried weight of the soil.

In addition, on 1 February 2017, the concentration of N in S. italica was determined by the Kjeldhal method, in the stage 49 according to Zadoks et al. (1974) and the accumulated herbage mass (kg DM ha-1) was measured through eight samples (quadrat 50 x 50 cm) per plot cut to a 1 cm above ground level.


 Biological N fixation 


In the pre-grazing herbage mass of the second and the third grazing cycle, N fixation of legumes was evaluated with the natural abundance 15N technique. First, shoot material from MX0 was separated into grass (non-fixing crop) and legumes (fixing crop components), oven-dried at 60°C per 48 h, weighted, and ground using a 1-mm sieve. Total N and δ15N (‰) were determined using ANA-mass spectrometers (at the Soil Laboratory, Universidad de la República, Uruguay). The %Ndfa (% of fixing N) was estimated according to Ledgard (1989):

%Ndfa = [δ 15N(‰)non-fixing crop− δ 15N(‰)fixing crop] / [δ 15N(‰)non-fixing crop−B]×100

where, factor B (correction factor) is -1‰ (Peoples et al., 1991).

The total amount of N2 fixed was the result of multiplying %Ndfa by kg N ha-1 of legumes in MX0.


 Animal average daily gain and animal production per hectare 


Animals were weighted once a month in order to calculate herbage allowance and animal daily gain (ADG) per treatment. As the experiment involved three animal groups (repetitions), it was possible to do a statistical analysis for WG per hectare for winter, spring and the whole period.


 Statistical analysis 


The variables were analyzed assuming normal distribution. General linear model was applied, and Tukey test performed to separate the means. The interaction of the two main factors, pasture type (M) and N fertilizer (N), at their two levels (nitrogen at 0 and 64 kg N ha-1; pasture type [RG and MX]) was evaluated in the model, and the interaction was nested within grazing cycles.

The evaluation of the nutritional status of the pastures and its relationship with the herbage mass production were carried out by regression analysis between NNI (independent variable) and net dry matter production (dependent variable) for the period. The level of significance used in all the analyses was 5% (P = 0.05).




RESULTS


 Pastures herbage mass production 


The accumulated herbage mass from 26 March 2016 to 3 November 2016 along the three grazing cycles is shown in Table 1. The first grazing cycle started with the accumulated herbage mass from sowing to the 6th September. There was no significant interaction between pasture type (M) and N fertilizer (N) for the total accumulated herbage mass. The N fertilizer addition significantly increased (P ≤ 0.01) the total accumulated herbage mass. No statistically significant differences (P > 0.05) were found for pasture type (M). The annual ryegrass flowered by mid of November 2016.

Regarding the grazing cycles, N fertilizer level was statistically different (P ≤ 0.05) for the first and second grazing cycles, showing higher herbage mass productions on the fertilized pastures (table 1). Thus, for the whole experimental period the nitrogen use efficiency for N fertilized pastures was 19.9 kg DM kg-1 per kg of N applied.
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Table 1






Herbage mass production per grazing cycle, total accumulated herbage mass and tillers number for mixed pastures with (MX64) and without (MX0) addition of 64 kg N ha-1, and annual ryegrass pastures with (RG64) and without (RG0) addition of 64 kg N ha-1. Values are expressed as means ± SEM.












 Changes on tiller population 


Nitrogen fertilizer addition significantly increased (P ≤ 0.01) the tiller number per plant and the tillers m-2. There was non-significant interaction between N fertilizer addition and type of pasture (P > 0.05) (table 1).


 Total and seasonal botanical composition 


The herbage mass of ryegrass in the pastures diminished towards spring for both pastures and fertilizer levels. Total ryegrass accumulated herbage mass was statistically different between pasture types (P ≤ 0.05), being higher in RG than in MX pastures. Similar thing was measured during the first grazing cycle (P ≤ 0.001). In addition, N fertilization significantly increased (P ≤ 0.001) ryegrass accumulated herbage mass and ryegrass herbage mass for grazing cycles one and two (P ≤ 0.001). Weed accumulated herbage mass and weed herbage mass during grazing cycles two and three were statically different (P ≤ 0.05) for type of pasture, with an increase of 47% for the RG pastures in relation to the MX pasture (table 2).

The legume component maintained a similar accumulated herbage mass and herbage mass per grazing cycle between MX0 and MX64, despite the N fertilizer addition, with an average of 1790.0 ± 207.7 kg ha-1 and 596.0 ± 47.3 kg ha-1, respectively.
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Table 2






Botanical composition of the total accumulated herbage mass and per grazing cycle. MX0: mixed pasture without N fertilizeraddition; RG0: annual ryegrass pasture without N fertilizer addition; MX64: mixed pasture fertilized with 64 kg N ha-1; RG64: annual ryegrasspasture fertilized with 64 kg N ha-1.Values are expressed as means ± SEM.












 Nutritional status of the pastures  


During the second grazing cycle, the N fertilization increased the herbage mass N concentration (P ≤ 0.05), accumulated N (kg N ha-1) (P ≤ 0.05) and NNI. In addition, these three variables were different for pasture type, being higher for the mixed pastures. There was no significant interaction between N fertilizer and pasture type. The legume species NNI was 0.75 ± 0.04, while 0.56 ± 0.05 for the ryegrass in MX64, and 0.38 ± 0.04 in MX0 (table 3).
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Table 3






Accumulated herbage N (kg ha-1), foliage N concentration (%) and NNI in the pre grazing herbage mass for annual ryegrass pasturewith (64 kg N ha-1) (RG64) and without N fertilizer addition (RG0), and for the mixed pasture with (64 kg N ha-1) (MX64) and withoutN fertilizer addition (MX0).Values are expressed as means ± SEM.












 Biological N fixation  


Legumes Ndfa in MX0 was 95%, with 2.9% N concentration and 1220 kg DM ha-1. Thus, during the last two grazing cycles, a total of 33.6 kg ha-1 N were fixed by MX0.


 Animal production 


During winter, independently of what type of pasture was evaluated, the ADG showed significant differences (P ≤ 0.05) only for N fertilizer rate factor, being N64 the best alternative. However, during spring, independently of the N fertilizer rate, significant differences (P ≤ 0.05) were related to the type of pasture factor, where ADG behaved better when animals were grazing the MX pasture. For both seasons, there were no statistical differences with respect to the interaction (pasture*N). The mean ADG had the same trend as the spring period, where the type of pasture factor showed significant differences (P ≤ 0.05) in favor of the MX pasture. As well as in winter and in spring, there were no statistical differences when the interaction (pasture*N) was studied (table 4). The WG per hectare was only different in winter for the N fertilizer level (P ≤ 0.05), independently of the pasture type used (RG or MX). Total WG did not probe differences between treatments.
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Table 4






Mean average daily gain (ADG) (kg LW day-1), ADG in winter and spring, total live weight gain (WG), WG in winter and spring ofsteers. Mean herbage allowance (HA) and mean stocking rate utilized in the pastures. MX0: mixed pasture without N fertilizer addition;RG0: annual ryegrass pasture without N fertilizer addition; MX64: mixed pasture fertilized with 64 kg N ha-1; RG64: annual ryegrass pasturefertilized with 64 kg N ha-1.Values are expressed as means ± SEM.












 Summer crop and carryover effects of treatments 


The soil analysis performed immediately after the pastures finished their productive cycle showed no statistically differences in the total soil N levels, neither by consequence of the N application, nor by the effect of legumes N symbiotic fixation.

The overall average total soil N, for the no urine patches was 4.3 ± 1.15 kg ha-1, and for the urine patches was 18.5 ± 3.8 kg N ha-1. The total soil N for the urine patches showed a statistical trend only for the pasture type (P=0.065) (table 5).

Setaria italica herbage mass production and N concentration in the foliage were not statistically different between the treatments. The average herbage mass production was 1855.0 ± 137.2 kg DM ha-1, while the foliage N concentration was 1.52 ± 0.06%.




[image: 86469695005_gf7.png]



Table 5






Soil mineral N in urine patches and in areas without visible urine patches and S. italica accumulated herbage mass at 49 stage,according to Zadoks et al. (1974) scale. MX0: mixed pasture without N fertilizer addition; RG0: annual ryegrass pasture without N fertilizeraddition; MX64: mixed pasture fertilized with 64 kg N ha-1; RG64: annual ryegrass pasture fertilized with 64 kg N ha-1.Values are expressed as means ± SEM.














DISCUSSION


 Pasture production and botanical composition  


This study highlighted the relevance of N fertilizer addition to increase annual ryegrass pasture production. This evidences the low N contribution from annual legumes to grasses during their initial stages (table 1). Nitrogen deficiency is shown in pastures through the diminishing in the number of tillers per plant, leaves growth and leaves photosynthetic rate (Woledge and Pearse, 1985). A higher tiller density of the pastures with N fertilization showed greater accumulated herbage mass in the first cycle compared with not fertilized pastures. The rate of tiller production per plant is sensitive to soil mineral N fluctuations (Langer, 1963; Simon and Lemaire, 1987), which was shown in the current study by the increase of tiller per plant and tiller per m2 when the pasture was fertilized with N (table 1).

A similar amount of accumulated herbage mass between RG and MX pastures during the grazing cycles (table 1) was a consequence of complementation growth processes between species within each of them (Hooper et al., 2005). The water deficit that occurred from the second half of the second cycle and throughout the third cycle (fig. 1) negatively affected the RG growth probably due to its greater density and, consequently, its higher intraspecific competition (Hall, 1978), which likely led to equalize the differences measured in the first cycle (table 2). On the other hand, according to Whitehead (1995), mixed pastures of grasses-legumes without N fertilization produce a higher yield than pure grasses pastures exposed to conditions of low mineral N in the soil, because of the presence of biological N fixation of the legume species. In the present trial, the lack of difference could be attributed to the short life of the pastures, therefore long-term effects, such as N fixation-utilization by companion species, were not able to be expressed as grass dry matter growth. It was not enough time for the N fixed by the legume to be transferred to the neighboring grass species, a process that is carried out after the first year of the pasture’s life (Harris, 1990).

The production of T. resupinatum behaved similarly to a legume monoculture fertilized with N, where production remains unchanged (Soussana and Tallec, 2009). The present study suggests that adding low rate of N fertilizer to a mixed pasture of annual ryegrass and annual legumes has a different outcome compared with perennial mixed pastures, where in the latter there is a diminishment of clover herbage mass, which is caused by a shading effect of grass (Enriquez-Hidalgo et al., 2016).

The lack of differences on weed accumulated herbage mass (kg ha-1) in the first grazing cycle probably was a consequence of high growth rates and good tillering of the pastures, which allowed to quickly close the furrow, preventing the invasion of non-sown species. In the following grazing cycles, there was an increase of weeds in the RG pastures, evidencing that there was an available ecological niche which eventually could have been occupied by any species (table 2). Other non-sown species were found, such as Medicago lupulina and Trifolium repens, both species capable of fixing atmospheric nitrogen. Schwinning and Parsons (1996), using hierarchical models, determined that the amount of legumes (Trifolium repens in this case) was positively related to the extent of available sites with low soil N concentration to be colonized by them, as it was determined in this study.


 Nitrogen content in pastures and biological N fixation  


In the mixture, the grass component could not use the atmospheric N fixed, reflected on the similar amount of NNI regarding the annual ryegrass pasture without N fertilizer. Morris et al. (1990) reported that 4 kg ha-1 of N were transferred from T. vesiculosum to the companion grasses only after the second year, which corresponded to a minor N supply compared to the N fixation capacity of these species (Mueller and Thorup-Kristensen, 2001).

In the current study, NNI was closely related to herbage mass production and turned to be an important indicator in the decision to apply N fertilizer (fig. 2) (Lemaire and Meynard, 1997). In mixed pastures, a high proportion of NNI values were between 0.6 and 0.8 NNI (Fig. 2), a range that is close to that reported by Soussana and Arregui (1995), between 0.7-0.8 NNI in mixed grass and legume pastures, but without fertilizer addition. The findings of Soussana and Arregui (1995) were based on perennial grasses with greater root systems compared to the annual ryegrass roots, therefore with a greater soil exploratory capacity to potentially acquire soil mineral N from a larger soil volume (Garnier, 1992). In the present research, greater NNI values in the mixed pastures compared with the annual ryegrass pastures (table 3) are mainly explained by the presence of legume components in the former, since legumes have more crude protein in the foliage than grasses. However, herbage mass production in mixtures did not reflect it, because legumes proportion was comparatively lower in relation to ryegrass component (table 2).
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Figure 2






Herbage mass production (kg DM ha-1) according to different NNI (Nitrogen Nutrition Index). Closed circles: annual ryegrasspastures (RG); gray triangles: mixed pastures (M).












 Animal production 


The lack of significant difference between treatments when studying total WG suggests that it is possible to achieve similar animal production using either N fertilizer or legume incorporation, in spite of the important numerical differences. The greater effect of the type of pasture factor on the mean ADG, evidences the importance of including legumes in order to get better individual performances, also reported by Fruet et al. (2019).

Total WG results concur with the ones exposed by Butler et al. (2012), in which they evaluated the third year of production of a tall fescue under N fertilizer addition (112 kg ha-1) or using annual legumes (T. vesiculosum, Vicia villosa and Pisum sativum) beside the tall fescue, but this did not occur for the mean ADG which in the current experiment were favored by the presence of legumes during spring period while the authors reported similar daily gains.

During winter, the increase of WG per hectare in the pastures that received N fertilizer, as reported in Table 4, was associated with more fodder production, due to higher levels of forage mass and also an improvement in forage quality. This enabled maintaining high individual gains at the previously proposed forage allowances.

Although total WG was similar between treatments, the higher stocking rate used in pastures with N fertilizer addition (25% higher) compared with pastures without N addition, allowed to keep more and heavier animals growing in the fertilized pastures, being probably the reason of the similar ADG between N fertilized and unfertilized pastures. Furthermore, according to Aguirre (2018) the animal production results (kg ha-1 of live weight) of the present trial for pastures with and without N fertilizer were located in the top 5% of the farms with the highest production in the last 10 years in Uruguay.

It stands out based on the results above not only the significance that presents N by promoting higher fodder production during winter determining an increase in individual animal performance, but also the importance of stimulating the presence of legumes within the pasture, which through its contribution to digestibility and protein enhance animal diet quality during spring, leading to better individual weight gain during the season, and mean ADG along the whole period.


 Successor summer crop and carryover effects of treatments 


The low mineral N levels in the soil prior to S. italica sown and the lack of differences between treatments rejected the hypothesis that the inclusion of annual legumes alongside an annual ryegrass pasture adds a high amount of N to the soil enough to support the herbage mass production of the following crop within the rotation.

The findings in the present trial agree with Franzluebbers and Stuedemann (2014), which did not find an increase in the summer crop production due to the legume incorporation in the cover crop. In grazing systems, the animals are a source of soil heterogeneity, modifying soil nutrients levels and distribution, through dung and especially urine, also they alter soil physical attributes and pasture condition, through stimulating changes on variables such as botanical composition, tiller and plant density, herbage mass accumulation amongst others (Auerswald et al., 2009). In the present trial, the lack of statistical differences in herbage mass production of S. italica between treatments could have been explained by the absence of differences in the soil N concentration between the urine patches and the non-urine patches. Previous research has reported that the soil N concentration in the urine patches can be reduced to similar values to no urine patch conditions in the first 50 days after an urine application (Simon et al., 2019). This probably explains the small amount of soil N in the urine patches in the present study (Hoogendoorn et al., 2010), as the soil N sampling was done more than 30 days from the end of the least grazing cycle.

In addition, the water shortage that occurred during late spring and early summer probably contributed to a low N soil mineralization from soil organic matter and plant litter (Bloem et al., 1992), preventing differences between S. italica treatments yield to be detected (Cabrera et at., 2005).




CONCLUSIONS

Pasture production increased in response to the N fertilizer addition, regardless of the type of pasture factor.

The legume addition to the pasture increased individual animal performance in a no-tillage crop-livestock system.

Setaria italica herbage mass production did not evidence significant differences associated neither with the legume’s incorporation, nor the N fertilizer addition. Climatic conditions related to a negative hydric balance and spring-summer temperatures, had greater effects than that from the predecessor treatments. Hence, it is suggested to repeat the trial in order to diminish the climatic effects.
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