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Carbohydrate-rich supplements can improve nitrogen use efficiency
and mitigate nitrogenous gas emissions from the excreta of dairy
cows grazing temperate grass
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Temperate pasture species constitute a source of protein for dairy cattle. On the other hand, from an environmental perspective,
their high N content can increase N excretion and nitrogenous gas emissions by livestock. This work explores the effect of energy
supplementation on N use efficiency (NUE) and nitrogenous gas emissions from the excreta of dairy cows grazing a pasture of
oat and ryegrass. The study was divided into two experiments: an evaluation of NUE in grazing dairy cows, and an evaluation of
N-NH3 and N-N,O0 volatilizations from dairy cow excreta. In the first experiment, 12 lactating Holstein x Jersey F1 cows were
allocated to a double 3 x 3 Latin square (three experimental periods of 17 days each) and subjected to three treatments: cows
without supplementation (WS), cows supplemented at 4.2 kg DM of corn silage (CS) per day, and cows supplemented at 3.6 kg
DM of ground corn (GC) per day. In the second experiment, samples of excreta were collected from the cows distributed among
the treatments. Aliquots of dung and urine of each treatment plus one blank (control — no excreta) were allotted to a
randomized block design to evaluate N-NH; and N-N,O volatilization. Measurements were performed until day

25 for N-NH; and until day 94 for N-N,O. Dietary N content in the supplemented cows was reduced by 20% (P < 0.001)
compared with WS cows, regardless of the supplement. Corn silage cows had lower N intake (P < 0.001) than WS and GC cows
(366 v. 426 g/day, respectively). Ground corn supplementation allowed cows to partition more N towards milk protein compared
with the average milk protein of WS cows or those supplemented with corn silage (117 v. 108 g/day, respectively; P < 0.01).
Thus, even though they were in different forms, both supplements were able to increase (P < 0.01) NUE from 27% in WS cows to
32% in supplemented cows. Supplementation was also effective in reducing N excretion (761 v. 694 g/kg of Nipaker P < 0.001),
N-NH;3 emission (478 v. 374 g/kg of Ny P < 0.01) and N-N,O emission (11 v. 8 g/kg of Ny, P < 0.001). Corn silage and
ground corn can be strategically used as feed supplements to improve NUE, and they have the potential to mitigate N-NH3 and
N-N,0 emissions from the excreta of dairy cows grazing high-protein pastures.
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Implications

Temperate annual and perennial pasture species are
particularly important in grazing dairy systems because
they are a good source of protein for cattle. Despite this,
the high protein content of these pastures may decrease
N use efficiency of these animals. In the context of a societal
demand to reduce environmental impacts, more strategies
are required to decrease N excretion by animals and to
reduce nitrogenous gas emissions from these systems.
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This study shows that better N use efficiency can be
achieved for grazing dairy cattle fed carbohydrate-rich
supplements, leading to reduced nitrogenous gas emissions
from the excreta of these animals.

Introduction

Improvement in N use efficiency (NUE) and reduction of
nitrogenous gas emissions are among the main challenges
for the future of livestock development (Steinfeld et al,
2006; Galloway et al, 2008). Temperate annual and



perennial pasture species are particularly important when
considering the characteristics of milk production systems
in tropical and subtropical regions around the world.
Cool-season (C3) grasses and legumes have high digestibil-
ity and constitute a source of protein for animals due to their
high N levels. On the other hand, from an environmental
perspective, their high N content can decrease NUE and
increase N excretion of livestock. The low NUE under
grazing conditions is related to the high N intake associated
with a high concentration of soluble proteins, causing an
imbalance between energy and N supplies in the rumen.

The adoption of feeding strategies to reduce the amount
of N excreted by dairy cattle per unit of milk can be a
powerful tool for mitigating the amount of N excreted into
the environment (Johnson et al., 2016). Therefore, the asso-
ciation between high-protein pastures with high-energy/
low-protein supplements can reduce dietary N concentra-
tions and increase NUE, reducing nitrogenous gas emissions
(Luo et al., 2008a).

Carbohydrate supplementation is an alternative for
providing additional energy to dairy cows grazing high-
protein pastures (Bargo et al, 2004). However, the type
of supplement provided can substantially influence total
DM and pasture intake. Overall, supplementary forage
has a drastic effect on the reduction of pasture intake
compared with concentrate supplementation (Delagarde
etal., 2011). Therefore, responses related to N intake, pro-
duction and excretion, as well as responses in nitrogenous
gas emissions, may vary according to the type of supple-
ment provided to livestock.

This study aimed to evaluate NUE and emission of N-NH;
and N-N,O from the excreta of dairy cows grazing high-
protein pastures with or without energy supplementation.

Material and methods

The current study was performed concomitantly with a
study that aimed to assess the effects of corn silage or
ground corn supplementation on enteric methane emission,
milk production and total DM intake by grazing dairy cows.
For details about methodological procedures related to
grazing management as well as the variables cited above,
see Dall-Orsoletta et al. (2019).

The study was divided into two experiments: an evalu-
ation of NUE in dairy cows grazing a mixture of oat and
ryegrass pasture without supplementation or supplemented
with corn silage or ground corn, and an evaluation of N-NH;
and N-N,O volatilization from soil after the application of
dairy cow excreta from the first experiment.

The experiments were conducted in Lages, SC, Brazil
(50.18° W, 27.47° S, 920 m altitude) from 8 August 2016
to 3 January 2017. According to the Koppen classification,
the climate of the region is classified as a humid subtropical
climate with mild summers — Cfb (Bertol et al., 2004).

An area that contained 6.5 ha of annual ryegrass (Lolium
multiflorum cv. Barjumbo) and white oat (Avena sativa cv.
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FUNDACEP — FAPA 43) was sown in May 2016. After each
experimental period, the areas were mowed to standardize
pasture regrowth and fertilized with 50 kg N/ha supplied
as urea. Within the experimental area, a plot of 500 m?
was excluded from grazing for gas emission experiments.
This plot was subdivided into three blocks (6 x28 m in
length), and each block was divided into seven sub-units
(4 x 6 m). This area was neither grazed nor fertilized after
excreta application to avoid external influences.

Experiment 1: N use efficiency

Animals, experimental design and treatments. Twelve
lactating Holstein x Jersey F1 cows were separated
into six homogeneous groups according to milk yield
(23.3 £ 6.9 kg/day), lactation stage (101 + 57.6 days in milk)
and initial BW (492 + 76.8 kg). Each group was considered
the experimental unit, and the cows were allocated to a
double 3 x 3 Latin square with three experimental periods
lasting 17 days each (a 12-day adaptation period and a
5-day measurement period). The six experimental groups
were divided into three treatments: without supplementation
(WS) — cows fed a pasture-only diet; corn silage (CS) — cows
fed a pasture diet and supplemented at 4.2 kg DM of corn
silage per day; and ground corn (GC) — cows fed a pasture
diet and supplemented at 3.6 kg DM of ground corn per
day. The quantities of ground corn and corn silage were
balanced to provide the same amount of net energy for
lactation as recommended by the Institute National de la
Recherche Agronomique (INRA) (2007). The chemical
composition and nutritional value of the supplements are
presented in Table 1. Cows without supplementation were
taken to paddocks after milking. Supplemented cows had
exclusive access to supplements (corn silage or ground corn)
immediately after milking — from 0800 to 0900 h and

Table 1 Chemical composition and nutritive values of the supplements
(corn silage and ground corn) offered to dairy cows grazing annual
ryegrass (Lolium multiflorum cv. Barjumbo) and oat (Avena sativa
cv. FUNDACEP — FAPAR 43)

Items Corn silage Ground corn

Chemical composition

DM (g/kg) 281 911
OM (g/kg of DM) 963 984
CP (g/kg of DM) 61 85
NDF (g/kg of DM) 404 159
ADF (g/kg of DM) 240 31
Nutritive values
PDIN' (g/kg of DM) 37 67
PDIE? (g/kg of DM) 65 87
UFL? (kg of DM) 0.87 1.07

OM = organic matter.

'PDIN = true protein absorbable in the small intestine when rumen-fermentable
N is limited in the rumen based on INRA feeding system (INRA, 2007).

2PDIE = true protein absorbable in the small intestine when rumen-fermentable
energy is limited in the rumen based on INRA feeding system (INRA, 2007).

3UFL = amount of net energy for milk production based on INRA feeding system
(1 UFL=7.106 MJ of net energy for milk production; INRA, 2007).
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from 0430 to 1730 h. After supplements were offered, the
cows were taken to paddocks where they remained until sub-
sequent milking. All cows had ad libitum access to water and
mineral salt. The grazing method was strip grazing, and WS
cows were offered a pasture allowance of 40 kg of DM per
cow per day. For CS and GC cows, pasture allowance was
adjusted to maintain the same post-grazing sward height
of WS treatment. This grazing management was adopted
to avoid differences in sward grazed by cows from different
groups, reducing losses during grazing.

Sampling. Pre- and post-grazing pasture mass was estimated
using a rising plate meter (F200 model; Farmworks®,
Feilding, New Zealand), which was calibrated based on
DM content, taking into account the plate area (0.1 m?)
and sward height measured ('t Mannetje, 2000). During
each experimental period, samples from 10 points were
recorded and cut above ground level before and after graz-
ing for calibration. The samples were dried in an oven with
forced air circulation at 60°C for 72 h, and regression equa-
tions were developed for estimating pasture mass (kg DM/
ha) as a function of compressed height (cm) measured with
the rising plate meter. Pre-grazing extended tiller height
was measured on days 14 and 16, while post-grazing
extended tiller height was measured on days 16 and 18.
Both measurements were taken on 100 randomly chosen
tillers per paddock per period. The chemical composition
of the sward was determined on days 14 and 16 per period.
Twenty handfuls of randomly selected pasture were cut
above ground level per paddock per period. In the labora-
tory, the samples were cut at the average post-grazing
extended tiller height to represent the pasture selected
and ingested by cows, as proposed by Delagarde et al.
(2000). Subsequently, this subsample was dried in an oven
with forced air ventilation at 60°C for 72 h and stored for
further analysis. Milk yield and composition (protein and
milk urea N) were recorded for each cow at each milking
(0700 and 1530 h) during the last 5 days of each experi-
mental period. Blood collection was performed by
venipuncture of the jugular vein on the 13th and 17th
day of each experimental period after morning milking.
Sterile vacutainer tubes without an anticoagulant were
used to obtain samples. Samples of corn silage and ground
corn were collected twice daily from days 12 to 17 in each
experimental period. These samples were combined to cre-
ate a composite sample for each ingredient per period.
Samples of refusals were collected daily and used to create
composite samples per group and per period. All samples
were dried in an oven with forced air ventilation at 60°C for
72 h and ground through a 1-mm screen for subsequent
chemical analyses. Dry matter content was determined
by drying the samples at 105°C for 24 h. Ash was quanti-
fied by combustion in a muffle furnace at 550°C for 4 h,
and organic matter (OM) was quantified by mass differ-
ence. Total N was assayed using the Kjeldahl method
(method 984.13; Association of Official Analytical
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Chemistis (AOAC) International, 1998). Milk samples were
analysed by infrared spectrophotometry (DairySpect FT;
Bentley, Chaska, Minnesota, USA).

Animal measurements. Individual balances for true protein
absorbable in the small intestine (PDI) when energy is limited
for microbial synthesis in the rumen (PDIE) and when N
is limited for microbial synthesis in the rumen (PDIN), as
well as for the net energy for milk production (UFL), were
calculated from the chemical compositions of pasture and
supplements according to the INRA (2007). Cows’ pasture
intake was estimated as the difference between the total
biomass between pre-grazing and post-grazing (Lantinga
et al, 2004), and supplement intake (corn silage or ground
corn) was quantified daily as the difference between the
quantity supplied and the orts on each of the last 5 days
of each experimental period. Nitrogen use efficiency was
calculated by dividing the total N output in milk by the total
amount of ingested N. Nitrogen excretion was calculated
according to the equations of the RedNex European
Project (Cutullic et al., 2013b), as described:

Naung(9/day) = —13.7 + 6.907 DMI (kg /day)
+ 0.1025 Ni(g/day)

(R2 = 0.70)

where Ngung stands for faecal N excretion; DMI, DM intake;
and NI, N intake.

Nyrine(9/day) = —142.1 + 1.98 Milk urea N(mg/100ml)
+ 0.2009 NI(g/day)
+ 6.5NC(g/kg of DM)

(R? = 0.90)

where Nyine stands for urinary N excretion; MUN, milk urea
N; NI, N intake; and NC, dietary N content.

Experiment 2: Emission of ammonia and nitrous oxide

After the last sampling day of experiment 1, samples of
dung and urine were collected from each of the 12 cows
distributed among WS, CS and GC treatments during
milking (0700 and 1530 h). About 2 kg of dung (1 kg from
each milking) and 500 ml of urine (250 ml from each
milking) were collected per cow using rigid plastic buckets
manually held below the perineum. Dung or urine samples
were pooled and homogenized for each treatment group,
separated into portions equivalent to 17.5kg/m? dung
and 10 I/m? urine, and packed in hermetically sealed bottles
at 4°C until soil application, which was performed the
following morning (Haynes and Williams, 1993; Van der
Weerden et al,, 2011). These portions corresponded to an
average application rate of 500 kg N/ha for dung and
1000 kg N/ha for urine, according to Saarijarvi et al. (2006).



An aliquot of each treatment sample was separated for
chemical analyses. Urine was refrigerated until analysis,
and dung was dried in an oven with forced air ventilation
at 60°C for 72 h and stored for further analysis.

Evaluation of ammonia emissions from excreta. Aliquots
of 1409 of dung and 80 ml of urine of each treatment
(WS, CS and GC) plus one blank (control — no excreta) were
allotted to a randomized block design to evaluate N-NHj
volatilization (Supplementary Figure S1). Three blocks were
used, and each block was equipped with seven semi-open
chambers (n=21). Dung and urine were applied over the soil
in micro-plots delimited by circular bases (10 cm in diameter;
area = 0.008 m?). N-NH; volatilization was quantified on 28
October 2016, according to the methodology of Aratjo et al.
(2009) as described by Jantalia et al. (2012) and Lessa et al.
(2014). The semi-open chambers were made with transpar-
ent polyethylene terephthalate bottles. The base of the
chamber was inserted 2.5 cm into the soil during the whole
sampling period (25 days). The N-NH3 trapping system was
composed of a polyurethane foam (0.017 g/cm?) piece,
3 mm thick, 2.5 cm wide and 25 cm in length, suspended
vertically with the aid of a 1.5-mm-diameter rigid wire
inside a 50-ml plastic flask with 10 ml H,SO, solution and
1 mol/dm? glycerine (2%, v/v). Before starting each sampling,
foam was immersed in the acid solution and then com-
pressed to absorb most of the solution. After the spreading
of excreta on soil, foam pieces were set out (day 0), and they
were replaced on days 2,4, 7, 10, 13, 17, 21 and 25, totalling
eight samplings. For N-NHs determination, 40 ml distilled
water was added to the foam along with the remaining
solution in each 50 ml flask of known mass (P1). After
homogenization of the mixture contained in each flask, they
were weighed again (P2). An aliquot of 5 ml was obtained
by steam distillation and titrated for the quantification of
N-NH;, according to Alves et al. (1994). The difference
between P2 and P1 determined the total volume of the
solution. The density of the mixture was considered equal
to 1 g/cm. The quantity of N-NH; (ng/cm?) was calculated
considering the amount of N recovered in the collector as
a function of the interval between samplings and the area
of the bases. Cumulative emissions were calculated as the
summation of the amounts of N recovered in each sampling
period.

Evaluation of nitrous oxide emissions from excreta. Aliquots
of 1.4kg of dung and 800 ml of urine of each treatment
(WS, CS and GC) plus one blank (control — no excreta) were
allotted to a randomized block design to evaluate N-N,O
volatilization (Supplementary Figure S1). Three blocks were
used, and each block was constructed with seven metal bases
(n=21). The metal bases were inserted 2.5 cm into the soil
during the whole sampling period (94 days). Dung and urine
were applied over the soil in micro-plots delimited by circular
bases (32 cm in diameter; area=0.08 m?). Gas measure-
ments started on 1 October 2016, with the measurement
of each base plus close static chamber beginning before
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excreta application on day 0. These measurements were
repeated on days 1, 3, 5, 7, 9, 13, 17, 21, 26 and 31.
From day 37, measurements were performed weekly until
day 94, totalling 20 samplings. Air samples were collected
from closed static chambers (Mosier, 1989) made from poly-
urethane buckets that were 33.7 cm in diameter and 38 cm in
height, totalling a volume of 33.8 |. The close static chambers
were fitted to the metal bases at the beginning of each
sampling at 0800 h. Air samples were collected at 0, 15
and 30 min using polypropylene syringes (20 ml) with luer-
lock tips and kept in an icebox. At the end of sampling period,
air samples were transferred to 12-ml sterilized evacuated
vials (Exetainer; Labco, Ceredigion, UK). N,O concentration
in air samples was measured by gas chromatography at
the Soil Department of the Federal University of Rio
Grande do Sul (Porto Alegre, RS, Brazil) using a Shimadzu
GC 2014 device with an injection temperature of 250°C, a
column temperature of 70°C and N, as the carrier gas
(30 ml/min). The device was equipped with an electron cap-
ture detector maintained at 325°C. N-N,O flow (pg/m? per
hour) was calculated considering a linear increase in gas con-
centration in the chamber as a function of time between sam-
plings, air temperature and pressure, chamber volume and
the area of bases (Gomes et al., 2009). Cumulative emissions
were calculated by multiplying the hourly flow by 24 h during
the sampling days and by linear interpolation between the
sampling days. On every day of gas sampling, soil samples
were taken from the 0 to 10cm layer and oven-dried
(105°C) to determine the water content. Soil samples for
bulk density calculations were also taken from the area to
calculate volumetric water content and total soil porosity
and hence the water-filled pore space (WFPS).

Calculations. According to the calibration technique for the
quantification of volatilized N-NH3 described by Aradjo et al.
(2009), the fraction of NHs recovered was 0.63 for a range of
100 to 1500kg N/ha. Therefore, the values measured
were multiplied by a correction factor of 1.74. N-NH5 and
N-N,O emission factors for dung and urine were calculated
according to the following equation:

EF(%) = ((N - Gasemitted —N- Gascontrol)/NappIied)
x 100

where EF is the emission factor (percentage of N from urine
and dung emitted as N,O or NHs); N-GaSemiteq IS the
cumulative emission of N-N,O or N-NHs in plots where
the treatments were applied (dung or urine); N-GaScontrol
is the cumulative emission of N-N,0 or N-NHj3 in the control
plot (without excreta); and N,ppjieq is the amount of N applied
as dung or urine.

The emission of gases per cow was calculated by multiply-
ing the emission factors obtained in the experiments by the
amount of N excreted in dung and urine.
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N— Gasemission(g/cow per day)
= EFGas<%) X Nexcreted(g/day)

where N-GasSemission i the emission of N-N,0 or N-NH; from
dung or urine, EFg,, is the emission factor of N-N,0 or N-NH;
for dung or urine, and Neygreted is the amount of N excreted as
dung or urine.

Statistical analyses

Data were subjected to the analysis of variance using
PROC MIXED performed by SAS software (version 9.3; SAS
Institute, Cary, NC, USA) at a 5% significance level. The
variables, averaged per group and per period (n = 18), were
analysed using the following model:

Yk = p + group; + period; + treatment, + e

where Y is analysed variable; 4 is overall mean; group; is
random effect of the group; period; is random effect of the
period; treatment, is fixed effect of the treatment; and ej
is residual error.

Nitrogenous emissions factor data were subjected to the
analysis of variance using PROC GLM performed by SAS soft-
ware (version 9.3) at a 5% significance level. The variables
were analysed using the following model:

Yj = p + treatment; 4 block; + e;

where Yjis analysed variable; x is overall mean; treatment;is
fixed effect of the treatment; block;is fixed effect of the block;
and ej; is residual error.

Results

DM intake, grazing behaviour and enteric methane
emissions

For more details of DM intake, grazing behaviour and enteric
methane emissions, see Dall-Orsoletta et al. (2019).

N use efficiency

In this study, supplementation reduced the levels of
protein truly digested in the intestine (INRA, 2007) both
as PDIN and PDIE (Table 2). The reduction in PDI content
was more marked in the diet of cows supplemented with
corn silage compared to cows receiving ground corn.
PDIN intake did not change in cows supplemented with
ground corn, but PDIE and UFL intakes increased
(P<0.01 and P<0.001, respectively) as a result of the
variation in feeding patterns and nutritional values of
the diets. On the other hand, PDIE and UFL intakes did
not change in cows supplemented with corn silage, but
PDIN intake was lower (P < 0.01) compared with WS cows.
Milk yield (P< 0.05) and milk CP content (P < 0.01) were

Table 2 Diet nutritive values, feed intake and milk production of dairy cows grazing annual ryegrass
(Lolium multiflorum cv. Barjumbo) and oat (Avena sativa cv. FUNDACEP — FAPAR 43) without (WS)
and with comn silage (CS) or ground corn (GC) supplementation

Treatments
Items (n=18) WS csS GC SEM P-values
Diet nutritive values
PDIN' (g/kg of DM) 141a 108c 121b 2.1 <0.001
PDIE? (g/kg of DM) 107a 90c 102b 1.1 <0.001
UFL? (UFL/kg of DM) 0.98a 0.87b 1.00a 0.012 <0.001
(PDIN-PDIE)/UFL 34.5a 20.2b 18.7b 1.13 <0.001
Feed intake
DM (kg/day)
Pasture 11.9a 10.1b 11.2ab 0.18 <0.001
Corn silage - 3.1 - - -
Ground corn - - 3.6 - -
Total 11.9¢ 13.2b 14.8a 0.19 <0.001
PDIN (kg/day) 1.68a 1.44b 1.80a 0.060 0.008
PDIE (kg/day) 1.27b 1.21b 1.52a 0.040 0.002
UFL (kg/day) 11.6b 11.7b 14.9a 0.39 <0.001
Milk production
Milk yield (kg/day) 21.7b 21.8b 23.1a 0.35 0.048
Milk protein (%) 3.14b 3.10b 3.21a 0.017 0.006

'PDIN = true protein absorbable in the small intestine when rumen-fermentable N is limited in the rumen based on INRA

feeding system (INRA, 2007).

2PDIE = true protein absorbable in the small intestine when rumen-fermentable energy is limited in the rumen based on

INRA feeding system (INRA, 2007).

3UFL = amount of net energy for milk production based on INRA feeding system (1 UFL = 7.106 MJ of net energy for milk

production; INRA, 2007).

ab.c Values within a row with different superscripts differ significantly at P< 0.05.

1188



Mitigating nitrogenous gas emissions in cattle

Table 3 N balance of dairy cows grazing annual ryegrass (Lolium multiflorum cv. Barjumbo) and oat (Avena sativa
cv. FUNDACEP — FAPAR 43) without (WS) and with corn silage (CS) or ground corn (GC) supplementation

Treatments

Items (n=18) WS CS GC SEM P-values
Diet N content (g/kg of DM) 35a 27b 29%b 0.6 <0.001
N intake (g/day)

Pasture 418a 335¢c 384b 15.4 0.0163

Corn silage - 31 - - -

Ground corn - - 49 - -

Total 418a 366b 433a 15.7 0.039
N milk yield (g/day) 108b 107b 117a 1.8 0.006
NUE' 0.27b 0.32a 0.32a 0.009 0.004
Milk urea N (mg/dl) 18.1a 15.2b 15.4b 0.45 0.003
N excretion (g/day)

Dung 111b 116b 133a 3.6 0.006

Urine 205a 139c 165b 7.1 <0.001

Total 316a 255b 298a 10.3 <0.001
N excretion (g/kg of Nintake)

Total 761a 698b 690b 5.6 <0.001
N balance —6b 3ab 18a 5.1 0.026

'NUE = N use efficiency.
ab.c alues within a row with different superscripts differ significantly at P < 0.05.

Table 4 Excreta composition and N-NH3z and N-N,O emission factors from dung and urine of dairy cows
grazing annual ryegrass (Lolium multiflorum cv. Barjumbo) and oat (Avena sativa cv. FUNDACEP — FAPAR
43) without (WS) and with corn silage (CS) or ground corn (GC) supplementation.

Treatments
Item (n=21) WS cS GC SEM P-values
Dung
DM content (g/kg) 101 91 157 - -
N content (g/kg of DM) 28 24 28 - -
EF' N-NH5 (% of Napplied) 5.77a 2.96b 0.94c 0.145 0.005
EF' N-N,O (% of Napplied) 0.72 0.632 0.377 0.146 0.636
Urine
N content (g/kg) 12 8 10 - -
EF' N-NH; (% of Napplied) 18.53 23.21 26.92 4.020 0.715
EF' N-N,0 (% of Nappiiea) 0.16 0.18 0.12 0.040 0.803

'EF = emission factor.
ab.c Values within a row with different superscripts differ significantly at P< 0.05.

higher (6.2% and 2.3%, respectively) in cows supplemented
with ground corn than in WS cows or those receiving corn
silage.

Dietary N content in supplemented cows was reduced
by 20% (P<0.001) compared with WS cows, regardless
of the supplement (Table 3). Cows that received corn silage
as a supplement had lower N intake (P < 0.001) than WS
and GC cows (366 v. 426 g/day, respectively). Ground
corn supplementation allowed cows to partition more
N towards milk protein compared with the average partition
of WS cows or those supplemented with corn silage
(117 v. 108 g/day, respectively; P< 0.01). N use efficiency
increased (P < 0.01) from 27% in WS cows to 32%, on aver-
age, in supplemented cows. Milk urea N content was lower
(P<0.01) in supplemented cows than in WS cows. Total N

excretion was reduced by 24% in cows supplemented
with corn silage (P < 0.001). However, when N excretion
per kilogram of ingested N was evaluated, both corn
silage and ground corn supplementation were effective in
reducing N excretion.

Ammonia and nitrous oxide emissions factors from dung
and urine patches

Dung N-NH; emission factor decreased (P < 0.01) 2.8 percent-
age points from that of WS dung to CS dung, and 4.8 percent-
age points from WS to GC treatment dungs (Table 4). Urine
N-NHs emission factor was similar between treatments,
averaging 22.9%. Urine N-N,0 emission factor was approxi-
mately 0.15% and was lower than dung N-N,O emission
factor, which was approximately 0.58%.
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Figure 1 Ammonia volatilization from cattle dung (a) and urine (b) patches artificially deposited on an annual ryegrass and oat pasture from southern Brazil.
Bars are SEM. WS = cows without supplementation; CS = cows supplemented with corn silage; GC = cows supplemented with ground corn.

N-NH; volatilization from dung micro-plots was always
close to the control (without excreta) and near 0 on most
days (Figure 1). On the other hand, urine micro-plots showed
greater volatilization rates even in the first measurement,
reaching values up to 1400 pg/cm?.

Three days after excreta application, N-N,O fluxes were
greater in all treatments compared with the control (without
excreta) (Figure 2). The first N-N,O emission peak (around
the fifth day) reached approximately 1100 pug/m? per hour,
and the second peak (around the 17th day) reached
>600 pg/m? per hour for both urine and dung micro-plots.
After the 37th day, there was no more N-N,O flow for
urine micro-plots; however, dung from the micro-plots
of WS and GC treatments showed a third emission
peak between the 58th and 65th days, which reached
>300 pg/m? per hour.

Emissions of ammonia and nitrous oxide

Daily N-NH3 emission from the excreta was lower on cows
supplemented with corn silage compared with WS and GC
cows (36 v. 489 per cow per day, P<0.01; Table 5).
Supplementation with corn silage or ground corn reduced
N-NH3 emissions as a proportion of ingested N. This reduc-
tion was observable in the excreta of cows receiving corn
silage supplementation (P<0.001). N-NHs emission per
kilogram of milk N was lower in supplemented cows than
in WS cows (374 v. 478 g/kg Nmi; P<0.01). N-N,0
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emission from the excreta of supplemented cows was lower
compared with WS cows. This reduction was evident in GC
cows, both in g per cow per day and in g/kg Npmixk
(P<0.001). On the other hand, N-N,O emission in g/kg
of Nintake Was lower only in GC cows (1.62 v
2.72, P<0.001).

Discussion

N use efficiency. The experimental protocol principally
focused on allowing cows to graze the same proportion of
pasture in relation to the initial sward height, regardless
of experimental treatment. As expected, pre- and post-
grazing sward heights measured using a rising plate meter
were similar between treatments, indicating that grazing
management was efficient in adjusting the pasture allow-
ance (Supplementary Table S1). The average post-grazing
sward heights were between 40% and 50% of the initial
sward height, which is considered an optimal range to min-
imize losses in pasture intake due to the greater proportion of
stems in the lower stratum (Delagarde et al,, 2001). Then, the
chemical composition and nutritive values of the ingested
pasture were equivalent for all treatments since the depth
of the grazed stratum was similar.

Cows supplemented with ground corn had a higher
milk yield and milk protein content compared with the
other groups. This result was consistent with the intakes
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Table 5 N-NH3 and N-N,O emissions from dung and urine of dairy cows grazing annual ryegrass ( Lolium multiflorum
cv. Barjumbo) and oat (Avena sativa cv. FUNDACEP — FAPAR 43) without (WS) and with corn silage (CS) or ground corn
(GC) supplementation

Treatments

Items (n=18) WS CS GC SEM P-values

N-NH3 emissions
N-NH3 (g per cow per day) 49.74a 36.33b 45.86a 1.870 0.003
Dung 11.83a 4.11b 1.54c 0.288 <0.001
Urine 37.92b 32.22c 44.32a 1.663 0.003
N-NH3 (g/kg of Nintake) 119.87a 99.23¢ 106.13b 1.834 <0.001
N-NH3 (g/kg of N 478.26a 346.63b 402.27b 18.442 0.003

N-N,O emissions
N-N,O (g per cow per day) 1.14a 0.99b 0.70c 0.031 <0.001
Dung 0.81a 0.74a 0.50b 0.022 <0.001
Urine 0.33a 0.26b 0.20c 0.011 <0.001
N-N,0 (g/kg of Nintake) 2.73a 2.71a 1.62b 0.016 <0.001
N-N,0 (g/kg of Npi) 10.98a 9.43b 6.09c 0.332 <0.001

ab.c Values within a row with different superscripts differ significantly at P < 0.05.
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of PDIE and UFL, which were higher in GC cows than in WS
and CS cows. It is known that PDIE intake is directly
associated with the production and concentration of milk
protein (Vérité and Delaby, 2000; Monteils et al, 2002;
Cantalapiedra-Hijar et al, 2014). Therefore, higher energy
and PDIE intakes were responsible for the higher milk yield
and milk protein content in cows supplemented with
ground corn.

Supplementation with corn silage or ground corn in the
diets of cows grazing temperate annual pastures increased
NUE by 5 percentage points. Therefore, the supply of
fermentable carbohydrates may have reduced ruminal NH;
concentration (by reducing ruminal NH3 production or
increasing microbial uptake of NHs in the rumen), leading
to better N utilization in supplemented cows (Hristov
et al,, 2005). The improvement of NUE in cows that received
corn silage was associated with a lower N intake and
maintenance of milk N yield. In contrast, the improvement
of NUE in cows supplemented with ground corn may be
related to the lack of variation in N intake and a higher milk
N yield compared with WS cows. In both cases, NUE was
higher due to a reduction of the (PDIN-PDIE)/UFL ratio
and a reduction of dietary N levels (Monteils et al., 2002).
A higher NUE stimulates the recycling of urea for microbial
synthesis (Reynolds and Kristensen, 2008), resulting in
lower N excretion without affecting protein synthesis and
animal performance (Cutullic et al, 2013a). In our study,
supplementation with corn silage or ground corn was equally
effective in reducing milk urea N, corroborating other studies
evaluating energy supplementation for grazing cows (Bargo
et al., 2002; Delahoy et al.,, 2003) that observed reduced
CP and rumen-degradable protein levels (Mutsvangwa
et al, 2016), agreeing with the results obtained for the
(PDIN-PDIE)/UFL ratio. The relationship between milk urea
N content and dietary N content on an individual cow basis
was calculated and presented as supplementary material
(Supplementary Figure S2).

Cows supplemented with corn silage ingested less N but
produced the same amount of milk N, which resulted in lower
N excretion per ingested N compared with WS cows. Cows
supplemented with ground corn ingested the same amount
of N as those without supplementation but produced a higher
quantity of milk N and had reduced N excretion per
ingested N.

Even with different outcomes, both corn silage and
ground corn supplementation were effective in reducing
the (PDIN-PDIE)/UFL ratio compared with the diet without
supplementation. Rumen-degradable N requirement for
microbial protein synthesis is considered satisfactory when
PDIN is equal to or higher than the dietary concentration
of PDIE (Vérité and Delaby, 2000). However, the higher
the concentration of PDIN in relation to PDIE, the higher
the amount of N to be degraded in the rumen. As a result,
increased levels of N-NHs in the rumen impact the amount
of N excreted. Therefore, the reduction of dietary PDIN con-
tent is a strategy to increase NUE in ruminants by reducing
the degradable protein in the rumen (Edouard et al., 2016).
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Thus, the reduction of difference between PDIN and PDIE in
relation to the dietary energy content in supplemented cows
indicates that the supply of corn silage or ground corn was
responsible for better N balance in supplemented cows.

Ammonia and nitrous oxide emissions factors from dung
and urine patches

The average volatilization of N-NH3 was 3.2% of N applied as
dung, ranging from 0.94% to 5.77%. These results are within
the range from 0% to 11.6% cited in the literature (Petersen
et al., 1998; Saarijarvi et al., 2006; Laubach et al., 2013) and
are also very close to the results found in Brazil by Lessa et al.
(2014), where N-NH; volatilization averaged 3.4% of
N applied as dung.

The volatilization rate of N-NH3 from urine ranged from
18.5% to 26.9% of applied N, which is also in agreement
with the literature (17% to 30%; Saarijarvi et al, 2006;
Laubach et al,, 2012, 2013; Lessa et al., 2014). In addition,
the average of urinary N-NH3 volatilized in this experiment
was 22.9% of N applied, which is very similar to the average
of 22% reported by Lessa et al. (2014) in a study conducted in
Brazil. These results are very close to the value used by
the IPCC, which considers an N-NH; emission factor of
20% of N deposited as excreta (Intergovernamental Panel
on Climate Change, 2006).

It is well known that when excreta are allocated to the
soil, N is immediately exposed to factors that favour its
volatilization (Haynes and Williams, 1993). In the present
study, >90% of N-NHs volatilization occurred during the first
week, which was expected because it is in agreement with a
large number of previous experiments (Cantarella et al,
2003; Zaman et al, 2009; Laubach et al, 2012; Liu and
Zhou, 2014).

In the case of N-N,O emission, the three emission
peaks (on the 5th, 17th and between the 58th and 65th
days) may be explained by soil WFPS variations. Soil
WEPS usually increased in response to rainfall or further
anaerobic denitrification, a process directly associated with
N-N,O emission (Smith et al., 2003). Hence, these results
are also in agreement with what has already been observed
in many other studies (De Klein et al., 2003; Lessa et al.,
2014; Luo et al., 2008b; Rochette et al., 2014; Van Der
Weerden et al, 2011; Van Groenigen et al,, 2005; Yamulki
et al., 1998).

The N-N,0 flux from urine micro-plots ceased on day 37,
and dung micro-plots exhibited a new emission peak
between the 58th and 65th days. This result may be, at least
partially, explained by the immobilization of N during dung
C decomposition in those micro-plots (Van Groenigen et al.,
2005). In a study conducted in southern Brazil, under
conditions very similar to those of the current experiment
(Sordi et al, 2014), urine micro-plots showed peaks of
N-N,O flux in the first and second weeks, ceasing to occur
around the 30th day. Dung micro-plots showed late emission
peaks around the 70th day (Sordi et al, 2014). These
results are similar to the emission patterns verified in the
present study.



In comparison with literature values, Brazilian studies
have shown N-N,0 emission factors for dung ranging from
0% to 0.4% (Lessa et al., 2014; Sordi et al., 2014), with
the highest values found in the south of the country. In
the present study, dung N-N,O emission factors averaged
0.58%. Although slightly higher compared to the Brazilian
studies, this result is still within the values described in
the literature, which ranged from 0.1% to 0.7% (De Klein
et al., 2003, 2014; Lessa et al., 2014; Luo et al, 2008b;
Oenema et al, 1997; Rochette et al, 2014; Sordi et al,
2014; Van Der Weerden et al., 2011; Van Groenigen et al.,
2005; Wachendorf et al., 2008; Yamulki et al., 1998) and
are below the default value of 2% used by the IPCC (2006).

The relatively low urine N-N,0 emission factor (0.15%) is
also in agreement with previous studies. In Brazilian
grazing conditions, Lessa et al. (2014) found urine N-N,0
emission factors ranging from 0.01% in dryer seasons to
2.55% in wetter seasons (average=1.3%), and Sordi
et al. (2014) found values ranging from 0.1% to 0.45%
(average =0.26%). In the worldwide literature, urine
emission factors have ranged from 0.01% to 3.8% (Oenema
et al, 1997; Yamulki et al, 1998; De Klein et al, 2003 and
2014; Van Groenigen et al, 2005; Luo et al, 2008b;
Wachendorf et al, 2008; Van Der Weerden et al, 2011;
Lessa et al, 2014; Rochette et al,, 2014; Sordi et al,, 2014).

Finally, the combination of high soil mineral N availability
and high WFPS is considered to be a trigger for the induction
of soil N-N,0 fluxes (Smith et al., 2003). In our study, N losses
through NHs volatilization were high, and WFPS was
frequently low (<50%). This result may explain the smaller
values of N-N,O emission factors from urine compared to
the dung micro-plots.

Emission of ammonia and nitrous oxide

N-NH; emission from the excreta of cows grazing annual
temperate pastures without supplementation was approxi-
mately 50 g per cow per day. Supplementation with ground
corn did not affect N-NH3 emission in absolute terms,
whereas corn silage supplementation was able to reduce
N-NHs emissions by 27%. The decrease in N-NHs emissions
is related to the lower N intake and, consequently, lower
excretion in cows receiving corn silage (Petersen et al., 1998).

Both corn silage and ground corn supplementation were
able to reduce N-NH; emission per ingested N (17% and
12%, respectively). Supplementation with corn silage or
ground corn for cows grazing temperate annual grass was
also able to reduce N-NHs emissions per milk N. The reduc-
tion in N-NH3 emissions observed in cows supplemented with
corn silage occurred because their milk yield did not vary, but
N-NHs emission was lower in their excreta compared with WS
cows. The reduction in N-NHs emission per milk N in GC cows
occurred due to an increase in milk yield without an increase
in N-NH3 emission per cow per day.

Supplementation with ground corn was able to reduce
daily N-N,0 emissions, as well as N intake and milk N of cows
grazing temperate annual pastures (39%, 41% and 44%,
respectively). This result may be explained by lower N-N,0
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emissions from the excreta of these cows and their higher
milk yield compared with WS cows. Cows that received corn
silage also had lower daily emissions of N-N,0 and emissions
per milk N (13% and 14%, respectively), but the emission
per ingested N remained similar to that of WS cows.
Overall, supplementation with corn silage or ground corn
was effective in mitigating the emission of N-N,0 from the
excreta of dairy cows grazing temperate annual pastures,
but ground corn was more effective than corn silage.
These results are in agreement with Luo et al. (2008a),
who reported a decrease in N-N,O emissions in dairy cows
grazing temperate perennial grass supplemented with corn
silage. In their study, which took a systematic approach to
the New Zealand dairy industry, the authors observed a
reduction of 22% in N-N,0 emissions per litre of milk with
the introduction of corn silage in grazing systems due to a
better NUE. The present experiment reported reductions of
14% and 43% in N-N,0 emissions from the excreta of cows
supplemented with corn silage or ground corn, respectively.

The absolute magnitude of N losses through volatilization
should be interpreted carefully because it may vary with
different conditions of temperature, soil moisture, pH and
wind speed. Moreover, N excretion of dung and urine is
based on empirical equations, and the measurements of
emission factors are based on constant quantities of dung
and urine, which may not simulate a pasture situation or
capture treatment effects on excretory patterns. Despite this
statement, our results are in accordance with a recent study
(Voglmeier et al,, 2018), which showed that reductions in
dietary N content induced by carbohydrate-rich supplements
may reduce N emission factors.

In conclusion, both corn silage and ground corn can
be strategically used as feed supplements to improve NUE
and have the potential to mitigate N-NHs and N-N,O
emissions from the excreta of dairy cows grazing high-
protein pastures.

However, further studies on indirect and direct emissions
from pastures and on the production of supplements and
fertilizers are required for a complete approach to this pro-
duction system.
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