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ABSTRACT

Grass silage is the predominant conserved forage offered to ruminant livestock within Northern
Ireland (NI) when housed. This study involved the analysis of a dataset (n = 76,452 samples)
comprising silage samples from commercial farms, analysed by the Agri-Food and Biosciences
Institute (AFBI) between 1998 and 2017. The effects of harvest number (1, 2 or 3) and year were
examined. Most of the differences between harvests 1 — 3 were significant although these
differences were of little biological significance. Silage crude protein (CP) increased from harvests
1 to 3, while ammonia N concentration was higher in 3" harvests. Acid detergent fibre (ADF) and
neutral detergent fibre (NDF) concentrations decreased from harvest 1 to 3, while dry matter (DM)
digestibility and D-value (% DM) were higher in 1% compared to 2" harvest. Across the twenty
year period silage DM and water soluble carbohydrate concentrations increased, while ADF and
NDF concentrations decreased. Crude protein concentration did not change over time. There was
no significant improvement in silage digestibility. While silage intake potential for dairy cows
increased by approximately 8% (from 88.8 to 96.1 g kg W, meaned across all harvests), silage
intake potential for beef cattle increased only within harvest 1. Despite overall increases in silage
DM concentration, silage digestibility parameters did not show any significant improvement over
the twenty year period, highlighting the need for a renewed focus on improving silage nutritive

value.

Key words: silage composition, digestibility, intake potential, commercial farms

INTRODUCTION

The ruminant livestock sector in Northern Ireland (NI) is largely grassland based, with 96% of all
agricultural land area classified as grassland (DAERA, 2018). Ruminant livestock traditionally
graze outdoors from March/April until September/October, and are housed and offered
predominantly grass silage based diets for the remainder of the year. However, in recent years

there has been an increase in the number of NI farms where livestock, especially dairy cows, are
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either completely housed all year, or housed at night for extended periods throughout the year.
This follows the trend observed within Great Britain (March et al., 2014). Given the small area of
maize grown for silage in NI, grass silage looks set to remain the predominant conserved forage
for the ruminant livestock sector, which is reflected in the fact that grass silage was produced on
37% (298 480 ha) of the total grassland area in 2017 (DAERA, 2018).

Many factors affect grass silage composition and nutritive value, including sward composition,
stage of maturity, weather conditions, soil type, harvest date, chop length, additive use, speed of
silo filling and degree of compaction, type of cover, ammonia and fibre concentration, and feed-
out rate post opening (Frame & Laidlaw, 2011). Grass silage is normally assessed by a combination
of its chemical composition, fermentation characteristics and nutritive value, and ‘silage quality’
has a direct impact on subsequent animal performance. In a review, Keady et al. (2013) reported
that each 10 g kg increase in silage digestible organic matter in the dry matter (DOMD or D-
value), increased silage dry matter intake (DMI) and milk yield of lactating dairy cows by 0.22 kg
day* and 0.33 kg day?, respectively, while carcass gain in beef cattle and finishing lambs increased
by 23.8 g day and 9.3 g day?, respectively. Furthermore, Steen et al. (1998) identified that silage
intake is closely related to factors which influence the extent of digestion, and the rate of passage
of material through the animal, as indicated by the strong relationships with in vivo apparent

digestibility, rumen degradability, fibre concentration and N fractions of the silage.

Changes in the composition and nutritive value of grass silage produced on NI farms have been
reviewed periodically over the last 50 years. For example, Jackson et al. (1974) and Unsworth
(1981) summarised the analyses of silages produced between 1967 — 1972 and between 1973 —
1979, respectively. Jackson et al. (1974) and Unsworth (1981) reported that there were no
consistent trends in silage dry matter (DM) concentration, fibre concentration and digestibility.
There was however a marked increase in silage crude protein (CP) concentration during the period
between 1973-1979, despite similar amounts of fertiliser nitrogen (N) use during that period, with
Unsworth (1981) explaining this trend by a general shift to earlier harvesting dates and the
adoption of more frequent harvesting regimes during those years. Unsworth (1981) also suggested
that differences in chemical composition of silages between years could be ascribed to variations
in the climatic conditions, and it should be noted that the periods covered within each of these

reviews were relatively short, typically 5 - 7 years.
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Significant changes in silage making practices and technologies have taken place since silage
analyses were last reviewed in NI, with some of these changes reviewed by Wilkinson & Rinne
(2018). Consequently, silages produced today might be expected to differ in composition and
nutritive value compared to the silages reviewed by Unsworth (1981), and indeed to silages
produced two decades ago. Furthermore silage analytical techniques have changed considerably
over the years, with the use of ‘wet chemistry” now largely superceded by Near Infrared
Reflectance Spectroscopy (NIRS) which is routinely used to predict silage composition,

fermentation characteristics, digestibility and intake potential (Park et al., 1998).

The current study examines changes in composition and nutritive of grass silages produced on NI
farms from 1998 to 2017.

MATERIALS AND METHODS

During the 20 year period between 1998 and 2017, a total of 78,958 grass silage samples from
commercial farms across NI were submitted to the Hillsborough Feeding Information Service
(HFIS) laboratory at AFBI Hillsborough. Each silage sample had information available describing
year of harvest (1998-2017) and harvest number (1, 2, 3, 4 and 5). Fresh silage samples had been
scanned within 24 hours of receipt using NIRS, as described by Park et al. (1998). The NIRS
spectra generated were then used to predict the chemical composition (DM, CP, pH, neutral
detergent fibre [NDF], acid detergent fibre [ADF], water soluble carbohydrate [WSC], and ash),
fermentation characteristics (lactic acid [LA], volatile fatty acids [VFA] and ammonia nitrogen
[NHs-N]) and nutritive values of these silages (DM digestibility [DMD], D-value, dairy cow intake
potential and beef cattle intake potential), using a series of prediction equations. These prediction
equations were developed at AFBI, with the equations used to predict nutritive value derived
following an in vivo evaluation of 136 grass silages of differing qualities obtained from local farms
(Steen et al., 1998).

Of the 78,958 silage samples available within the data base, 2507 results were excluded for the
following reasons: unknown harvest number (n = 2159); fourth and fifth harvest (n = 257); DM
concentrations greater than 60% (n = 90); and ammonia N concentration greater than 1000g kg™
N (n=1). This left a total of 76,452 silage samples for inclusion within the analysis. The number

of samples in each harvest year for harvests 1, 2 and 3 are shown in Table 1.
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Total quantities of fertilizer nitrogen delivered in NI for agriculture and horticulture use over the

period 1998 - 2017 was obtained from https://www.daera-ni.gov.uk/publications/fertiliser-
statistics-2009-2019.

Silage analysis variables over the 20 year period were examined for linear effects using an
unbalanced ANOVA with a factorial arrangement of Year and Harvest fitted as the treatment
factors. For significant effects (P<0.05) the Fisher's LSD test was used to assess the pairwise
differences between individual levels of that effect. In addition, simple linear regression analysis
was conducted within each harvest to examine if silage analysis variables changed over the 20 year
period. All data were analysed using GenStat (16" edition; VSN International Limited, Oxford,
UK).

RESULTS AND DISCUSSION

The overall increase in the number of silage samples submitted to AFBI for analysis between 1998
and 2017 (Table 1) is likely to reflect an increasing level of confidence that farmers had in the
service, and a general move by farmers to more closely align rations offered to silage analysis
results. The decline in the number of samples submitted after 2013 was largely due to the
increasing availability of similar analytical services within the commercial sector. The large
number of first harvest samples analysed, relative to second harvest, demonstrates the importance
placed by farmers on first harvest, with this likely to be the forage offered to the most productive
livestock on farms over the winter. The small number of third harvest samples analysed is likely
to reflect the fact that many farmers (especially dry stock farmers) still operate one or two harvest
systems, while there is anecdotal evidence that third harvests are normally offered to livestock

with lower nutritional requirements.
Comparison of 1%, 2"d and 3" harvests

When examining the effects of harvest number on silage composition and nutritive value (Table
2), it is important to recognise that the number of 3 harvest samples analysed was relatively small,
and that farmers submitting these samples may represent a ‘self-selecting’ group who may make

third cut silage with an improved composition and nutritive value than the average farmer. First
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harvest had a higher DM concentration (260 g kg™, p<0.001) than both 2nd and 3rd harvests (Table
2). Nevertheless, from a practical point of view, differences in DM concentration between harvests
were surprisingly small. The increase in silage CP concentration from 1% harvest through to 3™
harvest (118, 121 and 140 g kg DM, respectively: p<0.001) is comparable to the CP
concentrations reported by Termonen et al. (2020), and likely reflects the increasingly vegetative
stage of herbage harvested as the season progresses, as indicated by the decreasing NDF and ADF
concentration of the silages. It is suggested that increasing ash concentrations with later harvests
(p<0.001) may reflect increasing soil contamination of crops or soil contamination being less
‘diluted” within lighter crops later in the season. Although the NHs-N concentrations in 3 harvests
were significantly higher than in 1%t and 2" harvests (107 g kg™ total N, compared with 103 and
102 g kg™ total N, respectively) the differences are unlikely to be of biological importance.
However this small difference may suggest increased proteolysis of plant protein by plant and
microbial enzymes in the 3™ harvest. The high lactic acid concentrations observed across all
harvests indicate lactic acid based fermentations dominate within the data set, with concentrations
highest in 3™ harvests. In contrast, volatile fatty acids (VFA) concentrations were higher at first
harvest (p<0.001: 27.2 g kg DM) than at either of harvests 2 or 3 (23.3 and 22.9 g kg DM,
respectively) which may reflect higher concentrations of acetic acid (AHDB, 2012). Differences
in pH at harvests 1 and 2 reflect differences in lactic acid concentrations at these two harvests. Dry
matter digestibility and D-value (% DM) were higher in 1% compared to 2" harvest although this
difference arose despite only small differences in fibre concentration between these two harvests.
Nevertheless, the higher digestibility of 3" compared to 2" harvest is reflected in lower fibre
concentrations with the latter, in agreement with the findings of Thorvaldsson et al. (2007), who
stated that this is due to low average temperatures and low radiation during the late summer period
in northern climate zones. Both dairy cow and beef cattle intake potential followed similar trends
to digestibility, which is not surprising as the latter a key driver of forage intake (Steen et al.,
1998). Huuskonen and Pesonen (2017) found second harvest to give lower DM and energy intakes
with finishing bulls, than first or third harvest which they concluded was due to lower digestibility.
In general, while there were many significant differences between silages analysed from 1%, 2"
and 3 harvests, many of the differences observed between harvests were numerically small and

of limited biological importance

Changes in silage analyses between 1998 and 2017
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Chemical composition Within each of the three harvests, silage DM concentration increased
(p<0.001) over the 20 year period (Figure la), and while there was considerable year-to-year
variation in silage DM concentration, the mean rates of increase in DM were 3.29, 2.02 and 2.22
g year for harvests 1, 2 and 3, respectively. This appears to be part of a longer term trend, with
Figure 2a showing that mean silage DM concentration during the first 10 years of this survey
period (1998 — 2007) was higher than the mean DM reported by Unsworth (1981) between 1973
—1979 and by Jackson et al. (1974) between 1967 — 1972. This is likely due to the change in silage
production systems over time, including the move away from direct cut systems to pre-mowing
followed by a period of field wilting (Wright, 1997), the use of mechanical treatments such as
conditioning, and spreading the cut swath in good weather conditions to further enhance wilting
of mown grass crop (Frame and Laidlaw, 2011). The use of mower conditioners, mowers which
spread the cut sward over most of the mown area, grass tedders, and grass rakes which allow mown
herbage to be raked up quickly, have all facilitated the adoption of rapid wilting techniques, thus
allowing farmers to maximize the opportunity offered by short periods of good weather (Wright,
1997). While ensiling herbage with higher DM concentrations will reduce effluent losses and
improve fermentation characteristics, silage made using rapid wilting techniques has been shown
to have a higher intake and to improve animal performance (Yan et al., 1996 & 1998). Changes in
laboratory methods for determining silage DM concentration (Porter et al., 1984), from oven DM
to alcohol corrected DM, will also have contributed to the increasing DM concentration observed

between the current data set and the earlier data of Jackson et al. (1974).

There was no significant change in silage CP concentration over the 20 year period examined
within the study, although third harvests had a consistently higher CP than either 1% or 2" harvests
each year (Figure 1b). However, mean protein concentrations over the twenty year period covered
by the data set were actually lower than those in samples analysed between 1967 — 1972 (mean of
135 g kg* DM) and 1973 — 1979 (mean of 144 g kg™t DM)(Figure 2b). Part of this decrease may
be due to CP concentrations being expressed on an alcohol corrected DM basis in the current
dataset, and on an oven DM basis in earlier datasets. However, herbage CP concentration is largely
determined by the maturity of the herbage at harvest, and by applications of both organic and
inorganic N. Total fertilizer N purchases between 1979-1997 were 101 000 tonnes/year, compared
with an average value of 84 800 tonnes/year between 1998-2017 (DAERA 2020). Collectively

these changes likely explain the decline in silage protein concentrations between the earlier surveys
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and the present survey. Within the timeframe of the current dataset, the introduction of the Nitrates
Action Programme (NAP) in NI (DAERA, 2007), as required by the EU Nitrates Directive, led to
a reduction in fertilizer N applications to grassland. This is highlighted in Figure 3, which shows
the total quantities of fertilizer N delivered in NI between 1998 and 2017 (DAERA, 2020). While
there was much variation in silage crude protein concentrations from year to year, there was a
trend, especially in the latter part of the data set, for silage CP concentrations to follow the trends
in fertilizer N deliveries. The impact of the reduction in silage protein concentrations, relative to
historical concentrations, has mixed implications for ruminant nutrition. For example, protein is
an essential nutrient for livestock production, and lower protein concentrations in silages may
necessitate increased concentrations of protein supplementation via concentrates. However, silage
protein is readily degradable in the rumen (Termonen et al., 2020), and if the ammonia arising
from its breakdown is not captured efficiently by rumen microbes, much will be excreted in
manure. Thus lower protein silages may actually result in improved N use efficiency in ruminants,

albeit with additional costs associated with concentrate purchases.

Both ADF and NDF concentrations in the silage samples analysed showed a significant decline
over the 20 year study period, as shown in Figures 1c and 1d, respectively. The likely explanation
for this is a move by farmers to harvest herbage either earlier, or more frequently so as to increase

silage digestibility, as demonstrated by Kuoppala et al. (2008) and Randby et al. (2012).

The WSC concentration of silage samples increased (p>0.001) over the 20 year period within all
harvests (Figure 1e). This increase in residual WSC concentrations is likely to reflect a less
extensive fermentation as a consequence of the increase in DM concentration of the herbage
ensiled, as discussed in McDonald et al. (1981). While higher residual WSC concentrations may
provide a rapidly available energy source for rumen microbes, they can also leave the silage more
susceptible to aerobic deterioration following silo opening, with an associated loss of nutritive

value (Conaghan et al., 2012).

While ash is derived from the inorganic constituents of silage, it can also be indicative of soil
contamination. High ash concentrations as a result of soil contamination (> 100 g kg DM) can
lead to a poor fermentation, reduced intakes and poorer animal performance (AHDB, 2012). Ash
concentrations in NI silages have remained relatively unchanged over the 20 year period, with

concentrations generally within the range of 75 — 90 g kg™t DM (Figure 1f). There is anecdotal
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evidence that grass rakes, which have been increasingly used by contractors over the 20 year
experimental period to ‘row up’ grass for lifting, can increase soil contamination. While this may
be an issue if rakes are set too ‘low’, the absence of an increase in ash concentrations suggests that

this has not been a significant issue.

Fermentation characteristics Lactic acid concentrations declined over the 20 year period in each
of harvests 1 (p<0.05), 2 (p<0.05) and 3 (p<0.001), with total VFA concentrations also declining
(p<0.001) (Figure 4a and b, respectively). These effects suggest a shift towards more restricted
fermentations within NI silages, in line with the increasing residual WSC concentrations observed,
and this is likely a consequence of the increasing DM concentration of the herbage ensiled. In
view of the trends in lactic acid and VFA concentrations, it was surprising that silage pH did not
change (p>0.05) over the 20 year period (Figure 4c). In higher DM silages with a restricted
fermentation, Coblentz & Akins (2018) reported that lower concentrations of fermentation acids
were associated with a higher final pH. It is of course true that achieving a low pH is less critical

with higher DM silages.

While NH3-N concentrations (as a proportion of total N), tended to increase over the 20 year period,
this effect was only significant (p<0.001) for 3 harvests (Figure 4d). Increasing NHs-N
concentrations suggest increasing plant proteolysis, with DM and pH being two of the main factors
affecting this process in silage (Slottner et al., 2006). However, proteolysis tends to be more
extensive in wetter silages, and given the increasing DM concentrations observed across the twenty
year period in this study, the trends in ammonia N concentrations may be as a result of a slower

fall in pH with higher DM silage, with an associated increase in proteolysis (Muck et al., 1996).

Intake potential and digestibility Despite the improving trends in DMD (Figure 5a) and D-value
(Figure 5b) in 1% harvests, these effects were not significant. Furthermore the DMD and D-value
of 2" and 3" harvests tended to decrease over time, although this was only significant with D-
value of 3" harvests (p<0.05). Given the significant reductions in silage ADF and NDF
concentrations in all harvests over the 20 year period, an increase in silage digestibility might have
been expected, albeit digestibility is also affected by CP concentration which did not change over
the same period. The absence of any measurable improvement in silage digestibility is of
significant concern given that digestibility is considered to be one of the most important

determinants of silage feeding value and performance of animals offered grass silage (Steen, 1992;
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Scollan et al., 2001; Keady et al., 2013). Silage digestibility is affected by the composition of the
herbage ensiled and by plant maturity at harvest. While plant breeding has resulted in incremental
improvements in both yield and digestibility of perennial ryegrass varieties in recent decades, the
low rate of reseeding in NI of approximately 3.5% of the NI grassland area per year (DAERA,
2018) has likely limited opportunities to benefit from these new varieties. While most farmers
recognize that mowing herbage at a less mature stage will result in silage with a higher
digestibility, many factors prevent this from happening, including adverse weather and/or ground
conditions, high herbage nitrate concentrations, and unavailability of contractors (Ferris et al.,
2019). In addition, the majority of contractors still charge farmers on an area basis, and not on the
basis of herbage yield, thus incentivising farmers to delay harvesting to increase yields, and as
such reduce contractor charges per tonne of herbage ensiled (Ferris et al., 2019). Nevertheless, the
survey by Ferris et al. (2019) indicated that for farmers who believed silage nutritive value had
improved on their farms over the previous decade, 37% attributed this to ‘earlier/more frequent

harvesting of grass’, while 22% attributed this to ‘reseeding/improved varieties/weed control’.

The calculated intake potential of silages for dairy cows increased significantly (p<0.001: Figure
5¢) within all three harvests between 1998 and 2017, by approximately 8%. In contrast, the
calculated intake potential of silages for beef cattle (Figure 5d) increased only within 1st harvests
(p<0.05). That different intake responses are derived from the same data set is due to the adoption
of different intake predictions for lactating dairy cows and growing beef cattle. For example, the
intake potential for beef cattle is derived by placing weightings on a number of parameters derived
from the NIRS analysis of silage, including DM, CP, NH3-N, and DOMD (Steen et al., 1998). In
contrast, the intake potential of silage for dairy cows is derived from models which include a
correction for supplementary concentrates, a milk yield adjustment factor to standardize milk
yields, with these models converting a predicted intake potential for beef cattle to one for dairy
cows (McNamee et al., 2005). In the case of dairy cow intake potential, the increase in silage DM
concentration, and the reduction in fibre concentration over the 20 year period are two of the key
drivers for the increase in intake potential observed, which is in agreement with the findings of
Huhtanen (2007), and likely a result of earlier harvesting and a move toward rapid wilting of crops

pre-ensiling.
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CONCLUSION

This unique database allows for a long term examination of trends in the composition and nutritive
value of grass silage produced on NI dairy farms, both between harvests and over a 20 year time
period. While crude protein increased from harvest 1 to 3, and fibre concentrations decreased, in
general, most of the differences between harvests, although significant, were small and of little
practical importance. Over the 20 year period, silage DM concentration increased, most likely
reflecting the adoption of rapid wilting techniques, with this accompanied by higher residual sugar
concentrations, and decreasing lactic acid concentrations. While fibre concentrations decreased
over the 20 year period, this was not accompanied by an increase in silage DMD, a disappointing
observation. Given that grass silage remains the predominant forage for housed ruminant livestock
in NI, and the absence of significant improvements in parameters such as DMD, a renewed focus

on improving silage nutritive value is required.
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Table 1. The number of silage samples analysed by AFBI each year between 1998 and 2017,
subdivided by harvest number (1%, 2" and 3'%)

1% harvest 2" harvest 3 harvest Annual total
1998 1478 690 60 2228
1999 1404 806 64 2274
2000 1629 881 106 2616
2001 1432 857 131 2420
2002 2925 1081 90 4096
2003 2452 1181 115 3748
2004 2496 1475 214 4185
2005 2510 1271 198 3979
2006 2299 1431 224 3954
2007 2400 1338 186 3924
2008 2644 1629 234 4507
2009 2764 939 195 4498
2010 2556 1722 285 4563
2011 2969 1730 345 5044
2012 3494 2065 424 5983
2013 2916 1851 525 5292
2014 2346 1219 356 3921
2015 1715 921 203 2839
2016 1833 1051 231 3115
2017 1934 1074 257 3266

Total 46196 25813 4443 76452




Table 2 Effect of silage harvest number (1%, 2" and 3') on silage analyses in Northern Ireland between 1998 and 2017

Harvest

1% harvest 2" harvest 3" harvest SEM p-value
Dry matter (g kg™) 260P 2562 2572 0.4 <0.001
Crude protein (g kg DM) 118° 121° 140¢ 0.1 <0.001
Neutral detergent fibre (g kg™ DM) 509° 503P 4772 0.3 <0.001
Acid detergent fibre (g kg™t DM) 329¢ 327° 3122 0.2 <0.001
Water soluble carbohydrate (g kg™ DM) 24.1° 23.7% 25.2° 0.11 <0.001
Ash (g kg™ DM) 76.5% 80.9° 89.2¢ 0.06 <0.001
NHs-N (g kg™ total N) 103° 1022 107° 0.2 <0.001
pH 4.03° 3.97° 4.05° 0.04 <0.001
Lactic acid (g kg™ DM) 68.3? 71.6° 77.1° 0.19 <0.001
Volatile fatty acids (g kg™ DM) 27.2° 23.32 22.9a 0.09 <0.001
Dry matter digestibility (% DM) 70.3¢ 68.5° 69.72 0.03 <0.001
D-value (% DM) 67.2° 65.6° 66.4° 0.03 <0.001
Dairy intake potential (g kg™* W°) 94.2¢ 91.3? 93.0° 0.06 <0.001
Beef intake potential (g kg™ W°'5) 78.6° 74.7° 76.0° 0.06 <0.001

Means with the same superscript within rows do not differ significantly (p>0.05)

D-value, Digestible Organic Matter in dry matter; W°®, metabolic liveweight
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Figure 1. Changes in the (a) dry matter (DM), (b) crude protein (CP), (c) acid detergent fibre (ADF),
(d) neutral detergent fibre (NDF), (e) water soluble carbohydrate (WSC) and (f) ash content of first
(solid line), second (dashed line) and third harvests (dotted line) of grass silages made on Northern
Ireland farms and analysed at AFBI between 1998 and 2017. Data with *, ** and *** indicate the
relationship was significant at the p<0.05, p<0.01 or p<0.001 level, respectively, or ns = non-significant
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Figure 2. Long term trends in dry matter content (a) and crude protein content (b) of grass silage samples
from Northern Ireland farms analysed by AFBI between 1967-1972 (Jackson et al., 1974), 1973-1979
(Unsworth, 1981) and 1998-2007 and 2008-2017 (current data set)
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Figure 4. Changes in the (a) lactic acid, (b) volatile fatty acids (VFA), (c) pH and (d) NH3-N
content, of first (solid line), second (dashed line) and third harvests (dotted line) of grass silages
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made on Northern Ireland farms and analysed at AFBI between 1998 and 2017. Data with *, **
and *** indicate the relationship was significant at the p<0.05, p<0.01 or p<0.001 level,

respectively, or ns = non-significant.
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21 Figure 5. Changes in the (a) dry matter digestibility (DMD), (b) D-value, (c) dairy intake
22 potential and (d) beef intake potential of first (solid line), second (dashed line) and third harvests
23 (dotted line) of grass silages made on Northern Ireland farms and analysed at AFBI between
24 1998 and 2017. Data with *, ** and *** indicate the relationship was significant at the p<0.05,
25 p<0.01 or p <0.001 level, respectively, or ns = non-significant
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