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Introduction

Maize silage is a major dietary component for dairy
cows in the USA and Germany with average feeding rates
of 2.7 and 4.1 tDM per cow per year respectively (Table 1).
Maize silage usage in NZ has increased over the past
two decades. It currently accounts for approximately 6%
of feed energy supplied to the national herd, calculated
using national herd energy requirements (based on cow
numbers and milk processed 2013/14 in NZ (New Zealand
Dairy Statistics 2013/14)) and the amount of maize silage
harvested (AIMI 2015).
It is important to establish maize silage feed quality
in NZ to better understand its potential to support pasturebased farms. Published NZ research has measured in-vivo
digestibility of maize silage in animal trials (Kirley 1977;
Smith 1973); however, the number of trials is limited and
they were not performed using standard protocols to allow
pooling of data.
The aim of this paper was to compare the nutrient
composition of overseas and NZ maize silage to determine
if overseas in-vivo energy measurements are applicable to
local maize silage and to determine how well NZ maize
silage kernel is processed.

Composition of maize silage and in-vivo
measurement of metabolisable energy

Agronomic practices and environmental factors
(including heat, moisture and soil type) determine the
yield and quality of maize silage crops. On average, NZ
maize- growing conditions are favourable when compared
to the USA or Germany. Average NZ yield of maize silage
was reported at 20.8 tDM/ha in 2014. German and USA
statistics for 2014 showed silage yields of 15.8 and 16.6
tDM/ha, respectively (Table 1).
Maize silage laboratory analysis results for nutrient
composition and metabolisable energy were retrieved as
yearly averages from three different prominent laboratories
in NZ, USA and Germany for six years (2010-2015). The
data were analysed using the ANOVA model of Genstat
(Version 18) comparing differences in traits among
laboratories.
NZ maize silage was on average higher in dry matter
and lower in estimated metabolisable energy (ME) than
German and USA silages. Values for starch, neutral
detergent fibre (NDF) and crude protein were similar
in NZ and German laboratories; however, values were
significantly lower than in the USA.
Starch and NDF concentrations reflect
Table 1 Average maize silage production and use statistics (DMK 2014,
the proportion of grain and stover (green
USDA 2014, AIMI 2015) and laboratory results from NZ (Hill Laboratories
parts of the maize plant) and are influenced
pers. comm.) and overseas laboratories (DairyOne 2015, LUFA Nord-West
by growing conditions. NZ’s maize
2015) based on yearly averages over six years (2010 to 2015) of maize
growing conditions seem to be closer to the
silage nutrient composition and metabolisable energy (ME) MJ/kgDM.
northern European maritime than the morecontinental USA climate. This is supported
USA
Germany
NZ
by the historical better fit of northern
Maize silage area ‘000 ha
2,579
2,093
65
European-bred maize hybrids into NZ
Yield tDM/ha1
15.8
16.6
20.8
(SB McCarter Pers. communication). Dry
2.7
4.1
0.22
Maize silage fed per cow
2
matter content was highest in NZ analysis,
tDM/cow and year
a reflection of harvest at later maturity and
DairyOne
LUFA
Hill
LSD
P
the impact of drought conditions in recent
Nord-West Laboratories (5%)
years.
34.7b
37.8a
0.834 <0.001
DM%
33.6c
Higher estimated ME results from the
31.0b
30.4b
1.63
0.021
Starch %DM
32.8a
USA laboratory can partly be explained
42.7a
39.5b
38.0b
2.02
0.001
NDF %DM3
7.9b
7.7b
0.339 0.01
Crude Protein %DM
8.8a
by a significantly (P=0.021) higher starch
b
a
c
11.2
10.8
0.190 <0.001
ME MJME/kgDM
11.5
concentration; however, this does not
Number of samples
> 20,000 > 80,000
> 3,000
explain the difference in ME content
1
2
between NZ and Germany. Estimation of
calculated assuming 35%DM calculated assuming 80% of harvested maize
ME via laboratory analysis is more complex
is offered to cows (Germany and USA) and 20% losses from harvest to
than measuring nutrient components. Each
consumption. 3Neutral detergent fibre. abc = values within rows with different
superscripts differ significantly.
laboratory used different in-vitro methods
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Table 2 Metabolisable energy (ME) and chemical composition from
northern European in-vivo measurements (total collection of faeces with
4-5 wethers in each trial) of typical maize silage.
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Processing Score (CSPS). This is performed
as a standard procedure by some commercial
laboratories in the USA. It measures the
starch fraction that passes through a 4.75
ME NEL1 DM% NDF2 starch CP3 in-vivo Source
mm screen as a percentage of the total starch
%
MJ/kg MJ/kg
%
%
trials
in the sample. Laboratory analysis defines
DM
DM
DM DM DM
(n)
three categories of CSPS: 70% = optimum,
10.86
29.5 43.9 22.1 8.9
50
de Boever et al 1996
4
50 – 70% = adequate, less than 50% =
11.06 6.71 38.0
34.5 8.0
51
DLG 1997 high cob%
4
inadequately processed.
10.70 6.45 35.0
28.6 8.1
71
DLG 1997 medium cob%
4
During the seasons 2012 (n=83) and
10.41 6.23 32.0
21.3 8.2
40
DLG 1997 low cob%
10.86
214
Hertwig et al 2005
2013 (n=59) one-kilogram whole plant maize
10.78
426
samples were taken from Waikato crops at
harvest. They were oven-dried and sent to
1
2
3
4
Net energy lactation. Neutral detergent fibre. Crude protein. Maize silage is
Dairyland Laboratories in Wisconsin, USA
categorised based on cob proportion of whole plant to account for different maize
for CSPS analysis. After analysis, samples
grain % in the crop.
were categorised as either optimum, adequate
or inadequate. The data were analysed using
and prediction equations, and this can introduce a bias.
the Chi-square analysis of Genstat (Version 18) comparing
A more accurate estimate of ME can be determined by
changes in proportion in each category over the two years.
measuring in-vivo digestibility using a reference protocol
There was a significant change in kernel processing
(GfE 1991). However, this is costly and rarely done on a
quality from 2012 to 2013 (χ2 (2, N-141) =17.93, P<0.001)
routine basis.
explained by an increased proportion in the optimum
The widespread use and economic importance of
processed category in 2013 when compared to 2012 (Table
maize silage in northern Europe over many decades led
3). This is partly due to improved kernel processor settings
to comprehensive research of maize silage feed value.
as farmers and harvest machinery operators became more
Multiple in-vivo digestion studies (n = 426) were performed
informed of the benefits of good kernel processing. Forage
to determine digestibility, net energy of lactation (NEL) and
harvester manufacturers have also produced new improved
ME of maize silage. On average, northern European maize
kernel processors and more local contractors are using
silage had an estimated ME of 10.78 MJME/kgDM (Table
them.
2). Given the similarity between the nutrient composition
of NZ and German maize silages, it is reasonable to assume
Conclusion
a similar ME content for NZ maize silage. NZ laboratory
Maize silage grown and fed in NZ compares well in
analysis (n>3,000 samples) showed an almost identical
nutrient composition with northern European maize silage.
estimated ME.
Average metabolisable energy of maize silage measured
in in-vivo trials in northern Europe is 10.78 MJME/kgDM
Monitoring of maize kernel processing in
almost identical with NZ laboratory analysis.
New Zealand
An analysis of CSPS results shows kernel processing
Maize kernel digestion in ruminants is incomplete when
improved by NZ harvesting contractors from 2012 to 2013
kernels are intact. Honig and Rohr (1982) demonstrated
meaning more of the energy in maize silage is available to
significant reductions in faecal starch when kernels in
the dairy cows that consume it.
maize silage were processed at harvest. Kernel processors
are a common feature of modern forage harvesters, however
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