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C O N T E N T S



Ensiled forage maize is an alternative or complementary forage to grass
silage and is the main source of forage for ruminant livestock in many
European countries.  The growing of maize for silage was tried unsuc-
cessfully in Ireland in the 1970’s, was resumed in the late 1980’s and is
now well established in suitable areas in the south and east of Ireland.
However, variation in growing conditions and summer radiation can result
in considerable variation in the yield, maturity and feeding value of the
crop from year to year and between regions or locations within years.

A series of experiments were conducted at Moorepark and at Johnstown
Castle Research Centre to evaluate the role of maize silage in the diet of
lactating dairy cows, the effect of variation in the quality (starch content
and digestibility) of maize silage, the proportion of maize silage in the
forage and the effect of harvesting date of immature maize silage on
feed intake, milk production and milk composition compared with an all
grass silage based diet.  Grass silages of moderate or high digestibility
were used.  These studies were carried out with cows in early or mid lac-
tation or at both stages of lactation.  The forages were supplemented
with concentrates at low to moderate levels of feeding (4-7 kg/cow/day).
The concentrates generally contained a high level of crude protein (220-
250 g CP/kg fresh weight) to balance the low level of crude protein in
maize silage.  The experiments were conducted over periods of 7-9 weeks. 

M a i n  F i n d i n g s   

• Inclusion of maize silage in the forage with grass silage invariably
increased forage intake but the benefit in milk production depended on
the maturity (starch content) and digestibility (greenness) of the crop
when harvested.  

• Partially replacing a high quality grass silage with good quality
maize silage (200-250 g starch/kg DM) increased forage intake, milk yield
and milk protein concentration without affecting the efficiency of milk
production.

• Inclusion of 33% maize silage in the forage achieved most of the
increase in milk yield but a high inclusion level (67%) was required to
maximise the yield of fat and protein and milk protein concentration.  In
practise a 50:50 mixture of maize silage and grass silage is near optimum
for milk production.  A mixed forage was better than all maize silage for
milk production.
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• Immature maize silage containing very little starch (<50 g/kg DM),
when harvested in a green state with a good digestibility, was equivalent
to a high quality grass silage for milk production when representing 60%
of the forage.  However, forage intake was increased and feed efficiency
for milk production was reduced on the mixed forage compared with the
grass silage based diet.

• There was no advantage in delaying harvesting of an immature
maize crop from mid-October to mid-November in terms of yield, crop
maturity or milk production.  Later harvesting increases the risk of crop
damage due to inclement weather and associated difficult harvesting
conditions.  If the crop is killed by a severe frost in October, it should be
harvested as soon as possible.  

• Delayed harvesting of immature maize crops for 3 weeks after a
frost kill in October, due to a prolonged period of inclement weather,
reduced the digestibility of the maize silages.  When those silages were
fed to partially replace a moderate quality grass silage forage intake was
increased but milk yield was reduced,  even though one of the maize
silages contained a moderate level of starch (146 g/kg DM).  However,
milk composition was improved on the mixed forage diets resulting in a
similar yield of fat and protein to the grass silage based diet, but the effi-
ciency of milk production was reduced.

• The optimum level of starch in maize silage for cows in early lacta-
tion has not been firmly established.  Increasing the level of starch in
maize silage from a very low to a very high level (350 g/kg DM) in one
experiment considerably increased forage intake and increased milk yield,
fat and protein yield and milk protein concentration, but feed efficiency
for milk production was reduced.  However, in another experiment there
was no advantage in milk production to increasing the starch level from
240 to 290 g/kg DM with cows in mid lactation.  The stage of lactation
and the hardness of the grain in the mature maize silage may have
affected the response.  However, there was no indication that the
digestibility of the diet was reduced for the high starch maize based diet.
It would appear that a starch level of about 250 g/kg DM in maize silage
is near optimum for milk production.
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• Good quality mature maize silage produced in suitable locations, in
good growing seasons for maize, can play an important part in the diet
of dairy cows, particularly on farms involved in winter milk production. It
can also be fed as part of the forage for spring calving cows prior to full-
time turnout or in late lactation when housed or to other stock on the
dairy farm i.e replacement heifers, finishing beef cattle or weanlings.  In
poor growing seasons, immature maize silage harvested in a green state
should be equivalent to a good grass silage for milk production.

• Continuing improvements in the breeding of maize hybrid varieties
more suited to marginal areas and developments in the use of a pho-
todegradable polythene covering to enhance early growth of maize will
lead to more consistency in the yield and quality of the crop, an expan-
sion in the acreage of maize grown and extension into areas hitherto
considered less suitable for the crop, particularly in areas where liquid
milk or winter milk production is established.

Good quality maize silage fed with grass silage increased forage intake, milk yield
and milk protein concentration.
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Conserved grass in the form of grass silage is the predominant source of
winter forage available in Ireland for feeding to dairy cows and other
ruminant livestock.  However, grass silage suffers from certain limitations
when fed as the sole forage to lactating cows, i.e. reduced or sub-optimal
intake, variation in silage quality and preservation due to delayed harvest-
ing or bad weather and high cost of second or third cuts of silage relative
to other feeds.

Forage maize conserved as silage is an alternative forage which can be fed
to complement or partially replace grass silage.  It is the predominant or sole
forage fed to ruminant livestock in many parts of Continental Europe and
the acreage of forage maize is expanding rapidly in the UK.  Its main advan-
tages as a feed in areas where good crops can be grown consistently are
good yields of forage with a high starch content (250-350 g/kg DM), easily
ensilable material, one harvesting operation, high intake characteristics,
grows well in low or moderate rainfall areas, suitable for growing in frag-
mented farms and is eligible for area aid subsidy on land designated for
growing cereal crops.

Ireland, in common with other Northern European countries, is marginal for
growing maize, with the most suitable locations consisting of sheltered low
lying areas in the south and east of the country.  The main limitation with
forage maize in Ireland is the considerable variation in the yield and quality
(starch content) of the crop between years and between locations within
years, due to variation in growing conditions.  Attempts at growing the crop
in Ireland in the 1970’s were unsuccessful but developments in breeding
better hybrid varieties capable of growing in less favourable areas in the last
decade has led to its successful re-establishment in suitable areas.  More
recently, maize is being grown under a photodegradable polythene film
which increases soil temperature, allowing earlier sowing, more rapid crop
growth resulting in better yields of more mature crops and earlier harvesting
in autumn which extends the areas where maize can be successfully grown.

Information was required on the feeding value of maize silage grown in
Ireland for milk production, taking account of the wide range in maturity
and starch content of the crop in different seasons, in comparison to grass
silage as the standard forage for dairy cows in winter.  A series of experi-
ments were conducted at Moorepark and at Johnstown Castle to evaluate
maize silages varying in starch content and digestibility for milk production
when partially replacing grass silage of moderate to high quality.

I N T R O D U C T I O N
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E X P E R I M E N T  1 :

The effect of replacing grass silage with a good quality maize
silage on milk production.

The objective of this study was to examine the effect of replacing varying
proportions of a good quality grass silage with a good quality maize
silage on feed intake, milk production and milk composition of dairy
cows in early lactation and to establish the optimum level of maize silage
in the forage.

M a t e r i a l s  a n d  m e t h o d s

Forage maize from a crop with well developed cobs (540 g/kg crop DM)
was harvested  in late October and ensiled without any additive.  Grass
silage was made from a primary growth of perennial ryegrass in late May,
and treated with a sulphuric acid additive.  The maize silage was fed to
replace 0, 33, 67 or 100% of the grass silage on a DM basis as the forage
component of the diet of dairy cows.  The grass and maize silages in the
mixed forages (33% and 67% maize silage) were mixed in a feeder wagon
prior to feeding.  Fifty six cows in early lactation were allocated to the

Inclusion of 33 percent maize silage in the forage achieved most of the increase
in milk yield.



Grass Silage Maize Silage

Dry matter  (g/kg) 223 257
Cr. Protein 155 91
Starch - 219
In vitro DMD 759 694
In vivo DMD 770 666

pH 3.91 3.98
Ammonia N  (g/kg Total N) 109 66
Lactic acid 138 46
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Table 1 :  Chemical composition and dry matter digestibility of the grass
and maize silages in Experiment 1 (g/kg DM unless stated)

DMD: Dry Matter Digestibility

four treatments.  Each forage was supplemented with concentrates based
on barley, unmolassed beet pulp and soyabean meal at 6 kg/cow/day.
The level of crude protein in the concentrate increased from 160 to 300 g
CP/kg fresh weight as the proportion of maize silage in the forage
increased to provide a similar overall level of crude protein in the total
diet (170 g CP/kg DM).  The in vivo DM digestibility of the grass silage
and maize silages were determined with non-lactating cows while the in
vivo DM digestibility of the total experimental diets were determined with
lactating cows from the experiment (4 cows/diet).

R e s u l t s

The grass silage was highly digestible and was well preserved (Table 1).
The maize silage was considered to be of good quality in terms of DM
and starch content, digestibility and preservation.  The DM digestibility of
the maize silage was less than that of the grass silage and it was less
extensively fermented.

Forage intake increased linearly as the proportion of maize silage in the
forage increased (Table 2).  Milk yield increased on the mixed forage
diets and reached a maximum on the 67% maize silage diet.  However,
most of the increase in milk yield was achieved on the forage contain-
ing 33% maize silage.  Inclusion of maize silage in the forage had no
effect on fat concentration or yield but did improve the yield and con-
centration of protein.  The highest yield of fat and protein was achieved
on the mixed forage containing 67% maize silage.  Cows also gained
most weight on the forages containing a high proportion of forage.
The DM digestibility of the total diet declined as the proportion of
maize silage in the diet increased.



9

Maize Silage (%)
0 33 67 100 sem*

Silage Intake (kg DM/d) 8.8 9.7 10.4 10.7 0.35

Production (kg/d)
Milk 21.4 23.0 23.1 22.7 0.48
Fat 0.81 0.84 0.86 0.84 0.021
Protein 0.65 0.71 0.73 0.70 0.014

Milk Composition (g/kg)
Fat 37.7 36.7 37.6 37.4 0.73
Protein 30.6 31.0 31.6 30.9 0.37

Mean Liveweight (kg) 505 511 521 500 11.3
Liveweight gain   (kg/d) 0.10 0.13 0.39 0.33 0.07

Diet DM Digestibility (g/kg) 768 760 732 706 7.0

Table 2 : Effect of maize silage in the forage on feed intake and cow
performance in Experiment 1

* sem : Standard error of the mean

C o n c l u s i o n s

Feed efficiency, expressed as kg milk or kg fat and protein per kg total
DM intake was reduced by 3 to 7% on the diets containing a high pro-
portion of maize silage (67 or 100%) compared with grass silage.
However, feed efficiency expressed on the basis of digestible DM intake
was similar or slightly increased (1-3%) on the diets containing maize
silage compared with grass silage.

The results of this experiment showed that good quality maize silage
(>200 g starch/kg DM) has the potential to increase forage intake,
improve milk production and milk protein concentration when fed to par-
tially replace a high quality grass silage.  A low proportion (33%) of
maize silage in the forage achieved most of the increase in milk yield but
a high proportion (67%) was needed to achieved the highest yield of fat
and protein and maximise milk protein concentration.  

The mixed forage diets were better for milk production than all
maize silage.  In practice, a 50 : 50 mixture of good quality grass
silage and maize silage would achieve most of the benefit in terms
of milk production.
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The objective of this experiment was to examine the effect of partially
replacing a moderate quality grass silage with maize silages of low or
moderate quality in terms of starch content and digestibility on feed
intake, milk production and milk composition of dairy cows. 

M a t e r i a l s  a n d  m e t h o d s

Two sources of maize silage were used in this study.   One silage was made from
immature maize with poorly developed cobs and contained very little starch (LSM)
due to late sowing (16th May) and a poor growing season.  The second source was
made from a more mature maize with better developed cobs and contained a mod-
erate level of starch (MSM) due to an earlier sowing date (30th April). 

Both crops were affected by a severe frost in mid October and ceased growth.
However, due to a prolonged period of inclement weather, the crops could not be
harvested until 3-4 weeks later in November.  As a result, the digestibilities of the
silages were much reduced.  Both silages were made without an additive.  The grass
silage was made from a regrowth of perennial ryegrass harvested in mid-September
and was treated with a sulphuric acid additive. 

Five forage treatments were compared in which the grass silage was fed as the sole
forage or was replaced by 33% or 67% of each of the maize silages on a DM basis.
Sixty cows, 45 in early lactation and 15 in mid-lactation, were allocated to the
treatments for a period of 8 weeks.  The cows were fed a common concentrate
supplement containing 250 g crude protein/kg freshweight at 6 kg/cow/day.  The
invivo DM digestibilities of the grass and maize silages as the sole feeds were deter-
mined with non-lactating cows and the invivo DM digestibilities of the total diets
were determined with lactating cows from the experiment.  

R e s u l t s

The grass silage was of moderate digestibility and was reasonably well
preserved (Table 3).  The maize silages differed in DM content and starch
content but were similar in digestibility.  They were well preserved and
were less fermented than the grass silage.  The digestibilities of the maize
silages were low and much less than the grass silage due to the long
delay in harvesting the crops after the frost kill.

E X P E R I M E N T  2 :

The effect of replacing grass silage with low or moderate
quality maize silages on milk production
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Table 3 : Chemical composition and digestibility of the grass and maize 
silages in Experiment 2 (g/kg DM unless stated)

DMD = Dry matter digestibility
DOMD = Digestible organic matter in the dry matter

Despite the low digestibility of the maize silages, their inclusion in the
forage increased forage intake, particularly for the MSM silage (Table 4).
However, milk yield declined as the proportion of maize silage in the for-
age increased, particularly with the LSM silage.  The concentrations of
milk fat and protein increased on the mixed forage diets, consequently
the yields of fat and protein were similar on the mixed forage diets to
that obtained on the grass silage diet.  Cows gained weight to a similar
extent on all treatments.  The DM digestibility of the total diet was simi-
lar for both types of maize silage and declined as the proportion of maize
silage in the diet increased.

The efficiency with which feed was converted into milk was reduced on
the mixed forage diets, by 7-16% on the basis of total DM intake and by
4-11% based on digestible DM intake, compared with the grass silage
diet.  However, feed efficiency was reduced to a lesser extent (3-4%) on
the mixed forage diets when expressed on the basis of milk solids produc-
tion (kg fat + protein/kg digestible DM intake).

Grass Low Starch Moderate
Silage Maize Starch

Silage Maize Silage
(GS) (LSM) (MSM)

Dry matter  (g/kg) 184 241 278
Cr. Protein 181 128 121
Starch - 37 146
In vitro DMD     684 610 618
In vitro DOMD 605 552 561

pH 3.85 3.95 3.98
Ammonia N  (g/kg/total N) 134 71 61
Lactic acid 125 55 45
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Table 4  : Effect of maize silage in the forage on feed intake and cow
performance in Experiment 2

Type of Forage GS LSM  MSM sem     
Maize Silage  (%) 0 33  67 33 67

Silage  Intake (kg/DM/d) 9.3 9.8 10.4 9.5 11.0 0.35

Production (kg/d)
Milk 23.8 22.3 21.6 22.5 22.2 0.50
Fat 0.79 0.78 0.78 0.79 0.80 0.024
Protein 0.69 0.67 0.66 0.69 0.70 0.016

Milk Composition (g/kg)
Fat 33.5 35.7 36.0 35.3 36.4 0.79
Protein 29.3    30.5 30.6 30.7 31.5 0.40

Mean Liveweight (kg) 521 525 516 492 523 14.2
Liveweight Gain (kg/d) 0.35 0.34 0.13 0.34 0.38 0.10

Diet  DMD (g/kg) 733 716 688 710 688 21

sem : Standard error of the mean
GS = Grass silage, LSM = Low starch maize milage, MSM = Medium starch maize
silage

C o n c l u s i o n

The results of this experiment highlight the adverse effect that late har-
vesting of maize after a frost kill had on the digestibility of the ensiled
material and consequently on its feeding value for milk production com-
pared with a moderate quality grass silage, even though one of the maize
silages was reasonably mature and contained a moderate level of starch.
Despite the low digestibilities of the maize silages, intakes of the mixed
forages were increased and intakes of digestible DM were similar to that
of the grass silage based diet. 

While the yield of milk was reduced on the mixed forage diets, the yield
of fat and protein was similar to the grass silage diet.  Consequently,
maize silage with a low or moderate level of starch but with a reduced
digestibility was equivalent for milk solids production to a moderate qual-
ity grass silage, but the efficiency of the mixed forage diets for milk pro-
duction was reduced, particularly with the high inclusion level of maize
silage (67%).
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E X P E R I M E N T  3 :

Effect of low or high starch maize silages compared with
grass silage on milk production
In Experiment 2 the adverse effect that delayed harvesting had on the
digestibility and feeding value of maize silage for milk production was
established.  In this experiment, the effect of harvesting an immature
maize crop in a “green” state shortly after a frost kill on its feeding value
for milk production was examined when the digestibility of the crop
remained high compared with a high quality grass silage.  The effect of
increasing the starch content of the maize silage on intake and milk pro-
duction was also examined.  

M a t e r i a l s  a n d  m e t h o d s

A crop of maize (cv Diabolo) sown on May 7th was harvested in late
October and ensiled in a green state within a week following a frost kill.
The crop was very immature, with a low DM content and poorly developed
cobs.  The grass silage was made from a primary cut of perennial ryegrass
harvested in late May and was treated with a sulphuric acid additive.  To
obtain information on the effect on milk production of increasing the level
of starch in the maize silage to that in a very mature maize crop grown in
a good season, ground maize grain was incorporated into the low starch
maize silage in one treatment to produce a high starch maize silage (>300
g starch/kg DM).  Three types of forage were compared :

GS - all grass silage
LSM - low starch maize silage and grass silage (60:40 DM basis)
HSM - high starch maize silage and grass silage (60:40 DM basis)

Maize grain represented 40% of the DM of the HSM silage or 24% of the
DM of the mixed HSM forage.  Concentrates containing 250 g crude pro-
tein/kg freshweight were fed at three levels (4, 6 and 8 kg/cow) with the
GS and LSM forages and at one level (4 kg/cow) with the HSM forage.
The maize silages and grass silage were mixed in a feeder wagon prior to
feeding.  Fifty six cows, consisting of 28 cows in early lactation and 28
cows in mid lactation, were allocated to the treatments (8 cows/treat-
ment) for a period of 7 weeks.  The in vivo digestibility of the total diets
were determined with lactating cows from the experiment (4 cows/diet).
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Table 5 : Chemical composition and  digestibility of the grass and maize
silages in Experiment 3 (g/kg DM unless stated)

Grass Low Starch High Starch
Silage Maize Maize 

Silage Silage
(GS) (LSM) (HSM)

Dry matter (g/kg) 192 228 331
Crude Protein 183 124 116
Starch 13 15 355
In vitro DMD 755 703 754
In vitro DOMD 690 609 713

pH 4.0 3.8 3.9
Ammonia N (g/kg/Total  N) 69 53 36
Lactic acid 60 68 -

R e s u l t s

The grass silage was highly digestible and was well preserved (Table 5).
Harvesting the maize crop in a green state produced a silage with a good
digestibility but with a low DM content and with very little starch but it
was well preserved.  Including ground maize grain with the LSM silage to
produce the HSM silage increased the DM,  starch content and 
digestibility of the silage.

When averaged across the three levels of concentrate supplementation,
intake of the LSM forage was 18% higher than that of the GS silage  (Table
6).  However, milk production was similar for both types of forage.  Milk fat
concentration and yield were similar for both types of forage.  Milk protein
concentration was higher for the LSM forage, resulting in a marginal
increase in protein yield compared with the GS silage.  Cows gained weight
to a similar extent on both types of forage.  The DM digestibility of the
total diet was less for the LSM diet compared with the GS diet.

Compared with the GS and LSM forages supplemented with the low level
of concentrates (4 kg/day), increasing the level of starch in the HSM forage
considerably increased forage intake and increased the yields of milk, fat
and protein.  The HSM forage slightly reduced milk fat concentration but
increased milk protein concentration.  Cows tended to gain more weight on
the HSM forage.  The digestibility of the total diet was increased for the
HSM treatment compared with the LSM forage and was similar to the GS
diet.Feed efficiency for milk production was less for the LSM forage com-
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Table 6 : Effect of the starch level in maize silage on forage intake and
on milk production in Experiment 3.

Type of forage GS LSM Sem GS LSM HSM sem
Concentrate level (kg/d) 4-8 4-8 4 4 4

Silage intake (kg DM/d) 9.5 11.2 0.25 10.2 10.6 13.4 0.46

Production (kg/d)
Milk 21.3 21.3 0.28 19.7 20.4 21.9 0.49
Fat         0.88 0.88 0.014 0.82 0.84 0.90 0.022
Protein   0.66 0.69 0.011 0.61 0.63 0.71 0.017

Composition (g/kg)
Fat 42.1 42.3 0.45 42.5 42.1 41.5 0.89
Protein      31.5 32.6 0.18 31.1 31.7 32.7 0.33

Mean Lwt (kg) 538 547 9.4 542 512 564 17.0
Lwt  gain (kg/d) 0.27 0.34 0.06 0.13 -0.05 0.28 0.14
Diet DMD (g/kg) 791 723 3.9 740 713 749 6.8

sem = Standard Error of the Mean, GS = grass silage, LSM = Low starch maize
silage +  grass silage (60:40 DM mix), HSM = High starch maize silage + grass
silage (60:40 DM mix)

pared with the GS forage, by 8-10% on the basis of total DM intake and by
6-8% in terms of digestible DM intake.  The increase in intake for the HSM
diet was not matched by a corresponding increase in milk production,
consequently feed efficiency for milk production was reduced by 10% 
compared with the GS diet.  Nevertheless, the value of the additional milk
more than compensated for the higher intake of forage on the HSM diet.

C o n c l u s i o n s

The results of this study show that in a poor season for growing maize,
immature maize silage containing very little starch is equivalent for milk
production to a high quality grass silage when harvested in a green state
soon after a frost kill.  However, intake of the maize based forage was
higher, consequently feed efficiency for milk production was reduced by
about 10% compared with the grass silage based diet.  Maize silage with
a high starch content (30% starch) has the potential to considerably
increase forage intake and milk production compared with grass silage or
low starch maize silage.
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Effect of date of harvesting an immature maize crop on
silage quality and on milk production

Mature maize crops with well developed cobs are normally harvested in mid to late
October, or earlier if the grain is well developed.  However, with immature crops
there is a tendency to let the crop grow on for as long as possible, e.g. into
November in the hope of increasing the yield,  grain and starch content of the crop.
There is, however, an increased risk from delayed harvesting due to inclement
weather as the season advances (as occurred in Experiment 2) with a consequent
loss of nutrients and a reduction in the digestibility and feeding value of the crop.

The main objective of this study was to determine the effect of harvesting an
immature crop of maize either early (mid-October) or late (mid-November) on its
feeding value for milk production compared with grass silage.

M a t e r i a l s  a n d  M e t h o d s

An immature maize crop (cv Janna) with poorly developed cobs was grown at
Johnstown Castle.  It was harvested and ensiled either in mid-October (ECM) or was
allowed to grow on and harvested as late cut maize (LCM) in mid-November.  The
resulting maize silages were fed as the major part of the forage (70%) in combina-
tion with grass silage and were compared with all grass silage (GS) when fed to
spring calved cows in early lactation.  Each forage was supplemented with concen-
trates (7 kg/cow/day) containing high starch or low starch ingredients.  The cows
were group fed (14 cows/diet) on their respective diets for a period of 40 days from
2 weeks after calving until turned out to pasture.

R e s u l t s

Samples of maize harvested at weekly intervals showed no improvement in crop yield,
DM content or cob development from mid October to early November.  The crop was
not affected by frost during this period.  The DM content of the crop harvested in mid
October was very low (125 g/kg) and produced a considerable amount of effluent
when ensiled.  The late harvested crop had a higher DM content at ensiling (166 g/kg)
but otherwise was similar in composition to the early harvested crop.  

The silages from the two harvests were very similar in composition and digestibility
(Table 7).  The grass silage was of moderate digestibility but was poorly preserved.
Forage intake or milk composition were not measured in this study.  Milk yields were
similar for the mixed forages containing the maize silages and for the grass silage. Cows
gained in weight and in body condition to a similar extent on the three types of forage.

E X P E R I M E N T  4 :
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Table 7 : Effect of harvesting date of immature maize silage on silage
composition and milk production compared with grass silage 
in Experiment 4

Grass Early  Cut Late Cut
Silage Maize silage Maize silage sem

Silage Composition
Dry matter (g/kg) 163 178 190
Cr. Protein (g/kg DM) 154 151 146
Starch              “  0 0 0
In vitro DMD (g/kg) 644 663 663
pH 4.5 3.8 3.8
Ammonia N (g/kg Total N) 204 69 85
Lactic acid (g/kg DM) 48 83 99

Cow Performance
Milk yield (kg/d) 20.9 21.7 21.3 0.36
Lwt gain (kg) 7.0 5.1 4.3 3.0
Body condition score 2.26 2.35 2.43 0.09
BCS change 0.25 0.28 0.24 0.05

sem = Standard error of the mean

Delaying harvesting of an immature maize crop from mid-October to mid-
November was of no benefit in terms of crop yield, extra maturity, chemi-
cal composition or digestibility of the silages or in terms of milk produc-
tion or weight gain of the cows.  It is therefore recommended to harvest
immature maize in October while weather conditions are good, but efflu-
ent production may be high and must be contained.

C o n c l u s i o n
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Effect of maize silage with a good or high level of starch in
mixed forages on milk production

This study examined the effect of including mature maize silages con-
taining a good or high level of starch, when grown in a good season for
maize, in a mixed forage on milk production compared with a good
quality grass silage.

M a t e r i a l s  a n d  m e t h o d s

Maize crops (cv  Melody and Hussar) were grown conventionally or under
a photodegradable polythene film to enhance crop growth in spring.
Following a good season for growing maize the crops were harvested in
late September when they were deemed to be sufficiently mature with
well developed cobs and the grain was either at the  soft dough or hard
dough stage.  The polythene covering considerably increased the yield,
DM content and cob content of the crop.  The grass silage was harvested
from a perennial ryegrass sward in late May and was treated with a
formic acid based additive.  Three types of forage were compared

GS - high quality grass silage
MSM - moderate starch maize silage and grass silage (60:40 DM basis)
HSM - high starch maize silage and grass silage (60:40 DM basis)

Each forage was supplemented with concentrates at two levels of feeding
(4 or 8 kg/cow/day).  The concentrates were based on either low starch or
high starch ingredients and contained 230 g crude protein/kg fresh
weight.  Forty eight autumn calved cows in mid lactation were allocated
to the three types of forage for a period of 10 weeks.

R e s u l t s

The grass silage was of high quality and was well preserved (Table 8).
The maize silages were mature, with a high DM content, a good to high
level of starch, good digestibility and were well preserved.

E X P E R I M E N T  5 :
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Table 8 : Chemical composition and digestibility of the grass silage and
maize silages in Experiment 5 (g/kg DM unless stated)

Grass Moderate starch High starch
silage maize silage maize silage

Dry matter  (g/kg) 205 275 310

Cr. Protein 153 104 105

Starch - 242 293

In vitro DMD 743 655 686

In vitro DOMD 672 605 633

pH 3.62 3.63 3.73

Ammonia N  (g/kg Total N) 84 47 54

Lactic acid 120 70 65

Compared with the GS silage intake of the MSM forage was much higher
(+2.2 kg DM/day) and resulted in a higher yield of milk (+1.9 kg/d) and
protein (+0.07 kg/d), (Table 9).  Milk composition and weight gain of the
cows was similar for both types of forage.  Intake of the HSM forage was
also much higher than the GS silage (+2.8 kg DM/day) and was marginal-
ly higher than the MSM forage.  However, the yield of milk and milk con-
stituents were intermediate between those obtained with the GS and
MSM forages and were not significantly different from either of them.
Milk protein concentration was better on the HSM forage and the cows
tended to gain more weight and body condition on the HSM forage.  The
digestibility of the total diet was less for the diets containing maize silage
compared with the GS diet.

Feed efficiency for milk production was reduced on the diets containing
the maize silages compared with the grass silage based diet, by 10-12%
on a total DM intake basis.  However, on the basis of digestible DM
intake, feed efficiency was similar for the GS and MSM based diets but
was reduced by 7% on the HSM based diet.
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Table 9 : Effect of forage type on feed intake and cow performance in 
Experiment 5

Type of forage GS MSM HSM sem

Silage intake (kg DM/d) 8.9 11.1 11.7 0.32
Total diet (kg DM/d) 14.2 16.4 16.9 0.32

Production (kg/d)
Milk 18.6 20.5 19.5 0.70
Fat 0.85 0.91 0.88 0.030
Protein 0.66 0.73 0.71 0.023

Composition (g/kg)
Fat 46.2 44.7 45.9 0.93
Protein 35.7 35.5 36.9 0.56

Mean liveweight (kg) 551 582 597 15.3
Lwt gain (kg/d) 0.34 0.27 0.49 0.06
Body condition score 2.60 2.83 2.94 0.11

Diet DMD (g/kg) 774 738 731 6.6

Sem = Standard error of the mean

In this study the MSM silage containing 240 g/kg DM of starch was superi-
or to a high quality grass silage in terms of forage intake and milk produc-
tion.  The results are in agreement with those of previous studies
(Experiments 1 and 3) that maize silage with a good level of starch has the
potential to increase forage intake and milk production when partially
replacing good quality grass silage in the diet of dairy cows.  However, in
this study there was no further advantage in milk production to including
maize silage with a high starch content compared with the MSM silage and
feed efficiency was reduced.

The cows in this study were in mid lactation and may not be as responsive
to additional starch in the forage as cows producing more milk in early lac-
tation.  Some of the starch in the grain of the HSM silage may not have
been fully digested.  However, there was no difference in the DM digestibili-
ty of the total diets containing MSM or HSM silages.  The results of this
study indicate that maize silage containing about 250 g starch / kg DM is a
good forage for milk production.

C O N C L U S I O N
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O V E R A L L  C O N C L U S I O N S

1

2

3

4

5

The results from this series of experiments show that the benefit
in terms of milk production and composition of including maize silage
in the forage to partially replace grass silage in the diet of dairy cows
depends on the maturity of the maize silage i.e. its cob development
and starch content, and also on the digestibility or “greenness” of the
maize crop when harvested and on the quality of the grass silage
being replaced.

Good quality maize silage with a starch content of 200-250 g/kg
DM, when fed as a high proportion (60-70%) of the forage in place of
a high quality grass silage increased forage intake, milk production
(+8-10%) and milk protein concentration with little effect on feed
efficiency for milk production (Experiments 1 and 5).

A level of 33% maize silage in the forage achieved most of the
increase in milk yield but a high proportion (67%) of maize silage
was required to maximise the yield of fat and protein and to
improve milk protein concentration (Experiment 1).  A mixed forage
diet of maize silage and grass silage was better for milk production
than all maize silage.

The optimum degree of maturity and level of starch in maize
silage for milk production has not been well defined from these 
studies.  While forage intake and milk production increased as the
level of starch in maize silage increased from a very low to a very high
level (Experiment 3) a starch level of about 250 g/kg DM would
appear to be optimum for milk production, at least for cows in mid
lactation (Experiment 5).

Immature maize silage containing very little starch, grown in a
poor season for maize, but with good digestibility when harvested in
a green state soon after a frost kill was equivalent for milk production
to a high quality grass silage.  However, intake of the maize silage
based forage was higher than the grass silage and consequently feed
efficiency for milk production was reduced (Experiment 3).
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O V E R A L L  C O N C L U S I O N S

There was no advantage in allowing an immature maize crop to
grow on until mid-November in terms of increasing crop yield or
maturity or the feeding value of the silage for milk production while
the risk of delayed harvesting due to inclement weather and reduced
digestibility of the crop was increased.  

If the maize crop is killed off by frost in October it should be
harvested soon afterwards (<7 days).  A long delay in harvesting the
crop after a frost kill will result in leaf senescence and a reduction in
the digestibility of the silage (DMD ~ 600 g/kg).  The feeding value of
such silage for milk production is only equivalent to a moderate 
quality grass silage (Experiment 2).  The presence of a moderate level
of starch in one of the maize silages did not offset the adverse effect
of low digestibility on milk production.

Forage intake was always increased by inclusion of maize silage
in the forage, even when replacing high quality grass silage.  This
would suggest that the rate of digestion of maize silage and passage
of digesta from the rumen is faster compared with grass silage. The
high intake characteristics of maize silage would be very important for
high yielding cows in order to achieve high forage intakes early in
lactation and avoid excessive bodyweight loss and negative energy
balance soon after calving.  

Good quality maize silage, grown in areas which are suitable for
the crop, is a very good forage for cows involved in winter milk 
production.  It can also play a useful role in the diet of spring calved
cows prior to turnout to grass and when housed in late lactation.  

Further improvements in the breeding of hybrids more suited to
marginal areas and developments in growing the crop under polythene
will help to overcome the limitations of poor growing seasons and will
extend the areas where maize can be grown successfully further north
and inland.
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