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Abstract

New Zedand dary famers are incressngly using
supplementary feeds in an attempt to overcome the
Quantitetive and nutritiona limitations of pasture.
The use of rolled maize gran and pesture slage
supplements was evaluated on a farmlet basis for
two seasons. Supplementary feeding resulted in 88
and 82 g milksolids (MS)/kg dry matter (DM) at
socking rates of 324 and 4.48 Friesian cowsha
respectively. At the lower stocking rate the
responses during spring, summer and autumn were
11, 53 and 113 g MSkg DM respectivdy. Smal
spring responses were attributed to poor use of the
soared pasture and cow condition that resulted
from supplementary feeding. Large autumn
responses were due to extending lactation length.
Responses were less variable a the high stocking
rate. If large amounts of supplements are used, the
socking rate must be sufficient to ensure high rates
of pasture utilisation are maintained. A second
farmlet trid compared rolled maize gran, maze
slage, and a nutritiondly baanced ration a 4.41
Friesian cowsha Offering 1.04-1 .23 t DM/cow of
supplement increased annua  pasture net herbage
accumulation by 1.8 t DM/ha, and MS production

—by upto 96°kg/cow (32%). Maize gram resuited in-

the largest response, dthough responses to maize
gran and maze dlage weae smila when the
differences in meabolissble energy (ME) content
were accounted for. The badanced ration produced
the lowest response, both to DM and ME, and was
20% less than that predicted by the CNCPS nutrition
mode. ME content is the key nutritional parameter
which will determine the likdy MS response to
supplements.
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Introduction

New Zealand has the lowest farm gate milk price in the
developed world. Farmers have learned to cope with a
low and decreasing milk price by increasing milksolids
(MS) output per unit of land and labour. Output of milk

per ha has been increased by increasing pasture
production. and using high stocking rates to ensure a
large proportion of the available feed is consumed by
lactating cows of high genetic merit. Although thisis an
effective and low cost system, reliance on pasture
exposes the inherent weaknesses of a feed-base variable
in both its supply and nutritional characteristics.

The current period of relatively stable milk prices
has led to an increase in the use of purchased
supplementary feed in an attempt to improve per cow
performance. To make effective decisons on the
integration of these feeds into farming systems farmers
require information not only on the factors deteimining
the immediate animal production responses, but &aso on
the impact of supplements on the whole farm system.

Reviews of supplementary feeding of pasture-fed
dairy cows often discuss the large measured variation
in milk responses (Bryant & Trigg 1982). Edwards &
Parker (1994) claimed that size of the MS response
measured in many supplementary feeding trials has
been penalised because the supplement gave little
consideration to the nutritional status of the pasture,
and the particular nutrient requirements of the animals.
The limitations of pasture as a feed for dairy cattle
have been discussed in New Zealand for many years
(Hutton 1962; Edwards & Parker 1994). Ample

information 1s avallable regarding the nutritional
requirements of dairy cattle (NRC 1989; Fox et al.
1992; AFRC 1993). Ration-bdancing principles are
being advocated (Edwards & Parker 1984), yet there is
little experimental evidence of the benefits likely to
arise in pastoral dairying.

This paper presents results from two trids
investigating the response of dairy farm systems to
supplementary feeds. The results are used to discuss the
principles that will determine supplementary feeding
strategies for dairy production.

Methods

Experiment 1.

A farmlet trial was conducted at the Dairying Research
Corporation (DRC) No. 2 Dairy over two seasons (1
June 1993 to 31 May 1995). Penno et al. (1996)
described the trial in detail. As part of this work, the
performance of three dairy farm systems involving
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purchased cereal grain and pasture silage supplements
were compared a low and high stocking rates (Table 1).
The control farmlet was stocked at 3.24 cows/ha, and
was offered no supplementary feed other than pasture
silage conserved on that farmlet. The low (3.24 cows/
ha) and high (448 cowsha) stocked supplement farmlets
were offered supplementary feed when milking cows
were being underfed (<15 kg DM/cow/day) or were
grazing below a post-grazing herbage mass thought to
impair pasture regrowth (<1800 kg DM/ha). Rolled
maize grain was the predominant supplementary feed
and was available up to a maximum daily intake (DMI)
of 8 kg DM/cow. Purchased pasture silage was used
when supplementary feed intake exceeded 50% of total
DMI.

Milk yield and composition were measured by
weekly herd test and corrected for calving pattern.
Liveweight was measured every 2 weeks after the am.
milking. Calibrated visual assessment was used to
determine pasture herbage mass. Average herbage mass
of each paddock was determined weekly, and net
herbage accumulation calculated from the increase in
herbage mass on ungrazed paddocks. Pre- and post-
grazing herbage mass were determined on 3 consecutive
days each week and pasture DMI caculated by
difference.

Experiment 2

Three forms of supplementary feed were compared in a
farmlet trial at the DRC No. 2 Dairy from I June 1995
to 31 May 1996. Four 5.67 ha farmlets were stocked
-with high genetic merit Friesian cows at 4.41 cows/ha
(Table 5). Each farmlet received 240 kg N/ha/yr. No
supplementary feed was available to the control farmlet.
Treatments were supplements of either rolled maize
grain, maize silage, or a balanced ration. Herds on each

treatment farmlet were offered an equal daily allowance
of supplementary. feed using the criteria described for
Experiment 1. Refusals were estimated weekly to
determine supplement DMI. Weekly pasture samples
were taken from paddocks immediately before grazing,

and analysed for chemical composition. The balanced
ration was formulated to ensure the nutrient and minerd

requirements for milksolids (MS) production were met
according to the Spartan computer program (van de
Haar et al. 1992). Measurements were as described for
Experiment 1.

Results

Experiment 1

Supplementary feeding resulted in an additional 88 and
82 g MS/kg DM at the low and high stocking rate
respectively (Table 1). At the low gtocking rate the MS
response to supplements increased as the season
progressed (Table 2). Offering supplements to the herd
on the low stocked farmlet resulted in only 11 g MS/kg
DM in suring (1 June to 31 September), wheress offering
supplements in summer (1 October to 31 January) and
autumn (1 February to 31 May) resulted in responses of
53 and 134 g MS/kg DM respectively. At the high
stocking rate, the responses were less variable with
season.

Average liveweight differences between treatments
were small, although the control herd was consistently
15-20 kg/cow lighter than the herds receiving supple-
mentary feed. At the low stocking rate the average
herbage mass of the supplemented and unsupplemented
farmlets was similar throughout the year. Despite use of
large quantities of supplement, the average herbage mass
of the high stocked treatment was consistently 200-400
kg DM/ha lower than that of the control.

Tablel  Stocking rate, annual supplementary feed offered, and  Table 2 Effect of supplementary feeding on milksolids (MS)
the effect on annual pasture and milksolids production. poduion i sping, SUmMmer and  autumn.
Farmlet Control ~ Low  High Farmiet Control Low High
Stocked  Stocked Stocked Stocked
Cows/ha 3.24 3.24 4.46 1 June ~ 1 Oclober
Supplementary feed intake Maize grain offered (kg DMicow) 0 154 349
Gran (kg DM/cow) 0 566 1460 Milksolids  (kg/cow) b 99 102 94
Silage (kg DM/cow) 150 201 276 Response {g MS/kg OM) H 63
Supplement  (MJME/cow) 1500 9700 22600 1 October — 31 January
) Maize grain offered (kg DM/cow) 0 117 561
ls)lgt)dhuecrttlnoange accumulation Milksolids (kg/COW) 178 166 176
(t DM/ha) 15.9 15.4 16.4 Response (g MS/kg DM) 53 81
Milkfat (kg/ha) 647 732 977 1 February = end of season
Milk protein (kg/ha) 475 566 740 Days in milk 70 107 108
Maize grain offered (kg DM/cow) 0 295 550
Eﬂilslgggfifjst? /iupglr‘:)mentary feed 88 82 Pasture silage offered (kg DM/cow) 150 201 276
otds (g/M%ME) o 6 Milksolids  (kg/cow) 67 113 114

Response {g MS/kg DM) 134 91
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Table3  Average net herbage accumulaon (g DM/ha) and chemical compositon of pasture during Experiment 2.

Month DM/ha/d DM cp ADF® NDF® MD¢ Ca® p Nag
July 33 182 22.6 44.8 119 0.38 0.38 0.34
August 21 188 21.6 195 40.7 125 0.42 0.35 0.22
September 68 1.1 25.7 20.6 41.8 125 0.31 0.33 0.12
October 81 145 24.4 23.2 441 12.0 0.48 0.42 0.16
November 100 175 21.3 24.1 44.0 117 0.42 0.29 0.14
December 79 18.0 19.7 25.2 46.8 114 - -
January 7 22.2 20.9 24.8 45.9 11.2 0.47 0.23 0.12
February 54 20.5 21.6 25.8 47.0 10.8 0.49 0.22 0.22
March 64 18.2 23.3 22.6 42.2 115 0.40 0.27 011
April 32 147 25.0 22.9 44.0 10.9 0.43 0.35 0.12
May 30 16.3 23.4 21.2 41.3 124 0.46 0.38 0.19

t Crude protein (% DM)

¥ Acid detergent fibre (% DM)

¢ Neural detergent fibre (% DM)

4 Metaholisable energy content (MJME/kg DM)

o Calcium (% DM)
! Phosphorus (% DM)
9 Sodium (% DM)

Table 4  Pasture, supplementary feed, and total dry matter intake (kglcow/day) of the herd on the balanced ration farmlet.
Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Pasture 10.8 122 15.2 17.0 130 135 9.4 12.9 113 10.3
Maize grain 0.5 1.0 0.8 0.6 2.5 2.5 2.3
Maize silage 4.6 3.5 1.7 1.2 2.6 2.0
Copra meal 1.8 1.80
Soybean meal 0.60 0.75
Tallow 0.30 0.50 0.30 0.20 0.25 0.25 0.25 0.25
Blood meal 0.30 0.50 0.20 0.25
Meat and hone 0.5
Limestone  flour 0.10 0.1
Dical phosphate 0.10 0.1 0.10 0.10 0.10
Sodium  chloride 0.05 0.05 0.05
Total 183 19.7 18.6 17.0 130 15.1 145 16.1 16.8 15.0
Experiment 2 Table 5  Annual supplementary feed offered, and the effect on
Differences in chemical composition of the pasture annual pasture and milksolids production.
grown on the individual farmlets were small (Table 3). | . .
Maize silage became the basis for the balanced ration "™ Control ';';'izne Nlﬁ‘;gzee Ba';:i‘of]ed
comprising 49% of the supplementary DMI/cow (Table
5). Tallow, rolled maize grain, copra and soybean meal hsnljjijl]:ze/:er;zy Feed a5 103 o
increased the energy density of the ration. The bllood kg DM/cow 0 1036 1140 1231
meal, meat and bone med and copra provided  yymE/cow ) 14000 11742 15141
undegradable protein, and soybean was used to provide Production
a-high_quality rumen_degradable protein_source. Lime et herbage accumulation
flour, dicalcium phosphate and sodium chloride were (1 DM/ha) 188 20.7 20.5 20.7
used to meet the mineral requirements. Days in mik 243 284 283 289
The use of 1.04-1.23 t supplementary feed DM/ Milkfat (kg/cow) i 223 218 219
d the resultant reduction in grazing pressure Milk protein (kg/cow) 130 L7 162 170
cow, an grazing p * Miksolids  (kg/ha) 1327 1760 1671 1720
increased annua net herbage accumulation by 1.8 t Milksolids Resbonse
. . . 1IKS Ol
DM/ha (9.6%). The increased feeding levels resulting g MSlkg SDM P 93 69 71
from the supplement and extra pasture produced a 26- g MS/MJIME 6.8 6.7 5.8

33% increase in MS output of the farmlet systems. The
largest responses per kg DM were obtained from maize
grain, and the least from maize silage. Milksolids
responses per meggjoule of metabolisable energy

(MJME) were similar for the three supplementary feed
sources (Table 5).
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Discussion

The annual M S response to the use of supplementary
feed in Experiments | and 2 were smaller than those
measured in other farm systems trials (Fraser & Leaver
1988; McCallum €t al. 1995). Offering supplementary
feed in Experiment 1 resulted in 88 g MS/kg DM at the
low stocking rate, and 82g MSkg DM at the high
stocking rate. A similar response (93 g MSkg DM)
was obtained when maize grain was offered in Experi-
ment 2.

Timing of supplementary feeding

A common assumption is that the marginal response to
supplements decreases as lactation progresses (Stock-
dae & Trigg 1989). In ealy lactation a higher proportion
of consumed nutrients are partitioned toward milk
production and less toward liveweight gain. The opposite
occurs in late lactation (Broster & Thomas 1981). At
the low stocking rate in Experiment 1 the total MS
response is the accumulation of a negligible spring
response, a moderate summer response and a large
autumn response. These data suggest that, within the
farm system, interactions between the use of supple-
ments, cow condition and average herbage mass may be
of greater importance than the changes that occur in the
partitioning of nutrients.

Extra feed inputs cause various amounts of additiona
milk production, pasture substitution and changes in
body condition. The increase in milk production that
occurs within a few days of darting to feed supplements
is known as the ‘immediate response’. Over a longer
period, extra milk may be produced as a result of
improved cow condition or better pasture cover because
of substitution; thisis known as the ‘ carry-over effect’.
Typicaly the carry-over effect is equal to, or greater
than, the immediate effect (Bryant & Trigg 1982);
however this is dependent on the subsequent utilisation
of any spared pasture and cow condition.

Spared pasture will be utilised only if the period of
feed deficit continues until the herd returns to graze the
particular paddock being grazed at the time of supple-
mentary feeding. Likewise, cow condition spared by
supplementary feeding will be of little use if generous
feeding would have otherwise allowed any lost cow
condition to be replaced shortly after it was mobilised.
In Experiment 1 the spring feed deficit was followed by
a period of surplus, resulting in a poor carry-over effect.
In the same way, poor responses have been measured
when supplements are used during a summer feed deficit
immediately before a period of good autumn pasture
growth (Bryant & Macdonald 1987). In contrast, the
feed deficit on the high stocked farmlet was more severe,
allowing carry-over effects to be captured, and resulting

in a much larger spring response. Large carryover effects
occur when spared pasture and cow condition are utilised
during lactation (Clark 1993).

Extending lactation length

Large responses can be expected if supplements are
used to increase feeding levels to extend lactation
(Thomson & Holmes 1995). Much of the additional
autumn production achieved on the low stocked farmlet
in Experiment 1, and on the treatment farmlets in
Experiment 2, can be attributed to extra daysin milk.

A dary herd requires maintenance feeding
irrespective of being in milk or dry. The potential
lactation length in a seasona calving herd is 305 days,
yet many herds achieve only 240 days in milk. Large
responses are obtained when lactation length is extended
because the total daly milk production is attributable to
the margina feed input above that required for
mai ntenance.

Stocking rate

If large amounts of supplements are to be used, the
stocking rate must be sufficient to utilise al the avail-
able feed. Penno et al. (1996) demonstrated that, in
Experiment 1, increasing the total feed supply to the
low stocked farmlet would reduce pasture utilisation.
The lower net herbage accumulation of the low stocked
farmlet (Table 1) is probably a result of reduced pasture
utilisation in spring, causing increased senescence and
decay. Increasing stocking rate can ensure carry-over
effects are fully captured (McCallum et al. 1995) and
may dso increase pasture utilisation a times of plentiful
supply (Fraser & Leaver 1988). This is demonstrated
by the increase in net herbage accumulation of the high
stocked farmlet in Experiment 1. Conversely, the low
net herbage accumulation of the control farmiets in
Experiment 2 is probably due to reducing photosynthetic
leaf area by over-grazing at critical times of the season.

Balancing the ration

The use of large amounts of supplementary feed was
able to sustain high levels of per cow performance in
both Experiments 1 and 2. Therefore it is unlikely any
of the diets had gross nutrient deficiencies. The response
appears to be relative to the amount of ME supplied by
the supplement as no additional gains were achieved by
offering a balanced supplementary feed.

The milk yield achieved with ration balancing was
substantially lower than the Cornell Net Carbohydrate
and Protein Model (CNCPS) (Fox et al. 1992)
prediction based on the amounts and chemical
composition of the pasture and supplementary feeds
offered (Figure 1). Despite the use of tallow and other
high energy concentrates, the energy density of the



balanced diet was lower than that of the maize grain.
Nevertheless, when the response to the supplementary
feed is expressed per unit of ME, the balanced diet
resulted in less MS than either the maize grain, or
maize silage. Although it is not possible to determine
the cause of the low MS response, several factors may
have contributed.

Inclusion of a high rate of tallow in spring could
have reduced diet digestibility, although it is generally
recommended that fats can be safely added to 3-5%
DMI (Palmquist & Jenkins, 1980).

The NRC recommendations for rumen undegradable,
or bypass, protein {UDP) are high relative to other sets
of nutritional recommendations (AFRC 1993).
Experimentally these have been shown to be excessive
(Santos & Huber 1995). Several New Zealand studies
have been unable to demonstrate increased milk
production when cows offered generous amounts of
pasture have been supplemented with high quality UDP
supplements (Salam ef al. 1996).

The fermentation characteristics of pasture used
within the nutrition models may be inadequately
described by current chemical composition standards.
Total mixed rations (TMR) have advantages over grazing
where components of the diet are inevitably consumed
at different times. Despite being offered at pasture, most
of the balanced ration was consumed in the first 2-3
hours.

Figure 1
ration farmlet.

CNCPS predicted miksolids production based on feed usc and

Perhaps the largest constraint to balancing pasture-
based diets using tools such as Spartan and the CNCPS
is that no consideration is given to the interactions
between supplement, cow, pastures and farm system.
Herd averages are used to determine both pasture and
supplement DMI and the relative proportions of each.
This is clearly inappropriate for accurately predicting
the nutrient intake of individuals. Nutritional models
are probably useful to identify only major nutrient
deficiencies in supplementary feeding strategies.

Conclusions

Successful supplementary feeding strategies are reliant
on the availability of a low cost, high quality feed. The
greatest responses to supplements will bc obtained by
increasing lactation length. Supplements should be used
early in a period of feed deficit to ensure carry-over
effects are captured. At moderate stocking rates,
supplementary feeding during autumn feed deficits is
likely to give larger benefits than in spring. Stocking
rate must be high enough to balance annual feed
requirements with total feed supply to ensure high rates
of pasture utilisation are maintained.

This work suggests the use of detailed nutritional
recommendations, such as the NRC, are of limited value
in balancing supplementary feeds for grazing dairy cows.
Based on Experiment 2, the best indicator of the potential

composition and actual milksolids production the balanced
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response to a supplementary feed is amount of ME
supplied by the supplement. High levels of performance
per cow and per ha are attainable when supplements are
offered to ensure the energy requirements of the herd

are met.
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