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Effects of herbage allowance and a high protein supplement on 
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ABSTRACT 

Two experiments were conducted to assess aspects of the feeding value of winter pasture for lactating dairy cows. 
During May 1989, three groups of 10 Friesian cows were offered daily herbage allowances of 43 (High, H), 20 (Medium, M) and 13 

(Low, L) kg dry matter (DM) per cow, for a four week period in early lactation. Daily herbage intakes, assessed by cutting pastures before 
and after grazing, were 12.4,g.l and 7.6 kg DM per cow, respectively. “Covariance adjusted” daily milk yields (15.6, 12.4 and 9.4 litres/ 
cow), milkfat yields (0.64,0.54 and 0.41 kg/cow) and protein yields (0.50,0.36 and 0.28 kg/cow) differed significantly (P < 0.0 1) between 
treatments. Responses/kg extra herbage DM eaten were 1.0 and 1.9 litres, 31 and 84g milkfat and 43 and 52 g protein for the H-M and M- 
L increments, respectively. Apparent liveweight gains and proportion of cows showing oestrus were also positively related to allowance. 

During June 1990, two groups of 15 Friesian cows in early lactation were transferred from a herbage and grass silage ration to a high 
herbage allowance of 63 kg DM/cow daily. The yields of milksolids and especially protein immediately increased substantially (P < 0.01); the 
protein concentration increasing from 3.02 to 3.70%. For a period of two weeks, the cows in one of the groups (Treatment S) also consumed 2.7 kg 
DM daily of a high protein concentrate supplement (Brewers’ grain and soyabean products). Daily milk yields (Control 20.3, Supplemented 22.5 
litres), milkfat yields (C 0.87, S 0.94 kg) and protein yields (C 0.75, S 0.82 kg) were increased significantly (P < 0.05) by the supplement. Herbage 
intakes were measured and substitution rates of 0.71 and 0.45 kg pasture DM/kg concentrate DM were estimated using two alternative techniques. 

The combined results indicate that the nutritive value for milk production of winter pasture is relatively high, provided that a high daily 
allowance is offered from pastures with more than 2,000 kg DM/ha pre-gazing mass. However, the relatively large increase in milk 
production caused by the concentrate supplement suggests that aspects of its nutritive value may constrain high levels of milk production 
where allowance is high. 
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INTRODUCTION 

In the New Zealand dairy industry a small portion of the 
dairy cow population is required to produce fresh milk for local 
consumption during the winter. The level of miIk production 
obtained during early lactation from cows which have calved in 
the auhmm has often been reported to be lower than that obtained 
from cows calving in the spring (Baldwin & Holmes, 1990, 
Wilson, 1988). In addition, the reproductive performance of cows 
mated in the winter is frequently suppressed (Shrestha, 1978). 

These problems may be associated with difficulties in 
providing adequate herbage allowances during the winter, 
when pasture growth rates are low, or to possible limitations 
in the nutritive value of autumn pastures (see Macrae et al., 
1985). Two experiments are described in this paper which 
were designed to investigate these possibilities. 

The first experiment, conducted in 1989, measured the 
effect of herbage allowance during the winter, on dairy cow 
performance. The second in 1990, measured the effects of a 
concentrate supplement on the performance of cows offered 
a very high pasture allowance. 

MATERIALS AND METHODS 

Both experiments were carried out with mixed age Frie- 
sian cows, calved in March, at the No. 1 Dairy Farm, Massey 
University. 

Experiment 1 

Thirty cows were used in the herbage allowance experi- 
ment which commenced 2 May 1989. 

Milk yield and composition (fat and protein) for indi- 
vidual cows was measured (Milkoscan, ‘I 40 A/B Foss Elec- 
tric, Denmark) over two days prior to the commencement of 
the experiment (independent data for use in covariance analy- 
ses), and subsequently on two consecutive days each week for 
the four week experimental period. Cow liveweights were 
measured at the start and end of the experiment. 

The cows were allocated to three similar groups (on the 
basis of milk production, age and calving date) and were 
offered daily pasture allowances of 43 (High, H), 20 (Me- 
dium, M) and 13 (Low, L) kg dry matter (DM) per cow. The 
three allowances were offered on adjacent areas within the 
same paddock by use of temporary electric fences and the pre- 
grazing herbage mass averaged 2,200 kg DM/ha. 

On two days per paddock (approximately l/3 of the 
days), herbage DM yield was measured for individual treat- 
ment areas both before and after grazing. On each occasion ten 
quadrats (60 x 30 cm) were cut to ground level with a shearing 
handpiece, the cut material washed, oven-dried and weighed. 
DM intake/cow was estimated by difference after measuring 
the area grazed. 

Herbage intakes were also estimated using intra-tuminal 
controlled-release capsules (CRC, Captec (NZ) Limited) to de- 
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liver indigestible faecal marker chromic oxide. One faecal sam- 
ple per cow was collected daily over a 10 d period, in the middle 
of the experimental period. Cow samples were “bulked”, on an 
equal daily mass basis, and dried samples used to determine 
chmmiumconcentmtionbyatomicabsorptionspectrophotometry 
(Parker et al., 1989). The rate of chromium release from the 
CRC’s was determined by measuring plunger movement in 
capsules inserted in fistulated cows. 

Pasture samples were taken for in vitro digestibility 
determinations, using the cellulase incubation method of 
Roughan and Holland (1977), and for ash and nitrogen 
concentrations. Faecal output, expressed in terms of organic 
matter (OM) and DM, was divided by indigestibility of 
herbage to determine intakes. 

Experiment 2 

Twenty four cows were transferred from a herbage and 
grass silage ration (20 kg DM/cow daily herbage allowance + 6 
kg DM/cow as silage) to a daily herbage allowance of 63 kg DM/ 
cow on 6 June 1990. The cows were allocated to two similar 
treatment groups grazed separately (in halves of each paddock), 
and one group was fed daily 2.7 kg DM/cow of a concentrate 
supplement (50% Brewers’ gram, 30% “fat-extracted” soyabean 
meal, 20% ‘full-fat” soyabeans). The supplement was fed once 
daily, from communal troughs immediately following morning 
milkings, for a period of two weeks. 

Measurements on pastures, cow intakes and perform- 
ance were as for experiment 1. 

RESULTS 

Experiment 1 

The mean herbage masses and allowances offered over 
the 4 week experiment, and the resulting DM intakes and 
post-grazing herbage masses are shown in Table 1. The leafy 
pasture prior to grazing had a mean mass of 2,226 kg/ha, a 
protein concentration of 24%, and a OM digestibility of 83%. 

TABLE 1: Mean herbage mass, before and after grazing, and daily 
herbage allowances and intakes on a per cow basis (i SE). 

Treatment (Allowance) 
LOW Medium High 

Herbage mass (kg Dwha) 
Before grazing 2197f234 2167 f 192 2313 rt222 
After grazing 760 rl: 128 1121 f 129 1613 f327 

Daily allowance 
(kg DM/cow) 12.6 rt 0.3 20.2 f 1.3 42.5 + 3.7 

Q& j@&e (kg DMlcow) 
Pasture cutting 7.60 f 0.30 9.14f0.46 12.42 f 1.95 
Chromium marker 8.21 + 0.53’ 10.08 + 0.77 13.10 + 0.59 

t value based on 5 animals only, because of losses of CRC. 

The performance of the cows offered the three allow- 
ances are summarised in Table 2, and as expected, perform- 
ance was positively related to allowances and intakes. 

The covariance adjusted yields of milk, milkfat and 
protein all differed significantly (P < 0.01) as did the 
liveweights. There were, however, only relatively small dif- 
ferences between the treatments in the composition of milk. 
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TABLE 2: Milk production and liveweights for cows offered one of 
three daily allowances. (Treatment mean adjusted by covariance for 
differences present during pre-experimental period.) 

Low Medium High Sign. diff.’ 

(L) (M) (H) 

Milk yield 
(Vd) 9.42 12.37 15.63 L&4** M<H** L<H** 

Milkfat yield 

(kg/d) 0.41 0.54 0.64 L<M** M<H** L<H** 

Protein yield 

(kg/d) 0.28 0.36 0.50 LcM** M<H** L<H** 

Milkfat 
concentration (%) 4.45 4.32 4.17 

Protein 
concentration (%) 2.99 2.95 3.19 McH* 
Final liveweight 

(kg) 441 449 463 L<H** M<H* 

‘*P<0.05;**P<0.01 

Responses/kg extra pasture DM consumed (cutting data) 
were 1 .O and 1.9 litres, 3 1 and 84 g milkfat, and 43 and 52 g 
protein for the H-M and M-L increments, respectively. There 
was thus, a marked curvilinear response to increased feeding 
level. 

Herbage intakes (which were of similar magnitude 
regardless of method of estimation) were relatively low, even 
for the high allowance group (2.8 kg DM/lOO kg liveweight), 
which would account for the low levels of milk production. 
Day-to-day variations in the intakes of the cows which 
received the highest allowance, was considerable between 
paddocks (SE 1.95 kg DM), and this variation was apparently 
more closely associated with pre-grazing herbage yield (R* = 
0.89) than variation in allowance (R* - 0.45). 

Apparent liveweight gains (H 40, M 27 and L 16 kg) and 
cows showing oestrus during the first 3 weeks of mating (H 
S/10, M 6/10 and L O/10) also differed markedly between 
treatments. 

Experiment 2 

The leafy pastures had an average pre-grazing mass (kg 
DM/ha) of 23 17 + (SE) 133, and post-grazing masses of 162 1 
+ 128 and 1770 + 178 for the control (C) and supplemented 
(S) treatments, respectively. Pre-grazing herbage had a crude 
protein concentration of 22% (DM) and. an OM digestibility 
of 79%. The concentrate supplement had a protein concentra- 
tion of 33% (0.6 estimated degradability, ARC 1980) and an 
in vitro OM digestibility of 77.5%. 

The estimated intakes of the cows are presented in Table 
3. Herbage DM intake measured by the “cutting method” 
differed significantly between treatment groups (1.9 kg DM; 
P c 0.01). The corresponding intakes estimated using the 
“marker technique” were smaller and differed to a lesser 
extent (1.2 kg DM, NS). 

The calculated substitution rate, which is defined as the 
reduction in herbage intake per unit of supplement consumed 
was 0.71 (0.45 for the “marker” values). 

The performance of the cows during the experiment is 
summarised in Table 4. The change from limited herbage 
plus grass silage feeding to the high allowance of herbage 
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TABLE 3: Mean daily intakes (kg DMcow) of control and concentrate 

supplemented cows. 

Control Supplement SEM Significance 
(P) 

Concentrate supplement - 2.7 

Herbage intake 
Cutting method 17.5 15.6 
CrsO, method 14.0 12.8 

Total intake 
Pasture cutting 17.5 18.3 
Cr,O, method 14.0 15.5 

0.4 0.0 1 
0.9 NS 

0.4 NS 
0.9 NS 

TABLE 4: Performance of control and concentrate-supplemented cows 
(covariance adjusted means for treatment period). 

Experimental Period 

Pm-expeximentaJ Significance 

period Control Supplement SEM (P) 

Milk yield (l!d) 18.1 f0.6 20.3 22.5 0.5 0.01 
Milkfat yield 

(Wd) 0.82 f 0.4 0.87 0.94 0.02 0.05 

Pmtein yield 

(kg/d) 0.55 f 02 0.75 0.82 0.02 0.01 

Lactose yield 
(kg/d) 0.88 + 0.4 1.03 1.11 0.02 0.05 

Milhfat 

concentration (%) 4.55 + .20 4.28 4.28 0.08 NS 

Protein 
concentmtion (6) 3.02 f .07 3.70 3.68 0.04 NS 

Lactose 

concentration (%) 4.88 zh 05 4.97 4.99 0.02 NS 

Liveweight at end 
of pemxl @g) 460f5.3 471 482 3.9 NS 

resulted in increases in milk yield (12%), milkfat yield (6%) 
and especially protein yield (36%). 

Following incorporation of (2.7 kg DM) concentrates 
into the ration, milk production was increased by a further 
11% (P c O.Ol), milkfat yield by 8% (P c 0.05) and protein 
yield by 9% (P c 0.01). These responses, expressed ikg 
concentrate DM consumed, were 0.81 litres for milk, 26 g 
milkfat and 26 g protein. However, if these responses are 
expressed relative to the-total DM consumed (0.8 or 1.5 
kg from the “cutting” and “chromium marker” techniques, 
respectively) then the responses were much higher (eg 2.8 or 
1.5 l/kg extra DM eaten). 

DISCUSSION 

The present results demonstrate that the performance of 
cows grazing on pastures during winter is markedly increased by 
increases in daily herbage allowance (HA), as has been shown for 
cows grazing in spring (Bryant, 1980; Glassey et al., 1980). 
However, at the high daily HA of 43 kg DM/cow, the daily 
intake, 2.8 kg DM/lOO kg liveweight, was much lower than 
would have been expected from a similar HA offered in spring 
(about 3.8 kg DM/lOO kg LW; see Holmes, 1987). 

Conditions were generally dry during both experimegts, 
with minimal pasture soiling and,pugging. The measured 

association between pre-grazing herbage mass and pasture 
intake in the individual paddocks suggests that the relatively 
low per-grazing masses offered in some paddocks contrib- 
uted to the low intakes recorded. This suggestion is consistent 
with previous results from Victoria (Grainger and Wilson, 
1988) which showed that for cows offered a common daily 
HA of 30 to 35 kg DM/cow, herbage intake was increased 
from 9 to 14 kg DM/day by an increase in pre-grazing 
herbage mass from 1820 up to 2770 kg DM/hectare. 

Reid (1980) showed that the potential growth rates of 
beef steers in autumn/winter were approximately half those 
of similar animals in the spring, over daily allowances rang- 
ing from 2 to 11 kg DM/lOO kg LW. These results and the 
present ones, in which a relatively low daily milk production 
(and protein concentration) was obtained even at the high 
HA, could be adequately accounted for by abnormally low 
intakes associated with the grazing of autumn pastures. 

The increases in milk production per kg extra pasture 
DM eaten, between the medium and high allowances, are 
similar to those reported for spring pastures at Massey (Glassey 
ef al., 1980), and to the average values for a large number of 
experiments on spring pastures (Bryant & Trigg, 1982). The 
much larger increases measured between the low and the 
medium allowances are also consistent with the effects of 
current level of feeding on the marginal responses to extra 
spring pasture reported by Grainger (1990). These compari- 
sons suggest that the nutritive value of winter pasture is not 
very different from that of spring pasture. 

The very large changes in milksolids production, and 
milk protein concentration, which occurred in experiment 2 
following removal of silage from the ration, and the concur- 
rent increase in herbage allowance, suggests that ration qual- 
ity (eg. “turnen protected” protein, which is normally low in 
grass silage) as well as intake may have been improved. The 
protein yield was increased by a massive 36% compared with 
a 6% increase in milkfat yield. This observation has impor- 
tant implications for winter milk producers because of the 
widespread use of silage supplements and the increasing 
value of the protein component of milk. 

Supplementation of herbage with concentrates resulted 
in significantly higher milk, milkfat, protein and lactose 
yields with no significant changes occurring in milk compo- 
sition. A large substitution rate of herba.ge for concentrate 
would be expected with the high herbage allowance provided 
(63 kg DM/cow) (Grainger, 1990) and the measured intakes 
supported this expectation. 

The intakes of the cows measured using CRC were not 
significantly different and appeared low for the level of perfomr- 
ante obtained. Unfortunately, a small error in the digestibility of 
high quality herbage, derived from in vi&d determinations on cut 
pasture samples, can lead to large errors in the estimation of 
intake. Thus, the values obtained using the “pasture cutting” 
technique are probably the more reliable. 

The surprisingly high performance response to the sup- 
plement suggests that the quality or balance of the nutrients 
in the ration must have been higher for the supplemented 
cows than those fed herbage alone. The most likely nutrient 
which would be limiting in winter pastures, and was provided 
in the concentrate supplement, was “rumen-protected” pro- 
tein (approximately 13% DM), but other constituents present 
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including “non fibre” carbohydrates (22% DM) and fat (8% 
DM) could also have contributed (see Wilson and Moller, 
1993). The relatively high initial levels of milk production 
produced by the cows in this experiment would also have 
contributed to the large size of the responses obtained by 
improving ration quality (removing silage, and adding con- 
centrates), because individual nutrients are more likely to 
become limiting at high levels of production. 

It is concluded that high values for daily pasture allow- 
ance and for pre-grazing herbage mass appear to be required 
for maximum autumn/winter milk production, and that the 
feeding value of these pastures can be improved by the 
inclusion of concentrates in the diet. 
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