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Abstract
A total of 60 Friesian x Jersey heifer calves were allocated to a 2×2 factorial design to investigate early life nutrition on growth and 
production. The first factor was the maternal treatments where dams were offered a low crude protein (7.8% LCP) or moderate crude 
protein (13.6% MCP) diet for the last 50 days of gestation.  The second factor was the calf milk replacer (CMR) allowance to heifer 
offspring, which was either restricted (RES) or high allowance (HA) allowance (15 or 25% of initial live weight, respectively). 
All calves were given colostrum for 4 days then, warmed CMR (150 g/L) in two equal feeds between days 5 and 39, after which 
all calves received the same 15% allowance. Milk intake, liveweight gain and fecal score were recorded for 5 weeks. Calves were 
weaned off milk at 8 weeks of age. The HA treatment improved weaning weight (88 vs 79±1.4 kg; P<0.001) and overall ADG 
pre-weaning (0.9 vs 0.8±0.02 kg/day; P<0.001) compared to RES. There was no effect of maternal diet on pre-weaning growth 
or fecal score. There was limited statistical evidence of a long-term effect of early life nutrition on milk yield, though maternal 
nutrition appeared to be more important than pre-weaning nutrition on future milk production.
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Introduction
Meeting the nutrient requirements of pregnant dams 

is crucial to prevent in utero growth retardation (Garg & 
Bhanderi 2016). Early life nutrition is also important to the 
development and long-term performance of replacement 
heifers (Kertz et al. 2017; Hayes et al. 2021). There is 
some evidence highlighting the importance of pre- and 
post-weaning nutrition of calves, in pastoral systems, on 
future milk production (e.g., Chuck et al. 2018; Hayes 
et al. 2021). In pastoral dairy system countries such as 
New Zealand, where environmental regulations imposed 
by the government increase the pressure on farmers to 
reduce nitrogen (N) surpluses by feeding low N diets (i.e. 
low protein feed). The resulting mitigation actions may 
cause long term negative flow-on effects to livestock, for 
example, low birthweight, and impairment of the offspring 
reproductive system (Mossa et al. 2013).

The risk of inadequate in utero nutrition may be 
increased if farmers continue to shift towards lower protein 
diets, particularly in late gestation dairy cows, to prevent N 
pollution.  One common low protein crop used as a winter 
feed is fodder beet (Beta vulgaris) which has become 
popular because of its high yield, high digestibility and 
relative low cost compared to other winter feed options. 
However, efforts to further reduce N losses from winter 
systems and reduce costs with cheaper supplements 
may put unborn calves at risk from protein deficiency, 
as previously observed in sheep (Hammond et al. 2021). 
There is relatively little information on the impact of winter 
feeding regimes for the dam and its consequences on her 
offspring. Previous study showed that the dam was able 
to compensate for inadequate protein nutrition during late 
gestation and maintain dam body condition and the birth 
weight and skeletal frame size of the calf (Moonsan et al.

2018). However, the impact of dam late gestation protein 
nutrition on offspring pre- and post-weaning growth 
performance has not been evaluated. This study aimed to 
evaluate the effect of maternal late gestation diet and pre-
weaning calf milk allowance (MA) in the first 5 weeks of 
rearing on heifer calf growth and first lactation milk yield.

  
Materials and methods 
Experimental site and design

This research was part of a longitudinal study 
investigating the impact of early life nutrition of calves –6 
weeks to +6 weeks from birth on production performance 
to the end of their first lactation.  The experiment was 
conducted at the Ashley Dene Research and Development 
Station (ADRDS), Lincoln University (–43.65°N 
172.33°E), between 1 June 2017 and 11 March 2020, 
with the approval of the Lincoln University Animal Ethics 
Committee (AEC 2017-13).

Sixty 4-day-old female Friesian x Jersey dairy calves 
were allocated to a 2×2 factorial  design with three batches 
(date of birth) as temporal blocks. The first two factors 
related to pre-partum nutrition where dams were fed fodder 
beet (5 kg DM/cow/day) and either a moderate (13.6% CP; 
5 kg DM/cow/day lucerne silage; MCP) or low (7.8% CP; 
5 kg DM/cow/day maize silage and straw; LCP) dietary 
CP supplement for 6-8 weeks prior to calving as described 
previously (Moonsan et al. 2018).  The second factor 
was related to the post-partum period where calves were 
offered either restricted (RES, 15% of initial liveweight) 
or high allowance (HA, 25% of initial liveweight) of calf 
milk replacer (CMR) This approach created 4 treatment 
comparisons: LCP-RES, LCP-HA, MCP-RES and MCP-
HA with 15 calves per treatment group. 
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Calving occurred over a 22-day period. Calving date 
for LCP and MCP cows (15/group) could not be controlled.  
To account for variation in calving date, groups of 20 calves 
were reared in three batches of 2-8 calves/pen/treatment, 
i.e., 3 RES and 3 HA pens.  The indoor calf pens were 3.0 m 
× 5.5 m (>1.65 m2/ calf) and were bedded with straw which 
was topped up regularly to maintain clean dry bedding. 
The facility was naturally ventilated and fresh water was 
freely available. Calf feeding was carried out by two staff 
at approximately 0800 am and 0300 pm each day. The 
milk was fed in a plastic 10 teat compartment calf feeder 
where each compartment had a 3L capacity. For the first 
20 days the starter CMR formula contained a coccidiostat 
(Ancalf™, Batch no. B0172, Fonterra, New Zealand) while 
a standard whole milk finisher CMR was offered from 21 
days to weaning (Ancalf™ Finisher, Batch no. B0395, 
Fonterra, New Zealand). The transition from colostrum to 
CMR was made over four days by combining CMR with 
colostrum at increasing proportion of 25% per day. Both 
starter and finisher CMR formulas were mixed at 150 g 
of CMR/L with 4 days transition time. Ad libitum Country 
Mile Calf Pellets 20™ (containing Rumensin™, and 20% 
protein, Batch no. 242916, Fonterra, NZ) was provided 
in plastic containers in each group, and any refusal was 
weighed and recorded daily before providing fresh pellets. 

At the end of week 5, calves were moved outdoors to 
a pasture paddock with shelter available. After weaning (58 
days), calves were managed in a single mob on ryegrass 
pasture under commercial heifer grazing management 
conditions.  Heifers were mated to Jersey bulls at 
approximately 15 months of age (mid October 2018) for 
10 weeks.  At 22 months of age (May 2019) the heifers 
were returned to the milking platform where they were 
weighed and joined with the mixed age milking herd 
under commercial management conditions.  Planned start 
of calving for heifers was 24 July 2019, with calving date 
of each heifer recorded in MINDA. Artificial insemination 
was used to mate heifers from 23 October 2019 for 10 
weeks and pregnancy scanning in February 2020 was used 
to confirm successful inseminations. After calving, 18 of 
the heifers were recruited into a farmlet experiment until 
February 2020, where following the announcement of the 
global Covid-19 pandemic in March 2020, milk sampling 
and animal measurements were discontinued. Generally, 
farm practice for drying off is to continue milking cows 
for twice a day until mid to late May depending on pasture 
growth rates, milk yield and body condition score of 
cows relative to their calving dates.  During the national 
lockdown to prevent spread of Covid-19, farm staff reduced 
workload by early adoption of once a day milking in March 
and drying off pregnant cows (including treatment heifers) 
in early May.

Measurements 
Samples of CMR (n=8) as fed were collected on two 

consecutive days on four occasions and stored at -20°C 
until analysis of nutrient composition (CP, fat and lactose) 

by a commercial laboratory (MilkTestNZ, Hamilton, NZ). 
Metabolisable energy (ME, MJ/L) of CMR was calculated 
using the following equations of GE (Mcal/kg) = 0.057 
CP% + 0.092 fat% + 0.0395 lactose%, while DE = 0.97*GE 
and ME = 0.96*DE (NRC 2001). Calf starter pellets were 
collected on three occasions and sub divided for DM%, 
by oven drying, and nutrient content by freeze drying.  
Chemical composition of the pellet was analysed by wet 
chemistry (CP, ether extract; EE, acid detergent fibre; ADF, 
neutral detergent fibre; NDF and organic matter) (AOAC 
1990). Metabolisable energy was calculated as MJME/
kgDM = 14.55-0.0155 Modified acid detergent fibre 
(MADF) (CSIRO 2007).  The composition of the feeds are 
presented in Table 1.

Live weight of the heifer calves was measured at the 
start of the study (day 1), again when HA calves switched 
to RES milk intake (day 39), and again at weaning (day 
58) using a manual weigh crate (Prattley Industries Ltd. 
Temuka). Daily health assessment of calves was adapted 
from Hill et al. (2016). Fecal scores were assigned using a 
scale of 1 to 5; with 1 being normal, but thick in consistency, 
2 being normal but less thick, 3 being abnormally thin, 4 
being watery and 5 being watery with abnormal colour. 
Faeces with blood or mucus were scored at 5, and the 
faeces were sampled for infective microbial identification. 
Calves with an abnormal faecal score of ≥ 4 received a 50% 
reduction in their CMR allocation and were then gradually 
increased to their normal treatment feeding in 2-3 days. 
No electrolytes were given to the calves. The calves were 
treated as appropriate for other symptoms (i.e. lethargy, 
coughing and nasal discharges). Those treated calves 
remained in the same pen with the remainder of their batch.  

Heifer lactation performance (milk yield and 
composition from three herd test dates in September, 
November 2019 and January 2020) were tracked by 
MINDA™ database.  Mating results were extracted and 
days to conception calculated as the difference (in days) 
between calving date and successful insemination date.

Statistical analysis
All analyses were performed using Genstat (v. 12, 

VSN International). Means for calf measurements were 
compared using a general linear model procedure for pre-
weaning variables, pre calving live weight, days in milk 
and days to conception. Fixed terms included maternal 
treatment, milk allowance and their interaction, covariates 
included BW for weight gains; batch was treated as a 
block and individual calf as replicate. Lactation results 
were compared using repeated measures analysis, using 
maternal and feeding treatments as fixed terms, batch as 
blocking term in the model and farmlet group as covariate. 

Results
The number of calves from each treatment surviving 

in the experiment and to the end of lactation are presented 
in Table 2.  Two LCP-HA calves died pre-weaning 
following complications associated with scours, one on 
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day 7 and one ~7 weeks of age. A further 3 (MCP-RES), 
1 (MCP-HA) and 1 (LCP-HA) calves were removed from 
the study before calving however the reasons for exclusion 
were not recorded.  A further heifer in the MCP-RES 
group was removed from the study during lactation.  At 
the end of mating two heifers did not conceive to artificial 
insemination (1 in LCP-HA and 1 in MCP-RES).

There was no effect of maternal or feeding treatment 
on pre-weaning faeces score or the number of abnormal 
faecal days (Table 3). Of interest, there was considerable 
variation in weather at the time each batch of calves was 
born resulting in a large block effect. Calves in Batch 3 
(i.e., born during a week of poor weather conditions) had 
worse faecal scores than the previous two batches with an 
average 5-week faecal score of 1.25 compared to 1.09 and 
1.06 for batch 1 and 2, respectively (P>0.05). Batch 3 also 
had almost 3 times more abnormal faecal days compared 
with batch 1 or 2 (1.4 compared to 0.5 days in both batches 
1 and 2, not shown in Table 3). After 3 weeks of age, when 

the calves were moved to pasture, the faecal scores of the 
calves in the third batch was still slightly higher than other 
batches with an average 1.15 compared to 1.00 and 1.08 for 
calves in batch 1 and 2, respectively. Of the seven calves 
that did not survive to calving at 22 months of age (Table 
2), six calves were from batch 3.

Calf intake, growth and first lactation data are 
presented in Table 4. The intake of CMR in the HA group 
was greater than that of RES calves. Calf starter pellet 
intake was 40% greater in RES than HA calves. During 
the 30-day treatment period (day 5 to 39), ADG of the 
HA group was lower than the RES at 0.47 vs 0.29 kg/d 
(P<0.001), resulted in 11% (9 kg LW) heavier of the HA 
heifers compared to the RES calves. 

During the period when calves received similar milk 
allowance (days 40 to 58) there was no difference in 
growth rate. However, the live weight of the RES calves 
remained lower at weaning compared to HA calves (~10 
kg difference, P<0.001). Although numerical differences 

Table  1  Chemical composition of calf starter pellet and calf milk replacers (CMR) used in the experiment (dry matter basis). 
The starter CMR was used during the first 20 days while the finisher CMR was used from 21 day to weaning. 
Chemical composition (%) Starter pellet Starter CMR Finisher CMR
Dry matter 88.2 95.4 95.1
Crude protein 20.8 26.9 22.4
Fat 3.6 20.7 20.6
Lactose - 45.1 48.4
Neutral detergent fibre 13.8 - -
Acid detergent fibre 6.4 - -
Minerals 6.8 - -
Organic matter 93.2 - -
ME (MJME/kgDM) 14.42 20.731 20.321

Note:	 1. ME1 (CMR) was calculated according to NRC (2001) and ME2 (starter) was calculated according to CSIRO (2007)
	 2. Both starter and finisher CMR formulas were mixed at 150 g of CMR/L

Table 2 Calf survival from four days of age to the end of their first lactation (30 months) as influenced by whether the dam 
received a low (LCP) or moderate (MCP) crude protein diet in late lactation and whether the calves subsequently received a 
high (HA) or restricted (RES) milk allowance (25 or 15% of initial live weight) in the first five weeks of rearing. 
Group Day 4 (entry) Day 58 (weaning) 22 months (calving) 30 months 

(end of lactation)
MCP-RES 15 15 12 11
MCP-HA 15 15 14 14
LCP-RES 15 15 15 15
LCP-HA 15 13 12 12
Total number of animals 60 58 53 52

Table 3 Effect of maternal diet (low or moderate crude protein; LCP and MCP, respectively) and high allowance (HA) or 
restricted (RES) allowance (25% or 15% of initial live weight) of calf milk replacer (CMR) on faecal score (1-5 scale) and 
the number of the abnormal faecal days. The values are means.
Parameter LCP MCP P-value

RES HA RES HA SEM Maternal Allowance M*A
No. with abnormal faecal score1,2 5 11 4 9 – – –
Average faecal score 1.16 1.10 1.09 1.19 0.05 0.727 0.575 0.093
Persistence of scours (days) 1.00 1.60 1.75 2.11 0.38 0.166 0.256 0.751

Note: 1Abnormal faecal score was determined at score of ≥ 3.0.  2No of calves with abnormal score was counted for individual calf (no 
repeat counting). Difference between means were analysed by maternal diet treatment and calf CMR allowance as fixed effects and batch 
as a block. M*A = interaction between maternal diet treatment and calf allowance.
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in live weight between heifers in the high and low milk 
allowance remained at 22 months of age these were not 
significant. 

An interaction between maternal nutrition and pre-
weaning milk allowance (P=0.03) for conception results 
indicated that the RES-LCP had more days to conception 
compared to both RES- and HA-MCP heifers while HA-
LCP heifers were intermediate (Table 4). With the Covid-19 
restrictions on end of season measurements were unable to 
detect any differences between treatments for days in milk, 
total lactation milk yield or milk composition.

  
Discussion

Adverse effects of feeding fodder beet to pregnant 
ruminants in mid-late pregnancy have been reported 
(Fleming et al. 2021) along with negative effects on the 
survival and growth performance of lambs born to twin-
bearing ewes grazed on fodder beet in mid-late gestation 
(Hammond et al. 2021).  In the current study no negative 
effects of dam nutrition during pregnancy in postnatal 
growth performance of the calf was observed.  This is 
consistent with our prior observations that calf birth weight 
was also not affected (Moonsan et al. 2018) suggesting 
that the fetuses were not exposed to undernutrition to a 
level that affects whole body growth. The difference in 
response of birth weight between the present study and that 
of Hammond et al. (2021) may be due to the difference 
in nutrient requirements between single versus multi-fetal 
pregnancies (i.e., single vs twin) which can influence 
the response to undernutrition during pregnancy (Du et 
al. 2017; McCoard et al. 2017) and/or species-specific 
differences. Alternatively, the CMR allowance offered 

Table 4   Intake, live weight and average daily gain (ADG) and first lactation milk yield of calves born to dams which 
received a low (LCP) or moderate (MCP) crude protein diet before birth and offered high (HA) or restricted (RES) milk 
allowance (25% or 15% of initial live weight) after birth. The values are means.
Parameter MCP LCP P-value

RES HA RES HA SEM Maternal Feeding
Pre-weaning
CMR intake (g/calf/d) 597 1,045 597 1,040 5.32 0.65 <.001
Starter intake (g/calf/d) 139 74 139 74 17.7 – 0.064
Live weight at D4 (kg) 36.1 37.4 37.3 37.5 0.62 0.12 –
Live weight at D39 (kg) 46.2 53.6 47.2 54.1 1.01 0.94 <.001
Live weight at D58 (kg) 78.8 87.5 79.5 87.9 1.43 0.45 <.001
ADG D4-D39 (kg/d) 0.3 0.5 0.3 0.5 0.02 0.58 <.001
ADG D40-D58 (kg/d) 1.5 1.6 1.5 1.6 0.03 0.23 0.37
Lactation
Live weight (kg) 461 475 460 469 7.6 0.68 0.30
Days to conception   77b   87b 102a   89ab 3.6 0.02 0.63
Days in milk 266 271 273 266 2.4 0.82 0.88
Milk yield (L/cow/d)* 16.4 16.4 14.6 15.1 0.69 0.13 0.87
Milksolids (kg/cow/d)* 1.49 1.51 1.35 1.38 0.056 0.15 0.94
Milk fat (%)* 5.19 5.30 5.48 5.31 0.096 0.48 0.61
Milk protein (%)* 3.96 3.97 4.02 3.91 0.059 0.76 0.68
Milk SCC (1,000 cell/ml)* 40.2 49.7 50.1 57.8 12.11 0.59 0.47

Note: *Mean of three herd test results. a,b different values within each parameter are significantly different (P<0.05). SCC 
= somatic cell count. No statistical difference from the interaction between maternal and feeding effect (P>0.05). 

to the calves in the present study may not have been low 
enough to exacerbate any potential negative effects of 
under-nutrition in-utero. 

In contrast to maternal late gestation diet, the effect 
of increased milk allowance on calf growth was more 
pronounced.  Numerous studies have demonstrated the 
positive relationship between milk intake and pre-weaning 
growth rate (Soberon et al. 2012, Groenendijk et al. 2018) 
which is consistent with the present study. The greater 
intake of starter pellets in the RES compared to HA calves 
was not enough to compensate for the higher nutrient intake 
from CMR in HA compared to RES calves.

Statistically, there was no carry over advantage of 
greater pre-weaning growth rate in week 1-5 of rearing 
neither on post-weaning growth rate nor on the live weight 
of the heifers in their first lactation.  Previous reports of 
positive effects of pre-weaning growth rates on future milk 
production have been demonstrated (Margerison et al. 2013; 
Soberon et al. 2012). The mechanism responsible for this 
effect is not well established but may be related to differences 
in mammary development (Brown et al. 2005) and/or better 
grown heifers which maintain lactation for longer (Soberon 
et al. 2012).  The numerical trends in the current study are 
consistent with published results, e.g. Morrison et al. 2009 
reported no advantages of  increased pre-weaning nutrition 
on replacement heifer reproduction and first lactation milk 
production.  However, the small numbers of animals in this 
study representing only one season, which was shortened 
by Covid-19, has led to inconclusive results. Therefore, it is 
suggested that further investigation be carried out into the 
link between variation in pre-weaning growth rate of heifer 
calves (e.g. via alterations in feed allowance and/or quality) 
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and future lactation and reproductive performance, and 
the underpinning biological mechanisms (e.g. mammary 
development) for pasture-based production systems. 

Conclusion
Differences in maternal protein intake during late 

pregnancy did not negatively impact the growth of the 
calf during artificial rearing or post-weaning. Further, 
high allowance of CMR (25 vs 15% of BW) increased 
heifer weaning weight. The impact of the variation in 
pre-weaning growth rate of heifer calves on mammary 
gland development and the influence on future lactation 
performance is an area of future research for calves reared 
in pastoral systems.
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