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INTRODUCTION

Every dairy farmer knows that a good cow is not
simply bought; she is raised. Yet the decisions that
most strongly shape how much milk a cow will give,
how long she will stay in the herd and how often she
will fall sick are made long before she enters the
milking line. Scientists call this effect nutritional or
developmental programming: nutrition and stress at
sensitive stages of early life set organs, genes and
metabolic pathways into patterns that persist for life.
In human health, the first 1,000 days from conception
to a child’s second birthday are recognised as a golden
window of opportunity. A strikingly similar window
exists in dairy cattle. About 283 days of pregnancy
plus roughly 700 days of rearing bring a heifer to her
first calving at 22—24 months, close to 1,000 days in
total (Figure 1). What happens inside this window
decides whether her genetic potential for milk is fully
expressed or quietly lost.

The 1,000-day window: from conception to first calving
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Figure 1: The 1,000-day window in a dairy heifer’s life,
from conception to first calving, showing the five
nutritional stages and their key targets.

Why Early Nutrition Leaves a Lasting Mark

Early life is a period of rapid cell division. The calf’s
udder tissue, rumen wall, immune system and liver are
all being built, and cells that are not laid down at this
stage are difficult to add later. Laporta and Guenther
(2025) report that the milk-producing tissue of the
heifer’s udder, the parenchyma, can increase 15- to
35-fold during the first 60 days of life, far faster than
the body as a whole. Underfeeding or stress at this
time leaves a smaller, less capable udder, whereas
generous, balanced feeding builds a bigger “milk
factory”. Part of this effect is believed to operate
through epigenetic changes, chemical marks on DNA
that alter how genes are expressed without changing
the genes themselves (Soberon et al., 2012).

Stage 1: Programming Begins in the Womb

A calf’s productive life begins with her mother’s
feeding. The pregnant dry cow needs balanced energy,
protein, minerals and vitamins, especially in the last
two months of gestation, when the fetus gains most of
its birth weight and its mammary gland begins to
form. Heat is a major hidden threat in hot countries
such as India. In a landmark study, heifers born to
cows that were heat-stressed during the final six
weeks of pregnancy produced about 5 kg less milk per
day in their first lactation than heifers born to cooled
cows (26.8 versus 31.9 kg/day) and were less likely to
survive to first calving (Monteiro et al., 2016). Shade,
fans, sprinklers and plenty of cool drinking water for
the dry cow are therefore investments in the next
generation, not merely comfort for the dam (Figure 2).
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Figure 2: A Holstein cow with her one-day-old calf.
The nutrition and comfort of the dam during late
pregnancy shape the calf’s birth weight
immunity and future udder development.

Stage 2: The Golden Hours of Colostrum

A calf is born with almost no circulating antibodies,
because the cow’s placenta does not pass them to the
fetus. Her only early protection is colostrum, the first
milk, which is rich in immunoglobulins, growth
factors and energy. The calf’s gut can absorb these
antibodies for only a short time, and absorption stops
by about 24 hours after birth. Current guidance
recommends feeding clean, high-quality colostrum
equal to about 10—12% of body weight, roughly 3—4
litres for a Holstein calf, within the first one to two
hours of life (Godden et al., 2019). Colostrum quality
can be checked with an inexpensive Brix
refractometer; a reading of 22% or more indicates
good quality.

The benefits reach far beyond the calf pen. In
a classic study, heifers fed 4 litres of colostrum at birth
instead of 2 litres grew faster, needed about half the
veterinary expenditure and produced significantly
more milk in their first and second lactations (Faber et
al., 2005). Experts now recommend that more than

40% of calves in a herd reach the “excellent” passive
immunity category, with serum IgG of at least 25 g/L,
and that fewer than 10% remain “poor” (Lombard et
al., 2020) (Figure 3).

Figure 3: A newborn dairy calf being bottle-fed
colostrum. Feeding 3—4 litres of clean, high-quality
colostrum within the first one to two hours provides

antibodies and growth factors.

Stage 3: Feed the Calf, Build the Cow

For decades, many farms restricted milk to about 10%
of body weight to encourage early starter intake and
save cost. Research has changed this thinking. In two
large herds, every additional kilogram of daily gain
before weaning was associated with 850-1,113 kg
more milk in the first lactation (Soberon et al., 2012).
A meta-analysis of 12 studies found that calves fed
more milk or milk replacer produced, on average,
about 435 kg more milk in their first lactation
(Soberon & Van Amburgh, 2013). A later meta-
analysis by Gelsinger et al. (2016) added a balanced
view: pre-weaning growth matters most once daily
gain exceeds about 0.5 kg/day, and the best results

come when liquid feed is combined with good calf-
starter intake and sound management after weaning.
A practical target is to double the calf’s birth weight
by about eight weeks of age (Figure 4).

Figure 4: Milk feeding of young dairy calves. Generous,
regular milk feeding during the first eight weeks supports
rapid growth and mammary development.

Stage 4: Building the Rumen and Weaning
Without Stress

A newborn calf functions much like a single-
stomached animal; her rumen is small and inactive.
Rumen development depends on solid feed.
Fermentation of calf starter produces volatile fatty
acids, especially butyrate, which stimulate growth of
the rumen papillae that will later absorb nutrients.
Khan et al. (2016) concluded that a palatable starter
offered with some good-quality forage and fresh,
clean water supports healthy rumen development and
rumination behaviour. Weaning should be gradual,
spread over one to two weeks, and based on adequate
starter intake rather than age alone. Abrupt weaning
causes a “growth check” that wastes the investment
made during the milk-feeding phase.
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Stage 5: Rearing the Heifer to First Calving

After weaning, the goal shifts to steady and controlled
growth. Heifers should reach about 55% of mature
body weight by breeding at 13—15 months and 85—
90% of mature body weight after calving (Heinrichs
& Jones, 2025). Excess energy before puberty can
deposit fat in the developing wudder, while
underfeeding delays puberty and first calving; every
month of delay adds rearing cost without adding milk.
In commercial Holstein herds, heifers calving at about
23-24 months achieved the best balance of milk yield,
fertility, health and income, whereas those calving too
early or too late performed poorly (Ettema & Santos,
2004) (Figure 5). Regular weighing with a scale or
girth tape is the simplest way to keep heifers on track.

Figure 5: In-calf dairy heifers grazing.
Well-grown heifers that calve at 22—24 months at the right
body weight complete the 1,000-day window ready
for a productive first lactation.

CONCLUSION

The first 1,000 days set the biological ceiling for a
dairy cow’s lifetime performance. Superior genetics
pay off only when nutrition and care allow those genes
to be expressed. Cooling and feeding the pregnant
cow, giving enough clean colostrum within the golden
hours, feeding generous milk for strong early growth,
building the rumen with starter and forage, and
guiding the heifer to calve at 22-24 months at the
correct body weight are low-cost steps compared with
the losses they prevent. For smallholder and
commercial dairies alike, investing in the calf is the
surest way to harvest more milk, better health and a
longer productive life from every cow.
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