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Summary — During the first 12 weeks of their fifth lactation, 29 cows received ad libitum a diet com-
posed of 55% maize silage and 45% concentrate. During their first four lactations, these cows received
a winter ration composed of hay and grass silage, supplemented at three levels (H, M and L) of con-
centrate allocation. Over the summer period, all animals had been turned out to pasture together.
Between the fourth and fifth lactation, milk production of the first 12 weeks of lactation increased by,
respectively, 3.7, 1.9 and 5.4 kg/day in groups H, M and L. Whatever the group, these increases were
highly variable among cows. This variability was explained by the variations of nutritive supply between
the fourth and the fifth lactation, due to the differences in feed intake. This trial demonstrates that
cows submitted to severe undernutrition over their first four lactations maintain a large response abil-
ity when fed liberally.

dairy cows / milk production / long-term effects / level of feeding

Résumé — Effet résiduel d’'une sous-alimentation énergétique hivernale appliquée pendant
les quatre premiéres lactations. Au cours des 12 premiéres semaines de leur cinquieme lactation,
29 vaches laitiéres ont regu, a volonté, un régime composé de 55 % d’ensilage de mais et 45 % de con-
centré. Au cours de leurs quatre premieres lactations, ces vaches avaient regu une ration a base
d'ensilage d'herbe et de foin, complémentée a trois niveaux d'apports de concentré (H, M et L). Au cours
de la période estivale tous les animaux avaient étaient conduits ensemble, au paturage. Entre la qua-
trieme et la cinquiéme lactation, la production laitiére moyenne des 12 premiéres semaines de lacta-
tion a augmenté de respectivement 3,7, 1,9 et 5,4 kg dans les lots H, M et L. Ces augmentations ont
été trés variables d’une vache a l'autre et ont été lides aux variations des quantités ingérées entre les
deux lactations. Cet essai montre que des vaches sous-alimentées durant les premiers mois de leurs
quatre premiéres lactations sont capables de réagir fortement a une alimentation libérale en cin-
quieme lactation.

vache laitiére / production laitiere / effet a long terme / niveau d’alimentation
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INTRODUCTION

The ability of dairy cows to achieve their
production potential following extended peri-
ods of feeding restriction has been the sub-
ject of several long-term studies (Broster et
al, 1993). According to several authors, it
appears that residual effects of treatments of
one lactation on another can exist to a
greater or lesser degree (Wiktorsson, 1979;
Broster et al, 1989; Berg and Ekern, 1993),
in particular when cows have been underfed
from their first lactation. In the majority of
these trials, energy undernutrition was
applied throughout the entire lactation but
only spanning two or three lactations. In a
long-term trial spanning four lactations with
cows that began the experiment in their first
lactation, we observed that energy under-
nutrition applied over the winter (140 days
on average) led to a considerable cumula-
tive effect on production at the beginning,
but not over the entire lactation. This is due
to the ability of multiparous cows to com-
pensate during time spent at pasture for
part of the production deficit, contrary to
primiparous cows (Coulon et al, 1994,
1996). The aim of this trial was to study the
effect of feeding level during the first four
lactations on the production performances of
several cows of this long-term study, man-
aged under liberal feeding conditions in their
fifth lactation.

MATERIALS AND METHODS

Animals and feeding

Among the cows remaining from this long-term
study, 33 whose expected calving date in fifth
lactation was before 15 January were retained
for this experiment. Four of them were discarded
because of abortion (1), milk fever (1) and heart
attack at calving (2). Thus, only 29 cows of Hol-
stein (15) or Montbéliarde (14) breed in their fifth
lactation were used in this trial covering a period

from 4 weeks before to 12 weeks after their fifth
calving. The mean date of calving was 4 Decem-
ber (ranging between 2 November and 18 Jan-
uary). These cows entered the experiment over 3
consecutive years (nine to ten cows per year).
During their first four lactations these cows
received, over the winter, a diet composed of hay
(4 kg/day) and grass silage from native moun-
tain grassland ad libitum and supplemented with
concentrate, distributed at three levels of alloca-
tion: high (H, six cows), medium (M, eight cows)
and low (L, 15 cows). At pasture, all cows were
managed together. The experimental conditions
of these first four lactations have been described
elsewhere (Coulon et al, 1994, 1996). These
cows had spent a mean of 139 days on experi-
mental treatments during their successive lacta-
tions. The distribution of the cows between years,
breeds and treatments during the first four lac-
tations is given in table 1.

At least 1 month prior to their presumed date
of fifth calving, these cows were taken to another
INRA experimental farm where they were fed lib-
erally until in their 12th week of lactation. Until
calving, they received a diet composed of maize
silage (ad libitum) and hay (1 kg/day). During the
last 3 weeks of gestation, they also received 1, 2
and 2 kg/day of concentrate, as well as 0, 0 and
1 kg/day of soya-bean meal. From calving, all
cows received a diet composed of 60 (year 1) or
55% (years 2 and 3) maize silage, 10% soya-
bean meal and 30% concentrate (35% years 2
and 3), as well as 1 kg/day of hay and 200 g/day
of a mineral additive (60 g P, 230 g Ca, 30 g Mg
per kg). The highest producing cows (expected
maximal production above 38 kg/day) also
received a supplementary 1 kg/day of concen-
trate as from the 3rd week of lactation. Feed char-
acteristics are reported in table II.

Measurements and statistical analysis

Milk production and chemical composition were
individually measured twice weekly. Cows were
weighed at calving (double weighing) and then
every 2 weeks. Their body score was estimated
by handling (score between 0 and 5} at calving, in
the 6th and the 12th week of lactation. Feed
intakes were measured three times a week.
Energy and nitrogen balances were computed
from the difference between feed input and the
animals’ requirements, using the UFL (energy)
and PDI (nitrogen) systems (Inra, 1989).



Residual effect of undernutrition in dairy cows

255

Table I. Distribution of the cows over breeds, years and treatment during the first four lactations.

Treatment during Breed Year Total
the first four lactations
1 2 3

H HO 1 0 1 2

MO 1 1 2 4
M HO 1 1 2 4

MO 3 1 0 4
L HO 2 5 2 9

MO 2 1 3 6
Total 10 9 10 29
H: high; M: medium; L: low levels; HO: Holstein; MO: Montbéliarde.
Table II. Composition of food a.

Hay Maize silage Concentrate  Soya-bean meal

Dry matter (DM) (%) 874 31.02 88.2 88.3
Crude protein (g/kg DM) 78 80 178 523
Acid detergent fiber (g/kg DM} 368 246 165 62
UFL {/kg DM) 0.63 0.90 1.05 1.17
PDIN (g/kg DM) 55 48 128 371
PDIE (g/kg DM) 68 65 124 354

a Means of the 3 years; 2 corrected to allow for dry matter (DM) losses during oven-drying according to Dulphy

and Demarquilly (1981).

The analysis of results was carried out on
29 cows for the variables of the very beginning of
lactation (live weight and body score at calving,
maximal daily production), and on 28 cows for
those concerning the complete experimental
period. One cow of group H was culled from the
trial in the 5th week of lactation due to severe
mastitis. Performances were processed by anal-
ysis of variance (GLM procedure, SAS, 1987) by
introducing into the model feeding level during
former lactations, breed and year, as well as the
reference milk production of animals (production
of the first 3 weeks of the first lactation; Coulon et
al, 1994).

RESULTS

Over the first 12 weeks of lactation, dry mat-
ter (DM) intake varied between 19.8 (group
M) and 21.5 kg/day (group H). The corre-
sponding energy intakes were, respectively,
21.0, 19.4 and 19.9 UFL/day for groups H,
M and L, that is an increase of 2.9, 3.1 and
4.6 UFL/day as compared to the fourth lac-
tation (table IlI).

Group H cows produced more milk
(P < 0.05) than those of groups L (+2.6
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Table lll. Some characteristics of performance in fifth lactation and differences in performances
between fourth and fifth lactations and depending on the level of concentrate allocation during the

first four lactations.

Group H
No of cows 6
Calving date 5 Dec
Reference milk production (kg/day) 16.3
Fifth lactation
Live weight at caiving (kg) 676
Body condition score at calving 25
Peak production (kg/day) 39.8
Weeks 1-12
Milk (kg/day) 35.5
Fat-corrected milk (kg/day) 321
DM intake (kg/day) 21.5
Fat content (g/kg) 335
Protein content (g/kg) 28.7
Energy balance (UFL/day) -0.8
Empty body weight change (kg) ° -30
Body condition score change (kg) b -04
Differences between fourth and fifth lactations
Milk (kg/day) +3.7
Fat-corrected milk (kg/day) +3.7
Energy supply (UFL/day) +2.9
Live weight at calving (kg) +22
Peak production (kg/day) +3.3
Body condition score at calving +0.6

M L Residual SD Significance 2

8 15
1 Dec 4 Dec

194 172

682 681 55 NS
2.8 2.8 0.5 NS
33.8 38.5 45 *
29.6 32.9 3.9 *
28.2 30.6 3.8 NS
19.8 204 1.7 NS
37.0 34.9 2.9 NS
321 30.4 1.4 e
-0.3 -0.8 1.7 NS
-17 ~22 31 NS
-04 -05 0.4 NS
+1.9 +5.4 +3.4 NS
+2.4 +5.0 3.2 NS
+3.1 +4.6 1.4 *
+15 +9 38 NS
+3.6 +7.4 3.2 **
+0.6 +0.7 0.5 NS

a* P<0.1; ™ P<0.05; ** P<0.01; NS: not significant; ® between weeks 12 and 1.

kg/day) and M (+5.9 kg/day). This differ-
ence is greatly reduced and no longer sig-
nificant if we consider the production of fat-
corrected milk (+1.5 and +3.9 kg/day,
respectively, P > 0.1), due to a lower fat
concentration in group H. The cows belong-
ing to this group also presented a lower pro-
tein concentration (P < 0.01) than that of
the other groups.

Between the 1st and 12th week of lac-
tation, the cows lost between 17 (group M)
and 30 kg (group H) of body mass (live-
weight loss corrected for variations in diges-
tive content, according to the method
described by Chilliard et al, 1987), and 0.4
points of body score.

The increase in live weight between the
fourth and fifth calving was important in all
three groups (+22, +15 and +9 kg, respec-
tively). This is partially linked to a gain in
body score (+0.6 point between these two
calvings in all three groups), but also to the
difference in weight of digesta in the first
week of lactation, linked to the difference in
diets offered. Corrected for these differ-
ences, the increase in body mass is
reduced, and nonsignificant (a mean of 10
kg over all 29 cows).

The increase in milk production between
the fourth and fifth lactation was highest in
group L (+5.4 kg/day, P < 0.01) and lowest
in group M (+1.9 kg/day, P > 0.10). In all



Residual effect of undernutrition in dairy cows 257

three groups, the increase in peak produc-
tion was more obvious, particularly in group
L (+7.4 kg/day) (table ).

These responses between lactations pre-
sented a wide range, mainly linked to the
variability in energy intake increases, even
intragroup (fig 1). Thus, the production of
fat-corrected milk increased by 1 kg per sup-
plementery UF between the fourth and fifth
lactation.

CONCLUSION

Despite relatively reduced numbers, this
trial demonstrates that cows submitted to
undernutrition during four successive win-
ters maintain a large milk production ability
which develops even further with increased
feeding level, but which depends, above all,
on the intake capacity of the animals. It
would seem, however, that there remains
a residual effect of winter undernutrition of
the preceding lactations of around 2.6
kg/day of milk between groups H and L,
even though the animals had been man-
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Fig 1. Relationship between variations in energy
supply and in milk yield during the first 12 weeks
of lactation between the fourth and fifth lacta-
tions. (a) group H; (®) group M; (°) group L.

aged throughout all summer periods in the
same way (ie, not strongly restrictive). These
results confirm observations made previ-
ously (Wiktorsson, 1979; Broster et al, 1989;
Berg and Ekern, 1993) over two lactations.
Moreover, this trial reveals that animals fed
according to their requirements during their
first four lactations are still able to respond
appreciably (+3.3 kg/day of peak produc-
tion) when fed even more liberally. In most
animals, a large proportion of the supple-
mentary energy ingested is employed in
milk production.
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