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Genetic variation in the feeding value of alfalfa
genotypes evaluated from experiments with dairy cows
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Summary &mdash; An alfalfa (Medicago sativa L) with improved digestibility, 6328P, was fed to dairy cows in order to
determine the effects of its nutritive value on milk production. Three different trials lasting 20, 9 and 16 days were
conducted on two groups of ten dairy cows each. Animals were fed either the 6328P alfalfa or the widely used alfalfa
variety, Europe. Alfalfa quality and its intake as well as milk production and milk fat and protein contents were
recorded. The 6328P alfalfa had a higher leaf/stem ratio and a higher crude protein content than Europe. In vitro as
well as in vivo digestibilities increased by 1-9% for the 6328P alfalfa compared with Europe. With 6328P, alfalfa
intake increased by 12% (1.9 kg ),
-1 while milk production was raised by an average of 7% (1.4 kg milk ).
d
-1 This
d
overall increase in milk production was responsible for increased milk fat and milk protein yields despite a lower fat
content and only a slightly higher protein content in the milk produced by cows fed the 6328P alfalfa. Clearly genetic
variability in the nutritive value of alfalfa exists, and using this variability will improve dairy cow performance.
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Résumé &mdash; Variabilité

génétique de la valeur alimentaire chez la luzerne en affouragement de vaches laitières.
génotype expérimental de luzerne (Medicago sativa L), 6328P, a été utilisé en affouragement de vaches laitières,
en comparaison avec la variété Europe, pour mesurer les effets d’une amélioration génétique de la digestibilité sur la
production de lait. Trois essais, d’une durée de 20, 9 et 16 j, ont été successivement réalisés en utilisant pour chaque
Un

essai deux groupes de vaches laitières comportant dix animaux chacun. Les animaux ont été alimentés soit avec le
génotype de luzerne 6328P soit avec le cultivar Europe. Dans chacun des trois essais, le génotype 6328P avait un ratio
feuille/tige plus élevé, une teneur en protéines plus élevée et une teneur en fibres brutes plus faible que le témoin
Europe. De même, les valeurs de digestibilité in vitro et in vivo étaient de1à9 % plus élevées pour le génotype
6328P. Les quantités ingérées de luzerne étaient augmentées de 12 % (1,9 kg jour
), et la production laitière
-1
augmentée en moyenne de 7 % (1,4 kg lait jour
) avec le génotype 6328P. Ce gain de production de lait a permis
-1
d’obtenir une augmentation de la production des matières grasses et protéiques, alors que le taux butyreux était plus
faible pour les vaches alimentées avec la lignée 6328P, le taux protéique étant légèrement supérieur. Ces résultats
montrent qu’il y a une variabilité de réponse zootechnique face à une variabilité génétique de la valeur alimentaire
chez la luzerne, permettant et justifiant des démarches d’amélioration génétique de la luzerne à la fois pour des
caractéristiques liées à la digestibilité, mais aussi à l’ingestibilité.
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INTRODUCTION

MATERIALS AND METHODS

Experimental conditions
Alfalfa is the most cultivated leguminous forage
species in France, as a pure culture, and also in
North America. It is well known for its

agronomic qualities, including high productivity,
symbiotic fixation of atmospheric nitrogen,
improvement of soil fertility and soil structure,
drought resistance and ability to trap deeply
imbedded nitrogen. The significance of alfalfa as
a high quality food supply for ruminant rearing
has been recognized in many studies. Alfalfa is
characterized by a high protein content, and its
intake by animals is superior to that of grasses
(Andrieu et al, 1988). However, its rather high
structural carbohydrate content negatively affects
its digestibility and the use of alfalfa in dairy cow
rations has been declining in Europe for the past
few years. It has been replaced by maize, chosen
for its higher energetic content, and also for its
better adaptation to soil conditions in areas where
dairy cattle are bred.
With

agriculture evolving towards a global
are being pressed to reduce their
costs.
For dairy producers, improving
production
the energetic food value of forage species like
alfalfa could substantially reduce their feeding
market, farmers

costs, which represent half the cost of milk
production. To reach such a goal, better harvest
controls (Nelson and Satter, 1990; Minson, 1990)
or better conservation and distribution controls
could be targeted; however, breeding
improvements in a widely used forage species is
still the most inexpensive way to succeed. Genetic
variation in the digestibility of different alfalfa
cultivars or species has been observed using
measurements carried out in vitro (Thomas et al,
1968; Allinson et al, 1969; Buxton et al, 1987;
Lenssen et al, 1988; Julier et al, 1996) in situ
(Andrighetto et al, 1995) or in vivo (Thomas et al,

1968; Wilson et al, 1978; Guy et al, 1978;
Minson, 1990). But the effects of such genetic
variation on milk production has not been
reported for alfalfa, despite evidence from other
forage species such as maize (Barrière and Emile,
1990; Barrière et al, 1995), tall fescue (Emile et
al, 1992) and a tropical grass, Digitaria
milanjiana, (Lowe et al, 1991). The objective of
the present study was to evaluate the effect of an
improvement of alfalfa digestibility, and hence its
energetic value, on the milk yield of lactating
dairy cows, and thus to illustrate the value of
genetic improvement of digestibility in alfalfa

through breeding.

experimental alfalfa strain, 6328P, was compared
the variety Europe that is widely grown in France.
This 6328P alfalfa strain and Europe have similar
maturity dates but the experimental strain has a less
erect habit and an increased leaf to stem ratio at a
given phenological stage (Emile and Traineau, 1993).
Forage yields of 6328P were 95% of the yields of
Europe. Harvesting Europe at an earlier phenological
stage could provide a similar forage quality, but would
result in significant yield reductions and a decrease in
persistence of the stand. Ingestion as well as in vivo
digestibility by sheep of the 6328P strain were
improved by 5 and 2.7%, respectively. In vitro
digestibility was 3.8% higher than the control strain.
An
to

The two alfalfa populations, 6328P and Europe,
grown on adjacent 2-ha plots at Inra Lusignan
(Vienne, France). Growing conditions were similar for
both plots. Plots received 1000 kg ha
-1 of lime before
seeding in May 1989. A herbicide mixture of 2,4 D
and dinosebe was used at seeding. Annual fertilization
was carried out according to recommandations and
consisted of 400 kg of 0-21-23 2
-)
5
O
(N-P
O
K and
150 kg of 0-0-60 per hectare. During the seeding year,
the alfalfa was harvested as hay.
were

The two alfalfa populations were compared during
three different growing periods: the first one lasted 20
days and began on1 May 1990 (trial 1), the second
one lasted 9 days from 7 June 1990 (trial 2) and the
third one, 16 days from 2 May 1991 (trial 3).
Therefore, for trials I and 3, the first production cycles
from each growing season were used. A portion of
each of the 2-ha plots was cut and harvested on1 May
1990 (first day of trial 1) and the forage used during
trial 2 was the regrowth from these plot sections. For
all trials, alfalfa forage was harvested daily and
distributed to cows as greenchop. Within each trial, a
later maturity stage was reached with time, from prebud to bud stage at the beginning of a trial to full
bloom at the end. However, maturity stages were
similar for the two alfalfa populations.

Forage characteristics
3000-g sample from each alfalfa
into leaf and stem, dried
separated
population
until constant weight and used to determine the
leaf/stem ratio. Dry matter, in vitro digestibility using
rumen juice (Tilley and Terry, 1963), crude protein
(Kjeldahl) and crude fiber according to Weende
(AOAC, 1970) were determined weekly on a
composite specimen of forage samples harvested daily.
Once

a

week,

a

was

While crude fiber is not as valuable as NDF and ADF
to compare forages from different species or at
different maturity stages, crude fiber is a good
indicator of the energetic value of forage, especially

when

forages from the same species and at similar
maturity are compared (Sauvant, 1988).
In vivo digestibility and ingestibility of alfalfa were
assessed during each trial by concurrently feeding the
forage to sheep. Two groups of six sheep were placed
in digestibility crates and were fed exclusively one of
the two alfalfa forages. For each sheep, the forage
distributed, the

amount refused and the faeces
determined daily. Forage dry matter
intake was obtained by subtracting the refusal from the
forage distributed. Total forage ingested minus dry
matter recovered in the faeces gave the total dry matter
digested, which when divided by the forage ingested
provided the in vivo digestibility of organic matter.
Weekly averages were then calculated.
Forage net energy of lactation (mj per kg) was
calculated according to Andrieu and Demarquilly
(1987); their method uses the in vivo digestibility of
organic dry matter, the crude protein and the crude
fiber contents to determine the energy value, which
could also be expressed in terms of the Net Inra energy
value for milk production (UFL; 1 UFL 7.106 mj).

produced

were

=

Animal characteristics and

performances

forage intake was registered daily using an
electromagnetic door. The amount of alfalfa
distributed was adjusted every day for each cow based
on the previous day’s consumption, therefore animals
were fed at will and refusal was limited to 10%.
Alfalfa forage being distributed as greenchop,
composition of the refusal was assumed to be similar
to the forage distributed. While greenchop alfalfa is
not widely used results can be transposed to stored
forage methods such as hay or silage (Demarquilly and
Andrieu, 1988). In order to fulfil the energy
requirements of the animals, a concentrate rich in
cereal 2
/MgCl 60:35:5:2.5) was
4
(barley/corn/CaHPO
,
given individually at a ratio of1 kg concentrate for 3
kg of milk produced above the theoretical milk
production allowed by alfalfa (18 kg of milk for trials
I and 3, and 15 kg of milk for trial 2). The heifers
received an extra 2 kg of this concentrate to fulfil their

growing requirements.
Pre-trial periods varying

between 10 and 15 days
used to familiarize the animals to the
electromagnetic doors and to the alfalfa-concentrate
diet. During these periods, the same alfalfa forage was
served to both groups and forage intake was measured
in the same manner as during the trial.
were

milk yields were recorded
and fat contents were
determined four times a week. Animals were weighed
on a weekly basis. The energy balance was estimated
by calculating the differences between the animal’s
need (energy calculated for maintenance and milk
production) and the energy supplied by the diet, taking
into consideration the interactions between forage and

During trials, individual
daily and milk protein
Prim’Holstein dairy cows with an average production
of 7800 kg of milk per year were used. Cows calved in
Autumn and were in the second half of their lactation
period when the trials took place in the following
Spring. After a 2- to 3-week reference period on
pasture, the animals in the herd were paired as
determined by their rank and stage of lactation, weight,
milk yield, milk fat and protein content. Ten pairs of
animals with very similar characteristics were selected
and cows from each pair were assigned to two
different groups. Each group of ten cows received only
one alfalfa forage during a trial. The same group of
animals were used for trials 1 and 2. In each group, we
had two heifers for trials1 and 2 and three for trial 3.
Animal characteristics at the beginning of each trial
are presented in table 1.
Cows were housed free-standing and were fed
alfalfa three times a day to insure adequate forage
availability at 0900, 1500 and 2200 hours. Individual

concentrates.

Data were analyzed using the GLM procedure from
SAS (SAS Institute, Inc., 1989). For each of the three
trials, an analysis with repeated measurements (days)
and two explanatory factors, alfalfa populations and
animals, was used to study the criteria measured daily:
milk yield and alfalfa intake. For each trial, data on
alfalfa intake were corrected by means of a covariable
analysis using data collected during the corresponding
pre-trial period. To evaluate the effects of alfalfa
populations on milk fat and protein contents, an
overall analysis of the three trials was carried out. The
average data from each trial with the animal effect

nested within trials were used for this analysis. An
overall analysis was also carried out for alfalfa intake
and milk yield.

RESULTS AND DISCUSSION

Forage crops
Characteristics of the 6328P alfalfa are
comparable to previously published data (Emile
and Traineau, 1993). At a similar maturity stage,
the leaf/stem ratio is consistently higher for the
6328P alfalfa with a slightly lower dry matter
content (table 2). Crude protein content is on
average 2% higher and crude fiber content 3-4%
lower for the 6328P strain compared to Europe.
The in vitro digestibility is improved by 4-6%.
The higher quality of the 6328P alfalfa strain
translates into an improved intake by sheep, from
a 1% improvement for trial 1 to 9% for trial 3.
Concurrently, a higher in vivo digestibility of
organic matter is observed. As a result, the net
energy of lactation for the 6328P strain is 0.08 to
0.42 mj higher than the one calculated for the

variety Europe.
Throughout each of the three trials, forage
quality decreased steadily with an average of 1%
a week for in vitro digestibility (data not shown).
These results are similar to previously reported
data for alfalfa (Demarquilly and Andrieu, 1988;
Conrad and Klopfenstein 1988). Although the
6328P strain produced a larger leaf/stem ratio, the
decrease in forage quality was similar for both
alfalfa populations. The length of the
experimental trials may have been too short to
observe any differential changes in quality with
time between the two populations.

Dry matter intake
Alfalfa intake by dairy cows was high, ranging
from 15.5 to 18.8 kg DM on average per day,
depending on the trial and the alfalfa genotype
(table 3). Including the concentrates, total intake
in relation to animal weight (% of BW) varies
from 2.89 to 3.20% for Europe and from 3.13 to
3.45% for the 6328P strain. These inter-group
differences resulted from a significant 7-12%
increase in alfalfa ingestion of the 6328P strain
compared with Europe. Overall, the 6328P strain
resulted in a significant 11.1 % increase in DM
intake (table 4).
The higher leaf/stem ratio can explain this
increase in alfalfa intake. A greater proportion of
leaves accelerates the digestive transit, as the
leaves are more rapidly degraded in the rumen
and less chewing is involved (Minson, 1990).

Milk

production

to the trial, daily milk production
varied between 18.1 and 23.2 kg per day for the
group fed with Europe and from 19.4 to 23.8 kg
for the group with 6328P (table 3). Increases in
milk production of 1.6, 1.3 and 0.6 kg per day
were obtained for trials 1, 2 and 3, respectively.
The small increase in milk production in trial 3 is
linked to difficulties in grouping the cows. At the
beginning of trial 3, it became apparent that there
was a difference in milk yield between the two
groups. Since milk production was measured
during the pre-trial periods, an analysis on yield
differences (milk during the trial - pretrial milk)
was carried out; it confirmed the superiority of

According

the 6328P alfalfa with a probability level of 0.12
(data not shown). For the three trials combined, a
significant increase of 1.35 kg of milk per day as
well as a higher milk production corrected for fat
content was obtained with the 6328P alfalfa (table

4).
Fat content was lower and protein content
higher in the milk produced by cows fed the
6328P alfalfa (table 3). Overall for the three trials,
the decrease in fat content and the increase in
protein content of the milk are not significant.
However, the increase in milk production resulted
in significantly higher fat and protein yields per
cow

per

day (table 4).

Energetic feed value of alfalfa

modify

the

interpretation

of the energy balance

data.

body weights were similar for paired
groups at the beginning of each trial, the small
difference in average weight at the end of the
trials (table 4) suggests that animals fed the
6328P alfalfa gained more weight. This could be
related to differences in ingested nutrients since
the 6328P alfalfa was better ingested and more
digestible. However, the short length of the
experimental trials prevents significant
Since

conclusions

be drawn on variation in cow
weight during these trials. For this reason,
variation in body weight was not used to estimate
the nutritional energy balance. This could slightly
to

Considering

the animals’ needs, the

contents of both rations were

nitrogen
high, especially

when the cows were fed the 6328P alfalfa (table
3). These excesses, and the resulting wasted
nitrogen, are not surprising since alfalfa was
available ad libitum and it has a high protein
content with a large proportion of degradable

proteins.
Energy supply with the 6328P diet is superior
to that of the Europe diet. A higher intake of the
-1 (table 4)
6328P strain of 1.85 kg DM d
associated with an improved net energy of
lactation of 0.29 MJ

-1 (table 2)
kg

accounts for

values of the 6328P diet
With
an
(table 3).
average gain in milk production
of 1.24 kg of 4% fat corrected milk with the
6328P diet (table 4), the marginal efficiency is 84
g of milk per supplementary mj in the diet. This
result is well within the range of known values
when the energy needs of the animals are
satisfied.
the

higher energetic
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Greenchop forage eliminates the problems of
choice observed in pasture trials and is useful to
display differences in quality (Conrad and
Klopfenstein, 1988). These trials undertaken in
extreme conditions, with alfalfa as the only
forage, suggest that alfalfa varieties of better
quality can be offered to dairy producers in the
near future (Emile et al, 1996).
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