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SHORT COMMUNICATION

Low vs high “water footprint assessment” diet in milk production: A comparison
between triticale and corn silage based diets
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School of Agricultural, Forestry, Food, and Environmental Sciences.University of Basilicata Viale dell’AteneoLucano.
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Abstract
The agriculture account is 92% of the global freshwater footprint, and 29% of this amount is used in animal
husbandry to produce forage, to mix animal feed, for drinking of the animals and, at least, in the farm activities.
In this trial we tested two diets whose production is characterized by different water consumption. Two
homogeneous groups of milking cows were used to compare two different diets: standard feeding, with corn
silage-based diet; and alternative feeding, with triticale silage-based diet. Both silages represented about 47% of
diet composition. Diets were characterized by the same energy and protein content. Despite the lowest water
consumption of the triticale silage group, no significant differences were observed between the groups on
production level and on milk chemical composition.
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Introduction
Some authors estimated that our dependence on
water resources will increase significantly in the
future and this will bring problems for future food
security and environmental sustainability (Alcamo
et al., 2003a; Bruisma, 2003, 2009; Rosegrant et al.,
2002, 2009). To better understand the linkage
between freshwater resource and human productive
activities, Water Footprint Assessment (WFA) was
developed to measure the amount of consumed
water and water pollution. This concept was
introduced by Hoekstra (2003) and it was also
elaborated by Chapagain et al. (2003).
The dairy cow feeding plays a crucial role in
economic and technical efficiency of the livestock,
with an incidence of about 60% on the total costs,
and diet formulation is one of the main factors that
influence the lactation cow health state as well as
quality and quantity of produced milk (Dell’Orto
and Savoini, 2005).
Dairy cows feeding in the world is mainly

based on corn silage, while the triticale is used as
forage for livestock, and it can be crop as a monocrop, or mixed with other cereals or with legumes.
In general, WFA is lower in triticale than in other
small grain forage cereals (Rao et al., 2000). In fact,
triticale has a biological cycle that develops during
cold season (corn microtherm), and it prefers high
temperatures at the end of its cycle, therefore WFA
is lower than in corn that shows an opposte
behavior in terms of thermal and water
requirements.
Considering the lowest WFA of triticale, in this
study were evaluated the effects of replacing corn
silage with triticale silage on milk production in
Italian Friesian cows.
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Diet composition and feeding
We utilized two different diets: standard
feeding (SF) and alternative feeding (AF).
SF was based on corn silage feed composed of
corn silage (50.31%), alfa hay (8.81%), rye grass
hay (5.30%), maize meal (12.04%), soybean meal
(7.80%), distillers (5.30%), beet pressed pulp
(1.26%), calcium soaps (0.75%), cotton seed

Materials and Methods
A group of ninety multiparous Holstein Frisian
cows reared in a farm situated at an altitude of 580
m a.s.l., weigthing 650±10 kg and at 21±15 days of
lactation, were divided in two homogeneous groups
of 45 individuals, and reared with freestall barns in
covered shed, with bunks placed head-to-head.
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(1.01%), vitamin mineral supplement (1.13%) and
water (6.29%).
AF group was fed on a based triticale silage
feed composed of triticale silage (50.25%), alfa hay
(6.78%), maize meal (8.79%), soybean meal
(8.04%), beet pressed pulp (1.51%), maize gluten
meal (1.51%), hay vetch/oats (3.77%), flaked maize
(6.78%), cotton seed (2.51%), vitamin mineral
supplement (1.27%) and water (8.79%).
The nutrient requirements and the level of daily
ingestion in both groups were determined by CPM
dairy ration analyzer ver. 3.0.7 (Tedeschi et al.,
2006, 2008; Alderman, 2001; Allen et al., 2005;
Lanzas et al., 2007). Therefore the basis level of
diet ingestion was 39.75 kg as feed (21.58 kg of
DM) per head/die in SF group, and 39.80 kg as feed
(21.62 kg of DM) head/die in AF group.
The individual monitoring of production was
determined in the lactation period, from the 3rd to
the 17th week (105 days) after one week of
adaptation to new diets. In order to evaluate some
important differences between estimated and
observed dry matter intake during the test, the
administered dry matter has increased of 3%, and
finally the average dry matter intake, was for group
SF and for group AF, 21.75 kg/die and 21.70
kg/die, respectively.

for crop production or inside the product. The “blue
water footprint” refers to evaporated surface water or
groundwater, into the product or returned to other
places. The “gray water footprint” is defined as the
volume of freshwater that is required to assimilate
the load of pollutants based on existing ambient
water quality standards (Hoekstra et al., 2011).
For calculation of indirect water footprint of the
feed used in both diets the literature data were
utilized (Mekonnen and Hoekstra, 2012), while
other fractions (drinking, mixing and service) have
been assessed at the farm utilizing a mechanical
water counter (CD74 TBR model).
The water used for mixing food was added to
blue water component present into food ration.
Statistical analysis
Data concerning qualitative and quantitative
milk characteristics of both groups were expressed
as mean±S.E. Differences between groups were
tested by Student’s t-test.
Results and Discussions
Qualitative and quantitative milk characteristics
No significant differences were found between
the two groups in terms of milk production, during the
trial period. The SF group showed an average
production per animal of 38.27 kg during the test, and
30.94 kg for all lactation period; AF group showed an
average production of 37.98 kg during the test, and
30.57 kg for all lactation period (Figure 1; Table 2).
The fat content (g/kg of milk), for both groups,
was similar: 34.85±0.09 and 35.07±0.10 for SF
group and for AF group, respectively. The protein
content (g/kg of milk) was 33.12±0.09 and
33.28±0.10 for SF group and for AF group,
respectively (Table 1). The trend of fat and of
protein did not show any significant difference in
both groups (Figure 2).

Quantitative and qualitative milk characteristics
The complete lactation curves in both groups
were elaborated on farm data starting from farmer's
information, in order to calculate the average of the
milk production for whole lactation period. The
individual milk sampling was conducted on both
milkings every week. The qualitative milk analyses
(fat and protein content) were determined by
MilkoScan FT 6000 (Foss Electric A/S. Hillerød.
Denmark).
Water footprint estimation
WFA milk calculation was determined by
summing WF feed (for feed production), WF feed
mixing (water used for feed mixing), WF drinking
(water intake), and WF service for cleaning of the
stable according to the following formula
(Chapagain and Hoekstra, 2003 and 2004):

Water footprint estimation
Daily water footprint average per kg of milk
was 501 liters (trial period) and 619 liters (all
lactation period) for the SF group, and 436 liters
(trial period) and 542 liters (all lactation period) per
the AF group, respectively. Therefore, the WF
difference per kg of milk was 64.74 liters (trial
period) and 77.69 liters (all lactation period)
between the two groups during the trial (Table 3).
Green water has recorded a daily average incidence
of 48.72% and 54.45% for SF and AF groups,
respectively. Finally, as shown in Table 4, WF feed
was higher in SF than in AF (17630 vs. 15020).
This means that AF diet allowed a conspicuous
water saving (>2600 liters for each dairy cow per
day).

WFAmilk = WFfeed + WFfeed mixing + WFdrinking
+ WFservice

We estimated green, blue, and gray water,
(water footprint classification) for indirect and
direct water footprint and also kg of milk during
trial period and for all standard lactation.
The “green water footprint” refers to soil
moisture produced by land rainfall evaporation used
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Figure 1. Milk yield level for AS and FS.
Table 1. Protein and fat.

Trial week
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
All

Fat g/kg of milk
SF
S.E.
34.89
0.10
34.96
0.09
34.99
0.09
35.00
0.09
35.00
0.09
34.98
0.09
34.95
0.09
34.91
0.09
34.87
0.09
34.82
0.09
34.77
0.09
34.72
0.10
34.67
0.10
34.61
0.10
34.55
0.10
34.85
0.09

AF
35.05
35.02
35.01
35.00
35.01
35.01
35.02
35.04
35.06
35.07
35.09
35.12
35.14
35.16
35.19
35.07

S.E.
0.10
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.10
0.10
0.10
0.10
0.10
0.10
0.11
0.10
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Protein g/kg of milk
SF
S.E.
33.09
0.08
33.03
0.08
33.01
0.08
33.00
0.08
33.01
0.08
33.02
0.08
33.04
0.08
33.07
0.08
33.10
0.08
33.14
0.08
33.18
0.08
33.22
0.08
33.26
0.08
33.31
0.09
33.35
0.09
33.12
0.09

AF
33.23
33.15
33.11
33.10
33.11
33.13
33.17
33.21
33.25
33.31
33.36
33.43
33.49
33.56
33.63
33.28

S.E.
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.11
0.11
0.11
0.11
0.11
0.10
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Table 2. Milk yield (kg).
Production (kg)
SF
Trial week
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
All

Mean
37.00
38.01
39.88
40.51
40.61
39.78
40.10
39.80
38.52
39.00
37.50
36.89
36.50
34.90
35.07
38.27

AF
Mean
38.45
39.23
39.60
39.70
39.62
39.40
39.08
38.68
38.23
37.73
37.19
36.62
36.03
35.42
34.80
37.98

S.E.
0.80
1.12
1.17
1.19
1.20
1.16
1.20
1.16
1.14
1.15
1.10
1.08
1.09
1.03
1.03
1.11

S.E.
1.13
1.08
1.15
1.17
1.17
1.17
1.21
1.14
1.12
1.09
1.10
1.07
1.06
1.05
1.01
1.11

Figure 2. Fat and proteins content.

Protein
1330

1280
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Protein (g)
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1230

1180

1130
3

5

7

9

11 13 15 17
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Table 3. Water footprint average of components per kg of milk (liters).

blue
green
grey
Total water footprint (l)

Trial period
SF
194.52
243.91
62.22
500.66

AF
164.5
237.35
34.06
435.91
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∆
30.02
6.56
28.16
64.74

All period
SF
240.61
301.69
76.96
619.27

AF
204.37
294.89
42.32
541.58

∆
36.24
6.80
34.64
77.69
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Table 4. Trial period water footprint average (l/day/animal).

Groups
SF
AF

Indirect water footprint

Direct water footprint

WFFeed
(Estimated)
17630
15020

WFDrinking
(Observed)
90
90

WFFeed Mixing
(Observed)
2.5
3.5

Conclusions
Our results showed that there were no
differences in milk productions of lactating dairy
cows fed on diets containing triticale silage or corn
silage. The largest water footprint for animal
production comes from the feed they consume (SF:
92.01%; AF: 90.75%) according to many authors,
while the incidence of drinking water, service water
and feed-mixing water in both diets administered
was quite low (<10%). Therefore, the use of
triticale silage in dairy cow diets could be an
effective alternative to corn silage.
The adoption of this type of silage should be
further exploited, especially in world zones with
limited water resource, as the use of triticale silage
is important to formulate low WFA diets.

WFService
(Observed)
1440
1440

WF Average
l/day/ animal
19163
16554
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