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Abstract
Grazing in small-scale dairy systems reduces costs and enhances sustainability. However, binary pastures (BP) have low
persistency, which may be increased by including more species given their flexibility to withstand different agroecological
and management situations. The objective was to assess a multi-species (MS) pasture of perennial ryegrass (RG), tall fescue
(TF), bromegrass (BG), red clover (RC) and white clover (WC) in comparison to a BP of perennial ryegrass (RG) –WC grazed
by six Holstein dairy cows during the dry season in an on-farm double cross-over experiment, with three 14-day each experi-
mental periods for animal variables, and a split-plot design for pasture variables at 3 cow/ha. There were differences (P < 0.05)
between pastures for sward height (MS 5.0 vs. BP 4.0 ± 0.10 cm, bothMS and BP) and net herbage accumulation (MS 902 vs BP
228 ± 172.4 kg DM/ha, both MS and BP) and differences (P < 0.05) for chemical composition among periods. There were
differences (P < 0.01) among periods for estimated DM intake, but no differences (P > 0.05) for milk yield (mean 16.8 kg/
cow/day), milk fat or protein content (mean 31.8 and 28.8 g/kg). Multi-species pastures are a viable alternative for SSDS in the
highlands of central Mexico, being more resistant to harsh environment and to weed and kikuyu grass invasion.
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Introduction

In Mexico, over 85% of farms with cattle have small herds of
up to 30 cows (INEGI 2018), with around 150,000 dairy farms
of which over 78% are small-scale with a herd size between 3
and 35 milking cows plus replacements (Prospero-Bernal
et al. 2017).

Small-scale dairy systems (SSDS) are an option to amelio-
rate poverty and contribute to rural development (Espinoza-
Ortega et al. 2007; Mc Dermott et al. 2010); but high feeding
costs limit their sustainability in the highlands of central
Mexico (Fadul-Pacheco et al. 2013; Prospero-Bernal et al.

2017). The inclusion of grazing temperate irrigated pastures
and complementary maize silage for the dry season reduce
feeding costs, increase profitability and enhance sustainabili-
ty, as farms rely more on their home-grown pasture and forage
production and less in purchased inputs (Prospero-Bernal
et al. 2017).

Cut and carry pastures for SSDS were introduced in the
highlands of central Mexico since the early 1970s in areas
with available irrigation during the dry season. Grace et al.
(2018) mentioned that grazing is the most economical way
of feeding ruminants, and Pincay-Figueroa et al. (2016) and
Prospero-Bernal et al. (2017) showed that in SSDS in the
highlands of Mexico, although there were no differences in
milk yields and milk composition, grazing reduced feeding
costs between 20 and 25%.

Grass and legume pastures are an important feature of an-
imal systems in temperate areas (Novy et al. 1995; Castro-
Rivera et al. 2012; Burbano-Muñoz et al. 2018). Binary pas-
tures of perennial ryegrass (Lolium perenne) and white clover
(Trifolium repens) are common in ruminant production sys-
tems in Western Europe, Australia, New Zealand and other
temperate regions of the world given their high yields,
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resistance to grazing and their high nutritional value (Bryant
et al. 2016; Dodd et al. 2019).

More recently, MS pastures (mixtures of more than one
plant functional group) have been evaluated against conven-
tional RG/WC pastures. Multi-species pastures may offer im-
proved dry matter (DM) yields and the reduction in the excre-
tion of nitrogen (Scott and Pennell 2006; Dodd et al. 2019).

Grace et al. (2018) mentioned that besides reducing pro-
duction costs from a higher DM yield, MS pastures may re-
duce seasonal fluctuations due to the complementarity of dif-
ferent growth patterns of the species included enhancing pas-
ture persistence and a more uniform supply of herbage even in
difficult conditions.

Multi-species pastures besides enhancing a beneficial bo-
tanical diversity may be more persistent and with higher and
stable yields due to a larger number of plants per unit surface,
which may be more resistant to weed and pest invasions, with
a particular advantage in dry years (Sanderson et al. 2005).

Grazing of conventional binary RG/WC pastures in small-
scale dairy farms in the highlands of central Mexico has prov-
en successful in reducing feeding costs while keeping similar
or slightly higher yields than under cut and carry management
(Pincay-Figueroa et al. 2016; Prospero-Bernal et al. 2017).
However, the sub-humid temperate climate with a long very
dry season, limited irrigation and high stocking rates mean
that sown temperate species do not persist beyond 2 or 3 years
and pastures are invaded by the subtropical kikuyu grass
(Cenchrus clandestinus) (Plata-Reyes et al. 2018).

Multi-species pastures may show an advantage under these
agroecological (Sanderson et al. 2005) and management con-
ditions. The objective was then to assess the productive per-
formance of grazing dairy cows, pastures and herbage chem-
ical composition of a multi-species pasture (three temperate
grasses and two legumes) in comparison with a conventional
binary RG/WC pasture in a small-scale dairy system on-farm
experiment.

Materials and methods

Study area

An on-farm experiment following guidelines for participatory
livestock technology development (Conroy 2005) was under-
taken in the highlands of central Mexico, in the municipality
of Aculco, located between 20 ° 06′ and 20 ° 17’ North and
between 99 ° 40′ and 100 ° 00’West. Mean altitude is 2440m,
and the climate is sub-humid temperate, a mean temperature
of 13.2 °C and frosts from October to February, and annual
rainfall is above 700 mm with a distinct rainy season (May to
October) and dry season (November to April) (Celis-Alvarez
et al. 2016).

The collaborating farmer owns 10 ha and a herd of nine
Holstein cows plus replacements. The family runs the farm, as
is usual in SSDS (Prospero-Bernal et al. 2017). Eight hectares
are sown to maize for silage, and 2 ha have access to limited
irrigation which are used for pastures.

Animals

Six multiparous cows were selected, with a mean milk yield
prior to the experiment of 18 ± 3 (kg/cow/day), 71 ± 43 days
in milk, 459 ± 41 kg mean live weight and mean body condi-
tion score of 2.4 ± 0.2. Cows were randomly assigned to treat-
ment sequence with three cows per sequence.

The experiment took place between 2nd of March and 12th
of April 2019, in three 14-day each experimental periods (EP)
(Pérez-Ramírez et al. 2012), with 11 days for adaptation to
diets and 3 days for measurements and recordings. Short-term
EP are acceptable in grazing studies (Miguel et al. 2014).

Treatments were grazing MS pasture or BP. In accordance
with the collaborating farmer’s tradition and decision, cows
also received 4.6 kg DM/cow/day of 19% CP commercial
concentrate divided in two allocations provided at each of
two milkings (6:00 and 18:00 h).

It is a common practice in these small-scale dairy systems
to supplement large amounts of concentrate (Fadul-Pacheco
et al. 2013) in the belief they are essential to sustain milk
yields. The collaborating farmer’s decision to supplement this
amount of concentrate was respected as a premise of partici-
patory research. The amount of concentrate is the same for all
cows regardless of body weight or milk yield.

Cows continuously grazed pastures for 8 h/day, from 8:00
to 16:00 h, and kept indoors in an open pen overnight.
Drinking water was freely available both in pastures and in
the pen.

Pasture establishment

The experiment took place in two 1 ha pastures at a stocking
rate of 3 cows/ha. The MS pasture was sown on 4 June 2018
to 15 kg/ha of perennial ryegrass (Lolium perenne cv.
Tetragrain), 15 kg/ha of tall fescue (Lolium arundinaceus
cv. Cajun II), 10 kg/ha of bromegrass (Bromus catharticus
cv. Matua), 10 kg/ha of red clover (Trifolium pratense cv.
Kenland) and 3 kg/ha of white clover (Trifolium repens cv.
Fiona). The BP was sown on 30 August 2018 to 40 kg/ha of
perennial ryegrass (Lolium perenne cv. Mathilde) and 3 kg/ha
of white clover (Trifolium repens cv. Fiona).

Fertilization at sowing was 80 N – 80 P2O5–60 K. A sec-
ond fertilization on the binary pasture only was on 30
March 2019 with 40 kg N/ha. Pastures had limited flood irri-
gation every month.
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Pasture variables

Each pasture was nominally divided in two sub-pastures, as
pasture replicates. Rising plate grass metre sward height (SH)
was recorded at the beginning of the experiment and at the end
of each EP taking 15 measurements per pasture division. Net
herbage accumulation (NHA) was estimated following
Burbano-Muñoz et al. (2018), from three 0.5 × 0.5 × 0.6 m
exclusion cages per pasture division (a total of six exclusion
cages per pasture treatment), cutting to ground level with
shears inside a 0.4 × 0.4 quadrat outside the cage in day 0
and inside the exclusion cage on day 14 to estimate NHA by
difference and expressed as kg DM/ha and kg DM/ha/day,
placing the cages at random thereafter.

Hand-plucked herbage simulating grazing (Wayne 1964)
was collected from each pasture at the end of each period and
a composite sample for chemical analyses by triplicate using
AOAC (1995) Official methods. Dry matter (DM), organic
matter (OM), crude protein (CP) (method 990.03), neutral
detergent fibre (NDF) (method 2002.04), acid detergent fibre
(ADF) (method 973.18) and in vitro organic matter digestibil-
ity (IVOMD), from which metabolizable energy content was
estimated (eME), following procedures described by Celis-
Alvarez et al. (2016) and Burbano-Muñoz et al. (2018).

Botanical composition of herbage from both pastures was
determined from five random 50 g samples per period cut to
ground level; manually separated in grass and clover species,
green and dead and other plants (forbs); and expressed as
percentage in dry weight after drying in a draught oven for
48 h at 55 °C (Sanderson et al. 2005).

Animal variables

Cows were milked twice daily at 5:00 h and 17:00 h. Daily
milk yields were recorded with a clock spring balance, and the
mean daily yield for the last 3 days was used for statistical
analyses (Plata-Reyes et al. 2018). Aliquot samples of milk
were taken during the last 3 days to determine milk fat and
protein content by the Gerber and Kjeldahl methods approved
by Mexican standards for analyses of milk composition
(COFOCALEC-Consejo para el Fomento de la Calidad de
Leche y Sus Derivados A.C. 2004), and mean results were
used for statistical analyses.

Milk urea nitrogen (MUN) was also determined by the
enzymatic colorimetric method described by Chaney and
Marback (1962), as has been reported from the previous work
(Celis-Alvarez et al. 2016; Plata-Reyes et al. 2018).

Cows were weighed for two consecutive days at the end of
each experimental period with an electronic portable
weighbridge and mean live weight (kg/cow) used for analy-
ses. Body condition score was recorded at the last weighing on
a 1 to 5 scale (Wildman et al. 1982).

Herbage dry matter intake (DMI) was estimated by the
utilized metabolizable energy method (Baker 1982, pp. 77–
93), as in the previous work (Plata-Reyes et al. 2018), from
metabolizable energy requirements minus that provided by the
concentrate and the estimated eME content of herbage to es-
timate herbage and total DMI (kg DM/cow/day).

Statistical analyses

Pasture variables were analysed with a split-plot design where
treatments (MS or BP pastures) were main plots as fixed ef-
fects and EP as split-plots (random effects) (Kaps and
Lamberson 2004, pp. 294–312), with the following model:

Yijkl ¼ μ þ Bi þ Tj þ Ek þ pl þ Tpjl þ eijk

where μ is the general mean; B is the effect of blocks
(pasture divisions) (i = 1, 2, 3); T is the effect of pasture
treatment (main plot) (j = 1, 2); E is the error term for main
plots [r(T)ij]; p is the effect of experimental periods (split -
plot) (k = 1, ..., 3); Tp is the interaction term between treat-
ments and measurement periods; and e is the error term for
split plots.

Animal variables were analysed as a double cross-over
design with six cows during three EP following the treatment
sequence MS – BP – MS and BP – MS – BP (Kaps and
Lamberson 2004, pp. 294–312), analysed with a mixed model
procedure of SAS Institute (2012) where treatment, period,
sequence and the interaction treatment*period were fixed ef-
fects, whereas cow within treatment was considered the ran-
dom effect in the following model:

Y ¼ μþ Si þ C j ið Þ þ Ph jð Þ þ tk þ eijkh

where μ is the general mean, S is the effect due to treatment
sequence (i= 1, 2), Cj (i) is the effect due to cows within
treatment sequence (j = 1, 2, 3), Ph (i) is the effect due to
experimental period within treatment sequence (h = 1, 2, 3),
tk is the effect due to treatment (k = 1, 2), and eijkh is the
residual variation.

Cross-over experimental designs are useful for on-farm
experiments with small-holders, as they maximize limited ex-
perimental units (cows) (Kaps and Lamberson 2004, pp. 294–
312) and have proven their value in the previous work with a
limited number of cows (Miguel et al. 2014; Granados-Rivera
et al. 2017; Plata-Reyes et al. 2018).

Results

Figure 1 shows the meteorological conditions during the ex-
periment, with basically no rain (only 20.5 mm), but with very
high maximal temperatures above 25 °C which increased
evapotranspiration. Mean minimal temperatures were 5.7 °C.
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Pasture variables

Table 1 shows results for SH and NHA. There was a highly
significant (P < 0.01) difference with compressed SH being
1 cm higher in the MS (5 cm) than in the BP (4 cm). There
were also highly significant differences among EP, declining
in EP2 to recover slightly in EP3 for both pastures.

MS had a significantly higher (P= 0.03) NHA than BP (902
and 228, kg DM/ha, respectively). NHA for BP dropped dramat-
ically in EP3, while in MS, there was a slight increase compared
toEP2. Therewere no differences (P> 0.05) amongEP forNHA.

Table 2 shows results for chemical composition of herbage
and the concentrate. There were significant interactions
(P < 0.05) for OM, CP and both fibre fractions, NDF and
ADF.

There were no differences among pastures on CP content
(P = 0.09). But, there were differences for EP in MS where a
sharp decline in EP2 was observed to increase again in EP3,
while CP content in BP remained constant in the first two
periods to increase in EP3.

NDF and ADF showed larger variation in MS than in BP,
with a slight increase in both NDF and ADF in MS from EP1
to EP2 to drop 90 g NDF/kg DM and over 50 g ADF/kg DM
in EP3.

However, there were no differences (P > 0.05) between
pastures or among EP for IVOMD with good quality herbage
in both pastures, with a mean IVOMD of 797 and eME of
10.6 MJ/kg DM.

In Table 3 can be observed the botanical composition of
pastures. Ryegrass was in low proportion in MS pastures
(5.8%). It was interesting to note how the greater diversity
of MS resulted in 67% of DM in green plants, with only
4.6% of invasion by spontaneous vegetation (forbs).

The BP in contrast showed that 37.4% of available live
herbage was from spontaneous vegetation, and 5.9% was ki-
kuyu grass (Cenchrus clandestinus) and invasive subtropical
grass. Therefore, in BP, only 44.2% of green forage was from
the preferred sown RG and WC.

Animal variables

Table 4 shows results for animal variables. There were no
statistical differences (P > 0.05) in herbage dry matter intake
(HDMI) between pasture treatments, but there was a highly
significant difference (P < 0.01) among periods, with an
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Fig. 1 Rainfall and mean maximal and minimal temperatures during the
experiment

Table 1 Response variables of
the multi-species (MS) and binary
pasture (BP) and effect of the ex-
perimental periods (EP)

Treatment means SEMt EP SEMp P treatment P period

1 2 3

Sward height (cm)

MS 5.0 0.1 5.5 4.9 5.0 0.1 <0.01 0.01
BP 4.0 4.3 3.6 4.3

Period means 4.9 4.2 4.6

Interaction SEMt*p 0.1NS

NHA (kg DM/ha)

MS 902 172 694 947 1065 141 0.03 0.90
BP 228 322 284 78

Period means 508 615 571

Interaction SEMt*p 88.8NS

NHA/day (kg DM/ha/day)

MS 64 12.3 50 68 76 10 0.03 0.90
BP 16 23 20 6

Period means 36 44 41

Interaction SEMt*p 6.3NS

NHA net herbage accumulation, SEMt standard error of the mean for treatments, SEMp standard error of the mean
for periods, SEMt*p standard error of the interaction, NS (P > 0.05)
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increase in HDMI in EP2 and EP3 compared to EP1, with the
same situation for total dry matter intake (TDMI).

There were no statistical differences (P > 0.05) in any of the
other animal variables, between pastures or among periods.

Table 2 Chemical composition of the multi-species (MS) and binary (BP) pastures by experimental period (EP) and concentrate

Treatment/variable EP Mean treatment SEMt SEMp P treatment P period

1 2 3

DM (g/kg DM)

MS 284.1 290.0 269.8 281.3 18.6 22.8 0.19 0.44
BP 319.9 360.9 288.9 323.2

Period means 302.0 325.4 279.4

Concentrate 913.5

Interaction SEMt*p 7.6NS

OM (g/kg DM)

MS 847.8 861.5 856.6 855.3 0.8 0.6 0.02 <0.01
BP 841.4 833.0 843.0 838.9

Period means 844.6 847.2 844.6

Concentrate 939.5

Interaction SEMt*p 3.2**

CP (g/kg DM)

MS 185.4 133.0 171.5 163.3 0.4 0.5 0.09 <0.01
BP 157.4 155.6 173.3 162.1

Period means 171.4 144.3 172.4

Concentrate 198.3

Interaction SEMt*p 7.3***

NDF (g/kg DM)

MS 524.6 545.95 455.1 508.5 6.9 5.6 0.98 0.01
BP 538.9 499.0 488.4 508.7

Period means 531.7 522.5 471.7

Concentrate 335.4

Interaction SEMt*p 12.1*

ADF (g/kg DM)

MS 265.2 283.4 231.8 260.1 3.3 4.0 0.23 0.01
BP 292.1 259.5 248.2 266.6

Period means 278.6 271.4 240.0

Concentrate 74.0

Interaction SEMt*p 7.7*

IVOMD (g/kg DM)

MS 780.7 732.1 820.3 777.7 33.6 33.1 0.22 0.15
BP 782.3 801.3 866.1 816.6

Period means 781.5 766.7 843.2

Concentrate 916.3

Interaction SEMt*p 9.9NS

ME (MJ/kg DM)

MS 10.4 9.8 10.9 10.3 0.43 0.42 0.21 0.15
BP 10.4 10.7 11.5 10.9

Period means 10.4 10.2 11.2

Concentrate 12.2

Interaction SEMt*p 0.1NS

DM drymatter,OM organic matter,CP crude protein,NDF neutral detergent fibre,ADF acid detergent fibre, IVOMD in vitro organic matter digestibility,
eME metabolizable energy,MEmulti-species, BI binary, SEMt standard error of the mean for treatments, SEMp standard error of the mean for periods,
P < 0.05. *P < 0.05; **P < 0.01; ***P < 0.001; NS (P > 0.05)
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Milk yields were 17.2 and 16.3 (kg/cow/day) for MS and BP,
respectively (P = 0.66), whereas fat and protein content were
31.6 and 32.1 (g/kg) for MS and BP, respectively (P = 0.93
and 0.37).Milk urea nitrogen for cows onMSwas 13% higher
(19.4 mg/dL) than cows on BP (16.8 mg/dL).

Discussion

Pasture variables

Adverse environmental conditions like drought and high tem-
peratures (Fig. 1) affected pastures productive variables
(height and NHA); however, BP was more sensible to these
factors resulting in 75% lower NHA and lower sward height
(1 cm) than MS pasture.

These sward heights were higher than that reported by
Pincay-Figueroa et al. (2016), working also with binary

pastures of RG and WC under continuous grazing by dairy
cows in the dry season, recording a mean grass metre sward
height of 3.1 cm and milk yields over 17 kg/cow/day, al-
though in that experiment irrigation was regularly available.

In the work herein reported, besides low rain, limited irri-
gation and high maximal temperatures, there were mean min-
imal temperatures under 6 °C, the threshold below which tem-
perate pastures stop growing. Those low temperatures might
have hampered pasture growth, particularly white clover
which is more sensible to low temperatures (Parsons and
Chapman 2000).

The combination of environmental factors and grazing
pressure (high stocking rate) affected the botanical composi-
tion of BP, where white clover and ryegrass represented 42%,
whereas dead material, forbs and kikuyu grass represented
58%. As EP progressed, RG and forbs increased representing
42.7 and 43.1%, respectively, of the botanical composition at
the end of the experiment.

Table 3 Botanical composition
of multi-species (MS) and binary
(BP) pastures and by experimen-
tal period (EP) (g/kg MS)

Variable Treatment Media SEMt Experimental periods Media SEMp

MS BP 1 2 3

White clover 260 47 154 151NS 171 153 135 154 18NS

Red clover 70 – 35 49NS – – 105a 35 49*

Dead clover 63 7 35 38NS 25 50 30 35 13NS

Tall fescue 127 – 64 90NS 63 97 32 64 32NS

Brome-grass 107 – 54 76NS 39 60 62 54 13NS

Perennial ryegrass 58 370 214 221NS 197 177 268 214 48NS

Dead grass 267 175 221 65NS 295 262 106 221 13NS

Other plants (forbs) 48 381 214 235NS 210 201 232 214 17NS

Kikuyu grass – 20 10 14NS – – 29a 10 14

MEmultispecies, BI binary, SEMt standard error of the mean for treatments, SEMp standard error of the mean for
periods; *P < 0.05; NS (P > 0.05)
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Table 4 Productive performance of cows grazing multi-species (MS) or binary (BP) pastures, by experimental period (EP) and by sequence (A =MS,
B = BP)

Treatment SEM EP SEM Sequence SEM P value for
treatments

P value for
periods

MS BP 1 2 3 ABA BAB

HDMI (kg DM/cow/day) 7.5 6.7 0.8 6.3a 7.4a 7.6ab 0.8 6.8 7.4 0.8 0.52 0.01

TDMI (kg DM/cow/day) 12.0 11.3 0.8 10.8a 12.0a 12.2ab 0.7 11.4 12 0.8 0.52 0.01

Live weight (kg) 458 471 12.1 454 470 470 11.7 477 453 12.2 0.46 0.08

BCS (1–5) 2.5 2.5 0.1 2.4 2.5 2.4 0.1 0.93 0.27

Milk yield kg/día 17.2 16.3 1.4 16.7 16.4 17.2 1.4 16.0 17.2 1.4 0.66 0.63

Milk fat g/kg 31.6 32.1 3.7 26.2 33.4 35.9 4.2 31.5 32.2 3.8 0.93 0.27

Protein g/kg 29.6 28.0 1.1 28.7 28.2 29.7 1.1 28.4 29.3 1.2 0.37 0.41

MUN mg/dL 19.4 16.8 1.0 18.6 17.5 18.3 1.1 17.9 18.3 1.0 0.11 0.77

HDMI herbage dry matter intake, TDMI total dry matter intake, BCS body condition score,MUN milk urea nitrogen; sequence: A multi-species and B
binary pasture; SEM standard error of the mean



On the contrary, MS pasture was less affected by the envi-
ronmental and grazing pressure. White clover, BG and RG
proportions increased from EP1 through EP3, whereas TF
increased from EP 1 to EP2, to decrease in EP3. In this pas-
ture, invasive species were kept at minimum agreeing with
Dodd et al. (2019).

Despite the harsh environmental conditions, the nutritional
characteristics of both pastures were not affected and were not
different among them (Table 2). Nutritional quality indicators
like CP, NDF, ADF and IVOMD are considered adequate and
within the range of values reported in the literature (Miguel
et al. 2014; Grace et al. 2018).

In contrast, the variety of species sown in MS created
favourable conditions for clovers, such that white and red
clover represented over 46% of available herbage DM, and
although conditions were also unfavourable for RG in MS
such that it represented only 5.8% of available herbage DM,
companion TF and BG were able to grow more vigorously
such that the three grasses comprised 29% of available green
herbage DM, resulting in significantly higher NHA (Table 3).

Woodward et al. (2020) reported low persistency in RG
pastures due to water deficit, as well as weed invasion, situa-
tion like that observed in the BP treatment, which is in line
with the findings in our study.

Sanderson et al. (2005) reported higher production of
multi-species pastures compared to a BP pasture and noted
less presence of weeds. In the study herein reported, weeds
represented 37% of available green herbage DM in BP while
only 4.8% in the MS pasture (Table 3). When kikuyu grass is
considered, invasive species represented almost a third of
available green herbage DM in the BP pasture.

Kikuyu is a subtropical grass, originally from East Africa
but naturalized in the highlands of central Mexico that invades
RG/WC pastures leading to very low persistency of the sown
pastures and that cannot survive the stress of the dry season,
limited irrigation and high stocking rates in SSDS (Plata-
Reyes et al. 2018). Even at an early stage after sowing, as in
the BP pasture, kikuyu grass already comprised nearly 6% of
available green herbage DM.

Cows prefer herbage that is easier to graze, those with less
NDF like RG (Horadagoda et al. 2009), which may have had
an influence on the low percentage of RG of the botanical
composition in both pastures.

Animal variables

There are sward factors that affect grazing cows performance
(height, herbage mass availability, tiller density, etc.) and an-
imal factors that affect pasture productivity (stocking rate, age,
milk yield, and live weight) (Mayne et al. 2000).

Net herbage accumulation in the MS pastures (64 kg DM/
ha/day) provided ample availability for grazing cows, while it
was a limiting factor for DMI in the BP with just 16 kg DM/

ha/day, with a severe shortage during EP3. Despite the higher
NAH in MS pasture, sward height still was under the ideal
height (6 to 8 cm) acting as a limiting factor for cows to
increase DMI and milk yields (Leaver 1985; Mayne et al.
2000; Parsons and Chapman 2000).

Despite the reduced availability of herbage in BP, milk
yields in both treatments were not different and within the
range (14–16 kg/cow/day) of those reported in other works
on feeding strategies based on continuous grazing of BP in
SSDS (Pincay-Figueroa et al. 2016; Plata-Reyes et al. 2018).

Concentrates represented 37 and 41% of TDMI (MS and
BP, respectively). Grazing supplementation is intended to in-
crease total dry matter or energy intakes particularly when
there are restrictions on swards characteristics (herbage avail-
ability and grazing height). Under this situation (as in BP),
supplements act as a buffer avoiding reductions on DMI,
maintaining milk yields, avoiding body weight and body con-
dition losses (Leaver 1985). If concentrates were not offered
to cows, the low availability of herbage and high stoking rate
would have further deteriorated grazing conditions putting at
risk pasture persistency.

Roca-Fernández et al. (2016) in France evaluated pastures
under rotational grazing comparing RG/WC to MS pastures
(grasses – legumes – forb). Mean milk yield was 17.3 kg/cow/
day; but with significantly higher yields in the pastures with
four and five species (mean of 18.0 kg/cow/day) than RG/WC
(mean of 16.6 kg/cow/day).

These results were due to the combined effects of better qual-
ity of herbage and a higher DM intake, similar to observations in
the work herein reported for MS (a significant difference of
0.8 kg HDMI/cow/day more in MS than BP), reflected in nu-
merical but not statistical higher milk yields in MS.

McCarthy et al. (2020) reported form a meta-analysis that
grazing multi-species pastures compared to BP pastures in-
creased milk yields on average by 1.2 kg/cow/day (in this
study, the difference was 0.9 kg milk/cow/day higher in MS,
although not significant).

Milk composition, with mean milk fat and protein content
(31.8 ± 0.4 and 28.8 ± 1.1 g/kg), is within Mexican standards
for rawmilk.MUN values were higher than other reports from
small-scale dairy systems in Mexico (Celis-Alvarez et al.
2016; Plata-Reyes et al. 2018) but within normal values men-
tioned by Powell et al. (2011) for cows in permanent confine-
ment in the USA and by Ariyarathne et al. (2019) and Lopez-
Villalobos et al. (2018) for grazing dairy cows.

Multi-species pastures are a viable option for SSDS in the
highlands of central Mexico, with a higher proportion of sown
species that make them more resistant to weed and kikuyu
grass invasion. The plasticity and complementarity of differ-
ent temperate grass species enabled better clover development
and higher net herbage accumulation, of similar quality to
herbage from binary perennial ryegrass-clover pastures and
better grazing conditions that increased dry matter intake.
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