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Abstract

The demand of vegetable protein for animal feed and the need to diversify the crop rotation in rainfed Mediterranean climates
has led to study the viability as new forage crop of the Vicia narbonensis-Avena strigosa mixture. Therefore, a 3-year field trial was
conducted at two different and representative locations of the area to evaluate the capacity of both species to form a balanced mixture
and to define its potential for high yield and forage quality. Different seeding ratios (65:35, 50:50 and 35:65) were compared with their
pure stands and the standard mixture Avena sativa-Vicia sativa (65:35). Forage mixtures establishment and growth varied according to
the environmental conditions with a negative influence of a dry year 1 for legumes (<300 mm) and a wet year 2 for oats (>630 mm).
However, competition ratio indicated that there were not significant differences between mixed treatments, displaying intermediate
ground coverage values, dry matter yield and crude protein regarding pure stands. Higher dry matter yield than control mixture in
addition to similar crude protein, acid-detergent fibre, neutral-detergent fibre and digestible dry matter values, were produced at 35:65
in dry years and 65:35 and 50:50 in rainy years with loamy and clay soils, respectively. The appropriate development of both species
in the mixture at different soil and rainfall conditions, as well as a good yield often higher than control mixture and a great forage
quality, confirm to the narbon bean-black oat mixture as a viable and profitable crop alternative in rainfed cropping systems under
Mediterranean conditions.
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Introduction

Rainfed arable areas occupy over 28 million
hectares in southern Europe, which are mainly devoted
to cereal-industrial crop rotation (Eurostat, 2015).
Nowadays, this traditional practise is facing the urge to
modify the current crop management and to diversify
the crop production. They are especially influenced
by the stagnating products price, the need to improve
and achieve more balanced agro-ecosystem through
the crop rotation (Flower et al., 2012), as well as the
accomplishment of the new Common Agricultural

Policy (CAP) greening measures. The most noteworthy
measure included is the ‘crop diversification’, where the
farm holdings with an arable land of 10-30 ha have to
cultivate at least two crops, and farms exceeding 30 ha
must have at least three crops, with no more than 75%
of the cultivated area assigned to one crop. Moreover,
Southern Europe is also a great livestock region with an
important number of heads of cattle (over 14 million)
and sheep (over 24 million) next to the rainfed arable
crops areas. The major constraint of the livestock
development in these regions is the dependence of
imported powerful food sources due to the limited on-


https://doi.org/10.5424/sjar/2017154-10882
https://doi.org/10.5424/sjar/2017154-10882
http://veronica.pedraza@juntadeandalucia.es
http://pedrazajimenez.veronica@gmail.com
http://pedrazajimenez.veronica@gmail.com

2 Veronica Pedraza, Francisco Perea, Milagros Saavedra, Mariano Fuentes and Cristina Alcantara

farm production of forage, especially in the dry years
of Mediterranean countries (Sadeghpour et al., 2014).
Therefore, it is necessary to satisfy the increasing
demands for livestock (Alizadeh & da Silva, 2013)
and there is the possibility of obtaining supplementary
forage sown with arable crops in Southern Europe.
Intercropping of winter grasses with annual legumes
is extensively used in Mediterranean areas for forage
production under rainfed conditions (Lithourgidis
et al., 2006). This system increases fodder yield
concerning dry weight thanks to the grasses (Hashemi
et al., 2013) and improves feed quality owing to
the higher crude protein concentration of legumes
(Umunna ef al., 1995).

The environmental conditions (Gierus et al., 2012)
in addition to the seeding ratios of the selected species
(Caballero et al., 1995) are crucial factors affecting
yield and quality of intercropping systems. The vetch
(Vicia sativa L.)-oat (Avena sativa L.) mixture is the
most traditionally used in Southern Europe and many
studies have reported that these species are the most
appropriate for mixture in Mediterranean regions
(Lithourgidis et al., 2006). Nevertheless, common
vetch is described as susceptible to broomrape
(Orobanche crenata Forsk.) (Gil et al., 1987), one
of the most serious legume pests in Mediterranean
areas. However, findings of Nadal & Moreno (2007)
revealed that narbon bean (Vicia narbonensis L.) is
a high-yielding annual legume with an inbreed line
resistant to broomrape. It would be a good alternative
for cropping in broomrape-infested areas under
rainfed Mediterranean conditions. In these areas it
is also known for being a promising crop in rotation
with wheat (Durutan ef al., 1990) and a good source
of protein fodder for cattle (van der Veen, 1960) and
sheep (Jacques et al., 1994). On the other hand, Flower
et al. (2012) showed that black oat (4Avena strigosa
Schreb.) is a winter cereal crop with a more rapid
growth and higher biomass production than other oats,
widely used in Australia (Flower et al., 2012) and USA
(Reeves & Price 2005). It has been used not only for
grain production and as a green cover crop due to its
weed control potential (Santos et al., 2010), but also
to obtain forage for dairy cows feed (Salgado et al.,
2013).

Given the capacity for high dry matter and protein
yield documented in rainfed conditions of each species
separately, mixtures of narbon bean with black oat
could be a promising alternative for increased forage
production in these areas. However, despite the fact
that there is much published information on the forage
yield and quality of legume-grass intercropping system
worldwide, no information exists on the adaptation of
intercropping black oat-narbon bean, seeding ratios,
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forage yield and quality both in Mediterranean regions
and overseas.

In order to provide a new viable rotation crop
alternative based on the black oat-narbon bean mixture,
two main objectives were considered in this study: (i)
determine if a stable forage mixture for balanced growth
of the two species can be formed by narbon bean and
black oat at different seeding ratios (65:35, 50:50 and
35:65) compared with the pure stands and the common
vetch-common oat mixture (65:35), and (ii) define if
the studied mixture can achieve a high forage yield
and quality production under rainfed Mediterranean
conditions.

Material and methods

Experimental design and field procedures

Field studies were conducted during the 2011/2012,
2012/2013 and 2013/2014 growing seasons (hereafter
year 1, 2 and 3, respectively) at two different locations
representing the typical soils occupied by rainfed
arable crops in Southern Spain. The experiments
were established on a Vertisol clay soil (Chromic
Haploxerert) at the ‘Las Torres-Tomejil” experimental
farm (hereafter Tomejil) in Carmona (Sevilla)
(37°24°07”N, 05°35°10”W) and an Entisol loam soil
(Bypical Xerufluvent) at the ‘Alameda del Obispo’
experimental farm (hereafter Alameda) located in
Cordoba (37°51°42”°N, 04°48°00”W). Soil samples
were collected at 20 cm depth and analysed showing
that Tomejil soils have higher pH (7.9 vs. 7.61), organic
matter content (1.67 vs. 1.15 %), P (Olsen) (24 vs. 12.2
ppm) and K (634 vs. 289 ppm) than those at Alameda.
Mean monthly temperature and rainfall were monitored
by the Weather Station located in situ at each location
(Fig. 1), being obtained the mean daily temperature by
averaging minimum and maximum air temperatures.
Cumulative rainfall during the 3-year study in addition
to the cumulative 10-year average rainfall from October
to June was included. The highest rainfall amounts were
recorded in year 2 (784 mm and 636 mm in Alameda
and Tomejil, respectively) and the lowest values in
year 1 (283 mm and 220 mm, respectively). The year
3 showed intermediate values (443 mm and 374 mm)
without significant differences with the 10-year average
rainfall (613 mm and 519 mm).

Species studied were narbon bean (Vicia narbonensis
L., an inbreed line from the IFAPA Germplasm
Collection) and black oat (4Avena strigosa cv. Saia)
besides the traditional common vetch (Vicia sativa cv.
Vaguada)-common oat (Avena sativa cv. Chimene)
used as control mixture. Narbon bean: black oat seeding
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Figure 1. Mean monthly temperature and rainfall in addition to total rainfall during all the growing seasons and the
cumulative 10-year average rainfall from October to June. Only significant differences between years are shown as
different small letters within each monthly temperature per column and different capital letters within each monthly and

cumulative rainfall per column (Tukey’s, p< 0.05).

ratios were 100:0 (D1), 65:35 (D2), 50:50 (D3), 35:65
(D4) and 0:100 (DS5). They were established creating
a proportional mixture according to the most common
seeding rates of the pure stands of each species in the
area and increasing and/or decreasing respectably in 35,
50 and 65 %. Seeding rates for each treatment are given
in Table 1. Common vetch: common oat seeding ratio

was 65:35 (C) based on the traditional sowing rate in
the study area. The experimental layout consisted of a
randomized complete block design with six treatments
and four replicates. The total number of elementary
plots was 24 with a size of 24 m? (2 m x 12 m).

The previous crop was durum wheat harvested in
mid-June each growing season except the year 1 when

Table 1. Seeding rates and 1000 seed weight for pure stands and mixtures in each

legume-grass seeding ratio treatment.

Seeding rates (kg/ha)
Species D1 D2 D3 D4 D5 Species C
100:0 65:35  50:50  35:65 0:100 65:35
V. narbonensis 140 91 70 49 0 V. sativa 91
A. strigosa 0 24.5 35 45.5 70 A. sativa 49
1000 seed weight (g)
V. narbonensis 226.5 V. sativa 72.70
A. strigosa 19.43 A. sativa 25.25
Seeding rates (seeds/m?)
V. narbonensis 61 40 30 21 0 V. sativa 125
A. strigosa 0 126 180 234 360 A. sativa 194
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a fallow land preceded the trial in Alameda. Before
sowing, the land was ploughed and harrowed, and the
seedbed was prepared with a vibro-cultivator pass. All
plots were hand sowed in 10 lines spacing 200 mm
and the seed uniformly distributed by qualified staff.
Soil was not fertilized and weeds were controlled
by hoeing. Sowings were performed after the first
autumn rains on mid-November in 2011 and 2012
and early November in 2013 in both locations.

Assessments

Plant density and ground cover were evaluated
for each component of the mixtures separately.
Plant density was estimated counting the established
plants in each seeding rate treatment 22 and 32 days
after sowing (DAS) in 12 randomly selected 0.1
m? area of each plot during the three years. Plants
with the first pair of true leaves were considered
established plants. Plant ground coverage was
determined photographically based on the
methodology described by Laflen et al. (1981).
Five random photographs per plot were taken with a
camera at the height of 1.5 m above the frame during
5 dates from January to April over the cover (from
60-65, 85-90, 105-115, 130-135 to 145-160 DAS).
Total percentage ground cover was determined by
counting the different species coverage in each
treatment using a digital grid with 100 crossing
points. The template points coinciding with green
parts of each species came to their percent coverage
in each photo.

Phenological events for species were determined
based on the maximum and minimum daily
temperatures to calculate growing degree days
(GDD) with a 0°C baseline temperature for narbon
bean (Mwanamwenge et al., 1999) and black oat
(Bauer ef al., 1984) and based on the BBCH scale
(Lancashire et al., 1991) of faba bean and cereals.

Dry matter (DM) yield for the different mixed
treatments was also assessed at the time of
harvesting. All plants were harvested on the same
day in mid-April each year, on the closest stage
to the optimum phenological development in both
species according to Muslera & Ratera (1991), at
the flat pods stage for legumes (71-78 stage in the
BBCH-scale) and early milk stage for grasses (71-
73 stage). Two biomass samples were randomly
collected from a 0.5 m? area of each plot by cutting
at 5-7 cm above ground level with a sickle. Species
were separated by hand, and the weight after drying
for 48 h in a forced air oven at 70 °C was determined.

The effect of competition between the two
species used in the mixture was calculated using the
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competition ratio (CR) which indicates the degree
to which one species competes with the other in an
intercrop. The CR is calculated according to the
following formula (Lithourgidis et al., 2011):

7 s
CR L Inbeam’/} nbean Zbaan'
nbean — Y, /Y 7
boari | + boar nbeant

CRb _( Ybaan’/Ybam ] (aneam]

o I’Hbeam/}rﬂbean Zbamf
where Y and Y,  are the yields of narbon bean
and black oat, respectively, as monocrops and Y
and Y, . are the yields of the species as intercrops.
Z . ...and Z - are the sown proportion of intercropped
narbon bean and oat respectively.

For determining the forage quality, 50 g from the
oven-dried samples were used for the control and
mixed treatments. Crude protein (CP) content and CP
yield according to AOAC (1990) were determined.
Besides, the study included acid-detergent fibre (ADF)
and neutral-detergent fibre (NDF) values according to
Goering & Van Soest (1970) and digestible dry matter
(DDM) content according to the Tilley & Terry method
modified by Alexander & McGowan (1966).

Statistical analysis was done by combined analysis
of variance (McIntosh, 1983). The comparison of mean
values was estimated using a randomized complete
block experimental design for each dependent measured
variable influenced by the treatments (fixed factor) at
the two field locations and the three years (random
factors). The fixed factor ‘treatment’ represented the
different crop mixtures (D1, D2, D3, D4, D5 and C).
The random factors ‘location’ and ‘year’ represented
the effect of the environmental variables ‘geographical
location and soil features’ (Alameda and Tomejil) and
‘rainfall and temperature each year’ (year 1, 2 and 3).
Differences between treatments were submitted to
contrast analysis. The overall variance was partitioned
by orthogonal contrasts to assess differences between
pure stands-intercrops treatments and between control-
mixed treatments. Contrast coefficients are shown in
each row of Table 2. Differences between means were
compared using the Tukey test at the 0.05 probability
test including in the STATISTIX 9 program.

Results

Effect of environmental conditions

Statistical analysis showed an interaction between
the factors year and location in all variables evaluated,
except for Avena plant density and the DDM that all
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Table 2. Application of orthogonal constrasts to the forage mixtures experiment.

Treatment
Contrast D1 D2 D3 D4 D5 C
100:0 65:35  50:50 35:65 0:100 65:35
Pure A. strigosa vs. Narbon bean-black oat mixtures 0 -1 -1 -1 3 0
Pure V. narbonensis vs. Narbon bean-black oat mixtures 3 -1 -1 -1 0 0
Control vs. Narbon bean-black oat mixtures 0 -1 -1 -1 0 3

Table 3. Summary of ANOVAs for testing the effect of treatments, year, location and interactions
between factors on the different variables evaluated.

Variables Treatments' (TR) Year? (Y) Location® (L) TRxY TR x L YxL

evaluated F
Plant density

Vicia 20.20%**4 3.79% 13.87%* 0.10 n.s. 0.66 n.s. 12.81%**

Avena 35.53*** 364.35%** 52.40%** 8.28%** 0.64 n.s. 2.20 n.s.
Ground cover

Vicia 70.62%** 367.84%%*%  102.78** 1.76 n.s. 1.24 n.s. 119.44%**

Avena 10.59%** 155.81%** 122.01%%** 0.23 n.s. 0.16 n.s. 60.44%**
CR

Vicia 1.14 n.s. 10.79%** 11.69%* 0.74 n.s. 1.14 n.s. 37.86%**

Avena 0.47 n.s. 10.79%** 1.75 n.s. 0.44 n.s. 0.85 n.s. 4.39%
DM yield 0.69 n.s. 141.61%** 185.90%** 2.68 n.s. 0.32 n.s. 155.76%*%*
CP content 59.91%** 20.64%** 0.27 n.s. 8.08%** 1.22 n.s. 18.56%**
CP yield 3.14 n.s. 35.26%** 125.54%%%* 1.52 n.s. 0.50 n.s. 141.85%**
ADF 1.69 n.s. 427.69%%* 43.10%** 0.70 n.s. 0.02 n.s. 29.64%***
NDF 5.14%* 175.84%*%* 23.95%*%* 1.23 n.s. 0.11 ns. 13.89%**
DDM 7.39% 248.57*** 20.88*** 0.73 n.s. 0.05 n.s. 1.49 n.s.

ITreatments: D1, D2, D3, D4, D5, C. % Year: year 1 (2011/2012), year 2 (2012/2013), year 3 (2013/2014). 3 Loca-
tion: Tomejil, Alameda. 4 p <0.05*, p <0.01**, p <0.001*** n.s.: not significant

years showed the highest values in Alameda and
Tomejil, respectively (Table 3). However, there was
no interaction between treatments-year or treatments-
location for any variable (except for Avena plant
density and CP content that showed treatments-year
interaction). The results have been represented by each
factor (year, location and treatment) separately in the
tables and figures.

Study of species interaction in the mixture

The success of the mixture installation depended on
the success of each species separately, which varied in
relation to the narbon bean or black oat proportion in
the mixture and the weather conditions in each location
(Fig. 2). Vicia plant density results indicated the highest
values in Alameda year 2 (ranged from 17 to 25 % higher)
and more similar results every year in Tomejil. However,
Avena plant density showed the highest values the year 1
(about 56-82 and 79-89 % higher in Alameda and Tomejil,
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respectively). Vicia plant density values of C were greater
than those in the proposed mixture treatments all years and
locations. However, Avena plant densities for D4 and D3
were higher or similar to C in most of the cases.

The temporal evolution of the ground coverage sole
crops registered the highest values compared to the mixed
treatments, with significant differences on most of the
sampling dates (Fig. 3). Results for year 1 showed that
ground coverage of narbon bean-mixtures decreased
(6 % in Alameda and 3 % in Tomejil) from the 50
stage in Alameda and an early 30 stage (after 796 GDD
accumulated) in Tomejil. Meanwhile, black oat increased
(38-57 % in Alameda and 21 % in Tomejil) coinciding
with an extended late winter-early spring drought (5.8
and 12.8 mm accumulated from February to March,
respectively). By contrast, the narbon bean ground cover
increased as black oat mixes scarcely evolved from the
35-39 stage (995-1076 GDD) during the year 2 in both
locations. It was probably due to the high rainfall recorded
from February to March (354 and 239 mm in Alameda and
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Tomejil, respectively). A similar trend occurred the year
3 in Alameda, with 139 mm recorded from February to
March. During year 3 in Tomejil (374 mm accumulated),
both species registered the highest growth stages of the
study period at the time of harvest (73 black oat stage and
75 narbon bean stage with 1700 GDD). The lowest growth
stage at both locations occurred the year 1 (219-283 mm)
for narbon bean (71 stage with 1479-1555 GDD) and the
year 2 (636-784 mm) for black oat (69-70 stage with 1529-
1633 GDD). Narbon bean species grown at D2 and D3
and black oat species at D4 showed the lower decrease
compared to their pure stands in all case studies.

Forage yield and quality

All narbon bean-black oat intercrops resulted in
intermediate DM yields between pure stands each year
and location except for the year 3 when D2 and D3 in
Alameda and D4 in Tomejil produced the highest DM
yield (Table 4). Moreover, intercropping treatments
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were not affected by seeding ratio. Differences with C
were only shown in Alameda the year 1 and 3, with the
highest DM yields produced by D4 the first year and
D2-D3 the third one.

Competition ratio results of both narbon bean and
black oat species showed no significant differences
between the seeding ratio treatments neither location
nor year (Table 5). The CR was lower than unity in all
the intercropped narbon bean cases except for year 2 in
Alameda and year 3 in Tomejil. Conversely, CR for the
intercropped black oat was significantly greater than
unity in all cases except for Alameda the year 2 and
Tomejil the year 3.

Crude protein content results showed that all mixed
forages were enhanced by increasing the proportion
of legume seeding ratio (Table 4). Mixed treatments
were not affected by seeding ratio the year 1 and
year 2, and this second year there were no significant
differences with sole legume (D1) (from 142 to 167
g/kg of DM in Alameda and 110-139 g/kg of DM in
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ues of the component species in mixture (D2, D3, D4) compared with pure stands (D1 and D5) in both locations all the
growing seasons. Temporal scale was expressed as the growing degree days (GDD) accumulated in five different dates
(60-65, 85-90, 105-115, 130-135 and 145-160 DAS) with the last interval corresponding to the harvest time. The pheno-
logical growth stage was based on the BBCH-scale for faba bean and cereals (1, leaf development; 2, side shoots/tillering;
3, stem elongation; 5, inflorescence emergence; 6, flowering; 7, development of fruit). Differences between treatments
were determined by contrasts. Only significant differences are shown: * p <0.05, ** p <0.01 and *** p <0.001.
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Table 4. Dry matter (DM) yield (kg/ha), crude protein (CP) content (g/kg of DM) and CP yield (kg/ha) of the different

treatments during 2011/2012, 2012/2013 and 2013/2014 in Alameda and Tomejil.

Legume- 2011/2012 2012/2013 2013/2014
oat seeiding DM yield g/kg of cp DM yield g/kg of cp DM yield g/kg of cp
ratio (kg/ha) DM kg/ha (kg/ha) DM kg/ha (kg/ha) DM kg/ha

Alameda

100:0 (D1) 5003 b! 158 a 793 a 5870 a 167 a 981 a 2849a 108 a 313 a

65:35 (D2) 8668 aA? 89 bAB 766 aA 4549 aA 158 aA 716 aA 3020aA 88abA 261 abA

50:50 (D3) 9452 aA 74 beB 700 aA 4430 aA 148 aA 667 aA 2941aA 82 abcA 247 abA

35:65 (D4) 10385aA 77 bcB 807 aA 4374 aA 142 aA 614aA  2461aAB 79 bcA 187 abA

0:100 (D5) 11279 a 68 ¢ 766 a 1639b 55b 90 b 1693a 61 cA 99 b

65:35 (C) 5724 B 119A 686 A 5354 A 157 A 838 A 1296B 105 A 145 A
Tomejil

100:0 (D1) 1807 b 149 a 278 a 1892 a 139a 347 a 4153 a 133 a 572 a

65:35 (D2) 2928 abA 95 bB 282aAB 929 abA 121aA 113 abA 4696 aA 122abA 573 aA

50:50 (D3) 3343 abA 99bAB 320aAB  1407abA 122 aA 179 aA 4046 aA 124 aA 499 aAB

35:65 (D4) 3476 abA 79 bB 272 aB 556 abA 110 aA 61 abA 4753 aA 108 abA 496 aAB

0:100 (D5) 4436 a 75b 328 a 193 b 50b 10b 3742 a 81b 293 a

65:35 (C) 3884 A 128 A 496 A 707 A 125 A 89 A 3419 A 109 A 363 B

! Different small letters within each location per column indicate that the differences between narbon bean:black oat mixtures-pure
stands were statistically significant (Tukey’s, p< 0.05). 2 Different capital letters within each location per column indicate that the

differences between narbon bean:black oat mixtures-control were statistically significant (Tukey’s, p< 0.05).

Tomejil). During the year 3, the highest CP contents
were produced by D2 in Alameda (88 g/kg of DM)
and D3 and D1 in Tomejil (124 and 133 g/kg of DM,
respectively), without significant differences between
them. Differences between C and intercrops were only
shown during the year 1. C registered the highest CP
contents (119 g/kg of DM in Alameda and 128 g/kg
of DM in Tomejil), but with a lower difference with
D2 in Alameda (89 g/kg of DM) and D3 in Tomejil
(99 g/kg of DM). Following the same previous
trend, the CP yield improved as narbon bean seeding

proportion increased (Table 4). All mixed treatments
showed similar values to pure narbon bean. Significant
differences were only found in Tomejil the year 2 (D1
got 347 kg/ha vs. 61 and 179 kg/ha of D4 and D3,
respectively) and in Alameda the year 3 (D1 produced
313 kg/ha against 187-261 kg/ha of the mixtures).
Significant differences between intercrops and C
were only noted in Tomejil the years 1 (C achieved
496 kg/ha vs. 282 and 320 kg/ha of D2 and D3) and
year 3 (when intercrops reached 496-573 kg/ha and C
showed 363 kg/ha).

Table 5. Competition ratio (CR) index for narbon bean: black oat mixtures in three seeding
ratios (65:35, 50:50 and 35:65) during 2011/2012, 2012/2013 and 2013/2014 in Alameda

and Tomejil.

Seeding 2011/2012 2012/2013 2013/2014

ratio CR e CR,,, CR,,... CR,,, CR,un CR,,,
Alameda

65:35 (D2) 0.20 a! 577 a 2.28a 0.51a 0.38a 1.64 a

50:50 (D3) 0.17a 896 a 1.80 a 0.61a 034a 2.87a

35:65 (D4) 0.16 a 7.69 a 238a 043 a 0.69 a 148 a
Tomejil

65:35 (D2) 026 a 693 a 036a 293a 1.15a 0.71 a

50:50 (D3) 0.22a 6.17 a 0.57a 231a 1.66 a 0.69 a

35:65 (D4) 0.09 a 895a 0.88 a 1.59a 1.60 a 0.56 a

'Different small letters within each location per column indicate that the differences between mixtures
were statistically significant (Tukey’s, p< 0.05)
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Table 6. Acid-detergent fibre (ADF) (g/kg of DM), neutral-detergent fibre (NDF) (g/kg of DM) and digestible dry
matter (DDM) (g/kg of DM) of mixed stands and control treatments during 2011/2012, 2012/2013 and 2013/2014

in Alameda and Tomejil.

Seeding 2011/2012 2012/2013 2013/2014

ratio ADF NDF DDM ADF NDF DDM ADF NDF DDM
Alameda

65:35 (D2) 298 a 485 a 746 ab 400 ab 498 a 602 a 397 a 604 a 559b

50:50 (D3) 297 a 507 a 743 ab 361 b 491 a 640 a 401 a 610 a 546 b

35:65 (D4) 319a 534a 720 b 377 ab 478 a 634 a 385a 593 ab 577b

65:35 (C) 228 b 384 b 831 a 412 a 514 a 639 a 368 a 529b 668a
Tomejil

65:35 (D2) 241 a 440 a 772 b 353 a 526a 645 ab 415a 552 ab 573 b

50:50 (D3) 228 ab 438 a 812 a 346 a 510a 653 ab 420 a 566 a 578 b

35:65 (D4) 220 b 434 a 821 a 372a 508 a 627b 411 a 569 a 586 b

65:35 (C) 217b 393 b 819a 333 a 480 a 708 a 368 b 508 b 700 a

Different small letters within each location per column indicate that the differences between mixtures-control were statistically

significant (Tukey’s, p< 0.05)

The ADF values (Table 6) displayed significant
differences between mixing ratios in Alameda during
year 2 and Tomejil the year 1, with the lowest ADF
contents produced by D3 and D4 (361 and 220 g/kg
of DM, respectively). However, C showed lower ADF
values in absolute terms all locations and years, although
significant differences were only noticed in Alameda the
year 1 and Tomejil the years 1 and 3. NDF contents for
intercrops were not affected by seeding ratio, except
for year 3 when D4 in Alameda (593 g/kg of DM) and
D2 in Tomejil (552 g/kg of DM) showed the lowest
values. Nevertheless, C showed lower NDF values than
intercropping treatments the years 1 and 3. The highest
DDM contents were shown by C all locations and years,
except for D4 in Tomejil the year 1 (821 g/kg of DM)
and D2 in Alameda the year 2 (640 g/kg of DM), which
registered the highest values.

Discussion

The study of the species and their interaction in the
mixture disclosed that it is possible to get a balanced
forage mixture with narbon bean and black oat in rainfed
Mediterranean conditions. However, the variables
studied in order to characterize the intercropped narbon
bean and black oat species (plant density and ground
cover evolution) displayed the importance of the 'year'
effect on the establishment and development of the
species in mixture, such as was previously reported
by Gierus et al. (2012). Although variation due to year
was expected, differences of rainfall recorded were
so different over the three experimental years that
a negative influence of the drier year 1 for legumes
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and the wet year 2 for grasses was verified. Narbon
bean plants were affected by drought conditions
(<300 mm) and winter frost period registered from
the stem elongation/inflorescence emergence stage,
as also occurred in white clover-mixtures studied by
Annicchiarico & Tomasoni (2010). Conversely, black
oat showed lower development and growth during year
2, when total rainfall values were significantly higher
than the 10-year average (784 mm and 636 mm in
Alameda and Tomejil, respectively). The amount of
rainfall accumulated, especially in November, February
and March led to waterlogging during critical growth
stage period as emergence, heading and flowering
which reduced root growth and penetration and
therefore production of tillers and fertile heads as was
also reported by Watson et al. (1976). Taken together
to the highest water retention capacity of the Vertisol
clay soil, the decrease of oats plant density in Tomejil
was high due to the adverse effects of excess moisture,
as was previously reported by Urban et al. (2015).
However, total rainfall amounts the year 3 (443 mm
and 374 mm in Alameda and Tomejil, respectively)
were statistically similar to the 10-year average rainfall.
Both species showed a positive ground cover evolution
accompanied by the highest phenological growth stage
at the time of harvest and an accumulation of 1700
GDD, which was similar to the requirements showed
by Mwanamwenge ef al. (1999) in other Mediterranean
climate zones.

Besides the ‘year’ effect, our results also showed
the ‘seeding ratio’ important effect on the final mixture
due to the individual species growth and the interaction
between them (Caballero er al.,, 1995; Lithourgidis
et al., 2006). In spite of the highest plant density and
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ground coverage reached by sole cropping treatments,
the 65:35 and 50:50 seeding ratios showed the most
similar trend to pure stand for the intercropped narbon
bean. Moreover, the 50:50 and 35:65 displayed the
greatest establishment and growth for black oat in
mixture, without significant differences with the
control during year 2 (even higher) and year 3. Our
results also highlighted that a lower seeding rate and
plant density of the proposed mixture compared to the
control produced similar forage yield. This fact implies
lower installation costs for farmers and an additional
advantage of this mixture to include in the cropping
systems since the economic feasibility of intercropping
systems is ultimately determined by their monetary
benefits, as was pointed out by Lithourgidis et al
(2011).

The absence of significant differences in CR in both
components in the mixed treatments also evidenced
their suitability to grass-legume mixture binary forage.
The CR, , was significantly higher than unity, showing
the greatest competitive ability of black oat to exploit
resources in association with narbon bean in all the
case studies (Lithourgidis et al., 2011) except year 2
in Alameda and year 3 in Tomejil, when CR  _ was
higher than unity in all intercrops. In all other cases,
CR results for both species were positive but lower than
unity, indicating that there was a positive benefit and
these species can be grown in an intercrop (Dhima et
al., 2013). Indeed, all different narbon bean-black oat
mixtures (D2, D3 and D4) showed good DM yields
with similar or higher values than control mixture.

However, the fact that the species in the mixture
displayed a different behaviour influenced by the
weather conditions each study year, affected not only
their growth and development, but also to subsequent
forage yield and quality production (Caballero et al.,
1995). The different mixtures reached DM yields
between black oat and narbon bean pure stands
although similar to black oat in monoculture during
year 1 when the weather conditions favoured the
oats growth (Vandermeer, 1984). In contrast, during
the year 2 with the highest rainfall occurring from
the emergence to the flowering black oat stage, the
intercrops DM yields were similar to narbon bean sole
crop, especially noteworthy in Alameda. However,
the intercropping system improved black oat yields
the year 3 and year 2, increasing the DM yields from
20-44 % to 62-79 %, respectively, and this latter range
displayed significant differences with the sole grass,
as was reported by Dhima et al. (2013). The greatest
DM yields for the intercropping narbon bean-black oat
were provided by 35:65 in both locations during the
drier year 1, by 65:35 the other study years in Alameda
and by 50:50 and 35:65 in Tomejil. These average DM
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yields produced by the new mixture proposed were
the highest in absolute terms. This fact could provide
greater monetary advantages if farmers decide to
cultivate intercropping systems, as were previously
reported by Lithourgidis ez al. (2011).

Regarding forage quality, increasing on-farm
protein production it is also desirable to achieve more
economically feasible farming systems (Sadeghpour et
al.,2014). The CP content is often considered as the most
important component of forage quality (Lithourgidis et
al., 2007; Cazzato et al., 2012), and CP yield (based on
forage CP content and total DM produced) is a valuable
measure of the total protein that can be harvested for
livestock enterprises (Caballero et al., 1995; Cazzato et
al., 2013). Our results showed that CP values enhanced
with the seeding proportion of narbon bean in the
intercrops (Sadeghpour et al., 2014). The greatest CP
contents were reached by the narbon bean sole crops
but existing mixed treatments with similar CP values
the year 2 (all mixed treatments in both locations) and
year 3 (50:50 seeding ratio in Tomejil). In addition, CP
contents achieved by 65:35 in Alameda the year 2 and
by 50:50 in Tomejil the year 3 were higher than control
mixture in absolute terms. Previous studies reported
the highest CP content recorded when the legume was
grown as a sole crop or formed a high proportion in
intercrops with grasses (Lithourgidis et al, 2007,
Dhima et al., 2013). Moreover, our findings showed
that 65:35 and 50:50 achieved CP contents ranged from
80 to 160 g/kg of DM all years and locations, which
comply with the CP content requirement for good
quality forage content (Leng, 1990). The total CP yields
observed in narbon bean-black oat intercrops resulted
in intermediate values between monocrops, without
significant differences between intercrops, except for
CP yield produced the year 2 in Tomejil and year 3 in
Alameda due to their lower DM forage yield which is
based for measurement (Dhima et al., 2013). Similar
results without significant differences in CP yield were
reported by Lithourgidis et al. (2011) for faba bean-oat
intercrops in Greece. Nonetheless, 65:35 in Alameda
and 50:50 in Tomejil gave the more analogous results all
the years, that is, the mixing ratios with higher legume
proportion in the mixture, as was reported in many
other studies and constitutes the reason for including
vetches in an intercropping system (Lithourgidis et al.,
2006; Sadeghpour et al., 2014).

Importantcriteria forevaluating forage quality arealso
ADF and NDF, being ADF a better efficient predictor of
forage digestibility (Caballero et al., 1995; Lithourgidis
et al., 2007; Corleto et al., 2009; Sadeghpour et al.,
2014). In fact, as the ADF percentage decrease, quality
and digestibility of forage usually increase. Our results
showed all the ADF values (ranging from220to 419 g/kg
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of DM) were in agreement with the high quality forage
levels (Van Saun, 2015). In addition, ADF contents at
50:50 in Alameda and 35:65 in Tomejil were lower or
similar, respectively, in some cases to those obtained
by the control, all of them values consistent with those
presented in previous studies for Southern Europe
(Caballero et al., 1995; Lithourgidis et al., 2007). On
the other hand, the NDF content is a good measure of
voluntary intake of the feed and it is inversely related
to its digestibility or energy density (Sayar et al., 2014).
All NDF values obtained ranged between 485-600 g/kg
of DM, forming reasonably good quality forage. The
lowest NDF levels were found at 35:65 in almost all the
cases, without significant differences with the control
treatment the year 2. Lithourgidis ez al. (2006) reported
similar results, decreasing % NDF ratio while vetch
ratio declined in a mixture. Finally, high DDM contents
are required by ruminants to digest the greatest portion
of the dry matter in a feed intake (Van Saun, 2015).
The highest DDM contents were found at 50:50 during
the rainiest year 2 (639-652 g/kg of DM). Meanwhile,
the control mixture showed the highest values during
the years 1 and year 3, quite similar to the digestibility
levels described by Caballero et al. (1995) but closely
followed by 35:65 (from 577 to 821 g/kg of DM) in
both locations.

In summary, the study of narbon bean and black
oat species at different seeding ratios showed good
ground cover evolution and adequate phenological
growth according to the GDD accumulation despite the
influence of environmental fluctuations. Plant density
for the intercropped narbon bean and black oat species
was lower than sole cropping and control mixture, but
the CR ofall intercrops did not show differences between
mixed treatments and both species in monoculture. It
confirms that both species despite becoming dominant
under different environmental conditions can be grown
successfully as an intercrop. Furthermore, narbon bean-
black oat mixtures reached higher DM yields and CP
yield than common vetch / common oat traditional
mixture and all quality traits (CP content, ADF, NDF
and DDM) complied with the high-quality forage
requirements. Higher dry matter yields and similar
quality values than control mixture were displayed at
35:65 with the scarcity of rain and 65:35 and 50:50
with increased rainfall recorded in loamy and clay
soils, respectively. The fact that it is possible to form a
balanced mixture between narbon bean-black oat and to
get a forage of high quality, jointly to their adaptation
capacity at different soil and rainfall conditions, makes
the mixture V. narbonensis- A.strigosa an economically
and environmentally promising option to be considered
as a forage mixture for livestock diets in Mediterranean
environments. Moreover, it is a viable rotation crop
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alternative to be implemented by farmers in the CAP
greening framework for all Southern Europe countries.
In order to improve the emergence and subsequent
development of both species, especially in difficult
environmental conditions (poor and waterlogging soils,
frosty periods or drought), further research should be
focused on studying the water balance and N role in
the intercropping system. Under rainfed Mediterranean
conditions, it would be useful to define the water
use efficiency for the studied mixture as well as to
determine the seeding ratio that maximizes the N,
atmospheric fixation for improving forage production
and the residual N resource for subsequent crops in
low-inputs cropping systems.

Acknowledgements

The authors are grateful to PhD Salvador Nadal
for the narbon bean seeds used in these trials and to
the field staff from Cordoba and Sevilla for technical
assistance in the trials.

References

RH, McGowan M, 1966. The routine
determination of in vitro digestibility of organic matter
in forages. J Br Grassl Soc 21: 140-147. https://doi.
org/10.1111/j.1365-2494.1966.tb00462.x

Alizadeh K, Da Silva JAT, 2013. Mixed cropping of annual
feed legumes with barley improves feed quantity and
crude protein content under dry-land conditions. Maejo
Int J Sci Technol 7: 42-47.

Annicchiarico P, Tomasoni C, 2010. Optimizing legume
content and forage yield of mown white clover-Italian
ryegrass mixtures through nitrogen fertilization and grass
row spacing. Grass Forage Sci 65: 220-226. https://doi.
org/10.1111/j.1365-2494.2010.00740.x

AOAC, 1990. Protein (Crude) determination in animal
feed: copper catalyst Kjeldahl method (984.13). Official
methods of analysis. Association of Official Analytical
Chemists, 15th ed. Washington, USA.

Bauer A, Frank AB, Black AL, 1984. Estimation of spring
wheat leaf growth rates and anthesis from air tempera-
ture. Agron J 76: 829-835. https://doi.org/10.2134/agron-
j1984.00021962007600050027x

Caballero R, Goicoechea E, Hernaiz P, 1995. Forage yields and
quality of common vetch and oat sown at varying seeding
ratios and seeding rates of vetch. Field Crop Res 41: 135-
140. https://doi.org/10.1016/0378-4290(94)00114-R

Cazzato E, Laudadio V, Tufarelli V, 2012. Effects of harvest
period, nitrogen fertilization and mycorrhizal fungus
inoculation on triticale (x Triticosecale Wittmack) forage

Alexander

December 2017 ¢ Volume 15 « Issue 4 ¢ €0905


https://doi.org/10.1111/j.1365-2494.1966.tb00462.x
https://doi.org/10.1111/j.1365-2494.1966.tb00462.x
https://doi.org/10.1111/j.1365-2494.2010.00740.x
https://doi.org/10.1111/j.1365-2494.2010.00740.x
https://doi.org/10.2134/agronj1984.00021962007600050027x
https://doi.org/10.2134/agronj1984.00021962007600050027x
https://doi.org/10.1016/0378-4290(94)00114-R

12 Veronica Pedraza, Francisco Perea, Milagros Saavedra, Mariano Fuentes and Cristina Alcantara

yield and quality. Renew Agric Food Syst 27: 278-286.
https://doi.org/10.1017/S1742170511000482

Cazzato E, Tufarelli V, Laudadio V, Stellacci AM, Selvaggi
M, Leoni B, Troccoli C, 2013. Forage yield and quality of
emmer (Triticum dicoccum Schubler) and spelt (Triticum
spelta L.) as affected by harvest period and nitrogen
fertilization. Acta Agric Scand Sect B-Soil Plant Sci 63:
571-578.

Corleto A, Cazzato E, Ventricelli P, Cosentino SL, Gresta
F, Testa G, Maiorana M, Fornaro F, De Giorgio D, 2009.
Performance of perennial tropical grasses in different
Mediterranean environments in southern Italy. Trop Grassl
43:129-138.

Dhima KV, Vasilakoglou IB, Keco RX, Dima AK, Paschalidis
KA, Gatsis TD, 2013. Forage yield and competition indices
of faba bean intercropped with oat. Grass Forage Sci 69:
376-383. https://doi.org/10.1111/gfs. 12084

Durutan N, Meyveci K, Karaca M, Avci M, Eyuboglu H, 1990.
Annual cropping under dryland conditions in Turkey: a
case study. In: The role of legumes in the farming systems
of the Mediterranean areas, developments in plant and soil
sciences; Osman AE, Tbrahim MH, Jones MA (eds.). pp:
239-255. Kluwer Acad, Dordrecht, Netherlands. https://doi.
org/10.1007/978-94-009-1019-5 20

Eurostat, 2015. Arable crops: number of farms and areas
of different arable crops by agricultural size of farm and
size of arable area. European Official Statistics. European
Union. 14 June 2016. http://ec.europa.eu/eurostat/web/
products-datasets/-/ef _alarableaa

Flower KC, Cordingley N, Ward PR, Weeks C, 2012. Nitrogen,
weed management and economics with cover crops in
conservation agriculture in a Mediterranean climate.
Field Crop Res 132: 63-75. https://doi.org/10.1016/j.
fcr.2011.09.011

Gierus M, Kleen J, Loges R, Taube F, 2012. Forage legume
species determine the nutritional quality of binary mixtures
with perennial ryegrass in the first production year. Anim
Feed Sci Technol 172: 150-161. https://doi.org/10.1016/].
anifeedsci.2011.12.026

Gil J, Martin L, Cubero J, 1987. Genetics of resistance in Vicia
sativa L. to Orobanche crenata Forsk. Plant Breed 99: 134-
143. https://doi.org/10.1111/j.1439-0523.1987.tb01162.x

Goering H, Van Soest PJ, 1970. Forage fiber analysis
(apparatus, reagents, procedures and some applications).
Agriculture Handbook No. 379, Washington, USA. 20 pp.

Hashemi M, Farsad A, Sadeghpour A, Weis SA, Herbert SJ,
2013. Cover crop seeding date influence on fall nitrogen
recovery. J Plant Nutr Soil Sci 176: 69-75. https://doi.
org/10.1002/jpIn.201200062

Jacques S, Dixon RM, Holmes JHG, 1994. Narbon beans and
field pea supplements for sheep. Small Rumin Res 15: 39-
43. https://doi.org/10.1016/0921-4488(94)90057-4

Laflen J, Amemiya M, Hintz E, 1981. Measuring crop residue
cover. J Soil Water Conserv 36: 341-343.

Spanish Journal of Agricultural Research

Lancashire P, Bleiholder H, Vandenboom T, Langeluddeke
P, Stauss R, Weber E, Witzenberger A, 1991. An
uniform decimal code for growth-stages of crops
and weeds. Ann Appl Biol 119: 561-601. https:/doi.
org/10.1111/j.1744-7348.1991.tb04895.x

Leng RA, 1990. Factors affecting the utilization of 'Poor-
Quality' forages by ruminants particularly under tropical
conditions. Nutr Res Rev 3: 277-303. https:/doi.
org/10.1079/NRR 19900016

Lithourgidis AS, Vasilakoglou IB, Dhima KV, Dordas
CA, Yiakoulaki MD, 2006. Forage yield and quality of
common vetch mixtures with oat and triticale in two
seeding ratios. Field Crop Res 99: 106-113. https://doi.
org/10.1016/j.fcr.2006.03.008

Lithourgidis AS, Dhima KV, Vasilakoglou IB, Dordas CA,
Yiakoulaki MD, 2007. Sustainable production of barley
and wheat by intercropping common vetch. Agron Sustain
Dev 27: 95-99. https://doi.org/10.1051/agro:2006033

Lithourgidis AS, Vlachostergios DN, Dordas CA, Damalas
CA, 2011. Dry matter yield, nitrogen content, and
competition in pea-cereal intercropping systems.
Eur J Agron 34: 287-294. https://doi.org/10.1016/j.
¢ja.2011.02.007

Mc Intosh MS, 1983. Analysis of combined experiments.
Agron J 75: 153-155. https://doi.org/10.2134/agron-
j1983.00021962007500010041x

Muslera E, Ratera C, 1991. Praderas y forrajes : produccion
y aprovechamiento. Mundi-Prensa, Madrid. 674 pp.

Mwanamwenge J, Loss SP, Siddique KHM, Cocks PS, 1999.
Effect of water stress during floral initiation, flowering
and podding on the growth and yield of faba bean (Vicia
faba L.). Eur J Agron 11: 1-11. https://doi.org/10.1016/
S1161-0301(99)00003-9

Nadal S, Moreno MT, 2007. Behaviour of narbon bean (Vicia
narbonensis L.) under presence-absence of broomrape
(Orobanche crenata Forsk.) in rainfed agricultural
systems in southern Spain. J Sust Agric 30: 133-143.
https://doi.org/10.1300/J064v30n04 10

Reeves DW, Price AIMG, 2005. Evaluation of three winter
cereals for weed control in conservation-tillage non
transgenic cotton. Weed Technol 19: 731-736. https://doi.
org/10.1614/WT-04-245R1.1

Sadeghpour A, Jahanzad E, Lithourgidis AS, Hashemi
M, Esmaeili A, Hosseini MB, 2014. Forage yield and
quality of barley-annual medic intercrops in semi-arid
environments. Int J Plant Prod 8: 77-89.

Salgado P, Thang VQ, Thu TV, Trach NX, Cuong VC,
Lecomte P, Richard D, 2013. Oats (Avena strigosa) as
winter forage for dairy cows in Vietnam: an on-farm
study. Trop Anim Health Prod 45: 561-568. https://doi.
org/10.1007/s11250-012-0260-8

Santos NZ, Dieckow J, Bayer C, Molin R, Favaretto N,
Pauletti V, Piva JT, 2010. Forages, cover crops and
related shoot and root additions in no-till rotations to C

December 2017 ¢ Volume 15 « Issue 4 ¢ €0905


https://doi.org/10.1017/S1742170511000482
https://doi.org/10.1111/gfs.12084
https://doi.org/10.1007/978-94-009-1019-5_20
https://doi.org/10.1007/978-94-009-1019-5_20
http://ec.europa.eu/eurostat/web/products-datasets/-/ef_alarableaa
http://ec.europa.eu/eurostat/web/products-datasets/-/ef_alarableaa
https://doi.org/10.1016/j.fcr.2011.09.011
https://doi.org/10.1016/j.fcr.2011.09.011
https://doi.org/10.1016/j.anifeedsci.2011.12.026
https://doi.org/10.1016/j.anifeedsci.2011.12.026
https://doi.org/10.1111/j.1439-0523.1987.tb01162.x
https://doi.org/10.1002/jpln.201200062
https://doi.org/10.1002/jpln.201200062
https://doi.org/10.1016/0921-4488(94)90057-4
https://doi.org/10.1111/j.1744-7348.1991.tb04895.x
https://doi.org/10.1111/j.1744-7348.1991.tb04895.x
https://doi.org/10.1079/NRR19900016
https://doi.org/10.1079/NRR19900016
https://doi.org/10.1016/j.fcr.2006.03.008
https://doi.org/10.1016/j.fcr.2006.03.008
https://doi.org/10.1051/agro:2006033
https://doi.org/10.1016/j.eja.2011.02.007
https://doi.org/10.1016/j.eja.2011.02.007
https://doi.org/10.2134/agronj1983.00021962007500010041x
https://doi.org/10.2134/agronj1983.00021962007500010041x
https://doi.org/10.1016/S1161-0301(99)00003-9
https://doi.org/10.1016/S1161-0301(99)00003-9
https://doi.org/10.1300/J064v30n04_10
https://doi.org/10.1614/WT-04-245R1.1
https://doi.org/10.1614/WT-04-245R1.1
https://doi.org/10.1007/s11250-012-0260-8
https://doi.org/10.1007/s11250-012-0260-8

13 V. narbonensis-A. strigosa mixture, a viable crop

sequestration in a subtropical Ferralsol. Soil Till Res 111:
208-218. https://doi.org/10.1016/j.stil1.2010.10.006

Sayar MS, Han Y, Yolcu H, Yucel H, 2014. Yield and quality
traits of some perennial forages as both sole crops and
intercropping mixtures under irrigated conditions.
Turk J Field Crops 19: 59-65. https://doi.org/10.17557/
tjfc.88155

Umunna NN, Osuji PO, Khalill H, Nsahlai IV, Crosse S,
1995. Comparative feeding value of forages from two
cereal-legume based cropping systems for beef production
from crossbred (Bos taurus x Bos indicus) steers and
subsequent performance of underfed and realimented
steers. Anim Sci 61: 35-42. https://doi.org/10.1017/
S1357729800013497

Urban DW, Roberts MJ, Schlenker W, Lobell DB, 2015. The
effects of extremely wet planting conditions on maize and
soybean yields. Climatic Change 130: 247-260. https://
doi.org/10.1007/s10584-015-1362-x

Spanish Journal of Agricultural Research

van der Veen JPH, 1960. International development of
grazing and fodder resources. Grass Forage Sci 15:
137-144. https://doi.org/10.1111/j.1365-2494.1960.
tb00169.x

VanSaunR1J,2015. Determining forage quality: Understanding
feed analysis. College of Agricultural Sciences. Penn State
Extension, PA, USA. 16 Dec. http://extension.psu.edu/
animals/camelids/nutrition/determining-forage-quality-
understanding-feed-analysis

Vandermeer JH, 1984. The interpretation and design of
intercrop systems involving environmental modifications
by one of the components: a theoretical framework. Biol
Agric Hortic 2: 135-156. https://doi.org/10.1080/0144876
5.1984.9754424

Watson ER, Lapins P, Barron RJW, 1976. Effect of
waterlogging on the growth, grain and straw yield of
wheat, barley and oats. Aust J Exp Agric 16: 114-22.
https://doi.org/10.1071/EA9760114

December 2017 ¢ Volume 15 « Issue 4 ¢ €0905


https://doi.org/10.1016/j.still.2010.10.006
https://doi.org/10.17557/tjfc.88155
https://doi.org/10.17557/tjfc.88155
https://doi.org/10.1017/S1357729800013497
https://doi.org/10.1017/S1357729800013497
https://doi.org/10.1007/s10584-015-1362-x
https://doi.org/10.1007/s10584-015-1362-x
https://doi.org/10.1111/j.1365-2494.1960.tb00169.x
https://doi.org/10.1111/j.1365-2494.1960.tb00169.x
http://extension.psu.edu/animals/camelids/nutrition/determining-forage-quality-understanding-feed-an
http://extension.psu.edu/animals/camelids/nutrition/determining-forage-quality-understanding-feed-an
http://extension.psu.edu/animals/camelids/nutrition/determining-forage-quality-understanding-feed-an
https://doi.org/10.1080/01448765.1984.9754424
https://doi.org/10.1080/01448765.1984.9754424
https://doi.org/10.1071/EA9760114

