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Abstract

Understanding forage quality and the factors that affect its constituents will help improve livestock production by
making decisions that optimize forage nutritive value and intake. This investigation was conducted in Zagros semi-arid
rangeland center, Iran to determine forage quality of several grass and legume species. Samples were collected at early
bloom, from 5 m long and 0.10 m wide strips at a cutting height of 0.05 m. The samples were weighed for dry matter yield and
nutritive value measurements. Samples were dried and analyzed in the laboratory by standard methods to determine the
following parameters: nitrogen, crude protein (CP), ash, ether extract, neutral detergent fiber (NDF), acid detergent fiber
(ADF), digestible energy, dry matter digestibility (DMD), metabolizable energy, dry matter intake (DMI) and Relative Forage
Quality Index (RFQ,). Standard ANOVA procedures were used to analyze the data. Quality of forage species was classified
based on RFQ, similarity in Mosaic version 3.01 and PC-ORD environment software. There was a positive correlation
between CP, DMD, DMI and RFQ, for all species, and also a negative correlation between ADF, CP and RFQ.. The results of
statistical analysis show that, forage quality of species (Leguminoseae and Gramineae) were significantly different (P<0.05).
Species from gramineae showed significantly (P<0.05) higher ADF and NDF than leguminoseae species. At the stage of
sampling, gramineae had lower RFQ, than the legume family. The results of study showed the decision to practice grazing or
make hay or how to select the best hay available should be based on forage quality. A forage analysis is therefore important
to evaluate the nutritive value of the forage to be grazed or hay to be purchased or marketed. Knowing what affects forage
quality will also help in making appropriate selection of forages and supplements that will match livestock requirements and
result in economically optimum livestock performance.
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1. Introduction legume forage species is widely documented (Arzani et al.,

2004; Rhodes and Sharrow, 1990) but estimates on grazing

The extent of pastures in Iran is estimated at 90 million ~ capacity of pastures based on forage quality and nutritive

hectares, with a production of 10 million tons of dry forage  value are scant (Bruinenberg et al., 2002; Jouven et al.,
harvest per year (Arzani et al., 2007). Production of grassand ~ 2006a; Jouven ef al., 2006b; Tallowin and Jefferson, 1999)

Every pasture is a unique mixture of species differing

in forage quality, and this complexity makes it difficult to

* Corresponding author. characterize its nutritive value (Allison, 1985; Pinkerton,
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variation in livestock performance in pastures is expected to
be primarily a manifestation of variation in feed quality and
quantity (Cordova et al., 1978; Pavlu et al., 2006). Forage
quality assessment of pastures helps to explain nutritive
value and livestock grazing capacity (Arzani and Naseri,
2007; Baumont et al., 2008), which results from the combined
effects of environmental factors such as type of soil, water
availability, climate, altitude (Buxton and Fales, 1994; Buxton,
1996; Todorova et al., 2002), and management practices
(Blackstock et al., 1999; Cop et al., 2009; Ducourtieux and
Theau, 2008; Duru et al., 2009; Gaujour et al.,2012). To esti-
mate the actual carrying capacity of pastures, knowledge of
several factors including the phonological features of forage
plants and the quality of pastures forage plants is necessary.
Animal performance mainly depends on the quality of forage
available to livestock (Lazzarini et al., 2009; Woolley ef al.,
2009).

Forage quality is defined as the capacity of forage to
provide the required nutrients to livestock (Adesogan et al.,
2006; Muir ef al., 2007; Newman et al., 2006). The Forage
Committee (1992) defines forage as “edible parts of plants,
other than separated grain, that can provide feed for graz-
ing animals, or that can be harvested for feeding”. Deter-
mining the nutritional value of forages is important in
livestock nutrition, because effective livestock production is
related to the amount of nutrients in the forage (Schut et al.,
2010). Total digestible nutrient (TDN), crude protein (CP) and
metabolism energy (ME) are often used as indicators of
forage quality (Pinkerton, 2005; White and Wight, 1984).
France (2000) noted that the nutritional value of forage
depends on the amount of proteins and digestible carbo-
hydrates. In addition, ash, lignin, cellulose, crude fiber, phos-
phorus carotene and some other plant chemical compounds
are also measured as indicators of forage quality. EI-Waziry
(2007) and Rhodes and Sharrow (1990) considered the dry
matter digestible as the main index for determining forage
quality.

Van Soest, (1994; 1991) showed that the acid deter-
gent fiber (ADF) was a better indicator for determining the
nutritional value compared to crude fiber, because ADF
contain cellulose and lignin, and the dry matter digestibility
decreased with increasing lignin. Belyea et al. (1993) investi-
gated quality of five forage species and stated that nitrogen
content and ADF as two important factors in determining
the metabolizable energy requirements of livestock. Schut et
al. (2010) stated that several factors affected forage quality,
which can be pointed out to: vegetative stage of growth,
plant species, climate, soil, temperature, and management
factors. Based on several findings, it was found that represen-
tative traits of forage quality decrease with advanced stages
of development. Furthermore, it would be of interest and
more practical to use a single index to compare forage quality
between species (Moore and Undersander, 2002; Muir et al.,
2007; Undersander, 2003).

Understanding forage quality and the factors that
affect its constituents will help improve livestock production
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by making decisions that optimize forage nutritive value and
intake. The objective of this research is determining the suit-
able nutritive value of several grasses and legume species
used is the relative forage quality index under pasture condi-
tion.

2. Materials and Methods
2.1 Study area

The experiment was conducted during 2009 and 2010
on the Vahregan catchment area of Zagros pastures in
Central Iran (33 degree 48 minute to 33 degree 58 minute N,
50 degree to 50 degree 12 minute E; altitude 2,200-3,135 m).
The local climate is semi-arid, with a mean annual tempera-
ture of 10°C ranging from 3.1°C in winter to 16.7°C in summer
and with a mean annual rainfall of 542 mm during the study
period (Figure 1). Sheep and goats were the two main sources
of animal production. The study area was negatively affected
by inappropriate land management practices, e.g. over-
exploitation. Uncontrolled exploitation of the vegetation in
the pastures affected the forage quality, and caused a transi-
tion from a plant community with a high nutritive value to
one with a lower value. Overstocking and extended grazing
periods are current characteristics of inappropriate manage-
ment practices in the study area.

2.2 Sampling methods

Plant development in the area was measured and indi-
vidual forage quality of palatable plants was estimated. Due
to the intensity livestock grazing and excessive livestock use
of rangeland in the study area, the only appropriate time for
sampling before arriving of livestock to rangeland, was the
time synonymous to the early bloom, the active growth of
dominant species in the region (Ball and Federation, 2001).
Samples were obtained at active growth stage and three
replications (15 May) by harvesting 5 m long and 0.10 m
wide strips at a cutting height of 0.05 m. The samples were
dried and weighed for dry matter yield and nutritive value
measurements as described below.

2.3 Sample analysis

For each of the 12 dominant species, the freshly
harvested biomass at each sampling date was weighed and
dried at 60°C for 72 hrs to determine the dry matter (DM)
content. Samples were then finely ground and used for
chemical analysis. The 12 dominant herbage species were
analyzed using near-infrared reflectance spectroscopy
(NIRS) to determine crude protein (CP), and pepsin-cellulase
DM digestibility. The near infra-red spectra were collected
with a monochromator (FOSS NIRSystems 6500, Silver
Spring, MD, U.S.A.), by scanning the 400-2500 nm spectral
range. All spectra and reference data were recorded and
managed with the WINISI Version 1.6 software (Infrasoft
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Figure 1. Location of study area within Iran (inset).

International, Port Matilda, PA, U.S.A). The calibration set
was analyzed for CP concentration (AOAC, 1995) and
pepsin-cellulose DM digestibility (Aufrere and Demarquilly,
1989; Aufrere and Michalet-Doreau, 1988). Ether extract (EE)
of samples was determined using Soxhlet method. Acid de-
tergent fiber (ADF) was determined using acid detergent
solution method, and neutral detergent fiber (NDF) was
measured using neutral washing liquid (Chen, 2001). Dry
matter digestibility (DMD) is the portion of the dry matter
in a feed that is digested by animals at a specified level of
intake. This was calculated from % ADF and N using the
following equation for mixed forages (Undersander et al.,
1993):

% DMD =88.9-(0.779 x %ADF) (1)

Metabolizable energy (ME) was estimated using the
following equation described by Belyea et al. (1993), where
ME/DM is the metabolizable energy in mega joules (MJ) per
kg of feed DM (MJ/kgDM).

ME =0.17% DMD —2.0 @)

Dry matter intake (DMI) is an estimate of the relative
amount of forage an animal will eat when only forage is fed.
DMI was estimated from NDF using the following equation
(Undersander et al., 1993);

DMI as a % of body weight = _120 ?3)
% NDF
The RFQ, can help the management to making deci-
sions based on values of NDF, ADF, DMD and DMI. RFQ, as
a forage quality index ranks forages based on potential DMD
and DMI (legume-grass mixtures). RFQ, was estimated using
the following equation (Moore et al., 2007);

DDM (%) xDMI (% of BW
REQ, — DDM (%) xDMI (% of BW) "
1 1.29
RFQ, is predicted from analyses of forages for neutral

detergent fiber (NDF) and acid detergent fiber (ADF).

2.4 Statistical analyses

Quality of forage species was classified using
Pearson’s correlation coefficient analysis, principal compo-
nent analysis (PCA) and cluster analysis (CA) using the
Mosaic version 3.01 and PC-ORD software. PCA and CA
were analyzed using multivariate statistical procedures based
on RFQ, similarity. PCA (principal components) was used for
analyzing relationships among the species. CA classifies a
group of observations into two or more mutually exclusive
new group’s dependent upon a compound of internal vari-
ables. CA linked with PCA to check results and to group vari-
ables. A CA dendrogram was used to evaluate the sources of
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similarity of species based on surveyed variables.

All analyses were performed using the IBM SPSS
statistics software package on 19 run time. Statistical differ-
ences in forage quality parameters were evaluated, and sig-
nificant differences were evaluated based on the F values
(P<0.05), by a one-way analysis of variance using the
ANOVA procedure. The forage quality parameters were
compared using Duncan’s test.

3. Results

The study area contained ten vegetation types (VT):
four forbs communities, one grass community and five
botanical compositions of grass and forbs communities (Fig-
ure 2). Astragalus adscendens and Ferula ovina are the two
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largest vegetation types in the study area (covering 36.39
and 16% of the area, respectively), where are located in the
eastern and southern parts of the region (Table 1).

The results of forage quality are presented in Table 2.
The results showed that the percentage of EE in Prangus
ferulacea was higher than in other species (7.26%). In com-
parison, the EE content in Petrocephalus canus (forbs
species) was the lowest (2.08%). The percent of ash in
Cachrys acaulis was highest (17.04%), while the ash content
was lowest (8.5%) in the herbaceous species (Taracetum
polycephalus). The percentage of DM, ADF, and NDF in the
wheat grass (Agropyron trichophorom) was highest with
values 0f 32.76, 31.9 and 66.2%, respectively, which indicate
the low DMD and DMI that caused a decrease livestock
consumption (Belyea et al., 1993). However, the ADF and
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Figure 2. Vegetation types in the study area.

Table 1. Characteristics of vegetation types in the study area.

Number Vegetation type Area (ha)
1 Agropyron trichophorum 206.46

2 Astragalus brachycalyx " 1,857.68

3 Astragalus brachycalyx - Agropyron trichophorom ‘“- Eryngium billardierii 1,293.84

4 Astragalus adscendens 6,676.61

5 Astragalus brachycalyx - Eryngium billardierii ' 1,759.61

6 Astragalus adscendens - Agropyron trichophorum 1,533.35

7 Astragalus adscendens - Dorema amuniacum * 183.74

8 Eryngium billardierii - Serratula latifolia -Astragalus adscendens “’ 850.97

9 Ferula ovina @ 2.931.52

10 Astragalus brachycalyx * - Silen montbresiana 1,052.42
Total rangeland area 18346.2

@ Species marked with the letter (G) belongs to the Grass family.
® Species marked with the letter (L) belongs to the Legume family.
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Table2. Mean quality indices of forage species.
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Species DM EE Ash CP ADF  NDF DMD DMI ME  RFQ
Prangus ferulacea 23.07 726 1445 1384 1529 3691 7093 325 1006 17874
Astragalus macropelmatus 28.67 333 854 1312 2864 4727 6657 254 932  131.00
Convolvolus arvensis 212 492 891 1389 1899 3765 7239 319 1031 178.86
Taracetum polycephalus 30.6 448 8.50 925 2743 4416 6500 272 9.06 137.05
Agropyron trichophoum 3276 230 1046 1287 3199 6628 6338 1.8 877  88.95
Trigonella elleptica 2401 251 976 1505 2605 4534 7020 265 993 14401
Petrocephalus canus 1922 208 923  13.64 1795 3385 7393 355 1057 203.18
Tragopogon pratensis 1921 579 1258 1531 1549 3022 7394 396 1057 226.84
Traxacum officinale 21.16 337 1675 1777 1530 3854 7242 311 1031 17477
Bromus tomentellus 2088 240 1240 1481 3050 61.13 6562 196 9.16  99.86
Cachrys acaulis 2115 224 1704 1729 1249 2593 7242 463 1031 25979
Ferula ovina 2398 688 1339 1204 1748 3237 7022 371 994  201.77

“Unit of DM, EE, Ash, CP, ADF, NDF, DMD is (%).

® Unit of DMI and ME is %BW and MJ/kg DM, respectively.

NDF parameters were lowest for Cachrys acaulis (12.5 and
25.9%, respectively) that indicated less fiber content and a
more flexible digestibility for livestock. Nitrogen (N) and
Crude protein (CP) are important indicators in determining
forage quality. The forb species Traxacum officinale had
maximum crude protein level (17.7%), while the lowest
protein level was found in Taracetum polycephalus (9.2%).
Statistical comparison of forage quality is shown in
Figure 3, which shows that DMD and ME are inversely
related to the NDF. For different species these indicators
were significantly different at the 5% level. DMI, a positive
indicator of forage quality, and ME, an important component
that makes up the diet of animals (Arzani et al., 2005), were
highest in forb species Cachrys acaulis (4.6%) and
Petrocephalus canus and Tragopogon pratensis 10.6MJkg",
respectively, and lowest in grass species. The results of RFQ,
showed significant differences between the species studied.
RFQ, was highest in forbs species compare then grass
species. The highest in forb species Cachrys acaulis (RFQ,
= 259.7) and lowest in Agropyron trichophorom (RFQ, =
88.9). The normality test results showed that the distribution
of all data in the 5% level was normal. The results of statis-
tical analysis indicated that the forage quality of species was
significantly different at the 5% level. The differences
between all forage quality indicators, except DM were signi-
ficant at p<0.05. The test results showed that the species
studied were classified into 7, 9, 8, and 7 groups based on CP,
NDF and ADF, DMD, and ME and RFQ, respectively. The
number of classes was higher when the difference between
species was greater. The Duncan’s test results also showed
that there were no significant differences in forage quality
between the two forbs species, Prangus ferulacea and
Traxacum officinale and between the two gramineae species,
Bromus tomentellus and Agropyron trichophorom at the 5%
level (P = 0.30 and 0.39, respectively). Also, there were no

significant differences between the three luguminoseae spe-
cies, Astragalus macropelmatus, Taracetum polycephalus
and Trigonella elleptica (P=0.31). Cachrys acaulis species
had the highest nutritional value, while the two gramineae
species, Bromus tomentellus and Agropyron trichophorom
had the lowest nutritional value (Figure 3).

3.1 Principal component analysis

PCA (Principle Component Analysis) was used by
applying varimax rotation with Kaiser Normalization to iden-
tify different parameters affecting the quality of forage
species. The eigenvalues and eigenvectors were extracted
from the correlation matrix, and the number of significant
factors and the percent of variance explained by each of them
were calculated. The slope of the scree plot curve showed
that most of the variation (99.93%) was explainable by the
first three components (Figure 4).

Factor loadings with varimax rotation, as well as the
eigenvalues indicated that there were two components with
eigenvalues higher than one and that these two factors
explained 99.85% of the total variance (Table 3). The first
factor explains 60.1% of the total variance due forbs species
(Pr.fe, Ast.ma, Co.ar, Tr.ell, Pe.ca, Tra.pr, Ca.ac, Fe.ov, Tar.po
and Tr.of). Factor 2, dominated by grass species (Ag.tr and
Br.to), and accounted for 39.7% of the total variance. The
relationships among the species based on the first three
principal components are illustrated in Figure 5.

3.2 Cluster analysis

The Cluster Analysis (CA) and the derived dendro-
gram shows hierarchical relationships between the objects
(represented by the species in the data), based on their
similarity or dissimilarity with respect to the attributes (repre-
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Figure 3. Statistical comparison of mean quality indices (95% level interval); Means within a column with the same superscript letter
are not significantly different (P<0.05).

Scree Plot Table 3. Rotated component matrix for species data (PCA
loadings with significant factors and the percent of
127 variance explained are shown in bold).
] Species
Component
o 1 2 3
£ o Agitr 0426 0.904 0.002
it Br.to 0.528 0.849 -0.016
Y] Pr.fe 0.840 0542 -0.007
N Ast.ma 0.711 0.702 0.046
Co.ar 0.829 0.558 0.011
o Trell 0.751 0.660 0.011
i 3 4 5 6 7 8 8 Mo Pe.ca 0.855 0518 0.013
Component Number Tra.pr 0.881 0473 0.009
Ca.ac 0.901 0433 0.006
Figure 4. Scree plot: Eigenvalues plotted in descending order. Fe.ov 0.864 0.503 0.025
Tar.po 0.737 0.672 0.072
sented by the parameters in the data). In CA dendrogram the ~ Tr.of 0.831 0.555 -0.038
size of the graphical points represents data values. The larger ~ Eigenvalue 721 4.76 0.01
size demonstrates a higher value of the data. The results of ~ 70 Of variance explained 60.15 39.69 0.085

the two-way CA dendrogram along the ordination axes % Of cumulative 60.15 99.85 99.93
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(Figure 6) showed that plant species were grouped into two
main groups based on RFQ, similarity coefficient. Group A
comprised of: Bromus tomentellus, Agropyron trichophorom
(A-I) and Astragalus macropelmatus, Taracetum poly-
cephalus and Trigonella elleptica (A-11). Group B includes:
Prangus ferulacea, Ferula ovina, Convolvolus arvensis,
Achrys acaulis, Tragopogon pratensis, Petrocephalus canus
and Taraxcum officinale. The species in Group A and B had
no similarity. The test results showed that the differences in
nutritional values of these species were significant. Group A
included the two sub-groups gramineae species, Bromus
tomentellus and Agropyron trichophorom. There was no
difference in forage quality between these two species (P<
0.05).
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Figure 6. Dendrogram of two-way analysis of forage parameters
(along the ordination axes).

4. Discussion

One of the basic needs in the planning and utilization
of pastures and achieving optimum performance of livestock
is determining the nutritional needs of livestock in terms of
energy, protein, minerals and vitamins. This is only possible
when the quality of pastures forage plants for each region in
terms of chemical composition is known. Pastures forage
quality varies with time and space. Therefore, knowledge of
forage quality in different regions and different climatic con-
ditions should be considered for proper utilization of
pastures.

The results of the present study showed that forage
quality of the twelve species studied was different. Cachrys
acaulis and Agropyron trichophorom species had the
highest and lowest forage quality, respectively. Difference in
quality of forage species also indicates their inherent ability
to obtain nutrients from the soil and convert them to plant
tissue with a favorable leaf to stem ratio, percent CP and CF
percentage. The results of this study showed that the nutri-
tional value of two species of grass, Agropyron trichopho-
rom and Bromus tomentellus, was less than the forbs species.

Forage quality indices of different growth forms of
species are shown in Figure 7. The variation of these para-
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Figure 7. Quantities changes of forage quality index of different
growth forms: (a) grasses and (b) forbs species.
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meters in the legume and gramineae family was similar. The
results of the present study showed that the quality of grass
forage was better than the legumes. Arzani et al. (2005) on
the other hand had emphasized on the higher quality of
legumes compared to grasses. However, the NDF and ADF of
grass species were higher than legume species. These results
are consistent with the results obtained in the present study.
High fiber content in grass species is due to the higher
amount of fiber and the higher proportion of stems in the
forage. The higher digestibility of legume species as
compared to the grass species may be attributed to leaf form
and structure (Pontes ef al., 2007; Rawnsley et al., 2002)).

Grass components are inherently long and flexible
with a low specific gravity, which are simply too complex,
while vascular components of legumes are short, thick and
bold with a high bulk density. This explains the potential of
legumes to be digested easily. High CP, ME, DMD and nutri-
tional value in the legume species relative to gramineae
species, has placed this family of plants as being more desir-
able in terms of quality. Protein content and digestibility of
gramineae species is generally less than that of legumes.
Therefore, the combination of leguminoseae and gramineae
species present in the study area can provide proper feeding
and daily protein requirements for livestock grazing. The
results also showed that some forage species with low palat-
ability, such as Astragalus macropelmatus and Cachrys
acauli, if combined with higher-quality species, can provide
the animal’s daily needs. Performing operations such as
silage making, can also resolve palatability problems of
certain species.

5. Conclusions

Relative forage quality index that is presented in this
study is an index which ranks legumes, grasses and mixtures
by potential digestible dry matter intake. It is an index used to
allocate forages to the proper livestock class with a given
level of expected performance. Relative forage quality is
calculated from digestible dry matter and dry matter intake.
Digestible dry matter is an estimate of the total digestibility
of the feed and is calculated from acid detergent fiber. Dry
matter intake is an estimate of the amount of feed an animal
will consume in percent of body weight and is calculated
from percent neutral detergent fiber. The results of study
showed legumes produce higher quality forage than grasses.
This is because legumes have less fiber and favor higher
intake than grasses. Because the growth stages of vegetation
grasses and legumes in study area is different, fiber during
the growing season has changed, so one of the most signifi-
cant benefits in livestock feeding under pasture condition is
that combinations of legumes and grasses species can
improvement of forage quality and provide a proper diet as
well as meet the daily protein requirements of livestock
grazing in the study area.
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