Revista Mexicana Ciencias Agricolas volume 10 number 5 June 30 - August 13, 2019

Article

Characterization and grouping of barleys beardless using infrared
sensors and forage yield

Maria Alejandra Torres Tapia®
Victor Manuel Zamora Villa?®
Modesto Colin Rico?

Rahim Foroughbakhch Pournavab*
Maginot Ngangyo Heya!

'Faculty of Biological Sciences-Autonomous University of Nuevo Ledn. Ave. Pedro de Alba s/n cross with
Ave. Manuel L. Barragéan, San Nicolas de los Garza, Nuevo Leon, Mexico. (atorres-tapia@hotmail.com;
rahim.forough@gmail.com; nheyamaginot@yahoo.fr). 2Department of Plant Breeding-Antonio Narro
Autonomous Agrarian University. Antonio Narro Road 1923, Col. Buenavista, Saltillo, Coahuila. Mexico.
CP. 25315. (modesto.Colin@uaaan.mx).

$Corresponding author: zamora2602@yahoo.com.mx.

Abstract

In the northeast of Mexico, it is necessary to have varieties of barley adapted to extreme climates
as an alternative in forage production. For the estimation of biomass, there are remote infrared
sensors that have not been applied in forage barley. The objectives were to characterize, group and
select lines of barley forage beardless, and estimate the association of sensors with performance.
45 lines against commercial varieties were evaluated in two municipalities of the state of Coahuila,
during autumn-winter 2016-17; an alpha-lattice design with three replications was carried out,
forage yield, plant height, phenological stage was determined, and an infrared sensor was an I1P-54
thermometer, a GreenSeeker ™ for standardized differential vegetation index (NDV1) and a SPAD-
420 for chlorophyll content; evaluating in two samplings. An analysis was made subdivided plots
for variables, correlations for relationship estimation and a multivariate analysis by sampling. The
results indicated highly significant differences in yield between genotypes, localities and
interactions. Lines 6, 43, 44, 40 and 1 presented desirable forage production characteristics. The
analysis of conglomerates at 75 and 90 dds retained five and seven interest groups respectively,
marking differences between groups in the T2 test, forming different groups in commercial varieties
and lines. A positive and significant association between NDVI and yield was not detected for the
genotypes studied. The multivariate methods were useful tools to select fast production forage
lines. Affirming the barleys as a good option for fodder production in winter times in semi-arid
zones, compared to oats and wheat.
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Introduction

Winter cereals are a sustainable alternative for livestock production, due to the efficient use of
water despite the increasing frequency of frost due to climate change. However, there is
competition between them for intensive livestock systems (Colin et al., 2009; Calderon et al.,
2015). In Mexico, barley, besides being the main input in the brewing industry, also has the
alternative of being used as fodder, for grazing, for silage or to be harvested in both grain and green
foliage (Newman and Newman, 2008; Zamora et al., 2017).

Barley has interesting advantages over other cereals of the same cycle, it is more vigorous, resistant
to drought and salinity, it can be grown in marginal soils (Colin et al., 2007; 2009; Keles et al.,
2013; Wilson et al., 2017). It has been documented that barley, like other winter cereals, has high
yields, is rich in proteins, vitamins and carbohydrates (Cherney and Marten, 1982; Cash et al.,
2004) and in particular barley, does not diminish so much. forage quality in stages after anthesis,
probably due to the greater amount of grain (Colin et al., 2007, 2009).

In order to maintain or increase the production of barley fodder, it is necessary to select new
genotypes, more efficient, sustainable production methods that can also adapt to climatic changes
(Nelson et al., 2009); in addition, it is necessary to consider desirable characteristics for the
producer in intensive systems such as: precocity, plant height and high yield of dry forage.

In the evaluation of biomass or aerial dry matter production, samplings or forage cuts are usually
carried out, but recently an indirect and non-destructive sampling method has been developed
through the use of infrared sensors known as standardized differential vegetation index (NDVI),
having a high percentage of coincidence with the production in wheat and corn (Verhulst et al.,
2010; Bastidas et al., 2016); however, this relation has not been studied in barley, neither with
canopy temperature and chlorophyll content, nor the possible correlation between these and with
the production of total biomass as in other species (Medina et al., 2009; Freeman et al., 2007,
Chavez et al., 2017; Castro et al., 2011; Zajac et al., 2013).

The objective of this research was to characterize, group and select lines of forage barley without
edges and to estimate the association of infrared sensors with each other and with dry matter yield
of this species.

Materials and methods

The study was established in two localities in the state of Coahuila de Zaragoza: Common San
Lorenzo, municipality of San Pedro de las Colonias (locality 1) and the experimental field of the
Autonomous Agrarian University Antonio Narro in the Municipality of Zaragoza (Locality 2),
during the autumn-winter 2016-2017 cycle. San Lorenzo is located at 25° 43’ 26 north latitude
and 103° 09* 12” west longitude, at an altitude of 1 090 masl, with a very arid and semi-warm
climate, with a temperature between 18 °C (coldest month) and 22 °C (hottest month), summer
rains from 5 to 10% per year with 181 mm. The locality of Zaragoza is located at 28° 30’ north
latitude and 100° 55° west longitude, with an altitude of 360 masl, with arid and warm climate;
average annual temperature greater than 22 °C, rains between summer and winter greater than 18%
per year between 300 and 400 mm (Arriaga et al., 2000).
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45 progenies lines of barley forage barley were evaluated, product of the cross between the variety
GABYAN95 with the commercial variety Esperanza, using as witnesses an oat (Cuauhtemoc cv.),
a malting barley (cv. Cerro prieto), the forage barley (cv. GABYAN95), a grain triticale (cv.
Eronga-83), additionally an experimental wheat line (AN-266-99). These genotypes were
established in an alpha-lattice design with three replications, considering the experimental plot of
5.4 m? (6 rows of 3 m in length, spaced at 0.3 m).

The preparation of the land consisted of the traditional work in the regions, under irrigation
conditions, fallowing, tracking and leveling, seeding dry, manually and chorrillo, at a density of
100 kg ha. At planting, 80 units of phosphorus were applied using monoammonium phosphate
(MAP) and 60 units of nitrogen using urea. In the first aid irrigation, another 60 units of nitrogen
were applied. The weeds were controlled with 2,4-D amine at a dose of 1.5 | ha, no fungicide or
insecticide was applied.

In both locations there was a sowing irrigation and three auxiliary irrigations. The approximate
total sheet during the crop cycle was 40 cm. Two samplings were made at 75 and 90 days after
sowing, cutting with a sickle 50 cm from a row with complete competition, sectioning at an
approximate height of 5 cm above the soil surface. Samples of harvested green forage were placed
in paper bags and dried in a forced air oven at 65 °C for 48 hours, then weighed and the dry forage
yield was determined in grams (dry matter), transforming into tons per hectare (REND), at the time
of cutting the variables were recorded: height of the plant in centimeters (HEIGHT), canopy
temperature in degrees Celsius (TEMP), chlorophyll concentration index (CCI), standardized
differential vegetation index (NDVI) and the phenological stage (STAGE) according to the scale
of Zadocks et al. (1974).

The TEMP was determined with an infrared thermometer IP-54, Fluke brand, with laser sight,
indicating in the middle part of each experimental plot. To measure the CCI, a chlorophyllometer
SPAD-420, brand Konica Minolta, was used, taking the reading in the middle part of 10 flags
leaves of each plot. The NDVI, was measured through a portable sensor, GreenSeeker ™ brand,
evaluating in the central part of each plot.

The information was analyzed by means of a design of plots subdivided with arrangement in
random blocks, considering the localities as a large plot, the samplings as a medium plot and the
genotypes as a small plot, the means were compared using the DMS test at 0.05% probability using
the use of the SAS package (SAS, 1989).

Subsequently, phenotypic correlations between pairs of variables were obtained. With the means
of the genotypes; through the localities, multivariate analysis of main components (ACP) and
conglomerates (AC) was carried out for each sample, the analysis of main components in order
to reduce the dimensionality of the data, detect associations between variables and
characterization partial of the genotypes (Manly, 1986). The analysis of clusters was made to
form groups of genotypes similar to each other and different from those of other groups, these
analyzes were performed with the Statistica program (Statistica, 1994), to decide on the
significance between the groups generated, the test T2 of Hotteling was used (Jhonson and
Wichern, 1988).
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Results and discussion

The analysis of variance showed highly significant differences between genotypes and localities
for TEMP, NDVI, HEIGHT, CCIl and REND; likewise, in the interaction genotypes by locality
showed highly significant differences in all the mentioned variables and in the interaction
genotypes by sampling in the variables HEIGHT, CCl and NDVI differences were also found (p<
0.01), while in REND and TEMP no differences were reported.

When ranking the factors and considering the localities as a large plot at the time of the data
analysis, it was in recognition of the importance of environmental conditions and their great
influence on production (Shao et al., 1995), especially due to changes in temperature that can occur
in agricultural areas, generating an impact on the distribution, phenology and physiology of the
crop and even on the yield of the crops (Wahid et al., 2007; Jarvis et al., 2008), which could have
been the factor that caused the significant difference between the evaluation locations.

The differences between the samples, reflected the effect that time and phenology imposed on
the genotypes in most of the evaluated variables except the REND, partially due to the precocity
of the barley species (Colin et al., 2007, 2009; Dominguez; et al., 2016), since in general the
increase in TEMP, HEIGHT, CCI and STAGE combined with lower NDV1 was observed from
one sample to another, coinciding with other authors that at early stages the NDVI values are
low to a stage where the value maximizes and decreases in later stages (Teal et al., 2006;
Freeman et al., 2007).

In the interactions localities by sampling and localities by genotype, differential behaviors were
detected, endorsed by the significance of the triple interaction, especially in NDVI and CCI
evaluated with the optical sensors for the first time in these immature forage materials and
suggesting a detailed study of the genotype environment interaction in these variables.
Comparisons of means confirmed that location 1 (San Pedro de las Colonias, Coahuila),
highlighted by the greater response REND, STAGE, CCIl and NDVI combined with lower TEMP,
while, that the effect of temperature and other environmental factors it was more evident in
Zaragoza, Coahuila (locality 2), possibly causing a slight degradation of the chlorophyll reflected
in the low CCI values obtained in this locality.

It is possible that the temperature has accelerated the phenology of the genotypes (Karsai et al.,
2008), which was reflected in the lower CCI contents found, as has been reported in durum wheat
mutant lines (Spano et al., 2003). There were 12 groups of significance for the variable TEMP,
finding the genotypes 17, 5, 13, 1, 2, 3, 32, 4 and 25 with average values above 24.2 °C, forming
the first group; similarly, 13 groups were formed in REND excelling genotypes 43, 6, 44, 19, 25,
1, 11, 23, 2 and 21 with a production between 11.7-12.8 t ha! within the 25 genotypes of the first
statistical group, confirming the wide adaptation of barley (Nelson et al., 2009), even in arid and
semi-arid conditions mentioned by Sadeghpour et al. (2013), coinciding with Dominguez et al.
(2016) in the high biomass index in barley compared with wheat and triticale.

Continuing with the comparison of means, 19 groups were obtained in both NDVI and HEIGHT,

highlighting in the first variable, the wheat controls AN-266-99 and GABY AN95 with the highest
values (0.79 and 0.76 of NDVI respectively), and in genotypes 33, 32, 36, 35, 19, 6, 8, 29, 34 and
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4 having shown higher heights of 107.92 cm, in the CClI reported to the control oats with the highest
index (54.61 Spad units). Oats (cv Cuauhtémoc), wheat (AN-266-99) and triticale (cv Eronga-83)
showed higher NDVI and CCI, but lower REND.

Due to the fact that in the intensive forage production systems, early genotypes are required and
the difference between samplings reported by the analysis of variance, the information of the two
samplings was analyzed separately using multivariate methods, as well as the analysis of principal
components (ACP). for the first sampling at 75 dds, explained 63.82% of the total variance with
the first two main components (CP), CP1 contained 39.95% of the variance and with the first two
components Figure 1 was generated, allowing visualization in the first quadrant a positive relation
of the variables TEMP, REND and HEIGHT between them and positive with both components,
having higher association HEIGHT (0.89) with the first component, followed by REND and
STAGE.
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Figure 1. Relationships between the variables evaluated in the plane of the two main components in
a first sample (75 days).

This suggests that the CP1 is a component of production, precocity and morphology, which can
make a separation between the genotypes with higher yield of dry forage, earlier and higher that
also have higher canopy temperatures, but with lower NDVI and CCI.

The second CP separates the earliest and highest CCI genotypes from those with higher NDVI,
TEMP, HEIGHT and dry forage yield. The relationship detected by this component (CP2) suggests
the existence of genotypes that could present the stay green, given that a higher phenological stage
still maintains a high chlorophyll content.

This ACP for the first sampling allowed to detect the inverse relationship between the yield of dry
matter and NDVI that in other crops has been reported positively and significantly related to the
production of biomass (Teal et al., 2006; Freeman et al., 2007; Raun et al., 2008); however, barley
seems not to occur or be very affected by the precocity of this species, which could also be related
to the lower amount of chlorophyll, as suggested by Spano et al. (2003).
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In Figure 2, the genotypes are visualized in the plane generated by the first two CP, where in the
first quadrant genotypes 1, 6, 19, 29, 32 and 33, among others, have the highest yield of dry
forage, height of plant and temperature, genotypes 25, 37, 44, 41, 42, 43 and 45 were located in
the second quadrant, being considered the earliest. In the third quadrant, genotypes 7, 14 and the
triticale and oats controls were located, presenting the highest CCI; while oats and genotypes 7
and 14 were located near the next quadrant with high CCl and NDVI values. In the fourth
quadrant were Cerro Prieto, GABYAN95 and wheat, as well as genotypes 11, 12, 13, 16 among
others, having the highest values of NDVI, but less yielding and late at 75 dds.
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Figure 2. Distribution of genotypes in the plane of the two main components in a first sample (75
days).

Some progenies of forage barley were shown to be superior to their progenitor (GABYAN95) in
TEMP, HEIGHT, STAGE and REND, which allows the preliminary selection of genotypes such
as 40, 41, 42, 43, 44, 45, 25 and 1, which based on their production are potential options to produce
adequate amount of forage at 75 dds. A preliminary selection is based on the lack of knowledge of
its nutritional composition and other parameters to make the final selection, although the embed
stage has been defined to obtain a higher forage quality in cereal crops (Espitia et al., 2012, 2016),
where barley is not the exception (Colin et al., 2007, 2009).

In order to clarify the relationships detected by the ACP, Pearson correlations were made between
pairs of variables, which showed that HEIGHT was the variable that was most associated with
others, because it maintained a positive and significant association with TEMP (r= 0.51). ), with
the REND (r=0.61) and with the STAGE (r=0.51), but it was negatively and significantly related
to the NDVI (r= -0.31), confirming the relationships detected by the ACP shown in Figure 1,
where the aforementioned was appreciated. For the CCI, no significant associations were found
at this stage.
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The STAGE was positively and significantly associated with the REND (r=0.32), but negatively
and significantly with the NDVI (r= -0.51). Thus, it can be established that, for this group of
materials, at 75 dds the forage yield is influenced by a higher phenological stage, a higher plant
height, and a higher canopy temperature. These results reaffirm what was reported by Colin et
al. (2007), regarding the relationship between REND, HEIGHT and STAGE found
in barley.

From the analysis of conglomerates (AC) performed at 75 dds, five groups were retained, which
the test of T2 declared different from each other, which allowed to establish that oats and triticale
(Group 4), behaved very different from those barley evaluated, while wheat was grouped with
barley genotypes 7, 9 and 14 forming group 2, indicating a similar behavior.

In this aspect, AC showed to be an effective tool to separate these species and identify genotypes
of barley with similar behavior. On the other hand, the Cerro prieto and GABYAN95 witnesses
were grouped together with 29 more genotypes of barley forage barley in group 1, another 6
genotypes of barley formed group 3 by having very similar characteristics, as well as those that
made up group 5 (Table 1). All the groups were different from each other from the multivariate
point of view.

Table 1. Number of members (n), mean and standard deviation of the groups generated by the
cluster analysis at a first sample of 75 days.

Variable Group 1 Group 2 Group 3 Group 4 Group 5
31 4 6 2 7

Temperature 21.2 +0.24 20.5+0.457 20.7£0.197 20.4+0.082 20.9 +£0.197
NDVI 0.8 £0.009 0.81 £0.012  0.78 £0.008 0.8 £0.065 0.78 +0.009
HEIGHT 98.5 +3.867 65.8 +8.305  98.8 £2.970 85 +0 98.9 +2.955
CCl 42.67 £1.365 43.26+1.98 4557 +1.023 51.97+0.46 41.69 +1.104
Yield 11 +1.052 8.7 £0.505 11.4 +0.929 9.7 £2.302 11.9 £1.053
Stage 43.9 £1.777 37.3+2.872 54.8 +2.230 39 +5.657 43.6 £0.787

By analyzing the characteristics of the groups, it was possible to make a more complete
characterization of its members and with it a preliminary selection, so that if genotypes with higher
fodder yield and higher plant height and a stage of embuche are desired, they could be ideal
genotypes belonging to group 5, but if you want to make a forage cut earlier (less than 75 days),
the genotypes of group 3 are even earlier, with a yield of 11.4 t ha® dry forage and the second
highest amount of chlorophyll. These two groups meet the characteristics detected by the ACP
related to a higher yield of dry forage, primary objective in forage improvement.

Oats and triticale (group 1), behaved later than barleys, showing plant height and acceptable yields,
cool temperature and higher chlorophyll content (CCl), although this was not reflected in a higher
NDVI value. The above, supports the assertion that forage barleys represent a good option in the
production of forage at a shorter time than the controls of other species, reaffirming the precocity
of the barley species (Dominguez et al., 2016), being an alternative for early forage production in
semi-arid zones (Colin et al., 2007, 2009; Sadeghpour et al., 2013).
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For the second sampling performed at 90 days, the ACP explained 66% of the total variance
with the first two main components (CP). The first CP contained 44.21% of the variance, placing
the NDVI variable in the first quadrant with a positive relationship in both CP, in the second
quadrant the CCI was identified with a positive relation in CP1 and negative with CP2 (Figure
3). This component can be interpreted as performance and appearance, since the right side
identifies genotypes with greater greenness, but linked to lower yield, height, stage and
temperature.
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Figure 3. Relations between the variables evaluated in the plane of the two main components in a
second sample (90 days).

The second component contained 21.79% of the variance and suggests that the TEMP presented a
negative relationship with the rest of the variables, placing it in the third quadrant (Figure 3). In
this second sampling, the positive relationship between the yield of dry forage (REND) with the
STAGE, HEIGHT and TEMP reported in the first sampling was maintained. The negative
relationship detected by the ACP between the NDVI and the dry forage produced at 90 dds was
also maintained, which is contrary to that reported in other species (Teal et al., 2006; Freeman et
al., 2007; Raun et al., 2008). It is reaffirmed that the first CP is a component of production,
precocity and morphology.

Figure 4 shows the genotypes in the plane generated with the two CP, for their respective partial
characterization, thus, located in the first quadrant the wheat and GABYAN95 controls and the
genotypes 10, 15, 22, 23, 33, 34, 35, 37, 38 and 39, presented high values of the NDVI at 90 dds,
while in the second quadrant those with higher chlorophyll content were located, comprising the
Cerro prieto, triticale, oats, and the genotypes 7, 9, 12 , 14 and 16. In this sampling, progenies
were also found that showed higher values than the GABY AN95 progenitor in the variables of
STAGE, REND, HEIGHT and TEMP, excelling genotypes such as 6, 43, 44, 40 and 1,
highlighting that, except for the genotype 6, the remaining genotypes maintained this behavior
from the first sampling, with the advantage of not presenting edges in the spike (Flores, 1977;
Colin et al., 2009).
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Figure 4. Genotype distribution in the plane of the two main components in a second sample
(90 days).

In the third quadrant were located genotypes 1, 4, 5, 17, 18, 19, 40, 43, 44 and 45 characterized by
higher TEMP and REND, HEIGHT and STAGE, in the fourth quadrant the rest of the genotypes
were found with values of higher REND, HEIGHT and STAGE. The wheat was located in a
position distant from the rest of the evaluated genotypes, presenting higher NDVI, but being later
(low STAGE) and with lower REND in comparison with the evaluated barleys, affirming in it, the
relationship that exists between the ranges of NDVI, crop phenology and yield (De la Casa et al.,
2007; Grohs et al., 2009; Lara and Gandin, 2015). In addition, in this second sample, some
genotypes of barley forage beardless were highlighted, such as 6, 2, 43, 44, 40 and 1, due to higher
forage yield, plant height and precocity.

The correlations estimated in this second sampling showed that all the variables studied were
significantly related to the yield of dry forage, thus the HEIGHT, STAGE and TEMP were
positively related to REND in magnitudes of r= 0.3, r= 0.64 and r= 0.29, respectively; but it was
negatively related to the NDVI (r=-0.4) and the chlorophyll content (r=-0.34). The TEMP had a
negative and significant relationship with the NDVI (r= -0.63), but positive and significant the
STAGE (r=0.48).

The negative and significant association between NDVI and REND (r= -0.4) is highlighted,
which in other species has been reported as positively associated with dry matter yield (Teal et
al., 2006; Freeman et al., 2007; Raun et al., 2008) and that justifies the realization of specific
studies in barley to determine if the NDVI can be used in the prediction of REND, since in this
study only two determinations of the mentioned index were made. The correlations affirmed the
results of the ACP and confirmed the significant and negative relationship between the NDVI
with the yield of dry matter (REND), which from the first sampling evidenced the aforementioned
relationship.
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In the second sample, seven groups of interest were retained from those reported by the cluster
analysis, since the AC placed wheat as the only member of group 5, separated from the rest of the
genotypes studied. As in the previous sampling, the oat and triticale control formed a group (group
4, from Table 2) and they were the ones with the highest HEIGHT and CClI, the lowest REND and
the second longest after the wheat, the Group 7 was formed by the Cerro Prieto variety and
progenies 12 and 16 of forage barley, with HEIGHT similar to Group 1 but with lower REND, in
this sampling progenies 7, 9 and 14 behaved like the later barleys (group 2).

As in the first sampling, the AC in this second sampling effectively separated the controls of
another species, confirming the different behavior of forage barleys with respect to these controls
and demonstrating that AC can be used as a tool in the selection of genotypes. The genotypes of
barley forage beardless more yielding and precocious were located in group 1 (Table 2), which at
90 dds were in the stage of milky grain, constituting itself, as well as one of the desirable groups
to select, while the rest of the barren foragers were grouped in groups 3 (half of flowering) and 6
(beginning of flowering), the latter groups with similar yields.

This differential in the stages of the barleys, in addition to showing part of the variability that the
species possesses, represents options for the production of forage, because comparatively with the
oats that were at the beginning of earning, can mean the saving of an irrigation when it is intended
to harvest the forage with some grain (Colin et al., 2009)

Other crops such as oats and triticale (group 4) were in a herd emergence stage, with the highest
plant height, but with low forage yields. The comparison of the new genotypes against oats is
emphasized, given that oats are still the most used in the production of winter forage and it is
desired to establish that some genotypes of barley are viable options for intensive forage production
schemes. If you want to select genotypes of higher barley forage barley, those of group 6 showed
to be the highest among the barleys, in this group the variety GABYAN95 was found, all of them
with good precocity, not as advanced as groups 1, but similar to group 3 and earlier than groups 2,
4,5and 7.

Table 2. Number of members (n), mean and standard deviation of the groups generated by the
cluster analysis in the second sample of 90 dds.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7
10 3 12 2 1 19 3

TEMP  27.3%0.317 26.8 £0.357 27.3+0.34 26.7 £0.507 250  26.7 £0.27 26.5+0.328
NDVI  0.55+0.028 0.64 £0.02 0.59 +0.015 0.63 +0.028 0.77+0 0.63 £0.029 0.62 +0.052
Height 108 £3.384 83+0.12 112+2.714 121+1.178 1050 114 +2.845 108 +2.887
CCl 48.4 +0.846 48.4 +1.119 46.3 £0.814 55.4 +2.223 44.9+0 46.4 £0.842 47.7 £1.937
REND 11.9+1.053 85+0.962 10.8+0.682 7.9+1.406 9.4+0 10.8+0.504 8.4 +0.472
Stage 72.3+1.585 53.3+4.933 64.6 £4.124 525+495 43+0 63.7 £3.656 60.8 £3.175

Variable

Once again, the analysis of clusters allowed a more complete characterization of the groups,
coinciding with Colin et al. (2007) who placed the oat and triticale crops in a different group. The
report reported by Colin et al. (2009), with respect to the fact that the barley forage barley has more
precocity and yield among small grain cereals.

1134



Rev. Mex. Cienc. Agric. vol. 10 num. 5 June 30 - August 13, 2019

As mentioned above, this differential in the phenological stages reached by the barleys, in addition
to showing part of the variability that the species possesses, represent options for the production of
forage, since comparatively with oats, it can mean the saving of an irrigation when it is intended to
harvest the forage with some grain, as occurs in the intensive farms of the semi-arid zones (Colin
et al., 2007; Sadeghpour et al., 2013).

Conclusions

The effect imposed by the localities in the dry forage production of the evaluated genotypes was
confirmed, as well as the one referring to the sampling stages. The multivariate methods were an
efficient support to understand the relationships between variables and provide a partial
characterization of the evaluated genotypes, allowing even selecting by desirable characteristics.
Among the groups formed there are barren forage barley genotypes desirable for the rapid
production of forage in winter, such as 6, 43, 44, 40 and 1.

In the materials evaluated, no positive association was detected between the NDVI and the dry
forage production evaluated through the samplings carried out in the localities used. According to
this study, it was observed that forage barleys, due to their precocity, are an alternative for forage
production during the winter.
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