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Abstract

Objective: To evaluate the forage performance and chemical composition of four varieties of Avena sativa L. in Ubaté,
Cundinamarca, Colombia.

Materials and Methods: The essay was conducted in the Agro-Environmental Unit El Tibar, of the University of
Cundinamarca, located on the Palo Gordo district, Colombia. The experiment was conducted through a randomized
block design. Each block corresponded to two periods of planting moments (October-November and April-May). The
treatments corresponded to four 4. sativa varieties: cayuse, konan, everleaf and suprema. The experimental units had
plots of 4 m?. Plant height was measured and cutting was done with a frame of 1 x 1 m to determine forage production.
Samples were taken to measure quality by a chemical-nutritional analysis.

Results: The average value of plant height at the moment of cutting was 167 cm, with significant differences (p < 0,05)
among varieties. The variety cayuse stood out, with 175 cm, which was the tallest. No significant differences were shown
regarding the biomass production, whose average was 31,5 + 7,26 t/ha. With regards to the chemical composition, dry
matter showed significant differences (p < 0,05), with the highest values for the variety everleaf'in both planting seasons,
with an average of 24,6 %. Crude energy reached an average of 4 208 kcal/kg, with the highest values (p < 0,05) in the
variety suprema. The dry matter digestibility at 48 h averaged 54,87 %, without significant differences among the four
A. sativa varieties. The same occurred for the degraded protein in the rumen (average of 94,5 %) and degradability of
the neutral detergent fiber (53,8 %).

Conclusions: The planting season did not influence biomass production or the nutritional composition of the different

evaluated oat varieties, which obtained similar results.
Keywords: biomass, nutritional value, milk production

Introduction

In the Ubaté province, dairy capital of Colom-
bia, milk producers are economically affected in the
summer season, due to the low feed availability for
cattle and the subsequent decrease of milk produc-
tion. Under those edaphoclimatic conditions (high
tropic), forages have higher nutrient quantity than
those that can be found in forages of the low tropic.
Nevertheless, they show decreased energy content,
for which it is necessary to supplement cows under
production. For such purpose, nutritionists promote
and socialize feeding alternatives, such as the use
of silages, haylages, nutritional blocks, compensa-
tory forage areas, among others. Avena sativa L.
is one of the plant materials most widely used as
forage. Farmers consider it one of the main options
for feeding in the animal husbandry sector (Rodri-
guez-Herrera et al., 2020). It is characterized by its
high forage and grain production, high dry matter
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digestibility (66,5 %) and high energy quality (NLE
1,33 Mcal/kg). The grain has very good protein
quality; while carbohydrates are of high digest-
ibility, due to the presence of B-glucans (FEDNA,
2016). Additionally, it has good levels of unsaturat-
ed fatty acids, minerals, vitamins and arabinoxylan
(Can et al., 2018; Rodriguez-Herrera et al., 2020).
In spite of being a forage material highly uti-
lized in the zone, data about its biomass production
or about the nutritional quality of the different A.
sativa varieties that are commercialized in the re-
gion, are scarce. Only the information that appears
in the labels of the seeds bags, indicating the trade-
mark, type of treatment and unit weight, is avail-
able. This information is often far from the reports
in literature in other regions or in other countries.
Considering that in the region of Villa de San Diego
de Ubaté the forage production and the nutritional
characteristics of some varieties of forage 4. sativa,
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used to feed the cattle aimed at milk production, are
unknown, the objective of this study was to evalu-
ate the quantity of biomass produced by each of the
A. sativa varieties and determine their nutritional
quality in two periods corresponding to planting
moments.

Materials and Methods

Location of the study. The essay was conduct-
ed in the Agro-Environmental Unit El Tibar, of the
University of Cundinamarca, located in the Palo
Gordo district, Novilleros Farm, of the Villa de San
Diego de Ubaté Cundinamarca municipality. This
facility is at an altitude of 2 566 m.a.s.l., with av-
erage temperature of 14 °C and annual rainfall of
1 100 mm, distributed in two rainy seasons: mid-
April (220 mm) and mid-October (180 mm).

Treatments. Four A. sativa varieties, available
and utilized in the region, were used: konan, cay-
use, everleaf and suprema. The evaluation was
established in the two different rainy seasons. The
first planting was carried out in the season of low-
er rainfall (October, 2018) and the second one, in
the season of most abundant rains (April, 2019), in
order to establish the contrast between both rainy
seasons. The experiment was established through
a complete randomized block design. The blocks
represented each one of the planting moments and
the treatments corresponded to each of the A. sati-
va varieties. The experimental units had 4-m? plots
and each treatment had four repetitions. Inside the
land, the plots were separated by a one-meter strip.
For the two planting processes minimum tillage
was carried out. In each plot 28,0 g of seed were
deposited, the equivalent to 70 kg/ha, according to
the recommendation of the trading house.

The cutting of the material to determine forage
production was done when the grain of each one of
the varieties reached the milky state (133 days for
konan and cayuse and 156 for everleaf and supre-
ma). It was done with the aid of a scythe, at 10 cm
from the soil, within a metallic square of 1,0 x 1,0
m, located in the central part of each plot, in order
to prevent the edge effect. After cutting the forage,
each sample was weighed to determine the forage
production. From each plot a 1-kg sample was tak-
en, which was labeled and sent to the laboratory for
its nutritional evaluation.

Chemical nutritional analysis. The nutritional
characterization was performed in the Animal Nu-
trition Laboratory, ascribed to the School of Agri-
cultural Sciences of the University of Applied and

Environmental Sciences (UDCA, for its initials
in Spanish). The variables dry matter (DM), total
protein (TP), ethereal extract (EE), ash (A), neutral
detergent fiber (NDF), acid detergent fiber (ADF),
organic matter (OM), were evaluated, all according
to AOAC (2016) methodology. The crude energy
(CE) was determined through a calorimeter. The
in vitro DM digestibility (IVDMD), total protein
digestibility (Dig TP) and NDF digestibility (Dig
NDF) were determined according to the method
proposed by Tilley and Terry (1963) and Mehrez
and Orskov (1977).

Statistical analysis. The data, in field as well as
in the laboratory, were analyzed through the GLM
procedure of SAS, in a complete randomized block
design. The blocks represented the two planting
moments (April and October) and the treatments,
the four 4. sativa varieties. Each variety had four
repetitions. The averages were analyzed with
Tukey’s multiple comparison test, for a significance
level of 5 %. The program Statistical Analysis Sys-
tem (SAS) was used.

Results and Discussion

Agronomic variables. The variable plant height
at the moment of harvest (table 1) showed statistical
differences among treatments (p < 0,05). The aver-
age value of all the varicties was 167 = 8,2 cm, low-
er than that obtained by the variety cayuse, which
reached an average height of 175,2 cm. Meanwhile,
the lowest height was reached by the variety suprema
(156 cm). These results of height are higher than those
obtained by Can et al. (2018) and Campuzano (2018).

Biomass production (table 1) in the two evaluation
periods did not show significant differences among
treatments (p > 0,05), although the highest numeric
value was obtained by the variety cayuse with 36,2 t/ha,
and the lowest one by suprema with 28,8 t/ha. The
general average was 31,5 + 7,263 t/ha. These values
are higher than those reported by Mamani-Paredes
and Cotacallapa-Gutiérrez (2018), in whose studies
the results did not exceed 23,0 + 3,861 t/ha.

Nutritional quality. The results of the chemical
nutritional analysis of the different oat varieties at
the two planting moments are shown in table 2.

The DM showed statistical differences (p <0,05)
among the different varieties, with the lowest values
for cayuse in October and for konan, in April. The
variety everleaf showed the highest DM percentages
in both seasons, for which it differed from the others.

When relating the average green forage yield of
all the varieties with the obtained DM, it is inferred
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Table 1. Height and biomass production of four forage 4. sativa varieties

Planting moment Variety Height, cm Biomass, t/ha
Konan 171,32 30,0
Cayuse 180,3? 42,5
October
Everleaf 160,12 35,0
Suprema 150,8° 27,5
Konan 160,6® 28,2
Cayuse 170,02 29,9
April
Everleaf 167,6%° 28.8
Suprema 174,5° 30,1
P - value <0,0357 0,1766
SE + 8,701 0,726

Numeric values with different letter in a column are statistically significant

according to Tukey (p < 0,05).
SE: Standard error

Table 2. Chemical nutritional composition of four A. sativa varieties (dry basis).

Planting moment Variety DM, % TP, % EE; % A, % OM, %
Konan 21,7 7,6 2,82 9,0 90,9
Cayuse 19,57 7,1 2,7 9,6% 90,3
October
Everleaf 26,2° 7,6 2,7 10,8? 89,1
Suprema 22,48 7,1 1,4° 9,3° 90,6
Konan 19,2¢ 11,1 2,5% 9,2: 90,7
. Cayuse 21,8 11,3 2,40 8,2 91,7
April
Everleaf 40,8° 8,5 2,8 8,4° 91,5
Suprema 23,32 10,8 1,7 6,8" 93,1
P - value <0,0001 0,2529 <0,0024 0,0635 0,063
SE + 4,436 0,930 0,316 0,682 0,682

DM: dry matter, TP: total protein, EE: ethereal extract, A: ash, OM: organic matter
Numeric values with different letter in a column are statistically significant according to Tukey (p < 0,05).

SE: Standard error

that it is possible to obtain an average DM yield of 7,7
t/ha, higher in 19,9 % than the one reported as average
yield for forage oat in the region (Mamani-Paredes
and Cotacallapa-Gutiérrez, 2018). It is also a higher
yield than the one recorded by Ramirez-Ordofies et
al. (2013) and Salmerén et al. (2003), which was 4 475
and 5 000 kg DM/ha, respectively. The average DM
value of 24,6 % of all the studied oat varieties was over
the 22,5 % reported by FEDNA (2016). Even the vari-
ety everleaf showed as average 34,3 % of DM.

The total protein values fluctuated between 7,1
and 11,3 %, with an average of 8,9 + 0,93 %, without
existing significant differences among the different
oat varieties. Nevertheless, the values obtained in

the April period were slightly higher than those record-
ed in the plants that were sown in August. The average
value was over 8,67 % reported by Mamani-Paredes and
Cotacallapa-Gutiérrez (2018), but it was much lower than
the 13,0 % obtained by Aseeva et al. (2019), as well as the
16,0 % referred by Can et al. (2018), and than the protein
value of 14,4 % found by Pereira et al. (2020).

The ethereal extract showed significant differ-
ences (p < 0,05), with the lowest value in the vari-
ety suprema (1,76 % in the April period and 1,48 in
October). The other varieties did not differ among
them, and the average value was 2,36 = 0,31 %.
These EE values are lower than the 4,1 % reported
by FEDNA (2019). Regarding ash, which indicates
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the content of total minerals of the forage, significant dif-
ferences were recorded (p < 0,05) in the planting periods
as well as among the varieties. An average of 8,9 % was
obtained, higher than the 8,31 % reported by Pereira et
al. (2020), but lower than the 9,58 % reported by FEDNA
(2016). Between the periods it was observed that, in the
one with higher water quantity, there was lower ash quan-
tity. The organic matter, important element to generate
nutrients, showed significant differences (p <0,05) among
varieties and planting season, with an average of 91,1 %.
Table 3 shows that the NDF, like ADF and in gen-
eral, the cell contents of the different oat varieties did
not show significant differences. The NDF, important
indicator to predict forage quality, oscillated between
63,3 and 68,8 %, slightly higher values than 60,0 %,
recommended limit for this structural fraction not to
interfere in the digestibility and intake of the forage
material. Both values are higher than the 63,0 % re-
ported by Pereira et al. (2020) and the 60,6 % by FED-
NA (2016). Regarding ADF, the average value of 38,3
% is higher than the 34,3 % recorded by Pereira et al.
(2020) and the 24,5 % by Castro-Rincén et al. (2020),
but lower than the 41,3 % informed by FEDNA (2016).
The percentage of non-structural carbohy-
drates (NSC=CC-A-TP-EE), which are of fast uti-
lization and are formed in the leaves, are lodged at
the beginning in the stems and, finally, are housed
in the leaves, where they are accumulated as starch
(Fernandez-Mayer, 2007), did not show significant
differences among the different varieties or between
planting seasons. This variable had an average of
14,1 %, much lower than the 30,8 % reported by
Mamani-Paredes and Cotacallapa-Gutiérrez (2018).

The crude energy (CE) content, evaluated to es-
tablish which variety could offer more consumed
energy to the animal, and which would be related to
higher production efficiency, showed significant dif-
ferences (p < 0,05). The varieties cayuse and suprema
showed the best caloric contents in both planting sea-
sons. The general average was 4 208 kcal/kg, suprema
oat being the one that showed the highest average CE,
with 4,306 kcal/kg, which indicates that it would sup-
ply 2,3 % more energy, when the animal consumed
that variety. This value surpasses the report by ICBF
(2018). For FEDNA (2016), oat is the cereal that shows
the lowest energy value of all cereals.

Regarding the regularity of digestibility (rumi-
nal disappearance) of DM in time, significant dif-
ferences (p < 0,05) were found among varieties and
in the studied rainy seasons until 24 h. it was slight-
ly higher in the period of higher rainfall (table 4).

The solubility rate (T0) or soluble fraction of
DM showed the highest values in the variety ever-
leaf, without differing from cayuse, which in turn
did not differ from the others. The average values
of the two seasons for these two varieties were 33,9
and 32,8 %, respectively. The lowest values were
obtained by the variety konan, with 28,1 % as aver-
age. At 24 h, significant differences also appeared
(p <0,05). Again the everleaf oat showed the high-
est degradability with 57,8 %. In general, 54,9 % of
digestibility was achieved, which can be considered
good. At48 hno significant differences were shown
(p > 0,05) among the four oat varieties, which in-
dicates that in this time the stabilization of DM di-
gestibility in the different varieties is achieved.

Table 3. Cell wall and crude energy of four forage A. sativa varieties (dry basis).

%

Planting moment Variety CE kcal/kg
NDF ADF CC NSC
Konan 65,5 38,2 34,4 15,1 4109°
Cayuse 68,7 41,6 31,2 11,7 4143
October
Everleaf 67,5 41,2 32,4 11,2 4107°
Suprema 67,3 40,1 32,6 14,7 4214°
Konan 65,4 38,3 34,5 16,6 4191°
. Cayuse 65,3 36,5 34,6 12,6 4260®
April
Everleaf 63,1 35,6 36,8 17,1 4241°
Suprema 65,3 34,9 34,6 15,1 4398¢
P - value 0,2744 0,5704 0,3214 0,4268 0,0065
SE + 1,297 1,545 0,77 0,98 50,119

NDEF: neutral detergent fiber, ADF: acid detergent fiber, CC: cell content (CC: 100 -NDF). NSC: CC- A-TP-EE, CE: crude energy
Numeric values with different letter in a column are statistically significant, according to Tukey (p < 0,05).

SE: Standard error
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Table 4. Digestibility of dry matter, total protein and neutral detergent fiber of four forage A. sativa varieties, dry basis.

% DMDIG
Planting moment Variety % DIGT-TP % DIGT-NDF
SOL-R 24 h 48 h
Konan 25,7 50,8° 65,0 93,6 48,8
Cayuse 31,8% 53,1 66,1 94,5 51,6
October
Everleaf 31,7 63,2 93,1 50,2
Suprema 30,2% 49,1° 64,0 94,3 50,3
Konan 30,2¢ 55,00 69,1 95,6 55,7
) Cayuse 33,7 57,0® 68,2 95,1 56,0
April
Everleaf 35,99: 61,6 71,2 93,9 59,4
Suprema 30,4b 58,2° 70,0 95,8 57,6
P - value <0,0005 <0,0064 0,9975 0,1249 0,1039
SE + 1,358 1,560 1,527 0,901 1,284

SOL-R: solubility rate, DMDIG: dry matter digestibility, Digt-TP: total protein digestibility, Digt-NDF: neutral

detergent fiber digestibility

Numeric values with different letter in a column are statistically significant, according to Tukey (p < 0,05).

SE: Standard error

The digestible protein in rumen did not show
significant differences between seasons or among
varieties, because at 48 h there was general stabili-
zation of this indicator, which coincides with the re-
port by Contreras et al. (2019). An average of 94,53 % was
observed, which is considered high, because only 5,47 %
would be the quantity considered as bypass protein to-
wards the lower parts of the digestive tract, which is
directly utilized by the host animal. The bypass pro-
tein, although not looking for microbial growth, offers
a direct supply of amino acids to the mammary gland,
as source for the lactic proteins (Marin and Gallo,
2021). In addition, in the rumen non-protein nitrogen
and diet protein can be found, which are fast degraded
to form NH,, which is used by rumen microorganisms
for the synthesis of cell protein (Chalupa, 1982).0at is
distinguished from other cereals for its lower proportion
of prolamins (10-16 %) and glutelins (5 5) and high con-
centrations of globulins, for which their solubility and
digestibility at rumen level is very high (FEDNA, 2016).

The NDF degradability did not show significant
differences among varieties either or between planting
periods. The average value was 53,76 %, which is con-
sidered normal for a species that is harvested after 90
days (Oba and Allen, 1999). This acceptable digesti-
bility of NDF propitiates higher DM intakes in dairy
cows and, thus, higher milk production.

Conclusions

The results prove that in the Ubaté region it is
possible to plant the different oat varieties in any rainy
season of the year, because practically no differences
were recorded in forage production or in the nutritional

composition of these varieties. Nevertheless, the re-
sults of the variety cayuse, when it is planted in the
season of lower rainfall, could favor it, regarding its
acceptance by farmers.

Concerning protein digestibility, all the varieties
showed very high values. The same occurred with the
energy value of all the varieties, which turns them into an
alternative for supplementation in high-producing cows.
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