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Abstract

Background: This study was conducted in Fogera District, north western Ethiopia, to evaluate the effect of harvest-
ing stages on biomass yield and nutritive value of oat-vetch mixtures under residual moisture. The experimental plots
were prepared thoroughly by plowing the land before sowing. The experiment was conducted using randomized
complete block design in a factorial arrangement having two factors with three replications. The first factor, factor

A, comprises a four combinations of two forage species (oats and vetches) having two varieties each. The two oats
varieties used were CI-8237 and CI-8251, represented as (O,) and (O,) and the two vetch varieties, Vicia villosa and
Vicia dasycarpa, represented as V1 and V2, respectively. The second factor, harvesting stage, had three levels which
follows the three physiological stages of oat varieties as flag leaf stage (HS;), milk stage (HS,) and dough stage (HS;) in
the mixtures. Agronomic performance and forage biomass yield were recorded. Chemical compositions of the forage
such as crude protein (CP), ash, neutral detergent fiber, acid detergent fiber, acid detergent lignin, hemicellulose and
cellulose were determined. Data were analyzed with general linear model procedure of SAS (version 9.1; 2008).

Results: Results indicated that harvesting stages significantly (P<0.001) affected most of the agronomic parameters
in oats varieties, whereas plant height and number of branches were significant (P < 0.05) in vetch varieties. Signifi-
cantly higher (P<0.001) plant height, number of leaves per plant and leaf to stem ratio) were obtained in variety oats
(CI-8237. Dry matter yield (DMY) and chemical compositions of the forage were significantly affected (P<0.001) by
harvesting stages. More vigor and higher number of branches were recorded in V. villosa, but higher plant height was
obtained in V. dasycarpa. The highest mean DMY (4.99 t/ha) and CP yield (0.81 t/ha) were recorded at harvesting stage
two (HS,). However, the lowest DMY (3.42 t/ha) was obtained at harvesting stage one. Relatively, the optimum DMY
(6.16 t/ha) with maximum CP yield (0.92 t/ha) was recorded from mixture of CI-8237 + V. villosa at harvesting stage
two. The fiber components were increased with advanced stage of growth, but CP and ash contents were decreased
as the age of the plant matures.

Conclusions: Production of CI-8237 + V. villosa mixture harvested at harvesting stage two would be more beneficial
to produce optimum yield and nutritive value and could be recommended in the study area.
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Introduction

Ethiopia has a huge livestock population with an esti-
mated 57.83 million cattle, 28.89 million sheep, 29.70
million goats, 7.88 million donkeys, 2.08 million horses,
0.41 million mules and 1.23 million camels [1]. The sector
plays an important socioeconomic role in food security,
generating additional cash income at household levels
and also provides export earnings [2]. However, the con-
tribution is still low compared to the potentials expected
from the sector. Many factors are constraining the devel-
opment of this sector, among which feed scarcity in terms
of quantity and quality are the major ones in almost all
parts of the country [3].

Development interventions encouraging adoption
of forage legumes will achieve a double advantage of
enhancing the livelihoods of rural households and at
the same time prevent or mitigate land degradation [4].
Therefore, improved forage production and devising
strategies to increase their productivity are mandatory
in order to improve animal production and productiv-
ity in the country. Growing of forages after harvesting of
food crops using residual moisture is assumed to be the
best strategy to alleviate land scarcity problems. Moreo-
ver, this system is becoming increasingly considered to
improve the soil health. Harvesting time of the associ-
ated forage crops, however, poses many problems to the
farmers to manage the mixtures [5]. It is also reported
that grasses are sown mixed with legumes to be used
as a climbing frame for the legumes and to increase the
bulk of feed produced [6]. The productivity of oats and
vetch mixtures are known to be superior to either of the
pure stands in yield and quality [7]. Vetch is the most
important and widely used annual forage legume in the
highland farming systems of the country under different
production strategies as it grows well on different soil
types [8]. Oats is also a well-adapted fodder crop used as
energy source for livestock [9]. In the mixtures, oats can
provide support for climbing vetch, improve light inter-
ception through the canopy, facilitate mechanical har-
vesting, and reduce rotting of vetch hay. However, limited
information is available on the performance of oats/vetch
mixture grown using residual moisture as affected by
harvesting stage in the Fogera plain. Therefore, the objec-
tives of the study were to evaluate agronomic perfor-
mance and chemical composition of oats/vetch mixtures
at different harvesting stages.

Materials and methods

Description of the study area

The study was conducted in Fogera district Northwest
Ethiopia located 625 km North West of Addis Ababa. The
geographical location is between 11°58'N latitude and
37°41'E longitude. The climate of the area is characterized
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by warm temperature with unimodal rainfall type. It is
predominantly classified as moist Woina-dega in agro-
ecology. The mean minimum and maximum tempera-
tures are 11.48 °C and 27.3 °C, respectively. The annual
rainfall of the area ranged from 1103 to 2400 mm with
the main rainy season usually extending from May to
September. The topography of the district comprises 76%
flatlands, 11% mountains and hills, and 13% valley bot-
tom lands [10]. The dominant soil type is black clay soil
(65%) and the rest 20%, 12%, and 3% are brown, red and
gray, respectively. In terms of land use pattern, an esti-
mated 64% of the area is cultivated with annual and per-
ennial crops, while the area under grazing and browsing,
forests and shrubs, settlements and wastelands account
for about 15, 1.8, 8 and 11.2%, respectively. The total area
of the District is estimated to be 117,414 ha [11].

Land preparation and experimental design

The experimental plots were prepared thoroughly by
plowing the land before sowing. The experiment was
conducted using randomized complete block design
(RCBD) in a factorial arrangement with three replica-
tions. The two factors were the four mixtures (factor A)
of the two oat varieties (O; and O,) and the two vetch
varieties (V; and V,) and the three harvesting stages (fac-
tor B) (flag leaf stage: HS1), (milk stage: HS2) and (dough
stage: HS3). So the experiment had a 4 x 3 factorial
combinations with three replications. The oats varieties
used were CI-8237 and CI-8251 and vetch species were
Vicia villosa and Vicia dasycarpa. The seed proportions
were oats 25% +75% vetch which is based on the recom-
mended sole seed rates of 80 and 25 kg/ha for oats and
vetch, respectively. The plot size was 2 m x 3 m, and the
spacing between replications and plots was 1.5 and 0.5 m,
respectively [12]. Animal manure was applied in equal
amount on all plots.

Sampling procedures and data collection

The plant height for each species was determined by
measuring the height of ten randomly selected plants
from ground level to the tip of the plant, and their aver-
age was recorded [12]. Number of leaves per plant for
oats and number of branches per plant for vetch were
recorded at each harvesting stage by taking 10 plants
from each plot. Leaf to stem ratios for oats at each har-
vesting stage was measured and calculated for each plot
on dry matter basis. For measuring plant height and DM
accumulation over the growing period, ten plants of each
species were harvested from ground level from each plot
every 20 days interval starting from the 20th day of plant
growth [13]. Harvesting for biomass yield and nutri-
tional analysis were taken at three different stages viz.,
flag leaf stage (HS;), milk stage (HS,) and dough stage
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(HS;) following the physiological stages of oats. Total
fresh weight of mixtures in each plot was weighed from
samples taken from an area of a 1 m x 1 m quadrate to
estimate fresh biomass yield. The samples were chopped
and thoroughly mixed. A 200 g sub sample was taken and
dried in a forced draft oven at a temperature of 105 °C
overnight for dry matter yield determination.

Chemical analysis

The total ash and crude protein contents were deter-
mined according to the procedures described by [14].
Neutral detergent fiber (NDF), acid detergent fiber (ADF)
and acid detergent lignin (ADL) were analyzed following
the procedures described by [15]. The crude protein yield
(CPY) (t/ha) was determined by multiplying DMY by CP
percentage.

Data analysis

The data were analyzed using the general linear model
(GLM) procedure of [16]. Mean treatment comparisons
were done using Duncan’s Multiple Range Test (DMRT)
for variables in which F-values declared a significant dif-
ference and differences were considered statistically sig-
nificant at 5% level.

The statistical model used was:
Yiik = i+ ri + Aj + B + (AB)jx + ejr,where Yy, is the
response variable; g, over all mean; ; is the ith replication
effect; 4; is the jth factor effect (harvesting stage 1-3); B,
is the kth factor effect (variety combinations 1-4); (AB)I.,(
is the jkth interaction effect (harvesting stage x Variety
combinations); e;; is the random error.

Results and discussion

Agronomic performance of oat and vetch varieties

Plant height of oat varieties and vetch species

Plant height in oats was affected by both harvesting
stages and varieties (Table 1). However, their interac-
tions were not significant (P>0.05). Plant height of
oats at HS, and HS; were significantly higher than HS,,
but statistically significant difference (P> 0.05) was not
observed between HS, and HS,. The current study was
supported by Shoaib et al. [17] who indicated that har-
vesting stage is the most important factors which affect
plant physiology in terms of plant height. But Berhanu
et al. [18] reported higher values (111.5-118 cm) at
the 80th day of harvesting compared to the results of
the current study. This higher variation in plant height
might be attributed by factors such as season and soil
type which can positively affect this character. On the
other hand, plant height was significantly (P?<0.001)
affected by varieties of oats with higher values recorded
for CI-8237 compared to CI-8251. The variation in
plant height may be attributed to variation in genetic
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Table 1 Plant height (cm) for oats varieties and vetch
species

Species  Variety/species Harvesting stages
HS, HS, HS; Mean
Oats Oats CI-8237 66.03° 71.8° 71.06° 69.63°
Oats CI-8251 60.66°  66.3° 66.96°  64.64°
Mean 6335>  69.05°  69.02°  67.14
SE 2.096
cv 3.122
P value (varieties) 0.0005
Vetch Vicia villosa 66.1¢ 7493 726  7121P
Vicia dasycarpa 7073°  7666° 7486  74.08
Mean 68.41° 75.8° 73.73° 72.65
SE 2454
cv 3378
P value (species) 0.0321

SE standard error, CV coefficient of variation, HS harvesting stage

¢ Variety/species means values having same superscript within a row are not
significantly different (P>0.05)

make-up, soil type, season and adaptability of the varie-
ties to different environmental conditions.

Harvesting stages and species also had significant
effect on vetch plant height but interaction of the two
factors was not significant. The lowest vetch plant
height was recorded at HS,;, but differences were not
observed between HS, and HS;. Higher plant height
was recorded for V. dasycarpa as compared to V. vil-
losa. The variation in plant height between the two
vetch species might be due to their species differences
and growth habit. The current result agrees with the
finding of Gezahegn et al. [19] who reported taller plant
height for V. dasycarpa followed by V. villosa and Vicia
atropurpurea. Similarly, Desalegn and Hassen [20]
stated that Vicia sativa was the shortest vetch species
having an average height of 81 ¢cm and V. dasycarpa
was the tallest (130 cm) followed by V. villosa and V.
atropurpurea (126 cm and 115 cm), respectively, using
monoculture cultivation.

Number of leaves per plant and leaf to stem ratio for oat
varieties

Significant variation was observed in number of leaves
per plant by varietal mixture and harvesting stage as
main effects, but no significant difference was observed
due to their interactions (Table 2). In this case, the high-
est number of leaves per tiller (5.03) was recorded at HS,
and the least at HS, (4.38). Oats variety CI-8237 pro-
duced the highest (P<0.001) number of leaves per tiller
(5.21) compared to oats variety CI-8251 (4.34) (Table 2).
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Table 2 Number of leaves per plant and leaf to stem ratio
for oats varieties at different harvesting stages
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Table 3 Number of branches/vetch plant in oat-vetch
mixtures at different cutting times

Parameters Oats varieties Harvesting stages Species Harvesting stages
HS, HS, HS; Mean HS, HS, HS; Mean
Number of leaves per  Qats Cl-8237 467° 543" 5537 5272 Vicia villosa 12.6% 1343% 14572 13.53?
tiller Oats Cl-8251 41 445¢ 4530 434° Vicia dasycarpa 10.57¢ 11.27¢ 1247 11.43°
Mean 438> 4927 503 478 Mean 11.58° 12.35% 13.52° 1248
SE 0.167 SE 0.98
cv 3495 cv 7.84
P value (varieties) 0.0001 P value (species) 0.0011
Leaf to stem ratio Oats CI-8237 107°094° 073° 091° SE standard error, CV coefficient of variation, HS harvesting stage
QOats C1-8251 099° 0897 071° 087° a4 Species means values having same superscript within a row are not
Mean 103*  092° 072¢ 089 significantly different (P> 0.05)
SE 0.018
v 2075 Changes in dry matter accumulation and plant height
P value (varieties) 0.0004 of oats varieties

SE standard error, CV coefficient of variation, HS harvesting stage

@€ Variety means values having same superscript within a row are not
significantly different (P> 0.05)

The current study was in line with Berhanu et al. [18]
who reported the highest and lowest number of leaves
per plant in oats to be 5.15 and 4.58, respectively.

Leaf to stem ratio was affected by the main and interac-
tion effects. Based on this result, the highest leaf to stem
ratio was recorded at HS; (1.03) followed by HS, (0.92)
and the lowest value was obtained at HS; (0.72). The cur-
rent result indicated that leaf to stem ratio decreased
with increasing age which agrees with the work of Ber-
hanu et al. [18] who reported the highest leaf to stem
ratio at HS,. The reason might be the loss of leaves as
the plants become more matured. The results of the cur-
rent study indicated that leaf to stem ratio in both oats
varieties decreased with the delay in harvesting stages.
The higher (P<0.001) leaf to stem ratio was recorded in
CI-8237 compared to CI-8251 (Table 2).

Number of branches per plant for vetch species

A number of branches per plant in vetch were affected
by both harvesting stages and species as shown in
Table 3. An increasing number of branches per plant
were recorded with harvesting stage. As age of the plant
is increasing, there is possibility for emergence of new
branches.

The current study showed higher number of branches
per plant at HS;. But HS, showed similar values with
HS, and HS; (Table 3). On the other hand, V. villosa had
higher number of branches than V. dasycarpa (Table 3).
The current result was supported by Gezahegn et al. [19]
who reported that V. dasycarpa and V. villosa giving the
highest branches per plant.

DM accumulation and plant height of oats varieties are
presented in Table 4. The result showed that the increase
in DM accumulation and growth in height during the
twentieth and fortieth day of sampling was generally low
compared to the rest of the sampling stages. Significant
differences were not observed between the two oats vari-
eties during the initial stage of growth. The rate of DM
accumulation and growth in height were not significant
at the 20th and the 40th sampling days. Change of DM
accumulation had no significant variation between the
two oats varieties at the 60th sampling days. However,
after 40th day, the rate of DM accumulation and growth
in height was increased with faster rates in both oats
varieties. The result was in agreement with Negash et al.
[21] who stated that plant height has a main contribution
in green fodder and dry matter yield.

The current result indicated that plant height at 60th,
80th and 100th day of growth was higher in oat variety
CI-8237 compared to CI-8251. On the other hand, higher
DM accumulation was obtained at the 80th and the
100th day of growth for oats variety CI-8237 compared
to CI-8251 (Table 4). The result of the current study was
found to be in line with Berhanu et al. [18] who reported
similar values of dry matter accumulation and plant
height in similar oat—vetch mixed experiments.

Changes in dry matter accumulation and plant height

of vetch species

In the current study, DM accumulation and plant height
were similar between the two vetch varieties during the
early stages of vegetative growth, except DM accumula-
tion at the 20th sampling day (Table 5). With regard to
DM accumulation, significant (P<0.05) variation was
observed between the two vetch varieties at the 20th,
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Table 4 Dry matter accumulation and plant height of oats varieties at different growth stages
Variety Plant height (cm) Dry matter accumulation (g/10 plants)

Cutting days after sowing Cutting days after sowing

20 40 60 80 100 20 40 60 80 100
Oats CI-8237 12.98 2555 45.92° 67.18° 71.80° 1.21 10.50 31.62 50.24° 52.37°
Oats C-8251 1306 2472 39.83° 61.51° 66.44° 122 1048 30.68 4848 49.98"
Mean 13.02 2513 42.88 64.35 69.12 1.22 10.49 31.15 49.36 51.17
SE 1.95 2.31 6.16 6.10 6.92 0.18 1.19 2.08 1.96 1.80
@Y 14.95 9.20 14.37 948 10.01 14.52 11.30 6.68 397 352
P value (varieties) 0.9054 0.2883 0.0059 0.0091 0.0272 0.851 0.8666 0.1884 0.0113 0.0004
SE standard error, CV coefficient of variation
b Variety means with different letters in column are significantly different
Table 5 Dry matter accumulation and plant height of vetch species at different growth stages
Species Plant height (cm) Dry matter accumulation (g/10 plants)

Cutting days after sowing Cutting days after sowing

20 40 60 80 100 20 40 60 80 100
Vicia villosa 6.79 18.81 4347 67.18° 73.21 1.03° 8.89 19.18 40.96° 44.89°
Vicia dasycarpa 7.28 19.55 4443 73.32¢ 75.08 1.16° 9.03 20.06 39.79° 4368°
Mean 7.04 19.18 43.95 70.25 7414 1.09 8.96 19.62 40.38 44.28
SE 0.89 1.93 439 6.60 878 0.19 0.40 1.80 141 0.89
cv 1265 10.08 9.99 9.39 11.84 1747 4.50 9.18 349 201
P value (species) 0.113 0.256 0514 0.009 0.527 0.045 029 0.154 0.018 0.0003

SE standard error, CV coefficient of variation

b Species means with different letters in column are significantly different

80th, and the 100th days of harvest, but the values for the
40th and the 60th days were found to be similar.

The current result also indicated higher DM accumula-
tion for V. villosa than V. dasycarpa at the 80th and 100th
sampling days. In the current study, similar plant height
values were observed at the different cutting times for
both vetch species except the 80th day at which V. dasy-
carpa gave higher values than V. villosa (Table 5).

The possible reason for higher DM accumulation for
V. villosa than V. dasycarpa might be due to the higher
branching abilities observed in V. villosa compared to V.
dasycarpa. This result was in line with Gezahegn et al.
[19] who obtained similar results among the vetch spe-
cies during the initial growth stage.

Dry matter yield of oat and vetch mixtures

The dry matter yield (DMY) of mixtures were signifi-
cantly (P<0.001) affected both by main effects and their
interactions (Table 6). Dry matter yield was higher at
HS, (4.99 t/ha), whereas the lowest dry matter yield
(3.42 t/ha) was obtained at HS;. The lower DMY at HS;
for mixtures could be due to lower DM accumulation

Table 6 Dry matter yield (t/ha) of oats-vetch mixtures
at different harvesting

Oats-vetch mixtures Harvesting stages

HS, HS, HS; Mean
Qats CI-8237 + Vicia villosa (O,V,) 399 616° 5117 509°
Qats CI-8237 + Vicia dasycarpa (O,V,)  373¢  532° 446 45°
Oats CI-8251 + Vicia villosa (O,V,) 3.18° 4545 327°  366°
Qats CI-8251 + Vicia dasycarpa (O,V,) 276 3.93% 299" 3229
Mean 342¢ 499°  396° 412
SE 0.1599
v 3.882
P value (mixtures) 0.0001

SE standard error, CV coefficient of variation, HS harvesting stage

2-f Mean values with different superscripts across a row and across a column are
significantly different (P<0.001)

per plant which is expected at early stage of growth. The
reason for highest DMY at HS, could be due to the high-
est tiller number, leaf formation, leaf elongation, stem
development and the maximum plant vegetative growth
attended at this stage. The current result was conformed
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to McDonald et al. [22] who stated that stage of matu-
rity of forages at harvesting stage is the most important
factor that influences the DMY and nutritional quality.
However, the current result was lower than the findings
of Berhanu et al. [18] who obtained the lowest total herb-
age yield (4.1 t/ha) at HS; and increased with increase in
harvesting days under rain fed condition. Different schol-
ars [23-25] reported different results with the current
study indicating an increase in DM yield with delayed
cutting time. The variation observed between the current
study and the earlier works might be due to climatic, sea-
son and location differences which could affect the per-
formance of different plant species differently.

When the values of mixture are considered, higher
mean DMY (5.09 t/ha) was obtained in the mixture
of CI-8237+ V. villosa followed by CI-8237+ V. dasy-
carpa (4.5 t/ha) and CI-8251+4 V. villosa (3.66 t/ha),
respectively, whereas the lowest mean DMY (3.22 t/
ha) was recorded in the mixture of CI-8251+ V. dasy-
carpa (Table 6). In the present study, those varieties with
higher dry matter accumulation and morphological per-
formance in the growing period gave better DM yield.
Hence, better plant vigor tended to produce higher herb-
age yield as compared to less vigorous varieties.

In case of interaction effect, the highest DMY (6.16 t/
ha) was recorded for CI-8237 + V. villosa mixtures at HS,
(Table 6). The lowest DMY (2.76 t/ha) was obtained from
CI-8251+ V. dasycarpa mixtures at HS, and HS3. The
results of the current study were supported by Gezahegn
et al. [19] who reported that DMY is affected by genetic
and environmental conditions at different forage harvest-
ing stages. This result was also in line with the reports of
Desalegn and Hassen [20] who obtained the highest dry
matter yield of 3.64 t/ha from V. villosa which was found
to be the best adaptive vetch species among the four
vetch species tested by the author. Other studies by Bim-
rew et al. [26] and Genet et al. [27] showed that the dry
matter yield was increased with an increase in harvesting
days in Desho grass.

Nutritional quality of oat and vetch mixtures

Crude protein contents of oat-vetch mixtures at different
harvesting stages

The mean crude protein content was significantly
(P<0.001) affected by harvesting stages and the interac-
tion effects (P<0.05). However, there were no significant
differences (P>0.05) among oat—vetch mixtures. Higher
(P<0.001) crude protein percent was obtained at HS; and
lower (P<0.001) value at HS; (Table 7). The possible rea-
son for higher CP content at HS; could be plants accu-
mulated higher amounts of CP at early stages of growth
and declines due to the dilution of the CP content by an
increase in structural carbohydrate as plants advanced in
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Table 7 Crude protein content (%) of oats-vetch mixtures
at different harvesting stage

Oats-vetch mixtures Harvesting stages

HS, HS, HS; Mean
Qats CI-8237 + Viciavillosa (O,V,) ~ 20.10* 1503 1559 1691
Oats CI-8237 + Vicia dasycarpa 1715 17.07°¢ 16129 16.78
OV,
Qats CI1-8251 + Vicia villosa (O,V,)  19.55% 16.81°¢ 1520 17.19
Oats CI-8251 + Vicia dasycarpa 2138 16039 13979 17.3
(Ozvz)
Mean 19547 1624> 1522 17.00
SE 156
QY 9.20
P value (mixtures) 0.9400

SE standard error, CV coefficient of variation, HS harvesting stage

2-d Mean values with different superscripts across a row is significantly different
(P<0.001)

age. On the other hand, the lowest CP recorded at HS,
might be the reduction of leaves due to shattering of
leaves in vetch species.

The current result of crude protein percent is in line
with Berhanu et al. [18] who reported a decreasing trend
in crude protein with increase in harvesting stages in oat
and vetch mixtures. Similarly, Dura et al. [28] reported
higher CP contents in purely sown legumes than in
cereals. Scholars [26, 27] also reported that in Desho
grass, the CP content was decreased as the age of plants
advanced. In case of interaction effect, the highest CP
(21.38%) was obtained from the mixture of CI-8251+ V.
dasycarpa at HS,. The high CP value obtained in mixed
forages of the current study is supported by Berhanu
et al. [18] who reported that mixtures of forage up to
25-50% legume produced more quality forage and yield
per unit area than purely sown forages. Befekadu and
Yunus [29] suggested that the maximum CP concentra-
tion was recorded in the highest proportion of legume
plants and Fantahun [30] also reported that the highest
quality forage obtained from oat with legume mixtures.
Gezahegn [31] reported 18% CP in oats—vetch mixture,
and Starks et al. [32] reported 26% CP in case of pure
stand vetch.

Crude protein yield of oat and vetch mixtures
Crude protein yield was affected (P<0.001) by harvesting
stages, mixtures and their interactions (Table 8).

The highest mean crude protein yield (0.81 t/ha) was
recorded at HS, followed by HS, (0.66 t/ha) and the least
(0.61 t/ha) was obtained at HS; (Table 8). In the cur-
rent study, the low CP yield recorded at later harvesting
ages might be due to the differences in varieties (oat and
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Table 8 Crude protein yield (t/ha) for oat-vetch mixtures
at different harvesting stages
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Table9 Ash content (%) of oats-vetch mixtures

at different harvesting stages

Oats-vetch mixtures Harvesting stages

Oats-vetch mixtures Harvesting stages

HS, HS, HS; Mean HS, HS, HS; Mean
Oats CI-8237 + Vicia villosa (O, V,) 079° 0922 079° 0847 Qats CI-8237 + Viciavillosa (O,V,) 1225°  10.97°% 11,189 1147
Oats CI-8237 + Vicia dasycarpa (O,V,) 0644 091° 072 0.75° Oats CI-8237 + Viciadasycarpa ~ 11.75°%¢ 10.89°%¢ 10379 11.00
Oats CI-8251 + Vicia villosa (O,V,) 0629 0760 049 063¢ O;V2)
Oats CI-8251 + Vicia dasycarpa (O,V)  059% 063 0421 0549 Oats CI-8251+ Vicia villosa (O,V,)  1224% 11179 1097 1146
Mean 066° 0817 061° 069 Oats CI-8251 + Vicia dasycarpa 1190  11.02°% 1023°  11.05
. . ) . O
SE 0.058 2 . . .
.y 201 Mean 1203 1102 1069° 1125
) ) SE 047
P value (mixtures) 0.0001
QY 419
SE standard error, CV coefficient of variation, HS harvesting stage Pvalue (mixtures) 0078

af Mean values with different superscripts across a row and across a column are
significantly different (P<0.001)

vetch) as well as the loss of leaves and the increment of
the cell wall constituents which negatively affect crude
protein yield. Geleti [33] suggested that CPY is the prod-
uct of total dry matter yield and CP concentration in the
plant which can be substantiated by the values obtained
from CP percent and the dry mater yield obtained from
each treatment in Tables 6 and 7. Because of this fact, the
amount of CPY was reduced at HS;. The crude protein
yield (CPY) showed significance difference (P <0.001)
among treatments with the highest CPY obtained
from CI-8237+ V. villosa and the least recorded from
CI-8251+ V. dasycarpa (Table 8). The current result
agrees with Diriba and Vaars [34] who suggested higher
CPY being an indicative of importance of the forages.
Gezahegn [31] also stated genetic characteristics being
the basis for variation in nutritive values that determine
production, utilization and the various management
practices.

Total ash content of oats/vetch mixtures

Total ash content was significantly affected (P<0.001)
by harvesting stages (Table 9). However, there was no
any significant difference (P>0.05) among the treatment
mixtures as well as their interaction. Significantly higher
(P<0.001) ash content was recorded at HS;. A reduc-
ing trend in ash content was recorded from HS; to HS,.
However, HS, and HS; were not statistically different
from each other.

The ash content obtained in this study was in agree-
ment with Diriba and Vaars [34] who reported that min-
eral contents of plants declined during the maturing
process due to natural dilution and translocation of nutri-
ents from vegetative part to the root system. McDon-
ald et al. [22] also reported that mineral concentration

SE standard error, CV coefficient of variation, HS harvesting stage

a¢ Mean values with different superscripts across a row is significantly different
(P<0.001)

declines with age and influenced by soil type, soil nutri-
ent levels and seasonal conditions. However, the results
of the current study disagree with the results of Yehalem
[35] who reported an increase in total ash contents with
advancing plant maturity. In general, variation in concen-
tration of minerals in forages can be induced by factors
like varieties, plant developmental stage, morphological
fractions, climatic conditions, soil characteristics and fer-
tilization regime [19, 36].

Fiber and lignin contents

Neutral detergent fiber content

Neutral detergent fiber (NDF) content was affected
(P<0.001) both by main effects and their interactions
(Table 10). The highest NDF content (54.89%) was
recorded at HS; and the lowest value (45.98%) at HS,;.
The result showed that the NDF content was increased
with delayed harvesting stage from HS; to HS,.

This increase in NDF content with advancing matu-
rity was also reported by other authors [17, 26, 35, 37,
38]. This might be due to an increase in fiber content
which could be accompanied by a decrease in CP content
associated with an increase in the proportion of ligni-
fied structural tissue at later stage of growth. The high-
est NDF was recorded from the mixture of CI-8237+ V.
villosa, but the values for CI-8237 + V. dasycarpa (O,V,),
CI-8251+ V. villosa (O,V,) and CI-8251+ V. dasycarpa
(O,V,) were statistically similar (Table 10). The sig-
nificant NDF value in one mixture could be due to the
genetic make-up of the mixture varieties.
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Table 10 Neutral detergent fiber content (%) of oats-
vetch mixtures at different harvesting stages
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Table 12 Acid detergent lignin content (%) of oats-vetch
mixtures at different harvesting stages

Oats-vetch mixtures Harvesting stages

Oats-vetch mixtures Harvesting stages

HS, HS, HS; Mean HS, HS, HS; Mean
Oats CI-8237 + Vicia villosa (O V,) 46.58° 5280° 57.09° 52.16° Qats CI-8237 + Vicia villosa (O,V;) 718" 11.15%¢ 1201 1011
Oats CI-8237 + Vicia dasycarpa (O,V,) 45.85°¢ 48.85¢ 5473° 4981° Oats CI-8237 + Vicia dasycarpa 881%" 9669 1140 996
Oats CI-8251 + Viciavillosa (O,V;) ~ 4550° 49.12¢ 5428° 4963° O;V2)
Oats CI-8251 + Vicia dasycarpa (O,V,) 4595¢ 5172 53450 503g0  Oats C-8251+Viciavillosa (O3Vy)  7.53% 9,52 11.17% 941
Mean 4598 5063° 5489° 5049 Qats CI-8251 + Vicia dasycarpa 814" 1046°9 12887 1049
' ' O,V
SE 118 . ) R
o 23 Mean 792¢ 1020° 1187 9.99
) ) SE 1.14
P value (mixtures) 0.0006
QY 1146
SE standard error, CV coefficient of variation, HS harvesting stage Pvalue (mixtures) 02712

¢ Mean values with different superscripts across a row and across a column are
significantly different (P<0.001)

Table 11 Acid detergent fiber content (%) oats-vetch
mixtures at different harvesting stages

Oat-vetch mixtures Harvesting stages

HS, HS, HS; Mean
Qats C1-8237 + Viciavillosa (OV;) 32437 3724%¢ 3914 3627%
Oats CI-8237 + Vicia dasycarpa 3309¢F 35699 3762 3547°
©\V))
Oats CI-8251 + Vicia villosa (O,V;) ~ 32.92%"  3529% 3769 3530P
Oats CI-8251 + Vicia dasycarpa 35.03% 37.11°4 4043° 3752°
(A
Mean 3337° 3633%  3872° 3614
SE 135
v 373
P value (mixtures) 0.0079

SE standard error, CV coefficient of variation, HS harvesting stage

af Mean values with different superscripts across a row and across a column are
significantly different (P<0.01)

Acid detergent fiber content

Acid detergent fiber was significantly affected (P<0.001)
by harvesting stages and (P<0.01) due to mixtures, but
not their interactions (Table 11).

Based on this result, treatments harvested at HS,
gave the highest ADF content (38.72%) compared to
the rest of the harvesting stages (HS, and HS;) with
the lowest mean NDF value (33.37%) recorded at HS;
(Table 11). This result shows that ADF content was
increased with advancing maturity. The ADF value in
the current study was in line with the findings of Ber-
hanu et al. [18] who reported 40.68% NDF value rang-
ing from 33.09 to 44.97 at different harvesting days
in case of oat and vetch mixtures. The highest ADF
concentration produced at late harvesting stage might

SE standard error, CV coefficient of variation, HS harvesting stage

2-f Mean values with different superscripts across a row is significantly different
(P<0.001)

be due to the decrease in leaf to stem proportion and
an increase in cell wall lignifications which may lead
to raised ADF concentration at an advanced growth
stage. Likewise, Bimrew et al. [26] and Cetin and Turk
[38] reported that the highest ADF value was recorded
at late harvesting period. On the other hand, in the
current study, the highest ADF value was recorded for
CI-8251+ V. dasycarpa, but CI-8237 + V. villosa gave
statistically similar values.

Acid detergent lignin content

Acid detergent lignin (ADL) was significantly (P<0.001)
affected by harvesting stages, but mixtures and their
interactions did not show significant effect on this
parameter (Table 12). The highest (11.87%) and lowest
(7.92%) mean ADL contents were recorded at HS; and
HS,, respectively.

Generally, the current result showed that ADL content
was increased with advancing maturity. This could be due
to rapid lignifications as the result of concentration of
structural carbohydrates at advanced age of plant growth.
The present result was in line with other findings which
reported higher lignin contents with prolonged growth
stages [22, 27, 39].

Conclusions

Based on the current result, all agronomic parameters,
biomass yield and nutritional value were affected by
harvesting stages. The different oats varieties and vetch
species in this study also showed variations in most
measured traits due to differences in genetic, seasonal
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and environmental factors. Plant height, leaf number
and leaf to stem ratio were recorded to be higher for oats
CI-8237 resulting in higher dry matter accumulation
rate over the growing period. In case of vetch species, a
higher number of branches were recorded in V. villosa
compared to V. dasycarpa, whereas higher plant height
was recorded in V. dasycarpa. Therefore, CI-8237 and V.
villosa combination performed better in most agronomic
and nutritional parameters at harvesting stage two (milk
stage) and it is recommended for fodder production in
similar agro-ecology using the residual moisture to fill
the dry season feed shortage (through conserved forage)
and improve livestock productivity and enhance food
security.
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