Journal of Agricultural Science and Technology A and B
& Hue University Journal of Science 7 (2017) 24-31
doi: 10.17265/2161-6256/2017.10.004S

~PUBLISHING

Selection of Sesame Accessions (Sesamum indicum L.)

in Thua Thien Hue Province, Vietnam

Tram Thi Hoai Nguyen®, The Thi Dieu Nguyen? and Hai Thi Hong Truong® 2
1. Institute of Biotechnology, Hue University, Tinh Lo 10 Street, Hue City 530000, Vietnam
2. Hue University, 03 Le Loi Street, Hue City 530000, Vietnam

Abstract: The main objective of this study was to select the best accessions for use as potential breeding sources in Thua Thien Hue
province. A total of 16 accessions were used in this study, of which three accessions from Ho Chi Minh city in Vietnam, four
accessions supplied by Japan, six accessions collected from China, two accessions provided by the United States and one Mé Vang
local accession (control) from Thua Thien Hue. The field experiment was conducted from August 2016 to November 2016 and laid
out in arandom complete block design (RCBD) for three replications at Huong Long ward, Hue city, Thua Thien Hue province. Each
accession was observed 10 plants per replication. The size of each plot was 10 m? and the spacing of 25 cm x 10 cm was applied. The
results showed that experiment accessions can grow under Thua Thien Hue conditions. Of those, the actual yield of VV12, VDM21,
VH12, VDM50, VHO1 and VDM45 were higher than the other accessions with 1.65, 1.64, 1.55, 1.54, 1.52 and 1.45 tons/ha,
respectively. Oil content of these six accessions was above 50%. Therefore, VV12, VDM21, VH12, VDM50, VHO01 and VDM45 can
be used for breeding and cultivation under local condition.
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1. Introduction lot of documents on the nutritional value of sesame
seeds published. Pathak et a. [1] showed the

Sesame (Sesamum indicum L.), belonging to i o ) i
perspective on bioactive components from ingredients

Pedaliaceae family is a herbaceous annual plant, and
also known as bennissed, benne, sesamum, gingelly,
sim-sim and tila [1, 2]. Sesame was planted in 69
countries around the world with an area of nearly 9.40
million hectares, of which the main producing regions
were Africa and Asia with 62.51% and 34.56% of the
area, 59.81% and 36.61% of the world production,
respectively [3]. Sesamum indicum L. iS an important
oil seed crop and used in food, nutraceutica and

of sesame seeds for enhancing utility and profitability.
Yokota et a. [6] indicated that cyclin D1 protein
expression in  human tumor cells can be
down-regulated due to sesamin, a major lignan
constituent of sesame. An overview of the nutritional,
medicinal and industrial uses of sesame (Sesamum
indicum L.) seeds was published by Anilakumar et al.
[7]. Besides, the value of using sesame in livestock is
also studied. Aregawi et al. [8] reported the utilization
and nutritive value of sesame (Sesamum indicum L.)
straw as feed for livestock in the Northwestern
lowlands of Ethiopia. This crop is aso able to
withstand a variety of external and growing conditions
[9]. It is grown under wide range of cultivation form,

pharmaceutical industry because of its high oil
(44%-58%), protein (18%-25%) and carbohydrates
(13.5%) contents [4, 5]. Sesame oil is considered as
one of the most valuable vegetable oils used to replace
tallow, which helps provide nutrients and avoid

cardiovascular, blood pressure for human. There are a ; ) )
such as the different crop rotations or intercrop

farming.
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growing sesame and it is one of the old traditional
crops. Sesame seeds are formerly used as an
intermediary food to produce domestic consumption
products. Today, the demand for vegetable oil has
increased, and sesame becomes a potential crop to
develop due to high oil content. In addition, the value
usage from Sesamum indicum L. in medica field is
also a great output for sesame plant. However, sesame
has not been considered as a main crop and extensive
farming is aso major cultivation form. According to
FAO statistics [3], yield of sesame in Vietnam ranked
the second with 0.81 tonsha, after Laos with 1.27
tonsg’ha in five sesame seeds producing countries in
Southeast Asia. In recent years, the selection, testing
of new varieties and restructuring crops, which is one
of the agricultural development strategies in Thua
Thien Hue province, are being promoted to improve
productivity and quality. Therefore, the purpose of
this study was to select sesame accessions (Sesamum
indicum L.) for breeding and cultivation under local
conditions.

2. Materialsand M ethods
2.1 Materials

There were total 16 sesame accessions used in this
study, including one Me vang accession (control)
from Thua Thien Hue (TTH) province of Vietnam;
three accessions from Ho Chi Minh city (HCMC) in
Vietnam, namely, VDM3, VV12 and VD3; four
accessions, such as VDM21, VDM36, VDM39 and

Tablel List of sesame accessions used.

VDM50 supplied by Japan; six accessions collected
from China, VDM37, VDM38, VDM163, VHO1,
VHO6 and VH12; two accessions, VDM40 and
VVDMA45 provided by the United States (Table 1).

2.2 Experimental Design

The field experiment was conducted from August
2016 to November 2016 in an open field at Huong
Long ward, Hue city, Thua Thien Hue province.
Planting and nursing techniques were based on the
recommendations of the Research Institute for Oil and
Oil Plants. The experiment was laid out in a random
complete block design (RCBD) for three replications.
The size of each plot was 10 m? and the spacing of 25
cm x 10 cm was applied in this study. Each accession
was observed 10 plants per replication.

2.3 Agronomy Characteristic Collection

The parameters were measured depending on
guidelines of Research Institute for Oil and Oil Plants,
including time of growth of each accession, growth
ability (plant height, growth of stem and branch),
morphological traits of stem, leaf, flower, capsule and
seed, yield and yield components (number of
capsules/bud, number of capsules/plant, number of
seeds/capsule, weight of 1,000 seeds, yield and actual
yield) and seeds quality.

2.4 Statistics Analysis

Data was calculated by Excel 2013 and analyzed by
Statistix 10.0.

No.  Name of accession Place of origin No. Name of accession Place of origin

1 Meé vang (Control) TTH, Vietnam 9 VDM37 China

2 VDM3 HCMC, Vietnam 10 VDM38 China

3 VV12 HCMC, Vietnam 11 VDM163 China

4 VD3 HCMC, Vietnam 12 VHO1 China

5 VDM21 Japan 13 VHO06 China

6 VDM36 Japan 14 VH12 China

7 VDM39 Japan 15 VDM40 the United States
8 VDM50 Japan 16 VDM45 the United States
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3. Results and Discussion
3.1 Time of Growth

Table 2 shows time of growth and development of
sesame accessions. Time of growth of sesame ranges
around 82 d. This parameter is an important factor to
determine crop season and apply appropriate
techniques. Time from sowing to flowering among
accessions ranged from 31 d to 38 d. VHO06 had the
earliest flowering time with 31 d, followed by 32 d of
VDM3, VDM36, VDM37, VDM38, VHO1 and VV 12,
and 33 d of the control check, VD3, VDM21, VDM 39,
VDM50 and VDM40. VDM 163 and VDM45 had the
same time with 35 d. The latest flowering time was
VH12 with 38 d. Time from sowing to ending
flowering and yield of sesame are closely related to
each other. The accession that has early ending
flowering time can get high yield. Time from sowing
to ending flowering ranged from 40 d (VDM40) to 49
d (VV12 and VH12). VHO6 accession also had the
earliest harvesting time at 68 d and the latest one was
VDM40 with 82 d.

Table2 Growth period time of sesame accessions

3.2 Growth Ability

3.2.1 Plant Height
Plant height is controlled by genetics, but aso
influenced by environmental factors, such as

nutrition and other
cultivation techniques. Plant height is one of the
morphological indicators to assess the growth,
development and yield. The plant height of these
sesame accessions is presented in Table 3. At 23 days
after sowing (DAS), plant height among accessions
had significant difference. VDM 163 had the highest
plant height with 23.98 cm and the shortest one was
recorded in VD3 with 14.84 cm. The other accessions
ranged from 17.41 cmto 23.88 cm.

At 30 DAS, plant height increased rapidly in VHO1
with 63.51 cm, whereas, VH06 had the lowest with
31.79 cm. The difference between VHO1, VV12 and the
remained accessions had gtatistical significance at 95%
confidence level. From 37 DAS to 51 DAS, the plant
height of control check, VDM3, VD3 and VHO06
were not increased, with 53.48, 40.67, 46.43, and

temperature, sunlight, soil

Time (d) from sowing to

No. Accession - - - -
Flowering Ending flowering Harvesting
1 Control 33 43 71
2 VDM3 32 46 78
3 VV12 32 49 79
4 VD3 33 43 76
5 VDM21 33 43 79
6 VDM36 32 46 79
7 VDM39 33 45 78
8 VDM50 33 46 79
9 VDM37 32 43 78
10 VDM38 32 43 78
11 VDM163 35 43 75
12 VHO1 32 48 78
13 VHO06 31 43 68
14 VH12 38 49 78
15 VDM40 33 40 82
16 VDM45 35 41 78
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Table3 Plant height of sesame accessions.

Plant height (cm) at DAS

No. Accession Harvesting
23 30 44 51

1 Control 21.67%¢ 46.42° 53.48° 53.48" 53.48" 7445

2 VDM3 17.41° 32.68° 40.67 40.67 40.67 64.96°

3 VV12 21.96%¢ 50.74% 74.93° 81.92 88.79° 106.872

4 VD3 14.84° 38.25' 46.43" 46.43 46.43 65.86°

5 VDM21 18.98% 47.49% 61.79% 70.62¢ 75.70% 95.43¢

6 VDM36 20.81% 52.29° 61.69% 69.66" 75.31% 96.59

7 VDM39 21.73%¢ 51.31° 62.66% 67.46% 72.19" 94.89¢

8 VDM50 21.83* 53.16" 62.85% 69.16% 72.21% 96.21¢

9 VDM37 20.00% 48.20% 56.089 61.829 66.149 88.82°

10 VDM38 22.10%° 52.67° 58.99% 65.05%9 68.721 88.75°

11 VDM163 23.98° 48.19%¢ 67.91% 70.50° 81.12> 98.72%

12 VHO1 23.88% 63.51% 69.53" 75.23" 78.97% 100.70

13 VH06 20.36% 31.79° 37.14 37.14 37.14 57.60"

14 VH12 20.60% 55.21° 7453 80.64% 85.37® 103.61%

15 VDM40 22.33% 51.57" 63.92% 70.70% 76.14% 96.10

16 VDM45 20.88% 45.20° 55.3319 63.229 69.09 88.39°

CV (%) 6.72 4.90 4.26 4.27 4.01 2.72

LSDg,0s 2.34 3.96 4.21 458 4.55 4.02

&1 Means with different letters in each column indicate significant difference at o = 0.05.

37.14 cm, respectively, whereas the others increased
slowly. At 51 DAS, VHO06 also had the lowest plant
height with 37.14 cm, and the highest one was
collected in VV12 with 88.79 cm.

At harvesting time, this parameter ranged from
57.60 cm (VHO06) to 106.87 cm (VV12). The
difference between the control check and the other
accessions was statistically significant difference at
95% confidence level.

3.2.2 Growth of Stem and Branch

The results of growth of stem and branch are
recorded and presented in Table 4. While number of
the 1st branches of the control, VD3, VDM39,
VDM37, VDM163, VHO01l, VH12, VDM40 and
VDM45 were 2 branches/plant, the remained
accessions just had main stem. Number of nodes per
stem depends on characteristics of variety and external
conditions. It ranged from 13.20 nodes/plant (VDM 38)
to 18.63 nodes/plant (VV12). The differences among
the control check (14.57 nodes/plant), VV12 (18.63
nodes/plant), VD3 (17.57 nodes/plant) and VDM21
(17.90 nodeg/plant) were dtatistically significantly

different at 95% confidence level.

The highest of average internode length within
capsule zone was obtained in VH12 (4.96 cm),
followed by VDM38 (4.16 cm) and VDM36 (4.11
cm). The lowest average internode length was VD3
(2.01 cm). Stem height to the first capsule had
significant difference among accessions and ranged
from 22.02 cm (VHO6) to 50.48 cm (VHO01). VV12
and VDM21 had the longest stem length for capsule
with 65.71 cm and 64.39 cm, respectively, while VD3
had the shortest one with 32.26 cm.

3.3 Morphological Traits

3.3.1 Stem, Leaf and Flower

Each accession has different morphological
characteristics, which are signals to identify and
distinguish among accessions. Stem, leaf and flower
morphological traits of sesame accessions are
presented in Table 5. Stem color of the control check,
VDM3, VD3 had yellow green, VV12, VDM37 and
VDM163 had violet, whereas VDM21, VDM36,
VDM50,vDM38,VH01, VH06, VH12 and VDM40
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Table4 Growth of stem and branch of sesame accessions.

No. of the 1st

No. of nodes per stem

Averageinternode  Stem height to Stem length for

No. Accession ?t;?gr??kis/ e (nodes/stem) Izaowngétr(lcvn\q )thln capsule t(zr?n %st capsule capsule (cm)
1 Control 2 14.57%9 2.19" 41,91 3254
2 VDM3 0 14.53%9 2.26% 30.39" 3457
3 VV12 0 18.63* 4.03% 41.16%¢ 65.71%
4 VD3 2 17.57%¢ 2.01" 33.60'%" 32.26
5 VDM21 0 17.90% 3.56" 31.05" 64.39%
6 VDM36 0 15.23% 4117 33.20" 64.03%
7 VDM39 2 15.73% 3.53%% 37.00%¢ 58.23"
8 VDM50 0 15.90%% 350" 38.17 57.56°
9 VDM37 2 13.70" 3.13% 44,950 43.87'
10 VDM38 0 13.20° 4.16% 31.79%" 56.96™
11 VDM163 2 18.00% 2.719 47.68% 51.04%
12 VHO1 2 14.60%¢ 3.31% 50.48° 50.22%
13 VH06 0 14.60%4 2.40%" 22.02 35.58"
14 VH12 2 15.53% 4.96% 40.46% 63.16™
15 VDM40 2 15.47% 3.037 48.50° 47,6079
16 VDM45 2 16.33" 247" 46.91%° 41.47%
CV (%) 6.74 9.53 8.96 7.75
LSDg0s 176 0.50 5.76 6.45
2l Means with different letters in each column indicate significant difference at o = 0.05.
Table5 Stem, leaf and flower morphological traits of sesame accessions.
. Stem Leaf
No. Accession Color of peta
Color Shape Color Shape
1 Control Yellow green Round Yellowishgreen  Subulate Light violet
2 VDM3 Yellow green Square Yellowish green  Subulate Pink white
3 VV12 Violet Square Yellowish green  Subulate Pink violet
4 VD3 Yellow green Square Yellowishgreen  Subulate Violet
5 VDM21 Green Square Dark green Linear Pink white
6 VDM36 Green Square Green Subulate Pink white
7 VDM39 Violet green Square Dark green Linear Violet
8 VDM50 Green Square Dark green Linear Light violet
9 VDM37 Violet Square Yellowishgreen  Linear Light violet
10 VDM38 Green Square Green Subulate Pink white
11 VDM163 Violet Square Yellowish green  Subulate White
12 VHO1 Green Square Green Subulate Pink white
13 VHO06 Green Square Dark green Subulate Violet
14 VH12 Green Square Dark green Subulate Violet
15 VDM40 Green Square Green Linear Pink white
16 VDM45 Green violet Square Green Linear Light violet

were green. VDM39 was violet green and VDM45
had green violet. The control check had round stem
shape, and the other accessions were sguare. Leaf
color ranged from yellowish green to dark green. The
control, VDM3, VV12, VD3, VDM37 and VDM 163

had yellowish green; VDM36, VDM38, VHO01,
VDM40 and VDM45 had green, whereas dark green
was observed in VDM21, VDM39, VDM50, VHO06
and VH12. Shape of leaf was also different. The
control check, VDM3, VV12, VD3, VDM36, VDM 38,
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VDM163, VHO01, VHO06 and VH12 had subulate |eaf
shape and the remained accessions were linear one.
Color of petal is one of the morphological traits
specializing for each accession. The control check,
VDM50, VDM37 and VDM45 were light violet petal
color. VDM3, VDM21, VDM36, VDM38, VHO1 and
VDM40 had pink white. Pink violet color was
obtained in VV12. VDM 163 had white and the others
had violet color.

3.3.2 Capsule and Seed

Capsule and seed morphological traits of sesame
accessions are shown in Table 6. While VDM3, VD3,
VDM?21, VDM36, VDM39, VDM50, VDM37,
VDM38, VHO6 and VDM40 had the lowest segment
number (2.00 segments/capsule), the control had the
highest with 5.33 segments/capsule. Size of capsule
was assessed on length and width. VDM3 had the
longest length with 3.47 cm and the lowest was the
control check (1.81 cm). There was datisticaly
significant difference between VDM3 and the other
accessions at 95% confidence level. Width of capsule
ranged from 0.35 cm (VDM3) to 1.32 cm (control
check). Color of seed skin is aso a signa to

distinguish among accessions. Seed skin color of the
control, VV12, VDM163 and VHO06 was yellow,
whereas, VDM3, VDM21, VDM39, VDM50 and
VDM38 had white color and the remained accessions
were black one.

3.4 Yield and Yield Components

Yield and vyield components had significant
difference among accessions as shown in Table 7.
Number of capsules/bud ranged from 1.00 capsule
(VV12, vDM37, VDM163, VHO01, VH12, VDM40
and VDM45) to 3.00 capsules (VDM 39, VDM50 and
VHO06). The highest number of capsules/plant was
obtained in VD3 (33.60 capsules/plant) and the
lowest was VDM38 (12.67 capsules/plant). There
was no significant difference on the number of
capsules/plant among VDM 163, VHO1 and VDM40.
However, the difference between VDM 163, VHO1,
VDM40 and the other accessions was statistically
significant at 95% confidence level. Number of
seeds/capsule is controlled by genetics, but it was
also influenced by environmental factors. VV12 had
the highest seed number with 119.00 seeds/capsule,

Table6 Capsuleand seed morphological traits of sesame accessions.

Size of capsule

No. Accession Number of segments/capsule Length (cm) Width (cm) Color of seed skin
1 Control 5.33° 1.81¥ 1.322 Yellow
2 VDM3 2.00' 347 0.35" White
3 VV12 4.00° 2.33" 0.85° Yellow
4 VD3 2.00f 3.25° 0.56% Black
5 VDM21 2.00' 2.81¢ 0.46° White
6 VDM36 2.00f 2.81¢ 0.41° Black
7 VDM39 2.00' 2.97° 0.52' White
8 VDM50 2.00' 2.92% 0.56% White
9 VDM37 2.00' 2.98° 0.419 Black
10 VDM38 2.00' 2.70% 0.61° White
1 VDM163 3.67° 2.47%" 0.75% Yellow
12 VHO1 3.00% 2501 0.72¢ Black
13 VH06 2.00f 2.60%9 057 Yellow
14 VH12 2.67° 2.63% 0.45° Black
15 VDM40 2.00' 2.241 0.45° Black
16 VDM45 3.33™ 211 0.78° Black
CV (%) 11.36 2.95 5.49

LSDg,0s 0.49 0.13 0.06

@k Means with different letters in each column indicate significant difference at o = 0.05.
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followed by the control check and VDM45 with
11540 seedd/capsule and 94.60 seeds/capsule,
respectively. VDM36 had the lowest with 62.53
seeds/capsule. Numbers of seeds/capsule of amost
accessions in this study were lower than the results
reported by Pham et a. [10] who reported the
parameter of 17 sesame accessions from different
origins ranged from 50.00 seeds/capsule to 138.00
seeds/capsule. Weight of 1,000 seeds ranged from
2.49 g (the control check) to 3.85 g (VDM21). The
data indicated significant difference between VV12,
VDM36 and the remained accessions. The parameter
of weight of 1,000 seeds in this study was higher than
the other study of Sarkar et al. [11], where the effect
of sowing date on seed yield and its components of
sesame seed was studied and yield ranged from 2.02 g
t02.054g.

Yield and yield components are one of the
indicators to evaluate the adaptability of each
accession under externa conditions. VDM38 had the
lowest actual yield with 0.71 tons/ha and the highest
was obtained in VV 12 with 1.65 tons/ha. Actud yield

Table7 Yield and yield components of sesame accessions.

of VDM21 (1.64 tongha), VH12 (1.55 tonsgha),
VDM50 (1.54 tong’ha), VHO1 (1.52 tons/ha) and
VDMA45 (1.45 tong/ha) were higher than the control
check (1.44 tong/ha).

3.5 Seed Quality

Sesame oil contains sesamin and sesaminol lignans
in its non-glycerol fraction, which are known to play an
important role in the oxidative dsability and
antioxidative activity [5]. Table 8 shows the ail content
of sesame accessions. VDM 38 had the highest ail
content with 55.56%, followed by VDM3 and VHO06
with 55.13% and 55.11%, respectively. The lowest was
the control check with 49.30%. The seed soil content of
sesame in this study was lower than a study conducted
by Noorka et al. [12] who researched response of
sesame to population densities and nitrogen fertilization
on newly reclaimed sandy soils for two years and
reported the data ranged from 50.70% to 56.82% for
year 1 and from 51.08% to 57.97% for year 2 of
different distance between hills; ranged from 52.20% to
58.19% for year 1 and from 52.86% to 58.98% for year

No.  Accession No. of capsules/bud No. of capsules/plant No. of seeds/capsule  Weight of 1,000 seeds (g) '(Atgﬁ?lhgeld
1 Control ~ 2.00™ 15.20/¢ 115.40% 2.49 1.44%®
2 VDM3  2.33® 22,13 77.804 3.06% 1.32%¢
3 VV12 1.33% 22.93¢d 119.00% 2.64" 1.65°
4 VD3 1.67% 33.60°7 77.274 2.80%" 1.27*
5 VDM 21 2.00% 28.07%° 69.40% 3.852 1.642
6 VDM36 1.67% 26.13%~ 62.53" 2.66" 1.26™
7 VDM39 2.47® 24.87°%% 68.93° 3.62%¢ 1.44%®
8 VDM50 2672 24.87°%% 64.67" 3.82° 1.54%
9 VDM37  1.00° 19.80% 63.80' 3.55% 127
10 VDM38 200" 12.67° 63.47" 3.40% 0.71¢
11 VDM163 1.00° 20.00°%9 80.27° 2.73" 0.76"
12 VHO1 1.00° 19.80%9 82.80° 3.15% 1.52%
13 VHO06 2672 17.87°9 72.73% 3.01% 0.80¢
14  VHI2 1.33% 32.07® 64.67" 3.24% 1.55%
15  VDM40 1.00° 19.13%f9 65.13" 3.78® 1.02¢
16 VDM45  1.00° 22.00% 94.60° 2.99 1.45%
CV (%) 22.04 20.99 5.68 4.39 17.07
LSDogs 0.62 7.90 7.35 0.23 3.67

& Means with different letters in each column indicate significant difference at « = 0.05.
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Table8 Oil content of sesame accessions.

No. Accession Qil content (%) No. Accession Oil content (%)

1 Control 49.30 9 VDM37 54.95

2 VDM3 55.13 10 VDM38 55.56

3 VV12 50.10 11 VDM163 51.91

4 VD3 51.60 12 VHO1 52.50

5 VDM 21 51.48 13 VHO6 55.11

6 VDM36 51.42 14 VH12 52.30

7 VDM39 53.59 15 VDM40 55.07

8 VDM50 53.09 16 VDM45 53.38

2 of different nitrogen fertilization level. [5] Koca, H., Bor, M., Ozdemir, F.,, and Ttrkan, I. 2007.

“The Effect of Salt Stress on Lipid Peroxidation,

4. Conclusions Antioxidative Enzymes and Proline Content of Sesame

Cultivars.” Environmental and Experimental Botany 60

The experiment accessions were diverse in (3): 344-51.
agronomical and morphological features, such astime €] IOkOta‘akT" '\'\:atwéakli('_ I _*;Sya“;ﬂa MC-)'k Hitomi, J
. awanaka, M., Enoki-Konishi, M., uyama, Y.,
of growth, plant height, stem, branch, leaf, flower, Takayasu, J, Nishino, H., Nishikawa, A., Osawa, T, and
capsule and seed. Six sesame accessions (VV12, Sakai, T. 2007. “Sesamin, a Lignan of Sesame,

VDM21, VH12, VDM50, VHO1 and VDM45) had Down-Regulates Cyclin D1 Protein Expression in Human

high actual yield and the oil content also got above Tumor Cells™ Cancer Science 98 (9): 1447-53.

50%. These accessions could become candidates for [ Anilakumar, K. R, Pal, A., Khanum, ., and Bawa, A. S.
) 2010. “Nutritional, Medicina and Industrial Uses of

potential breeding sources in loca region. The 16 Sesame (Sesamum indicum L.) Seeds—An Overview.”

sesame accessions in this study need to be researched Agriculturae Conspectus Scientificius 75 (4): 159-68.

and selected in next seasons to adapt under loca  [8] Aregawi, T. Animut, G, and Kassa, H. 2013.
. “Utilization and Nutritive Value of Sesame (Sesamum

conditions. indicum L.) Straw as Feed for Livestock in the North

Western Lowlands of Ethiopia.” Livestock Research for
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