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Phosphorus uptake and use efficiency of fenugreek (7rigonella foenum-graecum

L.) genotypes in response to phosphorus availability, central highland, Ethiopia

Abera Serbessa Abdi!, Hussien Mohammed Beshir?* and Alemayehu Kiflu Adane

!Department of Horticulture, Dilla University, P.O. Box 419, Dilla, Ethiopia

2School of Plant and Horticultural Sciences, Hawassa University, P.O. Box 05, Hawassa, Ethiopia

Abstract
A field experiment was conducted at Debre Zeit Agricultural Research Center in 2018 to evaluate the response of
fenugreek genotypes to phosphorus availability in terms of phosphorus uptake and use efficiency. The experiment
consisted of six genotypes (Bishoftu, Chala, Ebbisa, Hunda, 28605 and 28606) and four P levels (0, 9, 17 and 26 kg P
ha't). The experiment was set up in completely randomized block design with factorial arrangement in three replications.
The results showed that P uptake efficiency was significantly differed among the genotypes. Chala variety had better
total P uptake and P uptake efficiency among the tested genotypes. Phosphorus application significantly influenced
haulm P concentration, haulm P uptake, total uptake, P uptake efficiency and P utilization efficiency. Total P uptake
was enhanced to the varied magnitude up to 17 kg P ha. As P supply increased P uptake efficiency and utilization
efficiency were decreased. Seed yield, seed P concentration, seed P uptake and P use efficiency were influenced by
interaction effect of genotype and P supply. Based on P use efficiency expressed in seed yield; three genotypes (Bishoftu,
Chala and 28606) were grouped as efficient responders. The other genotypes (Ebbisa, Hunda and, 28605) were grouped
into inefficient non-responders. Therefore, the efficient responder varieties; Bishoftu and Chala can be recommended
for farmers in the study area and areas of similar agro-ecology. Furthermore, 28606 accession as efficient and responder

genotype for P availability can also be recommend for future improvement in fenugreek breeding programs.
Key words: Concentration, Efficiency, P supply, Responsive, Yield
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INTRODUCTION

Fenugreek (Trigonella foenum-graecum L.) is the
annual herbaceous legume crop that is deliberated as
one of the oldest multipurpose medicinal herbs (Paul
and Pal, 2014). Due to its high protein content (32-
36%) most of the time fenugreek is used to
supplement low protein food crops such as rice,
wheat, sorghum and tef (Uhl, 2000). It’s widely
cultivated in Mediterranean region that extends from
west to the south (Rathore 2001). Its productivity in
Ethiopia during 2017/2018 cropping season was 1.33
ton ha-1 (CSA, 2018), which is low as compared to its
potential yield of 1.8 ton ha-1 (MoA, 2014). One of
the primary production constraints is poor soil fertility
especially P deficiency and also fenugreek crop is
reported to be sensitive to P-deficient soils (Ruchita,
2008). Similar trends are expected in the study area.

Phosphorous deficiency problems can be overcome
through development and use of integrated plant
nutrition systems that includes the use of nutrient
efficient and responder genotypes (Ahmad et al.,
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2001). Genotypes that are efficient in a soil with P
deficiency and respond well to available P are the
most desirable from a practical point of view. In
acquiring of this, previous study by Wissuwa et al
(2009) showed that under high input conditions
modern varieties were selected, which may not have
the capability of high nutrient use efficiency. Other
study revealed that higher P use efficiency found with
unimproved genotypes as compared with modern
varieties when grown in deficient soil (Wissuwa and
Ae, 2001). So far in Ethiopia, fenugreek varieties
released by national research centers had showed
different characteristics in growth performance and
yield in response to P application (Personal
communication). There is little information on the P
uptake and use efficiency of fenugreek accession in
Ethiopia.

Genotypic variation in P uptake and use efficiency

under P availability has been reported in several
legume crops such as chickpea (Keneni et al., 2015)
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and mung bean (Muhammad et al., 2017). However,
most fenugreek breeding programs and variety
evaluation trials based mainly on productivity traits,
with  minimum attention to resource utilization
including P use efficiency and responsiveness. The
information in fenugreek genotypic variation for P
uptake and use efficiency under different P
availability is scanty. Furthermore, the study of
fenugreek genotypes yield sensitivity to P deficiency
and responsiveness to available P has been limited.
Therefore, improving fenugreek productivity through
increasing P availability and selection of genotypes
with high P use efficiency is important. Thus, the aim
of this study was to evaluate fenugreek genotypes to
P availability in terms of P responsiveness, uptake and
use efficiencies.

MATERIALS AND METHODS

Description of the study area

A field experiment was conducted during 2018
cropping season at Debre Zeit Agricultural Research
Centre (DZARC) which is located at 8° 44’ N latitude,
38° 58’ E longitudes and 1900 m. a. s. 1. in Oromia
Regional State, Ethiopia. The area received an annual
rainfall of 690 mm during the cropping season which
was higher than the mean annual rainfall (558.18 mm)
of the ten last years. Mean maximum (26.84°C) and
minimum (11.01°C) temperatures were recorded at
the station during cropping season. The average
temperature and rainfall of the cropping season were
in line with prier 10 years average and suitable for
fenugreek production.

Experimental materials, treatments and design
Seeds of four improved fenugreek varieties namely
Bishoftu, Chala, Ebbisa and Hunda were acquired
from Debre Zeit Agricultural Research Centre while
seeds of two accessions named as 28605 and 28606
were obtained from Ethiopia Biodiversity Institute.
The experiment consisted of 24 treatment
combinations comprising of six fenugreek genotypes
and four levels of P supply (0, 9, 17 and 26 kg P ha)
arranged in a factorial combination. The experiment
was laid out in Randomized Complete Block Design
(RCBD) with three replications.

Experimental procedure and crop management

The experimental plot was cleared and ploughed three
times before it was divided into three blocks each
containing 24 plots for each treatment. The
experiment was set on 2 m x 1.5 m (3 m?) plot size.
The seeds were planted at 30 cm spacing between

Seed P uptake (kg ha™1) = Seed P concentration (%) x Seed yield (kg ha™1)
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rows and 10 cm spacing between plants. The spacing
between plots and block were 0.5 m and 1m,
respectively. Seeds were sown in 5 rows uniformly at
each plot in August 2018. Thinning was done
manually after germination by maintaining healthy
and vigorous seedlings, with each plot holding 100
plants. The P fertilizer was applied as triple
superphosphate (TSP) (0-46-0). Treatments were
randomly assigned to the experimental plots of each
replication. At sowing P fertilizer was banded into the
soil along rows depending on the treatment and
covered with soil. A recommended dose of nitrogen
(20 kg N ha?) in the form of urea was uniformly
applied to all the plots.

Soil analysis

Initial soil samples from depth of 0-20 cm were
collected randomly in zig-zag pattern from the entire
experimental site and composited for determination of
selected physicochemical properties before planting.
The collected samples were allowed to air dry at room
temperature and ground to pass through a 2 mm sieve.
Available soil N was estimated by Kjeldahl method
(Jackson, 1958), available P was determined by
Olsen’s method (Olsen et al., 1954), then readings
were performed using spectrophotometer (at 882 nm).
Available K was estimated by Flame photometer.
Organic carbon was estimated by Walkley and Black
method (Walkley and Black, 1934), soil pH was
estimated in 1:2.5 soil-water ratio using an electrode
pH meter, particle size distribution by hydrometer
method (Day, 1965) and bulk density was determined
by using core-sampling method.

Phosphorus concentration, uptake and efficiency
The middle three rows of each plot and six
representative plants from the rows were selected for
sampling. The seed as well as haulm samples were
collected from sample plants and separately oven
dried at 65°C to a constant weight. Then the samples
were ground to pass through a 1 mm sieve and saved
for plant tissue analysis of seed and haulm.
Phosphorus concentration was determined using
spectrophotometric  vanadium phosphomolybdate
method by tri-acid mixture (HNOsz; H.SO, and
HCLO.) in the ratio of 9:4:1 for sample digestion
(FAO, 2008). The P in the solution was determined
calorimetrically using ammonium meta vanadate and
ammonium molybdate for color development. The
reading of P was made at 660 nm using
spectrophotometer and calculated using the following
equations (1 — 6; Moll et al., 1982):

—Eq.(1)

Abdi et al., JSD, 9(1) 2021
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Haulm P uptake (kg ha™1) = Haulm P concentration (%) x Seed yield (kg ha™1)

—Eq.(2)

Total P uptake (kg ha™1) = Seed P uptake (kgha™1) + Haulm P uptak (kgha™!) —Eq.(3)

Total P uptake (kg)
P supply (kg)

Seed Yield (kg)
Total P uptake (kg)

P Uptake Efficiency =

P Utilization Efficiency =

P Use Efficiency (Seed yield per P supply) = P uptake efficiency x P utilization

—Eq.(4)

—Eq.(5)

— Eq.(6)

Where, P supply = available soil P at planting plus P fertilization in each level added,

According to Valle et al. (2011) P supply was
estimated as the sum of potentially available soil P at
planting and P applied. The potential of soil to supply
P at planting was estimated using the initial soil Olsen
P content (mg kg™) in the top 20 cm of composited
soil.

P sol: represents available P from the soil itself
estimated as indicated d*S*Z*P(sol), where, d: dry
bulk density (1.07 g/cm3), S: total area (1 ha), Z:
estimated rooting zone for mineral nutrition (20 cm)
and P(sol) represents P content as indicated by Olsen
method (9.04 mg kg™); We estimated initial available
soil P as 19.34 kg P ha'.,

Data analysis

The data collected were subjected to analysis of
variance (ANOVA) using GLM procedure in SAS
version 9.0 for windows. Mean separation was done
using Duncan’s Multiple Range Test (DMRT) at 5%
probability level.

RESULTS AND DISCUSSION

Soil physical and chemical properties

The soil analysis result indicated that the experimental
soil particles distribution constitutes of 56% clay,
26% silt and 16% sand. The soil pH was 7.32 with (pH
H,0), organic carbon (1.41%), total N (0.09%),
available P (9.04 ppm) and K (1.01 meg/100 g soil).
The analysis of the collected samples indicated that
the soil is clay in texture, neutral in reaction, low in
organic carbon, low in total N and high in K content
(Tadese, 1991). The soil test showed (Marx 1996) that
it is categorized with low available P (<10 ppm) and
hence the present experimental site had low available
P (9.04 ppm).

Seed phosphorus (P) concentration and uptake

Seed P concentration and P uptake were significantly
(p<0.001) varied in response to genotype, P supply

3|Page

and the interaction effect of the two factors. The
increase in P supply resulted in relatively increased P
concentration and P uptake across all varieties and
accessions, though genetic differences were evident.
Almost all genotyped (varieties and accessions),
exhibited higher seed P concentration when 17 kg P
ha' was applied and then declined. However,
accession 28606 at control treatment resulted in lower
seed P concentration. Similarly, the highest seed P
uptake was obtained when 17 kg P ha™ was applied to
Chala variety (Table 1).

Seed P concentration differences were principally
related to P availability in the soil and to the high
capacity of genotype to acquire it. Baligar and Fageria
(1997) indicated that the nutritional differences
among genotypes might be due to genetic control of
inorganic plant nutrition. The increase in P
concentration with increasing available P was
expected due to increase in P availability to plant roots
(Fageria et al., 2011). In agreement to this result,
Abbasi et al. (2010) observed P content in grain being
significantly influenced by genotype x P level
interactions. The seed P uptake of Chala at
intermediate P application (17 kg P hal) was
outstanding as compared to other combinations. This
indicates that both the genotype of the variety and P
availability affect seed P uptake (Mourice and
Tryphone, 2012) and Chala variety can be the best
choice under intermediate P availability.

Abdi et al., JSD, 9(1) 2021
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Table 1. Interaction effect of genotype (G) and phosphorus (P) levels on seed P concentration and

uptake
Seed P Concentration (%) Seed P uptake (kg ha?)
Genotype P (kg ha!) P (kg ha™)
0 9 17 26 0 9 17 26

Bishoftu 0.31¢¢  0.31°¢  0.37%° 0.33 3.66" 3.7 5.00° 4.05%9
Chala 0.34*¢  (.35%¢ 0.412 0.35%¢  4.46°T 521 6.63% 5.42P
Ebbisa 0.27¢ 0.35*¢  0.37%¢ 0.412 2.40K 3.5897 3.82¢"  4,19%¢
Hunda 0.28¢% 0.35*¢  0.36%° 0.39% 295" 40199  4.19%9  4.60°¢
28605 0.33 0.35*¢  0.36%° 0.39% 2.75K 3.16M  3.86%"  4.1799
28606 0.25¢ 0.26¢ 0.34%¢ 0.33 2.88Kk 2.99" 4654  3.80°"
CV (%) 7.13 9.38

Means followed by different letter (s) in the same parameter are significantly different

Haulm P concentration, uptake and total P uptake
Haulm P concentration and haulm P uptake were
significantly affected due to genotype (p<0.05) and P
supply (p<0.001) but not by the interaction of the two
factors. Bishoftu and Chala varieties showed better
performance over accession 28605 and Ebbisa variety
in P concentration and uptake. With regard to P
supply, both 17 kg P ha' and 26 kg P ha?! were
observed in similar and better haulm P concentrations
than control and 9 kg P ha? plots (Figure 1). Chala
variety showed higher haulm P uptake as compared to
the other three genotypes (Ebbisa, Hunda and
accession 28605). Accession 28606 showed higher
accumulation of P in haulm and lower accumulation
of P in seed. The supply of 17 kg P haand 26 kg P
ha* similarly brought significantly higher haulm P
uptake as compared to control and 9 kg P ha*plots.

@ CV(%) 115 nHPC

S 0144 "

= 0.12 bc a-c C ab

= 0.1

3 0.08

s 0.06

2 0.04

= 0.02

Vo > > D > & S
& P & > & S
S & & F
Genotype A

In terms of haulm P concentration, the variation
existed among genotypes express ability of genotypes
to absorb available soil P as well as contain P within
their straw and the final allocation of P within plant
tissue. In line with this, previous study reported
variation in straw P concentration among pigeon pea
genotypes (Clemens et al., 2016). In regard to P
supply the variation in haulm P concentration may be
an established fact that P promotes root proliferation
and growth, which in turn enhanced the absorption of
P and finally resulting in increased haulm P
concentrations (Purbey and Sen, 2005). The
observation is in line with Godara (2015) as that P
concentration in haulm got enhanced significantly
with increased fertility levels.

w

P (kg ha'l) B

Figure 1. Haulm P concentration (HPC) as influenced by genotype (A) and P supply (B). Means with

different letter on the figure are statistically different.

4|Page

Abdi et al., JSD, 9(1) 2021



Journal of Science and Development, JSD Vol. 9 Iss. 1

2021

In the current study, total P uptake got enhanced to the
varied magnitude up to 17 kg P ha. The increased
total dry matter production and nutrient concentration
seems to be the major causes of the higher P uptake
under the influence of P, since P uptake depends

mainly on the dry matter accumulation followed by
the nutrient content at cellular level. This is in line
with the report of Khiriya et al. (2003) who indicated
nutrient management influencing crop uptake.

CV = 22.39 CV = 12.7%

i ST SHPUP ®=TPUP ’ B
12 a
— a a
w 107 b be be A
—;:‘O 8 C C Cc
= .6 a
o a a 2
= 4
T 0 4D N AN N A AN N D AN AN

o> P D> x> NG o Q S A ~o
S & F & F
Genotype P (kg ha'!)

Figure 2. Haulm P uptake (HPUP) and total P uptake (TPUP) as influenced by genotype (A) and P
supply (B). Means with different letter on the bars are statistically different.

Phosphorus uptake efficiency (PUPE) and
utilization efficiency (PUTE)

The results of the present study demonstrated that
Chala variety had the highest PUPE over all the tested
genotypes. Ebbisa variety was observed with lower P
uptake efficiency but statistically at par with
accession 28605. P uptake efficiency ranged from the
lowest value of 0.20 to the highest value of 0.34 for
26 kg P hatand control plots, respectively (Table 2).
Phosphorus utilization efficiency was significantly
(p<0.001) influenced by P supply. PUTE varied
(134.26 — 162.06 kg seed yield per kg total P uptake)
in response to P supply. The highest PUTE was
resulted at control plot overall of P supply (Table 2).

The sensitivity of P uptake efficiency (PUPE)
between genotypes those recorded higher and lower
was 45.4% to Chala vs Ebbisa and 39.1% to Chala vs
28605 in reduction. Accession 28606 was efficient in
seed yield but lower at P uptake efficiency as
compared to Chala wvariety. Thus, further
improvement is possible with genotype which has

5|Page

higher P uptake quality in root traits. By comparing
various parameters of the genotypes group (improved
varieties and accessions), improved variety (Chala)
showed better performance in relation to total P
uptake and P uptake efficiency than accessions. The
variation might be due to acquisition of P from the soil
depending on root architecture which is highly
flexible trait and varying among genotypes. In
agreement to this results, significant difference among
mung bean genotypes for P uptake efficiency was
reported by Muhammad et al. (2017). In case of P
availabilities each level of P increment to 9 kg P ha?,
17 kg P ha'and 26 kg P ha! underwent reduction of
P uptake efficiency by 20%, 30% and 70% as
compared to control plot. The high P supply had been
showed reduction of the P uptake efficiency. The
improved P uptake efficiency under control over P
applied might be due to fenugreek roots having the
ability to trap higher levels of P and use it for growth
and development of the plant (Randhawa et al.,1996).

Abdi et al., JSD, 9(1) 2021
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Table 2. Phosphorus(P) uptake efficiency and utilization efficiency of fenugreek as influenced by main

factors effect of genotype and P supply

Genotype(G)

P uptake efficiency (kg total P uptake P utilization efficiency (kg seed

kg P supply) yield/kg P uptake)
Bishoftu 0.27° 147.34
Chala 0.322 149.59
Ebbisa 0.22¢ 143.05
Hunda 0.25" 145.47
28605 0.23¢ 133.96
28606 0.27% 154.74
P supply xz x(kg ha®)
0 0.342 162.062
9 0.26° 151.03°
17 0.24° 135.43°
26 0.20° 134.26°
CV (%) 12.52 11.55
G*P Ns Ns

Means followed by different letter(s) in each column of each factor are significantly different

Phosphorus use efficiency (PUE)

The analysis of variance revealed that phosphorus use
efficiency (PUE) was influenced significantly
(p<0.001) by genotype, P supply and the interaction

=0 =9 wm]l7 m26
80
70
60
50
40
30
20
10

Puse efficiency(kg seed yield/kg
P supply)

of the two. Chala variety produced the maximum PUE
under control as compared to all other combinations.
Hunda and Ebbisa varieties as well as accessions
28605 and 28606 combined with 26 kg P ha™ recorded
statistically similar and lower PUE values (Figure 3).

CV(%) 5.72

Bishoftu Chala Ebbisa Hunda 28605 28606

Figure 3. P use efficiency of fenugreek as influenced by interaction of genotype with P. P supply =
available soil P at planting at control plot plus P fertilization in each level added.
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Based on P use efficiency, the seed yield obtained
from each treatment combinations were used for
categorization of genotypes into efficiency and
responsiveness class using the method initially
suggested by Gerloff (1977), which later was
used by many authors (Gunes et al., 2006).
Keneni et al. (2015) in their characterization of
Ethiopia chickpea scattered the genotypes in to
efficiency and responsiveness class using seed
yield performances in the absence and presence
of P fertilizer. Thus, using absence and presence
of P fertilizer as the cutting points, an efficient
genotype has higher seed yield than average
performance of genotypes under absence of P
fertilizer and inefficient genotypes were reverse
of this. A responder genotype has higher seed
yield than average performance under P fertilizer
and non-responder genotype has lower seed yield
than average performance of genotypes (Gerloff,
1977; Gunes et al., 2006). Having the above
delineation two varieties (Chala and Bishoftu)
and accession 28606 were grouped as efficient
responder genotypes. The other genotypes were
grouped into inefficient non-responder genotypes
(Figure 4). Being efficient of the genotypes may
be due to roots have the ability to trap P from the
soil and high P use efficiency of the genotypes
(Randhawa et al., 1996).

The current result is supported by similar reports
of Korkmaz et al. (2009), where significant
differences for uptake efficiency were observed
when genotypes were grown at different P levels.
The supply of 9 kg P hal, 17 kg P hatand 26 kg
P haldecreased P utilization efficiencies (PUTE)
by 7.3%, 19.6% and 20.7% respectively,
compared to the controls. This might be due to
low P concentration observed at control plot,
since low P concentration could enhance P
utilization efficiency. According to Batten (1992)
low P concentration in grain may improve P
utilization efficiency. The improved P utilization
efficiency under control in this experiment may
be contribute to reduction in the environmental
problems that is caused by the application of
excessive P fertilizer. The result is in line with the
reports of Sandana (2016) where P application
decreased PUTE compared to P deficient soils.
The maximum P use efficiency (PUE) observed
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could be due to high P acquisition and utilization
efficiency recorded at control plot combined with
the high potential of each genotype to acquire and
utilize P. Most of the genotypes recorded low
PUE when 17 and 26 kg P ha™ (P supply) was
applied. This might be due to genes controlling
traits of benefit under lower soil fertility were lost
as they conveyed no advantage under very high
soil fertility (Wissuwa et al., 2009). Moreover,
decreased PUTE and PUPE results in declining of
PUE directly. The result of this research was in
agreement with the report of Ruchita (2008)
where the highest PUE was recorded at 9 kg P ha
1 and further increase corresponded to decreased
the PUE.

In the current experiment, accession 28606 was
found to be more efficient and responsive over
improved varieties of Ebbisa and Hunda. Being
efficient of the genotypes may be due to roots
having the ability to trap P from the soil and high
P use efficiency of the genotypes for growth and
development (Randhawa et al., 1996). Chala
variety categorized as efficient in seed P uptake
(total P uptake kg™ P supply) was also higher in
terms of P uptake, use, and utilization efficiency.
Thus, efficient and responder genotypes
considered as desirable and can help for plant
breeders in further developments. Those seed P
efficient (high uptake efficiency) as well as
responder genotypes are important for further
improvement and to gain reasonable yields with
minimal level of P. Since efficient and responder
genotypes are more preferable than high yielding
but inefficient and non-responsive varieties based
on high investments for fertilizer inputs for the
majority of resource limited farmers dwelling
under marginal situations. The classification was
similar with previous grouping style reported
earlier. Silva et al. (2016) showed that seven
common bean genotypes were classified as
efficient and responsive, those performances
were above the average at both levels, while the
others eight genotype classified as inefficient
non-responder, whose performances were below
the average at both levels. Gemechu et al. (2015)
also worked on similar classification in chickpea
genotypes under P levels.
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Figure 4. Efficiency and responsiveness classification of fenugreek genotypes
Where, grain yield; ton ha?, ER; efficient responder, ENR; Efficient non-responder, IR; In-efficient

responder, INR; In-efficient non-responder.

Note: Grain yield is used as mean value of all seed yield with P fertilizer supply (with P) and control plot

(without P).

CONCLUSION AND RECOMMENDATIONS

The present investigation indicated a considerable
fenugreek genotypic variation in terms of P uptake
and use efficiency in response to P availability.
Chala variety showed a higher total P uptake
(haulm + seed) and P uptake efficiency among the
tested genotypes. Total P uptake got enhanced to
the varied magnitude up to 17 kg P ha? supply.
The combination of genotypes with increased P
availability showed declining of P use efficiency
mainly due to genes controlling traits of benefit
under lower soil fertility were lost as they
conveyed no advantage under very high soil
fertility. Based on P use efficiency expressed in
seed vyield capacity three genotypes (Chala,
Bishoftu and 28606) were grouped as efficient
responder genotypes. These genotypes are
desirable both at low and high input systems. The
other genotypes were grouped into inefficient non
responder genotypes. Therefore, the efficient
responder varieties: Bishoftu and Chala can be
recommended for production by farmers in the
study area and areas of similar agro-ecology.
Furthermore, since it is efficient and responder,
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28606 accession can be recommended for further
breeding uses for future improvement in fenugreek
breeding programs in Ethiopia.
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Abstract

The low levels of organic materials applied to the soil and the complete removal of the biomass from the field during
harvesting, causes soil fertility depletion and limits crop production in Ethiopia. This experiment was conducted to
evaluate the effect vermicompost on the productivity of potatoes in Debub Ari Woreda, southwestern Ethiopia. The
experiment was conducted in the 2019 and 2020, where the combined data of the two production years were used for
evaluating treatment effects. Control, (69 N+30 P) kg ha?, 3 t ha' vermicompost, 4.5 t ha' vermicompost and
(34.5N+15P) kg ha' with 1.5 tha vermicompost treatments were used as experiment levels that were laid out in
randomized complete block design in three replication with the spacing of 30 and 75 cm between plants and rows,
respectively. The full dose of vermicompost and inorganic fertilizers were applied at planting time. The result was
revealed that application of 69 kg ha™ N+30 kg ha* P resulted in the highest total (47.18 t ha) and marketable (40.56 t
hal) tuber yields, which were statistically at par with respect to application of 3 and 4.5 t ha! vermicompost, while the
lowest total (29.99 t ha') and marketable (26.46 t ha'') tuber yield were recorded from the nil. However, pH and total
nitrogen of the soil was influenced by the application of 3 and 4.5 t ha'* levels of vermicompost. Application of 3 t ha*
of vermicompost resulted in the highest marginal return of 4854% and improved soil health and fertility over the
application of inorganic fertilizer alone and control. Therefore, the application of 3 t hal vermicompost was
recommended for the study area and others with similar agro-ecologies. Further investigations should be done on the

rate, tuber nutritional value and quality, as well as over locations.
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INTRODUCTION

Potato is one of mankind's most valuable food crops.
Its relatively high in carbohydrate and low in fat
contents, making it an excellent energy source for
human consumption. It is said to be one of the most
efficient crops in converting natural resources, labor,
and capital into high-quality food with wide consumer
acceptance (MOANR, 2016). Despite its amenability
to wide range of agroecology and its nutritional
importance for human, potato production in Ethiopia
is very low (14.18 t ha*) (CSA, 2019) compared to the
its potential of 47 t ha' (MOANR, 2009).

Depletion of soil fertility, poor agronomic practices as
well as diseases and pests are among the main
production problems that account for the low national
yield compared to neighboring countries such as
Kenya and Uganda (Gildemacher et al., 2009).
Moreover, depletion of soil organic matter, macro-
and micronutrients, coupled with poor soil health and
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crop nutrient imbalances are among the primary
biophysical limitations that decrease agricultural
production in Ethiopia (Zeleke et al., 2010). Most
cultivated soils of Ethiopia are poor in their organic
matter contents due to the low levels of organic
materials applied to the soil and complete removal of
the biomass from the field (Gebreselassie, 2002).
Moreover, the increased cost of mineral fertilizers
from time-to-time vis-a-vis price of potato product on
the market and their long-term effects on soil
chemical properties is among the constraints that
hinder improvement of potato production (Negassa et
al., 2001, Azizi et al., 2015).

Appropriate use of organic amendments like
application of vermicompost promote humification,
increased microbial activity, and enzyme production,
which, in turn, increases the aggregate stability of soil
particles, resulting in better aeration (Tisdall and
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Oades, 1982; Haynes and Swift, 1990 and Perucci,
1990). Soil microbial biomass and enzyme activity are
important indicators of soil improvement as a result of
the addition of organic matter such as vermicompost
(Perucci, 1990). Vermicompost also contains plant
growth promoters, such as auxins and cytokinins
(Krishnamoorthy and Vajranabhaiah, 1986).

Application of vermicompost for vegetable crop
production especially root crops like potato shows
promising potential for improving crop productivity,
soil health retainment and soil physicochemical
improvement (Ansari and Sukhraj, 2010; Piya et al.,
2018). Additionally, application of vermicompost for
vegetable production can solve the problem of
disposal of wastes and lack of soil organic matter
(Alam et al., 2007). It is proving to be a highly
nutritive 'organic fertilizer’ and more powerful
‘growth promoter’ and a ‘protective’ farm input
(improving the physical, chemical and biological
properties of soil and restoring its natural fertility)
against the ‘destructive’ chemical fertilizers which
has destroyed the soil properties and decreased its
natural fertility over the years (Sinha et al., 2009). It
supplies balanced nutrients to plant roots and
stimulates growth; increases the organic matter
content of the soil including the ‘humic substances'
that affect the nutrient accumulation and promote root
growth (Siminis et al., 1998; Canellas et al., 2002).
Vermicompost improves the total physical and
chemical properties of the soil and also add useful
micro-organisms to the soil and provide food for the

existing soil micro-organisms and thus increase their
biological properties and capacity of self-renewal of
soil fertility (Shiralipour et al., 1992; Ouédraogo et
al., 2001). Application of 8 t ha' vermicompost
increases the yield of potato by 53.1% over control
along with increased quantity, quality, and
presentation of products (Akbasova et al., 2015). The
current research was designed to evaluate the effect of
vermicompost on the production of potatoes and its
effect on soil physical and chemical properties in
Debub Ari Woreda, Southwestern Ethiopia.

MATERIALS AND METHODS

Description of the study area

A field experiment was conducted in the 2019 and
2020 in Debub Ari Woreda, Southwestern Ethiopia.
The experimental site was geographically located in
the ranges of 05°07.4’-05°07.8 N latitude and
36°40.1°- 36°40.9’ E longitude with an elevation of
1917-1919 meters above sea level. It is found in the
northeastern direction of Jinka town. The study area
has a bi-modal rainfall pattern with a shorter rainy
season from March-May and the longest rainy season
from August- November. The experiment was
conducted in one of the rain-fed areas of the zone
where the experimental crop (potato) was planted
during the long rainy months. The average total
annual rainfall during the experimental years ranged
from 1342 to 1381 mm (Southern agro-
meteorological observatory station).

Figure 1. Map of the study area
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Experimental design and treatments

The experiment was laid out in a Randomized
Completely Block Design (RCBD) with three
replications on a plot of 3.9 by 4.5 meters and
spacing of 30 and 75 cm between plants and rows,
respectively. Improved potato variety, Belete was
used for the experiment. Five treatment levels
namely:

T1 Control (No fertilizer); T2 69 kg ha* N and 30
kg ha® P; T3 3 t ha® vermicompost; T4 4.5t ha'
vermicompost; T5 Half of recommended NP (34.5
kg ha! N and 15 kg ha' P) with 1.5 t ha?
vermicompost

Urea and Triple Super Phosphate fertilizers were
used as a source of nitrogen and phosphorus,
respectively.  Vermicompost used in the
experiment was prepared by using farmyard
manure, paper, newspaper, card board, litter fall as
raw materials for feeding earthworm (Eisenia
foetida) at Jinka Agricultural Research Center;
which was applied at the time of planting.

Data collection and analysis

Data were recorded for plant height, number of
tubers per hill, tuber diameter, marketable tuber
yield, unmarketable tuber yield, and total tuber
yield of combined data of two years based on
homogeneity test.

Composite soil samples were prepared from soil
samples collected from fifteen spots from the
experimental area at depth of 0-20 cm in zigzag
movement before planting. Soil sample from each
plot was collected after harvesting and prepared
for laboratory analysis in treatment base. The
collected soil samples before planting and after
harvesting were analyzed for texture, pH, organic
carbon, total nitrogen, and available phosphorus at
the soil laboratory of Jinka Agricultural Research
Center. All the collected data were analyzed using
the SAS Statistical Software Version 9.1. Effects
were considered significant in all statistical
calculations if the p-value was < 0.05. Means were

separated using the Least Significant Difference
(LSD) test.

Economic analysis

The economic evaluation comprising of partial
budget analysis with dominance and marginal
analysis was carried out. To estimate economic
parameters, the marketable tuber yield was valued
based on the average market price collected from
the local markets during two consecutive years of
production. The average cost of urea and TSP
fertilizers was 15.51 and 15.85 birr per kilogram
respectively. A wage rate of 50 birr a man per day;
and 13 birr per kilogram of marketable tuber value
of potato were considered. The dominance
analysis was also done to select potentially
profitable treatments. It was carried out by first
listing the treatments in order of increasing costs.
Any treatment that has net benefits less than or
equal to those of treatment with lower costs that
vary is dominated. The selected treatments by
using this technique were referred to as un-
dominated treatments. For each pair of ranked un-
dominated treatments, a percentage marginal rate
of return (% MRR) was calculated. The %MRR
between any pair of un-dominated treatments
denoted the return per unit of investment in crop
management practices which was expressed in
percentage. The marginal rate of return was
calculated as the ratio of differences between net
benefits of successive treatments to the difference
between total variable costs of successive
treatments. (CIMMYT, 1988). For a treatment to
be considered a worthwhile option to farmers, the
marginal rate of return needed to be at least 100%.
Some of the concepts used in the partial budget
analysis are gross field benefit (GFB), total
variable cost (TVC), and net benefit (NB) as
summarized below:Gross margin (ETBha?) =
Total revenue (ETBha?') — Total variable cost
(ETBhal)

NR Net return (ETBha) = Gross margin (ETBha™) — Total fixed cost (ETBha)
Total cost of production (ETBha) = Total variable cost (ETBha™) + Total fixed cost (ETBha)
Benefit-cost ratio = Net Return/Total Cost of Production (CIMMYT, 1988)
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RESULTS AND DISCUSSION
Soil and vermicompost analysis
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Results of an analysis of soil samples for texture,
pH, organic carbon, total nitrogen, and available
phosphorus before planting are presented in Table
1. The soil of the experimental site has a
proportion of 16% sand, 29% silt, and 16% clay;
and it was classified as clay according to the soil
textural triangle. The pH of the experimental site
(1:2.5 ratio of soil to water suspension) was 5.69,
which implied that the soil of the study site was
moderately acidic according to Tekalign et al.,
(1991) and Marx et al., (1999). The organic carbon
of the soil was done by Walkely Blacky methods
(Black 1965) and its value was 3.09%, which was

rated as high according to Tekalign et al., (1991).
The result of soil analysis indicated that the soil
has total nitrogen of 0.24% by Keljdal digestion
and distillation followed by titration method;
which implied that the soil of the experimental site
has a medium level of total nitrogen according to
Bruce and Rayment, (1982) and Tekalign et al.,
(1991). The experimental soil has available
phosphorus of 22.69 ppm analysed by Olsen
methods which were effective for both alkaline
and acidic soil categories and extracted by 1M
NaHCOs, which was a high level according to
Olsen et al., (1954) and Marx et al., (1999).

Table 1. Some Physicochemical properties of the soil before the experiment

Composition

Physicochemical properties

Soil Vermicompost
Sand (%) 16
Silt (%) 29
Clay (%) 16
Textural class Clay
pH (H20) (1:2.5) 5.69 7.13
OC (%) 3.0875 4.39
TN (%) 0.238 0.966
Ava. P (ppm) 22.69 133.84
Ava. S (ppm) 17.15
Ava. B (ppm) 1.198

Where TN= Total Nitrogen; OC= Organic Carbon, Ava. P= Available Phosphorus, Ava. S= Available

Sulphur, Ava. B= Available Boron

An addition of vermicompost significantly
improved the soil pH, organic carbon, available
nitrogen, and phosphorus, during 2019-2020 in the
study site (Table 2). An increase in pH from 5.69
of initial soil to 6.35 was observed in the plot
fertilized with 4.5 t ha' VC, whereas, the lowest
pH was observed from the inorganic treatment.
Organic carbon of the soil of the experimental area
did not show a significant difference along with
application of treatments, which is likely due to the
initially high level of organic carbon in the
experimental area.

There was an increase of 0.032% in total nitrogen
in response to application of 45 t hal
vermicompost which was statistically in parity
with the application of 3 t ha* vermicompost and
69 kg ha* N and 30 kg ha! P treatments. Reduction
of total nitrogen was observed on unfertilized
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treatment (control) and the integrated application
of organic and inorganic treatments. Application
of wvermicompost did not affects available
phosphorus of the experimental area, which might
be due to the high level of initial phosphorus in the
soil of the experimental area (Table 2).

Plant height

Analysis of variance revealed that the plant height
of potato has been influenced by different
treatments. The highest plant height of 82.67 cm
was recorded from the application of 1.5 t ha-* with
half of recommended NP fertilizer, which was in
statistical parity with the rest of the treatments
except the one receiving 3 t ha?, whereas the
lowest plant height of potato was obtained from 3
t ha*which was in statistical parity with the rest of
the treatments except the application of 1.5 t ha
with half of recommended NP fertilizers (Table 4).
Likewise, Alam et al., (2007) reported that the
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highest plant height was found with the application
of vermicompost at a rate of 10 t ha™ + 50% NPKS
fertilizers. Plant height of potato was significantly
influenced by application of 3t ha?, 4.5t hat, 69
kg ha® N + 30 kg ha’ P, 34.5 kg ha’N and 15 kg
ha*P with 1.5 t ha™* vermicompost treatment was

in agreement with application of organic,
inorganic and bio fertilizers in affecting plant
height of potato (Mohammed et al., 2018;
Subhranath et al., 2020).

Table 2. Some physical and chemical properties of the soil after the experiment

Soil properties

Treatments pH (H20) (1:2.5) OC (%) TN (%) Ava. P (ppm)
Control 6.22% 3.05 0.15° 31.98
69 kg ha*N and 30 kg halP 6.06" 2.76 0.25° 37.48
3thatvC 6.11% 2.98 0.242 33.13
4.5thatVvC 6.35° 2.93 0.272 33.41
34.5kgha*N and 15kgha*P +1.5tha'VC 6.09° 3.41 0.15° 35.69
LSDo.0s 0.2468 NS 0.0345 NS

CVv 2.13 14.10 8.65 17.39

Means with the same letter show statistically not a significant difference at LSDg s; VC= Vermicompost; t
hal=ton per hectare; N= Nitrogen; TN= Total Nitrogen; OC= Organic Carbon and Ava. P= Available

Phosphorus

Table 3. Growth, yield, and yield traits of potato as influenced by application of vermicompost

Treatments Plant Tuber  Tuber Marketable Unmarketable Total
height hill Diameter vyield yield (t ha?) yield
(cm) (cm) (tha?) (tha?)
Control 80.672° 10.53 14.67° 26.46° 3.53 29.99°
69 kgha'Nand 30 kgha'P  82.00® 12.87 15.67° 40.562 6.61 47.182
3tha'vC 76.33° 12.27 17.172 36.592 3.97 40.562
45thalVvC 77.67% 9.47 17.002 37.042 4.85 41.892
34.5kgha*N and 15kgha'P  82.672 7.93 17.172 34.392 5.91 40.292
+15thatVvC
LSD 5.76 NS 1.18 6.37 NS 7.73
CVv 3.83 29.78 3.83 9.67 39.54 10.27

Means with the same letter show a statistically not a significant difference at LSDg 0s; Recomm. NP= 69 kg

hal N and 30 kg ha' P; VC=vermicompost

Number of tubers per hill

The treatments did not significantly influence the
number of tubers per hill of potato (Table 3). The
number of tubers per hill of potato was not affected
by treatment applications, which agreed with the
earlier report (Fahrurrozi et al., 2019). Likewise,
Subhranath et al., (2020) indicated that application
of integrated nutrient management did not have
significant effects on the numbers of tubers per
plant.

16|Page

Tuber diameter

The tuber diameter of potato has been influenced
by the different treatments (Table 3). The highest
tuber diameter of 17.17 cm was obtained from the
application of 3 t ha! and 1.5 t ha' compost
combined with half of recommended NP fertilizer,
while the lowest tuber diameter of 14.67 cm was
recorded from the nil one which was statistically at
par with recommended NP treatments (Table 3).
Tuber diameter of potato has been significantly
affected by treatment applications, which agreed
with previous report where tuber diameter of
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potato with increasing vermicompost rate was
reported, which might be due to sufficient nutrient
supplied by vermicompost for tuber development
together with its effect on decreasing soil
compaction (Fahrurrozi et al., 2019). This result
was also in agreement with Garczynska et al.
(2020), where using vermicompost for the
cultivation of sweet potatoes had a positive effect
on the size and structure of tuber/root yield.

Marketable tuber yield

The marketable tuber yield of potatoes was
significantly affected by the different treatments,
where the highest value (40.56 t ha'!) was obtained
from the application of 69 kg ha* N and 30 kg ha
1p, although it was statistically at par with the rest
of the treatment levels except the control. The
lowest marketable tuber yield (26.46 t ha) on the
other hand was recorded from the nil (control)
treatment. An increasing trend of marketable tuber
yield of potato with the application of
vermicompost and recommended NP was
observed (Table 3). Similarly, Amin, (2018)
reported that the marketable tuber yield of potato
was influenced by application of organic and
inorganic fertilizers. The trends of marketable
tuber yield of potato observed in this research was
in line with that reported other literatures (Yeng et
al., 2012; Mohammed et al., 2018).

Unmarketable tuber yield

The unmarketable tuber yield of potatoes was not
significantly influenced by treatments (Table 3).
Similarly, Mohammed et al., (2018) reported that
applications of organic fertilizer and inorganic
fertilizers separately or in combinations, as well as
integrated application of organic and inorganic
fertilizers did not affect the unmarketable tuber
yield of potato. Likewise, the application of cattle
manure and also inorganic fertilizers did not
influence the unmarketable tuber yield of potatoes
(Amin, 2018).

Total tuber yield
The total tuber yield of potato was significantly
influenced by different fertilizer applications

(Table 3). The highest total tuber yield of 47.18 t
ha® was obtained in response to the treatment
containing application of 69 kg ha®* N and 30 kg
hal P which was statistically higher than only the
control, which gave lowest yield (29.99 t ha?)
(Table 3). The result from the current work also
agrees with reports of other study (Alam et al.,
2007; Mohammed et al., 2018). Likewise, the
application of vermicompost at the rate of 8 t ha*
gave a 34.69% increment in the total tuber yield of
potato over the control (Bongkyon, 2004,
Akbasova et al., 2015).

Economic Analysis

Partial budget analysis of vermicompost
application for potato production experiment in
Debub Ari district revealed that the highest net
return of 467,456 ETB ha'! was obtained in
response to application of 69 kg ha*N and 30 kg
ha P which showed 33.77% higher net return over
the control (309582 ETB ha); followed by 4.5 t
hal vermicompost treatment with net return of
429780 ETB ha™. The lowest net return of 309582
ETB ha? was obtained from the absolute control
treatment (Table 4).

Dominance analysis revealed that 3t ha, 4.5t ha
1and 69 kg ha N + 30 kg hal P treatments were
un dominated, while 34.5 kg ha*N and 15 kg ha'P
with 1.5 t ha! treatment was dominated (Table 5).
This indicated that an increase in the total cost of
3that, 45thatand 69 kg haN + 30 kg halP
treatments increases the net benefit proportionally;
which implies that benefits of these treatments
were greater than the lower total costs. The highest
net benefit was obtained from the application of 69
kg ha'N + 30 kg ha® P with a marginal rate of
return of 1074%, but the highest marginal rate of
return of 4854% was obtained in response to the
application of 3 t ha™ (Table 5). Therefore, 3t ha”
169 kg ha! N + 30 kg ha' P, and 45t ha'
vermicompost with %MRR of 4854%, 1074%,
and 340%, respectively were accepted as a
worthwhile option to farmers according to
CIMMYT (1988) as %MRR value was above
100%.

Table 4. Partial budget analysis, the effect of vermicompost on potato production experiment in

Debub Ari Woreda
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TVC NB
AVMY 10% AJY TR (ETB )
Treatments (t ha') (t ha') hat) (ETll? ha (rI]E;I)3
Control 26.46 23.814 309582 0 309582
69 kg ha™ N and 30 kg ha' P 40.56 36.504 474552 7096 467456
3thalVvC 36.59 32.931 428103 2392 425711
45thatVC 37.04 33.336 433368 3589 429780
34.5 kgha* N and 15 kgha'P + 1.5tha! VC 34.39 30.951 402363 3548 398815

Where AVMY = average marketable yield; 10%AJY = Yield adjusted 10% downward; TR = total revenue; ETB=
Ethiopian Birr; TVC = total variable cost; NB = net benefit; and VC= Vermicompost

Table 5. Dominance and Marginal (20MRR) analysis, vermicompost effect on potato production

experiment in Debub Ari district

Variables
Treatments 1%%']':_‘3)\( TVC NB DA MRR
(ETBha?) (ETBha?) (%)
Control 23.81 0 309582 - -
3thatVvC 32.93 2392 425711 ND 4854
-1 -

34.5_1kg ha'Nand 15 kg ha'P + 1.5 30.95 3548 398815 D i
tha'VvC

45thalVC 33.34 3589 429780 ND 340
69 kg ha* N and 30 kg haP 36.50 7096 467456 ND 1074

TVC = total variable cost; ETB= Ethiopian Birr; NB = net benefit; and VC= Vermicompost; MRR (%) =
Marginal Rate of Return in percent; DA = dominance analysis; 10%Adj. Yield = Marketable tuber Yield

Adjusted to 10% downward

CONCLUSIONS

Potato has responded well to the application of
vermicompost in 3tha'and 4.5t ha™, 69 kg ha'N
+ 30 kg ha* P and integrated use of vermicompost
with nitrogen and phosphorus from inorganic
sources than the control treatment which was
producing potato without applying organic and
inorganic fertilizers. Moreover, based on partial
budget analysis, a higher net benefit was recorded
in response to the application of 69 kg ha*N+30
kghaP. Application of 69 kgha'N+30 kghaP,
45 t ha' and 3 t ha'gave 33.77%, 27.97% and
27.28% increment in net return over absolute
control. However, the soil health and soil fertility
improvement were more affected by the
application of 4.5 t ha! and 3 t ha-tvermicompost.
Application of 3 t ha? resulted in the highest
marginal rate of return and also improves soil
health by enhancing soil pH and soil total nitrogen
in the same way with the application of 4.5 t ha.
Therefore, we recommend the application of 3t ha
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! vermicompost for the study area and other areas
with similar agro-ecologies. We also advise
farmers and investors to apply 45 t ha'
vermicompost for improving potato production
and soil health and fertility as a second option.
Further investigation should be done on
vermicompost rate evaluation and its effect on
more physical and chemical properties of soail,
tuber nutritional value over multiple locations.
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Abstract
Cowpea has a great potential in biological nitrogen fixation (BNF) and plays a significant role in cropping systems.
However, information is scanty on the BNF potential of cowpea in Ethiopia. The study was therefore conducted to
compare and select superior genotypes of cowpea for nodulation performance, BNF potential and biomass
accumulation. The experiment was conducted during the 2019 main cropping season in the lowlands of southern
and southwestern Ethiopia. The trial consisted of five pipeline genotypes (G) (ILRI1-9333, ILRI-9334, ILRI-12713,
and ILRI-12688) and released variety, Temesgen. The trial was laid out in randomized complete block design with
three replications at the two locations (L). Data on nodulation, BNF and biomass yield were collected and subjected
to ANOVA using SAS version 9.3. Results showed that G, L and G*L significantly (p<0.05) affected nodulation,
BNF and biomass yield of cowpea. But effective nodules per plant and percentage of N- derived from atmosphere
(% Ndfa) were significantly (p<0.001) affected by genotype. Higher nodules dry weight per plant (1.46 and 0.82
gm per plant) and dry biomass yield (8.5 and 8 t/ha) were obtained from genotype ILRI-9334 followed by ILRI-
12688, respectively. The highest number of nodules per plant (70.9), total nitrogen (116.8 kg ha™) and N-fixed
(105.5 kg ha') were obtained from ILRI-11114 followed by ILRI-12688. The highest Ndfa (90.4 %) was recorded
for genotype ILRI-11114 followed by ILRI-12688. Generally, genotype ILRI-12688 showed better performance in
biomass yield and biological nitrogen fixation potentials in the study areas. Based on this finding genotype ILRI-

12688 is tentatively recommended for study areas and other places with similar agro-ecologies.
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INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp] is a major
grain legume grown in semi-arid regions of Sub-
Saharan Africa (SSA). Its protein content ranges
from 27 to 43% and 21 to 33% in leaves and dry
grain, respectively (Abaidoo et al., 2017). Leaves
and green pods are consumed as vegetables and
the dried grain is used in many different food
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preparations. The cowpea nutritional value and
biological nitrogen fixation (BNF) potential
coupled with a high plasticity to environmental
conditions place this legume in a unique position
in SSA in the context of food and nutritional
security (Gomes et al., 2019). Cowpea plays great
roles in N fixation and fixing about 29-391 kg ha"
! of atmospheric nitrogen in SSA and make about
60-70 kg ha? nitrogen available for succeeding

Tesfaye and Nebiyu, JSD, 9(1) 2021



Journal of Science and Development, JSD Vol. 91ss. 1 | 2021

crops grown in rotation with it (Baijukya et al.,
2013), supporting cropping system by replacing
chemical fertilizer (Sinclair et al., 2014). Despite
these advantages, cowpea production has
remained very low in SSA, especially in Ethiopia
(Kebede., 2020). Low soil N concentration is a
major factor limiting crop production, in SSA
including Ethiopia. In modern agriculture,
nitrogen fertilization is widely used to improve
crop yields, while much of nitrogen provided to
cropping systems is in the form of industrially
produced nitrogen fertilizers and it gives short
sustain high yield product, but it causes a long-
term negative impact on the health of farm lands
(Hamza et al., 2017). Hence, the N contribution by
the legume-rhizobia symbiosis could be very
significant to the farmers.

Although cowpea production in Ethiopia is
increasing because of its importance in nutrition
and agricultural system, its production was
estimated to be 500 kg ha? (Beshir et al., 2019),
which would have a significant contribution to the
food security of farming communities. Besides, its
ability to fix N and produce nodules has brought
about its uniqueness. It contributes to the
sustainability of cropping systems and soil fertility

Table 1. Description of the experimental sites

improvement in marginal lands by providing
ground cover, nitrogen fixation, and weeds
suppression (Beshir et al., 2019). Therefore, there
is a need to increase cowpea production locally
and this can be done through identifying cowpea
genotypes that are high yielders, with high N
fixing potential and that can substantially
contribute to soil N fertility through effective
symbiosis with native rhizobia (Abaidoo et al.,
2017). Currently information is scanty on BNF
potentials of cowpea and there is scarcity of
improved varieties at national and regional levels.
This study was conducted to examine the
performance of cowpea genotypes for nodulation
performance, BNF and biomass yield in the study
areas.

MATERIALS AND METHODS

Description of the experimental site

Shomba and Chano are located in south western
and southern Ethiopia in Kaffa and Gamo zonal
administrations in SNNPR state at 036°20°54” E
and 07°26’71” N and  37°35'10.5’E
and 6°06'47°°N, respectively. The details are
described below in Table 1.

Description Study areas
Shomba Chano
Altitude 1200 meter above sea level 1206 masl
Soil type Clay loam Clay loam
RF distribution pattern Long rainy season Bimodal distribution pattern
Temperature Min 15°C 16.5°C
°C Max 29°C 31°C

hot to warm sub-moist low land
750-818 mm
It was cropped with maize

Agro-ecology zone Wet moist lowland
Average annual rainfall 1050-1200 mm

Previous land history It was cropped with maize
Source: Agriculture office of respective Zonal administrations

Experimental design and treatments

The experiment contained six cowpea genotypes
(ILRI-9333, ILRI-9334, ILRI-11114, ILRI-12713,
ILRI-12688 and Temesgen) in two locations
(Shomba and Chano) with Panicium antidotale
used as a reference crop for total nitrogen
difference method and the experiment was laid out
in randomized complete block design with three
replications. Spacing of 30 cm between plants and
60 cm between rows were used. The gross plot size
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(m) of 3.6 x 3.9 (14.04 m?) with a net plot area 3.3
x 2.4 (7.92 m?) were employed. Spacing between
plots and blocks were 1m and 1.5m, respectively.
The selected experimental land was prepared
using oxen and plowed four times, and then
the seed bed preparation was done. The
treatments (genotypes) were assigned randomly
following the randomization principles to their
respective plots. NPS fertilizer at the rate of 100
kg ha! was applied as recommended by (MoA.,
2013). The reference crop (Panicum antidotale)
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was sown at the same time with cowpea on August determine selected physicochemical properties of
11, 2019 and UREA was added at rate of 100 kg the soil. The laboratory analysis for soil texture,
ha'. pH, cation exchange capacity (CEC), organic

carbon (OC), organic matter (OM), total nitrogen
Soil sampling and analysis (TN) and available phosphorus (P) were done

The soil of experimental sites at 0-30 cm depth has (Table 2).
been tested in Jimma University soil laboratory to

Table 2. Soil physicochemical property of the experimental sites

Parameters Shomba Chano

pH:H20 (1:2.5) 6 6.7

CEC (me/100 g) 23 324

Organic carbon (%) 2.34 2.73

Organic matter (%) 4.03 4.7

Total Nitrogen (%) 0.183 0.203

Available P (ppm) 21.28 65.14

Texture Clay loam Clay loam

Sand (%) 40 30

Clay (%) 30 36

Silt (%) 30 34

each plot at 50% flowering to determine biomass

Data collection and analysis yield and BNF.
Crop phenology, nodulation, biomass yield and
biological nitrogen fixation traits of the cowpea Nitrogen content of plant tissues
genotypes were recorded. Days to 50% flowering The samples were oven dried at 65°C for 48 hours
was visually determined by counting the number and ground and sieved through 0.1 mm sieve size.
of days from emergence to the time when 50% of Nitrogen content was determined by the micro-
the plants in the plot set. Assessment of nodulation Kjeldahl digestion, distillation and titration
was done at 50% flowering by randomly and method (Fageria et al., 2009). The total nitrogen
carefully uprooting five plants from each plot. The difference method (TND) was used to determine
nodules were detached from the roots, washed and the amount of N fixed. Fixed Nitrogen (kg ha?)
counted and the proportion of effective nodules was estimated by subtracting total nitrogen in non-
per plant was determined by color through cutting N fixed crop from total nitrogen in legumes. N-
the nodules. The nodules dry weight per plant was fixed was calculated using the equation of Recous
determined using an electronic scale after oven etal., (1995):

drying at 65°C for 48 hours. Five plant samples
were taken randomly from two middle rows from

N fixed (kg ha) = Total N in legumes — Total N in reference crop,

dry matter (kg ha — 1) x % of N in plants
100

Total N in legumes - Total N in reference crop
%Ndfa = _ x 100
Total N in legumes

Where %Ndfa is the percentage of N derived from the atmosphere

Total N in plants =
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All the collected data were checked for meeting
basic assumption of ANOVA before they were
subjected to analysis using general linear model
procedure of SAS version 9.3 (SAS, 2011). The
mean comparison was done using the LSD test at
5% probability levels. Correlation analyses
between the collected parameters were carried out
using Pearson’s correlation coefficient.

RESULTS AND DISCUSSION

Days to 50%o flowering

Days to 50% flowering were significantly affected
by genotype by location (G*L) interaction
(p<0.01) and genotypes (p<0.001) but not
significantly affected by locations alone (Table 3).
Genotype ILRI-12713 took shortest time (48 days)
to reach 50% flowering at Chano, while, genotype
ILRI-9334 took longer (68.6 and 63 days) to reach
50% flowering at both Shomba and Chano sites,
respectively, but significant variation in days to
50% flowering was not observed among
genotypes ILRI-9333, ILRI-12688 and ILRI-
11114 at both locations. The observed variation
among genotypes in days to 50% flowering could
be due to inherent genetic variation among
genotypes. Similar findings were reported by Agza
et al.,, (2012), where variation among cowpea
varieties could be due to genetic or environment
effect. The longer maturity periods at Shomba
might have been caused by the promoted
vegetative growth due to high soil moisture and
high rainfall than at Chano. The shortest to
medium time of flowering and maturity in crops is
agronomical preferable traits to adjust the
cropping season with climatic conditions
especially in areas with short rainy seasons to
reduce food shortage and hunger among small-
holder farmers. The results are similar with that of
(Atsbha et al., 2018), where genotype ILRI-12713
reached 50% flowering earlier than others. ILRI-
12713 reached 50% flowering even earlier than the
report by Atsbha, which might be due to
environmental variations. Results of the current
work were comparable to those reported cowpea
genotypes in the literature (Agza et al., 2012;
Fantaye et al., 2017).

Number of nodules per plant

Number of nodules per plant was significantly
affected by the genotypes (p<0.001) and locations
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(P <0.05) separately and combined (G*L
interaction (p<0.001)). Genotype ILRI-11114
produced significantly higher (p<0.001) number
of nodules per plant (71.9) than other genotypes at
Chano. Whilst Temesgen produced the least
number of nodules per plant (25). Comparing the
locations, genotype ILRI-11114, ILRI-12688,
ILRI-12713 and ILRI-9333 produced higher
number of nodules per plant at Chano than
Shomba. Generally, the results showed that
cowpea genotypes nodulated freely with the
naturally-occurring nodulating bacteria in the soil.
The differences revealed among genotypes in
nodule numbers could be due to variation in
genetic makeup of genotypes or climatic effect
(Table 3). Most of tested genotypes produce
higher number of nodules at Chano than Shomba;
which could be due to low soil acidity, high cation
exchange capacity and high available phosphorus
(Table 2). Inherent genetic variation exists among
genotypes and could be explored for increased
productivity (Appiah et al., 2015; Ado., 2017).

Many researchers have reported significant
differences in nodule numbers among different
varieties of legumes. However, increased number
of nodules may not necessarily signify efficiency
as many factors affect nitrogen fixation (Ado.,
2017). The process of nodulation in legumes is
controlled by efficiency of the local rhizobia,
environmental, nutritional and endogenous plant
factors such as phyto-hormones, plant nodulation
reception systems and auto regulation of
nodulation (Ado., 2017). Lawrence et al., (2018)
stated that genotypes significantly influenced
biological nitrogen fixation. The marked variation
in nodule numbers per plant among the varieties
could be attributed to difference in the genetic
makeup of the individual varieties (Ayodele and
Oso., 2014).

Effective nodules per plant (%6)

Effective nodules per plant was significantly
(p<0.001) affected by genotypes and locations but
not affected by interaction effect. The proportion
of effective nodules per plant was significantly
(p<0.001) different among the genotypes.
Genotype ILRI-12688 produced significantly
(p<0.001) the highest proportion of effective
nodules per plant followed by ILRI-9334 and
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Temesgen than others at Shomba and Chano sites,
respectively (Table 3). There was no significant
difference among genotypes ILRI-9334, ILRI-
9333, ILRI-11114 and ILRI-12713 at Chano site
(Table 3). The observed variation in the proportion
of effective nodules per plant among cowpea
genotypes in study areas might be due to variation
in genetic makeup of tested genotypes or climatic
condition of the experimental sites (Table 3 and
Table 1). Similar range was reported by Ado.,
(2017), where the highest effective nodules per
plant was 80%. Hungria and Vargas., (2000)
reported that the plant nitrogenase activity reduced
dramatically as a result of formation of ineffective
nodules at low soil moisture and high temperature
(40°C).

On the other hand, Solomon et al. (2012) and Saha
et al. (2017) reported that the legumes grown in
soils having high available nitrogen reduces the
nitrogen fixation rates, whereas soils with low to
medium available nitrogen levels enhance the
nodulation and nitrogen fixation of the legumes
and may increase the yield without reducing the
amount of nitrogen fixed. In contrary, there were
reports that showed deficiency in phosphorous
supply and availability leading to severe
limitations on nitrogen fixation and nodulation
(Mmbaga et al., 2014), resulting in reduction of
nodule mass, nitrogen fixation and yield.

Nodules dry weight per plant

Nodules dry weight per plant was significantly
affected by genotypes (p<0.001) and locations
(p<0.01) separately and in combination (G*L
interaction (p<0.05)). The results showed that
genotype ILRI-9334 produced significantly
(p<0.001) higher nodules dry weight per plant
followed by genotype ILRI-12688, whilst ILRI-
9333 and Temesgen produced the least nodules
dry weight per plant (Table 3). The observed
variation among cowpea genotypes in nodules dry
weight could present potentials for selection
among genotypes for varying climatic or edaphic
conditions (Tablel and Table 2).

Ado., (2017) reported significant differences in
number of nodules per plant among cowpea

varieties. ILRI-11114 produced the highest
number of nodules per plant, but did not produce
the highest nodules dry weight. The highest
nodules dry weight was obtained in ILRI-9334
which did not produce highest number of nodules
per plant. Even if number of nodules positively
correlated with nodules dry weight, it did not show
strong correlation (r= 0.16). This could be
probably because of genotypes that produced a
greater number of nodules per plant produced
smaller sized nodules, whilst those that produced
fewer number of nodules produced larger sizes.
Similar observations were reported in literature
(Appiaetal., 2015). Yoseph et al., (2017) reported
that variation in cowpea genotypes for nodules dry
weight per plant present opportunities for selecting
better performing cultivars. Ayisi et al., (2004)
reported that nodulation parameters vary in
cowpea genotypes intercropped with maize and
sorghum.

Dry biomass yield

Dry biomass yield was significantly (p<0.001)
affected by separate and interactions of genotypes
and locations. ILRI-9334 was found to be the
highest (p<0.001) yielder (8.5 t ha) at Shomba
followed by ILRI-12688 (8.06 t ha) at Chano,
while ILRI-9333 was the least yielder (p<0.001) of
dry matter at Shomba (Table 4). Generally, the
result implied that the variation in dry biomass
yield among genotypes across the locations might
give opportunities for selecting better performing
one for varying climatic conditions (Table 1 and
4). Simunji et al., (2019) reported that there was
variation among cowpea varieties in dry biomass
yield. Atsbha et al., (2018) observed highest dry
matter yield from Temesgen variety which in the
present finding was found to be among the low dry
biomass vyielders. Fortunately, the genotypes
which gained more dry matter yield produced
more grain yield and also fixed more nitrogen
from the atmosphere. Kouyaté et al. (2012)
reported that genotypes that yield higher dry
biomass could help farmers to improve the soil
fertility status if selected to be used in rotation
systems.

Table 3. Number of days to 50% flowering & nodulation parameters of cowpea genotypes at Shomba

and Chano.
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Genotypes DTFF NNPP NDWPP (qg) ENPP (%)
Shomba Chano Shomba Chano Shomba Chano Shomba Chano
ILRI-9333 56.33% 53.67% 42.33%  53.67%  0.61¢%* 0.5¢ 52.80°¢ 34.00¢
ILRI-9334 68.66° 63.00° 57.00° 36.67% 1.46° 0.97° 59.90° 38.46°
ILRI-11114 52.67¢ 52.68¢ 48.00%¢  70.93*  0.65%¢  0.67%e 48.90¢ 36.70°
ILRI-12713  54.00% 48.5° 37.00% 52.86%°  0.57% 0.56% 53.00¢ 38.20°¢
ILRI-12688  55.66% 55.67% 38.00%d 44 2ced 0.82¢ 0.76% 77.60? 62.50?
Temesgen 57.33¢ 54.66% 29.33f 25.33"  0.67°® 0.51° 61.90° 51.10°
LSDoos 3.9 10 0.21 5.9
CV (%) 3.7 13.9 17.7 7.5

Where: DTFF = days to 50% flowering; NNPP = nodule numbers per plant; NDWPP = nodules dry weight per plant
and ENPP = percent of effective nodules per plant; Means followed by the same letters within a column are not

significantly different (p<0.001).

Total nitrogen content

Total nitrogen was significantly affected by
genotypes (p<0.001) and their interaction location
(G*L interaction effect (p<0.01)). The genotype
ILRI-11114 significantly (p<0.01) produced
highest total nitrogen (116.86 kg ha) followed by
genotype ILRI-12688 (108.53 kg ha*) at Chano as
compared with other genotypes, whilst Temesgen
produced the lowest total nitrogen (65.16 kg ha)
at Chano (Table 4). Generally, the genotypes
ILRI-11114 and ILRI-12688 had better total
nitrogen at both locations; which could be due to
genetic differences that can be selected for
breeding purposes. According to (Simunji et al.,
2019) the highest total nitrogen gained was 141.5
kg ha* which is 17% higher than the results from
our report; likely due to variation in climatic or
genetic factors. Coskan & Dogan. (2011) stated
that establishment of effective N fixing symbiosis
between legumes and their N fixing bacteria is
dependent upon many environmental factors, and
can be greatly influenced by farm management
practices. The total nitrogen is crucial requirement
for plant growth because it is returned to the soil
through mineralization of plant nutrients and it
could benefit the succeeding cereal crops (Simunji
et al., 2019). Cowpea varieties vary in nitrogen
fixation potential due to differences in the number,
weight, and efficiency of nodules and farming
systems (Makoi et al., 2009). Lawrence et al.,
(2018) showed that genotypes significantly
influenced biological nitrogen fixation.

Nitrogen fixed from the atmosphere

Nitrogen fixed from the atmosphere was
significantly affected by genotypes (p<0.001) and
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their interaction location (G*L interaction effect
(p<0.01)). Genotype ILRI-11114 was observed to
have greater potential of accumulating nitrogen
fixed regardless of locations followed by ILRI-
12688, whilst Temesgen fixed significantly
(p<0.01) the lowest total nitrogen (50.93 kg ha?)
on study areas (Table 4). The observed variation
among cowpea genotypes in nitrogen fixation
from the atmosphere could be due to low soil
acidity, high cation exchange capacity and high
available phosphorus at Chano that enhanced the
process by providing conducive environment for
microbial activity compared to Shomba (Table 2).
Inherent genetic differences of genotypes could
also contribute to the variations as reported by
Simunj et al., (2019), where legumes generally
take more than half of their nitrogen requirements
from the atmosphere and therefore take less N
from the soil compared to the non-N-fixing crops.
Munjonji et al., (2018) reported that cowpea
genotype with low grain yield performing better
for BNF which could be due to genetic variation
among genotypes as responses to climatic or
edaphic effects. Environmental conditions can
influence the nitrogen fixation characteristics and
this influence can vary among genotypes (Barbosa
et al., 2018). Montarfiez., (2000) stated that the
amount of nitrogen fixed by legumes varies widely
with host genotype, Rhizobium efficiency, soil
and climatic conditions.

Percentage of N derived from atmosphere
Percentage of nitrogen derived from atmosphere

was significantly affected by genotypes and
locations (P <0.001), but not by their interaction.
The genotype ILRI-11114 significantly (p<0.001)
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derived 90.4% and 86.4% of the nitrogen from the
atmosphere, followed by ILRI-12688 (88.8% and
86.8%) at Chano and Shomba respectively (Table
4). Temesgen derived the least percentages of
nitrogen from the atmosphere (78% and 82.5%) at
both Shomba and Chano sites, respectively.
Approximately similar results (89.2% and
89.85%) were reported by (Ulzen., 2013).
Solomon et al. (2012) and Saha et al. (2017)
reported that the legumes grown in soils with high
available nitrogen reduced the nitrogen fixation
rates, whereas soils with low to medium available
nitrogen enhanced the nodulation and nitrogen
fixation of the legumes and may increase the yield
without reducing the amount of nitrogen fixed,
supporting the present results. According to
Dawson et al. (2008) BNF is influenced by the

symbiont, genotypic characteristics and depends
on host range and also it varies depending on
biological and environmental factors and this
effectiveness can be measured by determining the
concentration of the compound involved in this
process (Liu et al., 2011). The rate of BNF is
highly variable and depends on bacterial strain in
the soil, legume cultivar, soil, and environmental
conditions (Shantharam and Mattoo., 1997).
Generally, BNF is varying among genotypes
depending on  biological, edaphic and
environmental factors (Table 4), presenting
potentials for selecting genotypes for different
climatic and soil conditions.

Table 4. Mean biomass yield and biological nitrogen fixation traits of cowpea genotypes the two sites

Genotypes DBMY (t ha?) TN (kg ha?) NF (kg hat) %Ndfa(%)
Shomba Chano Shomba Chano Shomba Chano Shomba Chano
ILRI-9333 3.6° 6.4° 79.6 86.56% 68.1% 72.33¢ 83.47 85.46°
ILRI-9334 8.52 7.26¢ 90.56% 97.1% 76.32¢ 85.6° 84.2° 88.1°
ILRI-11114 4.6% 6.7¢ 105.4  116.86* 91.12° 105.5? 86..42 90.42
ILRI-12713 5.03¢ 7.16" 70.8"9 103.7°¢  59.3%  g7.27% 82.4¢ 83.56%
ILRI-12688 7.030¢ 8.0 103.7°¢  108.53%2 92.23P 94.3P 86.82 88.802
Temesgen 5.03¢ 4.97¢ 65.76" 65.16" 54.26° 50.93¢ 78.1¢ 82.54
LSDo.05 1.13 9.2 9.1 1.69 2
CV (%) 8.3 5.8 6.8 1.2 1.3

Where, DBMY = Dry hiomass yield, TN = total nitrogen, NF = nitrogen fixed, %Ndfa = percentage of nitrogen
derived from the atmosphere; means followed by the same letters within a column are not significantly different at (p

<0.05)

Correlation analysis

Correlation analysis showed that nodulation and
biomass yield of cowpea genotypes were
significantly associated (Table 5). Correlation
analysis showed that the number of nodules had
significant, strong and positive correlation with
dry biomass yield (r = 0.46**), total nitrogen (r =
0.5***), nitrogen fixed from the atmosphere (r =
0.49**) and percentage of nitrogen derived from
the atmosphere (r = 0.41**). This indicates that the
higher nodulation performance of the genotypes
would enhance nitrogen fixation. Hence the results
showed that a rise in any of these variables would
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result in a corresponding increase in the other and
vice versa. Generally, positive correlation was
observed among selected parameters of cowpea
genotypes. Seido et al., (2019) reported that plants
that produced higher nodules mass resulted in
higher dry biomass yield and more N fixation in
cowpea genotypes, confirming the present results.
Hungria and Bohrer. (2000), reported also that the
higher the nodule weight, the higher efficiency of
the fixed N2, with the vegetative and the yield
tending to increase as shown also in the present
results.
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Table 5. Correlation matrix for the selected parameters of cowpea genotypes

NNPP NDPP  DBM TN NF %Ndfa

NNPP 1

NDPP 0.16"s 1

DBM 046~  0.55™ 1

TN 0.5™ 0.3%  0.44™ 1

NF 049" 031" 0417 0.99™ 1

%Ndfa 041" 0.37" 0.32° 0.84™ 0.88" 1
CONCLUSIONS REFERENCES

The results revealed a significant effect in cowpea
genotypes in nodulation, BNF and biomass yield
across the locations except effective nodules per
plant and percentage of N- derived from
atmosphere (%Ndfa). The highest nodules dry
weight per plant was obtained from ILRI-9334.
Much greater biomass yield was obtained from
genotype ILRI-9334 and ILRI-12688. The highest
total nitrogen, N-fixed and %Ndfa was obtained
from genotype ILRI-11114 followed by ILRI-
12688. The nodulation performance by cowpea
genotypes were positively and significantly
correlate with biomass yield. Generally positive
correlation was observed among selected
parameters. The study also showed significant
genotypic variation among the cowpea cultivars in
nodulation performance, biological nitrogen
fixation potential and biomass yields. Genotype
ILRI-12688 is performed best in terms of BNF and
biomass yield from tested genotypes at both the
study areas. As this study was conducted for only
one season across the locations further study should
be needed in various environments to select and
recommend superior genotypes with high BNF
potential, dry biomass yield as a variety.
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Abstract

Osyris lanceolata is among the sandalwood species known for the production of fragrant-scented wood from which
sandalwood essential oil is extracted. The present study was designed to assess the diversity, population status and
community’s perception towards O. lanceolata in Hamer and Bena-Tsemay districts, Southern Ethiopia. Multi-stage
sampling procedure was employed to conduct this study in purposively selected districts. Data were collected
through household survey, local informants’ interviews, direct observation, with systematic random sampling
design used based on the line-transect approach for vegetation inventory. About seventy-one (71) respondents were
selected for the household survey to produce basic information, from which 77.5% were male and 22.5% were
female. Quadrants used for vegetation survey were 27 having 20 m x 20 m plot size. Composition of vegetation
data associated with Osyris lanceolata comprised 46 species, from which 27 and 36 species were in Hamer and
Bena-Tsemay districts, respectively. The occurrence of Osyris lanceolata showed a decreasing trend in the natural
forest due to provision of less attention from the community in terms of the targeted species. Based on the findings
of the present study the resource around the pastoral and agro-pastoral community need participatory management
strategy to conserve and use important species in a sustainable manner. Less consideration to natural resources

brings huge ecological, economic and social problems associated with the extinction of important species.
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INTRODUCTION

Osyris lanceolata Hochst & Steudel. is a
widespread shrub in the tropics and subtropics.
Originating in the region, it is most commonly
known as East African Sandalwood (Kokwaro,
2009). The East African Sandalwood is a shrub
growing to a height of up to 6 m, having multi-
stems, evergreen hemi-parasitic plant that has a
round to irregular canopy and a grey smooth bark.
The species grows on the roots of other plants
utilizing the root systems of the hosts to get
nutrients, but it does produce its own chlorophyll
as well. The species is evergreen with many
drooping small branches with bluish to yellow-
green, sharply pointed leaves (Da Silva et al.,
2016). Osyris lanceolata is distributed in African
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countries such as Tanzania and Kenya and is
frequently found in arid to semiarid areas,
primarily on stony and rocky soils (Kokwaro,
2009). Sporadically, the species is found in rocky
sites and along the margins of dry forests,
evergreen bushland, grassland, and thickets at an
altitude range of 900-2250 m above sea level
(Giathi et al., 2011; Kamondo et al., 2012). It is
most commonly found in Gallery Forest of
Juniperus, Podocarpus, Combretum and Dodonea
woodland, Erica scrub, Acacia nilotica-
Commiphora scrub, on rocky slopes in areas with
a mean annual rainfall of 600 to 1600 mm. In
Kenya, the species grow naturally in both humid
highland and dry lowland forests (Maundu and
Tengnas, 2005). It is found in most Ethiopian

Lemage et al., JSD, 9(1) 2021


mailto:belaynehlemage@gmail.com
mailto:mt70309@gmail.com

Journal of Science and Development, JSD Vol. 91ss. 1 | 2021

regions particularly in hilly slopes and rocky
ridges in association with varieties of vegetations.

Osyris lanceolata has been traded for centuries for
its fragrance, with medicinal and religious values
and also wood carving potential. It is among the
sandalwood species known for the production of
fragrant-scented wood from which sandalwood
essential oil is extracted (Walker, 1966; Mbuya et
al., 1994; Ruffo et al., 2002). The main traded
products include aromatic oils extracted from the
heartwood for making incense, timber for
handicrafts, and saw-dust. The excellent blending
and antiseptic properties of the oil make it valuable
as a fixative for other fragrances (Coppen, 1995).
The oil is useful in perfumery, pharmaceutical and
religious practices. Exploitation in East Africa for
the production of oil and associated products
began relatively recently and has apparently led to
population decline in Kenya and Tanzania, with
harvest reported now to be spreading to South
Sudan and Uganda (Kamondo et al., 2014). The
exploitation of Osyris lanceolata from Africa
could soon drive the species to extinction unless
proper control measures are put in place to
regulate international trades. Osyris lanceolata has
recently entered the international market as a
substitute for the traditional sandalwood oil
originally sourced from Asia and Australia.
However, the status of the species, distribution,
management and socioeconomic importance were
not well known and it has not been researched in
the selected study area. Regardless of its
importance, nowadays the removal of this species
particularly the female type used for oil extraction
is extensively done by the local communities in the
South Omo Zonal administration. This study was
initiated to explore population status, management
activities and communities' perception towards O.
lanceolata and draw recommendations for
sustainable management and utilization of the
species. The study also characterizes the diversity
of vegetation associated with O. lanceolata.

MATERIALS AND METHODS

Description of the experimental site

The current study was conducted in South Omo
zone, located in Southern Nations, Nationalities
and People’s Regional State. Most of the residents
in the South Omo zone are pastoral and agro-
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pastoral communities that rely heavily on dry
forest resources for livestock fodder, income
generation, energy source, food and medicine. The
study was conducted in two districts of South Omo
zone, namely Hamer and Bena-Tsemay. Hamer
district is located at 4.5°-5.466° N and
36.15°-36.9° E, and the district capital Demaka is
located 739 km away from Addis Ababa.
Elevation of sites range from 271 to 2,022 meters
above sea level (m.a.s.l). Bena-Tsemay district on
the other hand, is located at 5°.11-5°7'N and
36°.20'-37°.04" E, and its capital, Key-Afer is
located at about 839 km from Addis Ababa, with
elevations ranging from 567-1,800 m.a.s.l
(BOFED, 2007). Agro-ecologically, both districts
are categorized as dry tropical to tropical desert
climates with annual precipitation range of 400-
900 mm. Rainfall is bimodal and erratic in
distribution in both districts, which affects
livestock and crop production. Average annual
minimum and maximum temperatures range from
32-38°C in Hamer and 16—40°C in Bena-Tsemay
(Terefe et al., 2010).

Vegetation of the study districts can be
broadly classified as desert and semi-desert
scrub, Acacia-Commiphora and Combretum-
Terminalia woodlands. It is a mixture of
Acacia, Boswellia, Commiphora, Balanites
and various woody species and short grasses
at varying densities (Soromessa et al. 2004;
Admasu et al. 2010). The information
obtained from the elderly people reveals that,
40 years ago, land was almostall owned
communally. Currently however, pastoralists
ownsmall plots of rangeland within
enclosures near their farmlands and around
their homesteads. The rest of the wvast
rangeland is still owned communally, and
ownership of the rangeland is similar to that in
many pastoral areas of the country (Dalle et
al., 2005; Kassahun et al., 2008).

Study site selection

Hamer and Bena-Tsemay districts were
purposively selected for this study based on the
existence of natural forest where the targeted
species, O. lanceolata is commonly found. In both
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districts, lowland agro-ecology covers the largest
proportion of the areas. From each district two
representative kebeles were selected purposively
due to presence of the natural forest. Accordingly,
in Hamer district, Lalla kebele which is located in
the mid-highland and Shanko-Wolfo in the
lowland were selected, while in Bena-Tsemay,
Argo and Goldya kebeles, which are both located
in the lowland were selected for the study. Prior to
the selection of the respondents, a preliminary
reconnaissance survey and direct field
observations were conducted to obtain basic
information on vegetation status, utilization and
management practices of the natural forest and in
order to wunderstand the biophysical and
socioeconomic characteristics of the study area.

Source of data

Data for this study were collected from primary
and secondary sources. Information from key
informants of pastoralist and agro-pastoralists
together with vegetation survey data were used as
the major primary sources. In order to ensure the
reliability and validity of the data collected,
triangulation and interviews of key informants
(KT) were done during the primary data collection.

Methods of data collection

A combination of various socioeconomic
techniques was employed for the collection of
qualitative and quantitative data. Key informant
interviews, household surveys and field
observations were made using standard guides.
These methods were used to collect formal and
informal data that reflect socioeconomic and
biophysical characteristics of the community.
From each kebele, key informants were selected
using snow-ball method, in which the most
frequently referred knowledgeable individuals
were selected. Structured household interviews
were conducted with household heads using
guestionnaires. Data were collected from
randomly selected households by taking ten
percent (10%) from each kebele residing near the
forest.

The forest patches where the species existed were
identified with the help of informants (KI). .
Twenty-seven (27) quadrats (20 m x 20 m size)
were laid for vegetation survey to estimate
diversity indices, density and importance value
index (IVI) of the natural forests. Any two
consecutive quadrats were separated from each
other by 300 m. The sampling method was based
on the line transect approach and systematic
random sampling techniques using one transect
line. The local name of the species found in the
sample plots was recorded by using Hamer
Amharic and Bengna languages with the help of
knowledgeable individuals from the local area.
Identification of the scientific names of species
was carried out using the ‘Flora of Ethiopia and
Eritrea (Kelbessa and Demissew 2014; Bekele,
2007). Diameter at breast height (DBH) >5 cm (at
1.3 m height) was measured using diameter tape.
Seedlings (<1.3 m height) were counted and
recorded.

Data analysis

Qualitative data from the informal survey were
synthesized, interpreted and analysed, using
descriptive statistical methods. Quantitative data
obtained from household questionnaire survey
were managed manually, entered into computer,
analysed and synthesized using SPSS version 16
and MS-Excel.

The data on vegetation inventory were analysed
for three-selected kebeles (Shanko-Wolfo in
Hamer and Argo and Goldya in Bena-Tsemay)
using species diversity indices, and Importance
Value Index (IVI). In Hamer district, vegetation
data for Lalla kebele is not included due to the
occurrence of unexpected heavy disturbances in
the natural forest. The tools used in the analysis are
presented:

Shannon diversity index (H) relates the
proportional weight of the number of individuals
per species to the total number of individuals for
all species (Kent and Coker, 1992). Shannon
diversity index is calculated as:

S
H = —Zpi*lnpi
i=1
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Where: H= Shannon-Wiener Diversity Index; s = number of species; Pi = Proportion of individuals or
abundance of the i"" species expressed as a proportion of the total cover, Ln = natural logarithm.

Values of the Shannon diversity index (H”) usually
lies between 1.5 and 3.5, although in exceptional
cases, the value can exceed 4.5 (Kent and Coker,

Equitability (evenness) index

Evenness (equitability) index (J) is calculated from
the ratio of observed diversity to maximum
diversity. The value of the evenness index falls
between 0 and 1 with the higher the value of the

Equitability (j) =

1992). Usually, the Shannon diversity index places
the most weight on the rare species in the sample
(Krebs, 1999).

evenness index, the more even the species in their
distribution within the given area. The equitability
index was calculated using the following equation:

— H.
Hmax Ins

Where: H” = Shannon-Wiener Diversity Index; Hmax = InS; S = total number of species in the sample.

Importance value index

The dominant species, relative density, relative
frequency, and relative dominance as well as
importance value index are often used to

characterize vegetations (Kent and Coker, 1992).
The determinations follow the following
formulae:

Frequency of a species

X X 100%

Relative frequency =

sum of frequencies of all species

Number of individuals of a species

X X100%

Relative density =

Dominance of a species

Total number of individuals of all species

X 100%

Relative dominance =

Total dominance of all species

IVI = relative dominance + relative denisty + relative frequency

Where: IVI = importance value index

Dominance for basal area = Y [[D2/4

RESULTS AND DISCUSSION
Socio-economic characteristics of the
respondents

The demographic characteristics of the sampled
respondents were assessed and presented. About
71 respondents were used in this study, from
which 35 were in Hamer and 37 in Bena-Tsemay
sites. All (100%) of respondents of Lalla in Hamer
and Argo in Bena-Tsemay were agro-pastoralists.
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In each Kebele, the largest proportion of
respondents were male headed. Accordingly,
78.9%, 80%, 64.7% and 85% were male headed
households in Lalla, Shanko wolfo, Argo and
Goldya kebeles, respectively. The majority of
respondents’ age group who participated in the
study was between 20-30 and 41-50 class in
Hamer and Bena-Tsemay sites, respectively. The
majority of respondents do not carry out any kind
of management activities on the trees. In Hamer
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district, men family members participate in
harvesting the product while in Bena-Tsemay only
endowed family members participated in the
activity. To collect forest products, the
respondents travel an average of 4.21 km, 1.63 km,
5.6 km and 6.4km for Lalla, Shanko-Wolfo, Argo
and Goldya kebeles, respectively. Comparatively,
respondents from Goldya and Argo travel further
distances to harvest Osyris lanceolata than Lalla
and Shanko-Wolfo.

Natural vegetation in the study area

A total of 46 species of plants belonging to 22
families, were recorded in the study area. Among
these, 27 were in Hamer and 36 in Bena-Tsemay
districts. The family Fabaceae was represented by
the highest number of 10 species, while the other
families had three or fewer species (Table 2). In
terms of growth form, In Hamer district, four
herbaceous, four shrubs, one climber and eighteen
tree species were found in association with Osyris
lanceolata within the sample plots in the natural
forest. At Bena-Tsemay on the other hand, four
herbaceous, six shrubs, one climber and twenty-
five tree species were recorded in association with
O. lanceolata. The result of the study revealed
consistency of trends in species co-occurrence
with O. lanceolata between the two districts. Tree
species cover the highest percentage in both
districts with 67% and 69% occurrences in Hamer
and Bena-Tsemay, respectively. The rest covered
were by shrubs, herbaceous and climber species.
A large number of species were recorded in the
natural forests found at Shanko-Wolfo kebele in
Hamer compared with species at Bena-Tsemay
district of Argo and Goldya kebele natural forests.

Extensive exploitation of the vegetation is made
for home consumption and income generation

purposes. According to the respondents, the
existence of targeted species in both districts was
abundant before, but it is now decreasing, due to
over exploitation for income generation. The
harvesting has been handled through private
owners who pay money for the pastoralist or agro-
pastoralist community. Harvesting is carried out
by uprooting, without practicing replanting or any
propagation method to ensure sustainable
utilization. This increased the speed of degradation
in the forest resources, particularly the O.
lanceolata species.

The information obtained from the household
(HH) survey was in agreement with vegetation
data assessed from the forest, which shows
decreasing trend in O. lanceolata due to
uncontrolled exploitation from the studied
districts, except in Goldya kebele from Bena-
Tsemay district, where the resources are protected
by the local community, and have access to
extension service on natural resource management
(Tablel). The pastoralist and agro-pastoralist
communities give less attention to the sustainable
management of O. lanceolata species, which
affected the diversity of resources. The result of
the present study is in line with the findings of USF
and WS (2013), reporting that African
Sandalwood species are threatened due to
unsustainable exploitation in Kenya, United
Republic of Tanzania, Uganda, and South Sudan.
Similarly, Oloo (2010) reported an increase in
demand of O. lanceolata, recently leading to a
large rate of utilization and exploitation, to an
extent that its survival in natural habitats is
severely threatened.

Table 1. Responses of sample households towards the current status of O. lanceolata in Hamer and

Bena-Tsemay districts of South Omo zone

Forest resources

Hamer Bena-Tsemay
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Shanko- Goldya
0, 0,
Lalla (%) wolfo (%) Argo (%) (%)
Existence of natural forest
stand (woodland forest) Yes 100 100 100 100
Occurrence of Osyris Yes 100 100 100 100
lanceolata
High - - - 15
Abundance Medium 15.8 - - 55
Low 84.2 100 100 30
Current trend of Osyris Decreagmg 100 100 100 35
lanceolata Increasing - - - 50
No change - - - 15
Plant parts used for sell Stem/trunk 211 i i 0
(particularly for O Root >3 . . 5
Ignceolata)y ' Stem & root 73.7 100 100 15
Whole part - - - 10
Yes 47.4 20.0 76.5 15
Impacts of O. lanceolata No 47.4 80.0 23.5 65
Don’t know 5.3 - - 20

Table 2. List of vegetation recorded in sample plots in Hamer and Bena-Tsemay districts, South

Omo Zone
No Local name Scientific name Family Life  The species
form  located

1 Anshale Crotolaria spinosa Hochst. ex A.Rich. Euphorbiaceae T~ Bena-Tsemay
2 Ara Terminalia brownii fresen Rutaceae T Common

3 Areki Vachellia sieberiana (DC.)Kyal. & Fabaceae T Common

Boatwr.

4 Beraze Bridelia micrantha (Hochst.) Baill. Euphorbiaceae T Common

5 Banaki Cenearia diacrostadilia Asteraceae T Bena-Tsemay
6 Chekeniti Grewia tenax (Forsk.) Fioril Tiliaceae T Common

7 Chuliki Carissa edulis Vahl Apocynaceae S Bena-Tsemay
8 Dakali Acacia lahai Bent. Leguminosae T Common

9 Debden Combretum molle R. Br. ex G. Don Combretaceae T Bena-Tsemay
10 “Doferanda - - S Hamer

11 Erbo Ormocarpum mimosoide S. Moore. Fabaceae S Bena-Tsemay
12 Gadake Dalbergia melanoxylon Guill. & Perr. Fabaceae T Hamer

13  Gal-ukuma Tribuluster restris Zygopr;yllacea H Bena-Tsemay
14  Garra Hyparrhenia hirta (L.) Stapf Poaceae H Common
15  Gelifi Combretum molle R.Br. ex G.Don Combretaceae S Hamer

16 Golali Acacia nilotica (L.) Del. Fabaceae T Hamer

17 Gali Tephrosia sp. Fabaceae - Bena-Tsemay
18 Lenquata Grewia villosa DC. var. villosa Fabaceae S Bena-Tsemay
19 Gmarda Acacia polyacantha A.Cunn. ex Benth. Fabaceae T Hamer

20 Ketsi Commiphora bruceae Chiov. Burseraceae T Bena-Tsemay
21  Key Rhus lancea(L.f.)F.A.Barkley Anacardiaceae  T/S Common
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22 Kufuri Albizia lophantha Fabaceae Tree Common
23 Kalikala Hevea brasiliensis H Hamer
24 “Kunsi” Maruwa angolenesis T Common
25 Makala Ximenia americana Olacaceae T Common
26  Metsa Achenti saspara T Bena-Tsemay
27  Bitsobitso Artocarpus ovatus Blanco T Bena-Tsemay
28  Olikenti Aloe vera (L.) Burm.f Oleaceae H Hamer
29  Bitsobitso Artocarpus ovatus Blanco Moraceae S Bena-Tsemay
30  Qelishi Faurea rochet:)air;as(,;.nl'\:lch.) Chiov. ex Proteaceae T Bena-Tsemay
31  Qundulish Osyris lanceolata Hochst. & Steud. Santalaceae SIT Common
32 Remit Olea europaea (Wall. & G.Don) Cif. Oleaceae T Common
33 Sambela Dobera glabra (Forssk.) Juss. ex Poir.  Salvadoraceae T Bena-Tsemay
34 Sareko Dodonea angustifolia (L.f) Benth. Sapindaceae T Common
36  Sebeh Cordia gharaf (Forssk.) Boraginaceae T Common
37  Shambulo Grewia bicolor Juss. Malvaceae T Common
38  Shebshin Albizia schimperiana Oliv. Fabaceae T Bena-Tsemay
39 Tsaki Albizia grandibracteata Taub. Fabaceae T Bena-Tsemay
40  Tulunigo Sclerocarya birrea (A.Rich.) Hochst.  Anacardiaceae H Common
41  Zenake Allophylus abyssinicus(Hochst.) Radlk. ~ Sapindaceae T Common
42  “Zenigayite - T Hamer
43  “Zenzikeli” - T Bena-Tsemay
44  “Zinzake” - T Bena-Tsemay
45  Onoka Sarcocephalus Iatlg‘gllus (Sm.)E.A.Bru Rubiaceae H Bena-Tsemay
46  Zurguma Avicennia manna (Forssk.) Vierh. Acanthaceae T Hamer

Table 3. Mean (xSD) diversity indices of woody species in hatural forests of Hamer and Bena-Tsemay

districts, southern Ethiopia

Districts
Diversity indices Hamer Bena-Tsemay
Shanko wolfo Argo Goldya
Shannon index 2.74 2.44 2.30
Evenness index 0.83 0.80 0.74
Simpson index 0.91 0.87 0.84
Species richness 27 21 22

The large-scale exploitation has resulted in high
species diversity based on the Shannon, Evenness
and Simpson indices, coupled with species
richness and abundance of individual species
found in sampled plots (Table 3). The results of the
current study are in agreement with the findings of
Gathara et al. (2014) who reported 14 and 21 tree
species found in association with O. lanceolata in
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Gachuthi and Kibwezi forest, respectively in
Kenya. The species found in O. lanceolata plots
are also reported in other studies (Mwang’ ingo et
al., 2010; Githae et al., 2011).

Importance Value Index

Importance value index shows the importance of
individual woody species in natural forest and it
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helps to evaluate the contribution of each woody
species and the desirability of the species in terms
of use value by the local community. This also
describes the extraction of important species found
in natural/communal forest and the intimacy of
local people towards the forest resources to
product consumption. A similar trend was
followed for comparison of the ecological
significance of a species (Kent and Coker, 1992;
Akwee et al., 2010), where the Importance value
index (IV1) was used as a useful parameter; since
it reflects the combined effect of species density,
frequency and dominance. According to the
Importance Value Index (V1) in natural forests of
the study area, Dalbergia melanoxylon >
Allophylus abyssinicus > Osyris lanceolata were
the top three woody species assessed in Shanko-
Wolfo in Hamer district (Table 4, 5 and 6). Here
O. lanceolata was recorded as the third most

In Bena-Tsemay district, the contribution of the
most dominant species in natural forest is
expressed with its importance to the local
communities. Species having a high (82.26%) 1V1
are Cordia gharaf, Dodonaea anguistifolia and
Grewia tenax; dominating the other species found
in natural forest at Argo kebele. Contrary to this,
O. lanceolata becomes the first dominant species
in Goldya natural forest with its high IVI value;
showing that it has strict protection from the local
community and needs intensive management to
maintain its sustainability (Table 5 & 6). The
findings of this study are in agreement with that of
Lamprecht (1989), who reported that the V1 value
enables prioritizing species for management and
conservation interventions, where species with the
lowest IVIs might benefit from conservation and
management interventions.

dominant species next to D. melanoxylon and A.
abyssinicus.

Table 4. Summary of VI value of woody species at Hamer District, southern Ethiopia

Species RDO RF RA VI

Acacia toritilis 7.01 3.77 1.86 12.64
Allophylus abyssinicus 21.90 1.89 0.47 24.25
Bridelia micrantha 2.19 5.66 3.26 11.11
Cordia gharaf 5.87 1.89 6.51 14.27
Dalbemergia melanoxylon 34.60 1.89 0.47 36.96
Grewia tenax 4.38 3.77 2.79 10.94
Osyris lanceolata 1.31 943 12.56 23.31
Terminalia brownii Fresen 12.26 1.89 0.47 14.62
Other species (19) 10.48 69.81 71.61 151.9
Sum 100 100 100 300

Total density per ha = 2120 at Hamer (Shako-wolfo site) RDE (%) = relative density, RFR (%) = relative

frequency, RDO (%) = relative dominance, IV = Importance Value Index (%)

Table 5. Summary of 1VI value of woody species at Argo kebele, Bena-Tsemay District, southern

Ethiopia

Species RDO RF RA VI

Albizia lophantha 1.41 6.82 6.78 15.01
Brideliamicrantha 3.71 6.82 2.54 13.07
Cordia gharaf 27.43 6.82 8.47 42.72
Crotolaria spinosa 9.64 455 1.69 15.88
Dodonaea anguistifolia 1.63 11.36 23.73 36.72
Grewia tenax 3.11 11.36 18.64 33.12
Hyparrhenia hirta 5.19 2.27 0.85 8.31

Osyris lanceolata 1.04 11.36 11.86 24.27
Other species (13) 46.84 38.64 25.44 110.91
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Total density per ha = 1070 at Bena-Tsemay (Argo kebele) RDE (%) = relative density, RFR (%) = relative
frequency, RDO (%) = relative dominance, IV = Importance Value Index (%)

Table 6. Summary of 1VI value of woody species in natural forest at Goldya kebele, Bena-Tsemay

District, southern Ethiopia

Species RDO RF RA VI

Achenti saspara 1.28 8.78 2.54 12.60
Carissa edulis - 7.02 7.28 14.30
Combretum molle 11.23 7.02 6.76 25.01
Cordia gharaf 5.46 10.54 12.68 28.67
Faurea rochetiana 26.32 7.02 3.10 36.43
Grewia tenax 0.64 3.51 6.48 10.63
Osyris lanceolata 0.83 10.54 32.96 44.33
Sclerocarya birrea 7.06 1.75 2.25 11.06
Terminalia brownii 10.27 8.78 13.52 32.57
Other species (13) 34.29 35.04 17.48 84.4
Sum 100 100 100 300

Total density per ha = 1590 at Bena-Tsemay (Goldya site). RDE (%) = relative density, RFR (%) = relative
frequency, RDO (%) = relative dominance, IV = Importance Value Index (%).

Regeneration and population structure of O.
lanceolata

The population status of O. lanceolata is shown in
Figures 1, 2 & 3, which indicates that the largest
proportion of the tree is at sapling and seedling
stages. Analysis of diameter size class distribution
showed density of O. lanceolata (population per ha)
at larger diameter size is low. This is due to the
extraction of matured stands of the tree from the
existing forest. In Bena-Tsemay district, density of
seedlings and saplings under (0-10) diameter class
were 154 and 25 ha! in Goldya and Argo Kebeles,
respectively. Within Bena-Tsemay district there is
variation in a number of stands between the two
sites where the forest was found. Forests near
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Goldya kebele had the advantage of protection by
the local community, with access to extension
services on natural resource management. In
Hamer, there was high exploitation of O. lanceolata
from natural forests. Lalla from the selected forest
sites in Hamer missed vegetation data, due to over-
harvesting of the targeted species. However, in
Shanko-Wolfo site both HH survey and vegetation
data were collected, in which saplings and seedlings
were recorded and their density per ha (65) was
found to be less than that of Goldya except in Argo
Forest site. The result of the present study
contradicts with the reports of Tesfaye et al. (2019),
who reported the high abundance of O. species in
selected forests of Borena zone, Ethiopia.
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Figure 1. Density of O. lanceolata trees with different diameter class in Goldya Kebele, Bena-Tsemay
district

Where: DBH (diameter at breast height) in cm, Density ha}(abundance of O. lanceolate in different DBH
classes hal), not exploited
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Figure 2. Density of O. lanceolata trees with different diameter class in Argo Kebele, Bena-Tsemay
district

Where: DBH (diameter at breast height) in cm, Density ha™(abundance of O.lanceolata in different DBH
classes hat), exploited
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Figure 3. Density of O. lanceolata trees with different diameter class in Shanko-Wolfo kebele, Hamer

district

Where: DBH (diameter at breast height) in cm, Density ha™(abundance of Osyris species in different DBH

classes hal), highly exploited

CONCLUSIONS

The study found that the population of O.
lanceolata in the natural forest was decreasing in
both districts of the South Omo Zonal
Administration. The decrease in the species is
attributed to overexploitation and marketing of the
tree for income generation. All interviewed
respondents have indicated that the proportion of
O. lanceolata in the forests is decreasing from time
to time, due to overexploitation of the matured
stands. Harvesting is commonly carried out using
the method of uprooting, further affecting
regeneration potential of the species. In the study
areas, O. lanceolata is mainly used for the
extraction of essential oil from its fragrance-
scented wood. Moreover, it is used to manufacture
farm tools, as energy source and for income
generation. The mode of exploitation is mainly
through total uprooting with the roots as the most
preferred part, and the stems and branches used as
the last option. The study showed that the
population status of O. lanceolata decreased with
increasing diameter at breast height; with very low
density of mature stands per hectare. The
importance value index showed that the O.
lanceolata was dominated by the first and second-
ranked species except in the case of Goldya kebele
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in Bena-Tsemay district. At Goldya site, O.
lanceolata has been the first dominant species,
with a high IVI.

Based on the findings of this study, the following
recommendations are made:

e 0. lanceolata being an endangered species,
due to heavily exploitation by the
community, needs immediate intervention
where farmers are encouraged to plant the
tree on their farmlands;

e The agriculture and forestry extension
systems should support communities in
raising seedlings of O. lanceolata, with
special trainings in its management;

e There is also a need for awareness creation
among communities and stakeholders about
economic and ecological importance of O.
lanceolata and its management and
sustainable utilization;

Further research are required in the areas of
developing feasible and effective propagation and
silvicultural management methods for O.
lanceolata to enhance large-scale planting of the
species in the study areas and sites elsewhere with
similar agro-ecologies and vegetation types.

Lemage et al., JSD, 9(1) 2021
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Abstract

Black cumin (Nigella sativa L.) is one of the most important spices and cash crops in Ethiopia. However, in the
midland areas of Guji zone access to improved black cumin variety is highly limited. Due to this and other bottle
necks, the potential of the area to black cumin crop was not exploited. There was an urgent need to develop and
promote technologies that suit for the area. As a result, the current experiment was conducted in the midland areas
of Guji Zone at three farmers’ field to evaluate the growth and yield performances of black cumin varieties and to
select and recommend high yielding and diseases resistant varieties for for the study area. Six improved black cumin
varieties Silingo, Eden, Gemechis, Derbera, Dershaye, and Sooressaa were used for selection trial. The treatments
were arranged in randomized completed block design (RCBD) with three replications. Agronomic data were
collected based on the recommended standards. The collected data were subjected to analysis of variance.
Significant differences were observed (p< 0.05) among the tested black cumin varieties for days to 50% emergence,
numbers of pod per plant and seed yield. However, non-significant difference was observed (p> 0.05) among the
varieties for days to 50% flowering, days to 90% maturity, plant height, and nhumber seeds per pod. The highest
seed yield was recorded for Sooressaa (11.59 gt ha) followed by Silingo (11.12 gt ha!), whereas Dershaye variety
exhibited the lowest seed yield (7.22 qt ha-1). Accordingly, Sooressaa and Silingo black cumin varieties were
selected by farmers due to their best performance, adaptability, and highest seed yield. Sooressaa and Silingo
improved black cumin varieties were recommended for production for the midland areas of Guji Zonal
administration of Oromia region, Southern Ethiopia.
Key words: Adaptability, black cumin, improved variety
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sage, cinnamon, and ginger (ITC, 2010). In
Ethiopia, black cumin is one of the most important
spice types which are mainly produced to flavor
foods, preparation of oil for perfumes and
medicinal purpose, source of income, crop
diversification, and export purposes (Anshiso and
Teshome 2018; Teshome and Anshiso 2019).

INTRODUCTION
Black Cumin (Nigella sativa L.) is a member of

Apiaceae (Umbelliferae). Sativa species is
originated in Egypt and East Mediterranean, but is
widely cultivated in Iran, Japan, China and Turkey
(Shewaye, 2011). Black cumin is one of the most
important medicinal plants and with multipurpose

uses (Badary, 1999). It is used as a whole or in The demand of black cumin seed and its oil has

crushed forms. Ethiopia is homeland to many
spices, such as korarima (Aframonum korarima),
long red pepper, black cumin, white cumin
(bishops weed), coriander, fenugreek, turmeric,
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also been increasing both in Ethiopian markets for
consumption purpose. It is also the second
important cash crop which is exported to
international markets next to ginger (Teshome and
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Anshiso, 2019). Currently, great deal of attention
has been given to the seed and oil yields of black
cumin. The consumption of black cumin in
different forms is generally increasing (Takrun
and Dameh, 1998).

Ethiopia is a country with different and favorable
agroecological zones for production of various
spices, vegetables and crops (Dessie et al. 2019a;
Dessie et al. 2019b). Many spice varieties
particularly of black cumin, white cumin, pepper,
paprika, turmeric, fenugreek, garlic, coriander,
ginger, cardamom, and basil are grown in Ethiopia
for consumption and commercial purposes (Tesfa
et al. 2017), making it one of the top spice
producer and consumer countries (Vijayalaxmi
and Sreepada 2014) and ranking first and seventh
in Africa and global stages, respectively
(FAOSTAT 2019). Black cumin is mainly
cultivated in Amhara, Oromia, Tigray and
Southern Nations, Nationalities and Peoples’
Region (SNNPR) for own household consumption
(Habtewold et al., 2007). Nigella sativa is widely
cultivated in Amhara Region, Northern Gondar,
and Oromia. It is highly cultivated at Kaffa and
Keficho areas of the SNNPR (Assefa et al., 2015).
It is also particularly growing at Western Arsi
(Kofele and Dodola districts) and Arsi Zone in the
Shirka, Tena and Silitana districts.

Black cumin is cultivated in areas with suitable
agroecology (Yasar, 2005). According to Inga and
Demissew (2000), Nigella sativa is found in an
altitudinal range between 1500-2500 meters above
sea levels and with a rainfall of 120-400 mm
during its growing seasons for its optimal
performance. N. sativa requires a temperature
range of 5-25°C, where 12-14°C is the optimum.
Although it is known to be among low water
demanding plants, typical of semi-arid areas,
availability of water supply over the growing
season is very crucial to the timeliness of flower
emergence and seed setting. N. sativa grows best
on well drained sandy loam to loamy soils with a
pH range of 6.8 to 8.3. Acidic soils and extreme
alkaline soil pH ranges reduce yield (Weiss, 2002).
The sloppy soils of heavy rainfall areas and
leveled and well drained soils of moderate rainfall
areas are quite suitable for its cultivation. Soil pH
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of 7.0 to 7.5 is optimally favorable for its
production (Weiss, 2002).

Ethiopia has suitable environmental condition for
the production of black cumin. Even though, the
production and area coverage of black cumin have
been increasing, its productivity is still very low in
most areas. The national average productivity of
black cumin was 0.79 t/ha (Kifelew et al., 2017).
The main factors influencing the production and
productivity of black cumin were lack of improved
variety, absence of recommended fertilizer rate,
postharvest handling problems, lack of improved
agricultural practices and extension system, as
well as marketing problems (Yosef, 2008).
Habtewold et al. (2017) also reported that limited
production technologies developed for spices so
far have yet not multiplied and popularized to
farmers. In general, farmers give little attention for
spices crops while giving prior attention to food
crops (Tesfa et al., 2017).

Besides, the value-addition to black cumin is low
in Ethiopia, with all exports being made in the
form of whole grain. Furthermore, taking into
account of its use and the suitable midlands of
agroecology Guji zone, there is no research
activity conducted to evaluate the adaptability of
black cumin varieties. In order to diversify its
production, availability and increase the income of
the farmers, it is important to evaluate the
adaptability of improved black cumin varieties to
the midland areas of Guji zone. Therefore, the
study was aimed to evaluate the growth and yield
performances of released black cumin varieties
and to select better yielders for midlands areas of
Guji zone.

MATERIALS AND METHODS

Description of the experimental site

The experiment was conducted at three locations
(Kiltu Sorsa, Gobicha, and Dole) during 2019/20
cropping season to evaluate the growth and yield
performances of black cumin varieties and to
select and recommend high yielding and diseases
resistant/tolerant cultivars for midlands of Guji
zone. Adola district is located at about 470 km
south from Addis Abeba. Adola district is
characterized by three agroclimatic zones, namely
high land (>2300 masl), mid land (1500 to 2300
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masl) and low land (<1500masl). The mean annual
rain falls and temperature ranges of the district are
about 900 mm and 12-34°C, respectively. Based
on this condition two cropping seasons are
commonly practiced i.e., Arfasa (main cropping
season) which occurs between March and April
where maize, haricot bean, sweet and Irish
potatoes are grown. The second cropping season is
called Gana (short cropping season), which is
practiced as double cropping using small size
cereal crops like tef, potato and barley after
harvesting the crops of the main season. This study
was also conducted during short cropping season
(July to January) in midland areas of Guji zone.

Treatments and experimental design

The treatments consisted of 6 released black cumin
varieties (Silingo, Dershaye, Eden, Darbera,
Sooressaa and Gemechis), which were obtained

MARC = Melkasa; KARC = Kulumsa; SARC =
Sinana Agricultural Research Centers. The
varieties were evaluated during the 2019/20
cropping seasons at all districts considered for this
tiral.

Plot size of 2 m x 2.1 m with 0.3 m spacing
between rows were used. The spacing between
plots and adjacent blocks were 0.4 m and 0.80 m,
respectively. Seed rate of 15 kg ha™ and fertilizer
rates 100 kg ha* of Urea (during planting and top
dressing), as well as 100 kg ha? of blended NPS
were applied and all agronomic practices such as
land preparation and weeding were done
uniformly for all treatments. The experiment was
set up in a randomized complete block design
(RCBD) under factorial arrangements (GXE) with
three replications.

Table 1. The improved black cumin varieties released from national and regional research centers

in Ethiopia

Released variety

Releasing Research Center

Year of release Altitude ranges (masl)

Dershaye MARC
Eden MARC
Darbera SARC
Sooressaa SARC
Silingo Tepi & KARC
Gemechis SARC

2009 1800-2500
2009 1800-2500
2006 1650-2400
2016 1650-2400
2017 1800-2500
2016 1650-2400

Source: MoANR 2017 and from the Research Center; MARC = Melkasa; KARC = Kulumsa; SARC =
Sinana Agricultural Research Centers; masl = meters above sea level.

Data to be collected

Phenology and growth (days to 50% emergence,
days to 50% flowering, days to 90% maturity,
plant height (cm), number of branches per plant)
were among the performance indices used to
evaluate the six released varieties. Yield and yield
components that included number of pods per
plant, number of seeds per pod, 1000 seed weight
(9) and seed vyield (kg hal) were also used to
evaluate the performances of the released varieties
for selection of better performers for the study area
(midland areas of the Guji Zonal administration in
the Oromia regional state, southern Ethiopia.

Data analysis
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Field data were analyzed by using Gen-Stat release
18" Edition software following the standard
procedures outlined by Gomez and Gomez (1984).
Comparisons among the treatment means were
done using Fisher’s protected least significant
difference (LSD) test at 5% level of significance.

RESULTS AND DISCUSSION

Phenology and growth

Phenology and growth variables of the six black
cumin varieties planted at Kiltu Sorsa, Gobicha,
and Dole on-farm were trials showed statistically
significant differences (p<0.05) among varieties,
locations and their interaction for days to 50%
emergence and 90% physiological maturity (Table
2). Varieties and locations had significant

Amdie and Teshome, JSD, 9(1) 2021



Journal of Science and Development Vol. 9 Iss. 1

2021

differences observed (p<0.05) for number of pods
per plant. However, days to 50% flowering was
was not influenced (p >0.05) by the varieties,
locations and their interactions.

The variation with respect to days to emergence,
and maturity were ranged from 25.11 to 31.22, and
114.7 to 124 days, respectively. The overall
location mean indicated that the longest days to
50% emergence was recorded from Gemechis
(31.22 days) followed by Derbera (29.56 days)
varieties. However, early emergence was recorded
for Eden (25.11 days) followed by Silingo (27
days) genotypes. In other cases, Sooressaa variety
was late maturing (124 days) whereas Gemechis

matured early (114.7 days). The overall location
means revealed that the highest number of
capsules per plant was exhibited from Sooressaa
(14.54) followed by Gemechis (13.51).

The lowest number of capsules per plant was
recorded from Dershaye variety (9.57) (Table 2).
Nimet et al. (2015) who reported that plant height,
the number of branches, the number of pod and
1000-seed weight of populations varied by
locations. The results of the current research also
agreed with those reported by Ozguven and
Sekeroglu (2007) and Tuncturk et al. (2012).

Table 2. The overall locations (Dole, Gobicha and Kiltu sorsa) mean values of phenology and
Growth traits of Black cumin varieties in 2019/20 cropping season

Phenology, and Growth traits mean

Days to

Days to 90%

Variety Days to 50% X ) Plant Capsule per
E 50% Flowering physmlo_glcal height (cm) plant
mergence maturity
Silingo 274 64.442 117.7¢ 51.672 12.33%¢
Eden 25.11¢ 65.692 119.7° 51.562 10.32b¢
Sooressaa 29.22° 67.332 124.0° 49.712 14542
Dershaye 28.67° 67.332 118.0° 48.042 9.57¢
Derbera 29.56° 70.442 116.7¢ 45.072 10.01P¢
Gemechis 31.222 69.56? 114.7° 43.52 13.51%
Significance level
Replication 0.02m 22.89™ 0 168.14™ 6.07™
Variety 41.04*** 44,79 96.0*** 102.41™ 37.88**
Location 12.07*** 30.72" 0.5%** 252.06** 63.23**
Variety x Location 3.14%** 44.21" 353.3*** 44.39" 10.37™
Error 0.32 28.41 0 62.64 11.2
CV (%) 1.96 7.89 0 16.36 28.56

*, ** ***= gjgnificant at p < 0.05, p < 0.01, and p < 0.001, respectively, ns = p > 0.05 for non-significant
comparisons; means sharing the same letter in each column for each factor have no-significant difference

(p<0.05); CV (%) = coefficient of variation

Yield and yield components

The overall seed yield was significantly influenced
by locations (p<0.05) among varieties (Table 3).
The interaction effects of varieties by locations on
number of pods per plant and seed per pod were
not significant. There were significant differences
(p<0.05) in the number of seed per pod among the
tested varieties.
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The overall location means revealed that the
highest seed yield was obtained from Sooressaa
variety (11.59 gt hat) followed by Silingo variety
(11.12qt hat), whereas the lowest seed yield
corresponded to Dershaye variety (7.22 gt ha?)
followed by Eden and Derbera varieties (7.29 and
7.72qt ha') was recorded. The result from the
current work is in line with that of Tarakanovas
and Rusgas (2006). Yield can inexpensively
quantify  the genetic, physiological and
environmental controls that results in yield
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differences among cultivars, seasons and
locations. Nimet et al. (2015) also reported that the

seed yields of black cumin populations varied by
locations.

Table 3. The yield and yield components of black cumin varieties (from 2019/20 cropping seasons)

Yield and yield component traits

Variety No. seed per pod (Numbers) Seed yield(gt/ha)
Silingo 89.00? 11.122
Eden 83.06° 7.29°
Sooressaa 96.28? 11.592
Dershaye 90.332 7.22°
Derbera 86.22% 7.72°
Gemechis 94.15? 9.57°
Significance level
Replication 98.34"™ 1.08™
Variety 216.16™ 34.56***
Location 452.31** 53.06***
Variety* Location 90.15™ 2.36"™
Error 120.28 1.92
Cv (%) 12.21 15.26

*, *x *x*x= gignificant at p < 0.05, p < 0.01, and p < 0.001, respectively, ns = non-significant (p > 0.05);
means sharing the same letter in each column for each factor have no-significant differences (p<0.05);
CV (%) = coefficient of variation

[Scholar

Ethnopharmacol., 67: 135-142,

Google]
Dessie A. B., Koye T. D., Koye A. D., Abitew A.

A., 2019a. Analysis of red pepper marketing:

CONCLUSIONS AND RECOMMENDATIONS

Evaluation of adaptation and performances of black
cumin varieties is an effective tool in facilitating
selection of the improved cultivars for the midlands

of Guji zone. Higher seed yields were recorded for
Sooressaa (11.59 gt ha') and Silingo (11.12 gt hal)
black cumin varieties and make them selected and
recommended for the midland areas of Guji zone.
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Abstract

Forty-nine sesame genotypes were evaluated in simple lattice design at Bako and Uke during 2018 cropping season.
The objective of the study was to estimate the extent of associations between yield and its related traits. The
combined analysis showed highly significant differences among the genotypes for all studied traits. Both phenotypic
and genotypic correlation coefficient analyses showed positive and significant association of seed yield with plant
height, branches per plant, capsule per plant, biomass yield and harvest index. On the other hand, the association of
bacterial blight with grain yield was negative and highly significant at both phenotypic and genotypic levels.
Biomass yield, harvest index and capsule per plant had high and positive direct effect on grain yield. The result of
the study showed that biomass yield, harvest index and capsule per plant were important yield related traits that

should be considered for sesame seed yield improvement.
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INTRODUCTION

Sesame (Sesamum indicum L.) is a diploid with 2n
= 26 chromosomes (Morinaga et al., 1929), which
belongs to the family of Pedaliaceae. Two
alternative centers viz., East Africa (Ethiopia) or
Asia (Indian Subcontinent or further east or central
Asia) have been proposed for its origin.
Domestication of sesame is believed to have
happened about 5000 years ago as per evidences
found in archaeological excavations in Harappa
(Fuller, 2003). Sesame has been given less
attention by the farmers because of poor yield due
to non-availability of varieties suitable and
adaptable to the diverse agro-climatic conditions
(Ashri, 2007). In Ethiopia, the national average
seed yield of sesame is 691 kg ha® (CSA, 2018),
which is quite low in contrast with yield potential
of the crop up to 2000 kg ha* under experimental
stations (Mkamilo and Bedigian, 2007). For these
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reasons, sesame production and extension in
Ethiopia is quite limited, particularly because of its
low yield. To overcome problems of the low
productivity of sesame, there must be a sound
procedure for selection of high yielding varieties
adapted to the local environments (Tadele, 2005).

Seed yield in sesame like other field crops is a
multi-facet character and direct selection or this
trait may often be misleading. The components
that determine the yield are best indices for
selection. Therefore, knowledge of relationship
between important yield traits and seed yield may
help the researchers to identify suitable donors for
a potential and successful breeding program
(Kumaresan and Nadrajan, 2002). Correlation
analysis provides information about the degree of
relationship between plant characters. The
knowledge of their coefficients provides a
measure of genetic association between traits in
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order to identify the important ones to be
considered in breeding programs.

Yield is a complex quantitative character
controlled by many genes interacting with the
environment and is the product of many factors
called yield components. Selection of parents
based on yield alone is often misleading. Hence,
the knowledge about relationship between vyield
and its contributing characters is needed for an
efficient selection strategy for the plant breeders to
evolve an economic variety. According to
Gnanasekaran et al. (2008) correlation studies
provide reliable information on nature, extent and
direction of selection. Yirga (2017) and Singh et
al. (2018) reported significant association of seed
yield with traits such as plant height, branches and
capsules per plant. The result may differ from trait
to trait depending on the germplasm sources. The
information on the planting material under this
study is missing. Hence, the present study was
initiated to determine the associations between
seed yield and related traits in sesame.

MATERIALS AND METHODS

Description of the study area

The experiment was conducted at two locations
viz. Bako Agricultural Research Center (BARC)
and Uke (sub site of BARC) during the 2018
cropping season. BARC is located in Oromia
Regional State at 250 kilometers West of Addis
Ababa at altitude of 1650 meter above sea level.

Table 1. List of sesame genotypes used for the study

BARC has a warm, humid climate with mean
minimum and maximum temperatures of 13.97°C
and 29.80°C, respectively. Annual rain falls and
relative humidity of BARC is 1161.7 mm and
49.81%, respectively (BARC Agro metrology
data, 2018). Uke is located in East Wollega zone
Oromia regional state, Guto Gida district that is
about 365 kilometers away from Addis Ababa to
the west. The area is located at altitude of 1383
meters above sea level and it is an area with high
temperature and rain fall conditions. The
geographical location of Uke is 14° 06' N latitude
and 38° 31'E longitude.

Experimental materials

The experimental materials consisted of 46
genotypes and three checks (Waliin, Chalasa &
Obsa) (Table 1). These genotypes are progenies of
the intra-specific cross of 11 morphologically
diverse sesame genotypes through continuous
maintenance of progenies up to the seventh filial
generation (F) through selfing using F.- derived
pedigree breeding method at Bako Agricultural
Research Center. The original parent materials
were collections from Western Ethiopia and
included: EW002, EW003, BG006, EW023 (2),
EWO006, EWO003 (1), EW019, EW010 (1), Obsa,
Dicho and Wama. These eleven parent materials
were crossed in 11 x 11 diallel mating design,
including reciprocals in the 2011 cropping season.

No. Pedigree No. Pedigree

1. EWO002 X Obsa-1-1 26. BG006 x EW023(2)-10-2-1
2. EWO002 X Obsa-16-1 217. BG006 x EW010(1)-11-1-1
3. EW002 X Obsa-22-1 28. EW023(2) x Obsa-9-1-1

4. Obsa x Dicho-19-1 29. Obsa x BG006-2-2-1

5. Obsa x Dicho-19-3 30. Wama x Dicho-6-1-1

6. Obsa x Dicho-27-1 31. Obsa x EW023(2)-5-2-1

7. EWO002 x Dicho-1-1 32. EWO003(1) x EW002-4-1-1
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8. EWO002 x Dicho-5-3 33.
9. EWO002 x Dicho-12-1 34.
10. EWO002 x Dicho-17-2 35.
11. EW002 x EW006-3-1 36.
12. Dicho x EW006-9-1 37.
13. Dicho x EW006-1-14-1 38.
14. BG006 x EW023(2)-11-2-1 39.
15. EWO003 (1) x EW019-3-1-1 40.
16. EWO006 x EW003 (1)-4-1-1 41.
17. Dicho x EW006-2-1-1 42.
18. EW002 x BG006-4-1-1 43.
19. EW002 x BG006-7-2-1 44,
20. EW023(2) x EW006-11-1-1 45,
21. EW002 x WAMA -2-1-1 46.
22. Dicho x EW006-1-1-1 47.
23. EWO006 x BG006-2-2-1 48.
24, BG006 x EW010(1)-9-1-1 49.
25. Obsa x EW023(2)-5-5-1

Obsa x BG006-2-4-1
EWO003 (1) x EW019-4-1-1
EWO019 x Obsa-16-2-1
EWO003(1) x Obsa-2-1-1
EWO019 x Obsa-16-1-1
Dicho x Wama-10-1-1
EWO002 x EW019-1-2-1
EWO019 x Dicho-8-2-1
EWO010(1) x EW003-1-1-1
Obsa x EW019-6-3-1
EWO002 x Wama-6-1-1
Dicho x Wama-11-1-1
EWO019 x Dicho-6-1-1
EWO019 x Dicho-8-1-1
Chalasa/EW023(2) (Parental check)
Waliin (standard check)

Obsa (parental check)

Experimental design and trial managements

The trial was laid out using 7 x 7 simple lattice
design. Each genotype was planted in 4 rows on
plot size of 6.4 m? (4 m row length, 40 cm between
rows and 10 cm between plants within row and
spacing of 1 m between plots and 1.5 m between
blocks). The seeds were drilled by hand on each
row at the rate of five kg ha® and then covered by
soil. The plant depth and soil compactions were
kept at a minimum. Twenty days after planting, the
plants were thinned to maintain the spacing
between plants of 10 cm. Fertilizer was applied at
the rate of 100 kg ha® of NPS at planting time
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whereas, 100 kg ha?® of Urea was applied two
times in split at planting time and four weeks after
planting.

Data collection

All plant-based data (plant height (cm), number of
branches per plant, number of capsules per plant
and bacterial blight (%)) and plot-based data (days
to 50% flowering, days to maturity, 1000 seed
weight (g), biomass yield per hectare (kg ha?),
seed yield (kg hal), harvest index and oil content
(%)) were collected from the two central rows for
both plant and plot-based data. The data were
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collected according to the International Plant
Genetic Resources Institute (IPGRI, 2004)
descriptor for sesame.

Data analysis

The efficiency of simple lattice design over RCBD
was checked and in most of the response variables
simple lattice design was found to be more
efficient than RCBD. Thus, ANOVA was
computed based on simple lattice design. The
quantitative data for each location was subjected
to analysis of variance (ANOVA) and done using
Proc lattice and Proc GLM procedures of SAS
version 9.3 (SAS, 2012). Before computing the
combined analysis, homogeneity test for the error
variance of two locations was done using Hartley's
test (1950) and checked by using F-test (ratio of
the largest mean square error to the smallest mean
square error in the set) according to Gomez and
Gomez, (1984) and they were homogeneous,
justifying the suitability of combined analysis.

Estimation of correlation coefficients
Phenotypic and genotypic correlation coefficients
were computed using the CANDISC procedure of
SAS software (SAS, 2012). Correlation
coefficients were estimated from the components
of variance and covariance based on the method
described by Singh and Chaudhary (1999).

Path coefficient analysis

Path coefficient analysis was conducted as
suggested by Wright (1921) and worked out by
Dewey and Lu (1959) using the phenotypic as well
as genotypic correlation coefficients to determine
the direct and indirect effects of yield components
on seed yield based on the following relationship.

rij = Pl] +Zrik kaj
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Where: rij = mutual association between the
independent character (i) and dependent character,
grain yield (j) as measured by the correlation
coefficients; P;; = components of direct effects of
the independent character (i) as measured by the
path coefficients; and Zric pj = summation of
components of indirect effect of a given
independent character (i) on a given dependent
character (j) via all other independent characters

The contribution of the remaining unknown factor
will be measured as the residual factor (PR), which
is calculated as shown below, with the magnitude
of PR indicating how best the causal factors
account for the variability of the dependent factor
(Singh & Chaudhary, 1999).

PR:\/(].—ZTUXPU)

RESULTS AND DISCUSSION

Analysis of variance (ANOVA)

The analysis of variances showed highly
significant (p<0.01) genotype effects across
locations for days to 50% flowering, days to
maturity, plant height (cm), branches per plant,
capsules per plant, biomass yield (kg ha?), seed
yield (kg ha?), harvest index (%), thousand seed
weight (g), oil content (%) and severity of bacterial
blight (%) indicating that the presence of
considerable variations among the genetic
materials (Table 2). Supportive results were
reported by Mohammed et al. (2015), Igbal et al.
(2018) and Singh et al. (2018) reported significant
difference for days to flowering, days to maturity,
plant height, number of branches per plant,
number of capsules per plant, thousand seed
weight (@), seed yield and oil content.
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Table 2. Analysis of variance for seed yield and seed related traits over two locations

Traits MSI (Df =1) '\gi(l') I'\D/'fibl(g MSg (Df =48) Msi'g()Df Mzsesg T ovw R

Days to flowering 861.84** 3.19 3.99 27.22** 11.05** 2.15 2.34 0.94
Days to maturity 4585.22** 2.47 1.75 12.97** 5.36** 1.49 1.08 0.98
Plant height(cm) 38.88ns 3.42 24.59 133.82** 71.81** 28.57 4.59 0.82
No. of branch/plant 22.22** 0.06 1.13 4.63** 1.78** 0.46 10.79 0.90
No. of capsule/plant 12542.40** 432.94 300.84 833.32** 288.06** 147.41 12.73 0.86
Biomass yield/ha(kg) ~ 3259905.05**  15788.82 316724.80  1040847.35**  313201.83™ 237629.93  14.09 0.80
Seed yield/ha (kg) 400989.23**  81052.76 60298.10 218667.70** 60193.05**  33417.32 17.22 0.85
Harvest index 4.69™ 35.52 15.69 60.31** 34.54" 19.34 14.38 0.76
1000 seed weight (g) 12.13** 0.06 0.29 2.62** 0.88™ 0.65 12.55 0.79
Oil content (%) 80.00** 0.06 0.19 2.27** 0.90** 0.18 0.77 0.94
Bacterial blight % 412.53** 1.25 5.53 47.36** 16.87** 5.29 12.09 0.90

Key: *, ** and ns indicate significant (p<0.01), highly significant (p<0.05) and non-significant, respectively; MSI = mean square of location, MSr
(1) = mean square of replication into location, MSb (r) = mean square of block into replication, MSg = mean square of genotype, MSgl = mean
square of genotype by location, MSe = mean square of error, Df = degree freedom, CV= coefficient of variation and R* = coefficient of

determination

Phenotypic and genotypic correlations
Estimates of phenotypic and genotypic correlation coefficients of 49

sesame genotypes between each pair of traits were presented in Table
3. The magnitudes of genotypic correlation coefficients for most of the
traits were higher than their corresponding phenotypic correlation
coefficients (Table 3). This indicated that although there is strong
inherent association between the various pairs of traits studied and the
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low phenotypic correlation would result from the masking and
modifying effects of environment on the association of traits at gene
level. Shekhawat et al. (2013); Soundharya et al. (2017) and Singh et
al. (2018) also reported that genotypic correlation coefficients were
higher than the respective phenotypic correlation coefficients for most
of the traits.
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Phenotypic correlations

Seed yield showed positive and highly significant
phenotypic associations with plant height (r
0.301), number of branches per plant (r
0.523**), number of capsules per plant (r
0.677**), biomass yield (r = 0.784**), harvest
index (r = 0.676**) and thousand seed weight (r =
0.192**). These showed that improvement of
these traits would result in a substantial increment
on seed yield of sesame. Haruna et al. (2012)
report that significant and positive correlations for
some traits viz. plant height, number of branches
per plant, number of capsules per plant, harvest
index and seed vyield in sesame, suggesting the
interdependency between these characters as
important yield determinants.

According to Fazal et al. (2015) seed yields were
positive and significantly correlated at phenotypic
level for plant height, branches per plant, capsules
per plant and thousand seed weight. Desawi et al.
(2017) also observed that seed yield showed
positive and highly significant phenotypic
association with number of capsule and number of
branches per plant. Seed yield had negative and
significant association with bacterial blight
severity (r = -0.454).

Days to 50% flowering revealed a positive and
highly significant phenotypic correlation with
days to maturity, oil content and bacterial blight
severity. This showed that early flowering
genotypes matured early; maximize oil content
and increases disease severity. Days to maturity
exhibited positive and highly significant
phenotypic correlation with oil content, significant
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with plant height, and bacterial blight severity.
Plant height showed a positive and highly
significant phenotypic correlation with the number
of branches per plant, number of capsules per plant
and biomass per hectare as well as negative and
significant phenotypic correlation with bacterial
blight severity. Number of branches per plant
showed positive and highly significant phenotypic
correlation with the number of capsules per plant,
biomass yield per hectare and harvest index and
negative and highly significant with bacterial
blight severity. This indicated that more branching
genotypes accommodated more capsule per plant,
high biomass yield and harvest index which
significantly maximize the seed yield. Supportive
result was also reported by Akram et al. (2016).

Number of capsules per plant showed positive and
highly significant phenotypic correlation with
biomass yield per hectare and harvest index and
significant phenotypic correlation with thousand
seed weight. Harvest index shows positive
significant and negative highly significant
phenotypic correlation with thousand seed weight
and bacterial blight severity, respectively.
Biomass yield per hectare showed negative and
highly significant phenotypic and genotypic
correlation with bacterial blight severity.
Thousand seed weight showed negative and
significant phenotypic and genotypic correlations
with bacterial blight severity. Similar result was
reported by Fazal et al. (2015) and Tesfaye (2015).
Additionally, Soundharya et al. (2017) reported
that days to 50% flowering had significant positive
association with days to maturity, which in turn
had significant positive association with plant
height.

Takele et al., JSD, 9(1) 2021



Journal of Science and Development, JSD Vol. 9 Iss. 1

2021

Table 3. Genotypic (above) and phenotypic (below) diagonal correlation coefficients of yield and yield related traits of 49 sesame genotypes
evaluated at Bako and Uke, 2018 cropping season

Traits DF DM PH BPP CPP BY HI SW oC Sl SY
DF 0.369** 0.142 0.278 0.036 0.033 -0.058 0.029 0.431** 0.041 -0.010
DM 0.605** 0.398** 0.168 0.078 0.226 -0.098 -0.211 -0.002 -0.388** 0.107
PH 0.085 0.181* 0.455**  0.384**  0.406** 0.050 -0.122 -0.051 -0.204 0.315**
BPP 0.114 -0.159*  0.342** 0.780**  0.634**  0.404** 0.091 0.130 -0.218 0.669**
CPP -0.093  -0.287** 0.350**  0.716** 0.712**  0.518** 0.176 -0.016 -0.309*  0.794**
BY 0.001 -0.057 0.340**  0.481**  0.570** 0.268 0.132 0.035 -0.530**  0.855**
HI -0.035 -0.031 0.081**  0.268**  0.404** 0.088 0.221 0.097 -0.269 0.721**
SW -0.137  -0.235**  -0.080 0.087 0.181* 0.139 0.154* 0.072 -0.170 0.206
OoC 0.546**  0.503** -0.038 -0.056  -0.220**  -0.076 -0.005 -0.114 -0.127 0.099
Si 0.184* 0.165*  -0.177** -0.268** -0.331** -0.430** -0.224**  -0.158* 0.107 -0.525**
SY -0.024 -0.062 0.301**  0.523**  0.677**  0.784**  0.676**  0.192** -0.042 -0.454**

Key: *, ** indicates significant (p<0.05) and (p<0.01) probability levels, respectively; DF = days to 50% flowering, DM = days to 90% maturity,
PH = plant height, BPP = number of branches per plant, CPP = number of capsules per plant, BY = biomass yield per hectare (kg ha), SY = seed
yield per hectare (kgha), HI = harvest index, SW = thousand seed weight (g), OC = oil content (%) and SI = bacterial blight severity
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Genotypic correlations

Days to maturity showed positive and highly
significant genotypic correlation with days to
flowering. Plant height showed a positive and
highly significant genotypic correlation with the
number of branches per plant, number of capsules
per plant and biomass yield. Number of branches
per plant showed positive and highly significant
genotypic correlation with the number of capsules
per plant, biomass yield per hectare and harvest
index. Number of capsules per plant showed
positive and highly significant genotypic
correlation with biomass yield per hectare and
harvest index (Table 3).

Seed yield had positive and highly significant
genotypic correlation with plant height (r
0.315**), number of branches per plant (r
0.669**), number of capsules per plant (r
0.794**), biomass yield per hectare (r = 0.855**)
and harvest index (r = 0.720**) (Table 3). Positive
significant correlation due to effect of genes can
be the result of the presence of strong coupling
linkage between their genes or the traits may be
the result of pleiotropic genes that control these
traits in the same direction. Similar results were
reported by Pawar et al. (2002), Fazal et al. (2015)
and Mohammed et al. (2015). Positive significant
correlation of the number of capsules per plant
with seed yield had been reported by Azeez and
Morakinyo (2011) and Saha et al. (2012).

Seed yield had a negative and highly significant
genotypic correlation with bacterial blight severity
(r =-0.5253) (Table 3). This indicated that there is
a possibility for simultaneous selection of cultivars
based on seed yield and tolerance/resistance traits
to bacterial blight. Days to maturity, thousand seed
weight and oil content showed positive and non-
significant genotypic correlation with seed yield
per hectare. Hence simultaneous improvement of
oil content and seed yield doesn’t affect each
other. Similar results were reported by Chowdhury
et al. (2010), Desawi et al. (2017), Yirga (2017)
and Singh et al., (2018), where oil content had
non-significant positive genotypic correlation with
seed yield.
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Generally, traits such as height, branches per plant,
capsules per plant, biomass yield and harvest
index were important in indirect selection of
sesame for higher seed vyield. Hence, seed yield
can be increased to a substantial level through
direct selection of plants bearing higher
values/number of these traits. Shabana et al.
(2015) reported that the genotypic correlation
coefficients were slightly higher than the
phenotypic correlation coefficients in sesame,
indicated the masking effect of the environment
that did not mask the expression of the genotypes.

Saxena et al. (2016) reported positive correlation
of characters days to 50% flowering, days to
maturity, number of branches, number of capsules
per plant, 1000-seed weight, oil content and
harvest index with seed yield whereas plant height
negatively correlated with seed yield. Similar
trend was report by Kathiresan and Gnanamurthy
(2002), where the number of capsules per plant
contributed to significant positive correlation with
seed yield. Similar to the present study, Ahadu
(2012) reported that number of capsules per plant
and number of branches per plant contributed
significant positive correlation with seed yield.
Fazal et al. (2011) reported that the number of
capsules per plant exhibited significant positive
correlation with seed yield. These showed that
genotypes were providing higher number of
capsule and branches are high yielders.

Bacterial blight severity showed negative and
significant correlated genotypically with days to
maturity, number of capsules per plant and
biomass yield (Table 3). The result showed that
effective selection for superior genotypes is
possible by considering the traits viz. plant height,
branches per plant, capsules per plant, biomass
yield per hectare and harvest index. However, oil
content showed insignificant genotypic correlation
with all tested traits except days to flowering.
Mohammed and Firew (2015) reported that oil
content showed insignificant negative genotypic
correlation with most of the yield components
indicating that selection for high oil content would
not bring change to seed yield of the plant.

Soundharya et al. (2017) reported that days to 50%
flowering had significant positive association with
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days to maturity. Begum et al. (2017) reported that
days to 50% flowering has significant positive
association with days to maturity, which in turn
has significant positive association with plant
height. Number of branches per plant has
significant positive association with number of
capsules per plant. Generally, the study showed
that most of the studied traits had positive and
highly significant correlations with seed yield and
to each other. This positive and significant
associations among traits were due to the effect of
genes that can be the result of strong coupling
linkage between their genes or the result of
pleiotropic genes that could control the traits
within the same direction (Kearsey and Pooni,
1996).

So far again, from the study some traits were
negative and significantly correlated as well as
positive and negative non-significantly correlated
among each other. Such associations may arise
from different factors of gene action (additive or
non-additive) and the other factors such as
pleiotropy (Welsh, 2008). The negative correlation
of traits might be because of different genes or
pleiotropic gene that have dominance on the trait
different directions (Kearsey and Pooni, 1996).
Therefore, selection for traits based on its close
association (positive and negative) with other
traits is very useful for simultaneous improvement
of all the associated traits. Simultaneous
improvement of traits those negatively associated
with each other could be difficult and independent
selection should be carried out to improve such
traits.

Phenotypic path analysis

The phenotypic direct and indirect effect of
different characters on seed yield is presented in
Table 4. Biomass yield (0.717) had the highest
positive phenotypic direct effect on seed yield
followed by harvest index (0.603) and capsules per
plant (0.027). These traits also had significant and
positive phenotypic correlation with grain yield,
showing that maximizing one of the above traits
may directly contribute to yield of sesame. This
implied that true relationship is mainly due to the
additive gene effect and thus direct selection for
seed yield through these traits will be effective.
Yet, traits with negative indirect effect through
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biomass yield, harvest index and capsules per
plant need to be managed during selection because
the inclusion of these traits might have negative
effect on yield of sesame. Similar results were
reported by Mohammed et al. (2015), Gadisa et al.
(2015) and Igbal et al. (2016).

Plant height, branches per plant and thousand seed
weight had negative direct effect on seed yield and
positive correlation with seed vyield, showing a
positive correlation of these traits with seed yield
were due to their considerable positive indirect
effect via biomass yield, harvest index, capsules
per plant, thousand seed weight and the severity of
bacterial blight. The residual effect determines
unaccounted variability of the dependent factor
(seed yield). It's magnitude 0.118 indicated that
the traits included in the path analysis explained
88.2% of the variation in seed yield (Table 4).
Supportive result was reported by Gnanasekaran et
al. (2008) for plant height, branches per plant,
capsules per plant and thousand seed weight.
Mohammed et al. (2015) also reported similar
result for branches per plant and thousand seed
weight (g).

Genotypic path analysis

The genotypic direct and indirect effect of
different traits on seed yield is presented in Table
5. The result of genotypic path analysis also
revealed that biomass yield (0.689) had maximum
positive direct effect on seed yield followed by
harvest index (0.516) and capsules per plant
(0.040). These traits also had significant and
positive association with seed yield at genotypic
level. Therefore, these traits can be considered as
the principal traits while working towards seed
yield improvement.

Negative direct effect was also observed for
bacterial blight severity (-0.012) on seed yield and
the trait had negative and significant association
with seed yield. Similar results were reported by
Muhammad et al. (2010) and Goudappagoudra et
al. (2011) for the number of capsules per plant for
biomass yield and harvest index. Plant height and
branches per plant had negative and direct
genotypic effect on seed yield with positive
correlation. The positive correlation of these traits
with seed yield were due to their considerable
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positive indirect effect via biomass yield, harvest
index, capsules per plant and severity of the
bacterial blight (Table 5).

Singh and Chaudhary (1985) explained that if

direct effect is negative or negligible, the character
may be selected indirectly based on high indirect
effects. Based on the above results, traits such as
biomass yield, harvest index, capsule per plant and
severity of bacterial blight will be used as direct

direct effect value is almost equal to correlation
coefficient, the direct selection for that particular
trait will be effective. If correlation is positive but

selection with plant height and branches per plant
used as indirect selection in sesame yield
improvement programs.

Table 4. Estimates of direct (bold diagonal) and indirect (off diagonal) phenotypic effects of the traits
on seed yield among 49 sesame genotypes evaluated at Bako and Uke in 2018 cropping season

Traits PH BPP CPP BY HI SW Sl rp
PH -0.002 -0.001 0.009 0.244 0.049 0.001 0.001 0.301**
BPP -0.001 -0.003 0.019 0.345 0.161 -0.001 0.001 0.523**
CPP -0.001 -0.002 0.027 0.409 0.244 -0.001 0.001 0.677**
BY -0.001 -0.001 0.015 0.717 0.053 -0.001 0.002 0.784**
HI 0.000 -0.001 0.011 0.063 0.603 -0.001 0.001 0.676**
SW 0.000 0.000 0.005 0.100 0.093 -0.006 0.001 0.192**
Sl 0.000 0.001 -0.009 -0.308 -0.135 0.001 -0.004 -0.454**

Residual= 0.118; Key: ** indicates significant (p<0.01) probability level, respectively; PH = plant
height (cm), BPP = number of branches per plant, CPP= number of capsules per plant, BY = biomass

yield per hectare (kg ha*), HI = harvest index, SW= thousand seed weight (g), SI = bacterial blight
severity (%) and r, = phenotypic correlation coefficients (against seed yield)

Therefore, selecting genotypes having high
biomass vyield, harvest index and capsules per
plant and low bacterial blight severity could be
used to improve seed yield of sesame genotypes as
a result of their direct effect and plant height and
branches per plant due to their indirect effect on
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yield. The residual (0.0905) indicates that traits
which are included in the genotypic path analysis
explained 91.95% of the total variations in seed
yield (Table 5). Similar trends were reported in
literatures (Mohammed and Firew, 2015; Saxena
and Desawi et al., 2017).
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Table 5. Estimates of direct (bold diagonal cells) and indirect (off diagonal) genotypic effects of the
traits on seed yield among 49 sesame genotypes evaluated at Bako and Uke in the 2018 cropping

season
Traits PH BPP CPP BY HI Sl Iy
PH -0.005 -0.004 0.015 0.280 0.026 0.002 0.315*
BPP -0.002 -0.008 0.031 0.437 0.209 0.003 0.669**
CPP -0.002 -0.006 0.040 0.491 0.267 0.004 0.794**
BY -0.002 -0.005 0.028 0.689 0.138 0.006 0.855**
HI 0.000 -0.003 0.021 0.185 0.516 0.003 0.721**
Sl 0.001 0.002 -0.012 -0.365 -0.139 -0.012 -0.525**

Residual= 0.0905, Key: *, ** indicates significant at 0.05 and 0.01 probability level, respectively. PH = Plant
height (cm), BPP = Number of branches per plant, CPP= number of capsules per plant, BY=Biomass yield per
hectare (kgha*), HI = Harvest index, SW= thousand seed weight (gm ), SI = Bacterial blight severity (%) and rqy =

genotypic correlation coefficients (against seed yield)

CONCLUSIONS AND RECOMMENDATIONS

Yield related traits such as plant height, branches
per plant, capsules per plant, biomass yield and
harvest index showed positive and highly
significant phenotypic and genotypic associations
with seed yield. The result of path analysis showed
that biomass yield, harvest index and capsules per
plant had positive and high phenotypic and
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