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Abstract: Field experiments were carried out in 2016 and 2017 cropping seasons under on-farm conditions in Lemuna Bilbilo
District, Southeastern Ethiopia to evaluate the effects of three varieties Degaga, Gora, Moti, and six plant populations (10, 25
(control), 30,50, 70, and 90 plants m-2) on faba bean specific yield and yield components. The experiments were laid out in a
randomized complete block design in split plot arrangement in which varieties were assigned to main plots and plant popula-
tions to subplots with three replications. The year combined analysis of data revealed that seed yield, total biomass yield and
test weight of seed were significantly (p<0.05) affected by varieties and plant population densities m-2. The highest seed yield
(4649, 4594 and 4162 kg ha-1) was obtained at 90,70 and 50 plant m-2 for Degaga, Moti and Gora varieties respectively but,
no significant difference between control for Degaga and Moti varieties. The highest total biomass of 9 t ha-1 was recorded
from the highest 90 plant population m-2 though not significantly different to the total biomass obtained from 70, 50 and 25
(control) plants m-2. Gora variety significantly recorded the highest test weight of seed (889.2g) than the rest Degaga and Moti
varieties. In short, founded on studied agronomic parameters of faba bean, 25 plant population density m-2 was economically

recommended for Degaga and Moti varieties whereas, 50 plant population density m-2 was for Gora variety.
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T
Introduction

Ethiopia is the second largest grower of faba bean in the world
after the Peoples’ Republic of China'. It is an important pulse crop
grown in the highlands (1800-3000 masl) of Ethiopia, where the
soil and weather are considered to be congenial for better growth
and development of the crop 2. It is a crop of high economic value
3 with its edible seed serving as an essential protein complement in
the cereal-based Ethiopian diet, particularly for the poor who can-
not afford animal protein *. Even though the crop plays a signifi-
cant role for Ethiopian farmers as a source of food, feed, and cash
crop, the yield generally is below the world average due to several
factors: poor crop management practices, lack of high yielding
cultivars, stress inflicted by harsh environmental conditions and
poor soil fertility can be listed as some of the causes of low yield °.
Central Statistics Agencyin 2017 7 reported that the annual nation-
al mean faba bean grain yield is 2.11 t ha! which is quite low when
compared with the yield potential of some of the recently released
improved varieties. Crop density significantly influences yield
and yield components of faba bean due to competition for limited
resources in the field especially, for light, water and nutrients .

Plant density defines the number of plants per square
meter, which in turn determines the area available to each plant
8, This determines the yield and productivity of a particular crop.
Recently, Kulumsa Agricultural Research center has released a
faba bean varieties Gora (large seed), Moti (medium seed) and
Degaga (small seed) for the potential areas of the country with
no specified plant populations per unit area and with seed rate
of 200 kg ha! which is approximately 25 plants per meter square
estimated from average test weight and seed rate of three vari-
eties. Plant populations per meter squares vary with varieties in
a given period. Since plant population m? has a direct effect on the
cost of seed and final yield, information on this line is highly vital

when a new variety is released, and growing environments are
changed. Optimum plant density of a crop variety at one loca-
tion may not apply at other locations because of variation in
soil type and other environmental conditions; there is a need to
develop site-specific recommendations. Therefore, the recom-
mendation suggested at one time could be used for some time
based on maturity groups and growth habit and other associ-
ated management factors. Hence, the objective of this study
was to determine the optimum plant populations per unit area
on yield and yield components of different faba bean varieties.

[
Materials and methods

Experimental Sites

The experiments were conducted at Lemuna Bilbilo District of
Oromia Regional State, Southeastern Ethiopia under on-farm
conditions (3 farmers’ fields) during the 2016 and 2017 main
cropping seasons. The experimental sites are located at 07° 31’
72 to 07° 32’ 79" north latitude and 39° 13”54 to 39° 17° 31”
east longitude, altitude ranges of 2631-2817 meters above sea
level. Nitosols dominated the soil of the area. Rainfall data re-
corded at experimental sites weather stations indicated that the
rainfall was nearly normally distributed during the experimen-
tal years. The areas received an annual rainfall of 996 mm and
957 mm during the 2016 and 2017 cropping seasons, respec-
tively (Figure 1). The mean maximum and minimum tempera-
tures of the areas during the 2016 and 2017 growing seasons
were ranges 20-20.3 °C and 3.7-4.2 °C, respectively. It was
indicated that the highest mean maximum amount of rainfall
was received in August and September respectively (Figure 1).
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Experimental Design and Procedure

The experiments were conducted at Lemu Bilbilo Districts on
three farmers’ fields for two years (2016 and 2017) main cropping
seasons. The experiments were laid out in a randomized complete
block design in split plot arrangement consisting of 3 faba bean va-
rieties (V1= Gora, V2 =Moti and V3 = Degaga) as main plot and 6
seed rates (SR1=10 plants/m2, SR2=30 plants/m2, SR3=50 plants
m2, SR4=70 plants m?, SR5= 90 plants m?, and recommended
seed rate of 200 kg ha'(25 plants m?) as a control) as a subplot
with 3 replications. Triple superphosphate (TSP), 100 kg ha!, was
used at time of planting. Other cultural practices were applied as
per the recommendations. The size of the subplot was4 mx 2.6 m,
and the distance between subplot and blocks (rep) were 1 m and
1.5 m, respectively. All the recommended packages for faba bean
production; two times hand weeding at 25-30 and 40-45 days after
an emergency, a single application of 100 kg ha' TSP fertilizer
along with seeds was applied for each treatment. Seedbed prepara-
tion was conducted using oxen plow based on farmer’s practices.

Data Collected

Agronomic parameters collected included, seed yield per hect-
are, biological yield per hectare (seed yield plus straw yield),
thousand seed weight (TSW), harvest index (HI) which is cal-
culated by the ratio of seed yield to biological yield. To es-
timate seed yield of faba bean, plot sizes of 2mx3m (6 m ?)
were harvested from each plot in December. After threshing,
the harvested materials, seeds were cleaned, weighed and ad-
justed to 10% moisture level. The total seed yields recorded on
a plot basis were converted to kg ha' for statistical analysis.

Statistical Analysis

The crop data were subjected to analysis of variance using the
General Linear Model Procedure of SAS computer software
version 9.1 (SAS Institute, 2002). Data were not combined over
the year due to heterogeneity. Whenever treatment effects were
significant, the mean differences were separated using the least
significant difference (LSD) test at 5% level of significance.

T
Results and discussion
Seed yield

Analysis of variance showed that seed yield was significantly af-
fected by plant population m? and the interaction of varieties and
plant population m? but, non-significantly affected by varieties
(Table 3). The results showed that among the plant populations,
ten plants m? (1998.4 kg ha') and 30 plants m? (3105.7 kg ha™')
gave significantly lower productivity than the control (3485.4 kg
ha™) (Table 2 and Figure 3). Similarly, Al-Suhaibani et al. (2013)
8 stated that when the planting density is too low each plant may
perform at its maximum capacity, but there may be insufficient
total plants to reach the optimum yield. Upon the relationships
between plant density and yield Mellendorf (2011)° explained
two concepts. First, maximum crop yield can only be achieved
if the crop community can produce sufficient leaf area to provide
maximum light interception during reproductive growth. Second,
equidistant plant spacing maximizes yield because it minimiz-
es plant to plant competitions. Therefore, the reduction in yield
caused by high plant density (90 plant m?) except for Degaga
variety could be due to the competition between plants for this
treatment begins during early vegetative growth. This new com-
petition increases shading between leaves, leading to insufficient
carbon fixation, increases respiration rate and increases intra-plant
competition between vegetative and reproductive structures for
assimilates. The result was in line with that of Al-Suhaibani et al.
(2013) ® who reported the seed yield per hectare was significant-
ly increased with densities up to certain plant population m2 A
significant interaction between varieties and plant populations’m
on seed yield showed that irrespective of varieties there was a re-
duction in grain yield ha'with reduced plant population m?. The
variety Degaga has grown with a 90 plants m* produced signifi-
cantly higher seed yield of 4649 kg ha'! than the other plant pop-
ulations’ combinations except for 70 plants m™ which exhibited
the non-significance difference between two plant population m?2.
There was also a non-significance difference between 70 plants
m?and 25 plants m? (control). In conformity with the results,
Dahmardeh et al. (2010) !° stated that the highest and lowest seed
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Figure. 1. Monthly Rainfall (mm) during the experimental years (2016-2017) at Lemu Bilbilo Districts
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yields were obtained with the highest and lowest plant density, re-
spectively. The next best seed yield (4594 and 4162 kg ha!) were
obtained from Gora and Moti combined with 50 and 70 plants m?,
respectively byt non-significant difference was observed between 70
and control (25) plants m™ for Moti variety (Table 1 and figure 2).

Plant populations m™?

m?2. The 50, 70 and 90 plants m™ produced higher total biomass
of 28.6 % and 14.3 % over the control, respectively. These results
are confirmed by several faba bean investigators !*!! who recorded
the largest biological yield from the highest plant density due to
an increased number of plants per unit area. These findings were
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Table 1. Mean number of seed yield (kg ha') as affected by the interaction effect of varieties and plant populations
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Figure 2. Interaction effect of plant populations and varieties on grain yield combined over sites and years.

Total biomass

The analysis of variance revealed that total biomass was signifi-
cantly affected by plant population m?, but varieties and the in-
teraction of varieties and plant population m? were not significant
(Table 3). The highest total biomass of 9 t ha'! was recorded in the
treatment sown with 90 plant population m? though not signifi-
cantly different to the total biomass obtained from 70,50 plants m
(8 tha') and control(7 t ha!) (Table 2 and Figure 3). The lowest to-
tal biomass of 4 t ha'! was recorded in the treatment with 10 plants

similar to that of Badawy (2011) > who stated biological, and seed
yields were significantly increased with increasing plant density
from 22 to 44 plant m. Worku and Demisie (2012) '3 also reported
that a large leaf area index at high plant density might attribute to
improved light interception thus, ensuring high biomass and yield
than at low plant density. Similarly, Dahmardeh et al. (2010)
reported higher biological yield in sandy loam soil in higher plant
density due to an increase in the number of plants in the unit’s area.
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Treatments Seed yield  Total biomass Harvest index 1000-seed

(kg ha') (tha') (%) weight(gm)

Variety
Degaga 3494 4 71 50.3 557.5°
Gora 3074.6 6.9 44 .4 $89.2*
Moti 3596.3 16 46.7 609 .4
LSD(0.05) NS NS NS 662
Plant population m™

Control (25 plants m?) 3485 .4ab 7.0% 46.9 686.3
10 plants m* 1998 4¢ 4.0¢ 456 670.0
30 plants m*? 3105.7b 6.0° 48.4 695.4
50 plants m™ 18553a 8.0* 463 681.1
70 plants m 3905 4a 8.0* 49 4 687.3
90 plants m* 39800a 9.01 46.2 692.1
LSD(0.05) 608.0 1.6 NS NS

Table 2. Mean values of seed yield (kg ha-1), total biomass (t ha-1), harvest index (%), and thousand seed weight(gm), as affected by
N and P combined over sitesand years.

Means followed by the same letter(s) within a column are not significantly different from each other at 5% level of significance, ns:
Not significant
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Sources of Grain vied
Variation (ke ha-1)
Replication 1310618ns

1376612ns
2562223

Variety(V)
Error(a)

Jns

Total biomass Harvest index 1000-seed weight
(t ha-1)

(%)

92ns
161ns
76

(gm)
1003ns

573040***
5115

Tns

10

Plant 5142505%** S F L 20ns 7131ns
population (P)
(V*P) 888450* dns 22ns 1239ns

Error(b) 398840

12 900

Table 3. Mean squares of seed yield (kg ha''), total biomass (t ha'!), harvest index (%) and thousand seed weight(gm), as affected by
main and interaction effects of variety and plant populations combined over sites and years

Means followed by the same letter(s) within a column are not
significantly different from each other at 5% level of signifi-
cance, ns: Not significant

Harvest Index (HI %)

The harvest index reflects the ability of the genotypes to parti-
tion its dry matter into seed and straw, and the ability to main-
tain the right balance between seed and straw yield(Al-Rifaee et
al.,2004). The result revealed that the harvest index did not show
a significant difference among varieties, plant populations m2and
their interactions (Table 3). Even though, statistically non-signif-
icance difference among varieties, the highest value of harvest
index was recorded from the smaller seed size Degaga variety.
This could be attributed to the rapid development of seed yield
in smaller seeds, once the reproductive phase started so that the
process of maturation proceeded quickly and led to a harvestable
crop while weather conditions are right '*. Plant population 70
plants m? has resulted in numerically higher harvest index (49.6)
over the rest plant population m? even if they were statistically
non-significant (Table 2). Similar results were obtained by Ku-
bure et al. (2016) 2 who stated the genotypes, plant density, and
their interaction did not differ in harvest index. The result is in
line with Khamooshi et al. (2012) '* who reported the non-sig-
nificant effect of plant density on harvest index of faba bean.

Test weight of seed (g)

Test weight of seed significantly responded to variety but was not
significantly affected by plant population m? and variety plant
population m? interaction (Table 3). This agrees with Thangwana
and Ogola (2012) '* and Gezahegn et al. (2016) ® who reported the
non-significant effect of plant density on 100 seed weight of chick-
pea and faba bean, respectively. Highest test weight of seed was
recorded from Gora variety which was statistically different from
Degaga and Moti varieties, but no significant difference among
Degaga and Moti varieties in test weight of seed (Table 2). That

might be due to the seed size difference of varieties. In comfort
with the results, Bakry et al. (2011) * reported a significant effect
between among faba bean varieties concerning test weight of seed.

[
Conclusion

The results revealed that among agronomic parameters con-
sidered only seed yield was significantly affected by the inter-
action of varieties with plant population density m>. Total bio-
mass was affected by plant population density m? whereas test
weight of seed was affected by varieties. Variety Degaga has
grown with a 90 plants m? produced significantly higher seed
yield of 4649 kg ha' which exhibited the non-significance dif-
ference between 70 plants m™.Inturns no significance difference
between70 plants m? and 25 plants m™ (control). The highest
seed yield of 4594 and 4162 kg ha' were obtained from Gora
and Moti combined with 50 and 70 plants m?, respectively but,
non-significant difference were observed between 70 and con-
trol (25) plants m? for Moti variety. The highest total biomass
of 9 t ha! was recorded from the highest plant population m?
though not significantly different to the total biomass obtained
from 70, 50 and 25 (control) plants m?. The highest test weight
of seed (889.2g) was recorded from Gora variety. In nutshell,
based on seed yield and total biomass 25 plant population den-
sity m? was economically feasible for Degaga and Moti variet-
ies whereas 50 plant population density m? was for Gora variety.
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