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Abstract

The productivity of common bean is low due to use of
inappropriate inter and intra row spacing for varieties with different
seed sizes and growth habits in the study area. Thus, a field experiment
was conducted at Areka, in the ‘meher’ season of 2015 to assess the
effects of inter and intra row spacing on yield and yield related traits
of common bean varieties. The two common bean varieties [Hawassa
dume (small seed sized) and Ibbado (large seed sized)], three inter
(30 cm, 40 cm and 50 cm) and three intra (7 cm, 10 cm and 13 cm)
row spacing were factorially combined in randomized complete block
design with three replications. The result showed significantly (P<0.01)
higher days to 50% flowering (45.7), days to 90% physiological maturity
(78.3) and hundred seed weight (44.07 g) for variety Ibbado, while
significantly (P<0.01) highest number of total nodules (29.64), effective
nodules (14.93), pod per plant (19.5), primary branches (2.6) and
grain yield (2264 kg ha-1) were recorded for variety Hawassa dume.
As inter row increased from 30 cm to 50 cm; plant height, days to
physiological maturity and grain yield decreased, while pods per plant
and hundred seed weight increased. Also, as intra row increased from
7 cm fo 13 cm; leaf area index, plant height, dry biomass and grain
yield were decreased, whereas leaf area, pods per plant, seeds per
pod and hundred seed weight were increased. Among the interaction
combinations of variety Hawassa dume in 40 cm, 30 cm and 50 cm row
spacing gave significant (P<0.01), highest leaf area (1099.9 cm?2), leaf
area index (3.41) and seeds per pod (5.24), respectively, while highest
dry biomass (4137 kg ha-1) for variety Hawassa dume and (4533 kg
ha-1) for variety Ibbado in 30 cm. From the results of this study it can
preliminary be concluded that the 30 cm inter-row and 7 cm intra-row
spacing can be used for both varieties (Hawassa dume and Ibbado)
to improve the productivity of the crop under study area.

Introduction

Common bean (Phaseolus vulgaris L.) is one of the most important
grain legumes of Ethiopia. It belongs to family Fabaceae, cultivated in
tropics, sub-tropics, and temperate zones for its edible bean, popular
both dry and as a green bean [1]. There are diverse botanical varieties
of the species Phaseolus that vary in terms of growth habit, seed and
pod characteristics, agronomic features, and response to biotic and a
biotic stresses [2]. The crop is now widely distributed throughout the
world and is grown in all continents except Antarctic and occupies
more than 90% of production areas sown to Phaseolus species [3].

As it is quick maturing and can be cropped under different
cropping systems for different purpose, bean serves as a key
component in intensifying production in small holder farmer
systems. Its ability to fix nitrogen also means that it can encourage
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much-needed, even longer term improvements in soil fertility, and
it provides an economic advantage to small farm holdings as an
alternative source of protein, cash income, and food security [4].

Apart from this, common bean has been cultivated as a field
crop for a very long time and hence, it is the important food legume
produced as food crop for home consumption and later on it is grown
as an export crop for a much long period in the Ethiopia [5].

Almost all common beans production (more than 99 percent)
comes from five major producing regions; Oromia, Ambhara,
Southern Nations Nationalities and Peoples Region State (SNNPRS),
Benishangul-Gumuz and Tigray regions [6]. In all parts of
Ethiopia, the crop is grown by subsistence farmers as a sole crop
and intercropped with either cereals (maize and sorghum) or tree
crops (enset, coffee, etc) and root crops (yam and taro) [7]. The total
area under production of common bean currently in Ethiopia is
(323,317.99 hectares), and the production of (513,724.807 tons) with
the productivity of 1.6 tons ha” and 1.58 tons ha™ for white and red
common bean, respectively [8].

Wolaita Zone is one of highly common bean producing Zones
of the SNNPRS for a long period of time. Due to bi-modal cropping
season of the study area, common bean is normally grown twice a
year under rain fed agriculture. The first production is during the
short rainy season (April to June) and second is during the long rain
season (July to October) [9]. About (25,994.67 hectares) was covered
by common bean during the ‘Meher’ season of 2014/2015 cropping
season and produced 37,712.213 tons with average productivity of
1.45 tons ha! [8]. This yield is far less than the achievable production
potential value of the crop which is 2-3 tons ha! [10].

Low yield of common bean in Ethiopia is attributed to several
production constraints which include lack of seeds of improved
varieties for the agro-ecological zones, poor cultural practices such
as untimely and inappropriate field operations, inappropriate plant
density, weed infestation, low soil fertility, water stress, diseases and
insect pests [11].
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Increase in yield can be ensured, by maintaining appropriate
plant population through different planting patterns. Planting
pattern influences radiation interception and utilization of moisture
from soil [12]. Main role of planting pattern on plant growth is due
to differences in distributing and dispersion of light energy quality
and quantity among plants which induced improving grain yield and
biological yield with increasing ratio uptake [13].

Plant density affects early ground cover, competitive ability of
crops with weed, soil surface evaporation, light interception, lodging
and development of an optimum number of fruiting sites in a crop
canopy. It also affects canopy development, plant architecture and
distribution of pods [14]. However, optimum plant density varies
depending on crop species or varietal differences in vigor, height and
branching, time of sowing, and the nature of the season [15]. Selecting
optimal row spacing is important to improve crop productivity as
plants growing in too wide of a row may not efficiently utilize light,
water, and nutrient resources. However, crops grown in too narrow
rows may result in severe inter row competition. Row spacing also
modifies plant architecture, photosynthetic competence of leaves,
and dry matter partitioning in several field crops [16].

Low productivity of common bean varieties might be associated
with inappropriate crop geometry can affect yield of different
varieties. As described by MoA about 50 common bean varieties
are released nationally from different institutes (Universities and
Research Centers), for those all varieties inter and intra row spacing
recommended nationally for differentlocations is the same (40 cmx10
cm) while the varieties have phenotypic and genotypic characters
variations that might respond differently for crop geometry [17].

Workineh E et al. concluded that the yield variation in common
bean is associated with seed size which requires different breeding
approaches in order to improve the yield of different seed size groups
of common bean [18]. Melaku B also reported significant variety and
plant density interaction on the phenology, growth, yield components
and yield of common bean [19]. The characteristics of different
common bean varieties are different each other in terms of their
growth habit, days to maturity, seed color, seed size, and seed weight,
and agroecological adaptation [20]. The seed size of Phaseolus vulgaris
varies considerably, but most commercial cultivars of common beans
have a seed size in the range of 200 to 350 mg [21]. According to
Seyum EG, plant spacing of 40 cmx7 cm resulted in the highest total
pod yield and lowest total pod yield was obtained from a green bean
spaced at 40 cmx10 cm [22]. Blackshaw RE et al. demonstrated that
reduction in row spacing from 69 to 23 cm resulted in increased yield
of dry bean [23]. Melaku B stated that the highest grain yield for row
spacing combination of 30 cmx15 cm on common bean [19].

However, there is difference in growth habit and seed size among
common bean varieties, only one plant density of 40 cmx10 cm
has 250,000 plants ha' adopted; irrespective of rain-fed or irrigated
conditions, soil type, varieties, climatic conditions [24]. Moreover,
the optimum plant population differs with the availability of soil
moisture, relative humidity and nutrients. Spatial arrangement of
the plant directly or indirectly affects the production potential of
common bean varieties. Thus, there is no site and variety specific
recommendation on the plant spacing of common bean varieties
in Ethiopia. In view of the above facts the present investigation was

undertaken with the objective to assess the effects of inter and intra
row spacing on yield and yield related traits of common bean varieties.

Materials and Methods
Description of the study area

The study was conducted at Areka Agricultural Research Center
(ArARC), Wolaita Zone, South Nations Nationalities and Peoples
Regional State (SNNPRS), during the ‘meher’ season from June to
August, 2015. The experimental site is located 300 km south of Addis
Ababa and 29 km away from Zonal town, Sodo. The geographical
location is 7424 N latitude and 37°4130" E longitude and at altitude
of 1830 m.a.s.l. It receives mean annual rainfall of 1520 mm in a bi-
modal pattern with extended rainy season from March to October.
The mean annual maximum temperature is 26 ‘C, whereas the
mean annual minimum temperature is 14 “C. The type of the soil is
Nitisols [25,26]. The cropping season (July to November) total rain
fall distribution was 638.4 mm and, average minimum and maximum
temperature was 14.58 ‘C and 25.12 °C, respectively.

Experimental materials

The varieties of common bean used for the study were Hawassa
dume and Ibbado which have different seed size. The description of
the varieties is indicated in Table 1.

Table 1: Description of the varieties used for the study.

e Common bean verities
Characteristics

Hawassa Dume Ibbadao
Altitude adaptation (m.s.a.1) 1400-2250 1400-2250
Growth habit Bush type Bush type
Seed Size Small Large
Seed Color Dark Red Red
Days for maturity 80-90 90-120
Rain fall adaptation (mm) >500 350-500
Yield (t/ha) on station 2.5-3.0 2-2.9
Yield (t/ha) on farm 1.97 1.9
Center of releasing Awassa Awassa
Year of released 2008 2003

Treatments and experimental design

The factors studied were two varieties of common bean (Hawassa
Dume and Ibbado), three inter row spacing (30 cm, 40 cm and 50 cm)
and three intra row spacing (7 cm, 10 cm and 13 cm). Treatments
were arranged in a factorial combination using randomized complete
block design (RCBD) with three replications. A single plot size for
30 cm and 50 cm inter row spacing was 3 mx3 m, while inter row
spacing of 40 cm was 2.8 mx3 m. One row was used for destructive
sampling from all plots (Table 2).

Soil sampling and analysis

Pre-planting one composite soil sample from the experimental
site was collected in a zigzag pattern from the depth of 0-30 cm
before planting. A uniform volume of soil was obtained from each
plot by vertical insertion of an auger. The samples were air dried in
laboratory, ground using a pestle and a mortar and allowed to pass
through a 2 mm and 0.2 mm sieve. Working samples were obtained
from each submitted samples and analyzed for organic matter, total
N, soil pH, available phosphorus, cation exchange capacity (CEC)
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Table 2: Treatment combinations of the experiment.

Gross- Total Net- Plant

InterxIntra row . plot | Harvested )
No L plot size| number of . population

combinations o size | rows/plot

(m?) rows/plot /ha
(m?)

1. 30 cmx7 cm 9 10 4.5 5 476,190
2. 30cmx10cm 9 10 4.5 5 333,333
3. | 30 cmx13 cm 9 10 4.5 5 256,410
4. | 40 cmx7 cm 8.4 7 4.8 4 357,142
5. | 40cmx10cm 8.4 7 4.8 4 250,000
6. 40 cmx13cm 8.4 7 4.8 4 192,307
7. 50 cmx7 cm 9 6 4.5 3 285,714
8. ' 50 cmx10 cm 9 6 4.5 3 200,000
9. | 50 cmx13 cm 6 4.5 3 153,846

and textural analysis using standard laboratory procedures in Wolaita
Sodo soil laboratory.

Management of the experiment

Theland was plough and disked by a tractor, and leveled manually.
The field was cleared from all unwanted materials and layout was
prepared against soil fertility gradient and slope. The field layout was
prepared, divided in to blocks, and again each blocks divided into
plots. After randomization of treatment was done, the proposed
inter-intra row spacing prepared. The spacing between blocks and
plots was 1.0 m and 0.6 m, respectively. The seed was obtained from
Areka research center and sowed in mid-August after land prepared
in the depth of about 5 cm. Two seeds per hole were sown and thinned
one plant per hill a week after emergence throughout the plots. The
recommended rate of Urea (50 kg ha') and DAP (100 kg ha') were
applied as the sources of N and P; respectively, during planting. All
other necessary agronomic management practices were carried out
uniformly as the recommendation.

Data collected

Phenological parameters: Days to 50% emergence was recorded
as the number of days from sowing to when 50% of plants were
emerged in each plot. Similarly, days to flowering was recorded
as the number of days from planting to when 50% of the plants
produced flower; and days to physiological maturity was recorded as
the number of days from planting to when 90% the plants in a plot
showed yellowing of pods.

Growth parameters: Leaf area was measured in (cm?) by taking a
destructive sample of five plants from each plot just before flowering
using pictorial method and average area was calculated. From the leaf
area, leaf area index was calculated as the ratio of total leaf area to the
respective ground area occupied by the plant for each plot.

The total number of nodules was determined by counting from
five plants randomly taken from destructive sampling row of each
plot at flowering. Roots were carefully exposed with the bulk of root
mass and nodules. The nodules were separated from the soil, washed
and the total number of nodules was determined by counting. Then,
effective and non-effective nodules were separated by their colors
where a cross section of an effective nodule made with a blade showed
a pink to dark-red color, whereas a green and white color indicates
ineffective nodules.

Plant height was measured from 10 randomly selected plants from
the ground level to the apex of each plant at the time of physiological
maturity from the net plot area. Number of primary branches per
plant was determined by counting of primary branches on the main
stem from randomly selected 10 plants from the net plot area.

Yield components and yield: The initial plant stand count was
recorded by counting the total number of plants per net plot area
immediately after thinning at establishment and final plant stand
count was taken from net plot areas when the plants attained harvest
maturity and converted to hectare, and then the percent mortality
was calculated to determine the change in stand count due to
competition effect. Number of pods per plant was determined by
counting the number of pods per plant of 10 randomly selected plants
from each net plot area at harvest. Similarly, number of seeds per pod
was counted from 10 randomly selected pods from each net plot at
harvest.

Hundred seed weight (g) was determined by taking weight of 100
randomly sampled seeds from the total harvest from each net plot
area and adjusted to 10% moisture level. Total above ground dry
biomass (g) was determined by taking 10 plants from each net plot
area, then the total weight of the harvest including the seeds after oven
drying for 48 hrs at 70 °C the biomass at physiological maturity and
converted to kg ha. Seed yield (kg) was determined after threshing
the seeds harvested from each net plot and adjusted to 10% moisture
level and converted to kg ha'. Harvest index (HI) was computed as
the ratio of seed yield (kg ha) to the total above ground dry biomass
(kg ha')x100.

Statistical data analysis

All measured parameters were subjected to analysis of variance
(ANOVA) appropriate to factorial experiment in RCBD according
to the GenStat version 15 and interpretations were made following
the procedure described by Gomez KA et al. [27,28]. Whenever the
effects of the factors were found to be significant, the means were
compared using the least significant differences (LSD) test at 5% level
of significance.

Results and Discussion
Physico-chemical properties of the experimental site soil

Selected physico-chemical properties of the experimental site
soil before planting in Table 3.

Table 3: Selected physico-chemical properties of the experimental site soil
before planting.

Soil characters ‘ Value Rating Reference
A. Particle size distribution

Sand (%) 54

Silt (%) 32

Clay (%) 14

Textural class Sandy loam
B. Chemical analysis

Soil pH 5.2 Strongly acidic [29]
Organic matter (%) 1.98 Moderate [30]
Total N (%) 0.1 Low [31]
Available P (mg kg?*) 5.92 Low [30]
CEC [cmol (+) kg?] 254 High [32]
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Phenological parameters of common bean

Days to 50% emergence: The main effect of variety was highly
significant (P<0.01) on days to emergence, while both main effect
of inter and intra row spacing, and all the interactions were non-
significant (Table 4).

The smaller sized variety Hawassa dume emerged earlier (9.11
days) than large seeded variety Ibbado (10.33 days) (Table 5). The
reason for difference among varieties in days to emergence might be
due to seed size where varieties with large seed size take more time to
imbibe water and germinate than varieties with small seed size. This
result was in agreement with the study of Li PH et al. who reported
that small seeded cultivars of common bean tended to germinate and
grow more rapidly than large seeded ones when grown at relatively
high temperature (28 °C) [33]. In contrast, Austin RB et al. reported
that at low temperatures (12 'C) large seeded cultivars of common
bean tended to germinate more quickly than small seeded ones [34].

Days to 50% flowering: There was highly significant (P<0.01) main
effect of variety on days to 50% flowering, while main effect of inter and
intra row spacing, and all interaction effects were not significant (Table 4).

Variety Hawassa dume was early flowering which required 44.7

days than Ibbado which flowered on 45.74 days after planting (Table
5). This might be due to the genetic makeup differences among the
two varieties. In addition, the variety early emerged grows faster
at early stage and starts flower initiation earlier than later emerged
variety. In line with this result, Al-Rifaee M et al. reported that faba
bean originating from small seeds were faster in emergence, earlier in
flowering and in maturity [35]. In conformity to this result, Tripathi
S et al. reported differences among varieties of chickpea in days to
50% flowering [36]. Similar report by CIAT, flowering of (Phaseolus
vulgaris) is usually initiated 28-42 days after planting, but varieties
growing at high elevation flowering later [37].

Days to 90% physiological maturity: The main effect of variety
and inter row spacing had significant (P<0.01) effect on days to
physiological maturity while the main effect of intra row spacing and
any of the interactions were not significant on days to physiological
maturity (Table 4).

Variety Hawassa dume with smaller seed size matured early
(74.93) than variety Ibbado with large seed size which took, 78.30
days to mature (Table 5). However, days to physiological maturity
of both varieties reduced from normally recorded days of maturity,
which might be due to moisture stress caused by erratic rain fall

Table 4: Mean square values for phenological and growth parameters of common bean as affected by variety, inter and intra row spacing.

o Mean squares
Source of variation
Df DE DF DPM LA LAI PH PB

Block 2 0.16 1.17 0.39 31636 0.26 4.92 0.03

Intra-row 2 0.05 ns 0.06 ns 117 41631 8.70" 29.48" 7.66"

Inter-row 2 0.05 ns 0.72 ns 13.727 200100™ 257" 84.76" 7.96"

Variety 1 20.17" 14.52" 153.35" 387130" 3.35" 4.05 ns 0.68"

InterxIntra 4 0.19 ns 0.28 ns 0.64 9451 ns 8.70 ns 10.66 ns 0.98"
Intra-rowxVariety 2 0.05 ns 0.24 ns 0.02 16195 ns 0.035 ns 1.46 ns 0.205 ns
Inter-rowxVariety 2 0.72 ns 0.02 ns 1.69 117865™ 1.13" 20.91 ns 0.024 ns
InterxIntraxVariety 4 0.04 ns 0.41ns 0.43 22716 ns 0.14 ns 9.90 ns 0.266 ns

Error 34 0.34 0.28 1.15 9836 0.195 8.80 0.14

CV (%) 6.0 1.2 1.4 10.3 12.7 6.6 15.0

Where,

Df: Degree of Freedom; ™: Highly Significant; ": Significant; ns: Non-significant; CV (%): Coefficient of Variation; DE: Days to Emergence; DF: Days to Flowering; DPM:
Days to Physiological Maturity; LA: Leaf Area; LAI: Leaf Area Index; PH: Plant Height; PB: Primary Branches.

Table 5: Main effect of variety, inter and intra row spacing on days to emergence, flowering and physiological maturity

Treatment Days to emergence Days to 50% flowering Days to physiological maturity
Variety
Ibbado 10.337 45.742 78.307
Hawassa dume 9.11° 44.70° 74.93°
LSD (0.05) 0.32 0.29 0.59
Inter row spacing (cm)
30 9.78 45.00 77.562
40 9.72 45.28 76.44°
50 9.67 45.39 75.83°
LSD (0.05) ns ns 0.73
Intra row spacing (cm)
7 9.67 45.167 76.67
10 9.78 45.278 76.83
13 9.72 45.222 76.33
LSD (0.05) ns ns ns
CV (%) 6.0 1.2 1.4

Means in columns followed with the same letter (s) are not significantly different to each other at 5% probability level of significance; ns: Non-significant, LSD (0.05):

Least Significant Difference at 5%; CV: Coefficient of Variation
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during growing season. This difference might be attributed to the
fact that small seeded varieties emerge early and reach flowering and
maturity early than the late emerged large seeded varieties. This result
was in conformity with the study by Al-Rifaee M et al. who reported
that small seeds of faba bean matured earlier than large seeded and
had higher harvest indices [35]. In line with this result, Lima ER et
al. reported plants originating from small seed presented a higher
relative growth rate and net assimilation rate than plants from large
seeded of common bean [38]. Similarly, Woku W obtained significant
difference among varieties on days to physiological maturity of
common bean [39].

Among inter row spacing, narrow spacing with 30 cm required
more days to physiological maturity than wider spacing of both 40 cm
and 50 cm. As the inter row spacing increased from 30 cm to 50 cm,
the days to maturity decreased from 77.56 days to 75.83 days (Table
5). This might be due to high amount of radiation energy accepted
at wider row spacing destroys growth regulating hormones at the
cell differentiating parts of the plant that resulted in stopping further
growth increments and forced to mature. In agreement with this
result, Melaku B reported that days to maturity increased from 79.89
days to 82.33 days as plant density increases from 133,333 plants ha!
(50 cmx15 c¢m) to 333,333 plants ha' (30 cmx10 cm) on common
bean [19]. In contrast, Mebrat S et al. obtained increasing days to
maturity as inter-row spacing increased from 20 to 30 and 40 cm of
check pea, while Holshouser DL et al. found no significant effect of
row spacing on maturity on soybean [40,41].

Growth parameters of common bean

Leaf area and leaf area index: The main effect of intra row
spacing was significant (P<0.05) on leaf area and highly significant
(P<0.01) on leaf area index, while the main effect of variety and
inter row spacing, and the interaction effect of variety and inter row
spacing were highly significant (P<0.01) on both leaf area and leaf
area index (Table 4).

As intra row spacing increases from 7 cm to 13 c¢m, the leaf area
increase from 918.1cm? to 1012.8 cm? irrespective of variety, while leaf
area index decreases from 3.35 to 1.99 (Table 6). This might be due
to low amount of resources for leaf area increment under crowding
density with narrow spacing which reduces ground cover area of a
plant. In agreement to this result, Mehmet OZ observed that leaf area
index (LAI) of soybean increased with increasing plant population
from 7 to 21 plants m[42]. Similarly, Mekonnen SA reported that as
plant density increased, leaf area and leaf number decreased, whereas
leaf area index increased on common bean [43].

Table 6: Main effect of intra row spacing on leaf area and leaf area index of
common bean.

Intra row spacing (cm) Leaf area (cm?) Leaf area index (ratio)
7 918.1° 3.357
10 950.9% 2.44°
13 1012.82 1.98°
LSD (0.05) 67.2 0.22
CV (%) 10.3 12.7

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

Variety Hawassa dume at inter row spacing of 40 cm had the
highest leaf area (1099.9 cm?) which was statistically at parity with
inter row spacing of 50 cm for both varieties (Table 7). On the other
hand, variety Ibbado at the narrowest inter row spacing of 30 cm gave
the lowest leaf area (723.8 cm?). Between the varieties, Hawassa dume
had higher leaf area at 30 cm and 40 cm inter row spacing. The higher
leaf area per plant with wider inter row spacing might be due to
more availability of growth resources such as light, soil moisture and
nutrients which consequently increased number of leaves produced
and the size of individual leaves in plants at wider row spacing. This
result was in line with the work of Kueneman EA who reported that
the low plant population tended to enhance vegetative growth of
dry bean (Phaseolus vulgaris) plant resulting in the development of
large leaf area compared to the high and moderate plant populations

Table 7: Interaction effect of variety and inter row spacing on leaf area (cm?)
per plant.

Inter row spacing (cm)
Variety 30 40 50
Ibbado 723.8¢ 832.1° 1072.0%
Hawassa dume 981.4° 1099.92 1054.6%
LSD (0.05) VarietyxInter row spacing=95.0 CV (%)=10.3

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

resulting in sink limitation to photosynthesis [44].

Variety Hawassa dume at inter row spacing of 30 cm resulted in the
highest leaf area index of 3.41 while the lowest LAI of 2.19 was recorded
for variety Hawassa dume at spacing of 50 cm (Table 8). The reduction
in the LAT at the widest row spacing might be due to wider ground area
occupied per plant. In general, variety Hawassa dume had higher LAT at
all the row spacing than variety Ibbado possibly due to higher number of
leaves produced. Wider inter and intra row spacing results in higher plant
geometric area which reduces leaf area index per plant. Similarly, higher
light interception in narrow rows results from either larger leaf area index
(LAI) and/or increased light interception per unit leaf area due to more

Table 8: Interaction effect of variety and inter row spacing on leaf area index.

Inter row spacing (cm)
Variety 30 40 50
Ibbado 2.55¢ 2.21¢ 2.26
Hawassa dume 3.412 2.92° 2.19¢
LSD (0.05) VareityxInter row spacing=0.32 CV%=12.7

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

uniform plant arrangement [45]. In line with this result, Mekonnen SA
reported that leaf area index increased as plant population of common
bean increased [46]. Similarly, Idris AL also reported that increased plant
density increased leaf area index on faba bean [47]. In contrast, El-Naim
AM et al. reported that leaf area index decrease with increasing plant
densities of cowpea from 30,000 to 120,000 plants ha* [48].

Number of primary branches: The result of analysis showed that,
the main effect of inter and intra row spacing was highly significant
(P<0.01), while the main effect of variety significant (P<0.05).
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Moreover, interaction of inter and intra row spacing was highly
significant (P<0.01) on number of primary branches per plant (Table
4).

Variety Hawassa dume had higher number of primary branches
with mean value of 2.6 than variety Ibbado (2.38). This might be
due to cultivars difference for branching and lateral differentiation.
Branch formation and the overall balance between reproductive and
vegetative growth associated with photoperiod of the cultivars. In line
to this study White LW et al. observed that small seeded genotypes
were day neutral and large seeded genotypes were predominantly
photoperiod sensitive which affects branching [49].

The highest number of primary branches per plant of (4.5) was
recorded for the widest inter and intra row spacing combination
of 50 cm with 13 ¢cm while the lowest number of branches of (1.5)
was recorded at the combination of the narrowest inter row (30 cm)
and intra row (7 cm) spacing regardless of variety (Table 9). The
narrowest inter and intra row spacing combination resulted in the
lowest number of primary branches per plant than wider spacing

Table 9: Interaction effect of inter and intra row spacing on number of primary
branches per plant.

Inter row spacing (cm)

Intra row spacing (cm) 30 40 50
7 1.5 2.0 2.6°
10 1.7% 2.3 2.6°
13 2.5° 2.7° 452

LSD (0.05) InterxIntra row spacing=0.44 CV (%) = 15.0

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

combinations. The increased numbers of branches at the wider inter
and intra row spacing could also be attributed to more interception of
sunlight and nutrients that might have resulted in higher axillary buds
formation and differentiation leading to higher number of branches
per plant. In line with this result, Tuarira M et al. reported the highest
number of branches (8.56) on the lowest population of 125,000 plants
ha and the lowest (5.45) on the highest plant population of 320,000
plants™ of green bean [50]. Likewise, Amany MA reported that the
increase of planting density from 25 to 33 plant m? increased plant
height while decreased number of branches per plant of faba bean
[51]. Similarly, Wells R et al. on soybean indicated that radiation
penetrating in to canopy was decreased with high plant population
and reduced number of branches per plant [52].

Plant height: The analysis of variance showed that the main effect
of inter row spacing was highly significant (P<0.01), while the main
effect of intra row spacing was significant (P<0.05) on plant height.
However, the main effect of variety and any of the interaction effects
were not significant on plant height (Table 4).

The narrowest inter row spacing of 30 cm and intra row spacing
of 7 cm resulted in the highest plant height of 47.2 cm and 46.07 cm,
respectively. In general, as inter and intra row spacing increased,
the plant height decreased showing that row spacing to be inversely
related to plant height for both varieties (Table 10). This might be
increasing light, air and space demand for narrow spaced plant

Table 10: Main effect of variety, inter and intra row spacing on plant height and
number of total nodules and effective nodules.

Treatments Plant height | Number of total |Number of effective
(cm) nodules nodules
Variety
Ibbado 45.1 10.24° 2.25°
Hawassa dume 44.5 29.642 14.932
LSD (0.05) ns 2.63 1.14
Inter row spacing (cm)
30 47.20° 21.41 8.54
40 44.38° 19.92 8.58
50 42.93° 18.49 8.66
LSD (0.05) 2.01 Ns ns
Intra row spacing (cm)
7 46.072 20.81 8.75
10 44.92%® 20.78 8.58
13 43.52° 18.23 8.44
LSD (0.05) 2.01 ns ns
CV (%) 6.6 23.9 23.9

population which resulted in increase of height in search of light.
Also at early stage of growth there is high rate of growth regulating
hormones production which fastens cell division, growth and height
of the plant. But cell division decreased as plant grows and further
height increment stops and goes to maturity. Similar results were
reported by Caliskan S et al. where the tallest plants were obtained in
a 30 cm row width, while the shortest was obtained in a 70 cm row
width of soybean [53]. Similarly, Selim MM et al. reported that plant
height was increased with increasing population density up to 33.3
plants m™ or up to 44.4 plants m?of faba bean [54]. In line with this
result, Khalil SK et al. and Thalji T indicated that the denser plant
population increased the plant height of faba bean due to competition
among plants [55,56]. Likewise, Tuarira M et al. reported that the
tallest plants (61.14 cm) with highest plant density of 320,000 plants
ha' and the lowest plant height of 52.55 cm in the lowest plant density
of 125,000 plants ha! of green bean [50].

Nodulation: The main effects of variety was highly significant
(P<0.01) on total, effective and non-effective nodules per plant.
However, main effects of inter and intra row spacing, and any of the
interactions were not significant (Table 11).

Variety Hawassa dume with small seed size had higher total
nodules (29.64) and effective nodules (14.93) than variety Ibbado
which had large seed size (Table 10). This might be the varietal
difference for symbiotic relationship with bacterial strain. This result
was in agreement with the study of Salema MP who reported that the
amount of nitrogen fixed by the common bean is dependent on the
interaction among three factors: the host (bean) plant, the Rhizobium
strain and the environment [57]. Similarly, Nyemba RE et al. reported
that differences exist among cultivars in their respective abilities to fix
nitrogen [58].

Yield components of common bean

Stand count: The main effects of inter and intra row spacing
were highly significant (P<0.01) on percent stand count reduction at
harvest as compared to the stand count at establishment. Moreover,
the interaction effect of inter and intra row spacing was significant
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Table 11: Mean square values for growth and yield components parameters of common bean as affected by variety, inter and intra row spacing.

o Mean squares
Source of variation
Df TN EN NEN PP SP %SC HSW
Block 2 65.38 0.76 79.73 18.02 0.015 0.78 0.029
Intra-row 2 39.36 ns 0.42 ns 32.92 ns 15.12 0.61" 32.95" 75.29"
Inter-row 2 38.43 ns 0.06 ns 41.41 ns 90.87" 0.54" 116.49" 55.93
Variety 1 5084.74" 2171.07" 610.71" 925.04" 15.46" 1.73ns 5354.09"
InterxIntra 4 17.19ns 0.43 ns 19.58 ns 9.94ns 0.023 ns 12.64* 16.43 ns
Intra-rowxVariety 2 3.68 ns 0.45ns 4.26 ns 6.51 ns 0.0046 ns 4.82 ns 0.085 ns
Inter-rowxVariety 2 12.13 ns 0.18 ns 10.65 ns 4.65 ns 0.717" 0.10ns 11.22 ns
InterxIntraxVariety 4 29.07 ns 0.45 ns 33.02 ns 7.32ns 0.05ns 4.43 ns 5.00 ns
Error 34 22.63 4.23 19.06 451 0.07 4.045 8.019
CV (%) 23.9 23.9 38.5 13.8 6.1 23.3 8.3

Where,

Df: Degree of Freedom; ™: Highly Significant; : Significant; ns: Non-significant; CV (%): Coefficient of Variation; TN: Total Nodules; EN: Effective Nodules; NEN: Non-
Effective; PP: Pod Per Plant; SP: Seed Per Pod; %SC: Percentage of mortality of stand count at harvest compared to establishment; HSW: Hundred Seed Weight.

(P<0.05) while the main effect of variety was not significant on sand
count (Table 11).

The highest stand count reduction (13.1%) was recorded at
inter and intra row spacing combination of 30 cmx10 cm which
was statistically at parity with inter and intra row spacing of 30
cmx7 cm (12.3%). Whereas, the wider inter and intra row spacing
combinations of 50 cmx10 cm, and 50 cmx13 cm resulted in the
lowest stand mortality of 5.8%, and 5.6%, respectively (Table 12). In
general, closer inter and intra row spacing combination resulted in
higher stand reduction than wider spacing combinations. The reasons
for the highest percent reduction of stand count at the narrowest
inter and intra row spacing might be due to crowding effect. There
is a possibility that at narrower inter and intra row spacing (with
higher population density) smaller plants crowded out and die due to
intense competition for growth resources. This result was in line with
the study by Njoka EM et al. who reported increased plant mortality

seed size (11.24) (Table 13). This might be due to inherent varietal
difference associated with formation of pods and other sink that
determines the yield of variety. In agreement with this result, Tripathi
S et al. reported significant differences among genotypes of chickpea
for number of pods per plant [36].

Wider inter row spacing (50 cm) resulted in higher pods per plant
(17.49) than narrow inter row spacing of (30 cm) with 13.02 pods
per plant. Similarly, wider intra row spacing of (13 ¢cm) resulted in
higher number of pods per plant (16.37) which was statistically at
parity with intra row spacing of 10 cm (15.22) than closely spacing of
7 cm with 14.56 pods per plant (Table 13). In general, as row spacing
decreases, the number of pods per plant decreases due to increasing
population and resource competition. The number of pods per plant
is directly related with number of primary branches per plant. This

Table 13: Main effect of variety, inter and intra row spacing on humber of pods
per plant and hundred seed weight of common bean.

as density of plant increased in common bean [59]. Similarly, Idris Treatments ‘ Number of pods per plant ‘ Hundred seed weight (g)
Variety
Table 12: Interaction effect of inter and intra row spacing on percent reduction Ibbado 11.24b 44.072
of stand count. Hawassa dume 19.522 24.16°
Inter row spacing (cm) LSD (0.05) 1.17 1.56
Intra row spacing (cm) 30 40 50 Inter row spacing (cm)
7 123 10.1b¢ 7.8cde 30 13.02¢ 32.79°
10 13.10 6.7% 5.8¢ 40 15.63° 33.44°
50 17.492 36.122
13 8.8« 7.7% 5.6°
: LSD (0.05) 1.44 1.92
LSD (0.05) InterxIntra row spacing=2.36 CV (%)=23.3 B
Intra row spacing (cm)
Means in columns followed with the same letter (s) are not significantly different 7 14.56° 32.890
to each other at 5% probability level of significance; ns: Non-significant, LSD 10 15,024 3098
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation : .
13 16.372 36.48%
LSD (0.05) 1.44 1.92
AL reported reduced plant competition and plant mortality at lower cV (%) 13.8 8.3

plant population on faba bean [47].

Number of pods per plant: The result of ANOVA showed that
the main effect of variety and inter row spacing was highly significant
(P<0.01), while the main effect of intra row spacing was significant
(P<0.05) on the number of pods per plant. However, interaction
effects were not significant (Table 11).

Variety Hawassa dume with smaller seed size had higher number
of pods per plant (19.52) than variety Ibbado which had larger

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

might be due to the fact that lower resources (nutrients, light and soil
moisture) for narrow row spacing resulted in few lateral branching
and pod initiation due to its higher population with closely planting
which have nutrient scarcity for sink formation.
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This result was in agreement with the study of Mebrat S et al.
who obtained higher number of pods per plant (24.06) at 15 cm
and lower (22.34) at 10 cm intra-row spacing of check pea [41].
Likewise, Abubaker S reported that wider row spacing of 60 cm gave
significantly higher number of pods compared to 30 cm row spacing
in common bean [60]. Similarly, Chandhla J reported that the highest
number of pods per plant (7.2) at 40 cm inter row spacing and the
lowest (5.0) at narrowest spacing of 20 cm of dry bean (Phaseolus
vulgaris L) [61]. In line to this result Khalil SK et al., Bakry BA et al.
and Singh SP et al. observed increase in number of pods with increase
in the row spacing because lower populations are more efficient in
utilizing the resources of production than the higher plant densities
[55,62,63].

Number of seeds per pod: The main effect of intra row spacing
and variety was highly significant (P<0.01), and the main effect of
inter row spacing was significant (P<0.05) on number of seeds per
pod. Moreover, interaction of variety and inter row spacing was
highly significant (P<0.01) on the number of seeds per pod (Table
11).

The number of seeds per pod of wider intra row spacing of 13
cm was 4.5, which were the highest as compared to the other intra
row spacing (Table 14). The number of seeds per pod decreased with
decreasing intra row spacing. This might be due to the fact that closely

Table 14: Main effect of intra row spacing on number of seeds per pod of
common bean.

Intra row spacing (cm) Number of seeds per pod
7 4.13°
10 4.28°
13 4.502
LSD (0.05) 0.18
CV (%) 6.1

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

spaced plants encountered more inter plant competition for resources
which reduced the number of seeds per pod. In agreement with this
result, Melaku B obtained the highest number of seeds per pod (5.9)
at the lowest plant population of 133, 333 plants ha' and the lowest
seeds per pod (5.6) at the highest plant population of 333,333 plants
ha! of common bean [19]. In line with this result, Osman AA et al.
the increase on the number of seeds per plant with increase in plant
spacing to more nutrients available for fewer plants at lower plant
density [64]. Similar, Chandhla J reported that the highest number
of seeds per pod (3.7) at the widest inter and intra-row spacing of 20
cmx30 cm and lowest (3.2) at the narrowest row spacing of 20 cmx15
cm on dry bean [61].

The variety Hawassa dume with widest inter row spacing of 50 cm
had the highest number of seeds per pod of 5.24 while significantly
lower number of seeds per pod were recorded for variety Ibbado at
all the row spacing (Table 15). Smaller seeded variety Hawassa dume
produced higher seeds per pod with respective of wider and narrower
row spacing than large seeded variety Ibbado. Large seeded variety
had larger pods but less number of seed while smaller seeded variety

Table 15: Interaction effect of variety and inter row on number of seeds per pod
of common bean.

Inter row spacing (cm)
Variety 30 40 50
Ibbado 3.78¢ 3.80¢ 3.73¢
Hawassa dume 4.51° 4.77° 5.242
LSD (0.05) VarietyxInter row spacing=0.25 CV (%)=6.1

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

had thinner pod which contained more number of seeds per pod.
This might be inherent difference between the varieties for number of
seeds per pod production. In conformity with this result, Fageria NK
et al. reported that the number of seeds per pod of different common
bean genotypes varied in the range of 3.1 to 6 and they attributed
the difference due to the genetic variation of cultivars [65]. Similarly,
Lima ER et al. obtained that large seed did not affect grain yield, but
reduced the number of seeds per pod, increased the hundred seed
mass of common bean [38].

Hundred seed weight: The main effect of variety and intra
row spacing was highly significant (P<0.01), and the main effect of
inter row spacing was significant (P<0.05) on hundred seed weight.
However, the interaction effects were not significant (Table 11).

Variety Ibbado had higher hundred seed weight (44.07 g) than
variety Hawassa dume with hundred seed weight of 24.16 g (Table
13). This might be due to the variation between the varieties where the
variety Ibbado had inherently large seed than variety Hawassa dume
was small seed size. In agreement with this result, Tesfaye K reported
that small seeded genotypes produced higher number of pods per
plant and seeds per pod [66]; whereas hundred seed weight were
higher for the large seeded genotypes of common bean. Similarly,
Lima ER et al. reported that plants originating from large seed had
lower number of seeds per pod but higher hundred seed mass of
common bean [38].

Wider inter and intra row spacing of 50 cm and 13 cm resulted in
higher hundred seed weight of 36.12 g and 36.48 g, respectively, than
narrow inter and intra row spacing of 30 cm and 7 cm with 32.79
g and 32.89 g hundred seed weight, respectively (Table 13). Higher
hundred seed weight was recorded for lower plant populations of
wider inter and intra row spacing, than denser plant population with
narrow inter and intra row spacing. This might be due to enough
growth resource availability under wider inter and intra row spacing
which converted biological yield to economic yield and stored in
seed yield. In addition, in wider spaced plants, the improved supply
of assimilates to be stored in the seed, hence, the weight of hundred
seeds increased. The result of this study was in line with result
obtained by Melaku B who obtained the highest hundred seed weight
0f27.47 g at the lowest plant population of 133, 333 plants ha'and the
lowest 24.99 g at the highest plant population of 333,333 plant ha of
common bean [19]. Similarly, Amany MA reported that the increase
of planting density from 25 to 33 plant m™ increased plant height
while decreased number of branches per plant, number of pods per
plant, number of seeds per plant, hundred seed weight and seed yield
per plant [51].
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Yield and Harvest Index of Common Bean

Total above ground dry biomass: Main effect of intra row
spacing was highly significant (P<0.01) whereas, main effect of inter
row spacing and, interaction effect of variety and inter row spacing
were significant (P<0.05) on above ground dry biomass. But the main
effect of variety was not significant on dry biomass (Table 16).

Table 16: Mean square values for yield parameters of common bean as affected
by variety, inter and intra row spacing.

L Mean squares
Source of variation
Df GY AGDB HI

Block 2 419274 1073486 13.18
Intra-row 2 822762" 7010827 100.56
Inter-row 2 481252" 4565154" 305.30"
Variety 1 4094504 2743028 ns 61.98
InterxIntra-row 4 79509 ns 295945 ns 66.95
Intra-rowxVariety 2 4659 ns 1150122 ns 114.41
Inter-rowxVariety 2 13084 ns 3006031" 24529
InterxIntraxVariety 4 47016 ns 1012715 ns 32.84
Error 34 61618 71953 65.89

CV (%) 125 22.6 25.3

Where,
Df: Degree of Freedom; ™: Highly Significant; *: Significant; ns: Non-significant;
GY: Grain yield; AGDB: Above Ground Dry Biomass; HI: Harvest index

The highest above ground dry biomass (4463 kg ha') was
recorded for the narrowest intra row spacing of 7 cm, whereas the
lowest 3271 kg ha' was recorded for the widest intra row spacing
of 13 cm (Table 17). The above ground dry biomass decreased as
intra row spacing increased from 7 cm to 13 cm. This might be due
to the high vegetative growth to become more competitive for light
and increased plant population under narrow intra row spacing. In
agreement with this, Kazemi E et al. obtained the highest biological
yield 5761 kg ha'! for plant density of 13 plants m~ and lowest 5050 kg
ha for plant density of 22 plants m of white beans [67].

Table 17: Main effect of intra row spacing on above ground dry biomass of
common bean.

Table 18: Interaction effect of variety and inter row spacing on above ground dry
biomass (kgha).

Inter row spacing (cm)
Variety 30 40 50
Ibbado 45337 2779¢ 3292
Hawassa dume 41372 4014 3806
LSD (0.05) VarietyxInter row spacing=812.6 CV (%)=22.6

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

Highest above ground dry biomass obtained with narrower inter row
spacing might be highest vertical vegetative growth with less lateral
branching and reproductive organ production before physiological
maturity. It could also be that at the narrow row spacing there is more
number of plants per unit area resulting in higher above ground dry
biomass. In line of this result, Rasul F et al. reported that narrow
inter row spacing (30 cm) produced the highest biological yield as
compared to wider inter-row spacing (45 cm and 60 cm) on mung
bean [68]. Similarly, Pawar SU et al. reported that dry biomass per
hectare was significantly increased with increased plant density on
haricot bean [69].

Grain yield: Main effect of variety and intra row spacing was
highly significant (P<0.01), and the main effect of inter row spacing
was significant (P<0.05) on grain yield. However, there was no
significant effect of interaction of variety, inter and intra row spacing
(Table 16).

Small size seeded variety Hawassa dume had significantly higher
grain yield of 2264 kg ha’ than large size seeded variety Ibbado
with the mean yield of 1714 kg ha! (Table 19). This might be due
to the inherent variation in the genetic makeup for photosynthesis
and translocation of dry matter to grain yield production among the
varieties where variety Hawassa dume had higher LAI, number of
pods, seeds, primary branches and above ground dry biomass there

Table 19: Main effect of variety, inter and intra row spacing on grain yield of
common bean.

’ Above ground
Intra row spacing (cm) dry biomass (kg ha)
7 44632
10 3547°
13 3271°
LSD (0.05) 574.6
CV (%) 22.6

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

The highest above ground dry biomass (4533 kgha') was recorded
for variety Ibbado at inter row spacing of 30 cm followed by variety
Hawassa dume at inter row spacing of 30 cm (Table 18). On the
other hand, the lowest above ground dry biomass of 2779 kg ha! was
obtained for variety Ibbado at inter row spacing of 40 cm which was
statistically at parity with inter row spacing of 50 cm for same variety.
In general, as the inter row spacing increased, the above ground dry
biomass was decreased for both varieties Hawassa dume and Ibbado.

Treatments Grain yield (kg ha?)
Variety

Ibbado 1714°

Hawassa dume 2264

LSD (0.05) 137.3
Inter row spacing (cm)

30 21252

40 20352

50 1807°

LSD (0.05) 168.2
Intra row spacing (cm)

7 21982

10 1999°

13 1770°

LSD (0.05) 168.2

CV (%) 12.5

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

J Plant Biol Soil Health 4(2): 13 (2017)

Page - 09



Citation: Masa M, Tana T, Ahmed A. Effect of Plant Spacing on Yield and Yield Related Traits of Common Bean (Phaseolus vulgaris L.) Varieties at Areka,

Southern Ethiopia. J Plant Biol Soil Health. 2017;4(2): 13.

ISSN: 2331-8996

Table 20: Interaction effect of variety and inter row spacing on harvest index (%)
of common bean.

Inter row spacing (cm)
Variety 30 40 50
Ibbado 23.91¢ 39.14a 29.92%
Hawassa dume 33.75%® 34.26% 31.39%c
LSD (0.05) VarietyxInter row spacing=7.78 CV (%)=25.3

Means in columns followed with the same letter (s) are not significantly different
to each other at 5% probability level of significance; ns: Non-significant, LSD
(0.05): Least Significant Difference at 5%; CV: Coefficient of Variation

by resulting in higher grain yield than variety Ibbado. This result
agreed with previous study that showed higher rate of photosynthesis
in small seeded bean varieties than the large seeded ones which
ultimately resulted in more grain yield [70].

The highest grain yield of 2125 kg ha' was recorded with
the narrowest inter row spacing of 30 cm and as the row spacing
increased the grain yield was decreased. Similarly, the highest grain
yield of 2198 kg ha’ was recorded with the lowest intra row spacing
of 7 cm, and as intra row spacing increased, the grain yield was
decreased significantly (Table 19). This might be higher plant stand
at dense population contributes to high grain yield and effective light
interception than sparse population. In line with this result, Egli DB
reported that high population ensured early canopy coverage and
maximizes light interception, greater crop growth rate and crop
biomass resulting in increased yield in soybean [71]. Similarly, Aslam
M et al. found that narrow inter-row spacing (30 cm) gave the highest
seed yield as compared to wider spacing of 45 and 60 cm on soybean
[72].

Sparse plant population with wider spacing results in higher yield
per plant but lower yield per unit area. This was also in agreement
with the study of Ball RA et al. who reported that increasing plant
population reduced yield of individual plants but increased yield
per unit area of common bean [73]. Similarly, Abubaker S reported
superior yield from the high plant populations over that of low plant
population of haricot beans [60]. Also, Kazemi E et al. obtained the
highest grain yield (2393 kg ha) from plant density of 13 plants m
and lowest grain yield (2010 kg ha!) from 22 plants m* of white
beans (Phaseolus vulgaris L.) [67]. In line with this result, Mekonnen
SA reported highest seed yield per plant with the minimum plant
population (150000 plants ha) and lowest seed yield per plant with
the highest plant population (350000 plants ha) of haricot bean [43].

Harvest index: The main effect of inter row spacing and,
interaction of variety and inter row spacing were significant (P<0.05)
on harvest index, where the main effects of variety and intra row
spacing were not significant (Table 16).

The highest harvest index of 39.14% was recorded for variety
Ibbado at inter row spacing of 40 cm and it was statistically at
parity with inter row spacing of 30 cm, 40 cm and 50 cm for variety
Hawassa dume (Table 20). Variety Ibbado recorded lowest harvest
index (23.91%) for narrowest inter row spacing of 30 cm. In wider
inter row spacing of 40 cm and 50 c¢m, there was no significant
difference between the varieties on the harvest index while under
narrow inter row spacing of 30 cm there was significant difference
between varieties. In this experiment, it was generally observed that
the response of varieties on harvest index to different inter-row

spacing were different. This might be due to the varietal difference
which responds differently for inter row spacing that enables them
more competitive for resources and in hence more translocation of
biological yield to economical yield occurs. In line with this result,
Kazemi E et al. reported significant interaction between cultivarxplant
densities on harvest index of white bean (Phaseolus vulgaris L.) [67].
In agreement with this result, Crothers SE et al. indicated that harvest
index was reduced with increasing plant density of common bean
[74]. Similarly, Mekonnen SA (2003) who found that harvest index
was reduced with increase in plant density on haricot bean [46].

Summary and Conclusion

Low yield of common bean in Ethiopia is attributed to several
production constraints which include lack of seeds of improved
varieties for the agro-ecological zones, poor cultural practices such
as untimely and inappropriate field operations, use of inappropriate
plant density, weed infestation, low soil fertility, moisture stress,
diseases and insect pests. Increase in yield of common bean can
be ensured, by maintaining appropriate plant population through
different planting patterns. In view of this, a field experiment was
conducted at Areka, Southern Ethiopia, during ‘Meher’ season from
June to August of 2015 to assess the effect of inter and intra row
spacing on yield and yield related traits of common bean varieties. The
factors studied were two common bean varieties (Hawassa dume and
Ibbado), three inter row spacing (30 cm, 40 cm and 50 cm) and three
intra row spacing (7 cm, 10 cm and 13 cm) in factorial combination of
randomized complete block design with three replications.

The main effect of variety highly significantly (P<0.01) affected
days to 50% emergence, 50% flowering , 90% physiological mature,
number of total and effective nodules, pods per plant, hundred seed
weight and grain yield, while significantly (P<0.05) affected number
of primary branches. The highest number of primary branches (2.6),
total nodules (29.6), effective nodules (14.9), pods per plant (19.5)
and grain yield (2264 kg ha') were recorded for variety Hawassa
dume and the lowest yield (1714 kg ha'!) was for variety Ibbado, while
the highest days to 50% emergence (10.33), 50% flowering (45.74),
90% physiological maturity (78.3) and hundred seed weight (44.07 g)
were recorded for variety Ibbado.

The main effect of intra row spacing highly significantly (P<0.01)
affected leaf area index, number of seeds per pod, hundred seed
weight, above ground dry biomass and grain yield, while significantly
(P<0.05) affected leaf area, plant height and number of pods per
plant. The highest leaf area index (3.35), plant height (46.07 cm),
above ground dry biomass (4463 kg ha') and grain yield (2198 kg
ha') were recorded for intra row spacing of 7 cm, while the lowest for
13 cm. On the other hand, the highest leaf area (1012.8 cm?), number
of pods per plant (16.37), number of seeds per pod (4.5) and hundred
seed weight (36.48 g) were recorded for intra row spacing of 13 cm,
while lowest for 7 cm.

The main effect of inter row spacing highly significantly (P<0.01)
affected days to 90% physiological maturity, plant height and number
of pods per plant, while significantly (P<0.05) affected hundred seed
weight and grain yield. The highest mean days to 90% physiological
maturity (77.56 days), plant height (47.2 cm) and grain yield (2125 kg
ha') were recorded for inter row spacing of 30 cm, while the lowest
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for 50 cm. On the other hand the highest number of pods per plant
(17.49) and hundred seed weight (36.12 g) were obtained for inter
row spacing of 50 cm.

Interaction of variety and inter row spacing had highly significant
(P<0.01) effect on leaf area and leaf area index. Variety Hawassa
dume at inter row spacing of 40 cm had the highest leaf area (1099.9
cm?) which was statistically at parity with spacing of 50 cm for both
varieties, while variety Ibbado at inter row spacing of 30 cm had
the lowest leaf area (723.8 cm?); and variety Hawassa dume had the
highest leaf area index (3.41) and the lowest LAI (2.19) at inter row
spacing of 30 cm and 50 c¢m, respectively.

Interaction of inter and intra row spacing highly significantly
(P<0.01) affected number of primary branches, while significantly
(P<0.05) affected stand count reduction. The wider inter and intra
row spacing combinations of (50 cmx13 cm) showed the highest
number of primary branches (4.5), while the lowest number of
primary branches (1.5) was for the narrowest combinations of 30
cmx7 cm. The highest stand count reduction (13.1%) was recorded at
combinations of 30 cm x 10 cm which was statistically at parity with
30 cmx7 cm (12.3%); whereas the combinations of 50 cmx10 cm, and
50 cmx13 cm resulted in the lowest percent reduction of 5.8% and
5.6%, respectively.

Number of seed per pod was highly significantly (P<0.01) affected
by interaction of variety and inter row spacing; where variety Hawassa
dume with widest inter row spacing of 50 cm had the highest number
of seeds per pod (5.24), while the lowest were recorded for variety
Ibbado at all the inter row spacing. Above ground dry biomass was
significantly (P<0.05) affected by interaction of variety and inter row
spacing where, the highest (4137 kg ha') was for variety Hawassa
dume and 4533 kg ha! for Ibbado at inter row spacing of 30 cm,
and the lowest (3806 kg ha') for Hawassa dume and 3292 kg ha
for variety Ibbado at inter row spacing of 50 cm. Harvest index was
significantly affect by the interaction of variety and inter row spacing,
the highest harvest index of 39.14% was recorded for variety Ibbado
at inter row spacing of 40 cm and it was statistically at parity with
spacing of 30 cm, 40 cm and 50 cm for variety Hawassa dume; while
variety Ibbado recorded the lowest harvest index (23.91%) at the
spacing of 30 cm.

In conclusion, variety and, inter-intra row spacing had a
significant influence on the phenology, growth, yield components
and yield of common bean. The grain yield was significantly increased
as inter and intra row spacing decreased from 50 cm to 30 cm, and
13 cm to 7 cm, respectively. Thus, the closest inter-row spacing of 30
cm and intra-row spacing of 7 cm gave the highest yield irrespective
of varieties and can be tentatively recommended for both varieties
(Hawassa dume and Ibbado) in the study area. However, as this
result was done for one season and location; the experiment has to
be repeated over locations and seasons to reach at a more reliable
conclusion and recommendation.
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