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Abstract: Bread wheat (Ttriticum aestivum L.) is the most important crop in Horro Guduru Wollega Zone of
Ethiopia. However, its productivity is very low as compared to the productivity of world bread wheat which is
attributed due to poor agronomic practices like inappropriate seeding rate, improper of sowing method and use
of local varieties. Therefore, a field experiment was conducted on farmer’s field at Kolobo kebele in Abay
choman District, in Horro Guduru Wollega zone, during 2019/2020 cropping season. The experiment consisted
of three levels of seeding rates (100, 125 and 150 kg ha™") and two sowing methods (row and broadcasting) and
two bread wheat varieties (Liben and Hidase) and laid out in randomized complete block design with factorial
arrangement in three replications. Spike length, number of kernels per spike, thousand seed weight, dry biomass
yield, grain yield and harvest index of wheat were significantly (P<0.05) influenced by the main effect of seeding
rate, sowing method and varieties. The interaction effect of seeding rate, sowing method and variety were
highly significant effects for thousand seed weight, dry biomass yield and harvesting index of bread wheat.
The interaction of sowing methods and seed rates significantly improved number of productive tillers per plant,
number of spikes per spikelet’s and thousand seed weight of wheat. Significantly higher grain yield of bread
wheat was obtained with 125 kg ha™' seeding rate planted row method using Liben variety of bread wheat.
Therefore, the use of Liben variety with 125 kg ha™" seed rate by row method of planting significantly improved

grain yield of bread wheat and recommended for the area and similarly agroecologies.
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INTRODUCTION

Soil fertility degradation in regions is for most
importance due to permanent and irreversible degradation
of soil quality and productivity. Soil fertility management
processes, the application of inorganic amendments is
used for increasing yield and productivity. The use of
fertilizers for soil fertility amendment with improved
varieties of wheat could sustainably increase production
and productivity [1]. Wheat (Triticum aestivum L.) is an
essential crop for national and global food security [2].

It is King of the cereals and important staple food crop [3].
Nutritious food grain of all grains in the world and grows
worldwide according to its genotypic adaptability [4].
In Ethiopia, wheat made up of 15.33% (48, 380, 740.91
quintals) of the grain cereal production in the country [5].
Its area coverage is 1, 747, 939.31 ha with a total
production of 48, 380.741 t and 2.67 t ha™ yield [5].
Bread wheat is one of the most staple food crops in
the world and is one of the most important cereals
cultivated in Ethiopia [6]. It is one of the most important
cereals cultivated in Ethiopia [7]. Furthermore, wheat
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has been selected as one of the target crops in the
strategic goal of attaining national food self-sufficiency,
income generation, poverty alleviation and achieving
socio-economic growth of the county [8]. However, the
national yield of wheat is very low as compared to the
global average yield. Despite the large area under wheat,
the national average yield of wheat in Ethiopia is about
2.67 t ha™' [5] which is below the world’s average which
is about 3 t ha™" [9]. This might be due to depleted soil
fertility, low levels of chemical fertilizer usage, limited
knowledge on time and rate of fertilizer application and
use inappropriate improved cultural crop management
practies [10].

Bread wheat sowing at the optimum seeding rate and
used improved variety significantly enhance the number
of grains per spike, the spike length, grain weight per
spike and 1000- grain weight and then finally produce
high grain yield [11]. Moreover, the cultural broadcasting
sowing method influence the availability of adequate
space for each plant and consequently influence the
uptake and utilization of resources such as nutrients.
Seeding rate had significant influence on majority of
agronomic traits of bread wheat [12]. The use lower seed
rate was significantly reduced grain yield of wheat due to
lower number of plants per unit area [13]. Reducing seed
rate may result in more tillers and spike per plant and more
spikelet per spike but in many cases reduced grain yield
per hectare [14]; In contrary, the use of higher seed rate
which leads to higher competition, shorter spike length
and lower number of grains per spike [13]. Higher seeding
rates compensate for reduced tillers formation and
promote more main stem spikes which can be favorable,
particularly for genotypes that tend to produce a smaller
number of tillers [15]. High seeding rates increases the
competition among crops for common resource
particularly water, nutrients and sunlight which resulting
in low quality and low yield [7]. The use of optimum seed
rate encourages nutrient availability, proper sun light
penetration for photosynthesis, good soil environment for
uptake of soil nutrients and water use efficiency; and all
necessary for crop vigor and consequently increase the
production and productivity of the crop [6]. Arif et al.
[16], Khan et al. [17] reported higher grain yield, spike
length and grains spike with 150 kg ha™' seed rate.
Likewise, Misgana et al. [18] reported that 125 kg
ha~'seed rate with row planting produce 3.9 t ha™' of
bread wheat production in the Senegal and Senmamer
areas. Ghulam et al. [19] concluded that the Kiran-95
variety with 125 kg ha™' seed rate performed best,
followed by TD-1 and Sarsabz which also produced more
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yield at 125 kg ha™". Chaudhary et al. [20] reported that
seed rate of 150 kg ha™' increased the number of grains
spike™ and depressed the number of fertile tillers m™ ;
Therefore, knowing the optimum seeding rate for bread
and durum wheat varieties had great importance to
improve production and productivity of both wheat types
in the study area.

Improved bread wheat varieties were released and
adapted to a wider range of environmental of conditions
in Ethiopia [21]. Wheat grain yield potential has
significantly increased in Ethiopia [22]. However,
increasing yield requires successful adoption of improved
agricultural technologies [23], which includes use of
improved varieties. Amsal ef al. [24] reported that released
cultivars are highly responsive to improved crop
management systems. Improved semi-dwarf bread wheat
cultivars gave higher potential grain yield than many
traditional crops and had better demand by farmers [25].
Jemal et al. [7] also reported that there is difference in
days to 50% heading among wheat varieties. Aman ef al.
[26] suggests that varieties exhibited inherent variations
in days to heading and in days to physiological maturity
due to genetic makeup difference among themselves.
Alam et al. [27] reported the introduction of new varieties
with their high yield potential and wide range of
adaptability is an important factor responsible for
enhancing wheat production. Cultivars differed
significantly due to difference in number of tillers m™
[28, 29], number of grain spike™' [30], 1000 grain weight
[27] and grain yield [31]. Hossain et al. [4] reported these
varieties were shown to have higher biomass. Different
varieties respond differently to varying environment and
hence differ in their yield. Sharshar and Ei-Said [32]
noted that wheat varieties significantly differed in grain
yield and most of yield related traits. Likewise, a
significant variation among wheat varieties for all the
agronomic traits was observed [33]. Habtamu and Ahadu
[34] reported that there is the difference in spike length
in different bread wheat cultivar due to the presence of
genetic difference among varieties. The availability of
newly released high yielding seed varieties and the
practice of improved agricultural technology will prove a
strong opportunity to improve production and
productivity of wheat [35]. Therefore, it is essential to
observe the performance of different wheat varieties with
respect to phenological, growth, yield and yield
components traits. Proper sowing method is most
important management factor affecting the agronomic
characteristics of wheat [36, 37]. There is no information
regarding the improved cultural practices with improved
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varieties of wheat in the area. Thus, in deed need knowing
the influence of cultural practices with improved varieties
of bread wheat for sustainable production in the
Abbay Chommen district. Therefore, the objective was to
determine the influence seed rate and sowing methods
on yield and yield components of bread wheat varieties in
Abbay Chommen district.

MATERIALS AND METHODS

Description of The Study Area: The study was
conducted on farmer field in Kobolo kebele 2019/2020
cropping season, Abbay Chommen District, Horro Guduru
Wollega Zone, Oromia National Regional State.
Geographical it lies 10°59' 33”’N latitude and 32°28' 66°” E
longitude with an altitude of 2354 meter above sea level.
The slope of the land was 8%. The area was characterized
by Unimodal rain fall pattern and with rainfall period from
May to October. The average rainfall was 1329 mm and
the minimum and maximum air temperature of the area
was 21 and 30°C, respectively. The district was suitable
for the production of different crops and raising of
livestock. The dominant crops growing around the study
area were maize, teff, wheat, Niger seed, bean, field pea
‘and barely [38]. Traditionally the district was classified in
to two agroecological zones, namely, Badaa Darree and
Gammojii. The Badaa Darree (waina Dega) covers the
largest part which accounts about 60% and Gammoyjii
(Kola) 40% [38].

Experimental Materials: Two bread wheat Liben and
Hidase varieties were obtained from Wollega University
and Abay Choman Cooperative union. The description
of the two varieties used in the study were indicated in
Table 1.

Treatment and Experimental Design: The treatments
consist of two bread wheat (Liben and Hidase) varieties
and three seed rates (100, 125 and 150 kg ha™" and two
sowing methods (row and broadcasting) were used in a
randomized complete block design with factorial
arrangements in three replications. 2x 3 x2 factorial
combination totaling to 12 treatments. The growth and net
plot size for data collection were 1.20mx 3m=3.6m’ and 1 x
3m =3m’. Seeds were sow in rows of 25 cm spacing by
rowing and broadcasting.

Experimental Procedures: The experimental field was
prepared following the conventional tillage practice,
which includes five times plowing using with oxen power
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before sowing of the bread wheat varieties. As per the
specifications of the design, a field layout was prepared;
the land was clean, level and make suitable for crop
establishment. Sowing was done on 23 July, 2019. The
recommended fertilizer rates of 100 kg NPS ha™' at
planting and the Urea was applied in spilt form (1/3)
at planting and the remaining (2/3) at tillering stage.
The seeds were sown by drilling and broadcasting and
covered by hand. All cultural practices such as weeding,
insect pest and disease management was applied
uniformly to all plots and managed as per
recommendation. Harvesting and threshing was done by
hand.

Data Collection:

Number of Productive Tillers per Plant: the average
number of productive tillers per plant was recorded
for 10 randomly selected plants in the plot at
maturity.

Spike Length: the average length of spike excluding
awns was recorded for 10 randomly selected plants in
the plot at maturity.

Number of Spikelet’s per Spike: the average
number of spikelet’s per spike was recorded for
10 randomly selected plants in the plot at harvesting
time.

Number of Kernels per Spike: the average number of
kernels per spike was recorded for 10 randomly
selected plants in the plot at harvesting.

Thousand Seed Weight: was determined by carefully
counting 1000 small grains from the bulk of threshed
yield and weighing them using a sensitive balance at
12.5 moisture content.

Dry Biomass Yield: was weighted the harvested crop
from the net plot area after sun drying for three days
and then expressed in kg ha™".

Grain Yield: was taken after threshing for each net
plot area and adjusted at 12.5% moisture level and
the yield was expressed in t ha™".

Harvesting Index: was calculated as the ratio of grain
yield per plot to the above ground dry biomass yield
per plot expressed as a percentage.

Data Analysis: Analysis of variance was done using
SAS computer software (SAS, 9.4 versions) [39].
Significant means was separated by List Significant
Differences at 5% probability levels [40]. A Pearson
correlation analysis was made to see the relationship
between yield and yield components of bread wheat.
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Table 1: Description of Bread wheat varieties used in the research study

Adaptation Yield t ha™
Local Name  Varieties Name Year of Release Altitude Rainfall (mm) Days Maturity On station On farm Center
Liben (ETBW5653) 2015 2300-2500 >900 118 5-7 3.5-4 BARC
Hidase 2012 2200-2600 500-800 121 4.5-7 3-4 KARC

Source: MoA (2018), BARC= Bako Agricultural Research Center, KARC= Kulumsa Agricultural Research Center

RESULTS AND DISCUSSION

Number of Productive Tillers per Plant: The main effect
of sowing methods and seed rate had highly significant
effect (P<0.01) effect on the number of productive tillers
per plant of bread wheat but non-significantly affected by
main effects of varieties, two and three-way interaction
effects of wvarieties, seed rates and sowing methods
(Table 2). The number of productive tillers per plant of
bread wheat was non-significantly affected by varieties
indicating similarity of the two varieties with number of
productive tillers per plant. In contrary, Jemal et al. [7];
Obsa and Yeared [41], Kifle et al. [42] significant
difference was observed among the tested varieties of
bread wheat for number of tillers per plant bread wheat.
Al-Hilfy and Wahid [43] found that significant difference
varieties on number of tillers m™ and significantly higher
(418.3) number of tillers m~ of bread wheat was obtained
from Rasheed cultivar.

Main effect of sowing methods had highly significant
(P<0.01) effect on the number of productive tillers per
plant of bread wheat (Table 2). The maximum (3.05 plant™)
number of productive tillers per plant was counted from
row methods of sowing as compared to broadcasting
(2.16 plant™). Similarly, Khan et al. [44] found that sowing
method had highly significant effect on fertile tiller of
bread wheat and row method of sowing gave more fertile
tillers m™ as compared to that of broadcast method.
This indicated that row methods sowing made favorable
condition for bread wheat to produce number of
productive tillers per plant.. Increased number of fertile
tillers in pore method could be ascribed to proportionate
distribution of seed and better start as compared to the
broadcast method [44]. Also, Abebaw and Hirpa [45]
found that sowing methods had significant effects on
number of number of tillers per plant of wheat and
significantly higher mean number of tillers per plant of
wheat was obtained from row methods of sowing as
compared to broadcasting method. Tanveer ef al. [46]
reported that row planting method of wheat produce
significantly higher 7.41 tillering number per plant as
compared to broadcast method of sowing which was
4.75. Likewise, Soomro et al. [47] found that wheat planted
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by drilling method produced significantly higher number
of average tillers (10.32/Plant) and broadcasting
(9.58/Plant) due to less plant competition and proper
sowing methods. Pirzada et al. [48] reported that drilling
method of planting recorded significant maximum (406)
tillers m™ of bread wheat as compared to 400 tillers m™>
broadcasting method of sowing.

Main effect of seed rate had highly significant
(P<0.01) effect on the number of productive tillers per
plant of bread wheat (Table 2). The use of 100 kg ha™'
seed rate was produced significantly higher (3.08 plant™)
number of productive tillers per plant while the lowest
(2.25 plant™) number of productive tillers per plant of
bread wheat was obtained from 150 kg ha™ seed rate
which was statistically in par with the number of
productive tillers per plant obtained with 125 kg ha™
seeding rate (Table 2). The number of productive tillers
increased consistently with decreasing seeding rate.
The number of productive tillers per plant was higher at
lower at seed rate, when compared with higher seed rates.
This might be due to that the productive tillers decreased
with increase in seeding rate, because, by increasing seed
rate per unit area, the inter plant competition for space,
nutrient, moisture and sun light increases which results in
lower productive tillers. . In contrary, Al-Hilfy and Wahid
[43] found that significant difference of seed rates on
mean number of tillers per plant and significantly higher
(463.6) number of tillers m™* were recorded at seeding
rate of 140 kg ha™' and reduced trend of tillers beyond
140 kg ha™".

Sharma et al. [49] found that wheat sown at the seed
rate of 140 kg ha™' significantly showed promising results
(372.33 and 376.44) maximum number of effective tillers
m™ of bread wheat during both the years. Higher number
of tillers produced up to a certain level of seeding rate and
then the number of tillers decreased were reported [50-52].
Khan et al. [44] found that seed rate had highly
significant effect on number of fertile tillers m* of bread
wheat and a seed rate of 175 kg ha™" produced maximum
average number of fertile m™. Haile et al. [53] found that
seeding rates was significantly influenced number of
fertile spikes m™ of bread wheat and number of fertile
spikes m~ was increased proportionally with the seeding



Am-Euras. J. Agric. & Environ. Sci., 20 (4): 275-294, 2020

Table 2: Main effects of varieties, sowing method and seeding rate on number of productive tillers per plant, spike length, number of spikes per spikelet’s,

number of kernels per spike and thousand seed weight of bread wheat grown at Abbay Chommen district

Number of productive Spike Number of Number of Thousand
Treatment tillers per plant length (cm) spikes per spikelet’s kernels per spike seed weight (g)
Varieties
Liben 2.71 7.48° 13.88 50.5° 40.61*
Hidase 2.70 7.98¢ 14.00 49.66° 40.05°
LSD (5%) NS 0.14 NS 0.48 0.26
Sowing methods
Row 3.05° 8.14* 14.55* 51.33* 41.33*
Broadcasting 2.16° 7.32° 13.33% 48.8° 39.33°
LSD (5%) 0.26 0.14 0.28 0.48 0.26
Seeding rate (Kg ha™")
100 3.08° 8.26 14.33* 51° 42.33*
125 2.5° 7.74° 14.08* 50° 40.8°
150 2.25° 7.19¢ 13.42° 48° 37.8°
LSD (5%) 0.33 0.16 0.34 0.58 0.33
CV (%) 14.78 2.5 2.9 1.39 0.96

Means followed by different letter(s) in a column are significant at 5% level of probability

Table 3: Interaction effects of varieties and seeding rate on spike length, dry biomass and harvest index of bread wheat in Abbay Chommen district

Number of kernels per spike

Seeding rate
Dry biomass (t ha™")

Harvest index (%)

Varieties 100 125 100 125 150 100 150
Liben 7.87% 7,50 8.3b 9.7° 9.450 41.65% 42,697
Hidase 8.65¢ 7.950 8.69b 9.66° 9.48° 37.75¢ 39.1%
LSD (5%) 0.59 0.5 0.76

CV (%) 2.5 1.6 29

Means followed by different letter(s) in a column are significant at 5% level of probability

rate. Igbal et al. [56] indicated that higher number of tillers
(503) was observed from 175 kg ha™" seeding rate while
lower (404) number of tillers was recorded from 125 kg
ha™' seeding rate. In contrary, Naveed et al. [57] found
that increasing seed rate was increased number of tillers
m™ (287) of dual-purpose wheat. Matsuyama and Ookawa
[58] found that with the decreasing seeding rate the
number of tillers per plant of bread wheat decreased.

rate and higher number (382 spikes m™) was recorded
from seeding rate of 200 kg ha™'. Igbal et al. [11] found
that significantly and linear increase in number of fertile
tillers and total tillers with increased seed rate of wheat
and 200 kg ha™' seed rate produced significantly higher
(278.75) number of fertile tillers and (294.33/m™) total
tillers followed by 175 kg ha™' seed rate (263.97 fertile
tillers and 280.33 total tillers m™?). Baloch et al. [54]
reported that significantly higher number of tillers of
wheat with seed rate of 150 kg ha™".

Abiot [55] reported that seeding rate significantly
affected number of effective tillers per m”, number of fertile
tillers increased consistently with increasing seeding rate
up to 150 kg ha™" and significantly higher (88) number of
effective tillers per m’ was observed from 150 kg ha™
seeding rate while the lowest (67) number of effective
tillers per m™ observed 100 kg ha™' seeding rate. Ali et al.
[52] reported that the number of effective tillers increased
as seeding rate increased. Similarly, Jemal et al. [7] found
that the highest (69.33) number of effective tillers per
0.5 m row length was obtained at 200 kg ha™' seeding rate
while the lowest (25.66) number of effective tillers per
0.5 m row length was obtained from 100 kg ha™" seeding

Spike Length: The spike length of bread wheat was very
highly significantly (P<0.001) affected by varieties,
sowing methods and seeding rate and the two-way
interaction effect of varieties with seeding rate was
significant (P<0.05) affected mean spike length of bread
wheat (Tables 2 and 3). Hidase variety of bread wheat was
produced the longest spike length of 7.98 cm while,
variety Liben produced the shorter 7.48 cm spike length of
bread wheat (Table 2). Likewise, Otteson et al. [59]
reported that individual genotypes responded differently
to spike length for varying seeding rates in wheat.
This result indicated that the different varieties has
different spike length which could be controlled by
genetic background of varieties. Also, Desalegn [60]
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found that mean spike length of wheat was showed
significant difference between bread wheat varieties.
Haile et al. [53] found that varieties had significant
difference on spike length of wheat and Illani variety of
wheat was produced longer (6.9 cm) spike length of wheat
as compared to others.

The mean spike length of bread wheat was very
highly significantly (P<0.001) affected by sowing methods
(Table 2). Significantly higher 8.14 cm mean spike length
of bread wheat was recorded from row method of sowing
while lower 7.32 cm spike length of bread wheat was
obtained from broadcasting method of sowing.
Similarly, Abebaw and Hirpa [45] found that sowing
methods had significant effects on spike length wheat and
significantly higher 7.78 cm mean spike length of wheat
was obtained from row methods of sowing as compared
to broadcasting method. Pirzada et al. [48] reported that
drilling method of planting recorded significant maximum
(10.69 cm) spike length of bread wheat as compared to
(9.45 cm) in broadcasting method of sowing.

The spike length of bread wheat was very highly
significantly (P<0.001) affected by seeding rate (Table 2).
Seeding rate of 100 kg ha™" produced the longest 8.26 cm
spike length and seeding rate of 150 kg ha™' produced the
shortest 7.19 cm spike length of bread wheat (Table 2).
This could be due to the availability of ample resources
required by the wheat crop for growth and development
in lower seeding rates. Likewise, Abiot [55] reported that
plant spike length of bread wheat was significantly
affected by seeding rate and significantly higher spike
length of 8.93 cm was recorded from 100 kg ha™ seeding
rate while minimum 7.33 cm spike length was obtained
from 175 kg ha™' seed rate of bread wheat. Also,
Zewdie et al. [61] reported that spike length is negatively
interrelated to seed rate. Shorter plant produces longer
spike length and long plant produce shorter spike and
higher biomass production. Also, Gafaar [62] stated that
increasing sowing density from 200 up to 400 grains m™>
significantly decreased spike lengths. Also, Naveed et al.
[57] found that higher spike length (11.99 cm) was
obtained from 100 kg seed ha™" and decreased as seed
rates increased up to 220 kg ha™" which might possibly
due to optimum availability of nutrients that enabled
wheat plants to effectively carryout photosynthesis and
hence more assimilate translocation occurred which
ultimately increased the spike length. In contrary,
Suleiman et al. [63] reported that the longest spikes
were obtained from 250 and 300 grains per m 2 but
without significant differences between both of them.
In opposing, Baloch et al. [54] reported that significantly
higher spike length of wheat with seed rate of 150 kg ha™".
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The two-way interaction effect of varieties with
seeding rate was significant (P<0.05) affected mean spike
length of bread wheat (Tables 3). The maximum 8.65 cm
spike length of bread wheat was achieved from Hidase
variety with of 100 kg ha™" seeding rate while the minimum
7.05 cm spike length of brae wheat was achieved
from Liben variety with 150 kg ha™" seeding rate (Table 3).
The lower seeding rate of 100 kg ha™ was produced
higher spike length as compared to higher seeding rate of
150 kg ha™". Therefore, the different varieties had different
spike length with different seed which could be controlled
by genetic background and morphology of the bread
wheat varieties.

Number of Spikes per Plant: The mean number of spikes
per plant of wheat was highly significantly (P<0.01)
affected by sowing methods and seeding rate but
non-significantly affected by varieties of bread wheat
(Table 2). Non significantly higher (14 plant™) mean
number of spikes per plant of wheat was for Hidase
variety while the lowest (13.88 plant™') mean value for
spike length was for the variety Liben. This indicates that
the different varieties have varied in number of spikes per
plant which could be controlled by genetic background.
In contrary, Haile et al. [53] found that varieties had
significant difference on number of fertile spikes m~ and
higher (360 and 345) number of fertile spike m™ were
recorded from Oda and Bakalcha varieties of wheat.
Significantly higher (14.55 plant™) and lower
(13.33 plant™") number spikes per plant of bread wheat
was recorded from row and broadcasting methods
sowing, respectively (Table 2). Likewise, Soomro et al.
[47] found that wheat planted by drilling method
produced significantly higher number of grain per spike
(10.55/Plant) of bread wheat as compared to broadcasting
methods of sowing. The increase in spike numbers per
plant of wheat row method of sowing with decreasing in
spike numbers per plant of wheat broadcasting method
seeding rate might be due to more suitable environments
created for plants established in row method of planting.
Significantly lower number of spikes per plant
(13.42 plant™) of wheat was achieved with 150 kg ha™
seed rate and higher number of spikes per plant
(14.33 plant™) of wheat was achieved with 100 kg ha™
seed rate (Table 2). Similarly, Whaley et al. [64] found that
the number of kernels per wheat spike increased by
50% of bread wheat as wheat density decreased from
338 to 19 plants m™. Also, Ozturk et al. [14] reported that
less than 10% increases number of kernels per spike of
wheat when seed rate of bread was decreased from 625 to
325 seeds m™. Matsuyama and Ookawa [58] found that
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Table 4: Interaction effects of varieties and sowing methods on number of kernels per spike of bread wheat in Abbay Chommen district

Number of kernels per spike

Sowing methods

Dry biomass (t ha™")

Grain yield (t ha™")

Varieties Row Broadcasting Row Broadcasting Row Broadcasting
Liben 52° 48.77¢ 9.45 8.8° 4.6 3.43°

Hidase 50° 48.88% 9.332 9.13 4.28° 3.3°

LSD (5%) 1.57 0.66 0.5

CV (%) 1.39 1.6 2.5

Means followed by different letter(s) in a column are significant at 5% level of probability

with the decreasing seeding rate percentage of fertile
spikelet of bread wheat was increased. Haile ef al. [53]
found that seeding rates was significantly influenced
number of seeds spike™ of bread wheat and higher (29.8)
number of kernels spike™" wheat was obtained from 100 kg
ha™' seeding rate of wheat. Naveed et al. [57] found that
increasing seed rate was increased number of spike m™
(281) dual purpose wheat.

Number of Kernels per Spike: The main effects of
varieties, sowing method and seeding rate had very
highly significant (P<0.01) effect on number of kernels per
spike of bread wheat and two-way interaction effect of
varieties with sowing method was significant (P<0.05)
effect of number of kernels per spike of wheat (Table 2
and 4). The highest (50) number of kernels per spike of
bread wheat were obtained for Liben variety while the
lowest number 49 of kernels per spike was obtained for
the Hidase variety. Similarly, Aman et al. [26] found that
variation kernels per spike of bread wheat varieties and
variety Gassay produced significantly higher (41.66)
number of kernels per spike while lower (34.19) number of
kernels per spike from Dinknesh variety. Similarly,
Esayas et al. [65] found significant differences in number
of kernels per spike among wheat varieties. Lemi and
Negash [66] found that varieties had significant difference
on number of grains per spike. Abd El-Lattief [67] found
that number of grains spike™ of bread significantly
affected by different cultivars used. Haile et al. [53]
found that varieties had significant difference on number
of seeds spike™ of wheat and Oda and Illani varieties of
bread wheat produced higher 39 and 37 numbers of seeds
spike™" of bread wheat. This indicates that the different
variety has different number of kernels per spike which
could be controlled by genetic background.

The main effects of sowing methods had very highly
significant (P<0.01) effect on number of kernels per spike
of bread wheat (Table 2). Significantly the highest number
50 of kernels per spike of bread wheat was obtained for
row method sowing while the lowest 49number of kernels
per spike was obtained from broadcasting method sowing

281

of bread wheat. Similarly, Abebaw and Hirpa [45] found
that sowing methods had significant effects on number of
spikelet’s per spike of wheat and significantly higher
mean number of spikelet’s per spike of wheat was
obtained from row methods of sowing as compared to
broadcasting method. Also, Khan et al. [44] found that
the number of grains spike™ by sowing methods and row
method of sowing showed slightly a greater number of
grains spike™' as compared to broadcast method.
Likewise, Soomro ef al. [47] found that wheat planted by
drilling method produced significantly higher number of
grain per spike (60.60/spike) of bread wheat as compared
to broadcasting methods of sowing.

The mean number of kernels per spike of wheat was
very highly significantly (P<0.01) influenced by the main
effect of seeding rate (Table 2). Maximum 51 number of
kernels per spike of bread wheat was obtained from the
100 kg ha™" seeding and minimum 48number of kernels per
spike™" obtained from 150 kg ha™' seeding rate (Table 2).
The lowest number of kernels per spike of wheat was
achieved from seed rate 150 kg ha™'. Seeding rate of
100 and 125 kg ha™ produced statistically similar number
of kernels per spike (Table 2). Likewise, Twizerimana et al.
[68] reported that the kernel number per spike showed a
significant decrease with the seed rate increase of wheat.
Matsuyama and Ookawa [58] found that with the
decreasing seeding rate grain number per spike bread
wheat was significantly increased. As seeding rate
increased from 100 to 150 kg ha™' the number of kernels
per spike of wheat was decreased by 3 %. The increase in
number of kernel spike with decrease in seed rate might be
due to the plant nutrients present in the soil were enough
for the vegetative growth and grain formation when there
were smaller number of plants per unit area and less
competitive for all essential elements as compared to the
greater number of plants per unit area.

Similarly, Hussain et al. [69] reported that the higher
grain number obtained in the lowest seed rate can be
attributed to more light penetration through plant canopy.
Rahim et al. [70] stated that significant difference was
observed between plant densities of durum wheat cultivar
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in terms of grains per spike. Likewise, Worku [71]
concluded that increasing the rate of seeding from 100 to
150 kg ha™" decreased the number of grains per spike from
51 to 48 at the seed rate 100 and 150 kg ha™' respectively.
Khan et al. [44] found that the number of grains spike™
by seeding rates and significantly higher 58.13 number of
grain spike™ was obtained from 175 kg ha™" whereas
minimum number 43.95 number of grain spike™' was
recorded from 100 kg ha™" seed rates. Also, Mehrvar ef al.
[72] reported that by increasing seed rate the number of
grains per spike was reduced. Abd El-Lattief [67] found
that number of grains spike™ significantly affected by
different seeding rates and consistent decrease in kernels
per spike with increasing seed rates of bread wheat.
Number of kernels per spike was not significantly affected
by main effect of sowing. In contrary, Sharma et al. [49]
found that wheat sown at the seed rate of 140 kg ha™'
significantly showed promising results (58.0 and 58.67)
grains spike™ of bread wheat during both the years.
Igbal et al. [11] reported that wheat planted at 125 kg ha™
gave maximum grains spike. Shah [73] reported that
different seed rate had significant effect on seed spike.

The two-way interaction effect of varieties with
sowing method was significant (P<0.05) affected number
of kernels per spike of bread wheat (Table 4). Significantly
higher 52mean number of kernels per spike of wheat was
achieved from Liben variety with row method sowing
while the lowest 48number of grains spike of wheat was
recorded from Hidase variety with broadcasting methods
of sowing of bread wheat (Table 4). The greatest of
number kernel/spike in 100 kg ha™' seed rate with row
methods sowing was due to less plant competition and
proper seed placement.

Thousand Seed Weight: Main effects of varieties, sowing
method and seed rate had highly significant (p<0.01)
effect on thousand seed weight of bread wheat (Table 2)
and also the two-way interaction effect of sowing
method with seeding rate was significant (p<0.05) effect
on mean thousand seed weight of bread wheat (Table 6).
Three-way interaction effect of varieties, sowing method
and seeding rate were showed significant (p<0.05) effect
thousand seed weight of bread wheat (Table 7).

The highest mean value of thousand seed weight was
40.61 g for Liben variety while the lowest mean value for
thousand kernel weight 40 g for Hidase variety of wheat
(Table 2). This indicated that the different varieties have
different thousand seed weight which could be controlled
by genetic background of different varieties of bread
wheat. Similarly, Obsa et al. [74] reported that significant
variation in thousand seed weight between the eight
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bread wheat varieties and ranged from 30.67 to 43.4 g.
Amare and Mulatu [75] found significant difference and
Picaflor variety recorded higher (42 g.) thousand kernel
weight of bread wheat while minimum (35.6 g.) thousand
kernel weight was recorded from Tay variety of wheat.
Also, Melaku [76] found that significant difference among
bread wheat varieties and significantly (37 g) thousand
seed weight from Wane variety and (35.3 g) from
Kingbird variety. Likewise, Ghuluma et al. [77] reported
that significant differences among three varieties of wheat
on thousand seed weight. Desalegn [60] found that
significantly higher mean thousand seed weight of wheat
was obtained from Hidase and Ogolcho varieties as
compared to Liben variety. Similarly, Esayas et al. [65]
reported significant differences in thousand kernel
weights among wheat varieties. Sharma et al. [49] found
that varieties significantly affected the 1000 grain weight
and they reason out that the difference in 1000- grain
weight among the wheat cultivars maybe attributed to
their variable inherent potential. Likewise, Tesfaye [78]
found that significantly higher mean thousand seed
weight was obtained from Molgo over Digelu variety of
sowing (Table 2). The highest 41.33 g thousand seed
weight of bread wheat was obtained from row method
sowing and lowest 39.33 g thousand kernels weight was
from broadcasting methods of sowing (Table 2).
Similarly, Abebaw and Hirpa [45] found that sowing
methods had significant effects on mean thousand seed
weight of wheat and significantly higher 35.94 g mean
thousand seed weight of wheat was obtained from row
methods of sowing as compared to broadcasting method.
Also, Khan ef al. [44] found that higher 38.00 g of
1000 seed weight of wheat was recorded in row method
sowing and minimum 37.96 g weight of was recorded in
broadcast method. Likewise, Soomro et al. [47] found
that wheat planted by drilling method produced
significantly higher thousand seed weight 42g of bread
wheat as compared to broadcasting method of sowing.
The thousand kernel weight of wheat was highly
influenced by the sowing method for two consecutive
years [68]. The thousand kernel weight was affected by
the sowing methods in two cropping seasons [79].

Mean thousand seed weight of bread wheat was
significantly affected by main effects of seed rate
(Table 2). Significantly higher 42.33 g thousand weight
was obtained from 100 kg ha™' seed rate and significantly
reduced as seed rates of bread wheat increase from
100-150 kg ha™" . Similarly, Tesfaye [78] found that main
effect of seed rate significantly affected mean thousand
seed weight of bread wheat and significantly higher and
lower values of were observed at 125 and 200 kg ha™
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Table 5: Main effects of varieties, sowing method and seeding rate on dry biomass, grain yield and harvest index of bread wheat in Abbay Chommen district

Treatment Dry biomass (t ha™") Grain yield (t ha™") Harvest index (%)
Varieties

Liben 9.17° 4.02* 43.47*
Hidase 9.28° 3.79° 40.60°
LSD (5%) 0.104 0.068 0.85
Sowing methods

Row 9.4 4.44* 46.75*
Broadcasting 9.01° 3.36° 37.3
LSD (5%) 0.104 0.068 0.85
Seeding rate (kg ha™")

100 8.5¢ 3.37¢ 39.69¢
125 9.7* 4.46* 45.52*
150 9.47° 3.87° 40.9°
LSD (5%) 0.12 0.08 1.04
CV (%) 1.6 2.5 29

Means followed by different letter(s) in a column are significant at 5% level of probability

Table 6: Interaction effects of sowing method and seed rate on tthousand seed weight, dry biomass, grain yield and harvest index of bread wheat in Abbay

Chommen district

Sowing Methods Seeding rate (kg ha™") Thousand seed weight (g) Dry biomass (t ha™") Grain yield (t ha™) Harvest index (%)
Row 100 42.8° 8.45¢ 3.73¢ 44.13%
Row 125 42.16° 10.35° 5.16* 49.5°

Row 150 39¢ 9.5° 4.44° 46.6°
Broadcasting 100 41.8° 8.56¢ 3.02¢ 35.26¢
Broadcasting 125 39.5¢ 9.05¢ 3.75¢ 41.48¢
Broadcasting 150 36.66¢ 9.4° 3.324 35.2¢

LSD (5%) 1.5 0.55 0.76 6.6

CV (%) 0.96 1.6 2.5 2.9

Means followed by different letter(s) in a column are significant at 5% level of probability

Table 7: Three-way interaction effects of variety, sowing method and seed rate on tthousand seed weight, dry biomass and harvest index of bread wheat in
Abbay Chommen district

Varieties Seeding rate (kg ha™") Sowing Methods Thousand seed weight (g) Dry biomass (t ha™") Harvest index (%)
Liben 100 Row 43¢ 8.2" 46.9°
Liben 100 Broadcasting 424 8.4" 36.35"
Liben 125 Row 42.33% 10.55* 49.3*
Liben 125 Broadcasting 40..33¢ 8.9% 42.85%
Liben 150 Row 39.331 9.59¢ 49®
Liben 150 Broadcasting 36.66" 9.3d° 36.38"
Hidase 100 Row 42.66® 8.69¢ 41.3%
Hidase 100 Broadcasting 41.66¢ 8.69¢ 34.17¢
Hidase 125 Row 424 10.16° 49.8*
Hidase 125 Broadcasting 38.66¢ 9.16¢f 40.12¢
Hidase 150 Row 38.66¢ 9.44< 44.19¢
Hidase 150 Broadcasting 36.66" 9.5¢ 34.02¢
LSD (5%) 0.65 0.25 2.07
CV (%) 0.96 1.6 29

Means followed by different letter(s) in column are significant at 5% level of probability

seed rate, substantial decrease in mean value of the grain weight might be attributed to the fading of most
parameter as the seed rate increased. The thousand kernel grains at a higher density in the early stage, because of
weight of wheat was highly influenced by the sowing competition between growing grains to absorb the
method for two consecutive years [68, 79]. Naseri et al. preserved matters and, as the result, small grains would be
[80], Helms and Orf [81] stated that the negative produced. This might be due to the higher planting
relationship between the plant density and thousand density from the higher seed rate used, which increased
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the plant competition and eventual decline in the
individual grain weight [82]. In contrary, Sharma et al. [49]
found that wheat sown at the seed rate of 140 kg ha™
significantly showed promising results (39.64 and 39.78 g)
1000 grain weight during both the years. Khan ef al. [44]
found that higher 40.95 g of 1000 seed weight of wheat
was recorded from planting of 175 kg ha™" seed rates.
Baloch et al. [54] reported that significantly higher
1000-grain weight of wheat with seed rate of 150 kg ha™".

Chaudhary et al. [20] reported that, low seed rates
significantly increased thousand kernels weight. Similarly,
Jan et al. [83] reported that, as the seeding rate was
increased, the number of plants emerged per unit area also
increased but thousand seed weight decreased in wheat
crop. Khan et al. [84], Mehrvar and Asadi [72] concluded
that, by increasing seed rate the thousand grains weight
was reduced in wheat. Similarly, Baloch et al. [54]
concluded that the higher the seeding rate in bread wheat
resulted in decreased 1000 seed weight. Hiltbrunner et al.
[85], Dubis et al. [86] also noted that as seeding rate
increased, 1000 seed weight decreased. Igbal et al. [11]
concluded that lower seeding rates 125 kg ha™" produced
significantly heavier grains 41 g than higher seeding rate
200 kg ha™' that produced lighter 39 g grains.

Two-way interaction effect of sowing methods
with seeding rate was significant (p<0.05) affected
mean thousand seed weight of bread wheat (Table 6).
The highest 42.8g thousand seed weight of bread wheat
was obtained from 100 kg ha™' seed rate with row method
sowing and the lowest 36, 66g thousand seed weight was
recorded from 150 kg ha™' seed rate with broadcasting
methods of sowing (Table 6). Therefore, the use of lower
seed rate with row method of sowing gave higher
thousand seed weight of bread wheat which might be due
favourable environment created for plant growth in row
methods of sowing with lower seed rate without
competition and tillering of bread wheat.

Three-way interaction effects of varieties with
sowing methods and seed rate was significantly (P<0.05)
seed weight (Table 7).
Significantly higher 43g thousand seed weight of bread
wheat was obtained from Liben variety with 100 kg ha™
seed rate planted in row method of sowing. This might be
due to less competition of resources in lower seed rates in
row methods of sowing. In contrary, Tesfaye [78] found
that three-way interaction effects of varieties with sowing
methods and seed rate was non-significantly affected
thousand seed weight of bread wheat.

affected mean thousand
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Dry Biomass: Dry biomass represents overall growth
performance of the plant as well as the crop and was
considered to be the essential yield parameter to get
useful information about overall growth of the crop.
The main effect of varieties significant (P < 0.05), sowing
m ethods and seeding rate had very highly significant
(P <0.01) effect on dry biomass yield of wheat (Table 5).
The two-way interaction varieties with sowing method
was showed significant (P < 0.05) (Table 4) and also
varieties with seeding rate, sowing methods with
seeding rate and three-way interaction effect of varieties,
sowing methods and seeding rate had very highly
significant (P < 0.01) effect on dry biomass of bread wheat
(Table 3, 6 and 7).

The maximum 9.28 t ha™ dry biomass of bread wheat
was achieved from Hidase variety and the minimum
9.17t ha™' dry biomass of bread wheat was recorded from
Liben variety. Similarly, Aman et al. [26] found that
significantly higher (8221 kg ha™") dry biomass yield was
recorded for variety ‘Danda’a’ followed by variety
‘Kakaba’ with mean dry biomass yield of 7664 kg ha™".
Also, Al-Hilfy and Wahid [43] found that significant
difference varieties on biological yield of bread wheat
and significantly higher biological yield (13.559 tha™")
of bread wheat was obtained from Rasheed cultivar.
Habtamu and Ahadu [34] reported that significance
difference in biomass yield of bread wheat varieties
ranging from 7.6 to 11.3 t ha™'. The difference in dry
biomass yield of bread wheat varieties might be due to the
genetic make difference of the varieties used.

Significantly higher dry biomass 9.4 t ha™' of wheat
was obtained from row method sowing method and the
minimum 9.01t ha™' dry biomass was achieved for
broadcasting methods of sowing of bread wheat (Table 5).
Similarly, Khan et al. [44] found that biological yield of
wheat was highly significantly affected by methods of
sowing and row method of sowing gave higher 13085 kg
ha™" biological yield of wheat as compared to that of
broadcast method of sowing 10793.5 kg ha™'. Likewise,
Abebaw and Hirpa [45] found that sowing methods had
significant effects on mean dry biomass of wheat and
significantly higher 3.05 t ha™ mean dry biomass of wheat
was obtained from row methods of sowing as compared
to broadcasting method. Also, Pirzada et al. [48] reported
that drilling method of planting recorded significant
maximum (12227 kg ha™") biological yield of bread wheat
as compared to (11608 kg ha™) in broadcasting method of
sowing.
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Significantly higher 9.7 t ha ~' dry biomass of bread
wheat was obtained from 125 kg ha™" seeding rate while
the lowest 8.5 t ha™ dry biomass was obtained 100 kg
ha™"' seeding rate of bread wheat (Table 5). The higher dry
biomass yield 9.7 and 9.47 t ha™' were obtained by seed
rate of 125 and 150 kg ha™' respectively, which were
statistically at par with each other while, the lowest dry
biomass yields 8.5t ha™' was produced by 100 kg ha™
seed rate of bread wheat (Table 5). In contrary, Jemal et al.
[7] reported that higher dry biomass was recorded on
increased seeding rates of 200 and 175 kg ha™'. Igbal e al.
[55] also found that biological yield was increased as
seeding rate increased from 125 to 150 kg ha™". Likewise,
Abiot [55] reported that seeding rate had very highly
significant effect on the dry biomass yield of bread wheat
and significantly higher biomass yield (12755 kg ha™")
was observed from 175 kg ha™' seeding rate while lower
(9696 kg ha™") dry biomass yield was obtained from 100 kg
ha™' seeding rate. Naveed et al. [57] found that increasing
seed rate was increased biological yield (11690 kg ha™")
of dual-purpose wheat.

El-Hebbasha [87], Ali et al. [88] found that biological
yield was increased by increasing seeding rate in wheat.
Gafaar [62] reported that the highest value of biological
yield was obtained with increasing seed rate up to
400 grains m™ in wheat crop. Similarly, Ali ef al. [52]
found that higher straw yield increased with the increase
in seeding rate and higher (4.35, 4.52 and 4.58 t ha™")
straw yield for the first, second and third cropping
seasons. were obtained with seeding rate 200 kg ha™".
Seleiman et al. [51] found that increasing seeding rates up
to 350 or 400 grains m~” increased biomass yields of
bread wheat. Laghari et al. [89] found significant increase
in biological yield by using different seeding rates.
Al-Hilfy and Wahid [43] found that significant difference
of seed rate on biological yield of bread wheat and
biological yield of bread wheat increased with increasing
seeding rate from 80 to 140 kg ha™' and significantly
higher (13.586 t ha™') biological yield was recorded with
seeding rate of 140 kg ha™".

The interaction of varieties with seed rates had
significant effect on biomass yield of bread wheat
(Tables 3). Significantly higher dry biomass yields 9.7 t
ha™" of bread wheat was obtained from Liben variety
with 125 kg ha™ seeding rate (Tables 3). Similarly,
Abd El-Lattief [67] found that mean straw yield of bread
wheat significantly affected by interaction of varieties
with seed rate and significantly higher straw yields
were 7.077 and 7.472 t ha™" were obtained from seeding
300 seeds m~ for Giza 168 in both years. Al-Hilfy and
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Wahid [43] found that the interaction varieties with
seeding rates had a significant effect on biological yield
of bread wheat and higher (14.054 t ha™") biological yield
of bread wheat was obtained from Rasheed variety at
seeding rate of 140 kg ha™', whereas the lowest (10.397 t
ha™") biological yield was produced from planting of
Bohooth 158 variety at 180 kg ha™' seeding rate.

The two-way interaction varieties with sowing
method had significant (P < 0.05) effects on dry biomass
of bread wheat (Table 4). Significantly higher dry biomass
yields 9. 45 t ha™' of bread wheat was obtained from
Liben variety with Lben variety with row method sowing
(Tables 4).

The interaction of seed rates with sowing methods
had significant effects on dry biomass yield of bread
wheat (Table 6). Significantly higher 10.35 t ha™' dry
biomass of bread wheat was obtained with 125 kg ha™
seed rate planted in row methods. The higher dry biomass
yield of bread wheat with row methods of sowing as
compared to broadcasting method might be due to better
resource utilization in row method than broadcasting
method.

The three-way interaction of varieties, seed rates and
methods of sowing were significantly influenced the mean
dry biomass of bread wheat (Table 7). Significantly,
Higher 10.55 t ha™" mean dry biomass of bread wheat was
obtained from Liben variety with 125 kg ha™"' seed rate
planted in row methods. The result confirmed that better
dry biomass yield of bread wheat with recommended
package for wheat production in Ethiopia.

Grain Yield: The main effect varieties, sowing methods
and seeding rate had very highly significant (P < 0.01)
effect on grain yield of bread wheat (Table 5). The two-
way interaction effect of varieties with sowing methods
was very highly significant (P < 0.01) influence on mean
grain yield of bread wheat (Table 4). And also, the
interaction effect of sowing methods with seeding rate
was very highly significant (P < 0.01) effect of grain yield
of bread wheat (Table 6).

The highest mean 4.02 t ha™ for grain yield of bread
wheat was obtained from Liben variety while the lowest
mean 3.79 t ha™' was for Hidase variety of bread wheat
(Table 5). The difference in the grain yield of wheat
varieties might be due to the difference in their genetic
potential of varieties. This result indicated that the
different varieties has different grain yield which could be
controlled by genetic background. Likewise, Obsa and
Yeared [41] reported that significance difference grain
yield among varieties of bread wheat, which was ranged
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from 1.8 to 5.91t ha™" with the mean value of 3.38t ha™".
Alos, Sharma et al. [49] found that varieties significantly
affected the grain yield of bread wheat. Sharshar and
Ei-Said [32]; Nadeem [31] reported that wheat varieties
significantly differed in grain yield and most of yield
related traits. Costa et al. [90] found that mean grain yield
of wheat was significantly different among varieties.

The row method of sowing has produced
significantly higher 4.44t ha™" grain yield of bread wheat
as compared to broadcasting method 3.36t ha™' (Table 5).
This is might be due to increased competition for water as
the seeds were placed closer together in the broadcasting
method and ultimately may also have been related to
reduction in wheat grain yield. In higher rainfall areas,
where cereal crops have higher potential yields,
significant yield decreases have been recorded with
broadcasting method. Similarly, Khan et al. [44] found
that sowing methods had highly significant effects on
grain yield of wheat and significantly higher 4857 kg ha™
mean grains yield was obtained from row method of
sowing and the least 4318 kg ha™ grain yield was found
in broadcast method of sowing. Awoke et al. [91]
found that sowing methods had significant effect on mean
grain yield of wheat and significantly higher 3.5 t ha™
grain yield of wheat was obtained from row planting and
the least 3.13 t ha™' was recorded from broadcast method.
Also, Abebaw and Hirpa [45] found that sowing methods
had significant effects on mean grain yield of wheat and
significantly higher 1.5 t ha™' mean grain yield of wheat
was obtained from row methods of sowing as compared
to broadcasting method.

Pirzada et al. [48] reported that drilling method of
planting recorded significant maximum 5602 kg ha™")
grain yield of bread wheat as compared to (5245 kg ha™")
in broadcasting method of sowing. Awoke et al. [92]
found that significantly maximum grain yield of 3.5 t ha™
was obtained from row planting and the least 3.13 t ha™
was recorded from broadcast method of bread wheat.
Therefore, planting of bread wheat with row method was
better than broadcasting. Therefore, Harishankar and
Tomar [92] stated that proper methods of sowing enhance
resource availability, such as sunlight capture, moisture
and nutrient availability, leading to the proper root system
development from the early stage of crop growth. Sowing
methods guarantee proper crop establishment and
optimum plant population in the field, as well as
facilitating plants to utilize the land and other resources
more efficiently and purposefully toward growth and
development [93, 94]. Drilling method is considered
suitable because of its uniform seed distribution and
sowing at desired depth and resulted higher germination
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and uniform stand [48]. Therefore, Easson et al. [95]
reported that planting with drill is recommended for better
crop production.

The highest 4.46 t ha™" grain yield of bread wheat
was obtained with 125 kg ha™' seeding rate and the lowest
3.37t ha™' grain yield was obtained with 100 kg ha '
seeding rate which confirm the research recommendation
for bread wheat production (Table 5). The increased
seeding rate from 100 to 125 kg ha™ produced grain yield
which was significantly increased by 11.45% but decrease
as seed rate increases up to 150 kg ha™'. This might be
due to increasing the competition among crops for
common resource particularly water, nutrients and
sunlight which resulting in low quality and low yield with
high seeding rates [7]. The maximum grain yield obtained
from the use of optimum seeding rate might be due to
enough space of plants in row method and increased
length of spikes per plants as a result number of
grains and increased spike length in plants. Similarly,
Awoke et al. [91] found that seed rate had significant
effect on mean grain yield of wheat and higher grain yield
of 3.9 t ha™" and the minimum 2.7 t ha™" were obtained
from seed rate of 125 and 200 kg ha™" of bread wheat.

Likewise, Haile et al. [53] reported that the lowest
seeding rate 100 kg ha™ resulted in lower grain yield of
3.37t ha™', which was significantly lower than the yields
obtained at the other seeding rates 125 and 150 kg ha™".
Khan et al. [44] found that seed rates had highly
significant effects on grain yield of wheat and higher
5325 kg ha™' mean grains yield was obtained from 175 kg
ha™' seed rates as compared to others. Abiot [55] reported
that seeding rate o f 150 kg ha™' gave significantly
higher (4462 kg ha™) grain yield followed by 175 kg ha™".
Haile [53] found that seeding rates was
significantly influenced grain yield of bread wheat and
higher (4341 kg ha™") grain yield of wheat was obtained
from 175 kg ha™' seeding rate of wheat which was in
statistical at parity with the yield obtained at the seeding
rate of 150 kg ha™". Seleiman et al. [51] also confirmed that
increasing seeding rates up to 350 or 400 grains m™>
increased grain yield. Higher grain yield with optimum
seeding rates was also reported by Olsen et al. [96],
Haile and Girma [97]. Similarly, Sikander et al. [98]
concluded that increasing seeding rate from 150 to 250
seeds/m~ resulted in higher grain yield. Sharma et al. [49]
found that wheat sown at the seed rate of 140 kg ha™
significantly showed promising (3.645 and 3.634 t ha™")
grain yield during both the years. Ghulam et al. [19]
reported that the Kiran-95 variety with 125 kg ha™" seed
rate performed best, followed by TD-1 and Sarsabz which
also produced more yield at 125 kg ha™".

et al.
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In contrary, Abd El-Lattief [67] found that grain
yield of bread wheat significantly affected by seed rate
and significantly higher grain yields were 4.357 and
4.605 t ha™" in both years was obtained from seeding rate
of 300 seeds m™>. Tomar [99] found that significantly
higher grain yield of bread wheat was obtained with
higher seeding rate of 150 kg ha™'. Mennan and Zandstra
[100] reported that wheat grain yield increased with
increasing seed rate and decreased with decreasing seed
rate from 250 to 200 or 150 kg ha™". Ali et al. [52] found
that number of grain yield was higher under seeding rate
of 150 kg ha™". Kili¢ and Giirsoy [101] found that seeding
rate affected grain yield and yield components of bread
wheat and 253 seed per m’ was predicted to be an
optimum seed rate for producing the highest average
grain yield (5162 kg ha™") over years. Costa et al. [90]
found that mean grain yield of wheat was significantly
different among seed rate used and significantly increased
grain yield of wheat with an increase in seeding rate of
wheat in Mediterranean environments. Therefore, the use
of 125 kg ha™' seeding rate of bread wheat at gave
significantly higher grain yield than 100 and 150 kg ha™'
seeding rate since row method causes higher leaf
photosynthesis and suppresses weeds growth compared
with broadcasting method. Baloch et al. [54] reported that
significantly higher grain yield of wheat with seed rate
of 150 kg ha™". Naveed et al. [57] found that increasing
seed rate was increased grain yield (4741 kg ha™") of
dual-purpose wheat.

The interaction effects of varieties with sowing
methods was showed significant (P<0.05) effect on mean
grain yield of bread wheat ( Table 4). Significantly higher
4.6t ha™" grain yield of bread wheat was obtained from
Liben variety with row methods of sowing while minimum
3.3t ha™' grain yield was from Hidase variety with
broadcasting methods sowing (Table 4). The difference
grain yield of varieties of wheat with sowing method
might be due to the genetic potential difference of
varieties using methods of sowing. Similarly, Pirzada et al.
[48] reported that the interaction effect of varieties with
sowing methods was significant effects for grain yield of
bread wheat and significantly higher (5900 kg ha™") grain
yield of bread wheat was recorded from Drilling sowing
method in variety TD-1 whereas, minimum (4445 kg ha™")
grain yield was recorded from Gurbi sowing method in
variety Moomal.

The interaction effects of sowing methods with seed
rate was significantly (P<0.05) affected mean grain yield of
bread wheat (Table 6). Significantly the highest mean
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grain yield 5.16 t ha™' of bread wheat was obtained from
use of 125 kg ha ' seeding rate with row method sowing
while the lowest grain yield 3.73t ha™' was obtained from
100 kg ha™' seeding rate with broadcasting method
sowing. Likewise, Misgana et al. [18] reported that 125 kg
ha~'seed rate with row planting produced 3.9 t ha™' grain
yield of bread wheat in the Senmamer areas of Senegal.
This indicates that proper seeding rate with sowing
method increased plant vitality and yield. It encourages
nutrient availability, proper sun light penetration for
photosynthesis good soil environment for up take soil
nutrients and water use efficiency [102] all necessary for
crop vigor and yield. The optimum seeding rate results in
increasing grain yield of bread wheat.

Harvest Index: The higher the harvest index value, the
greater the physiological potential of the crop for the
converting dry matter to grain yield. The harvest index of
bread wheat was very highly significantly (p<0.001)
affected by main effects of varieties, sowing methods and
seeding rate (Table 5). The two-way interaction effect of
varieties with seeding rate was showed significant
(p<0.05) effect on harvest index of bread wheat (Table 3).
The two-way interaction effect of sowing methods with
seeding rate was showed highly significantly (P<0.01)
effect of harvest index of wheat (Table 6). The three-way
interaction effect of varieties, sowing methods and
seeding rate had very highly significant (p<0.01) effect on
mean harvest index of bread wheat (Table 7).

The highest harvest index (43.47%) was observed
from Liben variety of wheat while lowest harvest index
(40.6%) was recorded from Hidase variety. Likewise,
Jemal et al. [7] reported that harvest index in bread wheat
affected by varieties and Shorima and Kakaba varieties
were gave significantly higher 40.45 and 38.1%, harvest
index of bread wheat as compared to the other varieties.
Also, Desalegn [60] found that significant difference
among bread wheat varieties and significantly higher
mean harvest index of bread wheat were obtained from
Hidase and Ogolcho varieties as compared to Liben
variety. Similarly, Esayas et al. [65] reported significant
differences in harvest index among wheat varieties.
Demisew [103]; Lemi and Negash [66] who stated that
harvest index of bread wheat affected by varieties.
Abd El-Lattief [67] found that mean harvest index of bread
wheat significantly affected by interaction of varieties and
significantly higher 44.38 % harvest index was obtained
from Giza 168 produced as compared to Sohag 3 variety of
bread wheat. Kili¢ and Giirsoy [101] found that cultivars
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Table 8: Pearson correlation between phenology, growth and Yield and Yield components of Bread Wheat in Abay Chommen district

NPTP SL NSPS NKPS TKW BM GY HI

NPTP 0.77" 0.71" 0.72" 0.71" -0.11 0.29 0.45
SL 0.77" 0.72" 0.74™ -0.11 0.21 0.33"
NSPS 0.75" 0.74"™ 0.04 0.47" 0.60™
NKPS 0.85™ -0.16 0.32 0.50"™
TKW -0.20 0.24 0.41°
BM 0.75" 0.44"
GY 0.92"""
HI

NPTPP = number of productive tillers per plant, SL = Spike length, NSPS = number of spikes per spikelet, NKPS = number of kernels per spike, TKW

= thousand kernel weight, DBM = dry biomass, GY = grain yield and HI = Harvesting index

significantly affected the harvest index wheat and Firat-93
variety produced significantly higher harvest index than
Aydin-93. Therefore, the use of different varieties of bread
wheat had variation in harvest index due to their genetic
potential of varieties.

Maximum harvest index (46.75%) of bread wheat was
observed from row method while minimum harvest index
(37.3%) was recorded from broadcasting method of
sowing (Table 5). Likewise, Abebaw and Hirpa [45] found
that sowing methods had significant effects on mean
harvest index of wheat and significantly higher mean
harvest index of wheat was obtained from row methods of
sowing as compared to broadcasting method. In contrary,
Khan et al. [44] found that harvest index of wheat was
significantly affected by sowing methods and higher
41.18% of harvest index was obtained from broadcasting
method sowing as compared to row methods of sowing
37.85%. Therefore, row methods of sowing were crucial
for wheat production.

The highest harvest index (45.52%) was obtained
from 125 kg ha™' seeding rate while lowest harvest index
(39.69%) was recorded from100 kg ha~'seeding rate
(Table 5). Similarly, Khan et al. [44] found that harvest
index of wheat was significantly affected by seeding
rates and higher 49.03% harvest index was obtained
from 125 kg ha™' seeding rates as compared to others.
Kili¢ and Giirsoy [101] found that seed rate had significant
effect on harvest index of durum wheat and 50 and
150 seed m~” produced higher harvest index for all three
years. The higher harvest index obtained in the lowest
seed rate can be attributed to more light penetration
through plant canopy and nutrient elements are improved
[101]. In contrary, Mollah et al. [104] reported that seed
rate did not have significant effect on harvest index of
wheat in bed planting condition.

The interaction of varieties with seed rates was
showed significant (P<0.05) influence of mean harvest
index of bread wheat (Table 3). Significantly higher
(46.07 %) mean harvest index of bread wheat was recorded
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from Liben variety with 125 kg ha™ seeding rate and
the lowest harvest index (37.75 %) from Hidase variety
with 100 kg ha™' seed rate for bread wheat. Likewise,
Haile et al. [53] found that interaction of varieties with
seed rates had significant difference on mean harvest
index of wheat.

The two-way interaction effect of sowing methods
with seeding rate was showed highly significant (P<0.01)
effect on mean harvest index of bread wheat (Table 6).
Significantly higher 49.5 % mean harvest index of bread
wheat was obtained with 125 kg ha™ seed rates with row
methods of sowing of bread wheat which confirm the
research recommendation for wheat production.

The three-way interaction effect of varieties, sowing
methods and seeding rate had very highly significant
(p<0.01) effect on mean harvest index of bread wheat
(Table 7). Significantly higher 49.8 % mean harvest index
of bread wheat was obtained from Hidase variety with
125 kg ha™"' seed rate planted in row methods. Therefore,
the use of recommended packages for verities of bread
wheat was enhanced harvest index and very important for
production of bread wheat.

Pearson Correlation Between Yield and Yield
Components of Bread Wheat Due to Varieties, Seed Rates
and Methods of Planting: The correlation between yield
and yield components of bread wheat are indicated in
Table 8. The number of productive tillers per plant has
positive and significant correlation with spike length
(0.78), number of spikes per spikelet (0.71), number of
kernels per spike (0.72), thousand seed weight (72) and
harvest index (0.45). The spike length of bread wheat
showed positive and significant correlation with number
of productive tillers per plant (0.78), number of spikes per
spikelet’s (0.77), number of kernels per spike (0.72),
thousand seed weight (0.74) and harvest index (0.33).
The number of spikes per spikelet of wheat showed
positive and significant correlation with number of
productive tillers per plant (0.71), spike length ( 0.77),
number of kernels per spike (0.75), thousand kernel weight
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(0.74), grain yield (0.47) and harvest index (0.60)
(Table 12). The number of kernels per spike showed
positive and significant correlation with number of
productive tillers per plant (0.72), spike length (0.72),
number of spikes per spikelet (0.75), thousand seed
weight (0.85) and harvest index (0.50).

Thousand seed weight showed positive and
significant correlation with number of productive tillers
per plant (0.71), spike length (0.74), number of spikes per
spikelet (74), number of kernels per spike (0.85) and
harvest index (0.41). Dry biomass of bread wheat showed
positive and significant correlation with plant height
(0.65), grain yield (0.75) and harvest index (0.44). Grain
yield showed positive and significant correlation with its
components such as plant height (0.29), number of spikes
per spikelet (0.47), dry biomass (0.75) and harvest index
(0.92). This means with increasing value of these
parameters; grain yield increases as well and vice versa.
Harvest index was positively and highly significantly
correlated with plant height (0.37), number of productive
tillers per plant (0.45), spike length (0.33), number of
spikes per spikelet (0.60), number of kernels per spike
(0.50), thousand seed weight 0.41), dry biomass (0.44) and
grain yield (0.92).

CONCLUSION

Wheat (Triticum species) is an important food crop
in Ethiopia. Significantly higher 4.46 t ha™' mean grain
yield of bread wheat was obtained from 125 kg ha™
seeding rate as compared to 100 and 150 kg ha™'. Row
method of sowing at 125 kg ha™' seed rate was optimal for
better grain yield of bread wheat. The main effect of
varieties and seeding rates were significantly improved all
agronomic parameters of bread wheat considered. The use
of 125 kg ha™' seed rate gave significantly improved most
agronomic traits of bread wheat as compared to 100 and
150 kg ha™". The combined use of Liben variety, 125 kg
ha™' seeding rate with row method sowing performed
better and gave higher grain yield (5.26t ha™") of bread
wheat. The interaction effect of seeding rate, sowing
method and varieties were highly significant for thousand
kernel weight, biomass yield and harvesting index of
bread wheat. Positive and strong correlation between
growth, yield and yield components of bread wheat.
Therefore, 125 kg ha™" seeding rate with row methods of
sowing for Liben variety was recommended for
smallholder farmers in study area and other areas with
similar agroecologies. To make reliable and acceptable
recommendation it is better to repeat this experiment
across locations and over seasons.
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