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Response of Maize (Zea mays L.) Hybrids to Plant Density in Nono District,
West Showa Zone, Ethiopia

ABSTRACT

To increase maize yield in a positive environment, it's important to suit the planting density
and cultivar. Field research were carried out in 2021 under rain-fed conditions in Nono
district of West Shewa zone in two locations (Silk Amba and Jiru Gemechu), to decide the
effects of plant density levels on maize hybrids reproduction, growth, yield and vyield
components. The study included four maize hybrids (BH540, BH546, Damote and Limu) and
three planting densities (44,444, 53333 and 67,667 plants ha %) in a randomized complete
block design in a factorial arrangement with 3 replications. Results revealed that location
(Loc) had significantly (P < 0.05) influenced most measured phenological, growth, yield and
yield components of maize. Across environments hybrids significantly (P_< 0.05) affected all
measured parameters. Planting density had additionally affected a few growth, yield and yield
components of maize drastically . Across environments, the lowest grain yield (7.88 ha™) was
observed from BH540 (oldest hybrid). No significant yield increase observed beyond 53,333
plats ha®, and recommended to be the superior planting density for the maize hybrids
included on this study in the district. Compared to the district's existing suggested planting
density of 44,444 plants ha™, planting density of 53,333 plants ha™ produced greater than
nine quintals ha™ yield advantage. At both locations, BH540 and BH546 both had comparable
outcomes. On the other hand, Pioneer hybrids, Damote and Limu resulted the highest yield of
12 and 12.32 t ha™ respectively at Silk Amba, whereas, at Jiru Gemechu, the highest yield was
recorded from Limu (10.64 t ha™) hybrid and was also corresponding to BH546 (9.31 t ha™)
and Damote (9.99 t ha™) suggested differential response of hybrids in different environments
as a result of Loc x H interaction. This study provided further evidence that the growth and
yield of maize are significantly influenced via environment, genotype, plant population, and
interactions. It also made the point that optimizing planting density to match the high-quality
performing variety should be taken into account as new varieties are delivered and advocated
particularly environments.

Keywords: Cultivar, environment, growth, grain yield, plant density
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1. INTRODUCTION

Maize (Zea mays L.) plays a critical role in meeting the high food demand and is globally one
of the most widely cultivated crops (FAOSTAT, 2018). In Ethiopia, maize ranks second in
area coverage after tef (Eragrotis tef) but contributes the highest grain yield from cereal crops.
Due to its versatile nature, maize is growing under diverse agro-ecologies and socioeconomic
conditions (Tsedeke Abate et al., 2017) with great potential to feed over 100 million people in
the country (Dagne Wegary et al., 2019). Currently, maize has already expanded to new
production areas where maize production was not well known in the past (such as west and
east Gojam), yet with better productivity (Tesfaye Balemi et al., 2019). Furthermore, maize
has also steadily growing to new agroecologies such as the highlands of Ethiopia, previously
known for production of major pulse crops and small cereals (Demissew Abakemal et al.,
2013) following the release of suitable highland varieties (Gudeta Nepir et al., 2011).

The use of inappropriate maize agronomic practices could contribute to maize yield gaps.
Among agronomic practices, plant population and row spacing which determine the plant final
yield are among the key factors known to have a strong influence on maize grain yield
(Haarhoff and Swanepoel, 2018), but this relationship is greatly variable (Assefa et al., 2016)
and can be affected by an array of factors including rainfall, tillage system, fertilization, and
soil type (Haarhoff and Swanepoel, 2018) and genotype (Sangoi et al., 2002). For example in
Ethiopia from the available agronomic recommendation for maize, optimum plant density
(Tesfa et al., 2011; 2019) is among the most key determinants agronomic recommendations
for maize productivity. Targeting the right plant density for a certain environment is therefore

a crucial factor to maximize yield for that given environment (Lacasa et al., 2020).

Plant density below the optimal will have more resources per plant with greater individual
plant growth but in a population-scale the overall yield will be lower than when the canopy is
at the optimal number of plants, maximizing light capture and canopy growth (Lacasa et al.,
2020). In contrast, high planting density above the optimum will have a negative consequence
by increasing intraspecific competition, reducing the available resources per plant, and in

some situations increasing plant barrenness (Echarte et al., 2000). Variable maize grain yield



responses to alterations in plant populations is common (Milander et al., 2016; Amelong et al.,
2017). Interactions between plant genotype, environment and plant population can also affect
maize grain yield (DeBruin et al., 2017). Previous studies under Ethiopian condition also
revealed that maize yields significantly varied with plant population (Gobeze et al., 2012;
Getahun et al., 2018).

To this end, in West Shewa zone of Oromia region, Nono district, farmers grow a number of
improved maize hybrid varieties including Limu, BH661, BH660, BH540, Damote and others.
The recommended planting density (75 cm x 30 cm) has not changed despite the development
and introduction of stress tolerant maize varieties in the district. However, the present planting
density may not be optimal for all types of hybrids due to genetic differences with respect to
tolerance to planting density. Matching maize hybrids to planting density is required as new
hybrids may require different optimum crop-management practices including optimum
planting density. Therefore, information on how maize hybrids respond to a given plant
density in a given environment to get an optimum yield should be studied and determined.

Therefore, this study was conducted with the following objectives:

General objective
e To Study the Response of Maize (Zea mays L.) Hybrids to Planting Density on Yield
and Yield Components in Nono District, West Showa Zone, Ethiopia



2. LITERATUR REVIEW

2.1. Maize and its Importance

Maize (Zea mays L.) is a member of the grass family Gramineae (Poaceae) and one of the
oldest cultivated crops (Sleper and Poehlman, 2006). It is the primary food grain in Mexico,
Central America, the Andean region of South America, and eastern and southern Africa
(Sleper and Poehlman, 2006). The crop is grown at latitudes varying from the equator to 50°
north and south, from sea level to over 3 000 meters elevation, under conditions ranging from
heavy rainfall to semi-arid, from cool to very hot climates with growing cycles ranging from 3
to 13 months (Dowswell et al., 1996). To date, maize is widely cultivated in most parts of the
world, over a wide range of environmental variables signifying its global and regional
importance to millions of people who rely on the crop in pursuit of food security and

livelihoods.

Maize is the third most important cereal crops widely grown throughout the world after wheat
and rice. It is the most widely cultivated crop and one of the few crops that have profound
effects on the livelihoods of people in sub-Saharan Africa (SSA) (Kindie et al., 2016). It is an
important source of carbohydrates and protein in the diet in almost half of the calories and
protein consumed in Eastern and Southern Africa (ESA) (Bekele et al., 2011) with 36 million
hectare harvested annually (Tsedeke et al., 2017). In ESA, it covers 53% of the total land
occupied by cereal crops (FAOSTAT, 2018).

2.2. Maize Production Status in Ethiopia

Maize is the second most widely cultivated crop in Ethiopia and is grown under diverse agro-
ecologies and socioeconomic conditions (Tsedeke et al., 2017). It is grown mainly during the
main growing season known as meher, which relies on May-September rainfall (Dawit et al.,
2014). Maize has expanded rapidly (in terms of both area and production) and yield has also
shown an increasing trend. About 70% of maize production concentrates in Oromia and
Amhara regions (Dawit et al., 2014). Following the significant increase in maize productivity
as a result of the good investment in improved seeds and chemical fertilizers to increase maize

production and productivity, maize had a positive impact on poverty reduction in many parts
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of the country (Tsedeke et al., 2017). Maize has already expanded to new areas where maize
production was not well known in the past (such as west and east Gojam), yet with better
productivity. Maize has also expanded to new agro ecologies such as the highlands of Ethiopia
following the release of suitable highland varieties such as BH660, Jibat and Wonchi (Gudeta
etal.,, 2011).

2.3. Plant Density and Maize Productivity

Keeping plant density in optimum range is an important agronomic practice determining grain
yields and yield components of maize crop (Tenaw et al., 2001; Sangoi, 2000; Abuzar et al.,
2011). Lower plant density can explain up to 33% of the maize grain yield variation (Nafziger,
1994). Studies showed that maize yields significantly varied with plant population (Gobeze et
al., 2012; Getahun et al., 2018) and the same results were observed by Tesfaye et al. (2019) in
a joint survey conducted by EIAR and CIMMYT where a positive relationship between grain
yield and plant density as well as number of cobs and plant density. Both very low and very
high plant population, however, reduced maize grain yield (Getahun et al., 2018). Getahun et
al. (2018) observed that low plant population resulted in 18% of the maize grain yield
reduction at Assosa, in Ethiopia. Increasing plant population beyond the optimum resulted in
reduced grain yield and Tokatlidis and Koutroubas (2004) ascribes such reduction in grain
yield to increased barrenness of plants as a result of the adverse effect of high plant population
on the interval of pollen shading and silking creating non-synchronization and hence results in

low yield.

2.4. Effect of Plant Density on Maize Yield and Yield Components

Plant population has a strong influence on maize grain yield (Van Roekel and Coulter, 2011),
however, this relationship is highly variable (Assefa et al., 2016) and can be affected by
factors such as rainfall, tillage system, fertilization, and soil type (Haarhoff and Swanepoel,
2018). Several studies indicated the effect of plant density/population affect the growth,
phenology, yield and yield components of maize (Nik et al., 2011; Assefa et al., 2016;
Bernhard and Below, 2020). Hybrids response to increasing plant population also varied
(Assefa et al., 2016; Bernhard and Below, 2020) indicating existence of variability among

hybrids in response to the population variation and suggests existence of interaction effect.



Study by Nik et al. (2011) grain yield, 1000-grains weight, biologic yield, harvest index varied
with hybrids and population. Recently, an evaluation of genetic, environment, and
management interactions concluded that responses to plant population depend on genetic and
environmental conditions (Assefa et al., 2016). Recent study by Kamara et al. (2020), reported
increased plant density resulted in higher grain yields, total dry matter, ears m, and number
of grains m? at 88,888 than at 53,333 plants ha™ across environments. However, the
magnitude of increases in yield when plant density was increased to 88,888 plants ha™ was,
however, higher for the new hybrids than for the old commercial hybrids.

2.5. Maize Hybrids Response to Planting Density

Interactions between plant genotype and plant population can also affect maize grain yield,
with a recent study conducted by DeBruin et al. (2017) finding a positive relationship between
maize grain yields and plant population in modern hybrids, but a contrasting response in older
hybrids. Modern hybrids possess the ability to withstand greater stress attributable to high
population densities than older hybrids, which in turn enables producers to establish higher
plant populations, leading to higher yields per unit area (Duvick, 1997). The agronomic prac-
tices implemented in a production system should allow the selected germplasm to react
positively to the increased plant populations when favorable environmental conditions occur
(Haegele et al., 2014) while also being tolerant to increased plant-to-plant competition under
suboptimal growing conditions (Tokatlidis and Koutroubas, 2004). High densities are required
for maximum yield potential, but optimum density differs among hybrids and across seasons
(Fasoula and Tollenaar, 2005).

2.6 . Major maize growing Agro-ecologies in Ethiopia

Maize is produced under diverse ecological conditions in different parts of the country. The
reasons for such large adoption and expansion of maize cultivation in Ethiopia include: The
maize agro-ecologies in Ethiopia can be broadly divided into six major categories (MOA,
2005), including Moist and Semi-moist mid-altitudes (1700-2000 m above sea level; 1000—
1200 mm rainfall), Moist upper mid-altitudes(2000— 2400 m; >1200 mm), Dry mid-altitudes
(1000-1600 m; 650-900 mm), Moist lower mid-altitudes (900-1500 m; 900-1200 mm),
Moist lowlands . Maize is the second most widely cultivated crop in Ethiopia and is grown

under diverse agro-ecologies and socio-economic conditions grown mainly during the main
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growing season known as meher, which relies on May-September rainfall (Tesfay B et al .,
2019) . Maize has expanded rapidly (in terms of both area and production) and yield has also
shown an increasing trend. Following the significant increase in maize productivity as a result
of the good investment in improved seeds and chemical fertilizers to increase maize
production and productivity, maize had a positive impact on poverty reduction in many parts
of the country. Maize has already expanded to new areas where maize production was not well
known in the past (such as west and east Gojam), yet with better productivity (Tesfay B et al .,
2019) .

2.7. Maize Varieties in Ethiopia

Discussions of agriculture and rural development in Ethiopia inevitably lead to the subject of
seed. Through a combination of modern science and modest changes in farmer cultivation
practices, improved seed can yield remarkable abundance for small-scale farmers in Ethiopia (
Ethiopian seed Association ,2014) . The development of improved maize variety in Ethiopia
focuses on the improvement of two types of maize varieties: hybrids and open pollinated
maize varieties. Hybrids are superior in yield potential compared to open pollinated maize
varieties. Even if open pollinated maize mostly provided lower yield than hybrids, they can
provide comparable yield as hybrid under reduced input utilization (Emmanuel et al, 2014;
Thembinkosi, 2010) and farmers can save their seed to use for more than three years. In
addition to these open pollinated maize varieties are easier to develop than hybrids and their

seed production is relatively simple and inexpensive (CIMMYT, 1999).

This abundance can contribute to greater production and productivity in the agricultural sector

while also addressing the country’s food security and poverty reduction challenges (Alamu D
at el .,2008) . Open pollinated maize varieties are the best choice to small scale farmers which

cannot afford the cost of hybrids, cultivating maize in low potential environment and cannot
pay for inputs such as fertilizers and pesticides, in the deficiency of adapted hybrids and
absence of enough hybrid seed for timely planting (Emmanuel et al., 2014; Kutka, 2011;
Thembinkosi Nyathi, 2010). SARE (2004) reported that maize producers’ interest in growing
open pollinated maize has increased due to four main reasons:- economic considerations, grain

quality, self reliance, and independence from agricultural conglomerates.



Open pollinated maize varieties are one of the best options for farmers who cannot afford the
cost of hybrids, cultivating maize in low potential environments and cannot pay for inputs
such as fertilizers and pesticides. Maize is currently grown across 13 agro-ecological zones
which together cover about 90 percent of the country. Maize cultivation is also a largely
smallholder phenomenon in Ethiopia. The small-scale farmers that comprise some 80 percent

of Ethiopia’s population are both the primary producers and consumers of maize in Ethiopia.

Maize cultivation is also a largely small holder phenomenon in Ethiopia. The small-scale
farmers that comprise some 80 percent of Ethiopia’s population are both the primary
producers and consumers of maize in Ethiopia . In support of the growing popularity of maize,
an extensive maize seed industry has emerged in Ethiopia over the last several decades . Seed
industry players include public sector research organizations and extension services; market-
actors such as private breeders, seed companies, stockiest, and trade associations civil society
actors such as non-governmental, farmer and community-based organizations and farmers
themselves (Mwangi at el., 2008). The recent introduction of several new maize varieties in
Ethiopia illustrates the potential importance of this seed industry and the contribution of
improved maize varieties to Ethiopia’s agricultural sector. These varieties were specifically
adapted to the semiarid agro-ecologies of Ethiopia’s Rift Valley, an area comprising the
central part of the country and characterized by lowland to intermediate agro-ecologies with
access to relatively greater irrigation than other parts of the country. Their potentially
significant impact on yields and output has been demonstrated through extensive field trials
(Gudeta et al ., 2011) .

2.8 .Response of Maize Varieties to Environment

Environmental effects have been shown to have effects on grain yield and thus yield
components as well. Water and temperature have specifically been shown to affect yield
through yield components. Available N is not considered to be an environmental factor but it
is related as it moves with water in the soil and the plant. Environment varies across growing
seasons and thus causes yield components to vary due to multiple and interactive
environmental factors ( Haegele et al., 2014) . Maize an important cereal of the world, ranked

1st in seed yield production and can grow in areas where annual precipitation exceeds 600mm.



Despite modern agriculture is concerned with yield and nutritional quality of crop but
environment does play its role for production of the varieties ( Akwal at el., 2010) .

Maize an important cereal of the world, ranked 1st in seed yield production and can grow in
areas where annual precipitation exceeds 600mm. Despite modern agriculture is concerned
with yield and nutritional quality of crop but environment does play its role for production of
the varieties ( Akwal at el., 2010) . Optimum plants with sufficient inputs might play
significant role in production due to efficient utilization of resources e.g. light, CO, and water
etc. Assuming biotic and abiotic stresses constant, dry matter yield is equal to amount of
radiation absorbed by the canopy . Light interception by crop canopy is function of dry matter
productivity where leaf contributes more than 80% . Leaf area development at different nodal
position is therefore important parameter to take in consideration of crop yield and yield
components. Temperature also affects grain fill of maize as it has an effect on the rate and
duration of kernel growth and final kernel weight. Extreme temperatures of 15°C and 35°C
during grain fill have been found to be similarly detrimental to kernel growth and reduce
kernel weight. These effects were more severe during early grain fill then during late grain fill
(Jones et al., 1984). The opposite effects were observed when higher temperatures occurred in

the same time period and thus lower yields were attained.



3. MATERIAL AND METHODS

3.1. Description of the Study Areas

Two field experiments were conducted during the Belg cropping season 2021 at farmer’s
fields (Silkamba and Jiru Gemechu) in Nono district, West Shewa zone, Oromia region. Nono
district is located at latitude 37°59 E and longitude 8.20.3°N at an altitude range of 1500 to
1950 m.a.s.l. The district has two major Agro-ecological zones, with 70.59% Kola and 29.41
% Wayne Dega ( Nono Woreda Agricultural office 2011 ). The district was known for its
potential for maize production. The district receives mean annual rainfall that ranges from 900
to 1100 ml. The mean annual minimum and maximum temperature is 14 °Ce and 24 °Ce
respectively. The experimental site was carried out at two different locations whith low and

mid altitudes .

Silk Amba is situated in Nono woreda, 223 kilometers from Addis Abeba and 70 kilometers to
the southwest of Ambo town. It is located at an elevation of 1850 masl, with an annual
temperature of 15 °C, and receives 1950 ml of precipitation each year (Nono Woreda
Agricultural Office 2005 ). The predominant soil type in the area is loam soil. Jiru Gamachu,
which has an annual temperature of 22 °C, an annual rainfall of 900 ml, and an elevation of
1572 masl, is situated 239 km from Addis Abeba and 16 km from Silk Amba town. The

predominant soil type in the area is also loam.

3.2. Experimental Materials

For the experiment, four hybrid maize varieties with varying maturities were used: Limu and
Damote from the Pioneer Seed Company, and BH540 and BH546 from the Bako Research
Center. Limu and Damote are both late in maturing (165-180 days), while BH540 and BH546
both have a medium maturation period (145 days) (MoANR, 2016). Additional description of

the hybrid maize varieties used is presented in Tablel.



Table 1. Description of maize hybrid varieties used for the study

Yield
Year of Rain fall (gt ha
Name of Variety release requirement Altitude (m) Maturity 1) Breeder
BH540 1995  1000-1200 1600-2200 145 80-90 BRC
BH546 2013  1000-1200 1600 — 2200 145 93-103 BRC
Limu (P3812W) 2012  1000-1900 1200-2000 180 80-100 PHSE
Damote (P3506W) 2015  900-1800 800-1800 165 60-80 PHSE

Medium 120-150 and late 160-180 days ( Tesfaye et al., 2020). BRC; Bako Research Center
and PHSE; Pioneer Hybrid seed Ethiopia. Source: (MoANR, 2016)

3.3. Treatments and Experimental Design

The treatments was consist factorial combinations of three planting populations (44 444; 53
333; 66667 plants ha ™ ) and four widely cultivated commercial maize hybrids (BH540,
BH546, Limu and Damote) arranged in 3 x 4 factorial combination in randomized complete
block design (RCBD) replicated three times. The spacing between plots and adjacent
replication were maintained at 1.5 m and 1 m, respectively. For the first (44, 444 plants ha™)
and second plant population (53, 333 plant ha™), a spacing of 75 cm x 30 cm and 75 cm x 25
cm was used to achieve the desired plant population, respectively . For the third (66,667 plants
ha ™) a spacing of 75 cm x 40 cm with two seeds placed 5 cm apart was used. Each plot
consisted of a gross area of six 3m long rows (4.5m x 3m = 13.5m?). At each location, the

central four rows of each plot (a net plot area of 9 m?) were used for data collection.
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Table 2. Treatment combinations used for the study

S/No. Variety Plant density (plants ha™)  Treatment combination

1 BH540 44,444 BH540 at 44,444 plants ha™
2 BH540 53, 333 BH540 at 53,333 plants ha™
3 BH540 66,667 BH540 at 66,667plants ha™
4 BH546 44,444 BH546 at 44,444 plants ha™
5 BH546 53, 333 BH546 at 53,333 plants ha™
6 BH546 66,667 BH546 at 66,667plants ha™
7 Limu 44,444 Limu at 44,444 plants ha-1
8 Limu 53, 333 Limu at 53,333 plants ha-1
9 Limu 66,667 Limu at 66,667plants ha™
10 Damote 44,444 Damote at 44,444 plants ha™
11 Damote 53, 333 Damote at 53,333 plants ha™
12 Damote 66,667 Damote at 66,667plants ha™

3.4. Experimental Procedures and Field Management
The land was prepared at each testing site (Silk Amba and Jiru Gemechu) by plowing it three

times with oxen followed by leveling it in April 2021. Planting was carried out on May 24 and
May 27 at Jiru Gemechu and Silk Amba sites, respectively. During planting, each site received
a basal fertilizer treatment of recommended full dose blended NPSB fertilizer (200 kg NPSB
ha). Additionally, at both sites, the recommended nitrogen rate in the form of urea (250 kg™)
was applied uniformly in two bands: half of it after 30 days after planting and the remaining
half after 60 days. At both research sites, every other aspect of cultural practices were applied
consistently to every experimental plot. At the vegetative stage of the maize plant in both
locations, Stem Borer and Fall Army Worm were observed. As a result, Ethiozinon 60% EC
(Diazoni) insecticide applied at the recommended rate of 1-2 L/ha diluted in 1000 liter volume
of water. At each site, harvesting was done from the central rows of each experimental plot
when the crops reached physiological maturity (plant turned to yellowish, ear husk turned into

the brown and appearance of black layer at the base of each kernel).
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3.5. Soil Sampling and Analysis

At each site prior to planting, soil samples were taken using auger randomly to depth of 0— 20
cm by walking the field in “W” pattern from 10 spots and composites sample prepared for
each. Composited samples used for physico-chemical analysis of the experimental sites at.
Laboratory analysis was conducted at Wolkite Sample testing and Soil Fertility Improvement
Center testing laboratory. Composite soil sample were air dried and analyzed for the
determination of soil texture, soil pH, organic matter content, total nitrogen, available
phosphorus and cation exchange capacity (CEC). Soil texture was determined using the
Bouyoucos hydrometer method (Bouyoucos., 1962). The pH of the soil was measured in the
supernatant suspension of a 1:2.5 soil to water ratio using a pH meter (Rhoades at el., 1982).
Organic carbon (%) was determined by method as described by Walkley and Black , ( 1934).
Total nitrogen was measured using Kjedahl method as described by (Bremner and Mulvaney,
1982). CEC in cmol (+) kg™ soil was determined by ammonium acetate method.

3.6. Data Collection and Measurements

At each location, observations based on plot and plant base were made for each experimental
plot from the net plot area of each as follows:

Day to anthesis (DA): measured by counting the number of days from planting to the date

when 50% of the plants in a plot had shed pollen.

Days to silking (DS) :- measured by counting the number of days from planting to the date

when 50% of the plants in a plot had emerged silks.
Anthesis silking interval (ASI) :- was computed as the difference between DS and DA.

Days to physiological Maturity (DPM): was recorded as the number of days from planting
to the formation of a black layer at the point of attachment of the kernel with the cob by 75%

of the maize plants in the net plot.

Plant height (PH):- measured as the distance from the base of the plant to the height of the
first tassel branch and taken from ten randomly selected plants from the central rows of each

plot after flowering (measured two weeks after pollen shed).
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Ear height (EH):- measured as the distance from the base of the plant to the node bearing the
upper ear after flowering and taken from five randomly selected plants from the central rows

of each plot after flowering (measured two weeks after pollen shed).

Number of ears per plant (EPP): determined by dividing the total number of ears harvested
from the central rows of each plot by number of plants in the plot at harvest. An ear was
counted if it had at least one fully developed grain.

Number of rows per ear (RPE):- was recorded as the average number of kernel rows per ear
from the five randomly sampled ears harvested from the central three rows of each plot.
Number of kernels per row (KPR): recorded as the average number of kernels per row from
the five randomly taken ears during harvesting.

Ear length (EL) (mm): was measured as length of the ear from the base to tip, like ear
diameter, an average of five ears was used.

Ear diameter (ED) (mm): measured using Vernier caliper from five randomly selected ears
from all harvested ears of each plot (net plot). It was measured at the mid-way along the ear
length as average of the five randomly selected ears.

Field weight (FWT): It was recorded as the weighted in kg of all dehusked ears (cobs) in the
plot (from net plot area) at harvesting.

Moisture percentage (MOIST):- To determine grain moisture content (%), five
representative cobs were selected, dehusked and shelled. The moisture content of the grains
was then measured with digital moisture tester (Model PM-450, Kett Electric Laboratory) in
the field.

Thousand Kernel weight (TKW): was determined by counting 1000 seeds from a bulk of
each experimental plot and weighed in grams after the moisture was adjusted to 12.5%.

Total above ground biomass yield (TBY) (t ha™ ):-plants were harvested from the net plot
area(9m?, weighed using field balance (Salter Model-235), and recorded biomass yield at
harvested .

Grain yield (GY) (tha™):- was determined on field weight basis (ears weighted in kg) from
the net plot area, adjusted to 12.5% moisture content, and 80% shelling percentage was

assumed for estimating the grain yield and converted to t ha™.
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To determine grain moisture content (%), five representative cobs were selected and grains
removed from their cobs. The moisture content of the grains was measured with digital
moisture tester (Model PM-450, Kett Electric Laboratory) using the following formula (Badu-
Apra et al., 2021). Grain yield (t/ha) = [Fresh ear weight (kg/plot) x 10 x (100 — MC) x
0.8)/((100 — adjusted Moisture content ) x Plot Area]

Harvest index (HI): was determined as the ratio of grain yield to total above ground biomass
and multiplied by 100% at harvest in Kilo gram from each plot (Huehn, 1993).
Grain yield

HI% = x 100
% Total above ground biomass

3.7. Statistical Data Analysis

At each location, analysis of Variance (ANOVA) was conducted using the PROC GLM
procedure of SAS SAS version 9.3 (SAS Institute, 2014) for all measured traits. When traits
mean square found significant, combined analysis of variance was performed using the PROC
MIXED procedure of SAS with RANDOM statement with TEST option after performing test
of homogeneity of error variances using Minitab version 17 software. In the combined
ANOVA, maize hybrids and plant populations were considered as fixed effects, while location
(Loc), replication (Rep), Rep nested within Loc and all interactions with these effects were
considered random effects. Significant treatment means were separated by Fisher’s protected
least significant difference (LSD) test at P = 0.05. Pearson’s correlation analysis between

grain yield and other measured parameters was conducted using Minitab version 17 software.
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4. RESULT AND DISCUSSION

4.1. Soil Physico-Chemical Properties of Study Sites

Table 3 shows the analysis of the laboratory analysis of the experimental sites for certain soil
physical and chemical characteristics. The results demonstrate that the soil textural class for
both Silk Amba and Jiru Gemechu is loam soil. Silk Amba and Jiru Gemechu had pH values
of 6.7 and 6.4%, respectively. According to Tisdale et al. (2002), soil pH values of <_ 3.5, 3.5-
4.4, 45-5, 5.1-5.5, 5.6-6, 6.1-6.5, and 6.6-7.3 were each described as being either extremely
acidic, very strongly acidic, strongly acidic, moderately acidic, likely acidic, and neutral.
Accordingly, both the experimental sites are neutral . The normal soil pH for maize production
is known to be between 5 and 8 (Martin, 1993), the current pH result at both sites indicate
suitability for maize production . It was evident from the results that both sites had low levels
of organic carbon according to Landon's (1991) rating. Similarly, according to the rating of a

similar author, the status of total nitrogen in both sites has been shown to be low.

Table 3. Selected physico-chemical properties of the experimental sites

Site OM% TN% pH, CEC Texture
H,O (meqg/100gsoil) %Sand %Clay %Silt  Textural
Class
Silk Amba 524 0.262 6.7 33.6 40 23 37 Loam
Jiruu 558 0.279 6.4 494 36 19 45 Loam

Gamechu

Note : OM (organic matter), TN (total nitrogen), pH (potential of hydrogen),CEC (cation
exchange capacity)
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4.2. Crop phenology and Growth Parameters
4.2.1. Days to anthesis, silking, and physiological maturity

Examining the days to anthesis (DA), silking (DS), and maturity (DM) across locations, it was
revealed that there was a noticeable effect of location (P < 0.05) and variety (P< 0.01)
(Appendix Table 1). Location by hybrid interactions were significant ((P < 0.05) for DS and
DM but not for DA (P > 0.05) (Appendix Table 1). Besides, interaction of hybrid by plant
population, location x hybrid, and location x hybrid x population revealed non- significant
effect for DA, DS and DM (Appendix Table 1).

Effect of location and variety on days to anthesis

The longest days to anthesis was observed at Silk Amba site than Jiru Gemechu (Figure 1).
The higher elevation, and the prevailing rainfall during the growing season at Silk Amba
might contributed to the delay in days to anthesis than Jiru Gemechu, located at lower altitude
and received low rainfall. Temperature variation at the study locations might also contributed

in the variation to days to anthesis.

Mean values of hybrids indicated that, Damote took maximum days (90.55 days) to anthesis
(male flowering) followed by BH54, while hybrids BH540 and Limu took minimum days to
anthesis (87.83 and 88.72 days). The variation observed among maize hybrids for days to
anthesis could be attributed to inherent genetic variation. Consistent to the present study,
Abubakar and Manga (2017) reported variability of maize for days to flowering in ten maize
genotypes. In to this finding, previous study by Ajayo et al. (2021) in ten early and late maize
genotypes revealed varied response of maize genotypes for days to flowering and anthesis.
Furthermore previous studies also documented significant effect of hybrids to days to anthesis,
silking and anthesis silking interval across environments (Dagne et al., 2011; 2014; Berhanu et
al., 2017; Addisalem et al., 2019).
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Figure 1. Effect of location and hybrid on days to anthesis

Effect of hybrid by location interaction on days to silking and anthesis silking-interval

Table 4. depicts hybrid by location interaction effect on days to silking (DS) and anthesis
silking-interval(ASI). The interaction of hybrid by location on DS and ASI indicated
performance of hybrids were not consistent across environments . The longest DS(97.44 days)
was observed at Silk Amba by hybrids BH546, Damote and Limu. All the test hybrids at Jiru
Gemechu did not significantly varied for DS. The lowest DS (93.22 days) was observed at Jiru
Gemechu from hybrid Damote, and was not statistically different from the rest hybrids. In
agreement with the present findings, Dagne et al. (2014) and Addisalem et al. (209) reported
significant hybrid by environment interaction for maize hybrids for days to silking.

Similarly ASI of maize was significantly affected by the interaction of hybrids and locations.
The shortest ASI( 1.27 days) was noted from Damote at Jiru Gemechu, and was statistically at
par with hybrids BH540 at both locations. In contrast the maximum ASI ( 1.42 days) was
noted from Silk Amba site from BH546, which was statistically not different from all hybrids
at both locations with the exception of Damote hybrid at Jiru Gemechu site. Higher ASI
indicated less synchrony between male and female flowering, while shorter ASI indicates high
synchrony between female and male flowering. Accordingly, higher DS at Silk Amba for
BH546 hybrid and Damote resulted for wider ASI (not desirable). In contrast, shortest DS at
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Jiru Gemechu from hybrid Damote resulted in the shortest ASI days, and preferred one and
resulted in higher synchrony between male and female flowering. Generally the ASI observed
in this study is shorter among hybrids at each location as it was less pronounced in modern
maize hybrids (Kamara et al., 2006). Significant hybrid by location interaction for ASI for
maize hybrids has been also reported previously (Dagne et al., 2014; Addisalem et al., 2019).

Table 4. Interaction effect of hybrid and location on days to silking and anthesis silking
interval

Hybrid Location Days to silking Anthesis-silking interval

Silk Amba 92.89¢c 1.35ab
BH540 .

Jiru Gemechu 92.33¢c 1.34ab

Silk Amba 97.44a 1.42a
BH546 _

Jiru Gemechu 94.11bc 1.36a

_ Silk Amba 96.22ab 1.40a

Limu

Jiru Gemechu 93.67bc 1.38a

Silk Amba 97.44a 1.41a
Damote

Jiru Gemechu 93.22¢c 1.27b
LSD (5%) 1.67 0.05
CV (%) 1.86 4.1

Means followed by the same letter in a column are not significantly different at P > 0.05
Effect of location on days to maturity and ear height

Location significantly affected days to maturity and ear height of maize hybrids (Figure 2.).
Accordingly, Silk Amba site resulted in delayed maturity than Jiru Gemechu. Likewise, Silk
Amba resulted in the highest (134 cm) ear height of maize compared to Jiru Gemechu. The
significant differences between locations for days to maturity and ear height (Figure 2) might
have arisen from the differences in weather conditions (temperature, rainfall, elevation) that
prevailed during the evaluation of the trial at these locations. The two test locations, namely
Silk Amba and Jiru Gemechu, differed markedly in rainfall, across years, contributing to the
observed differences for these traits in these locations. In agreement with the present findings

Kamara et al. (2020) reported significant effect of location growth, yield and vyield
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components of maize hybrids. Addisalem et al. (2019) also reported significant effect of
location on ear height and other traits of maize hybrids tested at Ambo and Bako.
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Figure 2. Effect of location on days to maturity and ear height

Effect of plant density on days to maturity, plant and ear heights

Days to physiological maturity, plant height and ear height significantly affected by plant
density (Table 5). Days to maturity, took earlier at 44, 444 and 53,333 plants ha™. The highest
plant density resulted in delayed to physiological maturity and was statistically not different
than plant population at 53, 333 plants ha™ (Table 5). Plant density also affected plant height
significantly. Accordingly, the highest plant height (257.7 cm) was observed at the highest
plant population ha®, while the lowest (250.92 cm) was observed at the lowest plant
population (Table 5). Likewise, the highest ear height (134.22 cm) was observed at the highest
plant population (66,667plants h-') and the lowest plant population resulted in the lowest ear
height (44,444 plant h-') and was also statistically at par with ear height at 53,333 plant
population ha™. Generally in this study, both plant and ear height increased with increased
planting density from 44,444 to 66,667 plants ha™. Previous studies on plant population effect
on maize hybrids also reported significant effect of plant population on physiological

development including days to maturity, and growth traits like plant and ear height under
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varied plant populations in different agro-environments (Abubakar and Manga, 2017; Omar et
al., 2022).

Effect of hybrid on maturity, plant and ear heights

The hybrids differed in days to maturity, plant and ear heights across locations(Table 5) . Days
to physiological maturity ranged from 124.33 days (BH540) to 125.83 days (BH546 and
Damote). Hybrids BH546, Limu and Damote resulted in the delayed to physiological maturity,
but did not resulted in significant mean variation for the trait. Inherent characteristics of the
hybrids might contributed for variation in days to maturity, but most conversely, BH540 took
significantly earlier days to physiological maturity than the rest hybrids. Plant height among
the hybrids ranged from 243.41cm (BH546) cm to 264. 41- cm (Damote). Hybrid Damote
resulted in the highest plant height and was not however, statistically different from Limu
variety . In contrast, the lowest plant height was recorded form BH540, and was statistically at
par with hybrid BH546 (Table 5). Ear height ranged from 127.11 cm (BH546) to 133.69 cm
(Limu). The highest ear height was observed from hybrid Limu, and statistically not different
than BH540 hybrid. In contrast, the shortest plant height was recorded from hybrid BH546,
and was also not significantly different from hybrid Damote. Variations in maize hybrids for
growth parameters recorded in the current study is in agreement with previous studies on
maize hybrids in Ethiopia that included Limu and BH546 hybrids in their study (Tesfaye et
al.,2020). Similarly, existence of hybrids variability to maturity and growth characters have
also been reported (Jan et al., 2007; Dagne et al., 2014; Abubakar and Manga, 2017; Fromme
etal., 2019; Omar et al., 2022).
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Table 5. Effect of plant population and hybrid on days to maturity, plant and height

Treatments

Plant density ha™ Days to maturity Plant height Ear height
44,444 124.92b 250.92b 127.33b
53, 333 125.29ab 255.84a 130.07b
66,667 125.75a 257.70a 134.22a
LSD (5%) 0.6 4.71 3.59
Hybrid

BH540 124.33b 248.34b 133.24a
BH546 125.83a 243.41b 127.11b
Limu 125.27a 264.81a 133.69%
Damote 125.83a 262.72a 128.13b
LSD (5%) 0.69 5.44 4.14
CV (%) 2.53 3.18 4.72

Means followed by the same letter in a column are not significantly different at P > 0.05

4.3. Ear parameters
4.3.1. Number of ears per plant

Combined ANOVA revealed highly significant (P < 0.01) effect of location, hybrid and plant

density on number of ears per plant. However, none of the second and third order interaction

effects were significant (P > 0.05) for the same trait (Appendix Table 2).

Effect of location, hybrid and plant density on number of ears per plant

Planting environment significantly affected number of ears per plant (Figure 3). The highest
number of ears per plant was recorded at Silk Amba (1.21) site than Jiru Gemechu (1.11). The
prevailing environmental condition at Silk Amba might contributed to increased growth and
development and resulted in more number of ears per plant than the other environment. The
variations in weather and soil characteristics that prevailed during the experimentation period

at these locations may have contributed to the large differences in the number of ears per plant
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between the locations. The rainfall variation between years at the two test sites, Silk Amba and
Jiru Gemechu, might explain the observed variations in the number of ears per plant and other
features observed. In accordance with the current study, substantial effect of location on the
number of ears per plant in maize hybrids have been reported in previous studies (Dagne et al.,
2014; Addisalem M et al., 2019; Kamara et al., 2020; Alamu et al., 2022).

Maize hybrids also responded differently across environments for number of ears per plant
(Figure 3). Hybrid Damote had the maximum number of ears per plant (1.25) and was
statistically comparable to BH546 and Limu hybrids, whereas BH540 had the lowest number
of ears per plant (1.01) (Figure 3). The modern hybrids (BH546, Limu and Damote) showed
more ears on each plant than the older one (BH540) did. In agreement, Cui et al. (2022) and
Kamara et al. (2020) both noted that new maize hybrids had more ears per plant than older

varieties do.

Plant density significantly affected number of ears per plant on maize (Figure 3). The lowest
plant density(44,444 plants ha®) yielded the maximum number of ears per plant (1.31),
whereas the highest plant density (66,667 plants ha') yielded the lowest (1.04) number of ears
per plant (Figure 3). In the current study, the number of ears per plant decreased as plant
density increased, and was in agreement with previous studies (Jan et al., 2007; Fromme et al.,

2019; He et al., 2022; Andrea et al., 2022) where higher ear prolificacy in low-density crops.
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Figure 3. Effect of location, hybrid and plant density on number of ears per plant on maize

4.3.2. Ear diameter and ear length
The mean square showed that the main effects of location and hybrid significantly (P < 0.01)

affected (Appendix Table 2) ear diameter (ED). The interaction effect of location by hybrid
also significantly (P < 0.05) affected ear diameter. However, the main effect of plant density
and the rest two and three way interaction effects failed to significantly affect ear diameter
(Appendix table 2). With regard to ear length (EL), mean square for combined ANOVA
showed that only the main effect of hybrid significantly (P < 0.01) affected EL of maize. Other
main effects and all interaction effects did not significantly affected ear length (Appendix
Table 2).

Interaction effect of location by hybrid on ear diameter

Figure 4 shows the interaction effect of location by hybrid on ear diameter (ED). Ear diameter
ranged from 46.56 mm at Jiru Gemechu from BH540 hybrid to 50.76 mm at the same location
from BH546. In the current study, the environment in the two settings significantly affected
ED for BH540 (Figure 4). The ear diameter of other maize hybrids, however, was not

impacted by the environment, suggesting that the new hybrids performed consistently for ear
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diameter in both locations. Significant effect of environments on ear diameter and other ear

characteristics has been reported previously (Mousavi et al., 2020; Andayani et al., 2020).
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Figure 4. Interaction effect of location and hybrid on maize ear diameter

Effect of hybrid on ear length

The effect of hybrid on maize ear length is presented in Table 6. Hybrid BH540, recorded the
shortest ear length, less number of kernel rows per ear and number of kernels per row (Table
6). The longest ear length (18.47 cm) was recorded from Limu hybrid. However, hybrids
BH540, BH546 and Damote did not significantly different in ear length. The narrowest ear
diameter was obtained from the oldest hybrid (BH540), while the widest ear diameter was
recorded from Limu and was statically at par with Damote and BH546 (Table 6). Existence of
genetic variations for ear length among the hybrids could be the culprit for differences in ear
length variability. Variations to maize hybrids for ear length have been reported in Ethiopia
for varieties adapted in mid altitude environments (Tasisa and Teshome , 2019) and for low

land maize varieties (Mekuannet , 2020).

4.3.3. Kernel characteristics

Across environments, mean squares for number of kernel rows per ear (KRPE) and number of
kernels per row (KPR) significantly (P < 0.001) affected by hybrids. However, the main

effects of location and plant density and all interactions did not significantly affected these
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traits (Appendix Table 2). Significant effect of hybrid on KRPE and KPR suggested that these
traits are governed by genetic make of the hybrids.

The least number of kernel rows per ear (12.82) was recorded from BH540, and the
highest(14.73) from BH546 which was not significantly different than Limu. With regard to
kernel number per row, the lowest (35.42) was recorded from BH540, and the highest(39.25)
was obtained from Limu. However, BH546 and Damote did not significantly vary in KPR
(Table 6). Mekuannet , (2020) observed hybrid variability for kernels per ear in low land
maize varieties in earlier studies, which is consistent with the findings of the current study.

Table 6. Ear length, kernel rows per ear and number of kernels per row as influenced by maize
hybrids

Hybrid Ear length(cm) Kernel row per ear Kernel per row
BH540 15.77b 12.82c 35.42¢
BH546 16.86b 14.73a 37.37b
Limu 18.47a 14.4a 39.25a
Damote 16.39b 13.64b 37.77b
LSD (5%) 1.59 0.4722 1.3405
CV (%) 14.0 5.05 5.33

LSD, least significant difference at 5% probability level. Means followed by the same letter in
a column are not significantly different at P > 0.05

4.4. Grain Yield and Yield Components
4.4.1. Grain yield

Combined analysis of variance depicted that the main effects of location, hybrid and
population were significant (P < 0.05) for grain yield (Appendix Table 3). In addition,
location by hybrid interaction significantly influenced grain yield. However, all the rest two
way or three way interaction did not significantly (P > 0.05) influenced grain yield.

Effect of plant density on maize grain yield
In modern maize hybrids, field yield increases with plant density until a maximum population

is reached, in line with the growing surroundings and after this maximum field yield declines
(Greveniotis et al., 2019). On research, the lowest grain yield (9.2 t ha™) was found at the
lowest plant population(44,444 plants ha*) , whilst the highest plant population resulted within
the maximum grain yield (10.27 t ha-1). However, there was no apparent yield distinction
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between the plant populace at 53,333 plants consistent with hectare and the highest plant
population (figure 5). Grain yield typically expanded appreciably whilst plant population
improved from 44, 444 to 53,333 plants per hectare, but did now not increase significantly
after 53, 333 plant population, indicating that 53,333 plants per hectare was the most excellent

population in this study for optimum grain yield.

Similarly to changing growth and developmental styles and carbohydrate production, stand
density also has an effect on plant architecture. At low densities, maximum maize varieties do
now not tiller efficiently and quite often produce only one ear per plant (Abuzar et al., 2011).
If the plant density is just too high, it's going to actually lead to interplant competition as a
way to increase crowding stress and reduce grain yield (Sangoi, 2001; Tollenaar et al., 2006;
Yan et al., 2017; Fromme et al., 2019). It seems that plant density of 53,333 plants ha * are
required for optimum yield in Nono district. It together with this observation, in advance
investigations determined a considerable effect of plant population on maize grain yield (Jan
etal., 2007; Fromme et al., 2019; He et al., 2022; Omar et al., 2022).
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Figure 5. Effect of plant density on grain yield of maize hybrid
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Effect of location by hybrid interaction on maize grain yield

The effect of location by hybrid interaction on maize grain yield indicated that hybrids
performance were inconsistent across the tested locations. The maximum grain yield was
produced by hybrid Damote at Silk Amba (12.32 t ha™), which was comparable to Limu
hybrid at the same location. The Damote variety outperformed BH540 in Jiru Gemechu by
36%, while the Limu variety outperformed BH540 at Silk Amba by 25.94%. The lowest grain
yield at Jiru Gemechu was observed from hybrid BH540, which was statistically equivalent to
BH546. At Silk Amba, hybrid BH546 resulted in comparable grain yield to Limu and Damote
hybrids (Figure 6). Generally at both locations the pioneer hybrids resulted in higher grain
yield compared to hybrids released from Bako Agricultural Research Center. Significant
effect of maize hybrid by location interaction have also been reported (Dagne et al., 2011
Berhanu et al., 2017; Addisalem et al., 2019; Azrai et al., 2022). In contrast, Tariku et al.
(2022) reported non-significant location by variety interaction on maize varieties released for
low land environments of Ethiopia. The variations among previous results might be due to
variations in hybrids and locations used for the study.
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Figure 6. Location by hybrid interaction effect on maize grain yield
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4.4.2. Thousand kernel weight

The analysis of variance result of the effect of location, hybrid and plant density on thousand
kernel weight (TKW) is presented in Appendix Table 3. The mean squares for location, hybrid
and hybrid by location interaction, location by plant density interaction had significant (P <
0.05) effect on TKW. However, there were no significant (P > 0.05) plant density, location by
hybrid by plant density interaction effect on TKW.

Effect of location by hybrid, and location by plant density interaction on thousand kernel
weight

Interaction effect of location by plant density and location by hybrid is indicated in Table 7.
The weight of the thousand kernels varied from 500.79 to 417.75 grams. The maximum TKW
was recorded at Silk Amba from a plant density of 53,333 ha™, and the lowest TKW was
recorded at Jiru Gemechu from the smallest plant density (44,444 plants ha™) (Table 7).
However, the three plant densities did not produced a noticeably different TKW at Silk Amba
or Jiru Gemechu. In general, TKW increased at both sites as the plant population increased
from 44,444 to 53,333 plants ha™, but decreased at the biggest plant population. This decrease
in TKW at the highest plant population may be due to increased interplant competition for
resources like space, light, water, nutrients, and other growth factors that affect final kernel
weight. The results are in line with previous discoveries (Abuzar et al., 2011; Greveniotis et
al., 2019; Mian et al., 2021) that population had a considerable impact on 1000 grain weight in
maize. Greater plant competition slowed the 1000-grain weight in closer spacing. High plant
densities might make the growing ear less able to get water, nitrogen, and photosynthate.
Additionally, Zamir et al. (2011) reviewed the evidence and found that a high plant population

decreased reproductive growth and grain filling due to competition for nutrients, light, and air.

The interaction of hybrids with the environment was considerable for TKW (Table 7), and the
results indicated inconsistent hybrid performance for TKW across the two locations. At Silk
Amba, hybrid BH540 had the highest TKW, while hybrid Damote had the highest TKW at
Jiru Gemechu. At Silk Amba, however, hybrids BH540 and BH 546 as well as hybrids
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BH546, Limu and Damote, did not significantly differ in TKW. At Jiru Gemechu, the four
hybrids did not statistically differ from one another. According to previous research, hybrids
have exhibited a variety of responses to many environmental factors regarding ear properties,
such as thousand grain weight on maize (Greveniotis et al., 2019). Statistically significant
variations in maize hybrids for thousand grain weight were also noted by Duvick (2005) and
Mekuannet and Kiya (2020).

Table 7. Thousand kernel weight (gm) as affected by Location x Plant density and Location x

Hybrid interaction

Treatments Silk Jiru
Amba Gemechu

Plant density ha™

44,444 482.59ab 417.75d

53, 333 500.79a 448.25bcd

66, 667 477.91abc 436.92cd

CV (%) 7.63

SE 35.14

Hybrid

BH540 543.54a 435.78c

BH546 501.66ab 406.22c

Limu 447.42bc 436.67¢

Damote 455.77bc 458.56bc

CV (%) 7.63

SE 35.14

Means with the same letters in a column are not significantly differently (P > 0.05)

4.4.3. Harvest index
The harvest index represents the proportion of plant dry biomass allocated into grains. The

combined analysis of variance displayed that the main effect hybrid and interaction effect of
location by plant density were significant for harvest index. However, the main effects of
location, population and the rest second and third order interaction were not significantly
affected HI (Appendix Table 3).
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Effect of hybrid on harvest index

The main effect of hybrid on harvest index of maize is presented in Figure 7.
The maximum harvest index was obtained from hybrid Damote and did not differ significantly
from Lumu and BH540. On the other hand, hybrid BH540 had the lowest harvest index (Figur
e 7). The discrepancies that occurred among hybrids for the harvest index could be attributed
to variations in hybrid morphology and the variations in partitioning of assimilates into sinks
among hybrids. According to Liu et al. (2020), hybrids differed in the maize harvest index.
Nevertheless, Mujtaba et al. (2003) found no significant differences in harvest index among

maize hybrids included in the study.

0.5

LSD (5%) = 0.03 | CV(%)=10.98
0.43a

0.45
0.4
0.35

o
w

0.25

Harvest index

©
[N}

0.15
0.1
0.05

Damote

Figure 7. Effect of hybrid on harvest index

Effect of location by plant density interaction on harvest index

The analysis of variance showed that the harvest index of maize was significantly affected by
the interaction effect of location by plant density ( Figure 8) . Jiru Gemechu had the highest
harvest index ( 0.46 ) at with 53,333 plants ha, and the lowest harvest index(0.4) , at 66,667
plants ha™ (Figure 9). There were no notable variations among plant populations at Silk Amba
for harvest index. At Jiru Gemechu, the harvest index tended to rise with rising plant
population, but it fell after 53,333 plant population ha™. In agreement lon et al. (2015)

reported significant effect of location by plant density interaction on maize on harvest index.
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Figure 8. Effect of location by plant density interaction on harvest index of maize

4.4.4. Total biological yield

Combined ANOVA for total biomass yield (TBY) revealed that the main effects of hybrid,
density and interaction effects of location x hybrid were significant (P < 0.05). However, non-
significant effect of location, interactions of hybrid x plant density, location x density and the
three-way interaction (location x hybrid x plant density) on TBY (Appendix Table 3).

Effect of location by hybrid interaction on total biological yield

The total biomass yield (TBY) ranged from 13.02 to 17.37 t ha™*. The lowest TBY(11.61) was
observed at Silk Amba from BH540, while the maximum(17.38) was observed from Jiru
Gemechu from Limu hybrid (Figure 9). Older hybrid (BH540) recorded the highest TBY than
recently released hybrids. He et al. (2021) also noted that newer hybrids had greater sink
capacities than older hybrids.
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Effect plant density on total biological yield

Total biomass yield varied significantly with planting density (Figure 10). Aboveground
biomass accumulation increased with the increase in planting density (Figure 10), with the
highest value recorded at the highest planting density (66,667 plants ha™). Biomass yield
accumulation increased from 44,444 to 66,667 plants ha™. The lowest TBY was recorded from
the lowest plant density, and was statistically not different from plant density 53,333 plants ha’
! In the current study, the largest plant density (66,667 plants ha™) produced 10.8% more
TBY than the lowest plant density (44,444 plants ha™) . Despite increased in planting density
increased TBY, increased TBY decrease photosynthetic characteristics which resulted in
decline in yield and resource use efficiency at the highest planting density beyond the

optimum as suggested by Zhang et al. (2021).
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4.5. Correlation Analysis

Parsons’s correlation coefficients for paired traits for phenology, growth, yield and yield
characteristics are presented in Table 8. Grain yield significantly and positively correlated
with days to anthesis (P < 0.05), plant height (P < 0.01), days to maturity (P < 0.05), number
of kernels per row (P < 0.01), thousand kernel weight (P < 0.01), total biomass yield (P <
0.01) (Table 8). This suggests that, grain yield was positively influenced by the product of
numerous intricate morphological and physiological processes. The observed relationship
between grain yield and the other traits under investigation implies that the characteristics of
the growth, morphological, and yield components significantly influenced maize production
across environments in this study. These parameters can be enhanced, resulting in an increase
in the grain yield of maize, by optimizing the planting density and appropriate maize variety.
Previous studies also confirmed correlation of morphological, growth and yield components to
grain yield in maize (Sibonginkosi et al., 2019; Tesfaye et al., 2020).
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Table 8. Pearson correlation of Phenological, growth, yield and yield components of maize

DA DS PH EH DM EPP ED EL KPR RPE TKW  TBY HI GY
DA
DS 0.80***
PH 0.33 0.23
EH -0.22 -0.30 0.42
DM 0.90** 0.92***  0.25 -0.19
EPP 0.11 0.26 0.04 -0.66* 0.09
ED 0.53 0.27 0.13 -0.13 0.50 -0.28
EL -0.25 0.18 0.34 0.11 -0.03 0.50 -0.47
KPR 0.31 0.57 0.58 -0.038 0.47 0.37 0.23 0.63*
RPE 0.21 0.7** -0.04 -0.39 0.50 0.44 0.11 0.54 0.67*

TKW -0.54 -0.77** -044 005 -0.75** -0.25 -0.37 -0.44  -0.8** -0.74**

TBM 0.63* 0.75** 0.73** 010 0.75** 0.14 0.33 042 0.82** 049 -0.85**

HI -0.06 -0.47 0.53 0.30 -0.34 0.05 0.07 -0.11 -0.07 -0.55 0.18 -0.04

GY 0.57 0.59* 0.87** 0.8 0.61* 0.20 0.34 041 080*> 036 0.78** 0.93** 0.28

*Significant at the P <0.05 probability level; **Significant at P < 0.01 probability level; ***Significant at the P < 0.001 probability level. DA, days
to anthesis; DS, days to silking; PH, plant height; EH, ear height; DM, days to physiological maturity; EPP; number of ears per plant; EL, ear
length; ED; ear diameter; RPE, number of rows per ear; KPR, number of kernels per row; TKW; thousand kernel weight; TBY, total aboveground
yield; HI, harvest index; GY, grain yield
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5. SUMMARY AND CONCLUSION

In Ethiopia, maize has taken on a key position in the country's diet, surpassing teff, sorghum,
and wheat by more than 50% each in terms of total national annual production. In comparison
to the other grains, maize is a less expensive source of calories, and it now accounts for the
majority of calories consumed and produced in the nation. Despite the large area coverage,
multiple advantages, and high yielding potential, the national average yield is low due to a
variety of biotic and abiotic factors, including a lack of improved and adapted varieties for the
target agro-ecological zones, poor agronomic practices, such as non-optimal plant population
(spacing), low soil fertility, and others.

It is crucial to match the best maize hybrids with the optimum plant density in a particular
production environment as plant population density has a significant impact on the vegetative
and reproductive development and final yield of maize. Field studies were carried out in the
Nono District of the West Showa Zone at two locations, namely Silk Amba and Jiru Gemechu,
during the 2021 cropping season to study the response of maize hybrids to planting density on
growth, yield and yield components in Nono District, West Showa Zone, Ethiopia. The study
treatments comprised of four maize hybrids (BH540, BH546, Limu and Damote) and three
planting densities (44,444, 53,333 and 67,667 plants ha™) in factorial arrangement replicated

three times.

Results across environments revealed that location significantly affected almost all measured
traits. The variations in prevailing altitude, rainfall and temperature at Silk Amba and Jiru
Gemechu significantly affected the measured parameters response in the two locations. On the
other hand, plant density significantly affected days to maturity, plant height, and ear height,
number of ears per plant, grain yield and total above ground biomass. Interaction of hybrid by
plant density did not resulted in any significant difference in all measured traits. Location X
hybrid interaction significantly affected days to silking, anthesis silking interval, ear diameter,
thousand kernel weight and grain yield. Location by density interactions mean squares

significantly (P < 0.05) affected only thousand kernel weight and harvest index. However, the
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three-way interaction of location x hybrid x plant density did not significantly (P > 0.05)
affected all the measured traits in this study.

The Silk Amba site took more days than Jiru Gemechu to reach anthesis (male flowering). The
maize hybrid Damote had the longest days to anthesis of all the hybrids, whereas BH540 had
anthesis earlier than the other hybrids. At the Silk Amba site, the hybrids Damote and BH546
both needed the longest days to reach silking (female flowering). Maize hybrid Damote at Jiru
Gemechu and hybrid BH540 at both locations produced the shortest anthesis silking intervals
(ASI). Silk Amba location increased the number of days needed for maturity and also recorded
the highest ear height than Jiru Gemechu. Hybrids BH546, Limu and Damote resulted in
delayed maturity than BH540. In comparison to the Bako hybrids, BH540 and BH546 the
Pioneer hybrids Damote and Limu obtained the maximum plant height. At Silk Amba, the
highest ear per plant was recorded. Among the hybrids, the lowest ear per plant was obtained
from BH540, the other hybrids did not significantly varied for ear per plant .

An inverse relationship between plant density and earperplan was found, with the highest ear

perplant (1.31) and lowest earperplant (1.01) being obtained from the lowest plant density and
highest plant density respectively. The narrowest ear diameter was found in BH540, while the
biggest ear diameter was found in BH546 hybrid at Silk Amba. The longest (18.47 cm) ear
length was recorded from hybrid Limu, while the lowest was observed from BH540. More
number of kernel rows per ear (KRPE) and number of kernels per row (KPR) was recorded
from hybrids BH546 and Limu respectively. Grain yield showed an increasing trend from the
lowest (44,444 plants ha™) to the highest plant densities (66,667 plants ha™), but above 53,333
plants ha™, no significant yield increase was seen, suggesting that 53,333 plants ha™ was the
optimum plant population across all study sites; this plant density also produced a higher yield

advantage than the lowest plant density (> 9 g ha™).

Currently in Nono district of West Showa zone, the plant density recommendation used by
farmers for maize is 75 cm x 30 cm (44,444 plants ha™). However, this study confirmed that
53,33 plants ha™, across the two locations resulted in more than 9 quintals maize yield per
hectare than the current practice in the district, and suggested that the planting spacing used in

the district need further studies. The lowest grain yield was observed from BH540 consistently
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(7.88 t ha) at both sites. Bako hybrids, BH540 and BH546 performed similarly at both Silk
Amba and Jiru Gemechu sites. On the other hand, both pioneer hybrids, Damote and Limu
resulted the highest yield of 12 and 12.32 t ha™ respectively at Silk Amba, whereas, at Jiru
Gemechu, the highest yield was recorded from Limu (10.64 t ha™) hybrid and was also
comparable to BH546 (9.31 t ha™) and Damote (9.99 t ha™). From the study it was also noted
that older hybrid (BH540) performed poorly in grain yield and other traits across

environments than the new hybrids.

Generally in this study, the growth, phenology, yield, and yield-related characteristics of
maize in this study were affected by hybrid, planting density, and their interactions. Although
the hybrids in this study are all recommended for mid-altitude farming ecologies, their
performance differs because of genetic, environmental factors including planting density, and
their interaction. Lastly, in order to maximize maize grain output, which requires the best
maize hybrid with the appropriate plant populations, this study can be utilized as a baseline for

reviewing the current planting density in the study area.

37



6. REFREENCES

Abubakar, A.W. and Manga, A.A. 2017. Effect of Plant Population on the Growth of Hybrid-
Maize (Zea mays L.) in the Northern Guinea Savanna of Nigeria. International Journal of
Advances in Chemical Eng.., and Biological Sciences, 4 (1); pp

Abuzar M.R., Sadozai, G.U., Baloch, M.S, Baloch, A.A., Shah, I.H., and Hussain, T.N. (2011

).Effect of Plant Population Densities on Yield of Maize. The Journal of Animal and Plant
Sciences, 21:692-695.

Addisalem Mebratu, Dagne Wegary, Wassu Mohamed, Amsal Tarekegne and Adefris
Teklewold. 2019. Hybrid Performance and Combining Ability of Quality Protein Maize
Inbred Lines under Low-Nitrogen Stress and Non-Stress Conditions in Ethiopia. Ethiop.
J. Agric. Sci. 29(1) ;125-141.

Ajayo, B.S., Badu-Apraku, B., Fakorede, M A. B. and Akinwale, R.O.( 2021). Plant density
and nitrogen responses of maize hybrids in diverse agroecologies of west and central
Africa. AIMS Agriculture and Food, 6(1): 381-400.

Badu-Apraku B, Akinwale RO, Ajala SO, et al. (2011). Relationships among traits of tropical
early maize cultivars in contrasting environments. Agron J. 103: 717-729.

Badu-Apraku, B., Adu, G. B., Yacoubou, A. M., Toyinbo, J., & Adewale, S. (2020). Gains in
genetic enhancement of early maturing maize hybrids developed during three breeding
periods under Striga-infested and striga-free environments. Agronomy, 10(8);, 1188.

Badu-Apraku, B., Talabi, A. O., Ifie, B. E., Chabi, Y. C., Obeng-Antwi, K., Haruna, A., &
Asiedu, R. (2018). Gains in Grain Yield of Extra-Early Maize during Three Breeding
Periods under Drought and Rainfed Conditions. Crop Science, 58(6), 2399-2412.

Amelong, A., Hernandez, F., Novia, A.D., and Borras, L. (2017). Maize stand density yield

response of parental lines and derived hybrids. Crop Science, 7:32—39.

Andayani, N.N, M Riadi, Rafiuddin, S H Kalqutny, R Efendi and M Azrai. 2020. Evaluation
of yield and agronomic components of three-way cross maize hybrids under low-light
environment. Earth and Environmental Science, 484.

Andrea, K.E., Parco, M., Maddonni, G.A. 2022. Maize prolificacy under contrasting plant
densities and N supplies: Il. Growth per plant, biomass partitioning to apical and sub-

38



apical ears during the critical period and kernel setting. Field Crops Research, 284.
doi.org/10.1016/j.fcr.2022.108557.

Assefa, Y., VaraP.V, P.V., Carter, Vara P.rasad, P. Carter, Hinds, M. Hinds, Bhalla, G. Bhalla,
R. Schon, R, et al. 2016. Yield response to planting density for US modern corn hybrids:
A synthesis-analysis. Crop Science,. 56:2802-2817.

Azrai M, Efendi R, Muliadi A, Agil M, Suwarti, Zainuddin B, Syam A, Junaedi, Syah UT,
Dermail A, Marwiyah S and Suwarno WB. 2022. Genotype by Environment Interaction
on Tropical Maize Hybrids under Normal Irrigation and Waterlogging Conditions.
Front. Sustain. Food Syst. 6. doi: 10.3389/fsufs.2022.913211

Bekele Shiferaw, Prasanna, B. M., Hellin, J. and Béanziger, M. (2011). Crops that feed the
world 6. Past successes and future challenges to the role played by maize in global food
security. Food Security, 3(3): 307-327.

Berhanu Tadesse, Yosef Beyene, Das, B., Mugo, S., Olsen, M., Oikeh, S., Juma, C.,
Labuschagne, M., and Prasanna, B. 2017. Combining ability and testcross performance
of drought-tolerant maize inbred lines under stress and non-stress environments in
Kenya. Plant Breeding, 136, 197-205.

Bernhard, B. and Below, F.E. 2020. Agronomic Application of Genetic Resources Plant
population and row spacing effects on corn: Plant growth, phenology, and grain yield.
Agronomy Journal, 112:2456-2465.

Bouyoucos, J. 1962. Hydrometer method improved for making particle size analysis of soil.
Agronomy Journals 54:464-465.

Bremner, J.M., Mulvaney, C.S. 1982. Nitrogen -Total. In: A. L., R.H. Miller and D. R.
Keeney (Eds.).Methods of Soil Analysis. Part 2- Chemical and Microbiological
Properties. American Society of Agronomy. Madison, Wis 9(2):595-624

CIMMYT. 1988. From agronomic data to farmer recommendations: an economics training

manual. CIMMYT. Mexico.

Cui, J., Cui, Z,, Lu, Y., Lv, X,, Cao, Q., Hou, Y., Yang, X. Gu, Y. 2022. Maize grain yield
enhancement in modern hybrids associated with greater stalk lodging resistance at a high
planting density: a case study in northeast China. Sci Rep 12, 14647 (2022).
https://doi.org/10.1038/s41598-022-18908-z

39


https://doi.org/10.1038/s41598-022-18908-z

Dagne Wegary, Bindiganavile S. Vivek, and Maryke T. Labuschagne. 2014. Combining
Ability of Certain Agronomic Traits in Quality Protein Maize under Stress and Nonstress
Environments in Eastern and Southern Africa. Crop Sci. 54:1004-1014

Dagne Wegary, Maryke T. Labuschagne, Bindiganavile S. Vivek. (2011). Protein quality and
endosperm modification of quality protein maize (Zea mays L.) under two contrasting
soil nitrogen environments. Field Crops Research, 121: 408-415

Dagne Wegary, Adefris Teklewold, T., Prasanna, B.M., Berhanu, T. E., Alachiotis, N.,
Demewez, N., Geremew, A., Demissew, A., Ogugo, V., Gowda, M. and Kassa, S.
(2019). Molecular diversity and selective sweeps in maize inbred lines adapted to
African highlands. Scientific Reports, 9:13490

Dawit A, Chilot Y, Adam B, Agajie, T. 2014. Situation and Outlook of Maize in Ethiopia,
Ethiopian Institute of Agricultural Research, Addis Ababa.

DeBruin, J.L., Schussler, J.F. Schussler, Mo, H. Mo, and Cooper, M. Cooper. (2017). Grain
yield and nitrogen accumulation in maize hybrids released during 1934 to 2013 in the
US Midwest. Crop Science, 57:1431-1446.

Demissew Abakemal, Shimelis Hussien, Derera, J., Laing, M.D. 2013. Farmers’ perceptions
of maize production systems and breeding priorities, and their implications for the
adoption of new varieties in selected areas of the highland agro-ecology of Ethiopia.
Journal of Agricultural Science, Agr Sci 5:159-172

Dowswell, C.R., Paliwal, R.L. Paliwal, and Cantrell, R.P. Cantrell. 1996. Maize in third
world. West View Press, Colorado, USA.

Duvick, D.N. 1997. What is yield? In: G.O. Edmeades, et al., editors, Developing drought-
and low N-tolerant maize: Proceedings of a symposium, El Batan, Mexico. 25-29 Mar.
1996. CIMMYT, Mexico City. p. 332-335.

Duvick, D.N. 2005. The contribution of breeding to yield advances in maize (Zea mays L.).
Adv. Agron. 86:83-145.

Echarte, L., Luque, S., Andrade, F. H. and Sadras, V. O. 2000. Response of maize kernel
number to plant density in Argentinean hybrids released between 1965 and 1993. Field
Crops Research, Crop. Res. 68, 1-80

FAOSTAT. 2018. Statistical database of the Food and Agriculture of the United Nations
http://lwww.fao.org/faostat/en/#compare. Accessed date.

40



Fasoula, V.A., and D.A. Fasoula. (2005). Honeycomb breeding: Principles and applications.
Plant Breed. Rev. 18:177-250.

Fromme, D.D., Todd Spivey, A., and Grichar, W. J. (2019). Agronomic Response of Corn
(Zea mays L.) Hybrids to Plant Populations. Hindawi, International Journal of
Agronomy, 2019.doi.org/10.1155/2019/3589768.

Getahun, D., Tesfaye, B., Habtamu, A. 2018. Effect of Weed Interference and Plant Density
on Maize Grain Yield. Ethiopian Journal of Agricultural Sciences, 6(1):61-79.

Gobeze, Y.L., Ceronio, G.M., Rensburg, L.D.V. 2012. Effect of Row Spacing and Plant
Density on Yield and Yield Component of Maize (Zea mays L.) under Irrigation. Journal
of Agricultural Science and Technology, 2(2):263.

Greveniotis, V., Stylianos Zotis, Evangelia Sioki and Constantinos Ipsilandis. (2019). Field
Population Density Effects on Field Yield and Morphological Characteristics of Maize.
Agriculture, 9, 160; doi: 10.3390/agriculture9070160

Gudeta N, Twumasi-Afriyie S, Demisew AK, Bayisa A, Demoz N, Kassa Y, Habtamu Z, Leta
T, Habte J, Wondimu F, Solomon A, Abiy A, Jemal A, Abrha K, Hintsa G, Habtamu T
(2011). Development of improved maize germplasm for highland agro-ecologies of
Ethiopia. In: Mosisa W, Twumasi-Afriyle S, Legesse W, Berhanu T, Girma D,
Gezahegn B, Dagne W, Prasanna, BM, editors. Proceedings of the Third National Maize
Workshop of Ethiopia. 18-20, April, Addis Ababa. pp. 43-46.

Haarhoff, S. and Swanepoel, P.A. (2018). Plant Population and Maize Grain Yield: A Global
Systematic Review of Rainfed Trials. Crop Sci. 58:1819-1829

Haegele, J.W., RJ. Becker, A.S. Henninger, and F.E. Below. (2014). Row arrangement,
phosphorus fertility, and hybrid contributions to managing increased plant population of
maize. Agronomy Journal, 106:1838-1846.

He, P. Ding, X., Bai, J., Zhang, J., Liu, P. Ren, B., Zhao, B. (2022). Maize hybrid yield and
physiological response to plant density across four decades in China. 2022. Agronomy
Journal. 114:2886-2904.

Ion, O., Dicu, G., Dumbrava, M., Temocico, G., Alecu, N.I., Basa, A.G. and State, D.( 2015).
Harvest index at maize in different growing conditions. Romanian Biotechnological
Letters, Vol. 20.

41



Jan, A. Ibrahim, K. and Khan, G.D. (2007 ). Yield Potential of Maize Hybrids under Intensive
Inputs Managements. Sarhad J. Agric., 23

Kamara, A.Y., Abebe Menkir, Abubakar, A.W., Tofa, A.l., Ademulegun, T. D., Omoigui,
L.O., and Kamai, N. 2020. Maize hybrids response to high plant density in the Guinea
savannah of Nigeria; Journal of Crop Improvement.

Kindie Tesfaye, Sonder, K., Cairns, J., Magorokosho, C. and Amsal Tarekegn. (2016).
Targeting Drought-Tolerant Maize Varicties in Southern Africa: A Geospatial Crop
Modeling Approach Using Big Data. International Food and Agribusiness Management
Association, 19:75-92.

Lacasa, J., Gaspar, A., Hinds, M., Don, S.J., Berning, D. and Ciampitti, 1. A.C.( 2020).
Bayesian approach for maize yield response to plant density from both agronomic and
economic viewpoints in North America. Scientific Reports, 10:15948

Liu, W., Hou, P., Liu, G., Yang, Y., Guo, X., Ming, B., Xie, R., Wang, K., Liu, Y. And Liu,
S. (2020). Contribution of total dry matter and harvest index to maize grain yield—A
multisource data analysis. Food Energy Secur. 9. doi.org/10.1002/fes3.256

Mekuannet Belay and Kiya Adare. 2020. Response of growth, yield components, and yield of
hybrid maize (Zea mays L.) varieties to newly introduced blended NPS and N fertilizer
rates at Haramaya, Eastern Ethiopia, Cogent Food & Agriculture, 6:1, 1771115, DOI:
10.1080/23311932.2020.1771115

Mian, M.A.K., Kakon, S.S., Zannat, S.T, Begum, A.A. 2021. Plant population is the function
of grain yield of maize. Open J Plant Sci, 6(1): 103-107. DOI: 10.17352/0jps.000042

Milander, J.J., Z. Jukic, S.C. Mason, T. Galusha, and Z. Kmail. 2016. Plant population

influence on maize yield components in Croatia and Nebraska. Crop Sci., 56:2742-2750

MoANR (Ministry of Agriculture and Natural Resources). (2016) . Plant Variety Release.
Protection and Seed Quality Control Directorate .Crop Variety Register Issue No. 19.
Addis Ababa, Ethiopia

Mujtaba M., Shamsi, I.H., Hussain, N. and Shah, W.A. (2003 ). Performance of Various
Maize Varieties as Affected by Different NP Levels. Asian Journal of Plant Sciences, 2:
535-538. 10.3923/ajps.2003.535.538

Nafziger, E.D. 1994. Corn Planting Date and Plant Population. Journal of Production

Agriculture, 7:59-62.

42


https://doi.org/10.17352/ojps.000042
https://dx.doi.org/10.3923/ajps.2003.535.538

Nik, M.M., Babaeian, M., Tavassoli, A. and Asgharzade, A. (2010). Effect of plant density on
yield and yield components of corn hybrids (Zea mays). Scientific Research and Essays
6(22). 4821- 4825

Omar, M.; Rabie, H.A.; Mowafi, S.A.; Othman, H.T.; EI-Moneim, D.A.; Alharbi, K.;
Mansour, E.; Ali, M.M.A. ( 2022 ) . Multivariate Analysis of Agronomic Traits in
Newly Developed Maize Hybrids Grown under Different Agro-Environments. Plants,
11, 1187. https://doi.org/10.3390/ plants11091187

Poehlman, J.M. 1987. Breeding field crops. AVI publishing company, Inc, Westport,
Connecticut, USA.

Rhoades, J.D. 1982. In methods of soil analysis, Part 2.2nd Edition (A.L. Page. Miller and

D.R. Keeney, Eds.), American Society of Agronomy. Madison, USA.

Sangoi, L. 2001. Understanding plant density effects on maize growth and development: an
important issue to maximize grain yield. Ciencia Rural. 31(1): 159-168

Sangoi, L., M.A. Gracietti, C. Rampazzo, and P. Bianchetti. 2002. Response of Brazilian
maize hybrids from different eras to changes in plant population. Field Crops Res. 79:39-
51.

SAS Institute Inc. SAS ® 9.3 Companion for windows. Cary: SAS Institute Inc.; 2011,

Sibonginkosi, E.N., Mzwandile, M. and Tamado T. ( 2019). Effect of Plant Density on Growth
and Yield of Maize (Zea mays L.) Hybrids at Luyengo, Middleveld of Eswtaini. Asian
Plant Research Journal 3(3-4): 1-9

Sleper, D.A., and J.M. Poehlman. 2006. Breeding field crops. 5th ed. Blackwell Publishing,
Ames, lowa.

Tariku Simion Dojamo , Selamawit Markos Takiso, and Melese Lema Tessema. 2022.
Evaluation of Maize (Zea mays L.) Varieties in Selected Lowland Areas of Southern
Ethiopia. International Journal of Agronomy .doi.org/10.1155/2022/9690792

Tasisa Temesgen, Teshome Kebena. 2019. Effects of Varieties and Intra Row Spacing on
Yield of Maize (Zea mays L.) under Supplementary Irrigation at Guliso, Western
Ethiopia. Int J Environ Sci Nat Res., 19 (5): doi.10.19080/IJESNR.2019.19.556024

Tesfaye Balemi, Mesfin Kebede, Begizew Golla, Tocha Tufa, Girma Chala, Tolera Abera.

(2020). Phenological and grain yield response of hybrid maize varieties, released for

43


https://doi.org/10.3390/

differing agro-ecologies, to growing temperatures and planting dates in Ethiopia. African
Journal of Agricultural Research, 16(12); 1730-1739.

Tenaw W, Waga M, Beirtukan M, Tolessa D, Tesfa B, Berhanu A, Hussein MA, Tewodros,
M. 2001. Development of appropriate cultural practices for maize production in Ethiopia.
In: Mandefro N, Tanner D, Twumasi-Afriyie S, editors. Proceedings of the Second
National Maize Workshop of Ethiopia. 12-16, November, Addis Ababa. pp. 56-60.

Tesfa B, ToleraA, TewodrosM, Gebresilasie H,TemesgenD, TenawW, Waga M, HussenH,
(2011). Review on crop management research for improved maize productivity in
Ethiopia. In: Mosisa, W., S Twumasi-Afriyle,. W. Legesse, T. Berhanu, D. Girma, B.
Gezahegn, W. Dagne, and B.M. Prasanna, (Eds). Proceeding of the Third National Maize
Workshop of Ethiopia. 18-20, April. pp: 105-114.

Tesfaye B., Mesfin, K., Tolera, A., Gebresilasie, H., Gebreyes, G. and Fite, G. 2019. Some
maize agronomic practices in Ethiopia: A review of research experiences and lessons from
agronomic panel survey in Oromia and Amhara regions. African Journal of Agricultural
Research, 14 (33):1749-1763.

Tesfaye Balemi, Mesfin Kebede, Begizew Golla, Tocha Tufa, Girma Chala and Tolera
Abera. 2020. Phenological and grain yield response of hybrid maize varieties, released
for differing agro-ecologies, to growing temperatures and planting dates in Ethiopia.
African journal of Agriculture Research Vol. 16(12), 1730-1739 .

Tisdale S.L., Nelson W.L., Beaton J.D. and Havlin J.L. (2002). Soil Fertility and Fertilizers.5th ed.,
Macmillan, New York.

Tokatlidis, 1.S., and S.D. Koutroubas. (2004). A review study of the maize hybrids’
dependence on high plant populations and its implications on crop yield stability. Fields
Crops Res. 88:103-114.

Tollenaar M, Deen W, Echarte L, Liu W. 2006. Effect of crowding stress on dry matter

accumulation and harvest index in maize. Agron J. (2006); 98: 930-937.

Tsedeke Abate, Monica F, Tahirou A, Girma TK, Rodney L, Paswel M, Woinishet, A. 2017.
Characteristics of maize cultivars in Africa: How modern are they and how many do
smallholder farmers grow. Agriculture and Food Security, 6:30.

Van Roekel, R.J., and J.A. Coulter. 2011. Agronomic responses of corn to planting date and

plant population. Agronomy Journal, 103:1414— 1422.

44



Walkley,A. and Black, C.A. 1934. An examination of different methods for determining soil
organic matter and proposed modification by chronic acid titration method.SoilSciences,
37:29-38.

Yan P, Pan J, Zhang W, Shi J, Chen X, Cui Z. (2017). A high plant density reduces the ability
of maize to use soil nitrogen. PLoS ONE, 12(2): e0172717.
https://doi.org/10.1371/journal.pone.0172717

Zamir MSI, Ahmad AH, Javeed HMR, Latif T (2011) Growth and yield behaviour of two
maize hybrids (Zea mays L.) towards different plant spacing. Cercetari Agronomice in
Moldova 44: 33-40

Zhang Y, Xu Z, LiJ and Wang R. 2021. Optimum Planting Density Improves Resource Use
Efficiency and Yield Stability of Rainfed Maize in Semiarid Climate. Front. Plant Sci.
12:752606. doi: 10.3389/fpls.2021.752606

45


https://doi.org/10.1371/journal.pone.0172717

APPENDIX TABLES

46



Appendix Table 1. Mean squares for combined analysis of variance for days to anthesis, days
to silking, anthesis-silking interval, days to maturity, plant height and ear height across two

locations, Silk Amba and Jiru Gemechu in 2021

Source of DA DS ASI DM PH EH
variation a (days) (days) (days) (days) (cm) (cm)
Location (Loc) 1 21.12* 128.00*** 0.05***  91.13** 239.076  1018.50***
Rep/Loc 4 8.19 9.33* 0.004 7.69*** 26.6172 10.13
Hybrid (H) 3 24.08** 3589***  0.01** 9.01***  2006.17***  208.67**
Density (D) 2 9.6 5.79 0.001 4.18* 294.11* 288.93**
H*D 6 1.73 0.85 0.001 0.51 31.85 55.24
Loc*H 3 4.5 11.00* 0.02** 2.35 13.9 46.69
Loc*D 2 7.13 1.125 0.003 0.13 15.22 90.44
Loc*H*D 6 2.88 3.74 0.001 0.9 13.54 41.29
Error 44 4.42 3.11 0.003 1.06 65.61 38.05
CV (%) 2.36 1.86 4.07 2.53 3.18 4,72
Mean 89.15 94.67 1.37 125.32 254.82 130.54
SE (m) 0.43 0.36 0.01 0.21 1.65 1.26

*Significant at the P <0.05 probability level; **Significant at P < 0.01 probability level; ***Significant
at the P < 0.001 probability level. DA, days to anthesis; DS, days to silking; ASI, anthesis-silking
interval; DM, days to physiological maturity; PH, plant height; EH, ear height
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Appendix Table 2. Mean squares combined analysis of variance for ears per plant, ear length,

ear width, and kernel rows per ear and kernels per row across two locations, Silk Amba and

Jiru Gemechu in 2021

Source of df EPP EL ED KRPE KPR
variation #) (cm) (mm) #) #
Location (Loc) 1 0.15** 2.49 27.38** 0.01 1.28
Rep /Loc 4 0.07** 4.16 14.81** 0.64 6.95
Hybrid (H) 3 0.15***  23.99**  17.79** 13.02***  44.86***
Density (D) 2 0.44*** 9.91 4.33 0.99 0.2
Hybrid*D 6 0.021 6.00 6.29 0.30 5.43
Loc*H 3 0.021 6.13 12.14* 0.60 3.67
Loc*D 2 0.001 7.43 0.21 0.25 2.11
Loc*H*D 6 0.009 5.27 1.82 0.2 4.38
Error 44 0.014 5.57 3.6 0.49 3.98
CV (%) 10.27 14 3.83 5.05 5.33
Mean 1.163 16.8 49.49 13.9 37.46
SE (m) 0.02 0.48 0.39 0.14 0.41

*Significant at the P <0.05 probability level; **Significant at P < 0.01 probability level; ***Significant
at the P < 0.001 probability level. EPP, ears per plant; EL, ear length; ED, ear diameter; KRPE,

number of kernel rows per ear; KPR, number of kernels per row

48



Appendix Table 3. Mean squares for combined analysis of variance for thousand kernel
weight, grain yield, harvest index and total biological yield across two locations, Silk Amba
and Jiru Gemechu in 2021

Source of TKW GY TBY
o df . HI .
variation (gm) (tha™) (tha™)
Location (Loc) 1 50165.28*** 12.09* 0.001 2.49
Rep/Loc 4 1743.32 3.69 0.003 5.03
Hybrid (H) 3 7470.07** 49.93*** 0.01** 71.03***
Density (D) 2 421.64 8.16* 0.001 18.57**
H*D 6 706.23 1.5 0.003 2.44
Loc*H 3 14545,19*** 7.14* 0.002 11.84*
Loc*D 2 4184.11* 1.75 0.01* 3.08
Loc*H*D 6 1133.22 2.05 0.004 1.84
Error 44 1235.2 2.08 0.002 3.04
CV (%) 7.63 14.61 10.98 11.61
Mean 460.70 9.86 0.4383 15.01
SE (m) 7.17 0.29 0.01 0.36

*Significant at the P <0.05 probability level; **Significant at P < 0.01 probability level; ***Significant
at the P < 0.001 probability level. TKW, thousand kernel weight; GY, grain yield;; HI, harvest index;
TBY, total biological yield
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Appendix Figure 2.Field management
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Appendix Figure 3. Fertilizer application

Appendix Figure 4 Maize hybrids at vegetative stage
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Appendix Figure 5. Maize hybrid varieties
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Appendix Figure 7. Field measurements

53



