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In Ethiopia, deforestation is a major challenge which leads toincreased human encroachment upon
wild areas and threats to biodiversity. In line with this, the aim of the current study was to assess
woody species diversity and threats in Hotessa forest. Systematic sampling method was used to collect
vegetation data. Accordingly, 100 plots each with 400 m? (20 m x 20 m) for woody species was laid
along transect line. In each of these plots, all woody species were collected. Simple random sampling
was used to identify target population and in-depth interviews were conducted with farmers living in
close vicinity to the forest to identify challenges and threats on the forest. A total of 43 woody species
distributed to 37 genera and 28 families were identified and documented. Fabaceae is the dominant
families in terms of species richness. The Shannon-Wiener diversity index computed for the three
different altitudinal gradients and showed that lower altitude is the most diverse and has more or
less even distribution of species. In general, the diversity and evenness of woody species in the forest
was 2.575 and 0.98 respectively. The result of analysis of the responses to human-induced factors
responsible for deforestation in the study revealed that most of the respondents attributed population
growth (80.82%) as the major factor responsible for deforestation in the study area.

Key words: Diversity index, Shannon-Wiener, farmers, interview, sampling.

INTRODUCTION

Different scholars in their study reported that in our world,
the total global forest area has declined by 3%, from
4128 million ha in 1990 to 3999 million ha in 2015
(Keenan et al., 2015). Previous study by Reynolds et al.
(2007) state that, the decline of vegetation cover is one of

E-mail: sinfebeye@gmail.com. Tel: +25 1911053605.

the most serious challenges facing humankind today.
Same applies to country Ethiopia which also facing
severe land degradation (Solomon, 2015). According to
FAO (2016) land-use change is not necessarily the same
as land-cover change. Land cover is the observed
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biophysical cover of the earth’s surface, but land use
reflects the actions of people and their intentions and the
former is far more widespread than the latter, with
deforestation occurring when people clear forests and
use the land for other purposes, such as agriculture,
infrastructure, human settlements and mining (FAO,
2016). Daniel (2016) in his study reported that land cover
is constantly changing with different patterns and
magnitudes in sub-Saharan Africa and the Sahel in
particular. Currently in Ethiopia, the natural vegetation is
highly affected by several factors such as, agricultural
expansion, settlement, deforestation, land degradation,
and increment in invasive species occurrence and
logging practice which seriously damages the structure
and composition of natural woody plant species and
leading to the declining of forest biodiversity and
agricultural yield in Ethiopia (Mohammed, 2011; Khumalo
et al, 2012; Ariti et al, 2015; Gashaw and
Dinkayoh, 2015; Bessie et al., 2016; Negasi et al., 2018)
and with the present annual rate of deforestation 2% it
continues (Moges et al., 2010).

Ethiopia is a mountainous country with great
geographic diversity like rugged mountains, flat-topped
plateaus and deep gorges incised river valleys and rolling
plains (Teweldebrhan, 1988). This makes the country one
of the largest forest resources in the horn of Africa and it
owns a total of 53.1 million ha covered by woody
vegetation which consists of 12.5 million ha of forest land
and 40.6 million ha of woodland (FAO, 2016). The total
forest area of the country has declined from 15.1 million
ha in 1990 to 12.5 million ha in 2015. The annual rate of
forest land decline is 104, 600 ha per year that is 0.8% of
forest cover of the country (FAO, 2016). According to this
report in total, Ethiopia lost 18.6% of its forest cover or
around 2,818,000 hectare between 1990 and 2010.

Similarly, Stern (2006) the underlying causes of
deforestation and degradation based on a framework
analysis were identified as population growth, insecure
land tenure, and poor law enforcement. The decline of
forest capacity at the global and national level is a great
problem that currently affects the livelihoods of people in
different ways also reported by Asfaw and Fekadu
(2018). However, there are evidences that indicate
sustainable farming practices, like agroforestry. The
same as in Bensa Woreda, there was high rate of
agricultural  expansion  observed, especially in
mountainous area which leads to deforestation and high
rate of loss of woody species and sparsely diversified
trees due to over population, logging and land
fragmentations. Study has not been conducted before on
floristic diversity and the threats of this area and has
necessitated the qualitative and quantitative assessment
of vegetation and threats on forest resources of the
Woreda. Regarding this, systematic field survey of flora
and fauna is a prerequisite for developing effective
conservation programs and its implementation Kent and
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Coker (1992). The resulting information on vegetation is
essential to solve ecological problems, for biological
conservation and management purposes as indicated by
Noriko et al. (2012). Thus, it is important to identify plant
species diversity, species composition and drivers of
deforestation of Hotessa forest. Additionally, the current
study serves as spring border to narrow the gap on those
forest management planners to use this information in
their decisions on forest conservation and product use.

MATERIALS AND METHODS
Description of the study area

This study was conducted in Bensa Woreda, Sidama zone in
Southern Nations Nationalities and Peoples’ Region (SNNPR) of
Ethiopia. Bensa Woreda is one of the 19 districts in Sidama zone
that extends into the Oromia region of Bale Zone or Borana-like
peninsula. Bensa Woreda is bordered on the south and north by the
Oromia Region, with Bona Zuria on the west, Arbegona district on
the northwest, Chere district on the east, and Aroresa district on the
southeast. Daye, the capital of Bensa Woredat, is located at
420 km southeast of Addis Ababa and 135km northeast of
Hawassa city, the SNNPR capital city. Bensa Woreda is located at
altitude which ranges from 1452 to 3129 m above sea level. The
two rainy seasons are the belg (short rainy season), which covers
from late February to May, and the kremt (main rainy season),
which extends from late June to early October. The average annual
rainfall of the area is 1208.5 mm. The average annual temperature
of the Woreda is 19°C. The Woreda has three major agro
ecologies, with 50% were moist weyna dega (mid-altitude), 36%
moist dega (highland) and 14% moist kola (lowland) (Bensa woreda
pilot Learning Site diagnosis and program design, LIVES, 2012)
(Figure 1).

The dominant soil type in the study area is loam soil. During the
reconnaissance survey together with Woreda agricultural office
expert informal communication, from the total area of the study site
about half was covered by dense forest before one or two decades.
However at present, the forest cover has diminished and the hazard
of soil erosion and land degradation has increased. The cause for
diminishing forest cover is increasing agricultural land expansion,
fuel wood demand and timber production. As learned from the local
elders, indigenous tree species like Olea europea, Hygeia
abyssinica, Podocurpus falcatus and Bamboo (arborescent grass)
were dominant before two decades. Nonetheless, currently H.
abyssinica and P. falcatus has totally disappeared from the forest
area. The total population of the study area is estimated to be
342,545 (Bensa Woreda Administration office, 2018).

Sampling design, sampling size determination and data
collection

Bensa Woreda was purposively selected based on its floral diversity
and unstudied area. A reconnaissance survey was made to obtain
an impression on the general physiognomy of the vegetation and to
identify sampling sites. Twenty transect lines was systematically
laid to ensure that sample sites were cover representatives of major
vegetation types occurring in the study area based on altitude
gradient: namely, upper altitude (3 transect lines), middle (10
transect lines) and lower (7 transect lines) proportionally to their
size. A total of 100 quadrants, Plots size of 20 x 20 m (400m2),
were used for collection of floristic data at 100 m distance interval
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Figure 1. Map of the study area.

(Muller-Dombosis and Ellenberg, 1974). From each 20 x 20 m plot,
a complete list of shrubs (woody plants having several stems 2 m
tall and trees (woody plants having a dominant stem and more than
2m tall) was recorded. Plant identification was carried out at the
field and confirmed at National Herbarium. Nomenclature followed
the published volume of Flora of Ethiopia and Eritrea (Edwards et
al., 2000; Hedberg et al., 2006, 2009) and Azene (2007).

Regarding the target population, the sampled population was
identified using simple random sampling on the number of house
hold leader to analyze the factors currently creating a threat to plant
diversity. The questionnaire covered various socio-economic and
demographic characteristics of the households, forest livelihood
and forest land-use (Appendix 1). Socio-economic factors include
age and education of the household head and land holdings
(Appendix 1). The structure of the questionnaire was designed to
meet the objectives of the study and pre-coded for ease of data
collection and analysis. The questionnaire was semi-structured in
and allowing for flexibility in responding to the questions (Appendix
1). The questionnaire was administered to all the household heads
in selected villages. The criteria for village selection were based on
agricultural practices and accessibility to forest. The sample size for
the target population was determined using the following sample
size determination formula (Kothari, 1985).
n= z%pgN/E? (n-1) + 2%pq
Where n=sample size, E=Error (5%), N= Total population number,
a = 0.05, g=1-p, p=estimated population element in the variable of

Projection: Adindan - UTM - Zone - 37N

Legend
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interest (0.95), Z=95% - confidence interval (1.96).
Therefore

n = z°pgN / E? (n-1) + z°pq
(1.96)%(0.05)  (0.95)
(1.96)%(0.05x0.96)
= 62506.24/856.54= 73
n=73

X 342545/

(0.05)%(342545-1)

Data analysis

Descriptive statistical methods were used to summarize and
analyze the data. The raw data were from recorded woody plant
species and data from focus group discussion, questionnaire
survey, field observation and field work were entered an Excel
spreadsheet. Then these data were transferred to various forms as
table and chart with possible combinations. Descriptive statistics
relative
frequencies were applied. Shannon-Wiener diversity index, species
richness and evenness were computed to describe the diversity of
woody species of the area. These methods are among those of the
most widely used approaches in measuring the diversity of species.

methods such as densities, frequencies, abundance,

Shannon-Wiener diversity index was calculated as follows.

S
H = —Z Piln pi
i=1



Where, H'= Shannon Diversity Index, S= the number of species,
Pi=the proportion of individuals.

The equitability or evenness of abundance of woody species was
measured as follows (Kent and Coker, 1992):

B HI B HI
" Hmax InS

Where J= Evenness, H' = Shannon-Wiener diversity index and In S
= where s is the number of species.

Abundance is the number of individual plants per unit area. To
measure of plant abundance, it requires the counting of individual
plants by species in a given area which can be used to show spatial
distribution and ranges over time. Relative abundance is calculated
as follow:

. Number of Individuals of tree species
Relative abundance = P * 100

Total number of Individuals

Density (D) — Number of Individuals of species A * 100

Area sampled

Relative density (RD) = [?—;I * 100

Where: Di=Number of individual of species A., DN=Total number of
individual in the area.

RESULTS AND DISCUSSION
Woody species composition of the forest

A total of 43 species (26 trees and 17 shrubs) belonging
to 28 families and 37 genera were recorded and identified
from 100 quadrats examined from the study area (Table
1). Of all the families, Fabaceae, Anacardiaceae and
Apocynaceae were the three most dominant families
represented by 6, 2 and 2 genera, and 8, 3 and 3 species
respectively. These three dominant families together
constituted 14 (32.6%) of the total species richness in
Hotessa forest. The next dominant families Acanthaceae,
Asteraceae, Euphorbiaceae and Moraceae (each
represented by 2 species or 18.6% together) and the
remaining 21 families were mono specific (Table 1).

The study area is rich in species diversity and home for
different plant communities. In this study, top seven
families contributed to about 51% of all the 28 plant
families recorded in the area. Other scholars studies
conducted in woodlands of Ethiopia also reported similar
findings. For instance Eba and Lenjisa (2017) identified
18 species; Zerihun et al. (2017) 15 species; Dagne and
Tamru (2018) 15 species; Tesfaye et al. (2019) 5 species
respectively in their study. In terms of species richness,
the dominance of Fabaceae was reported from similar
vegetation studies done by different scholars in the
country such as Zerihun et al. (2017) and Tesfaye et al.
(2019). The dominance of Fabaceae is also in line with
the assessment results that show the dominance
positions in the Flora of Ethiopia and Eritrea (Zerihun et
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al. (2017). This might have got the top dominant position
probably due to having efficient pollination and successful
seed dispersal mechanisms that might have adapted it to
a wide range of ecological conditions in the past
(Ensermu and Teshome, 2008; as cited by Zerihun et al.
2017). Some plant species like Bougainvillea glabra,
Casuarina equisetifolia, Coffee arabica, Melia azedarach,
Euphorbia tirucalli and Dracaena steudneri observed both
in the forest and on the fence and farm lands of the
marginal or adjacent villages of the forest. This might be
easy to domesticate and local people used as ornamental
plants (Bougainvillea glabra, Coffee arabica and
Dracaena steudneri) and as a fence for ther farm land
(Euphorbia tirucalli) and Melia azedarach and Casuarina
equisetifolia as fodder for their cattle and fuel wood.

Species richness of the study area

According to Kent and Coker (1992) the Shannon Weiner
index is the most frequently used index for the
combination of species richness and relative abundance.
With respect to this, the Shannon-Wiener diversity index
was computed for the three different altitudinal gradients
(Table 2). Lower altitude is found to be more diversified in
species richness followed by middle and upper altitude.
Pielou (1969) also stated that value of the index of
Shannon-Weiner usually lies between 1.5 and 3.5;
although in exceptional case, the value can exceed 4.5.
Thus, the value of Shannon-Wiener Diversity Index of
this study area occurs between 2.325 and 2.787. Here
the analysis showed that the entire three altitudinal
gradients were rich in species diversity. This might have
due to the presence of sparsely distributed woody plant
species compositions in all parts of the forest. During
data collection the researcher observed that the local
people still high contact with forest core zone (at middle
and upper altitude) than the margin (buffer zone) of the
forest. Equitability (evenness) is used to measures the
relative abundance of different species. The higher the
value of J, the more even the species is in their
distribution. Thus, middle altitude has the highest even
distribution whereas upper and lower altitude has the
least even distribution respectively. In general, the
diversity and evenness of woody species in the forest
was 2.575 and 0.98 respectively. This is indicating that
the diversity and distributions of woody species in the
forest were relatively high.

Important value index

Out of the 43 species recorded in the site Carissa edulis
accounted, 11.45% of the relative abundance followed by
Buddleja polystachya (11.01), B. glabra, Sesbania
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Table 1. List of woody species recorded from Hotessa Forest with their scientific and family name: Habit (Ha): Tree (T), Shrub (Sh):

Frequency (Fr): Relative frequency (Rf).

Species name Family Ha Fr Rf

Acacia abyssinica [Hochst.ex] Benth. Fabaceae T 20 2.88
Acacia albida Del. Fabaceae T 8 1.15
Acacia mearnsii De Wild. Fabaceae T 11 1.59
Acokanthera schimperi (A. DC.) Schweinf. Apocynaceae Sh 9 1.29
Adhatoda schimperiana Hochst. ex. Nees Acanthaceae Sh 12 1.73
Albizia gummifera (J.F. Gmel.) C.A. Sm. Fabaceae T 14 2.02
Arundinaria alpina K. Schum. Poaceae Sh 21 3.03
Bersama abyssinica Fresen. Melianthaceae T 22 3.17
Bougainvillea glabra choisy Nyctaginaceae Sh 23 3.32
Buddleja polystachya Fresen. Loganiaceae Sh 25 3.61
Calpurnia aurea (Aiton) Benth. Fabaceae Sh 17 2.45
Carissa edulis Vahl. Apocynaceae Sh 26 3.75
Carissa spinarum L. Apocynaceae Sh 19 2.74
Casuarina equisetifolia. L. Casuarinaceae T 15 2.16
Celtis integrifolia Lam. Ulmaceae T 13 1.88
Coffea arabica L. Rubiaceae Sh 14 2.02
Cordia africana Lam. Boraginaceae T 16 231
Croton macrostachyus Hochst. ex Delile Euphorbiaceae T 21 3.03
Dodonaea viscosa (L.) Jacq. Sapindaceae Sh 17 2.45
Dracaena steudneri Engl. Asparagaceae Sh 8 1.15
Entada abyssinica Steud.ex A. Rich Fabaceae Tr 10 1.44
Euclea schimperi (A.DC.) Dandy Ebinaceae T 20 2.88
Euphorbia tirucalli L. Euphorbiaceae T 18 2.59
Ficus sur Forssk. Moraceae T 16 231
Ficus vasta Forssk. Moraceae T 18 2.59
Juniperus procera Hochst. ex Endl. Cupressaceae T 15 2.16
Justicia schimperiana (Hochst. ex Nees) T. Anderson Acanthaceae Sh 9 1.29
Lannea schimperi (Hochst. ex. A. Rich.) Engl. Anacardiaceae T 13 1.88
Maytenus senegalensis (Lam.) Exell Celastraceae T 9 1.29
Melia azedarach Forssk. Meliaceae T 23 3.32
Millettia ferruginea (Hochs.) Baker Fabaceae T 20 2.88
Olea europea subsp. cuspidate (Wall.ex G. Don) Cif. Oleaceae T 6 0.87
Polyscias fulva (Hiern) Harms Araliaceae T 7 1.01
Podocarpus falcatus (Thunb.) R.Br. ex Mirb. Podocarpaceae T 15 2.16
Pouteria altissima (A.Chev.) Baehni Sapotaceae T 14 2.02
Prunus africana (Hook.f.) Kalkman. Rosaceae T 10 1.44
Phytolacca dodecandra L'Herit. Phytolaccaceae Sh 19 2.74
Rhus glutinosa Hochst. ex A. Rich. Anacardiaceae T 20 2.88
Rhus natalensis (Krauss). Anacardiaceae T 22 3.17
Sesbania sesbhan (L.) Merr. Fabaceae Sh 23 3.32
Syzygium guineense (Willd.) DC. subsp. giuneense Myrtaceae Sh 15 2.16
Vernonia amygdalina Del. Asteraceae Sh 21 3.038
Vernonia auriculifera Hiern. Asteraceae Sh 19 2.74

sesban and M. azedarach (10.13) (Table 3). According to
Premavani et al. (2014) important value index values
have helped to understand the ecological significance of

tree species in community structure. Shamble (2011) also
indicated that important value index of woody species
were calculated either from relative density or relative
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Table 2. Shannon-Weiner Diversity Index (H’) and evenness (J) for the three elevation types of Hotessa Forest.

Elevation No of species H’ Evenness (J)
Lower 313 2.787 0.97
Middle 236 2.613 0.99
Upper 143 2.325 0.97

Table 3. Species distribution in the three altitudinal gradients.

Lower elevation

Middle elevation

Upper elevation

Prunus africana

Acacia abyssinica
Bersama abyssinica
Buddleja polystachya
Albizia gummifera
Coffee arabica

Euclea schimperi
Pittosporum abyssinicum
Bougainvillea glabra
Acokanthera schimperi
Acacia mearnsii
Adhatoda schimperiana
Calpurnia aurea
Dracaena steudneri

Dodonaea viscosa
Cordia africana
Casuarina equisetifolia
Juniperus procera
Phytolacca dodecandra
Croton macrostachyus
Ficus sur

Podocarpus falactus
Rhus glutinosa
Arundinaria alpine
Polyscias fulva
Pouteria altissima
Vernonia amygdalina
Vernonia auriculifera

Acacia albida

Justicia schimperiana
Entada abyssinica
Olea europea
Maytenus senegalensis
Euphorbia tirucalli
Carissa edulis

Ficus vasta

Rhus natalensis
Sesbania sesban
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Celtis integrifolia
Lannea schimperi
Melia azedarach
Millettia ferruginea
Dracaena steudneri

dominance or relative frequency. With respect to this, the
important value index of woody species of Hotessa forest
was calculated. As a result, ten most dominant tree
species of Hotessa forest occupied 32.75% of the total
important value index (Table 1). Those dominant species
were Carissa edulis, Buddleja polystachya, Bougainvillea
glabra, M. azedarach, Sesbania sesban, Rhus
natalensis, Bersama abyssinica, Arundinaria alpine,
Croton macrostachyus and Vernonia amygdalina. These
trees were said to be tolerant and well adapted to the
ecological interaction and the wider distribution shows
their higher socio-economic and environmental role of the
specific study site. From those species Bougainvillea
glabra and Melia azedarach were found in the lower
altitude and common in the forest and adjacent villages;
whereas, Sesbania sesban is found in the upper altitude
and important ecological role. In terms of abundance and
distribution the contribution of Carissa edulis and
Buddleja polystachya were the highest of all tree species;
while Olea europea subsp. cuspidate had low relative

frequency than the other. This might be due to over
exploitation of the species for specific uses like timber,
construction and firewood in the study area (Table 3).
This indicates the species is under threat and needs
immediate conservation measures from the concerned
bodies. It has been well recognized through this study
that different species has sparse distribution. The total
density of woody plants was 551 individuals (stems) per
hectare. Which means Density= number of individual tree
/total sampling area (0.72 ha) and the relative density
was 765/ha.

Socioeconomic characteristics of the interviewed
respondents

As seen from Table 4, respondents were mostly males
(71.2%) and aged between 41 to 50 (30.1%) with most of
them having not attended formal education and some
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Table 4. Distribution of respondents according to socio-economic characteristics.

Socioeconomic characteristics Number of respondents Percentage
Gender

Male 52 71.2
Female 21 28.8
Age (years)

20-30 11 15.1
31-40 19 26
41-50 22 30.1
>50 21 28.8
Education

Non formal education 31 42.5
Primary education 29 39.7
Secondary education 13 17.8
Post-secondary education -

Farm size (Ha)

Below one 31 42.5
One to two 28 38.3
Two to three 9 12.4
Above three 5 6.8

attended primary school (42,5 and 39.7%) and
possessed at least a hectare of farmland (57.5%). The
dominance of the aged and youth population in this
survey is an indication that agriculture has been
abandoned, which is a challenge to food insecurity and
the people are mostly limited to subsistence farming, with
most of them adopting outdated and environmentally
unfriendly agricultural technigues. This invariably
contributes to deforestation and soil degradation. Again,
the fact that most of them attained primary school
(39.7%) is an indication that they may not be in tune with
new farming techniques that lay more emphasis on
conservation tillage, contour plowing to control erosion,
and adoption of intensive farming rather than extensive
farming to control deforestation and prevent loss of
valuable species of economic and medicinal values.

Respondent opinion on causes of woody species
diversity decrement

Understanding drivers of deforestation and degradation is
fundamental for the development of policies and pre-
request measures (Noriko et al.,, 2012). The result of
analysis of the responses to factors responsible for
deforestation in the study area is presented (Table 5) and
it revealed that most of the respondents attributed
population growth (80.82%) as the major factor

responsible as a threat for deforestation in the study
area. This is in line with Salafsky et al. (2008), who saw it
as level 1 threat followed by Urbanization and
infrastructure development and identified as level 2
threat (76.7%), logging as level 2 threat (76.7%),
expansion of farming land as level 1 threat (75.34%) and
fuel wood and charcoal as level 2 threat (71.23%). The
implication therefore is that population growth is regarded
as the overwhelming cause of deforestation in the study
area.

According to Salafsky et al. (2008) threats are defined
as the proximate activities or processes that have
caused, are causing, or may in the future cause the
destruction, degradation, and/or impairment of the entity
being assessed (population, species, community, or
ecosystem) in the area of interest (global, national, or
subnational). For purposes of threat assessment, only
present and future threats are considered. Similarly, in
the study area, as a result of increment in population,
people resort to clearing of forest to provide shelter and
gate their basic needs. Increment of population in the
rural areas has forced people to exploit forest resources
in an unsustainable way and to clear the forests for
agricultural purposes. This area expansion of agricultural
land, logging, urbanization and infrastructure development
has impacted negatively on the biodiversity and soil
condition in the area. Clearance of forest for the purpose
of agriculture has exposed the soil to erosion and
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Table 5. The causes (threats) of woody species diversity loss.
Factors for plant diversity loss Factors with 1 2 3 4 Total
percentage
Threats 29 23 11 10 73
1 Fuel d and ch I
uetwoodand charcoa Percentage 39.72 3151 15.07 13.67 100
2 Expansion of farming land Threats 30 25 10 8 3
P 9 Percentage 41.09 34.25 13.67 10.96 100
3 Loaain Threats 29 27 11 6 73
gging Percentage 39.72 36.98 15.07 8.22 100
4 Urbanization and Threats 31 25 18 21 73
infrastructure development Percentage 42.46 34.24 24.66 28.77 100
Threats 33 26 6 8 73
5 Population growth
puiation g Percentage 45.20 35.62 8.22 10.96 100
1= strongly agree (SA), 2= agree (A), 3 = disagree (DA), 4= strongly disagree (SD).
Table 6. Possible solution for conservation.
S/IN  Way forwarded as a solution Solutions with percentage 1 2 3 4 Total
1 Awareness related problem Solution 27 25 15 6 3
P Percentage 36.98 3425 2055 822 100
2 Using alternative energy sources Solution 28 21 14 10 3
9 9y Percentage 3835 2877 1918 1369 100
3 Reforestation Solution 33 23 9 8 73
Percentage 45.2 31.5 12.3 10.96 100
4 Afforestation Solution 26 29 10 9 73
Percentage 35.6 39.7 13.7 12.3 100

1= strongly agree (SA), 2= agree (A), 3 = disagree (DA), 4= strongly disagree (SD).

leaching of nutrients. This has led to low farm productivity
as complained of by most of the farmers. Low farm
productivity in turn results in low farm income or poverty.
The rapid construction works going on in the Woreda is
an attestation to the rate of modernization and
urbanization. This could be seen in the form of road
construction, building of houses, hospitals and a host of
others, all of which require the destruction of forest
ecosystem. There is need to strike a balance between
construction works and preservation of forest ecosystem.
The human-induced problems/threats were encountered
as major influencing factors/threats in the study area.

Similarly Negasi et al. (2018) as well as Dagne and
Tamru (2018) in their study reported that human-induced
threats were recorded as the major threats to forest
degradation in Ethiopia.

Possible solutions suggested on woody species
conservation in the study area

Focus group discussion was implemented to triangulate
the responses from household interview on possible
solutions of threats of deforestation in the study area.
From the analysis of informants suggestion as possible
solution of deforestation, reforestation was taken as
priority to cope up problems of threats (76.7%) and a
major way to minimize the loss of plant diversity followed
by afforestation (75.3%), awareness creation (71.23%)
and using alternative energy (67.12%) in the community
nearby to the forest (Table 6).

The control or reversal of deforestation can, therefore,
be achieved by addressing the drivers identified to be
currently contributing to deforestation in the study area.
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The promotion of alternative energy sources (like
biogas and solar energy) should be encouraged to
reduce dependence on the use of firewood. Reducing
deforestation would also require creating and
strengthening reversal of deforestation such as
awareness rising on consequences of deforestation
(public education) and strengthening participatory forest
restoration and protected area expansion programs. This
is in line with the same recommendation from Asfawa
and Fikadu (2018). It is vital therefore, that the Woreda
natural resource administrative body or Forest and
environment office to enhances the land use planning
process in addition to identifying and implementing
appropriate decision to mitigate harmful effects of
development activities (like illegal agricultural expansion,
urbanization and infrastructure development) on forest
resources. During data collection session the researcher
observed that, the nearby society still rely on the forest
for their daily life activities and most people cut down
trees for fuel wood and charcoal production. In general,
the rural people in the country and Bensa Woreda get
their basic needs from the nature gifted areas without
sustainable utilizations and conservation. Wise utilization
of natural resources and responsibilities must be
considered.

Conclusion

Understanding the resources and process of forest
degradation is vital for informing forest management and
conservation policy and for an efficient conservation of
interventions. This study has quantified the Hotessa
forest woody species diversity and dynamics of forest
resource degradation and its drivers in southern Ethiopia
Sidama Zone Bensa Woreda. A total of 43 woody plants
species were identified and recorded. The plant resource
in the study area is considerable, the Woreda being
relatively rich in plant diversity. Based on Shannon-
wiener diversity index analysis, the distributions of
species were nhatural with less human intervention.
Socioeconomic characteristics of the respondents
showed that mostly males and aged with most of them
without any formal education and primary school
education and possessed at least a hectare of farmland.
Expansion of agricultural land, logging, urbanization and
infrastructure development were recorded as a major
challenges and negative impact on the biodiversity and
soil condition in the area. In the course of this study, it
was noticed that farming activities in relation with
population growth were greater and a lot of pressure
placed on natural resources. Forest might have been
losing its diversity through above indicated threats. The
long history of exploitation may result to unequal
distribution of woody plant species in the forest, and
woody plant species before reaching the seedling and
sapling stage is under destruction. Hence, proper and

integrated approach in implementing policies and
strategies related to land resources management should
be considered and future study on seedling regeneration
status and LULC change is recommended.
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APPENDIX 1

Questionnaire on Drivers of deforestation and perception of the local community

Name of the interviewer Date Signature ---------
Survey area: District: Kebele: Village:

Distance from the forest
Personal information; Name of household head:
Gender of head M F Age of respondent ------------
Educational status
Farm size in ha
2. What are the major uses of forests in your area?
3. Do you think that deforestation is the major problem in your locality?
4. How is today’s coverage of the forest when compared to the conditions before 2019?

A. Declined B. Increased C. No change
5. According to your knowledge, is severe and rapid forest cover change observed? A. yes B. No
6. If the answer to question number ‘5’ is yes, what were/are the major causes of deforestation?
Rank the drivers; Population growth, Agricultural land expansion, Fuel wood, Charcoal production, Urbanization and
infrastructure development and logging
7. What is your major source of income? A. Sale of cash crops B. Sale of wood and charcoal C. Other
8. What types of fuel do you use for household needs (List them in order).
9. On the basis of your knowledge, what are the impacts of deforestation/forest cover change in the area? (Put in order).
10. Are there species of “trees” and wild animals, in danger of extinction due to forest cover change from the local
region? Please mention if any?
11. What do you think about the possible solution to alleviate the current problem of deforestation and to use forest
resources in a sustainable manner?
12. What are the existing efforts to reduce deforestation and forest degradation in the study region?
13. What are the challenges in implementing the efforts to reduce deforestation and forest degradation in the study
region/area?
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Field experiment was conducted on Nitisols to evaluate the effects of combined application of primary,
secondary and micronutrients on grain yield and protein content of upland rice varieties compared to
the national recommendation. Factorial combination of five nutrient combinations (control, NP, NPK,
NPKSZn and NPKSCazn) and three upland rice varieties (Nechu Eruze, Superica-1 and NERICA-4) were
laid out in a randomized complete block design with three replications. The result revealed that nutrient
combinations significantly affected plant height and number of effective tillers m?. The highest grain
number per panicles of 122 and 1000 grain weights of 30.9 g were recorded from NPKSZn. The
maximum grain yield (4055.6 kg ha’l) was also obtained from NPKSZn, followed by NPKSCazZn.
Moreover, maximum grain protein content was registered from NPKSZn and NPKSCazn. In contrast, the
lowest value of these parameters was scored from the control. Among the varieties, NERICA-4
performed better than both varieties in yield and yield components. However, grain protein content of
rice varieties was statistically similar. Overall, combined application of primary, secondary and
micronutrients significantly improved grain yield and protein content of upland rice compared to

nationally recommended NP combinations.

Key words: Nechu Eruze, NERICA-4, Nitosols, nutritional security, rice grain yield, Superica-1.

INTRODUCTION

Rice (Oryza sativa L.) is the staple food for more than
half of the world's population, providing over 20% of the
total calorie and 15% of the protein that human needs
(Seck et al., 2012). It is the most promptly growing source
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of food in Africa, and is of noteworthy importance to food
security in an increasing number of low-income food-
deficit countries (FAO, 2015). In sub-Saharan Africa
(SSA), rice is currently one of the rapidly growing food
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crops in production and consumption (Kinfe et al., 2017).
Cultivated area in SSA is reaching 10 million hectares
with annual production of about 23 million tons and
average per capita consumption of 24 kg per year (FAO,
2015). Upland rice is one of the main staple food crops in
inter-tropical highland areas and much of the future
expansion of the world’s rice varieties depends on it
(Negusseie et al.,, 2008). Further, about 14 million
hectares of land is dedicated to upland rice, accounting
for 4% of global rice production (Kinfe et al., 2017).

In Ethiopia, rice is among the target strategic
commodities that have received great focus and is
considered as the “millennium crop” that is expected to
contribute in ensuring food security in the country and it
plays a critical role in nutritional security (Mekonnen et
al., 2017). The total rice area coverage in Ethiopia
including upland rice in 2016 was estimated at 48,418 ha
with average annual production and productivity of
136000 tones and 2.9 t ha™, respectively (CSA, 2017).
This however, is much lower than the world’s average
rice yield of 4.64 t ha™ (FAOSTAT, 2017).

Soil nutrient depletion and shortage of adapted
varieties are among the major constraints for the yield
gap. The gap was further increased due to lower use of
external inputs that led to negative nutrient balances in
the soil (Rhodes et al., 1996). Kumar and Yavdav (2005)
related the decline in productivity of rice with continuous
cropping to deficiency of primary, secondary and
micronutrients mainly N, P, K, S, Zn and imbalanced
nutrition. In Southern Ethiopian, Nitisols are among the
most extensive agricultural soils though, soil degradation
threatens their productive (Eyasu, 2017) and nutrient
balances at field level for Nitisols were found to be —102,
-45 and -67 kg ha™* for NPK, respectively (Elias, 2002).
Moreover, Ethiopian Soil Information Service (2013)
reported that most arable lands in Ethiopia including the
study area are deficient with secondary and
micronutrients in addition to the lower level of primary
macronutrients (NPK). Potentially, these limit rice
production, despite continued use of only NP nutrient
combination as blanket recommendation over decades
(Abebe et al., 2020). Sillanpaa (1982) identified
micronutrient deficiencies for selected cereals in Ethiopia,
and highlighted the need for micronutrient supply
especially Zn to address observed deficiencies and to
realize full potential in crop productivity. Crop response to
secondary and micronutrients such as S and Zn has
been reported (Abebe et al., 2020; Demiss et al., 2019).

Despite the importance of secondary and
micronutrients in enhancing crop productivity, they are
hardly studied in Ethiopia. In the country, the main focus
has been on primary macronutrients, that is NPK but
there is emerging, though, scattered evidence of crop
productivity being limited by secondary and
micronutrients (Kihara et al., 2017). On the other hand,
balanced supply of macro and micronutrients has a
paramount importance and may guarantee optimal crop
production, better food quality and benefit smallholder

farmers. Therefore, information is required to identify
nutrients that limit rice production which could be used for
fertilizer blending to produce blends of the right
formulation (Kaizzi et al., 2018). However, little if any has
been done on the impact of combined application of
primary, secondary and micronutrient except nitrogen
and phosphorous on rice productivity in Ethiopia. Owing
to the above facts, this study was designed to evaluate
the effect of combined application of primary secondary
and micronutrients on grain yield and protein content of
upland rice varieties compared to the national
recommendation.

MATERIALS AND METHODS
Description of the study area

Field experiment was conducted at Guraferda District of Bench-Maji
Zone, Southern Nations, Nationalities and Peoples’ Regional State,
Ethiopia. The experiment was undertaken during 2015 main
cropping season. The district lies between altitudes of about 850
and 1995 m above sea level. The annual rainfall pattern is unimodal
with rainy season from mid-March to mid-November (Kassa et al.,
2017). The average annual temperature and rainfall ranges from 25
to 39°C and 1200 to 1332 mm, respectively (Weldegebriel, 2015).
The predominant soil type in the study area is Nitisols (FAO, 2001);
primary, secondary and micronutrients: N, P, K, S and Zn, were
deficient in the soil (ATA, 2016). The soil was relatively highly
weathered well drained, clay in texture and strongly to moderately
acidic in reaction.

Treatments, experimental design and procedure

Factorial combination of 5 nutrient combinations, that is control
without fertilization (control), nationally recommended NP, NPK,
NPKSZn and NPKSCazZn and 3 rice varieties (Nechu Eruze,
Superica-1 and NERICA-4) were laid out in Randomized Complete
Block Design (RCBD). NERICA 4 and Superica-1 are popular and
typical upland rice varieties in Ethiopia, and dominantly produced
by private companies in the study area; Nechu Eruze is a local
variety produced by most small holder framers. Treatment
combinations were replicated 3 times. Each replication had 15 plots
corresponding to the 15 treatment combinations. A uniform size of 4
m x 25 m (10 m?) was used for each plot. The plot size
accommodated 16 rows at the spacing of 25 cm between rows. A 1
m wide-open strip separated the blocks, whereas the plots within a
block were 0.5 m apart from each other. The experimental field was
ploughed and leveled properly before planting. The required
agronomic practices were followed uniformly in all plots throughout
the growing period.

N and P in the NP and NPK combinations were applied in the
form of DAP fertilizer; whereas these two primary macronutrients
were supplied in the form of NPS (19N-38P,0s-7S) fertilizer for
NPKSZn and NPKSCazZn combinations. The remaining two
secondary macronutrients and the micronutrient; K, Ca? and zn*?,
were applied in the form of KCI (60 K,0), CaCOz; and ZnSO4 (23 Zn
and 10 S), respectively. Urea to all fertilizer combinations and TSP
to NPKSZn and NPKSCazZn combinations were applied in order to
make N and P of the nutrient combinations equal to the
recommended level. All nutrient sources except urea were applied
at sowing. However, since the N content of DAP and NPS was not
equal, the difference was applied to DAP at planting as urea to
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Table 1. Composition of nutrients combination for the experiment.

Nutrient Nutrient composition (kg ha'l)

combinations N P,Os K,0 S ZnS0O, ca**
NP 64 46

NPK 64 46 60

NPKSZn 64 46 60 7 20

NPKSCaZn 64 46 60 7 20 100

Table 2. Physical and chemical characteristics of
surface soils of the study site before sowing.

Soil characteristics Value
Sand (%) 31

Silt (%) 29

Clay (%) 40

Textural class Clay
pH in water (1:2.5) 5.6

Organic carbon (%) 1.69
Total N (%) 0.13
Na (cmol(+) kg %) 0.08
K (cmol(+) kg ™) 1.30
Ca (cmol(+) kg ™ 5.2

Mg (cmol(+) kg ™) 4.55
CEC (cmol(+) kg ™) 33.9
Av. P (mg kg ™) 1.30
Av. S (mgkg™) 8.01
Fe (mg kg ™) 40.22
Mn (mg kg ™) 50.5
Zn (mg kg ™) 0.42
Cu (mg kg ™ 3.99

balance the N content between the nutrient combinations. The
remaining N was applied in split in the form of urea. Detail of
nutrient compositions is presented in Table 1. Days to 50%
emergence, flowering and physiological maturity were collected at
plot level. Plant height (cm) was recorded from the two outer rows
excluding the border and central rows. Whereas, total number of
grain panicles ™, number of effective tillers per mater square,
thousand seeds weight (g) and grain yield (kg ha™) were recorded
from the central rows.

Grain protein analysis

Grain samples collected at harvest were dried for the
determinations of N concentrations in grain. The grain samples
were grounded and sieved through 0.5 mm size sieve and were
saved for laboratory analysis. Nitrogen in the grain was analyzed by
wet-oxidation procedure of the modified Kjeldahal method (Nelson
and Sommers, 1973). Grain protein content (GPC) (%) was
determined by multiplying total N with 5.75 (Brahmanand et al.,
2009).

Soil sampling, sample preparation and analysis

Thirty sub-samples using random sampling technique were

collected from the study area at a depth of 0-20 cm and a
composite was made before planting; it was analyzed for particle
size distribution, pHg20), SOil organic carbon, available N, P, K, S,
CEC, exchangeable bases and micronutrients following standard
procedures.

Statistical analysis

Data were subjected to the analysis of variance (ANOVA) using
statistical analysis systems (SAS Version 9.1.3) (SAS, 2003).
Whenever significant differences were detected in the F-test, the
means were compared using the least significance difference (LSD)
test at 5% levels of significance.

RESULTS AND DISCUSSION
Soil physical and chemical characteristics

Results of the composite soil analysis of the study areas
before planting indicated that textural classes of the
surface soil were clay (Table 2). The soil was found to be
moderately acidic in reaction with a pH of 5.6 as per the
rating of Tekalign (1991). According to Landon (2014),
organic carbon and total nitrogen contents of the soils
were in a low range. On the other hands, available
phosphorus contents were in a very low range as stated
by Olsen and Sommers (1982). Cation exchange
capacity (CEC) was medium according to the rating of
Landon (2014). Moreover, available S content of the soil
was low according to Havlin et al. (2014). The result is in
line with the finding of Abebe et al. (2020) who reported
low S content in Nitisols of Central Ethiopia.
Exchangeable Ca and Mg were the dominant cations in
the soil sample. Concentrations of exchangeable cations
were generally in the order of Ca > Mg > K > Na. Cation
exchange capacities (CEC) of the studied soils were
rated as high according to the rating of Landon (2014). In
contrast to available Zn which is deficient in the soil,
available Fe, Mn and Cu were sufficient. This is in
agreement with the finding of Abebe et al. (2020).

Days to 50% emergence, flowering and days to
physiological maturity

None of the nutrient combinations, varieties or their
interaction influenced crop emergence and date to 50%
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Table 3. Effect of variety and nutrient combinations on days to 50% emergence, flowering and physiological maturity.

Treatments 50% emergence  50% flowering DTPM PH (cm) NET/m?®
Nutrient combinations

Control 7.1 64.5 97" 74.0° 166.6°
NP 7.0 65.0 105? 78.0° 235.9°
NPKSZn 7.1 65.0 1032 87.0° 279.9°
NPKSCazn 7.0 66.5 103? 85.0° 249.3
NPK 7.0 65.8 1032 80.8° 244.3"
LSD 5% NS NS 34 3.8 28.6
Varieties

NERICA-4 7.1 63.0 1042 77" 260.3%
Superica-1 7.1 62.9 101° 90° 226.8"
Nechu Eruze 7.0 63.1 103% 75" 218.5°
LSD 5% NS NS 2.6 3.0 22.1
CV (%) 75 9.0 3.4 5.0 12.6

Means followed by the same letter in the same column are not significantly different at p < 0.05 probability level, NS: Not significantly DTPM:
Days to physiological maturity, PH: Plant height NET/m2: Number of effective tiller per meter square

flowering significantly. Favorable moisture condition due
to uniform rainfall distribution during planting might
contribute to smooth and even germination of rice on
similar dates. Uniform germination of rice and wheat was
also reported under different levels of N fertilizer (Yesuf
and Worku, 2018) and varieties (Melesse, 2007),
respectively.

Nutrient combinations had a significant (p < 0.05) effect
on mean days to physiological maturity of rice. The result
revealed that the highest delay was observed in NP
combination, which delayed 8 days as compared to the
control (Table 3). However, this was not significantly
different from treatments that received NPKSZn,
NPKSCazn and NPK. Delayed physiological maturity
with N containing fertilizers might be attributed to higher
uptake of N fertilizer in the straw that encouraged
excessive vegetative growth resulting in delayed maturity.
Similarly, Brady and Weil (2002) reported that compared
to unfertilized plants, application of N delayed plant
maturity. Moreover, WARDA (2008) reported that
application of N to NERICA variety delayed maturity as
compared to the control; this is in agreement with our
result.

Days to physiological maturity was also significantly (p
< 0.05) varied among rice varieties. However, the
interaction effects of nutrient combinations and varieties
had no significant effect on days to physiological maturity.
Maturity of NERICA-4 was significantly delayed by 3 days
compared with Superica-1 (Table 3). Differences in
maturity can be caused by the difference in the genetic
makeup of the varieties (Bhuiyan et al., 2014). It might
also be due to the agronomic characteristics and to the
climate adaptability of different rice varieties to the local
condition (Romualdo and Jesusa, 2014). Difference in
days to physiological maturity among rice varieties has
also been reported (Tefera et al., 2019).

Plant height

Combined application of primary secondary and
micronutrients  significantly increased plant height
compared to the recommended NP. The recommended
NP combinations also significantly increased plant height
over the control. The lowest mean plant heights of rice
(74 cm) was recorded at control treatments, while a
maximum height of 87 cm was recorded from the
application of NPKSZn; however, this result was
statistically at par with the height of rice crop obtained
from the application of NPKSCazZn (85 cm). Omission of
secondary and micronutrients from NPKSZn and
NPKSCazn application significantly reduced plant height
by 6.2 and 4.2 over NPK fertilizer (Table 3). This result
contradicts the finding of Abebe et al. (2020) who
reported a reduction in plant height with the omission of
Zn. However, the result is in agreement with Sudha and
Stalin (2015) and Singh et al. (2012) who reported a
significant reduction in plant height of upland rice with
omission of S and Zn from fertilizer schedule.
Furthermore, Chimdessa (2016) reported that application
of NPKSBZn blended fertilizer increased plant height of
maize by 16 and 111 cm over the recommended NP
fertilizer and the control respectively in Western Ethiopia.
The same source attributes the increment in plant height
with combined application of primary, secondary and
micronutrients to increase in cell elongation and more
vegetative growth due to different nutrient contents of the
fertilizer: NPKS and micronutrients (Chimdessa, 2016).
An increase in plant height might also be attributed to the
adequate supply of zinc that contributed to accelerate the
enzymatic activity and auxin metabolism in plants(Fayez
and Khan, 2016).

Varieties also had a significant effect on mean plant
height of rice. The maximum plant height of 90 cm was
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Table 4. Effect of nutrient combinations and varieties on number of grain per panicle, thousand grain

weights and grain yield of rice.

Treatments NGPP TGW (9) GY (kg ha™)
Nutrient combinations

Control 81.44° 25.96 ¢ 3157.20°
NP 95.00° 27.13" 3577.80°
NPKSZn 117.67° 30.90% 4055.60°
NPKSCazn 115.00° 28.89 4038.90°
NPK 103.22° 28.310b° 3600.00°
LSD 5% 10.8 251 409.63
Varieties

NERICA-4 105.53% 30.66% 4098.30°
Superica-1 101.60° 27.13" 3806.70°
Nechu Eruze 100.33" 26.93" 3175.00°
LSD 5% NS 1.9 318.37
CV (%) 10.5 9.2 11.51

Means followed by the same letter in the same column are not significantly different at p < 0.05 probability level,
NS: not significantly, NGPP: number of grain per panicle, TGW: thousand grain weight and GY: Grain yield.

recorded at variety Superica-1 while the minimum plant
height of 75 cm was observed in the Nechu Eruze variety
(Table 3). The difference in plant height could be
attributed to the varietal characteristics of the crops
planted (Tefera et al.,, 2019). Plant height is the end
product of several genetically controlled factors mostly
governed by the genetic make-up of the genotypes
(Sadiqur et al., 2018). In line with our finding, significant
variations in height among rice varieties were also
reported by Delessa (2007) and Tefera et al. (2019).
Interaction effects of nutrient combination and variety on
mean plant height of rice was non-significant.

Number of effective tillers

Applying secondary and micronutrients in combination
with primary macronutrients increased number of
effective tillers. The highest number of effective tillers
was recorded from the combination of S and Zn with NPK
followed by NPKSCazn. The lowest value of this
parameter was obtained from the control. Compared to
the control treatment, application of locally recommended
NP nutrients increased number of effective tillers by
68.6% (Table 3). Similar result was reported by Ferdous
et al. (2018). Increased effective tiller production of
NPKSZn compared to the recommended NP and NPK
can be attributed to the ability of Zn to increase N use
efficiency and Zn induced enzymatic activity as well as
auxin metabolism in plants (Arif et al., 2018; Rana and
Kashif, 2014).

Number of effective tillers was also significantly

different among the rice varieties. The highest value of
this parameter was scored from NERICA-4 and the
lowest value from Nechu Eruze variety that was
statistically similar with the variety Superica-1 (Table 3).
This might be due to different capacity of varieties in tiller
production (Suleiman et al., 2014).

Number of grain per panicles

Nutrient combinations significantly increased (p < 0.01)
number of grain per panicles. The main effect of varieties
and its interaction with nutrient combinations did not
show significant difference in mean number of grain per
panicles. The highest number of grain per panicles (122)
was recorded from the treatment that received NPKSZn
followed by NPK application (111.3) which however was
statistically at par with that obtained from NPKS CaZn
(109). The lowest mean number of grain per panicles
(84.9) was scored from the control treatment (Table 4).
Compared to NP and NPK nutrient combinations, mean
values of number of grain per panicles were increased by
22 and 10 % for the application of NPKSZn, respectively.
In agreement with our finding, Chimdessa (2016)
reported a significant increase in number of kernels per
row through balanced nutrient supply including S and Zn.
Moreover, the result of Singh et al. (2012) showed that
number of grains per panicle of rice was significantly
increased by 13 and 14 grains per panicle with the
application of S and Zn over control. Higher grain
production due to zinc might be attributed to its
involvement in many metallic enzyme system, regulatory
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functions, and auxin production (Sachdev et al., 1988)
enhanced synthesis of carbohydrates and their transport
to the site of grain production (Pedda-Babu et al., 2007).

Thousand grain weight

Thousand grain weight of rice was significantly (p < 0.01)
affected by the nutrient combinations. The highest 1000
grain weight of 30.9 g was recorded at a nutrient
combination of NPKSZn, which however, was statistically
similar with that recorded from the application of
NPKSCazn. In contrast, the lowest 1000 grain weight of
26 g was obtained from the control treatments (Table 4).
Combined application of primary secondary and
micronutrients resulted in the highest 1000 grain weight,
which was significantly higher than the control,
recommended NP and NPK combinations. The mean
values of 1000 grain weight from the combination of
primary, secondary and micronutrients (NPKSZn)
increased by 14 and 9.2% as compared to the
recommended NP and NPK fertilizers, respectively; while
it increased by 19% as compared to control. The more
grain weight of rice for NPKSZn in the present finding
might be attributed to the positive interaction of nutrients
in this treatment.

This result is in line with the finding of Chimdessa
(2016) who reported that application of blended fertilizes
significantly increased 1000 grain weight of maize by 220
g over the control. Similarly, Fayaz and Hamayoon
(2016) observed that NPKZn combinations significantly
increased 1000 grains weight of rice by 5 g over NPK
alone. Moreover, a significant increase in 1000 grain
weight of rice by 13.6% through S incorporation in
NPKBZn combination was reported by (Dash et al.,
2015).

The highest 1000 grain weight of rice from NPKSZn
might also be attributed to an increase in availability of Zn
in the soil solution. An increase in1000 grains weight of
rice up on Zn fertilization might also be due to its
involvement in the carbonic anhydrase activity and more
carbohydrate accumulation in the seeds (Sudha and
Stalin, 2015). Furthermore, Cliquet et al. (1990) reported
significant difference on grain yield through direct or
indirect effects of K on other morphological and
physiological parameters. In a similar scenario, Havlin et
al. (2014) explained that K is involved in the working of
more than 60 enzymes, in photosynthesis and the
movement of its products (photosynthates) to storage
organs (seeds, tubers, roots and fruits). The result also
revealed that 1000 grain weight of rice was significantly
(p < 0.00) influenced by the main effect of variety.
Despite this, its interaction with fertilizer treatments did
not show significant difference in this parameter. The
highest1000 grain weight of 30.1 g was obtained from
NERICA-4. In contrast, the lowest value of this parameter
(26.9 g) was scored from Nechu Eruze that was statistically

similar with that recorded from variety Superica-1 (26.9 g)
(Table 4). Previous result also confirmed the present
finding (Mayumi et al., 2017).

Grain yield

Primary, secondary and micronutrient combinations
significant increased grain yield of rice. The omission of
all macro and micro nutrients from the experimental plot
drastically decreased yield than plots fertilized with
complete treatments; NPKSzZn and NPKSCazn. The
highest grain yield of 4055.6 kg ha™ was obtained from
NPKSZn application that was statistically similar with that
obtained from NPKSCazZn. In contrast, the lowest grain
yield of rice was obtained from the control; all the other
fertilization treatments performed in between. Compared
to the recommended NP and NPK combinations mean
grain yield was increased by 477.8 and 455.6 kg ha™* with
the application of NPKSZn nutrients, respectively (Table
4). A similar result on upland rice was also reported
(Kaizzi et al., 2018). Our result is also in agreement with
the finding of Shah et al. (2008) who reported that long-
term omission of major nutrient individually from the
complete treatment (NPKSZn) significantly decreased
rice yield and was significantly higher than control .
Furthermore, the finding of Dash et al. (2015) showed
that highest significant grain yield was recorded when
rice received primary secondary and micronutrients
(NPKSBZn) and yield decreased by 19.4- 27% due to
omission of NPK or PK and by 17.1- 32.6% in absence of
S and Zn individually or in combination. The lowest yield
in control plots might be due to reduced vegetative
development that resulted in lower radiation interception
and, consequently, low efficiency in the conversion of
solar radiation (Sallah et al., 1998). The increase in grain
yield with the balanced nutrient supply which contained
primary, secondary and micronutrients was an indicator
of low soil fertility level in Guraferda District of
Southwestern Ethiopia for rice production. Benti (1993)
stated that, although adoption of new varieties is moving
fast in Ethiopia, fertilizer management techniques need to
supplement the existing potential of the varieties. This
showed that low soil fertility is among the greatest
constraints to crop production in Ethiopia (Kelsa et al.,
1992). Grain vyield increase with NPKSZn and
NPKSCazn which contained K" indicated that there is a
need to supplement the element for rice production. In
this scenario, Fageria and Baligar (2005) reported that
many soils of the tropical regions are unable to supply
sufficient K™ to field crops. Hence, application of this
element in adequate amount is essential for obtaining
optimal crop yields. Many other researchers also have
reported an increase in vyield through potassium
application (Grunes et al., 1998; Johns and Vimpany, 1999;
Abebe et al., 2020). The increase in grain yield could be
attributed to beneficial influence of vyield contributing
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Table 5. Main effect of variety and fertilizer type on crude protein

content of the grain (%).

Treatments

Crud protein (%)

Nutrient combinations
Control

NP

NPKSZn

NPKSCazn

NPK

LSD 5%

Varieties
NERICA-4
Superica-1
Nechu Eruze
LSD 5%

CV (%)

1.96°
2.17°
2.77°
257
2.43°
0.218

2.48

2.35

231
NA
9.5

Means followed by the same letter in the same column are not significantly
different at p < 0.05 probability level, NS: not significantly.

characters and positive interaction of nutrients in the crop
through the application of primary, secondary and
micronutrients. Grain vyield increase with NPKSZn
compared to NPK highlighted the need to supplement S
and Zn for rice production in the study area. A significant
yield increase of rice with combined application of S and
Zn was also reported (Singh et al., 2012). Grain yield of
rice was also affected by the main effect of varieties. The
highest grain yield of rice was obtained at variety
NERICA-4, while the lowest value was obtained with
variety Superica-1 followed by Nechu Eruze (Table 4).
This confirmed the report of Tefera et al. (2019) and
Islam et al. (2010) that varieties with longer growth
duration usually produce more grain yield than the
varieties with shorter growth duration. Further, the
difference in yield among the varieties might also be
attributed to the difference in the number of productive
tillers, varietal yielding capabilities and also to the growth
performance of every variety tested (Romualdo and
Jesusa, 2014).

Grain protein content

Combined application of S and Zn with macronutrients
increased grain protein of rice. The highest grain protein
concentration of 2.77% was recorded at a nutrient
combination of NPKSZn, which however was statistically
similar with that recorded from the application of
NPKSCazZn (2.57%). In contrast, the lowest grain protein
was obtained from the control treatments (Table 5).
Application of NPKSZn resulted in the highest grain
protein content, which was significantly higher than the
recommended NP and NPK fertilizer. The mean values of

grain protein in NPKSZn increased by 41.3% as
compared to control. The highest grain protein
concentration from the combinations of primary,
secondary and micronutrients might be attributed to the
presence of N, S and Zn. This is also in agreement with
the findings of Hakoomat et al. (2014) who reported that
protein contents of rice grain were significantly improved
by combined application of N and Zn application.
Moreover, significant increase in grain protein content of
rice with the application of S was also reported by
Rahman et al. (2007). Rice protein is valuable as it has
unique hypoallergenic properties and ranks high in
nutritive quality (rich in the essential amino acid lysine)
among the cereal proteins (Nasrollah and Seyed, 2014).
Liu et al. (2008), in their research, showed a significant
positive correlation between activities of protein
synthesizing enzymes and absorption of nitrogen in grain.
The highest protein content in Zn containing nutrient
combination might also be due to the fact that application
of Zn increased N-metabolism which enhanced
accumulation of amino acids and drastically increased
the rate of protein synthesis and consequently protein
content in grain (Sudha and Stalin, 2015). The role of Zn
in increasing protein might also be due to the fact that
zinc application enhanced Zn concentration in the plant
which might be associated with RNA and ribosome
induction. The result accelerated protein synthesis
(Keram et al., 2014).

Conclusion

Balanced nutrient supply based on limiting nutrients for a
cereal crop improved yield and nutritional value of the
grain. Combined application of primary, secondary and
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micronutrients on upland rice showed a significant effect
on grain yield and protein content in the study area. On
the other hand, nationally recommended NP
combinations performed low compared to NPKSZn,
indicating that rice production in the study area needs
application of secondary and micronutrients in addition to
primary nutrients. The result revealed maximum grain
yield, 1000 grain weight, grain protein content, number of
grain per panicle and number of effective tiller per m™
from NPKSZn. Among the rice varieties, NERICA-4
performed better in all parameters. Therefore, to improve
grain yield and protein content of rice in the study area
combined application NPKSZn might be recommended.
However, further research has to be done to get strong
recommendations for fertilizers and varieties in the study
area.
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Maize is one of the high priority crops to feed the ever increasing population in Africa, however, its
production limited by shortage of high yielding variety coupled with biotic and abiotic stresses. The study
was initiated to evaluate the heterotic performances of the F; hybrids over the standard checks (Kolba
and Jibat). Fifty entries consists 48 F; single crosses developed from 24 inbred lines and 2 testers using
line x tester design and two commercial check hybrids used in the study. The experiment was conducted
using alpha lattice design with two replications at Ambo and Holeta Agricultural Research Center.
Analysis of variance revealed existence of significant genetic variation among genotypes for all studied
traits except for plant aspect. Location x entry interaction for most of the traits was not significant which
suggests hybrid performance was consistent across tested locations. The magnitude of standard
heterosis over Kolba and Jibat for grain yield ranged from -40.31 (L13 x T1) to 32.44% (L23 x T1). Cross
L23 x T1 exhibited maximum standard heterosis (32.44%) over Kolba and Jibat for grain yield followed by
L11 x T1 (22.18%). Positive and significant genotypic, phenotypic correlation coefficient were recorded for
yield with plant height (rg=48* and rp=40**), ear height, ear per plant, number of kernels per row, ears
length, ear diameter and number of kernel rows per ear. Number of ears per plan (1.08) had the highest
positive direct effect on grain yield followed by ear diameter (0.95), number of kernels per row and number
of kernel rows per ear indicating the effectiveness of direct selection. Finally, crosses with high standard
heterosis for yield and yield components could be used for developing high yielding maize hybrids in the
future maize breeding program.

Key words: Heterosis, Hybrid, correlation, path analysis.
INTRODUCTION

Maize (Zea mays L., 2n = 20) is a monoecious; C4 plant although there may be few tillers in some genotypes and
belongs to the tribe Maydeae of the family Poaceae. It is a environments. Prasanna et al. (2001) noted that the crop is
tall, robust, annual, usually with a single dominant stem, a vital source of calorie, protein and some important
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vitamins and minerals to billions of people world-wide,
particularly in Africa, South America and Asia.

Approximately 88% of maize produced in Ethiopia is
consumed as food, both as green and dry grain (Tsedeke
et al,, 2015).

Maize is cultivated globally as one of most important
cereal crops and ranks third next to wheat and rice. CSA
(2017) reported that in Ethiopia by 2016/2017 main
cropping season out of the total grain crop area, 81.27%
was under cereals of which maize share as large area as
16.98%, after tef (24%). Regarding total annual production,
cereals contributed 87.42% in which maize ranked first
27.02% followed by teff and sorghum (CSA, 2017). The
national average yield in Ethiopia is still as low as 3.675 t
ha™* (CSA, 2017) compared to that of the developed world
of 10.96 t ha™ (FAS, 2017) which implies the importance of
increasing maize productivity as high national priority
issue. The shortages of high yielding varieties or potential
parent materials and the effect of biotic and abiotic
stresses are the major constraints limiting maize
production and productivity (Mosisa et al., 2012). This
implies the need for developing high yielding maize
varieties from suitable parents or crosses.

Hybrid varieties are the first generations (F1) from
crosses between two pure lines, inbred lines, open
pollinated varieties or other populations that are genetically
dissimilar. Breeding strategies based on selection of
hybrids require expected level of heterosis. Heterosis is
important in breeding program especially for cross
pollinated crop and is a great achievement to meet the
world’s food needs (Duvick, 1999). Feng et al. (2015)
pointed out that understanding the magnitude of hybrid
vigor (heterosis) helps us for effective selection of best
combinations of parents for predicting breeding goal.

The efficiency of breeding programme depends mainly
on the direction and magnitude of association between
yield and its components and also the relative importance
of each factor involved in contributing to grain yield (Jakhar
et al., 2017). Munawar et al. (2013) noted estimation of
trait association is important for the selection of favorable
plant types for effective maize breeding programs.
Mallikarjuna et al. (2011) and Zeeshan et al. (2013) also
reported that correlation and path coefficient analysis were
used to measure the level of relationships between the
traits, give reliable and useful information on nature, extent
and direction of selection. The path analysis provides the
effective measures of direct and indirect causes of
association and depicts the relative importance of each
factor involved in contributing to the final product (Jakhar
etal., 2017).

Heterosis and trait association has been studied in
Ethiopia for different sets of new maize inbred lines
(Dagne et al., 2007; Worku et al., 2008; Girma et al., 2015
and Tolera et al., 2017). Highland maize breeding program
at Ambo Agricultural Research Center (AARC) in
collaboration with CIMMYT recently developed crosses
whose standard heterosis has not been studied. Hence,
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this study was conducted to evaluate the heterotic
performances of the F; hybrids over the standard checks
and trait association for yield and yield related traits.

MATERIALS AND METHODS

The experiment was conducted at Ambo and Holeta Agricultural
Research Centers of the Ethiopian Institute of Agricultural Research
(EIAR), Ethiopia during the main cropping season of May 2017 to
December 2018. Holeta Agricultural research center (HARC) is
located in West Showa zone of the Oromia region, 33 km west of
Addis Ababa at 09° 04’ 12" N and 38° 29’ 45” E and an elevation of
2400 m.a.s.l. The center receives an average rainfall of 1102 mm per
annum. The maximum and minimum temperatures of this site are 6
and 22°C, respectively. The center has nitosols and vertisols soil
types with pH of 6.0 (Tamene et al., 2015).

Ambo Agricultural Research Center (AARC) is located in West
Showa zone of the Oromia region, 114 km west of Addis Ababa at 8°
57 N latitude and 37° 51' E longitudes with an altitude of 2225
m.a.s.l. The site receives an average rainfall of 1115 mm. The maximum
and minimum temperatures of this site are 11.7 and 25.4°C,
respectively. The soil type of Ambo is clay (heavy vertisols) with a pH
of 7.8 (Demissew, 2014).

Experimental materials

The experiment consisted of 50 maize entries which include 48
testcrosses and two hybrid checks (AMH853-Kolba and AMH851-
Jibat). The testcrosses (48) were generated from crossing of 24
inbred lines (female parents) with two testers (male parents) in line x
tester mating design during 2015/2016 cropping season at AARC.
The inbred lines were developed at Ambo Agricultural Research
Center from CYMMYT materials using ear-to-row selection and
subsequent selfing until they attain homozygosity. The inbred line
testers used for the formation of the testcrosses were FS59 (Tester 1)
and FS67 (Tester 2) as shown in Table 1. The first tester was from
heterotic group B, while the second was from heterotic group A.
Ambo maize breeding program commonly uses these testers in the
identification of promising inbred lines. The hybrid checks are
commercial maize hybrids released for highland and sub-humid agro
ecologies of Ethiopia. AMH851 (Jibat) and AMH853 (Kolba) are
three-way cross hybrid varieties released by Ambo Agricultural
Research Center, highland maize breeding program in 2011 and
2015, respectively. They take about 178 days for grain mature at
Ambo and similar environments. Besides, hybrid checks are high
yielding, tolerant/resistance to major maize disease in the country and
well adapted to the altitude ranging from 1800-2600 m in the highland
sub-humid agro-ecological conditions of the country (MoANR, 2016).

Experimental design and procedure

The experimental materials along with two hybrid checks were grown
during the 2016/2017 main cropping season using alpha lattice
design (Patterson and Williams, 1976) with two replications, 10
incomplete blocks and 5 plots per the incomplete blocks at both
locations. Each entry was planted in a single row plot of 5.25 m
length with a spacing of 75 cm between rows and 25 cm between
plants. Seeds were planted with two seeds per hill and later thinned
to one plant at four leaf stage.

Data collection and analysis

Data were collected days to 50% anthesis (AD), days to 50%
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Table 1. List and pedigree of parents and hybrid checks used for the study.

SIN Line code Pedigree
1 L1 (CML442*/OFP4)-B-4-2-2-B-B-B-#
2 L2 (CML495*/OFP14)-7-1-5-1-1-B-B-#
3 L3 (CML442*/OFP4)-B-17-1-1-B-B-B-#
4 L4 (CML495*/OFP6)-B-27-1-1-B-#
5 L5 (CML539*/OFP14)-2-1-1-2-2-B-B-#
6 L6 (CML442*/OFP4)-B-17-5-1-B-B-B-#
7 L7 (CML395*/OFP105)-1-1-1-1-1-B-B-#
8 L8 (CML395*/OFP105)-1-2-3-1-1-B-B-#
9 L9 CML539*/OFP1)-B-11-2-2-B-B-B-#
10 L10 (CML444*/OFP23)-6-3-1-1-1-B-B-#
11 L11 (LPSC7-F96-1-2-1-1-B-B-B*/OFP9)-3-2-1-1-1-B-B-#
12 L12 (CML444*/OFP14)-3-2-4-1-2-B-B-#
13 L13 (CML444*/OFP4)-B-4-1-1-B-B-B-#
14 L14 (CML444*/OFP4)-B-6-1-1-B-B-B-#
15 L15 (CML537*/OFP106)-6-1-3-1-2-B-B-#
16 L16 (CML537*/OFP106)-7-1-2-1-2-B-B-#
17 L17 (CML491*/OFP4)-B-10-1-2-B-B-B-#
18 L18 CML546-#
19 L19 ([SYN-USAB2/SYN-ELIB2]-12-1-1-1-B*4-B-B-B*/OFP105)-4-2-1-1-2-B-B-#
20 L20 ([CML312/[TUXPSEQ]C1F2/P49-SR]F2-45-3-2-1-BB//INTA-F2-192-2-1-1-1-BBBB]-1-5-1-1-1-
BBB-B-B-B*/OFP106)-1-2-2-2-1-B-B-#
21 L21 ([CML444/CML395//DTPWC8F31-1-1-2-2-BB]-4-2-2-1-2-BB-B-B-B*/OFP105)-1-4-3-3-2-B-B-#
22 L22 ([CML444/CML395//DTPWC8F31-1-1-2-2-BB]-4-2-2-1-2-BB-B-B-B*/OFP105)-2-1-1-2-1-B-B-#
23 L23 (LPSC7-F71-1-2-1-2-B-B-B*/OFP2)-B-1-3-2-B-B-B-#
24 L24 [CML444/CML395//DTPWC8F31-1-1-2-2-BB]-4-2-2-2-1-B*7-B-#
25 T1 Tester FS59
26 T2 FS67
27 - JIBAT
28 : Checks  voLBA

Source: Ambo plant protection research center, highland maize breeding program (2017).

female flowering (SD), anthesis-silking interval (ASI), ear aspect
(EA), plant aspect (PA), grain yield (GY), number of ears per plant
(EPP) and thousand kernel weight (TKW) on plot basis. On plant
basis data were collected on plant height (PH), ear height (EH), ear
length (EL), ear diameter (ED), number of kernel rows per ear
(KRPE) and number of kernels per row (KPR).

The data obtained for different traits from field measurements were
organized and analyzed using SAS statistical package (SAS, 2014).
Analysis of variance across location was conducted with PROC GLM
procedure (SAS, 2014) by considering location, replication and blocks as
random and entry/genotype as fixed factors with statement of RONDOM
and TEST option.

Estimation of standard heterosis

Standard heterosis was calculated for traits that showed statistically
significant differences among genotype based on the procedure
suggested by Falconer and Mackay (1996).

F1-SC
SC

Standard heterosis (SH) = ( )x 100

Where; SH = standard Heterosis, F1 = mean value of the crosses,
SC = mean value of standard checks. The significant difference for
percentage of standard heterosis was tested by t-test. Standard error
of difference for heterosis and t-value will be computed as follows;

SE (d) for SE (d) = /ZMlS =2 2‘(25

Where, SE (d) is standard error of the difference, MSe =error mean
(Paschal and Wilcox, 1975).

Correlation and path coefficient analysis

Phenotypic and genotypic correlations were estimated for the
characters from variance of each character and the covariance
components for each pair of characters (Comstock and Robinson,
1952; Miller et al., 1958). The analysis was performed using SAS 9.3
software package and test of significance of correlation coefficients
were carried out comparing the computed values against table r



Abebe et al. 195
Table 2. Analysis of variance for yield and yield related traits of maize genotypes evaluated at Holeta and Ambo.
Trait L, df=1 Rep(L)df=2 BIK(L*R) df=36 Ent df=49 Ent*L df=49 Error df=62 Mean+SE(m) CV%
GY(kg) 8.38* 0.03 1.29 4.41* 2.63** 11 7.53+0.52 139
AD(days) 14162.4** 24.23** 2.96 13.33* 2.77 3.18 104.52+0.89 1.71
SD(days) 18489.6** 19.34** 2.60 15.66** 251 331 105.15+0.91 1.73
ASl(days) 0.63** 0.001 0.005 0.007* 0.005 0.004 1.2+ 0.03 5.52
PH(cm) 574.6** 779.0%* 161.6 1631.89** 237.4* 139.1 251.07+5.9 4.70
EH(cm) 5724 .5* 398.33* 45.04 943.11* 85.85* 54.64 136.66+3.7 5.41
EPO(%) 0.07** 0.0002 0.001 0.004** 0.0007 0.002 0.54+0.02 7.33
EPP(no) 1.49** 0.007 0.03 0.13* 0.05 0.03 1.70+0.09 10.18
EA(scale) 0.78* 0.91** 0.13 0.43** 0.19 0.13 3.12+0.18 11.56
PA(scale) 2.88** 0.75* 0.15 0.20 0.14 0.20 3.30+0.22 13.69
EL(cm) 1.69 8.82** 0.98 3.61* 121 0.81 15.47+0.45 5.82
ED(mm) 1.62** 0.004 0.03 0.10** 0.03** 0.03 4.32+0.09 3.84
KRPE(no) 10.76** 0.58 0.63* 1.21* 0.47 0.37 12.86+0.3 4.74
KPR(no) 19.22* 25.22** 7.43* 8.51* 6.50 4.22 32.3£1.03 6.37
TKW/(gm) 193827.8** 27.26 743.1 3102.2** 1603.9* 947.3 305.0+15.39 10.09

**significant (0.01), *significant (0.05), L=location, Rep=replication, Blk=blocks, Ent= Entry, GY= grain yield, AD=anthesis days, SD=silking days,
ASI=anthesis silking interval, PH=plant height, EH= ear height, EPO= ear position, EPP=ear per plant, EA=ear aspect, PA=plant aspect, EL=ear

length, ED=ear diameter, KRPE=kernel rows per ear, KPR=kernels per row, TKW=thousand kernel weight.

values at 5 and 1% probability levels at n-2 degree of freedom (Fisher
and Yates, 1963). Path coefficient analysis carried using the model
and the formula which was adopted by Dewey and Lu (1959) the path
and residual effect were computed. The residual effect, U
=+v1—R2, R? =Y pijrij Retherford and Choe (2011), rij = pij+
Zrikpkj, where, rij = mutual association between the independent
character (i) and dependent character (j) as measured by the
correlation coefficient, pij = component of direct effects of the
independent character (i) on dependent character (j) as measured by
the path coefficient and, Yrikpkj = summation of components of
indirect effect.

RESULTS AND DISCUSSION

The analysis of variance, standard heterosis, correlation
and path coefficient analysis were conducted and the
results are discussed below.

Analysis of variance

The analysis of variances for yield and yield related traits
combined location are presented in Table 2. Significant
differences were detected between the two locations for all
of the studied traits except for ear length, indicating that
the two locations differed in the environmental conditions
to cause variation which agreed with the finding of Aly et
al. (2011). Entry mean squares were significant (p<0.01 or
p<0.05) for all traits except for plant aspect as shown in
Table 2.

The significance differences obtained among the entries
for almost all studied traits indicates the presence of high
degree of genetic variation and had potential of making

high vyielding hybrids. Similarly, Dagne et al. (2010),
Amiruzzaman et al. (2010), Amare et al. (2016) and Ziggiju
et al. (2017) reported significant difference among
genotypes for grain yield and yield related traits of different
sets of maize genotypes. Mean squares of entry x location
interaction for most of the studied traits were non-
significant, suggesting the consistence in performance of
genotypes from one location to another regarding these
traits as illustrated in Table 2. On the other hand, variables
like grain yield, plant and ear height, ear diameter and
1000 kernels weight showed significant entry x location
interaction mean squares, disclosing entries differed in
their performance from one location to another for these
traits.

Similar to the current finding, Gudeta et al. (2015) found
significant entry x location interaction for grain yield, 1000
kernels weight and ear height for different maize
genotypes. Alake et al. (2008), Beyene et al. (2011) and
Murtadha et al. (2016) also reported significant entry X
location interaction effect for certain traits and referred to
the presence of wide variability with regard to tested entry
and locations. The result showed the location played
significant role in the variation of these traits. If significant
genotype X location interaction mean squares existed,
different genes were involved in controlling the traits
showing the inconsistency of the genes over locations
(Dagne, 2008). The interaction of entry with location
suggests further evaluation of the genotypes across more
number of locations to remove environmental effect from
computation genetic variance. Variation among locations,
and single cross hybrids which interact more with
environment would be responsible for the interaction of
entry by location.
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Standard heterosis

The estimates of standard heterosis over the standard
checks were computed for combined data of grain yield
and yield related traits that showed significant difference
among genotypes as shown in Table 3. The magnitude of
standard heterosis over Kolba and Jibat for grain yield
ranged from -40.31 (L13 x T1) to 32.44% (L23 x T1). The
cross L23 x T1 (32.44%) exhibited maximum standard
heterosis for grain yield followed by L11 x T1 (22.18%).
Nine crosses showed negative significant standard
heterosis over the best hybrid check (Kolba) for grain yield,
while two crosses revealed positive and significant
standard heterosis. Several scholars Amiruzzaman et al.
2010, Kustanto et al. 2012, Hiremath et al. 2013, Melkamu
et al. 2013, Habtamu 2015, Bitew 2016, Gemechu et al.
2017 and Ziggiju et al. 2017 reported positive and negative
significant standard heterosis for grain yield. High level of
heterosis observed in the current study could be mainly
because of the involvement of more distant related inbred
lines. Fato (2010) and Hallauer and Miranda (1988) also
suggested that full exploitation of heterosis requires
crossing of distantly related materials. The crosses with
higher grain yield standard heterosis. Natol (2017) also
found that crosses with high standard heterosis also had
good specific combining ability. In contrast, Kumar et al.
(2014) reported crosses with good specific combining
ability effects, but non-significant standard heterosis for
grain yield. The difference in these findings might be due
to the influence of environmental factors and tested
materials.

The standard heterosis for days to 50% anthesis, days
to 50% silking and anthesis silking interval ranged from 0
to 8.75%, -1.21 t0 8.11% and 1.68 to -13.14%, respectively
as illustrated in Table 3a. The current study found none of
crosses with significant standard heterosis for days to 50%
anthesis and silking towards the desirable direction, which
was in agreement with the findings of Dufera et al. (2018).
This states the lack of genetic divergence among crosses
for selection of early flowering materials; however, Ram et
al. (2015), Patil et al. (2017) and Natol et al. (2017) found
negative and significant standard heterosis for days to
50% anthesis and suggested that earliness is a desirable
character. For anthesis-silking interval, crosses L6 x T1, L9
XxT2,L11xT2,L12xT2,L19 x T2 and L22 x T1 revealed
negative and significant standard heterosis with respective
values of -6.99, -10.38, -8.09, -11.58, -10.38 and -9.22%.
Negative heterosis for anthesis-silking interval is desirable
as it is indicated in pollen shedding and silk receptive
synchronization, thereby increasing seed set.

The magnitude of standard heterosis for plant height
ranged from -19.96 (L18 x T2) to 13.15% (L5 x T1) and for
ear height ranged from -24.18 (L23 x T2 and L24 x T2) to
36.78% (L12 x T2) as shown in Table 3b. Ten crosses had
positive and significant heterosis, while 22 crosses showed
negative and significant standard heterosis for plant height
over the best standard checks, respectively. For ear
height, 9 and 27 crosses had positive and negative

significant standard heterosis over the best standard
checks, respectively. Various workers (Melkamu et al.,
2013; Melkamu, 2014; Hailegebrial et al., 2015; Natol,
2017) also found positive and negative significant standard
heterosis for plant and ear height. So, crosses with shorter
plant and ear height over the standard checks are
desirable for lodging resistance and mechanical
harvesting. Natol et al. (2017) and Yazachew et al. (2017)
also suggested negative standard heterosis for plant and
ear height is in desirable; however, Sharma et al. (2017)
reported the desirability of for ear height negative standard
heterosis, while for plant height either negative or positive.
Hence, the negative heterosis for plant and ear height is
desirable to enable the selection of effective shorter plant,
with reduction of lodging.

Estimate of standard heterosis ranged from -18.80 (L8 x
T2) to 48.57% (L23 x T1) for number of ear per plant, -
23.47(L9 x T2) to 21% (L15 x T2) for ear length and -13.54
(L7 x T2) to 9.36% (L10 x T1) for ear diameter. The
positive standard heterosis for these traits is in a desirable
direction. For number of ears per plant, 26 crosses showed
positive and significant standard heterosis over hybrid
standard checks. Regarding ear length, only L15 x T1
cross showed positive and significant standard heterosis
over Kolba. Shushay (2014) and Arsode et al. (2017) for
number of ears per plant, Raghu et al. (2011) and Asif et
al. (2014) for ear length found comparable results to the
current  findings. Though ear diameter revealed
significantly positive and negative standard heterosis, none
of the crosses had wider ear diameter than the best
standard checks (Kolba). The positive standard heterosis
for number of ear per plant and ear length indicates
possibilities of breeding maize for increasing number of
ears per plant and ear length thereby improve grain yield.

Standard heterosis for number of kernel rows per ear,
number of kernels per row and 1000 kernel weight varied
from -8.02 (L21 x T2) to 13.52% (L11 x T1), -17.04 (L9 x
T2) to 5.77% (L15 x T1) and -33.76 (L19 x T1) to 27.64%
(L21 x T2), respectively. For number of kernels row per
ear, 12 crosses exhibited positive and significant standard
heterosis over best hybrid check (Kolb) as shown in Table
3c. Maximum positive standard heterosis for number of
kernel rows per ear was recorded for cross L11 x T1
(13.52%) followed by L20 x T1 (12.16%). This indicates
increased number of kernel rows per ear as compared to
the standard checks would be increase grain yield. As to
the number of kernels per row and 1000 kernel weight,
none of the crosses had positive and significant standard
heterosis over the standard checks. This signifies the non-
availability of variation among genotypes investigated for
these traits. But, Reddy and Jabeen (2016), Gemechu et
al. (2017) and Patil et al. (2017) found positive and
negative and significant standard heterosis for number of
kernels per row and 1000 kernel weight and indicated the
possibility of exploitation of the crosses for commercial
release. According to Singh (2015), heterosis was
positively correlated with genetic distance and specific
combining ability. In line with this, crosses with higher
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Table 3a. Standard heterosis of 48 testcrosses and two commercial checks hybrids for yield and yield related traits for combined data, 2017.

GY (%) AD (%) SD (%) ASI (%)
SN Entry Kolba  Jibat Kolba  Jibat Kolba  Jibat Kolba Jibat
1 LixT1 4.89 6.29 0.98 2.75% 073 197 093 2.68
2 LIxXT2 016 117 0.74 2,50 073 049 5.91* 757
3 L2xT1 10.41 11.89 319¢  5.00% 218  3.44% 3.85 5.54*
4 LoxT2 2485 2384 0.49 225 024 147 -0.93 2,68
5 L3xT1 2951% 2857 5.41% 7.5 6.07T%  7.37% 2.67 0.85
6  L3xT2 1131 -10413 5.41% 7.5 4857  B.14% -1.88 3.61
7 LaxT1 174 -0.42 0.74 2.50 121 246 1.80 0.00
8 LAxXT2 739 6.16 0.98 2.75% 000 123 3.85 5.54*
9 L5XT1 12.86 14.36 0.25 2.00 049 172 0.91 0.87
10 L5XT2 376 -2.48 0.00 1.75 073 049 2.85 457
11 LexT1 0.10 1.43 246 425" 073 197 -6.99% -8.63%
12 L6xT2 2260¢  -21.56* 197 375 073 197 487 6,55+
13 L7xT1 1794  -16.84 491% 675 558%  6.88% 2.67 0.85
14 L7xT2 1077 -9.58 6.14%  8.00% 4857  614% 487 6,55+
15  L8xT1 15.69 17.23 205 475 3.64%  4.91% 2.67 0.85
16  L8xT2 21.89%  -20.85* 246  4.25% 104  3.19* -1.88 3.61
17 LoxT1 8.94 10.39 0.00 1.75 000 123 0.00 176
18 LOXT2 428 -3.00 1.23 3.00* 421 0.00 1038  -11.96%
19 L10xT1 0.10 1.43 5.41% 7.5 5.34%  6.63* 0.00 176
20 L10XT2 9.93 11.40 3.44% 525w 218 3447 487+ 6,55+
21 L11xT1 2218  23.81* 467 650 4617  5.90% 0.00 176
22 L11xT2 10.09 11.56 418%  6.00% 218 3447 -8.09%* 9,71
23 L12xT1 9.71 11.17 5.65%  7.50% 437% 565" 487+ 6,55+
24 L12xT2 -7.30 -6.06 3.93% 575 121 246 4158 -13.14%
25 L13xT1 4031%  -39.51* 6.88%  8.75% 6.80%  8.11% 0.00 176
26 L13xT2 6.88 5.64 270 450% 170  2.95* 0.00 554
27 L14xT1 12.83 14.33 5165  7.00% 510%  6.39% -3.85 176
28 L14xT2 1058 -9.38 5.16%  7.00% 461  5.90% 0.00 3.61
29 L15xT1 16.36 17.92 418%  6.00% 388"  5.16% -1.88 2,68
30 L15xT2 14.05 15.57 221 4.00% 218 3447 0.93 176
31 L16xT1 13.85 15.37 0.49 225 000 123 0.00 3.61
32 L16xT2 20.06*  -18.99 3.93% 575 267%  3.03% -1.88 6,55+
33 L17xT1 919 7.98 172 3.50% 146  2.70% 487 2,68
34 L17xT2 0.61 1.95 172 3.50% 752% 8.5 0.93 176
35 L18xT1 2.44 114 0.74 2,50 170  2.95* 0.00 1.69
36 L18XT2 22.40¢  21.37* 197 375 049 074 3.52 11,96
37 L19xT1 1360  -12.44 197 375 170  2.95* -10.38* 2.68
38 L19xT2 21.73%  -20.68* 319%  5.00% 243 369" 0.93 457
39 L20xT1 7.91 9.35 172 3.50% 170 2.95* 2.85 176
40 L20xT2 -7.75 -6.51 3.44** 5.25%* 1.94 3.19** 0.00 -7.57*
41 L21xT1 21.28%  -20.23* 491% 675 4617  5.90% 5.91* 2,68
42 L21xT2 1533 -14.20 1.23 3.00 097 025 -0.93 -10.82%
43 L22xT1 -3.44 215 5.65%  7.50% 5.34%  6.63% 29,20+ 2,68
44 L22xT2 7.07 5.83 319¢  5.00% 243 369" 0.93 457
45 L23xT1 30.70** 32.44** 1.72 3.50** 0.97 2.21 -2.85 -4.57
46 L23xT2 5.46 6.87 197  3.75% 121 246 2.85 457
47 L24xT1 -2.80 150 172 3.50% 194  3.19* 2.85 087
48 L24xT2 10.09 11.56 205% 475 121 2.70* 0.91 8,63
SE(d) 0.75 1.25 1.29
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LSD(0.05) 1.17 1.94 2.58 1.82
LSD(0.01) 1.41 2.34 3.43 2.41

**significant (0.01), *significant (0.05), LSD used to compare two heterosis value, GY=grain yield, AD=anthesis days, SD=silking days, ASI=anthesis silking
interval.

Table 3b. Standard heterosis of 48 testcrosses and two commercial checks hybrids for yield and yield related traits for combined data, 2017.

SN Entry EL (%) ED (%) KRPE (%) KPR (%) TKW (%)
Kolba Jibat Kolba Jibat Kolba Jibat Kolba Jibat Kolba Jibat
1 L1xT1 -17.34%  -10.49* -7.15* -0.53 1.34 -0.02 -14.54*  -13.68** -22.13* -6.52
2 L1xT2 -12.75** -5.52 -9.99** -3.57 2.70 1.32 -10.53* -9.62* -17.89** -1.43
3 L2xT1 -6.64 1.09 -5.79* 0.94 2.72 1.34 -0.75 0.25 -32.92%  -19.47*
4  L2xT2 -11.48** -4.14 -8.96** -2.46 4.03 2.64 0.51 152 -13.39* 3.97
5 L3xT1 -6.38 1.38 -9.99** -3.57 6.73 5.30 -5.77 -4.81 -20.93* -5.08
6 L3xT2 -10.71** -3.32 -5.95* 0.76 8.11* 6.66 -12.53**  -11.65** -14.38* 2.78
7 L4xT1 -0.77 7.46 1.26 8.48** 12.14* 10.64** 3.26 4.30 -16.02** 0.81
8 L4XT2 0.26 8.57* -5.79* 0.94 2.70 1.32 251 3.54 -14.39* 2.76
9 L5xT1 -3.32 4.69 -5.30* 1.46 0.00 -1.34 -1.00 0.00 -14.26* 2.93
10 L5xT2 -3.57 4.43 -4.92 1.87 -1.36 -2.68 -4.01 -3.04 -17.75% -1.27
11 L6xT1 -7.15 0.55 -3.17 3.74 6.75 5.32 -3.76 -2.79 -22.25** -6.66
12 L6xT2 -8.68* -1.11 -4.10 2.75 8.09* 6.64 -4.26 -3.30 -15.75** 1.14
13  L7xT1 2.56 11.06* -8.25** -1.70 8.09* 6.64 -3.01 -2.03 -31.78**  -18.10*
14  L7xT2 -0.51 7.74 -13.54*  -7.37* 1.34 -0.02 1.50 2.53 -26.49**  -11.76
15 L8xT1 1.03 9.40* -5.52* 1.23 12.14** 10.64** 1.26 2.28 -19.18** -2.98
16 L8xT2 0.28 8.59* -5.30* 1.46 4.03 2.64 -1.76 -0.77 -3.99 15.25*
17 L9xT1 -7.39 0.28 -6.01* 0.70 6.75 5.32 -4.26 -3.30 -30.86** -17.00**
18 L9xT2 -23.477  -17.12* -4.21 2.63 5.39 3.98 -17.04%  -16.21* -17.04** -0.41
19 L10xT1 -5.62 2.20 2.08 9.36** 9.46** 8.00* -0.50 0.50 -13.83* 3.45
20 L10xT2 5.88 14.65** -1.64 5.38 6.75 5.32 1.00 2.02 -15.38* 1.58
21 L11xT1 -18.37%* -11.60** 0.00 7.14* 13.52* 12.00** -11.28**  -10.39* -12.72*% 4.77
22 L11xT2  -8.92* -1.38 -2.73 4.21 2.68 1.30 1.26 2.28 -3.10 16.32*
23 L12xT1 -2.02 6.10 -0.33 6.79* 9.44** 7.98* -0.25 0.76 -9.68 8.43
24 L12xT2 0.26 8.57* -6.12* 0.59 -1.36 -2.68 3.01 4.05 -7.45 11.10
25 L13xT1 -18.09** -11.30** -1.64 5.38 6.75 5.32 -3.51 -2.54 -30.00** -15.97*
27 L14xT1 7.13 16.01** -2.68 4.27 9.46**  8.00** 4.26 5.31 -26.79**  -12.12
28 L14xT2 -6.37 1.39 -3.66 3.22 6.75 5.32 -7.52 -6.59 -13.22* 4.17
29 L15xT1 2.82 11.34* -4.81 1.99 10.78**  9.30** 451 5.57 -27.65*  -13.15
30 L15xT2 11.74** 21.00** -4.31 2.52 4.05 2.66 2.00 3.03 -17.22*% -0.63
31 L16xT1 -5.88 1.92 -5.84* 0.88 2.68 1.30 -3.01 -2.03 -18.33** -1.96
32 L16xT2  -9.95* -2.49 -9.72** -3.28 -4.05 -5.34 -7.26 -6.33 -23.25** -7.87
33 L17xT1 -1.27 6.91 -9.45%* -2.98 1.34 -0.02 -3.01 -2.04 -19.24** -3.06
34 L17xT2 -10.96** -3.58 -9.07** -2.57 -2.72 -4.02 -9.52* -8.61* -7.05 11.58
35 L18xT1 -3.05 4,99 -1.31 5.73* 5.39 3.98 251 3.55 -20.32** -4.35
36 L18xT2 -5.60 2.22 -5.63* 1.11 2.70 1.32 -6.02 -5.07 -14.65* 2.46
37 L19xT1  -9.93* -2.47 -7.92% -1.35 6.75 5.32 1.50 2.53 -33.76**  -20.48**
38 L19xT2 -11.46* -4.13 -12.51** -6.26* 2.70 1.32 -10.03* -9.12* -18.55** -2.23
39 L20xT1 -3.83 4.14 -1.97 5.03 12.16** 10.66** 3.00 4.04 -16.80** -0.12
40 L20xT2 -1.78 6.36 -1.04 6.03* 9.44** 7.98* -2.50 -1.52 -8.32 10.05
41 L21xT1  -8.40* -0.81 -0.16 6.96* 5.39 3.98 -10.78* -0.88* 3.09 23.75**
42  L21xT2 -1.78 6.36 -5.79* 0.94 -6.77 -8.02*% -1.76 -0.77 6.33 27.64**
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43 L22xT1 -331 4.71 -9.72%  -3.28 539 3.98 -5.76 -4.81 -11.70 6.00
44 122xT2 -433 3.60 -10.81* -4.45 -543 -6.70* -3.26 -2.29 -8.89 9.37
45 L23xT1 -5.60 2.22 -8.52**  -1.99 1.34 -0.02 -3.50 -2.53 -17.07** -0.45
46 L23xT2 -7.65 0.00 -9.07**  -2.57 541 4.00 251 355 -14.33* 2.84
47 L24xT1 2.05 10.51* -11.74** -5.44 -1.36 -2.68 -0.25 0.76 -19.76** -3.68
48 L24xT2 -280 5.25 -7.21*  -0.59 537 3.96 251 354 -8.21 10.19
SE(d) 0.64 0.12 0.42 1.45 21.76
LSD(0.05) 1.28 0.24 0.65 2.25 43.51
LSD(0.01) 1.70 0.32 0.78 2.71 57.84
**significant (0.01), *significant (0.05), EL=ear length, ED=ear diameter, KRPE=kernel rows per ear, KPR=kernels per row,
TKW-=thousand kernel weight.
Table 3c. Standard heterosis of 48 testcrosses and two commercial checks hybrids for yield and yield related traits for combined data, 2017.
SN Entry EL (%) ED (%) KRPE (%) KPR (%) TKW (%)
Kolba Jibat Kolba Jibat Kolba  Jibat Kolba Jibat Kolba Jibat
1 L1xT1 -17.34**  -10.49* -7.15** -0.53 1.34 -0.02 -14.54*  -13.68** -22.13* -6.52
2 L1xT2 -12.75** -5.52 -0.99** -3.57 2.70 1.32 -10.53* -9.62* -17.89** -1.43
3 L2xT1 -6.64 1.09 -5.79* 0.94 2.72 1.34 -0.75 0.25 -32.92%  -19.47*
4 L2xT2 -11.48** -4.14 -8.96** -2.46 4.03 2.64 0.51 1.52 -13.39* 3.97
5 L3xT1 -6.38 1.38 -9.99** -3.57 6.73 5.30 -5.77 -4.81 -20.93** -5.08
6 L3xT2 -10.71** -3.32 -5.95* 0.76 8.11* 6.66 -12.53**  -11.65** -14.38* 2.78
7 L4xT1 -0.77 7.46 1.26 8.48** 12.14*  10.64** 3.26 4.30 -16.02** 0.81
8 L4AXT2 0.26 8.57* -5.79* 0.94 2.70 1.32 251 3.54 -14.39* 2.76
9 L5xT1 -3.32 4.69 -5.30* 1.46 0.00 -1.34 -1.00 0.00 -14.26* 2.93
10 L5xT2 -3.57 4.43 -4.92 1.87 -1.36 -2.68 -4.01 -3.04 -17.75** -1.27
11 L6xT1 -7.15 0.55 -3.17 3.74 6.75 5.32 -3.76 -2.79 -22.25%* -6.66
12 L6xT2 -8.68* -1.11 -4.10 2.75 8.09* 6.64 -4.26 -3.30 -15.75** 1.14
13 L7xT1 2.56 11.06* -8.25** -1.70 8.09* 6.64 -3.01 -2.03 -31.78**  -18.10*
14 L7xT2 -0.51 7.74 -13.54**  -7.37* 1.34 -0.02 1.50 2.53 -26.49**  -11.76
15 L8xT1 1.03 9.40* -5.52* 1.23 12.14**  10.64** 1.26 2.28 -19.18** -2.98
16  L8xT2 0.28 8.59* -5.30* 1.46 4.03 2.64 -1.76 -0.77 -3.99 15.25*
17 L9xT1 -7.39 0.28 -6.01* 0.70 6.75 5.32 -4.26 -3.30 -30.86** -17.00**
18 L9xT2 -23.47%  -17.12% -4.21 2.63 5.39 3.98 -17.04**  -16.21* -17.04** -0.41
19 L10xT1 -5.62 2.20 2.08 9.36** 9.46** 8.00* -0.50 0.50 -13.83* 3.45
20 L10xT2 5.88 14.65** -1.64 5.38 6.75 5.32 1.00 2.02 -15.38* 1.58
21  L11xT1 -18.37** -11.60** 0.00 7.14* 13.52**  12.00** -11.28**  -10.39* -12.72* 477
22  L11xT2  -8.92* -1.38 -2.73 4.21 2.68 1.30 1.26 2.28 -3.10 16.32*
23 L12xT1 -2.02 6.10 -0.33 6.79* 9.44** 7.98* -0.25 0.76 -0.68 8.43
24 L12xT2 0.26 8.57* -6.12* 0.59 -1.36 -2.68 3.01 4.05 -7.45 11.10
25 L13xT1 -18.09** -11.30** -1.64 5.38 6.75 5.32 -3.51 -2.54 -30.00**  -15.97*
27 L14xT1 7.13 16.01** -2.68 4.27 9.46** 8.00** 4.26 531 -26.79**  -12.12
28 L14xT2 -6.37 1.39 -3.66 3.22 6.75 5.32 -7.52 -6.59 -13.22* 4.17
29 L15xT1 2.82 11.34* -4.81 1.99 10.78**  9.30** 451 5.57 -27.65**  -13.15
30 L15xT2 11.74** 21.00** -4.31 2.52 4.05 2.66 2.00 3.03 -17.22%* -0.63
31 L16xT1 -5.88 1.92 -5.84* 0.88 2.68 1.30 -3.01 -2.03 -18.33** -1.96
32 L16xT2  -9.95* -2.49 -0.72%* -3.28 -4.05 -5.34 -7.26 -6.33 -23.25%* -7.87
33 L17xT1 -1.27 6.91 -0.45** -2.98 1.34 -0.02 -3.01 -2.04 -19.24** -3.06
34 L17xT2 -10.96** -3.58 -9.07** -2.57 -2.72 -4.02 -9.52* -8.61* -7.05 11.58
35 L18xT1 -3.05 4.99 -1.31 5.73* 5.39 3.98 2.51 3.55 -20.32** -4.35
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36 L18xT2 -5.60  2.22 563 1.11 270  1.32 -6.02 -5.07 -14.65% 246
37 L19xT1  -9.93*  -2.47 7.92% 135 675  5.32 150 253 -33.76%  -20.48%
38 L19xT2 -11.46% -4.13 A1251%  -6.26* 270 1.32 -10.03* -9.12*  -1855%  -2.23
39 L20xT1 -3.83 4.4 197 503 12.16  10.66%* 300  4.04 -16.80%*  -0.12
40 L20xT2 -1.78  6.36 -1.04  6.03* 9.44%  7.98* 250 -152 832  10.05
41 L21xT1  -8.40*  -0.81 016  6.96* 539  3.98 -10.78* -9.88* 309  23.75%
42 L21xT2  -1.78  6.36 5.79%  0.94 677  -8.02* 176 -0.77 6.33  27.64%
43 L22xT1  -331 471 -9.72% 328 539  3.98 576  -4.81 1170 6.00
44 L22xT2 433  3.60 -10.81%  -4.45 543  -6.70* 326 -2.29 -8.89 9.37
45 L23xT1 -560  2.22 -8.52%  -1.99 134  -0.02 350 -2.53 17.07%*  -0.45
46 L23xT2 -7.65  0.00 9.07%  -257 541  4.00 251 355 1433 2.84
47 L24xT1 205 1051*  -11.74* -5.44 136 -2.68 025 076 19.76%  -3.68
48 L24xT2 280 525 7.21%  -0.59 537  3.96 251 354 821  10.19
SE(d) 0.64 0.12 0.42 1.45 21.76

LSD(0.05) 1.28 0.24 0.65 2.25 4351

LSD(0.01) 1.70 0.32 0.78 2.71 57.84

**significant (0.01), *significant (0.05), EL=ear length, ED=ear diameter, KRPE=kernel rows per ear, KPR=kernels per row, TKW=thousand

kernel weight.

standard heterosis for certain traits could be the result of
divergent inbred lines and higher sca effects. Heterosis
over standard checks helps in either a hybrid variety would
be accepted or rejected for commercial cultivation. Ram et
al. (2015) suggested that over 20% of standard heterosis
has high commercial value. L23 x Tl and L11 x T1
crosses proved to be outstanding in grain yield over the
best hybrid check (Kolba) with standard heterosis value of
30.70 and 22.18%, respectively. Devi and Singh (2011)
suggested that appearance of crosses could be predicted
based on the relationship between mean of grain yield,
heterosis and specific combining ability. The best
performing crosses might indicate the recovery of vigor
that was lost during inbreeding as functional gene often
absent. These crosses also had high per se performance
and positive sca effects. Hence, they are ready for further
evaluation in different location and commercial use.
Furthermore, for traits with inferior performance in these
crosses, breeders may improve via accumulation of
favorable alleles from other good performing crosses for
the trait of interest.

Correlation and path coefficients

Genotypic and phenotypic correlations among significant
traits for F; hybrids analyzed from the combined data over
the two locations shown in Table 4. Ratner (2009)
categorized the Pearson correlation coefficient as weak,
moderate and strong for values ranging from 0 to +0.29,
+0.3 to +0.69 and +0.7 to %1.0, respectively. Grain yield
exhibited positive and significant genotypic and phenotypic
correlations with plant height, ear height, ears per plant

and number of kernels per row as shown in Table 4. The
results are in accordance to the finding of Pavan et al.
(2011), Kumer et al. (2014), Hailegebrial et al. (2015), and
Pandey et al. (2017). In contrast, Zorana et al. (2011) and
Silva et al. (2016) reported negative of correlations for
grain yield with plant and ear height.

Tall plant with higher ear placement increases grain yield
due to high number of leaves possessed and stem reserve
mobilization which is in agreement with the findings of
Zeeshan et al. (2013) and Al-Tabbal and Al-Fraihat (2012).
Moreover, ear length, ear diameter and number of kernel
rows per ear showed positive significant genotypic and
phenotypic correlation with grain vyield, which is in
conformity to the findings of lzzam et al. (2017) and
Wuhaib et al. (2017). Positive genotypic correlations for
these traits imply the presence of moderate inherent
relationship, thereby discloses the improvement of maize
grain yield was linked with the selection for these traits.
Grain yield exhibited negative and significant genotypic
and phenotypic correlation with days to 50% anthesis and
silking, anthesis silking interval which is analogous to the
findings of Raghu et al. (2011), Munawar et al. (2013),
Kumer et al. (2014) and Pandey et al. (2017). On the
contrary, Dagne (2008) and Dar et al. (2015) found
positive and significant phenotypic correlations for grain
yield with days to 50% anthesis and silking. The negative
genotypic association of days to flowering with grain yield
implies that these traits are not co-inherited together with
grain yield. Narrow anthesis silking interval period would
increase grain yield due to the synchronization of pollen
shedding and silking emergence.

Highly significant positive genotypic and phenotypic
correlations observed between days to 50% anthesis and
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Table 4. Genotype (above diagonal) and phenotype (below diagonal) correlation coefficients for yield and yield related traits of 48 hybrids

evaluated across two locations, 2017.

Trait GY AD SD ASI PH EH EPO EPP EL ED KRPE KPR TKW
GY 1.00 -0.21* -0.14* 0.25** 0.48* 0.37* 0.02 0.56* 0.24* 020 0.22** 0.38* -0.03
AD -0.17*  1.00 0.91*» -0.19* -0.07 0.08 0.30** -0.06 0.04 0.08 0.33* -0.06 -0.08
SD -0.18*  0.99* 1.00 0.49 0.08 0.20* 0.31* -0.01 0.05 0.04 0.33* -0.06 -0.14*
ASI -0.14*  0.59**  0.58** 1.00 0.26* 0.23* 0.09 0.07 0.04 -0.05 0.08 -0.02  -0.12
PH 0.40* -0.08 -0.07 -0.01 1.00 0.90* 0.34* 0.26** 0.14* 0.35* 0.33 0.15* -0.23**
EH 0.32** -0.24** -0.23* -0.17* 0.81* 100 O0.72* 0.13 0.11 0.38** 0.33* 0.09 -0.01
EPO 0.04 -0.33* -0.34* -0.29* 0.16* 0.65* 1.00 -0.12 0.03 0.25** 0.19* -0.03 -0.03
EPP 0.44* 0.29* 0.27* 0.20~ 0.20* 0.05 -0.18* 1.00 -0.12 -0.30* -0.01 -0.05 -0.24*
EL 0.17* 0.06 0.07 0.09 0.08 0.03 -0.04  -0.07 1.00 0.06 0.04 0.72**  0.05
ED 0.20* -0.34* -0.33* -0.33* 0.23* 0.33* 0.25* -0.31* -0.23* 1.00 0.52 0.15* 0.25*
KRPE 0.21* 0.30** 0.27* 0.12 0.18* 0.15* 0.02 0.08 -0.21** 0.28* 1.00 0.14* -0.28**
KPR 0.33* -0.10 -0.12 -0.05 0.08 0.11 0.09 -0.14* 0.02 0.09 0.38*  1.00 -0.08
TKW 0.18* -0.58** -0.58** 0.1 -0.05 0.05 0.14 -0.29* -0.14* 043 -0.25* 0.04 1.00

**Significant (p<0.01), *significant (p<0.05), GY=grain yield, AD=anthesis days, SD=silking days, ASI=anthesis silking interval, PH=plant height,
EH=ear height, EPO =ear position, EPP=ear per plant, EA=ear aspect, EL=ear length, ED=ear diameter, KRPE=kernel rows per ear, KPR=kernels

per rows, TKW=thousand kernels weight.

silking (rg=0.91**, rp=0.99**) are in conformity to the
findings of Nataraj et al. (2014), Hailegebrial et al. (2015)
and Hussain et al. (2016). This infers jointly improvement
of these traits could be possible due to positive genotypic
correlation. Negative and significant genotypic and
phenotypic correlations obtained between days to 50%
silking and 1000 kernel weight are in agreement with the
finding of Kumar et al. (2014). In contrast, Nataraj et al.
(2014) and Varaprasad et al. (2016) found positive and
significant genotypic and phenotypic correlation for days to
50% silking with 1000 kernel weight. Such differences
might be attributed to the differences in locations used and
the genetic make-up of studied materials (Igbal et al.,
2011). Based on the current findings, early silking could be
responsible for timely pollination and grain filling thereby
increase weight of kernels. Zhou et al. (2017) confirmed
that climate variation from silking to maturity were the main
factors affecting kernel weight.

Plant and ear height had positive and significant
genotypic correlation with ear position, ear diameter and
number of kernel rows per ear, which indicates that
increase in plant and ear height would simultaneously
increase these traits. These results support the findings of
Mathew (2015) and Prasad and Shivani (2017). Number of
ear per plant had negatively significant genotypic and
phenotypic correlation with ear diameter, number of kernel
rows per row and 1000 kernel weight which confirms the
finding of Ziggiju et al. (2015). Eleweanya et al. (2005)
suggested that positive associations among traits indicate
positive responses in the levels of one character when the
other is selected, while the negative signify the reverse
situation. Magnitudes of genotypic correlations were
relatively higher than phenotypic one for most of studied
traits which indicates presence of greater inherent

relationship among the traits which allows simultaneous
improvement of these traits. Hallauer et al. (2010) noted
the more importance of genetic correlation as it represents
the heritable fraction of parent characters to progeny.

Estimates of direct and indirect effects towards grain
yield for individual traits with significant correlation are
presented in Table 5. Lenka and Mishra (1973) categorized
the path coefficient into negligible (0.00-0.09), low (0.1-
0.19), moderate (0.2-0.29), high (0.3-1) and very high (>1).
Based on this, days to 50% silking, number of ears per
plant, ear diameter, number of kernels per row and number
of kernel rows per ear exerted higher positive direct effect
towards grain yield. Similar findings were reported by Rafiq
et al. (2010) and Raghu et al. (2011) for number of kernels
per row and ear diameter, Pavan et al. (2011) for days to
50% silking and number of kernel rows per ear and Reddy
and Jabeen (2016) for number of ear per plant.

Though plant height and ear length had positive
genotypic correlation, they exerted negative direct effect
towards grain yield. Similar results were reported by
Selvaraj and Nagarajan (2011) for plant height, Zarei et al.
(2012) for days to 50% anthesis and Bullo (2015) for ear
length. In contrast, Praveen (2013), Poudel et al. (2016)
and Varaprasad et al. (2016) found that days to 50%
anthesis, plant height and ear length with positive direct
effect. Positive higher indirect effect on grain yield was
obtained from days to 50% silking via days to 50%
anthesis, ear diameter via humber of kernel rows per ear,
plant height, ear height, and number of kernels per row via
ear length and number of kernel rows per ear. Satyanvesh
(2016) also found positive indirect effect from number of
kernels per row through ear length and number of kernel
rows per ear. Furthermore, higher, negative indirect effects
on grain yield noted for days to 50% anthesis via days to
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Table 5. Direct (diagonal) and indirect effect of genotypic path coefficient among yield and yield related traits of 50 maize hybrids evaluated at

two locations, 2017.

TRAITT AD SD ASI PH EH EPP EL ED KRE KPR RGY
AD -0.50 0.48 0.01 0.01 0.03 -0.03 0.00 0.07 -0.24 -0.02 -0.19
SD -0.45 0.52 0.00 -0.04 0.06 -0.08 0.00 0.11 -0.33 0.05 -0.16
ASI 0.09 -0.04 -0.04 -0.03 0.03 -0.04 -0.01 -0.11 0.06 -0.14 -0.25
PH 0.02 0.07 0.00 -0.30 0.22 0.28 -0.01 0.35 -0.25 0.13 0.52
EH -0.06 0.12 0.00 0.26 0.25 0.15 0.00 0.36 -0.25 0.08 0.38
EPP 0.01 -0.04 0.00 -0.08 0.03 1.08 0.00 -0.29 0.02 -0.18 0.57
EL -0.01 0.06 -0.01 -0.05 0.03 -0.14 -0.04 0.06 -0.04 0.36 0.22
ED -0.04 0.06 0.01 -0.11 0.09 -0.32 0.00 0.95 -0.38 -0.06 0.20
KRPE -0.17 0.25 0.00 -0.10 0.09 -0.03 0.00 0.52 0.70 0.37 0.22
KPR 0.01 0.03 0.01 -0.04 0.02 -0.21 0.21 -0.06 -0.28 0.92 0.38

Residual effect (U) = 0.22.

50% silking, number of ear per plant through ear diameter,
and number of kernels per row via days to 50% silking.
The contrasting findings could be due to the difference of
materials and environments encountered. Finally, number
of ear per plant, ear diameter, number of kernel rows per
ear, number of kernels per rows and ear height excreted
positive direct effect and they are good indicators in
indirect selection for higher grain yield.

Residual effect, determines how best the causal
variables (anthesis days, silking days, anthesis silking
interval, plant height, ear height, ear per plant, ear length,
ear diameter, number of kernel rows per ear and kernels
per row). Its estimate of 0.22 indicated that the causal
variables explained about 78% of the variability in grain
yield and only 22% of the variability remained
unexplored.

CONCLUSION

The estimation of standard heterosis identified various
crosses revealed greater standard heterosis for more
than one trait. Crosses L23 x T1 and L11 x T1 revealed
higher standard heterosis for grain yield per hectare as
compared to Kolba and Jibat hybrid checks and they also
had positive higher standard heterosis for number of ear
per plant and number of kernel rows per ear. This
indicates the possibility of developing three ways cross
hybrid varieties using these crosses as parent.

According to the results, in order to bring an effective
improvement of grain yield, more attention should be
given for traits such as ear diameter, number of kernels
per row and number of kernel rows per ear which showed
high positive phenotypic and genotypic correlation
coefficients with a considerable direct and indirect effect
on grain yield. Further evaluation of these and other
hybrids at more locations and over years is advisable to
confirm the promising results observed in present study.
Finally, it may be concluded that the information from this

study could be valuable for researchers who intend to
develop high yielding varieties of maize.
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