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Berries are rich in bioactive compounds, such as vitamins, fiber, macro and microelements and have
high content of polyphenols, plant secondary metabolites. The consumption of a diet rich in
polyphenols has in epidemiological studies been associated with a lower incidence of degenerative
diseases including cancer, cardiovascular and other diseases. The preventive effects are often
attributed, in part, to phenolic compounds and suggested to be due to their antioxidant, and anti-
inflammatory effects as well as other beneficial effects. This review describes the effect of cultivation
methods and environmental factors on the composition and content of phenolic compounds in some
berries. Methods for extraction and analyses of phenolic compounds and reported potential
mechanisms of action through which polyphenol compounds may exert protective actions are also

reviewed.

Key words: Berries, bioactive compounds, phenolic compounds.

INTRODUCTION

Berries are reddish-purple fruits, normally small-sized and
highly perishable. This group includes strawberry,
gooseberry, blackberry, raspberry (black or red),
blueberry, bilberry cranberry and other berries of minor
economic importance (Manganaris et al., 2014; Hussain
et al., 2016). Usually the term ‘soft fruit' has been used to
refer to different commodities including strawberries,
blueberries and several species of the genus Rubus.
Rubus is a highly diverse genus of flowering plants in the

world, with 12 subgenera, some of which group hundreds
of species Rubus berry species (includes e.g. both
raspberries and blackberries) grow especially well in cool
climate but have also been found to grow well in
subtropics climates. Raspberry and blackberries are
closely related to strawberries (Vicente and Sozzi, 2007).

Despite the incongruent definitions, one unifying trait
among “berries” (with few exceptions) is that they contain
anthocyanins, which are pigment polyphenol compounds
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that give them their distinctive color (Joseph et al., 2014;
Yamamoto et al., 2015).

PHENOLIC COMPOUNDS

Phenolic compounds are essential for the quality of plant-
derived food products through their contribution to
oxidative stability and organoleptic characteristics.
Phenolics are broadly distributed in the plant kingdom
and are the most abundant secondary metabolites of
plants. Plant polyphenols have drawn increasing attention
due to their potent antioxidant properties and their
suggested effects in the prevention of various oxidative
stress associated diseases such as cancer. Compared to
other fruits, the content of phenolic compounds in berries
is often higher (Balasundram et al., 2006).

Phenolics found in edible berries include flavonoids,
ellagitannins, phenolic acids, and stilbenoids. Further
properties that have been proposed are anti-inflammatory
properties, ability to induce carcinogen detoxification
enzymes, and modulate signaling pathways of cancer cell
proliferation and apoptosis (Seeram, 2008). Ferulic,
caffeic and p-coumaric acids and caffeoylquinic esters
are the major hydroxycinnamates identified in berries;
benzoic acid derivatives that have been primarily
identified in berry fruits include gallic, salicylic, p-
hydroxybenzoic and ellagic acids (Szajdek and
Borowska, 2008).

CULTIVATION

The most common berry fruits produced globally are
strawberries, raspberries, blackberries and black/red
currents and especially the rapid expansion of the
blackberry industry has been remarkable. As new
cultivars are developed that combine the industry’s need
for high quality arrivals with increased flavors and
extended growth periods, the blackberry industry is
expected to grow further (Clark and Finn, 2014; Da Pasa
et al., 2014). This trend is similar for berries in general,
and especially for blackberries, blueberries, cranberries,
gooseberries, raspberries and strawberries (Hussain et
al., 2014; USDA, 2016).

ENVIRONMENTAL AND PREHARVEST FACTORS
AFFECTING QUALITY OF BERRIES

Berries are highly appreciated for their intense color,
delicate texture and unique flavor. Despite having a
number of common attributes, the group is quite diverse
and comprises simple (that is, blueberry, cranberry) and
composite fruits derived from single or multiple fused
fertilized ovaries (that is, strawberry, mulberry, raspberry,
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blackberry) (Manganaris et al., 2014).

These varieties have a strong need for cold, requiring
many hours at low temperature e.g. raspberries which
requires at least 600 h at temperatures below 7°C. Other
crucial factors for the cultivation and quality of these fruits
refers to the soil, which must be drained and with good
water retention capacity as well as the presence of
organic matter (Vicente and Sozzi, 2007; Curi et al.,
2014).

The harvesting need to be planned and the timing of
the harvest should be determined according to the
parameters of the fruit ripeness according to the further
and final utilization. Harvest maturity depends on the
cultivar and is mainly determined by size and color of the
fruit. Other maturity indices include corking of lenticels
and internal ethylene concentration. The quality
assessment is based on visual aspects of the berries like
the texture, flavor, uniform size and shape, bruising,
scars, insect damage, as well as other defects (Szalai
and Basile, 2010).

All berry fruits are susceptible to various organisms,
mostly fungi, that cause fruit rot or fruit rot-like diseases.
Botrytis cinerea is the main fungus causing rots in
strawberries, raspberries and blackberries. To limit
deterioration the fruit has to be harvested and taken care
of and further processed or consumed as soon as
possible. Normally a storage with prompt forced air
cooling is needed and a storage at 0°C in 90 to 95%
Relative Humidity (RH) in order to slow down the
development of Botrytis Rot (Grey Mold), caused by
Botrytis cinerea, which is the major cause of postharvest
strawberry losses. Raspberry is considered to be the
most perishable fruit among berry crops. It can only be
stored for 2 to 5 days at 0+0.5°C and 90-95% RH. For
Blueberry the optimum storage conditions are at 0+0.5°C
and RH 90 to 95%. Shelf life at these conditions is
usually two weeks. Modified atmosphere packaging for
shipment with 10 to 15% carbon dioxide reduces the
growth of B. cinerea (Szalai and Basile, 2010).

POST-HARVEST EFFECTS ON CONTENT OF
PHENOLIC COMPOUNDS

Even before the fruit enters the laboratory for
phytochemical extraction and analysis their phenolic
profiles and concentrations will vary because of genetic
(that is, genus, species, -cultivar/genotype) and
environmental (that is, fruit maturity, plant age, growing
season, field location) factors (Lee et al., 2012).

However, after the harvesting of fruits or berries, their
concentrations of polyphenols maybe significantly
affected by storage conditions, and furthermore, many
compounds maybe destroyed during processing. The
optimal timing of the harvest of fruits and berries is not
simple when trying to optimize the levels of phenolic
compounds. The ideal time of fruit and berry harvesting
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occurs when fruits are not fully ripe and, hence, are also
suitable for long-term storage; this stage is optimal with
respect to the concentrations of flavanols and many
flavonols (Karlund et al., 2014).

In the study by Vagiri et al. (2015) Blackcurrant (Ribes
nigrum L.) leaves were investigated as essential source
of phenolic compounds as well as their variation from the
leaf positions and date of collection. The content of
phenolic compounds varied between harvest dates,
although leaf position in the aerial part and interactions
also played an important role. The content of quercetin-
malonyl-glucoside, kaempferol-malonyl-glucoside isomer
and kaempferol-malonyl-glucoside were higher than other
phenolic compounds identified, while the minor
epigallocatechin was investigated for all sheet positions
and harvest dates. The content of the neo chlorogenic
acid, epigallocatechin, kaempferol-3-O-rutinoside,
kaempferolmalonyl-glucoside and kaempferol-malonyl-
glucoside isomer was higher in June, whereas quercetin-
glucoside, kaempferol-glycoside and total phenols,
increase towards the end of the season. The leaf position
influenced the content of myricetin-malonyl-glucoside,
malonyl-glucoside yricetin-isomer, quercetin-malonyl-
glucoside and kaempferol glucoside at the end of the
season. Knowledge related to the influence of
ontogenetic time and harvest in specific phenolic content
can contribute to the adaptation of functional foods or
pharmaceuticals, using blackcurrant leaves as natural
ingredients.

As reported by Veberic et al. (2015), the anthocyanidin
composition of Ribers, Rubus, Vaccinium and Fragaria
genus or the less known species of Crataegus, Morus,
Amelanchier, Sorbus, Sambucus and Aronia genus, did
not differ significantly between the fruit of wild growing and
cultivated species, but the total content of anthocyanidins
was in general different between the different species.

HEALTH BENEFITS

Plant-derived dietary polyphenols may improve some
disease states and promote health. Berry fruits contain
appreciable amounts of flavonoids, particularly
anthocyanins, which are responsible for the distinctive
red-blue-purple coloring of berries. A diet rich in plant
flavonoids is associated with a lower risk of chronic
disease development and epidemiological studies
suggest that regular and long-term consumption of fruits
and vegetables lowers rates of premature mortality and
decreases the risk of developing chronic diseases such
as heart disease, stroke and several cancers. Berries are
often used as medicinal food, and the applications of
berries as chemopreventive anti-inflammatory or anti-
cancer agents, as anti-inflammatory remedies, as cancer
treatment adjuvants, have been the subject of a large
number of patents and clinical trials (Scalbert et al., 2005;
McCullough et al., 2012; Joseph et al., 2014; Nile and

Park, 2014).

Oxidation is an essential process to aerobic organisms
and our metabolism; free radicals are produced naturally
as a result of this oxidation process, or by some
biological dysfunction. In these radicals, the unpaired
electron is in the oxygen or nitrogen atom, and therefore
these radicals are classified as reactive oxygen species
(ROS) or reactive nitrogen species (RNS) (Pham-Huy et
al., 2008).

The oxidative processes that occur naturally in the
human body contribute to the development of many
major diseases due to an insufficient defense system. A
diet rich in oxidised product components results in a
reduction in antioxidant potential oxidative state or in an
organism, increasing the risk of disease.

The finding that diets rich in fruits and vegetables
reduce the risk of chronic diseases interfere with specific
physiological targets, boosted research that identified
nutrient substances and nutrients that do not interfere in
the pathogenic processes of certain diseases. This
evidence resulted, among other things, changes in the
recommendations of the dietary guidelines, which started
to indicate eating more servings of fruits and vegetables
in the diet. The antioxidant action in common phenolic
compounds, for example, due to the oxidation-reduction
potential of certain molecules, the ability of these
molecules to compete for the active sites and receptors in
the different cell structures or even to modulation of gene
expression encoding proteins involved in intracellular
defense mechanisms against oxidative degenerative
processes of cellular structures such as membranes and
DNA.

Berry research has traditionally focused on their
antioxidant properties. Berries (or their extracts) rank
highly on in vitro antioxidant measures, such as oxygen
radical absorbance capacity (ORAC) and ferric reducing
antioxidant capacity (FRAP) analyses (Wolfe et al., 2008;
White et al., 2010) and have been shown in various in
vitro assay systems to mitigate oxidative stress (Seeram,
2008; Hurst et al.,, 2010). The most significant health
benefits are ascribed to phenolic compounds and vitamin
C (Szajdek and Borowska, 2008).

Polyphenols, including anthocyanins, have antioxidant
capability; however, biologically, several studies suggest
that their effects in vivo are not through antioxidant
scavenging properties. Current hypotheses suggests
polyphenols work via activation/inhibition of various cell
signaling processes such as modulating kinase activity
resulting in transcription factor activation (e.g., Nrf-2, NF-
kB), altering receptor activation (PRR dimerization) as
well as possible direct ligand activity (e.g., PPAR-y)
(Scalbert et al., 2005, Tangney and Rasmussen, 2013).

The main goal in this area is the generation through
breeding programmes of novel berry cultivars with
improved nutritional properties. In certain cases,
increasing AOX accumulation would be beneficial from
both plant and human perspectives. A study



demonstrated the successful combination of interspecies
back-crosses and intra-species crosses in order to
improve the nutraceutical content of strawberry fruit (Ruel
et al., 2009).

From a breeder’s perspective, the availability of ‘highly
nutritious berries’ with enhanced health-promoting
properties would be a strong asset, encouraging both
berry producers and consumers. The antioxidant potency
in combination with phenolic content of fruits has been
proposed as a standardized method for the evaluation of
fruit germplasms (Basu et al., 2011; Dohadwala et al.,
2011).

Chiva-Blanch and Visioli (2012), in a revision of article
for the periodical “Journal of Berry Research” discusses
that polyphenols exhibit a wide variety of different
biological effects whose quantification in vivo is currently
hampered by the lack of robust biomarkers. Indeed,
some trials do show positive modulation of surrogate
markers of cardiovascular disease and cancer following
the administration of defined amounts of polyphenols to
human volunteers. These healthful activities are the
results of manifold and complex actions of polyphenols
that do extend beyond their mere antioxidant actions. All
of this, obviously - applies to berries and their minor
components, which play multiple roles in human
physiology and should not be heralded as mere
antioxidants, but, rather, as multi-functional and
biologically-important compounds.

The bioactive berry components, can effectively inhibit
oxidative DNA damage caused both in vivo and in vitro
(Aiyer et al.,, 2008). Cranberry juice (2 cups/day)
significantly reduces lipid oxidation and increases plasma
antioxidant capacity in women with metabolic syndrome
(Basu et al., 2011).

The potential of (poly)phenols to improve neurological
health appears to be related to a number of mechanisms,
including their ability to interact with intracellular neuronal
and glial signaling, to influence the peripheral and
cerebrovascular blood flow, and to reduce neuronal
damage and losses induced by neurotoxins and
neuroinflammation. While a number of in Vvitro
experiments have suggested that (poly)phenols may
influence carcinogenesis and tumor development (Del
Rio et al., 2013).

CONCLUSION

For the future of berry production, some factors
necessary for expansion include the use of more efficient
production practices. There are no specific studies, but, it
is suggested that the quality and flavour of locally
produced fruit is recognized as unique. Resistance to
insect and disease-causing organisms is  of
immeasurable benefit to the environment, the producer
and, the consumer.

Berries are rich in phenolic compounds, macro and
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microelements. Several lipophilic and hydrophilic
compounds are found in berries it is believed that the
additional effect additive and / or synergistic result of the
various components may be responsible for beneficial
biological properties rather than one chemical compound
or class. Currently it is believed that the combination of
vitamins, minerals, antioxidants, fiber and phenolic
compounds is responsible for the desired effect on
health, that help combat the effects of degenerative
diseases associated with aging is a major factor in the
future expansion of berry crop production.
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Next to petroleum oil, coffee is the most internationally transacted commodity in the world; consumers
from all around purchase and enjoy coffee in their daily activities. Climate change has emerged in
recent years as one of the most critical topics at almost all actors. The impact of climate variation in all
producing countries is predicted to be negative, even though within each country, it would vary a lot.
Temperature and rainfall conditions are considered to be important factors in defining potential coffee
yield. Both factors interfere with the crop phonology, and consequently in productivity and quality.
Coffee supply chains are likely to experience significant disruption due to climate variation over
the next forty years. World population would rise to nine billion by 2050 and in this scenario, coffee
production is also likely to decrease globally. Coffee price varies inversely with production changes
and generates the largest price increase. To overcome these problems, the mitigation of global
warming involving taking actions to reduce greenhouse gas emissions is an important option.

Key words: Climate variation, coffee price, coffee yield, world population.

INTRODUCTION

Coffee is one of the legal international transacted
commodities of many countries following petroleum oll,
consumers from all around purchase and enjoys it in their
daily activities (Iscaro, 2014). In addition, Davis et al.
(2012) identified during their study, that coffee is the
second most transacted goods in the world. In the world,
Brazil is the leading coffee producer and exporter
followed by Vietnam and Colombia (DaMatta et al.,
2008). In countries such as Uganda, Burundi, Rwanda
and Ethiopia, coffee is the most source of revenue of
their societies since the crop is the main trade

commodities of these countries with global trade sales
predictable as US$ 90 billion (DaMatta et al., 2008).
Among coffee species, only two species, Coffea arabica
L. (Arabica coffee) and Coffea canephora (Robusta
coffee) economically dominate the world coffee trade
(ICC, 2009; Damatta and Ramalho, 2006). Predominately,
Arabica represents 70% of global coffee production and
Robusta represents about 30% (Damatta and Ramalho,
2006; Davis et al., 2012). The production and productive
of both species are largely dependent on the climate for
attain high yields and quality (Killeen and Harper, 2016).
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Most evidence shows that climate change has appeared
in recent years and immediately change common
perception of many people in few years, makes looking
forward the serious topics of all stake holders (Dasaklis
and Pappis, 2013). Since early 1900s Climate variation
has been perceived and the causes usually anthropogenic
and natural drivers of climate (Masters et al., 2009). The
effect of climate variation on natural systems has begun
as one of the most critical issues of humankind (Jaramillo
et al., 2009). Many finding proof that weather alteration is
hastening at ample quicker stride than earlier that leading
to irreversible changes in major earth systems and
ecosystems (ITC, 2010).

According to Kasterine et al. (2010), key cause of the
climate change is the burning of coal, oil, natural gas and
mineralization of organic matter; these lead to increase in
the carbon dioxide (CO,) content of the atmosphere.
Carbon dioxide (CO,) and methane (CH,) are the most
greenhouse gases that influence global climate through
emissions (Masters et al., 2009). Most times, the climate
change is felt through changing climate weather such as
when the rainy season does not start when it is
forecasted to rain, dry season lasts longer than usual,
rains too much and causes flood, temperature becomes
much colder or hotter than usual (Enomoto et al., 2011).
This climatic variability has always been the main factor
responsible for the reduction of coffee yields in the world
and determines the future coffee production status in the
coffee producer’s countries (Kasterine et al., 2010).

Coffee requires very specific environmental conditions
for successful production, depending on the -coffee
variety grown. But the crop is perennial, tropical crop that
can grow under both humid lowlands and tropical
humid/sub humid highlands. Even though the average
temperatures required for coffee Arabic range between 15
and 24°C, rain fall 2000 mm per annum and altitudes
between 1000 and 2000 m above sea level. Robust
coffee required average temperature range between 24
and 30°C, rainfall ~2,000 mm and altitudes of about 800
m above sea level (Killeen and Harper, 2016). The
objective of this review paper is to review the impacts of
climate change on global coffee production industry.

LITERATURE REVIEW
Climate change and coffee production

Most scholars agree that the regular territories of the
genus of Coffea are the under storey of African tropical
forests (DaMatta et al., 2008). According to Haggar and
Schepp (2011), result show Arabica coffee originated in
south west Ethiopia in East Africa at altitudes ranging
from 1,500 to 2,800 m, where weather climate shows little
seasonal. While R. coffee originated from lowland forests
of the Congo River basin; with extend up to Lake Victoria
in Uganda (Haggar and Schepp, 2011). Climate factors

such as solar radiation and relative humidity influence
many physiological processes of the coffee tree but are
not generally thought to play an important role as thermal
and rainfall conditions in defining potential yield or
ecological limitations for this crop (Camargo, 2010).

Overall, influence of weather variations on coffee
producing countries are predicted to be negative (Ovalle-
Rivera et al., 2015). Some countries would lose area
suitability while others would gain from variation in
weather elements Ovalle-Rivera et al. (2015). Ovalle-
Rivera et al. (2015) reveals coffee producing arears such
as America, Africa, Asia and Oceania would maintain
some suitability for growing Arabica coffee.

The coffee sector and climate change

Coffee sectors contain huge ramification, includes
growers, producers’ associations, pulpers, buyers,
certification agencies, wholesalers, transporters, retailers,
roasters, exporters and consumers (Lossau, 2010).
Coffee is the world’s most important tropical export crop
but recent studies predict severe climate change impacts
on Coffea arabica (C. arabica) production (Craparo et al.,
2015). The predicted decrease in profitability and greater
economic risk of coffee production may locally and
temporarily have positive environmental impacts, but
overall and over the longer term these impacts will likely
be severe and negative (Schroth et al., 2009). According
to Potts (2003), identified global coffee production and
trades were under risk because of declining forests spp.;
water contamination, diminishing biodiversity to
persistently uncertain revenues and makes currently an
imperfect market in action.

Many scientific justifications predicted coffee sectors
are likely affected due to climate variation over the next
forty years (Killeen and Harper, 2016). According to
Killeen and Harper (2016) reveals coffee production area
changed because suitable areas becomes too warm or
prone to periodic drought (Killeen and Harper, 2016).
Most suitable area becomes unsuitable because of
climate variation (Dekens and Bagamb, 2014). The
reduction of land suitable for coffee production will
influence the world coffee market and increase the price
of coffee (Haggar and Schepp, 2011). The influence of
this climate variation makes the farmers to be indebted,
reduce ability to invest in production and reduce their
income generation (Laderach et al., 2010). About 70% of
the world’s coffee is produced by small-scale farmers,
with over 20 million coffee farming families equivalent to
more than 100 million people depending on its production
for their subsistence (Vega et al., 2003). The climate
variations affect coffee industry from production to export
(Dekens and Bagamb, 2014). World population will rise to
nine billion by 2050 and in this scenario, coffee
production is also likely to decrease globally, particularly
in Africa and generate the largest price rises



(International Coffee Council, 2009).

Influence of climate variation on coffee production
Influence of weather variation on biodiversity

Observed changes in climate have already adversely
affected biodiversity at the species and ecosystem level,
and further changes in biodiversity are inevitable with
further changes in climate (Secretariat of the Convention
on Biological Diversity, 2009). Davis (2012) stated that
the profoundly negative trend for the future distribution of
indigenous Arabica coffee would be 65% reduction in the
number of bio climatically suitable localities, and at worst
(scenarios of almost 100% reduction, by the year 2080
under the influence of accelerated global climate
change). In this study, a 90% reduction in area suitable
for in situ conservation of coffee genetic resources was
projected for the year 2080. Climate change is predicted
to increase mean temperatures and change precipitation
regimes and as a result, traditional coffee growing
regions may disappear and new regions may appear
(Laderach et al., 2010). The relationships between the
climatic parameters and coffee production are quite
complex, because it affect the growth and development
of the plants at different growth stages (Camargo, 2010).

Impact of climate change on coffee yield and quality

Haggar and Schepp (2011) revealed the potential yield
and quality of coffee is determined by both temperature
and rainfall condition since both ability to interfere with
the phonological growth of the crop. These impacts
include, for example, disrupted flowering cycles and
prolonged drought periods, which ultimate result in
reduced coffee quantity and quality (Masters et al., 2009).
Other climate variation such as soil water balance during
different growth stages of the coffee crop, can affect the
available soil water and decrease of the final yield
(Camargo, 2010). The Arabica coffee is more sensitive to
climate variation, specifically during blossoming and
fructification stage (Haggar and Schepp, 2011). Especially,
coffee flowering triggered by the first rain fall at the
beginning of rain season, meanwhile if rain drops off or
becomes too heavy, flowers and fruit may drop from the
coffee tree (Laderach et al., 2010). The unpredictable
rains willmake coffee to flower at various times throughout
the year, making the farmers to harvest small quantities
continuously (Jassogne et al., 2013). This change will
affect the crop physiology especially during the flowering
and fruit filling stage (Jassogne et al., 2013).

Reduction of suitable land for coffee cultivation

The current areas coverage for growing of Arabica coffee
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may be replaced by (lower value) Robusta coffee, cattle
pasture and food crops in the some parts of continents
(Laderach et al., 2010). It is predicted that at the year
2050, 16% of the area suitable for growing of coffee can
be reduced (Laderach et al.,, 2010). Many scholars
identified the because of climate change such as flood,
land degradation, drought which can reduce the land
suitability for coffee production (Laderach et al., 2011).
Ovalle-Rivera et al. (2015) estimated that the acreage
with aptitude for growing A. coffee would be reduced for
all producing countries by 2050, moving the optimal
production conditions to areas with higher altitude.
Laderach et al. (2010) and Davis et al. (2012) found
similar results for Central America and Ethiopia. To meet
future demand in 2050, 2.5 the area that is currently
available for coffee production is required. Jassogne et
al. (2013) stated the climate change mapping showed
that the area suitability for A. coffee in Uganda will reduce
drastically in the future. The average daily maximum and
minimum temperature trends revealed an increase in
temperature over the 50-year period (Jassogne et al.,
2013). By 2050, it is predicted that global temperatures
would increase by 2°C together with some increased
seasonality of precipitation. These changes would reduce
climatic suitability for A. coffee at low elevations and
increase suitability of higher areas (Ovalle-Rivera et al.,
2015). Laderach et al. (2011) pointed out in the case
study, that coffee-producing zone in Nicaragua is
currently at an altitude of elevation between 800 and
1400 masl; by 2050, the optimum elevation will increase
to 1200 and 1600 masl. Additional case study in Uganda
reveals if temperatures increase, areas suitable for coffee
will be higher in the landscape and unfortunately, the
areas that will become more suitable for coffee will
compete with other crops or national nature reserves
(Jassogne et al., 2013).

Impact of climate change on pests diseases

Climate variation is the most favorable for increase of
coffee pest disease; the loss estimate globally is 13% of
yield reduction (Agegnehu et al., 2015). Major disease
that occurred because of climate variation during coffee
growing will increase pest and disease prevalence,
expanding the altitudinal range in which the fungal
disease coffee rust and the coffee berry borer can survive
(Laderach et al., 2010). For example, rising temperatures
will increase infestation by the Coffee berry borer
(Hypothenemus hampeii), particularly where coffee grows
unshaded and the cropping is continuous throughout the
year (Walyaro, 2010). Jaramillo et al. (2011) predicted
that climate change would worsen pest prevalence like
“broca” (berry borer) in Eastern Africa. Consequences of
this event suffer viability of current high quality producers
(Kasterine et al., 2010). Climate change increases need
for fungicides and lead to a resurgence of certain pests
and diseases on coffee (Gianessi and Williams, 2011). In
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the case study of Colombia and Ethiopia, an increase in
rainfall and temperature threatens the coffee at an
alarming rate, respectively and is more conducive, for
pests and disease prevalence (Iscaro, 2014).

Increased cost of production

The occurrence of climate variation such as sporadic and
low-intensity rains during growing phase coffee or
flowering period, and towards the later-phases of flower
bud development, is the main reasons for unsynchronized
fruit ripening (DaMatta et al., 2008). Climate change
increasing atmospheric CO2 concentrations tend to
increase the water use efficiency of C; plants such as
coffee and will tend to offset the increased evaporative
demand (Schroth et al., 2009). This change makes coffee
production to be under irrigated, thereby increasing
pressure on scarce water resources (Kasterine et al.,
2010). Harvesting often represents the majority of
production costs, so if erratic flowering and ripening
cycles require additional harvesting cycles, these
changes could drastically and unsustainably raise costs
(Laderach et al., 2010). All the above mentioned will
increase the cost of production, whereas more coffee
may grow and need under irrigation (Haggar and Schepp,
2012).

Mitigation strategies

Many scholars revealed climate variation is a
phenomenon that will continue to cause severe or
negative effect on vyield throughout the world (Iscaro,
2014). To overcome this problem, mitigation of global
warming involves taking actions to reduce greenhouse
gas emissions to enhance sinks aimed at reducing the
extent of global warming which is important (International
Coffee Council, 2009). One of the limitations to
understanding the impacts of climate variability on coffee
production is the lack of having precise meteorological
data at coffee growing areas which is important for the
development of climate-based insurance (Haggar and
Schepp, 2011). An ecosystem services payments
scheme would be an ideal strategy synergizing the goals
of emissions mitigation, biosphere preservation and
poverty alleviation (Laderach et al., 2010). Improving new
cultivars resistant to pests and diseases, more
productive, well adapted to the local climatic and soil
conditions, and have acceptable and desired quality for
the market is very important (Enomoto, 2011). Ethiopia
has a unique genetic diversity of cultivated, semi-wild and
wild Arabica varieties with different types of disease
resistance environmental adaptations and quality
characteristics for future breeding coffee varieties
opportunity that are adapted to the changed climate
(Lossau, 2010).

Coffee adaptation strategies for climate change

Measures to adapt coffee cultivation to climate change
also contribute to reducing CO,. Other environmental
benefits include enhanced water storage, the regulation
of local temperatures, and biodiversity conservation
(Lossau, 2010). Changes in temperature and frequency
of rains are associated positively and significantly with a
higher probability to implement at least one adaptation
strategy to climate change (Zuluaga et al., 2015). Proven
approaches build on existing indigenous practices and
knowledge to maximize benefits of climate change
adaptation (Dinesh and Vermeulen, 2016). As climate
change becomes increasingly severe, an assessment of
coffee producers’ ability and willingness to adapt would
be especially valuable to those hoping to create
adaptation strategies and policies (Battiste et al., 2016).

Good management practices that reduce soil erosion
(e.g. cover crops and contour bunds) and increase water
retention (mulching, shade) will further help farmers
adapt to climate change and retain the more fertile topsaoil
(Deressa et al., 2009; Jassogne et al., 2013). Scientists
seem to agree that the best way to preserve A. coffee is
through the use of shade trees (Jaramillo et al., 2009).
Shade trees planted near coffee plants have the ability to
block out the sun’s impact on the plants. They create
lower temperature, reduce up to 4°C better suited for
Arabica coffee plants.

CONCLUSION

Climate change has emerged in recent years as one of
the most critical topics. It is predicted that rising
temperatures and water shortages will negatively affect
coffee production suitability at lower elevations and
vice versa. The already perceived and the future
predicted impacts of climate change on coffee production
will not only be threat small scale farmers but also all
actors involved in coffee industry including consumers.
World population will rise to nine billion by 2050. In this
scenario, coffee production is also likely to decrease
globally, particularly in Africa. Coffee price varies
inversely with production changing and generating the
largest price increase. Only half the area will currently
available for coffee production by 2050 G.C. 2.5-times of
the current area will be needed to be meet the future
demand. Reduced yields and increased prices were
shown to reduce the coffee market by more than 5 million
tons per year. As a result of the above reason, many
authors believe that the area with aptitude for growing
coffee would be reduced by 16% by 2050, especially for
coffee Arabica.

Mitigation of global warming involves taking actions to
reduce greenhouse gas emissions and to enhance sinks
aimed at reducing the extent of global warming measures
to adapt to coffee cultivation to climate change also



contributing to reducing CO,. Other environmental
benefits include enhanced water storage, the regulation
of local temperatures, and biodiversity conservation.
Improved agronomy and sustainable management of
resources including the use of drought and heat resistant
varieties, irrigation, and shade cover are good first steps.

Many researchers concluded that the fluctuation of
climate in the coffee growing area resulted in reduction in
the yield and quality, increasing the outbreak of pest
disease, increasing cost of production and reduced area
of production. The consequence of the problem may
make the coffee sector to have negative impact on the
producers and consumers. Generally, further research
will be focused on discovering climate change adaptation
strategies feasible for smallholder producers for
practically implement.
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Plant parasitic nematodes are among the most destructive major pest of crop plants. Root knot
nematode species and cyst nematodes are well studied species of nematode with various ranges of
host. The common means of control for these pests mostly rely usually on use of chemicals like
nematicides, which are environmentally unfriend and costly especially in large scale agricultural
production systems. However, recent advances showed that there are other alternative strategies, such
as development of resistant crop varieties and exploiting natural resistance genes of plants in
conventional breeding programs. Molecular basis of biotechnological applications are also considered
as an effective measure to control these pests. Many studies showed the existence of complex gene
expression and hormone signaling for both compatible and incompatible interaction with the process of
plant-nematode interaction. This review provides information on the overview of recent knowledges on
the role of plant hormones mediating feeding site development through plant-parasitic nematodes and
the role of phytohormones resistance against nematodes.

Key words: Plant parasitic nematode, phytohormones, hematode-plant interaction.

INTRODUCTION

Plant parasitic nematodes (PPNs) cause huge damage in
many plant species and agriculturally important crops.
However, there are major differences in the suitability of
particular plant species and varieties as a host for each
nematode. Many studies showed that root knot nematode
species (RKNs), which causes a major economic loss
throughout the world, have very broad host ranges. Some

other species of nematode are limited to one or a few
hosts (Djian-Caporalino et al., 2011; Gleason et al.,
2008). For example, cyst nematodes usually have
narrower host ranges. Globodera rostochiensis and
Globodera pallida are the most common cyst nematode
species damaging potato. Potato cyst nematodes
reproduce mainly on potato and related Solanaceous

*Corresponding author. E-mail: asefadegife@gmail.com.

Author(s) agree that this arficle remain permanently open access under the terms of the Creative Commons Affribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

species, whereas soybean cyst nematodes can cause
huge yield losses on soybean, which are commonly
limited to this crop (Lilley et al., 2007).

Parasitic nematodes can be distinguished by their
different feeding habits as ectoparasitic and endoparasitic.
They feed essentially on the living plant cell cytoplasm
(Bar-Or et al., 2005). Sedentary plant-parasitic nematodes
of the family Heteroderidae cause most of the damage.
These nematodes transform differentiated plant root cells
into nematode feeding sites (NFS). Sedentary
endoparasites have a distinctive and complex interaction
with their hosts in order to establish parasitism. RKNs
and cyst nematodes cause a host cell to be stressed
through suitable interaction. Once these nematode
species form suitable interaction, it is easy for penetration
and the establishment of a feeding site, due to their
migration into the host cells (Hewezi and Baum, 2013).
Plant induces defense responses during the process of
nematode infection. Plant cells respond to nematode
attack by the production of toxins such as super oxide
and hydrogen peroxide. Compatible interaction between
tomato and RKN in the cells surrounding migrating
nematodes and feeding sites can be affected by
hydrogen peroxide (Melillo et al., 2006).

There are several strategies that sedentary endoparasitic
nematodes use to interact with their host. Sedentary
endoparasitic nematodes are obligate biotrophs that can
establish successful relationships with their host plants by
inducing redifferentiation of root cells into specific feeding
cells (Jaouannet et al.,, 2012). The development of
nematodes is determined by their success in establishing
feeding cells. Manipulation of the essential elements of
cell development enables RKNs to induce feeding cell
formation in a wide range of their host (Caillaud et al.,
2008). Feeding cells are converted into multinucleate
giant cells via simultaneous nuclear divisions in the
absence of cell division. These enlarged giant cells
containing many nuclei may undergo extensive endo-
reduplication. Extensive reprogramming of gene
expression results in the formation of giant cells (Caillaud
et al., 2008). Nematodes secrete effectors which play a
critical role in parasitism by manipulating the recipient
host plant. Nematode responsive plant cells enable RKNs
to alter root development to induce and maintain giant
cells (Bellafiore and Briggs, 2010).

Plant-nematode interaction influences the association
between suppression of plant defenses and nematode
feeding site development during gene expression. As a
result, during infection of Arabidopsis thaliana with RKN,
70% of the genes involved in defense pathways were
found to be locally repressed (Jammes et al., 2005).
Resistance gene and signaling pathways overwhelms
defense mechanisms in plant. For instance, salicylic acid
(SA) pathways in the root can be suppressed by
successful parasitism between cyst nematode and A.
thaliana, whereas, susceptibility of plants to nematodes
can be increased by ethylene signal transduction
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(Wubben et al., 2008). Susceptibility of tomato to RKN is
facilitated by jasmonate signaling pathway (Bhattarai et
al., 2008). Thus, plant hormones play a vital role in
effective interactions between plants and nematodes.
The objective of this paper was to review current
published articles and journals on plant hormones in
plant-nematode interaction. The review mainly focuses
on research papers available in the online literature
database using Scopus and Google scholars searched
information by using key words of the content. For
instance, “nematode effectors”, “plant parasitic nematode”,
nematode-plant interaction”, “plant hormone signaling
pathway” and so forth. Research papers used in this
review were not older than 2005. This paper basically
reviews plant-nematode interaction, role of hormones in
feeding cells and role of hormone in plant resistance to
plant parasitic nematodes. It aims to provide information
to people about research carried out on defense
response of plants to plant parasitic nematodes and
nematode effectors

THE ROLE OF PLANT HORMONE IN FEEDING SITE
ESTABLISHMENT

The cyst nematode Heterodera schachti and the root-
knot nematode Meloidogyne incognita infect the roots of
A. thaliana. But these two nematode species are distantly
related and the feeding sites they induce are dissimilar in
nature. During infection, the pre-parasitic second-stage
juveniles (preparasitic J2) penetrate the roots of a
suitable host. The cyst and root-knot nematodes then
migrate intracellularly or intercellularly, respectively
towards the vascular cylinder to find a competent plant
cell for the induction of a multinuclear feeding cell
complex. Cyst nematodes induce syncytia, whereas root-
knot nematodes induce giant cells as a feeding site. The
similarities between these two nematode species are that
they induce Death receptor 5 (DR5) activation patterns in
A. thaliana root. Transcriptional regulation of synthetic
auxin-responsive promoter element DR5 used to study
the role of plant hormone (auxin) in induction of
nematode feeding cell. DR5 promoter element was
administered using a model plant Arabidopsis thaliana
roots infected with H. schachtii or M. incognita. Strong
and specific activation of DR5 using gusA reporter
observed inside the feeding cells at 18 hour post
inoculation (hpi), showing an increase apparent auxin
concentration. Therefore, the phytohormone indol acetic
acid (IAA) might give an important clue in feeding cell
induction by PPNs due to an increase in apparent I1AA
concentration in the initial feeder cell (Caillaud et al.,
2008; Karczmarek et al., 2004).

Ethylene and auxin are important plant hormones
involved in the regulation of many important plant
processes. For instance, cell differentiation, cell
expansion, and responses of a plant to abiotic stresses
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mediated by phytohormones (Davies, 2010). In addition,
these hormones play vital roles in many plant-pathogen
interactions, including manipulation of plant defense
responses and development of symptoms. Sedentary
plant-parasitic nematodes, requires the formation of a
complex feeding site within the host roots as an important
pre-requisite. A great change in host cell morphology and
gene expression occurs during the formation of
nematode-induced feeding sites. These changes are
probably mediated by phytohormones (Gutierrez et al.,
2009).

The complex interacting signaling networks are
regulated and modulated by the hormonal balance which
also dictates the responses of resistance or susceptibility.
Three biological compounds, including SA, jasmonic acid
(JA), and ethylene (ET) regulate the resistance gene-
mediated and induced basal defense responses.
Experiments on gene expression profiling of hormone
signaling pathways indicate that there is a significant
overlap among these pathways (Li et al., 2006). The
signaling of JA and ET generally showed synergistic
interactions where negative pathway crosstalk may occur
between the JA and SA. The JA signaling pathway is
essential for tomato susceptibility to root knot nematodes
(Bhattarai et al., 2008).

Important aspects of developmental processes in plants
can be facilitated by phytohormones. Phytohormones
may also participate in various aspects of plant-nematode
interactions. Several reports revealed that nematode
infection interferes with the accumulation and transport of
auxin in the plant. Auxin is an essential plant hormone
involved in the formation of feeding site (Curtis, 2007).
Ethylene is another plant hormone which might be
involved in the modulation of many cellular processes
during feeding site formation. Auxin is involved in plant-
nematode interaction by acting as a signalling molecule
by inducing changes on the surface of the cuticle, making
it more susceptible and can also change the behavior of
Meloidogyne species. The change in the surface of the
cuticle and behavior of these nematode species might be
important for infection (Curtis, 2007). Involvement of SA
on A. thaliana mutant affects the activity of cyst
nematode. (Wubben et al.,, 2008) reported that A.
thaliana mutants deficient in SA were more susceptible
than the wild types to cyst nematode. SA also plays a
significant role in the reduction of parasitism between
cyst nematode and plant (Wubben et al., 2008); can be
increased by the presence of protease inhibitors,
senescence associated and seed specific proteins
associated with JA (Uehara et al., 2010). Ethylene-
induced genes activated by ripping and allow compatible
interaction between plants and PPNs (Uehara et al.,
2010). Susceptibility of plants to cyst nematodes can also
be facilitated by ET signaling transduction (Uehara et al.,
2010; Wubben et al., 2008). Plant hormones like ET and
JA have the ability to interfere with tomato SA-inducible
PCN resistance pathway in susceptible cultivars. In

addition, auxin response factor induces the compatible
interaction between plant and PCN (Uehara et al., 2010).
Thus, phytohormones involved in many processes of
plant nematode parasitism like the involvement of
invasion plant cell and induction of syncytium.

SA triggers the resistance mechanism to plant cyst
nematode. But the SA-inducible pathway in susceptible
cultivars, one way or another affected by other hormones
includes JA, auxin and ET (Uehara et al., 2010) (Figure
1).

Auxin and ethylene are involved in the formation of
syncytia and host susceptibility. Cyst nematodes
commonly complete their life cycle inside the root of the
plant. They are associated with the plant by feeding on a
nematode induced conglomerate of metabolically active
root cells (Gutierrez et al., 2009). Cell enlargements in
the plant after infection by nematodes are a common
characteristic. Cell enlargement results in the formation of
multicellular giant cells and this hypertrophy in the
surrounding tissue in turn results in the formation of
typical galls of the infected root. Enlargement and division
of cell is mainly associated with increase in IAA
perception. Auxin is also involved in programming the
neighboring cells for integration into the developing
syncytium (Karczmarek et al., 2004). The initiation and
development of feeding sites of sedentary PPN is
facilitated by plant signaling molecules of auxin
(Grunewald, 2009). Auxin is also involved in the
activation of cell division needed to keep up with the
growing cells.

THE ROLE OF HORMONES IN PLANT PARASITIC
NEMATODES RESISTANCE

Naturally, plants have the ability to protect themselves
from pathogen attack. Resistance mechanisms are one
of the ways by which plants respond to stimuli and
activate the production of defensive compounds. The
hypersensitive response results from the death of host
cell and blocks the development and reproduction of the
pathogen, and can be involved in various types of
resistances (Goggin et al., 2006). Plant resistance to the
most destructive nematode species such as RKN and
cyst nematodes could be based on dominant, recessive
or additive effects and can be found in many crop
species. Therefore, the use of well-studied genetic
resistance, which is environmentally friendly, may pave
the way for breeding programs aimed at controlling
nematodes (Djian-Caporalino et al., 2011). Several
studies revealed the requirement of hormone signaling in
response to resistance. The complex interaction of
signaling networks is regulated and modulated by the
hormonal3balance which also dictates the responses of
resistance. SA, JA, and ET regulate the resistance gene-
mediated and induced basal defense responses (Li et al.,
2006).
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Figure 1. Model to explain resistance and susceptibility of tomato cultivars to
potato cyst nematode. R-gene-mediated resistance is induced through the SA-
mediated signaling pathway. Signaling pathways mediated by other hormones
such as auxin, ethylene (ET) and jasmonic acid (JA), which possibly interferes
with the SA pathway, may be activated by syncytium formation because some
hormones are involved in the formation of syncytia. Arrows indicate positive
regulation; the blunt end indicates negative regulation (Uehara et al., 2010).
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SA plays a major role in activation of defenses against
biotrophic pathogens. ET provokes the SA-dependent
resistance against biotrophic pathogens together with JA.
Therefore, hormones such as JA and ET in the
susceptible cultivars are expected to interfere with the
tomato SA-inducible PCN resistance pathway (Uehara et
al., 2010). Over accumulation of the defense signal
molecule SA commonly displays plants morphological
phenotypes. SA acid could interfere with auxin responses
due to reminiscent of auxin-deficient or auxin-insensetive
mutants. Wang et al. (2007) reported that SA causes
global repression of auxin related genes. This results in
balancing the AUX/IAA repressor proteins and inhibition
of auxin responses. SA-mediated disease resistance
mechanism is due the inhibitory effect on auxin signaling.

Foliar application of systemic JA to plants induces a
systemic effect that can suppress RKN infestation. This
shows that jasmonate plays a significant role in foliar
defenses. The results also revealed that jasmonates has
an important role of in the protection of root tissues
against root herbivorous. The resistance induced by JA is
heat stable. In addition to this, JA treatments have the
capacity to enhance the control of avirulent nematodes
on resistance cultivars. The existence of this situation
shows that Mi-mediated resistance and JA-induced

resistance may have an additive effect. Induction of JA
through systemic means could have a significant
influence in protecting crops from damage caused by
nematodes. This in turn can reduce the use of hazardous
nematicides which are environmentally dangerous
chemicals (Cooper et al., 2005).

Synergistic interactions between the signaling
molecules JA and ET is due to the negative pathway
crosstalk that could occur between the JA and SA
(Fujimoto et al.,, 2011). At the early stages of
Meloidogyne-tomato plant incompatible interactions, SA
was not found to be responsible for inhibition of catalase.
Branch et al. (2004) reported that SA has a key role in
the resistance response of tomato to RKN. They also
investigated various resistance genes against M.
incognita such as Mi-1. This SA showed positive effect of
resistance response to the RKN Meloidogyne javanica in
transformed tomato carrying Mi-1 with construct
expressing NahG. NahG encodes a bacterial enzyme
salicylate hydroxylase that has the capacity to degrade
SA into catechol. In addition, they produce SA, which
would lead to an increase in the levels of catechol, which
is toxic for both resistance and susceptible tomato lines.
SA have a positive contribution both in hypersensitive
reactions of plants to incompatible RKN and systemic
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acquired resistance (Molinari and Loffredo, 2006).
Tomato plants might not be affected by signaling of SA
concerning the inhibition of catalyze during early stage of
incompatible interaction between Meloidogyne spp.
However, catalase have a role in subsequent lesion
formation which is part of Mi-1-mediated resistance to
RKNs (Molinari and Loffredo, 2006).

Uehara et al. (2010) found that the induced SA-
dependent  pathogenesis-related genes  mediate
resistance in incompatible interactions between tomato
and potato cyst nematode G. rostochiensis at 3 days-
post-inoculation (dpi) when compared with compatible
interaction. As direct evidence to show the link between
salicylic acid and the Hero A-dependent PR-1 (P4) gene
transcript, they produced Hero A-NahG tomato. The
transcript accumulation of PR-1 (P4) was inhibited by the
expression of NahG after potato cyst nematode infection
of transformed tomato roots. Additionally, the
reproduction of potato cyst nematodes on Hero A-NahG
tomato was higher than on the Hero A tomato plants.
This indicates that SA directly controls the Hero A-
mediated potato cyst nematode resistance (Uehara et al.,
2010).

Wubben et al. (2008) reported that wild type cultivars
were more resistant to the cyst nematode than SA-
deficient mutants. Moreover, SA application reduced
parasitism by cyst nematodes. Wubben et al. (2008)
demonstrated that SA plays more or less the same roles
in resistance to the cyst nematode. According to Uehara
et al. (2010), cultivars resistance to PCNs is elicited by
SA, resulting in an elevated level of PR-1 (P4), a hallmark
gene for SA-inducible type of resistance. However, the
SA-inducible pathway in the susceptible cultivars is
somehow disturbed, possibly by other hormones such as
JA, auxin and ET.

JA application in two near-isogenic lines of tomato with
and without Mi-1.2 resistance gene helps in activation of
induced resistance. This result shows a significant role of
jasmonate in the defense mechanism of root tissues
against root herbivorous. The JA treatment gives only
partial resistance to susceptible tomato cultivars. The
reproductions of avirulent RKNs were almost completely
inhibited by Mi-1.2 gene response. On the other hand,
the effects of Mi-mediated resistance response were
reduced at a temperature of 32°C. Though, the most
effective result was obtained in the combined treatment
of JA and the presence of Mi-1.2 gene at a temperature
of 25°C (Cooper et al., 2005). Gene expressions and
induced resistance response to M. incognita through
foliar application of methyl jasmonate treatment at four
different levels and timing were studied to realize the
effects of exogenous optimum JA on resistance
responses by Fujimoto et al. (2011). This result revealed
that there was a positive correlation between the
application of methyl jasmonate at 0.5 mM. This leads to
a significant reduction of plant infection by RKNs.

In addition, Mi-1 plants transfected with NahG, which

leads to the suppression of SA production, did not show
any increase in susceptibility to RKN which is in contrast
to the results obtained by Branch et al. (2004). They
proposed that the low levels of basal SA, which has a
crosstalk interaction with JA, could be appropriate for Mi-
1 mediated resistance to RKN because all Mi-1 NahG
plants showed complete resistance (Bhattarai et al.,
2008). These differences between the two studies can be
due to different analysis techniques used in the
experiment.

Conclusion

Plant parasitic nematodes have the ability to infest
several plant species by manipulation of the basic
elements of plant cell development. They can also
participate in establishment of feeding site, including
multinucleate cell induction, which is the main source of
nutrients for reproduction, multiplication and development
of nematodes. There are several processes involved in
establishment of feeding site and plants also have a
defense mechanism to protect the pressure of plant
parasitic nematodes. Phytohormones like ethylene and
auxin regulate many important processes in the plants
such as cell differentiation, cell expansion and responses
to abiotic and biotic stresses. They also have a significant
role in several plants-pathogen interactions, including
regulation of plant defense responses and the
development of symptoms. Sedentary parasitic plant
nematodes are the world most destructive plant
pathogens, need hormones for the formation of a
complex feeding site within the host root system. Feeding
sites induced by nematodes result in a dramatic change
in the host cell morphology and gene expression. These
changes are most likely mediated by phytohormones.
The development of resistance cultivars through
introduction natural resistance gene to the plant is the
environmentally friendly way of nematode pest control.
This method leads to loss of susceptibility factors in plant
responses to plant parasitic nematodes. Several complex
gene expressions and subsequent hormone signaling like
JA and SA signaling pathways during incompatible
interactions between plants and nematodes are
considerable aspects to understand the mechanism
underlying resistance responses as well as helping to
conduct further studies for more details. Furthermore, the
importance of plant hormone signaling in the
determination of plant-nematode interactions is supported
by several evidences. Apart from the contribution of
directly defense response, plants also regulate hormone
signaling pathway in order to control its vital processes
for resistance. The role of phytohormones in
establishment of feeding site and plant response in
defense mechanisms of nematode is complex. Therefore,
further investigation is needed to clearly understand this
complex process.
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The objectives of this study were to evaluate the potential of an orange Malawian local maize variety
MW5021 by comparing with a hybrid variety DKC-9089 for nutritional quality and processing properties
such as proximate and mineral composition as well as pasting and thermal properties of the flour, and
resistance against Prostephanus truncatus infestation during storage of the grain. Maize plants
sampled for the experiments were cultivated under three different fertilizer applications, namely 0, 92
and 184 kg-N/ha, considering the chemical fertilizer input among Malawian smallholder farmers. Even
without fertilizer input, significantly higher contents of crude protein, Mg, P, Ca, Fe and Zn were
observed in MW5021, as compared with DKC-9089. Among pasting properties, setback of the flour
slurry from MW5021 was significantly lower than DKC-9089 for all fertilizer treatments. Two-way ANOVA
indicated that MW5021 had significantly lower number of grains damaged by P. truncatus than DKC-
9089, throughout 12 weeks of storage experiment at 28+2°C. Thus, this study revealed that the Malawian
orange local variety MW5021 retained by the smallholder farmers has considerably higher nutritional
guality and P. truncatus resistance as well as lower retrogradation hardening after cooking the flour,
than the hybrid maize DKC-9089.

Key words: Maize, Mineral composition, pasting properties, postharvest losses, Prostephanus truncatus,
Malawi.

INTRODUCTION

Maize (Zea mays L.) is the most important staple food resource-poor smallholder farmers in the eastern and
among cereals, providing food and income to millions of southern Africa (Tefera, 2012). In Malawi, maize-based



diets are the major source of energy accounting for more
than 70% of daily calorie intake as well as nutrients
(Ecker and Qaim, 2011). Thus, the Malawi government
has been implementing the agricultural subsidy programs
to improve maize productivity since 2005, and, as a
result, the maize yield has increased by 2.9 times in 2014
(Dorward and Chirwa, 2011; FAOSTAT, 2016). Although,
the smallholder farmers produce 95% of total maize
production in Malawi, their maize yield is still significantly
lower than the estate farmer (Mutegi et al., 2015). In
addition, a large number of the smallholder farmers
cannot afford to use chemical fertilizer without the
subsidy (Darko and Ricker-Gilbert, 2013).

The Malawian smallholder farmers generally classify
maize into local and hybrid varieties. “Local variety” is
defined as the farmers' varieties that are not the direct
products of the research system (Heisey and Small,
1995), while the term “hybrid variety” refers to any
improved seeds including hybrid and open-pollinated
varieties (Ricker-Gilbert and Jones, 2015). The local
varieties are preferred by the smallholder farmers, owing
to a number of favorable characteristics such as
storability, poundability, flour-to-grain ratio and taste
(Lunduka et al., 2012). Furthermore, Hwang et al. (2016)
reported that Malawian orange local variety (MW5021)
has the potential to be a remarkable natural source of
carotenoids including provitamin A.

In Malawi, maize is milled into several types of dry flour
for cooking staple food of Nsima, namely stiff maize flour
porridge (Smale, 1995). Chinsinga (2011) and Lunduka
et al. (2012) reported that the local varieties are preferred
by the smallholder farmers in Malawi because of their
taste, as compared with the hybrid maize. Texture of the
maize flour porridge is known as one of important traits
determining consumer preference (Bolade, 2009), and
Osungbaro (2009) stated that pasting properties of maize
flour can be used to predict gelling characteristics of the
porridge.

After harvest, the smallholder farmers mainly store their
maize in plastic sacks until its consumption (Kamanula et
al., 2010). Prostephanus truncatus is known as the most
destructive storage pest causing post-harvest losses on
stored maize in the eastern and southern Africa including
Malawi (Farrell et al., 1996; Denning et al., 2009).
Without chemical insecticides, post-harvest losses of
stored maize caused by storage pests at the household-
level are reported to be in the range of 40 to 100% in
Malawi (Denning et al., 2009). The farmers in Malawi
believe that local varieties have higher resistance to
storage pests than that of hybrid varieties (Smale, 1995;
Chinsinga, 2011; Lunduka et al., 2012). Differences in
poundability and flour-to-grain ratio between the local and
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hybrid varieties implies existence of varietal differences in
grain hardness (Blandino et al., 2010; Lunduka et al.,
2012), which has long been suspected to play a role in
resistance against the storage pests among others
(Meikle et al., 1998).

Limited information of the local varieties is, however,
available on the nutritional quality, and the processing
properties of its flour as well as storability of the grains
against storage pest. Therefore, we chose popular
orange local variety of MW5021, and commercial hybrid
maize of DKC-9089 to identify the possible varietal
differences in:

(1) Proximate and mineral composition as well as pasting
and thermal properties of maize flours and

(2) Resistance against P. truncatus during storage of the
grains.

Maize samples subjected to the experiments were
cultivated under three different fertilizer applications,
namely 0, 92 and 184 kg-N/ha, in consideration with the
chemical fertilizer input among Malawian smallholder
farmers.

MATERIALS AND METHODS
Maize varieties

Two maize varieties were used in the present study, namely an
orange local variety (MW5021, locally known as Mthikinya) obtained
from Malawi Plant Genetic Resources Center in Chitedze
Agricultural Research Station (CARS) and a hybrid maize (DKC-
9089, DeKalb Genetics Corp., USA).

Field experiment

To obtain maize samples, six plots were prepared as a bi-factorial
experiment where the A factor was three fertilization rates, and the
factor B was two maize varieties without randomization. A trial was
conducted at the experimental field of CARS from December 2012
to May 2013. Each plot size was 10 m x 10 m consisted of 14 rows
with 0.75 m inter-row spacing. Forty seeds were planted in each
row with 0.25 m in-row spacing. Two types of chemical fertilizers,
which include a compound fertilizer (N: P: K= 23: 21: 0% and 4% of
S) and urea (46% of N), were applied in a ratio of 2:3 to give 0, 92
and 184 kg-N/ha, and coded as treatments A, B and C,
respectively. Of these, the treatment B is the standard fertilization
application recommended by the Ministry of Agriculture and Food
Security in Malawi (Mutegi et al., 2015). Three plots, where the
hybrid variety of DKC-9089 was planted, were coded as plots AH,
BH and CH, while the rest three plots cultivated with the local
variety of MW5021 were coded as plots AL, BL and CL,
respectively. Maize cobs were shelled after harvesting and drying,
grains were weighed for calculation of yield and stored in plastic
bags. Grain yields of AH, BH, CH, AL, BL and CL were 7.7, 10.7,
11.3, 4.2, 6.4 and 6.5 Mg/ha, respectively.
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Analytical methods of chemical properties

Maize grains were kept in a deep freezer at -30°C for disinfection of
storage pests until use, and thawed at 4°C for 1 week to determine
the chemical composition. Thawed maize grains were placed at
room temperature for 1 h, and milled by a blender (New Power Mill
PM-2005, OSAKA Chemical Co. Ltd., Japan) to obtain maize flour
with less than 350 uym of particle size. The maize flour samples
were stored at 4°C until use. Moisture, crude protein, crude fat and
ash contents were determined using the standard methods by the
Association of Official Analytical Chemists (AOAC) with triplicate
determinations (AOAC International, 2005). Mineral contents of
magnesium (Mg), phosphorus (P), potassium (K), calcium (Ca), iron
(Fe) and zinc (Zn) were determined by an inductively coupled
plasma mass spectrometry (ICP; ICPS-8100, Shimadzu Co. Ltd.,
Japan) with triplicate determinations based on the method reported
by George et al. (2004) with slight modification. Maize flour in a
porcelain crucible was preliminary ashed using a Bunsen burner
until smoking had ceased, and then it was dry-ashed using a muffle
furnace (FM-35, Yamato Scientific Co., Ltd., Japan) at 550°C for 8
h. The resultant ash was dissolved in 100 mL of 2N-HCI, and then
diluted 10-fold using deionized water. The solution obtained was
subjected to mineral analysis by ICP.

Analytical methods of physical properties

Pasting and thermal properties of maize flours from three
treatments were determined for the two varieties. Pasting properties
were measured based on the method reported by Uarrota et al.
(2013). Twenty-eight grams of maize flour slurry (8% dry wt.) were
subjected to analysis using a Rapid Visco Analyzer (RVA-4,
Newport Scientific, Inc., USA) with a paddle rotating at 960 rpm for
the first 10 s, and then at a fixed speed of 160 rpm. The slurry was
heated from 50 to 95°C at a rate of 12°C /min, held at 95°C for 2.5
min, cooled to 50°C at a rate of 12°C/min, and then kept at 50°C for
2 min. Breakdown is defined as the difference between peak and
trough viscosities, and setback is the difference between trough
and final viscosities.

Thermal properties were determined using a differential scanning
calorimeter (DSC) (DSC7000X, Hitachi High-Tech Science Corp.,
Japan). A sample of 18 mg dry wt. was weighed in a DSC pan, and
deionized water was added to give a suspension of 30% dry wt.
The scanning temperature range was set at 30 to 95°C. and the
heating rate was 1.5°C/min. Forty-two milligrams of water was used
as a reference. Thermal transitions of maize flour samples were
defined as T,, T, and T. for initial, peak and conclusion
temperatures.

Maize grains kept in a deep freezer at -30°C were used to
determine hardness of maize grains after thawing at 4°C for 1 week.
Thawed maize grains were dried in a hot air oven (WFO-700, TOKYO
RIKAKIKI Co. Ltd., Japan) at 40°C-until they achieve 13.0+1.0% of
moisture content, and resultant dried maize grains were stored at
20°C for 1 week to obtain an equilibrium moisture content. After
adjustment of moisture content of maize grains, grain hardness was
determined using the method reported by Blandino et al. (2010).
Puncture test was carried out on upper lateral surface of 25 maize
grains each from 6 experimental plots using a texture analyzer (TA-
XT2, Stable Micro Systems, UK) equipped with a flat probe
(diameter 2 mm, P/2) and 25 kg load cell. The tests were performed
at 1 mm/s of puncture speed, and grain was punctured to a depth of
2 mm. Grain hardness was expressed as break force calculated in
Newton (N).

Evaluation methods of Prostephanus truncatus resistance

P. truncatus resistance was evaluated according to the methods

reported by Abebe et al. (2009) and Tefera et al. (2011) with slight
modification. Each evaluation was conducted with triplicate
determinations using 6 different samples of maize grains after
adjustment of moisture content with 13.0+1.0%. 100 g of maize
grains were placed in a glass jar covered with stainless screen lid
(60 mesh). P. truncatus used in this study was obtained from
CARS, and successively generated in the laboratory. Thirty adult P.
truncatus (1-14 days old) were released to each jar containing
maize grains, and these jars were kept in an incubator (MIR-254,
Panasonic Healthcare Co., Ltd., Japan) at 28+2°C. Number of adult
P. truncatus and damaged grains were measured on 1%, 2", 3,
4™ 8" and 12" weeks after release. All P. truncatus were removed
from maize grains using sieves with 1.0 and 4.0 mm openings, and
then live P. truncatus were counted for determining number of adult
present. For measuring number of damaged grains, 100 maize
grains were randomly taken from each jar, and then damaged
grains namely grains holed by P. truncatus were counted with
triplicate. Grains and live P. truncatus were returned to each jar for
further measurement.

Statistical analysis

Statistical analyses were conducted using statistical package for
social sciences (SPSS) for Windows (ver. 17.0). Two-way analysis
of variance (ANOVA) was performed to evaluate the main effects of
maize variety, and fertilization treatment as well as the interaction at
5% significance level. When significant interaction was detected
between the variety and the fertilization treatment, t-test and
Tukey's multiple-range test were used for comparison of means to
assess the variety difference with the same fertilization and the
amount of fertilizer application among each variety, respectively, at
5% significance level. Pearson’s correlation analysis was
conducted to evaluate the effects of grain hardness on resistance
against P. truncatus.

RESULTS
Nutritional quality of maize flours

Nutritional quality, namely proximate and mineral
compositions of MW5021 and DKC-9089 applied with the
different amounts of fertilizer are shown in Table 1. Ash,
crude protein and crude fat contents of the two varieties
ranged between 1.11 to 1.34, 9.23 to 11.80 and 5.17 to
5.58% dry wt., respectively. Most dominant mineral for
both varieties was P followed by K, Mg, Ca, Fe and Zn
with 212.20-287.83, 116.36-139.79, 86.31-108.07, 4.87-
5.73, 2.93-5.43 and 1.09-1.85 mg/100g on dry wt.,
respectively. Table 2 represents the corresponding
results of two-way ANOVA. Significant effects of the
variety were observed in all components, and significant
main effects of the fertilization treatment were detected in
all components, except for K and Zn (p < 0.05). Significant
interactions were also found in all components, excluding
ash and Ca. Thus, nutritional quality components, except
for ash and Ca, were compared by t-test for assessing
the effect of variety with the same fertilization, while
Tukey’s test for the fertilizer application was used to
compare among each variety.

Among proximate composition, MW5021 showed
significantly higher contents of ash regardless the
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Table 1. Nutritional quality of Malawian orange local maize variety of MW5021 and hybrid maize of DKC-9089 grown in

Malawi.
MW5021 DKC-9089
Variable Fertilizer treatments
A B A B C
Proximate composition (%, dry wt.)
Ash 1.27+0.01b* 1.28+0.04ab* 1.34+0.02a* 1.12+0.02b 1.11+0.01b 1.18+0.02a
Crude protein ~ 10.20+£0.05c*  11.16+0.04b* 11.80+0.09 a*  9.23+0.07c 9.77+0.03b 10.81+0.02a
Crude fat 5.32+0.03b 5.49+0.07a* 5.34+0.06b 5.24+0.06b 5.17+0.01b 5.58+0.01a*
Mineral composition (mg/100g, dry wt.)
Mg 102.08+0.69b* 108.07+0.96a*  95.33%1.6¢C 86.31+1.55¢c  92.94+0.29b  97.39+1.45a
P 276.41+2.08b* 287.83+4.35a* 261.60+3.45c 212.20+4.66c 227.67+0.42b 244.50+5.62a
K 132.46+2.58a 132.95+2.51a 116.36+3.62b 127.92+1.94b 129.94+1.06b 139.79+1.09a*
Ca 5.73+0.09a* 5.09+0.35a 5.32+0.06a 5.08+0.22 a 4.87+0.11a 5.31+0.38a
Fe 5.43+0.06a* 3.33£0.01b 2.93+0.15c 4.34+0.02 a 3.29+0.07c 3.76+0.08b*
Zn 1.83+0.16a* 1.85+0.12a* 1.62+0.03a* 1.09+0.05 b 1.18+0.02a 1.29+0.01a

Mean values in the same column with different letters are significantly different among each variety (p < 0.05); Mean values in the
same column with * are significantly higher than that of the corresponding maize variety with the same fertilizer treatments (p< 0.05);
n=3; Fertilizer treatments; A, 0 kg N/ha; B, 92 kg N/ha; C, 184 kg N/ha.

Table 2. Two-way ANOVA for the effect of maize variety and fertilizer treatment on
nutritional quality of MW5021 and DKC-9089 grown in Malawi.

Variety Fertilizer Varing X

Variable treatment Fertilizer
p value

Proximate composition
Ash <0.001 <0.001 0.745
Crude protein <0.001 <0.001 <0.001
Crude fat 0.029 <0.001 <0.001
Mineral composition
Mg <0.001 <0.001 <0.001
P <0.001 <0.001 <0.001
K 0.001 0.114 <0.001
Ca 0.030 0.023 0.128
Fe 0.012 <0.001 <0.001
Zn <0.001 0.541 0.014

Values of p in bold are significant (p < 0.05).

fertilizer level than that of DKC-9089, based on the two-
way ANOVA (p < 0.001). For the same fertilizer
treatment, MW5021 had significantly higher contents of
crude protein than that of DKC-9089 counterparts (p <
0.05). Main effect of the fertilizer level was observed in
ash content by the two-way ANOVA, that is, the highest
input of fertilizer led to significant increase in ash
contents as compared with the treatments of A and B (p <
0.05). It was observed that increase in amounts of
fertilizer led to significant increase in crude protein
contents of both MW5021 and DKC-9089 (p < 0.05),

while significant increase in crude fat contents were
observed only in DKC-9089 with the treatment C as
compared to the treatments A and B (p < 0.05).

For mineral composition, Ca contents were significantly
higher in MW5021 than those of DKC-9089 (p < 0.05),
based on the two-way ANOVA. When compared between
the two varieties for the same fertilizer treatments of A
and B, Mg and P contents were consistently and
significantly higher in MW5021 than that of DKC-9089 (p
< 0.05). Similarly, Zn contents were also higher in
MW5021 when compared with DKC-9089 for all fertilizer
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Table 3. Physical properties of maize grains and flours of Malawian orange local maize variety of MW5021 and hybrid maize of DKC-9089

grown in Malawi.

MW5021 DKC-9089

Variable Fertilizer treatments

A B C A B C
Pasting properties
Peak viscosity (cP) 375.0+4.0a 304.3+7.8b 313.7+3.1b 544.7+4.0a* 444.0+1.7b* 428.0+4.4c*
Breakdown (cP) 7.0+1.0b 13.3t1.5a 10.0+£1.7ab 83.0+4.4a* 61.3+0.6¢* 75.0£3.0b*
Setback (cP) 909.3+15.9a 783.3+23.2b 802.7+6.7b 1017.3+20.0a* 913.0+7.8b*  889.7+18.0c*
Final viscosity (cP) 1277.3x19.2a 1074.3x31.6b  1106.3+10.3b 1479.0+16.5a* 1295.7+6.8b* 1242.7+20.0b*
Pasting temperature (°C) 90.2+0.1b* 90.3+0.1 b* 92.0+0.1a* 87.2+0.1b 88.5+0.4a 88.0+0.1 a
Thermal properties
To (°C) 69.90+0.32a 69.98+0.18a 69.92+0.07a 69.73+0.08a  69.79+0.43a  69.99+0.23 a
T, (°C) 75.87+0.11a*  75.69+0.06a*  75.93+0.14a* 75.36+0.15a  75.34+0.15a  75.49%#0.13 a
T (°C) 82.06+0.54a*  82.28+0.17a* 82.54+0.3a* 80.45+0.11a  80.43+0.61a  80.45+0.16 a
AH (J/g, dry wt.) 6.78+0.22a 6.29+0.07b 6.80+0.18a 7.73+0.21a* 7.06+0.05b* 6.88+0.15 b

Grain property
Hardness (N)

246.73+53.3a* 232.56+41.9a* 239.19+54.1a*

152.58+25ab  145.74+23.8b 172.33+50.0 a

Mean values in the same column with different letters are significantly different among each variety (p < 0.05); Mean values in the same column with *
are significantly higher than that of the corresponding maize variety with the same fertilizer treatments (p < 0.05); Hardness, n=25; pasting and thermal
properties, n=3; Fertilizer treatments: A, 0 kg N/ha; B, 92 kg N/ha; C, 184 kg N/ha.

treatments (p < 0.05). The two-way ANOVA showed
significant differences in Ca contents with fertilizer levels,
where higher Ca content with the treatment A than that
with C was observed. There were no consistent patterns
for other minerals for the differences among varieties or
fertilizer treatments. However, at no fertilizer treatment of
A, MW5021 had consistently higher Mg, P, Ca, Fe and
Zn contents as compared to DKC-9089.

Pasting and thermal properties of maize flours

Table 3 indicates physical properties of maize grains and
flours of MW5021 and DKC-9089 with the different
fertilizer applications. Results of the two-way ANOVA in
Table 4 showed significant effects of the variety and/or
the fertilization treatments in setback, T, and T, without
significant interactions (p < 0.001).

Among pasting properties, significant effect of the
variety in setback by the two-way ANOVA indicated that
the values of MW5021 were consistently lower than those
of DKC-9089, regardless the fertilization levels (p <
0.001). In comparison between the two varieties, peak
viscosity, breakdown, and final viscosity of DKC-9089
were significantly higher than those of MW5021 at the
same fertilizer treatments (p < 0.05). Contrary, MW5021
showed significantly higher pasting temperatures than
that of DKC-9089 in all fertilizer applications (p < 0.05).
The two-way ANOVA showed significant effect of the
fertilization on setback with the highest value with the

treatment A as compared with B and C (p < 0.05).
Significant decrease in peak viscosities was observed in
both  MW5021 and DKC-9089 with increase in the
amount of fertilizer applied (p < 0.05). Similarly, in final
viscosity, significant decrease with increase in the
fertilizer application was found in both varieties (p < 0.05).

For thermal properties, T, and T, were significantly
higher in MW5021 of all fertilizer treatments as compared
with those of DKC-9089, with significant effects of the
variety from two-way ANOVA as shown in Table 4 (p <
0.001). Significant differences resulting from the fertilizer
treatments were not observed in T, T, or T, among
MW5021 and DKC-9089 (p < 0.05), while DKC-9089
showed significantly higher AH than MWS5021 in the
fertilizer treatments of A and B.

Hardness and storability of maize grains

Grain hardness of two varieties for the different fertilizer
treatments were also shown in Table 3. Significant effect
of the variety was observed by two-way ANOVA as
shown in Table 4 without significant effect of the
fertilization or the interaction (p < 0.001). This means that
grain hardness of MW5021 was significantly higher than
that of DKC-9089 counterparts in each fertilizer
treatment.

Three-way ANOVA carried out with the sources of the
variety, fertilization treatment and storage period for
numbers of adult P. truncatus and damaged grains



Murayama et al. 1623

Table 4. Two-way ANOVA for the effect of maize variety and fertilizer treatment on physical
properties of MW5021 and DKC-9089 grown in Malawi.

. Variety Fertilizer treatment Variety x Fertilizer

Variable
p value

Pasting properties
Peak viscosity <0.001 <0.001 <0.001
Breakdown <0.001 <0.001 <0.001
Setback <0.001 <0.001 0.122
Final viscosity <0.001 <0.001 0.006
Pasting temperature <0.001 <0.001 <0.001
Thermal properties
To 0.436 0.639 0.625
Tp <0.001 0.065 0.585
Te <0.001 0.549 0.543
AH <0.001 <0.001 0.001
Grain property
Hardness <0.001 0.155 0.267

Values of p in bold are significant (p < 0.05).

Table 5. Two-way ANOVA for the effect of maize variety and fertilizer treatment on P. truncatus resistance of

MW5021 and DKC-9089 grown in Malawi.

Storage period Variety Fertilizer treatment

Variety x Fertilizer

Variable
(week) p value
P. truncatus resistance
1 0.092 0.574 0.302
2nd 0.001 0.805 0.124
3¢ 0.024 0.978 0.448
N f adult P.
umber of adult P. truncatus 40 0.079 0.672 0.239
gt 0.070 0.500 0.425
12t 0.092 0.545 0.590
1% 0.005 0.720 0.495
2nd 0.001 0.461 0.676
. 3 0.001 0.242 0.667
Number of damaged grains 40 <0.001 0.161 0327
gt 0.007 0.167 0.524
12t 0.003 0.466 0.680

Values of p in bold are significant (p < 0.05).

showed a significant interaction for the variety with
storage period (p < 0.001). Thus, two-way ANOVA for
numbers of adult P. truncatus and damaged grains were
performed at each storage period with the variety and the
fertilization treatment as sources (Table 5).

Numbers of adult P. truncatus counted on 1%, 2" 3",
4™ 8™ and 12" week of storage are illustrated in Figure 1.
Numbers of adult P. truncatus slightly decreased in the
first 4 weeks of storage in all samples, and then

increased steadily from 4 to 12" weeks. The highest
number of adult P. truncatus was observed in DKC-9089
with the fertilization treatment of B as 292.7 on 12" week
of storage, while in MW5021 with the treatment of A
showed the lowest number of adults as 121.0. After 8
weeks of storage, DKC-9089 fertilized with the treatments
A and B showed clearly higher numbers of adult P.
truncatus among all samples. Results of two-way ANOVA
are shown in Table 5, and significant effects of
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Figure 1. Number of adult P. truncatus present during 12 weeks of incubation of maize
grains of Malawian orange local variety of MW5021 (AL, BL, CL) and hybrid maize of
DKC-9089 (AH, BH, CH). At time zero, 30 adults were released into jars containing 100
g maize grains. A, B and C refers to fertilizer treatments.

the variety were observed in numbers of adult P.
truncatus on 2" and 3" weeks with lower numbers in
MW5021 (p < 0.05). On the other hand, significant effects
of either the fertilization or the interactions were not
observed at any storage periods.

Number of damaged grains of MW5021 and DKC-9089
during 12 weeks of infestation by P. truncatus is shown in
Figure 2. On 12" week of storage, the highest number of
damaged grains was observed in DKC-9089 with the
fertilization treatment of B as 84.3 grains/100 grains, and
in MW5021 with the treatment of A showed the lowest
number.

During 12 weeks of storage experiment, MW5021
consistently showed lower numbers of damaged grains
as compared with DKC-9089. From two-way ANOVA,
significant effects of the variety were found throughout 12
weeks of storage periods (p < 0.001 to p = 0.007) with
lower values for MW5021, while the significant effects of
either the fertilization or the interactions were not found at
any measuring date (p > 0.05).

Correlation analysis

Table 6 summarizes correlations between hardness and

P. truncatus resistance of maize grain measured
throughout 12 weeks of storage experiment. There were
significantly negative correlations between the number of
adult P. truncatus and grain hardness on 3rd, 8th and
12th weeks (p < 0.05). The number of damaged grains
was negatively, and significantly correlated with grain
hardness throughout the storage periods (p < 0.05).

DISCUSSION AND CONLUSION

Widespread deficiencies of Fe and, particularly, Zn have
been known in Malawi (Dickinson et al., 2014).
Furthermore, high risk of mineral deficiencies such as Ca
and Zn was reported by Joy et al. (2015). In the present
study, without fertilizer input, Ca and Fe contents of
MW5021 were significantly higher than those of DKC-
9089 (Table 1). In addition, in all fertilizer treatments, Zn
contents of MW5021 were significantly higher than those
of DKC-9089 (Table 1), and this was also statistically
confirmed by two-way ANOVA analysis (Table 3).
Bioavailability of Zn contained in maize is thought to be
restricted, due to the presence of phytic acid which
inhibits Zn absorption by binding Zn to form an
unabsorbable complex called phytate inthe gut (Krebs,
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Figure 2. Number of damaged grains present during 12 weeks of incubation of
maize grains of Malawian orange local variety of MW5021 (AL, BL, CL) and hybrid
maize of DKC-9089 (AH, BH, CH). At time zero, 30 adults were released into jars
containing 100 g maize grains. A, B and C refers to fertilizer treatments.

Table 6. Correlations between grain hardness and P. truncatus resistances on throughout 12
weeks of incubation.

Variable Storage period (week) Grain hardness
1% -0.566
2" -0.800
3 -0.829"
Number of adult P. truncatus 4 -0.587
8" -0.860"
12" -0.881"
1 -0.913
2" -0.964"
. 3" -0.975"
Number of damaged grains 40 0.962"
g™ -0.909"
12" -0.979"

Correlation coefficients with * and ** are significant at p < 0.05 and 0.01, respectively.

2000). However, Miller et al. (2013) reported that dietary contained in MW5021 might be superior to the DKC-
Ca and protein modestly enhanced Zn absorption by 9089, owing to significantly higher Ca and crude protein
possible inhibition by forming complex form phytate with contents of MW5021 (Table 1). It was, therefore, found,
Zn. Thus, not only quantity but also bioavailability of Zn that an intake of maize-based diets prepared from
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MW5021 may be desirable in effectivity supplying
insufficient minerals such as Ca, Fe and Zn as compared
with the DKC-9089, especially for the smallholder farmers
who cannot always afford fertilizer for maize cultivation
(Darko and Ricker-Gilbert, 2013).

In this study, whole maize flours were used to evaluate
pasting and thermal properties, since whole maize grain
flour called Mgaiwa is commonly used to cook Nsima in
Malawi. Significant differences in pasting properties
suggested that varietal differences exist between the flour
prepared from MW5021 and DKC-9089 on texture of
Nsima. Maize flour prepared from DKC-9089 showed
significantly higher peak viscosity, breakdown, setback
and final viscosity than those of the MW5021 (Table 2),
and this is may be due to relatively and significantly lower
crude protein and ash contents, which indicate higher
starch content (Table 1). Indeed, it is reported that starch
content is prime factor determining viscosity of maize
flour (Zilic et al., 2011). Further, Almeida-Dominguez et
al. (1997) reported that maize flour prepared from softer
grain shows higher viscosity than that of harder one, due
to loosely packed starch with reduced protein-to-starch
bounds in softer maize grain, and such loosely packed
starch hydrates and swells more rapidly in the presence
of heat and water.

During cooking of Nsima, continuous heating and
stirring is applied to achieve uniform gelatinization of
starch without formation of clumps. Thus, significantly
lower breakdowns of the flours prepared from MW5021
indicate a relatively high ability to withstand heating and
shear stress than those of DKC-9089, that is, higher
stability of the gel during the cooking (Table 2; Newport
Scientific, 1998). From the results of setback, it is clear
that there are changes incurred in texture of Nsima after
cooking, between MW5021 and DKC-9089. Setback
indicates short-time retrogradation hardening of starch
dominantly determined by amylose aggregation and re-
association (Karim et al., 2000). In this study, setbacks of
maize flours prepared from MW5021 were significantly
lower than those of the MW5021for all fertilization
treatments (Table 2). Sandhu and Singh (2007) reported
that the gel firming is mainly caused by retrogradation of
maize starch gels during cooling. Thus, Nsima cooked
from the flour prepared from MW5021 may be more
tolerant against starch retrogradation, that is, hardening
tendency of the Nsima made from the MW5021 flour may
be being slower than that prepared from the DKC-9089
flour. Physical properties such as viscosity and
retrogradation tendency may influence the differences in
consumer preferences between maize flours prepared
from the MW5021 and DKC-9089.

In Malawi, post-harvest losses of stored maize grain
caused by storage pests have been reported to be 40 to
100%, and P. truncatus is known to be the major cause
of such losses (Denning et al., 2009). Thus, higher
storage ability, arising from lower post-harvest losses
caused by P. truncatus, must be considered for choosing

maize varieties for cultivation not only in Malawi but also
in African countries invaded by this pest. In the present
study, two-way ANOVA analysis suggests that MW5021
has the higher potential of reducing post-harvest losses
(Table 3) by lowering numbers of adult P. truncatus and
damaged grains, as compared with DKC-9089 (Figure 1
and 2). Under the experimental conditions, superior
storability of the orange local variety of MW5021 was
observed in this study, and it enables us to further
discuss the post-harvest losses of maize grains during
storage. MW5021 cultivated under three different fertilizer
applications showed 24.5 to 40.0 % lower number of
damaged grains as compared with the corresponding
DKC-9089 after 12 weeks of storage period incubation,
while yields were 40.2 to 45.5 % lower in the local variety.
On the other hand, the estimated amounts of wholesome
maize grains after 12 weeks of storage, based on the
yields and percentages of damaged grains, were 1.9, 1.7,
3.5, 2.3, 2.9 and 3.1 Mg/ha for AH, BH, CH, AL, BL and
CL, respectively. Therefore, under P. truncatus
infestation, MW5021 may have higher amount of maize
grains remaining after prolonged storage as comparinged
to DKC-9089, particularly for the smallholder farmers who
cannot afford to use chemical fertilizer.

Puncture test was conducted on maize grain, and
break force was defined as grain hardness in this study. It
is assumed that hardness of maize grain is mainly
influenced by the chemical composition of endosperm
(Dombrink-Kurtzman and Knutson, 1997; Chandrashekar
and Mazhar, 1999), indicating that grain hardness is
compression resistance of endosperm but not hull.
Santiago et al. (2013) reported that grain defenses
against storage pests occur in both pre-ingestion and
post-ingestion phase. In the pre-ingestion phase, host
plants can limit food supplies to insects by physical
barriers such as the cell wall. Therefore, grain hardness
may be regarded as strength of physical barrier, and
harder grain could limit food supply to P. truncatus in the
pre-ingestion phase. This limit of food supply may result
in suppressing propagation of P. truncatus. The observed
significantly negative correlations between grain
hardness and, the number of adults and damaged grains
(Table 4) support this assumption. In addition, Li (1988)
stated that, since P. truncatus lay eggs in blind-ending
tunnel in maize grain, higher energy cost for tunneling
through harder maize grain, leads to reduction of its
fecundity and population size. Several local varieties
native to Africa have been reported to have higher
resistance against Sitophilus zeamais than hybrid
varieties (Gudrupsa et al., 2001; Siwale et al., 2009),
while the present study provides evidence for the
superiority of the Malawian local orange variety of
MW5021 over the commercial hybrid maize of DKC-9089
for losses caused by P. truncatus infestation during post-
harvest storage.

In the present study, one genotype was chosen from
each of local and hybrid varieties to obtain fundamental



information on the varietal differences. MW5021 showed
superiority in:

(1) Significantly higher contents of crude protein, Mg, P,
Ca, Fe and Zn even without fertilizer application

(2) Cookability with significantly lower setback value for
all fertilizer treatments and

(3) Storability with significantly lower number of damaged
grains throughout 12 weeks of storage experiment, as
compared with DKC-9089.

It appears therefore that the orange local variety of
MW5021 is beneficial for low-input sustainable agriculture
among the smallholder farmers with higher nutritional
value, better porridge retrogradation tendency and lower
post-harvest losses.

Thus, further search of local varieties with desired
characteristics should be carried out to achieve food
security and provide genetic sources on breeding for
variety development in the eastern and southern Africa
region.
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Conservation practices can be of great importance in semi-arid regions for obtaining high crop yields
and income, but adoption of the conservation practices, economic efficiencies and benefits remain
unknown by most smallholders. The paper presents an overview of the adoption of conservation
agriculture (CA), conservation farming (CF) and conventional tillage (ConvT), their technical efficiency
and economic benefits. The study was carried out in Wards 4 and 17, Chimanimani District, Zimbabwe
using a cross-sectional survey of 179 farmers involving participatory was used. A Stochastic frontier
analysis (SFA) was used to determine relative technical efficiencies between CA, CF and ConvT
farmers. Maximum likelihood estimation (MLE) technique was used to estimate Cobb-Douglas frontier
production function. Gross margin (GM) analysis was employed to determine economic benefits by
farmer category. Results showed that adoption was 59% for CF 20% for CA techniques and 69% for
ConvT. SFA in R revealed that CF, CA and ConvT farmers were 87, 81 and and 64% technically efficient
respectively. GM analysis showed that CF had the highest GM/ha of $99.88 and 196.20 with and without
family labor cost respectively. This was followed by CA with GM/ha of $63.82 and 158.60.ConvT farmers
had the least GM of -$25.16 and 65.20 with and without family labor cost. Most communal farmers
considered ConvT to be a traditional practice; this could have been responsible for high adoption of the
practice. Farmers showed a negative attitude towards CA despite the high labor requirements for CF. It
is recommended that, of all the three practices in semi-arid regions, farmers use CF practice as it gives
highest technical efficiency and GM.

Key words: Conservation agriculture, conservation farming, adoption, technical efficiency, stochastic frontier
analysis.

INTRODUCTION

Conservation practices and conventional tillage (ConvT) (2012) found that ConvT led to rapid degradation of soil
have been common in Southern Africa for many years. fertility and structure through loss of organic matter,
ConvT has been the first practice and regarded as a giving higher input costs, increased runoff and excessive
traditional method of tillage in Africa. Matthew et al. losses of soil and nutrients; key amongst these being soil
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degradation (Sperrati and Turmel, 2015). Ngwira et al.
(2012) concluded that lower yields were obtained under
ConvT than under conservation agriculture (CA).

Conservation agriculture (CA) and conservation
farming (CF) have great potential of solving the above
mentioned production problems of smallholder farmers in
the dry parts of Africa (Haggblade and Tembo, 2003;
Hobbs, 2007; Rockstrom et al., 2009). They are popular
alternatives which promise to utilize land and other
resources in a sustainable manner (Nyamangara and
Matizha, 2010). Various views are highlighted by
researchers on sustainable agriculture based on CA and
CF, from resource conservation, which range from low
use of external inputs (Ouedraogo et at., 2001), through
other various sustainable agriculture activities, to soil
water and soil nutrient management (Pretty and Hine,
2000; Mashapa et al., 2013).

CA is a broader term that encompasses activities such
as minimum tillage and zero tillage, tractor powered,
animal powered and manual methods, integrated pest
management, integrated soil and water management,
and includes CF (Twomlow et al., 2008a). CF is a
technology which uses planting basins and soil cover
(Twomlow et al.,, 2008a; United Nations Food and
Agriculture Organisation (FAO), 2011). It is a particular
technology developed by Oldreive (1993). The CA Task
Force for Zimbabwe (ZCATF) which was initiated in
March 2004 outlined CA and CF components, and
confirmed that digging planting basins using hoes,
following principles like mulching and crop rotation, is
termed CF (Protracted Relief Programme (PRP), (2005).
Mazvimavi and Twomlow (2009) added that soil
amendments like manure and inorganic fertilizers were
incorporated precisely in the planting basins. Currently,
the dominant CF technique adopted in Zimbabwe is the
planting basin technique which concentrates limited water
and nutrient resources applied (Thomlow, 2007). Specific
examples of marked differences of CA from CF
techniques include use of jab-planters, ripper tines, knife
rollers and direct seeders (FAO, 2011). The principles of
mulching, crop rotation and integrated pest management
still apply. Farming communities’ practices differ
extensively. The variations can be influenced by farmer
circumstances, the nature of the environmental factors
prevailing in the area, and adoption. Thus, farmers may
use very varied techniques to practise sustainable CA
systems (Wall, 2007). This causes the interchangeable
use of CA and CF.

ConvT is a standalone which is not confused with CA
or CF. In this paper, ConvT involves using the mould-
plough during land preparation to till the whole area to be
planted, and then planting is done following behind the

plough.

History from the 1960s shows that farmers in
Chimanimani started using ripper-tines as a form of CA,
to open up soil for planting purposes. A share mounted
on ox-drawn mouldboard plough without a mouldboard
was used. Hoes were used for digging small pits to
capture rainwater in fields, as a basic CF technique, and
for weed control. Mulches were mostly used in vegetable
gardens. These technologies were mainly promoted in
the study area by Agriculture Technical and Extension
Services (AGRITEX). From 2000, there has been a
series of upgraded initiatives introduced by Non
Governmental Organizations (NGOs), state actors and
various donors in partnership with lead Ministry of
Agriculture, Mechanization and Irrigation Development of
Zimbabwe to promote sustainable CA practices. CA
techniques which have been promoted included no-till
tied ridging; mulch ripping, no-till strip cropping, clean
ripping, hand-hoeing or zero till, tied furrows (for semi-
arid regions) and tied ridging (Mupangwa et al., 20086,
Twomlow et al.,, 2006). The promotions would be
expected to reduce the impact of adverse environmental
factors which were becoming more and more severe, and
also to increase crop yields (Twomlow et al., 2008b;
Mazvimavi and Twomlow, 2009). However, these CA
techniques were lowly adopted (Hobbs, 2007; Derpsch
2008; Gowing and Palmer, 2008) because rural farmers
were lowly mechanized; lacked appropriate implements,
technical information, and appropriate soil fertility
management options (Twomlow et al., 2006). These
various factors prompted the need to venture into
planting basins as improved initiatives of CF.

However, as long as there was enough production of
staple food from CA and CF practices, the profitability
aspect is usually never considered by most farmers in
semi-arid regions; farmers may just have other goals like
household food security, a stable income and minimizing
risk of crop failure. There are not many studies known in
literature done with a holistic approach to the technical
efficiencies and economic benefits of CA, CF and ConvT
practices and their relative adoptions in semi-arid parts of
Zimbabwe. One previous study determined technical and
economic efficiency of the CF technigues only, using the
transcendental production function (Musara et al., 2012),
while the other compared productivity and technical
efficiency of CA with CF of maize using stochastic
production frontier model (Mazvimavi et al., 2012). Most
studies in literature simply consider CA without a further
study on CF (Tsegaye et al., 2008, Gowing and Palmer,
2008; Mazvimavi et al., 2012).

The current study gives an overview of the technical
efficiencies and economic benefits as well as adoption of
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CA, CF and ConvT as they are all practised in most semi-
arid parts of Zimbabwe. This paper addresses the
shortcomings in the use of CA and CF by basing their
separation on the terminology used in literature
(Twomlow et al., 2008a; ZCATF, 2009; FAO, 2011).

MATERIALS AND METHODS

The study on three practices: CA, CF and ConvT and their
adoption, efficiency and economic benefits, was carried out in
Chimanimani District.

Study area

Zimbabwe has five NRs (1-V). The study on was carried out in
Chimanimani District, in Manicaland Province; the eastern province
of Zimbabwe. Chimanimani District is characteristically known to
have all the five agro-ecological or natural regions of the country.
The specific wards under study were Ward 4 (Guhune) and Ward
17 (Biriir)). They fall in NR 1V, which has been receiving mean
annual rainfall below 500 mm in the last 10 years. The soils are
sandy to sandy loams derived from granite rocks (IUSS Working
Group WRB, 2007). Type of soil and gradient of an area has been
known to offer incentives for adoption of soil conservation
technologies due to increased danger of land degradation (Barungi
etal., 2013).

Conservation practices

In the current study, CA refers to all the farmers who used ox-drawn
equipment (ripper tines, direct seeders, or jab-planters), CF farmers
are those who used only hand-hoe basins, and ConvT farmers are
those who used mouldboard ox-drawn plough for ploughing the
whole land during land preparation and covering seed when
planting.

Research design and data

Ward 4 and Ward 17 were two wards purposively chosen for the
study because of their highly variable annual rainfall of 460 to 600
mm (Moyo, 2000). The design was cross-sectional survey which
included farmer- researcher-participatory action research approach.
A cross-sectional survey was chosen for its low cost nature and
ability to capture information at a given point in time. Pedzisa et al.,
2010 found that the participatory approach encouraged greater
knowledge-sharing among farmers, thus promoted grouping and
adoption. A total of 2390 farming households were in the two wards
and 200 farmers randomly sampled using random number tables
based on the community household register intercept system
(Mashapa et al., 2013). Each ward had 100 farmers sampled. Out
of the total of 200 questionnaires, 179 representatives were valid
for analysis because they provided all the information requested,
and 21 had missing information. Structured questionnaires and face
to face interviews were used to obtain data of household
characteristics, technology adoption, practices, inputs, outputs,
accessibility to extension services and markets. A structured
questionnaire allowed data collection for quantitative analysis. A
farmer could practise more than one technology and would
therefore be considered as practising more than one technology.
Almost all farmers in the study area were found growing maize
under soil moisture conservation techniques. Although maize is a
staple food crop in the area, there are other adaptable small grain
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crops like sorghum, finger millet and pearl millet grown in most dry
parts of Zimbabwe.

Economic and econometric framework
Technical efficiency analysis

Economic efficiency can be defined as comprising two components.
The first is technical efficiency which is defined as production of a
maximum level of output from a given bundle of inputs (Alemdar
and Oren, 2006). The second being allocative efficiency, defined as
a combination of inputs that maximizes profits, given input prices.
Economic efficiency is then defined by the product of technical and
allocative efficiency.

Two approaches can be used in determining the level of a firm’'s
technical efficiency in empirical work. One is a parametric
approach, Stochastic Frontier, and another is non-parametric, Data
Envelopment Analysis (DEA).

The stochastic frontier analysis (SFA) is based on the pioneering
work of Aigner et al. (1977) and Meeusen and van de Broeck
(1977). SFA been widely applied in estimating farm efficiencies
(Onyenweaku and Ohajianya, 2005; Hussein et al, 2012, Samuel
and Kelvin, 2013). The approach allows separation of the error term
into two: One is associated with factors outside the farmers’ control
such as weather, pest and diseases; the other relates to farm
specific conditions (Mohammed et al., 2013). In the current study,
particularly SFA was used because it is very suitable for analysis of
data from field trials where uncertainty is high due to such factors
as weather, and also because the coefficients estimated in this
study directly represent elasticity of production (Abedullah and
Ahmad, 2006). However, to determine technical efficiency of
farmers specifically practicing CA, CF and ConvT, the protocol of
Rahman (2003) was used.

The stochastic frontier production function is defined after
Rahman (2003) as:

Yi= f(XgB)exp(vi —w) i = 12,..N @

Where:Yi = possible production of i" farm in kg; f(X;B) = a
suitable function of the vector X of inputs for the i farm, in this case
a Cobb-Douglas production function was used; f§ = a vector of
unknown parameters to estimated; v; = random error with zero
mean associated with random factors; u; = non-negative random
variables associated with farm’s specific factors contributing to the
farm not attaining maximum efficiency of production; N = number of
farms in the sample

The random errors v; are assumed to be independently and
identically distributed as N (0,5,%) random variables independent of
the u;’s which are assumed to be non-negative truncations of the
N(0,62), that is, half-normal distribution. The Cobb-Douglas function
was chosen because of its wide use in literature, easy of estimation
and interpretation (Anyiro et al., 2012; Mango et al., 2015).
The following explicit function is estimated for CA, CF and ConvT
farmers:

InY; = By + XLy B InX; + v — (2)

Where, for farmer i, Y was the total quantity or value of maize
produced in metric tonnes, X was the quantity or value of input
j used,v;was the two-sided error term and u;was the one-sided
error term representing technical inefficiency effects. The inputs
were:

X,= maize area cropped in ha; X, = planted maize seed in kg; X3 =
amount of basal fertilizer in kg; X4 = amount of top-dressing fertilizer
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Figure 1. Adoptions of CA, CF and ConvT. Source: Survey data.

in kg; Xs = amount of family labor used in maize production in
hours.
The inefficiency model is specified as:

U =8+ X1 817 ©))

Where Z, are the inefficiency variables (m = 1,2,...M), and ¢
coefficients are unknown parameters to be estimated. These
variables are described in the following paragraph: Education
(number of years of schooling), household size (units of adult
equivalents (AE)), household members away (AEs), access to
credit (dummy, 1 for access and 0 for no access), gender (dummy,
1 for male and 0 otherwise), membership of a farmers’ group
(dummy, 1 for being a member of a group and 0, for non-member)
and hired labor (dummy, 1 for use of hire labor, and 0 for non-use).
A positive sign on the coefficient means the variable has a negative
effect on efficiency while a negative sign of the coefficient means
the variable reduces inefficiency.

Using MLE, the production and inefficiency models were
estimated simultaneously in one stage using ‘frontier package’ in R
(Coeli and Henningsen, 2013). MLE provides a consistent approach
to parameter estimation problems. This means that MLE is
effectively employed for use to give accurate estimates of many
variables (Kadiri, 2014).

Economic analysis

This study used gross margin (GM) analysis to compare
performance of CA, CF and ConvT. GM was shown without
considering the cost of family labor because household had limited
alternative for earning an income outside their farming, and thus the
opportunity cost of their labor could just be evaluated in terms of
leisure. Profit is the difference between total cost and total revenue.
By definition, fixed costs do not vary with the amount of maize
produced, the economic optimum could be obtained by maximizing
the difference between total revenue and total variable costs per ha
and this difference is known as the gross margin (Sibanda et al.,
2016). Although various studies use GM to compare the economic
benefits of alternative technologies to farmers (Chanie et al., 2014),

not many studies have used GM analysis in evaluating CA
practices, particularly in Zimbabwe. However, what can be termed
accounting gross margin, which does not take account of the full
opportunity costs of the resources, was used.

RESULTS

The study on adoption, efficiency and economic benefits
of CA, CF and ConvT which were all practised in
Chimanimani District during the survey period showed
varying results.

Adoption of practices
General practice adoptions

Adoption of the practices is represented by a bar chart
(Figure 1). The majority of farmers used ConvT only
(69%), however, a sizeable proportion (59%) adopted
CF. Farmers who adopted CF together with ConvT were
over 30%, and there was also a group of farmers who
used hand hoe but not strictly practising CF and these
were 29%. CA (using ox-drawn or motorised equipment)
had the least adoption rate (20%) whether as a
standalone practice or in combination with ConvT.

Technical efficiency
Use of purchased inputs and productivity

Use of inputs for maize, and yields for each type of
technology are presented (Table 1). ConvT had the



Table 1. Maize production and inputs used by farmer category.
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Technology Statistic Maize area Seed rate Basal fertilizer Topdressing Yield

(ha) (kg/ha) (kg/ha) (kg/ha) (MT/ha)
CAN=20) g5 007 106 7087 7329 032
cruem M R . S T
ComT(N=B2) 5" 051 1250 50.10 1085 050

MT = metric tons; Source: Survey data.

highest mean maize cropped area (0.49 ha) followed by
CF (0.23 ha) and CA (0.18 ha) respectively. All farmers
planted using seed rates which were below the
recommended rate of 25 kg/ha. Farmers used rates of
basal and top-dressing far below the extension service
recommended rates of 200 and 150 kg/ha respectively.
Lowest yield level was obtained by ConvT farmers, whilst
CF farmers had the highest (Table 1). There was a
statistically significant (P<0.01) difference between mean
yield for ConvT and the other practices (CA and CF), but
the difference between mean yields for CF and CA was
not statistically significant (P>0.05). Use of basal fertilizer
was lowest among CF farmers.

Technical efficiency model
Production function

CA: only basal fertilizer had a positive and statistically
significant influence on maize output. A 1% increase in
use of basal fertilizer resulted in 0.45% increase in
output, and this output response was inelastic. An
inelastic response means that a change in input use
results in less than proportionate change in the quantity
of output while the opposite is true for an elastic
response. Maize area, seed, top-dressing and family
labor had no significant influence on maize output.

CF:. Maize area and seed had a positive and
statistically significant impact on output for CF, while
basal fertilizer and labor had a negative and significant
impact. A 1% increase in the area under maize resulted
in 0.48% increase in output, and a 1% increase in basal
fertilizer caused an output decrease of 0.11% under CF.
Both relationships were inelastic. Top-dressing fertilizer
had no significant influence on maize output.

ConvT: Top dressing fertilizer had a positive and
statistically significant relationship with output for ConvT,
while family labor and basal fertilizer had a negative but
statistically significant impact on maize output. A 1%
increase in top-dressing resulted in 0.78% increase in
output, while a 1% increase in family labor use and basal
fertilizer use caused 0.12 and 0.43% decrease in maize

output, respectively. The output response to input use
was inelastic in both cases, that is, a change in
independent variables caused a less than proportionate
change in the dependent variable. Maize area and seed
had no significant influence on maize output under
ConvT.

Returns to scale

A measure of returns to scale is obtained by calculating
the sum of the input elasticities. Where the sum of input
elasticities is equal to one, there are constant returns to
scale. Increasing and decreasing returns to scale are
displayed when the sum of elasticities are greater than
one and less than one respectively. There were
decreasing returns to scale for the three categories of
farmers. However, CA and ConvT farmers had almost
similar values for returns to scale (0.439 and 0.436
respectively).

Inefficiency model

All the inefficiency variables were not statistically
significant for CA although they had different signs. Only
about 11% of the 179 sampled farmers practised CA. The
following variables had expected signs showing their
positive effect on reducing technical inefficiency: group
membership, number of non-resident members, gender
(male farmers are more efficient than female farmers)
and access to draft power. An increase in non-resident
members improved technical efficiency since these
households already had the largest size (a mean of 4.91
AE; Table 1).

For CF, all the variables in the efficiency model were
statistically significant. Inefficiency reducing factors for
CF were; number of family members away, gender (being
male improves technical efficiency), group membership
and level of household head education. Household size,
gender and group membership had no influence on
inefficiency for ConvT farmers. Draft power and level of
education had a statistically significant reduction on
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Table 2. MLE of the stochastic production frontier.

Variable CA CF ConvT
Production function Coeff. S.E Coeff. S.E Coeff. S.E
Intercept Bo 0.362 0.937 2.537 1.286*** 5.289 0.332%**
In Maize area B1 0.436 0.455 0.482 0.216*** 0.090 0.081
In Seed B2 -0.037 0.862 0.328 0.177%** 0.120 0.078
In Basal fertilizer Bs 0.454 0.098*** -0.106 0.056** -0.428 0.139***
In Topdressing fertilizer Ba -0.121 0.196 -0.026 0.049 0.777 0.080***
In Family labor Bs -0.339 0.279 -1.041 0.364*** -0.123 0.070**
Inefficiency model

Intercept do 0.044 0.934 14.450 1.194*** 1.755 1.000**
Hired labor 01 0.115 0.286 -0.143 1.229%* -0.892 1.022
Credit access 02 0.020 0.781 0.971 0.511* 8.311 1.637***
Farmer group 03 -0.068 0.540 -7.140 0.684*** -2.404 1.610
Draft power 04 -0.117 0.815 2.292 0.349%*=* -2.224 0.986**
Household size 05 0.078 0.078 0.851 0.201*** -0.201 0.495
Gender 06 -0.181 0.570 -6.980 0.683*** 0.018 1.039
Education o7 0.001 0.110 -2.323 0.157*** -0.667 0.362**
No. of members away Os -0.077 0.110 -1.590 0.254**=* -1.431 0.554**=*
Variance parameters

Sigma-squared 0.011 0.065 2.827

y 1.000 0.000 1.000

A 10000 0.0001 10000

Log-likelihood function 25.66 -1.46 -8.817

Mean technical efficiency 0.809 0.874 0.639

Significance codes: 0.01***, 0.05**, 0.10*; Source: Survey data.

inefficiency, and credit had a statistically significant
increase in technical inefficiency. CF had the highest
mean technical efficiency of 87% followed by CA and
ConvT with mean efficiencies of 81 and 64%,
respectively (Table 2).

Model log-likelihood ratio test

Results of the log-likelihood ratio test rejected the no-
efficiency model in favour of presence of inefficiency
effects for all the three categories of farmers (Table 3).

Economic benefits
GM analysis

GM analysis was used to compare returns to the farmer
for each farmer category (Table 4). CF had the highest
GM/ha of $99.88 and 196.20 with and without family
labor cost respectively, while CA with GM/ha had $63.82
and 158.60, respectively. ConvT farmers had a negative
GM/ha of $25.16 with family labor cost and a positive
GM/ha of $65.20 without family labor cost. CA and CF

gavepositive (and almost the same level of) returns to
purchased inputs and family labor. However, these
figures were either below or equivalent to the average
wage rate of $2/Md in the study area, and this was
perhaps the reason why not many farmers in the survey
used hired labor (32%). ConvT had the least and
negative GM/ha as well as returns to purchased inputs
and family labor. However, the gross margin would
become positive if the cost of family labor was removed.

DISCUSSION

ConvT had the highest adoption of all the three. This was
probably because it was the first known tillage practice
and hence was regarded as a traditional practice by most
farmers. Inevitably, the numbers of farmers practising
ConvT was responsible for rapid land degradation
(Abdullah, 2014). CF had higher adoption than CA
(Figure 1). Lack of mechanized equipment limits adoption
of some conservation practices. This outcome is
confirmed by Baundron et al. (2015) who mentioned that
lack of machinery has been one of the drivers of adoption
of CF techniques in Southern Africa. Our study has
results of 20% CA adoption which agree with Ngwira et
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Table 3. The log-likelihood ratio test.
Category/practice  Model DF Log-likelihood value DF Chisqg P(>Chisq)
A ; 177 ;éég 10 26.66 0.000%*
cF ; 177 -_211.2167 10 40.01 0.000***
conT ; 177 __38%026 10 42.48 0.000%

Model 1 = OLS (no technical inefficiency); Model 2 = Efficiency effects frontier; Significance codes: 0.01***, 0.05**, 0.10*%; Source: Survey data.

Table 4. GM/ha budget for farmer categories based on average farmer.

Practice CA CF ConvT
Gross income* 270 288 132
Less expenses

Seed 35.68 36.32 39.84
Fertiliser 59.10 60.00 50.52
Total labor 111.40 91.80 66.80
Total costs that vary 206.18 188.12 157.16
GM ($/ha)

With family labor cost 63.82 99.88 -25.16
Without family labor cost 158.60 196.20 65.20
Returns to inputs

With family labor cost

To purchased inputs ($/$) 0.67 1.04 -0.28
To family labor ($/Mds) 1.15 2.18 -0.75
Without family labor cost

To purchased inputs ($/$) 1.67 2.04 0.72
To family labor ($/Mds) 2.85 4.27 1.95

*A local maize price of $300/MT, and a local hiring rate for labor of $2/day. Source: Survey data.

al. (2014) who found an adoption rate of 18.5% among
smallholder farmers in Malawi. The area under CA which
is reported in our findings (0.18 ha) also agrees with his
findings (0.2 ha).

Many studies in literature have used the stochastic
production frontier approach to estimate efficiencies for
various production systems (Geta et al., 2010; Awunyo-
Vitor et al., 2013, Yegon et al., 2015). From Table 2, the
positive relationship between seed and output agrees
with Awunyo-Vitor et al. (2013). However, this contradicts
with Mazvimavi (2012) who found a negative influence of
seed on maize output and positive influence on maize
output under CA. The mean seed rate for CF farmers
was below the recommended rate of 25 kg/ha (Table 1)
and thus additional use of the input was likely to cause an
increase in output. Some studies agree with the lack of
seed influence on output as observed on CA and ConvT

(Yegon et al.,, 2015). Using panel data in a study of
smallholder maize production under CA and ConvT in
Zimbabwe, Mazvimavi (2012) found a negative
relationship between cropped land and output for CA, but
a positive relationship for ConvT. Chirwa (2003) found a
negative relationship between cropped area and output in
a study of maize farmers in Malawi and notes that the
relationship may be a result of area measurement errors.

Basal fertilizer had a statistically significant (P<0.01)
influence on maize output under CA but negative
influence for CF and ConvT. The results agree with
studies done on CA and ConvT (Mazvimavi, 2012). The
results (Table 2) confirm this where output elasticity with
respect to basal fertilizer was greater and positive for CA
(0.45) than for CF (-0.10) and ConvT (-0.42), which were
negative and smaller. Geta et al. (2010) also found a
significant influence of fertilizer on output. The negative



1636 Afr. J. Agric. Res.

influence of basal fertilizer on maize output under CF and
ConvT needs further research to find if factors such as
difference in land preparation depths between the
technologies or other factors could have any influence on
the effectiveness of the fertilizers. The lack of significant
influence of top-dressing fertilizer on CF and CA could be
caused by the fact that farmers used a quarter to a third
of recommended rates, thus causing the inputs to have
little effect (Table 1). Family labor had no influence on
maize output under CA and CF but statistically
significant, yet negative for both CF and ConvT (P<0.05)
(Table 2). The results concur with the findings of Yegon
et al. (2015) which also showed that labor was negatively
related to output. The negative response to labor under
ConvT agrees with Mazvimavi (2012) who found output
elasticity with respect to labor positive for CA but
negative for non-conservation farming.

All the inefficiency variables for CA were not statistically
significant (Table 2). This could be a result of the very
small proportion of CA farmers in the sample. Household
size, gender and group had no influence on ConvT
inefficiency. Inefficiency reducing factors for CF were
number of household members away, hired labor,
gender, group membership and level of household head
education. Male farmers under CF were more efficient
than women perhaps due to the strenuous nature of the
practice. Chirwa (2003) found that female maize farmers
were more efficient than men, though gender was not
important in explaining efficiency. Number of family
members away, access to draft power, and education
reduced inefficiency for ConvT farmers. ConvT farmers
had the largest number of non-resident members and
second to CA farmers in terms of household head
education. It was speculated that non-resident members
away could be employed somewhere and thus they
support farming activities by purchasing inputs. However,
the matter was not conclusive as being away might
increase inefficiency by less attention to the farm.

Other studies also found similar results regarding the
effect of group membership and education on reducing
inefficiency (Awunyo-Vitor et al., 2013; Yegon et al.,
2015). Education is believed to reduce inefficiency by
enabling farmers to try new innovations. This could be
enhanced by group membership, allowing sharing of
knowledge. Credit increased inefficiency for CF and
ConvT farmers (Table 2). Although some farmers
received credit, the credit was not linked to CA and was
of small amounts. Access to draft power reduced
inefficiency for ConvT practice but increased inefficiency
for CF. ConvT farmers used the ox-drawn mouldboard
plough and so, access to draft power was likely to reduce
inefficiency. CF farmers basically used the hand-hoe, and
access to draft power could lead to less output as less
area was likely to be cropped. Geta et al. (2010) reported
that access to draft power could reduce drudgery of
operations.

While the efficiency figures appear to be high for

smallholder farmers compared to other studies on
technical efficiency (Table 2), they were quite plausible
(Mazvimavi, 2012). Chirwa (2003) reported technical
efficiencies as high as 76 and 79% for studies of
smallholder maize farmers in Malawi. In the current
study, the results of CF which have high technical
efficiency agree with Musara et al. (2012). The technical
efficiency for ConvT was within the range of 68% for both
CA and ConvT (Mazvimavi, 2012). ConvT farmers were
likely to be operating at a lower frontier compared to the
two technologies. This could be seen from the mean
yields for these technologies; ConvT maize yield was less
than half of the CA technologies and the difference was
statistically significant (P<0.05) (Table 1). This suggests
that a technical change to adopt conservation agriculture
would benefit the farmers (Mazvimavi, 2012).

Lack of significant influence on maize output for some
variables like maize area, seed and labor on CA and
variables in the inefficiency model could also be a result
of small sample size for these farmers due to few farmers
practising the technology in the area. Specification of the
model could also limit significance tests (Coeli and
Henningsen, 2013). Other variables which could be of
interest were age of farmer, access to agricultural
extension and level of off-farm income. The translog
production function is a flexible functional form that takes
care of interaction terms. However, the log-likelihood ratio
test rejected the no-efficiency model in favour of
presence of inefficient effects (Table 3) for all the three
technologies.

Many studies use GM analysis to evaluate impact of
interventions or new technologies on farmers. Memon
(2015) used GM analysis to compare hybrid rice and
other rice varieties in Pakistan. Although yields for hybrid
variety were high, it fetched poor prices due to low
quality, and farmers would face the challenge of buying
seed every year. Chanie et al. (2014) used both
econometric and GM analysis to compare performance of
farmers participating in a research programme and non-
participants in Ethiopia. The study showed that
participants in the research programme had better
productivity and GMs than non-participants.

GMs and returns to factors of production were highest
for CA and CF farmers and least for ConvT farmers
(Table 4). Tshuma et al. (2010) found that CA gives
substantially higher gross margins than ConvT. The study
confirms that CF demands more labor than CA.

Conclusions

The cross-sectional survey coupled with participatory
approach revealed varied adoption results. CF had an
adoption of 59% and CA had 20%. The majority of
farmers (69%) engaged in convT only, and about 30%
used a combination of the methods. Cobb-Douglas
stochastic frontier production function was applied for the



estimation of technical efficiency of CA, CF and ConvT.
CF farmers were the most efficient farmers in terms of
using their available resources. Their mean efficiency
was 87%, followed by CA farmers who had 81%. ConvT
farmers had the least mean efficiency (64%). Main
sources of inefficiency were inadequate use of inputs
(both organic and inorganic fertilizers), low household
head education and inadequate family labor (CF). GM
analysis showed that CF had the highest GM/ha of
$99.88 and 196.20 with and without family labor cost
respectively. This was followed by CA with GM/ha of
$63.82 and $158.60 respectively. ConvT farmers had the
least GM of -$25.16 and 65.20 with and without family
labor cost. CF conserves nutrients, which makes it
economically efficient, conserves moisture and soil which
all make it a sustainable option in semi-arid regions.
Based on these findings, the study therefore
recommends use of CF practice as it gives highest yields
and GM of all the three practices. The study is limited to
maize in one district, yet Manicaland province has 7
districts. Further economic and econometric studies on
other commonly grown crops like small grains in other
districts be done to determine the most economically
efficient crops to grow in dry regions.
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Cassava (Manihot esculenta, Crantz) is originally from South America and possibly Brazil, grown to
more than 500 years. Its roots can be exploited in various ways for human consumption. With the focus
on post-harvest cassava, this experiment was developed with the objective of evaluating the use of
ascorbic acid (AA), on physiological deterioration in cassava roots minimally processed during the
storage period of six days, in order to extend the life of the final product as well as to ensure their food
security during distribution, marketing and consumption. The experimental design was completely
randomized design (DIC) in factorial scheme 4 x 6 (concentrations x days of analysis), with three
repetitions each day, for each treatment. Treatment was observed with an increased loss of mass
during storage regardless of the treatment with AA being that, the larger the dose applied minor was
the loss of mass. There was no significance in the interaction of concentration treatments x days of

analysis, showing significant difference only in the variables and soluble solids in different
concentrations of, AA and variables pH, soluble solids and titratable acidity to the days of analysis.

Key words: Minimally processed, Manihot esculenta Crantz, ascorbic acid.

INTRODUCTION

Cassava (Manihot esculenta, Crantz), also known as
cassava or manioc, mansa cassava (Borges et al., 2012),
is originally from South America and possibly Brazil. It is
cultivated for more than 500 years, initially by the Indians
and later introduced in the African and Asian continents.
This culture is one of the main energy food for thousands
of people, especially in developing countries, where it is
grown in small areas with low technological level (Nechet
and Halfed-Vieira, 2010).

Cassava presents enormous versatility, since it can

make use of its aerial part in animal nutrition as well as its
roots which may cause among others, flour, starch and
rind, as well as being consumed in natura. (Pereira et al.,
1985). However, the fate of cassava depends on their
classification, considering the content of cyanide: mad or
bitter cassava and cassava mansa or sweet. Cassava is
destined for flour industry. Cassava also called manioc is
marketed mainly in the forms: with bark; just peeled and
washed; frozen; cooked or precooked. Currently, the
peeled cassava has good market acceptance which is
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marketed in free fairs supermarkets and other
commercial establishments, for a price of 25 to 50%
higher than that of cassava with shell. But, can't be
confused with minimally processed product, for failing to
present food security because the product is not sanitized
and not kept under refrigeration, which can increase their
perishability (Cereda and Vilpoux, 2003).

Peeling and slicing are common practices before
consumption of cassava, which makes it a little
convenient product for the consumer. To see to that, after
the harvest the roots of the cassava feature very short
shelf life, and can become useless for marketing after few
days of storage at room temperature. This high
perishability of the roots generates storage difficulties,
which has aroused the interest for the diversification of its
use in processed form, once processed immediately such
as roots, reduce post-harvest losses and offer new
products that expand the possibilities of increase of
consumption and production (Rinaldi et al., 2015; Vieites
etal., 2012).

To do so, minimally processed products become
increasingly popular for convenience, for the benefits of a
fresh natural product, product quality being packaged in
small portions can mainly be ready for consumption
(Alves et al., 2010).

It is known that, the handling of the product during the
minimum processing, mechanical product injury promotes
the physiological and biochemical responses. These
injuries decrease the quality and service life of the
product since they promote increased respiratory rate
and ethylene synthesis, total synthesis of phenolic
compounds, loss of cellular integrity on cut surface with
consequent descompartmentalization of enzymes and
their substrates, promoting increased activity of the
enzyme phenylalanine ammonia lyase,
polyphenoloxidase and peroxidase. These enzymes
directly involved with  postharvest physiological
deterioration with observed changes in color, taste,
texture and nutritional quality, determining its acceptance
by consumers or not (Menolli et al., 2008).

One of the ways to avoid this deterioration is the use of
resistant varieties. However to date, this material was not
developed, thus the most affordable option is the use of
conservation techniques in natura fresh roots (Borges et
al., 2002). One of the most researched include
antioxidants ascorbic acid (AA), being one of the most
important vitamins (vitamin C) that can maintain the
normal functions of the human body which is involved in
several processes of cellular metabolism. This is used in
trade due to its ability to reduce quinine and phenolic,
preventing the formation of dimming (Pineli et al., 2005).

This used in the assessment of nutrients as an
antioxidant in fruits, vegetables and juices. Chemical
treatments in AA has been touted to be effective in
prevention of browning of minimally processed products
as in banana in dark just minutes after cutting and
stripping being a process associated with elevated

activity of polyphenoloxidase enzymes and peroxidase
(Melo and Vilas Boas, 2006).

The aim of this study is to assess the physicochemical
effects of AA on physiological deterioration in minimally
processed cassava roots, during the storage period of six
days, in order to extend the life of the final product as well
as to ensure their food security during the distribution,
marketing and consumption. In the development of the
study, the quality and storage of cassava minimally
processed when submitted to different concentrations of
Ascorbic acid, by analyzing the physical-chemical
parameters such as: loss of mass, firmness, pH, soluble
solids and total titratable acidity was rated.

MATERIALS AND METHODS
Plant material

Cassava roots type table cultivar (BRS400), were produced in a
private property located in the municipality of Anapolis, Goias. The
roots with about 20 months of age, were harvested by hand,
packed in plastic boxes and then transported to the minimum
processing unit at the State University of Goias, where they were
immediately processed.

Processing flowchart

For realization of the experiment, the following processes is
described by means of a flow chart (Figure 1). This experiment was
conducted in the laboratory of a physical properties of plant
products, Agricultural Engineering course in the University Unit for
science and Technology of the Universidade Estadual de Goias-
UEG, during the month of July 2016.

We used cassava properly sanitized with solution of sodium
hypochlorite (NaClO) 1% for 10 min, then peeled, cut in chunks of
0.05 to 0.06 meters, separated into lots and immersed for 15 min in
a solution of ascobic acid (AA) at concentrations of 1, 2 and
3%. Witness was used in the procedure of immersion in batch in
distilled water. Later packed in expanded polystyrene (EPS) + film
of polyvinyl chloride (PVC) and stored in refrigerated incubator
stove type BOD, 10°C, 80 to 90% RH, for 6 days.

Analysis

Physical-chemical parameters were analysed as loss in weight,
firmness, pH, soluble solids and titratable acidity. For such,
procedure of the solution prepared was from cassava dough and
distilled water at a ratio of 1:1.

Mass loss

During storage, the packages of minimally processed cassava were
0, 2, 4, 6 days of conservation ( £10°C and 80 to 90% RH). The
loss of fresh mass in the roots was determined in relation to the
initial weight of the cassava in time zero, by gravimetry in BL 3200H
precision balance (BL 3200H 0.5 g, Shimazu, Japan). The
percentage of loss in mass was studied from the equation 1:

PM (%) = [(Pi-Pj)/Pi] * 100 0
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Figure 1. Processing flowchart.

Being:

PM = mass loss (%).

PI1 = initial weight of the fruit (g).

PJ = root weight in the subsequent period the Pi (g).

Firmness

This was used in texturometer brookfield-texture analyser CT3 50 k
(USA), with the depth of penetration of 2 mm and speed of
penetration of 6, 9 mm/s. The unit of measurement was used in
centiNewtons (cN).

Hydrogen potential (pH)

This was carried out by potentiometry, using DMHP model pH
meter-2 Digimed, as technique described by IAL (2008).

Soluble solids (SS)

This was held by reading, refratométrica in °Brix and Abbe
refractometer (origin, accurancy) with digital brand bench quimis.
As a recommendation of IAL (2008).

Titratable acidity (AT)

Form the content, titratable acidity was measured in 5 ml of the

sample (cassava pulp) in a beaker of 1 to 10 ml, supplementing
with 95 ml of distilled water, with standardized solution of 0.1 M
sodium hydroxide and alcoholic solution of phenolphthalein
indicator (three drops). The sample was titrated till rosy coloring
appeared, as a recommendation of IAL (2008). The acidity was
calculated using equation 2:

Acidity in molar percent solution is

(V) __ v.F.100

m P.c 2
Being:
V = number of millilitres of sodium hydroxide solution 0.1 M
required.

F = factor of sodium hydroxide solution 0.1 M.
P = number of grams of the sample used for the titration.
¢ = correction for solution, 10 to 0.1 M NaOH solution.

Minimum processing

The process consist of steps; pre-wash, wash, peel, cut in cubes,
rinse, final rinse, sanitation, drainage and packaging. The
temperature of the product was monitored during all stages of
process, with a digital infrared thermometer (HANNA-HI Model
99551). The temperature in the processing environment was
+25°C. All utensils and equipment used for the minimum processing
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steps have been sanitized.

Pre-wash

In order to remove the dirt from the coarser field, the cassava pre-
washed was immersed in water for 10 min.

Selection

The cassava were selected and those attack by pathogens and
pests, were discarded.

Washing

The roots were washed in running water to remove any dirt
attached to the roots which is very difficult.

Cut and peel

The cassava was cut in approximately 5 to 6 rowlocks cm long with
a metal blade, subsequently to decortication. Shortly after peeling,
the rowlocks suffered a longitudinal and transverse cutting.

Ascorbic acid treatments

In this step, the roots of cassava were immersed in a plastic
container properly sanitized, with percentages of AA (concentration
99,9%), solution 1, 2 and 3% being the witness immersed only in
distilled water.

Packaging

The cassava were wrapped in packages of expanded polystyrene
(EPS) + film of polyvinyl chloride (PVC).

Conservation

The conservation was held under refrigeration for a period of 6
days. The temperature and relative humidity were 10°C and 80 to
90% RH, respectively.

Statistical design

The statistical design was completely randomized design in factorial
scheme 4 x 6 (concentrations x days of analysis), with three
repetitions each day, for each treatment. Data were subjected to
analysis of variance (ANOVA), where significant results for the F
test (P < 0.05) were subjected to the comparison test of medium for
the qualitative variables, and the regression for quantitative
variables. In all the statistical procedures described SISVAR 5.1
program was used.

RESULTS AND DISCUSSION

The loss of mass is a very important factor in storage
vegetables. It occurs due to the length of time in storage
and in respiration. The loss of mass is related to the loss
of water, which is the main cause of deterioration and

Table 1. R2in regression analysis.

Treatment R2

Cco 0.9596 "
C1 0.9347*
Cc2 0.9064*
C3 0.9643*

ns: not significant F test (P<0.05), * significant
at F test (P<0.05).

results in quantitative losses, losses in appearance
(wilting and wrinkle), the textural qualities (softening, loss
of freshness and juiciness), and on nutritional quality
(Kader, 1992; Carvalho and Lima, 2002). Deterioration
was analyzed from the physico-chemical aspects, being
the loss of mass, titratable acidity, pH, soluble solids and
firmness.

This observed an increase in mass loss during storage,
regardless of the treatment with AA being that the larger
the dose applied minor was the loss of mass. The only
treatment that showed no significance was the witness in
accordance with Table 1. The small loss in mass by the
witness can be explained by the use of the packaging, as
this restricts in gas exchange of the product within the
middle (Carvalho and Lima, 2002).

The results of the analysis of variance of the physico-
chemical attributes of cassava are presented in Table 2.
It is observed in this Table that there was no significance
in the interaction of concentration treatments x days of
analysis. There were significant differences between the
following variables, firmness and soluble solids in
different concentrations of AAd and these variables: pH,
soluble solids and titratable acidity of the days of
analysis. The decrease in firmness is related to the loss
of the integrity of the cell wall, with its enzymatic
hydrolysis due to the action of enzymes, such as
pectinolitic polygalacturonase (PG) and
pectinametilesterase (SMEs) (Chitarra and Chitarra,
2005). The function of PG act in breach of glycosidic
pectic substances to form galacturonic acid, having its
activity related to SMES since it dependent on the
product of the reaction of this last.

According to Figure 2, the treatments with different
concentrations presented a variation on the firmness, and
the treatments with concentrations 1 and 3% showed
highest firmness, when compared to others (2869.16 and
3029.58 cN, respectively) (Figure 3).

pH showed significant difference only to the variation in
the days of analysis. According to Table 3, the treatment
shows an average pH declined with the passage of time,
until day 4 had an increase on the sixth day which dose
not have differentiating initial pH. The behavior obtained
from titratable acidity (AT) was reflected in the results
obtained for pH. For pH, there were difference between
the treatments in the days of analysis, and the values
were lower when the acidity was higher and vice versa.
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Table 2. Mean values obtained in analysis of variance for studied variables.

FV GL Firmness pH Soluble solids Titratable Acidity
Concentration 3 256376.388* 0.012414 3.712641* 0.026474
Day 3 50431.944 0.379069* 3.74203* 0.380552**
Concentration x Day 9 89490.74  0.077142 1.417845 0.023274
. 32 60018.229  0.042277 0.92094 0.013279
Residual
CV(%) 8.64 3.36 27.34 13.43
Overall Average 2836.25 6.110 3.510625 0.8581667
* significant at 5% de probability for the F-test, ** significant at 1% de probability for the F-test. CV(%): (standard
deviation/mean)*100.
45
A +C0
25 KC1
—_~ g o §
o : mC2
£ 3 C3
a 25
=2 2
= 15
- 1 »
0] &
3 0.5 -~ - b 2
0 EP= =
0 2 4 6 8
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Figure 2. Mass loss rate with 0, 1, 2 and 3% of ascorbic acid during 6 days of
storage at cassava type table.
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Figure 3. Regression of the values of steadfastness 0 concentrations, 1, 2 and 3% of Ascorbic acid in cassava.

Bezerra et al. (2002) also obtained an increased AT for a bleaching and packed in polyethylene packages.
period of storage for butter cassava, minimally processed According to Dias et al. (2007), the increase of AT can be
when they made the same assessment subject to the due to bacterial fermentation process with oxygen
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Table 3. Average values of pH, soluble solids and titratable acidity of cassava table type evaluated

during six days of storage at 10°C.

Days of analysis pH Titratable acidity (AT) (%) Soluble solids (°Brix)
0 6.21ab 1.022a 3.133b
2 6.00bc 0.647c 3.534ab
4 5.92¢c 0.988a 4.291a
6 6.30a 0.775b 3.083b

Values followed by the same letters in the column do not differ among themselves by tukey test at 5%

probability.

— 1

[

y =0.3889x + 2.9272
. R?=0.8148**

1

Solubre solids (° Brix)
] ] P (&)
=]

2 3

Ascorbic acid C;HgO, (%)

Figure 4. Regression of the values of steadfastness 0 concentrations, 1, 2 and 3% of ascorbic acid in cassava.

consumption and production of organic acids such as
butyric, lactic, acetic, among others. Thus, the reduction
of pH is related to the increase of AT.

Statistical analysis for variable soluble solid showed
significant effect, which show an elevation of this variable
during the experiment. Araudjo (2010) reports similar
behavior in minimally processed products studies caused
mainly by the loss of water from the product. Still in Table
3 it can be observed that until the fourth day, there has
been an increase in soluble solids, which is expected
since there was also loss of mass during storage and
also an increase in the concentration of soluble solids.
On the sixth day, storage fell on this value that gives the
degradation of sugars presented by metabolic processes,
that occurred throughout the store.

The variable soluble solids was also significant for the
treatment with different concentrations that obtained
results expressed in Figure 4. According to the graph
there was an increase in the soluble solids which
increased the concentration of AA, showing values that
ranged from 3.0 °Brix (witness) to 4.0 °Brix (Dose of 3%).
Based on the data obtained, it was possible to notice that
AA treatment was not effective for conservation of
minimally processed cassava. The AA treatment was not
effective in experiment performed with minimally
processed butter cabbage using the same concentrations
of 0, 1, 2 and 3% for Damatto Jr. et al.[s.d.].

Conclusion

According to the results, we can conclude that the AA did
not have efficiencies in the preservation of the physical
and chemical characteristics, desirable in minimally
processed cassava. We also observed that there was no
interaction of AA concentration with the days of analysis,
and that the soluble solids increased with an increasing
dose of AA .
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A field experiment was conducted during the 2006 cropping season in Ofla district in southern Tigray to
assess the response of bread wheat (Triticum aestivum L.) varieties to nitrogen and phosphorus
fertilizer rates. Factorial combinations of two wheat varieties (HAR1685 and Shehan), four N rates (0, 23,
46 and 69 kg N/ha), and four P rates (0, 10, 20 and 30 kg P/ha) were laid out in split plot design (varieties
in the main plot and N-P fertilizer rates to the sub plots) with three replications. The variety HAR1685
exhibited significantly higher values for grain yield, harvest index, total N uptake, grain P uptake, N
apparent recovery, and agronomic efficiency but had shorter plant height and maturity period. Shehan
on the other hand, exhibited higher values for tiller number per plant, plant height, shoot dry weight at
50% flowering and at physiological maturity, biomass yield, straw yield. Application of N and P
fertilizers significantly (P<0.01) influenced plant height, shoot dry weight at physiological maturity, and
tiller number per plant. The variety-P-N interactions were highly significant for grain yield, biomass
yield, harvest index, and straw yield. The increase and decrease in shoot dry weight at 50% flowering,
grain yield, biomass yield harvest index, straw yield and available soil phosphorus at harvesting did not
show a consistent trend. However, an increasing trend was observed when the rate of N increased from
0 to 69 kg N/ha. Non-significance difference due to the interaction of P and N with respect to plant
height, number of tillers per plant, initial plant stand, 1000 kernels weight ,days to 50% flowering and
total soil nitrogen at harvest was observed. The grain and straw N and P contents and uptakes,
increased with N and P levels but the apparent recovery and agronomic efficiency of N and P fertilizers
decreased with increasing N and P rates in both varieties. Grain and biomass yields were significantly
and positively correlated with most of the agronomic parameters, grain N and P contents, grain N and P
uptakes, and total N and P uptakes. Moreover, grain and straw N and P contents and their uptakes were
strongly and positively correlated with applied N and P respectively. Even though it is one year in one
location study, it can be concluded that the released variety HAR1685 had high grain yield potential,
strong stems, medium plant height, heavier kernel weight, higher harvest index, and shorter maturing
period and responsive to higher N and P rates. The shortcoming of the experiment was it was
conducted in a single location. It should be repeated in more than one location.

Key words: Bread wheat, nitrogen, phosphorous, soil, physical, chemical.

INTRODUCTION

Wheat is one of the major cereal crops in the Ethiopian highlands that lie between latitude 6° and 16°N and



longitude 35° and 42°E and is widely grown from 1500 to
3000 masl. The most suitable areas for wheat production
however fall between 1900 and 2700 masl (Hailu, 1991).
Wheat production in the country is adversely affected by
low sail fertility and suboptimal use of mineral fertilizers in
addition to diseases, weeds, erratic rainfall distribution in
lower altitude zones, and water-logging in the Vertisol
areas (Amanuel et al.,, 2002). Among the major plant
nutrients, N is the most essential for successful wheat
production in most agro-ecological zones.

In Tigray Regional State, particularly in the southern
part of the region, wheat is a dominant crop in the
medium and highland areas. Currently, nationally
released wheat varieties are introduced into the region
and some of the varieties get acceptance by farmers due
to their adaptability, higher vyield, relatively high grain
price, good bread and other food quality, and the straw
for their livestock. From the wheat varieties, HAR1685 is
a major one which is currently produced widely in the
area particularly in Ofla district. In the area, there are also
land races which are widely cultivated by farmers locally
named as ‘Bani/Shehan’ and ‘Tselim Sinday’.The
landrace Bani (Shehan) is a white colored which is used
for making bread, ‘Kita’, porridge, and consumed as
roasted and boiled.

In order to alleviate the soil fertility problem in the area,
the Bureau of Agriculture and Natural Resources of the
Region has introduced chemical fertilizers particularly
DAP (diammonium phosphate) and urea fertilizers in
each district of the zone. However the fertilizer rate which
is being used by farmers is ‘blanket ‘recommendation
throughout the region. Therefore, the objective of the
study was to see the effect of each fertilizer rate on: (1)
yield and yield components of bread wheat varieties; (2)
NP concentrations in plant tissues; (3) NP uptake by
bread wheat varieties; (4) fertilizer N and P recovery and
use efficiency; (5) the interactions of N and P in affecting
yield and yield components of bread wheat..

MATERIALS AND METHODS
Description of the study area

The study was conducted in Tigray Regional State in the southern
zone at Ofla district (Figure 1) in the experimental field of Alamata
Agricultural Research Center during 2006 cropping season (Figure
2).

Ofla district is one of the six districts of Southern Tigray zone. It is
located about 620 km away from Addis Ababa to the north part of
the country and about 150 km to the south of Mekelle town. The
district is located on the geographic coordinates of 12°31' North
latitude and 39°33' East longitude. The altitude varies between
1700 and 2800 masl and the slope ranges from 8 to 15%.
Traditionally the district is classified into three agro-ecological
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zones, namely, Dega, Waina Dega, and Kolla. The Waina Dega
covers the largest part which accounts about 42% of the total
133,300 ha while both the Dega, and Waina Dega cover 29% (Ofla
District BOANRD, 2005). The average land holding in the district is
about 0.5 ha per household and estimated total population of
132,491 (Ofla District BOANRD, 2005).

Experimental design and procedures

Two wheat varieties (HAR1685 a released variety and Shehan local
variety), four nitrogen fertilizer rates (0, 23, 46 and 69 kg N/ha) and
four rates of phosphorus fertilizer (0, 10, 20 and 30 kg P/ha) were
used in a 2x4x4 factorial split-plot design with three replications.
The varieties were assigned to the main plot and the fertilizer
combination treatments were assigned to the sub- plots.

The experimental field was prepared 3 times before planting by
the conventional tillage practice. Urea and diammonium phosphate
(DAP) were used for the source of N and P. The total area used in
the experiment was 55.5 x 18 m (999 m?). Nitrogen was applied in
split doses; that is one-third at planting and two-third at mid-tillering
while phosphorus was applied in full dose at planting time. The two
wheat varieties were sown at the recommended seed rate of 150
kg/ha in rows by using manual row maker on July 18, 2006. The
spacing between plants, rows, sub-plots, main plots, and blocks
were 5, 20, 50, 100 and 150 cm, respectively.

Each sub- plot had 2 m x 3 m (6 m?) gross size and 0.4 m x 3 m
(1.2 m®) net size. The row length was 3 m and there were 10 rows
in each sub-plot. The middle two rows were used for agronomic
data collection, the four rows were used for destructive sampling,
and the four rows served as border.

Data collection

Soil sampling and determination of soil physical and chemical
properties

Soil samples were taken using auger from the experimental area (5
spots from each block) after final land preparation from a depth of
0-30 cm. The sub samples were composited to get a representative
sample for analysis of soil texture, organic matter, pH, CEC, total
nitrogen and available phosphorus. At maturity, one representative
soil sample (0-30 cm depth) was taken from every plot with auger
and the same treatments were composited making 32 samples for
the analysis of available phosphors and total nitrogen.

Soil texture was determined using the Bouyoucos hydrometer
method (Day, 1965). The pH of the soil was measured
potentiometrically in the supernatant suspension of a 1: 2.5 soil to
water ratio using a pH meter and organic carbon was determined
following Walkely and Black wet oxidation method as described by
Jackson (1967). Available P was extracted with a sodium
bicarbonate solution at pH 8.5 following the procedure described by
Olsen et al. (1954). Total nitrogen was determined using Kjedahl
method as described by Jackson (1967).

Plant sampling and analysis for nitrogen and phosphorus
content

After maturity, five non-boarder wheat plants per plot were randomly
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Figure 2. Eleven years’ Annual rainfall, mean minimum and maximum temperatures in the study area (1996-2006).

taken and partitioned into grain and straw. Samples collected from
each replication of a treatment were bulked to give one composite
plant tissue sample. The grain and straw samples were separately
air dried and oven dried at 70°C to constant weight. Before
grinding, the straw samples were washed with distilled water to
clean the samples from contaminants such as dust. After washing

with distilled water, it was dried in oven at 70°C for 24 h. After
drying, the plant tissue sample was ground and passed through 1
mm sieve for laboratory analysis.

The grain and straw contents of N and P were determined by
Kjedahl method and Olsen method respectively. Sample digestion
was carried out by using a fume hood. This digest was used for the
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Table 1. Selected physical and chemical properties of the soils of the experimental site.

CEC Available P

PH (cmolkg)  ToRINCA) (PPM)

OM (%)

Particle size distribution (%)
Sand Silt Clay

Textural class

7.04 44.41 0.134 19.9

2.23 36

33.64 30.36 Clay loam

analysis of both N and P. Total N and P uptake by straw and grain
were calculated by multiplying N and P contents by respective straw
and grain yield/ha. Total N or P uptake, by whole biomass, was
calculated by summing up the N uptake and P uptake of grain and
straw. Finally, applied N or P nutrient recovery was computed as
the difference of the values of N or P nutrient (kg/ha) and the plant
uptake values (kg/ha) as described by Pal (1991), agronomic and
physiological efficiency as suggested by Mengel and Kirkby (1987,
1996).

Agronomic data collection

Days to 50% crop emergence, days to heading, days to 50%
flowering, and days to 90% physiological maturity were recorded at
the respective growth stage of the crop. Data were collected from
the middle rows for initial plant stand at 15 days after sowing (DAS)
and number of tillers per plant. Samples for shoot dry weight per
0.5 m row length at 50% flowering and at harvest were taken from
the rows selected for destructive sampling. Dry matter of the shoot
at 50% flowering and physiological maturity was determined by
oven drying the samples at 70°C to constant weight. Yield and yield
components and related traits such as plant height, 1000 kernel
weight, total above-ground biomass, grain yield and harvest index
were recorded during the study time. Thousand grain weight and
grain yield were determined after adjusting the moisture level of
grain to 12.5%. The harvest index was calculated by dividing the
grain yield with total aboveground biomass.

Data analysis

The data were subjected to statistical analysis. Analysis of variance
(ANOVA) was carried out using MSTATC computer software
programs. Significant difference between and among treatment
means was assessed using the least significant difference (LSD) at
0.05 level of probability (Gomez and Gomez, 1984). Correlation
between agronomic parameters, N and P contents and uptakes
was carried out by SPSS software program.

RESULTS AND DISCUSSION

Selected physical and chemical properties of the soil
of the experimental site

The results of the laboratory analysis of some physical
and chemical properties of the soil of the experimental
site are presented in Table 1. The results indicated that
the experimental soil was clay loam in texture, with pH
(H,0) of 7.04, organic matter content of 2.23%, total N of
0.134%, available P of 19.9 mg/kg, and CEC of 44.41
cmol/ kg soil (Table 1).

Sahlemedihn (1999) ranked 0.1 to 0.2 total N of soil as

low and, 3 to 5% organic matter (OM) as high and more
than 5% as very high. In line with this, the OM content of
the experimental soil was in the medium range and the
total N is in low range. Cation exchange capacity (CEC)
is an important parameter of soil; because it gives an
indication of the type of clay mineral present in the soil
and its capacity to retain nutrients against leaching.
According to Sahlemedhin (1999), CEC by sodium
acetate at pH 8.2 or ammonium acetate at pH 7.0 with
values between 25 and 40 cmole/kg are high to medium
and satisfactory for agriculture with the use of fertilizer
and CEC > 40 as high to very high and needs only small
amounts of lime and potassium fertilizers. Therefore, the
CEC of the experimental soil (44.41 cmol/kg) was in the
range of high to very high. According to Mengel and
Kirkby (1996) the optimum pH range for wheat production
is from 4.1 to 7.4. Thus, the pH of the experimental soil
was optimum for wheat production.

Crop phenology

More than 90% crop emergence occurred in all plots
regardless of the N and P rates. Crop emergence up to
50% was recorded in all plots within eight days. This
delay might be due to the delayed rainfall after planting.

The days to 50% flowering recorded significant
difference (p<0.05) due to N rates (Appendix Table 2). As
the N level increased from 0 kg/ha to 69 kg/ha, the days
to 50% flowering were delayed from 67.58 to 70.04 days
(Table 2). This shows higher rate of N delays flowering.
This result is supported by Legesse (2004) who reported
that the heading of teff was significantly influenced by
applied fertilizer N rate. He indicated that N fertilization at
the rate of 23 and 46 kg N/ha significantly delayed the
heading stage of teff by five days as compared to the
control.

There was no significant difference between the two
wheat varieties and among the different P rates with
respect to 50% flowering (Appendix Table 2). Similarly
Legesse (2004) showed that there was no significant
difference on heading stage of teff due to the application
of P and its interaction with N. However, fertilizer N is
reported to promote leaf growth and leaf area thereby
increasing the amount of radiation intercepted and dry
matter production (Russel, 1988). This might have
promoted greater vegetative development for longer
period of time before reproductive phase begins and
hence might have caused delay in flowering.

The two varieties and N rates showed highly significant
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Table 2. Effect of variety, P and N on some agronomic parameters

Main effect Variable

Variety IPS NTP DF DM PH SDWH TKW
HAR1685

Shehan 415.92 5.84 71.10 129.60 103.75 208.76 40.32
SE(1) 2.42 0.06 0.57 0.52 0.05 3.35 0.95
LSD(0.05) 43.54 ns ns 6.97 0.74 15.14 ns
N(kg/ha) IPS NTP DF DM PH SDWH TKW
0 389.63 5.00 67.58 123.87 82.63 168.88 45.46
23 390.04 5.50 68.33 124.87 87.08 184.87 45.74
46 376.29 6.29 69.08 125.74 91.17 198.17 45.53
69 386.00 6.63 70.04 127.00 94.18 218.17 45.29
SE((+) 4.13 0.09 0.28 0.37 0.97 6.52 0.86
LSD(0.05) ns ns 0.80 1.05 2.74 18.45 ns
P(k/ha) IPS NTP DF DM PH SDWH TKW
0 388.83 571 68.79 125.63 86.41 171.90 44.86
10 381.75 5.79 69.21 125.75 88.16 196.20 45.37
20 387.54 6.04 68.42 124.92 89.93 204.54 45.54
30 383.83 5.87 68.63 125.13 90.56 210.42 46.25
SE(1) 4.13 0.09 0.28 0.37 0.97 6.52 0.86
LSD(0.05) Ns Ns Ns Ns 2.74 18.45 Ns
CV(%) 5.25 7.61 2.01 1.44 5.34 16.32 9.31

IPS = Initial plant stand; NTP = Number of tillers per plant; DF = Days to 50% flowering; DM = Days to 90% physiological maturity; PH =
Plant height; SDWH = Shoot dry weight at harvest; TKW = thousand kernel weight.

difference in relation to the days to 90% physiological
maturity (Appendix Table 2). Table 2 indicates that the
variety HAR1685 matured earlier compared to the local
variety Shehan. The highest doses of N (69 kg/ha)
delayed physiological maturity of the two wheat varieties.
It increased the days to maturity from 123.87 to 127.00
days. Similarly Gurmessa (2002) indicated that fertilizer N
beyond 46 kg/ha delayed the physiological maturity of
wheat. Furthermore, Temesgen (2001) and Legesse
(2004) have reported that N fertilization delayed the
physiological maturity of teff. This delay might be due to
extended vegetative growth instead of reproductive
growth. Plants treated with N, particularly with the highest
level of N, remained slightly green for longer duration
while those plants without N showed yellow spike, leaf
and stem indicating early physiological maturity which
might have been due to depression of cytokinin synthesis
or increased production of abscisic acid (ABA) under low
N supply (Marshner, 1995). According to the author,
amino acids are required for the synthesis of cytokinins
so that cytokinin metabolism is low at low N status of the
soil.

Yield and yield components

Plant height

The ANOVA table (Appendix Table 1) shows a highly

significant difference between the two wheat varieties.

The local variety Shehan significantly taller than the
improved variety HAR1685 (Table 2). Addis (2003) also
reported that from 20 genotypes tested in four different
locations of Tigray, Shehan had the highest plant height
compared to HAR1685 and the other 18 genotypes.
There was also highly significant (P<0.01) difference
among the different rates of N and P fertilizer rates
(Appendix Table 1). As the nitrogen fertilizer rate
increased from 0 to 69 kg/ha, the plant height increased
from 82.63 cm to 94.18 cm (Table 2). As the P rate
increased from 0 to 30 kg/ha the plant height increased
from 86.41 to 90.56 cm. Similarly Amsal et al. (2000)
observed a positive and linear response to applied
fertilizer to plant height in the central highlands of
Ethiopia. Several studies in Ethiopia also exhibited
dramatic plant height enhancement in response to each
increment of fertilizer N doses (Zewdu et al.,, 1992;
Tilahun et al.,, 1996; Damene, 2003). Many other
researchers also have reported that application of higher
dose of N fertilizer increased plant height (Evans et al.,
1975; Hari et al., 1997; Behera, 1998). The variety-P-N
interaction was found non-significant (Appendix Table 1).

Number of tillers per plant

The analysis of variance showed that there was non-
significant difference between the two varieties, due to N
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Table 3. Shoot dry weight at 50 % flowering as influenced by N and P fertilizer rates.
N applied (kg/ha)

=) applied Shoot dry weight (g/ 0.5 m)
(kg/ha) HAR1685 Shehan

0 23 46 69 Mean 0 23 46 69 Mean
0 42.87 53.76 56.54 58.53 52.92 65.86 82.73 86.82 89.94 81.34
10 43.00 59.23 109.21 114.71 81.54 56.39 62.77 68.77 102.71 72.66
20 79.05 85.40 90.32 126.73 95.37 94.94 100.14 106.00 111.6 103.17
30 74.96 79.56 83.25 84.39 80.54 114.3 109.57 117.17 118.54 114.89
Mean 59.97 69.49 84.83 96.09 77.59 82.87 88.80 94.69 105.70 93.02
Interaction \% P VxP N VXN PxN VXPxN
SE(+) 1.58 1.04 1.48 1.08 1.48 2.09 2.95
LSD(0.05) ns 2.95 4.17 2.95 4.17 5.91 8.35
CV(%) 5.99

and P rates (Appendix Table 1). However, as the N
fertilizer rate increased from 0 to 69 kg/ ha, the tiller
number increased from 5 to 6.63 (Table 2). In line with
this several reports (Archer, 1988; Mossedeq and Smith,
1994; Ortiz- Monastrio et al.,, 1997; Genene, 2003)
indicated greater tillering as well as higher percentage of
survival of the tillers due to higher N application. Botella
et al. (1993) reported that stimulation of tillering with
application of N may be due to its effect on cytokinin
synthesis.

Thousand kernels weight

Non-significant difference was observed between the two
wheat varieties and among the different N and P in
relation to 1000 kernel weight (Appendix Table 1).
However, HAR1685 had heavier 1000 kernel weight
(Table 2). Gurmessa (2002) also indicated neither the
main effect of N and P nor their interaction brought about
significant change in 1000 grain weight. In similar other
reports, Mooleki and Foster (1993), Gooding and Davies
(1997), Mekonen (1985), Lemma et al. (1992) and Zewdu
et al. (1992) have reported non-significant effect on 1000
kernel weight due to different doses of N fertilizers.

Effect of N and P on initial plant stand

Plant stand was counted at 15 days after planting. The
results revealed that there was significant difference
(P<0.01) between HAR1685 and Shehan (Appendix
Table 1). Shehan had more number of plants per four
rows compared to HAR1685 (Table 2). This might be due
to small seed size in Shehan which has more number of
seeds per kilogram of seed compared to HAR1685. The
ANOVA table indicates non-significant difference (P<0.05)
among the P and N fertilizer rates and their interactions in
terms of plant stand (Appendix Table 1).

Effect of applied N and P on shoot dry weight at 50%
flowering

The N rates, P rates and variety-N-P interactions showed
significant (P<0.05) difference for shoot dry weight at
50% flowering (Appendix Table 1). As the P rates
increased from 0 to 30 kg P/ha, shoot dry weight at N
rates of 0, 23 and 69 kg N/ha for variety HAR1685
increased up to 20 kg P/ha and then decreased at 30 kg
P/ha. At N rates of 46 kg N/ha shoot dry weight for this
variety increased at 10 kg P/ha then it decreased. For
variety Shehan the trend was different at all N rates
(except 69 kg N/ ha); 0 kg P/ha gave high yield than 10
kg P/ha. The highest shoot dry weights at 50% flowering
were found in 69-20 N-P kg/ ha interaction in HAR1685
(126.73 g/ 0.5 m) and in 30-69 P-N kg/ha interaction in
Shehan (118.54 g/ 0.5 m). However, the lowest shoot dry
weights at 50% flowering were observed in the interaction
0-0 N-P kg/ ha in HAR1685 (42.87 g/ 0.5 m) and in
Shehan (56.39 g/ 0.5 m) in the interaction 10-0 P-N kg/
ha interaction (Table 3).

Shoot dry weight of wheat at harvesting

The analysis of variance table (Appendix Table 1) shows
that there were highly significant differences (P< 0.01)
due to varieties, P rates and N rates. Shehan gave more
shoot dry weight than HAR1685 (Table 2). For both N
and P as the rate increased, the shoot dry weight at
physiological maturity increased.

Effect of N and P rates on grain yield

Appendix Table 1 indicates there was highly significant
difference between the varieties, the N rates, P rates and
their interactions in relation to grain yield. Table 4 shows
that the highest grain yield for HAR1685 was at 0 kg P/ha
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Table 4. Grain yield as influenced by N and P fertilizer rates.

N applied (kg/ha)

P  applied Grain yield (kg/ha)
(kg/ha) HAR1685 Shehan
0 23 46 69 Mean 0 23 46 69 Mean
0 2333 3708 4596 4741 3844 2966 3114 3191 3628 3225
10 3671 4011 4266 4682 4157 2351 3227 3400 3903 3220
20 3710 3852 4109 4408 4020 2925 3181 3378 3542 3256
30 3217 4175 4258 4164 3954 2575 3501 3580 3819 3369
Mean 3233 3936 4307 4499 3994 2704 3256 3387 3723 3268
Interaction \% P VxP N VXN PxN VXPxN
SE(+) 21.89 20.89 29.55 20.89 29.55 41.78 59.10
LSD(0.05) 235.10 59.10 83.58 59.10 83.58 118.20 167.71
CV(%) 2.82
Table 5. Biomass yield as influenced by N and P fertilizer rates.
N applied (kg/ha)
=) applied Biomass yield (kg/ha)
(kg/ha) HAR1685 Shehan
0 23 46 69 Mean 0 23 46 69 Mean
0 6967 10592 10708 10992 9815 9236 10358 10325 12017 10484
10 8375 9783 9975 10625 9689 8152 9392 9642 11517 9676
20 8675 10167 10417 10667 9982 9644 9797 9975 10525 9985
30 8049 9658 10508 11042 9814 8917 11169 11233 11233 10638
Mean 8016 10050 10402 10832 9825 8987 10179 10294 11323 10196
Interaction \Y P VxP N VXN PxN VXPxN
SE(+) 2.30 2.86 4.05 2.86 4.05 5.73 8.10
LSD(0.05) 33.98 8.10 11.45 8.10 11.45 16.20 22.90
CV(%) 0.14

and 69 kg N/ha and for Shehan it was at 10 kg P/ha and
69 kg N/ ha. The increase and decrease in grain yield did
not show a consistent trend. For example for HAR1685
there was yield decrement at 69 kg N/ha as P rate
increased from 0 to 30 kg P/ha, but for Shehan there was
fluctuation. For HAR1685 at 46 kg/ha, relatively the
highest yield was obtained at the lowest P rate, but for
Shehan it was vice versa.

The fertilized treatments when compared with
unfertilized treatments (control), showed yield increment
in both varieties. Yield increment of 1831 kg/ha (78.5%)
and 853 kg/ha (28.75%) were obtained in the highest (30-
69 N-P kg/ ha) interaction in both HAR1685 and in the
local variety Shehan over the control respectively (Table
4). Even though there was vyield increment in both
varieties, higher grain yield increment was found in
HAR1685 due to the interaction of 69-0 N-P kg/ ha (4741
kg/ha) and followed by 46-0 N-P kg/ha (4596 kg/ha). This
indicates application of N fertilizer had significant effect

on grain yield compared to P fertilizer. This might be due
to high initial P content in the soil. Moreover, the highest
grain yield in Shehan was recorded in 69-10 N-P kg/ha
interaction which was 3903 kg/ha. In contrast to this, the
lowest grain yields in HAR 1685 (2333 kg/ ha) and in
Shehan (2966 kg/ha) were in 0-0 N-P kg/ ha and in 10-0
N-P kg/ha interactions respectively. It was visually
observed that wheat plants in the control plots were very
thin with small spike size, short and light in color whereas
plants in the fertilized plots particularly in the highest N
levels had thick and strong stems, green in color, large
spike size. Particularly this visual difference was evident
clearly in HAR1685 variety.

Effect of N and P rates on biomass yield of wheat

The variety, P rates, N rates and all interactions were
highly significantly different (Appendix Table 1).



Harfe 1653
Table 6. Harvest Index as influenced by N and P fertilizer rates
N applied (kg/ha)
P applied Harvest index
(kg/ha) HAR1685 Shehan
0 23 46 69 Mean 0 23 46 69 Mean

0 0.34 0.35 0.43 0.43 0.39 0.32 0.30 0.31 0.30 0.31

10 0.44 0.41 0.43 0.44 0.43 0.29 0.34 0.35 0.34 0.33
20 0.43 0.38 0.39 0.41 0.40 0.30 0.33 0.34 0.34 0.33
30 0.40 0.43 0.41 0.38 0.41 0.29 0.31 0.32 0.34 0.32

Mean 0.40 0.39 0.42 0.42 0.41 0.30 0.32 0.33 0.33 0.32

Interaction \% P VxP N VXN PxN VXPxN

SE(+) 0.0014 0.002 0.009 0.002 0.009 0.0013 0.041

LSD(0.05) 0.060 0.020 0.026 0.020 0.026 0.037 0.115

CV(%) 2.60

Table 7. Effect of N and P fertilizer rates on straw yield.
N applied (kg/ha)
P applied Straw yield (kg/ha)
(kg/ha) HAR1685 Shehan
0 23 46 69 Mean 0 23 46 69 Mean

0 4633 6883 6112 6251 5970 6259 7250 7134 8386 7256
10 4704 5773 5709 5944 5533 5802 6165 6241 7613 6455
20 4968 6315 6307 6258 5962 6723 6619 6597 6983 6731
30 4831 5483 6250 6878 5861 6342 7390 7651 7415 7199
Mean 4784 6114 6095 6333 5831 6282 6855 6906 7599 6910
Interaction \% P VxP N VxN PxN VxPxN

SE(+) 20.53 20.95 29.62 20.95 20.62 41.89 59.24

LSD(0.05) 537.34 59.25 83.80 59.25 83.80 118.50 167.60

CV(%) 1.61

Application of 69 kg N/ha gave the highest mean biomass
yields in HAR1685 (10832 kg/ha) and in Shehan (11323
kg/ha). Compared to the control plots, mean biomass
increment of 2816 kg/ha in HAR1685 and 2336 kg/ha in
Shehan were found due to the application of 69 kg N/ha.
This might be due to more plant height and number of
tillers in Shehan (Table 5). The highest biomass yield for
HAR1685 was at the highest P and N rates (Table 5)
similar to grain yield, there was fluctuation. The only
consistent trend was for HAR1685 at 0 kg N/ha to 20 kg
P/ha and then decreased at 30 kg P/ha.

Effect of N and P on harvest index

There was highly significant (P<0.01) difference among
the variety, N rate, P rate and their interactions in relation
to harvest index (Appendix Table 2). Table 6 shows that
the decrease and increase in harvest index does not

show any trend in any of the N and P rates. In terms of
numerical comparisons, it could be said that in general
harvest index of HAR1685 is higher than that of Shehan
at every N and P rates.

Generally as the N and P rates increased from 0 kg/ha
to 30 kg P/ha and 69 kg N/ha, the harvest indices were
increased from 0.34 to 0.38 in HAR1685 and from 0.32 to
0.34 in Shehan (Table 6). The highest harvest indices
were observed in 10-69 P-N kg/ ha (0.44) followed by O-
69 P-N kg/ha (0.44) in HAR1685 and in 10-46 P-N kg/ha
in the local variety Shehan. The variety HAR1685 had
greater mean harvest index (0.41) than Shehan (0.32).
This might be due to the higher grain and straw yields in
HAR1685 compared to Shehan.

Effect of N and P on straw yield of bread wheat

The ANOVA (Appendix Table 2) indicates there was
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Table 8. Available soil phosphorus as influenced by N and P fertilizer rates.

N applied (kg/ha)

P applied Available soil P
(kg/ha) HAR1685 Shehan

0 23 46 69 Mean 0 23 46 69 Mean
0 8.48 9.57 10.59 9.43 9.62 8.81 9.64 8.75 8.95 9.04
10 11.49 8.63 9.63 9.56 9.83 10.68 11.12 1052 1055  10.72
20 15.57 11.36 11.44 13.55 12.98 11.61 11.80 12.65 1337 12.36
30 16.36 13.81 12.62 14.62 14.35 14.64 13.9 1482 16,78  15.04
Mean 12.97 10.84 11.07 11.79 11.67 11.44 11.62 11.68 1241  11.79
Interaction \Y; P VxP N VXN PxN VxPxN
SE(+) 0.011 0.047 0.066 0.047 0.066 0.094  0.133
LSD(0.05) ns 0.133 0.188 0.133 0.188 0.266  0.376
CV(%) 1.44

highly significant (P<0.01) difference between varieties,
among N rates, P rates and their interactions with respect
to straw yield. The only observable trend (Table 7) is that
for HAR1685 in which at 0 kg N/ ha the straw yield
increased as P rate increased from 0 to 20 kg P/ha then
the straw vyield decreased. In terms of numerical
comparison, in general straw yield of Shehan was higher
than that of HAR1685 at every N and P rates. This could
help to understand farmers’ preference to Shehan variety
for animal feed. The mean straw yield of HAR1685
increased with increase in P up to 20 kg/ ha whereas
Shehan did not show any definite trend. However mean
straw yield was highest for both varieties at the highest
rate of N (Table 7).

Effects of N and P application on available soil
phosphorus at harvesting

The analysis of variance table (Appendix Table 2) shows
there was highly significant (P<0.01) difference among
the P and N rates and their interactions. The decrease
and increase in available soil P was not consistent (Table
8). The available soil P at harvest in HAR1685 at 0 kg
P/ha increased as the N rate increased from O to 46 kg
N/ha but at 30 kg P/ha, available soil P for same variety
decreased as N increased from 0 to 46 kg ha. But such
type of decrease and increase due to different rates of P
and the same rate of N is not observed for Shehan.
Generally as the P and N rates increased from 0 to 30
kg P/ ha and 69 kg N/ ha, the available soil phosphorus
at harvesting increased from 8.48 to 14.62 ppm in HAR
1685 and from 8.81 to 16.78 ppm in Shehan (Table 8)
even though the amount is less than the available soil P
at planting which was 19.9 ppm. The reduction of soil
available P at harvesting compared to the initial might be
due to uptake by the wheat crop and fixation in soil. The
lowest available soil P at harvesting was observed in 0-0

P-N kg/ ha interactions. The highest available soil P was
recorded in the interaction of 30-69 P-N kg N/ha in HAR
1685 (14.62) and in Shehan (16.78 ppm).

Effect of N and P application on total soil nitrogen at
harvesting

There was non-significant difference (P>0.05) in both the
main and interaction effects with respect to total soil
nitrogen at harvesting. The result is supported by
Damene (2003) and Gurmessa (2002) who described
that the values of total N content of the soil, analyzed
from composite sample made per treatment tended to
remain almost the same irrespective of different rates of
N application.

Crop lodging and disease incidence

In relation to crop lodging and disease/ insect pest
incidence the local variety Shehan was logged almost
completely except at the control treatments (data is not
given). Moreover, from the visual observation this variety
was highly affected by the fungal disease rust particularly
the plots with the highest N level. In contrast to this the
improved variety HAR-1685 did not show any lodging as
well as rust infestation even at the highest N level (69
kg/ha). The highest lodging percentage in Shehan might
be due to the vigorous plant height and weak stalks it
possesses.

Content, uptake, apparent fertilizer recovery and
nutrient use efficiency of nitrogen and phosphorus

The grain and straw N content increased with rates of N.
Maximum N content of grain were 2.2% in HAR 1685 and
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Table 9. Nitrogen and phosphorus contents of grain and straw, uptake, apparent recovery, and N and P use efficiency at harvest in
HAR1685 variety as affected by N and P fertilizers.

Treatment Content (%) Uptake Apparent Nutrient use efficiency
(kg/ha) Grain straw Grain Straw Total recovery Agronomic Physiological
N rates

0 1.65 0.27 53.36 12.89 66.25 122.69 30.66 0.25
23 2.00 0.26 78.74 15.73 94.47 107.65 23.38 0.22
46 2.20 0.34 94.76 21.01 115.77 51.78 18.36 0.35
69 1.90 0.26 85.52 16.46 101.98 122.69 30.66 0.25
P rates

0 0.083 0.078 3.19 4.66 7.85 - - -

10 0.083 0.100 3.45 5.53 8.98 4.94 31.30 6.34
20 0.085 0.105 3.42 6.26 9.68 3.98 8.80 2.21
30 0.090 0.116 3.56 6.82 10.37 3.66 3.67 1.00

Table 10. Nitrogen and phosphorus content of grain and straw, uptake, apparent recovery, and N and P use efficiency at harvest
Shehan variety.

Treatment Content (%) Uptake Apparent Nutrient use efficiency
(kg/ha) Grain straw Grain Straw Total recovery  Agronomic Physiological
N rates

0 1.80 0.25 48.66 15.70 64.36 1.80 - -
23 1.88 0.28 61.21 18.95 80.16 1.88 68.70 24.02
46 1.88 0.31 63.67 21.41 85.08 1.88 45.04 14.89
69 1.83 0.32 68.00 24.07 91.07 1.83 40.16 14.79
P rates
0 0.070 0.065 2.26 4.72 6.97 0.070 - -
10 0.080 0.088 2.58 5.68 8.26 0.080 5.58 -0.50
20 0.085 0.089 2.77 5.99 8.76 0.085 3.88 1.55
30 0.089 0.105 3.00 7.56 10.56 0.089 5.19 4.80

1.88% in Shehan at the fertilizer rates of 23 and 46 kg N/
ha (Tables 9 and 10). Grain contained 87.3% of the total
N of the crop and the remaining 12.7% was found in
straw of HAR1685. However, in Shehan grain had
86.43% of the total N in the crop, and the remaining
13.57% of the total N was found in the straw. At 46 kg
N/ha, grain and straw contents of N increased by 33.3
and 25.93% in HAR 1685 and 4.44 and 24% in Shehan
over the control respectively. Abdoulaye and Marienville
(1999) and Mekonen (2005) also reported that the grain
N content and total N content were generally greater with
applied N.

Nitrogen uptake of grain and straw increased with
levels of N and maximum uptake was obtained at 46 kg
N/ha in HAR1685 and at 69 kg N/ha in Shehan. The grain
and straw uptake increased by 77.58 and 62.99% in
HAR1685 in 46 kg N/ha and 39.75 and 53.3% in 69 kg
N/ha in the local variety Shehan respectively. The total
uptake also increased with increasing N rates in both
varieties (Tables 9 and 10). The highest total N uptakes

were 115.77 kg/ha in HAR1685 and 91.07 kg/ha in
Shehan.

Grain and straw P contents increased with increasing
of P rate in both varieties. Grain P content ranged from
0.083 to 0.09% in HAR1685 and from 0.07 to 0.0.089% in
Shehan. Straw P content also ranged from 0.078 to
0.116% in HAR1685 and from 0.065 to 0.105 % in
Shehan. Grain and straw P uptake increased with rate of
P application in both varieties. As the P rate increased
from 0 to 30 kg P/ha, the grain P uptake increased from
3.19 to 3.56 kg/ha in HAR1685 and from 2.26 to 3 kg/ha
in Shehan. Moreover, the straw P uptake increased from
4.66 to 6.82 kg/ha in HAR1685 and from 4.72 to 7.56
kg/ha in Shehan. Grain P uptake was higher in HAR1685
than in Shehan but the reverse happened for straw P
uptake (Tables 9 and 10).

The apparent N recovery decreased with increasing
rates of N application in both varieties. As the N rate
increased from 23 to 69 kg N/ha, the apparent recoveries
decreased from 122.69 to 51.78% in HAR 1685 and from
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Table 11. Correlations between some agronomic parameters

Parameter P N IPS SDWF SDWH TKW DF DM GY
N 0.000

IPS -0.031 -0.083

SDWF 0.545** 0.474** 0.340

SDWM 0.415* 0.412* 0.537** 0.578**

TKW 0.093 -0.016 -0.904** -0.288 -0.541*

DF -0.056 0.351* 0.813* 0.406* 0.632** -0.910**

DM -0.059 0.253 0.846** 0.390* 0.643** -0.955** 0.948**

GY 0.059 0.664** -0.598** 0.175 -0.084 0.566** -0.301 -0.383*

BY 0.044 0.817** 0.122 0.506** 0.391* -0.170 0.440* 0.353* 0.608**

** * Correlation is significant at 0.01 and 0.05 level. SY = Straw yield, SP = Straw phosphorus, GP = Grain phosphorus content, SPU = Straw
phosphorus uptake, GPU = Grain phosphorus uptake, TPU = Total phosphorus uptake, P = Applied phosphorus, N = Applied nitrogen, GY =

Grain yield, SY = Straw yield, HI = Harvest index, BY = Biomass yield.

Table 12. Correlations between applied N and contents, uptake, grain yield, biomass yield, straw yield and harvest index.

Parameters P N GY SY SNC GNC SNU GNU TNU
GY 0.059 0.664**

SY 0.013 0.554** 0.051

SNC 0.284 0.061 -0.042 0.108

GNC -0.136 0.070 0.055 0.056 0.009

SNU 0.210 0.343 0.003 0.605** 0.851* 0.036

GNU -0.074 0.470** 0.669** 0.084 -0.029 0.778** 0.026

TNU -0.021 0.535** 0.646** 0.226 0.176 0.759** 0.264 0.971*

HI 0.055 0.188 0.780** -0.573** -0.089 -0.0022 -0.360* 0.466** 0.363*
BY 0.054 0.817** 0.601** 0.828** 0.057 0.076 0.481** 0.442* 0.541**

** * Correlation is significant at 0.01 and 0.05 level. SY = Straw yield, SP = Straw phosphorus, GP = Grain phosphorus content, SPU = Straw
phosphorus uptake, GPU = Grain phosphorus uptake, TPU = Total phosphorus uptake, P = Applied phosphorus, N = Applied nitrogen, GY = Grain

yield, SY = Straw yield, HI = Harvest index, BY = Biomass yield.

68.70 to 40.16% in Shehan (Tables 9 and 10). The
maximum and the minimum apparent recoveries of N
were recorded at 23 and 69 kg N/ha respectively.
Furthermore, the highest P apparent recoveries were
obtained at the lowest P rates in both varieties. The
highest P apparent recoveries in HAR1685 (4.94) and in
Shehan (5.58) were found at 23 kg P/ha.

Agronomic efficiency decreased with increasing N rate
in both varieties. As the P level increased from 23 to 69
kg N/ha, the agronomic efficiency decreased from 30.66
to 18.36 in HAR 1685 and from 24.02 to 14.79 in Shehan.
The highest agronomic efficiencies were observed at 23
kg N/ha both in HAR 1685(30.66) and Shehan (24.02).
However, highest physiological efficiency was at the
highest N rate (69 kg/ ha) in both HAR1685 (0.35) and
Shehan (0.37).

The highest agronomic efficiency in HAR1685 (31.3)
was recorded at application rate of 10 kg P/ha in
HAR1685 and in Shehan (4.82) at 30 kg P/ha. However,
the lowest agronomic efficiency of P in HAR1685 (3.67)
was at 30 kg P/ha, and the lowest agronomic efficiency in

Shehan (-0.5) was at the lowest P rate (10 kg P/ha). This
might be due to the higher grain yield in the control than
in 10 kg P/ha of Shehan variety. According to Craswell
and Godwin (1984), high agronomic efficiency would be
obtained if the yield increment per unit applied is high.

Highest physiological efficiency of P in HAR1685 (6.34)
was obtained with the lowest P rate (10 kg P/ha) but in
Shehan (40.17) it was found at the highest P rate (30 kg
P/ha). Generally, physiological efficiency of P decreased
in HAR1685 but increased in Shehan with application of
P rates (Tables 9 and 10).

Functional relationships  between agronomic
parameters and N and P contents and uptakes

The simple correlation between the agronomic parameters
is given in Tables 11. The table indicates grain yield was
significantly and positively correlated with applied nitrogen
(r=0.664), biomass yield (r=0.608), and thousand kernel
weight (r=0.566) but negatively correlated with initial plant
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Table 13. Correlations between applied P and contents, uptake, grain yield, biomass yield, straw yield, and harvest index

Parameters P N GY SY SP GP SPU GPU TPU

N 0.000

GY 0.059 0.664**

SY 0.013 0.554** 0.051

SP 0.659** -0.068 0.224 -0.229

GP 0.363* 0.026 0.130 -0.136 0.172

SPU 0.668** 0.239 0.225 0.333 0.833* 0.096

GPU 0.299 0.458** 0.760** -0.045 0.263 0.735* 0.216

TPU 0.671* 0.395* 0.517** 0.248 0.788** 0.401* 0.902** 0.616**

BY 0.054 0.807** 0.608** 0.828** -0.049 -0.037 0.402* 0.389* 0.496**

HI 0.055 0.188 0.780** -0.573** 0.331 0.190 -0.022 0.647** 0.268

** * Correlation is significant at 0.01 and 0.05 level. SY = Straw yield, SP = Straw phosphorus, GP = Grain phosphorus content, SPU = Straw
phosphorus uptake, GPU = Grain phosphorus uptake, TPU = Total phosphorus uptake, P = Applied phosphorus, N = Applied nitrogen, GY = Grain

yield, SY = Straw yield, HI = Harvest index, BY = Biomass yield.

stand (r=-0.598). The biomass yield also significantly and
positively correlated with applied N (r=0.817), straw yield
(r=0.828) (Table 12) and with plant height (r=0.393).
Table 11 also indicates harvest index was strongly and
positively correlated with grain vyield (r=0.78) but
negatively correlated with straw yield (r=-0.573). The
table also shows the correlation between contents of N,
uptake and some agronomic parameters. It indicates that
grain nitrogen uptake was correlated positively and
significantly with applied N (r= 0.47), grain N content
(r=0.778), and with grain yield (r=0.669) but negatively

correlated with applied P(r=-0.074) and straw N content
(r=-0.029).
Total N wuptake was significantly and positively

correlated with applied N (r=0.535), grain yield (r=0.646),
grain N content (r=0.759) and grain N uptake (r= 0.971)
as shown in Table 12. Moreover, the table shows that
harvest index was strongly and positively correlated with
grain yield (r=0.78), grain N uptake (r=0.466) and with
total N uptake (r=0.363), but it had high negative
correlation with straw yield (r=-0.573) and with straw N
uptake (r=-0.36). The table also indicates that biomass
yield was significantly and positively correlated with
applied N (r=0.817), grain yield (r=0.608), straw yield
(r=0.828), straw N uptake (r=0.481), grain N uptake (r=
0.442), and with total N uptake (r=0.541).

The correlation between applied P, concentrations,
uptake and some agronomic parameters is indicated in
Table 13. It shows that significant and positive
correlations between straw P content and applied P
(r=0.659), straw yield and applied N(r=0.554), straw P
uptake and applied P(r=0.668). The table also indicates
that grain P uptake was significantly and positively
correlated with applied N(r=0.458), grain yield
(r=0.0.760), and grain P content (r=0.735). Furthermore,
biomass yield was correlated positively with straw P
uptake (r=0.402), grain P uptake (r=0.389), and positively
and significantly correlated with total P uptake (r=0.496).

The harvest index was correlated strongly and positively
with grain P uptake (r= 0.647).

Conclusions

In Tigray Regional State, particularly in the Southern part
of the region, wheat is a dominant crop in the medium
and highland areas. In this area like other parts of
Ethiopia, wheat production is adversely affected by low
soil fertility, suboptimal use of mineral fertilizers in
addition to diseases, weeds, and erratic rainfall
distribution.

In order to alleviate the soil fertility problem in the study
area, the Bureau of Agriculture and Natural Resources of
Tigray has introduced chemical fertilizers in each district
of the zone. However the fertilizer rate which is being
used by farmers is blanket recommendation throughout
the region.

Two wheat varieties (HAR1685 and Shehan /Bani), four
nitrogen fertilizer rates (0, 23, 46, and 69 kg N/ha) and
four rates of phosphorus fertilizers (0, 10, 20 and 30 kg
P/ha) were used in a 2x4x4 factorial arranged in split-plot
design with three replications. Surface soil samples (0-30
cm depth) were collected before planting and analyzed
for selected physical and chemical properties. Analysis of
soil samples indicated that the experimental soil was clay
loam in texture, with pH (H,O) of 7.04, organic matter
content 2.23%, total N 0.134%, available P of 19.9
mg/kg, and CEC of 44.41 cmol/kg soil.

The analysis of variance revealed that there was highly
significant differences ( P<0.01) between the two wheat
varieties with respect to plant height, initial plant stand,
shoot dry weight at 90% physiological maturity, grain
yield, biomass yield, harvest index, and days to 90%
physiological maturity. However, no significant difference
was observed between the varieties in relation to tiller
number per plant, days to 50% flowering, 1000 kernels
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weight, shoot dry weight at 50% flowering and available
soil P at harvesting. The local variety Shehan was taller
than the improved variety HAR-1685. With respect to
initial plant stand, Shehan had more number of plants
compared to HAR1685.

Application of nitrogen fertilizer affected significantly
(P<0.01) plant height, shoot dry weight at physiological
maturity, days to 50% flowering and days to 90%
physiological maturity. As the nitrogen level increased
from 0 to 69 kg/ ha, the plant height increased from 82.63
to 94.18 cm. The number of tillers per plant also
increased from 5 to 6.63 when the nitrogen rate
increased from 0 to 69 kg/ha. The shoot dry weight at
90% physiological maturity increased from 168.88 to
218.17 g/0.5 m with nitrogen increment from control to 69
kg/ha. The highest nitrogen application delayed days to
flowering and days to maturity in both varieties. It
lengthened the days to flowering from 65.5 to 67.17 days
in HAR 1685 and from 69.67 to 72.92 days in Shehan.
Furthermore, it increased the days to maturity from
119.75 to 123.1 days in HA 1685 and from 128 to 130 in
Shehan.

Significant difference was observed among the different
phosphorus fertilizer rates with respect to plant height,
shoot dry weight at 90% physiological maturity. As the
phosphorus rate increased from 0 to 30 kg/ha, the plant
height increased from 72.21 to 74.97 cm in HAR 1685
and from 100 to 106.15 cm in Shehan. Furthermore, the
shoot dry weight at 90% physiological maturity increased
from 167.89 to 187.28 g/ 0.5 m in HAR1685 and from
175.02 to 233.55 g/ 0.5 m in Shehan.

The P rates, N rates and their interactions were highly
significant in terms of shoot dry weight at 50% flowering,
grain yield, biomass yield, harvest index, straw yield, and
available soil P at harvesting. The increase and decrease
in shoot dry weight at 50% flowering, grain yield, biomass
yield harvest index, straw yield and available soil
phosphorus at harvesting did not show a consistent trend
but generally as the N rates increased from 0 to 69 kg
N/ha and these parameters increased. The highest shoot
dry weights at 50% flowering were found at 69-20 N-P
kg/ha interaction in HAR1685 and at 30-69 P-N kg/ha
interaction was in Shehan. The highest grain yield,
biomass yield and harvest index were observed in the
lowest P rate and at the highest N rate (69 kg N/ha). For
HAR1685 grain yield was highest at 0 kg P/ha and 69 kg
N/ha and for Shehan it was at 10 kg P/ha and 69 kg
N/ha. The highest biomass yield was recorded at 30-69
P-N kg/ ha interaction in HAR1685 and at 0-69 P-N kg/ha
interaction in Shehan. The highest harvest indices were
observed in 10-69 P-N kg/ ha followed by 0- 69 P-N kg/
ha in HAR1685 and in 10-46 P-N kg/ ha in the local
variety Shehan. But non-significant difference due to the
interaction of P and N with respect to plant height,
number of tillers per plant, initial plant stand, 1000 kernel
weight, days to 50% flowering and total soil nitrogen after
harvesting was observed.

The grain and straw N and P content, and uptake,

increased with N and P levels but the apparent recovery
and agronomic efficiency of N and P fertilizers decreased
with increasing N and P rates in both varieties.

Grain yield and biomass yield were strongly and

positively correlated with most of the agronomic
parameters, grain N and P contents, grain N and P
uptakes, and total N and P uptakes. Moreover, grain and
straw N and P contents and their uptakes were strongly
and positively correlated with applied N and P
respectively.
From this study, it can be concluded that the improved
variety HAR1685 had high grain yield potential, medium
plant height, heavier kernel weight, higher harvest index,
and shorter maturing period and responsive to higher N
and P rates. Therefore, in Korem district, the variety
HAR1685 could be preferred over the local variety
Shehan. Application of N and P rates up to 30 kg P/ha
and 69 kg N/ha respectively increased grain yield and
most yield components of the two wheat varieties. In
contrast to these, the lowest levels of P and N fertilizers
(0-0 P-N kg/ ha) produced the lowest grain yield and yield
components. However, the study was conducted at a
single location for season; therefore, further detailed
studies across locations and seasons are required to
recommend agronomically optimum and economically
feasible levels of N and P fertilizers for bread wheat.
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Appendix Table 1. The effect of experimental factors and their interactions on agronomic parameters

Source of Mean Square

Variation PH NTP IPS SDWF SDWH TKW GY BY
Replication 119.7* 0.542 400.6 116.232 13.936 31.6 53.02 3282.9%*
Variety(V) 21557.7+ 0.667 88877.5  5707.100  25306.8*  2579.4  182135.7* 47530.9%*
Error (a) 0.133 0.167 281.885 120.261 538.314 2.828 22733.704 80.907
Phosphorus 83.7* 0.486 256.955 5973.9% 7893.2%* 7.88 1559.6%* 20056.2**
VxP 11.507 0.278 793.122 2351.7%* 3288.3 1.08 2224.7%* 16612.2**
Nitrogen 605.5* 13.125 981.483 3948.7%  10458.3** 0.80 82811.2**  407568.2**
VxN 24.8 0.083 493.760 271.6% 962.8 1.70 2324.8%* 19085.4**
PxN 5.7 0.162 461.538 6945 155.8 0.40 3490.9** 14424.9*
VxPxN 8.7 0.287 630.372 316.6** 60.6 1.20 5763.3** 12581.6**
Error (b) 22.5 0.199 408.905 26.1 22.8 11.91 150.8 160.374
CV (%) 5.34 7.61 5.25 5.99 2.48 7.58 2.82 1.05

Key: - ** and * significant different at 0.01 and 0.05 significance level respectively.
PH= Plant height, NTP= number of tillers per plant, IPS= Initial plant stand 15 days after planting, SDWF= Shoot dry weight at 50% flowering,
SDWH= Shoot dry weight at harvesting.

Appendix Table 2. Mean Square for harvest index, Straw yield, days to 50% flowering and 90%

physiological maturity and available soil phosphorus after harvesting

Source of variation Mean Square

HI Sy DF DM ASP
Replication 0.001  38783.393 3.510 6.292 0.052
Variety (V) 0.176** 27943940.461* 527.34 1734.00*  0.333
Error(a) 0.001 20225.107* 15594 12.875  0.005
Phosphorus(P) 0.004*  1813243.764*  2.71 3.792 142.478%
VxP 0.001**  462917.639**  2.538  2.278 3.631**
Nitrogen (N) 0.003* 8687947.057*  26.5%  40.934* 5.908**
VxN 0.001*  791890.644*  3.12 2.278 7.383*
PxN 0.001**  460837.950**  0.71 1.125 3.311%
VxPXN 0.003*  603279.908**  0.65 1.435 3.332%
Error (b) 0.001 10529.353  1.92 3.272 0.053
CV (%) 2.94 1.61 2.01 1.44 1.96

Key: - ** and * significant different at 0.01 and 0.05 significance level respectively.

Hl= Harvest index, SY=straw yield, DF= Days to 50% flowering, DM= Days to 90 % physiological maturity,

V= variety, P= phosphorus, N=nitrogen, ASP= available soil phosphorus at harvesting.
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With the introduction of commercial soybean genotypes with Alsl and Als2 alleles that confer tolerance
to different active ingredients of sulfonylurea group, this work aims to test soybean populations for the
presence/absence of Alsl and Als2 alleles and evaluate the agronomic impact of these alleles addition.
These trials were conducted in experimental stations of DuPont Pioneer at Sorriso, Mato Grosso state
and Planaltina, Federal District. Four populations were evaluated with 40 genotypes each; 10 genotypes
without Alsl and Als2 (null), 10 genotypes containing Als1, 10 containing Als2 and 10 genotypes
containing both alleles. These populations were tested for different traits. The grain yield average at
Planaltina and Sorriso were 2888 and 2456 kg ha™, respectively. Yield for the genotypic classes null,
Alsl, Als2 and Als1+Als2 were 2672, 2671, 2631 and 2657 kg ha™, respectively, and they were not
statistically different from each other. Also, the other traits indicated similar behavior among classes.
As the studied populations were developed for this study, they were inferior than the checks. This work
demonstrated that in the four studied populations, the addition of Als1 and/or Als2 alleles did not cause
significant differences in the evaluated traits.

Key words: Glycine max L., Als1, Als2, grain yield.

INTRODUCTION

During the development of agriculture in Brazil, several
species of weeds were selected due to a continuous
exposure to herbicides with a similar mode of action. This
occurred in conventional soybeans and corn crops, and
thereafter due to overuse of glyphosate in genetically
modified soybeans. The selection of resistant species is
associated with genetic changes in the population under

a selection pressure for such products. Therefore, the
rotation of herbicide with different action modes is of
fundamental importance in production areas (Powles,
2008).

Sulfonylureas are herbicides that block the synthesis of
essential amino acids by inhibiting the acetolactate
synthase (ALS) enzyme. ALS is the first enzyme to act on
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the biosynthesis of the amino acids valine, leucine and
isoleucine. It catalyzes two parallel reactions: con-
densation of 2 moles of pyruvate forming acetolactate,
and condensation of 1 mol of pyruvate with 1 mol of 2-
oxybutyrate forming aceto-hydroxybutyrate (Eberlein et
al., 1997). The inhibition of this enzyme disrupts the
production of proteins, interfering with cell growth and
consequently resulting in the death of the plant.
Sulfonylureas have been widely used in more than 80
countries and approximately 25 crops. There is a wide
variety of sulfonylureas. Some are not selective or
effective in the control of all plants, while other products
are selective, acting in some species and being tolerated
by other species that metabolize the product and detoxify
before undergoing a significant damage due to inhibition
of ALS activity (Green, 2007).

Having proof the soybean capacity to tolerate some
active ingredients of sulfonylureas, such as ethyl
chlorimuron, through its fast metabolic inactivation, this
active ingredient has become widely used in soybean
crops (Zawoznik and Tomaro, 2005). Currently, in Brazil,
chlorimuron ethyl is used during pre and post-emergence
for the control mainly of weeds resistant to glyphosate.
However, higher resistance to this component and to
other sulfonylureas was given to soybean through specific
mutations in the ALS genes, causing this enzyme to be
less susceptible to inhibition by sulfonylureas and
maintaining its active vital capacity (Walter et al., 2014).

By using mutagenic techniques and conventional
breeding, the cultivar W20 was developed in the 1980s. It
derived from Williams and presented a resistance to
sulfonylurea herbicides (Sebastian et al., 1989). This was
the first cultivar of the group commercially known as
STS® (sulfonylurea tolerant soybean). This technology
provided a greater flexibility in the use of different
sulfonylureas with a wider weed control action spectrum,
and was widely used by different companies in North and
South America. After a period without use due to the
introduction of genetically modified cultivars with
resistance to glyphosate, the emergence of weeds
resistant to this active ingredient reactivated the use of
the STS® technology, reappearing in the market combined
with the glyphosate resistance gene (Green and Owen,
2011). Later, the mutant allele used in the STS®
technology became known as Alsl. Its wild version is the
alsl (Walter et al., 2014).

After the incorporation of the allele Alsl into modern
cultivars, a new cycle of changes began aiming to
develop mutants even more tolerant to sulfonylurea. The
line W4-4 was then created. It underwent a second
mutagenic event, giving rise to a second independent
allele called Als2 (Walter et al., 2014).

The type of gene mutation that occurred with the Alsl
and Als2 alleles was base substitution. For the allele
Alsl, located on the chromosome 4, there was the
substitution of proline for serine at the position 178 of the
soybean protein. For the allele Als2, located on the

chromosome 6, tryptophan was replaced for leucine at
the position 560 of the soybean protein (Walter et al.,
2014).

Soybean containing Alsl and/or Als2 alleles were
developed as an alternating tool to control weeds
showing herbicide resistance especially to glyphosate.
Herbicides from sulfonylurea group are intended to
auxiliary in the dicotyledonous weed control such as
Conyza spp. which is glyphosate resistant. It is
mentioned in the literature (Vargas et al., 2007; Moreira
et al., 2007; Lamego and Vidal, 2008) that C. bonariensis
and C. canadensis are glyphosate resistant.

Given the possibility of using soybean lines containing
Alsl and Als2 alleles, tolerant to different active
ingredients of sulfonylureas and presenting a higher
tolerance to the current used sulfonylureas, it is necessary
to conduct tests to prove that the addition of such mutant
alleles into new soybean genotypes do not cause
agronomic losses to the crop. Therefore, this study aims
to test different soybean populations regarding the
presence/absence of Alsl and Als2 and evaluate the
agronomic impact of these alleles addition.

MATERIALS AND METHODS
Obtaining the families

This study was conducted using recombinant inbred lines from four
populations. The development of these genotypes using modified
bulk method started during the 2011/2012 season, when crosses
involving the donor of Alsl and Als2 alleles (CD250RRSTS) with
genotypes adapted to central Brazil (BG4277, 98Y30, YB84C12
and XB85C12) were made. In the winter of 2012, F, seeds were
sown and the confirmation of the crosses was made by molecular
analysis using markers according to Walter et al. (2014). During the
next season (2012/2013), seeds were sown as F,, and in the 2013
winter as F3;. When advanced to F,4, during the 2013/2014 season,
another molecular analysis (Walter et al.,, 2014) was made to
classify and select homozygous plants considering the
presence/absence of Alsl and Als2 alleles. In the 2014 winter, Fus
recombinant lines from the four populations were sown (Table 1).
The development of the populations was made at the DuPont
Pioneer research center of Planaltina, Federal District (DF), except
for F3 and F45 generations, whose developments were conducted at
DuPont Pioneer research center of Palmas, Tocantins (TO) state.

For each population, four classes of genotypes (genotypic
classes) were obtained: Null genotypes (without Alsl and Als2
alleles), genotypes containing Alsl allele, genotypes containing
Als2 allele, and genotypes containing both alleles (Table 1). All
evaluated ALS alleles were homozygous. 10 F4¢ recombinant lines
from each class were selected among the four populations based
on agronomic characteristics, uniformity, maturity and germination.
They were tested during the 2014/2015 season, into which four
variety checks without Als1 and Als2 alleles were included. Variety
checks; 97R21, 97R73, 98Y12 and 98Y30; were included in the
statistical analysis as the fifth genotypic class.

Field evaluation

Forty genotypes of each population were sown during the
2014/2015 season, being 10 genotypes of each class plus the four
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Table 1. Number of genotypes obtained from each class and population after marker assisted selection.

Population Number of genotypes
Parental Code Null Alsl Als2 Als1+Als2 Total
BG4277/CD250RRSTS Pop001 69 73 162 183 487
98Y30/CD250RRSTS Pop002 14 19 20 31 84
YB84C12/CD250RRSTS Pop003 78 164 32 129 403
XB85C12/CD250RRSTS Pop004 164 131 142 123 560
Total 325 387 356 466 1534

checks. The experiments were conducted at DuPont Pioneer
research centers of Sorriso, Mato Grosso (MT) state, and Planaltina
(DF). Although both sites have soils classified as Latosol, both
locations represent two distinct environments. The Sorriso site is
located at the center-northern part of MT at 12°44°39.63”'S and
55°49°54.23"W with an altitude of 398 m. The Planaltina site is
located at the northeastern part of the DF at 15°43718.12°S and
47°36°10.21""W with an altitude of 1,163 m.

The experimental design was randomized blocks with three
replications. Each population was planted and randomized
separately. Each plot consisted of four rows of five meters long with
0.50 m between rows. The two center rows were harvested. Plant
populations were 240,000 and 280,000 plants ha™ at Planaltina and
Sorriso, respectively. Experiments were sowed in Sorriso on
November 6" and in Planaltina on November 21", 2014. Field
management was done following EMBRAPA soja (2001)
recommendation. Crop field was desiccated at the R7.3 stage with
Gramoxone, which contain 200 g L™ of active ingredient Paraquat,
using product dosage of 2 L ha™. Subsequently each population
was harvested with mechanical combine according to maturity level.

The evaluated agronomic traits were: Seedling emergence
(EMG), which consists in a visual percentage of emerged seedlings
at V2 stage; plant height (PH), measured the distance in cm from
the soil surface until the apex of a representative plant and
evaluated during the maturity stage of the treatment in R8; maturity
(MAT), it is the number of days from planting to the date when 95%
of the treatment reached the R8 maturity stage; plot evaluation
(PLEV), a percentage score for the experimental unit aiming to
measure the plot quality based on the number of plants and their
distribution during the maturity stage in R8; visual treatment
evaluation (VTE), percentage score for visual appearance of the
treatment at R8 stage based on desired agronomic characteristics;
non-lodging (NLOD), which consists in the percentage of plants that
did not incline more than 45% during R8 stage; and grain yield (GY)
that is the seed weight of a plot converted to kg ha™ and corrected
to 13% moisture. The soybean stages were classified according to
Fehr et al. (1971).

The collected data were analyzed using the statistical program R
(R Core Team, 2016). The adopted statistical model was mixed with
locations and blocks as random effects, and populations and gene
genotypic classes as fixed effects. An analysis of variance was
performed for each location, followed by a Bartlett's test
(homogeneity of variances) at 0.005 probability in order to validate
a combined analysis of variance (Ramalho et al., 2012). The means
were compared by Tukey test at 5% probability.

RESULTS AND DISCUSSION

As the errors of the variances were homogeneous in both
locations for all evaluated traits in the experiments, a
combined variance analysis was performed (Table 2).

The means of the experiments, populations, gene
genotypic classes, all interactions and Tukey test
performed for traits with significant difference are shown
in Table 3.

During the crop cycle of the 2014/2015 season, the
climatic conditions of Planaltina were favorable to the
development of the crop, except during the final phase of
the vegetative stage, when rainfalls decreased. At the
Sorriso station, the weather conditions were inadequate
at the beginning of the vegetative stage due to low
rainfalls, complicating early crop growth and significantly
compromising final grain production (Figure 1).
Therefore, the vyield average of the experiment in
Planaltina was 2,888 kg ha™*, and in Sorriso was 2,456 kg
ha™. The average of the two experiments was 2,674 kg
ha™ (Table 3).

The difference in yield between the two locations can
be explained partly by a decrease in seedling emergence
and plot evaluation. The average emergence score of
Planaltina was 91%; in Sorriso, such score was 76%
(Table 3). For the trait evaluation of the plot, the average
in Planaltina was 96%, and in Sorriso 61% (Table 3).

According to grain yield data, the only significantly
different sources of variation were population and
location*class (Table 2). Pop002 population was
significantly better than Pop003 and Pop004 populations,
but it did not differ statistically from Pop001. In the
interaction, checks were superior than genotypic classes
in Sorriso (Table 3). Checks had better capability to
overcome the adversity conditions in Sorriso due to the
whole breeding and selection process they went through,
different of the populations that were developed for this
type of study. The means of the genotypic classes null,
Alsl, Als2 and Als1+Als2 had similar values and they
were not statistically different. The other sources of
variation for grain yield did not show significant
differences, indicating that the addition of Alsl and/or
Als2 alleles did not change the most important
characteristic in soybeans (Table 3).

For seedling emergence, the significantly different
sources of variation were class and location *population*
class (Table 2). Checks were better than null and Alsl
classes, and did not vary from Als2 and Als1+Als2. The
values in Sorriso were inferior than in Planaltina (Table
3). The adverse conditions during emergence and early
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Table 2. Summary of the combined analysis of variance with the evaluated traits in the experiments conducted at Planaltina, DF and
Sorriso, MT during 2014/2015 season.

Source of variation DF GY EMG PH PLEV NLOD VTE MAT
Local 1 - - - - - - -
Rep(Local) 4 - - - - - - -
Pop 3 6060313* 859" 5652" 409" 9238 1140™ 2262"
Class 4 727597 568* 10179* 464" 5005** 3258™ 2151*
Pop*Class 12 304056" 177" 650** 160"™ 1229** 156" 142"
Local*Pop 3 240059" 135™ 1227** 422%* 1127* 1501** 410%*
Local*Class 4 463476~ 70" 972" 704%* 64" 836** 156**
Local*Pop*Class 12 186123" 338" 110™ 179%+ 229™ 186 735
Error 999 113723 155 107 59 192 100 17
CV (%) 12.6 14.9 11.4 9.8 16.1 14.2 3.3

"Non significant; * and ** significant at the 0.05 and 0.01 probability levels, respectively. DF = degrees of freedom; GY = grain yield; EMG =
seedling emergence; PH = plant height; PLEV = plot evaluation; NLOD = non-lodging; VTE = visual treatment evaluation e MAT = maturity.

Table 3. Means of evaluated traits for locations, populations, genotypic classes, and all interactions in the experiments conducted at
Planaltina (Plan), DF and Sorriso (Sorr), MT, in 2014/2015 season (Tukey test was applied for traits with significant difference).

Description Variable GY ) EMG PH PLEV NLOD VTE MAT
(kg ha™) (%) (cm) (%) (%) (%) (days)
Mean Both locations 2674 84 91 79 86 71 124
Loc. mean Planaltina 2888 91 91 96 87 69 140
Loc. mean Sorriso 2456 76 91 61 85 72 107
Pop001 2755 82 91 77 91 71 126
Fo‘”l . Pop002 2835° 86 84 79 90 72 120
%Oep;nit'ons Pop003 2492° 84 94 80 78 68 126
Pop004 2615% 82 94 79 85 71 123
Null 2672 82° 94° 78 83% 68 125°
_ . Alsl 2671 82% 91° 79 87" 70 125"
Five genotypic 55 2631 g5 95° 78 82° 70 125°
classes means ab b b b
Als1+Als2 2657 84 91 79 87 70 124
Checks 2832 87" 72° 83 08° 81 115°
Pop001xNull 2765 79 94Pcde 75 91%% 68 126
Pop001xAlsl 2844 82 92Pcd 75 90 70 127
POp001xAls2 2635 85 93Pede 77 g7°de 72 130
Pop001xAls1+Als2 2723 82 92 78 95% 71 125
Pop001xChecks 2889 86 76% 84 98° 82 115
Pop002xNull 2878 88 86" 81 92% 72 121
_ Pop002xAls1 2761 84 86" 78 88" 70 121
Populations Pop002xAls2 2836 85 86" 77 gghede 42 121
i?lr:gractiglr?sses POpP002xAls1+Als2 2826 86 86" 78 gobede 70 120
means Pop002xChecks 2934 88 70° 85 98° 82 115
Pop003xNull 2474 81 9g% 78 66° 64 129
Pop003xAls1 2395 83 91 81 83" 68 126
Pop003xAls2 2527 85 99% 79 78%° 66 127
Pop003xAls1+Als2 2449 87 96°% 79 78%° 67 128
Pop003xChecks 2797 87 742 82 97° 81 116
Pop004xNull 2582 80 97°% 78 83" 69 125

Pop004xAls1 2686 80 g7°d® 80 ggPede 72 124
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Locations and
populations
interaction
means

Locations and
classes
interaction
means

Locations,
populations
and classes
interaction
means

Pop004xAls2
Pop004xAls1+Als2
Pop004xChecks

PlanaltinaxPop001
PlanaltinaxPop002
PlanaltinaxPop003
PlanaltinaxPop004
SorrisoxPop001
SorrisoxPop002
SorrisoxPop003
SorrisoxPop004

PlanaltinaxNull
PlanaltinaxAls1
PlanaltinaxAls2
PlanaltinaxAls1+Als2
PlanaltinaxChecks
SorrisoxNull
SorrisoxAls1
SorrisoxAls2
SorrisoxAls1+Als2
SorrisoxChecks

PlanxPop001xNull
PlanxPop001xAlsl
PlanxPop001xAls2
PlanxPop001xAls1+Als2
PlanxPop001xChecks
PlanxPop002xNull
PlanxPop002xAlsl
PlanxPop002xAls2
PlanxPop002xAls1+Als2
PlanxPop002xChecks
PlanxPop003xNull
PlanxPop003xAlsl
PlanxPop003xAls2
PlanxPop003xAls1+Als2
PlanxPop003xChecks
PlanxPop004xNull
PlanxPop004xAls1
PlanxPop004xAls2
PlanxPop004xAls1+Als2
PlanxPop004xChecks
SorrxPop001xNull
SorrxPop001xAlsl
SorrxPop001xAls2
SorrxPop001xAls1+Als2
SorrxPop001xChecks
SorrxPop002xNull
SorrxPop002xAls1
SorrxPop002xAls2
SorrxPop002xAls1+Als2

2527
2631
2707

2933
3063
2689
2870
2572
2606
2294
2357

2888"°
2901°
2854
2899°
2921°
24542
2440%
24082
24072
2743°

2893
2958
2922
2936
2984
3122
3085
2970
3073
3067
2676
2590
2740
2690
2843
2860
2970
2784
2895
2791
2628
2730
2349
2494
2795
2634
2437
2699
2578

84
82
87

90
93
91
90
74
79
78
74

90
90
92
92
93
74
75
7
76
81

86bcdefgh

godefgh
9 1efgh
93"
94"
92fgh
9 lefgh
95"
93"
95"
9 2fgh
9Odefgh
92""
921"
godefgh
890defgh
godefgh
9 lefgh
godefgh
93"
72°
75%
7gabcdef
70%
7 8abcde
83abcdefgh

77abcd

74%
79abcdef

102°

83°

97°

66°
93cd
90°

102
93
100
96
65
94
96
98
86
64
91
89
90
88
82
84
84
84
85

97¢
97°
95°

61%

gsef

g7¢

96ef

95ef

96ef
97

7Ocd

68

67%°

85°

123
123
114

140'
137°
1449
139'
111¢
103?
109°
106°

142°
141°
141°
141°
129¢
108°
108°
109°
106"
100%

140"
142"
141"
140%
129
138’
138
138’
138
129
145
1444
144"
145
129
141"
141"
140"
140%
129
1Ogdefg
112°
118"
108defg
100%
losabc
103abc
losabc
103abc
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SorrxPop002xChecks 2801 gpabedefs 73 72¢ 98 78"" 99%
SorrxPop003xNull 2272 712 96 572 71 7200 111"
SorrxPop003xAlsl 2199 76%° 89 63%° 85 7700t 108%™
SorrxPop003xAls2 2313 79abedef 100 59° 79 70cdef 110°%%
SorrxPop003xAls1+Als2 2209 gabedefo 97 627 79 7100t 110°%
SorrxPop003xChecks 2752 ggavedefon 82 69 96 78" 102%
SorrxPop004xNull 2303 70% 101 572 78 7200 108%™
SorrxPop004xAls1 2392 70° 98 4200 86 7301 107°%f
SorrxPop004xAls2 2280 772 107 592 75 70°cdef 106°°%
SorrxPop004xAls1+Als2 2347 74% 91 59° 87 73%10 105"
SorrxPop004xChecks 2624 gabedefah 75 69" 100 78"" 99%

Means with the different letter in the column within a source of variation are different according to Tukey test (P<00.5). GY = grain yield; EMG =
seedling emergence; PH = plant height; PLEV = plot evaluation; NLOD = non-lodging; VTE = visual treatment evaluation; MAT = maturity.
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Figure 1. Rainfall at DuPont Pioneer research centers of Sorriso, MT and Planaltina, DF during 2014/2015
season. Data collected by DuPont Pioneer weather station located at the research sites.

growth of the crop in Sorriso are because of the lack of reached maturity significantly earlier than the other
rain in the beginning of the crop cycle. genotypic classes. Comparing populations, Pop002 was
Plant height was statistically different regarding the significantly lower than other populations at Sorriso and

sources

of  variation class, population*class, Planaltina. In Planaltina, the highest population was

location*population and location*class (Table 2). Checks Pop003. In Sorriso, the highest populations were Pop004
were lower than the genotypic classes of Alsl and/or and Pop003 (Table 3). These higher populations were
Als2 alleles (Table 3). This difference is highly associated therefore more subject to lodging.

with the cycle of the evaluated genotypes. The checks Another trait that reflected the environmental conditions



was plot evaluation, which was significantly different for
location*population, location*class and
location*population*class (Table 2). The populations and
classes in Sorriso were statistically inferior than the
populations and classes in Planaltina. In the Sorriso
experiment, the checks were more tolerant to adverse
conditions and had higher scores when compared with
genotypic classes (Table 3). Checks, once again, showed
superiority when in unfavorable conditions due to all
testing and selection process they passed by during
years before become commercial varieties different of the
genotypic classes.

Three sources of variation were statistically different for
non-lodging: Class, population*class and
location*population (Table 2). Due to the low plant height
of the checks, they lodged less than the genotypic
classes. Among populations, those that stood out were
Pop001 and Pop002 (Table 3).

Regarding the visual evaluation of the treatment, there
were differences for location*population, location*class
and location*population*class (Table 2). In Sorriso,
populations had similar appearance and behavior, and
were statistically equal. However, in Planaltina, Pop002
was significantly superior to Pop003 and Pop004
populations (Table 3). In Planaltina, Pop001 and
especially Pop002 stood out visually if compared to the
other populations. Pop002 was highly homogeneous and
its genotypic classes were very similar. Thus, it was
difficult to mark any visual difference between them.
Despite the lower homogeneity of the other populations,
they also showed a high visual similarity between the four
gene genotypic classes (Table 3).

For the maturity trait, the genotypes in Sorriso
completed the cycle faster than in Planaltina (Table 3).
This is due to the geographical position of the evaluated
locations. Latitude and altitude affect day length and
temperature during the day and the night, causing
soybean genotypes in Sorriso to accelerate the cycle if
compared to Planaltina. The sources of variation class,
location*population, location*class and
location*population*class were significantly different
regarding this trait (Table 2). The checks completed the
cycle faster than genotypic classes both in Sorriso and
Planaltina. Genotypic classes did not differ among
themselves in each location, except for Alsl+Als2 in
Sorriso, which had a slightly earlier cycle than the others.
Among populations, the Pop002 cycle was significantly
earlier than the other populations. In Sorriso, the Pop001
cycle was delayed, while in Planaltina the Pop003 cycle
required the longest time to reach maturity (Table 3).
Once more, the genotypic classes of the alleles were
very similar, however with a longer cycle than the
average of the four checks.

The breeding process, to which the checks were
submitted, played an important role. Checks presented
better ability to excel under unfavorable conditions
compared to the populations that were developed aiming
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to evaluate Alsl and Als2 alleles. The genotypic classes
of the alleles were very similar overall, however it is
necessary that the best lines containing one or both
alleles go through a whole breeding process before
become a commercial variety or entry in a breeding
Cross.

There are no reports in the literature comparing the
effects of adding Als1 and Als2 alleles on the agronomic
characteristics of soybean genotypes. In transgenic,
which involves the inclusion of a generally exogenous
gene into a given genotype, there is a great concern
about whether their inclusion could cause agronomic
concerns, such as a decrease in yield, and change crop
cycle, plant height, germination, flowering and other traits.
This is due to the inclusion of a gene which may be
added to an undesired region of a chromosome,
disrupting endogenous genes, preventing the formation
of essential proteins or causing fusion of undesirable
proteins. These changes may result in phenotypes with
undesirable agronomic characteristics (Que et al., 2010).

Some studies (Minor, 1998; Elmore et al., 2001)
reported that the addition of a transgenic gene resistant
to the first-generation of glyphosate in soybeans
decreased grain yield. However, another line (Carpenter,
2001) stated that this happened because the transgenic
gene was added to genotypes that were not superior, and
the decrease in yield was due to the genotype and not to
the transgenic gene; thus, with the introduction of new
superior cultivars containing the transgenic gene, that
difference in productivity would decrease until inexistent.
In addition, Hungria et al. (2014) reported no yield drag
on genetic modified soybean and EFSA (2010)
concluded that the transgenic version is agronomically
equivalent to its conventional counterpart.

Mutagenic induction aiming to generate variability and
hence the appearance of new forms of a gene may also
raise suspicion that such mutant allele may cause
changes in the formation of essential proteins,
development of improper proteins and emergence of
undesirable phenotypes.

In soybeans, the mutant gene FAD2-1A, found in the
cultivar M23, which provides a high-quality oil to
soybeans seeds by increasing the oleic acid, is often
associated with decrease in grain yield (Scherder and
Fehr, 2008; Clemente and Cahoon, 2009).

In tomato crops, the impact of a mutation known as
ovate, which promotes a drastic change in the tomato
fruit shape, also caused negative changes in the
phenotype. This mutation resulted in a decrease in
soluble solids, average fruit and seed weight, fruit fixation
and productivity (Faria, 2014).

On the other hand, other mutations did not significantly
change agronomic characteristics. Spano et al. (2003)
worked with four mutants in durum wheat with the
capability of delay leaf senescence. They concluded that
the extended period of flag leaf photosynthetic
competence in the mutant lines generated higher seed
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weights and grain yield per plants in the mutant lines
compared to their parental lines.

In fig trees, the mutation process, induced by irradiation
with gamma rays aiming to increase genetic variability,
generated five mutant lines, which were then evaluated in
performance tests and compared to other commercial
cultivars. The results showed that the mutants had a
performance similar to the commercial cultivars, and that
the mutant PI-189 was superior to the commercial
cultivars regarding important characteristics such as
number of fruits per plant, average weight per fruit and
yield (Rodrigues et al., 2009).

The type of gene mutation that generated Alsl and
Als2 alleles was base substitution. Only a single amino
acid was changed in each gene (Walter et al., 2014). The
results of this study show that such a minimal change in
amino acids, in general, did not generate statistically
significant differences between the four classes of Alsl
and Als2 alleles.

Further studies evaluating the addition of Alsl and/or
Als2 alleles, involving populations or commercial varieties
with a similar germplasm and in different environments,
become crucial to confirm that the addition of such alleles
does not change the agronomic characteristics in
soybeans.

Conclusions

For the four studied populations, Pop001 (BG4277/
CD250RRSTS), Pop002 (98Y30/CD250RRSTS), Pop003
(YB84C12/CD250RRSTS) and Pop004 (XB85C12/
CD250RRSTS), the incorporation of Alsl and/or Als2
alleles aiming a greater resistance to herbicides from the
sulfonylurea group did not cause significant changes in
the evaluated agronomic traits.
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Rosmarinus officinalis and Salvia officinalis wilt caused by Fusarium oxysporum could lead to yield
losses, under various conditions. This study was therefore focused on determination of yield loss
caused by F. oxysporum on R. officinalis and S. officinalis plants. A greenhouse experiment was
conducted at Wondo Genet College of Forestry and Natural Resources (WGCFNR), Ethiopia, from 2015
to 2016. Mixed soil of animal manure, sand and clay loam (1:1:2 ratio), respectively, was autoclaved at
121°C for 2 h and sterilized soil was filled into plastic pots with three replications. Two plants were
transplanted into each pot and regularly watered and maintained in the greenhouse at 26 + 2°C and 50
to 60% relative humidity. Disease severity was recorded at weekly interval, from the first appearance of
symptoms till harvest. Fresh leaf and stem weights, essential oil content and yield were recorded at the
time of harvesting. Generally, fresh leaf and stem weights and essential oil content and yield of both
plants from treated soil significantly increased compared to the untreated ones. Essential oil yield
decreased by 53.86 and 35.36% in R. officinalis and S. officinalis, respectively compared to the treated

ones.

Key words: Essential oil yield, Fusarium oxysporum, Rosemary, Sage, Yield loss

INTRODUCTION

Rosemary (Rosmarinus officinalis L.) is an aromatic and
medicinal shrubby herb that belongs to the family
Labiatae (Ture et al., 2009). It is endogenous to Europe,
Asia and Africa, originally grows in southern Europe
(Pintore et al., 2002). Its herb and oil are mostly used as
spice and flavoring agents in food processing for its
desirable flavor, and use folk medicinal value as
antimicrobial agent (Lo et al., 2002). Rosemary is used
traditionally for relieving visceral muscle spasms in renal

colic, menstrual pain, bronchial asthma and
gastrointestinal colic, all over the world (Singh et al.,,
2009; Tironi et al., 2009). In Ethiopia, rosemary, most of
the time is used for flavoring food. It has also some
therapeutic value in the treatment of disorders like, peptic
ulcers, inflammatory diseases, hepatotoxicity,
atherosclerosis, ischemic heart disease, cataracts, and
cancer (Valenzuela et al., 2004; Katerinopoulos et al.,
2005).
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As well, Salvia officinalis L. is a perennial low shrub
aromatic and medicinal plant belonging to the family
Lamiaceae which has about 900 species from genera
Salvia, native to Mediterranean region (Zervoudakis et
al., 2012). Essential oil is added as supplement to meat,
sausage, poultry stuffings, fish, soups, canned foods and
other food products. Its essential oil is applied in different
pharmaceutical, cosmetics, sanitary and food industries
owing to its odour and biological effects such as
antiseptic, antibacterial, antioxidant activity, etc., (Bakkali
et al., 2008).

However, Antracnosis, Ascochitosis, and root rot,
caused by Colletotrichum dematium, Ascochyta sclarea
and Rhizoctonia solani, respectively are economically
important disease of sage in European countries
(Subbiah et al., 1996; Voltolina, 2001). Similarly,
Phomopsis sclarea, Phodosphaera inequalis, Erysiphae
polygoni and Sclerotinia sclerotiorum are economically
important yield loss causing pathogens to the plant in
Italy, Spain, California and USA. Massive dying out of
sage seedlings infected by Fusarium oxysporum was
also observed in these countries (Subbiah et al., 1996).
R. solani, Phytophthora citrophthora and P. cinnamoni
were reported as main root rot causal soil borne
pathogens (Alvarez et al., 2007; Verhoeven et al., 2008).
Therefore, integrated pest management development
requires precise and accurate information on damage
caused by pests. Disease damage reduces both quantity
and quality of yield. Disease and crop loss assessments
are necessary for identification of economic impact of a
disease and to develop management and control
strategies.

Fusarium species are the main soil borne plant
pathogens that is economical important disease in
agricultural productions all over the world (Saremi, 2000).
The primary symptom of Fusarium wilt is characterized
by discoloration of the vascular tissue which mostly starts
from the ground and expands to the above parts, wilting
the stem and leaves, sometimes followed by leaf
abscission and plant death (Schwartz et al., 2005).
Fusarium wilt caused by F. oxporum is economically an
important soil borne disease which affects plant yield
severely in susceptible varieties. Depending on crop age
losses due to Fusarium wilt disease vary from 0 to 100%
(Kannaiyan and Nene, 1981). Similarly, Fusarium wilt is
an economically important prioritized disease of
Rosemary and Sage plants that significantly affects the
cultivation of these plants under various conditions at
Wondo Genet. This study was therefore focused on
determination of yield loss caused by F. oxysporum on R.
officinalis and S. officinalis using sterilized and
unsterilized soils under greenhouse conditions.

MATERIALS AND METHODS
Experiment site and yield loss estimation

The greenhouse experiment was conducted at Wondo Genet

College of Forestry and Natural Resources (WGCFNR), Ethiopia,
from 2015 to 2016.

Mixed soil of animal manure, sand and clay loam (1:1:2 ratio),
respectively was autoclaved at 121°C for 2 h and 3 kg of sterilized
soil, with pH 6.8, was filled into plastic pots (20 x 15 cm) with ten
replications. Unsterilized soil of the same amount was used as
control for both experiments. Two seedlings of each plant species
were transplanted into the individual pot and regularly watered and
maintained in greenhouse at 26 + 2°C and 50 to 60% relative
humidity. The plants were regularly observed for Fusarium wilt
symptom development, characterized by discoloration of the
vascular tissue. The symptom mostly starts from the ground, wilting
the stem and leaves, sometimes followed by leaf abscission and
plant death. Data were recorded on disease severity at weekly
interval from the first appearance of symptom till harvest, 3 months
after planting date. The disease severity was assessed based on
visual assessment key (0 - 4 scale), where 0, 1, 2, 3 and 4
represent 0 to 24%, 25 to 49%, 50 to 74%, 75 to 99% and 100%
(dead plant), respectively of wilted leaves. Plant height, branch
number, fresh leaf and stem weights and essential oil content and
yield were recorded at the time of harvesting. Percent EO content
was determined on fresh weight (w/w) basis from 250 g of fresh
composite leaves and EQY was calculated by multiplying the fresh
weight biomass and the essential oil content. Essential oil was
extracted by hydro distillation as illustrated by Guenther (1972).

The percent essential oil yield losses were calculated by the
formula:

Vield of healthy plant — Yield of diseased palnt
Yield of healthy plant

EQY loss (%) =

Statistical analysis

The data were statistically analyzed using analysis of variance
(ANOVA) and differences between treatments means was
assessed using Duncan’s Multiple Range Test, using SAS
statistical software (SAS, 2002).

RESULTS AND DISCUSSION

The soil treatment had significant effects on essential oil
content and yields and growth parameters of both Sage
and Rosemary plants. Analysis of variance and mean
comparison revealed significant differences (P < 0.05) in
plant heights, branches numbers and essential oil content
and yield between plants from treated and untreated soils
in both experiments (Tables 1 and 2). Average plants
heights from unsterilized soil were reduced by 19.7 and
14.9 cm in R. officinalis and S. officinalis, respectively.
Similarly, branch numbers from untreated soil were
reduced by 84.33 and 36.73% in R. officinalis and S.
officinalis, respectively on unsterilized soil. Likewise,
fresh leaf weights reduced by 17.3 kg/p (60.28%) and
7.21 kg/p (27.99%) in R. officinalis and S. officinalis,
respectively compared with plants from treated soil
(Tables 1 and 2).

On the other hand, 14.65 kg/p (46.14%) and 14.99 kg/p
(64.64%) less essential oil yields were recorded in R.
officinalis and S. officinalis, respectively from unsterilized
soil. In the same way, less essential oil content, 40% in
R. officinalis and 44.44% in S. officinalis, were recorded



Table 1. Effect of Fusarium wilt on growth parameters, essential
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oil content and yield on R. officinalis.

Growth parameters Oil yield
Treatments
PH (cm) BN FLW (kg/p) FSW (kg/p) EOC (%) EOQOY (kg/p)
Sterilized soil 52.5 45 28.7% 24.11° 2.5% 31.75%
Unsterilized soil 325 7 11.4° 14.09° 1.5° 17.1°
SD 425 26 20.05 19.1 2 24.43

Means with the same letter within the same column are not statistically different (p< 0.05). PH: Plant height, BN: branch number,
FLW: fresh leaf weight, EOC: essential oil content, EOY: essential oil yield.

Table 2. Effect of Fusarium wilt on growth parameters, essential oil

content and yield on S. officinalis.

Growth parameters Oil yield
Treatments
PH (cm) BN FLW (kg/p) FSW (kg/p) EOC (%) EQY (kg/p)
Sterilized soil 70.71 27.66 25.77% 27.76% 0.9% 23.19%
Unsterilized soil 56.25 17.5 18.56" 16.41° 0.5° 8.2"
SD 63.48 22.58 22.17 22.09 0.7 15.69

Means with the same letter within the same column are not statistically different (p< 0.05). PH: Plant height, BN: branch number, FLW:

fresh leaf weight, EOC: essential oil content, EQY: essential oil yield.
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Figure 1. Disease severity of R. officinalis on sterilized and unsterilized soils.

in this treatment (Tables 1 and 2). Siddiqui and Akhtar
(2007) reported 15 to 20% yield losses of chili caused by
F. oxysporum in Pakistan. Similarly, significant losses in
yield of Watermelon had been reported in Maryland due
to the prevalence of Fusarium wilt (Zhou et al., 2003b).
Losses can approach 100% if susceptible cultivars are
planted in heavily infested fields (Egel et al., 2007).

Much higher disease severity levels (50%) were
observed on both R. officinalis and S. officinalis than the
severity levels (30%) of plants from treated soil (Figures 1
and 3). During the first two weeks, no disease symptoms
were observed on both R. officinalis and S. officinalis
from sterilized soil. However, after 20 days of planting
disease severity gradually increased until the time of
harvest. On the other hand, disease severity increased

exponentially on S. officinalis after the first week of
planting on untreated soil (Figures 1 and 2). This finding
was in agreement with previous works (Sharma, 1994;
Navas et al., 2000; Wharton et al., 2006; Saremi and
Amiri, 2010).

For example, the disease severity rapidly progressed
from 20 to 50% on both R. officinalis and S. officinalis on
untreated soil. On the other hand, the disease severity
increased gradually from 15 to 30% and from 10 to 30%
on R. officinalis and S. officinalis, respectively on
sterilized soil (Figures 1 and 3). The occurrence of
Fusarium wilt disease on plants cultivated on sterilized
soil may most likely be because of the spread of F.
oxysporum, by irrigation water and contaminated
management equipments, from adjacent plants cultivated
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Figure 2. Sage and Rosemary under greenhouse condition.
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Figure 3. Disease severity of S. officinalis on sterilized and unsterilized soils.

on unsterilized soil. Similar result had been reported on
Chrysanthemum Fusarium wilt, caused by F. oxysporium.
Fusarium wilt was reported as the most widely spread
and destructive disease, causing infection and yield loss
from nursery to flowering stage on this plant (Locke et al.,
1985).

Conclusion

The result of this study had revealed that soil treatment
had a significant effect on growth parameters, essential
oil content and yield of R. officinalis and S. officinalis.
Essential oil yield reduced by 53.86 and 35.36% in R.
officinalis and S. officinalis, respectively from untreated
soil compared to the treated ones. Therefore, designing
an integrated Fusarium wilt management method as

alternative control measure for this disease is necessary.
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A line x tester mating design involving sixteen white maize inbred lines as females and two testers as
males generated thirty-two single crosses. These hybrids plus three checks were evaluated using a 5 x
7 alpha lattice design replicated twice at the University of Ghana, WACCI research farm during 2015/16
offseason using drip irrigation. The objective of the study was to: assign the tropical inbred lines into
heterotic groups. Based on the SCA effect for grain yield, the lines were separated into two heterotic
groups. The lines L1, L3, L4, L8, L11 and L14 belonged to tester group 1368, while L2, L5, L6, L7, L9,
L10, L12, L13, L15 and L16 belonged to heterotic group of CML 444. This is useful for the development
of hybrids and synthetic varieties. Thus, the information generated in the present study will be useful
for breeders who want to improve yield and yield-contributing traits of maize.

Key words: Hybrids, heterotic group, line x tester (LxT), maize, yield.

INTRODUCTION

Knowledge on the genetic heterogeneity and progeny
performance, are significant for deciding breeding
schemes, assigning the parental lines, defining heterotic
groups, and predicting future hybrid performance. Thus,
information on genetic diversity among genetic materials
has an utmost importance for hybrid maize breeding
programmes for development of lines, the assigning of
lines into different heterotic groups and the preference of
testers for hybrid combinations (Xia et al., 2004). Thus,
assigning of maize lines into different heterotic group is
very vital for hybrid breeding programmes in giving

information about the germplasms (Hallauer et al., 2010).
Melchinger (1999) proposed that, when a large number of
inbred lines is available and proven testers exist, the
relative performance of the lines in testcrosses with
proven testers can be used as a main criterion for
grouping of the lines. Vasal et al. (1992a, b) used this
approach to evaluate the performance of testcrosses of
92 tropical and 88 subtropical maize inbred lines with two
dent and two flint tester lines. In developing countries,
use of available genetic materials and application of
available crop improvement methods to improve yield
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and yield stability are required to meet the increasing
demand of improved maize hybrids (Dhliwayo et al.,
2009; Morris et al., 1999).

Heterotic effects of the maize lines and their allocation
into well-known heterotic groups is the secret for the
success of a maize breeding programme, which would
give utmost exploitation of heterosis. The objective of the
study was to: classify the tropical inbred lines into
heterotic groups.

MATERIALS AND METHODS
Description of experimental area

The experiment was carried out during 2015/16 offseason using
drip irrigation at, West Africa Centre for Crop Improvement
Research Field, University of Ghana. The University is located at
5.6508° N, latitude and 0.1869° W longitude and an altitude 97 m
above sea level (m.a.s.l).

Genetic materials used for the study

Eighteen white tropical maize inbred lines with diverse genetic
backgrounds were selected from the pool of inbred lines at the
West Africa Centre for Crop Improvement (WACCI). This comprises
of ten lines from the International Institute for Tropical Agriculture
(ITA), six from International Maize and Wheat improvement Center
(CIMMYT) and the two testers 1368 from IITA and CML 444 from
CIMMYT maize breeding programmes. The 16 inbred lines were
crossed to the two testers using the line by tester method (Table 1)
and it generated 32 (16 x 2) cross combinations.

Experimental design and field evaluation

The 32 F; crosses including the hybrids between the two testers,
one popular open pollinated variety and a standard hybrid checks
were evaluated for their agronomical performance using a 5 x 7
alpha lattice design at WACCI Research Field, the University of
Ghana under irrigation system during 2015/2016. The genotypes
were planted in two- rows plots, 5 m long with spacing of 0.75 m
between rows and 0.5 m spacing between plants within a row.
Three seeds were planted per hill, and then thinned to two plants
per hill after three weeks of planting, giving 22 plants per row or 44
plants plot™, to get a total plant density of 53333 plants ha™. The
experiment was managed using normal agronomic practices
(planting, irrigation, thinning, fertilization, weeding and insect
controls) from sowing to maturity.

Data analysis and procedures

Analysis of variance for all agronomic parameters studied was
calculated using the PROC GLM procedure and test for significant
differences among the genotypes was performed using SAS
software (SAS, 2002). Traits that showed significant differences
among genotypes were further partitioned into crosses, checks and
check vs. crosses using (SAS, 2002). Traits that showed significant
differences among crosses were partitioned into three components,
namely females in crosses, males in crosses and female x male in
crosses (Kempthrone, 1957; Singh and Chaudhary, 1985). The
crosses means were adjusted for block effects as analyzed
according to lattice design (Singh and Chaudhary, 1985) and used
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Table 1. List of parents and testers used for the study.

Male parents

Code no. Female parents
1368 (T1) CML 444 (T2)

L1 TZMI 763 X X
L2 TZMI746 X X
L3 TZMI749 X X
L4 CML15 X X
L5 CML 24 X X
L6 TZMI740 X X
L7 CML16 X X
L8 TZMI-Unknown X X
L9 TZ-STR-133 X X
L10 TZIL41 X X
L11 CML10 X X
L12 9006 X X
L13 CML 05 X X
L14 TZIL 39 X X
L15 CML12 X X
L16 TZMI760 X X

to perform combining ability analysis.

RESULTS

Genetic variability of genotypes, crosses, crosses Vs
check, lines, testers and line x testers and heterotic
grouping of tropical white inbred lines are given in Table
2 and Table 3, respectively.

The result showed that genetic variability of GCA for
lines were highly significant at P < 0.001, for days to
50% anthesis and silking, plant height, ear height, plant
aspect, ear length, number of kernel rows ear® and
number of kernels row™. Highly significant differences at
P < 0.01 were detected for anthesis-silking interval,
maize streak virus disease, ear rot and grain yield. In
addition, significant differences (P < 0.05) were observed
for husk cover.

The mean squares due to GCA for testers were
significant P < 0.001, for days to 50% anthesis and ear
length, significant at P < 0.01 were mean squares for
anthesis-silking interval, plant aspect and number of
kernel rows ear, and significant at P < 0.05 were days to
50% silking, plant and ear height. The GCA mean
squares for testers were not significant for husk cover,
ear rot and number of kernels row™.

The line x tester (SCA) mean squares showed
significant differences at P < 0.001 for plant height, ear
length and number of kernels row!, and significant
differences at P < 0.05 for days to 50% silking, ear
height, number of kernel rows ear’ and grain yield. No
significant differences was observed for days to 50%
anthesis, anthesis-silking interval, plant aspect, maize
streak virus disease score, husk cover and ear rot.
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Table 2. Genetic variability of genotypes, crosses, crosses vs check, lines, testers and line x testers for grain yield and yield
contributed traits of maize at university of Ghana, WACCI research farm in 2015/16.

Source of variation DF MS

AD SD ASI MSD PH EH PLASP
Rep 1 2.41* 0.91 0.23 0.32 73.64 10.73 0.13
B(rep) 12 2.97*** 2.70%* 0.18 0.08  185.38*** 75.13* 0.39
Lines (L) 15 7.03*** 6.23*** 1.10* 0.35**  268.68*** 153.84*** 1.00%**
Testers (T) 1 12.60*** 2.11* 4,71 0.02 199.12* 184.63* 1.91*
LxT 15 0.57 0.94* 0.18 0.16  154.15%** 78.38* 0.40

- MS
Source of variation DF =1
HC% E rot% EL NKRE NKR Yld (kg ha™)

Rep 1 0.53 1390.45**  2.41 0.06 10.4 219.73
B(rep) 12 30.87 80.53 0.96 1.10 6.36 484481.53*
Lines (L) 15 303.97*¥*  301.19***  7.31%*  6.07** 28.1%** 958743.06***
Testers (T) 1 0.67 189.95 18.0*** 8.05** 5.86 1558855.12**
LxT 15 128.40* 109.63 3.85%** 2.39* 25.9 *** 466294.02*

*, ** and ***=Mean squares significant at P < 0.05, P < 0.01 and P < 0.001, respectively. MS= mean squares, DF= degree of freedom, Rep
= replications, B(rep) = block within replications, AD = days to anthesis, SD = days to silking, ASI = anthesis- silking interval, MSD = maize
streak disease, PH = plant height, EH = ear height, plAsp = plant aspect, HC% = husk cover, RL%-= root lodging, SL%= shoot lodging, E
rot= number ear rot, EL =ear length, NKRE =number of rows ear-1, NKR =number of kernels row-1 and YId = grain yield.

Table 3. Heterotic grouping of tropical white inbred lines based on SCA values with two testers: 1368 and

CML 444,
Lines GCA SCA of grain yield Heterqtic
1368 (A) CML444 (B) grouping

L1 595.33* -491.32* 491.32* A

L2 295.72 163.38 -163.38 B

L3 -594.96* -620.53** 620.53** A

L4 11.22 -214.33 214.33 A

L5 181.44 108.63 -108.63 B

L6 -522.95* 423.92 -423.92 B

L7 105.30 108.63 -108.63 B

L8 549.73* -902.78*** 902.78*** A

L9 246.73 476.46* -476.46* B
L10 - 996.23*** 173.86 -173.86 B
L11 -201.23 -137.35 137.35 A
L12 - 268.84 175.99 -175.99 B
L13 260.87 233.12 -233.12 B
L14 -817.39%** -722.69%* 722.69%* A
L15 288.31 322.19 -322.19 B
L16 866.95*** 568.98* -568.98* B

SE 223.39 223.39

Heterotic group A= tester 1368 and heterotic group B = tester CML 444.

Clustering of tropical white maize inbred lines into

heterotic groups

Assigning inbred lines into heterotic groups is a vital step
in a hybrid-breeding programme, which can provide

maximum heterosis

exploitation.  The

relative

performance of inbred lines in crosses with divergent
testers of known origin has been commonly used to
assign maize inbred lines into heterotic groups (Hallauer
et al., 1988). Significant GCA and SCA effects for grain
yield were detected among the tropical white maize
inbred lines. The SCA effect for grain yield was



considered to be a major criterion for classifying the
inbred lines. The testers were able to classify 16 of tested
inbred lines into two heterotic groups based on SCA
effects. Therefore, inbred lines under this study were
assigned into two heterotic groups based on SCA effects
of mean grain yield (Menkir et al., 2004; Vasal et al.,
1992a,b). An inbred line, which had negative SCA effect
with tester 1368, was assigned to heterotic group A
(1368) whereas, an inbred line which had negative SCA
effect with tester CML 444 was assigned to heterotic
group B (CML 444). All the inbred lines under study were
assigned to two heterotic groups. Among the sixteen
tropical white inbred lines, six inbred lines L1, L3, L4, L8,
L11 and L14 were grouped into heterotic group A (1368)
while ten inbred lines L2, L5, L6, L7, L9, L10, L12, L13,
L15 and L16 were grouped into heterotic group B (CML
444). Thus, in order to exploit genetic diversity and then
heterosis during hybrid variety development when using
these inbred lines, one parent should come from the six
inbred lines belonging to tester heterotic group A while
the other parent should come from the ten inbred lines
belonging to tester heterotic group B. Therefore, inbred
lines with same heterotic groups and positive GCA
effects can be used in the development of synthetic
varieties while those in different heterotic groups can be
used in the development of hybrid varieties to maximize
on heterosis.

Conclusions

The two testers included in the study separated
effectively inbred lines into two heterotic groups. Among
sixteen inbred lines included in the study, six were
assigned into tester heterotic group 1368, while ten were
assigned to tester heterotic group CML 444. This will be
useful for developing hybrids and synthetic varieties in
future breeding. Breeding programmes can take
advantage of this information on combining ability to find
best breeding strategy for developing high yielding lines
and hybrids.

RECOMMENDATION

Inbred lines assigned into two opposite heterotic groups
should be used as parental lines for researchers who
want to develop hybrid varieties and inbred lines with
same heterotic group with positive GCA should be used
for synthetic variety development.
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