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ABSTRACT

This study evaluated the tolerance of maize accessions Edo Statefrom South-South
Nigeria to waterlogging stress, a major constraint to maize productivity. This study was
conducted in a screen house at the Faculty of Agriculture, University of Benin, the
experiment was in a Completely Randomized Design (CRD) with six Accessions from
South -South replicated three times. The Accessions were obtained from Aduwawa,
Agbede, Auchi, New Benin, and Useh were pre-treated, and waterlogging was induced at
the five-leaf stage (SLS) for four weeks. Neem leaves were used as an organic insecticide,
and fertilizer was applied to support growth. Data on plant height, leaf dimensions,
number of leaves, tasseling, silking, pollen shedding, ear height, adventitious roots, and
plant mortality were collected as from 2 weeks after planting . The results showed
significant plant death due to hypoxia, with few surviving genotypes like Useh,Aduwawa
and New Benin but failed to produce grain, likely due to high screen house temperatures
that could have disrupted pollination.The results also showed that accession from Useh
showed the highest growth characteristics on leaf breadth and leaf area, despite the
waterlogging effect. Some Accessions also showed high value for healthy leaves under
waterlogging, indicating that amongst all accessions used in the study, Accession Useh
has the potential ability to grow and thrive on waterlogged soil. The study highlights the
challenges of waterlogging stress and the need for further research to identify tolerant

genotypes, providing insights into maize's physiological responses and the importance of



environmental control in stress tolerance experiments and be potentials genotypes for

breeding work for tolerance to waterlogging.



CHAPTER ONE

INTRODUCTION
In Nigeria, there is an era where the effect of climatic change is becoming more apparent

leading to unusual and unpredictable weather patterns. The south-south region of Nigeria
with its costal and riverine landscape, has been particularly impacted, increased
temperature, prolonged period of intense rainfall and erratic weather events such as
unseasonal floods and storms are now common. These unusual weather characteristics
are disrupting agricultural cycle especially for crops like maize, cassava and rice, which

are central to the region’s economy.

Agriculture around the world is constantly challenged by the rising incidence of adverse
weather events as a consequence of global warming. Extreme events that alter water
availability, like droughts and floods, constitute big threats to food security (Food and
Agriculture Organization of the United Nations [FAO], 2017). Flooding of agricultural
fields is generally caused by intensive and/or extensive rainfall over a period of time, but
it may also result from overflowing of a body of water over land. Floods have a negative
impact on economic and social aspects. Floods cause loss of livestock and seed stocks,
destruction of infrastructure, machinery and tools, food shortage, diseases, and loss of
agricultural productivity. This makes affected farmers and the general population

vulnerable, causing poverty and migrations (Saldafia-Zorrilla, 2008).

According to statistics excessive rainfall can lead to waterlogging which affects 12% of

the worlds crop hectare and can result in up to 20% crop losses (Ren et al., 2016,
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Shabala., 2011), There are so many arable crops which are being cultivated in Nigeria
some of them includes maize, millet, rice, cereals and many others. Maize has become
one of the most widely grown crops across Nigeria due to its adaptability to various
ecological zones and farming methods. It is used in industries for a variety of purposes
including maize starch, dextrose, maize syrup and maize flask (Gul ef al., 2021). It also
grows well in a wide range of soil and climatic conditions. It extracts more nutrient than
other crops such as tiny grains ,cereals and grain legumes. Maize is farmed for a variety
of purpose including animal feed (silage and grains) and pig feed (grains) as well as
human consumption in the form of grains, sweet maize and grain maize. Yellow maize
and white maize are the most prevalent colour of maize globally though there may be a
slight differences in their nutritional value but generally grown and accepted cause of its
availability. Maize is grown almost in all geographical zones in Nigeria but majority of
the country’s maize are produced in Bornu, Niger, Katsina, Oyo, Bauchi, Taraba, Gombe,

Kogi and Plateau State.

Waterlogging mainly decreased the dry matter accumulation and transportation from
other organs to the grain, resulting in significant decreases in grain weight and yield.
Grain filling is crucial for grain yield in summer maize, and the grain filling rate is
affected by both the genotype and environmental conditions. Waterlogging significantly
reduces maize yield by decreasing ear length and width and increasing the bald tip length

(Tian et al., 2019).



When the amount of water in the soil exceeds field capacity, this results in waterlogging
or excessive soil moisture. Excessive moisture in the root zone in the form of free water
(not bound to soil particles) fills the air spaces in the soil, results in poor soil aeration and
eventually affects plant growth and development. Waterlogging causes major changes in
soil physical and chemical properties, major changes in soil physical and chemical
properties, which results in multiple crop stresses, including oxygen stress caused by
low/no oxygen in the root zone, nutrient imbalance and biotic stress due anaerobic
conditions. The identification waterlogging-responsive genotypes of maize is important
for creating new waterlogging -tolerant maize varieties. When the crop is waterlogged for
6 days, the yield loss can reach 44.9% when the waterlogging lasts for 10 days, the leaf
area, ear, length, number of grains per ear and grain weight are significantly reduced, and
the yield is greatly reduced with the highest loss being 95.2% (Huang et al., 2022). Thus
acquired knowledge would be instrumental to guide targeted breeding of waterlogging
tolerant crops with more resilient root system and help in understanding plant response to

waterlogging stress.

1.1 Objectives of study
1. The main objective of this study was to asses maize Accessions from Edo state under
waterlogging at 5 leaf stage so as to identify and select tolerant genotypes for further

breeding work on waterlogging resistance in maize.



The specific objective were to :
1.Access maize genotypes from Edo state ,South-South Nigeria under waterlogging at 5

leaf stage.

2. Screen for genetic resources for the developing of waterlogging resistant maize

genotypes from local Accesions from Edo State.

CHAPTER TWO
LITERATURE REVIEW

2.0 MAIZE
Maize is an essential component of agricultural food, livestock, feed and many essential

industrial products (Gazel et al., 2017). In Nigeria maize is a widely cultivated cereal
crop in all the ecological zones thus the demand for maize is very high and continuously
increases through the years for human and livestock production. It is also one of the most

highly demanded crop in Nigeria and can be used for varieties of purpose.

The Northern part of Nigeria particularly the north-central and north western zones has
the largest production of maize in the country. States under these regions benefit from
combination of favorable amount of climatic conditions, particularly the extended
growing season in the north where both rain-fed and irrigated maize farming is practiced
in Kano, Kaduna and Niger are especially noted for their large scale maize cultivation
due to their fertile soil and more organized agricultural system. White and yellow maize
are mostly cultivated very often in Nigeria because of its adaptability.
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Maize, scientifically known as Zea mays, is the third most significant staple food globally,
following wheat and rice. It holds tremendous socioeconomic significance in Sub-
Saharan Africa. It is widely acknowledged as one of the longest-standing farmed food
crops (Biswas et al., 2022; Elham et al., 2023) and a substantial provider of protein,
minerals, carbohydrates, and vitamin B (Adeola et al., 2023). Maize farming is
widespread in Nigeria and many places (Okorie ef al., 2020). In Nigeria, maize holds
significant importance as a grain in terms of the number of farmers involved in its
production and its economic value (Okoroh and Ejike, 2019; Olasehinde et al., 2023).
The cereal plant produces grains that can be prepared in numerous ways, such as cooking,
roasting, frying, grinding, pounding, or crushing. These grains make food items,

including pap, 'tuwo,' 'gwate', 'dokunnu,’ and many more (Ta'awu et al., ; 2023).

One of the major abiotic stress in agricultural productivity is water logging which affects
10% of the worlds land area (Shabala et a/ 2011). The causes of waterlogging can be due
to substantial and frequent rainfall, improper soil drainage, soil texture and high water
table level, grain yield of maize is significantly reduced by limited crop growth and

development during water logging conditions(Ren et al., 2014).

In Nigeria, particularly in the south-south region about 2.5 million acres of maize
cultivation is affected by waterlogging, which directly influence in the reduction of
annual maize production by 25 to 30% on average. Generally maize crop largely

consumes nutrient and has a good response to frequent irrigation, but is susceptible to



waterlogging .The susceptibility of maize plant to waterlogging was due to absence of air
holes in their roots, unlike rice plants. Therefore, maize crops when exposed to prolonged,
excess soil moisture condition, plant roots undergo a condition known as hypoxia (low

oxygen) followed by anoxia (no oxygen).

Maize is more susceptible to water logging stress, especially at seedling stage thus
resulting in poor stand establishment (Ren et al., 2016). Anaerobic conditions due to
waterlogging, inhibit the growth of plant roots, causing decline in root/shoot ratio and
root dry weight thus indirectly affect the aboveground growth (Grzesiak et al., 2014;
McDaniel et al., 2016; Yu et al., 2017). In response to waterlogging stress, maize root
cells cleave to form aeration tissue for maintaining oxygen diffusion and high absorption
efficiency (Zaidi et al., 2003).

2.1 INFLUENCE OF TEMPERATURE CHANGE ON MAIZE VARIETIES

In as much as maize is a temperature loving plant, it is also very sensitive to temperature
fluctuations climate variability is considered one of the greatest impediments to the
attainment of the sustainable development goals, particularly those focused on the no
poverty and zero hunger, respectively (Bruckner et al., 2014; Nilson et al., 2016).
Increased temperature increases crop development rate, which shortens the growing

period of about 8 to 10% in all regions.

Low temperature negatively affects gaseous exchange, water use efficiency, morphology

and physiology (Hussain ef al., 2019). Farmers sow maize early to escape heat stage at



the reproductive stage but plants are exposed to low soil temperature (below 10% ) during
early seedling development. During this stage soil temperature strongly affects leaf
development as the shoot apex is positioned very near to the soil surface, therefore to
cope with extreme temperature in maize, a comprehensive set of adjustments in cultural
as well as in molecular techniques (such as breeding climate resilient genotypes) and an
improved understanding of the genetic physiological perturbations resulting in stunted

maize growth and reduced grain yield (Rafique et al., 2019).

Temperature influences growth and development of plants, the higher the temperature the
faster plant grows and mature, higher temperature increases mineralization of organic
matter content of the soil. Higher temperature will induce post-harvest spoilage in crops
and putrefaction of animal product such as meat and milk (Bancy 2018). Higher
temperature will also increase nutrient leaching and bring about high rate of fertilizer

application.

The global temperature has been rising in recent decades and climate warming has been
accelerating. Continuously warming climate conditions have also triggered more extreme
weather events that affect agricultural production, which is highly sensitive to natural
resources (Crost et al., 2018). Research suggests that climate change is placing great
pressure on agricultural production (Wilson et al., 2022). Under the stress of climate
change, food production has been facing prominent negative shocks (e.g., the increase in

disaster areas and food production reductions), which may lead to hunger and



malnutrition. Thus, these issues have been catapulted into the forefront of international
discussions across numerous countries. Indeed, researchers propose that various countries
urgently need to look for effective strategies to address the adverse effects of climate
change, such as promoting the training for farmers on climate change adaptation
behaviors (Moore and Lobell, 2014), enhancing the irrigation facilities (Aragon et al.,
2021), and further developing a “climate-smart food system” (Wheeler and von Braun,
2013).

2.2 IMPACT OF WATER SUPPLY /WATER REQUIREMENT IN MAIZE

PRODUCTION
Maize is an effective user of water in terms of total dry matter production and among

cereal. It is potentially the highest yielding grain crop. For maximum production a
medium maturity grain crop requires between 500-800 mm of water. Depending on
climate to this, water losses during conveyance and application must be added .During
key period maize is highly sensitive to a water deficit. The key management period that
impacts yield is period from 20-30 days before flowering (8-10 leaf stage ) to 10-15 days
after, and even during the grain fill stage .As the plants develop larger leaf surface the
demand for water rises as well, approaching maximum water use when the canopy has
fully grown (50-60 days after planting)which means that severe water deficit at that stage
will negatively affect the fertilization ,grain number per cob as a result the final yield of
maize. Based on experimental results, the application of irrigation with sprinklers during

the night may increase 10% the final yield of the plant (Caverns, 2018).



2.3 IMPACT OF WATER LOGGING ON MAIZE DEVELOPMENT
Water-logging inhibits plant growth, resulting in reduced plant height, ear height, dry

weight, leaf area index and grain characteristics. It also decreases the chlorophyll content
in maize ,water logging can remain a significant constraint to maize production across the
globe. In Nigeria waterlogging decreases the vegetative development which has become a

major impediment to maize production (Li et al., 2020).

For maize 4 days in early growing stage limited the seedlings growth (Azahar ef al., 2020)
reduced plant height, internode length, stem diameter and decreased leaf area index [LAI]

of maize leaves to varying degrees (Ren ef al., 2020, Ren et al., 2016).

Water replaces the air in the soil pores, creating anaerobic conditions detrimental to plant
roots and soil organism. This oxygen deficiency hampers root respiration and nutrient
uptake. The adverse effect has been observed not only under the prolonged period of
waterlogging (weeks) but also under the short-term waterlogging (hours or days) (Malik
et al., 2016). Waterlogging decreases the number of spikelet’s per spike and kernels per
spike of barley which ultimately leads to a decrease in yield (Maison et al., 2016).
Waterlogging significantly reduces maize grain yield by decreasing ear length and width
and increasing the bald tip length (Tian ef al., 2019).

2.4 ADAPTATION OF MAIZE TO DROUUGHT IN MAIZE PRODUCTION
Drought stress is an abiotic factor that affects maize growth and yield. Climate change
such as drought causes losses annually between 10-20% (Pauw et al., 2010) or even more,

of the Gross Domestic Product (GDP) among sub-Saharan African countries (De pinto et
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al., 2019 IPCC, 2018; Mairura et al., 2021) The threat are even higher in countries with a
large Agricultural GDP(Ag GDP), like Tanzania (Ochieng ef al., 2021). Drought risk are
systemic and increasing (UNDRR, 2021). In 2019 scientist from African countries urged
the world to "end the drought in drought research “and asked for more support to identify
and prepare for drought disaster (Padma, 2019). Early maturing drought tolerance (DT)
maize varieties are needed for intercropping by providing less competition for moisture

light and nutrient than late maturing ones.

Drought stress can trigger early leaf senescence during the duration of photosynthetic
activities and impacting overall plant productivity, reduces wheat and maize yield by
20.6% and 39.3% respectively.

2.5 IMPACT OF CLIMATIC CHANGE IN MAIZE PRODUCTION

The changes which occurs in the climate pattern which is caused by global warming has
affected so many sectors in the world of which agriculture is inclusive. Agricultural
sector is very important to the Nigerian economy and the world; consequently the change
occurring in the climate pattern is a threat to the development of agriculture (Chikezie et
al., 2015). Agricultural production in Nigeria is highly vulnerable to climate change, it is
one of the most important sectors that are extremely relevant to Nigeria economy, This is
because it is important in sustaining livelihood, job creation and poverty reduction. It also

helps secures food, fuel and contributes to economic development.
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In Nigeria, climate change is evident from temperature increase, rainfall variability
(increase in costal areas and decline in continental areas). It is also reflected in drought,
desertification, rising sea level, erosion, floods, thunderstorms, bushfire, landslide, land

degradation, more frequent extreme weather conditions and loss of bio-diversity.

In maize production, increased temperature and drought have negative effect on maize

seed germination, gamete formation, pollination, fertilization, seed formation and filling.

Maize is very sensitive to frost mostly in the seedling stage but it can tolerate hot and dry
atmospheric condition as long as there is sufficient water available to the plant and
temperature is below 45 degrees. Temperature requirement expressed as sum of mean
daily temperature, for medium varieties are 2500-3000 degree days, while early varieties
requires about 1800 and late varieties 3700 or more degree days. It flourishes on moist
soils but does less on very sandy soils or less dense soils. Soils should be wet, aerated and

well drained as the crop is susceptible to water-logging.
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CHAPTER THREE
MATERIALS ANND METHODS

3.1 EXPERIMENTAL SITE
The experiment was conducted at the screen house 2 in the Department Of Crop Science,

Faculty of Agriculture. University of Benin, Benin City. The location lied between
latitude 6°14North and Longitude 5°41 and 6°43. The experiment site falls within the
humid tropical climate. It is within the rainforest agro ecological zone of Nigeria and has
an annual rainfall of 1762-2300mm per annum with high relative humidity. The daily
temperature ranged from 28-41°c as the minimum and maximum respectively.

3.2 MAIZE GENOTYPES

The genotypes used were accessions from Aduwawa, Agbede, Auchi, Ighara, New Benin,

Useh/Uselu in Edo State.

3.3 SOURCE OF EXPERIMENTAL MATERIIAL
Top soil was collected from the Training and Research Farm, Department of Crop

Science, University of Benin. The buckets were purchased locally.

The wire mesh, Masking Tapes, measuring tape were purchased locally as well.

3.4 EXPERIMENTAL DESIGN AND TREATMENT
The experiment was laid out using a Completely Randomized Design (CRD) with 3

replications. The distance between each plot (buckets) was with 30 cm and 50 cm
between rows. Each replication had 6 buckets and total of 24 buckets including control

were used for the experiment.
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3.5 CULTURAL PRACTICES
The screen house was cleared with cutlass and hoe. A total of 4 seeds were planted per

bucket and thinned to 2 plants per bucket after emergence. Seeds were planted in a ringed
arrangement. Weeding was done as at when appropriate. NPK 15:15:15 fertilizer was
applied. The plants were mulched with neem (Azadiracta indica) leaves. The neem leaves
were used as mulch to also control Army worm infestation (Ewansiah et al., 2023).

Waterlogging treatment was carried out at five Leaf stage.

3.6 COLLECTION OF DATA
3.6.0 PLANT HEIGHT

The height was measured from the soil level to the point where the last leave terminate
using a measuring tape. The height of the plants in all 18 buckets per treatments were

measured and the units expressed in centimeters (cm).

3.6.1 LEAF LENGTH

The length was measured from where the leaf blade attach to the leaf sheat to the tip of
the leaf blade. The length of the leaves of the plant in the 18 buckets per treatment was

measured and the unit expressed in centimeter at 6 weeks after planting.

3.6.2 LEAF WIDTH

The width of leave was measured from the widest part of the leaf (across). The

measurement was taken and expressed in centimeters.

13



3.6.3 CHLOROTIC LEAVES

The leaves having chlorosis were observed and visually counted.

3.6.4 DEAD PLANTS

The number of dead plants were counted and recorded

3.6.5 ADVENTITIOUS ROOTS

Visual observation was done for adventitious roots

14



CHAPTER FOUR
RESULTS

4.1 Variation due to waterlogging Duration on a S leave stage maize Accessions
from South south Nigeria
The mean square value due to the effect of Accessions and waterlogging on growth of

maize seedlings are presented in Table 1. There was significant (p<0.05) difference due to
Accession on leaf width and plant height. Accesion did not significantly differ on leave

number and leaf area.

Variation due to waterlogging was not significant for leaf number and leaf width but there
was significance(p<0.05) due to waterlogging on leaf area and plant height .The effect
due to AccessionxWaterlogging was not significant on all the growth characters.

4.2 Growth characters of maize as influenced by Accessions and water logging

treatment
The mean value of growth characters as influenced by Accessions and waterlogging are

presented in Table 2. There was no significant difference of the Accession on plant
height.The waterlogging treatment significantly influenced plant height which was
highest at 6WAP. There was a gradual and sequential decrease in plant height as
waterlogging duration increased. There was significant difference due to Accession on
leaf width with the Accession Useh having the highest mean value of 4.072. The water

logging duration did not significantly affect the leave width.

Leave area due to Accession was significant with the Accession Useh having the highest

mean value of 161.0 and the lowest mean value from Ighara genotype.Waterlogging
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treatment did not significantly influenced the duration of waterlogging. Variation due to
Accession did not significantly affect the number of leaves but there was a significant

difference due to the duration of the Number of leaves which was highest at SWAP.

4.3 Growth characteristics on Maize seedlings influenced by Ear height, No of
days shedding, Silking and Tasseling.
From table 3 : Accession has no significant difference on chlorotic leaves but there was a

significant difference on healthy leaves and dead laves . Variation due to waterlogging
was not significant on healthy leaves but there was significant difference in dead leaves
and chlorotic leaves.Effects due to Accession xwaterlogging was not significant on all

growth characteristics.

4.4 Variation due to waterlogging Duration on a 5 leave stage maize Accessions from

South south Nigeria

Table 4 showed that .For healthy leaves, there was a significant difference with Useh
Accession having the highest mean value of 7.00 and the lowest form Aduwawa
Accession having the lowest of 3.167 but there was no significant difference on healthy
leaves due to waterlogging duration. There was a significant difference on dead laves due
to Accession with Useh and New Benin Accessions having the highest mean value of

(2.00) respectively and lowest mean value from Aduwawa Accession(1.208). Variation

16



due to waterlogging duration has significant difference on dead leaves with an increasing

number of recorded dead leaves from 9WAP all through the duration of waterlogging.

There was significant difference due to Accession in chlorotic leaves with Useh
Accession having the highest mean value and Aduwawa having the lowest . Variation due
to waterlogging duration was highly significant with a tremendous increase from 9WAP

to 11 WAP.

Table 5 :Mean Square value due to the effect of waterlogging on a 5 leaf stage maize
Accession from South -South in Edo state Nigeria Table 5 as seen shows that Tasseling,
silking, Ear height were not significantly different but shedding has a significant

difference in the Accession.

Table 6: There was no significant difference from all Accessions on Tasseling,Ear height,

silking, shedding.
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Table 1a.Mean square Value due to the effect of waterlogging on a 5 leaf stage maize Accessions
from South south Nigeria

Leaf
Source of variation d.f Number Leaf area Leaf Width Plant height
Accessions (A) 5 21.38™ 31606™ 23.873 * 2002*
Waterlogging (WAP) 9 2291 41270 * 12.474 s 7338%*
Accessions (A) x 45 3.52m 7670 " 6.820 s 774"
Waterlogging (WAP)
Residual 180 12.71 14687 8.81 1695

Ns-Non significant **Highly significant ~ *Significant

Table 1b mean value of growth characteristics on maize seedlings at 5 leaves stage as influenced
by water logging on accession at 11 weeks duration after planting

Accessions Plant height Leaf breath Leaf area Number of leaves
Aduwawa 53.98° 1.965° 91.4%® 4.325°
Agbede 61.34* 2.505° 102.0? 5.7132
Auchi 67.412 2.478° 92.2%® 5.692°
Ighara 51.152 1.991° 87.3% 5.1382
New Benin 57.982 2.455% 92.9° 6.145%
Useh 68.66% 4.072* 161.0% 6.325°
Significance ns * * ns

Sed 9.21 0.604 53.47 0.797
Water logging (WAP)

2WAP 41.57bede 1.7922 47.22 4.142°
3WAP 44 44bcde 1.615° 49.92 4.583%
4WAP 72.19% 2.131* 77.92 5.960%
SWAP 82.88° 2.8792 135.92 7.500?
6WAP 84.00° 3.036 152.02 6.312®
TWAP 65.40% 3.677% 151.6* 5.958®
SWAP 65.92abc 2.429° 102.12 5.615%®
9WAP 58.75abede 23192 92.9 4.917%
10WAP 30.86% 3.677° 151.1# 5.742%®
11WAP 53.88abcde 2.223* 89.12 4.833%
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2a Mean square Value due to the effect of waterlogging on a 5 leaf stage maize Accessions from

South-South Nigeria.

Source of variation d.f lHealthy Dead leaves Chlorotic
eaves leaves

Accessions (A) 5 44.41%* 7.107 * 9.394 ns

Waterlogging (WAP) 5 7.250 20. 090** 19.944**

Accessions (A) x 25 476" 1.224"s 1.608"

Waterlogging (WAP)

Residual 108 12.96 3.062 4.299

Ns-Not significant ~ **Highly Significant *Significant

2b Mean value of growth characteristics on maize seedlings at 5 leaves stage as influenced by

water logging on accession at 11 weeks duration after planting

Accessions Health leaves Dead leaves Chlorotic leaves
Aduwawa 3.167° 1.208° 1.250°
Agbede 4.125% 1.458» 2.62®
Auchi 5.667% 2.7922 1.875%
Ighara 4.325% 1.792%®

New Benin 5.542q 2.000% 2.333%
Useh 7.0002 2.0002 2.5832
Significance * * *

Sed 1.237 2.517 1.237
Waterlogging (WAP)

6WAP 5.7082 0.500¢ 2.0422
TWAP 5.167* 1.292° 1.292°
SWAP 4.8332 1.417b 1.167°
9WAP 54172 2.375b% 2.8332
10WAP 43752 2.583% 3.208*
11WAP 43752 2.87%a 3.1252
Significance ns ok *E
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Table 3a: Mean square Valerie due to the effect of waterlogging on a 5 leaf stage maize
Accessions from South south Nigeria

. . . o Ear
Source of variation d.f. Tasseling  Shedding  Silking height
Accessions (A) 5 1687.7" 2254% 1199 248ms
Residual 18 8652 1059 2624 1348

Ns-Not significant ~ **Highly Significant *Significant

Table 3b: Mean value of growth characteristics on maize seedlings at 5 leaves stage as influenced
by water logging on accession at 11 weeks duration after planting

Accessions Ear height shedding Silking Tasseling
Aduwawa 23.00? 18.25% 24.50° 15.50*
Agbede 23.50? 64.002 48.25° 55.75%
Auchi 27.50? 59.502 46.25° 55.502
Ighara 20.75* 57.502 417.002 51.502
New Benin 31.00° 85.00* 70.25% 70.752
Useh 42.25a 80.752 80.75% 69.60*
Significance ns ns ns ns
Cv 131.1 53.5 102.2 55.4

Ns-Not significant ~ **Highly Significant *Significant
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CHAPTER FIVE

5.1  DISCUSSION
This study indicated that maize Accessions from the South - South zone of Nigeria are

susceptible to waterlogging. There were no significant difference. However Accessions

from were able to withstand the waterlogging stress.

Waterlogging treatments reduced the maize growth parameters; the maximum decrease

was found when waterlogging occurred at five-leaf stage.

Studies have reported that waterlogging at the Five-leaf stage in summer maize resulted
in maximum grain yield loss (Purvis, 2016),followed by the six-leaf and tasseling stages
(Mcfarlane et al, 2014).Consistent with these observations in maize, the present study
also demonstrated that waterlogging at 5 leaves stage (5 LS) caused severe damage to
maize growth parameters than those without waterlogging treatment.The maize growth
parameters seemed to be at highest at no waterlogging treatment. Data from the present
experiment confirmed that waterlogging at three and five-leaf stages resulted in a
signifcant decrease in maize growth parameters in the varous accession.There was no
significant effect on the interaction between accessions and waterlogging at various
weeks after planting. The results of the study showed that accession useh had the highest
growth characteristics on leaf width and leaf area despite the waterlogging effect.
Accession useh also showed the highest value for healthy leaves under waterlogging,
showing that amongst all accessions used in the study, accession useh has the ability to

grow and thrive on waterlogged soil. Studies also showed that accession auchi had the
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highest values for dead and chlorotic leaves indicating it's inability to survive on

waterlogged soil.

There was no significant effect on ear height, silking, shedding and tasseling across all

accessions, showing their inability to produce grain under waterlogging conditions.

5.2 CONCLUSION
Six plants from replicate namely Aduwawa, Agbede, Auchi, Ighara, New Benin, Useh
survived waterlogging stress for 4 weeks from 5 leave stage corresponding to 2 weeks

after planting.

Based on this experiment it is recommended that resistant varieties be isolated, further
observed and preserved in optimal temperature to produce grain which will become

breeding materials for waterlogging genotypes

Further trials and programs for screening for maize tolerance to waterlogging from

existing maize germplasm is encouraged and recommended.

22



REFERENCE

Abdulrahaman AA, Kolawole OM (2006) Traditional preparation and uses of maize in
Nigeria. Ethnobot. leaflets 10:219-227.

Ado SG, Usman IS, Abdullahi US (2007). Recent Development in Maize research at
institute for agricultural research, Samaru, Nigeria. Afr. Crop Sci. Proc. 8:1871-
1874.

Areal, F. J., Riesgo, L., & Rodriguez-Cerezo, E. (2013). Economic and agronomic impact
of commercialized GM crops: A meta-analysis. The Journal of Agricultural
Science, 151, 7-33.

CIMMYT, IITA (2010). Maize-Global alliance for improving food security and the
livelihoods of the resource-poor in the developing world. Draft proposal
submitted by CIMMYT and IITA to the CGIAR Comortium Board. El Batan,
Mexico, 91pp.

Esteban C. Anthony Jerald, Baldo B. Nenita (2024). Effects and Recovery of Maize (Zea
mays Linn) to Waterlogging Imposed at Early Seedling Stage . Agricultural
Science Digest. 44(3): 414-420. doi: 10.18805/ag.DF-500

FAO (2006). Annual report of food and agricultural organization of United Nations.

Gazal, A., Nehvi, F., Lone, A.A. and Dar, Z.A. (2017). Assessment of genetic variability
of a set of maize inbred lines for drought tolerance under temperate conditions.
International Journal of Current Microbiology and Applied Sciences. 6(12):
2380-2389. https://doi.org/10.20546/ijcmas.2017.612. 275.

Idisi, E. B., Deekor, T., & Lawal, O. (2025). Climate Variability and Soil Moisture
Dynamics in the South-South Region of Nigeria. International Journal of
Advanced Academic Research, 10(11), 1-18.
https://www.openjournals.ijaar.org/index.php/ijaar/article/view/837

Liu YZ, Tang B, Zheng YL, Ma KJ, Xu SZ, Qiu FZ. Screening methods for waterlogging
tolerance at maize (Zea mays L.) Agricul Scienc China. 2010;9:362-369. [Google
Scholar]

Ren B, Dong S, Zhao B, Liu P, Zhang J. Responses of nitrogen metabolism, uptake and
translocation of maize to waterlogging at different growth stages. Front Plant Sci.
2017;8:1216. doi: 10.3389/1pls.2017.01216. [DOI] [PMC free article] [PubMed]
[Google

23



Shiferaw, B., Prasanna, B.M., Hellin, J. and M. Binziger. (2011). Crops that feed the
world 6. Past successes and future challenges to the role played by maize in
global food security. Food Security. 3: 307. https://doi.org/10.1007/s12571-011-
0140-5.

24


https://doi.org/10.1007/s12571-011-0140-5
https://doi.org/10.1007/s12571-011-0140-5

	CERTIFICATION
	DEDICATION
	CHAPTER ONE
	INTRODUCTION  
	CHAPTER TWO
	LITERATURE REVIEW
	2.0 MAIZE
	2.1 INFLUENCE OF TEMPERATURE CHANGE ON MAIZE VARIE
	2.2 IMPACT OF WATER SUPPLY /WATER REQUIREMENT IN M
	2.3 IMPACT OF WATER LOGGING ON MAIZE DEVELOPMENT 
	2.4 ADAPTATION OF MAIZE TO DROUUGHT IN MAIZE PRODU
	2.5 IMPACT OF CLIMATIC CHANGE IN MAIZE PRODUCTION
	CHAPTER THREE
	MATERIALS ANND METHODS
	3.1 EXPERIMENTAL SITE 
	3.2 MAIZE GENOTYPES 
	3.3 SOURCE OF EXPERIMENTAL MATERIIAL
	3.4 EXPERIMENTAL DESIGN AND TREATMENT
	3.5 CULTURAL PRACTICES 
	3.6 COLLECTION OF DATA
	CHAPTER FOUR
	RESULTS
	4.1Variation due to waterlogging Duration on a 5 
	4.2   Growth characters of maize as influenced by 
	4.3Growth characteristics on Maize seedlings infl
	CHAPTER FIVE
	5.1DISCUSSION 
	5.2CONCLUSION
	REFERENCE

