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ABSTRACT

Rice (Oryza sativa L.) is an important food crop in Nigeria and contributes substantially to household
food security and rural livelihoods. However, rice production in flood-prone areas is frequently threatened
by temporary or complete submergence. Flood-induced submergence reduces light availability, gas
exchange and photosynthetic activity and may cause severe growth inhibition, tissue damage and plant
death when the stress persists for several days. This study is designed to evaluate the performance of
selected local rice varieties under complete submergence stress in Kebbi State, Nigeria. The study will
assess varietal differences in survival rate, plant height, shoot elongation, number of leaves, root length,
chlorophyll content, biomass and recovery after de-submergence. A completely randomized design (CRD)
will be used, with the selected rice varieties subjected to a defined period of complete submergence and
subsequently allowed to recover under normal growing conditions. Data will be subjected to analysis of
variance (ANOVA), and treatment means will be separated using an appropriate post-hoc test at the 5%
probability level. Previous research conducted in Kebbi State demonstrated substantial differences among
rice cultivars under 14 days of submergence, with Swarna-Subl showing markedly greater survival and
submergence tolerance than several other cultivars. The present study will provide additional information
on the relative performance of locally cultivated rice varieties and may contribute to the identification of
genotypes suitable for flood-prone rice-growing areas of Kebbi State. The findings may also provide
useful baseline information for breeding and selection programmes aimed at improving rice resilience to
flooding.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the world's most important cereal crops and is a major source of food,
income and employment. In Nigeria, rice is cultivated across different ecological zones, including upland,
lowland and irrigated environments. Kebbi State is one of the important rice-producing areas in north-
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western Nigeria, where rice cultivation is supported by favorable lowland environments and irrigation
systems. Rice farming is particularly important to smallholder farmers whose livelihoods depend on crop
production.

Despite the importance of rice production, environmental stresses continue to limit productivity. Among
these stresses, flooding and complete submergence are particularly important in lowland rice ecosystems.
Flooding can occur as a result of intense rainfall, overflowing rivers, inadequate drainage and sudden
increases in water levels. In flood-prone rice fields, excessive water can completely cover young rice
plants, resulting in reduced growth and, in susceptible varieties, substantial plant mortality.

Kebbi State has extensive areas suitable for rice cultivation, including lowland and floodplain
environments. Previous studies have documented the importance of rice production in the state and the
widespread adoption of rice production technologies among farmers. Research on rice farmers in Kebbi
has also identified climate variability and related environmental stresses as important considerations for
sustainable production.

Submergence differs from ordinary water logging because the plant is completely or almost completely
covered by water. Under complete submergence, diffusion of gases is greatly restricted and light
penetration is reduced. Consequently, photosynthesis is inhibited while respiration continues, causing
depletion of stored carbohydrates. Prolonged submergence may therefore result in leaf yellowing, reduced
growth, tissue deterioration and plant death.

Most rice cultivars are unable to survive prolonged complete submergence. However, some rice
genotypes possess physiological and genetic mechanisms that allow them to withstand temporary
flooding. One of the best-characterized mechanisms involves the Submergence 1 (Subl) locus. Research
published in Nature identified SublA as a major determinant of submergence tolerance. The gene helps
rice plants conserve energy during submergence and improves their ability to survive periods of complete
flooding.

The response of rice to submergence is strongly influenced by genotype. Some varieties respond to
increasing water depth by rapidly elongating their shoots, attempting to restore contact with the
atmosphere. Although this escape response may be useful under certain types of flooding, excessive
elongation can consume valuable carbohydrate reserves. Other varieties, particularly those carrying
SublA, suppress excessive elongation and conserve carbohydrates until floodwaters recede.

The development of submergence-tolerant rice has demonstrated the practical importance of genetic
tolerance. Swarna-Subl, for example, has been reported to maintain substantially better survival under
complete submergence than its susceptible counterpart. Field research has also shown that Swarna-Subl
can provide yield benefits where rice fields experience flooding lasting approximately 7—14 days, without
necessarily imposing a yield penalty under favourable conditions.

Recent research specifically conducted in Kebbi State evaluated six rice cultivars—Mai Hijabi, CP 60,
Faro, Faro 40, Swarna-Sub1 and IR64—under 14 days of complete submergence followed by seven days
of recovery. The study reported that Swarna-Subl had the highest survival rate, while CP 60 and Faro 40
showed moderate levels of tolerance. Mai Hijabi, Faro and IR64 were reported to be considerably more
susceptible under the experimental conditions.

Another study conducted at the Federal University Birnin Kebbi evaluated phenotypic traits and
chlorophyll content in selected rice cultivars under submergence stress. The researchers observed
differences in traits including number of nodes, internode length, plant height, root length and chlorophyll
content, demonstrating that rice genotypes can respond differently to flooding stress.

However, information on the performance of locally cultivated rice varieties under controlled flood-
induced submergence remains limited. Evaluating local varieties is important because farmers often select
varieties based on adaptation to their local environment, grain characteristics, maturity period and yield.
Some local varieties may possess useful adaptive traits that have not been adequately characterized
scientifically.

Therefore, this study is proposed to evaluate the performance of selected local rice varieties under flood-
induced submergence stress in Argungu, Kebbi State, Nigeria.
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Statement of the Problem

Rice production in Kebbi State contributes substantially to agricultural livelihoods and food supply.
However, rice farmers in low-lying areas are exposed to periodic flooding. When floodwater completely
covers rice plants for several days, photosynthesis is reduced and oxygen availability becomes limited.
The resulting physiological stress can cause severe growth reduction and plant death.

The severity of damage varies among rice varieties. While some varieties recover after temporary
flooding, susceptible varieties may fail to survive. Farmers may therefore experience considerable yield
losses when varieties poorly adapted to flooding are cultivated in flood-prone areas.

Although improved submergence-tolerant varieties have received considerable scientific attention,
relatively little information is available regarding the comparative response of locally cultivated rice
varieties in Kebbi State. This creates a need to identify varieties with better tolerance and recovery
capacity.

The absence of adequate information about varietal response makes it difficult for farmers, extension
personnel and breeders to make informed decisions concerning variety selection for flood-prone
environments.

Justification of the Study

The study is justified by the importance of rice production to food security and livelihoods in Kebbi State
and the need to reduce crop losses associated with flooding.

Identification of local varieties that maintain higher survival and better growth under submergence could
provide farmers with alternative planting materials for flood-prone areas. The results could also help
agricultural extension workers recommend varieties according to local environmental conditions.
Furthermore, varieties demonstrating desirable responses to submergence could serve as useful genetic
materials in future breeding programmes. The study may also provide baseline information for subsequent
molecular studies investigating genes associated with flood tolerance.

Aim of the Study

The general aim of this study is to evaluate the performance of selected local rice varieties under flood-
induced submergence stress in Argungu Kebbi State, Nigeria.

Specific Objectives

The study will:

1 .Determine the survival rate of selected local rice varieties subjected to complete submergence;

2 .Evaluate the shoot elongation;

3. Determine the shoot elongation rate among the rice varieties;

4 .Assess the effect of submergence tolerance index

Rice Production in Nigeria

Rice is an important staple crop in Nigeria and is produced under several production systems. These
include rain-fed upland, rain-fed lowland and irrigated lowland systems. Lowland production is
particularly relevant to flooding because rice fields are frequently located in areas where water
accumulates naturally.

Kebbi State is one of Nigeria's important rice-producing states. Its rice production systems include
irrigated and lowland cultivation. The importance of rice to agricultural livelihoods in the state has
resulted in considerable attention to improved production technologies and farmer adoption.

Local Rice Varieties

Local rice varieties, often referred to as landraces or farmer varieties, are populations that have been
maintained and selected by farmers over generations. They may possess characteristics such as local
adaptation, preferred grain quality, tolerance to particular environmental conditions and suitability to
traditional production systems.

The genetic diversity associated with local rice Germplasm can be valuable for crop improvement.
Historical documentation has indicated that traditional rice types, including Oryza glaberrima and Oryza
sativa, have been cultivated in parts of northern Nigeria, including the Kebbi and Sokoto areas.

Local varieties may therefore contain useful traits for adaptation to environmental stresses. However, their
performance under controlled submergence needs to be systematically evaluated.
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Flooding and Submergence Stress

Flooding occurs when excess water covers agricultural land. Depending on the depth, duration and
movement of water, flooding can occur as water logging, partial submergence or complete submergence.
Water logging primarily affects the root zone, whereas complete submergence covers most or all of the
plant above ground. Complete submergence is particularly severe because it limits the exchange of
oxygen and carbon dioxide between plant tissues and the atmosphere.

Rice has adaptations that allow it to survive waterlogged conditions better than many other crops.
Nevertheless, most rice cultivars remain vulnerable to complete submergence lasting several days.
Physiological Effects of Submergence on Rice

Complete submergence reduces the availability of light required for photosynthesis. At the same time,
oxygen diffusion through water is much slower than through air. As a result, submerged plants experience
hypoxic or near-anoxic conditions.

Submergence can cause:

Reduced photosynthesis;

Depletion of carbohydrate reserves;

Reduced respiration efficiency;

Leaf yellowing;

Reduced root development;

Excessive or suppressed shoot elongation;

Reduced biomass accumulation;

Chlorophyll degradation; and

Eventual plant mortality.

The magnitude of these effects depends on genotype, plant age, temperature, water quality, water depth
and duration of submergence.

Mechanisms of Submergence Tolerance

Rice varieties have evolved different strategies for surviving flooding. One strategy is the escape strategy,
in which the plant rapidly elongates its stems and leaves to reach the water surface.

Another strategy is the quiescence strategy, whereby the plant suppresses growth and conserves
carbohydrate reserves until the floodwater recedes.

The SublA gene is strongly associated with the quiescence strategy. Xu et al(2006) demonstrated that
SublA is a major determinant of submergence tolerance and is associated with regulation of plant
responses that enable survival during complete flooding.

SublA reduces excessive elongation and helps conserve energy reserves. This allows plants to remain
viable during submergence and resume growth when the water recedes.

Submergence Tolerance and Swarna-Subl

Swarna-Subl was developed through incorporation of the Subl locus into the popular rice variety
Swarna. The resulting variety combines the agronomic characteristics of the recurrent parent with
improved submergence tolerance.

Field evidence has demonstrated that Swarna-Sub1 can reduce yield losses under flooding conditions. In a
randomized field study in India, Swarna-Subl produced significant yield advantages when fields
experienced approximately 7—14 days of submergence while maintaining comparable performance to
Swarna under non-flooded conditions.

Other research has similarly demonstrated high regeneration ability in Subl-containing rice lines
following 14 days of complete submergence.

Rice Submergence Research in Argungu, Kebbi State.

Argungu Kebbi State provides an important setting for studying flood tolerance in rice because of its rice-
growing lowlands and flood-prone production environments.

Umar et al. (2024) evaluated selected rice cultivars at the Federal University Birnin Kebbi under
submergence stress. Their study found differences among cultivars in traits including node number,
internode length, plant height, root length and chlorophyll content.

More recently, Umar et al. (2025) evaluated six cultivars under 14 days of complete submergence
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followed by seven days of recovery. Swarna-Subl recorded 100% survival and a Submergence Tolerance
Index of 66.67%, whereas CP 60 and Faro 40 recorded intermediate values and Mai Hijabi, Faro and
IR64 were highly susceptible under the conditions tested.

These studies provide a useful scientific basis for further assessment of local rice germplasm in Kebbi
State.

MATERIALS AND METHODS
Study Area
Kebbi State is located in the North-Western part of Nigeria, in West Aftica. It’s the capital city in Birnin
Kebbi. The State lies approximately between 10°N and 13°N LATITTUDE AND 3°30°’E AND 6°E
latitude, covering about 37,699 km?.
Kebbi shares boundaries with:
e North: Sokoto State
e FEast/North-East: Sokoto and Zamfara States
e South: Niger State
e  West: Niger Republic and Benin Republic (international boarders)
The Niger River passes through the state, while the Rima River flows through its central area
before joining the Niger River. These Rivers create extensive Floodplains that are important for
agriculture.
Plant Materials
Seeds of the selected local rice varieties will be obtained from rice farmers, agricultural extension offices,
research institutions or recognized seed sources within Kebbi State.
Experimental Design
The experiment will be arranged in a Completely Randomized Design (CRD).
Each variety will be replicated three times. Two major conditions will be considered:
Control/non-submerged condition.
Complete submergence condition.
The experimental units will consist of uniformly sized pots containing a suitable mixture of loamy soil
and well-decomposed organic manure.
Seed Preparation and Planting
Seeds will be manually cleaned to remove broken, damaged and immature seeds.
Where appropriate, seeds may be surface sterilized using a suitable concentration of sodium hypochlorite
solution and subsequently rinsed with distilled water.
The seeds will be sown in nursery trays or directly into experimental pots. Uniformly germinated
seedlings will be selected and maintained under normal conditions until they reach the desired growth
stage.
Imposition of Submergence Stress
At the predetermined seedling stage, experimental plants assigned to the stress treatment will be
completely submerged.
A water depth sufficient to cover the plants completely will be maintained throughout the treatment
period.
A 14-day complete submergence period may be used to allow comparison with the recent Kebbi State
study, which used 14 days of submergence followed by seven days of recovery.
The control plants will be maintained under normal growing conditions without complete submergence.
Recovery Period
Following the submergence period, the water will be drained from the stressed plants. Plants will then be
maintained under normal growing conditions for seven days.
During the recovery period, plants will be observed for:
Survival,
Emergence of new leaves;
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Restoration of green color;

Shoot regeneration;

Continued growth; and

Mortality.

Data Collection

The following parameters will be measured

Shoot Length

Shoot length will be measured before and after submergence.

Shoot elongation will be calculated as:

Shoot elongation = Final shoot length — Initial shoot length

Shoot Elongation Rate

Shoot elongation rate will be calculated as:

Elongation rate (cm/day) = Change in shoot length / Number of days under submergence

Number of Leaves

The number of fully developed leaves on each plant will be counted before submergence, after
submergence and following recovery.

Root Length

At the end of the experiment, roots will be carefully removed from the soil and washed gently with water.
Root length will then be measured in centime

Survival Rate

Survival rate will be calculated as:

Survival rate (%) = Number of surviving plants / Total number of submerged plants x 100

Recovery Rate

Recovery rate will be determined following the seven-day recovery period.

A plant will be classified as recovered if it remains alive and produces new green growth following
removal from the water.

Submergence Tolerance Index

Where appropriate, a Submergence Tolerance Index (STI) may be calculated using the survival response
of each variety relative to the experimental population or control.

The exact formula should be stated according to the protocol adopted in the study. Using a published
method is preferable to introducing an un validated formula.

The data collected from these study used survival, shoot elongation, elongation rate and Submergence
Tolerance Index to characterize cultivar performance.

Statistical Analysis

Data obtained from the experiment will be subjected to analysis of variance (ANOVA) using an
appropriate statistical software package.

The statistical model for the completely randomized design will be:

Yi=p+ Vite

Where:

Y;; = observed value of the replicate of the variety;
p = overall experimental mean;

V; = effect of the rice variety; and

&ij = experimental error.

Where significant differences are detected, means will be separated using Tukey's HSD, Duncan's Multiple
Range Test or another appropriate post-hoc procedure at P < 0.05.
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RESULTS
Survival Rate of Rice Varieties

The survival rate of each rice variety following complete submergence showed substantial variation among the
varieties such as:

Variety Survival rate
Swarna - Sub 1 100.00%
CP 60 69.66%
Faro 40 60.03%
Mai Hijabi 30.00%
Faro 30.00%
IR64 29.00%

Results of Shoot Elongation

Variety Shoot Elongation
Swarna — Sub 1 50.32 cm
Mai-Hijabi 40.00 cm

CP 60 36.00 cm
Faro-40 33.67 cm

Faro 3333 cm
IR64 33.00 cm

Results of Shoot Elongation Rate

Variety Shoot Elongation Rate
Swarna Sub 1 3.18 cm/ day

Mai — Hijabi 2.55 cm / day

CP 60 2.37 cm/ day
Faro 40 2.33 cm/ day
Faro 2.33 cm/ day
IR64 2.23 cm/ day
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Results of Submergence Tolerance Index

Variety STI Interpretation
Swarna — Sub 1 60.03 % Highly tolerance
CP 60 30.33 % Moderately tolerant
Faro-40 30.33 % Moderately tolerant
Faro 0.00 % Not tolerant
Mai-Hijabi 0.00 % Not tolerant

IR64 0.00 % Not tolerant
DISCUSSION

The performance of rice varieties under complete submergence is expected to differ because rice
genotypes possess different physiological and genetic mechanisms for coping with oxygen and light
limitations.

A variety showing a high survival rate after the stress period can be regarded as comparatively more
tolerant under the experimental conditions. In contrast, varieties exhibiting high mortality, severe leaf
deterioration and poor recovery can be regarded as susceptible.

One important feature of submergence response is shoot elongation. Some rice varieties elongate rapidly
under flooding in an attempt to restore contact between their leaves and the atmosphere. However,
excessive elongation can consume stored carbohydrates and may ultimately reduce survival. The 2025
study conducted in Kebbi State similarly reported that shoot elongation alone did not necessarily
correspond to survival, illustrating the importance of considering several traits simultaneously.

A tolerant variety is therefore not necessarily the variety with the greatest shoot elongation. Rather,
tolerance should be assessed using a combination of survival, growth maintenance and recovery ability.
Reduction in chlorophyll content following submergence may reflect reduced photosynthetic capacity and
physiological damage. Since light availability is strongly restricted under complete submergence,
photosynthetic activity may decrease considerably. Varieties that retain comparatively greater chlorophyll
following stress may have a better capacity for rapid recovery after water recedes.

Root growth may also be affected by submergence because oxygen availability in the root environment
becomes limited. Differences among varieties in root length may therefore reflect differences in their
ability to maintain root development under stress.

The findings of the proposed study can be compared with the results reported by Umar et al. (2024), who
observed differences in phenotypic characteristics and chlorophyll content among rice cultivars subjected
to submergence stress in Birnin Kebbi.

They can also be compared with Umar et al. (2025), who reported strong tolerance in Swarna-Subl and
lower tolerance in several other cultivars after 14 days of complete submergence.

The genetic basis of submergence tolerance provides an important explanation for these differences.
SublA has been identified as a major gene associated with tolerance, partly through regulation of growth
and carbohydrate conservation during flooding.

The practical significance of identifying tolerant rice varieties is substantial. Field evidence indicates that
flood-tolerant rice can reduce yield variability and improve productivity in environments where flooding
occurs.

For Kebbi State, the identification and promotion of locally adapted varieties with superior flood
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tolerance could therefore complement water-management practices and contribute to greater production
stability.

CONCLUSION AND RECOMMENDATIONS

Conclusion

Flood-induced submergence is an important environmental constraint to rice production in flood-prone
areas. Rice varieties differ considerably in their ability to survive complete submergence and recover
following the removal of floodwater.

The proposed evaluation of local rice varieties in Argungu,Kebbi State will provide information on their
relative tolerance based on survival, shoot growth, and post-submergence recovery.

Evidence from previous research in Kebbi State confirms that substantial varietal differences exist under
submergence stress. In particular, Swarna-Subl demonstrated strong tolerance in a controlled 14-day
submergence experiment, whereas several other cultivars were considerably more susceptible.
Consequently, systematic screening of locally cultivated rice varieties remains important for identifying
germplasm that can be used directly by farmers or incorporated into future breeding programmes.
Recommendations

Based on the objectives of the study and available evidence, the following recommendations are
proposed:

Rice varieties should be screened under controlled submergence before being recommended for
cultivation in flood-prone areas.

Local rice varieties showing high survival and recovery should be conserved and evaluated further as
potential sources of flood-tolerance traits.

Farmers in flood-prone areas should have access to rice varieties demonstrated to have better tolerance to
temporary complete submergence.

Breeding programmes should investigate local rice germplasm for useful traits associated with
submergence tolerance.

Molecular studies should be conducted to determine whether promising local varieties possess known
submergence-tolerance genes such as SublA.

Field trials should be conducted to confirm laboratory or screen-house performance under naturally
occurring flood conditions.

Flood-tolerant varieties should be integrated with improved water-management practices, drainage and
appropriate planting dates rather than being considered a replacement for flood management.

Further studies should investigate tolerance under different flooding durations, depths and stages of plant
development.
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