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Abstract

Drought and salinity are the most widespread soil problems, posing a big
threat to food security in rice growing regions. The present study evaluated
the performance of eleven rice genotypes using morphological and physio-
logical parameters, under induced drought and salinity conditions. The
seedlings were raised in 5 kg of homogenous soil in plastic bags in the green-
house. For the drought experiment, each bag was watered with 200 ml of wa-
ter twice daily until plants reached the five-leaf stage when watering was sus-
pended for 2 weeks for the drought stressed plants but not suspended for the
control plants. The experiment was a 2 x 11 factorial and the set up was ar-
ranged using the completely randomized design with three replications. Data
were taken on Plant height, Number of tillers, leaf length, Number of green
leaves, Number of dead leaves, Leaf rolling score (LRS) and Rate of water loss.
The salinity experiment was set up in a similar manner except that the plants
were irrigated twice a day for 2 weeks with 200 ml of treatment solution con-
taining either 0 mM NaCl or 75 mM and data were collected on plant height,
number of tillers, shoot fresh weight, shoot dry weight, Na* and K* concen-
trations, relative water content and chlorophyll content. Data from both ex-
periments were subjected to Analysis of variance test using the GenStat soft-
ware 10" edition and the means separated using least significant difference
test. Individual stress response index (ISRI) was calculated for each parameter
and the means used in grouping the varieties. Of the genotypes evaluated,
four (FARO 44, NERICA 2, NERICA 8 and NERICA 5) were identified as to-
lerant, two (NERICA 4 and FARO 57) as moderately tolerant, while the rest
were found to be sensitive to drought. Equally, two varieties (FARO 44 and
RAM 137) stood out in the salinity screening as tolerant varieties, five were
moderately tolerant while four (FARO 64, FARO 52, NERICA 2 and FARO
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55) were clearly susceptible. FARO 44 is the only genotype that showed tol-
erance to both drought and salinity. The identified drought and salinity to-
lerant rice genotypes from this study can be recommended as genetic
sources for future breeding programs for drought and salinity tolerance in
rice.
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1. Introduction

Rice (Oryza sativa L.) is presently one of the prominent cereal crops, accounting
for more than half of human caloric intake globally and valued for its nutritional
benefits. It is high in fibre, contains vitamin E and some minerals such as potas-
sium, calcium, magnesium, selenium, zinc and iron and has low cholesterol and
sodium contents, hence its choice as a healthy and affordable source of energy
[1]. Modelling simulations estimate that agricultural production will need to
double by 2050, especially with regards to high-demand staple foods such as rice,
in order to sustain the growing population [2]. In Nigeria, rice has a critical role
to play because it is a staple, and the country consumes about 7 million tons of
rice a year. Although Nigeria is one of the major producers of rice in SSA and
has the potential to combat food insecurity presently facing the country, the
country has exhibited less expansion in rice production. Over the years, the Ni-
gerian government has introduced various policies and made concerted efforts
towards increasing rice production in the country, but not much success has
been recorded because of low yields. The low productivity in agricultural crops
including rice is mostly attributed to various abiotic stresses. The major abiotic
stresses which affect rice production in Nigeria include salt toxicity, drought
and Nutrient deficiency [3]. They negatively influence the survival, biomass
production and yield of rice, which is a major threat to food security world-
wide [4].

Drought stress affects approximately 23 million ha of rainfed rice worldwide.
The situation is expected to worsen under the prevailing climate change [5] [6].
Drought stress results when water loss from the plant exceeds the ability of roots
to absorb water and when the plant’s water content is reduced enough to inter-
fere with normal plant processes. Without adequate water, biological processes,
such as photosynthesis, are greatly reduced. Reduced photosynthesis means re-
duced plant growth, including root growth, which leads to a reduction in yield.
The extent to which drought affects yield depends on its intensity and the time
of occurrence within the crop growth cycle [7]. Its major impact is reported to
occur during the flowering and grain filling phases, resulting in significant yield

losses [8].
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Development of drought-resistant cultivars is vital for extending crop areas
under low rainfall conditions and in areas without an appropriate irrigation sys-
tem such as many parts of Nigeria. Furthermore, given the increasing scarcity of
water resources, and competition for them, irrigation is not a practical option
for alleviating drought in most of the rainfed areas. Drought management strat-
egies therefore need to focus on maximizing extraction of available soil moisture
and the efficiency of its use in crop establishment, growth, biomass and grain
yield [9].

Features associated with drought-stressed plants include changes in root
morphology, root penetrability and distribution; leaf rolling, reduced leaf area,
stomatal closure, early flowering, early seed maturity, osmotic adjustment and
increased production of Abscisic acid (ABA) [10] [11]. These can guide in the
screening for drought-tolerant rice cultivars.

Soil salinity is a complex phenotypic and physiological phenomenon in plants,
imposing ion imbalance or disequilibrium, ionic and osmotic stress, inducing
oxidative stress and negatively influencing metabolic activities in crop plants,
hence minimizing the productivity of crop plants [12]. Worldwide, more than 80
million hectares of irrigated land (representing 40% of total irrigated land) have
already been rendered toxic to plants by salt [13]. Area under salt stress is rapid-
ly increasing due to a combination of factors which include climate change, ris-
ing sea levels, excessive irrigation without proper drainage in inlands and un-
derlying rocks rich in harmful salts amongst others. Salt stress leads to severe in-
hibition of plant growth and development, membrane damages, ion imbalances
due to Na* and Cl” accumulation, enhanced lipid peroxidation and increased
production of reactive oxygen species like superoxide radicals, hydrogen perox-
ide and hydroxyl radicals [14]. It has been estimated that if the current situation
of increasing salinity stress would persist, it could result in the loss of 50% of
present agricultural lands by 2050 [15].

In view of the enormous yield losses in rice caused by drought and salt stresses
and the ongoing climate change issues, there is need to develop more upland rice
lines that are tolerant to drought and salt. Although several rice lines tolerant to
drought or salt have been identified worldwide [1] [6] [16]-[27], many landraces,
newly improved varieties and hybrids are yet to be screened for tolerance to
these abiotic stresses, especially in Nigeria. The present study assists in this di-
rection by screening rice varieties cultivated in Nigeria for tolerance to drought

and salt stresses using morphological and physiological parameters.

2. Materials and Methods

2.1. Sample Collection and Experimental Sites

Seed samples of 11 improved rice genotypes (Table 1) were collected from Afri-
ca Rice Center, Ibadan Station, Nigeria and The National Cereals Research In-
stitute, Amakama, Abia State. The rice plants were grown in the greenhouse of
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Table 1. List of rice varieties studied and their origin.

NAME SPECIE ORIGIN
FARO 52 Oryza sativa Nigeria
FARO 44 Oryza sativa Taiwan province of China
FARO 61 Oryza sativa Nigeria

NERICA 5 *Oryza sativa / O. glaberimma Cote d’Ivoire
NERICA 8 *Oryza sativa / O. glaberimma Cote d’Ivoire
FARO 64 Oryza sativa Nigeria
NERICA 4 *Oryza sativa / O. glaberimma Cote d’Ivoire
FARO 55 *Oryza sativa / O. glaberimma Cote d’Ivoire
NERICA 2 *Oryza sativa / O. glaberimma Cote d’Ivoire
FARO 57 Oryza sativa Nigeria
FARO 63 Oryza sativa Nigeria
RAM 137 Oryza glaberimma Mali

*Hybrid.

Nigeria. Morphological and physiological analyses were carried out at the mole-
cular biology laboratory of the Department of Genetics and Biotechnology, Uni-

versity of Calabar, Nigeria.

2.2. Screening for Drought Tolerance

Seeds of eleven (11) rice varieties were pre-germinated at 28°C by soaking in
water for 2 days in labeled 50 ml falcon tubes wrapped in aluminum foil. The-
reafter, five rice seedlings per variety were transferred to plastic bags containing
5 kg of homogenous soil and grown in the greenhouse. Each bag was watered
with 200 ml of water twice daily until plants reached the five-leaf stage when
watering was suspended for 2 weeks for the drought stressed plants, watering
was not discontinued for the control plants. Data for growth parameters were
taken at the end of the 2 weeks watering suspension (Zhang et a/. [28] with slight
modifications). The experiment was a 2 x 11 factorial and the set up was ar-
ranged using the completely randomized design with three replications.
Tolerance to drought was evaluated based on the following parameters: Plant
height, Number of tillers, leaf length, Number of green leaves, Number of dead
leaves, Leaf rolling score (LRS) and Rate of water loss. Leaf rolling score was
recorded at mid-day, 15 days after stress inducement using the scale described
by [29], from 1 (fresh flat leaves) to 5 (tightly rolled leaves). To detect rate of
water loss under dehydration conditions, flag leaves were detached from plants
and exposed to air at room temperature (approximately 24°C) and weighed at 0,
0.5, 1, 2, 3, 4, 5, and 6 hours after their detachment from the plant. This was
done in 3 replications and the means used to calculate water loss rates as the
percentage of initial fresh weight. Bar charts were used to highlight the effects in

all cases. Data were subjected to analysis of variance test using the GenStat soft-
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ware 10™ edition and the means separated using least significant difference test.
Individual stress response index (ISRI) for each parameter was calculated by di-
viding the trait value for a parameter under stress for a given variety by the trait
value for that parameter under control. The ISRIs for all the parameters studied
were added together to give the Cumulative stress response index (CSRI) for
each variety [16]. The CSRI was divided by the number of parameters to obtain
the mean which was used along with leaf rolling score and number of dead
leaves in grouping the varieties into Highly tolerant, Tolerant, Moderately tole-
rant and Susceptible. The ISRI could not be meaningfully calculated for number
of dead leaves because some varieties recorded zero dead leaves so the means
recorded were used directly. Similarly, the leaf rolling scores were used directly

because the value for control was 1.00 in all the varieties.

2.3. Screening for Salt Tolerance

Seeds were germinated as described in Section 2.2; thereafter five (5) rice seedl-
ings per genotype were transplanted to labeled plastic bags containing approx-
imately 5 kg of homogeneous soil obtained from the botanical garden of the
University of Calabar. Three weeks after germination, the plants were irrigated
for 2 weeks with 200 ml of treatment solution A (0 mM NaCl) or B (75 mM
NaCl). The experiment was set up in a completely randomized design with three

replications.

2.3.1. Evaluation of Morphological Parameters

After the two-week salinity treatment, data were taken on the following mor-
phological parameters: Plant height, Number of tillers, Number of leaves, Num-
ber of dead leaves, shoot fresh weight and shoot dry weight. Shoot fresh weights
of the plants were taken immediately after harvesting them from the greenhouse;
thereafter they were oven-dried for 48 hrs at 80°C and the shoot dry weights

recorded.

2.3.2. Estimation of Physiological Parameters
The relative water content was estimated from shoot fresh and dry weights using

the equation:

Relative Water Content = SFW —SDW/SFW x100 1)

where SFW = shoot fresh weight, SDW = shoot dry weight.

Chlorophyll was extracted from leaf tissues of control and salt treated plants,
and quantified as follows: the third leaf from the base were systematically har-
vested from three plants and their fresh weight taken immediately. Approx-
imately 0.05 g of the leaf tissues were placed in 1.5 mL Eppendorf tubes con-
taining zirconia beads and then frozen in U40 HEF -80°C freezer. The frozen
leaves were crushed using Retsch MM400 grinder. The ground tissues were
mixed with 10 ml of Dimethyl sulphoxide (DMSO) and incubated at 25°C for 10
min using an Eppendorf thermomixer F1.5 (VWR, USA) and then centrifuged at
10,000 rpm for 5 min. Two hundred (200) ul of the aqueous phase was carefully
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extracted using a pipette and put into a curvette. Absorbance values at 663 and
645 were then measured using a UV-VIS spectrophotometer, single beam 295,
(Labtech, India). Chlorophyll content was then calculated as described by [30].
Chlorophyll was extracted from leaf tissues of control and salt treated plants

separately.

Total chl = 20.2x A645+8.02x A663x V/1000x W (2)

where A663 = Absorbance value at 663 nm,

A645 = Absorbance value at 645 nm,

V = Volume of solvent used in ml,

W = Weight of sample in mg.

Na* and K" concentrations were determined according to the method of Roy
et al [31], with slight modifications. Briefly, shoot and root tissues from the
plants were harvested and dried at 80°C for 48 h using UN75 plus oven (Mem-
mert, Germany). Dry tissues were digested in 1% nitric acid overnight at 85°C.
Na* and K* concentrations were determined using an Atomic absorption spec-

trophotometer (Cecil, England).

2.4. Data Analysis and Stress Response Characterization

Morphological and Physiological data were subjected to analysis of variance tests
with the means separated using Least Significance Difference tests. Mean stress

response indices were calculated as described in Experiment 1.

3. Results
3.1. Screening for Drought Tolerance

The mean effects of drought stress (2 weeks) on growth parameters of eleven rice

varieties are shown in Figures 1-7.
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Rice varieties

Mean dead leaves

= Control plants ™ Stressed plants

Figure 1. Mean number of dead leaves in eleven rice varieties subjected to drought
treatment.
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Figure 2. Mean number of green leaves in eleven rice varieties subjected to drought
treatment.
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Figure 3. Mean leaf lengths in eleven rice varieties subjected to drought treatment.
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Figure 4. Mean leaf rolling score in eleven rice varieties subjected to drought treatment.

8
6
4
: i EF R E R B EEE
0

FARO52 FARO44 FARO61 NERICAS NERICA8 FARO64 NERICA4 FAROS55 NERICA2 FARO57 FARO63
Rice varieties
m Control plants m Stressed plants

Mean number of tillers

Figure 5. Mean number of tillers in eleven rice varieties subjected to drought treatment.
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Figure 6. Mean plant heights (cm) in eleven rice varieties subjected to drought treatment.
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Figure 7. Water loss over time intervals in the eleven rice varieties subjected to drought.

1) Number of dead leaves

When subjected to drought conditions, a significant (p < 0.001) reduction in
number of dead leaves was observed in the rice genotypes compared with the
control plants (Supplementary Table S1 & Table S2). FARO 44 which had no
dead leaf in both control and drought stressed plants and NERICA 8 with a
mean of 0.67 dead leaves in stressed plants were least affected by the drought

DOI: 10.4236/ajps.2020.1112147

2086 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2020.1112147

C.Umego et al.

stress (Table 2, Figure 1, Supplementary Table S1). FARO 52, FARO 64 and
FARO 55 were the worst affected with an average of 2 dead leaves per plant each
(Figure 1).

2) Number of green leaves

Under drought conditions, significant (p < 0.001) differences in number of
green leaves produced were observed in the rice genotypes compared with the
control plants (Supplementary Table S1 & Table S2). NERICA 2 and NERICA
8 produced more green leaves than control and were thus the least affected by
the salt stress with Individual Stress Response Index (ISRI) values of 1.07 and
1.25 respectively. NERICA 5, NERICA 4 and FARO 44 produced slightly lower
numbers of green leaves compared with their controls with ISRI values of 0.92,
0.88 and 0.83 respectively. FARO 61 was the worst affected with ISRI value of
0.57 (Table 2, Figure 2). FARO 44 recorded the highest mean number of green
leaves after drought stress (6.33) (Supplementary Table S1).

3) Leaflength

Significant (p < 0.001) differences in leaf length were observed in the rice ge-
notypes subjected to drought stress (Supplementary Table S1 & Table S2).
NERICA 2 and NERICA 5 produced longer leaves than their controls and were
thus the least affected by the salt stress with ISRI values of 1.27 and 1.32 respec-
tively. NERICA 4, FARO 55, NERICA 8, FARO 64 and FARO 52 produced
leaves with similar or slightly shorter lengths compared with their controls with
ISRI values of 1.00, 0.98, 0.96, 0.94 and 0.91 respectively. FARO 44, FARO 61
and FARO 57 were the worst affected with ISRI values of 0.78, 0.79 and 0.79 re-
spectively (Table 2, Figure 3).

Table 2. Final classification for drought tolerance in eleven rice varieties based on Individual stress Response Indices (ISRI)*, leaf

rolling scores and number of dead leaves.

Accessions ISRI for ISRI for ISI.{I ISRI fc')r Mean Stress Leafrolling  No. of Dead Group
Green leaves  Leaflength for Tillers Plant height Tolerance Index score (LRS) Leaves
NERICA 8 1.25 0.96 1.09 0.95 1.063 1.33 0.67 Tolerant
NERICA 5 0.92 1.32 0.9 1.18 1.08 2.33 1.00 Tolerant
NERICA 2 1.07 1.27 1.00 1.25 1.148 2.33 1.33 Tolerant
NERICA 4 0.88 1.00 0.82 1.09 0.948 2.67 1.00 Moderately Tolerant
FARO 44 0.83 0.78 0.88 0.82 0.826 1.33 0 Tolerant
FARO 57 0.67 0.79 0.92 0.88 0.815 2.00 1.00 Moderately Tolerant
FARO 63 0.87 0.89 0.92 0.89 0.893 4.00 1.33 Susceptible
FARO 64 0.73 0.94 0.75 0.99 0.853 4.33 2.0 Susceptible
FARO 55 0.73 0.98 0.8 0.83 0.835 4.00 2.0 Susceptible
FARO 52 0.67 0.91 0.77 0.92 0.818 4.00 2.0 Susceptible
FARO 61 0.57 0.79 0.67 0.87 0.725 3.00 1.0 Susceptible
*Individual Stress Response Indices (ISRI) were calculated only for number of green leaves, leaf length, number of tillers and plant height.
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4) Leaf Rolling Score (LRS)

All the control plants had LRS of 1 as expected, but when subjected to drought
conditions NERICA 8 and FARO 44 were least affected and had the lowest LRS
score of 1.33. On the other hand, FARO 64, FARO 63, FARO 55 and FARO 52
were the worst hit and had the highest scores ranging from 4.0 to 4.33 (Table 2,
Figure 4). Leaf rolling score was significantly higher (p < 0.001) in stressed
plants compared to control (Supplementary Table S1 & Table S2).

5) Number of tillers

There was a general reduction in the number of tillers produced under
drought stress for all the genotypes except for NERICA 8 and NERICA 2 which
produced more tillers than the corresponding control plants (Figure 5) and had
ISRI values of 1.09 and 1.00 respectively. FARO 61 was the worst hit with ISRI
value of 0.67 (Table 2).

6) Plant Height (PH)

There was a general reduction in mean plant heights of drought stressed
plants compared with the controls except for NERICA 4, NERICA 5 and
NERICA 2 with ISRI values of 1.09, 1.18 and 1.25 respectively. Faro 44 and
FARO 55 were the worst affected relative to their controls with ISRI values of
0.82 and 0.83 (Figure 6). Under stress conditions, NERICA 8, was the tallest
with height of 51.33cm and this did not deviate much from control at ISRI value
of 0.95 (Figure 6).

7) Rate of water loss

Faro 44 had the highest water retention capacity by retaining 80% - 100% of
its moisture in the first four hours and after 6 hours it was able to hold over 50%
of its water. On the other hand, Faro 55 immediately lost 45% of its moisture in
30 min and only 26.9% moisture content was observed after just 6 hours (Figure
7).

3.2. Screening for Salt Tolerance

The mean effect of salt toxicity on growth parameters of eleven rice varieties is
presented in Figures 8-15.

1) Plant height (PH)

A significant reduction (p < 0.001) in plant height was observed in some of the
salt treated genotypes compared with their controls (Supplementary Table S3 &
Table S4). Plant heights in RAM 137, FARO 44, FARO 55, NERICA 2 and
NERICA 8 were least affected by salt treatment compared with their controls

= 120

100
80
60
40
20

0

RAM137 FARO44 FARO61 NERICA8 NERICA4 FAROS5 FARO64 NERICA2 FARO63 FARO60 FAROS2
Rice varieties
#0mM = 75mM

Mean plant height (cm

Figure 8. Mean plant height for eleven rice varieties subjected to salinity treatment.
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RAM137 FARO44 FARO61 NERICA8 NERICA4 FAROS5 FARO64 NERICA2 FARO63 FARO60 FAROS2
Rice varieties
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Mean shoot dry weight (g)
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Figure 9. Mean shoot dry weight for eleven rice varieties subjected to salinity treatment.
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Figure 10. Mean shoot fresh weight for eleven rice varieties subjected to salinity

treatment.
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Figure 11. Mean number of tillers for eleven rice varieties subjected to salinity treatment.
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Figure 12. Mean SFW/SDW ratio for eleven rice varieties subjected to salinity treatment.
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Figure 13. Mean shoot Na* content for eleven rice varieties subjected to salinity

treatment.
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Figure 14. Mean K*/Na" ratio for eleven rice varieties subjected to salinity treatment.
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Figure 15. Mean chlorophyll content for eleven rice varieties subjected to salinity
treatment.

with Individual Stress Response Index (ISRI) values of 0.99, 0.99, 0.96, 0.95 and
0.95 respectively while the worst affected was FARO 64 with ISRI value of 0.73
and a mean height of 66.67cm (Table 3, Figure 8).

2) Shoot Dry Weight (SDW)

Salinity caused a significant (p < 0.001) reduction in SDW of the rice geno-
types when compared with the control plants (Supplementary Table S3 & Ta-
ble S4). SDW in NERICA 8, RAM 137 and FARO 44 were least affected by salt
treatment with ISRI values of 0.95, 0.89 and 0.84 respectively while the worst af-
fected was FARO 64 with ISRI of 0.51 and a mean shoot dry weight of 1.46 g in
salt treated plants (Table 3, Figure 9). Under salt stress the maximum SDW was
produced by FARO 44 (2.66 g), whereas the minimum was observed in NERICA
2 (1.39 g) Supplementary Table S3.

3) Shoot Fresh Weight (SFW)

Under salinity conditions a significant (p < 0.001) reduction in SFW was ob-
served in the rice genotypes compared with the control plants (Supplementary
Table S3 & Table S4). FARO 44, FARO 61 and NERICA 8 were least affected by
the salt stress with Individual Stress Response Index (ISRI) values of 0.98, 0.95
and 0.87 respectively while the worst affected was FARO 55 with an ISRI of 0.6
(Table 3). The highest SFW was obtained in FARO 44 (14.4 g) while the least
was in FARO 55 (4.52 g) (Supplementary Table S3, Figure 10).

4) Number of tillers

Salt treatment caused a highly significant reduction (p < 0.001) in number of
tillers in the treated genotypes compared with their controls (Supplementary
Table S3 & Table S4). RAM 137, FARO 44, FARO 60, FARO 63 were least af-
fected by salt treatment compared with their controls with Individual Stress Re-
sponse Indices (ISRI) of 0.95, 0.94, 0.95 and 0.90 respectively (Table 3). RAM
137 produced significantly highest (p < 0.001) mean number of tillers (14) per
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Table 3. Final classification for Salt tolerance in eleven rice varieties based on Individual Stress Response Indices (ISRI) from 6

parameters and the mean scores.

Accessions

RAM 137

FARO 44

FARO 61

FARO 63

NERICA 8

NERICA 4

FARO 60

FARO 55

NERICA 2

FARO 52

FARO 64

Tillers

0.95
0.94
0.76
0.9
0.73
0.64
0.95
0.59
0.7
0.83

0.8

Plant
height

0.99
0.99
0.94
0.86
0.95
0.87
0.89
0.96
0.95
0.9

0.73

S‘hoot Dry Sh'oot Fresh K/Na Chlorophyll Mean Group
Weight (SDW)  Weight (SFW) Score

0.89 0.77 0.52 0.91 0.84 Tolerant

0.84 0.98 0.67 0.89 0.89 Tolerant

0.77 0.95 0.61 0.71 0.79 Moderately Tolerant
0.63 0.79 0.52 0.83 0.76 Moderately Tolerant
0.95 0.87 0.38 0.63 0.75 Moderately Tolerant
0.59 0.73 0.83 0.64 0.72 Moderately Tolerant
0.67 0.71 0.58 0.43 0.71 Moderately Tolerant
0.77 0.6 0.55 0.68 0.69 Susceptible

0.8 0.76 0.33 0.46 0.67 Susceptible

0.64 0.76 0.3 0.61 0.67 Susceptible

0.51 0.77 0.35 0.59 0.63 Susceptible

plant while FARO 55 was the worst affected by salt treatment in this parameter,
producing the lowest mean number of tillers (3.33) and the lowest Stress Re-
sponse Index of 0.59 for this trait (Table 3, Figure 11).

5) Shoot Fresh Weight to Shoot Dry Weight ratio (SFW/SDW)

Data on SFW/SDW ratio showed no significant difference (p > 0.05) among
the genotypes and also between the control and treated plants (Supplementary
Table S3 & Table S4). However, under salinity conditions FARO 44 had the
maximum SFW/SDW ratio (5.54) while the minimum was recorded by FARO
55 (2.55) (Supplementary Table S3, Figure 12).

6) Shoot Sodium (Na*) content

The concentration of sodium in the shoot of the rice genotypes were signifi-
cantly (p < 0.001) increased by the salinity stress conditions (Supplementary
Table S3 & Table S4). Under salinity conditions the maximum Na* concentra-
tion was observed in FARO 63 (3.36 pmol Na‘/g DW) while the minimum was
in NERICA 4 (1.99 umol Na*/g DW) (Figure 13).

7) Shoot Potassium (K*) concentration

There was a general increase in the concentration of shoot K* under saline
conditions except for NERICA 8, NERICA 2 and FARO 52 (Figure 11, Supple-
mentary Table S3). NERICA 4 had the maximum shoot K* concentration of
2.45 umol K*/g DW, while FARO 52 showed the minimum (1.52 pmol K'/g
DW) under salinity conditions (Supplementary Table S3).

8) Shoot Potassium to Sodium ratio (K*/Na™)

There was a general reduction in the ratio of shoot K*/Na" in all the rice ge-
notypes under salt stress (Figure 10, Supplementary Table S3 & Table S4).
NERICA 4 was the least affected by the salt stress as evidenced in its highest ISRI
value of 0.83 followed by FARO 44 with an ISRI of 0.67. FARO 50 and NERICA
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2 were the worst affected by the salt stress with ISRI values of 0.3 and 0.33 re-
spectively (Table 3). NERICA 2 had the minimum ratio of 0.54, while NERICA
4 had the maximum of 1.23 under salinity stress (Supplementary Table S3,
Figure 14).

9) Chlorophyll Content (CC)

Salinity stress affected the chlorophyll levels of the rice genotypes significantly
(p < 0.001) as shown in Supplementary Table S3 & Table S4. There was a gen-
eral reduction in the chlorophyll concentrations of all the rice genotypes under
salt stress. RAM 137, FARO 44 and FARO 63 were least affected by salt stress
with ISRI values of 0.91, 0.89 and 0.83 respectively while the worst affected was
FARO 60 with ISRI value of 0.43 (Table 3) The highest level of chlorophyll ac-
cumulation among the salt stressed plants was observed in RAM 137 (2.63
pg/mg FW) while the minimum was in NERICA 2 (0.92 pg/mg FW) (Supple-
mentary Table S3).

4. Discussion
4.1. Drought Tolerance

Eleven rice accessions which are predominantly cultivated in Nigeria were
screened for drought tolerance using morpho-physiologic drought deficiency
tolerance indicators previously used in various studies for the estimation of
drought tolerance [17] [32] [33]. Previous reports show that other abiotic stress
agents notably salt and phosphate equally lead to stunting of growth in the rice
plants [18] [34] [35]. Hence relying on growth parameters such as plant height
or shoot length, number of tillers and plant biomass as sole parameters for
screening for drought tolerance would not be sufficient to unambiguously detect
tolerance to drought. Thus, leaf rolling score and other descriptors were added.

Plant height and leaf length in the drought stressed plants were reduced com-
pared to their control except for NERICA 5, NERICA 2 and NERICA 4 (Figure
6, Table 2). Significant reduction in both parameters for drought stressed sus-
ceptible rice plants were also reported by Farooq et al [36] and Kumar et al
[19]. Several researchers in an attempt to explain the reduction in plant height
under drought stress have attributed it to the limited cell length and reduced
green leaves which act as source for carbon assimilation [17]. In the present
study, all the accessions with reduced plant height also had reduced number of
green leaves to further corroborate the assertion. Decreased leaf elongation un-
der water stress is similarly caused by reduced cell expansion arising from re-
duction in photosynthesis. Pandey and Shukla [37] had attributed reduction in
leaf area in rice under water stress to reduced photosystem 11 (PS11) activity
which results in rapid declines in cell division or cell size, sometimes leading to
death of the cells. Loretto et al [38] also added that the activity of the photosyn-
thetic electron transport chain is affected by changes in PS11 under drought
conditions.

Nooden [39] reported that drought causes early senescence of the leaves
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which is supported in the present study by the increase in the number of dead
leaves under drought conditions (Figure 1 and Figure 2). FARO 44 showed the
highest tolerance to drought stress here by having no dead leaves from the
treated plants under stress conditions, followed by NERICA 8 which showed a
mean of 0.67 dead leaves per plant. FARO 52, FARO 55 and FARO 64 had the
maximum number of dead leaves (2) under stress indicating their sensitivity to
drought.

Tillering determines grain yield in rice plants. Reduced tiller number was re-
ported as the major cause of yield reduction under drought stress during vegeta-
tive phase of rice growth [40]. In the present study, there was no reduction in the
number of tillers for NERICA 8, NERICA 2 and FARO 44 under drought stress
which further confirms their tolerance to drought. On the other hand, there was
a 33% reduction in tillering for FARO 64 pointing to its susceptibility to drought
stress. Similar record has been observed by Pantuwan, et a/ [41] who noticed
52% to 81% decrease in number of tillers in rice plants under drought stress.
Tiller abortion has been noticed in previous reports [17].

Significant variation was observed in Leaf rolling score (LRS) among the ge-
notypes under drought stress (Table 2). LRS has been identified as a standard
parameter for estimation of drought stress [20] [42] [43] [44]. FARO 44 and
NERICA 8 had the smallest LRS of 1.33 each (Figure 4), which indicates their
resistance to drought stress conditions. On the other hand, FARO 64 had the
highest LRS score of 4.33 which indicates its susceptibility to drought conditions.
Leaf rolling is caused by loss of turgor and poor osmotic adjustment in rice
plants [43]. It is a defensive mechanism for reducing net radiation load on the
leaf [21].

For water retention, FARO 44 had the best performance which could be seen
as a confirmation of its drought tolerance quality (Figure 7). Water retention
ability indicates the degree of hydration in cells and tissues which is crucial for
optimization of growth processes in plants. The ability to retain higher relative
water content under drought condition is a tolerance mechanism for water scar-
city in rice [45]. When the means of the Individual Stress Response Indices for
all the parameters were taken into consideration, NERICA 8, NERICA 5,
NERICA 2 and FARO 44 were clearly tolerant to drought stress which further
confirms the tolerance report on FARO 44 by Afiukwa et al. [1].

4.2. Salinity Tolerance

In this study, tolerance to salinity stress was estimated using morpho-physiologic
traits in the eleven rice accessions. Morphological parameters such as shoot dry
weight (SDW), shoot fresh weight (SFW), and tillering are reported to be signif-
icantly correlated with salt tolerance at different stages of growth and can be
used as indicators for estimation of salt tolerance [22]. In this study, salinity
caused reduction in plant height in many of the rice accessions (to different le-
vels) compared with their controls which is consistent with reports by Chinnu-
samy et al [23]. There was, however, no reduction in the plant height of RAM
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137 and FARO 44 which confirms the high tolerance level of these 2 accessions
to salinity stress. FARO 64 with 37% reduction is susceptible to salinity stress.

The number of tillers per plant is an important yield parameter under salinity
because it determines the number of grain-bearing panicles [24] of the rice
plants which eventually reflects on the total yield of the plant. Salinity caused
reduction in the number of tillers per plant with maximum reduction (70%) ob-
served in FARO 55 while RAM 137 had the minimum reduction (4%), (Figure
15). This result also indicates the tolerance of RAM 137 to salinity conditions
and the sensitivity of FARO 55. The finding is in agreement with Zeng and
Shannon [25] and Tanveer-Ul-Haq et al. [24] who also observed a significant
reduction in tillering in rice plants exposed to salt. In the present study, it was
observed that salinity caused a significant reduction in SFW and SDW. Accord-
ing to Munns et al [46], this reduction in biomass could be attributed to de-
creased water potential of the rooting medium and growth inhibition caused by
the salinity stress. Ashraf and Sawar [47] further attributed the reduction in
plant biomass under salt stress to imbalances in the uptake of mineral nutrients
due to competition with the excess influx of Na*. In this study, the lowest reduc-
tion in SFW was noticed in FARO 44 (6.5%) while the maximum reduction was
observed in FARO 55 (67%).

Na* increased significantly under salinity conditions in all the accessions.
FARO 44, RAM 137 and NERICA 4 had the least accumulation of Na* under sa-
linity conditions which indicates their good tolerance level to salt stress, while
FARO 55, FARO 64 and FARO 63 had the highest accumulation of Na* signify-
ing their sensitivity to salinity stress. Salt tolerant varieties generally maintain
lower concentrations of Na* in their shoot than those of salt sensitive varieties
under excess salt conditions [48]. Indeed, Munns and Tester [12] noted that the
ability of crops to maintain low cytosolic levels of Na" in leaves is taken to be one
of the major determining factors for salt tolerance. Higher concentrations of Na*
are harmful to plant growth and could be responsible for reduction in plant
biomass [24]. The relationship between Na* and K* concentration in plants fol-
lows that a good supply of K* to plants could reduce the rate of injury as a result
of high Na* concentration under salinity conditions [24]. A positive relationship
between high K*/Na® and salinity tolerance has been established by some work-
ers [26].

Total leaf chlorophyll content was significantly reduced under salinity condi-
tions. RAM 137 had the least (10%) reduction in leaf chlorophyll under salinity
conditions when compared with the total chlorophyll content of the control
plants which points to its good tolerance to salinity stress. Reduction in chloro-
phyll content under salinity stress has been reported by Ali et al [27], who found
out that the deleterious effects of toxic amounts of NaCl and unbalanced nu-
trient uptake by plants under salinity stress could cause a significant decrease in
photosynthesis.

When the means of the Stress Response Indices for all the parameters were
taken into consideration, RAM 137 and FARO 44 were clearly tolerant to salt
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stress, FARO 61, FARO 63, NERICA 8, NERICA 4, and FARO 60 were mod-
erately tolerant while FARO 64, FARO 52, NERICA 2 and FARO 55 were sensi-
tive (Table 3). This result is in agreement with reports by Uyoh et al [29] and
Kargbo et al [49] on the status of FARO 61. Most of the varieties used in these
studies were different. Also, the parameters analyzed were different except for
shoot length and biomass which may also account for the differences observed.
It is clear from the results presented here that plant responses to drought and
salinity involve changes in numerous parameters with no single accession top-
ping the chart in all the traits. It signifies that these plants use several pathways
to ensure survival. The final classification of the degree of tolerance in this study
was therefore based on the mean of the Individual Stress Response Indices from

all the parameters estimated.

5. Conclusion

The present study evaluated the performance of eleven rice genotypes using
morphological and physiological growth parameters, under induced drought
and salinity conditions. Generally, significant differences were obtained (p <
0.05) for most of the traits among the accessions studied (Supplementary
Tables S1-S4), indicating the presence of exploitable genetic variation in these
accessions. Of the genotypes evaluated, four (FARO 44, NERICA 2, NERICA 8
and NERICA 5) were identified as tolerant, two (NERICA 4 and FARO 57) as
moderately tolerant, while the rest were found to be sensitive to drought. Equal-
ly, two varieties (FARO 44 and RAM 137) stood out in the salinity screening as
tolerant varieties, five were moderately tolerant while four (FARO 64, FARO 52,
NERICA 2 and FARO 55) were clearly susceptible. It is interesting to note that
FARO 44 is the only one from the 11 accessions screened that is tolerant to both
drought and salinity. The identified drought and salinity tolerant rice genotypes
from this study can be recommended as genetic sources for future breeding pro-

grams for drought and salinity resistance in rice.
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Supplementary

Table S1. Means of morphometric data of drought stressed and non-stressed rice plants.

Parameters Dead leaves Green leaves Leaf length LRS Tillers PH

Variety A B A B A B A B A B A B
FARO 52 0.67a 2.00a 6.00bc  4.00bc 35.67bc 32.33bcd 1.00a 4.00a 4.33b  3.33bcd 51.33cd  47.00cd
FARO 44 0.00b 0.00d 7.67a 6.33a 42.33a 33.00abcd 1.00a 1.33d 5.67a 5.00a 58.33ab  47.67bcd
FARO 61 0.00b 1.00bc  7.00ab  4.00bc 37.67b 29.67d 1.00a 3.00b 6.00a 4.00b 55.00bc  48.00bcd

NERICA 5 0.00b 1.00bc 4.33d 4.00bc 24.33d 32.00bcd 1.00a 2.33c 3.33cd  3.00cd 38.33e  45.33de
NERICA 8 0.33ab 0.67¢ 4.33d 5.00b 39.00ab 37.33a 1.00a 1.33d  3.67bcd  4.00b 61.33a 58.33a

FARO 64 0.33ab 2.00a 5.00cd 3.67c 32.00c 30.00d 1.00a 4.33a 4.00bc  3.00cd  45.67d  45.00de
NERICA 4 0.33ab  1.00bc 5.33cd 4.67bc 35.67bc 35.67ab 1.00a 2.67bc  3.67bcd  3.00cd  46.67d  51.33bc
FARO 55 0.33ab 2.00a 5.00cd 3.67c 31.33¢ 30.67cd 1.00a 4.00a 3.33cd 2.67d 48.67d 40.33e

NERICA2 0.33ab 1.33b 4.33d 4.67bc 25.33d 32.33bcd 1.00a 2.33c 3.00d 3.00cd 38.67e  48.33bcd
FARO 57 0.00b 1.00bc  7.00ab  4.67bc 38.33ab 30.33cd 1.00a 2.00c 4.00bc  3.67bc  56.00abc 49.33bcd
FARO 63 0.33ab 1.33b 5.00cd  4.33bc 38.33ab 34.33ab 1.00a 4.00a 4.00bc  3.67bc  60.00ab  53.33ab

LSD 0.64 1.19 4.44 0.48 0.883 5.88

A = control plants under constant irrigation; B = plants under drought stress without any irrigation for two weeks. Means denoted with the same lower-case
letter within each column are not significantly different at p > 0.05.

Table S2. Analysis of variance results on the morphometric parameters in 11 rice genotypes under drought stress.

Source of variation df. s.S. m.s. V.I. F pr.
Dead leaves Variety 10 9.0909 0.9091 6.06 <.001 ke
irrigation pattern 1 15.5152 15.5152 103.38 <.001 e
Variety X irrigation pattern 10 3.8182 0.3818 2.54 0.017 *
Green leaves Variety 10 42 4.2 8.12 <.001 oo
Irrigation pattern 1 19.6364 19.6364 37.96 <.001 oex
Variety X irrigation pattern 10 18.3636 1.8364 3.55 0.002 *
Variety 10 693.273 69.327 9.54 <.001 o
Leaf length Irrigation pattern 1 68.015 68.015 9.36 0.004 o
Variety X irrigation pattern 10 467.818 46.782 6.44 <.001 b
Variety 10 18.12121 1.81212 21.65 <.001 o
LRS Irrigation pattern 1 56.37879 56.37879 673.63 <.001 i
Variety X irrigation pattern 10 18.12121 1.81212 21.65 <.001 e
Variety 10 34.697 3.4697 11.87 <.001 o
Tillers Irrigation pattern 1 6.0606 6.0606 20.74 <.001 ke
Variety X irrigation pattern 10 5.6061 0.5606 1.92 0.069 NS
Variety 10 1928.09 192.81 15.15 <.001 o
PH Irrigation pattern 1 92.18 92.18 7.24 0.01 h
Variety X irrigation pattern 10 678.15 67.82 5.33 <.001 e

* = significant at p < 0.05, ** = significant at p < 0.01, *** significant at p < 0.001. N.S = not significant PH = plant height, LRS = leaf rolling score.
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Table S3. Means of morpho-physiologic data of salt stressed rice plants.

Parameters Tillers PH (cm) SDW (g) SFW (g) SFW/SDW

Accessions 0 mM 75 mM 0 mM 75 mM 0 mM 75 mM 0 mM 75 mM 0 mM 75 mM

RAM 137 14.67a 14.00a 108.33a 107.33a 2.11de 1.87abc 8.33cd 6.39cd 4.11 3.43
FARO 44 11.00b 10.33b 101.67ab 100.67ab 3.18bc 2.66a 14.08a 13.74a 4.72 5.54
FARO 61 9.67bc 7.33cd 98.00ab 92.33b 2.71cd 2.09abc 7.77cd 7.4bc 2.92 3.55
NERICA 8 7.33de 5.33defg 99.33ab 94.67b 2.07de 1.96abc 8.11cd 7.07bc 3.97 3.66
NERICA 4 7.33de 4.67fg 102.67ab 89.33b 3.52abc 2.09abc 10.81b 7.92bc 3.07 3.80
FARO 55 5.67¢ 3.33g 94.00b 90.67b 1.79% 1.38¢ 7.57d 4.52d 5.85 2.55
FARO 64 8.33cd 6.67cdef 91.67b 66.67c 2.88bcd 1.48bc 7.41d 5.72cd 3.01 3.98
NERICA 2 9.00cd 6.33def 100.33ab 95.67ab 1.75e 1.40c 8.2cd 6.22cd 4.64 4.48
FARO 63 9.67bc 8.67bc 102.33ab 88.00b 4.12a 2.58a 15.24a 12.01a 3.72 5.02
FARO 60 7.33de 7.00cde 110.00a 98.00ab 3.70ab 2.47a 13.24a 9.43b 3.57 3.96
FARO 52 6.00e 5.00efg 100.00ab 90.33b 3.62ab 2.32ab 10.11bc 7.64bc 2.83 3.60
LSD 2.3 12.83 0.857 2.41 NS
Parameter K/Na Chlorophyll Shoot K* pumol Shoot Na* umol Relative Water content%
Accession 0mM 75 mM 0mM 75 mM 0mM 75 mM 0mM 75 mM 0mM 75 mM
RAM 137 1.57 0.83 2.60b 2.36a 1.37cde 1.92bc 0.87a 2.30cde 74.67 70.74
FARO 44 1.45 0.97 2.00cd 1.78bc 1.40bcde 1.99b 0.96a 2.06de 77.41 80.64
FARO 61 1.53 0.93 2.26bc 1.61cd 1.55bcd 2.19ab 1.01a 2.35cde 65.1 71.76
NERICA 8 1.89 0.71 2.33bc 1.46cd 2.17a 1.60cde 1.15a 2.27cde 74.48 72.28
NERICA 4 1.48 1.23 2.48b 1.59cd 1.27de 2.45a 0.86a 1.99¢ 67.44 73.61
FARO 55 1.21 0.67 3.06a 2.07ab 1.37cde 2.03b 1.13a 3.01ab 76.35 69.47
FARO 64 1.91 0.67 2.03c 1.21de 1.72bc 1.98bc 0.90a 2.97ab 61.13 74.13
NERICA 2 1.63 0.54 1.99cd 0.92e 1.77b 1.44e 1.08a 2.67bc 78.66 77.49
FARO 63 1.07 0.56 1.57d 1.31de 1.24de 1.88bcd 1.16a 3.36a 72.97 78.52
FARO 60 1.42 0.83 3.21a 1.38cd 1.11e 1.98bc 0.78a 2.40cde 72.05 73.80
FARO 52 2.06 0.63 2.33bc 1.41cd 1.67bc 1.52de 0.81a 2.41cd 64.19 69.63
LSD 0.4 0.43 0.38 0.41

Means denoted with the same letter and within each column are not significantly different (p > 0.05). LSD = Least Significant Difference. NS = Not signifi-
cantly different. PH = plant height, SDW = shoot dry weight, SDS = salinity damage score, SFW = shoot fresh weight, K* = potassium content, Na" = so-
dium content.

Table S4. Analysis of variance results on the different growth and yield components in 11 rice genotypes under salt stress.

Parameters Source of variation df. s.S. m.s. V.I. F pr.
Tillers plant™ Genotype 10 450.758 45.076 22.71 <.001
Salt concentration 1 40.97 40.97 20.64 <.001

Interaction 10 11.364 1.136 0.57 0.827 NS
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Continued

Plant height Genotype 10 3263.67 326.37 5.39 <.001
Salt concentration 1 1196.38 1196.38 19.77 <.001

Genotype 10 803.79 80.38 1.33 0.247 NS
SDW Genotype 10 22.9523 2.2952 8.30 <.001
Salt concentration 1 9.5608 9.5608 34.57 <.001

Interaction 10 6.3697 0.6370 2.30 0.029 *
SFW Genotype 10 453.447 45.345 21.27 <.001
Salt concentration 1 70.991 70.991 33.31 <.001

Interaction 10 19.946 1.995 0.94 0.511 NS

SFW/SDW Genotype 10 25.187 2.519 1.79 0.092 NS

Salt concentration 1 0.189 0.189 0.15 0.700 NS

Interaction 10 24.483 2.45 2.03 0.054 NS
shoot K/Na Genotype 10 2.2346 0.2235 4.02 <.001
Salt concentration 1 5.2776 5.2776 95.04 <.001

Interaction 10 0.8562 0.0856 1.54 0.159 NS
Chlorophyll Genotype 10 8.4643 0.84643 12.63 <.001
Salt concentration 1 10.48015 10.48015 156.35 <.001

Interaction 10 3.23885 0.32388 4.83 <.001 el
Shoot K* Genotype 10 1.06295 0.10629 1.96 0.063
Salt concentration 1 2.55667 2.55667 47.24 <.001

Interaction 10 4.28678 0.42868 7.92 <.001 il
Shoot Na* Genotype 10 3.92501 0.3925 6.3 <.001
Salt concentration 1 39.74982 39.74982 638.22 <.001

Interaction 10 2.13048 0.21305 3.42 0.002 i

*, = significant at <0.05 ** = significant at <0.01. N.S = not significant. SDW = shoot dry weight, SDS = salinity damage score, SFW = shoot fresh weight, K*
= potassium content, Na* = sodium content.
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