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random amplified polymorphic DNA (RAPD)
of five rice varieties treated with sodium
azide and sown under different saline
conditions
Beckley Ikhajiagbe* and Ujomonigho Edomo Omoregie

Abstract

Background: Rice is probably one of the most indispensable grain diets for the greater part of the world. It can be
grown successfully under a wide range of climatic conditions; however, yields can be significantly diminished under
moderate saline levels. Therefore, the employment of plant breeding techniques in enhancing plant survival and
performance capacities under saline conditions becomes imperative. Mutation perhaps is one of the ultimate
sources from which heritable variations could be selected from and hence are a useful tool to create raw materials
for genetic improvement of rice. The effects of sodium azide (NaN3), as a chemical mutagen, on the growth, yield,
genetic parameters, and RAPD profile of five rice varieties, FARO-44, FARO-52, FARO-57, NERICA L-34, and NERICA L-
47, sown in soils maintained at a conductivity range of 4000 to 6000 μs/cm using sodium chloride solutions were
investigated. The planting materials were treated with 0% NaN3 at pH 7 (control) and a concentration range of 0 to
0.032% NaN3 at pH 3 for 6 h.

Results: Sodium azide treatment significantly reversed the negative effects associated with plant development
under saline conditions. Consequently, NaN3 treatment significantly improved growth, yield, and genetic
parameters of the rice varieties under high salinity compared with the controls. High heritability values were
recorded for number of tillers per plant (78.06%), number of panicles per plant (78.74%), and 100-grain weight
(98.15%) indicating the possibility of evolving higher yield variants through selection. Chlorophyll mutations
observed were albino, viridis, and striata. The RAPD analyses with primers OPR 02 (5′–CAC AGC TGC C-3′), OPC 04
(5′-CCG CAT CTA C-3′), and OPC 05 (5′–GAT GAC CGC C-3′) revealed different DNA banding patterns between
controls and NaN3-treated plants.

(Continued on next page)

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: beckley.ikhajiagbe@uniben.edu; http://livedna.net/profile.
php?dna=.
Department of Plant Biology and Biotechnology, University of Benin, Benin,
Nigeria

Bulletin of the National
Research Centre

Ikhajiagbe and Omoregie Bulletin of the National Research Centre           (2020) 44:89 
https://doi.org/10.1186/s42269-020-00344-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s42269-020-00344-6&domain=pdf
https://orcid.org/0000-0003-2834-7447
http://creativecommons.org/licenses/by/4.0/
mailto:beckley.ikhajiagbe@uniben.edu
http://livedna.net/profile.php?dna=.
http://livedna.net/profile.php?dna=.


(Continued from previous page)

Conclusions: The study indicates that sodium azide is a potent mutagen, evident from information on genetic
variability expressed by the DNA profiles of the rice varieties and their mutant counterparts as well as in the yield
performances. The study thus indicated that the source of NaN3 induced variants among the treated progenies
were genetic in nature and hence heritable. However, further screening on promising mutant plants from this
research should be done through successive generations to identify stable traits and variant that can perform
optimally under saline conditions.
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Introduction
Rice is a staple grain nourishment for an enormous piece
of the total populace, making it the second most
devoured cereal grain (Crayford and Shen 1998). As a
customary nourishment plant in Africa, rice can improve
nutritional sustenance, help nourishment security, culti-
vate rustic advancement, and bolster up economical land
care. Rice gives more than one-fifth of the calories
devoured worldwide by human (Heong et al. 2005). In
mid-2008, a few governments and retailers started ap-
portioning providers of the grain because of the dread of
a worldwide rice deficiency (International Rice Research
Institute 2008). More than sixty species of Oryza have
been reported, but only twenty-three valid species are
generally recognized. Cultivated rice does not cross
freely with most wild species except that Oryza sativa
and Oryza glaberrima intercross freely. It has been said
that over eight thousand (8000) botanically different var-
ieties of rice are in existence in the world. At present
time, over eighteen thousand (18,000) varieties are main-
tained in the world rice collected of the International
Rice Research Institute (IRRI) (Juliano and Bechtel
1985).
Rice can be grown successfully under a wide range of

climatic conditions. It generally requires a minimum
growing season of 4 to 5 months, during which the mean
temperature must average 21 °C. Although rice culture
extends from 45° N to 40° S latitude, most of the world
rice crop is grown between the 40° N and 40° S latitudes.
The crop is commonly associated with tropical regions,
but it is also widely grown in temperate areas. Rice is
grown at an altitude from sea level to over 1524m. Rice
is described by pliancy which permits it to develop in
practically any biophysical condition in the west and
central Africa. Along these lines, rice is developed in an
entire scope of agro-biological zones from the humid
forest to the Sahel. Inside these local agro-natural zones,
five fundamental rice-based frameworks can be recog-
nized concerning water supply and geology in sub-
Saharan Africa (SSA) (Windmeijer et al. 1994). These in-
corporate rain-sustained upland rice in levels and in-
clines; rain-sustained rice in valley base and flood fields
with changing degrees of water control; inundated rice

with generally great water control in deltas and flood
fields; profound water, floating rice along riverbeds
banks. Also, mangrove swamp rice in tidal ponds and
deltas on beach front zones.
To overcome any issues among utilization and cre-

ation, Africa spends about US $ 1.5 billion yearly on rice
imports. The greatest concern is that the importation of
rice is putting an expanding overwhelming interest on
rare foreign currency reserve of the nations of this locale
which are among the poorest on the planet (Nwanze
et al. 2006). Only recently, the Federal Government of
Nigeria, in bid to discourage rice imports and enhance
local cultivation of rice, it shut its borders.
The Nigerian mangrove ecology has potential for one

million hectares of cultivatable area for rice, but at
present less than 100 ha are being developed. The ecol-
ogy contributes less than 2% to national rice production
with low rice yields of only about 1 tonne per hectare.
Of about fifty-eight varieties that have been bred, only
five are suited to the mangrove swamp ecological zone
in Nigeria (Guei and Fagade 2002). Development of ap-
propriate technology to expand and increase rice prod-
uctivity in the mangrove swamp ecology is, therefore,
the most urgent issue needing attention (Singh et al.
1997). Enormous zones of saline soils and slightly salty
water areas are under-used worldwide for cropping
(Oputa 1981). In the Niger Delta territory of Southern
Nigeria (around 70, 000 km2), around 30% of the soil are
saline with electrical conductivities more than 0.5 ms/cm
and thus ineffective. Watered areas in the north of the
nation are likewise progressively getting saltier due to
overly application of fertilizer and may before long be
confronted with a similar saltiness issue. One of the ap-
proaches to address this issue is through the identifica-
tion and planting of salt tolerant crop varieties in these
apparently ineffective natural surroundings (Mensah
et al. 2006).
Rice yield can be diminished by up to 50% when devel-

oped under moderate saline levels. It is appraised as a
salt sensitive variety (Shannon et al. 1998). Despite the
fact that salinity influences all phases of the development
of rice plant and the crop reactions to salinity differs
with development stages, concentration, and length of
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presentation to the saline condition. In the most nor-
mally grown rice cvs., new seedlings were exceptionally
salt sensitive (Lutts et al. 1995).
Soil salinity is a challenge to rice development under

artificially watered agricultural system because of low
quality of available water (Abdullah and Ahmed 1982).
Rice is the significant crop of numerous waterfront areas
which are inclined to the ocean water inflow during ele-
vated tide and of rain-sustained frameworks which ex-
perience expanding saltiness in the root zone because of
a rising water table. Soil salinity coming about because
of common procedures from irrigation with saline water
happens in numerous dry to semi dry districts of the
world (Lauchli and Epstein 1990). As indicated by Tanji
(Tanji 1990), 20% of developed land overall is unfavor-
ably influenced by high salt fixation which hinders plant
development and yield. In warm and dry regions, salt
fixation increments in the upper soil layer because of
high rate of evaporation which surpasses precipitation
(Ebert et al. 2002). Beating salt stress is a fundamental
issue in these areas to guarantee the continuity of agri-
cultural practices. Reproducing for salinity tolerance in
rice is a challenge because of the contribution of a few
genes controlling the character and absence of adequate
information on the components controlling salt toler-
ance (Akita and Cabuslay 1988; Yeo et al. 1990). Accord-
ingly, endeavors have been made to build up salt
tolerance in some varieties through induced mutation.
Mutations are useful in contemplating the nature and

capacity of genes which are the structural unit and basis
of plant development, along these lines creating raw ma-
terials for the hereditary improvement of monetary
yields (Adamu and Aliyu 2007). This method has been
utilized to create numerous cultivars with improved eco-
nomic worth and investigation of hereditary qualities
and the miseries of plant development (Van et al. 1990;
Bertagne-Sagnard et al. 1996). Different mutagenic
agents are utilized to instigate positive changes at a high
recurrence that incorporate ionizing radiation and
chemical mutagens (Ahloowalia and Maluszynski 2001).
Chemical mutagens produce induced mutation which
leads to base pair substitutions, particularly GC → AT
bringing about amino acid changes, which change the
capacity of proteins yet do not abrogate their capacities
as deletion and frameshift mutations for the most part
do (Van der Veen 1966).
Some researchers have found chemical mutagens to be

more effective than physical ones (Rao and Roa 1983;
Dhanayanth and Reddy 2000; Bhat et al. 2005), while
others found the reverse case (Tara and Dnyansager
1980; Zeerak 1991). Sodium azide (NaN3) is known to
be exceptionally mutagenic in a few life forms including
plants and creatures (Rines 1995; Veleminsky and Anglis
1987; Owais and Kleinhofs 1988; Raicu and Mixich

1992; Grant and Salamone 1994; Zhang and Hodson
2001), and its mutagenic potential has been accounted
for in a few screening measures.
Seeds have high regenerative potential and are favor-

able for use in mutagenesis. In vitro method can be uti-
lized for both seed and vegetatively cultivated species.
The promutagen NaN3 is exceptionally utilized with
seeds to induce mutations, which must be processed by
plant cells to make mutagenic agent, probable azidoala-
nine (Owais et al. 1983). Azide likewise prompts high
frequencies of chlorophyll and morphological transfor-
mations with an insignificant recurrence of chromo-
somal deviations when utilized in acidic conditions.
Various different specialists (Mensah et al. 2006; Coe
and Neuffer 1977; Mashenkov 1986; Mshembula et al.
2012; Omoregie et al. 2012; Ikhajiagbe et al. 2013; Ikha-
jiagbe and Oshomoh 2014; Ikhajiagbe and Akendolor
2016; Ikhajiagbe and Anoliefo 2017) have recently an-
nounced the part of chemical mutagens in improving
hereditary variability in higher plants. Most of these
workers used sodium in enhancing plant capacities.
The aim of the study is to investigate possible en-

hancement of growth, yield, and genetic parameters of
five rice varieties treated with sodium azide and sown in
salt-treated soil. Rice varieties selected for this study
were improved lowland and shallow swamp high-
yielding varieties, already in cultivation by farmers in
Nigeria (Dalton and Guei 2003; Akinwale et al. 2012;
Maji 2009; Ojehomon et al. 2009). These were three
FARO varieties and two NERICA varieties. Lowland and
shallow swamp varieties were selected because part of
the intention of the study was to screen the varieties and
their sodium azide treated counterparts for tolerance to
salinity by measuring the genetic distance and genetic
parameters among them. This treatment will be useful
in breeding program to improve the productivity of rice
under saline conditions in the future.

Materials and methods
Three improved high yielding rice varieties, FARO-44,
FARO-52, and FARO-57, and two lowlands NERICA
varieties, L-34 and L-47, were obtained from the Na-
tional Cereals Research Institute, Badeggi, Bida, Niger
State. The experiment was conducted at the Department
of Plant Biology and Biotechnology Screen House, lo-
cated beside the Faculty of Life Sciences, University of
Benin, Nigeria. Top soil (0–10-cm depth) which physico-
chemical parameters were determined in the Laboratory
prior to use (Table 1) was collected from the fallow site
attached to the Botanic garden of the Department of
Plant Biology and Biotechnology, University of Benin.
Soil was sun-dried to constant weight before measured
into experiment bowls. A sample of this pooled soil was
sent to the laboratory for physicochemical analysis prior
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to use in the experiment. The results of the analysis have
been presented in Table 1.

Analysis of physicochemical parameters
Physicochemical parameters of soil were determined
prior to usage of the soil according to standard proce-
dures. In other to determine soil pH and soil conductiv-
ity, 20 g of air-dried soil was sieved. Estimated 20ml of
distilled water was then added to it and left for 30 min.
The mixture was mixed once in a while with a glass rod.
Soil pH was measured by utilizing a pH meter (Model
PHS-3C), and the soil conductivity read through a hand-
held conductivity meter (HI 70039P, Hanna Instru-
ments). Soil total organic carbon (TOC) was determined
following the methods of (Nelson and Sommers 1982).
Determination of other physicochemical parameters
followed the methods of (AOAC (Association of Official
Analytical Chemists) 2005; Osuji and Nwoye 2007; El-

Sharabasy and Ibrahim 2010). For determination of total
hydrocarbons, 5 g soil was weighed into a 100-ml plastic
bottle. Afterwards, 25 ml of n-Hexane was included and
precisely shaken for 10 min and let stand secured. It was
then separated, and the filtrate was perused at 460 nm.
THC standard stock, 1000mg/l, was done by pipetting
some 1.18 ml of Forcados Blend Crude Oil and made to
1 l with n-Hexane. From this, 0, 10, 20, 40, 60, 80, and
100 mg/l working models were made ready.
Calculation:

THC mg=lð Þ ¼ Instr:reading� Slope reciprocal� 25
5g

ð1Þ

The experimental design was a completely randomized
design with four blocks. Each block was a replicate of
five rice varieties and six treatment levels including con-
trol. There were 30 perforated pots per block and a total
of 120 pots for the experiment.

Preparation of sodium azide (NaN3) solutions
The first set of grains was prepared and used to test for
the LD50. NaN3 concentrations of 1%, 0.25%, 0.0625%,
and 0.032% were prepared by weighing 1 g, 0.25 g,
0.0625 g, and 0.032 g, respectively, and dissolving each in
100 ml of distilled water pre-directed to pH 3 with
ortho-phosphate. After LD50 was established, decreased
concentrations of 0.032%, 0.016%, 0.008%, and 0.004%
NaN3 were set up by estimating proper volumes from
stock solution and making up to 100 ml with ortho-
phosphoric acid managed water (pH 3). Zero percent
level was water at pH 3 with no NaN3. Control was just
distilled water at pH 7.

Preparation of sodium chloride (NaCl) solution
Sodium chloride solutions of conductivities within the
range of 4000 to 6000 μs/cm, estimated as moderate sal-
inity, were prepared. Conductivity was read using DiST
Conductivity/TDS meter (HI 70039P, Hanna Instru-
ments). Conductivity of soil was monitored throughout
the course of research. This was achieved by measuring
soil solutions of 1:2 soil/water proportions. Conductivity
of NaCl-treated soil was always at least a double fold of
control.

Grain treatments
Healthy uniform grains were chosen by hand-picking
and moved into named Petri-dishes. Grains were allowed
to pre-absorbed tap water for 14 h and afterward moved
to NaN3 (pH 3) solution for 6 h with constant mixing.
Toward the finish of the introduction to NaN3 treat-
ment, grains were appropriately rinsed with water.

Table 1 Physicochemical properties of planting soil

Parameters Units Mean

pH - 6.02

Electric conductivity μs/cm 303

Total organic carbon % 0.41

Total nitrogen % 0.13

Exchangeable acidity meq/100 g soil 0.2

Na+ meq/100 g soil 11.46

K+ meq/100 g soil 1.54

Ca2+ meq/100 g soil 15.6

Mg2+ meq/100 g soil 11.3

Cl- mg/l 1666

Available phosphates mg/l 153

Ammonium nitrogen mg/l 25.4

Nitrite mg/l 15.01

Nitrate mg/l 30.75

Sulfates mg/l 14.63

Clay % 4.4

Silt % 7.8

Sand % 87.8

Fe3+ mg/l 1011.43

Mn2+ mg/l 17.03

Zn2+ mg/l 14.76

Cu2+ mg/l 3.31

Cr+ mg/l 2.11

Cd+ mg/l > 0.001

Pb2+ mg/l 0.03

Ni+ mg/l 2.54

V+ mg/l 1.36

Total hydrocarbon content mg/l 754
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Sowing
Grains were sown. Twenty grains were planted per pot.

Watering and application of salt-treatment
Plants were watered daily to avoid dehydration since the
experiment was conducted in a screen house. Two hun-
dred milliliters of NaCl solutions were applied once a
week on all treatment levels except control.

Fertilizer application
Organic (composted farm yard manure) was applied
twice; first at the fourth week after planting (4 WAP),
then at the eighth week after planting (8 WAP). Inor-
ganic fertilizer (N.P.K. 15:15:15) was applied at the
twelfth week after planting, the onset of flowering, to ar-
gument high nutrient demand at that phase. Application
was at the rate of 4 g/kg (Ikhajiagbe et al. 2009). The
fertilizer was first dissolved in water and applied at 5 cm
away from the perimeter of the plants to avoid scotching
of the plants.

Percentage emergence
The number of plants that emerged from the soil per
pot was counted daily until 14 DAP.
Percentage emergence was then calculated by:

Number of grains emerging� 100
Total number of grains sown

ð2Þ

Other plant growth measurements
Plant heights were measured once a week from the third
week after planting (WAP) to 5 WAP, then fortnightly
from 7 WAP to 11 WAP using a measuring tape. The
day the first panicle emerged in a particular treatment
level of a variety was recorded as the number of days to
flowering of that plant. The days of emergence of subse-
quent panicles were also recorded until 118 DAP.
The number of tillers per plant was counted after

more than 50% of all the varieties have flowered (120
DAP). A number of panicles per plant were counted at
the time of harvest. Panicles were harvested when they
turned straw color (Nwilene et al. 2008).
One hundred grains per plant were weighed from the

harvested grains. The number of plants that lodged per
variety was counted, and their percentages calculated by
as follows:
Percentage lodging:

Number of plants that logde� 100
Total number of plants

ð3Þ

For biomass, whole plants left until they turned straw
color in the screen house were carefully uprooted and
weighed.

Chlorophyll content index (CCI)
The chlorophyll content index of leaves of plants was es-
timated at 5 WAP during the vegetative stage and 12
WAP at the beginning of blooming, utilizing a chloro-
phyll content meter, CCM-200 plus. CCM-200 is a non-
damaging chlorophyll content estimating meter. The
normal meter perusing of five leaves for each plant was
taken as the chlorophyll content index (CCI). Chloro-
phyll has a few particular optical absorbance attributes
that the CCM-200 plus endeavors so as to decide rela-
tive chlorophyll concentration. Chlorophyll transmission
is naturally high close to the infrared range and low in
the red range since green plants absorb visible radiation
for photosynthesis and transmit close to infrared, which
they do not utilize. Strong absorbance bands are avail-
able in the blue and red yet not in the green or infrared
bands. The CCM-200 or more uses absorbance to assess
the chlorophyll content in leaf tissues. It utilizes LEDs
that produces explicit wavelengths in the red and infra-
red reaches. Two wavelengths are utilized for absorbance
measurement. One wavelength falls inside the chloro-
phyll absorbance range while the second serves to make
up for mechanical contrasts, for example, tissue thick-
ness. The detector uses the absorbance proportion of
the two wavelengths to figure out a CCI esteem that is
relative to the measure of chlorophyll in the sample
(Apogee Instruments Incorporated n.d.).
Genetic parameters considered in the study include

the following (Johnson et al. 1955; Allard 1999):
Phenotypic variance (δ2ph): treatment mean square

(TMS) between means
Genotypic variance (δ2g): difference between treatment

mean square and error mean square (EMS)
Heritability (H%):

δ2g� 100
δ2ph

ð4Þ

Genetic advance (GA):

δ2g� K

√ δ2phð Þ ð5Þ

where K = 2.06 (selection differential at 10%).
Genetic gain (GG%):

GA� 100
Mean

ð6Þ

The genetic gain (GG%) was calculated in terms of the
genetic advance (GA) expressed as a percentage of the
population mean (X).

Second generation (M2) comparative studies
Twenty one progenies made up of plants with the high-
est number of panicles per plant in each variety
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including their controls were selected and their seeds
planted for M2. The means of percentage emergence
and plant heights at 7 WAP were measured. Chlorophyll
mutations were also observed. The spectrum of chloro-
phyll mutations was studied, and the mutants were clas-
sified as per the scheme of Gustafson (Gustafson 1940)
with modifications by Lal et al. (Lal et al. 2009).
Albino—white, lethal, no chlorophyll, or carotenoids

are formed.
Xantha—yellow to yellowish white, lethal, carotenoids

present but chlorophyll absent.
Dark xantha—dark yellow, lethal.
Chlorina—uniform green color with white on tips,

viable.
Viridis—uniform light yellow green color of leaves,

viable.
Striata—longitudinal strips of different colors, viable.

Random amplified polymorphic DNA (RAPD) studies
DNA extraction
DNA extraction from the leaf of the progenies of the
Oryza sativa varieties and selected sodium azide treated
counterparts was carried out using a ZR plant/seed
DNA extraction kit according to the manufacturer’s in-
struction. Briefly, 150 mg of the rice leaf was added to a
ZR BashingBead™ containing 750 μl of the lysis solution.
The leaf was then homogenized using a mini bead beater
for minutes. After homogenization, the tube was centri-
fuged at 10,000×g for 1 min. Four hundred microliters of
the supernatant was transferred into a Zymo-Spin™ IV
Spin Filter in a collection tube and centrifuged at 7000
rpm for 1 min. One thousand two hundred microliters
of Plant/Seed DNA Binding Buffer was then added to
the filtrate in the collection tube. This mixture was
transferred to a Zymo-Spin™ II Column in a collection
tube and centrifuged at 10,000×g for 1 min. The flow
through from the collection tube was discarded, and
500 μl of Plant/Seed DNA Wash Buffer was added to the
Zymo-Spin™ II Column in a new collection tube and
centrifuged at 10,000×g for 1 min. After repeating the
wash step, the column was transferred to a clean 1.5-ml
microcentrifuge tube, and 100 μl of sterile water was
added directly to the column matrix after which the
tubes were centrifuged at 10,000×g for 30 s to elute the
DNA. Finally, the eluted DNA was filtered using a
Zymo-Spin™ IV-HRC Spin Filter into a 1.5-ml microcen-
trifuge tube and centrifuged at 10,000×g for 30 s.

Polymerase Chain Reaction
RAPD-PCR was carried out on the extracted DNA sam-
ple using the RAPD primer OPR 02 (5′–CAC AGC
TGC C-3′), OPC 04 (5′-CCG CAT CTA C-3′), and
OPC 05 (5′–GAT GAC CGC C-3′). The PCR reaction
was carried out in a 20 μl reaction mixture containing

1× PCR buffer (Solis Biodyne), 2.5 mM magnesium
chloride, 0.2 mM of each dNTP, 40 pMol of primer, 1 U
Taq DNA polymerase, and 10–200 ng of DNA, and ster-
ile deionized water was used to make up the reaction
mixture.
Amplification was carried out in an Eppendorf Nexus

thermal cycler using the following cycling parameters:
an initial denaturation at 95 °C for 5 min which was
followed by 40 consecutive cycles of 95 °C for 1 min, 30
°C for 1 min, and 72 °C for 2 min. This was followed by
a final extension of 72 °C for 10 min. The PCR products
were separated on a 1% agarose gel, and 1 kb DNA lad-
der (Fermentas) was used as DNA molecular weight
standard.

Statistical analysis
Means and standard errors were calculated from data
obtained. Data were analyzed following two-way analysis
of variance using GENSTAT (8th edition). Where sig-
nificant F-values were obtained, differences between
means were separated using Student Newman Keuls test
(Alika 2006).

Results
Table 2 showed the percentage emergence of the five
rice varieties used for this study from day 2 after plant-
ing (2 DAP) to 14 DAP. At 2 DAP, FARO-44 had its
highest emergence at 0% NaN3 of 66.25%. Emergence
had not started at 0.016% NaN3 and 0.032% NaN3. High-
est emergence at FARO-52 was also at 0% NaN3 with
42.50% and no emergence at 0.032% NaN3. FARO-57
had highest emergence at control and 0% NaN3 with
31.25%, respectively. There was no emergence at 0.032%
NaN3. NERICA L-34 had the highest emergence at con-
trol with 70.00% and no emergence in 0.016% NaN3 and
0.032% NaN3, respectively. There was no emergence for
all treatment levels control inclusive for NERICA L-47
at 2 DAP.
At 5 DAP, FARO-44 and FARO-52 had 0% NaN3 with

the highest emergence of 96.25%, respectively. 0.032%
NaN3 of both varieties was also lowest with 26.25% and
58.75%, respectively. FARO-57, NERICA L-34, and NER-
ICA L-47 had their controls with the highest emergence
of 96.25%, 98.75%, and 11.25%, respectively.
At 14 DAP, FARO-44 had 97.50% as highest emer-

gence in 0% NaN3 and 0.016% NaN3. 0.004% NaN3 of
FARO-44 had lowest emergence of 90%. FARO-52 had
100% emergence at 0% NaN3and 95% in all other levels
except 0% NaN3 which was 98.75%. FARO-57 and NER-
ICA L-34 had controls as highest emergence with
98.75% each and 0.032% NaN3 as lowest with 91.25%
and 78.75%, respectively. NERICA L-47 had control as
highest emergence of 40%, 0.016% NaN3 of 1.25%, and
no emergence for 0.032% NaN3.
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Table 3 shows plant heights of the five varieties from 3
WAP to 11 WAP. At 3 WAP, plant heights of FARO-44
ranged from 32.88 cm in 0.032% NaN3 to 36.00 cm in
control. FARO-52 ranged from 29.52 cm in 0.032%
NaN3 to 35.35 cm in control. FARO-57 ranged from
30.25 cm in 0.016% NaN3 to 35.12 cm at 0%. NERICA L-
34 ranged from 27.25 cm at 0.032% NaN3 to 34.12 cm in
control. NERICA L-47 ranged from 15.00 cm at 0.016%
NaN3 to 31.00 cm in control.
At 5 WAP, FARO-44 was 54.38 cm, 54.88 cm, and

59.00 cm at control, 0% NaN3, and 0.008% NaN3, re-
spectively. FARO-52 was 56.75 cm, 59.75 cm, and 63.62
cm at control, 0% NaN3, and 0.008% NaN3, respectively.

FARO-57 was 61.50 cm, 63.75 cm, and 61.75 cm at con-
trol, 0% NaN3, and 0.004% NaN3, respectively. NERICA
L-34 had control of 56.25 cm, 0% NaN3 of 54.62 cm, and
0.008% NaN3, and 0.032% NaN3 of 54.75 cm each. NER-
ICA L-47 was 58.50 cm for control, 56.62 cm for 0%
NaN3, and 54.38 cm for 0.004% NaN3.
At 11 WAP, FARO-44 was 78.12 cm, 70.38 cm, and

78.28 cm in control, 0% NaN3, and 0.008% NaN3, re-
spectively. FARO-52 was 86.55 cm, 88.75 cm, and 85.67
cm for control, 0% NaN3, and 0.008% NaN3, respect-
ively. FARO-57 was 97.12 cm, 95.25 cm, and 97.10 cm
for control, 0% NaN3, and 0.004% NaN3, respectively.
NERICA L-34 was control of 82.42 cm, 0% NaN3 of

Table 2 Percentage emergence of the five rice varieties

Variety NaN3
treatment
level

Days after planting

Day 2 Day 3 Day 4 Day 5 Day 6 Day 12 Day 14

FARO-44 Control 52.50 ± 5.20egh 83.75 ± 5.15hij 87.50 ± 6.29ef 90.00 ± 4.08d 91.25 ± 4.27gh 91.25 ± 4.27c 91.25 ± 4.27c

FARO-44 0% 66.25 ± 2.39h 92.50 ± 5.95ij 95.00 ± 3.54ef 96.25 ± 3.75d 97.50 ± 2.50h 97.50 ± 2.50c 97.50 ± 2.50c

FARO-44 0.004% 36.25 ± 13.39def 83.75 ± 1.25hij 86.20 ± 1.25ef 88.75 ± 1.25d 88.75 ± 1.25gh 90.00 ± 0c 90.00 ± 0c

FARO-44 0.008% 11.25 ± 2.39abc 73.75 ± 2.89hi 87.50 ± 3.23ef 91.25 ± 2.39d 95.00 ± 2.04gh 96.25 ± 2.39c 96.25 ± 2.39c

FARO-44 0.016% 0.00a 20.00 ± 2.89bcef 47.50 ± 6.61cd 77.50 ± 3.23d 80.00 ± 2.04fgh 97.50 ± 1.44c 97.50 ± 1.44c

FARO-44 0.032% 0.00a 2.50 ± 1.44abc 13.70 ± 5.54ab 26.25 ± 4.27b 42.50 ± 4.38gh 91.25 ± 5.15c 92.50 ± 4.79c

FARO-52 Control 36.25 ± 8.75defg 80.00 ± 7.07hij 90.00 ± 2.89ef 92.50 ± 3.23d 96.25 ± 2.39gh 98.75 ± 1.25c 98.75 ± 1.25c

FARO-52 0% 42.50 ± 6.29efgh 83.75 ± 6.25hij 88.80 ± 5.15ef 93.75 ± 4.73d 98.75 ± 1.25h 100.00 ± 0c 100.00 ± 0c

FARO-52 0.004% 20.00 ± 4.56abcd 83.75 ± 9.87hij 87.50 ± 2.23ef 91.25 ± 5.91d 95.00 ± 2.89gh 95.00 ± 2.89c 95.00 ± 2.89c

FARO-52 0.008% 26.25 ± 10.08bcde 83.75 ± 6.25hij 87.50 ± 4.33ef 92.50 ± 2.50d 92.50 ± 2.50gh 95.00 ± 2.89c 95.00 ± 2.89c

FARO-52 0.016% 2.50 ± 1.44a 21.25 ± 5.54cf 80.00 ± 8.42ef 87.50 ± 5.20d 92.50 ± 2.23gh 95.00 ± 3.54c 95.00 ± 3.54c

FARO-52 0.032% 0.00a 2.50 ± 1.44abc 28.70 ± 7.74abc 58.75 ± 2.39c 73.75 ± 5.54efg 95.00 ± 5.00c 95.00 ± 5.00c

FARO-57 Control 31.25 ± 5.54bcde 78.75 ± 4.73hij 86.20 ± 5.54ef 96.25 ± 2.39d 98.75 ± 1.25h 98.75 ± 1.25c 98.75 ± 1.25c

FARO-57 0% 31.25 ± 1.25bde 75.00 ± 5.00hi 81.20 ± 2.39ef 91.25 ± 3.75d 92.50 ± 4.33gh 96.25 ± 2.39c 96.25 ± 2.39c

FARO-57 0.004% 12.50 ± 3.75abc 76.25 ± 2.39hi 87.50 ± 3.23ef 91.25 ± 3.75d 92.50 ± 3.23gh 96.25 ± 2.39c 96.25 ± 2.39c

FARO-57 0.008% 3.75 ± 3.75a 51.25 ± 4.27g 80.00 ± 8.42ef 93.75 ± 2.39d 95.00 ± 2.89gh 96.25 ± 2.39c 96.25 ± 2.39c

FARO-57 0.016% 0.00a 1.25 ± 1.25ab 26.2 0 ± 4.27abc 51.25 ± 9.44c 60.00 ± 9.13e 91.25 ± 3.75c 92.50 ± 3.23c

FARO-57 0.032% 1.25 ± 1.25a 1.25 ± 1.25ab 5.00 ± 2.04ab 31.25 ± 4.27b 43.75 ± 9.21d 91.25 ± 4.27c 91.25 ± 4.27c

NERICA L-34 Control 70.00 ± 6.77h 97.50 ± 1.44 j 98.75 ± 1.25f 98.75 ± 1.25d 98.75 ± 1.25h 98.75 ± 1.27c 98.75 ± 1.27c

NERICA L-34 0% 57.50 ± 7.77gh 80.00 ± 3.54hij 65.00 ± 22.17de 90.00 ± 4.56d 93.75 ± 2.39gh 93.75 ± 2.39c 93.75 ± 2.39c

NERICA L-34 0.004% 18.75 ± 1.25ab 82.50 ± 5.20hij 88.50 ± 4.73ef 88.75 ± 5.54d 92.50 ± 1.44gh 92.50 ± 1.44c 92.50 ± 1.44c

NERICA L-34 0.008% 11.25 ± 5.15ab 65.00 ± 8.17h 78.70 ± 8.99ef 83.75 ± 5.54d 87.50 ± 4.33gh 90.00 ± 3.54c 90.00 ± 3.54c

NERICA L-34 0.016% 0.00a 6.25 ± 3.14abcdef 37.50 ± 4.33c 56.25 ± 8.26c 68.75 ± 5.15ef 91.25 ± 4.27c 91.25 ± 4.27c

NERICA L-34 0.032% 0.00a 0.00a 5.00 ± 3.54ab 12.50 ± 5.95a 18.75 ± 5.54abc 78.75 ± 5.15c 78.75 ± 5.15c

NERICA L-47 Control 0.00a 6.25 ± 4.73abcdef 11.20 ± 4.73ab 11.25 ± 4.73a 27.50 ± 16.5c 40.00 ± 20.9 b 40.00 ± 20.92b

NERICA L-47 0% 0.00a 3.75 ± 2.39abcde 7.50 ± 1.44ab 7.50 ± 1.44a 7.50 ± 1.44ab 12.50 ± 1.44a 12.50 ± 1.44a

NERICA L-47 0.004% 0.00a 0.00a 0.00a 3.75 ± 1.25a 5.00 ± 0ab 8.75 ± 2.39a 8.75 ± 2.39a

NERICA L-47 0.008% 0.00a 0.00a 0.00a 0.00a 0.00a 6.25 ± 2.39a 6.25 ± 2.39a

NERICA L-47 0.016% 0.00a 0.00a 0.00a 0.00a 0.00a 1.25 ± 1.25a 1.25 ± 1.25a

NERICA L-47 0.032% 0.00a 0.00a 0.00a 0.00a 0.00 a 0.00 a 0.00a

Mean ± standard error. Mean of four replicates. Different alphabets in columns indicate significant differences at 5% level of probability

Ikhajiagbe and Omoregie Bulletin of the National Research Centre           (2020) 44:89 Page 7 of 19



85.53 cm, and 80.88 cm for 0.016% NaN3. NERICA L-47
was 81.70 cm, 79.50 cm, and 93.12 cm for control, 0%
NaN3, and 0.004% NaN3, respectively.
Table 4 shows the chlorophyll content indexes (CCI)

of the five rice varieties. Across varieties at 5 weeks after
planting (5 WAP), 0.008% NaN3 of FARO-52 had the
highest CCI of 8.83 while NERICA L-47 had the lowest
CCI of 1.60. At 12 WAP, control of FARO-44 had the
highest CCI of 15.40, and the lowest value of CCI was
11.20 for FARO-52 at 0.016% NaN3.
Table 5 shows the earliness to panicle emergence of

the five varieties. The NERICAs had the earliest panicle
emergence at 81 DAP. However, among the NERICAs,
NERICA L-47, 0.016% NaN3 was the latest at 91 DAP.

Next was FARO-44 with the earliest at 85 DAP and
FARO-57 with the earliest at 89 DAP. Control of FARO-
57 was at 97 DAP. FARO-52 was the latest of all the var-
ieties with the earliest panicle emerging at 106 DAP.
Table 6 shows percentage lodging in the five rice var-

ieties. Control of FARO-44 had the highest value of 50%
lodging and 0.032% NaN3 of 12.50%. However, there
was no lodging at 0% NaN3. There was no lodging in all
the treatment levels, control inclusive in FARO-52.
FARO-57 had highest values at 0.004% NaN3 and
0.016% NaN3 with 100% lodging and lowest at 0.032%
NaN3 with 50%. For NERICA L-34, percentage lodging
was 12.50% each in control and 0% NaN3. There was no
lodging at other treatment levels. NERICA L-47 had

Table 3 Plant heights of the five rice varieties (CM)

Variety NaN3
treatment
level

Plant heights (cm)

Week 3 Week 4 Week 5 Week 7 Week 9 Week 11

FARO-44 Control 36.00 ± 1.78d 48.12 ± 1.86b 54.38 ± 2.97b 55.12 ± 6.46ab 64.38 ± 5.29a 78.12 ± 4.92ab

FARO-44 0% 33.30 ± 1.21bcd 45.75 ± 1.65b 54.88 ± 5.78b 54.75 ± 5.84ab 58.00 ± 6.18a 70.38 ± 6.52a

FARO-44 0.004% 33.50 ± 0.96bcd 43.00 ± 3.24b 50.75 ± 3.20b 56.75 ± 2.02ab 60.50 ± 2.60a 74.62 ± 5.85ab

FARO-44 0.008% 33.25 ± 1.32bcd 45.25 ± 2.93b 59.00 ± 1.47b 64.75 ± 1.32ab 66.25 ± 1.18a 78.28 ± 1.46ab

FARO-44 0.016% 33.38 ± 1.38bcd 44.75 ± 2.72b 53.20 ± 2.95b 61.50 ± 0.65ab 65.25 ± 0.85a 75.40 ± 2.24ab

FARO-44 0.032% 32.38 ± 1.07bcd 43. 50 ± 3.12b 53.25 ± 3.15b 58.50 ± 3.80ab 63.75 ± 3.43a 74.85 ± 3.48ab

FARO-52 Control 35.35 ± 1.49cd 46.00 ± 3.81b 56.75 ± 1.59b 63.50 ± 0.87ab 71.00 ± 2.61a 86.55 ± 5.25ab

FARO-52 0% 33.75 ± 1.65bcd 46.50 ± 3.23b 59.62 ± 2.81b 66.50 ± 2.26ab 75.25 ± 1.93a 88.75 ± 3.93ab

FARO-52 0.004% 30.50 ± 3.38bcd 45.00 ± 6.98b 51.50 ± 9.97b 55.50 ± 11.29ab 61.25 ± 12.87a 82.97 ± 5.74ab

FARO-52 0.008% 34.50 ± 1.94cd 53.00 ± 3.49b 63.62 ± 3.21b 69.75 ± 1.60b 72.50 ± 1.50a 85.67 ± 2.38ab

FARO-52 0.016% 33.25 ± 0.85bcd 46.00 ± 1.63b 57.00 ± 2.04b 67.00 ± 2.48ab 71.25 ± 2.75a 82.35 ± 5.74ab

FARO-52 0.032% 29.52 ± 0.87bcd 43.62 ± 2.59b 57.75 ± 2.18b 65.25 ± 2.32ab 71.25 ± 3.30a 83.90 ± 3.56ab

FARO-57 Control 34.75 ± 1.84cd 52.00 ± 1.23b 61.50 ± 1.04b 67.00 ± 3.08ab 74.00 ± 4.51a 97.12 ± 5.35b

FARO-57 0% 35.12 ± 1.66cd 54.50 ± 3.12b 63.75 ± 1.32b 69.00 ± 2.66b 73.00 ± 3.34a 95.25 ± 8.23b

FARO-57 0.004% 34.25 ± 1.93bcd 49.00 ± 1.63b 61.75 ± 1.65b 68.00 ± 1.47ab 75.50 ± 1.56a 97.10 ± 4.73b

FARO-57 0.008% 33.00 ± 2.04bcd 48.50 ± 3.50b 58.75 ± 3.20b 64.25 ± 1.89ab 71.00 ± 1.35a 96.40 ± 5.31b

FARO-57 0.016% 30.25 ± 1.70bcd 46.75 ± 3.97b 60.75 ± 3.82b 69.25 ± 2.66b 74.75 ± 3.52a 88.20 ± 5.14ab

FARO-57 0.032% 30.62 ± 2.79bcd 44.00 ± 2.12b 56.75 ± 1.25b 67.00 ± 1.68ab 71.75 ± 1.32a 90.22 ± 4.03ab

NERICA L-34 Control 34.12 ± 1.23bcd 45.60 ± 0.69b 56.25 ± 2.25b 62.75 ± 2.46ab 70.75 ± 1.65a 82.42 ± 3.48ab

NERICA L-34 0% 32.25 ± 2.53bcd 48.25 ± 0.68b 54.62 ± 2.14b 59.25 ± 3.04ab 67.00 ± 2.83a 85.53 ± 6.61ab

NERICA L-34 0.004% 31.88 ± 1.23bcd 41.50 ± 3.66b 54.62 ± 3.25b 59.75 ± 2.32ab 65.50 ± 2.83a 79.88 ± 2.97ab

NERICA L-34 0.008% 31.75 ± 0.95bcd 45.50 ± 2.87b 54.75 ± 1.32b 61.50 ± 2.63ab 65.88 ± 1.74a 77.40 ± 5.44ab

NERICA L-34 0.016% 31.00 ± 0.23bcd 47.25 ± 1.80b 54.25 ± 2.66b 61.75 ± 3.59ab 67.75 ± 2.46a 80.88 ± 6.30ab

NERICA L-34 0.032% 27.25 ± 2.21bc 42.00 ± 3.56b 54.75 ± 3.50b 62.00 ± 2.61ab 69.75 ± 1.55a 80.85 ± 4.61ab

NERICA L-47 Control 31.00 ± 1.78bcd 44.25 ± 1.70b 58.50 ± 1.66b 63.25 ± 2.63ab 67.50 ± 4.48a 81.70 ± 3.79ab

NERICA L-47 0% 27.75 ± 2.66bcd 46.00 ± 3.81b 56.62 ± 1.28b 62.50 ± 1.19ab 69.25 ± 1.93a 79.50 ± 3.31ab

NERICA L-47 0.004% 26.25 ± 0.63b 41.00 ± 1.47b 54.38 ± 2.48b 64.25 ± 3.07ab 71.00 ± 4.49a 93.12 ± 5.87ab

NERICA L-47 0.008% 16.00 ± 0.58a 32.33 ± 2.03a 50.00 ± 1.73a 56.83 ± 4.51ab 65.67 ± 3.18a 83.77 ± 4.56ab

NERICA L-47 0.016% 15.00 ± 0a 48.00 ± 0b 36.00 ± 0b 50.00 ± 0a 64.00 ± 0a 84.80 ± 0ab

Mean ± standard error. Mean of four replicates. NERICA L-47 (0.008 %); mean of three replicates. NERICA L-47 (0.016 %); no replicate. Different alphabets in
columns indicate significant differences at 5% level of probability
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highest lodging at 0% NaN3 with 37.50% and 25% in
control. There was no lodging in 0.004% NaN3, 0.008%
NaN3, and 0.016% NaN3. The overall varietal lodging
shows FARO-57 as the most lodged with 81.25% and no
lodging in FARO-52.
Table 7 shows the yield parameters of the five rice var-

ieties. For number of tillers per plant at 18 WAP,
FARO-44 had highest number at control with 6 tillers
per plant. It had 4 tillers per plant at 0% NaN3 and 6 til-
lers per plant at 0.032% NaN3. FARO-52 had 10 tillers
per plant at control, 8 tillers per plant at 0% NaN3, and
10 tillers per plant at 0.032% NaN3. FARO-57 had 5

tillers per plant at control, 4 tillers per plant at 0%
NaN3, and 5 tillers per plant at 0.004% NaN3 and
0.008% NaN3. NERICA L-34 had 8 tillers per plant each
at control and level 0 with 9 tillers per plant 0.032%
NaN3. NERICA L-47 had 7 tillers per plant for control,
9 tillers per plant for 0% NaN3, and between 10 and 12
tillers per plant in the other levels.
For number of panicles per plant, control of FARO-44

had 7 panicles per plant, 4 panicles per plant in 0%
NaN3, and 7 panicles per plant in 0.004% NaN3 and
0.032% NaN3. FARO-52 had 8 panicles per plant in con-
trol, 7 panicles per plant in 0% NaN3, and 8 panicles per
plant in 0.032% NaN3. FARO-57 had control of 4 pani-
cles per plant, 0% NaN3 of 4 panicles per plant, and
0.032% NaN3 of 9 panicles per plant. NERICA L-34 had
control of 8 panicles per plant, 0% NaN3 of 4 panicles
per plant, and 0.032% NaN3 of 9 panicles per plant.
NERICA L-47 had control of 10 panicles per plant, 0%
NaN3 of 7 panicles per plant, and 0.016% NaN3 of 17
panicles per plant.
For the control plants, 100-grain weight for FARO-44

was 3.02 g, 2.93 g in 0% NaN3, and 3.03 g in 0.004%
NaN3. FARO-52 was 2.47 g in control, 2.59 g in 0%
NaN3, and 2.59 g at 0.004% NaN3. FARO-57 was 3.02 g
in control, 3.12 g in 0%, and 3.06 g in 0.004%. NERICA
L-34 was control of 2.57 g, 0% NaN3 of 2.45 g, and 2.68 g
in 0.016% NaN3. NERICA L-47 had control of 2.91 g, 0%
NaN3 of 2.19 g, and 0.008% NaN3 of 3.01 g.
Biomass for FARO-44 was 8.15 g for control, 4.98 g for

0% NaN3, and 6.13 g for 0.016% NaN3. FARO-52 had
biomass of 15.01 g for control, 15.08 g for 0% NaN3, and
18.02 g for 0.032% NaN3. FARO-57 was 9.37 g for con-
trol, 8.59 g for 0% NaN3, and 11.14 g for 0.004% NaN3.
NERICA L-34 was 10.07 g control, 5.90 g 0% NaN3, and
12.09 g for 0.032% NaN3. Biomass for NERICA L-47 was
8.61 g, 11.56 g, and 19.20 g for control, 0% NaN3, and
0.004% NaN3, respectively.
Table 8 shows the estimate of parameters of variability,

heritability, and genetic gain of some characters of the
rice varieties in the M1 generation. Characters estimated
for were percentage emergence, number of tillers per
plant, number of panicles per plant, 100-grain weight,
and percentage lodging. Heritability for percentage
emergence, number of tillers per plant, number of pani-
cles per plant, 100-grain weight, and percentage lodging
were 46.82%, 78.06%, 78.74%, 98.15%, and 25.60%,
respectively.
Table 9 shows the effect of sodium azide on some pa-

rameters comparatively between M1 and M2 of selected
progenies. Parameters studied were percentage emer-
gence, plant heights at 7 WAP, and chlorophyll muta-
tions. Percentage emergence across in M1 ranged
between 1.25 and 98.75%. M2 ranged between 5 and
100%. Plant heights in M1 ranged between 50.00 and

Table 4 Chlorophyll content index (CCI) of the five rice varieties
at 5 WAP and 12 WAP

Variety NaN3
treatment
level

CCI

5 WAP 12 WAP

FARO-44 Control 4.35 ± 0.78b 15.40 ± 2.01a

FARO-44 0% 4.48 ± 0.93ab 13.00 ± 1.39a

FARO-44 0.004% 5.15 ± 0.90abc 11.83 ± 1.41a

FARO-44 0.008% 5.68 ± 0.41bc 12.22 ± 1.16a

FARO-44 0.016% 5.03 ± 1.06abc 13.57 ± 0.61a

FARO-44 0.032% 4.88 ± 0.98abc 12.12 ± 1.51a

FARO-52 Control 6.23 ± 1.38bc 11.25 ± 1.20a

FARO-52 0% 6.75 ± 1.49bc 14.20 ± 1.24a

FARO-52 0.004% 6.00 ± 1.76bc 12.33 ± 2.33a

FARO-52 0.008% 8.83 ± 0.51c 11.95 ± 0.95a

FARO-52 0.016% 5.98 ± 0.33bc 11.20 ± 0.93a

FARO-52 0.032% 7.48 ± 0.98bc 13.58 ± 1.19a

FARO-57 Control 7.55 ± 0.90bc 14.43 ± 0.80a

FARO-57 0% 8.28 ± 6.58bc 13.52 ± 0.81a

FARO-57 0.004% 6.58 ± 0.82bc 14.07 ± 0.59a

FARO-57 0.008% 6.70 ± 0.94bc 14.23 ± 1.11a

FARO-57 0.016% 5.59 ± 1.09bc 12.70 ± 0.42a

FARO-57 0.032% 4.55 ± 0.83ab 13.85 ± 1.51a

NERICA L-34 Control 6.85 ± 0.94bc 16.40 ± 1.27a

NERICA L-34 0% 6.30 ± 0.72bc 13.22 ± 1.31a

NERICA L-34 0.004% 4.98 ± 0.86abc 12.75 ± 0.92a

NERICA L-34 0.008% 5.76 ± 0.56bc 12.00 ± 2.57a

NERICA L-34 0.016% 5.93 ± 1.15bc 14.00 ± 1.95a

NERICA L-34 0.032% 6.53 ± 0.36bc 14.72 ± 1.70a

NERICA L-47 Control 5.88 ± 0.87bc 12.12 ± 1.28a

NERICA L-47 0% 7.03 ± 0.63bc 13.88 ± 2.25a

NERICA L-47 0.004% 5.33 ± 0.20bc 13.18 ± 1.68a

NERICA L-47 0.008% 2.27 ± 0.34a 12.63 ± 0.93a

NERICA L-47 0.016% 1.60 ± 0a 12.60 ± 0a

Mean ± standard error. Mean of four replicates. NERICA L-47 (0.008 %); mean
of three replicates. NERICA L-47 (0.016 %); no replicate. Different alphabets in
columns indicate significant differences at 5% level of probability
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68.00 cm, with 12 cm and 67.75 cm in M2. Chlorophyll
mutations observed in the present studies were striata,
albino, and viridis with the striata form being the most
predominant.
Figures 1, 2, and 3 show the RAPD gel electrophoresis

of nineteen selected M1 progenies of control and mutant
plants using RAPD primer OPR 02 (5′–CAC AGC TGC

C-3′), OPC 04 (5′-CCG CAT CTA C-3′), and OPC 05
(5′–GAT GAC CGC C-3′), respectively. The RAPD
marker presented in Fig. 1 reveals variation among
salinity-exposed rice cultivars after treatment with so-
dium azide. FARO-44 (control), FARO-52 (control),
NERICA L-47 (control), FARO-52 (0.008 %), FARO-52
(0.016%), FARO-57 (0%), FARO-57 (0.008%), NERICA

Table 5 Number of days to flowering and panicle emergence in the five rice varieties

Variety NaN3
treatment
level

Earliness to panicle emergence

81
DAP

82
DAP

84
DAP

85
DAP

88
DAP

89
DAP

91
DAP

95
DAP

97
DAP

99
DAP

106
DAP

110
DAP

118
DAP

120
DAP

Total no. of
plants

FARO-44 Control - - - 1 4 4 8 9 10 11 14 16 16 17 4

FARO-44 0% - - - 2 4 4 5 6 6 7 9 11 12 12 4

FARO-44 0.004% - - - - 2 3 4 6 6 7 9 13 14 15 4

FARO-44 0.008% - - - - 4 4 5 8 8 8 10 13 15 15 4

FARO-44 0.016% - - - - 2 2 5 7 8 9 11 14 14 14 4

FARO-44 0.032% - - - - 2 2 3 3 7 8 13 15 16 18 4

FARO-52 Control - - - - - - - - - - 1 5 8 11 4

FARO-52 0% - - - - - - - - - - 1 4 7 9 4

FARO-52 0.004% - - - - - - - - - - - 1 7 10 4

FARO-52 0.008% - - - - - - - - - - 2 7 11 15 4

FARO-52 0.016% - - - - - - - - - - 1 2 8 10 4

FARO-52 0.032% - - - - - - - - - - - 1 6 8 4

FARO-57 Control - - - - - - - - - 1 7 9 11 13 4

FARO-57 0% - - - - - - - 2 2 4 8 9 9 10 4

FARO-57 0.004% - - - - - - - 1 2 5 7 8 10 12 4

FARO-57 0.008% - - - - - - 1 2 3 3 6 8 8 9 4

FARO-57 0.016% - - - - - - - 1 2 3 6 8 9 10 4

FARO-57 0.032% - - - - - 1 1 2 2 3 4 8 10 11 4

NERICA L-
34

Control 1 1 4 6 9 9 11 11 12 12 15 15 20 22 4

NERICA L-
34

0% 2 4 6 6 7 8 9 9 9 9 10 11 12 12 4

NERICA L-
34

0.004% 2 3 3 5 9 9 11 11 11 11 12 14 15 17 4

NERICA L-
34

0.008% - - 2 4 7 8 9 9 10 10 12 14 16 16 4

NERICA L-
34

0.016% 1 2 5 6 10 10 12 12 12 12 13 17 23 25 4

NERICA L-
34

0.032% 2 2 3 3 4 4 5 6 9 12 16 18 25 26 4

NERICA L-
47

Control 2 2 3 3 4 5 6 7 12 12 16 25 28 26 4

NERICA L-
47

0% 1 1 5 6 8 9 12 14 16 18 21 21 25 25 4

NERICA L-
47

0.004% - - 4 8 9 8 11 15 16 17 26 26 29 32 4

NERICA L-
47

0.008% - - - - - - - 1 6 9 16 19 20 21 3

NERICA L-
47

0.016% - - - 1 2 3 4 4 4 4 4 6 10 10 1
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L-47 (0%), and NERICA L-47 (0.008%) did not have a
recognizable complementary sequence to the primer
OPA02, whereas the primer amplified similar regions of
the genome of salinity exposed FARO-44 plants treated
0%, 0.004%, and 0.016% NaN3, respectively. Similarly, no
amplifications from primer OPC 04 were reported in
FARO-52 (0.004% NaN3), FARO-52 (0.008% NaN3),
FARO-52 (0.016% NaN3), FARO-57 (0% NaN3), NER-
ICA L-47 (0% NaN3), NERICA L-47 (0.008% NaN3), and
NERICA L-47 (0.004% NaN3), respectively (Fig. 2). How-
ever, similar banding patterns were observed for FARO-
44 sown under saline conditions but treated with 0,
0.004, and 0.16% NaN3 respectively. Primers OPR 02
(5′–CAC AGC TGC C-3′) had type-ability of 52.61%;
OPC 04 (5′-CCG CAT CTA C-3′) and OPC 05 (5′–

GAT GAC CGC C-3′) both had type-ability of 63.16%.
Fig. 4 shows germination and screen house experiments
while Fig. 5 shows harvested panicles of control and
treated plants while Table 7 shows chlorophyll muta-
tions in M2.

Discussion
Percentage emergence followed the same trends as per-
centage germination in four of the rice varieties except
for NERICA L-47 (Table 2), which was significantly
lower than the other varieties. There was no emergence
in the highest concentration of sodium azide of NERICA
L-47. However, in the second generation (M2), percent-
age emergence was above 80% for the untreated (con-
trol) progenies. Percentage emergence in mutant

Table 6 Percentage lodging of the five rice varieties

Variety NaN3 treatment level Percentage lodging Varietal percentage lodging

FARO-44 Control 50.00 ± 20.41abcd 27.08 ± 7.51b

FARO-44 0% 0.00a

FARO-44 0.004% 37.50 ± 12.50abc

FARO-44 0.008% 37.50 ± 23.94abc

FARO-44 0.016% 37.50 ± 12.50abc

FARO-44 0.032% 12.50 ± 12.50a

FARO-52 Control 0.00a 0.00a

FARO-52 0% 0.00a

FARO-52 0.004% 0.00a

FARO-52 0.008% 0.00a

FARO-52 0.016% 0.00a

FARO-52 0.032% 0.00a

FARO-57 Control 75.00 ± 25.00bcd 81.25 ± 7.74b

FARO-57 0% 87.50 ± 12.50cd

FARO-57 0.004% 100.00 ± 0cd

FARO-57 0.008% 75.00 ± 25.00bcd

FARO-57 0.016% 100.00 ± 0d

FARO-57 0.032% 50.00 ± 20.41abcd

NERICA L-34 Control 12.50 ± 12.50a 4.17 ± 2.64a

NERICA L-34 0% 12.50 ± 12.50a

NERICA L-34 0.004% 0.00a

NERICA L-34 0.008% 0.00a

NERICA L-34 0.016% 0.00a

NERICA L-34 0.032% 0.00a

NERICA L-47 Control 25.00 ± 14.43ab 12.50 ± 7.91a

NERICA L-47 0% 37.50 ± 23.94abc

NERICA L-47 0.004% 0.00a

NERICA L-47 0.008% 0.00a

NERICA L-47 0.016% 0.00a

Mean ± standard error. Mean of four replicates. NERICA L-47 (0.008 %); mean of three replicates. NERICA L-47 (0.016 %); no replicate. Different alphabets in
columns indicate significant differences at 5% level of probability
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progenies was still significantly lower. It was assumed
that there was reduction in seed viability, exacerbated by
the inhibition of sodium azide treatment which reduced
the chance of survival in the more competitive environ-
ment of the soil than in Petri-dishes without having suf-
ficient time to overcome the initial mutagenic inhibition.
Mensah and Akomeah (Mensah and Akomeah 1992)

have revealed that the higher the mutagenic portion, the
lower the tolerance rate, and the present outcomes af-
firm this previous report. The decline has been ascribed
to the physiological aggravation or chromosomal damage
imposed on the plant cells by the mutagen. In the
present study, percentage germination was not signifi-
cantly affected by salinity. Similar studies showed that

Table 7 Yield parameters of the five varieties
Variety NaN3 treatment level Number of tillers/plant at 18 WAP Number of panicles/ plant at harvest 100-grain weight (g) Biomass (g)

FARO-44 Control 6.00 ± 1.00abcd 6.50 ± 0.50abc 3.02 ± 0.06ghi 8.15 ± 0.55a

FARO-44 0% 3.75 ± 0.63 a 4.00 ± 0.71ab 2.93 ± 0.06defghi 4.98 ± 1.66a

FARO-44 0.004% 4.50 ± 0.65abc 6.50 ± 1.66abc 3.03 ± 0.06ghi 5.16 ± 0.48a

FARO-44 0.008% 5.00 ± 0.41abcd 5.75 ± 0.85abc 3.00 ± 0.05ghi 5.92 ± 0.96a

FARO-44 0.016% 4.75 ± 0.48abcd 4.50 ± 0.96ab 2.91 ± 0.08cdfghi 6.13 ± 0.61a

FARO-44 0.032% 5.75 ± 0.75abcd 6.50 ± 1.76abc 3.01 ± 0.06ghi 5.72 ± 0.80a

FARO-52 Control 10.00 ± 2.27cde 8.00 ± 2.16abc 2.47 ± 0.04 a 15.01 ± 2.75abc

FARO-52 0% 8.00 ± 0.41abcde 6.75 ± 1.11abc 2.59 ± 0.06abcde 15.80 ± 1.21abc

FARO-52 0.004% 9.00 ± 2.68abcde 6.50 ± 2.10abc 2.59 ± 0.11abcd 15.32 ± 3.58abc

FARO-52 0.008% 7.5 ± 0.65abcde 7.25 ± 0.48abc 2.55 ± 0.07ab 14.40 ± 1.91abc

FARO-52 0.016% 6.75 ± 0.25abcde 7.00 ± 0.41abc 2.52 ± 0.08ab 14.08 ± 0.64abc

FARO-52 0.032% 9.50 ± 0.87bcde 8.28 ± 0.63abc 2.42 ± 0.06 a 18.02 ± 2.19bc

FARO-57 Control 5.25 ± 0.25abcd 4.00 ± 0.41ab 3.02 ± 0.13ghi 9.37 ± 1.29abc

FARO-57 0% 3.75 ± 0.49 a 3.50 ± 0.29ab 3.12 ± 0.03i 8.59 ± 0.55abc

FARO-57 0.004% 4.75 ± 1.18abcd 5.00 ± 0.91ab 3.06 ± 0.08hi 11.14 ± 2.30abc

FARO-57 0.008% 4.50 ± 0.87abc 2.75 ± 0.48a 2.90 ± 0.12cdfghi 9.91 ± 1.71abc

FARO-57 0.016% 4.25 ± 1.03ab 3.75 ± 0.25ab 2.77 ± 0.23abcdefghi 9.08 ± 0.54abc

FARO-57 0.032% 5.00 ± 1.47abcd 3.75 ± 0.48ab 2.93 ± 0.10dfghi 11.11 ± 0.76abc

NERICA L-34 Control 7.50 ± 1.04abcde 7.50 ±1.04abc 2.57 ± 0.07abcd 10.07 ± 2.63abc

NERICA L-34 0% 7.50 ± 1.44abcde 3.75 ± 0.48ab 2.45 ± 0.07 a 5.90 ± 1.08a

NERICA L-34 0.004% 6.50 ± 0.96abcde 5.00 ± 0.71abc 2.68 ± 0.03abcdefg 9.45 ± 3.82abc

NERICA L-34 0.008% 6.75 ± 0.48abcde 6.50 ± 0.50abc 2.57 ± 0.04abc 6.47 ± 0.80ab

NERICA L-34 0.016% 8.50 ± 0.65abcde 5.50 ± 0.98abc 2.68 ± 0.10abcdefg 7.91 ± 1.54abc

NERICA L-34 0.032% 9.25 ± 0.48abcde 9.25 ± 2.21abcd 2.64 ± 0.11abcdef 12.09 ± 2.31abc

NERICA L-47 Control 7.00 ± 0.41abcde 10.50 ± 2.53bcd 2.91 ± 0.06bcdefghi 8.61 ± 2.15abc

NERICA L-47 0% 9.00 ± 1.87abcde 6.75 ± 1.32abc 2.91 ± 0.06bcdefghi 11.56 ± 3.45abc

NERICA L-47 0.004% 10.25 ± 1.49de 12.25 ± 4.31cd 2.83 ± 0.05bcdefghi 19.20 ± 6.94bc

NERICA L-47 0.008% 12.00 ± 2.64e 14.00 ± 2.08de 3.01 ± 0.01ghi 17.45 ± 2.20c

NERICA L-47 0.016% 10.00 ± 0cde 17.00 ± 0e 2.74 ± 0abcdefgh 16.62 ± 0abc

Mean ± standard error. Mean of four replicates. NERICA L-47 (0.008%); mean of three replicates. NERICA L-47 (0.016%); no replicate. Different alphabets in columns
indicate significant differences at 5% level of probability

Table 8 Estimate of parameters of variability, heritability, and genetic gain of some characters of the rice varieties in the M1

generation

Characters Mean Phenotypic variance (δ2ph) √(δ2ph) or δph Genotypic variance (δ2g) Heritability (%) Genetic advance Genetic gain

% emergence 77.67 169.81 13.03 79.51 46.82 12.57 16.18

No. of tillers/plant 6.73 20.26 4.50 15.81 78.06 7.24 107.54

No. of panicles/plant 6.60 36.07 6.01 28.4 78.74 9.74 147.61

100-grain weight 2.69 1.12 1.06 1.00 98.15 2.14 79.49

% lodging 25.00 793 28.16 203 25.60 14.85 59.40
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germination of rice was not affected by salinity (Vwioko
and Odigie 2012; Heenan et al. 1988; Khan et al. 1997;
Narale et al. 1969).
Mutant plants were shorter in height compared to the

control plants in all varieties except NERICA L-47

(Table 3). Sajjad (Sajjad 1984) had previously reported
the induction of plants with shorter heights (semi dwarf
variants) which was called Basmati rice. Lal et al. (Lal
et al. 2009) reported a decrease in seedling heights of
Black gram treated with a combination of gamma

Table 9 Effect of sodium azide on some parameters of selected progenies in M1 and M2 generations
Progenies from M1 No. of

panicles/
plant in M1

Percentage emergence Plant heights (cm) at 7 WAP Chlorophyll
mutations in
M2

M1 M2 M1 M2

FARO-44 (control) 6.50 ± 1.00 91.25 ± 4.27 100.00 ± 0 55.12 ± 6.46 57.50 ± 2.25 No mutations

FARO-44 (0%) 11 90.00 ± 1.03 25.00 ± 2.04 56.75 ± 2.02 54.50 ± 2.68 No mutations

FARO-44 (0.004% NaN3) 10 92.50 ± 4.79 20.00 ± 2.04 58.50 ± 3.80 52.75 ± 11.63 Striata

FARO-44 (0.016% NaN3) 9 92.50 ± 4.79 30.00 ± 3.54 58.50 ± 3.80 63.13 ± 3.07 Striata

FARO-52 (control) 8.00 ± 2.16 98.75 ± 1.25 90.00 ± 4.08 63.50 ± 0.87 67.75 ± 5.07 No mutations

FARO-52 (0.004% NaN3) 10 95.00 ± 5.00 15.00 ± 2.04 65.25 ± 2.32 47.33 ± 10.27 Striata

FARO-52 (0.008% NaN3) 11 95.00 ± 2.89 100.00 ± 0 55.50 ± 11.29 55.25 ± 1.11 Viridis

FARO-52 (0.016% NaN3) 8 95.00 ± 5.00 80.00 ± 2.04 65.25 ± 2.32 59.13 ± 1.61 No mutations

FARO-57 (control) 4.00 ± 0.41 98.75 ± 1.25 90.00 ± 3.54 67.00 ± 3.08 64.25 ± 1.70 No mutations

FARO-57 (0% NaN3) 7 96.25 ± 2.39 60.00 ± 5.40 68.00 ± 1.47 61.38 ± 2.78 No mutations

FARO-57 (0.008% NaN3) 6 96.25 ± 2.39 60.00 ± 3.35 68.00 ± 1.47 59.25 ± 2.96 Striata

FARO-57 (0.016% NaN3) 5 91.25 ± 4.27 70.00 ± 3.35 67.00 ± 1.68 56.75 ± 1.97 Striata

NERICA L-34 (control) 7.50 ± 1.04 98.75 ± 1.27 90.00 ± 2.04 62.75 ± 2.46 60.13 ± 0.83 No mutations

NERICA L-34 (0% NaN3) 8 92.50 ± 1.44 No emergence 62.00 ± 2.61 - -

NERICA L-34 (0.004% NaN3) 14 92.50 ± 1.44 65.00 ± 5.40 62.00 ± 2.61 57.25 ± 1.70 Striata

NERICA L-34 (0.008% NaN3) 12 78.75 ± 5.15 5.00 ± 0 61.75 ± 3.59 12.00 ± 0.72 Albino

NERICA L-47 (control) 10.50 ± 2.53 40.00 ± 20.92 70.00 ± 7.36 63.25 ± 2.63 44.25 ± 1.32 No mutations

NERICA L-47 (0% NaN3) 17 1.25 ± 1.25 5.00 ± 0 50.00 ± 0 27.00 ± 0.87 No mutations

NERICA L-47(0.004% NaN3) 18 8.75 ± 2.39 15.00 ± 2.04 64.25 ± 3.07 Mutant died at 4 WAP Albino

NERICA L-47 (0.008% NaN3) 21 8.75 ± 2.39 5.00 ± 2.88 64.25 ± 3.07 47.00 ± 0.92 No mutations

NERICA L-47 (0.016% NaN3) 13 6.25 ± 2.37 No emergence 56.83 ± 4.51 - -

Fig. 1 RAPD agarose gel electrophoresis with OPR 02 (5′–CAC AGC TGC C-3′) primer. Same alphabet indicates identical banding pattern. A, Non-
type-able DNA; bp, Base pairs; M, 1 kb DNA molecular marker. 1, FARO-44 (control); 2, FARO-52 (control); 3, FARO-57 (control); 4, NERICA L-34
(control); 5, NERICA L-47 (control); 6, FARO-44 (0% NaN3); 7, FARO-44 (0.004% NaN3); 8, FARO-44 (0.016% NaN3); 9, FARO-52 (0.004% NaN3); 10,
FARO-52 (0.008% NaN3); 11, FARO-52 (0.016% NaN3); 12, FARO-57(0% NaN3); 13, FARO-57 (0.008% NaN3); 14, FARO-57 (0.016% NaN3); 15, NERICA L-
34 (0% NaN3); 16, NERICA L-34 (0.004% NaN3); 17, NERICA L-47 (0% NaN3); 18, NERICA L-47 (0.008% NaN3); 19, NERICA L-47 (0.004% NaN3)
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radiation and sodium azide. However, Mostafa (Mostafa
2011) reported significant increase in heights of Helian-
thus annus treated with sodium azide. It was found that
salinity reduced plant heights in three of the five rice
varieties (FARO-44, FARO-57, and NERICA L-34) in re-
lation to control, with the mutant plants taller than the
untreated plant exposed to salinity stress. The mean dif-
ferences however were not significantly different at the
eleventh week after planting but had some significance
at the seedling stage (week 3). Zeng and Shannon (Zeng

and Shannon 2000) stated that reductions in seedlings
survival and growth are major causes of stand loss in salt
affected fields.
Chlorophyll content index at 5 WAP showed signifi-

cant differences although there was no particular trend
in relation to sodium azide and sodium chloride treat-
ments (Table 4). Mahmoud and Al-Twaty (Mahmoud
and Al-Twaty 2006) also reported irregular trends of
chlorophyll a, chlorophyll b, and carotenes of tomatoes
treated with gamma radiation and sodium azide. Studies

Fig. 2 RAPD agarose gel electrophoresis with OPC 04 (5′-CCG CAT CTA C-3′) primer. Same alphabet indicates identical banding pattern. A, Non-
type-able DNA; − VE, Negative control; bp, Base pairs; M, 1 kb DNA molecular marker. 1, FARO-44 (control); 2, FARO-52 (control); 3, FARO-57
(control); 4, NERICA L-34 (control); 5, NERICA L-47 (control); 6, FARO-44 (0% NaN3); 7, FARO-44 (0.004% NaN3); 8, FARO-44 (0.016% NaN3); 9, FARO-
52 (0.004% NaN3); 10, FARO-52 (0.008% NaN3); 11, FARO-52 (0.016% NaN3); 12, FARO-57 (0% NaN3); 13, FARO-57 (0.008% NaN3); 14, FARO-57
(0.016% NaN3); 15, NERICA L-34 (0% NaN3); 16, NERICA L-34 (0.004% NaN3); 17, NERICA L-47 (0% NaN3); 18, NERICA L-47 (0.008% NaN3), 19, NERICA
L-47 (0.004% NaN3)

Fig. 3 RAPD agarose gel electrophoresis with OPC 05 (5′–GAT GAC CGC C-3′) primer. Same alphabet indicates identical banding pattern. A, Non-
type-able DNA; − VE, Negative control; bp, Base pairs; M, 1 kb DNA molecular marker. 1, FARO-44 (control); 2, FARO-52 (control); 3, FARO-57
(control); 4, NERICA L-34 (control); 5, NERICA L-47 (control); 6, FARO-44 (0% NaN3); 7, FARO-44 (0.004% NaN3); 8, FARO-44 (0.016% NaN3); 9, FARO-
52 (0.004% NaN3); 10, FARO-52 (0.008% NaN3); 11, FARO-52 (0.016% NaN3); 12, FARO-57 (0% NaN3); 13, FARO-57 (0.008% NaN3); 14, FARO-57
(0.016% NaN3); 15, NERICA L-34 (0% NaN3); 16, NERICA L-34 (0.004% NaN3); 17, NERICA L-47 (0% NaN3); 18, NERICA L-47 (0.008% NaN3); 19, NERICA
L-47 (0.004% NaN3)
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by Ando and Montalván (Ando and Montalván 2001) re-
vealed that azide treatment was remarkably higher in
producing chlorophyll mutations than gamma rays, both
on single and combined treatments in rice. However, at
12 WAP, no significant difference was observed in the
means of chlorophyll content index in all treatments in
relation to their controls in the present studies. Thus,
the sodium azide used in the present study as a mutagen
had no effect on the chlorophyll apparatus.
The NERICA varieties were the earliest in panicle

emergence particularly NERICA L-34 which was earliest
irrespective of salt and sodium azide treatments. Closely
followed was NERICA L-47; however, sodium azide
treatments delayed its flowering (Table 5). FARO-44 and
FARO-57 were next to flower. Sodium azide treatment
at higher concentrations was observed to stimulate early

flowering in FARO-57 whereas FARO-52 was the last to
flower. Akinwale et al. (Akinwale et al. 2012) had earlier
reported that NERICA L-34 took the shortest time of
105 days to attain 50% flowering out of twenty rice var-
ieties studied by them. Sodium azide treatment was ob-
served to significantly reduce percentage lodging in the
NERICA rice varieties even under salt stress (Table 6).
FARO-44 also recorded reductions in percentage lodging
under sodium azide treatment. Salinity however did not
cause lodging in FARO-44. FARO-52 had the best result
with no lodging irrespective of salt or mutagen treat-
ment. FARO-57 had the highest percentage lodging
among all the varieties studied, although the highest
sodium azide concentration had the lowest value for
percentage lodging, mainly as a result of its effect on
height.

Fig. 4 Germination and screen house experiments. a FARO-44 (control) at 2 DAP. b FARO-44 (0% NaN3) at 2 DAP. c FARO-44 (0.004% NaN3) at 2
DAP. d FARO-44 (0.008% NaN3) at 2 DAP. e FARO-44 (0.016% NaN3) at 2 DAP. f FARO-44 (0.032% NaN3) at 2 DAP. g Rice plants at 2 WAP. h Rice
plants at 12 WAP. i Mature rice plants. j Rice panicles
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For yield parameters (Table 7), the number of tillers
per plant at 18WAP was negatively affected by salt treat-
ment. However, sodium azide treated plants were less af-
fected even under salt stress. Higher concentrations of
sodium azide treatments were observed to progressively
increase the number of tillers per plant in all varieties in-
dicating that the chemical reverses the adverse effects of
saline conditions. The NERICA varieties treated with so-
dium azide had more tillers per plant than control even
under salt stress. Reports by Vwioko and Odigie
(Vwioko and Odigie 2012), Zeng and Shannon (Zeng
and Shannon 2000), and Doberman and Fairhurst (Do-
berman and Fairhurst 2000) showed that salinity signifi-
cantly reduced number of tillers in rice. (Sajjad 1984)
reported that rice plants subjected to gamma rays were
superior in productive tillers per plant than their
untreated parent plant.
Salt stress also reduced the number of panicles per

plant in all varieties. However, the number of panicles
per plant was significantly increased in sodium azide
treated plants under salt stress especially in the NERI-
CAs with significantly higher number of panicles per
plant than their controls. Shereen et al. (Shereen et al.
2005) mentioned that decrease in panicle numbers, pan-
icle length, and sterility were the significant reasons for

loss of yield. Studies by (Khan et al. 2004) showed that
the numbers of pods were increased with sodium azide
treatment in Mung bean.
The 100-grain weight showed significant variations

across the varieties as there was no particular trend
irrespective of salt or sodium azide treatment.
Biomass of all varieties, except FARO-52, was signifi-

cantly reduced by sodium chloride treatment. The bio-
mass, however, of sodium azide treated plants under salt
stress was significantly higher than their controls. Bio-
mass was increased with increasing doses of sodium
azide treated FARO-57 and the NERICA varieties.
For the genetic parameters of variation, heritability,

and hereditary improvement for five chosen parameters,
genetic variation (GV) went from 1.06 to 203.00. The
phenotypic variance (PV) went from 1.12 to 793.00
(Table 8). The phenotypic variance was higher than the
genetic variance. Be that as it may, the contrasts between
the two estimations were low for number of tillers per
plant, number of panicles per plant, and 100-grain
weight surmising low ecological impact on these attri-
butes. The distinctions were higher for percentage
sprouting and percentage lodging. Heritability was
78.06% for number of tillers per plant, 78.74% for num-
ber of panicles per plant, and 98.15% for 100-grain.

Fig. 5 Harvested panicles of control and treated plants. a and b Comparing panicles of control and NaN3-treated plants in FARO-44. c Comparing
panicles of control and NaN3-treated plants in FARO-52. d and e Comparing panicles of control and NaN3-treated plants in FARO-57. f
Comparing panicles of control and NaN3 plants in NERICA L-34. g and h Comparing panicles of control and NaN3-treated plants in NERICA L-47
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Mensah and Obadoni (Mensah and Obadoni 2007) re-
vealed that there were increments in parameters, for ex-
ample, coefficient of variation, heritability, and genetic
addition of yield parameters in groundnut under sodium
azide treatment, showing the chance of advancing better
return variations through selection. They additionally
expressed that heritability communicates the unwavering
quality of the phenotypic value as a manual for breeding.
Khan et al. (Khan et al. 2004) demonstrated that muta-
genic medicines modified mean values and made extra
genetic variability for quantitative attributes in
mungbean.
The results of these previous studies agree with the

results of the present research.
Chlorophyll mutations observed within the spectrum

considered in M2 were albino, striata, and viridis, of
which the striata type was predominant (Table 9, Fig. 6).
This result almost agrees with Ando and Montalván
(Ando and Montalván 2001) who observed that within
the spectrum and frequency of the chlorophyll muta-
tions; the albino type of mutations was predominant in
physical and chemical mutagen-treated populations in
rice followed by the viridis type. Mensah and Obadoni
(Mensah and Obadoni 2007) reported that out of xantha,
chlorina, and albino chlorophyll mutants considered in
assessing the mutation frequency, xantha type was

predominant in two cultivars of groundnut treated with
sodium azide. Lal et al. (Lal et al. 2009) observed that of
the six different types of chlorophyll mutants, namely,
albino, xantha, dark xantha, chlorina, viridis, and striata,
induced xantha and dark xantha were most frequent
while striata was least frequent.
RAPD analysis with all three primers used revealed

different DNA banding patterns between control plants
and the sodium azide treated progenies (Figs 1, 2, and
3). This implies that the genetic constitution of the par-
ent varieties has been altered by the mutagenic treat-
ments. This agrees with the studies of other researchers
that have shown that PCR based RAPD can detect
changes in DNA brought about by induced mutation
(Anil Kumar et al. 2012; Atak et al. 2011; Barakat and
El-Sammak 2011; Behera et al. 2012; Hamzekhanlu et al.
2011; Taryono and Human 2011; Yaycili and Alikama-
noğlu 2012).

Conclusions
The observations from the present research indicate that
sodium azide is a potent mutagen. This is evident from
information on genetic variability, heritability as well as
results recorded at the molecular level by the DNA pro-
files of the rice varieties and their mutant counterparts.
The mutagenic effect of the sodium azide on the rice

Fig. 6 Chlorophyll mutations in M2. a Albino mutation in NERICA L-47 at 1 WAP. b Albino mutation in NERICA L-47 at 2 WAP. c Albino mutation
in NERICA L-34. d Striata mutation in FARO-44. e Striata mutation in FARO-52. f Striata mutation in FARO-57. g Viridis mutation in FARO-52
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varieties has conferred characteristics on the plants that
will enable them to strive better than their parent plants
without compromising yield and particularly in areas
with salt challenges. However, further screening on
promising mutant plants from this research should be
done through successive generations to identify stable
traits and variant that can perform optimally under sa-
line conditions.
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