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Abstract

Varietal deficiencies of upland rice lead to a low paddy grain yield. The aim of
this study was to mutagenesis upland rice varieties to improve their agronomic
performance. Seeds of varieties FKR45N and FKR47N were therefore irradiated
with doses 300, 350 and 400 Gy. The irradiated seeds were sown and the panicles
of the M1 plants were individually harvested, and then were advanced to M4
using the “one panicle - one progeny” method. The agronomic performance of
M4 lines was compared to that of their parent. The gamma ray mutagenesis has
induced significant variability in five yield components, i.e., plant height, main
panicle length, total numbers of tillers and productive tillers and paddy grain
yield between mutant lines. The highest variabilities were shown for the total
number of tillers and the number of productive tillers as well as FKR45N
(CV% = 40 % and 36%) and FKR47N (CV% = 31% and 30%) mutant lines.
Principal component analysis led to rank the mutant lines from each variety in
three clusters. The Pearson correlation showed that the paddy grain yield was
significantly and positively correlated with the number of productive tillers (r =
0.61) and plant height (r = 0.66) for FKR47N mutant lines, and these correlation
coefficients were r = 0.52 and r = 0.51 for FKR45N mutant lines, respectively.
Gamma-ray irradiation also induced an earliness of 50% flowering of 62 days
after sowing (DAS) in two FKR45N mutant lines and 67 DAS in one of KR47N
mutant lines. The paddy grain yield was improved by 120% and 20% in two
FKR45N and FKR47N mutant lines, respectively. A dwarf FKR45N mutant line
with an early flowering of 67 DAS and a paddy grain yield (2.34 t ha™') was gen-
erated. These results suggested that any positive increase in the six quantitative
traits will increase the paddy grain yield.
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1. Introduction

Rice (Oryza sativaL.) is the most widely grown cereal in the world after wheat [1].
Nearly half the world’s population depends on rice as a staple food [2]. Rice has
become a strategic crop for food security and political stability for a majority of
African countries, particularly in West Africa [3] [4]. Despite efforts and political
commitment, local productions are still unable to meet the food needs of local
populations on the African continent [3], as demand for rice has more than tripled
from 1.9 to 5.8 million tons over the past two decades in sub-Saharan African
countries [5]. In Burkina Faso, farming is essentially rain-fed, subsistence agricul-
ture based on cereals, which account for more than 88% of the annual area under
cultivation. Cereals constitute the staple diet of the population and, among them,
rice ranks 4" after sorghum, millet and maize in terms of cultivated area and food
production. Rice production has risen thanks to increased acreage, following the
lowlands and irrigated lands management, the promotion of rainfed rice varieties
and subsidies for agricultural inputs and equipment. However, this increase in
national rice production has been achieved at the same time as an increase in the
import bill due to population growth and changing eating habits, mainly in urban
areas. Annual per capita consumption of rice continues to rise, forcing the gov-
ernment of Burkina Faso to spend around 40 billion F CFA year™ [6] to cover the
population’s rice needs. To reduce this import bill and improve food security, the
second phase of Burkina’s Rice Development Strategy [7] has been drawn up to
increase rice production to 3 million tons of grains rice by 2030 [8] to meet the
country’s rice needs and increase stakeholders’ incomes through the competitive-
ness and sustainability of the national production. Agricultural industrialization
is still in its infancy in Burkina Faso. However, national policy has launched an
agricultural offensive aimed at achieving long-term food sovereignty by boosting
the mechanization of farming operations, land and water conservation and agri-
cultural product processing. Three agricultural growth poles (Bagré, Samendeni
and Sourou) equipped with production, processing and marketing support infra-
structures have been set up to make proven technologies available, with the pro-
spect of promoting eight agricultural sectors, including rice ranked as the first
strategic crop. Measures to support agricultural production have improved the
performance of rice-growing in Burkina Faso, mainly by increasing the average
yield per hectare from 2.7 tons to four tons of paddy grain

(http://www.fao.org/mafap/accueil-du-spaaa/fr/). However, this improvement in

rice productivity in farmers’ fields is not enough to cover the country’s rice re-
quirements. Indeed, national production covers less than 50% of consumption

needs and forecast rice requirements in 2025 were estimated at 1.5 million tons,
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compared with production of 324,611 tons year™ in the period from 2010 to 2019
[8]. Food security in low-income countries such as Burkina Faso is severely com-
promised by low variety productivity and the vulnerability of agricultural produc-
tion systems to the adverse effects of climate change [8]. Some initiatives should
be considered to increase rice production by promoting efficient breeding tech-
niques to ensure higher yields, resistance to pests and tolerance to abiotic stresses
[9]. Following recent food crises, several West African countries have adopted
strategies to increase rice production. These strategies included the large-scale use
of improved crop varieties, better technical assistance for rice farmers and increas-
ing the area under rice cultivation [10].

Conventional breeding based on crossing genotypes of interest to select hybrids
with the desired traits in the progeny is the most widely used method in national
breeding programs. The crop variety development therefore involves scientists
and the end-users (producers and the processors). The initial development is un-
dertaken at research station for hybrid generation. The field evaluation of proge-
nies based on participatory approach with stakeholders (producers and proces-
sors) select the best genotypes and the maker assisted selection (MAS) can be used
by scientists for genotyping—final identification of the best materials. The end
products (hybrids or composites) are tested by farmers and the best genotypes are
registered as varieties in national seed catalog for seed production.

To provide seeds of improved varieties, induced mutagenesis is a breeding tool
widely used by plant breeders to generate new crop genotypes that perform better
in terms of yield and resilience to bio-aggressors and abiotic constraints [11]. It
makes it possible to increase genetic variability and improve quantitative and
qualitative crop traits in a much shorter time than conventional breeding [12].
The aim of the present study is to create genetic variability in two upland rice
varieties with the prospect of selecting genotypes with desired agronomic perfor-

mances.

2. Materials and Methods
2.1. Study Site

Field experiment was conducted at the Kamboinsé environmental and agricul-
tural research Station, located in the village of Kamboinsé, in the Province of Kadi-
ogo. It belongs to the North Sudan zone, with a long dry season that lasts from
November to May and a short-rainy season from June to October [13]. Annual
rainfall is irregular in space and time, varying between 600 and 800 mm. The re-
search Station’s soils are tropical, ferruginous and leached [14]. The climate is Su-

dan-Sahelian.

2.2. Plant Material

Parental considered as MO seeds of two (02) upland rice varieties, FKR45N and
FKR47N were irradiated with gamma rays (60Co) at selected doses of 300, 350
and 400 Gy at the Plant Genetics and Breeding Laboratory in Seibersdorf, Austria.
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The irradiated seeds (M1) and those of their parents were sown and the panicles
of the M1 plants were individually harvested and then the M2 seeds were sown
using the “one panicle to one progeny” method. M2 families were successively
advanced in n + 1 using this method up to M4. The M4 lines were compared to
their parent for agronomic performances.

The plant material consisted of 289 mutant lines of the M4 generation, of which
153 lines were generated from FKR47N and 136 lines from FKR45N. These mu-
tant lines were selected for their ability to induce low Striga hermonthica emer-
gence (0 to 3 Striga plants hill™!). FKR45N and FKR47N are upland Rice varieties
adopted by farmers in Burkina Faso [15]. The agronomic traits of both upland

rice varieties are described in Table 1.

Table 1. Quantitative traits of FKR45N and FKR47N upland rice varieties [16].

. . Upland rice variety Upland rice variety
Agronomic traits
FKR45N FKR47N
Plant height (cm) 115 117
Sowing-maturity (DAS) 95 100
Plant tillering Medium Medium
1000-seeds weight (g) 34.3 33.2
Resistance to blast disease Fairly good Fairly good
Nitrogen response Good Good
Average farmer’s yield (t ha™) 1-2 1-2
Seed size 10.1/2.9 10.1/2.7

2.3. Methods

Each genotype was sown on a 2.2 m-long ridge. Ridge to ridge and plant to plant
distances were 0.2 m i.e., 11 hills ridge™". Sowing was carried out at a rate of 2 - 3
seeds hill™, and the seedlings were thinned 14 DAS to one seedling hill ™.

The mutant lines were compared with their respective parents using the “aug-
mented design” experimental design. Each genotype was planted on one ridge,
except the wide-type parents (Controls) that were replicated 3 - 4 times depending
on the number of populations of each mutant line.

2.3.1. Crop Management
The seed bed was manually ploughed to a depth of 8 - 10 cm, followed by levelling
and ridging. Before ridging, cow dung was applied at 2.5 t ha™. The soil was also
amended with mineral fertilizer including 200 kg NPK ha™ before the sowing.
Additional amendments of 35 and 65 kg urea ha™ were applied 21 and 60 DAS,
respectively.

Weeds were manually pulled at 21, 45 and 60 DAS. Rice plants, watered on
request, were treated with the insecticide PENDISTAR (400 g1™) to control insect
pest attacks.

2.3.2. Data Collection and Statistical Analysis

For each rice genotype, yield component data were collected from 5 randomly
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selected plants: total number of tillers (TNT) plant™, number of productive tillers
(NPT) plant™’; main panicle length (PL), days to 50% flowering (x50_Fl), corre-
sponding to 50% of plants in flowering phase ridge™', main plant height (PH) (cm)
and paddy grain weight (GrW) (g) plant™.

The analysis of variance (ANOVA) of the data collected was carried out us-
ing the software SAS.1.9, and means were separated using the Student-New-
man-Keuls test at the 5% threshold. Principal component analysis using
“R.643.5.2 software versions 2019” revealed correlations between quantitative
traits. A hierarchical ascending classification (HAC) was performed, allowing
the structuring of variability within the mutant lines generated from the same

rice variety.

3. Results
3.1. Descriptive Analysis of Quantitative Traits

From descriptive analysis of the variables recorded, plant height was ranged from
19 to 109 cm for FKR45N mutant lines and from 21 to 108 cm for FKR47N mutant
lines. Panicle length varied from 13.10 to 37 cm and from 13.1 to 37 cm for
FKR45N and FKR47N mutant lines, respectively. The coefficient of variation for
FKR45N mutant lines ranged from 7.85 to 40.33%, compared with 8.44 to 30.56%
for the wild-type FKR47N. A significant difference (P < 0.0001) was shown for
plant height, panicle length, total tiller number plant™ and productive tiller num-
ber plant™' for FKR47N mutant lines (Table 2).

Table 2. Mean range and coefficient of variation for yield traits of M4 mutant lines gener-
ated from FKR45N and FKR47N upland rice varieties.

FKR45N mutant

Variables lines FKR47N mutant lines

Mean CV % Mean CV %

Plant height (cm) 8522+ 8.99 80.83+* 8.44

Panicle length (cm) 22.52%0% 7.65 22.37%%% 10.23

Total number of tillers plant™! 7.85 ns 40.33 9.46**%* 30.56
Number of productive tillers plant™  5.00%** 36.16 7.00%** 30.14
Grain weight paddy plant™ 1.86%** 891 2.29%** 6.56
Days to 50% flowering 77X 3.09 770X 291

***: Significance P < 0.0001; ns = Not significant.

3.2. Diversity of Induced Yield Traits

3.2.1. Correlation between Quantitative Traits

Pearson correlation matrix revealed six correlations between the parameters rec-
orded with the FKR45N mutant lines (Table 3). Paddy grain yield was signifi-
cantly correlated with plant height (r = 0.51) and productive tiller number (r =
0.52). Other Significant correlations were observed between days to 50% flower-
ing, plant height (r = 0.52) and total tiller number (r = —0.60), between plant
height, panicle length (r = 0.53) and of productive tiller number (r = 0.50),
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between total number of tillers and productive tiller number (r = 0.55).

Table 3. Correlations between yield traits of FKR45N upland rice mutant lines.

Yield traits GrW x50_Fl PH PL TNT NPT
Paddy grain yield )
(Grw)
Days to 50% flow-
, 0.22* 1
ering (x50_FI)
Plant height (cm) 0.51%%%  (.52%%* 1
Plant length (cm) 0.02 -0.02 0.53%%* 1
Totalnumberof o) g om 0200 1
tillers (TNT)
Number of pro-
ductive tillers 0.52*** 0.06 0.50%%* 0.15 0.55*** 1

(NPT)

*: Correlation significant at 5% threshold; ***: correlation very highly significant at 5%
threshold.

The Pearson correlation matrix revealed eleven (11) significant positive cor-
relations between the yield traits of the FKR47N mutant lines (Table 4). A sig-
nificant correlation was therefore revealed between paddy grain yield and pro-
ductive tiller number (r = 0.61), between total tiller number and productive tiller
number (r = 0.66), between plant height and paddy grain yield (r = 0.66), be-
tween plant height and panicle length (r = 0.50), between plant height and pro-
ductive tiller number (r = 0.50). However, a weak positive correlation was found
between panicle length and plant height (r = 0.43), between yield and panicle
length (r = 0.33), between paddy grain yield and total number of tillers (r =
0.24), between sowing time-50% flowering and total number of tillers (0.24),
between days to 50% flowering and productive tiller number (r = 0.22), between
panicle length and productive tiller number (r = 0.23). A single negative corre-
lation was shown between panicle length and days to 50% flowering (r = —19)
(Table 4).

Table 4. Person Correlations between yield traits of FKR47N upland rice mutant lines.

Yield traits GrW x50_Fl PL PH TNT NPT
Paddy grain yield )
(Grw)
DaY.s to 50% flower- ~0.08 )
ing (x50_Fl)
Plant height (cm) 0.33** —-0.19* 1
Plant length (cm) 0.66*** -0.3 0.50%%% 1
Total number of till-
0.24** —0.24** 0.03 0.08 1
ers (TNT)
Numberofproduc- ) oo pee 023 050%*  0.66% 1

tive tillers (NPT)

*: correlation significant at 5% threshold, **: significant correlation at 5% threshold, ***:
significant correlation at 5% threshold.

DOI: 10.4236/as.2025.162016

245 Agricultural Sciences


https://doi.org/10.4236/as.2025.162016

H. Tinta et al.

The plant height (r = 0.657) and the productive tiller number (r = 0.256) posi-
tively account for grains filling panicle™* while the total tiller number (r = —0.374),
the panicle length (r = —0.304) and days to 50% flowering (r = —0.299) affect the
filled grains panicle™ of FKR45N mutant lines (Figure 1).

With regard to FKR47N mutant lines, three traits i.e productive tiller number,
(r = 0.505), plant height (r = 0.466) and panicle length account for grains filling
panicle™ in contrast to total tiller number (r = —0.136) and days to 50% flowering
(r=-0.017) (Figure 2).

R 000

0418 .
-0.299 ~[PH]0o00 0017
0657 0534 . -0601
0304 ——[PLJO00 -0.110  0.057
-0.374 0200 <" 0401 '
~ — RS i B
~_ — S \ / //
0.256_ [TNT[1.000  0.154 -
T~ 0352
~_ v

NeTh.006 "~

Figure 1. Traits that contribute to a good grain filling panicle™ of FKR45N upland rice
mutant lines. GrW: paddy grains yield: x50_FI days to 50% flowering, PH: Plant height,
LP: panicle length; TNT: total number of tillers; NPT' number of productive tillers.

X50_FI[1 _OQ\Q}
o.bgi*
o 1.0()1@; -o.i'qgﬁ}f«\
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Figure 2. Traits that contribute to a good grain filling panicle™' of FKR47N upland rice
mutant lines. GrW: paddy grains yield, x50_FI days to 50% flowering, PH: Plant
height, LP: panicle length; TNT: total number of tillers; NPT number of productive
tillers.

0218

3.2.2. Principal component analysis (PCA) and hierarchical classification
KR45N upland rice mutant lines

The axes 1 and 2 contributed for 73.74% of the variability induced between five
quantitative variables. Plant height, paddy grain yield and days-50% flowering
were correlated with axis 1 that can be considered as the paddy grain productivity
axis and contributes to 42.35% of the variability (Figure 3) with a value of 2.12.
On the other hand, the total number of tillers and the number of productive tillers
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are correlated with axis 2, which expresses straw production and contributes to
31.39% of the variability (Table 5).

Table 5. Main yield components of FKR45N upland rice mutant lines.

Yield traits Axis 1 Axis 2 Axis 3 Axis 4
Paddy grain yield 0.53 0.06 0.37 0.02
Days-50%Flowering 0.54 0.18 0.20 0.01
Plant height 0.64 0.09 0.01 0.25
Total number of tillers 0.26 0.61 0.01 0.03
Number of productive tillers 0.14 0.63 0.07 0.14
Value 2.12 1.57 0.66 0.44
CV% 42.35 31.39 13.23 8.79

Variables - PCA

1.0-

0.5-

:r\° cos2
. | 8
L 0.0 N e s e e ’
] 0.7
£

o =206

-0.5-

4.0 0.5 0l 05 10
Dim1 (42.3%)

GrW: paddy grain yield; PH: plant height; TNT: total number of tillers;

NPT: number of productive tillers.

Figure 3. Principal component analysis depicting correlations between yield components
in FKR45N upland rice mutant lines at M4 generation.

FKR45N mutant lines were clustered according to their yield components (Fig-
ure 4). The cluster 1, made up of 57 mutant lines plus NERICA4, was character-
ized by a paddy grain yield estimated at 1.50 t ha™!, an average number of 9.3 tillers
hill™, an average plant height of 81.1 cm and early flowering with an average du-
ration of 67 days to 50% flowering (Table 6). The mutants in cluster 2 consisted
of 14 mutant lines, had 5.2 tillers hill™*, an average paddy grain yield of 1.22 t ha™,
an average plant height of 77.8 cm and days-50% flowering of 85 DAS. The cluster
3 involved 46 lines plus the parental variety (Control), characterized by high
plants (92.49 cm), long time of days to 50% flowering (84.36 DAS), high total
number of tillers (7 tillers plant™) and productive tillers (6 tillers plant™) and
paddy grain yield (2.53 t ha™!). Among these lines, 9 mutants performed better
than the parent variety (Control) (Table 6).
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Table 6. Clustering of FKR45N upland rice mutant lines according to discriminant yield

components.
Cluster 1 Cluster 2 Cluster 3
Yield traits CM OM V.est CM OM V.est CM OM  V.test
Days-50%
. 68.85 76.83 -9.75 84.57 76.83 3.55 8436 7683 7.63
Flowering
Paddy grain
; 1.50 1.87 -3.81 1.22 1.87 -2.51 2.53 1.87 5.55
yield
Plant height 81.11 8522 -5.17 77.85 8522 -347 9249 8522 7.8
Total tiller
7.86 7.33 5.17 7.86 524 5.76 5.23 3.85
number
Productive
tiller num- 3.43 523 =593 6.92 7.86 —4.05
ber

CM: Cluster mean, OM: overall mean.

Factor Map

Clusters
[®]1

2
[=] 3

Dim2 (31.4%)

2

2 0
Dim1 (42.3%)

Figure 4. Clustering diagram of FKR45N upland rice mutant lines at generation M4.

Significant differences (P < 0.0001) were observed between mutant lines for six
yield components. The M450P1/350 and M451P1S5/400 lines have showed a flower-
ing earliness of 62 DAS compared with 80 DAS for the wild-type. The paddy grain
yield recorded with the M450P2S/350 line was significantly higher (4 t ha™), fol-
lowed by that (3.2 t ha™!) recorded with three lines (M450P1/350, M450P3S/350 and
M451P3/400). In terms of plant height and panicle length, only the mean values of
the M437P1S line were statistically reduced compared to those of the FKR45N par-

ent and the other mutant lines, which form a homogeneous cluster (Table 7).

Table 7. Mean performance of mutant lines of the FKR45N upland rice variety on agronomic traits related to paddy grain

yield.
Days to 50% Total tiller
and rice gen- . a rain ant height anicle lengt roductive
Upland ri 4 Paddy grai Plant height  Panicle length Producti
Flowering . number .
yield (t ha™) (cm) (cm) tiller number
(DAS) plants

Parent FKR45N

80.48 £2.70 a 1.84+0.841i 89.69+7.68a 23.14*+173a 7.81+2.89a 4.87+2.12a
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Continued

M437P1S5/300
M450P1/350
M450P1S5/350
M450P2/350
M450P25/350
M450P3/350
M450P35/350
M451P1S5/400
M451P2/400
M451P3/400

70.00 £ 0.71 b
62.50+0.53 f
66.00 +0.71 d
67.60 £ 1.14 c
65.80 +0.84d
67.00+0.71 ¢
64.00 £ 0.71 e
62.60+1.14f
64.00 £ 0.71 e
65.00+0.71d

234+1.05h
3.17+0.01d
3.46 +0.01b
3.25+0.01 ¢
4.05+0.02a
3.06 +0.04
3.18+0.02d
2.61+1.03f
254+1.02¢g
3.18 +0.01d

69.20+£9.0b
86.10 +2.42 a
8540 +4.28 a
83.60 £ 1.34a
86.00 + 4.00 a
90.40 £3.65a
85.20 £ 0.84 a
82.80+2.17a
84.80 £3.27a
84.20 +4.02 a

18.64 +£2.22b
22.24+£0.46 a
22.04+093a
21.92+0.18a
2240 £0.89a
23.36 £0.81a
22.08 £0.11a
21.50 £ 0.48 a
22.04+0.71a
21.90 £ 0.88 a

9.00 +3.87 a
7.60 +2.63 a
540+ 134a
8.80+2.28 a
6.00 +1.87 a
7.00+235a
740 +3.65a
740 +2.79 a
9.20+3.83a
6.40 +4.98 a

720+3.11a
570+ 1.34a
540+0.55a
5.00+10.0a
580+0.84a
560+1.34a
4.60 £ 0.89 a
4.60 £ 0.89a
420+1.79a
6.20+1.10a

Mean
CV%

74
2.99

2.37
2.87

87.27
7.48

22.59
6.53

7.65
38.77

5.11
37.02

FKR47N Upland Rice Mutant Lines

The first two axes 1 and 2 accounted for 86.46% to the variability (Figure 5). Plant
height, paddy grain yield and productive tiller number were correlated with axis
1 considered as the paddy grain productivity axis, and alone contributes 59.27%
of variability with a value of 2.37. On the other hand, the total number of tillers is
correlated with axis 2, which expressed the rice straw production of the mutant
lines, and contributed 27.37%.

The variability of four yield components led to cluster the FKR47N mutant lines
(Figure 6). Cluster 1, made up of 56 mutant lines, had an average plant height of
74.1 cm, an average number of 8 tillers plant™, an average number of 6 productive
tillers plant™ and an average paddy grain yield estimated at 1.01 t ha™!, which is
lower than those recorded with the other two clusters. Cluster 2, comprising 47
mutant lines plus the parent (Control), showed an average number of 8 tillers

plant™ and the highest average paddy grain yield (2.8 t ha™) (Table 8).

Table 8. Main production components of FKR47N upland rice mutant lines.

Agronomic traits Axis 1 Axis 2 Axis 3 Axis 4
Paddy grain yield 0.71 0.12 0.11 0.05
Plant height 0.50 0.34 0.15 0.00

Total number of tillers 0.38 0.53 0.05 0.04
Number of productive tillers 0.78 0.09 0.02 0.11
Value 2.37 1.09 0.33

Variability (%)

0.251

59.27 27.19 8.28 5.2

The mutant lines in cluster 2 had an average plant height of 84.42 cm, with a
low number of tillers. The cluster 3 involving 35 mutant lines, stood out from
those in the other two clusters with positive test values for the yield variables: 8.51
for the total number of tillers plant™, 7.58 for the number of productive tillers,
6.64 cm for plant height and 4.78 t ha™' for paddy grain yield (Table 9).
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Figure 5. Principal component analysis showing correlations between yield components in

FKR47N mutant lines in the M4 generation.

Table 9. Clustering of FKR47N upland rice mutant lines according to discriminant yield

components.
Cluster 1 Cluster 2 Cluster 3
Yield
CM OM vtest CM OM v.test CM OM  v.test
components

Total number of
tillers

840 946 -3.68 843 946 -3.11 1262 946 7.58

Number of
productive 5.89 7.34 -6.80 — - - 9.96 7.34 8.51

tillers
Plant height 74.11 80.84 -7.64 84.42 80.84 355 86.88 80.84 4.78

Paddy grain
1.01 227 -883 284 227 345 355 227 6.24

yield

CM: Cluster mean, OM: overall mean.

Factor Map

o]
2
\\\ (=3

Dim2 (27.2%)

~~

(- 5ol < o 9 .'.' | = |

4 2 0
Dim1 (59.3%)

Figure 6. Clustering diagram for FKR47N upland rice mutant lines in the M4 generation.
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ANOV A showed significant differences (P < 0.0001) between mutant lines with
regard to days to 50% flowering and paddy grain yield. Mutagenesis has induced
an early flowering of 67 DAS in line M430P1S5/300 (P < 0.0001) and paddy grain
yield (4.7 t ha™!) (P < 0.0001), total number of tillers (15 tillers plant™) (P <
0.00236) and number of productive tillers (13 productive tillers plant™) (P <
0.0159) significantly higher in line M422P3/300 compared to 75 DAS, 3.95 t ha™/,
10 tillers plant™ and eight productive tillers plant™ for parent FKR47N, respec-
tively (Table 10).

Table 10. Mean performance of mutant lines of the FKR47N upland rice variety on agronomic traits related to paddy grain

yield.
Days to 50% Number of
Upland rice gen- 4 o Paddy grains Plant height  Panicle length  Total number L.
types flowering 14 (tha) (cm) (cm) oftillers  Productivetill
o
yp (DAS) ¥y ers
79.45 + 10.43 10.02 £ 3.39
Parent FKR47N 75.29+0.96a 3.95+0.011i 23.16 £3.02a b 7.61 £3.46b
a abc
71.00 £ 10.00
M421P2/300 b 410+0.01g 81.60+2.70a 24.00+1.22a 11.60+1.82abc 9.80 + 1.30 ab
C
M421P3S/300 70.80 +0.84bc  4.24+0.02f 79.60+2.19a 24.60+1.67a 12.40+4.22abc 9.20+ 1.48 ab
M420P2/300 69.80+£0.84cd 4.32+0.02e 8540+835a 23.40+297a 14.20%+5.17ab 9.80 +2.17 ab
M429P2/300  70.60 £ 0.89bc 4.39+0.0l1c 81.40+4.98a 23.60+1.67a 07.60%1.67c 7.00+2.00b
M430P1S/300 67.00+0.84d 3.97+0.12h 7260+7.99a 20.80+1.10a 08.40+1.82bc 7.20+1.30b
M49P1S§/350 70.80 + 0.84bc  4.39+0.01c¢ 84.60+3.71a 24.00+1.87a 10.00+ 1.00abc 7.00+2.24b
M422P3/300 71.60 + 1.14b  4.75+0.02a 83.40+241a 22.00%+2.12a 1540+6.73a 13.40+550a
M414P1S/300 71.80+0.84b 446+0.02b 81.40+1.67a 24.80+045a 08.40+0.89bc 8.00+0.71b
M414P2/300 71.80+0.84b  4.33+0.13d 80.6+1.34a 23.00+224a 08.80+0.45bc 7.60+0.55b
Mean 73.17 4.13 80.26 23.25 10.36 8.15
CV% 12.78 14.36 10.59 11.14 32.53 37.43

Means with the same letter in the same letter column are statistically equivalent at the 5% threshold according to the New-
man Keuls Multiple Range test.

4. Discussion

Mutagenesis induced by gamma irradiation of seeds influenced the yield compo-
nents of upland rice mutant lines at M4 generation. Significant variations were
observed between mutant lines generated from the same rice variety for numbers
of tillers and productive tillers, plant height, panicle length, paddy grain yield and
days to 50% flowering. These significant differences result in genetic variability
between mutant lines of the same parent variety. The days to 50% flowering of
FKR45N or FKR47N mutant lines would be influenced by the effect of the cool-
ness occurred during the plant growth phase coincided with the cool period of the
year. This coolness may affect the development of rice seedlings by raising the
days to 50% flowering.

The coefficient of variation was used to determine the variation between mu-
tant lines generated from the same parent variety for each yield component. The
value of this variation could be a reference for the selection of high-performance

agronomic genotypes for more effective and efficient crop improvement [17]. The
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coefficient of variation can be used to classify variables. For example, if the coef-
ficient of variation for the total number of tillers and the number of productive
tillers is greater than 15%, this would explain a high level of variability between
mutant lines for both traits. On the other hand, when the coefficient of variation
is < 15%, its reveals little variation between mutant lines for the variables [18].

Principal component analysis revealed both positive and negative test values.
Positive test values for the variables show that the means of variables in the same
cluster are higher than the value of the overall mean. Negative test-values, suggest
that the cluster averages for these variables are lower than the overall mean. Clus-
ters 1 and 2 were characterized by low paddy grain yields, high plant height and
negative test-values for the variables. On the other hand, the cluster 3, made up of
FKR47N mutant lines, was the best-performing cluster, characterized by high
paddy grain yields, taller plant and good tillering, with the number of productive
tillers corresponding to 78.9% of the total number of tillers. Test-values for these
variables were positive. These mutant lines could be selected for their high
productivity. FKR47N mutant lines in cluster 2 show similar data of variables to
those of cluster 3, with positive test-values for plant height and paddy grain yield,
but negative test values for tiller number. Cluster 1 of FKR47N mutant lines was
discriminated from cluster 3 by negative test values for total number of tillers,
number of productive tillers, plant height and paddy grain yield. Cluster 1 mutant
lines were characterized by their dwarfism and low paddy grain yield. However,
these lines could be used for hybridization with other lines having agronomic
traits of interest. According to [9], the combination of hybridization and gamma-
ray mutation has been used to generate new aromatic rice varieties coupled with
high paddy grain yield. For example, some FKR47N and FKR45N mutant lines
are agronomically efficient, with higher yield components [17]-[19]. Gamma ir-
radiation created high-yielding mutant varieties in several plant species [20] [21].
From our results, the mutagenesis therefore has induced earlier flowering and
higher paddy grain yield in 10 and nine mutant lines derived from the FKR45N
and FKR47N parents, respectively.

The mutagenesis induced genetic variability in yield components of M2 and M3
lines generated from two cultivars [22] Indeed, the ionizing effects of gamma rays
on the growth, morphology and yield of plant species including rice were high-
lighted [20] [21] whereas the gamma irradiation positively or negatively influ-
enced some yield components of sorghum mutant lines derived from the Sari-
asol4 and Grinkan varieties [17]. The plant height of the M437P1S/300 mutant
line was reduced by 20% compared to that of the FKR45N parent. On the other
hand, the induced mutation may lead to an increase in wheat plant height [23].
Mutagenesis has induced either dwarf or tall plants, depending on the plant spe-
cies or the type of mutagen used.

In addition to varietal productivity, the yield of irrigated rice varieties is higher
than that of upland rice due to water control in irrigation conditions. This work

has demonstrated that induced mutation using gamma ray has enhanced paddy
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grain yields in mutant lines M450P2S/350 (4 t ha™') and M422P3/300 (4.7 t ha™")
respectively generated from varieties FKR45N and FKR47N, which are as produc-
tive as or more productive than some improved irrigated rice varieties. Indeed,
the yields of these two upland rice mutants are similar to those of 16 irrigated
varieties (4.5 t ha™!) and higher than those of three others (3.3 t ha™), of which
agronomic performances have been reported [4]. The yields of these two mutants
are higher than those of popularized upland rice varieties. Indeed, an assessment
of the contribution of upland rice to increased rice production in Burkina Faso
showed that the yield of upland rice varieties varies between 1 t ha'and 3 t ha™
for the majority of rice farmers, and the FKR45N variety is more productive than
the FKR47N variety [24]. The superior yield of the M422P3/300 line of the
FKR47N variety compared to that of the M450P2S/350 mutant line of the FKR45N
variety confirms the effect of induced mutation on improving the productivity of

a low-yielding genotype.

5. Conclusions

The results have shown that mutagenesis induced genetic variability could be a
potential source for plant breeding, leading to early flowering and/or high yielding
mutant lines. The mutant lines M450P1/350 and M451P1S5/400 mutant lines from
FKR45N variety and M430P1S5/300 from FKR47N variety have shown therefore
early flowering. These three mutant lines may be tolerant to post-flowering water
stress due to occurrences of drought caused by early cessation of rainfall. The
paddy grain yields of lines M450P2S/350 from FKR45N variety and M422P3/300
from FKR47N variety were improved by 120% and 20%, respectively. In addition,
M422P3/300 line has high tillering and could, therefore, be recommended to live-
stock breeders for fodder.

To highlight the environmental stability and adaptability of the four mutant
lines, a multi-location evaluation would be carried out in contrasting environ-
ments to confirm the agronomic performance observed. This would make it pos-
sible to study the genotype x environment interaction. Among rice production
constraints, drought and Striga hermonthica infection are, respectively, the abi-
otic and abiotic constraints that cause major yield losses for rice growers. An eval-
uation of these mutant lines for their tolerance to water deficit and their resistance
to 8. hermonthica would, therefore, be considered for sustainable production un-

der the strict rainfed conditions of local agro-ecologies.

Acknowledgements

The authors are grateful to the International Atomic Energy Agency (IAEA)
(BFK5019, CRP-Striga D25005) for its assistance in the irradiation of rice seeds
with gamma rays and its contribution to human and laboratory capacity building.
They also thank the “Institut de ’Environnement et de Recherches Agricoles (IN-
ERA)”, Burkina Faso for facilitating the implementation of the field experiment

at the Kamboinsé research Station.

DOI: 10.4236/as.2025.162016

253 Agricultural Sciences


https://doi.org/10.4236/as.2025.162016

H. Tinta et al.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1]

(2]

(3]

(6]

(7]

(10]

(11]

(12]

(13]

(14]

FAO (2020) La situation mondiale de I’alimentation et de I’agriculture 2020. Relever
le défi de 'eau dans I'agriculture. ROME, FAO, 1-234.

Shamshad, A., Rashid, M., Jankuloski, L., Ashraf, K., Sultan, K., Alamri, S., et al
(2023) Effect of Ethyl Methanesulfonate Mediated Mutation for Enhancing Morpho-
Physio-Biochemical and Yield Contributing Traits of Fragrant Rice. Peer}, 11, e15821.
https://doi.org/10.7717/peerj.15821

Seck, P.A., Togola, A., Touré, A. and Diagne, A. (2013) Propositions for Optimizing
the Performance of Rice Production in West Africa. Cahiers Agricultures, 22, 361-
368. https://doi.org/10.1684/agr.2013.0646

Nikiema, D., Sawadogo, N., Bazie, O.H.R., Sinare, Y.I., Ouedraogo, M.H., Barry M.L.
and Sawadogo, M. (2022) Comparative Evaluation of the Productivity of Irrigated

and Rainfed Rice Varieties Under Drip Irrigation. Agronomie Africaine, 34, 131-141.

Ogunbayo, S.A., Ojo, D.K., Popoola, A.R., Ariyo, O.]., Sie, M., Sanni, K.A., et al
(2007) Genetic Comparisons of Landrace Rice Accessions by Morphological and
RAPDs Techniques. Asian Journal of Plant Sciences, 6, 653-666.
https://doi.org/10.3923/ajps.2007.653.666

Traoré, A., Traoré, K., Traoré, O., Bado, B.V., Nacro, B.H. and Sedogo, M.P. (2016)
Caractérisation des systémes de production a base de riz pluvial strict dans les

exploitations agricoles de la zone Sud-soudanienne du Burkina Faso. International
Journal of Biological and Chemical Sciences, 9, 2685-2697.
https://doi.org/10.4314/ijbcs.v9i6.14

SNDRII (2021) Deuxiéme génération de la Stratégie Nationale de Développement de
la Riziculture 2021-2030.

Koutou, M., D’Alessandro, C., Tondel, F., Cortese, M.P. and Knaepen, H. (2021)
Projet AgrInvest-Systémes alimentaires-Evolutions récentes du secteur rizicole au
Burkina Faso: Contraintes de développement et opportunités d’investissement privé.
FAO.

Zaghum, M.]., Ali, K. and Teng, S. (2022) Integrated Genetic and Omics Approaches
for the Regulation of Nutritional Activities in Rice (Oryza sativaL.). Agriculture, 12,

Article 1757. https://doi.org/10.3390/agriculturel2111757

Seck, P.A., Diagne, A., Mohanty, S. and Wopereis, M.C.S. (2012) Crops That Feed the
World 7: Rice. Food Security, 4, 7-24. https://doi.org/10.1007/s12571-012-0168-1

Abdelhameed, A.A., Ali, M., Darwish, D.B.E., AlShaghaa, M.A., Selim, D.A.H., Na-
gah, A, et al (2024) Induced Genetic Diversity through Mutagenesis in Wheat Gene
Pool and Significant Use of SCoT Markers to Underpin Key Agronomic Traits. BMC
Plant Biology, 24, Article No. 673. https://doi.org/10.1186/s12870-024-05345-5

Shahwar, D., Ahn, N, Kim, D., Ahn, W. and Park, Y. (2023) Mutagenesis-Based Plant
Breeding Approaches and Genome Engineering: A Review Focused on Tomato. Mu-
tation Research— Reviews in Mutation Research, 792, Article ID: 108473.
https://doi.org/10.1016/j.mrrev.2023.108473

Thiombiano, A. and Kampman, D. (2010) Atlas de la biodiversité de ’'Afrique de
Pouest. Tome II Burkina Faso. BIOTA.

INERA (1994) Monographie des sol de la station de Kamboinsé.

DOI: 10.4236/as.2025.162016

254 Agricultural Sciences


https://doi.org/10.4236/as.2025.162016
https://doi.org/10.7717/peerj.15821
https://doi.org/10.1684/agr.2013.0646
https://doi.org/10.3923/ajps.2007.653.666
https://doi.org/10.4314/ijbcs.v9i6.14
https://doi.org/10.3390/agriculture12111757
https://doi.org/10.1007/s12571-012-0168-1
https://doi.org/10.1186/s12870-024-05345-5
https://doi.org/10.1016/j.mrrev.2023.108473

H. Tinta et al.

[15]

(16]
(17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

Ouédraogo, M. and Dakouo, D. (2017) Evaluation de 'adoption des variétés de riz
NERICA dans I’Ouest du Burkina Faso. African Journal of Agricultural and Re-
source Economics, 12, 1-16.

MRSI (2014) Catalogue National des Especes et Varietes Agricoles du Burkina Faso.
Nikiema, P.M. (2021) Amélioration génétique du sorgho (Sorghum bicolor (L.)
Moench) pour la résistance a Striga hermonthica (Del.) Benth et au déficit hydrique
par mutagénese induite. Ph.D. Thesis, University Joseph KI-ZERBO, Burkina Faso.
Meena, O.P. and Bahadur, V. (2014) Assessment of Genetic Variability, Heritability
and Genetic Advance among Tomato (Solanum lycopersicum L.) Germplasm. The
Bioscan Supplement on Genetics and Plant Breeding, 9, 1619-1623.

Maman, N., Mason, S.C., Lyon, D.J. and Dhungana, P. (2004) Yield Components of

Pear]l Millet and Grain Sorghum across Environments in the Central Great Plains.
Crop Science, 44, 2138-2145. https://doi.org/10.2135/cropsci2004.2138

Sao, R., Sahu, P.K,, Patel, R.S., Das, B.K., Jankuloski, L. and Sharma, D. (2022) Genetic
Improvement in Plant Architecture, Maturity Duration and Agronomic Traits of
Three Traditional Rice Landraces through Gamma Ray-Based Induced Mutagenesis.
Plants, 11, Article 3448. https://doi.org/10.3390/plants11243448

Singh, S.S., Rawat, V.S., Wani, M.R. and Singh, A. (2019) Potential of Fractionated
Doses of Gamma Rays to Stimulate Growth and Yield of Amaranthus Caudatusin M1
(First Filial Generation) and M2 (Second Filial Generation) Generation. Forestry Re-
search and Engineering: International Journal, 3, 77-82.
https://doi.org/10.15406/freij.2019.03.00081

Siddiqui, S.A. and Singh, S. (2010) Induced Genetic Variability for Yield and Yield
Traits in Basmati Rice. World Journal of Agricultural Sciences, 6, 331-337.

G., L., Octavio-Aguilar, P. and Bello-Bello, J. (2012) Current Importance and Poten-
tial Use of Low Doses of Gamma Radiation in Forest Species. In: Adrovic, F., Ed., y
Radjation, InTech, 263-280. https://doi.org/10.5772/36950

Sakin, M.A. (2002) The Use of Induced Micro-Mutations for Quantitative Characters

after EMS and y Ray Treatment in Durum Wheat Breeding. Journal of Applied Sci-
ences, 2, 1102-1107. https://doi.org/10.3923/jas.2002.1102.1107

DOI: 10.4236/as.2025.162016

255 Agricultural Sciences


https://doi.org/10.4236/as.2025.162016
https://doi.org/10.2135/cropsci2004.2138
https://doi.org/10.3390/plants11243448
https://doi.org/10.15406/freij.2019.03.00081
https://doi.org/10.5772/36950
https://doi.org/10.3923/jas.2002.1102.1107

	Gamma-Ray-Induced Genetic Variability for Yield Traits in M4 Generation in Upland Rice
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Site
	2.2. Plant Material
	2.3. Methods
	2.3.1. Crop Management
	2.3.2. Data Collection and Statistical Analysis


	3. Results
	3.1. Descriptive Analysis of Quantitative Traits
	3.2. Diversity of Induced Yield Traits
	3.2.1. Correlation between Quantitative Traits 
	3.2.2. Principal component analysis (PCA) and hierarchical classification


	4. Discussion
	5. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

