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The field trials were conducted during rainy season of 2019 and 2020 at Teaching and Research Farms, Directorate of the Federal
University of Agriculture, Abeokuta, Nigeria (Latitude 7° 12" 54" N - 7° 9’ 17" N; Longitude 3° 20’ 24" E - 3° 27’ 68" E). The trials
were laid out as a split-split plot arrangement in a Randomized Complete Block Design with three replicates. Main plot treatment
was three lowland rice varieties (NERICA L-34, ARICA 3 and WITA-4), sub plot treatment (three plant populations: 250,000, 160,000
and 111,111) plants.ha™ and the sub-sub plot treatment (three seedling ages: (7, 14 and 21 days). Data collected on growth, yield
and yield components were subjected to analysis of variance (ANOVA) and treatment means separated using 5% least significant
difference (LSD at p <0.05). The results showed that there was 36% and 120% increase in hill count when rice was planted at
160,000 plants.ha™ and 250,000 plants.ha, respectively compared to 111,111 plants.ha™ in both years. Planting 7 days old rice
seedling resulted in lower hill count compared to planting 14 and 21 days olds seedling. In both years, NERICA L-34 produced
longer rice grains, more number of grains per panicle and higher grain yield than ARICA 3. Our findings also revealed that rice grain
yield increased with plant population with the highest yield recorded with 250,000 plants population. Also, highest grain yield was
recorded with planting 21 days old rice seedling. Therefore for maximum rice yield, 21 days old seedling of NERICA L-34 should be
planted at 250,000 plants.ha™.

Keywords: ARICA 3, NERICA L-34, populations, seedling, yield

1 Introduction production. Despite the fact that there are over 110,000
rice types, Oryza sativa is the most generally known and

Rice is one of the most important cereal crops and
produced (Rice Association, 2018).

a staple diet for more than half of the world’s population.

It offers up to 50% of the world’s dietary calorie supply  There are more than 40,000 rice varieties in the globe,
and a considerable share of their protein intake for a big  with more than 15,000 being cultivated in China. Natural
number of individuals in various parts of the world. As  and human selection have resulted in significant genetic
a result, rice has become synonymous with food security  heterogeneity in Asian cultivated rice as a result of
(Khlr et al., 201 7, 201 8) Ehrhartoideae, rice’s SUb'tribe, is adaptation to various eco'ogical environments. Rice
divided into three tribes, each containing 17 generaand  has a great deal of genetic variation, such as indica and

120 SpeCieS (Henry et al., 2009) Rice is one of the world’s japonica ecotypesl because of this genetic divergence
most valuable and dependable food crops, with many  (vaughan et al., 2008; Lu et al., 2009).

West African countries relying on it for stability, income
generation, poverty alleviation, and social growth
(Diagne et al., 2013). Rice is grown in over 100 countries,
with Asian countries accounting for 90% of global

Rice cultivars responded differently when transplanted in
the field at various seedling ages, Because of their genetic
makeup and adaptability to certain environmental
conditions (Aslam et al., 2015).
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Rice productivity can be improved by planting at the right
time and using the right seedling age at transplanting.
The age of seedlings when they are transplanted is
significant because it influences the quantity of tillers
produced per hill. It affected plant height, effective tiller
number, panicle length, grains per panicle, and other
yield-related parameters. Many above- and below-
ground characteristics of rice plants (seedling vigour)
vary with seedling age, growth habitat, and seeding rate
before and after transplantation (Himeda, 1994; Sasaki,
2004).

Spacing during transplanting is one the most important
factors that determine production (Uphoff, 2003).
Optimal spacing guarantees that plants grow properly
both above and below ground by utilizing solar radiation
and nutrients in different ways. However, closer spacing,
has been shown in multiple studies to promote mutual
shadowing and intra-specific competition among crops,
which can intensify problems such as lodging (Dunn
et al, 2020). Plant features, growth period duration,
planting time and methods, soil quality, plant size,
available moisture, sun shine, planting pattern, and weed
condition are all important factors in determining the
optimal plant density (Shirtliffe & Johnston, 2002).

The present study hypothesized that matured rice
seedlings at optimum population will enhance rice
growth with higher grain yield. Therefore, the objective
of the study is to identify appropriate seedling age and
population for maximum rice grain yield.

2 Material and methods

The experimental field was conducted at the inland
valley (FADAMA) of the Directorate of University
farms (DUFARMS) at Federal University of Agriculture,
Abeokuta, Ogun State, Nigeria (Latitude 7° 12" 54" N - 7°
917" N and Longitude 3°20' 24" E-3°27' 68" E) during
2019 and 2020 early wet cropping seasons. In 2019 and
2020 respectively, the site received a total rain fall of
1,413.2 mm and 1017.5mm (Table 1).

In both years, the trials were laid out as a split-split
plot arrangement in a randomized complete block
design with three replicates. Main plot treatment
was lowland rice variety (NERICA L-34, ARICA-3 and
WITA-4), sub plot treatment was planting population
250,000 plants.ha (20 x 20 c¢cm), 160,000 plants.ha™
(25 x25cm)and 111,111 plants.ha™ (30 x 30 cm) and the
sub-sub plot treatment was seedling age (7 days, 14 days
and 21 days). The area of the experimental site was 50 x
40 m (2,000 m?). It consists of 81 plots. Each plot measured
5% 4 m (20 m?), separated by 0.5 m between plots and 1
m in-between the replicates. The experimental site was
cleared manually, and after the removal of weed stumps
and debris, field layout was done.

The seeds to be planted in the nursery were soaked
in bucket for 24 hours and incubated for 48 hours
(pre-germinated) and then broadcast on the bed, the
bed size. The process was done every weed for three
weeks to take care of the 7 days, 14 days and 21 days old
seedling at transplanting.

Table 1 Monthly distribution and annual total rainfall, mean temperature and relative humidity to the experimental
site

Month 2019 2020

total rainfall mean relative total rainfall mean relative

(mm) temperature (°C) | humidity (%) (mm) temperature (°C) | humidity (%)
January 9 28.9 64.1 0 27.9 754
February 79 29.9 57 0 29.4 68.3
March 59.6 29.1 79.2 145.1 30.1 73.7
April 157.6 27.7 78.1 120 28.5 73.4
May 150.4 277 80 110 28.4 787
June 264.5 27.1 83.1 149.1 26.2 81.3
July 108.7 26.2 87.4 109.5 25.7 825
August 65.8 26.4 83.4 29 26.2 80
September 96.3 26.6 85.7 246.3 26.1 79
October 310 26.4 84 127.6 27.1 71.8
November 1123 28 86.9 7 29.5 69.1
December 0 28 81.2 0 0 0
Total 1,413.2 1,017.5
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Pre-emergence herbicide (Butaclor a.i.) at 2 L.ha' was
applied just before transplanting and Vespanil as post-
emergence herbicide for weed control. Data collected on
hill count, number of leaves, plant dry matter production,
yield and yield components were subjected to Analysis
of Variance (ANOVA) according to the procedures of
GENSTAT. Significant means were separated using Isd at
5% level probability.

3 Results and discussion

Across the years, plant population had significant effect
(P <0.05) on the hill count throughout the period of
observation. At 4 WAT in both years, hill count was
highest with plant population of 250,000 plants.ha™
and the lowest was recorded with 111,111 plants.ha™.
Similarly, hill count on the plot having plant population
of 160,000 plants.ha was significantly higher than the
hill count on the plot with 111,111 plants.ha? plant
population (Table 2).

Seedling age had significant effect (P <0.05) on the hill
count throughout the period of observation in which
similar count was recorded with 14 and 21 day old
seedlings and significantly higher than 7 days seedling

(Table 2). The interaction of rice variety and seedling
age is significant on hill count at 4 and 6 WAT in 2020. At
4 and 6 WAT, 7 days seedlings of ARICA 3 had significantly
lower hill count compared to 14 and 21 days old seedling
irrespective of rice varieties (Figures 1 and 2).

Plant populations had significant effect on number of
leaves at 6 WAT in 2020 and both years at 10 WAT (Table
3). While 250,000 plants.ha’ and 160,000 plants.ha”
produced similar number of leaves at 6 WAT, 111,111
plants.ha®’ produced significantly higher number of
leaves than 250,000 plants.ha™ (Table 3). At 10 WAT in
2019, 250,000 plants.ha™ produced significantly lower
number of leaves than 160,000 and 111, 000 plants.ha”,
while in 2020, 111,111 plants.ha™ produced significantly
higher number of leaves than 160,000 plants.ha”’ and
250,000 plants.ha™ (Table 3). Seedling age had significant
effect on number of leaves at 4 WAT in 2020, 6 WAT in
2019 and 10 WAT in 2019 (Table 3). At 4 WAT, the highest
and lowest number of leaves were produced with 21 days
old and 7 days old rice seedling, respectively, while the
highest number of leaves at 6 WAT was produced by
14 days old seedling (Table 3). At 10 WAT, similar number
of leaves was produced by 14 and 21 days old seedling
which was significantly higher than 7 days old seedling.

Table 2 Effects of variety, plant population and seedling age on hill count of lowland rice at 4 WAT, 6 WAT and harvest

Treatment 4 WAT 6 WAT Maturity
2019 2020 2019 2020 2019 2020

Rice varieties (V)
NERICA L-34 146.9 159.7 161.8 161.3 1343 150.4
ARICA 3 143 153.2 156.3 154.7 130.7 1453
WITA-4 153.3 163.7 166.3 165.3 139.2 154.8
LSD 5% ns ns ns ns ns ns
Plant population (P)
250,000 plants.ha™ 216.1 2323 236.1 234.5 195.1 217.6
160,000 plants.ha™ 137.7 146.5 150.8 148 120.6 134.6
111,111 plants.ha™ 89.3 97.8 97.5 98.8 88.5 98.3b
LSD 5% 4.44 10.24 343 10.21 5.62 13.34
Seedling age (S)
7 days 140.4 150 153.8 151.5 125.6 139.7
14 days 151.1 164 165.6 165.5 139.2 155.4
21 days 151 162.7 165 164.3 1394 155.4
LSD 5% 3.07 6.77 3.22 6.86 3.34 7.88
Interactions
VxP ns ns ns ns ns ns
VXS ns * ns * ns ns
P xS ns ns ns ns ns ns
VXPxS ns ns ns ns ns ns
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Figure 2 Variety x seedling age interaction effect on hill cou

Plant population had significant effect on plant dry
matter production in 2019 at 6 WAT and at 10 WAT in
both years, while seedling age had significant effect
throughout the period of observation (Table 4). At 6 WAT
in 2019 and 10 WAT in both years, planting rice at 160,000
plants.ha’and 111,111 plants.ha™ resulted in significantly
higher plant dry production than when rice is planted at
250,000 plants.ha” (Table 4).

Throughout the period of observation, the highest and
lowest plant dry matter was recorded with the use of
21 days old seedling and 7 days old seedling, respectively
(Table4).Also at4,6 and 10 WATin 2019, the use of 14 days
old pepper seedling resulted in significantly higher plant
dry matter than 7 days old seedling (Table 4).

nt at 6 weeks after transplanting in 2020

Rice variety had significant effect on panicle length,
number of grains per panicle in both years and grain
yield in 2020. Plant population had significant effect on
panicle length in 2020 and grain yield in both years, while
seedling age had significant effect on panicle length,
number of grains per panicle and grain yield in both years
(Table 5). In both years, planting NERICA L-34 resulted in
longer panicle, more number of grains per panicle and
grain yield in 2020 than ARICA 3 and WITA 4 (Table 5).

Planting rice at 160,000 plants.ha™ and 111,111 plants.
ha resulted in longer panicle than when rice is planted
250,000 plants.ha™ (Table 5). In both years, grain yield
increased with increase in plant population with the
highest value recorded when rice was planted at 250,000
plants.ha™ (Table 5). In both years, 14 days and 21 days
old seedlings produced longer panicle compared to
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Table 3 Effects of varieties, plant population and seedling age on number of leaves of lowland rice

Treatment Number of leaves

4 WAT 6 WAT 10 WAT

2019 2020 2019 2020 2019 2020
Rice varieties
NERICA L-34 21.8 27.2 349 523 66.5 80.7
ARICA 3 222 233 31.1 45.6 63.8 68.9
WITA-4 20.1 27.5 315 46.9 54 74.1
LSD 5% ns ns ns ns ns ns
Plant population (P)
250,000 plants.ha™ 20.73 24.1 29.6 37.7 53.6 594
160,000 plants.ha™ 21.95 24.5 333 46.5 64.7 72.6
111,111 plants.ha™ 2144 294 34.6 60.6 66.1 91.9
LSD 5% ns ns ns 14.54 9.29 14.77
Seedling age (S)
7 days 19.56 219 30 449 53.9 73.1
14 days 22.94 259 347 49.7 63.9 74.9
21 days 21.61 30.1 32.8 50.2 66.5 75.8
LSD 5% ns 4.89 3.62 ns 7.33 ns
Interaction
VxP ns ns ns ns ns ns
VxS ns ns ns ns ns ns
PxS ns ns ns ns ns ns
VXPxS ns ns ns ns ns *

7 days old ones. The use of 14 days old seedling in 2019
and 21 days old in 2020 resulted in significantly higher
number of grains per panicle than 7 days old seedlings.
In both years, the highest and lowest grain yield was
recorded with the use of 21 days old seedling and 7 days
old seedlings, respectively (Table 5). In 2019, NERICA L-34
transplanted at 14 and 21 days resulted in longer panicle
compared to ARICA 3 and WITA-4 irrespective of seedling

age, and NERICA L-34 transplanted at 7 days (Figure 3).
NERICA L-34 irrespective of plant population produced
significantly higher number of grains per panicle
compared to WITA-4 irrespective of plant populations
(Figure 4). In 2020, NERICA L-34 transplanted at 21 days
resulted in the highest grain yield (Figure 5). Also, NERICA
L-34 transplanted at 14 days resulted in significantly
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23.2 23.2 23.6 23.3 24.8
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Figure 3

Variety x seedling age interaction effects on panicle length in 2019
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Table 4 Effects of varieties, plant population and seedling age on plant dry matter production of lowland rice

Treatment Plant dry matter production (g)

4 WAT 6 WAT 10 WAT

2019 2020 2019 2020 2019 2020
Rice varieties
NERICA L-34 8.9 53 27.8 1.7 43.6 45
ARICA 3 8.3 5.1 25.8 10.7 41.2 449
WITA-4 7.4 4.8 235 74 36.6 382
LSD 5% Ns ns ns ns ns ns
Plant population (P)
250,000 plants.ha™ 7.2 5 19.7 9.4 31.6 34
160,000 plants.ha™ 8.6 4.6 28.2 9.2 429 46.3
111,111 plants.ha™ 8.8 5.6 29.2 1.1 46.9 47.8
LSD 5% Ns ns 7.95 ns 12.25 7.58
Seedling age (S)
7 days 6 39 16.8 6.9 29.8 333
14 days 8.9 49 27.9 8.9 43.3 41.6
21 days 9.7 6.5 324 13.9 48.2 533
LSD 5% 245 13 7.64 4.16 12.03 10.59
Interaction
VxP Ns ns ns ns ns ns
VxS Ns ns ns ns ns ns
PxS Ns ns ns ns ns ns
VxPxS Ns ns ns ns ns ns

higher grain yield compared to WITA-4 irrespective of
seedling age (Figure 5).

The higher hill count with 250,000 plants.ha® compared
to other populations is as a result of higher number of
seedlings transplanted which directly translate to higher
hill count. The higher hill count recorded with the older

seedlings are more matured before transplanting with
more matured root systems which helps them withstand
the transplanting shook compared to the 7 day old
seedlings.

The higher number of leaves with 111,111 plants.ha’
compared to the higher plant population could be
attributed to less plant population on the plots which

N
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seedlings could be attributed to the fact that, the older
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Figure 4

Variety x plant population interaction effects on number of grain/panicle in 2020
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Table 5 Effects of carieties, plant population and aeedling age on yield and yield components of lowland rice

Treatment Panicle length (cm) Number of grains per panicle | Grain yield (kg.m™)
2019 2020 2019 2020 2019 2020

Rice varieties
NERICA L-34 25.6 26.9 190.7 213.2 0.58 0.69
ARICA 3 23.1 25.7 174.2 192.8 0.54 0.58
WITA-4 2338 249 160.4 177.6 0.49 0.57
LSD 5% 1.51 0.8 20.72 18.33 ns 0.089
Plant population (P)
250,000 plants.ha™ 24.2 251 175.5 189.2 0.66 0.73
160,000 plants.ha™ 24.1 26 169.7 198.3 0.52 0.61
111,111 plants.ha™ 243 263 180.1 196.1 0.43 0.5
LSD 5% Ns 0.9 ns ns 0.104 0.063
Seedling age (S)
7 days 23.1 25 162.8 181.1 0.45 0.56
14 days 24.6 264 187.4 195.1 0.5 0.63
21 days 249 26 175 2074 0.66 0.65
LSD 5% 0.77 0.58 18.35 14.73 0.088 0.071
Interaction
VxP ns ns ns * ns *
VxS ** ns ns ns ns ns
PxS ns ns ns ns ns ns
VxPxS ns ** ns ns ns ns

reduced competition for soil nutrient and environmental
resources. The higher number of leaves on the 21 day old
seeding could be attributed to the fact that 21 days old
seedling are more physically matured at transplant than
the 7 day old with more leaves and better root system.
The better root system with 21 day old seedling would
have help the crop to tap more soil nutrients and this
will consequently help general crop growth and increase

cell division and elongation. This confirms the report of
Raut et al. (2019) who reported the highest number of
leafs and tillers when 20 day old seedling was planted.
Osunleti et al. (2021) had earlier reported higher number
of leaves with older seedlings compared to the younger
ones.

The higher plant dry matter production with lower plant
population compared to 250,000 plants.ha’ was as
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Figure 5

Variety x seedling age interaction effects on grain yield in 2020
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results of less competition on the plots. Plants generally
competes for soil and environmental resources. There
was less competition with 111,111 plants.ha™ compared
to 250,000 plants.ha™, this lead to more even distribution
of resources, adequate use and proper translocation
leading to more dry matter production. This results
corroborates earlier report of Marie-Noel et al. (2021)
who reported that the tightest spacing gave short
plants with a very small number of tillers whereas the
larger spacing produce tall plants with a high number
of tillers for all varieties used. Marie-Noel et al. (2021)
attributed the results to nutrient availability of the soil
for the most spaced plants and the competition among
them. Better root system associated with 21 days old
seedling compared to the younger seedlings could be
responsible for the higher dry matter production. The
more developed root system will enhanced nutrient
uptake by the seedlings and thereby better and healthier
growth. This result corroborates the earlier findings of
Uphoff (2005), who reported that a well-developed and
healthy root system plays an essential role in the uptake
and translocation of nutrients from the soil.

Also, more leaves with the 21 day old seedlings
enhanced the ability of the seedling to trap more light
for photosynthesis compared with the younger ones
thereby increased food manufactured by plants and
consequently increased dry matter. Sarker et al. (2012)
had earlier reported higher straw yield with 30 day old
rice seedling, and further reported the lowest straw yield
with 10 days old seedling.

The higher yield with NERICA L-34 could be attributed
to the genetic make-up and its compatibility of the
environment in which it is grown. Roy et al. (2014) had
earlier observed that variety itself is a genetic factor
which contributes much in producing yield and yield
components of a particular crop. Yield components are
directly related to a variety and its environment in which
it grows. The increase in yield with 250,000 plants.ha™
compared to otherlower populationisasaresult of higher
rice stands at harvest which lead to higher net yield.
Our study showed that the planting density of 250,000
plants.ha produced the highest grain yield of rice. This
confirms the findings of Shi et al. (2016) that increasing
plant density is a common technique for enhancing
higher grain yield, as it increases the potential capacity
of the crop canopy to capture solar radiation, water, and
nutrients (Shi et al., 2016). This result is consistent with
the results of Bahadur et al. (2000) and Osunleti et al.
(2022) who observed significant increase in yield under
closer spacing and attributed this to higher plant density
per unit area of land.

The findings obtained from the present study during
the two years of investigation showed that seedlings
transplanted at 14 or 21 days increased hill count in the
two years compared to 7 days, regardless of planting
density and variety used. This indicates that rice
seedling age is vital in determining rice productivity.
Transplanting seedlings at appropriate age can provide
reasonable ground for achieving potential production by
reducing the death of tillers and providing the optimum
period for completion of the growing cycle of paddy
(Li et al., 2003). This finding was in agreement with the
results of Vijayalaxmi et al. (2016) who reported better
performance of rice when transplanted between 15 to
25 days. Sudharani et al. (2018) also reported higher rice
grain yield with 20 days old seedling than younger ones.

4 Conclusions

The study showed that NERICA L-34 produced the highest
yield and yield components and therefore, recommended
for rice cultivation especially in the environment. In both
years, planting rice at 250,000 plants.ha™ produced the
highest rice grain yield resulting into 21.4% and 49.7%
yield increase compared to planting 111,111 plants.
ha' and 160,000 plants.ha™, respectively. Therefore, rice
should be planted at 250,000 plants.ha” for maximum
rice yield. Also, use of 21 days old rice seedling produced
the highest rice yield in both years and therefore
recommended for rice cultivation.
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