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ABSTRACT

The experiment’s findings demonstrated that seedlings of 40 days old and planted in groups of four
established themselves well and grew more swiftly than seedlings of other ages and numbers. This is
probably due to improved LAI efficiency and higher tillers, which allowed for the retention of more plants
till harvest, increasing plant dry weight, hence, consequently resulted in much greater yield.
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Introduction

The fact that 60% of the world’s population depends
on rice (Oryza sativa L.) as a staple grain has a sub-
stantial impact on global food security.The rapid
upsurge of the world’s population demands 25%
more rice production from 2001 to 2025, posing a
great challenge to meeting the demand in a sustain-
able way. In the rice fields, a delay in transplanting
is frequently experienced where transplanting is a
typical crop establishment technique because of an
uncertain water supply, erratic monsoonal rainfall
especially in lowlands with unfavourable rainfed

conditions or unanticipated circumstances like the
COVID-19 pandemic in which several countries
were experiencing a labour shortage in the agricul-
tural sector, particularly in those with high seasonal
labour demand due to lockdowns and restrictions
on people’s movement during pandemic. These fac-
tors either caused the seedlings to spend more time
in the nurserybed or cause seedling transplantation
to be delayed. The ideal temperature range for rice
cultivation is 25°C to 35°C, of which 25–31°C is
needed for tillering, 30-33°C and 20–29°C are
needed for anthesis and ripening, respectively. The
delay in transplanting leads to low temperature
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stress during the vegetative period might inhibit
growth and weaken seedlings vigour (Ali et al.,
2006), minimal tillering (Shimono et al., 2002), rising
plant mortality, extend the time for growth and it
can result in panicle sterility during the reproduc-
tive stage, which lowers grain yield and productiv-
ity (Baruah et al., 2009). Despite these limitations,
rice production must increase over the next genera-
tion to satisfy global food security. Therefore, we
require new crop production strategies that are
practical, cost-effective and demand-drivenlow in-
puts such as the number of seedlings per hill and the
age of transplanted seedlings, as they are affordable
and farmers may readily use them without having
to change their input requirements. Keeping view of
the above, a field experiment was carried out to find
the correct age and number of seedlings to be trans-
planted into each hill under delayed transplanting
conditions.

Materials and Methods

The experiment was conducted at the CPGS-AS
(CAU-Imphal), Umiam (Meghalaya). The experi-
mental site experiences humid sub-tropical climates
with cold winters and high rainfall located in North-
Eastern Hill region of India (25.67°N latitude,
91.92°E longitudes with an altitude of 950 m above
mean sea level). Treatment wise seeds of medium
duration rice cultivar CAUS107 were sown on a
nursery bed on different dates (20th June, 30thJune
and 10th July 2021) and in the main rice field, seed-
lings were transplanted on 10th of August 2021 at 20

cm x15 cm with one, two, three and four seedlings
hill-1 as per the treatment combinations in factorial
randomized block design and replicated thrice. Dur-
ing the crop growth period, the total rainfall, weekly
average maximum and minimum temperature and
relative humidity were 1165.6 mm, 8.79 oC and 33.64
oC, 67.71% and 91.69%. The crop was grown as per
the recommended packages and practices of the re-
gion, except for the treatment. The experimental
data were subjected to statistical analysis using
analyses of variance technique for FRB design as
recommended by Gomez and Gomez (1984) and
treatment means were compared at a 5% level of
probability (p=0.05).

Results and Discussion

Growth parameters: Data related to growth param-
eters of rice as influenced by age and number of
seedlings hill-1 at harvest except for LAI which mea-
sured at 90 days after transplanting, are presented in
Table 1. The findings indicated thattransplanting of
40 days old being at par with 50 days old seedlings,
showed a significantly moreleaf-area index, dry
matter accumulation and root dry weight over the
30 days old seedlings. The plant height and root:
shoot ratio did not vary significantlydue to seedling
age. The non-significant variation in heightmight be
due to the genetic makeup of the plant (Zhang et al.,
2004). The possible attributed explanation for high
values of growth parameters of 40 days old seed-
lings at maturity can be linked to the cumulative ef-
fects of high degree of root activity and photosyn-

Table 1. Influence of age and number of seedlings on growth parameters of rice

Treatments Plant height LAI at Plant dry Root dry Root:
(cm) 90 DAT weight (g hill-1) weight (g) Shoot ratio

Age of seedlings
A1 100.8 5.13 44.50 3.76 0.085
A2 99.1 5.57 48.24 4.26 0.089
A3 101.7 4.73 43.40 3.50 0.081
S.Em± 2.946 0.2 1.37 0.13 0.004
CD(p=0.05) NS 0.6 4.01 0.38 NS
Number of seedlings hill-1

N1 100.5 3.98 40.36 3.52 0.087
N2 100.9 5.32 45.31 3.74 0.083
N3 100.9 5.79 47.67 3.93 0.082
N4 99.93 5.48 48.19 4.17 0.087
S.Em± 3.402 0.24 1.58 0.15 0.004
CD(p=0.05) NS 0.69 4.63 0.44 NS

A1: 50 days old seedlings, A2: 40 days old seedlings, A3: 30 days old seedlings, N1: one seedling hill-1, N2: two
seedlings hill-1, N3: three seedlings hill-1, N4: four seedlings hill-1
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thetic activity that cause more numbers of tillers,
higher LAI and more dry matter accumulation be-
cause they suffer less root damage during uprooting
and mortality rate (Imran et al., 2015). Persistence of
a greater number of tiller hills-1, a larger leaf area,
more panicles, and filled grains that remained until
maturity resulted in higher plant dry weight. The
low minimum temperature stress that persisted
throughout the crop cycle and the very heavy rain-
fall that occurred just a few days after transplanting
caused poor crop establishment, which in turn
caused decreased root activity leading toshallow
root system which discourages tillering (Patra and
Hoque, 2011) and production of secondary and ter-
tiary tillers in the main field by low aged tillers
which are incapable for production of panicle, lead-
ing to low plant dry weight (Faruk, 2009). These fac-
tors negatively impacted nutrient uptake from the
soil, hence could be blamed for high mortality of
tillers.

Similarly, among various seedling numbers hill-1,
significantly the highest value of LAI, total plant dry
weight as well as root dry weight were recorded
when transplanting was done with four numbers of
seedlings in a hill, which was statistically at par with
three seedlings hill-1 in the case of plant and root dry
weight, while plant height and root:shoot ratio were
influenced non-significantly. However, transplant-
ing one seedling hill-1 produced significantly lower
growth attributes in the study which could be attrib-

uted to significantly less leaf area available for ab-
sorption of solar radiation as evidenced by lesser
number of tillers hill-1, low crop growth rate. The
findings of Alam et al. (2012) and Damodaran et al.
(2012) supported this conclusion.

Yield attributes: The results (Table 2) revealed sig-
nificantly higher values of plant population at har-
vest, total numbers of grains panicle-1, grain weight
hill-1 as well as grain and biological yield were ob-
served in 40 days old seedlings hill-1 over the 30 and
50 days old seedlings, while it had no significant
impact on panicle per hill-1 and test weight.The rea-
son might be due to thegreater values of growth
characters (higher leaf area index leading to more
dry matter production) as well as greater root devel-
opment as evidenced byplant and root dry weight
and balanced nutrient availability and favourable
conditions for uptake throughout the crop growth.
At the full heading stage, the rice’s accumulation of
carbohydrates, nitrogen, and dry matter peaked. At
the heading stage of a 40-day-old seedling, the pro-
ductive tillers m-2 and panicle number unit area-1

displayed an increasing trend, and sink demand for
source assimilate was increased. This may have
been the primary factor in the higher assimilation
and translocation percentage, which led to the pro-
duction of more numbers of filled grains, ultimately
leading to high grain and biological yield. The re-
duced yield in 30 days old seedlings over 40 days
old seedlings was due to lower values of yield at-

Table 2. Influence of age and number of seedlings on yield attributes and yield of rice at harvest

Treatments Plant Panicle Number Test Grain Grain Biological
population hill-1 of grains weight weight yield yield
at harvest panicle-1 (g) (g hill-1) (t ha-1) (t ha-1)
(lakh ha-1)

Age of seedlings
A1 2.51 11.22 152.64 22.68 23.82 2.07 8.26
A2 2.59 11.25 175.21 22.85 25.25 2.41 10.12
A3 2.3 11.20 146.72 22.12 19.70 1.88 8.03
S.Em± 0.08 0.39 5.25 0.66 0.90 0.06 0.30
CD(p=0.05) 0.23 NS 15.39 NS 2.64 0.17 0.88
Number of seedlings hill-1

N1 2.3 9.60 145.93 22.05 17.57 1.78 6.77
N2 2.43 10.45 154.59 22.80 20.15 1.94 8.64
N3 2.57 11.30 160.72 22.86 26.44 2.30 9.25
N4 2.62 13.55 171.52 22.48 27.53 2.46 10.55
S.Em± 0.1 0.45 6.06 0.76 1.04 0.07 0.35
CD(p=0.05) NS 1.32 17.78 NS 3.05 0.19 1.02

A1: 50 days old seedlings, A2: 40 days old seedlings, A3: 30 days old seedlings, N1: one seedling hill-1, N2: two seed-
lings hill-1, N3: three seedlings hill-1, N4: four seedlings hill-1
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tributes studied which ultimately led to poor grain
yields (Gurjar et al., 2017)

Thefour seedlings hill-1 recorded the maximum
numbers of panicle hill-1, numbers of grains panicle-

1, grain weight hill-1, grain yield and biological yield,
which were significantly highest over one seedling
hill-1 and statistically at par with three seedlings hill-

1 in case of numbers of grains panicle-1, grain weight
hill-1 and grain yield. This could be as a result of
more productive tillers yielding more grains. The
more plants that are present in a hill, along with
more root growth, which results in higher soil nutri-
ent uptake and, eventually, better growth, might be
the reason for higher yield and yield attributing
characters. Whereas one seedling might not be able
to establish well under delayed transplanting condi-
tions with the submerged situation which leads to
more mortality rateand hence leads to low yield and
yield attributing characters. The Liu et al. (2017) ob-
served similar conclusion.

When transplanting was delayed, 40 days old
seedlings significantly performed best over the other
two seedling ages in terms of growth and yield at-
tributes. With the 40 days old medium-duration va-
riety, planting could be postponed until August
10th. Hence, the research concluded that 40 days old
seedlings and if transplanted with four seedlings in
each hill will be an effective strategy to make up for
expected yield loss due to delayed rice transplant-
ing. Different seedlings ages more than a month
may be evaluated further having good tolerance to
low temperatures and heavy rainfall during repro-
ductive and grain filling periods for their suitability
as an alternative to delayed rice transplanting in
many unforeseen circumstances. Additionally, ex-
periments involving the transplanting of mature
seedlings with different seedling densities or bunch
transplanting may be carried out to guarantee the
necessary plant population at harvest in swampy
lowland areas that frequently receive heavy to ex-
tremely heavy rainfall and have limited drainage
opportunities.

Conclusion

The experiment’s findings demonstrated that seed-
lings of 40 days old and planted in groups of four
established themselves well and grew more swiftly
than seedlings of other ages and numbers. This is
probably due to improved LAI efficiency and higher

tillers, which allowed for the retention of more
plants till harvest, increasing plant dry weight,
hence, consequently resulted in much greater yield.
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