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Abstract

In this study, we performed exploration of genetic variability for root architecture related traits in a mapping
population derived from TI-128xBPT 5204, such as length, volume, fresh and dry weight, in influencing
nutrient and moisture uptake during 60 days after sowing under aerobic conditions at three diverse
environments for the selection of desirable lines. The variance analysis, revealed significant variations (p <

0.005) for all studied traits, indicating a broader sense of genetic variability for selection purposes. Significant
positive correlation was recorded between all the traits under study. The rice lines viz., TB 1, TB4, TB 8, TB
24, TB 51, TB 67 and TB 107 exhibited comparatively higher RL, RV and RDW, than all the checks used
in the present study. The identified lines exhibiting better root architectural traits can benefit in developing a
suitable DSR cultivar with better adaptability and performance under dry direct seeded rice conditions.
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Introduction

Rice (Oryza sativa L.) stands as the primary food
source for billions in developing nations, flourishing
across diverse environments in terms of latitude,
altitude, and topography, all with varying water
availability. Despite its global significance irrigated
rice cultivation is known for its inefficient water
usage, requiring 3,000 to 5,000 liters of water to yield
just one kilogram of grain. Startlingly, rice commands
a substantial 85% share of the 70-80% of freshwater
used in agriculture globally (Pathak er al, 2011,
Kommana et al., 2023). Predictions sound an alarm,
with around 39 million hectares of irrigated rice in
Asia alone potentially facing yield reductions due to
water scarcity (Tuong and Bouman, 2003, Reddy et
al., 2022). The forthcoming decades are poised for
a critical shift toward more sustainable agricultural
practices that integrate environmental well-being

and socio-cconomic considerations. Therefore,
transitioning from the conventional transplanted
puddled rice (TPR) to alternative systems that enhance
water productivity without compromising yields is a
prudent choice. This kind of shift in rice cultivation
is needed to cope with water scarcity as well as to
maintain the groundwater table (Phule et al., 2019).
One such system is direct-seeded rice (DSR), which
not only reduces water consumption and labour needs
but also bolsters resource efficiency, productivity,
and mitigates greenhouse gas emissions. In recent
years, DSR has gained prominence as the primary
rice cultivation method in developed countries and
has been adopted in more than 25% of global rice
cultivation areas (Kumar and Ladha, 2011). Overall,
DSR offers numerous benefits, including substantial

savings in water and labor expenses, improved crop
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rotation possibilities, and reduced greenhouse gas
emissions (Corton et al., 2000). DSR, in particular,
makes efficient use of early-season monsoons in
regions with limited moisture. Compared to TPR, the
DSR system uses 60.3% less non-renewable energy
and exhibits an average energy-use efficiency of 7.3
compared to 4.4 for TPR (Panda et al., 2021).

Roots serve as the primary sensory and adaptive
organs in response
stresses, including drought, flooding, salinity, and
mineral deficiencies. An extensive root system helps
support above ground plant growth by enabling
better water and nutrient absorption from the soil,
ultimately leading to higher yields (Padmashree et
al., 2022). Surprisingly, most breeding efforts have
traditionally focused on improving above ground

to various environmental

plant characteristics, largely neglecting root traits
that contribute to nutrient acquisition efficiency
(NAE), often due to limited awareness and inadequate
screening methods. Unfortunately, these valuable root
traits have been inadvertently disregarded or even
selected against in the context of intensive agriculture.
Tailoring root architecture to suit the requirements of
DSR presents a promising opportunity to overcome
adaptability and yield limitations. This approach
could yield genotypes that thrive in DSR conditions,
outperforming those suited for TPR (Sandhu et al,
2021). The widespread acceptance and adoption
of DSR, as well as the development of suitable
rice varieties, hinge on overcoming the challenges
associated with breeding varieties that thrive in
low-water conditions and offer sufficient nutrient
availability. In this study, we conducted a phenotypic
evaluation of 150 Recombinant Inbred Lines (RILs)
over 60 Days After Sowing (DAS) at three diverse
locations under aerobic conditions, with a focus on
traits related to root architecture.

Materials and Methods

The experimental material comprised of mapping
population (150 lines, TB1 to TB150) developed
through the crossing of selected mutant line (TI-

/R

128) as the female parent with best root related traits

(seedling vigour index, root length, root volume) and
the wild type (BPT 5204) as the male parent. The
Mapping population (F,) comprised of 150 RILs were
evaluated at three locations (ICAR-IIRR, Hyderabad
(E,), AHRS, Kathalagere, KSNUAHS Shivamogga
(E,), RARS, Karjat (E,)) for root architecture related
traits under aerobic conditions during rabi 2022. To
evaluate the lines for root architecture related traits
under aerobic conditions, the experiment was laid
out in augmented block design with five blocks,
wherein, each block consisted of 30 lines along with
the parents (TI-128 and BPT-5204) and six checks
(Sahabhagidhan, MAS 946-1, Sabita, TI-112, TI-3
and TI-17) were randomized in each block. Each RIL
was sown in two-meter length line at a spacing of
20cm x 15cm. Agronomic practices were followed as
recommended for aerobic rice cultivation, for the first
four weeks after sowing (WAS), lines were irrigated
once in three days for two to three hours. From the
fifth week, irrigation was provided 2-3 times a week
for two hours to reach field capacity. The seeds
were directly sown and 15 days after sowing extra
seedlings were thinned to maintain a single plant per
hill. Timely weeding was performed, and the field
was maintained as per the agronomic practices with
need-based irrigation.

Randomly three plants in each line were carefully
uprooted by carefully pulling them out from the soil
without damaging the roots (destructive sampling).
The roots were washed manually using a high-
pressure water pump and observations were recorded
for root architecture related traits viz., root length
(RL), shoot length (SL), total plant length (TPL), root
fresh weight (RFW), shoot fresh weight (SFW), total
fresh weight (TFW), root dry weight (RDW), shoot
dry weight (SDW), total dry weight (TDW), and
root volume (RV). The analysis of variance, genetic
variability parameters and correlation were carried
out in R studio (version 3.5.2) using R-scripts for
statistical analysis (Aravind ef al., 2019).
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Results and Discussion

Analysis of variance (ANOVA) for root architecture
related traits

The Mean Sum of Squares (MSS) for the root
architecture related traits under aerobic conditions in
the mapping population during rabi 2022 is presented
in (Table 1). The ANOVA revealed that the MSS of
test genotypes versus checks was highly significant

at p<0.05 for all the traits under investigation. Highly
variable traits are preferred in breeding programmes
for maximizing the genetic base (Barde et al., 2021).
The MSS due to test genotypes exhibited highly
significant differences at p<0.05 for all the traits under
investigation across three diverse locations, revealing
that sufficient variability was present in the mapping
population.

Table 1: Analysis of variance for root architectural related traits in RILs under aerobic condition during

rabi 2022
Source Lt‘l’(f;' d.f| RL | SL TPL RFW SFW TFW RDW | SDW TDW RV
EI 1.64%% [ 14.28%% | 19.82%% | 123.42%% | 501.24%% | 1024.12%% | 13.24%+ | 57.28%* | 109.24%* | 228.26%*
T{;Z’:t EII | 157 | 1.58%* | 15.24%% [ 20.18%% | 130.28%* | 586.28** | 1041.28%% | 14.28%* | 54.12%% | 107.28%% | 231.42%*
Elll 1.69%% | 16.22%% | 20.93%* | 126.47%% | 604.72%*% | 1055.72%% | 15.46%% | 61.33%*% | 112.93%* | 236.28%*
El 1.68%* | 87.42%% | 78.12%*% | 1010.32%% | 2042.36%* | 4230.28%% |124.24%% | 218.24%% | 476.24%* | 556.82%*
Check | EIl | 7 |[1.72%%[86.28%* | 76.54%* | 1024.28%% | 2100.28%* | 4310.24%% |130.54%* | 216.22%% | 472.24%% | 550.28%**
Elll 1.98%* [95.80%+ | 81.41%* | 1045.20%* | 2179.20%* | 4440.53%* |127.78** | 221.02%* | 484.23%* | 548.26%*
Test | EI 1.28%% | 10.26%% | 14.24%% | 7628 | 412.26%* | 712.26%*% | 8.62%*% | 4824%% | 72.42%% | 124.28%*
geno- | EIl | 149 | 1.32%% | 10.46%* | 13.26%* | 71.14%* | 421.58%% | 734.28%% | 8.84%* | 4224%% | 7426%* | 126.24%*
types | g 148%* [ 11.98%% | 16.68** | 7522%+ | 438.93%* | 740.45%% | 920%* | 44.52%% | 78.91%* | 132.22%*
EI 1.36%* | 87.14%% | 222.28%% | 1228.24%% | 13284.28%% | 21364.28%* | 154.28%% | 1242.24%* | 2326.28%* | 1284.22%*
Eelslte:; EIL | 1 | 1.28%*|88.24%+ | 216.24%* | 1324.24%* | 13862.24%* | 22328 24%* | 158 36%* | 1342.28%* | 2428.24%* | 1324.24%*
EIII 1LAT¥* [ 91.42%% [ 230.01%% | 1330.79%* | 14286.17%% | 24337.49%* | 162.70%* | 1448.96%* | 2582.72%* | 1266.28**
EI 741 | 5628 | 7426 | 16328 | 124228 132426 | 4422 | 11224 | 12424 | 11028
Block | EIl | 4 | 512 | 5248 | 6828 | 14224 | 1366.48 141228 | 4324 | 12128 | 12628 | 10826
EIIl 6.12 | 5864 | 79.54 | 15432 | 138238 142638 | 3826 | 11626 | 13224 | 10422
EI 048 | 1532 | 1922 | 86.24 62.24 42.28 1226 | 2524 42.22 31.26
R":ig“' EIl | 28 | 056 | 1684 | 1824 | 7632 74.28 54.26 11.24 28.34 44.26 32.48
EIIl 032 | 1426 | 1728 | 7930 54.32 5226 1238 | 2226 38.28 3022

EI- ICAR-IIRR, Hyderabad, EII- AHRS, Kathalagere, KSNUAHS, Shivamogga, EIII-RARS, Karjat

RL- Root length (cm), SL- Shoot length (cm), TPL- Total Plant length (cm), RFW, Root fresh weight (g), SFW- Shoot fresh weight
(g), TFW- Total fresh weight (g), RDW- Root dry weight (g), SDW- Shoot dry weight (g), TDW- Total dry weight (g), RV- Root

volume (cm3)

Genetic variability parameters

The results of genetic variability parameters viz.,
range, mean, genotypic coefficient of wvariation
(GCV), phenotypic coefficient of variation (PCV),
broad-sense heritability and genetic advance as per
cent mean were analyzed to estimate the extent and
magnitude of genetic variation for root architecture
related traits in mapping population. The mean

performance for the traits showed a wide range of
variation for most of the characters studied and the
findings of the present experiment are given in
(Table 2). The heritability of broad-sense (h? bs)
was divided into three categories: high (above 60%),
medium (30%—60%), and low (less than 10%)
(Robinson et al., 1949). GAM is also divided into three
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Table 2: Estimation of genetic variability parameters for root architectural related traits in RILs under aerobic
condition during Rabi 2022

Range

Genetic variability

Traits | Location Min | Max Mean | CV (%) GCV (%) | PCV (%) h’(bs) (%) | GAM
El 433 | 2833 | 16.49 4.05 12.68 12.71 96.24 51.20

RL EIl 5.83 | 26.23 | 15.23 4.03 13.20 13.21 97.12 51.82
EIII 5.89 | 24.24 | 14.81 4.97 13.90 14.10 97.26 52.40

El 19.90 | 53.23 | 31.77 5.20 10.82 10.86 94.12 45.28

SL EIl 2297 | 44.13 | 31.81 5.33 10.16 10.24 93.26 46.24
EIII 21.28 | 41.28 | 32.20 5.46 10.74 10.78 93.19 47.52

EI 24.40 | 62.83 | 40.25 7.59 9.18 9.72 97.12 39.28

TPL EII 29.00 | 53.87 | 41.04 6.76 9.26 9.64 94.28 41.26
EIIL 27.26 | 50.52 | 41.01 7.10 9.97 9.98 96.72 40.54

El 5.70 | 60.30 | 23.11 8.04 13.22 13.24 95.24 57.26

RFW Ell 10.24 | 63.20 | 24.32 8.81 13.82 13.86 94.24 57.40
EIII 6.67 | 60.86 | 23.43 9.49 14.05 14.12 95.98 58.20

El 16.20 [125.10| 58.73 12.12 35.42 36.42 94.12 57.26

SFW EIl 15.12 [127.12| 58.48 13.77 36.28 37.12 93.88 59.28
EIII 13.01 [125.60| 58.36 11.86 37.53 37.58 94.92 62.38

El 23.8 | 175.5 | 81.84 9.88 38.24 38.68 85.28 51.28

TFW EIl 25.96 |171.40| 82.80 11.25 37.26 37.88 84.26 52.24
EIII 23.79 |176.56| 81.78 10.86 36.50 36.50 84.62 53.44

EIl 1.91 |2097 | 7.73 4.05 36.28 36.33 93.12 32.68

RDW EIl 340 | 21.06 | 8.08 4.03 35.29 35.31 94.04 32.88
EIIL 233 | 21.28 | 8.19 4.97 35.87 35.92 94.18 32.98

El 5.06 | 39.09 | 18.35 5.20 36.28 36.42 76.28 66.24

SDwW EIl 326 | 37.61 | 16.56 8.33 34.26 34.28 74.26 67.28
EIIL 4.14 | 40.00 | 18.58 7.46 37.53 38.52 75.24 68.24

El 7.56 | 56.10 | 26.08 7.59 32.28 33.52 82.24 26.54

TDW EII 6.86 | 52.32 | 24.64 6.76 31.26 32.28 84.26 25.24
EIII 7.91 | 57.82 | 26.78 9.10 33.70 33.82 87.24 27.28

EI 8.24 | 31.92 | 18.26 8.04 34.24 35.28 97.42 35.24

RV EIl 7.26 | 30.28 | 17.28 9.81 35.12 25.42 97.26 36.28
EIII 728 | 3224 | 17.36 9.49 35.87 36.82 98.12 36.94

EI- ICAR-IIRR, Hyderabad, EIl- AHRS, Kathalagere, KSNUAHS, Shivamogga, EIII-RARS, Karjat

RL- Root length (cm), SL- Shoot length (cm), TPL- Total Plant length (cm), RFW, Root fresh weight (g), SFW- Shoot fresh weight
(g), TFW- Total fresh weight (g), RDW- Root dry weight (g), SDW- Shoot dry weight (g), TDW- Total dry weight (g), RV- Root

volume (cm?).

categories: high (>20%), medium (10-20%), and
low) (below 10%) (Johnson et al., 1955). High GCV
and PCV coupled with high heritability and GAM
were observed for the traits viz., shoot length, root
length, shoot fresh weight, root fresh weight, total
fresh weight, shoot dry weight, root dry weight, total
dry weight and root volume. Moderate to high GCV

and PCV coupled with high heritability and GAM
were observed for total plant length and low GCV
and PCV coupled with high heritability and high
GAM. The narrow magnitude of difference between
phenotypic and genotypic coefficients of variations
was recorded for characters such as shoot length,
root length, shoot fresh weight, root fresh weight,
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total fresh weight, shoot dry weight, total dry weight
and root volume indicating the limited influence of
environment in the expression of these characters.
Selection based on the phenotypic performance of
these characters would be effective in bringing about
considerable genetic improvement. The narrow
difference between GCV and PCV implies that most
features are less influenced by the environment. The
heritability estimates for a given trait determine the
reliability of the phenotypic value. As a result, high
heritability aids in the efficient selection of a specific
trait, hence, quantitative trait genetic analysis is
critical for breeding programmes. Our results are in
accordance with the results of Koshle et al., (2020)
and Singh et al., (2017) observed high heritability
and GAM for the traits viz., shoot length, root length,
root to shoot length ratio, shoot fresh weight, root
fresh weight, total fresh weight, root to shoot fresh
weight ratio, shoot dry weight, root dry weight, total
dry weight and root to shoot dry weight ratio and
concluded that such characters would be considered
for selection.

Estimates of correlation coefficients

Correlation studies were carried out to know which
parameters contributed to the maximum for root
architecture traits and the details of the results are
given in graphical representation of (Figure 1). Root
length exhibited the highest positive significant
correlation with total plant length, total fresh weight,
shoot fresh weight, shoot length, total dry weight,
root volume, root dry weight and shoot dry weight.
The shoot length exhibited the highest positive
significant correlation with total plant length, root
to shoot length ratio, root fresh weight, total dry
weight, shoot fresh weight and shoot dry weight.
Total plant length exhibited the highest positive
significant correlation with shoot fresh weight, total
fresh weight, shoot dry weight, total dry weight, root
dry weight, root fresh weight and root volume. Root

to shoot length ratio exhibited the highest positive
significant correlation with root fresh weight, root to
shoot fresh weight ratio, root dry weight, total fresh
weight, total dry weight, root to shoot dry weight
ratio and root length per volume, tiller number per
plant with shoot fresh weight and total fresh weight
with root dry weight and root average diameter.
Shoot fresh weight showed a positive significant
association with total fresh weight, root fresh
weight, shoots dry weight, total dry weight and root
dry weight. Root fresh weight exhibited the highest
positive significant correlation with total fresh
weight, shoot dry weight, total dry weight, root dry
weight, root to shoot fresh weight ratio and root to
shoot dry weight ratio. Total fresh weight showed a
positive significant correlation with total dry weight,
shoot dry weight, root dry weight and root length per
volume. Results are in accordance with the results
of Sandhu er al., (2019) who observed a positive
significant correlation between shoot fresh weight,
total fresh weight, shoot dry weight, total dry weight,
root dry weight, root fresh weight and root volume
with root length. Subudhi ez al., (2015) also reported
the similar results.

The positive and significant correlation among
component traits indicated that these related traits
could be used in combination for selection or initial
phenotyping for seedling vigour. The root-related
traits play a crucial role in nutrient acquisition,
adaptation and need to be concentrated along with
the yield-attributing traits (Padmashree et al., 2023).
Rice roots had an impact on plant growth and grain
yield, which was highly connected to root dispersion
as well as to root morphology (Yang, 2011). It has
been reported that the uppermost layer (0—20 cm)
of rice roots is crucial for moisture and nutrient
absorption, which could improve the rate of grain
filling, and, subsequently, the grain weight (Ishimaru
etal, 2017).
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Figure 1: Graphical representation of correlation coefficients for root architectural traits in RILs at 60 DAS stage under
polyhouse condition during Rabi 2022 (a) ICAR-IIRR, Hyderabad, (b) AHRS, Kathalagere, (c) RARS, Karjat
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The rice lines TB 1, TB4, TB 8, TB 24, TB 51, TB
67 and TB 107 than the checks Sahabhagidhan,
MAS 946-1, Sabita, TI-112, TI-3, TI-17. TB 1, TB
4 reported higher RL, TB 24 and TB 51 recorded
higher RL and RV than the checks. These lines with
the superior potential of RL and RV have a strong
inherent genetic ability for performance under
aerobic conditions. Root length and Root volume
are important components of root architecture that
are essential for survival in complex soil conditions,
under deep sown conditions and primarily responsible
for better adaptability and performance under DDSR,
and are desirable for developing hybrid varieties
for direct seeded genotypes with wide adaptability.
Identifying the ideal root architecture and breeding
new varieties with efficient root architecture has great
potential to improve resource-use efficiency and grain
yield, especially under DSR direct seeded genotypes
with wide adaptability.

Conclusion

The current study was aimed to explore the root
architectural related traits in rice RILs and their
We
hypothesized that the variability in root architecture

manifestation under water-limited conditions.

related traits in the RILs could be a breeding resource
for improving genotypic performance under limited
water conditions. We anticipate that the information
will allow rice breeders to determine and select
genotypes at the seedling stage. The identified lines
with better root traits can be used to breed for water
limiting or DDSR conditions.
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