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Discrimination of root system architectural traits, morphometric traits and identification of
potential genotypes in response to drought and irrigated conditions in Pearl millet (Pennisetum
glaucum (L.) R. Br.)

ABSTRACT

Aims: To identify the potential genotypes and the important traits for drought tolerance based on root
system architectural traits and morphometric traits that can be used as a selection criteria in future crop
improvement programs.

Study design: Completely randomized design for root system architectural traits and Randomized block
design with two replications for morphometric traits.

Place and duration of study: Department of Millets, Tamil Nadu Agricultural University, Coimbatore
during Summer 2022.

Methodology: The 33 elite genotypes were raised in polybags with twe_factors, one is genotype and
other is treatment for observing root system architectural traits. Also these genotypes were raised in the
field with two treatments, irrigated and drought at earlyistage of the crop for observing morphometric
traits.

Results: Based on root system architectural traits,the significant traits were network perimeter, network
surface area, network length and network volume. Under irrigated and drought condition, high phenotypic
coefficient of variation and high genotypic coefficient of variation were observed for single plant yield, high
heritability and high genetic advance for days to 50 per cent flowering, plant height, leaf blade length,
spike length, 1000 seed weight and single plant yield. Correlation study revealed that all the characters
except number of tillers and days to 50 per cent flowering had positive significant correlation with single
plant yield. Path analysis showed that spike length had positive direct effect on single plant yield.
Conclusion: The identified traits for drought tolerance werenetwork perimeter, network surface area,
network length, network volume, days to 50 per cent flowering, plant height, leaf blade length, spike
length, 1000 seed weight and single plant yield. The identified drought tolerant genotypes were Nattu
cumbu, ICMB10444, 86M38 and PT 6752.
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1. INTRODUCTION

Pearl millet (Pennisetum glaucum (L.) R. Br.) is appraised as climate resilient nutricereal for
providing economic benefits and food security to Nation (Satyavathi et al., 2021). It is a nutritious and
energy rich feed becoming healthy alternative to staple foods. It comprises antioxidants, carbohydrates,
essential amino acids, vitamins like niacin, thiamine, riboflavin, folic acid and minerals like P, Mg, Fe and

Zn. lts cultivation is more profitable as it needs less input, short duration, dual purpose of grain and




fodder, high adaptation to stress and photosynthetically effective due to its C4 nature.

It is majorly grown in tropical and sub-tropical parts of Africa and Asia having an annual rainfall
less than 400mm. Equally, its cultivation is predominantly practiced on marginal lands under un-irrigated
condition, environmental stresses primarily drought is the major constraint towards crop yield. Pearl millet
is notable for its drought tolerance, however moisture stress at early and terminal developmental stage
affects the yield (Shivhare and Lata, 2017). In Tamil Nadu, the net irrigated area is 9,226 ha which is only
13% of total area growing pearl millet. The majority of area (87%) comes under rainfed cultivation (Tamil
Nadu Salient Statistics on Agriculture, 2021). Thus, there is a need for drought tolerant crop:to get more
yield.

Pearl millet being monocotyledon exhibits fibrous root system. Initially, the roots sense a water
shortage so it is the main organ to improve crop tolerance to moisture stress. Root architectural study was
rare in pearl millet due to the difficile in taking direct measurements under the'soil. Pearl millet is a deep
rooting crop and it can withstand under drought conditions (Satyavathi et al.;72021). Genetically improved
deep-rooted plants is regarded as an essential criteria to enhance water uptake and stable yield (Kondo
et al., 2003). Variation in root system architecture are observed-to.increase plant adaptation under stress
conditions by improving water extraction (Malamy and Benfey, 1997)..Therefore, this experiment was
aimed to study the variation of root system architectural traits under irrigated and drought condition.

Genetic variation is the basic principle in_plant breeding. It must be present to determine the
possible significant increases in the traits. Genetic variability. assessment is beneficial in determining the
presence and degree of variability. Heritability and genetic advance estimation are useful in choosing
selection strategy and suitable breeding method based on the nature of gene actions. Association studies
provide nature and magnitude of association between yield and yield related traits as well as analysing
direct and indirect effects of traits on yield. Hence, the details on genetic parameters and characters
association paved the way far crop improvement.

The objectives of this study were to assess the root system architectural traits in relation to
drought tolerance and to screen and identify the potential genotypes for drought tolerance under field
condition.

2. MATERIAES AND METHODS

The..experiment was conducted during Summer 2022 at Department of Millets, TNAU,
Coimbatore. “The genetic material consists of 33 elite genotypes that were raised in polybags in
completely randomized design with two factors, one is genotype and other is treatment. Also these
genotypes-were raised in the field in randomized block design with two replications and two treatments,
irrigated and drought at early stage of the crop. The genotypes taken for study are listed in the table
(Table 1).

Table 1. List of genotypes used for drought tolerance screening

S.No | Genotype S.No | Genotype S.No | Genotype S.No | Genotype

1 CO9 9 ICMB 10444 18 PT 6029 25 Cumbu 1




2 TNBH 1619 10 ICMB 99222 19 PT 6475 26 Cumbu 2
3 MP 7878 11 ICMB 93111 20 PT 6476 27 Nattu cumbu
4 86 M 38 12 ICMB 06111 21 PT 6674 28 Kattu cumbu 1
5 COCu9 13 ICMB 1508 22 PT 6679 29 Kattu cumbu 2
6 CO 10 14 PT 6752 23 PT 6686 30 Kattu cumbu 3
7 Dhanasakthi 15 PT 5456 24 PT 6693 31 Kizhikuppam local
8 ICMV 221 16 PT 5721 32 Uthangiri local
17 PT 5748 33 Shoolagiri.local

The clay loamy soil was sieved and mixed with vermicompost and filled in 35 cm polybags.
Before sowing, urea (2g), diammonium phosphate (2g), muriate of potash (1g) were put and mix at the
top of the soil. Three seeds were sown in one bag at 3 cm depth. After seedling emerges, it was thinned
to one seedling per polybag. The plants were irrigated daily until five leaf stage (25 DAS). Then it was
divided into two sets, one as irrigated control and other imposed drought for.ten days. After 35 DAS, the
plants were harvested and its roots were washed and photographed. The root images were analysed in
GiA Roots software (Galkovskyi et al., 2012) for RSA traits. The observed root and shoot traits were
average root width (diameter), network bushiness, maximum number of roots, median number of roots,
network perimeter, network surface area, network length, netwerk volume, plant height, number of tillers,
leaf blade length and leaf blade width.

Under field condition, nine morphometric traits viz., days to 50 per cent flowering, number of
tillers, plant height, spike length, spike girth, leaf blade length, leaf blade width, 1000 seed weight and
single plant yield were taken in randomly selected five plants in each replication in the field under irrigated
and drought condition. Drought was given.at early stage that is in the vegetative stage of the crop for
three weeks by withholding“irrigation. All the management practices were followed to maintain the crop
stand except irrigation scheduling. All the obtained data pertaining to genetic analysis were statistically
analysed using GRAPES version 1.1.0 software (Gopinath et al., 2021) and Window STAT version 7.1.
3.RESULTS AND DISCUSS|ION
3.1 ROOT SYSTEM ARCHITECTURAL TRAITS

The structure and functioning of plants depend on their roots. It facilitates anchoring of plants in
soils and-give: access to belowground water and nutrients. Plant adaptability to drought stress is
significantly influenced by the architecture of the root system. The number and length of the main and
lateral roots, as well as the density and length of the root hairs, are all structural factors that comprise the
root system architecture (RSA). These characteristics are adaptable in areas with restricted water
availability and are necessary to develop crops with effective root systems for drought adaptation.
Therefore, in this study a total of thirty three pearl millet genotypes were observed for several root
characteristics in relation to water stress.Root studies were rare in pearl millet due to the difficile in taking

direct measurements under the soil. So, roots are explored and studied with the help of image processing




software (GiA Roots). The identified traits as well as genotypes were utilized in the further breeding
works.

The two way ANOVA for RSA traits revealed that the effect of genotype, treatment and the
interaction between genotype and treatment were significant for network perimeter, network surface area,
network length, network volume, plant height, number of tillers and leaf blade width (Table 2). It indicate
that the traits had significant variations and responding to drought and irrigated conditions. Similar
findings were reported by Li et al. (2018) in lettuce, Nguyen and Stangoulis. (2019) in wheat. These traits
were taken into consideration for further crop improvement in pearl millet.

Table 2. Two factor analysis of variance for RSA traits

Source of variation Genotype(G) Treatment(T) GXT Error
Degrees of freedom 32 1 32 65
Average Root Width (Diameter) (cm) | 9.37E-06™ 1.22E-06™ 1.56E-05" | 1.08E-05
Network Bushiness (n/n) 0.20™ 0.17" 0.15™ 0.13
Maximum Number of Roots (n) 759.73* 4148.48%* 372.94™ 250.56
Median Number of Roots (n) 315.48** 2112.00** 153.39"™ 117.41
Network Perimeter (m) 254.83** 1491.70** 100.57** 38.06
Network Surface Area (cm2) 5742.74** 30367.91** 2050.94** 813.60
Network Length (m) 80.66** 440:66** 31.92** 13.01
Network Volume (cm3) 0.45** 1.56** 0.13** 0.06
Plant height (cm) 263.36** 1941.20** 43.08* 23.01
No of tillers (n) 1.66** 3.34* 1.32** 0.55
Leaf blade length (cm) 99.28** 88.36™ 27.55™ 26.98
Leaf blade width (cm) 0.29** 41.82** 0.11** 0.06

ns — non significant, * - 5% significance, ** - 1% significance

Among the studied root traits like root diameter, network bushiness, maximum number of roots,
median number of roots, network perimeter, network surface area, network length and network volume,
plants having smaller root diameter, more number of roots, increased root perimeter, increased root
surface area, increased/root length and increased root volume would better adopt in water stressed
conditions. Under‘drought, root architecture changed by producing more number of lateral roots. It had
been found that plants having specified root lengths with fine roots and smaller root diameters were better
suited to arid environments. Reduced root elongation in excessively dry soils may be recompensed by
increased root surface area and volume provided by root hairs. Hence, the important root traits
considered for drought tolerant were network perimeter, network surface area, network length and
network volume.

Based on mean performance under irrigated and drought, thirteen groups were formed for
network perimeter, network surface area, network length and network volume and seven groups for
maximum number of roots and median number of roots. Among thirteen groups, the genotypes viz., Nattu




cumbu, ICMB 10444, PT 6674, PT 5748 possessed higher network perimeter, network surface area,
network length, network volume and found to be drought tolerant as it had lengthy root and covered more
surface area for effective water absorption (Cosmos et al., 2013, Wasaya et al., 2018). The genotypes
having more maximum number of roots and more median number of roots were Nattu cumbu,
Kizhikuppam local, PT 6679, ICMB 10444 and PT 5762 and it was considered as drought tolerant as the
number of roots increased under drought for better adaptation (Wasaya et al., 2018). Alternatively, the
genotype Kattu cumbu 3, Kattu cumbu 2 and PT 6475 possessed lower network perimeter, network
surface area, network length, network volume and less maximum number of roots, median.number of
roots so it was considered as drought susceptible.

All the thirty three genotypes were separated into two groups based on the-percentage of drought
treated increase over irrigated on root traits. The first group was drought tolerant as the treatment had
increased per cent over control. The second group was drought susceptible as the treatment had
decreased per cent over control. The increased percentage for network perimeter was possessed by the
genotypes viz., ICMB 10444 (32.12%), PT 6029 (30.15%), ICMB 06111 (29.91%), ICMB 1508 (20.78%)
and Nattu cumbu (15.62%) and for network surface area, the genotypes viz:, ICMB 10444 (44.31%), PT
6029 (41.33%), PT 5721 (22.70%), PT 6686 (22.33%) and Nattu:cumbu (4.58%) had increased root
surface area. The genotypes viz., ICMB 10444 (30.89%), Nattu cumbu (22.25%), PT 6029 (21.81%),
ICMB 1508 (19.95%) and PT 6686 (15.70%) had increases network length and for network volume the
genotypes viz., ICMB 10444 (64.81%), PT 6029 (34.73%), PT 6686 (32.65%), PT 5721 (28.48%) and
Cumbu 2 (17.14%) had increased root volume: Thus, the genotype having significant for most of the traits
and obtained as drought tolerant were ICMB, 10444, PT 6029, PT 6686 and Nattu cumbu because these
genotypes would better adapt under<drought by producing lengthy and voluminous roots (Cosmos et al.,
2013). Similarly, the genotype ICMB 99222 and Kattu cumbu 1 were considered as drought susceptible
as it had decreased percentage of drought treated over irrigated for most of the traits. Therefore, it would

suited under irrigated condition. (Figure 1)
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Fig 1. Percentage of drought treated increase over control for RSA traits

Overall, the genotype, Nattu cumbu and ICMB 10444 were found to be drought tolerant based on

root system architectural traits and percentage of drought treated increase over irrigated.
3.2 MORPHOMETRIC TRAITS

The two way ANOVA on quantitative traits indicated that the genotype effect was significant for all

the characters. The effect of treatment and interaction was significant for all the character except spike

girth (Table 3). The traits taken for selection to improve the crop were days to 50 per cent flowering, plant

height, number of tillers, leaf blade length, leaf blade width, spike length, 1000 seed weight and single

plant yield.

Table 3. Two factor analysis of variance for quantitative traits

Source of variation Replication | Genotype(G) Treatment(T) GXT Error
Degrees of freedom 1 32 1 32 65
Days to _50% flowering 0.92 135.117** 9.28** 10.624** 0.30
(days)"

Plant height (cm) 8.81 2760.47* 30584.59** 191.29** 12.45
Number. of tillers 0.01 0.45** 11.21* 0.16** 0.03
Leaf blade length (cm) 0.00 205.98** 5353.86** 84.98** 1.81
Leaf blade width (cm) 0.03 0.36** 14.46** 0.18** 0.02
Spike length (cm) 0.11 47.76* 25.37** 4.82% 213
Spike girth (cm) 0.28 7.23% 1.72™ 0.71™ 0.64
1000 seed weight (g) 0.28 14.19** 75.52** 1.05** 0.18




Single plant yield (g) 19.31 1148.40% 11099.00% 73.61% 10.51

ns - non significant, ** - 1% significance

The mean of genotypes was less in drought when compared to irrigated condition except days to
50 per cent flowering, it shows early flowering during stress condition. The mean of spike length and
spike girth were less deviated in drought. Hence, the traits like days to 50 per cent flowering, spike length
and spike girth were taken as selection indices for improving drought tolerance.

Among the genetic variability parameters, the PCV was higher than GCV under both the condition
for all the traits which indicates the environmental influence on trait expression. Similar observations were
obtained in pearl millet by Subi and Idris (2013), Subbulakshmi et al. (2018) and Mithlesh Kumar:et al.
(2020). Under irrigated condition, the high PCV and high GCV were observed for single plant yield and
medium PCV and GCV for remaining traits except leaf blade width which had lew PCV and GCV. High
PCV and high GCV for single plant yield was also observed by Naveen et al. (2016) and Subbulakshmi et
al. (2018) in pearl millet. Therefore, it indicated that greater amount of variability exist among the studied
population and selection could be effective for identifying potential traits. High heritability and high genetic
advance indicates additive gene effects that elicit effective selection that were observed for all the traits
except leaf blade width. Talawar et al., 2017, Singh and Chhabra (2018) also found that high heritability
and high genetic advance for spike length, seed weight.and yield in‘pearl millet.

Comparatively in drought condition, high PCV and GCV were observed for single plant yield and
plant height. Kumar et al. (2014) reported the.same in pearl millet for single plant yield under rainfed
condition. Medium PCV and GCV were observed for days to 50 per cent flowering, leaf blade length, leaf
blade width, spike length, spike girth and 1000 seed weight. Low PCV and GCV were observed for
number of tillers. High heritability was observed for all the characters except spike girth and high genetic
advance were observed for all the traits except number of tillers and spike girth. High heritability and high
genetic advance indicates additive gene effects that elicit effective selection based on these traits. The
number of tillers had high heritability and medium genetic advance and spike girth had low heritability and
low genetic advance. So;-spike girth had non additive gene action and selection would be ineffective
(Table 4). Similar findings were acquired by Subbulakshmi et al. (2018) for number of tillers had medium
genetic advance in pearl millet. Genetic parameters are represented graphically to compare the variations
between.irrigated and drought condition (Figure 2).

Table 4.:-Mean, range, genetic parameters for quantitative traits under irrigated and drought

Mean Range PCV GCV h“% (Broad | GAM

sense)
Days to 50% flowering(days) | | 49.53 40.50-61.00 11.79 | 11.72 | 98.83 24.00
D | 50.06 37.50-60.00 12.49 | 12.45 | 99.46 25.59
Plant height(cm) | | 166.14 | 91.22-203.17 | 16.33 | 16.23 | 98.69 33.21
D | 135.69 | 65.60-186.52 | 20.17 | 20.04 | 98.74 41.02
Number of tillers I | 3.97 3.11-4.50 12.20 | 11.35 | 86.60 21.77




D | 3.39 2.67-3.83 9.21 8.07 76.79 14.57
Leaf blade length(cm) I | 62.77 40.87-71.75 12.04 | 11.95 |98.41 24.41
D | 50.03 35.90-67.98 18.97 | 18.70 |97.11 37.95
Leaf blade width(cm) | | 3.44 2.45-3.98 8.64 8.35 93.25 16.60
D | 281 1.97-3.51 13.90 | 12.74 | 84.04 24.06
Spike length(cm) | | 24.33 15.10-32.75 16.56 | 16.12 | 94.73 32.32
D | 23.45 15.12-30.71 1485 | 12.66 | 72.72 22.24
Spike girth(cm) | | 10.21 6.75-12.68 14.08 | 13.66 | 94.16 27.31
D | 9.98 6.00-12.33 15.99 | 11.78 | 54:24 17.87
1000 seed weight(g) | [11.31 | 6.41-14.81 18.81 |18.37 [95.32 36.94
D | 9.80 5.01-13.28 18.45 | 18.06 |95.75 36.40
Single plant yield(g) | | 75.33 25.56-119.00 | 26.76 |.26.42 | 97.43 53.71
D | 56.99 17.89-89.91 | 25.67 | 25.16" | 96.06 50.80

| — Irrigated condition, D — Drought condition, PCV — Phenotypic coefficient of variation, GCV — Genotypic
coefficient of variation, h” — Heritability, GAM — Genetic Advance as percentage of Mean
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DF - Days to 50% flowering, PH — Plant height, NT — Number of tillers, LBL — Leaf blade length, LBW —
Leaf blade width, SL —Spike length, SG — Spike girth, 1000 SW — 1000 Seed weight, SPY — Single plant
yield.



Fig 2. Genetic parameters for 9 quantitative traits under irrigated and drought condition

The correlation study analyses the natural relationship between various traits and the path
coefficient identify direct and indirect sources of association between traits. Selection based on these
traits could be employed to genetically improve the yield. The phenotypic correlation coefficient showed
that the single plant yield had positive and significant correlation with plant height, number of tillers, leaf
blade length, leaf blade width, spike length, spike girth and 1000 seed weight except days to 50 per cent
flowering under irrigated condition (Figure 3). Under drought condition, single plant yield had positive and
significant correlation with all the traits except number of tillers (Figure 4). It may be due to the. pleiotropy
or linkage between the genes that govern those traits. The present result is found to-be similar with the
early study by Yakubu et al. (2015), Talawar et al. (2017), Singh and Chhabra (2018 ).for plant height
and panicle length and Sankar et al. (2013) for 1000 seed weight, leaf blade width-and spike girth in pearl
millet.

In irrigated condition, inter correlation reported that the plant-heightihad a significant positive
correlation with the spike length and single plant yield. Similar report were, obtained by Rasitha et al.
(2019). Number of tillers expressed a negative and significant correlation with days to 50 per cent
flowering, leaf blade length and spike girth. This result agreed with"'Sudarshan Patil et al. (2018). Spike
length and spike girth had positive and significant correlation with leaf blade length, leaf blade width, 1000
seed weight and single plant yield. The positive significant-correlation for 1000 seed weight with days to
50 per cent flowering, leaf blade length, leaf blade width, spike length, spike girth and single plant yield.
Sumathi et al. (2017) reported similar results that 1000 seed weight had significant positive correlation
with single plant yield, spike length and spike girth in pearl millet.

Likewise, in drought condition, .inter correlation inform on the plant height had a positive
significant correlation with leaf.blade length, leaf blade width, number of tillers, single plant yield and
negative significant correlation with days to 50 per cent flowering. The number of tillers had negative and
significant correlation days to 50 percent flowering and spike girth and significant positive correlation with
plant height. Spike length and spike girth had significant positive correlation with leaf blade length, 1000
seed weight and single plant yield. Similar results were noticed by Kumar et al. (2014) under rainfed
condition for spike length with 1000 seed weight. The significant and positive correlation for 1000 seed

weight with daysta:50 per cent flowering, leaf blade length, spike length, spike girth, single plant yield.
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Fig 3. Correlogram for 9 quantitative traits under irrigated condition
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Fig 4. Correlogram for 9 quantitative traits under drought condition

Path analysis revealed that high direct positive effects of 1000 seed weight (0.43) and spike
length (0.273) and negative direct effects of spike girth (-0.053) and number of tillers (-0.078) on single
plant yield under optimal condition. Whereas under drought, spike girth (0.986) followed by spike length
(0.711), and leaf blade length (0.248) had high positive direct effects and direct negative effects of 1000
seed weight (-0.981) and leaf blade width (-0.189) on single plant yield (Table 5). Hence, these are
essential traits to be considered for selection. Similar results were obtained by Kumar et al. (2014), Dapke
et al. (2014) for direct positive effects of spike length and Sankar et al. (2013) for spike girth under.rainfed
condition.

For irrigated, the indirect positive effects of 1000 seed weight on single plant yield through spike
girth, spike length and plant height. The present finding agreed with early report by Rasitha et al. (2019)
for 1000 seed weight with spike length and spike girth. Number of tillers.had negative-indirect effect on
single plant yield through plant height and spike girth. Moreover, under-drought.conditions, the traits viz.,
1000 seed weight, plant height, number of tillers, spike length, days to 50 per cent flowering had indirect
positive effects to spike girth on single plant yield. Hence, these traits could be considered for indirect
selection.

In pearl millet, genetic variability, correlation and path coefficient analysis under drought condition
were previously studied to identify better performed traits and lines of research were important by utilizing

these traits for selection in the future breeding program.

Table 5. Genotypic path analysisfor quantitative traits under irrigated and drought

DF PH NT LBL LBW SL SG 1000 SW
DF I 0.024 0.013 0:006 0.001 -0.007 0.004 0.009 0.008
D 0.022 -0,001 -0.004 -0.007 -0.012 0.005 0.012 0.008
PH I 0.009 0.031 0.02 0.173 0.03 0.054 -0.04 0.028
D -0.095 0.195 0.085 0.302 0.179 0.058 -0.065 0.023
NT I -0.096 -0.139 -0.078 0.059 0.346 0.026 -0.104 -0.042
D -0.212 0.078 0.084 0.236 0.399 -0.01 -0.144 -0.087
LBL l 0.156 0.276 0.154 0.05 -0.111 0.176 0.184 0.172
D -0.018 0.385 0.261 0.248 0.075 0.233 0.145 0.162
LBW I -0.022 -0.044 -0.08 -0.009 0.018 -0.041 -0.03 -0.036
D 0.146 -0.607 -0.897 -0.253 -0.189 -0.402 -0.285 -0.032
SL I 0.042 0.174 0.141 0.086 0.021 0.273 0.161 0.14
D 0.169 0.429 0.318 0.136 -0.017 0.711 0.445 0.424
SG I -0.02 -0.036 -0.02 0.012 0.016 -0.032 -0.053 -0.031
D 0.747 0.519 0.438 -0.295 -0.498 0.864 0.986 0.932




1000 SW | | 0.139 0.267 0.194 0.068 -0.053 0.22 0.252 0.43
D -0.376 -0.426 -0.036 -0.077 0.221 -0.603 -0.867 -0.981

SPY I 0.233 0.544 0.338 0.441 0.26 0.681 0.379 0.667
D 0.382 0.572 0.249 0.29 0.158 0.856 0.62 0.667

DF - Days to 50% flowering, PH — Plant height, NT — Number of tillers, , LBL — Leaf blade length, LBW —
Leaf blade width, SL —Spike length, SG — Spike girth 1000 SW — 1000 Seed weight, SPY — Single plant
yield, I- Irrigated, D- Drought

3.3 PERFORMANCE OF GENOTYPES UNDER IRRIGATED AND DROUGHT CONDITIONS

Based on mean performance, under irrigated condition, the genotype PT 5721 followed by PT
6679, 86M38, CO (Cu) 9, PT 6752 , Nattu cumbu were significant for most of the traits. (Figure 5).
Similarly, in drought condition the genotype TNBH 1619 followed by MP 7878, ICMV,;221, PT 6752,
86M38 and CO 9 were found to be the best and it indicated that these genotypes were drought tolerant
as it had significant over mean for yield and yield contributing traits. The genotype viz., ICMB 99222,
Kattu cumbu 1, Kattu cumbu 2 and kattu cumbu 3 were found to be drought susceptible as it had
significant decrease in yield (Figure 6). Thus, the genotype.86M38 and PT 6752 were performed well
under both the conditions.
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Fig 5. Mean performance of genotypes under irrigated condition
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Fig 6. Mean performance of genotypes under drought condition
4. CONCLUSION

This study concluded that root system architectural traitslike network length, network perimeter,
network surface area and network volume studied via GiA rootswere varied significantly and these could
be taken for selection. These traits were improved by the availability of quantitative trait loci (QTLS)
connected to the RSA traits that would significantly enhance molecular breeding techniques for creating
drought-tolerant crops. ‘Under field study, high heritability and high genetic advance were observed for
days to 50 per.cent flowering, plant height, leaf blade length, spike length, 1000 seed weight and single
plant yield under.irrigated and drought condition which indicates additive gene effects that elicit effective
selection:based on these traits and breeding methods such as synthetic breeding, composite breeding
and recurrent selection could be followed for crop advancement. Spike length and spike girth were the
importantwyield contributing traits that were less deviated in drought when compared to irrigated condition.
So, selection based on these traits would be benefitted for crop improvement. The potential genotypes
under drought condition were identified. Nattu cumbu and ICMB 10444 were considered to be drought
tolerant tolerant based on RSA traits and the genotype 86M38 and PT 6752 were found to be drought
tolerant based on morphometric traits. These genotypes were suggested for utilizing in the further
breeding programme. The genotype ICMB 99222 and Kattucumbu 1 were found be drought susceptible




and it needs better environments for expressing its full genetic potential.

References

1.

10.

11.

12.

Comas, Louise & Becker, Steven & Cruz, Von Mark & Byrne, Patrick & Dierig, David. (2013).
Root traits contributing to plant productivity under drought. Frontiers in plant science. 4. 442.
Dapke, J., D. Shah, G. Pawar, V. Dhembre, and M. Kumar. 2014. "Genetic variability and
character association over environment in pearl millet [Pennisetum glaucum (L.) R. Br.] under
dryland conditions of Gujarat.” The Bioscan 9 (2):863-867.

Galkovskyi T, Mileyko Y, Bucksch A, Moore B, Symonova O, Price CA, Topp CN; lyer-Pascuzzi
AS, Zurek PR, Fang SQ, Harer J, Benfey PN, Weitz JS (2012) GiA roots: software. for the high
throughput analysis of plant root system architecture. BMC Plant Biol 12:116

Gopinath, P. P, Parsad, R, Joseph, B, Adarsh, V. S., (2021). grapesAgril: Collection of Shiny
Apps for Data Analysis in Agriculture. Journal of Open Source, Software, 6(63), 3437,
https://doi.org/10.21105/joss.03437

Kondo,M., P.Pablico, D.Aragones, R.Agbisit, J.Abe, S.Morita and B.Courtois (2003) Genotypic
and environmental variations in root morphology in ricesgenotypes under upland field conditions.
In: Abe,J. (ed.) Roots: The Dynamic Interface between Plants and the Earth, Kluwer Academic
Publisher, The Netherlands, pp. 189—-200

Kumar Y, Lamba RAS, Yadav HP, Kumar’R,.and Dev Vart (2014). Studies on variability and
character association under rainfed conditions in pearl millet (Pennisetum glaucum L.) hybrids.
Forage Research., 39 (4): 175-178.

Li, Qiansheng, Li, Xiaogiang, Tang, Bin & gu, Mengmeng. (2018). Growth Responses and Root
Characteristics of Lettuces Grown in Aeroponics, Hydroponics, and Substrate Culture.
Horticulturae. 4. 35. 10.3390/horticulturae4040035.

Malamy,J.E. and P:N.Benfey (1997) Organization and cell differentiation in lateral roots of
Arabidopsis thaliana. Development 124: 33-44

Mithlesh Kumar.; Kirti Rani, B.C. Ajay, M.S. Patel, K.D. Mungra and M.P. Patel. 2020. “Study of
genetic variability, heritability and path analysis for grain micronutrients concentration, yield and
componenttraits in pearl millet (Pennisetum glaucum (L.) R. Br.)". Journal of Pharmacognosy and
Phytochemistry 9(2): 1402-1409.

Mukesh Sankar, S., C. Tara Satyavathi, Madan Pal Singh, C. Bharadwaj, S.P. Singh and S.
Barthakur. 2013. “Genetic Variability and Association Studies in Pearl Millet for Grain Yield and
High Temperature Stress Tolerance”. Indian Journal of Dryland Agricultural Research and
Development 28(2): 71-76.

Naveen, R., P. Sumathi, and N. Manivannan. 2016. "Trait association among beta carotene
content and yield attributes in recombinant inbred lines of pearl millet [Pennisetum glaucum (L.)
R. Br.]." Agricultural Science Digest 36 (3): 202-206.

Nguyen, Van Lam & Stangoulis, James. (2019). Variation in root system architecture and



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

morphology of two wheat genotypes is a predictor of their tolerance to phosphorus deficiency.
Acta Physiologiae Plantarum. 41. 10.1007/s11738-019-2891-0.

Rasitha, R, lyanar, Kri, R, Ravikesavan and Natesan, Senthil. (2019). Studies on genetic
parameters, correlation and path analysis for yield attributes in the maintainer and restorer lines
of pearl millet [Pennisetum glacum.( L.) R.Br]. 10. 382-388. 10.5958/0975-928X.2019.00049.8.
Satyavathi CT, Ambawat S, Khandelwal V, Srivastava RK. Pearl Millet: A Climate-Resilient
Nutricereal for Mitigating Hidden Hunger and Provide Nutritional Security. Front Plant'Sci. 2021
Sep 13;12:659938. doi: 10.3389/fpls.2021.659938. PMID: 34589092; PMCID: PMC84175763.
Shivhare, R., & Lata, C. (2017). Exploration of Genetic and Genomic Resources for, Abiotic and
Biotic Stress Tolerance in Pearl Millet. Frontiers in Plant Science, 7.

Singh, J., and A. K. Chhabra. 2018. "Genetic Variability and Character Association in Advance
Inbred Lines of Pearl Millet Under Optimal and Drought Condition.” Ekin Journal of Crop Breeding
and Genetics 4 (2):45-51.

Subbulakshmi, K., Ravikesavan, R., Babu, C., and lyanar,/K. (2018). Study of genetic variability
in pearl millet [Pennisetum glaucum (L.) R. Br.] hybrids for grain yield and quality parameters.
Agricu. Sci. Dig., 38(4).

Subi, M. I. M., and A. E. Idris. 2013. "Genetic variability, heritability and genetic advance in pearl
millet (Penisetum glaucum [L.] R. Br.) genotypes." British Biotechnology Journal 3 (1):54.
Sudarshan Patil, K., Gupta, S., Dangi, K. S., Shashibhushan, D., Balram, M., and Ramesh, T.
(2018). Panicle Traits and Plant Height are Important Selection Indices to Enhance Productivity in
Pearl Millet (Pennisetum glaucum LR/Br.) Populations. Int.J.Curr.Microbiol.App.Sci., 7(12), 306-
312.

Sumathi, P., and Revathi, S. (2017). Research Article Heterosis and variability studies for yield
and yield components traits in pearl millet [Pennisetum glaucum (L.) R. Br.]. Electron. J. Plant
Breed., 8(2), 528-533.

Talawar, A., G. Girish,. A. Channabasavanna, and M. Kitturmath. 2017. "Studies on genetic
variability, correlation“and path analysis in pearl millet (Pennisetum glaucum L.) germplasm
lines Agricultural Science Digest 37 (1): 75-77.

Tamilnadu salient statistics on agriculture, 2021(3rd Edition) Agriculture Department, Secretariat,
Chennai, Government of Tamil Nadu.

Wasaya, Allah & Zhang, Xiying & Fang, Qin & Yan, Zongzheng. (2018). Root Phenotyping for
Drought Tolerance: A Review. Agronomy. 8. 241. 10.3390/agronomy8110241.

Yakubu Yahaya., C A. Echekwu, and S G. Mohammed. 2015. “Genetic variability and path
coefficient analysis in pearl millet (Pennisetum glaucum (L.) (R.Br).” African Journal of Agronomy
3(1): 224-227.



