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Abstract

Drought is a never-ending climatic vagary that imposes worldwide high impact on crop yield reduction. Plants show
a wide range of physiological responses including reduction of seed germination, leaf size and overall plant structure
but with increased root proliferation. Incorporation of such traits for drought tolerance improvement in rice is found
to be difficult and to evolve a new cultivar, it is essential to employ a rapid screening strategy for those traits. In this
study, water stress was induced by using polyethylene glycol (PEG) and its impact on germination percentage and
rate, root and shoot length, fresh and dry weight and water content among Backcross Inbred Lines (BILs; BC,F)
that were generated from backcrossing of a recurrent parent CBMAS1405 harbouring two drought-tolerant QTLs
gDTY1.1 and qDTY2.1 with two different donor parents FR13A (Sub1) and 562-4 (Pi9, Gm4, Xa21, xa13). Four
levels of osmotic stress (0 MPa, -0.5 MPa, -0.75 MPa, and -1 MPa) were generated using PEG-6000 and the seeds
were grown. Data on the investigated traits indicated that water stress has a strong impact on the performance of
the drought susceptible lines. However, the lines viz., 27-1-7-8-65-4-1 and 27-1-7-8-14-4-1, introgressed with target
drought tolerance QTLs have shown better performance on par or higher than that of the drought-tolerant donor variety
Apo (that harbours gDTY1.1 and gDTY2.1). Thus, this study has helped to rapidly select the drought-tolerant breeding
materials introgressed with drought-tolerant QTLs under simple laboratory conditions, and avoid extensive, costlier
and laborious screening under field conditions. Though the results have to be confirmed with field studies, it may
require lesser inputs and efforts, as the PEG screening strategy drastically reduced the sample size.
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INTRODUCTION

The crop yield loss by the end of 2030, will increase to
around $7 billion with an annual global yield loss of 50 per
cent due to major abiotic stress (Neog et al., 2020, Verma
and Deepti, 2016). Among the abiotic stresses, drought
is one of the most persistent climatic vagaries affecting
40 per cent to 60 per cent of global agricultural land
(Mollasadeghi et al., 2011). In India, the world’s second-
largest populated country, 60-70% of the total population
directly or indirectly depends on agriculture for their

livelihood (Mekala and Viswanathan, 2017). Of the 160
million hectares of cultivated lands in India, 60 per cent of
land is under the irrigated condition which includes larger
areas of western and central India (90 per cent of South-
Western monsoon) and southern and north-western India
(50-75 per cent of their total annual precipitation) and
the rest is under rainfed condition. Due to rapid climate
change over the last few decades, India has experienced
heavy and prolonged drought conditions in the year 1967,
1968, 1972, 1974, 1979, 1982, 1987, 2002, 2009 with a
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production loss of 21.50 million tons (MT) in 2002 and
10.02 MT in 2009 (Ministry of Agriculture, 1988); (Mekala
and Viswanathan, 2017, Swapna and Shylaraj, 2017).
With rapid climate change pattern, increase in population,
recurrent drought condition which cause 50% of rice yield,
the identification of drought-resistant varieties are of high
demand.

Drought stress creates a dramatic effect on the rice
plant germination and growth. Though water stress
leads to delay in the time of flowering, decreases the
flowering rate, grain filing, and subsequently affect
the gain production (Mahla et al., 2017), the most
vulnerable growth stage affected by water stress is the
seed germination and development of primary seedling
(Ahmad et al., 2009). The quantity of leaves per plant,
leaf size and photosynthesis rate decreases rapidly if the
plant continues to witness drought stress at vegetative
stage (Ahmad et al., 2009, Zhang et al., 2006). Therefore,
it is essential to identify the early drought-resistant rice
lines and use them in the further breeding procedure.
To this end, various methods have been employed for
artificial screening for selecting drought-resistant plants.
Polyethylene Glycol (PEG), mannitol and sorbitol that are
known to cause osmotic stress, have been frequently used
for artificial water stress screening (Molnar et al., 2004,
Slama et al., 2007). Among them, PEG with a molecular
mass of 6000 and above have successfully been shown
for inducing osmotic stress that mimics dry soil (Khakwani
et al., 2011). PEG is non-ionic, non-toxic, water-soluble
polymers which form a hydrogen bond with water and
decrease the water potential of the culture medium
without causing any physiological damage to the seed (Lu
and Neumann, 1998). Further, the larger molecular size
of PEG prevents its absorption by the plant. Hence, PEG
is considered as a better chemical in inducing artificial
stress than any other chemicals (Tripathy Swapan, 2015).
It has also been established that PEG significantly affects
the photosynthetic rate of the plant as chlorophyll-a and
chlorophyll-b content is highly affected (Jnandabhiram
and Sailen Prasad, 2012).

Quantitative Trait Loci (QTL) mapping has shown its
potential in identifying the genomics regions governing
the drought tolerance and precisely interrogating them
using marker assisted selection (Boopathi, 2020).
Several numbers of QTLs that were known to control
drought tolerance such as qDTY12.1(Bernier et al.,
2007), gDTY2.1 and qDTY3.1 (Venuprasad et al., 2009),
qgDTY1.1 (Vikram et al., 2011) have been identified in rice.
At this laboratory, the rice improved line, CBMAS1405
containing drought QTLs gDTY1.1 and gDTY2.1 was
developed and it has been further improved to tolerate
multiple stresses by interrogating QTLs that were tolerant
to submergence, bacterial leaf blight, blast and gall midge
through marker assisted backcross breeding (Valarmathi,
2019). The present study was conducted to evaluate those
Backcross Inbred Lines (BILs) that were introgressed with
drought-resistant QTLs qDTY1.1 and qDTY2.1 under
PEG induced water stress.

MATERIALS AND METHODS

This study was conducted as factorial experiment using
completely randomized design with three replications.
The first factorial includes rice accessions (viz., recurrent
parent (CBMAS14065), donor parents Apo and Improved
White Ponni (IWP) and ten Backcross Inbred Lines (27-
1-7-8-22-4-1, 27-1-7-8-42-1-1, 27-1-7-8-65-4-1, 27-1-7-
8-121-2-1, 27-1-7-13-40-1-1, 27-1-7-8-14-4-1, 27-1-2-2-
97-1-1, 27-1-2-2-1-3-1, 27-1-2-2-5-4-1, 27-1-2-2-19-2-1
which have shown to possess drought-resistant genes
i.e., gDTY1.1 and qDTY2.1). The second factor includes
four levels of drought stress (that was induced by four
different concentrations of PEG-6000 viz., 0 MPa (0 g in
100 ml), -0.5 MPa (19.6 g in 100 ml), -0.75 MPa (23.5 g
in 100 ml) and -1 MPa (28.9 g in 100 ml). CBMAS14065
is a hybrid derivative of Improved White Ponni (IWP) and
Apo and it contains two major drought-resistant QTLs viz.
gDTY1.1 and gDTY2.1(Muthu et al., 2020).

To examine the impact of drought stress on germination,
ten seeds from each of the investigated rice accessions
were transferred to labelled petri plates and 8 ml of PEG-
6000 solutions of different concentrations were added.
Seed germination was observed on 2", 4" and 6" day
after sowing and germination percentage was calculated
(Vikas et al., 2009). The seeds that have produced > 2
mm of root length were counted as germinated seeds
(Goswami and Baruah, 1994, Hadas, 1976). On the 10"
day, the germinated seedlings were collected from each
replication and the root and shoot lengths were recorded.
The fresh weight of the seedling was measured on 20"
day and dry weight was measured after oven drying at
70°C for 48 hours (Hellal et al., 2018).

Germination Percentage and Germination Rate

Germination percentage was calculated to estimate the
viability of seeds.

o Total number of germinated seeds
Germination Percentage = X100
total number of seeds used

Germination rate (provides a measure of the time course
of seed germination) was calculated by using the formula
suggested by Association of Official Seed Analysis
(Aosa, 1983).

[ermination Hate
No of germinated seed  No of perminated geed

day of first count day of secomd count

~ No of germinated seed
day of final count

Water content
The water content (WC) was calculated using the formula
provided by Tounekti as (Tounekti et al., 2011) :

https://doi.org/10.37992/2020.1103.145

888



EJPB

Himanshi Swain et al.,

_ FW —DW
DWW

wcC

FW= Fresh weight; DW= Dry Weight

All the collected data from the investigated traits were
subjected to simple statistical analysis using Microsoft
Excel 2010.

RESULTS AND DISCUSSION

Evaluating the rice accession for better drought tolerance
under field condition was found to be cumbersome
as controlled and uniform drought stress cannot be
implemented in the field conditions. However, by using in
vitro-drought screening methods (such as use of known
concentration of PEG), uniform conditions in terms of
water stress can be achieved. Thus, the drought tolerant
lines can easily be identified by examining the better
germinated lines (Richards, 1978).

Germination Percentage and Germination
Rate:Germination is one of the important parameters
used to determine the resistance of rice genotype to
water stress at the initial growth stage. Seed germination
has a negative correlation with PEG concentration. With
an increase in PEG concentration, the osmotic stress or
water potential increase which adversely affect the seed
germination (Islam et al., 2018). The number of germinated
seeds was observed on 2™ day, 4" day and 6" day and

CONTROL

-0.5MPa

the germination percentage was calculated along with
the germination rate. Table 1 illustrates the effect of PEG
concentration on germination percentage. As expected,
it was observed that the germination percentage was the
highest at control condition (0 MPa) and lowest at -1 MPa.
Germination Rate also decreases with an increase in PEG
concentration. Lowest Germination Rate was recorded at
-1 MPa which is represented in Table 1.

In this experiment, the donor parent Apo is used as
a reference drought tolerant line. Apo had highest
germination percentage of 97%, 90% and 70% at -0.5
MPa, -0.75 MPa and -1 MPa, respectively followed by the
elite parent CBMAS14065 with a germination percentage
0f 90%, 90% and 67% at-0.5 MPa, -0.75 MPa and -1 MPa.
The drought susceptible line, IWP showed incredibly low
germination percentage of 80% (-0.5 MPa), 60% (-0.75
MPa) and 13% (-1 MPa) compared to that of Apo and
CBMAS14065. Among the ten, five BILs which showed
germination percentage close to that of Apo are 27-1-7-8-
14-4-1, 27-1-7-8-65-4-1, 27-1-7-8-22-4-1, 27-1-2-2-1-3-1,
and 27-1-7-8-42-1-1 (Table 1).

Root and shoot length decreased rapidly as PEG
concentration increased (Table 2). The root length of
different investigated rice accessions was significantly
affected by an increase in drought stress. Maximum root
and shoot length was observed in control condition but at
high concentration (-1 MPa) the plumule failed to emerge
from the seed and even the radicle size is less (< 0.05
cm) except for Apo (radicle length 0.1 cm) (Fig. 1).

-0.75MPa

Improved White Ponni
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Fig. 1. Performance of investigated parents and BILs under PEG-6000 simulated water stress
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Apo showed the highest root length of 6.8 cm, 6.5 cm
and 0.1 cm under -0.5 MPa, -0.75 MPa and -1 MPa,
respectively and the recurrent parent showed root length
of 3.5 cm (-0.5 MPa) and 1.9 cm (-0.75 MPa). The lowest
root length was recorded for IWP under -0.5 MPa (3.5
cm) and -0.75 MPa (1.9 cm) (Table 2). Similarly in case
of shoot length, Apo showed a shoot length of 4 cm (-0.5
MPa) and 4.9 cm (-0.75 MPa) while CBAS14065 showed
shoot length of 3.9 cm (-0.5 MPa) and 3.89 cm (-0.75
MPa). Similarly, IWP showed the minimum shoot length
of 3.30 cm and 3.10 cm at -0.5 MPa and -0.75 MPa water
stress condition respectively. The BlLs whose root and
shoot lengths were close to that of the donor parent were

27-1-7-8-14-4-1, 27-1-7-8-65-4-1 and 27-1-7-8-22-4-1
(Table 2).

Fresh Weight, Dry Weight and Water Content :Drought
stress, generally, reduces the water content of a plant
which concurrently affects the fresh weight and dry weight.
The fresh weight of the resistant cultivar, Apo decreased
by 7% and 10% and for CBMAS14065, it decreased
by 42% and 48% when exposed to -0.5 MPa and -0.75
MPa, respectively. But the drought susceptible variety
IWP showed a maximum decrease in the fresh weight
when exposed to -0.5 MPa (63%) and -0.75 MPa (73%)
(Table 3).

Table 2. Root length (in cm), shoot length (in cm) and root to shoot ratio of BILs at different concentration

of PEG

Root length Shoot Length Root:Shoot ratio

control -0.5 MPa 'lel';: AAMPa control -0.5MPa -0.75 MPa -1 MPa Control -0.5MPa '“(,’I'g: A1 MPa
WP 6.9t0.03 3.5£0.33 1.9:026 0020 4.42%0.67 3.30£0.75 3.10£0.15 0.00+0 1.560302 1.060606 0.612903 0
CBMAS14065  6.8:0.22 6.5:0.17 59:0.4 0.0+0 3.82:0.11 3.90+0.06 3.89+0.19 0.00+0 1.780105 1.666667 1.51671 0
APO 8.0£0.18 6.8+0.27 7.7+0.65 0.10.04 4.300.3 4.000.07 4.90:0.21 0.00+0 1.860465 1.7 1575964 0O
271-7-822-4-1  7.5:0.32 6.3£0.32 6.0:0.44 0.0+0 4.51:0.33 3.98£0.07 4.32+0.12 0.00+0 1.662562 1.582915 1.388889 0
27-1-7-8-42-1-1 574117 6.3:0.38 4.9:0.15 0.0+0 3.49+0.94 3.90:0.08 3.92+0.08 0.00+0 1.643312 1.615385 1.25 0
27-1-7-8-65-4-1  8.8:02 58£0.24 4.6:0.00 0.0+0 4.99:0.53 3.99:0.06 3.61+0.26 0.00+0 1.76392 1.453634 1.27116 0
2717812121 7.6:0.3 53027 4.4+0.26 0.0:0 4.71:0.47 4.00£0.05 4.1040.32 0.000 1.613208 1.325 1.073171 0
27-1-7-13-40-1-1  8.9:02 8.2+0.15 3.2¢0.24 0.0+0 5.54+0.16 5.20:0.35 2.500.11 0.00+0 1.60521 1.576923 1.28 0
27-1-7-8-14-4-1  7.940.32 8.6+1.05 3.5¢0.3 0.0+0 4.59+0.59 5.90+0.12 3.9040.19 0.00+0 1.72155 1.451977 0.897436 0
271229711  6.840.50 5.9+0.65 3.3t0.35 0.0+0 5.01:0.52 3.90+0.16 2.94+0.2 0.00+0 1.363636 1.512821 1.108844 0
27-1-2-21-3-1  4.9:0.12 6.5:0.2 4.0+0.45 0.0+0 3.31+0.54 4.90+0.19 3.25:0.29 0.00+0 1.479866 1.326531 1.230769 0
27-1-2-2-5-4-1 5.9+0.55 5.5¢0.27 3.1£0.15 0.0:0 3.93+0.18 4.200.07 2.78:0.17 0.00+0 1.5  1.309524 1.122302 0
27-1-22-19-2-1  8.1+0.30 7.7+1.19 6.5¢0.15 0.0+0 5.39+0.37 5.20£0.35 5.5040.26 0.00+0 1.502783 1.478632 1.181818 0

Table 3. Fresh weight (in gm), dry weight (in gm) and water content of BlLs at different concentration of PEG

fresh weight dry weight water content
control -0.5 MPa -0.75 MPa M-:’a control -0.5MPa -0.75 MPa -1 MPa control -0.5 MPa -0.75MPa -1 MPa
WP 109.5¢5.5 40.9+1.9 29.4+3.3 0.0t0 31.6+0.86 17.76+0.53 8.53+0.55 0.0+0 2.5 1.3 2.4 0
CBMAS 14065 85.83+0.8 49.76+2.2 44.96+2.2 0.0+0 25.3+2.09 19.02+0.43 12.840.88 0.0+0 24 1.6 2.5 0
APO 106.12+4.1 98.27+1.8 95.92+1.4 0.0+0 35.33+3.4827.16+2.61 15.77+3.03 0.0¢0 2.0 2.6 5.1 0
27-1-7-8-22-4-1 80.9+29 68.8+3.7 53.9+1.6 0.0+0 24.31+2.84 18.32+2.2112.32+1.48 0.0+0 2.3 2.8 34 0
27-1-7-8-42-1-1  82.24+0.7 54.58+0.5 43.841.4 0.0+0 28.89+2.0520.33+2.48 14.53+5.40 0.0+0 1.8 1.7 2.0 0
27-1-7-8-65-4-1  87.64+1.8 51.54+0.6 46.23+1.4 0.0+0 25.52+2.28 19.63+1.70 15.43+4.85 0.0+0 2.4 1.6 2.0 0
27-1-7-8-121-2-1  93.46+1.9 42.09+0.6 39.34+1.7 0.0+0 24.59+1.36 16.48+1.04 11.43+1.61 0.0t0 2.8 1.6 24 0
27-1-7-13-40-1-1  89.52+0.5 67.33+1 46.74+1.8 0.0+0 27.56+4.08 18.51+2.78 12.5¢3.62 0.0+0 2.2 2.6 2.7 0
27-1-7-8-14-4-1  92.61+1.3 47.4+2.7 41.88+0.3 0.0+0 31.22+4.77 21.24+2.18 16.8+0.90 0.0t0 2.0 1.2 1.5 0
27-1-2-2-97-1-1  97.28+2.1 87.98+1 69.18+0.5 0.0+0 28.52+3.8521.83+5.7212.18+2.30 0.0t0 2.4 3.0 4.7 0
27-1-2-2-1-3-1 85.06+0.4 54.99+0.8 43.53+2.7 0.0+0 32.07+2.1922.02+3.02 14.31£0.98 0.0+0 1.7 1.5 2.0 0
27-1-2-2-5-4-1 89.17+2.1 59.57+1.9 44.17+0.8 0.0+0 31.87+1.00 23.5+1.21 15.21+£3.99 0.010 1.8 1.5 1.9 0
27-1-2-2-19-21 90.67+2.2 58.56+0.4 42.02+0.8 0.0+0 22.76+4.50 15.68+2.9510.66+1.53 0.0t0 3.0 2.7 29 0
https://doi.org/10.37992/2020.1103.145 893
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A similar trend in dry weight of investigated seedlings has
also been found. Apo showed a minimum decrease of dry
weight under -0.5 MPa (23%) and -0.75 MPa (55%). In
case of CBMAS14065 the decrease in dry weight was
more than that of Apo but less than that of IWP when
exposed to -0.5 MPa (21%) and -0.75 MPa (49%) water
stress. IWP showed a maximum decrease of dry weight
at -0.5 MPa (44%) and -0.75 MPa (73%). In the case of
BILs, the decrease of dry weight ranged from 23% - 33%
at -0.5 MPa and 40-57% at -0.75 MPa. Among the BILs,
27-1-7-8-65-4-1 and 27-1-7-8-22-4-1 showed a minimum
decrease of both fresh weight and dry weight (Table 3).

From the result of the present experiment, it can be
concluded that with an increase in water stress, the
physiological parameters like germination percentage,
germination rate, root and shoot length, fresh weight and
dry weight were highly affected. However, the effect of
stress on drought-resistant varieties containing the QTLs
gDTY1.1and qDTY?2.1was differentfromthatof IWPwhere
both the drought-resistant QTLs were absent. Among all
the 10 different BILs used in this experiment, 27-1-7-8-65-
4-1 and 27-1-7-8-14-4-1 have shown better germination
percentage, germination rate, root length, shoot length,
fresh weight and dry weight under PEG induced water
stress which is similar to that of Apo. Thus these two lines
can be further tested in water-limited environments to
validate their utility in the breeding program.
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