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Abstract

Water stress is a primary constraint to achieve the goal of sustainable crop
production. Water stress severely affects the seed production and oil yield
of mustard genotypes. To overcome this problem, the development of
water stress resilient mustard cultivars with potential seed and oil yield is a
sustainable solution. Therefore, in vitro screening of mustard genotypes
through PEG-6000 treatments were carried out on ten mustard genotypes.
Along with control, two PEG-6000 levels were set to impose osmotic stress,
such as, 6% and 10% PEG-6000. Data analyses depicted significant
differences among all genotypes and between PEG-6000 treatments for all
the studied traits, such as, shoot and root length, shoot and root fresh
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weight, shoot and root dry weight, K* content, Ca*™* content and K*/Ca™
ratio, demonstrating the availability of genetic differences in mustard
genotypes for future stress breeding. Under PEG-6000 (6% and 10%)
treatments, the genotypes like AARI-Canola, Khanpur Raya, Dhoom-1,
Super Raya, Galaxy and Coral-432 exhibited high performance for seedling
traits and less reduction due to PEG-6000 treatments. Hence, these
mustard genotypes tend to provide useful genetic potential for water stress
breeding.
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1. INTRODUCTION

Mustard (Brassica juncea L.) was one of the first domesticated crops and is known as the versatile oilseeds
crop. Brassica spp. is the world’s third largest source of vegetable oil, owing to its high economic and
nutritional worth?. It is native to temperate areas of Europe and has been used as an herb for thousands of
years throughout Asia, North Africa, and Europe®. Since centuries, the mustard has been consumed as a
vegetable, and its derivatives have been utilized as sauces, as well as edible and industrial oils. The oil of
this crop is often used in cooking and to give a hot and spicy flavor to food. Mustard is variously known as
brown mustard, Asian mustard, oriental mustard, Chinese mustard, Indian mustard, leaf mustard, giant red,
sarepta mustard, Asiatic mustard, mustard green, and wild Brazilian mustard?. Mustard is also considered
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as one of the top oil yielding and protein rich crops®. The oil content of the improved mustard seeds ranges
from 39 to 44 percent. Erucic acid level retention is less than 2% and is at the level of international
acceptability?. Although Indian mustard is a naturally self-pollinated plant, however, out-crossing happens
often in this crop, ranging from 5 to 30 percent, depending on climatic conditions and the random diversity
of pollinating insects. Cytological studies reported that mustard is an amphidiploid (2n=36), which obtained
through natural crossing between two different species including Brassica campestris (2n=20) and Brassica
nigra (2n=16), followed by natural chromosome doubling®.

Water stress has a greater adverse impact on seed yield during and after flowering than during other
phases of plant development, most likely owing to the sensitivity of pollen formation, anthesis, and
fertilization, resulting in decreased seed yield’. Water stress has different effects, depending on genotype,
stress severity and duration, weather conditions, and brassica’s growth and development phases®.
Reportedly, drought-sensitive rapeseed genotypes exhibited a dramatic decline in the number of siliquae in
the main stem and the number of seeds per siliquae under water stress conditions, but drought-tolerant
cultivars had no significant loss®. Water stress induced a substantial reduction in the number of siliquae
plant?, seeds siliquae?, 1000-seed weight, seed yield and oil content of five rapeseed cultivars®®.

One of the most widely used methods for identifying drought-tolerant genotypes is the screening under
induced water stress conditions generated by osmotic compounds with a large molecular weight, such as
polyethylene glycol (PEG)*. PEG is a hon-penetrating inert osmoticum that can reduce water potential of
nutritional solutions without being absorbed or phytotoxic?. It has been found that an increase in drought
stress caused by PEG was accompanied by a fast decrease in tissue moisture content because PEG mimics
in a way like soil drying®®. This method has been used to simulate drought stress in plants and to select
resistant genotypes in other crops?, and it has been shown to be a successful technique for field crop
selection during the early growth phases®. In this context, the current study was designed to evaluate the
genetic potential of mustard genotypes for better adaptation under water stress condition.

2. MATERIALS AND METHODS

2.1. Plant materials and PEG preparation: In this experiment, ten mustard genotypes (Table 2) were
evaluated through two PEG levels for water stress. Along with control, two other PEG-6000 levels were set
to impose osmotic stress such as 6% and 10% PEG-6000. For the preparation of 6% and 10% PEG-6000
solution, 60g and 100g PEG-6000 salt (MERCK) was dissolved in 1 liter of Hoagland solution (full strength)®
and osmotic potential of the respective solution was taken by Osmomat (Osmomat, Model-3000).

2.2. Characterization of seedling traits: The length of the root from root base to root end has been
measured in centimeters (cm) then computed as average. The length of the shoot was measured in
centimeters (cm) from the bottom to the top, and an average was computed. Ten fresh root and shoot
were collected from each replication and measured in grams (g) using a digital electric balance before
calculating an average. From each replication, ten dry root and shoot seedlings were taken and the weight
of each root and shoot was measured in grams (g) using a digital electric balance. The potassium content
(K*) and calcium content (Ca**) were calculated as a percentage (% g™ fresh weight)'’. Fresh grinded leaves
of shoot were treated by using 0.2 mm acetic acid (CHs; COOH) in a water bath for 1 hour pre-heated at
95°C to determine K*. The filtration was done, and an appropriate dilution was performed. The flame
photometer was used to measure K* absorption (Jenway, Model PFP7). lonic concentration K* and Ca**
were determined against the standard graph of K* and Ca**. The ratio of K*/Ca** was also calculated.

2.3. Statistical analysis: The mean squares and LSD test was carried out with the help of Statistix V. 8
computer packages. However, the reduction percentage was determined as the difference between
reference number and relative number by the reference number and then multiplied it by 100, which gave
the percentage decrease’®.

3. RESULTS AND DISCUSSIONS

3.1. Analysis of variances

The mean squares from analysis of variances are given in Table 01. Regarding mean squares for genotypes,
the parameters such as shoot length, root length, shoot fresh weight, shoot dry weight, root fresh weight,
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root dry weight, K*, C™* and K*/Ca*™ ratio were significantly differences (P<0.01%). Considering mean
squares for treatments, all above mentioned traits were also significantly differences (P<0.01%). Pertaining
to mean squares for genotype x treatment interactions, the traits including root length, root dry weight K*,
C* and K*/Ca*™ ratio were differed significantly (P<0.05%). The mean values and reduction (%) due to PEG
levels of seedling traits are given in following paragraphs.

Table 1. Mean squares of different traits of mustard genotypes

Replications Genotypes Treatments G xT(18) Error
Source of variances (2) (9) (2) (58)
Shoot length 0.304 5.733" 155.020"" 0.363™ 0.536
Root length 0.0041 0.8372"" 97.1493"" 0.7434"" 0.1675
Shoot fresh weight 0.02447 0.37761°" 4.72668" 0.01834" 0.03311
Shoot dry weight 0.00021 0.00157"" 0.02355" 0.00010™ 0.00013
Root fresh weight 0.00018 0.01035" 0.04607"" 0.00030 ™ 0.00028
Root dry weight 1.111 4.802"" 3.744" 2.136" 6.858
K* 0.0788 2.67827" 43,7742 0.3370" 0.217
Ca* 0.00349 0.09057"" 1.52801"" 0.00820" 0.00388
K*/Ca*™ ratio 0.06674 0.71571" 0.50562" 0.13545" 0.03052

**(Significant at 1%); "(Significant at 5%); ™ (Non-Significant
(Sig ); (Sig ); ™ ( 8 )

Shoot length (cm)

The shoot length ranged between 14.31 and 11.39 cm at control, 11.17 and 9.20 cm at 6% PEG and 9.32 to
7.13 cm at 10% PEG (Table 02). At control, the maximum shoot length of 14.30, 13.43,13.31 and 13.25 cm
were produced by Coral-432, Galaxy, Dhoom-1 and Super Raya, respectively, whereas minimum shoot
length was shown by JS-13 (11.39 cm), followed by Sindh Raya (11.50 cm) and S-9 (11.85 cm), with an
average of 12.78 cm at control conditions. Considering the shoot length at 6% PEG level, the maximum
shoot length was produced by Super Raya (11.17 cm), followed by Dhoom-1 (11.06 cm) and Coral-432
(10.87 cm), whereas minimum shoot length was observed in S-9 (9.20 cm), followed by JS-13 (9.66 cm) and
Sindh Raya (9.77 cm). The average shoot length (10.37cm) was noted at 6% PEG. At 6% PEG level, the
maximum shoot length was noted in Super Raya (9.32 cm), followed by Coral-432 (9.20cm) and Dhoom-1
(8.96 cm); however, the minimum shoot length was revealed by S-9 and Sindh Raya with same values of
7.13 cm, while an average shoot length of 8.23 cm was observed at 10% PEG. Nevertheless, the maximum
and minimum declines at 6% PEG was shown by Bahawalpur Raya (24.17%) and Sindh Raya (15.07%),
respectively. Pertaining to reduction at 10% PEG level, the highest and lowest reductions were noted in
Bahawalpur Raya (43.28%) and Sindh Raya (29.64%), respectively.
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Table 2. Shoot length (cm) in control and PEG levels

Genotypes Control PEG levels Reduction (%) due to
6% PEG 10% PEG 6% PEG 10% PEG
Bahawalpur Raya 13.10 9.93 7.43 24.17 43.28
Galaxy 13.43 10.80 8.95 19.60 33.37
Coral -432 14.30 10.87 9.20 24.01 35.69
Khanpur Raya 12.72 10.73 8.18 15.62 35.67
Sindh Raya 11.50 9.77 7.13 15.07 37.97
Super Raya 13.25 11.17 9.32 15.72 29.64
AARI- Canola 12.90 10.50 8.76 18.60 32.09
JS-13 11.39 9.66 7.26 15.18 36.31
Dhoom -1 13.31 11.06 8.96 16.93 32.68
S-9 11.85 9.20 7.13 22.39 39.86
Average 12.78 10.37 8.23 18.73 35.66
Range 11.39-14.3 9.20-11.17 7.13-9.32 15.07-24.17 29.64-43.28
Genotype (LSD 5%) 0.6911
Treatment (LSD 5%) 0.3785
Genotype x Treatment ns
(LSD 5%)

Root length (cm)

At control condition, the maximum root length was exhibited by Dhoom-1 (8.87 cm), followed by AARI-
Canola (8.20 cm); however, the minimum root length was measured by Sindh Raya (7.20 cm), followed by
S-9 (7.35 cm), showing an average root length of 7.91 cm (Table 03). Regarding root length at 6% PEG level,
the maximum root length was produced by Super Raya (5.92 cm), followed by Galaxy (5.90 cm), while the
minimum root length was noted in S-9 (5.18 cm), followed by Bahawalpur Raya (5.30 cm), exhibiting a
mean valve of 5.54 cm at 3% PEG. At 10% PEG level, the maximum root length was demonstrated by Galaxy
(4.69 cm), followed by Dhoom-1 (4.59 cm), whereas the minimum root length was produced by Bahawalpur
Raya (4.04 cm), which is followed by S-9 (4.15 cm), with an average value of 4.34 cm at 10% PEG. With
respect to reduction % of root length at 6% PEG, it varied from 37.90 to 24.30%, while the maximum
reduction was expressed by Dhoom-1 (37.90%) and next was Coral-432 (32.39%), nonetheless, the
minimum reduction of 24.30, 25.89 and 26.95% were expressed by JS-13, Sindh Raya and Super Raya,
respectively. Taking reductions at 10% PEG, the maximum reduction was found in Khanpur Raya (48.41%),
which is followed by Dhoom-1 (48.27%); however, the minimum reduction was recorded in JS-13 (41.30%),
followed by Galaxy (42.22%).

Table 3. Root length (cm) in control and PEG levels

Genotypes Control PEG levels Reduction (%) due to
6% PEG 10% PEG 6% PEG 10% PEG
Bahawalpur Raya 7.73 5.30 4.04 31.47 47.72
Galaxy 8.12 5.90 4.69 27.37 42.22
Coral -432 8.03 5.43 4.40 32.39 45.22
Khanpur Raya 8.08 5.50 4.17 31.96 48.41
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Sindh Raya 7.20 5.33 4.16 25.89 42.15
Super Raya 8.10 5.92 4.55 26.95 43.87
AARI- Canola 8.29 5.79 4.32 30.16 47.93
JS-13 7.30 5.52 4.28 24.30 41.30
Dhoom -1 8.87 5.51 4.59 37.90 48.27
S-9 7.35 5.18 4.15 29.57 43.49
Average 7.91 5.74 4.34 27.06 45.06
Range 8.87-7.20 5.18-5.92 4.04-4.96 24.30-37.90  48.41-41.30
Genotype (LSD 5%) 0.3862

Treatment (LSD 5%) 0.2115

Genotype x Treatment 0.6689

(LSD 5%)

Shoot fresh weight (g)

At control, shoot fresh weight varied from 1.75 to 2.55 g, with an average of 2.08 g. The maximum shoot
fresh weight was observed in Galaxy (2.55 g), whereas the minimum shoot fresh weight was noted in S-9
(1.75 g) (Table 04). Considering the shoot fresh weight at 6% PEG, the maximum shoot fresh weight of 2.00,
1.95, 1.78 and 1.67 g were produced by Galaxy, Super Raya, Coral-432 and Dhoom-1, respectively. Whereas
the minimum shoot fresh weight was produced by Sindh Raya (1.33 g), S-9 (1.37 g), Bahawalpur Raya (1.40
g) and JS-13 (1.48 g), respectively. At 10% PEG, it ranged between 1.10 to 1.60 g, showing an average of
1.29 g. The highest shoot fresh weight was produced by Galaxy (1.60 g) and the lowest shoot fresh weight
was observed in Sindh Raya (1.10 g). Mentioning the reduction at 6% PEG, the average declines was 21.98%
with range between 13.53 and 28.53%; yet Sindh Raya (28.53%) and Super Raya (13.53%) were high and
low in reductions, respectively. At 10% PEG, the highest reduction of 44.51% was noted in Coral-432.
Conversely, the lowest reduction was recorded in S-9 (35.14%).

Table 4. Shoot fresh weight (g) in control and PEG levels

PEG levels Reduction (%) due to

Genotypes Control
6% PEG 10% PEG 6% PEG 10% PEG
Bahawalpur Raya 1.96 1.41 1.20 28.34 39.03
Galaxy 2.55 2.00 1.60 21.55 37.28
Coral -432 2.38 1.78 1.32 25.21 44.51
Khanpur Raya 2.06 1.67 1.30 18.81 36.95
Sindh Raya 1.86 1.33 1.10 28.53 40.92
Super Raya 2.26 1.95 1.46 13.53 35.56
AARI- Canola 2.05 1.59 1.29 22.24 36.81
JS-13 1.90 1.49 1.22 21.61 35.48
Dhoom -1 2.06 1.67 1.31 18.60 36.39
S-9 1.75 1.38 1.14 21.33 35.14
Average 2.08 1.63 1.29 21.98 37.81
Range 1.75-2.55 1.33-2.00 1.10-1.60 13.53-28.53 35.14-44.51
Genotype (LSD 5%) 0.1717
Treatment (LSD 5%) 0.0940
Genotype x Treatment ns
(LSD 5%)
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Shoot dry weight (g)

The genotypes Galaxy and Khanpur Raya produced the maximum shoot dry weight with same values of
0.18 g at normal conditions, while minimum shoot dry weight was observed in S-9 (0.12 g) and JS-13 (0.13
g), with an average of 0.15 g, while ranged between 0.12 to 0.18 g (Table 05). With regards to 6% PEG, it
ranged between 0.10 and 0.15 g, averaging 0.12 g of shoot dry weight. The maximum shoot dry weight was
exhibited by Galaxy (0.15 g), followed by Khanpur Raya (0.14g), while the minimum shoot dry weight was
shown by S-9 and JS-13 with same value (0.10 g). At 10% PEG, the maximum shoot dry weight was noted in
Galaxy (0.12 g), followed by Khanpur Raya (0.11 g), however the minimum shoot dry weight was produced
by Sindh Raya (0.09 g), showing an average of 0.10 g of shoot dry weight at 10% PEG. The highest reduction
was shown by Super Raya with the values of 27.39% and 39.54% at 6% and 10% PEG levels, respectively,
whereas the lowest reductions of 18.84% (6% PEG) and 24.90% (10% PEG) were noted in Galaxy and S-9,
respectively. At 6% PEG, declines ranged between 18.89 and 27.39% with an average reduction of 22.85%.
At 10% PEG, the drop in shoot dry weight was varied from 24.90 to 39.54%, showing an average decline of
35.33%.

Table 5. Shoot dry weight (g) in control and PEG levels

Genotypes Control PEG levels Reduction (%) due to
6% PEG 10% PEG 6% PEG 10% PEG
Bahawalpur Raya 0.15 0.11 0.095 25.45 38.52
Galaxy 0.18 0.15 0.117 18.84 34.58
Coral -432 0.16 0.12 0.099 23.99 37.80
Khanpur Raya 0.18 0.14 0.109 20.46 37.88
Sindh Raya 0.15 0.11 0.091 23.26 37.17
Super Raya 0.16 0.12 0.099 27.39 39.54
AARI- Canola 0.15 0.12 0.097 23.75 36.69
JS-13 0.13 0.10 0.088 22.46 34.39
Dhoom -1 0.15 0.12 0.100 20.44 31.86
S-9 0.12 0.10 0.093 22.46 24.90
Average 0.15 0.12 0.10 22.85 35.33
Range 0.12-0.18 0.10-0.15 0.09-0.12 18.84-27.39 24.90-39.54
Genotype (LSD 5%) 0.0108
Treatment (LSD 5%) 5.9310
Genotype x Treatment ns
(LSD 5%)

Root fresh weight (g)

At control, root fresh weight varied from 0.19 to 0.31 g, displaying an average of 0.24 g. The maximum root
fresh weight was recorded in Super Raya (0.31 g), followed by Galaxy (0.28 g) and AARI-Canola with same
mean value (0.28 g) (Table 06). However, minimum root fresh weight was produced by S-9 (0.19 g),
followed by JS-13 (0.20 g). At 6% PEG level, the maximum root fresh weight was exhibited by Super Raya
(0.26 g), which is followed by AARI-Canola (0.24 g); however, the minimum root fresh weight was depicted
by S-9 (0.16 g), followed by Sindh Raya (0.17 g), with an average of 0.20 g. At 10% PEG level, the maximum
root fresh weight of 0.22, 0.20, 0.18 and again 0.18 g were manifested by Super Raya, AARI-Canola, Coral-
432 and Galaxy, respectively, whereas the bottom rank root fresh weight was shown by S-9 (0.13 g) and
Bahawalpur Raya (0.14 g), displaying an average of 0.16g. At 6% and 10% PEG levels, the maximum
reductions were found in Galaxy (27.58%) and Bahawalpur Raya (37.67%), respectively. Whereas the lowest
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reduction was recorded in AARI-Canola 14.02% (6% PEG) and 25.99% (10% PEG). On an average, the drop
of 18.74 and 31.95% were noted in root fresh weight at 6% and 10% PEG, respectively.

Table 6. Root fresh weight (g) in control and PEG levels

PEG levels Reduction (%) due to
Genotypes Control 6% PEG 10% PEG 6% PEG 10% PEG
Bahawalpur Raya 0.22 0.17 0.13 19.22 37.67
Galaxy 0.28 0.21 0.18 27.58 37.35
Coral -432 0.28 0.22 0.18 22.09 36.11
Khanpur Raya 0.26 0.21 0.17 19.14 32.72
Sindh Raya 0.21 0.17 0.14 22.81 34.12
Super Raya 0.31 0.26 0.22 16.23 29.27
AARI- Canola 0.28 0.24 0.21 14.02 25.99
JS-13 0.20 0.17 0.14 15.17 27.50
Dhoom -1 0.24 0.20 0.17 16.21 29.31
S-9 0.19 0.16 0.13 14.94 29.48
Average 0.25 0.20 0.17 18.74 31.95
Range 0.19-0.31 0.16-0.26 0.13-0.22 14.02-27.58  25.99-37.67
Genotype (LSD 5%) 0.0158
Treatment (LSD 5%) 8.6480
Genotype x Treatment ns
(LSD 5%)
Root dry weight (g)

With respect to control, the maximum root dry weight was noted in Dhoom-1 (0.02 g), while Bahawalpur
Raya, Sindh Raya and JS-13 were found for minimum value (0.01 g) (Table 07). Concerning root dry weight
at 6% PEG, 0.014 g was the average, while it ranged from 0.01 to 0.02 g. The maximum and minimum root
dry weight was produced by Dhoom-1 (0.02 g) and Bahawalpur Raya (0.011 g), respectively. At 10% PEG
level, the maximum root dry weight was observed in Dhoom-1 (0.01 g) and minimum root dry weight was
equally noted in Sindh Raya and JS-13 (0.010 g), with an average of 0.012 g. Referring the reduction (%) of
root dry weight at 6% PEG, it ranged between 12.12 and 20.00%, whereas the maximum reduction was
seen in Super Raya (20.00%), nonetheless, the minimum reduction was noted in Khanpur Raya (12.12%),
giving an average of 16.23% at 6% PEG. The reduction (%) ranged from 23.88 to 32.70% with maximum in
Bahawalpur Raya (32.70%) and minimum in Khanpur Raya (23.88%) due to PEG level of 6%. On an average,
the reduction of 27.20% was recorded at 10% PEG.

At control conditions (Table 08), the maximum K* was observed in Coral-432 (10.64), followed by AARI-
Canola (9.81) and JS-13 (9.56), whereas the minimum K* was exhibited by Dhoom-1 (8.19). An average
(9.21) was recorded and a range of 8.19 to 10.64 of K* was noted in control condition. At 6% PEG level, the
highest K* was shown by Coral-432 (8.75), while the lowest K* was noted in Super Raya (7.02), whereas the
minimum K* was revealed by Super Raya (6.61), giving an average of 6.61- 7.59. The reduction (%) of
14.80% to 25.94% on an average in K* occurred at 6% and 10% PEG, respectively. However, reductions
varied from 8.56 to 26.50% at 6% PEG and 18.03% to 35.57% at 10% PEG. The maximum reduction was
demonstrated by Super Raya with the values of 26.50% and 35.57% at 6% and 10% PEG, respectively.
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Table 7. Root dry weight (g) in control and PEG levels

PEG levels Reduction (%) due to

Genotypes Control 6% PEG 10% PEG 6% PEG 10% PEG
Bahawalpur Raya 0.014 0.011 0.009 18.77 32.70
Galaxy 0.017 0.014 0.012 15.89 31.01
Coral -432 0.017 0.014 0.013 16.44 23.96
Khanpur Raya 0.018 0.015 0.013 12.12 23.88
Sindh Raya 0.014 0.012 0.010 18.16 25.73
Super Raya 0.018 0.015 0.013 20.00 27.17
AARI- Canola 0.018 0.015 0.013 16.01 26.13
JS-13 0.014 0.012 0.010 16.62 28.82
Dhoom -1 0.019 0.016 0.014 15.51 27.97
S-9 0.015 0.013 0.011 12.75 24.59
Average 0.016 0.014 0.012 16.23 27.20
Range 0.01-0.02 0.01-0.02 0.01-0.01 12.12-20.00 23.88-32.70
Genotype (LSD 5%) 2.4710

Treatment (LSD 5%) 1.3530

Genotype x Treatment 4.2800

(LSD 5%)
Table 8. K* in control and PEG level

PEG levels Reduction (%) due to

Genotypes Control 6% PEG 10% PEG 6% PEG 10% PEG
Bahawalpur Raya 9.02 7.61 6.92 15.64 23.29
Galaxy 9.55 8.14 7.05 14.80 26.25
Coral-432 10.64 8.75 7.59 17.83 28.72
Khanpur Raya 8.55 7.66 7.01 10.41 18.03
Sindh Raya 8.35 7.64 6.19 8.56 25.86
Super Raya 9.56 7.02 6.16 26.50 35.57
AARI-Canola 9.82 8.46 7.10 13.86 27.69
JS-13 9.57 8.38 7.05 12.41 26.35
Dhoom-1 8.19 7.16 6.41 12.48 21.64
S-9 8.83 7.46 6.54 15.48 25.98
Average 9.21 7.83 6.80 14.80 25.94
Range 8.19-10.64 7.02-8.75 6.16-7.59 8.56-26.50 18.03-35.57
Genotype (LSD 5%) 0.1389

Treatment (LSD 5%) 0.0761

Genotype x Treatment 0.2405

(LSD 5%)
Ca™

At control condition, the maximum Ca*™ was noted in AARI-Canola (2.22), followed by Dhoom-1 (2.18) and
JS-13 (2.16); however, the minimum Ca** was produced in Bahawalpur Raya (1.92). Ca*™ averaged was 2.07,
while ranged between 1.92 and 2.22 (Table 09). At 6% PEG, the maximum Ca*™ was exhibited by Galaxy
(1.98), followed by AARI-Canola and Dhoom-1 (1.96), while the minimum Ca** was exhibited by Sindh Raya
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(1.67). At 10% PEG, the highest Ca™ was observed in Galaxy 1.77, followed by AARI-Canola (1.74) and
Dhoom-1 (1.70), whereas the minimum Ca™ was shown by Sindh Raya (1.49), followed by Super Raya
(1.54). Considering the averages at 6% and 10% PEG, the average values of 1.85 and 1.62 were calculated,
respectively. Mentioning the reduction at 6% PEG, the average decline was 10.68%, ranging between 4.61
and 17.56%; yet Khanpur Raya (17.56%) and Bahawalpur Raya (4.61%) showed maximum and minimum
reduction, respectively. At 10% PEG level, the reduction range was from 12.68 to 26.01%; however, the
highest reduction (26.01%) was noted in Khanpur Raya. Conversely, the minimum reductions were
recorded in Bahawalpur Raya (12.84%), with an average of 21.75% at 10% PEG.

Table 9. Ca**in control and PEG levels

PEG levels Reduction (%) due to
Genotypes Control 6% PEG 10% PEG 6% PEG 10% PEG
Bahawalpur Raya 1.92 1.83 1.68 4.61 12.84
Galaxy 2.14 1.98 1.77 7.57 17.40
Coral-432 2.08 1.87 1.57 10.45 24.65
Khanpur Raya 2.07 1.71 1.53 17.56 26.01
Sindh Raya 1.94 1.67 1.49 13.90 23.18
Super Raya 2.07 1.87 1.54 9.35 25.68
AARI-Canola 2.22 1.96 1.74 11.88 21.51
JS-13 2.16 1.94 1.68 10.56 22.45
Dhoom-1 2.18 1.96 1.70 10.03 21.91
S-9 1.93 1.72 1.50 10.85 21.90
Average 2.07 1.85 1.62 10.68 21.75
Range 1.92-2.22 1.67-1.98 1.49-1.77 4.61-17.56 12.84-26.01
Genotype (LSD 5%) 0.0588
Treatment (LSD 5%) 0.0322
Genotype x Treatment 0.1018

(LSD 5%)

K*/Ca*™ ratio

The results regarding K*/Ca** ratio at control conditions, 6 and 10% PEG are given in Table 10. At control
condition, the maximum K*/Ca*™ ratio was noted in Coral-432 (5.11); however, the minimum K*/Ca** ratio
was produced by Dhoom-1 (3.78). With regards to 6% PEG, the maximum K*/Ca* ratio was exhibited by
Coral-432 (4.69), while the minimum K*/Ca*" ratio was found in Super Raya (3.75). At 10% PEG level, the
maximum K*/Ca** ratio was also observed in Coral-432 (4.83), whereas the minimum K*/Ca*™ ratio was
demonstrated by Dhoom-1 (0.50).

Mustard is a major oil-producing crop that has been found to be more heat and drought resistant than
other spices, with a variety of contributing characteristics®. Water stress inhibits germination and seedling
growth by reducing the proportion and rate of germination and seedling growth?. This sort of stress is one
of the most significant environmental pressures influencing agricultural production globally, and it can
result in significant yield losses?!. The purpose of this study was to assess the impact of drought stress on
10 cultivars at the early seedling stage using PEG. The mean squares for shoot length, root length, shoot
fresh weight, shoot dry weight, root fresh weight, root dry weight, K*, C* and K*/Ca™ ratio were
significantly differences (P<0.01%). Considering mean squares for treatments, all above mentioned traits
were also significantly differences (P<0.01%). Pertaining to mean squares for genotype x treatment
interactions, the traits including root length, root dry weight K*, C* and K*/Ca** ratio were differed
significantly (P<0.05%). The obtained results indicate that substantial genetic variability is existed in
evaluated mustard genotypes, revealing their significance in selection and hybridization program to
develop new cultivars for stress breeding. The significant genetic variations for seedling traits under PEG
concentrations were also reported in sorghum??, mustard?, rapeseed*?*, soybean?®, millet?’, rice®,
maize?®, sugarcane®, sesame?!, wheat®?, haricot bean® and cotton?*.
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Table 10. K*/Ca** ratio in control and PEG levels

PEG levels Reduction (%) due to
t trol 9
Genotypes Contro 6% PEG 10% PEG 6% PEG :f;é’
Bahawalpur Raya 4.70 4.15 4.13 11.55 11.98
Galaxy 4.47 4.12 4.00 7.76 10.55
Coral -432 5.11 4.69 4.83 8.23 5.43
Khanpur Raya 4.57 4.48 4.13 1.89 9.71
Sindh Raya 4.58 4.30 4.16 6.05 9.19
Super Raya 4.62 3.75 4.01 18.86 13.23
AARI- Canola 4.42 432 4.07 2.27 7.88
JS-13 4.43 433 421 2.10 491
Dhoom -1 3.78 3.76 3.67 0.50 3.09
S-9 4.58 4.35 4.35 5.08 5.20
Average 4.53 423 4.15 6.43 8.12
Range 3.78-5.11 3.75-4.69 3.67-4.83 0.50-18.86 53033
Genotype (LSD 5%) 0.1648
Treatment (LSD 5%) 0.0903
Genotype x Treatment 0.2855

(LSD 5%)

The findings showed that in vitro growth of a mustard genotype is influenced by osmotic stress conditions
generated by varying PEG concentrations. In all genotypes, raising the PEG concentration resulted
reduction in developmental characteristics for shoot and root length. However, mustard genotypes like
Galaxy, Coral -432, Khanpur Raya, Super Raya, AARI- Canola, and Dhoom-1 reported greater performance
and less reduction in PEG concentration for shoot and root length. Hence, these genotypes would be
preferred for stress breeding to improve genetic makeup of upcoming mustard genotypes. According to a
prior study®, shoot and root length can be utilized as selection criteria for early detection of water stress-
tolerant genotypes. Decrease in plant growth is a physiological reaction to water stress that causes the
plant's metabolism to slow down3®. Similarly, the authors of a prior study indicated that the ability of the
roots to take water from the subsoil is crucial in plant survival under drought®. According to some
research®>3%, an increase in root length improves the plant's ability to fetch water from deeper soil.
However, elongated roots may impair shoot growth as more photosynthates migrate toward the roots®.
Further research proposed that early root extension is a predictor of drought resistance?.

Considering the biomass of seedling traits (fresh and dry weight of root and shoot), Galaxy, Coral-432,
Khanpur Raya, Super Raya and Dhoom-1 were the promising in maintaining the higher weight and less
reduction in seedling traits due to PEG concentration, providing chances to utilize in mustard stress
breeding programs. The increase of biomass in mustard genotypes tested with PEG might be explained by
ion processes, a rise in suitable osmolyte content, or protein and amino acid synthesis®!. Plants acquire
inorganic and organic solutes when the level of stress rises*. Similarly, it found in tomato genotypes that
applying varying percentages of PEG enhanced dry matter content in all PEG treatments®2. It has been also
observed that dry matter increased with increasing osmotic stress in pea (Lathyrus sativus)*®. Another study
discovered that majority of the tolerant genotypes collected more biomass during osmotic stress with PEG
in water stress-induced tomato plants®’. The increase in dry matter during water stress can also be an
indication of drought resistance®. In certain genotypes (Bahawalpur Raya, Sindh Raya, AARI- Canola, JS-13
and S-9), poor performance and higher reduction in different PEG concentration was noticed for biomass
characters. Drought stress, in addition to root characteristics, decreases the phenotypic expression of all
seedling features, including fresh and dry weight of shoot and root*. Drought stress decreases seedling
development by reducing cell division and elongation?®*’. A good supply of K* is also considered to be the
key to reducing the harmful consequences of abiotic stresses*. As a result of their genetic composition,
PEG impacted K* and Ca*" in distinct mustard genotypes in different ways. Nonetheless, the genotypes such
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as Galaxy, Coral-432, AARI-Canola and JS-13 maintained higher K*and Ca** at both PEG levels. According to
the findings, genotypes with greater K* and Ca*™ concentrations eventually represented higher K*/Ca** ratio,
and these genotypes would be favored for water stress breeding.

4. CONCLUSIONS

It was concluded that data analyses depicted significant differences among all genotypes and between PEG
treatments for all the studies traits, demonstrating the availability of genetic differences in mustard
genotypes for future stress breeding. Under PEG (6% and 10%) treatments, the genotypes like AARI-Canola,
Khanpur Raya, Dhoom-1, Super Raya, Galaxy and Coral-432 were on top with their high performance and
less reduction due to PEG treatments.

CONFLICT OF INTEREST
The authors declare no conflict of interest.
REFERENCES

1. Singh, J. and R. Sharma. Assessment of combining ability in pearl millet using line x tester analysis.
Advances in Crop Science and Technology. 2019; 2(4): 1-4.

2. Rahman, M., A. Khatun, L. Liu and B.J. Barkla. Brassicaceae Mustards: Traditional and agronomic uses
in Australia and New Zealand. Molecules. 2018; 23, 231; doi:10.3390/molecules23010231.

3. Spragg, J. Australian Feed Grain Supply and Demand Report 2016; JCS Solutions Pty Ltd.: North
Victoria, Australia. 2016; pp. 1-42.

4. Tomat, A and M. Singh.Genetic components analysis for seed yield and its contributing traits in Indian
mustard (Brassica juncea (L.) Czern & Coss). The Pharma Innovation Journal. 2017; 6(8): 386-389.

5. Igbal. M., N. Akhtar, S. Zafar and I. Ali.Genotypic responses for yield and seed oil quality of two
Brassica species under semi-arid environmental conditions. South African Journal of Botany. 2008;
74(4): 567-571.

6. Frandsen, K.J. The experimental formation of Rrassicn juncen CZERN et Coss. llansk Botanisk Arkiv.
1943; 11: 1-17.

7. Faraji, A., N. Latifi, A. Soltani, A.H. Shirani-Rad. Seed yield and water use efficiency of canola (Brassica
napus L.) as affected by high temperature stress and supplemental irrigation. Agricultural Water
Management. 2009; 96(1): 132-140.

8. Reynolds, M. and R. Tuberosa. Translational research impacting on crop productivity in drought-prone
environments. Current Opinion in Plant Biology. 2008; 11(2): 171-179.

9. Zakirullah, Z.A., A.A. Swati, A. Ahamd and Raziuddin. Morpho-physiological response of selected
Brassica lines to moisture stress. Pakistan Journal of Biological Sciences. 2000; 3(1): 130-132.

10. Nasri, M., H. Zahedi, H.T. Moghadam, F. Ghooshci and F. Paknejad. Investigation of water stress on
macroelements in rapeseed genotypes leaf (Brassica napus). American Journal of Agricultural and
Biological Sciences. 2008; 3(4): 669-72.

11. Landjeva, S., K. Neumann, U. Lohwasser and F. Borner. Molecular mapping of genomic regions
associated with wheat seedling growth under osmotic stress. Biologia Plantarum. 2008; (52): 259-266.

12. Lawlor, D.W. Absorption of PEG by plants and their effects on plant growth. New Phytologist. 1970;
69: 501-513.

13. El-Tayeb, M.A. and A.M. Hassanein. Germination, seedling growth, some organic solutes and
peroxidase expression of different Viciafaba lines as influenced by water stress. Acta Agronomica
Hungarica. 2000; 48(1): 11-20.

14. Badiane, F.A., D. Diouf, D. San, O. Diouf, V. Goudiaby and N. Diallo. Screening cowpea Vigna
unguiculata (L.) Walp. varieties by inducing water deficit and RAPD analyses. African Journal of
Biotechnology. 2004; 3(3): 174-178.

15. lJing, R.L. and X.P. Chang. Methods for identifying drought resistance at germination stage of wheat by
osmotic stress. Journal of Genetic Resources. 2003; (4): 292-296.

56
Published by Abasyn University



16. Hoagland, D.R. and D.l. Arnon. The water-culture method for growing plants without soil. Calif. Agric.
Exp. Station Circular. 1950; 147: 32.

17. Flowers, T.J. and A.R. Yeo. lon relation of salt tolerance. In: Baker DA, Hall JL, eds. Solute transport in
plant cells and tissues. Harlow: Longman Scientific and Technical. 1986; pp: 392-413.

18. Shereen, A., M.U. Shirazi, M.A. Khan and S. Mumtaz. Salt tolerance potential of upland and lowland
rice in physiological perspectives. Pakistan Journal of Botany, 2015; 47(6): 2055-2061.

19. Mendham, N.J. and P.A. Salisbury. Physiology: Crop development, growth and yield. Pages 11-64 in D.
Kimber and D. I. McGregor, ed. Brassica oilseeds: Production and utilization. CAB International, Slough,
UK. 1995.

20. Macar, K. T. Effects of Water Deficit Induced by PEG and NaCl on Chickpea (Cicer arietinum L.) Cultivars
and Lines at Early Seedling Stages. G.U. Journal of Science. 2008; 22 (1): 5-14.

21. Mohammad, K. and R. Heidari. Effects of Drought Stress on Soluble Proteins in two Maize Varities.
Turkish Journal of Biology. 2008; 32: 23-30.

22. Bibi, A., H.A. Sadagat, M.H.N. Tahir and H.M. Akram. Screening of sorghum (Sorghum bicolor Var
Moench) for drought tolerance at seedling stage in Polyethylene Glycol. Journal of Animal and Plant
Sciences. 2012; 22(3): 671-678.

23. Toosi, A.F., B.B. Bakar and M. Azizi. Effect of drought stress by using PEG-6000 on germination and
early seedling growth of Brassica juncea Var. Ensabi. Agronomy. 2014; 7: 360-363.

24. Channaoui, S., R.E. Kahkahi, J. Charafi, H. Mazouz, M.E. Fechtali, A. Nabloussi. Germination and
seedling growth of a set of rapeseed (Brassica napus) varieties under drought stress
conditions.International Journal of Environment, Agriculture and Biotechnology. 2017; 2(1): 487-494.

25. Rezayian, M., V. Niknam and H. Ebrahimzadeh. Effects of drought stress on the seedling growth,
development, and metabolic activity in different cultivars of canola. Soil Science and Plant Nutrition.
2018; 64(3): 360—-369.

26. Igbal, N., S. Hussain, M.A. Raza, C. Yang, M.E. Safdar, M. Brestic, A. Aziz, M.S. Hayyat, M.A. Asghar, X.C.
Wang, J. Zhang, W. Yang and J. Liu. Drought tolerance of soybean (Glycine max L. Merr.) by improved
photosynthetic characteristics and an efficient antioxidant enzyme activity under a split-root system.
Frontiers in Physiology. 2019; 10(786): 1-13.

27. Shivhare, R and C. Lata. Assessment of pearl millet genotypes for drought stress tolerance at early and
late seedling stages. Acta Physiologiae Plantarum. 2019; 41(39): 1-11.

28. Al-Azzawi, T.N.l.,, M. Khan, A. Hussain, M. Shahid, Q.M. Imran, B. Mun, S. Lee and B. Yun.Evaluation of
Iragi rice cultivars for their tolerance to drought stress. Agronomy. 2020; 10(11): 1-20.

29. Badr, A, H.H. EI-Shazly, R.A. Tarawneh and A. Borner. Screening for drought tolerance in maize (Zea
mays L.) germplasm using germination and seedling traits under simulated drought conditions. Plants.
2020; 9(5): 1-23.

30. Hernandez-Perez, C.A., F.C. Gomez-Merino, J.L. Spinoso-Castillo and J.J. Bello-Bello. In vitro screening
of sugarcane cultivars (Saccharum spp. Hybrids) for tolerance to Polyethylene Glycol-Induced Water
Stress. Agronomy. 2021; 11(598): 1-13.

31. Kouighat, M., H. Hanine, M.El. Fechtali and A. Nabloussi. First report of sesame mutants tolerant to
severe drought stress during germination and early seedling growth stages. Plants. 2021; 10(1166): 1-
15.

32. Mohi-Ud-Din, M., Md.A. Hossain, Md.M. Rohman, Md.N. Uddin, Md.S. Haque, J.U. Ahmed, A. Hossain,
M.M. Hassan and M.G. Mostofa. Multivariate analysis of morpho-physiological traits reveals
differential drought tolerance potential of bread wheat genotypes at the seedling stage. Plants. 2021;
10(879): 1-20.

33. Wasae, A. Evaluation of drought stress tolerance based on selection indices in haricot bean varieties
exposed to stress at different growth stages. International Journal of Agronomy. 2021; 661787: 1-9.

34. Zahid, Z., M.K.R. Khan, A. Hameed, M. Akhtar, A. Ditta, H.M. Hassan and G. Farid.Dissection of drought
tolerance in upland cotton through morpho-physiological and biochemical traits at seedling stage.
Frontiers in Plant Sciences. 2021; 12: 1-20.

35. Naveed, M.S., A. Manzoor, A. Javed and M.A. Tariqg. In-vitro screening of different tomato genotypes
against peg induced water stress. World Journal of Biology and Biotechnology. 2019; 4(3): 15-19.

57
Published by Abasyn University



36. Megha, B.R., U.V. Mummigatti, V.P. Chimmad and Y.R. Aladakatti.Evaluation of hirsutum cotton
genotypes for water stress using PEG-6000 by slanting glass plate technique. Indian Journal of Pure &
Applied Biosciences. 2017; 5(2): 740-750.

37. Kumar, S., N.K. Singh, R. Kumar, S.K. Singh, Nilanjaya, C. Kumar and A. Kumar. Heterosis studies for
various morphological traits of rice under drought conditions. International Journal of Current
Microbiology and Applied Sciences. 2017; 6(10): 507-521.

38. Ludlow, M.M. and R.C. Muchow. A critical evaluation of traits for improving crop yields in water-
limited environments. Advances in Agronomy. 1990; 43, 107-153.

39. Saleem, M. F., M.A.S. Raza, S. Ahmad, I.H. Khan and A.M. Shahid. Understanding and mitigating the
impacts of drought stress in cotton- a review. Pakistan Journal of Agricultural Sciences. 2016; 53(3):
609-623.

40. Leishman, M.R. and M. Westoby. The role of seed size in seedling establishment in dry soil conditions—
experimental evidence from semi-arid species. Journal of Ecology.1994; 82(2), 249-258.

41. Razzaq, H., N. Tahir, M. Hammad, A. Sadaqat, H. Sadia and Bushra. Screening of sunflower (Helianthus
annus L.) accessions under drought stress conditions, an experimental assay. Journal of soil science
and plant nutrition. 2017; 17(3): 662—671.

42. Aazami, M.A., M. Torabi and E. Jalili. In vitro response of promising tomato genotypes for tolerance to
osmotic stress. African Journal of Biotechnology. 2010; 9(26):4014-4017.

43. Piwowarczyk, B., K. Tokarz, W. Makowski and A. tukasiewicz. Different acclimatization mechanisms of
two grass pea cultivars to osmotic stress in in vitro culture. Acta Physiologiae Plantarum. 2017; 39,96.
https://doi.org/10.1007/s11738-017-2389-6.

44. Jaleel, C.A., P. Manivannan, A. Wahid, M. Farooq, H.. Al-Juburi, R. Somasundaram, R.
Panneerselvam.Drought stress in plants: A review on morphological characteristics and pigments
composition. International Journal of Agriculture & Biology. 2009; 11(1): 100-105.

45. Kaydan, D. and M. Yagmur.Germination, seedling growth and relative water content of shoot in
different seed sizes of triticale under osmotic stress of water and NaCl. African Journal of
Biotechnology. 2008; 16(7):2862—2868.

46. Kramer, P.J. Cell water relations. In Water Relations of Plants; Kramer, P.J., Ed.; Academic Press:
Cambridge, MA, USA. 1983; pp. 23-56.

47. Shao, H.B., L.Y. Chu, C.A. Jaleel and C.X. Zhao. Water-deficit stress-induced anatomical changes in
higher plants. Comptes Rendus Biologies. 2008; 331(3): 215-225.

48. Khan, S., S. Anwar, J. Kuai, S. Ullah, S. Fahad and G. Zhou.Optimization of nitrogen rate and planting
density for improving yield, nitrogen use efficiency, and lodging resistance in Oilseed Rape. Frontiers in
Plant Science. 2017; 8(532): 1-12.

This work is licensed under a Creative Commons Attribution-Non
@ ® @ Commercial 4.0 International License. To read the copy of this license

please visit: https://creativecommons.org/licenses/by-nc/4.0/

58
Published by Abasyn University


https://doi.org/10.1007/s11738-017-2389-6

	REFERENCES

