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1. INTRODUCTION 
 
Mustard (B. junceae L.) is known as the adaptable oilseed crop; it is one of the earliest crops to be 
domesticated. Because of its great nutritional and commercial value, it is considered as the third-largest 
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Abstract 

Water stress is the primary constraint for environmental crop development. 
Water scarcity can severely affect growth, physiology, and yield traits of 
mustard varieties. The aim of the study is to evaluate drought resistant 
cultivars for genetically potential seed yield and oil content. In this context, 
the current research was carried out in randomized complete block design 
with factorial setup having twenty mustard genotypes, four replications and 
three treatments in growing season 2017-18. The treatments given as, T1 
control with well water (Watered at stem growth, flowering, silique 
formation and maturity stages), T2 water stress at maturity stage (Watered 
at stem growth, flowering and silique formation stages) and T3 water stress 
at silique formation (Watered at stem growth and flowering stages). Based 
on obtained results, the majority of the morphological (Plant height, branch 
plant-1, siliqua plant-1 and seed siliqua-1), yield (yield plant-1 and seed weight 
of 1000 grains), physiological (Chlorophyll and relatively water percentage), 
and oil (Oil and protein percentage) characteristics were statistically 
different (P≤0.05) for cultivars, treatments, and genotype × treatment 
collaboration, indicating that the breeding materials utilized in this study 
has worth using in future mustard breeding programs. Under field 
screening, almost half of the evaluated genotypes (AARI-Canola, Galaxy and 
Super Raya, Khanpur Raya, K-J-1104, Coral-432, MS-2, Dhoom-1, HUM-322 
and MS-4) showed tolerance against water stresses hence utilizing these 
genetic resources for water stress breeding would likely enhance the seed 
productivity under less irrigated areas. 
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source of vegetable oil in the world1. For centuries, mustard has been eaten as a vegetable, besides its 
byproducts have been used to make industrial and edible oils as well as sauces. Oil is frequently used in 
cooking and to give food a fiery, spicy taste. There are many names for Brassica juncea (L.), including big 
red, Sarepta, Asian, oriental, Chinese, Indian, leaf, brown, wild Brazilian and green mustard2. Mustard 
additionally serves as one of the best plants for producing oil and protein3. The seeds of enhanced 
mustard have been 40 to 44% oil content, however less than 2% of erucic acid is retained, which is 
within an internationally acceptable range4. Although Indian mustard (Brassica juncea L.) is typically self-
pollinating crop, out-crossing often occurs, varying as of 5 to 30%, depends on the random conditions 
like climate and insects’ pollinators as well. According to cytological research, mustard is an 
amphidiploid (2n=36) that results in spontaneous chromosomal duplication after mating two distinct 
species, such as B. campestris and B. nigra (2n=20 and 2n=16)5. During 2018-19, 586 million acres 
cultivated with 337 million tonnes production of mustard and its related species including rapeseed6. 
During 2019-20, a total of 860 million acres cultivated with production of 458 million tonnes of mustard 
and other brassica species. However, this production only provides 12% of Pakistan’s edible oil 
requirements, while 88% of the same is imported7. In Pakistan, there is a large disparity between 
consumption and production, which continues to expand year after year. Pakistan is unable to produce 
sufficient edible oil due to increased demand and a fast-growing population8. Water scarcity is regarded 
among the fundamental causes responsible for declining agricultural production because of its links to 
other key abiotic factors like salt and heat stresses9. Drought tolerance is a complicated characteristic 
and determining the level of drought resistance of various cultivars is vital. It is believed that many 
markers may be used to phenotype drought tolerance since plants' physiological reactions to severe 
drought vary according to the stage of development. A variety of indicators are being employed in 
research and breeding methods, such as the comparative vigour index, stress resistance index, water-
use efficiency, and leaves wilt index10. Brassica junceae cultivars outperform Brassica napus cultivars in 
production, especially in low rainfall and marginal growth conditions. Brassica junceae surpasses 
Brassica napus in terms of seedling vigor, resilience to high temperatures and dryness, as well as 
resilience to pod-shattering11,12. Although a crop’s specific requirements in terms of climate, soil, and 
cultivation techniques are essential, the production of certain oilseed crops is mostly determined by the 
crop's genetic stability, yield potential, and marketable product quality13. Water scarcity has a more 
significant negative effect on seed yield during the flowering stage as compared to other stages of plants 
growth, because of the sensitivity of pollen development, anthesis, and fertilization, which leads to 
reduced seed yield14. The effects of water stress vary based on genotype, the intensity and period of the 
stress, climate and the growth and development stages of Brassica15. According to16, in brassica species 
water deficit at flowering stage causes decreases in seed yield and dry matter, indicating that the stage 
of reproductive is the most susceptible to stress. Reportedly17, under water deficit environment the 
quantity of silique and seed per silique reduced of brassica species, whereas stress resistant verities 
showed no discernible loss. The no of silique per plant, no of seeds per silique, grain index, grain yield 
and oil yield of five brassica napus genotypes reduced due to water stress18. 
2. MATERIALS AND METHODS 
This research sets out to identify the drought resistance genotypes on genetic basis in 20 distinct 
mustard genotypes under water deficit environments at Botanical Garden, Sindh Agriculture University, 
Tandojam, during the rabi season 2017-18. Through this experiment physical, yield and maturing 
characteristics were examined. The seeds of each cultivar were cultivated in randomized complete block 
design with factorial arrangements having three treatments and four replications. Treatments: (T1) 
normal condition; given four irrigation (at stem growth, flowering, silique formation and maturity 
stages) (T2) water stress at maturity stage; with three irrigation (at stem growth, flowering, and silique 
formation) and (T3) water stress at silique formation; with two irrigations (stem growth and flowering). 
The following characteristics were investigated, such as plant height (cm), branches per plant, silique per 
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plant, seeds per silique, seed yield per plant, seed index, SPAD chlorophyll, relative water content (%), 
oil content (%) and protein content (%). All cultural practices were done timely, such as plant to plant 
and row to row distances, fertilizer doses and interculture. To perform the LSD test and analysis of 
variance, the software program Statistics Ver. 8.1 was used. 
2.1 Characterization of Agro-morphology and physiology of mustard 
For data collection, ten plants from each genotype were chosen from each replication. The scale of 
centimeters was used to measure the plant height, and that is done from base to tip of longest 
inflorescence, when it reached at maturity. The data for number of branches, silique plant-1 and seeds 
silique-1 were observed after harvesting the plants, whereas the length of silique was measured in 
centimeters from base to tip. In grams, the seed yield from each silique was weighed from its obtained 
seeds. Similarly, the seed yield of each selected individual plant was observed in grams, hence the seed 
index noted in grams after 1000 seeds weighed. The relative water content in percentage were verified 
using the19 techniques. According to this technique the sample fresh leaf was weighed (FW), the turgid 
weight (TW) was noted using the soaked of leaf till 4 hours in distilled water. Then the soaked leaves 
were dried at 72 oC for 24 hours and observed the dry weight (DW). Finally calculate the relative water 
content using the following formula. 

Relative Water Content % = [(Fresh Weight-Dry Weight) / (Turgid Weight-Dry Weight)]×100 
Whereas for observing the SPAD chlorophyll used the SPAD meter 502 and noted the data.  
2.2 Method to Extract the oil content as well as protein content (%): 
 For extracting the oil content Soxhlet extract techniques were used, first take the 6 to 12g sample of 
seeds and put them in the oven for drying. Then take the dried sample of seeds 3 to 4g and make the 
packets individually, then keep the dried packets in a Soxhlet device. After that taken the chemical 
petroleum ether in a chemical flask and kept into Soxhlet apparatus. After that the testers were taken 
away from the Soxhlet device when extract comes to be visible and put in oven after drying in the fresh 
air. In the last, according to (AOCS, 1990) methods readings were calculated using following formula.  

I.Reading – F.Reading / I.Reading×100 
The protein content was measured by the authorized technique of the American Oil Chemists' Society 
(AOCS), commonly referred to as the combustion technique for determining crude protein, which was 
reaffirmed in 1997. With this technique, a grain sample was ground and heated to an extremely high 
temperature (900°C) in the presence of oxygen. The combustion releases carbon dioxide, water, and 
nitrogen as in product. The determined nitrogen amount was converted to crude protein amounts using 
the 6.25 factor. The findings were presented as a percentage, where 6.25 indicated an oilseed 
component and N indicated nitrogen. 
2.3 Soil analysis 
2.3.1 Soil texture 
The soil texture (distribution of partial sizes) was determined using the Bouyoucos water meter 
method20, soil grains were dispersed using the sodium hexameta phosphate (NaPO3)6 on 10%. For alone 
clay and silt+clay and the suspension of soil density was calculated by the hyderometer. The silt was 
classified as clay loam after the soil texture it was assessed using the standard triangle (Table 1). 
2.3.2 Soil EC (Electrical conductivity) 

The electric conductivity filtrate was measured through EC meter by soil water extract according to21 at 
1:2 purified water extract (soil: filtered water) (Table 1). The results are shown in dSm-1. 
2.3.3 pH of the Soil 
The response of the soil was determined by pH meter using soil water extract at a 1:2 ratio of distilled 
water, stated by21 (Table 1). 
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2.3.4 Organic matter in soil 
The matter of organic in the soil was found through determining soil carbon using the chromic acid 
titration or Walkley and Black method as reported by22 (Table 1). 
2.3.5 Soil water content 
The water content in soil was measured by method of gravimetric reported through23. Using an Auger, 
the samples of soil were obtained from the experimental field and promptly moved to crucibles, these 
were pre-weighed with a tight-fitting cover for the observations. Immediately, the weight of the soil 
moisture with crucibles was recorded. After removing the cover, the soil crucibles were left in oven at 
105°C until they reached an endless weightiness (forty-eight hr). After that, immediately remove 
crucibles into the oven, cover it with a closure cap and chill the desiccator. Then, cooling the crucibles 
holding oven dry soil weight with cover was weighed. The data was recorded in (Table 1) by following 
formula. 

Weight of can + lid = Wc (g) 
Weight of wet soil + can + lid = Wcws (g) 
Weight of oven dry soil + can +lid = Wcds (g) 
Weight of water loss during drying = Wcws - Wcds = Ww (g) 
Weight of oven dry soil = Wcds – Wc = Wods (g) 
Moisture by weight = (Ww/Wods) × 100 = ϴw (%) 

2.3.6 Water holding capacity 

The percolation method was used to determine the amount of water in the soil. A bucket auger was 
used to collect soil samples from the experimental field and then the air-dried soil was crushed with a 
grinder and passed into a 2.0 mm sieve for observation. Filter sheets were used in three funnels, which 
were labelled with alphabet letters a, b, and c. After labelling the funnels were placed on measuring 
cylinders. Then, 50g dried samples of soil were placed in funnels a, b, and c. After that, in each funnel 
pour 50 ml of water. After the water halted dripping from the funnel, the volume of filtered water in the 
measuring cylinder was noted. Finally, results were calculated (Table 1) with formula as given below. 

Weight of soil = (X) 
Volume of water poured = (Y) 
Volume of water collected in measuring cylinder = (Z) 
Volume of water retained by the soil = (Y-Z) 
Water holding capacity of the soil in percentage = (Y-Z) / X × 100 

Table 1. Investigation of soil in the experimental field 

 
 
 

Sampling Intensity 

(Inches) 

Physical 
appearance of 

soil 

Electrical 
conductivity 

dSm-1 

Potential 
of 

hydrogen 

Biological 

substance 

Water 
content 

% 

Water 
holding 

capacity% 

a 0-12 Loam of Silty 

Clay 
0.60 7.8 0.50 21.24 48.8 

b 0-12 Loam of Silty 

Clay 
0.68 7.9 0.63 21.66 50.6 

c 0-12 Loam of Silty 

Clay 
0.60 7.8 0.42 21.40 49.6 
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2.4 Statistical analysis 
It was conducted following the method of24, with the least significant difference (LSD) test employed to 
assess the superiority of the treatment means. 
2.5 Cluster analysis 
The clustering was observed using the Ward's metho and dendrogram with the help of SPSS (Version 
21). 
3. RESULTS AND DISCUSSION 
3.1 Morphological Characters 
According to agriculturists, plant yield, or the economical production of biomass, is very important for 
feeding the world's rapidly expanding population. One of the main factors affecting the production of all 
the major crop varieties, including mustard, is water stress25. Present experiment reported that the 
mostly characters studied in genotypes, treatments and their interaction has significantly differed 
(P≤0.05) for mean squares (Table 2a and 2b). This represents the range of breeder studies that the 
mustard verities have considerable capability to be used for genetic enhancements. Numerous 
morphological traits, including plant height, are adversely affected by water deficit, according to26. In 
current research the mean performance for the plant height is shown in (Figure 1) at distinct stages. The 
highest plant heights at maturing and siliques levels were recorded in Galaxy (192.45cm), while Khanpur 
Raya showed (184.70 cm), however the lowest plant height was observed by the genotype S-9 
(159.15cm) and HUM-321 (159.15cm) at maturity and silique stages under control condition. The 
majority of genotypes, however, shrank in height as a result of the water stress. The minimum plant 
height in brassica species in water stress condition stated by27. Irrigation intervals were substantially 
impacted by the yield’s components of mustard genotypes for branches per plant, siliques per plant, 
seeds per silique and seed yield per silique. Nonetheless, several genotypes performed for each yield 
contributing traits in water deficits at (maturing and siliques) stages. The findings indicated that the 
range within 7.30 - 5.65 in control, 7.15 - 5.05 at maturity and 7.05 - 4.05 at siliques stage for branches 
per plant indicated in (Figure 1). The average data as 6.33, 5.89 and 5.23 for branches per plant under all 
three conditions (control, maturing and siliques) shown in (Table 2a). The siliques per plant ranged from 
622.35 (AARI-Canola) to 292.00 (K-J-221) in well water (Table 2a). At maturity stage, it varied from 
508.50 (AARI- Canola) to 288.20 (K-J-230) with average 330.37 siliques per plant. The range for siliques 
per plant between (AARI-Canola) 459.00 to (Early Raya) 234.05 and the average was 292.07 at silique 
stage displayed in (Table 2a). The reduction % at the stages of maturing and siliques due to water 
scarcity differed by 34.68% (Coral-432) to 0.55% (HUM-322) and 43.00% (Dhoom-1) to 4.43% (K-J-221), 
respectively (Figure 2). The data regarding the trait seeds per silique is summarized in (Figure 2). The 
genotype AARI-Canola in all three treatments including control (16.50), maturity stage (15.48) and 
silique stage (15.13) produced the maximum seeds per silique. While the genotypes S-9 at normal 
(13.27) and silique (11.85) and HUM-322 at maturity stages (12.92) produced the minimum seeds per 
silique, respectively. These mustard genotypes offer valuable genetic diversity in terms of water stress 
resistance. In usual terms, the number of siliques per plant due to water scarcity decreased28. The 
number of branches, silique per plant and seeds per plant was noted in various brassica genotypes 
grown in drought stress & also recorded countless reductions for seed yield while applied the drought at 
the time of flowering17,18. A variety of variables, including the number of branches and siliques per plant, 
the size of the seed, the quantity of seeds and yield of mustard genotypes affected due to combination 
of factors. 
Table 2 (a): Source of variances and mean squares of morphological, yield physiological and oil traits 
 

SOV DF Height of plant Branch per 
    plant Silique per plant 

Seed per 
silique 

Seed yield 
per plant 

Replication 3 1175.07 1.5418 42914 1.2193 248.010 
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Genotypes  19 578.26** 2.5006** 34638** 5.7601** 99.610** 

Treatments 2 2299.03** 24.2887** 177695** 27.6380** 975.145** 

G x T interaction 38 52.40ns 0.6281ns 3998ns 0.5324ns 19.657ns 

Error 177 129.96 0.9393 8216 2.0316 32.654 

LSD at 5% (G) 19 4.654 0.3957 37.005 0.5819 2.3329 

LSD at 5% (T) 2 1.8025 0.1532 14.332 0.2254 0.9035 

LSD at 5% (G x T) 38 8.061 0.6853 64.094 1.0079 4.0407 

 
Average 

Control 175.89 6.33 385.81 14.54 22.55 

W.S at Maturity 170.69 5.89 330.37 13.94 18.86 

W.S  at Silique 165.17 5.23 292.07 13.36 15.57 

 
Range 

Control 162.40-192.45 5.65-7.3 292.00-622.35 13.27-16.50 16.90-32.57 

W.S at Maturity 159.15-184.70 5.05-7.15 288.20-508.50 12.92-15.48 14.52-26.28 

W.S  at Silique 151.95-184.15 4.05-7.05 234.05-459.00 11.85-15.13 12.28-23.52 

 
Table 2 (b): Source of variances and mean squares of morphological, yield physiological and oil traits 
 

SOV DF Seed index RWC Chlorophyll SPAD Content in 
oil  

Content in 
protein 

Replication 3 0.0380 208.22 1.114 2.487 0.0257 

Genotypes 19 4.9243** 42.96* 19.450* 54.308** 41.5824** 

Treatments 2 11.8184** 1306.95** 325.237** 421.552** 76.3846** 

G x T interaction 38 0.1926ns 23.54ns 3.938ns 6.700** 0.1998** 

Error 177 0.6296 23.57 9.924 0.268 0.0195 

LSD at 5% (G) 19 0.3239 1.2861 1.9818 0.2112 0.057 

LSD at 5% (T) 2 0.1255 0.4981 0.7676 0.0818 0.0221 

LSD at 5% (G x T) 38 0.5611 2.2276 3.4326 0.3659 0.0987 

 
Average 

Control 4.85 68.13 44.75 44.14 26.67 

W.S at Maturity 4.54 66.25 39.94 42.54 25.84 

W.S  at Silique 4.09 64.10 36.72 39.61 24.72 

 
Range 

Control 3.67-5.98 65.54-71.75 40.00-51.36 37.47-46.13 21.93-29.52 

W.S at Maturity 3.55-5.88 64.13-68.83 36.38-45.54 37.39-45.19 21.17-28.32 

W.S  at Silique 3.18-5.70 61.38-67.08 30.29-42.87 34.27-43.44 20.10-27.16 
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Figure 1: Average of plant height (cm) and branches per plant, in normal, water deficit at maturing and 

siliques stages 
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Figure 2: Average silique per plant and seeds per silique in normal, water deficit at maturing and siliques 

stages 
3.2 Yield Characters 
The research has shown that drought reduces yield by interfering with photosynthesis of leaf and relations 
of plant water29, relations of nutrients, partitioning of dry matters30, biological products, seeds and the 
amount of oil in brassica31. According to the current findings, the genotype AARI-Canola was high in 
production at maturity stage for seed yield per plant, under control (32.57 g) and water deficit (26.28 g) 
(Figure 3). At silique stage, the genotype Galaxy produced greater (23.52 g) seed yield per plant. Early Raya 
in normal (16.90 g) and same had also remained in production of lower seed yield (12.28 g) at silique water 
stress, while BARD-1 was low in seed yield per plant (14.52 g) at maturity stage. The genotypes K-J-230 
(37.86%) and AARI-Canola (50.01%) depicted maximum reduction at two water stresses (maturity and 
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silique, respectively) when compared with control. However, the range between 32.57 to 16.90g (at 
control); 26.28 to 14.52g (at maturing) and 23.52 to 12.28g (at silique) stages were observed for seed yield 
per plant (Table 2a). Due to the water deficit during reproductive phase, flowers and fruits drop off quickly, 
therefore resulting in a decrease in the seed development32. The agronomical characteristics and 
production of seeds decreased significantly due to high and medium water stress33. 25 On the other hand, 
found good seed production with appropriate watering. When compared to less irrigated treatments, 
proper irrigation can improve seed production in brassica from 41.7% to 62.9% 34. The seed index showed 
an increased genetic diversity in all water treatments. The genotype Galaxy formed the heavier seed index 
with mean values of 5.98 g (normal), 5.88 g (maturity stress) and 5.70 g (silique stress) (Figure 3). In 
contrast, the lighter seeds were noticed in Anmol Raya under control (3.67 g) and at maturity stage (3.18 g), 
while BARD-1 at silique stage (3.18 g). It demonstrates the worth of these genotypes possess for water 
stress, at the phases of water stress (maturity and silique). Seed index had negative effects due to irrigation 
periods according to the35. Brassica genotypes are also sensitive to water stress, which results in a 
significant decline in seed index18.  
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Figure 3: Average of seed yield per plant and seed index in normal, water deficit at maturing and siliques 
stages 
 
3.3 Physiological Characters 
According to36 the key component of plant photosynthesis is in leaf chlorophyll, it also influences the 
photosynthesis rate, and the quantity of dry matter generated. Variations in chlorophyll content and 
respiration could restrict plant development under water scarcity37. The present study's results clearly 
revealed that water stress tended to have negative impacts on chlorophyll. The result regarding SPAD 
Chlorophyll at control, maturity and silique stages are given in (Figure 4). The maximum chlorophyll was 
noted in Anmol Raya (51.36) under control, Coral-432 (45.54) at maturity and AARI-Canola (42.87) at 
siliques, whereas in all three stages (normal, maturing and silique) the lowest values of 40.00, 36.38 and 
30.29 were recorded in S-9, MS-2 and Anmol Raya for chlorophyll. Genotypes of mustard showed a varying 
response to water deficit, it had distinct genetical potential for stress tolerance. It is estimated that in 
agriculture, the water deficit caused numerous physical issues, like chlorophyll content, photosynthesis, 
and respiration reduction38. When compared to control, total chlorophyll content reduced considerably in 
all mustard genotypes and at all stages of development in reaction to water deficit39. Relative water 
content is a vital scale by which the condition of water in plants determines40. It has been proven that 
relative water content to be excellent and stable scale than water potential in leaf, it is very helpful in 
changing climatic conditions to indicate the respond of plants41. The genotypes Dhoom-1 (71.75%) under 
full irrigation observed the maximum relative water content, whereas Khanpur Raya produced the 
maximum relative water content of 68.83% and 67.08% at maturity water stress and silique water stress, 
respectively (Figure 4). The minimum relative water content of 65.54% resulted by Bahawalpur Raya under 
control, 64.13% by J-S-13 at maturity water stress, whereas K-J-221 (61.38%) produced minimum relative 
water content at silique water stress. These genotypes would be used as selected materials in future 
breeding efforts to enhance physiological traits. 42, reported that water scarcity decreases the numerous 
trait’s performance as compared to normal, like potassium content, relative water content and osmotic 
potential. Water stress sensitive cultivars, on the other hand, showed a higher decrease43. 
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Figure 4: Average of SPAD chlorophyll and relative water content in normal, water deficit at maturing and 
siliques stages 

 
3.4 Oil and Protein content (%) 
 
The Brassica species' main quality attribute is their oil content, which is adversely affected by the water 
deficit44. According to45, in oil seed crops the oil content shown decreased in water deficit environment. 
The oil content (%) was measured between 46.13 and 37.47% in normal condition; 45.19 to 37.39% at 
maturity water stress and 43.44 to 34.27% at silique water stress (Table 2b). The average oil content of 
44.14%, 42.54% and 39.61% were noted in normal and water stresses at maturity and silique formation, 
respectively. In controlled and silique formation stage, the maximum oil content was noted in Dhoom-1 
with mean values of 46.44% and 45.19%, respectively. At maturity water stress, genotypes such as Coral-
432 (43.44%) and J.S-13 (34.27%) produced high and low oil content, respectively (Figure 5). However, in 
terms of oil content, these mustard genotypes would be excellent breeding resources. In two consecutive 
years, increasing the water deficit intensity reduced seed oil and grain yield46. According to44, the primary 
qualitative features of brassica genotypes substantially influenced the protein and oil content due to 
scarcity of water. Regarding protein content of genotypes ranged between 29.52 and 21.93%, 28.32 and 
21.17% and 27.16 and 20.10% in normal and water stresses at maturity and silique formation, respectively 
(Table 2b). The genotype Dhoom-1 recorded high protein content in all three treatments such as 29.52% 
(normal), 28.32% (at maturing) and 27.16% (at siliques) stages. Whereas K-J-221 produced the minimum 
protein content of 21.93% at control, 21.17% at maturity and 20.10% at silique water stress (Figure 5). 
These genotypes show the breeding worth for retained. According to47, under drought stress, total protein 
synthesis decreases significantly.  
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Figure 5: Average of oil content and protein content in normal, water deficit at maturing and siliques stages 
 
3.5 Cluster analysis 
 
The essential clustering method is used for identifying the tolerant or sensitive group of genotypes based 
on the performance and similarity against stress. The breeders also used these techniques to identify the 
distinct group of genotypes in numerous abiotic stresses in a variety of field crops. The current results 
discovered significant differences in performance based on cluster analysis. Three mustard genotypes 
(AARI-Canola, Galaxy and Super Raya) were grouped in the same cluster, which is considered as highly 
tolerant against water stress. Seven genotypes (Khanpur Raya, K-J-1104, Coral-432, MS-2, Dhoom-1, HMU-
322 and MS-4) were combined into the second group, which is categorized as tolerant group against water 
scarcity. The last 3rd cluster included the ten cultivars such as Amol Raya, Early Raya, HMU-321, Sindh Raya, 
J.S-13, K-J-230, S-9, K-J-221, Bahawalpur Raya and BARD-1, while this group was recognized as sensitive one 
against water stress based on mean performance of all traits (Figure 6). Many scientists such 
as48,49,50,51,52,53,54, reported this technique used for cluster analysis in barley, maize, mustard, millet, 
sorghum, wheat, cotton and rice, respectively. 
 

 

Figure 6: Clustering mustard cultivars based on mean performance under stress conditions 

4. CONCLUSION 
 
Under the field screening, the analysis of variance showed a significant difference in the characters studied. 
Phenotypic values of all agronomical, yield and oil traits differed significantly, showing the importance of 
genetic variations existing in evaluated breeding materials of mustard. AARI-Canola, Galaxy, Super Raya, 
Khanpur Raya, K-J-1104, Coral-432, MS-2, Dhoom-1, HMU-322 and MS-4) showed tolerance against water 
stresses hence utilizing these genetic resources for water stress breeding would likely enhance the seed 
productivity under less irrigated areas. 
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