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Abstract
A total of 796 Indian mustard [Brassica juncea (L.) Czern and Coss.] germplasm accessions including 4
checks were evaluated in augmented block design for their per se performance with respect to their high
temperature stress tolerance at seedling stage. The traits assessed were percent population survival at 10
and 25 days after sowing, percent membrane stability index, percent relative water content, percent excised-
leaf water loss, percent oil content, 1000- seed weight (g) and seed yield per plant (g). Eighty seeds of each
germplasm including four checks were sown in the field under heat stress (26th September) conserved
moisture conditions during Rabi 2012-13 in single rows of two metre length. Among all germplasm
accessions tested, only 48 germplasm accessions were identified on the basis of percent population survival
at 10 DAS (41.00C maximum temperature at 0-10 cm depths),  and 25 DAS (40.20C maximum temperature
at 0-10 cm depths). Correlation coefficients between seed yield per plant and heat stress traits indicated that
seed yield per plant was positively associated with membrane stability index (r=0.282*), and 1000 seed
weight (r=0.417**). On the basis of per se performance, germplasm accessions DRMR-1574, DRMR-1624,
DRMR-1600, DRMR-1799 and Urvashi found to be tolerant to heat stress could be included in the breeding
programme genotypes for high temperature stress conditions.
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Introduction
Rapeseed- mustard constitutes an important group
of oilseed Brassica crops, and of these, Indian
mustard [Brassica juncea (L.) Czern and Coss] is
an important edible oil yielding crop accounting for
about 80% of the cultivated area in North- Western
parts of India (Singh et al., 2014). Amongst all the
states in India, Rajasthan is an important producer
of Indian mustard. Indian mustard is very sensitive
to heat stress at early seedling stage. Although, early
sowing has many advantages, the early sown-crop
encounters high temperature stress, which results
in a significant yield loss. High temperature stress is
the most important abiotic stress affecting plant
productivity around the world (Hall, 1992). Recent
studies estimate 10-40% loss in crop production in

India due to high temperature stress (IPCC 2007).
The rising atmospheric CO2 and temperature are
the two important factors of climate change which
are likely to impact agriculture and food security
across the globe. Despite some projected increase
in photosynthesis due to higher atmospheric CO2,
increased temperature results in reduced
productivity (Wassmann et al., 2009). The global
average air temperature is expected to rise by 1.8
to 4.00C by the end of this century. The Rabi
season temperature is expected to increase more
than the kharif season (Aggarwal and Mall, 2002).
Studies determing response of Indian mustard are
lacking in India to climate change.

Comparing three species of oilseed Brassica for
variation in critical temperature and the most
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sensitive crop growth stage for high temperature
stress, Angadi et al., (2000) identified Indian
mustard to have greater tolerance to heat and
water stress than the Canola quality Indian
mustard. Niknam and Turner (1999), Wright et al.,
(1996), Kirk and Oram, (1978) and Parker (1999)
also reported Indian mustard to possess several
agronomic advantages over Canola. Research on
the direct effect of high temperature stress at the
seedling stage in Brassica juncea is lacking. The
present study, therefore, was undertaken to identify
Indian mustard germplasm accessions superior for
high temperature stress tolerance at seedling stage.

Materials and Methods
Seven hundred ninety six Indian mustard germplasm
accessions for the present study were procured from
the Directorate of Rapeseed-Mustard Research
(DRMR), Bharatpur. Eighty seeds of each
germplasm accession including four checks, were
sown under heat stress condition (maximum
temperature 40.10 C at 0- 10 cm depth on seeding
date on September 26, 2012) in augmented block
design at the DRMR research farm, Bharatpur
(77.270 E longitude; 27.120 N latitude and 178.37 m
above mean sea level), India. The soil of the
experimental site was sandy loam with EC
1.5 dSm-1, low organic carbon (0.25 – 0.30%), poor
available N (125-135 kg/ha), medium P (20-22
kg/ha), and available K of 240-260 kg/ha and a pH
of 8.1. The Indian mustard crop was raised strictly
under conserved moisture conditions. All the
germplasm accessions were grown in a single row
of three metre length. The distance between row to
row and plant to plant was 30 cm and 10 cm,
respectively. The percent population survival (PPS)
at 10 days (41.00C maximum temperature at 0-10
cm depths) and 25 days after sowing (DAS) (40.20C
maximum temperature at 0-10 cm depths) were
recorded from each plot. Growth and physiological
characters, including, percent membrane stability
index (PMSI), percent excised- leaf water loss
(PELWL), percent relative water content (PRWC),
percent oil content, 1000-seed weight (g) and seed
yield per plant (g) were recorded from five randomly
selected germplasm accessions which had PPS of
more than 37.5.

Determination of growth and physiological
parameters:
Leaf membrane stability index (MSI) was
determined following the method of Premachandra
et. al., (1990) as modified by Sairam, (1994). Leaf
stripes (0.2g) of uniform size were placed in test
tubes containing 10 ml of double distilled water in
two sets. Test tubes in one set were kept at 400C in
a water bath for 30 min and electrical conductivity
of the water containing the sample was measured
(C1) using a conductivity bridge. Test tubes in the
other set were incubated at 1000C in boiling water
in water bath for 15 min and electrical conductivity
was measured as above (C2). Leaf membrane
stability index (MSI) was calculated using the
following formula :

          MSI= [1- C1/ C2] x 100

For determining excised- leaf water loss (ELWL)
the leaves were weighed at three stages viz.
immediately after sampling (fresh weight); after
drying in an incubator at 280C and 50% R.H. for
6 h; and after oven drying for 24 h at 700C as
suggested by Clarke, (1987): ELWL was calculated
using the following formula :

ELWL= [Fresh weight – Weight after 6 h) / (Fresh
weight- Dry weight] x 100

The samples for RWC were also weighed
immediately to obtain fresh weight (FW); 2 cm leaf
sections were floated in distilled water for 4 h, blot
-dried and weighed to obtain turgid weight (TW);
The 2 cm leaf sections were oven dried at 600C for
24 h and weighed to obtain dry weight (DW). The
RWC was calculated using the formula of Barrs
(1968):

RWC (%) = [FW – DW) / (TW- DW] x 100

All mature siliquae from five randomly selected
plants were threshed and average grain weight per
plant was calculated.

Statistical analysis:
Analysis of variance (ANOVA) was performed on
the data following the procedure suggested by
Abhishek et al., (2004) and critical difference (CD)
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calculated at 5% probability level. Correlation coef-
ficient between seed yield per plant and
physiological parameters were determined
according to Gomez and Gomez, (1984).

Results and Discussion
Temperature is an important factor which affects
growth and development of plants. All plants require
a certain amount of heat units during growth
periods and the duration to achieve heat units
depends upon the climatic conditions. For the present

experiment, high temperature stress was created by
seeding in the last week of September under
conserved moisture conditions. Results indicate that
fifty two Indian mustard germplasm accessions
responded differently under high temperature stress
condition. Although, the population survival
percentages at 10 and 25 DAS decreased
continuously with increasing heat stress in all
accessions, the percent decrease was lower in
DRMR-1798, DRMR-2332, DRMR-2264 and
DRMR-2341 (Table 1) and (Fig 1).

Heat shock increases cell membrane permeability,
thereby inhibiting cellular function, as a result of the
denaturation of proteins and increments of
unsaturated fatty acids that disrupt water, ion, and
organic solute movement across membranes.
Thylakoid membranes typically show swelling,
increased leakiness, physical separation of the
chlorophyll light harvesting complex II from the PSII
core complex, and disruption of PSII-mediated
electron transfer (Ristic et al., 2008). Membranes
are main loci affected under heat stress conditions.
In the present investigation, membrane stability
index (MSI) decreased under heat stress in all
Indian mustard germplasm; MSI of the germplasm
accessions ranged from 5.22 to 45.36 %. The

germplasm accessions DRMR-1624 (45.4 %),
DRMR-1313 (37.8 %), DRMR-1674 (34.9 %),
DRMR-1662 (34.3 %) and DRMR-1118 (32.8 %)
recorded significantly higher MSI under heat stress
condition compared to DRMR-1575 (5.2 %),
DRMR-1998 (5.8 %), DRMR-1098 (6.3 %) and
DRMR-403 (6.8 %) (Table 1).

Since membrane damage increases with increase
in stress level, MSI can be considered as a very
important tool for evaluating heat tolerance
potential in Indian mustard germplasm. Similar
reduction in cell membrane stability under high
temperature stress has also been reported in
cowpea (Ismail and Hall, 1999).

Fig. 1 Frequency distribution of population survival percentage (25 DAS) for high temperature stress
tolerance evaluation at seedling stage in 796 germplasm accessions of Indian Mustard during rabi 2012-13
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Thermo-tolerant plants have less excised leaf
water loss compared to thermo-susceptible-plants.
Under the high temperature stress conditions,
accessions DRMR-1118, DRMR-2341 and
DRMR-1570, with their respective values of 19.6,
20.2 and 20.3 %, (20.3 %) gave significantly lower
ELWL values than accessions DRMR-1783 (39.9
%) and DRMR-945 (39.4 %) (Table 1). This
finding is in good agreement with the Sorghum
genotypes at seedling and post-anthesis stages
(Ali et al., 2009).

The results revealed a significant difference in
relative water content in Indian mustard germplasm
(Table 1). In general, heat stress adversely affects
relative water content of mustard   germplasm; RWC
of the germplasm accessions ranged from 62.4 %
(DRMR-1624) to 83.7 % (DRMR-2332) under heat
stress condition. The germplasm accession
DRMR-2332 (83.7 %), DRMR-1674 (79.8%),
DRMR-2264 (79.5 %) and DRMR-1575 (79.1 %)
recorded maximum percent relative water content
under high temperature stress condition compared
to accessions DRMR-1624 (62.4 %), DRMR-957
(54.4 %) and DRMR-1616 (55.6%). Higher
percent relative water content in leaves is a good
indicator of heat – drought resistance. Our present
findings are in agreement with the earlier studies on
wheat (Dhanda and Sethi, 1998) and Indian
mustard (Bhagirath Ram et al., 2012; Sudhir et al.,
2013), oil content of the accessions evaluated ranged
from 39.2 to 44.0 % (Table 1). Under high
temperature stress conditions, accession
DRMR-1626  produced the maximum percent oil
content of 44 followed by DRMR-1444 (43.8%),
BPR-543-2  (43.2 %) and DRMR- 1394 (43.1 %) .
Similarly, accession DRMR-1600 produced the
lowest oil content of 39.2 percent (Table 1). These
findings are in agreement with several earlier
studies on Brassica at seedling stage (Zada et al.
2013; Heenam and Armstrong, 1993; Mendham et
al. 1981, 1990).

Significant reduction in 1000 seed weight occurred
under heat stress at seedling stage. The 1000 seed
weight of the germplasm accessions ranged from
6.3 g (DRMR-1575) to 3.9 g [BPR-541-49 (C)]
(Table 1). Among the germplasm accessions,
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DRMR-1575 gave the maximum 1000 seed weight
of 6.3 g followed by DRMR-1623 (6.0 g),
DRMR-1674 (5.8 g) and DRMR-1118 (5.7 g)
under high temperature stress conditions, whereas
accession BPR-541-4 (C) produced the least 1000
seed weight of 3.9 g.

Although, studies regarding effect of heat stress on
1000 seed weight in Brassica are lacking, Ahamed
et al., (2010) reported that the heat stress of
35–40°C, reduced the 1000-grain weight in heat
sensitive rice variety Shuanggui by 7.0%–7.9%
compared to only 3.4-4.4 % in heat tolerant
Huanghuazhan variety.

The seed yield per plant varied significantly between
germplasm accessions and it ranged from 4.7 g to
31.0 g (Table 1). Amongst the accessions tested,
accessions DRMR-1574, DRMR-1624 and
DRMR-1600 produced seed yield per plant in the
amount of 31, 20.5 and 19.4 g, respectively
(Table-1).  Under the high temperature stress
conditions, accessions, DRMR-1313 (4.7g),
BPR-541-4 (C) (5.8 g), DRMR-1998 (7.1 g) and
DRMR-1077 (7.1 g) yielded the least seed yield per
plant. The reduction in seed yield per plant might be
attributed to reduction in total biomass of the plant
as well as adverse effect on yield parameter in early
sown crops. Similar reduction in seed yield and
genotypic differences in early sown Brassica crops
(Chauhan et al., 2009, Singh et al., 2010, Lallu et
al., 2010; Bhagirath Ram et al., 2012) and in
chickpea (Khetarpal et al., 2009) have been reported.

The significant co-efficient of correlation between
seed-yield and other physiological traits ranged from
0.282* to -0.750** (Table-2). Under high heat stress
conditions, the seed yield plant-1 had significant
positive correlation with 1000 seed weight
(r=0.417**) (Table 2). The percent oil content was
negatively correlated with PPS 25 DAS (r= -0.249)
(Table 2). The PELWL had highly significant
negative correlation with MSI (r= -0.750**) under
the high temperature stress conditions, the PPS at
10 DAS (r= 0.642 **) had significant positive
correlation with the PPS at 25 DAS. Similar
correlation between seed yield plant-1 and physiological
traits had also been reported in Indian mustard by

Bhagirath Ram et al. (2012) and Sharma and
Sardana (2013).

Holland (2006) observed that genetic correlations
between traits are due to linkage and/or pleiotropy
indicating the magnitude and direction of correlated
responses to selection. He also emphasized the
relative efficiency of correlations facilitating
indirect selection. The present findings show that
since the traits are highly correlated, selections based
on correlations may be a useful breeding strategy in
indirect selections for higher seed yield potential
(Ojaghi and Akhundova, 2010).

In conclusion, we report that out of the fifty two
germplasm accessions evaluated, seven accessions
DRMR-1574, DRMR-1624, DRMR-1600,
DRMR-1799, Urvashi, DRMR-2332 and
DRMR-1575 were found to be tolerant to heat stress.
The present study also suggests that germplasm
accessions DRMR-1574, DRMR-1624,
DRMR-1600, DRMR-1799 and Urvashi could be
included in future breeding programme aimed in
developing high yielding genotypes for high
temperature stress conditions.

References
Abhishek R, Prasad R, Gupta VK. 2004. Computer

aided construction and analysis of augmented
designs. J Indian Soc Agri Stat 57: 320-344.

Aggarwal PK and Mall RK 2002. Climate change
and rice yields in diverse agro-environments of
India. II, Effect of uncertainities in scenario and
crop models on impact assessment. Climate
Change 52: 331-343.

Ahamed KU, Nahar K, Fujita M, Hasanuzzaman
M. 2010.  Variation in plant growth, tiller
dynamics and yield components of wheat (Triti-
cum aestivum L.) due to high temperature stress.
Adv  Agric Bot 2: 213–224.

Ali MA, Abbas A, Niaz S, Zulkiffal M and Ali S.
2009. Morpho-physiological criteria for drought
tolerance in sorghum (Sorghum Bicolor) at
seedling and post-anthesis stages. Int J Agric
Biol 11: 674–680.

Angadi SV, Cutforth HW, Miller PR, McConkey BG,
Entz MH, Brandt SA and Volkmar KM. 2000.
Response of three Brassica species to high



156 Journal of Oilseed Brassica, 5(2): July 2014

temperature stress during reproductive growth.
Can  J Plant Sci  80: 693-701.

Barrs HD. 1968. Determination of water deficits in
plant tissues. In: Kozolvski TT (Ed.), Water
Deficits and Plant Growth 1: 235-368.

Bhagirath Ram, Singh BK, Singh M, Singh VV and
Chauhan JS. 2012. Physiological and molecular
characterization of Indian mustard (B. juncea
L.) genotypes for high temperature tolerance.
Crop Improv (ICSA): 5–6.

Chauhan JS, Meena ML, Saini MK and Meena DR.
2009. Heat stress effects on morpho-physiological
characters of Indian mustard (Brassica juncea
L.). 16th Australian Research Assembly of
Brassicas, Ballarat Victoria. 91-97.

Clarke JM, 1987. Use of physiological and
morphological traits in breeding programmes to
improve drought resistance of cereals. In: JP
Srivastava, E Porcedo, E Acevedo & S Verma
(Eds.), Drought Tolerance in Winter Cereals,
John Wiley & Sons, New York, pp. 171-190.

Dhanda SS and Sethi GS. 1998. Inheritance of
excised leaf water loss and relative water
content in bread wheat (Triticum aestivum).
Euphytica 104: 39-47.

Gomez KA and Gomez AA. 1984. Statistical
Procedures for Agricultural Research
(2nd edition) John Wiley and son, New York, 680.

Hall AE. 1992. Breeding for heat tolerance. Plant
Breed Rev 10: 129-168.

Heenam DP and Armstrong EL. 1993.  Sowing time
effects on yield and quality of canola and
linseed. In: “9th Australian Research
Assembly on Brassicas”. N Wratten and RJ
Mailer (eds) Wagga Wagga, New South Wales,
83-86.

Holland JB. 2006. Estimating genotypic correlations
and their standard errors using multivariate
restricted maximum likelihood estimated with
SAS Proc MIXED. Crop Sci 46: 642-654.

IPCC. 2007. Climate Change: Impacts, adaptation
and vulnerability. In: ML Parry, OF Canziani,
JP Palutikof, PJ van der Linden and CE Hanson
(eds), Contribution of Working Group II to the
Fourth Assessment Report of the Intergovern-

mental Panel on Climate Change, Cambridge
University Press, Cambridge, UK.

Ismail AM and Hall AE. 1999. Reproductive-stage
heat tolerance, leaf membrane thermo-stability
and plant morphology in cowpea. Crop Sci 39:
1762–1768.

 Khetarpal Sangeeta, Pal Madan and Snehlata. 2009.
Effect of elevated temperature on growth and
physiological characteristics in chickpea
cultivars. Indian J Plant Physiol 14: 377-383.

Kirk  JTO and Oram RN. 1978. Mustards and
possible oil and protein crops for Australia. J
Ausn Inst Agril Sci 44: 143-156.

Kumar S, Sairam RK and Prabhu KV. 2013.
Physiological traits for high temperature stress
tolerance in Brassica juncea.  Indian J Plant
Physiol 18: 89-93.

Lallu, Baghel RS and Srvastava SBL. 2010.
Assessment of mustard genotypes for thermo
tolerance at seed development stage. Indian J
Plant Physiol 15: 36-43.

Mendham NJ, Russell J and Jarosz NK. 1990.
Response of sowing time of three contrasting
Australian cultivars of oil seed rape (B. napus).
J   Agril  Sci, Cambridge 114: 275- 283.

Mendham NJ, Shipway PA and Scott RK. 1981.
The effects of delaying sowing and weather on
growth, development and yield of winter oil seed
rape (B. napus). J Agril  Sci Cambridge 96:
389-416.

Niknam SR and Turner DW. 1999. A single drought
event, at different stages of development has
different effects on the final yield of B. napus
cv. Monty and B juncea line 397-23-2-3-3. In:
1999 Oilseed Crop Updates (G Shea, ed)
Agriculture Western Australia, Northam,
WA, 14-15.

Ojaghi J and Akhundova E. 2010. Genetic diversity
in doubled haploids wheat based on
morphological traits, gliadin protein patterns and
RAPD markers. African J Agril Res 5:
1701-1712.

Parker P. 1999. The mustard industry in Australia-
Opportunities for a new oilseed. In: Oilseed
Crop Updates Agriculture, G Shea
(ed).Western Australia. 12-13.



157Journal of Oilseed Brassica, 5(2): July 2014

Premachandra GS, Saneoka H and Ogata S. 1990.
Cell membrane stability an indicator of drought
tolerance as affected by applied nitrogen in
soybean. J Agril Sci, Cambridge 115: 63-66.

Ristic Z, Bukovnik U, Vara Prasad PV, West, M.
2008. A model for prediction of heat stability of
photosynthetic membranes. Crop Sci 48:
1513–1522.

Sairam RK. 1994. Effect of moisture stress on
physiological activities of two contrasting wheat
genotypes. Ind J  Exp Biol 32: 593-594.

Sharma P and Sardana V. 2013. Screening of
Indian mustard (B. juncea) for thermo
tolerance at seedling and terminal stage. J
Oilseed Brassica 4: 61-67.

Singh M, Gupta RK and Chauhan JS. 2010.
Biochemical Basis of high temperature
tolerance during germination in Indian mustard
(B. juncea L.). Indian J Plant Physiol 4:
372-377.

Singh VV, Bhagirath Ram, Singh M, Meena ML and
Chauhan JS. 2014. Generation mean analysis

for water stress tolerance parameters in Indian
mustard [B. juncea (L.) Czern & Coss]
crosses. SABRAO J Breed Genet 46: 76-80.

Wassmann R, Jagadish SVK, Sumfleth K, Pathak
H, Howell G, Ismail A, Serraj R, Redona E,
Singh RK and Heuer S. 2009. Regional vulner-
ability of climate change impacts on Asian rice
production and scope for adaptation. Advan
Agron 102: 91-133.

Wright PR, Morgan JM and Jessop RS. 1996.
Comparative adaptation of canola (B. napus)
and Indian mustard (B. juncea) to soil water
deficits: Plant water relations and growth. Field
Crop Res 49: 51-64.

Zada  Muhammad, Zakir Nahida, Rabbani Ashiq M
and Shinwari Zabta khan. 2013. Assessment of
genetic variation in Ethiopian mustard
(B. carinata A. Braun) germplasm using
multivariate techniques. Pakistan J Bot 45:
583-593.


