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Abstract

The effect of temperature stress on the reproductive development and yield of
five Brassica rapa was studied in a controlled growth chamber. The seeds of five
Brassica genotypes namely BARI Sarisha-6, Tori 7, Kallayania, BARI Sarisha-9 and
BINA Sarisha-4 were grown under day/night temperatures at 22/17°C until early
flowering or early siliqua development stage. The high temperature stress i.e., 28 /17°C
or 35/17°C, both at early flowering stage and early siliqua formation stage were imposed
for 7d and then allowed to recover at 22/17°C for normal growth. Shoot dry matter
accumulation varied with temperature and genotype. The highest shoot dry matter was
recorded by Kallayania followed by BARI Sarisha-9. The optimum day temperature for
seed yield of the main shoot showed closer to 28°C. The largest seeds were produced in
the 22/17°C, the size, however, remained similar with 28/17°C temperature stress. During
this temperature regime, the highest seed yield was observed with BARI Sarisha-6 while
BARI Sarisha-9 produced the lowest seed yield. Severe temperature stress (35/17°C)
reduced seeds per siliqua and 1000 seed weight in all genotypes. Maximum pollen
viability and germination were recorded at 20°C by Kallayania followed by Tori 7 at
25°C. However, the temperature above 30°C reduced pollen viability and germination for
all the genotypes. In another set of treatments, the high temperatures exposure (28/23°C)
for 5d reduced oil content and increased protein concentrations. Plant exposed to 25/20°C
temperature stress showed significant changes in oleic, linoleic, and linolenic acids. The
levels of saturated fatty acids were similar across the five genotypes in the control
treatment, but palmitic acid and stearic acids increased with the temperature.
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Introduction

The global temperature is predicted to rise up to 5.8°C as a result of increasing
greenhouse gases in atmosphere, which can have harmful effect on crop yield in northern
temperate areas where plants are adapted to grow in lower temperatures. Oilseed rape
lines can greatly vary in their adaptation abilities in high temperature. This can in worst
cases lead to reductions in yield and oil content during flowering (Aksouh et al., 2006).
Optimum temperature for yield formation can be lower than the optimum temperature for
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leaf appearance rate, vegetative growth, or reproductive progression yield (Pefiuelas and
Filella, 2001). High temperature often accelerates phenological development which can
result in smaller plants, shorter reproductive phase, and lower yield. In addition to
acceleration in life cycle and interrupted carbohydrate accumulation, reproductive stage
including micro sporogenesis and mega sporogenesis is highly sensitive to high
temperature and its disturbance can decline seed yield. When pollen or egg cell
development is delayed or interrupted, fertilization fails and unfertilized ovules can
become aborted (Seavey et al., 2000). Short exposure (1-2 weeks) to high temperature
(35°C) for 4 h/day impaired pollen viability and seed set (Young et al., 2004). Four-hour
exposure daily for one week to 30°C depleted the pollen development and germination in
turnip rape. Moreover, pollen development was slowed and germination ability of pollen
from heat treated plants was also impaired. Short heat treatment of oilseed rape during
seed filling influenced oil quality by decreasing the amount of saturated fatty acids and
decreasing mono-unsaturated oleic acid content (Aksouh et al., 2001). The number of
siliquae in oilseed rape, as well as seed weight, was also affected by heat treatment and
varied highly between different genotypes.

Research institutes in Bangladesh have developed improved verities of Brassica
including BARI Sarisha-6, BARI Sarisha-9, BARI Sarisha-14, BARI Sarisha-15,
Kallayania and BINA Sarisha-4 and improved Tori. In Bangladesh, mostly research are
focused on different management practices for improving yield but less on stresses such
as climate change, soil salinity, drought, flooding, metal toxicity, pollution, and extreme
temperatures. The genotypes BARI Sarisha-6, BARI Sarisha-9, Kallayania and BINA
Sarisha-4 and Tori are moderately waterlog tolerant but the effect of temperature on these
genotypes was not yet investigated. Therefore the objectives of this study were to
determine the response of five genotypes of Brassica to high temperature stress and to
assess the effect of high temperature stress on yield forming traits, pollen viability,
germination, oil, protein and glucosinolate and fatty acid profiles.

Materials and Methods

The experiment was conducted at the Department of Genetics and Plant Breeding
laboratory of Sher-e-Bangla Agricultural University, Bangladesh during 2020. All plants
were grown in a controlled environment chamber at 22/17°C day/night temperature until
the high temperature treatments were imposed. High temperature was imposed in a
growth cabinet for 7 days during at early flowering and early siliqua formation stage.
After imposing temperature stress, plants were return to 22/17°C growth chambers. Five
temperature were used in this experiment : (i) control = continuous 22/17°C; (ii) 28/17°C
at early flowering stage; (iii) 28/17°C at early siliqua formation stage; (iv) 35/17°C at
early flowering stage; and (v) 35/17°C at early siliqua formation stage. The seeds of five
genotypes (BARI Sarisha-6, Tori 7, Kallayania, BARI Sarisha-9 and BINA Sarisha-4)
were used. Data were collected on shoot dry matter, seed yield, fertile pods, seed per pod
and 1000 seed weight. In another experiment, more than 100 inflorescences for each
genotype were randomly cut and immediately brought to the laboratory. Pollen grain
from a single genotype were collected, mixed and immediately stored at -20°C.
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Method described by Singh et al. (2008) was used to check the pollen viability
(PV) and pollen germination (PG). With the help of a clean, fine bristle paint brush, a
homogenous layer of pollen grains were spread on the surface of the germination medium
in a petri plate and transferred to the incubator at the respective temperature treatments:
(i) 15°C; (i) 20°C (iii) 25°C (iv) 30°C and (v) 35°C . To analyse the oil, protein and fatty
acid, when the plants had flowered and siliquae set properly, all the plant were transferred
to a growth chamber and exposed to a moderately high temperature treatment for a short
period of 9 d following a day of acclimation to make 10d of treatment. During the
acclimation, 25°C/20°C temperature was applied. For high temperature treatment, a
shorter period of 4d of very high temperature (28°C/23°C) following a day of acclimation
to make 5d of treatment was applied. Similar temperature was applied during the
acclimation day as that of the previous treatment. For control treatment, plants were kept
at 22°C/17°C temperature. Oil and protein concentration was determined by a previously
described method (Young et al., 2004). Glucosinolates was calculated by using the
method described by Mailer and Pratley (1990). Fatty acid composition of the oil (oleic,
linoleic, linolenic, palmitic and stearic acids) was determined by gas chromatography as
adapted from Ayton et al., (2001) and Mailer et al., (2002).

Results and Discussion

Effect of temperature stress on dry matter, seed yield, fertile siliquae, seeds
per siliqua and thousand seed weight in Brassica rapa

Shoot dry matter accumulation varied with temperature and genotypes. The
temperature 28/17°C had no influence on shoot dry matter accumulation however;
increased temperature to 35/17°C showed decreased shoot dry matter accumulation
(Table 1). The response varied between two growth stages, early flowering was more
sensitive to 35/17°C (shoot dry matter decrease) compared to early siliqua stage. Seed
yield of the main shoot of all genotypes was reduced on 35/17°C at early flowering stage
relative to the control while yield increased with 28/17°C at early flowering stage. This
suggests that the optimum daytime temperature for seed yield of the main shoot is closer
to 28°C. The temperature treatment (28/17°C) produced more siliqua during early
flowering stage compared to control. However, temperature stress (35/17°C) during early
flowering stage produced less number of siliquae (Table 1). For temperature treatment
28/17°C and 35/17°C, did not produce difference in the genotypes during early siliqua
formation stage (Table 1). This indicated that a short exposure of extreme temperature at
a sensitive stage could be critical for crop yield as a mild temperature stress over a longer
period. Among the genotypes, the largest seeds were produced by the 22/17°C (control),
but similar to at 28/17°C treatment during early flowering stage. On the other hand,
severe temperature stress (35/17°C) at early flowering stage tended to reduce seeds per
siliqua (Table 1).



22 Huda et al.
Table 1. Mean plant dry matter, seed yield, fertile siliquae, seed per siliqgua and
thousand seed weight for temperature treatments in five Brassica genotypes
Treatment BARI Tori 7 Kallayania BARI BINA Mean
Sarisha-6 Sarisha -9 Sarisha-4
Shoot dry matter (g/plant)
22/17°C (control) 22.15 20.83 24.91 243 23.8 23.19
28/17°C @ early flower 217 22.55 20.2 22.8 21.72 21.79
28/17°C @ early siliqua 19.43 18.28 213 19.66 18.93 19.52
35/17°C @ early flower 18.2 18.32 22.44 21.83 17.73 19.70
35/17°C @ early siliqua 18.79 19.03 22.67 20.55 20.45 20.29
Mean 20.05 19.80 22.30 21.82 20.52
LSD (T) and LSD (G) 1.56 and 1.45
Seed yield (g/plant)
22/17°C (control) 0.74 0.63 1.68 1.75 0.94 114
28/17°C @ early flower 1.83 1.72 1.25 1 1.65 1.49
28/17°C @ early siliqua 0.71 0.62 0.83 0.84 0.81 0.76
35/17°C @ early flower 0.88 0.2 0.13 0.25 0.18 0.32
35/17°C @ early siliqua 0.86 1.04 0.83 0.9 0.79 0.88
Mean 1.00 0.84 0.94 0.94 0.87
LSD (T) and LSD (G) 0.61 and 0.49
Fertile siliqua /main stem
22/17°C (control) 40 33 43 38 41 39.0
28/17°C @ early flower 75 58 48 35 37 50.6
28/17°C @ early siliqua 38 29 29 18 22 27.2
35/17°C @ early flower 20 15 19 10 8 14.4
35/17°C @ early siliqua 48 24 30 28 40 34.0
Mean 44.2 31.8 33.8 25.8 29.6
LSD (T) and LSD (G) 6.0and 7.0
Seeds/ siliqua

22/17°C (control) 27 16 18 16 12 17.8
28/17°C @ early flower 22 12 13 13 10 14
28/17°C @ early pod 10 15 12 9 7 10.6
35/17°C @ early flower 15 7 10 12 11 11.0
35/17°C @ early siliqua 12 11 9 14 5 10.2
Mean 17.2 122 124 12.8 9.0
LSD (T) and LSD (G) 2.2 and 1.98
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Table 1. Contd.

Treatment BARI Tori 7 Kallayania BARI BINA Mean
Sarisha-6 Sarisha -9 Sarisha-4
1000 Seed weight (g)
22/17°C (control) 3.33 1.8 4.28 2.73 2.88 3.00
28/17°C @ early flower 2.95 1.52 3.95 2.52 271 2.73
28/17°C @ early siliqua 3.13 1.75 3.98 2.66 31 2.92
35/17°C @ early flower 1.51 0.78 1.44 1.08 1.07 1.17
35/17°C @ early siliqua 1.11 0.46 1.08 0.67 0.84 0.83
Mean 2.40 1.26 2.94 1.93 212
LSD (T) and LSD (G) 0.54 and 0.42

All the genotypes produced a lower seeds at moderate (28/15°C) to high
temperature stress (35/17°C) at early siliqua formation stage. Furthermore, high
temperature stress (35/17°C) at early flowering stage and at early siliqua formation stage
reduced 1000 seed weight in all genotypes. The temperature stress affected the yield
forming traits for all the genotypes. High heat stresses have direct effect on flowering
(Tayo and Morgan 1975; Angadi et al., 2000) to support the plant photosynthetically.
Therefore, fertile siliqua only developed from early flowers while the later flowers may
not capable to form fertile siliqua. Previous report showed reduced seed weight under
shorter exposure to high temperature stress in canola (Aksouh et al., 2001) and
declination in the duration of grain filling in cereals (Sofield et al., 1977). Yield loss due
to temperature stress has been reported in many crops including broccoli (Heather et al.,
1992), peanut (Vara Prasad et al., 1999) and pea (Guilioni et al., 1997).

Effect of temperature stress on pollen viability and germination

To test the effect of temperature on pollen viability and germination, pollen were
grown in solid pollen germination medium. A pollen grain was considered to be
germinated when the pollen tube length exceeded or equalled the grain diameter.
Maximum pollen viability and germination were recorded at 20°C followed by 25°C and
30°C [Fig. 1 (A and B)]. The lowest pollen viability and germination was recorded during
high temperature stress (35°C). Maximum pollen viability (96%) and germination (58%)
were recorded at 20°C by Kallayania followed by Tori 7 (83% and 48% respectively) at
25°C. However, the temperature above 30°C reduces pollen viability and germination for
all the genotypes (22% and 9% respectively). Reduced pollen viability and germination
was observed by imposing increasing temperature in Brassica rapa genotypes. This
might be due to the changes of proteins and lipids on the pollen coat (Lahlali et al.,
2014), loss of membrane integrity (Jain and Shivanna, 1989) and sugar presents in pollen
grains (Pressman et al., 2002).
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Fig. 1. Effect of temperature stress on pollen viability (PV) and pollen germination (PG)
in five Brassica genotypes. A. Effect on pollen viability (PV) and B. Effect on
pollen germination (PG). Error bars denote for = SE of 15 measurements.

Effect of temperature stress on oil, protein and glucosinolate concentration in
Brassica genotypes

Out of the five genotypes, Tori 7 had the highest average oil concentration in the
control (Table 2). The temperature stress (25/22°C) imposed for 10d increased the oil and
protein in BARI Sarisha-6 (Table 2). Very high temperature stress imposed for 5d
decreased the oil concentration only in BARI Sarisha-9 and did not influence the protein
fraction. Thus, very high temperatures exposure for 5d reduced the average oil and
increased protein concentrations (Table 2). The result showed that high temperatures
stress reduces the oil concentration and increase the protein concentration for all the
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genotypes. Previous report also showed that the moderately high temperature treatment
increased the oil/protein ratio in Canola (Aksouh-Harradj et al., 2006). Strong negative
correlation exists between oil and protein with high temperatures which might be
explained by an increase of grain nitrogen (Aksouh-Harradj et al., 2006) due to
suppression of starch synthesis rather than to a change in the nitrogen quantity (Bullar
and Jenner, 1985). High temperature alter protein biosynthetic pathway along with
nitrogen concentration in the grain that changes different protein composition (Aksouh-
Harradj et al., 2006). Glucosinolate concentration differed between genotypes exposed to
25/22°C and 28/23°C temperature respectively (Table 2). High glucosinolate also reduces
the feeding value of the rape (Mendham and Salisbury, 1995). In this context, genotype
BARI Sarisha-9 showed low glucosinolate and much higher in Tori-7. Therefore
breeding lines with low glucosinolate level need to be developed for future breeding
program. Temperature stress during seed filling altered the chemical nature of Brassica
oil especially in the unsaturated fatty acid.

Table 2. Effect of temperature stress on the oil, protein and glucosinolate concentration
in five Brassica genotypes

Treatment BARI Tori 7 Kallayania BARI BINA Mean
Sarisha-6 Sarisha-9  Sarisha-4
Oil concentration (%)
22/17°C (control) 38.8 40.33 39.25 38.18 37.88 38.88
25/20°C 36.9 34.15 35.36 36.48 334 35.25
28/23°C 32.2 31.23 32.48 30.55 32.66 31.82
Mean 35.96 35.23 35.69 35.07 34.64 35.32
LSD (T) and LSD (G) 4.0and 3.0
Protein concentration (%)
22/17°C (control) 45.68 44.54 43.95 41.33 44.88 44.07
25/20°C 44.25 40.22 41.35 42.68 40.83 41.86
28/23°C 42.23 43.22 41.82 40.96 43.68 42.38
Mean 44.05 42.66 42.37 41.65 43.13 42.77
LSD (T) and LSD (G) 5.0 and 6.0
Glucosinolate concentration (%)
22/17°C (control) 22.22 30.5 19.8 11.52 17.65 20.33
25/20°C 18.4 22.8 20.3 13.96 16.88 18.46
28/23°C 114 318 184 9.64 20.33 18.31
Mean 17.34 28.36 195 11.70 18.28 19.04

LSD (T) and LSD (G) 2.98 and 1.87
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Fig. 2. Effect of temperature stress on the fatty acid composition in five Brassica
genotypes. A. Effect on oleic acid, B. Effect on linoleic acid, C. Effect on
linolenic acid, D. Effect on palmitic acid and E. Effect on stearic acid. Error bars
denote the mean of at least 15 measurements + SE.

Effect of temperature stress on fatty acid profile in Brassica genotypes

No change was observed in oleic acid concentration in response to temperature
stress (Fig. 2A) but linoleic acids concentration decreases with increasing the temperature
(Fig. 2B) for all the genotypes. Plant exposed to 25/20°C temperature stress showed
greatest changes in linolenic acid concentration (Fig. 2C). The lowest linolenic acid
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concentration was observed by Kallayania (almost 5%) at 25/20°C temperature stress
while at 28/23°C temperature BINA Sarisha-4 had highest (almost 13%) (Fig. 2C). The
results showed that the levels of unsaturated fatty acids were elevated due to imposing
temperature stress among the genotypes. This might be due to desaturase activities were
restricted during high temperature. Similar reports in rapeseed and other species also
showed that desaturase activities changes when plants exposed to high temperature
(Gibson and Mullen, 1996, Aksouh-Harradj et al., 2006). The saturated fatty acids level
was similar for the genotypes in the control (Fig. 2D and E). No changes was observed in
palmitic acid concentration (Fig. 2D) for all the genotypes, only stearic acid
concentration increased by imposing the temperature stress (Fig. 2E). Similar finding
were also showed that palmitic and stearic acids increases substantially by the elevated
temperatures (Canvin, 1965; Percy, 1978; Green, 1986).

Conclusion

Temperature stress not only had an effect on yield components but also effected
oil concentration and fatty acid composition of Brassica rapa genotypes of Bangladesh.
This could be a major issue in many regions of the country where high temperature
combined with drought are common for cultivation of oilseeds. The optimum temperature
for seed yield was closer to 28°C. The temperature above 28°C tended to reduce seed
yield. The ideal temperature to get viable pollen and germination was 20°C. The high
temperature also affects oil and protein content for all the genotypes. BARI Sarisha-9
showed low glucosinolate level and could be used for future breeding program. The
results of this experiment suggest a way for the breeders to select the genotypes that were
affected by the high temperature.

Acknowledgment

The authors are grateful to the Sher-e-Bangla Agricultural University Research
System (SAURES) for financial support to carry out the research project.

References

Aksouh, N., L. Campbell and R. Mailer. 2006. Canola response to high and moderately high
temperature stresses during seed maturation. Can. J. Plant Sci. 86:967-980.

Aksouh, N., B.C. Jacobs, F.L. Stoddard and R. Mailer. 2001. Response of canola to different heat
stresses. Aust. J. Agric. Res. 52:817-824.

Aksouh-Harradj, N.M., L.C. Campbell and R.J. Mailer. 2006. Canola response to high and
moderately high temperature stresses during seed maturation. Can. J. Plant Sci. 86 (4):
967-980.

Angadi, S.V., HW. Cutforth, P.R. Miller, B.G. McConkey, M.H. Entz, S.A. Brandt and K.M.
Volkmar. 2000. Response of three Brassica species to high temperature stress during
reproductive growth. Can. J. Plant Sci. 80:693-701.

Ayton, J., RJ. Mailer, K. Robards, B. Orchard and M. Vonarx. 2001. Oil concentration and
composition of olives during fruit maturation in south-western New South Wales. Aus. J.
Exp. Agric. 41:815-821.



28 Huda et al.

Bullar, S.S. and C.F. Jenner. 1985. Differential responses to high temperatures of starch and
nitrogen accumulation in the grain of four genotypes of wheat. Aust. J. Plant Physiol. 12:
363-376.

Canvin, D.T. 1965. The effect of temperature on the oil content and fatty acid composition of the
oil from several oilseed crops. Can. J. Bot. 43:63-69.

Gibson, L.R. and R.E. Mullen. 1996. Soybean seed composition under high day and night growth
temperatures. J. Am. Oil Chem. Soc. 73:733-737.

Green, A.G. 1986. Effect of temperature during seed maturation on the oil composition of low-
linolenic genotypes of flax. Crop Sci. 26: 961-965.

Guilioni, L., J. Wery and F. Tardieu. 1997. Heat stress induced abortion of buds and flowers in
pea: Is sensitivity linked to organ age or to relations between reproductive organs. Ann.
Bot. 80: 159-168.

Heather, D.W., J.B. Sieczka, M.H. Dickson and D.W. Wolfe. 1992. Heat tolerance and holding
ability in broccoli. J. Am. Soc. Hortic. Sci. 117: 887-892.

Jain, A. and K.R. Shivanna. 1989. Loss of viability during storage is associated with changes in
membrane phospholipid. Phytochem. 28:999-1002.

Lahlali, R., Y. Jiang, S. Kumar, C. Karunakaran, X. Liu, F. Borondics and R. Bueckert. 2014.
ATR-FTIR spectroscopy reveals involvement of lipids and proteins of intact pea pollen
grains to heat stress tolerance. Front. Plant Sci. 5:747.

Mailer, RJ. and J.E. Pratley. 1990. Field Studies of Moisture Availability Effects on
Glucosinolate and Oil Concentration in the Seed of Rape (Brassica napus L.) and Turnip
Rape (Brassica rapa L. var. silvestris (Lam.) Briggs). Can J. Plant Sci. 70:339-407.

Mailer, R.J., J. Ayton and D. Conlan. 2002. Comparison and evaluation of the quality of thirty
eight commercial Australian and New Zealand olive oils. Ad. Hort. Sci. 16(3):259-256.

Mendham, N.J. and P.A. Salisbury. 1995. Physiology: crop development, growth and yield. Pages
11-64 in D. Kimber and D. L. Mcgregor, eds. Brassica oilseed Production and
utilization. CABI, Wallingford, UK

Peltonen-Sainio. P., L. Jauhiainen and A. Hannukkala. 2007. Declining rapeseed yields in Finland:
how, why and what next. J. Agric. Sci. 145:587-598.

Pefiuelas, J. and I. Filella. 2001. Phenology: Responses to Warming World. Science 294:793-795.

Percy, R.W. 1978. Effect of growth temperature on the fatty acid composition of the leaf lipids in
Atriplex lentiformis (Torr.) Wats. Plant Physiol. 61:484-486.

Pressman, E., M.M. Peet and D.M. Pharr. 2002. The effect of heat stress on tomato pollen
characteristics is associated with changes in carbohydrate concentration in the developing
anthers. Ann. Bot. 90:631-636.

Seavey, S.R., S.K. Mangels and N.J. Chappel. 2000. Unfertilized ovules of Epilobium obcordatum
(Onagraceae) continue to grow in developing fruits. Am. J. Bot. 87:1765-1768.

Singh, S.K., V.G. Kakani, D. Brand, B. Baldwin and K.R. Reddy. 2008. Assessment of cold and
heat tolerance of winter-grown canola (Brassica napus L.) cultivars by pollen-based
parameters. J. Agron. Crop Sci. 194:225-236.

Sofield, 1., L.T. Evans, M.G. Cooke and I.F. Wardlaw. 1977. Factors influencing the rate and
duration of grain filling in wheat. Aust. J. Plant Physiol. 4:785-797.



Effect of temperature stress on Brassica 29

Tayo, T.O. and D.G. Morgan. 1975. Factors influencing flower and pod development in oilseed
rape (B. napus. L.). J. Agric. Sci. 92: 363-373.

Vara Prasad, P.V., P.Q. Craufurd and R.J. Summerfield. 1999. Fruit number in relation to pollen
production and viability in groundnut exposed to short episodes of heat stress. Ann. Bot.
84: 381-386.

Young, LW., R.W. Wilen and P.C. Bonham-Smith. 2004. High temperature stress of Brassica

napus during flowering reduces micro- and megagametophyte fertility, induces fruit
abortion, and disrupts seed production. J. Exp. Bot. 55:485-495.





