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Abstract

We developed an improved method of determination of membrane thermostability
(M1) for screening heat-tolerant and sensitive varieties in Brassica which is simple, rapid
and precise. The use of two leaf discs 13 mm in diameter was sufficient to measure the
electric conductivity for screening for temperature tolerance at the young stage. Elevated
temperature at 55°C was more suitable for distinguishing heat-tolerant varieties from heatsensitive ones in Brassica within 3-4 h compared to the previous method where the sample
was kept overnight at l0°C. Calculation method is very simple and accurate compared to
the previous method, as it does not require a control value. Among the four varieties of
cabbage (Brassica oleracea var. capitata L.) studied, the varieties Yoshin and YR Kinshun
were the most tolerant followed by Sousyu, while the variety Kinkei No.201 was heatsensitive. The heat killing time of the heat-tolerant and sensitive varieties was 150 and 120
min at the elevated temperature of 55°C respectively. In Chinese cabbage (B. campestris
var. pekinensis L.), the varieties Kenshin and No. 11 were heat- tolerant, whereas the variety
Chihiri 70 was heat-sensitive. In Chinese kale (B. oleracea var. alboglabra Bailey), the
varieties Full white and Sen-yo shirobana were heat-tolerant while the variety Large leaf
was heat-sensitive. In general, heat tolerance ability was higher in Chinese kale compared
to cabbage and Chinese cabbage. The heat tolerance trait in the interspecific somatic and
sexual hybrids between cabbage X Chinese cabbage, and between Chinese kale X Chinese
cabbage was intermediate between that of the parents. The present results suggest that the
improved method for the determination of MT is efficient and useful for screening and
analyzing the genetic variability of heat tolerance in Brassica.
Additional key words: Temperature stress, EC, heat killing time
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INTRODUCTION
Membrane thermostability (MT) is one of the
important methods used to evaluate tolerant and
sensitive varieties in various crops such as
sorghum (1, 2), soybeans (3), wheat (4), bean,
potato and tomato (5). Sullivan (1) had described a
procedure to estimate the electrolyte leakage from
the leaf-disc induced by high or low temperature
stress through electrical conductance. The
amount of electrolytes leaked is a function of membrane permeability. The higher the value, the
lower the tolerance and a longer heat killing time
indicated a higher level of heat tolerance (6).
The production of Brassica crops like cabbage,
Chinese cabbage, cauliflower and Chinese kale is
often impaired in the tropics, when the growth
temperature exceeds the critical level (7).
Therefore, it is essential to develop a suitable and
simple screening method in Brassica for ensuring
the successful growth of these crops in tropical and
subtropical countries. The present report
describes an improved, simple and efficient
method of determination of membrane
thermostability (MT) for screening heat-tolerant
and sensitive varieties and hybrids in Brassica.

MATERIALS AND METHODS
Plant materials: For screening heat-tolerant
(HT) and sensitive (HS) varie ties, four varieties of
cabbage (Brassica oleracea var. capitata L.) and
Chinese cabbage (B. campestris var. pekinensis L.)
and three varieties of Chinese kale (B. oleracea var.
alboglabra Bailey) were used as follows: Yoshin
(HT), Sousyu F1 (HT), YR Kinshun F 1 and Kinkei
No. 201 F1 for cabbage; Kenshin (HT), Kensui F 1,
Chihiri 70 F 1 (HS) and No. 11 F 1 for Chinese
cabbage; and Sen-yo shirobana F 1, Full white and
Large leaf for Chinese kale. At least one putative
heat-sensitive variety was included for the present
investigation.
Seeds were sown in vermiculite and one week
after germination, seedlings were transplanted into
pots 12 cm in size, filled with a soil:compost (3:1)

mixture. Fertilizer was applied at the rate of 0.5 g
mixed NPK (14-14-14), 1 g single super phosphate
and 2g magnesium carbonate per kg of pot soil.
The seedlings were grown in a glass house under
natural day light conditions at 25/20 ± 2°C and
30/25 ± 2°C day /night temperatures. The leaf
samples were collected from young 30-days old
seedlings for membrane thermostability
determination.
For the studies on genetic variability, three
interspecific hybrids and their parents were used
as follows: a somatic hybrid between the cabbage
variety Yoshin and Chinese cabbage variety
Kenshin, a sexual hybrid of the same combination
(Y oshin X Kenshin) and another sexual hybrid
between the Chinese kale variety Sen-yo shirobana
and Chinese cabbage variety Kenshin.
Fifty-days old seedlings were used for the
determination of membrane thermostability. The
other conditions and tempera ture were the same
as those for cabbage, Chinese cabbage and
Chinese kale. All the experiments were replicated
three times.
Improved method of determination of
membrane thermostability (MT):
Two leaf discs were collected using a leafpuncher 13 mm in diameter and washed 3 times
with distilled water using a magnetic stirrer. The
leaf samples were then placed in 25 X 150 mm test
tubes and a piece of cotton was put on the leaf-disc.
Thereafter, 20 ml of distilled water was added.
Then, the initial conductivity reading (I) was taken
with an EC meter (Model CM-115, Kyoto
Electronics Co. Ltd, Japan). The test tubes were
covered by aluminum foil or a stopper and placed
in a thermostatically controlled water bath
maintained at the constant temperature of 55°C.
Electric conductivity reading (E) was taken every
30 min up to 4 h at the elevated temperature of
55°C. Subsequently, the samples were autoclaved
at 121 °C for 15 min to completely kill the leaf
tissues. The samples were again placed in a water
bath at 55 "C to adjust the elevated temperature and
after 30 min of incubation, final conductance (F)
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was measured. The percentage of injury induced
by the elevated temperature during the time
course (30 min) was calculated as follows:
E - I
Injury (%) = - - - - - x 100
F
where, I is the initial conductance; E is the elevated
temperature conductance; F is the final
conductance after autoclaving. The time required
to cause 50 %injury at 55°C was defined as the heat
killing time.

RESULTS
The improved method of determination of
membrane thermostability (MT) developed for the
screening of heat-tolerant and sensitive varieties in
Brassica was rapid, nondestructive and efficient
(Fig. 1). Two leaf discs 13 mm in diameter were

Improved and Rapid Method of Determination
of Membrane Thermostability (MT)
Take 2-leaf-discs for each treatment using a leaf puncher
(13 mm Dia)

Wash the sample 3-times with distilled water using a
magnetic stirrer

Put the sample into a test tube; Place 1 cm 2 cotton layer
on the sample and add 20 ml of distilled water; Measure
initial conductance (I)

Close the test tube with a marble stopper and place it in a
thermostatically controlled water bath at 550c; Measure
conductance every 30 min up to 3 h (E)

Cover test tubes with aluminum foil and autoclave for 15
min at 1210c; Place test tubes again in a water bath at
ssoc for 30 min and measure final conductance (F)

Leaf injury is measured in percentage as follows:
E -1
Injury(%)= - - x 100
F
where, I is the initial conductance; Eis the elevated
temperatureconductance; and Fis the final conductance

Fig. 1. Flow diagram of the improved method of
determination of membrane thermostability in
Brassica.
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used from each plant. Application of some cotton
pieces into the test tubes on the top of the sample
was very effective to prevent the leaf sample from
becoming damaged by the electrode bar during the
conductance measurement. Addition of 20 ml
distilled water was useful for the submergence of
the electrode bar. Five different elevated
temperatures such as 50, 55, 60, 65 and 70°C were
tested for distinguishing the varieties. Elevated
temperature of 55 °C was most appropriate to
distinguish varieties within the shortest period of
time. When the temperature was below 55°C it
took more than 5 h to reach the end point of
conductance. On the contrary, higher temperature
than 55°C gave very close results which did not
enable to evaluate the temperature tolerance of the
varieties. Conductance measurement at 55 °C for 3
h is suitable and enables to obtain rapid results.
Final conductance reading was taken after
autoclaving at 121 °C when leaf tissues were killed
completely. Similar results were also observed
when the samples were placed into boiling water
for 30min. However, the final conductance reading
was 8.41% lower, when the samples were frozen at700C compared to autoclaving at 121 °C. It was
important to adjust the sample at the elevated
temperature of 55 °C before taking the final
conductance reading as the value was more
accurate than at room temperature, where the
value of conductance was approximately 25% lower.
Finally, the calculation formula developed in the
present method was convenient and accurate.
Since the control value was not necessary, the
procedures were simplified and less timeconsuming. The major improvement in the
calculation method was the subtraction of the
initial value from the value induced at elevated
temperature for a specified period of time.
Screening of heat-tolerant and sensitive varieties in

Brassica:
The heat killing time of the heat-tolerant
cabbage varieties Yoshin, YR kinshun and Sousyu
was longer (150 min) than that of a heat sensitive
variety Kinkei No.201 (120 min) at a growth
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min for both varieties (Table 2 ) , while the heat
killing time was shorter for Chihiri 70 (90 min) and
Kensui (90 min) which exhibited a 58.4% and 50.5%
injury, respectively at 25/20 ± 2°C. When Chihiri 70
and Kensui were grown at 30/25 ± 2°C, the heat
killing time varied significantly and reached values
up to 120 min. The results revealed that among the
four varieties of Chinese cabbage studied, the
varieties Kenshin and No.11 were heat-tolerant,
Kensui was intermediately tolerant, while Chihiri
70 was heat-sensitive.
Heat-killing time of Chinese kale was longer
for the variety Sen-yo shirobana (180 min) and Full
white (180 min) than for the variety Large leaf, in
which the percentage of killing injury was 56.9%
and 55.0%, respectively (Table 3), while the variety
Large leaf required only 120 min for reaching 52.0%
killing injury at the growth temperature of 25/20 ±
2°C. When theses varieties were grown at 30/25 ±
2°C, the heat killing time was the longest in Full
white and Sen-yo shirobana (210 min). The
shortest heat killing time was recorded in the
variety Large leaf (120 min) under 30/25 ± 2°C
growth conditions. The MT results suggest that
the varieties Full white and Sen-yo shirobana were
heat-tolerant while Large leaf was heat sensitive. In
general, the heat tolerance ability was higher in
Chinese kale compared to cabbage and Chinese
cabbage (Fig. 2).

temperature of 25/20 ± 2°C in a glass house under
natural day light conditions. Among the four
varieties, Yoshin and YR Kinshun were the most
heat-tolerant showing a 51% injury during 150 min
at a temperature of 55°C while the variety Sousyu
showed a 56% injury under the same conditions
(Table 1). However, when the same varieties were
grown under 30/25 ± 2°C temperature conditions,
the heat killing time for Yoshin and YR Kinshun
was 210 min, while the heat killing time of Sousyu
and a heat-sensi tive variety Kinkei No.201 was
150min. The trend of heat toler ance in these
varieties was similar for both growth temperatures.
Difference in heat killing time caused by the
growth temperature clearly indicated that the
acclimation capacity of the heat-tolerant varieties
was higher than that of the sensitive ones, under
high temperature stress conditions. Among the
four varieties, Yoshin and YR Kinshun were the
most heat-tolerant, followed by Sousyu, while
Kinkei No. 201 was heat-sensitive.
The heat tolerance ability in the four Chinese
cabbage varieties differed significantly under 25/20
± 2°C and 30/25 ± 2°C growth conditions (Table 2).
The heat killing time was longer in Kenshin and
No.11 (120 min) than in the others at 25/20 ± 2°C
and their percentage of killing injury was 54.6% and
57.1%, respectively. When these two varieties were
grown at 30/25 ± 2°C, the heat killing time was 150

Table 1. Screening for heat tolerance in cabbage based on the percentage of injury at the elevated temperature of 55 'C.

Exposure
time(min)
at 55°C

30
60
90
120
150
180
210
240
a)

Injury(%)
Sousyu

Yoshin

YR Kinshun

Kinkei No.201
-

---------

25•)'C

30.)'C

25°C

30°C

25°C

30°C

25°C

30°C

14.52
21.71
32.47
41.01
51.38
54.49
61.40
66.58

12.43
20.45
26.86
35.50
42.00
47.50
54.30
57.52

24.29
30.24
40.86
47.88
56.03
57.15
65.30
70.64

13.45
26.28
39.24
44.87
50.78
56.41
63.28
66.58

18.30
29.27
38.59
45.60
51.17
55.95
63.75
66.77

16.38
22.02
27.46
36.81
42.85
49.20
55.80
58.82

15.98
29.81
43.25
50.96
60.64
64.43
68.94
72.62

15.69
27.75
40.74
47.61
54.11
60.75
66.20
67.40

Growth temperature
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Table 2. Screening for heat tolerance in Chinese cabbage based on the percentage of injury at the elevated temperature of
55°C.
Injury(%)

Exposure
time(min)
at 55°C

30
60
120
150
180
210
240
a)

Kenshin

Kensui

No.II

Chihiri 70

25"Ca)

30°Ca)

25"C

30°C

25"C

30°C

25"C

30"C

20.54
32.53
54.59
64.56
68.62
73.85
74.34

9.02
19.18
38.62
59.94
63.21
68.85
70.95

27.41
39.82
61.53
68.69
77.09
79.58
80.98

19.25
36.27
54.68
67.01
75.17
77.73
79.52

43.19
47.93
69.98
76.69
84.99
86.29
88.88

30.42
46.59
61.71
71.58
78.47
81.30
85.02

21.63
36.96
57.11
67.30
70.95
73.26
76.72

13.72
24.51
46.41
61.80
68.69
69.91
73.74

Growth temperature

Table 3. Screening for heat tolerance in Chinese kale based on the percentage of injury at the elevated temperature of 55°C.

Exposure
time(min)
at 55°C

30
60
90
120
150
180
210
240
a)

Injury(%)
Sen-yo shirobana

Full white

Large leaf

25°Ca)

30°Ca)

25°C

30°C

25°C

30°C

22.15
29.80
36.17
45.10
49.28
56.93
62.38
65.98

12.73
18.81
29.84
34.91
41.61
45.49
59.35
60.99

14.10
26.44
35.64
42.81
47.41
55.03
61.22
63.71

19.10
24.17
31.31
36.44
41.15
42.67
52.37
54.72

25.09
41.48
49.71
51.96
58.25
62.45
78.58
81.64

22.72
37.64
47.66
50.33
56.26
61.20
68.86
71.33

Growth temperature

Genetic variation for heat tolerance in the
interspecific hybrids between cabbage X Chinese
cabbage, and between Chinese kale X Chinese
cabbage was examined. As shown in Fig. 3, the
heat killing time was longer in the cabbage variety
Yoshin (150 min) than in the Chinese cabbage
variety Kenshin (90 min). However, the heat killing
time of their interspecific somatic (120 min) and
sexual hybrids (120 min) was intermediate
between that of the parents (Fig. 3 ) . Heat tolerance
trait of the other interspecific hybrids between the
Chinese kale variety Sen-yo shirobana and Chinese

cabbage variety Kenshin was also intermediate
(Fig. 4 ), and closer to that of their heat-tolerant
parent. The heat killing time was 150 min for both
Chinese kale and the hybrids. Heat killing time was
only 90 min for the paternal parent of Chinese
cabbage, although the injury level was different in
Chinese kale (51.4%) from that of the hybrid
(54.3%) for the same heat killing time (150 min).
DISCUSSION

Dexter (8) first reported the use of electrical
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Fig. 2. Difference in time required for inducing 50 % killing
injury in cabbage, Chinese cabbage and Chinese kale
when the plants were grown at 25°C and 30°C.
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Fig.3. Heat killing time in the interspecific somatic and
sexual hybrids between the cabbage variety Yoshin
(Yo) and Chinese cabbage variety Kenshin (Ken)
with their parents.
100 ~ - - - - - - - - - - - - - - ,
-8- Senyo
_._ Senx Ken

O'----------------'
30

60

90

120

150

180

210

240

Heat Killing Time (min) at 55 •c

Fig. 4. Heat killing time in the interspecific hybrid between
the Chinese kale variety Sen-yo shirobana (Sen) and
Chinese cabbage variety Kenshin (Ken) with their
parents.

conductivity to measure heat and drought
tolerance. This method was modified by Sullivan
and Kinbacher (9) and Sullivan (1) to evaluate the
drought tolerance in sorghum. Thereafter many
researchers applied this method to evaluate the
heat tolerance in soybean, bean, tomato, country
bean, pepper and wheat by using various elevated
temperatures (3, 10, 11, 12, 13, 14, 15). In the
reported method, a large number of leaf samples
was used, which prevented the application in the
young stage and 2 days were required to measure
one set of leaf sample, because the samples were
kept over night in an incubator at 10°C after
exposure to 48°C (1). The method always required
duplicate samples, one for the control at room
temperature and the other for the exposure to
various elevated temperatures, which is laborious.
However, instead of using various elevated
temperatures, Chen (5) determined the heat killing
time which allowed a better differentiation between
heat-tolerant and heat-sensitive varieties. The
degree of heat tolerance could be expressed either
by the heat killing temperature or the heat killing
time, the latter being a more sensitive indicator.
Heat killing time was considered to correspond to
the time needed to cause 50% injury at 55 °C. On
the other hand, since the heat killing temperature
corresponds to the temperature which causes 50%
injury after treatment, it is necessary to test the
various temperatures applied which is difficult and
sometimes creates problems. Therefore, we
developed an improved method by using the heat
killing time after identifying the appropriate
elevated temperature for rapid evaluation and
screening between heat tolerant and sensitive
varieties in Brassica. The present method is simple
and does not require duplicate samples. Only two
leaf discs 13mm in diameter are sufficient for the
evaluation. In addition, a most accurate and
convenient calculation formula had been developed
to obtain precise results. In the method described
by Chen et al. (5), the final conductance was
measured at room temperature after exposure to
45 to 63°C. We observed that the final reading of
conductivity at room temperature gave a value 25%
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lower than the value recorded at the elevated
temperature at 55°C. Therefore, in the present
method, it is recommended to take the final
reading of conductance at an elevated temperature.
In general, the heat killing time was longer in
plants grown at 30/25 ± 2°C day/night
temperatures than in those grown at 25/20 ± 2°C in
the same variety which indicated that the plants
developed their high temperature acclimation
mechanism under high temperature stress (Tables
1-3). The capacity of acclimation to high
temperature was higher in the heat-tolerant variety
Yoshin for cabbage than in the heat-sensitive
variety Kinkei No.201 (Fig. 2), because the
difference in the heat killing time was longer in the
heat-tolerant varieties than in the sensitive ones at
25°C and 30°C (Table 1). Similar results were also
reported in Chinese cabbage and Chinese kale.
The present results are in agreement with the
report of Chen et al. (5) who observed that none of
the genotypes of tomato, bean, soybean and potato
differed in heat tolerance below a 30°C acclimating
temperature. The temperature at which genotypes
showed the greatest difference in the heat killing
time was 37.5"C for soybean and potato, and 40°C
for tomato and bean. Generally, the heat-tolerant
genotypes, after hardening at temperatures above
30°C, can survive for a long period of time.
Therefore, the MT method enables to evaluate the
heat tolerant varieties in Brassica under high
temperature stress. The heat tolerance trait in the
interspecific somatic and sexual hybrids between
the cabbage variety Yoshin and Chinese cabbage
variety Kenshin was intermediate between that of
parents. Similar results have also been obtained in
another interspecific hybrid between Chinese kale
and Chinese cabbage for the heat tolerance
characteristic, though in this hybrid the trait was
closer to that of the heat- tolerant parent. In
addition, Martineau et al. (16) reported that in
soybean, the mean of progeny in tolerant X
intolerant cross was intermediate for the tolerance
characteristic and the heat-tolerance trait was close
to that of the tolerant parent.
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The results suggest that the improved MT
method could be useful for screening heat-tolerant
and sensitive varieties in cabbage, Chinese
cabbage and Chinese kale at the seedling stage,
and also effective to study the genetic variability of
temperature tolerance in the hybrids of Brassica.
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