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ABSTRACT

Salinity is one of the principal abiotic stresses for limiting crop production around the world. In
vitro root bioassay of five potato genotypes namely CIP102, CIP106, CIP120, BARI Alu 72
(CIP 139), and BARI Alu 73 (CIP 127) was studied for salinity tolerance. Root tip segments of
these genotypes were cultured in MS media having 0.0 (control), 80, 100, 120, 140 and 160 mM
NaCl. The root tips of the experimental potato genotypes were not significantly affected by
salinity up to 120 mM compared to the control treatment. The variety BARI Alu 72 (CIP 139)
was found maximum tolerant up to160 mM salinity with 4.15 cm root length having the highest
relative root growth (50.55 %). On the other hand, CIP 120 was found salinity sensitive
genotypes showing the lowest root length (2.85 cm) at 160 mM NaCl treatment having the
relative growth rate of 40.03 %. However, BARI Alu 73 (CIP 127) and CIP 102 were found
tolerant up to 140 mM salinity with 4.10 and 4.01 cm root length indicating 51.57 and 51.54 %
relative growth rate of root tip segments, respectively. The genotypes CIP-139, CIP-127, CIP102 can be used for further investigation under field condition to evaluate their performance at
various salinity levels.
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INTRODUCTION

Potato (Solanun tuberosum L.) is the edible tuber of vegetative plant under economically
important solanaceae family cultivated about 180 countries around the world (Liljana et al.
2012). Next to maize, wheat and rice it is the leading staple food crop in the world (FAO 2015).
In addition, it is an excellent and cheap source of carbohydrates, vitamins and minerals, macro
and micro nutrients, amino acids particularly lysine as well as more high quality protein than
other root and tuberous crops (Khurana and Naik 2003). According to Tuber Crops Research
Centre (TCRC 2015) potato is the 3rd most important cash crop after rice and wheat in
Bangladesh. But in terms of total crop production, it ranks 2nd position after rice and 1st position
(70.97 %) among edible vegetables (BBS 2016). In Bangladesh, its production is concentrated
during the month of November to February covering an area of about 4,75,488 hectares (3.13 %
of total cultivated area ) having production of 94,74,098 metric tons (BBS 2016). Salinity has
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become a recurrent problem in world agriculture. Salinity affected 20-25 % of the world’s
cultivated land (Khenifi et al. 2011; UNU-INWEH 2014), where 33% of lands are affected
through irrigation (Shrivastava and Kumar 2015) causing global economic losses of about 27.3
billion US $ per year (UNU-INWEH 2014). Agriculture plays an important role in the economy
of Bangladesh contributing about 15 % of the country’s GDP and around 43 % of total labor
force are still involved in this sector (BBS 2016). Since Bangladesh belongs to one of the seaside
countries, the adverse impact of salinity is also significant here. Coastal and off-shore lands of
Bangladesh cover some 2.86 million hectares (SRDI 2010) having 30% of her cultivable land
(Dasgupta et al. 2015). Due to climate change about 53% of the coastal areas (1.056 million
hectares) including 8 agro-ecological zones (AEZ) in 13 districts of Bangladesh are affected by
different degrees of salinity (SRDI 2010; Russel et al. 2013) with ranges from 3.63 to 27.67
dSm-1 (Akhter et al. 2008). However, cultivation of salt-tolerant crops is one of the most
important strategies to solve the problem of salinity (Manchanda and Garg 2008). Therefore, salt
tolerant potato cultivars can be chosen for this purpose. As with respect to production
technology, harvesting, processing, marketing, net profit and consumer acceptance potato is
considered as the most promising crop in Bangladesh. Besides, rising demand in national and
international market and industrial use has brightened the economic prospect of potato in
Bangladesh. According to Bangladesh Export Promotion Bureau (BEPA 2016) about 70000 tons
of potato has been exported to different countries in 2016 and if things go right, potato is
expected to be major export goods after garments, leather and frozen fish by 2030. Due to low
yield and saline susceptibility of potato cultivars available in Bangladesh are not economically
suitable for cultivation in saline soil (Uddin et al. 2011; Rahman et al. 2013,). However, some of
the high yielding clones from International Potato Center (CIP) have been reported as salt
tolerant which can be cultivated in saline belt areas. Before large scale cultivation it is necessary
to screen or assess them against salt stress. Unfortunately, there are very few reports available on
in vitro root bioassay study protocol of salt tolerant potato varieties/genotypes in Bangladesh.
Therefore, important CIP potato genotypes have been screened out to get the salinity tolerance
level under this study.

MATERIALS AND METHODS

Five salt tolerant potato genotypes viz. CIP102, CIP106, CIP120, BARI Alu 72 (CIP 139) and
BARI Alu 73 (CIP 127) were collected from the Tuber Cops Research Centre (TCRC),
Bangladesh Agricultural Research Institute (BARI), Gazipur-1701 and used as plant materials in
the experiment. Healthy and diseases free root tip segments from in vitro raised plantlets of these
genotypes were used as explants. MS (Murashige and Skoog 1962) media supplemented with
different concentrations of NaCl viz. Control, 80 mM (7.31 dSm -1), 100 mM (9.13 dSm-1), 120
mM (10.96 dSm-1), 140 mM (12.78 dSm-1) and 160 mM (14.61 dSm-1) were used for the study.
The prepared media were taken to different conical flasks before autoclaving and then sterilized
by autoclaving at 1.06kg/cm2 (15 PSI) pressure with 1210 C for 20 minutes. The autoclaved
media were then poured into sterile petri dishes under a Laminar Air Flow Cabinet and were
allowed to cool before use. Root tip segments of about one cm long were cut from 1-2 weeks old
microplants. Three to four segments were placed in (9 cm diameter) petri dishes containing 20
ml semi-solid prepared media. All the petri dishes were parafilmed and marked with permanent
marker to indicate specific treatment. The cultures were then incubated in growth room under
dark condition at a temperature of 21 ± 10C. Root length was measured against a ruler in cm at
28th day after culture by subtracting initial root length from final root length. Relative root
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growth percent (%) indicates the extension of root tip segments comparing to control. It is
expressed in percentage and calculated by following formula:
Relative growth of root tip segments (%)

=

Actual root length (cm)

Root length in control (cm)

× 100

Collected data were analyzed by MSTATE-C software. Two factor (Genotypes and Treatment)
factorial analysis of variance were performed at Completely Randomized Design (CRD) with 5
replications and means were compared by the Duncan’s Multiple Range Test (DMRT) at 0.05
level of probability.

RESULTS AND DISCUSSION

Combined effect of genotypes and salinity for root growth

Root length (cm): Five different level of salinity viz. 80, 100, 120, 140, 160 mM NaCl along
with control (normal MS medium) were used to observe the root growth performance of CIP
potato genotypes. The results observed were presented in Table 1 and Plate 1. It was found that
in control condition (Zero salinity) showed the highest root length (8.21 cm) in the genotype
CIP-139 and the lowest (7.12 cm) in the genotype CIP-120. The second highest root length
(7.78 cm) was found in the line CIP-102. In control condition, the genotypes showed significant
variation in respect of root length. In case of 80 mM salinity level, the highest root length (7.20
cm) was observed in CIP-139 genotype followed by CIP-102 and the lowest root length
(6.32cm) in CIP-106 genotype. Whereas CIP-127 and CIP-120 were found statistically
significant at this salinity level.
In the treatment of 100 mM and 120 mM salinity level, the genotype CIP-139 produced the
highest root length with 5.61 and 4.62 cm, respectively. On the other hand, CIP-106 produced
the lowest root length (5.06 cm) at 100 mM salinity level but the lowest root length (3.92 cm)
was found in CIP-120 at 120 mM salinity level. It was noticed that with the increase of salinity
level higher than 120 mM, root length was gradually decreased and all the genotypes produced
their minimum root length at 160 mM salinity level.
However, CIP 139 showed the highest tolerance up to 160 mM salinity level with 4.50 and 4.15
cm root length at 140 and 160 mM salinity levels, respectively. The study also revealed that CIP
127 and CIP 102 were found tolerant up to 140 mM salinity level with 4.10 and 4.01 cm root
length, respectively. On the other hand, CIP-106 and CIP-120 showed their tolerance up to 120
mM salinity level with 4.11 and 3.92 cm root length. Among the all interactions, CIP-120
produced the minimum root length (2.85 cm) at 160 mM salinity level.

The investigation of Rahman et al. (2008) also showed the reduced plant root length at 75 and
100 mM NaCl. However, Morpurgo (1991) reported that some cultivar such as cv. Serrana had
potentially to produce vigorous root growth in MS liquid medium containing 154 mM NaC1 at
in-vitro.
Effect of genotypes against at 160, Relative growth of root in percent (%)

Relative growth of root in percent (%) among the genotypes responded differently with different
level of salinity. The study revealed that, root growth was not significantly affected up to 120
mM salinity level comparing with control treatment (Table 1 and Plate 1). Relative growth of
root varied from 81.76 to 91.90 % at 80 mM salinity level in all the genotypes whereas, the
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Table 1: Combined effect of genotypes and salinity level on root length (cm) and relative growth
rate (%) of root at in vitro
Genotypes

Control

80
mM

CIP 102

7.78 c

7.15 e

CIP 120

7.12 e

6.51 f

8.21 a

7.20 e

CIP 106
CIP 127
CIP 139
CV (%)

7.51 d
7.95 b

Root length (cm)
100
mM

5.10 j

120
mM

4.15 l

80

mM

120

140

mM

mM

160
mM

91.9 b

65.6 i

53.3 n

51.5 p

45.2 r

3.92m

3.17 o

2.85 p

100 a

91.4 b

78.8 f

54.7m

44.5 s

40.0 u

4.62 k

4.50 k

4.15 l

6.50 f

5.25 i

4.45 k

4.44

3.51 n

4.10 l

3.35 n
3.50 n

100 a

100 a
100 a

84.0 d
81.8 e

87.7 c

b

a

100
mM

100 a

4.11 l

1 (a). Control treatment in
genotype

Control

3.40 n

5.06 j

5.61 h

160
mM

4.01m

6.32 g

5.32 i

140
mM

Relative growth rate of root (%)

67.3 g

66.0 h

64.8 j

55.1 l

56.0 l

56.3 k

4.17

46.7 q

51.6 p

54.8m

43.1 t

44.0 s

50.6 o

c

CIP 139 1 (b). 80 mM NaCl treatment in CIP 1 (c). 160 mM NaCl treatment in CIP
139 genotype
139 genotype

d

1 (d). Control treatment in
CIP 120 genotype

e

f

1 (e). 80 mM NaCl treatment in 1 (f). 160 mM NaCl treatment in
CIP 120 genotype
CIP 120 genotype

Plate 1 (a-f): Potato root tips grown in different levels of salinity
32

Rahman et al./ In vitro root bioassay of different exotic (CIP) potato genotypes
highest (91.90 %) was noticed in CIP-102 and the lowest in CIP-127. With the increase of
salinity level, the root growth reduced in all the genotypes. The minimum root growth observed
at 160 mM salinity level in all the genotypes. However, CIP-139 was found highest tolerant for
this parameter up to 160 mM salinity level with relative growth rate of 50.55, 54.81 and 56.27 %
140 and 120 mM salinity levels, respectively. On the other hand, CIP-127 and CIP 102
performed better up to 140 mM salinity levels with 51.57 and 51.54 % relative root growth,
respectively. CIP 106 and CIP 102 showed their tolerance up to 120 mM salinity level with
55.06 and 54.65 % relative root growth in comparison to control.
Sudhersan et al. (2012) also reported reduced root length plant-1 in potato varieties by increasing
salt in MS media from 750 - 4000 ppm. It has also been reported that under salt stress condition,
relatively salt-tolerant potato cultivars performed better than salt-sensitive cultivars comparing
with control (Rahnama and Ebrahimzadeh 2004; Murshed et al. 2015).
Different degrees of salinity:

The root length (cm) and relative growth (%) of root tip segments of studied genotypes showed
significant differences (Table 2). Among the five genotypes, BARI Alu 72 (CIP 139) responded
the highest (5.61 cm) in terms of root length against different degrees of salinity followed by
BARI Alu 73 (CIP 127) (5.29 cm) and CIP 102 (5.23 cm). Whereas, the lowest response (4.86
cm) for same parameter was noticed in CIP 120. The average relative root growth was maximum
(68.32 %) in the genotype BARI Alu 72 (CIP 139) and minimum (66.31%) in cultivar CIP 120
in comparison to control (Table 2). Whereas, BARI Alu 73 (CIP 127) and CIP 102 were found
statistically similar with 67.51 and 67.22 % relative root growth compared to control treatment
(Table 2).

This is strongly in accordance with the findings of Marschner (1995) and Farhatullah et al.
(2002) who reported that cultivars within a crop species vary greatly in their response to salinity
on the rooting and root growth. However, Naik and Widholm (1993) described severely reduced
root length in all tested potato cultivars by increasing salt treatments up to 75 mM NaCl.

Table 2. Response of genotypes in respect of root length (cm) and relative growth rate (%) under
in vitro condition
Genotypes

Root length (cm)

Relative growth percent (%) of root

CIP 102

5.23 b

67.22 b

CIP 120

4.86 d

CIP 139

5.61 a

CIP 106
CIP 127
CV (%)

LSD (0.05)

4.99 c

66.56 c

5.29 b

67.51 b

66.31 d
68.32 a

4.44

4.17

2.35

2.68
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Figure 1. Effect of salinity levels on growth of root at in vitro

Effect of salinity level on root growth in different potato genotypes: Root length (cm) and
relative growth rate (%) of root for all studied genotypes was gradually reduced with the increase
of NaCl concentration in culture media where the highest root length (77.2 mm) was found at
MS media lacking NaCl stress (Figure 1) and the lowest (33.8 mm) at 160 mM salinity level. It
was noted that plantlets of tested potato genotypes were found tolerant up to 120 mM NaCl
salinity level with 42.5 mm root length having 55.06 % relative growth compare to control. Then
root length was reduced to 38.3 mm having 49.41 % relative growth at 140 mM and further to
33.8 mm having 43.67 % relative growth at 160 mM salinity level compare to control. This is
strongly in agreement with Pour et al. (2010) who reported decreased root length of potato
growing in the increasing NaCl concentrations. Zaman et al. (2015) also found the maximum
root length (3.6 cm) at control and the minimum (0.9 cm) was studied at 60 mM NaCl. But
Khenifi et al. (2011) found nearly 6 cm root length in potato cv. desiree at 120 mM salinity level.

CONCLUSION

Salinity tolerant potato variety is essential for their cultivation in the saline affected land
specially southern part of Bangladesh. Exotic (CIP) five salt tolerant potato genotypes viz.
CIP102, CIP106, CIP120, BARI Alu 72 (CIP 139) and BARI Alu 73 (CIP 127) were evaluated
for in vitro root bioassay to identify elite strain for further study. It was revealed from this study
that, BARI Alu 72 (CIP 139) showed best performance up to 160 mM salinity treatment. It
means that, the genotypes can be cultivated up to 14.61 dS/m level of saline soil.
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