
___________________________
Corresponding author: Sohail Ahmad Jan, Department of Biotechnology, Quaid-i-Azam
University, Islamabad, Pakistan ,Phone: +92-345-9118133, E-mail: sjan.parc@gmail.com;
sohailahmadjan3@gmail.com

UDC 575.630
DOI: 10.2298/GENSR1601323J

Original scientific paper

MORPHO- BIOCHEMICAL EVALUATION OF Brassica rapa SUB-SPECIES FOR SALT
TOLERANCE

Sohail Ahmad JAN1*, Zabta Khan SHINWARI1, Malik Ashiq RABBANI2

1Department of Biotechnology, Quaid-i- Azam University, Islamabad, Pakistan
2Plant Genetic Resources Institute, National Agricultural Research Centre, Islamabad, Pakistan

Jan A. S., Z. K.Shinwari, M. A.Rabbani (2016): Morpho- biochemical evaluation of
Brassica rapa sub-species for salt tolerance- Genetika, Vol 48, No.1, 323 -338.
Salt stress is one of the key abiotic stresses that affect both the qualitative and quantitative
characters of many Brassica rapa sub-species by disturbing its normal morpho-
biochemical processes. Therefore, the present research work was designed to study the
effect of different NaCl events (0, 50,100 and 150 mmol) on morphological and
biochemical characters and to screen salt tolerant genotypes among brown, yellow and
toria types of B. rapa sub-species. The plants were grown in test tubes with addition of
four level of NaCl (0, 50,100 and 150 mmol). The effect of salinity on shoot and root
length, shoot/ root fresh and dry weight, relative water content (RWC), proline and
chlorophyll a, b, a+b contents was recorded after 4 weeks of sowing. The genotype 22861
(brown type) showed excellent morphological and biochemical performance at all stress
levels followed by Toria-Sathi and Toria-A respectively as compared to Check variety
TS-1. The genotype 26158 (yellow type) gave very poor performance and retard growth.
The %RWC values and chlorophyll a, b and a+b contents were decreased several folds
with the increase of salt concentration. While, the proline contents was increased with
raising of salt stress. The brown and toria types showed maximum tolerance to salt stress
at early germination stages as compare to yellows one. The present study will serve as
model to develop quick salt tolerant genotypes among different plant sub-species against
salt stress.
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INTRODUCTION
Salt is one of major environmental extreme that badly affect both soil texture and

composition (MARTINEZ-BELTRAN and MANZUR, 2005). The high concentrations of salts in soil
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reduce the normal morpho-physiological and other biological processes by nutrient and ion
unbalances (ASHRAF and HARRIS, 2004; GARTHWAITE et al., 2005). The low to high salt stress
leads cell injury by negatively inhibiting reactive oxygen species (ROS).  The salt stress also
decrease the amount of essential nutrients that retard normal plant growth and lead plant death
(CUIN and SHABALA, 2007, VITAL et al., 2008, SHINWARI et al., 1998, MASOOD et al., 2005).
Drought and salinity are the two major abiotic stresses that affect both the qualitative and
quantitative characters of many brassica species such as rapeseed (Brassica napus L.), mustard
(Brassica juncea L.), cabbage (Brassica oleracea L.) and turnip rape (Brassica rapa L.). The
diploid species of brassica (Brassica rapa) is more sensitive to salt stress then other polyploid
species (KUMAR, 1995). The high salt concentration of salts in soil and irrigation water inhibits
seed germination of many brassica species. In some brassica species, germination occurs but plants
show retard growth and development (ZAMANI et al., 2010). So, it is important to screen improved
genotypes against these environmental extremes by using efficient identification and selection
method (ASHRAF and MCNEILLY, 2004, ALMODARES et al., 2007, ISLAM and KARIM, 2010).

The effect of salinity on both morpho-physiological and biochemical processes of many
important plant species have been reported by many researchers. QUESADA et al. (2002) described
that low to high salt stress inhibit normal  germination rate and plant fresh and dry weight up to
several folds of many important Arabidopsis genotypes. MUNIR et al. (2013) calculated the
photosynthetic rate, proline content and intracellular or intercellular ion content of many canola
cultivars. Their findings showed the low photosynthetic rate and increase proline and ion contents
at high NaCl levels (ULFAT et al., 2007). Different salt levels retards normal growth and
development of many brassica species (KUMAR et al., 2009). The total chlorophyll content of
winter type radish (Raphanus sativus L.) was decreased up to several folds at low to moderate and
high salt stress levels (MUNIR et al., 2013). The salt stress also leads abnormal Na+ ion level in
shoot, which negatively inhibit normal plant biochemical processes (KHAYAT et al., 2010). Salt
tolerant ability varies among B. rapa sub-species. Many B. rapa sub-species are so sensitive to salt
stress and have no optimized protocol to screen salt tolerant genotypes at early germination stage.
Therefore, the present study was conducted to develop a quick, novel screening system for the
identification and further evaluation of brown, yellow and Toria sub-species of B. rapa at early
germination stage.

MATERIALS AND METHODS
The present trial was conducted in Plant Genetic Resources Institute (PGRI), National

Agriculture Research Centre (NARC), Islamabad, Pakistan. The fully mature seeds of three
Brassica rapa sub-species were provided by the gene bank of PGRI, NARC, Islamabad, Pakistan.

Sterilization of Seeds
The seeds were first treated with doubled distilled water for 5-10 minutes with continuous

shaking. The seeds were then treated with 10% Clorox bleach for 10-15 minutes with gentle
shaking followed by a single washed with double distilled water for minutes. The sterilize seeds
were transferred into sterilize petri dishes having autoclaved filter paper.

Seeds Germination with Different Salt Levels
The sterilize seeds were kept on the top of filter papers inside test tubes. About 3-4 ml of NaCl
was added at four different concentrations (0, 50, 100 and 150 mmol). The tubes were stored in
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incubator at 25±2 ºC under 16 hours light and 8 hours dark condition. The controlled plants were
treated with distilled water only.

Morpho-Biochemical Screening
The effect of salt stress on various morphological characters was tested. Many

morphological variations such as shoot length, root length, shoot fresh and dry weight and root
fresh and dry weight were noted at different salt concentrations after 4 weeks of germination.

Measurement of Chlorophyll a, b, a+b and Proline Contents
After 4 weeks of salt stress, young leaves samples were taken from both controlled and

salt treated plants and were subjected to biochemical screening tests. In first step leaves were
treated with 80% acetone, followed by centrifugation at 8000 rpm for 10 minutes. The clear
supernatant was separated from rest of mixture and its absorbance was tested at UV-visible
spectrophotometer at 645 and 663 nm. The chlorophyll a, b and a+b contents were also recorded
from both controlled and salt tested plants by using protocol of ARNON (1949). The proline test
was carried out by using standard protocol of BATES et al. (1973) with little modification.

Measurement of Relative Water Content (RWC)
The percent of Relative Water Content (% RWC) was calculated by using method of

BARRS and WEATHERLY (1962). The percent Relative Water Content (RWC) was measured by
using following formula;

RWC (%) = [(FW–DW)/(TW–DW)]×100

The Fresh Weight (FW) was measured by separating all of leaf disks from each plant and
placed in distilled water for 8 hours at dark condition and weighted. Turgid Weight (TW) was
measured by dehydrating leaves, to removes excess moistures. The Dry Weight (DW) was
measured by desiccating leaves at 80 °C for 1-2 days.

Data Analysis
The data was analysed by using statistical software’s, Statistic v. 8.1 (ANALYTICAL and

SOFTWARE, 2005) and Origin 8.1.

RESULTS
Salt is one the key environmental extreme that directly affects the normal morphological

and other biological processes of many B. rapa sub-species. The low to high salt concentrations in
soil disturb its normal plant growth and development. The present protocol was designed to study
the effect of different salt stress on some of the important morpho-biochemical process of B. rapa
ecotypes. In present experiment the effect of low to moderate and high salt stress were studied the
effect of salt stress on three important Brassica rapa sub-species i.e. 22861 (brown type), 26158
(yellow type), Toria types (Toria-A and Toria-Sathi) were tested along with a check variety TS-1.
The morpho-biochemical responses varied with genotypes and different NaCl concentrations (0,
50, 100 and 150 mmol).
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Adverse effects of Salt Stress on Shoot and Root Length of B. rapa Sub-Species
The growth of shoot and root of B. rapa sub-species were retarded at low to high salt

concentrations as compare to control plants. However the shoot and root development were varied
in all genotypes at different salt concentration. The maximum shoot length 9.50, 8 and 6.85 cm
was recorded in accession 22861 followed by 9.20 and 7.30 and 6.90 cm in check variety
respectively at 50, 100 and 150 mmol salt concentrations. At high salt concentration (50 mmol) the
TS-1 variety gave maximum shoot length 6.90 cm as compare to other tested genotypes. The
genotypes 16134 showed very low tolerance to all salt concentrations. The Toria-A type B. rapa
showed moderate level of tolerance at these concentrations (Fig. 1). The maximum root length was
recorded from genotype TS-1 followed by 22861 and Toria-Sathi individually. Maximum root
length 3.67, 3.14 cm was recorded in genotypes TS-1 at 50 and 100 mmol salt trials. The
genotypes Toria-Sathi showed highest and elongated root length 2.65 cm at 150 mmol salt stress.
The root lengths were smaller in all three sub-species at 50, 100 and 150 mmol salt stress levels as
compare to control condition (Fig. 2). The brown and Toria ecotypes shows better morphological
performance as compare to yellow type (Fig. 10).

Figure 1. Effect of salinity on shoot length
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Figure 2. Effect of salinity on root length

Toxic Effects of Salt Stress on Shoot Fresh, Dry Weight and Root Fresh, Dry Weight of B. rapa
Sub-Species

The salt stress negatively inhibits the shoot fresh and dry weight of B. rapa sub-species.
The maximum shoot fresh and dry weight was recorded in genotype TS-1 followed by 22861. The
maximum shoot fresh weights 7.20, 6.60, 4.93, 3.95 gm and shoot dry weights 1.25, 0.78 and 0.60
gm were recorded in variety TS-1 at 0, 50, 100 and 150 mmol salt concentrations followed by
genotype 22861 and Toria-Sathi respectively (Fig. 3, 5). The other genotypes gave very poor
performance at all salt concentrations. Our findings showed that the genotype 22861 gave similar
type of performance with check variety TS-1. The yellow type shows very poor shoot fresh and
dry weight as compare to others.

The similar trend for root fresh and dry weight was noted at all salt concentration (Fig. 4,
6). The low to high salt stress decrease the root fresh and dry weights up to several fold in some
tested genotypes. The variety TS-1 gave maximum root fresh weights 0.70, 0.55 and 0.45 gm were
noted at 50, 100 and 150 mmol salt events followed by genotypes 22861, Toria Sathi and Toria-A
(Fig. 4). Similar trends of growth pattern were also recorded for root dry weight (Fig. 6).
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Figure 3. Effect of salinity on shoot fresh weight

Figure 4. Effect of salinity on root fresh weight
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Figure 5. Effect of salinity on shoot dry weight

Figure 6. Effect of salinity on root dry weight
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Water Content
The salt stress affect percent of leaf relative water content (RWC) of all tested genotypes.

At high salt stress (150 mmol) the %RWC values were significantly decreased up to several folds.
The maximum %RWC 81.07, 72.10, 65.50 and 60.56 % was recorded in genotype 22861 at 0, 50,
100 and 150 mmol salt concentrations as compare to check variety TS-1(83.63, 73, 68.23 and
63.61%). The lowest leaf RWC content was recorded in genotype 26158 followed by Toria-A and
Toria Sathi. Our finding showed that RWC values changes with type of genotype used and
different salt events (Fig.7).

Figure 7. Effect of salinity on percent leaf relative water content (%RWC)

Proline Content
Proline, an amino acid, plays important role in plants under abiotic stress condition. In

abiotic stressful condition plant it provide protection to plants by three ways; by maintaining cell
turgor or osmotic balance; stabilizing membranes thereby preventing electrolyte leakage; and
normalize the reactive oxygen species (ROS) concentration. In present study the proline contents
were recorded at different salt concentrations in all five tested B. rapa genotypes, that raises with
the increase of salt stress. The maximum proline contents 2.92, 5.4, 5.50 and 5.70 μmol g–1were
recorded in genotype 22861 at 0, 50, 100 and 150 mmol salt concentrations as compare to 1.93,
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5.37, 5.53 and 6.75 μmol g–1 of check variety TS-1. A slight difference in value was recorded
among genotype 22861 and check variety at all salt stress levels. The similar type increase was
calculated in all other genotypes at high salt concentrations. The lowest proline content was
recorded in genotype 26158 at all stress level as compare to other genotypes. The proline content
of check variety TS-1 was almost double of genotype 16134 (Fig. 8). The brown type of B. rapa
showed maximum proline content at all stress levels as compare to other two types.

Figure 8. Effect of salinity on leaf proline content

Chlorophyll Contents
The chlorophyll contents were adversely affected by low to moderate and high salt

concentrations. The affect was much severe at 150 mmol salt concentration in all three sub-species
and check variety. The highest Chlorophyll a, b and a+b contents were recorded in genotype TS-1,
22861, Toria Sathi, Toria A and 26158 respectively. About 70-80 % decrease in overall
chlorophyll contents was recorded in almost all genotypes at high salt concentration (150 mmol) as
compare to control condition (0 mmol). Among all tested genotypes, the brown type genotype
22861 showed highest total chlorophyll content after check varietyTS-1 at all stress levels (Fig. 9a-
c).
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Figure 9 (a). Effect of salinity on Chl a content

Figure 9 (b). Effect of salinity on Chl b content
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Figure 9 (c). Effect of salinity on Chl a+b content

Figure 10. Effect of salt stress on morphological behaviour of B. rapa sub-species (A) Morphological
response of check variety (TS-1) to different salt stress (B) Morphogenic response of genotype
22861 (brown type) to different salt stress levels (C) Morphological response of Toria-Sathi (toria
type) to different salt concentrations (D) Morphogenic response of Toria A (toria type) to different
salt stress levels (E) Poor Morphological response of genotype 26158 (yellow type) to different salt
levels
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DISCUSSION
Salt stress affects the morpho-physiological, biochemical and other molecular processes

of B. rapa sub-species. Therefore, proffer screening of improved salt tolerant genotypes is
important against this environmental extreme. In present study the effect of various salt stress
levels on growth performance and other morpho-biochemical processes of B. rapa subspecies
brown, yellow and toria was studied. Our finding shows significantly different types of variation
among all three types, at low to moderate and high salt levels. Some genotype showed almost
similar performance as check variety while, others gave very poor performance even in low salt
stress, and that shows that salt tolerance ability vary among genotypes and with different NaCl
concentrations. Abiotic stresses affect the yield and other performance of many brassica species
and the responses among genotypes varies with different salt concentrations (SHAHBAZI et al.,
2011, UMAR et al., 2011, ALAM et al., 2014).

Various morphological parameters were studied under three different salt stress levels
(50, 100 and 150 mmol) and at control condition (0 mmol) of four new genotypes (26158, 22861,
Toria-A and Toria Sathi) along with a check variety TS-1. The salt stress significantly decreased
the growth of shoot length, root length, shoot fresh, dry weight and root fresh, dry weight up to
several fold. The genotype 22861 showed excellent growth rate followed by Toria Sathi and Toria
A at all stress levels as compare to check variety. The morphological performance of genotype
22861 is almost similar to check variety, that was opposite for genotype 26158. The salt stress
affects the morphological characters of many important B. napus species. The effect was more
severe when the salts stress rising from 50 to 150 mmol (SHAHBAZI et al., 2011). Our finding are
also in line with (ASHRAF and HARRIS, 2004; MUNNS and TESTER, 2008) those studied that low to
high salt concentrations in soil affect both morpho-biochemical processes of plants that negatively
inhibit the growth and development. The high salt concentration of NaCl (7 and 9 dS m-1) effect
important morphological characters such as germination rate, root and shoot length, fresh and dry
root weight, fresh and shoot weights of all tested pumpkins varieties (DADASHPOUR, 2012).
According to VITAL et al. (2008) high salt stress disturb normal ion-balance uptake process,
produce some toxic substances and decrease the availability of important essential nutrients. UMAR
et al. (2011) noted different sorts of performance at different salinity levels in different Brassica
campestris genotypes. The morpho-biochemical responses vary with genotypes and type of salt
stress used (MUNNS and TESTER, 2008; ARSHI et al., 2005; MUNNS et al., 2006).

The percent leaf relative water content (%RWC) values decreases with the increase of salt
stress level from 50 to 150 mmol. The genotype 22861 gave maximum %RWC value at all stress
level as compare to other tested genotypes. The %RWC value was lowest for genotype 26158. The
%RWC values decrease up to 60-70% in almost all genotypes at 150 mmol salt stress level (Fig.
2). The %RWC values decreases with increase of drought stress in many important B. napus, B.
campestris and B. juncea cultivars (ALAM et al. 2014). Our findings are also in line with that of
GUPTA et al. (2001) and MEENA et al. (2003). KHALATBARI et al. (2013) reported that high NaCl
concentrations (50 and 100 mmol) effect the morpho-physiological characters of wild (Columbia-
0) and vte4 mutant Arabidopsis plants. The growth, development and relative water content was
significantly decreased with high salt concentration. The cold stress decrease % RWC values, up
to many fold in many important tomato cultivars SHAH et al. (2014).

When plants are subjected to different abiotic stress the proline increases with the
increase, that maintain normal osmotic pressure, help in signal transduction/gene expression and
perform antioxidant activities too (BATES et al., 1973; NAHAR et al., 2013). From Fig. 8 we noted
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that proline content almost double in many genotypes when the salt stress increase from 50 mmol
to 150 mmol. The increase of proline contents help plant to survive in such adverse condition. The
maximum proline content was recorded in brown type 22861 while it is lowest for yellow
type26158 as compare to check variety TS-1. The leaf proline contents were maximum with the
increase level of drought stress in B. campestris (ALAM et al. 2014). The increase level of proline
content was noted at high drought stress condition in many diverse brassica species (DEEPAK et al.,
1995). These results are also in agreement with previous studies (ALI and ASHRAF, 2011; NOUNJAN
et al., 2012).

The low to moderate or high salt stress also affect the photosynthetic rate via decreasing
the chlorophyll contents of many important B. rapa sub-species. The chlophyl a, b and a+b
contents were decreased many folds in all three B. rapa sub-species. The brown type 22861
showed excellent chlorophyll contents followed by Toria Sathi Toria-A and 26158 respectively as
compare to check variety. A decrease amount of total chlorophyll content (70-80%) was recorded
at 150 mmol salt stress as compare to controlled condition. Abiotic stresses such as drought,
salinity and frost decrease the photosynthetic rate via alternation of many important photosynthetic
pigments (ANJUM et al., 2011; PANDEY et al., 2012). The extreme drought and salt stresses inhibit
the chlorophyll content of several important plant species (CHAVES et al., 2003, RENOLDS et al.,
2005). The salt stress decreases the amounts of Chlorophyll a, b and a+b up to several folds in
many brassica species such as B. napus, B. juncea and B. campestris (ALAM et al. 2014). These
results are also in commitment with KAUSER et al. (2006).
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Izvod
Vršena su ispitivanja efekta različitih koncentracija NaCl (0, 50,100 I 150 mmol) na

morfološke i biohemijske osobineon  u cilju identifikacije tolerantnih genotipova na soli među
semđim, žutim iI uz dodavanje četiri nivoa NaCl  toria B. rapa sub-speciesa. (0, 50,100 and 150
mmol). Određivani su efekat zaslanjenosti na dužinu korena  biljke, prinos sveže i suve supstance
biljke i korena,  relativnog sadržaja vode (RWC),  sadržaja prolina, i hlorofila a, b, I a+b hlorofila.
Genotip 22861 (smeđi tip) je pokazao odlične morfološke i biohmijske osobine u svim uslovima
stresa a slede Toria–Sathi, i Toria–A u poređenju sa kontrolnim TS-1genotipom. Genotip 26158
(žut tip) je imao vrlo siromašne osobine i porast. Vrednosti RWC % i hlorofila a, b i sadržaj a+b
hlorofila su bile smanjene nekoliko puta sa povećanjem koncentracije soli. Povećanje sadržaja
prolina je pratilo povećanje koncentracij soli. Smeđi i Toria tipovi su pokazali maksimalnu
tolerantnost prema solima u ranoj fazi klijanja, kada se uporede sa žutim tipovima.. Ova
istraživanja će poslužiti kao model za brzi razvoj tolerantnih genotipova.
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