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ABSTRACT

Arsenic (As) is a toxic metalloid widely distributed in the environment
posing threat to human health. Enriching the soil with phosphorus (P) in
As condition is believed to reduce the uptake of As in plants. But, it is not
clear whether this uptake changes affect the growth behaviors of plant
or not. Therefore, this study was conducted to determine the efficacy of P
in balancing the negative effects of As on Brassica rapa. Seeds of B. rapa
were treated with different concentrations of As, with or without addition of
P. As exposure hindered seed germination and seedling growth at different
magnitudes depending on the level of concentrations. However, addition of
P in As solution culture improved the seed germination and seedling growth
significantly. Germination were 87% in T2 (2 ppm As + 10 ppm P), 78% in T4
(5 ppm As + 10 ppm P) and 68% in T6 (10 ppm As + 10 ppm P) compared to
82% in T1 (2 ppm As), 73% in T3 (5 ppm As) and 61% in TS5 (10 ppm As). In
treatments T1, T3 and T5, seedling dry biomasses were 26 mg, 15 mg and 12
mg respectively, which were enhanced to 31 mg, 21 mg and 16 mg respectively
in T2, T4 and T6. Similar trend was also recorded for plumule and radical
growth, seedling vigor, sturdiness etc. Therefore, this study recommended the
application of P to reduce the negative effects of As on B. rapa in As solution
culture and maintains that the results may hold good in the field.

Keywords: Brassica rapa, Arsenic, Phosphorus, Germination, Seedling vigor,
Sturdiness.
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INTRODUCTION

The turnip or neep (Brassica rapa L.) is a widely cultivated annual or
biennial herbaceous plant of root vegetable belonging to the family Brassicaceae.
It is commonly grown in temperate climates, now spread throughout world,
including most parts of the tropics for its white, fleshy taproot. Wild forms of
the hot turnip and its relatives are found over west Asia and Europe, suggesting
their domestication took place somewhere in that area (Susan, 2010; Daniel
et al.,, 2012; Rdnld, 2018). Small, tender varieties of this crop are grown for
human consumption, while larger varieties are grown as feed for livestock
(Vogl-Lukasser et al., 2007; Slankster et al., 2012). Boiled turnip is 94% water,
5% carbohydrates, and 1% protein, with negligible fat. It also contains iron,
calcium, potassium, sodium, and significant amount of vitamin A, B, C and K.
It is grown in well drained loam and sandy soils, and needs constant irrigation
during the growing season (Susan, 2010; Slankster et al., 2012; Rdnld, 2018).

Elevated concentration of arsenic (As) in surface soil and in plant tissue
were reported in Bangladesh unluckily, since As contaminated groundwater
has been used for irrigation (Meharg and Rahman, 2003). Areas under turnip
cultivation in Bangladesh are prone to the risk. Being a toxic element, As poses
serious threats to environment and human health (Leimu and Fischer, 2008;
Singh et al., 2015; Babst-Kostecka et al., 2016; Guevara-Garcia et al., 2017;
Khan et al., 2018). When crops are grown in As-contaminated soil or irrigated
with As-contaminated water, As gets accumulated in the seeds or grain which is
becoming an increasingly important problem in many parts of the world (Sanal
et al., 2014) as it poses significant risk to animal and human health through
soil-crop transfer (Fitz and Wenzel, 2002; Sultana et al., 2015). At high level of
As concentrations, yields of a variety of crops shrink significantly (Carbonell-
Barrachina et al., 1997; Chaturvedi, 2006). Especially, plants with highly water-
retentive fruit and vegetable accumulates As in elevated concentrations in their
body (Mishra et al., 2014). Moreover, turnip is naturally efficient in preventing
As accumulation in their tuber (Vogl-Lukasser et al., 2007; Khan et al., 2011).

On the other hand, phosphorus (P) - an essential plant nutrient that
regulates cellular energy transfer, respiration, and photosynthesis (Marschner,
1995) - is a chemical analogue of As (Raghothama, 1999; Khan et al., 2013;
Meharg et al., 2014). Therefore, in plant uptake of nutrients, P contests As due
to their chemical similarity (Meharg and Macnair, 1992ab; Lee et al., 2003).
Consequently, the changes in P transport mechanisms regulates As uptake
(Adriano, 2001) and evidently, the use of P as a fertilizer modifies the sorption/
desorption of As in soil environment (Peryea, 1998). Although, it is believed
that enriching the soil with phosphorus (P) in As condition reduces the uptake
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of As in plants, but it is not clear whether this uptake changes affect the growth
behaviors of plant or not. Therefore, this in-vitro study was carried out aiming
to determine the efficacy of P in balancing the negative effects of As on B. rapa
with respect to seed germination, seedling growth and biomass production.

MATERIALS AND METHODS

Study site and period of study

The experiment was carried out in the laboratory of the Institute of
Forestry and Environmental Sciences (91°50°'E and 22°30°N), University of
Chittagong (IFESCU), Bangladesh. It was conducted between February and
June 2017 as the seeds of B. rapa are mostly available in this period in
Bangladesh.

Collection of seeds

Healthy and disease-free seeds were extracted from ripen B. rapa fruits.
Seeds were dried in the sunlight before storage in airtight polybags which were
then kept at below 4°C in refrigerator until use. Seeds of uniform colors and sizes
were selected to avoid non-treatment variations (Bonner, 1987). Seeds were
tested for viability by using water floating technique before use.

Preparation of Hoagland’s and other solutions

Hoagland’s nutrient solution was prepared as stated in Hoagland and
Arnon (1950). The solution comprised of KNO,, 0.5 g L'; Ca(NO,).4H,0,
1.2 g L''; MgSO,.7H,0, 0.5 g L'; HBO,, 2.8 mg L"; ZnSO,, 0.2 mg L,
CuSO,, 0.05 mg L'; NHNO,, 0.08 mg L'; MnCL.4HO, 1.8 mg L';
Na MoO,.2H,0, 0.12 mg L'; FeEDTA, 0.02 g L; in a volume of 1 L. P
was added as 0.07 g L' of KH,PO, for P treatment and As was added as 0.042
g L' of Na,HAsO,.7H,O for As treatment. The stock solutions were diluted as
required for various treatments. The pH (6.0) of the stock and diluted solutions
was adjusted with 1M HCIl and 1M NaOH for all the treatments. Hoagland’s
solution without P was common for all the treatments including control.

Experimental design and treatment combinations

Petri dishes were sterilized by keeping overnight at 200°C in convection
oven. In each petri dish, 3 layers of moist sterilized filter paper were placed.
A Randomized Complete Block Design (RCBD) with 7 treatments with 5
replications was adopted for this experiment. A total of 35 petri dishes were
needed for this experiment. The treatment combinations used in the experiment
were:
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TO0 = Control (Hoagland’s solution without P)

T1 = 2ppm As (Hoagland’s solution without P + 2ppm As)

T2 =2ppm As + 10ppm P (Hoagland’s solution with 10ppm P + 2ppm As)
T3 = Sppm As (Hoagland’s solution without P + Sppm As)

T4 = Sppm As + 10ppm P (Hoagland’s solution with 10ppm P + Sppm As)
T5 = 10ppm As (Hoagland’s solution without P + 10ppm As)

T6 =10ppm As + 10ppm P (Hoagland’s solution with 10ppm P + 10ppm As)

Seeds were soaked in 0.05% Mercuric chloride solution for 1 minute
for sterilization followed by washing with distilled water and drying before
sowing them on petri dishes. In each petri dish, 20 seeds of B. rapa were sown
and a total of 700 seeds were subjected to 7 different treatments. After sowing
the seeds, all the petri dishes were placed in the incubator at 25 + 2 °C temperature.
The filter papers of the petri dishes were kept constantly wet at the same
level by applying the specific solution of As and P to the specific petri dishes.

Data recording

Germination was recorded daily from the date of seed sowing to the last
date of germination. The seedlings were allowed to grow for two weeks from
the time of seed sowing. After two weeks, five representative seedlings from
each treatment were selected to measure growth parameters. The recorded
parameters were plumule and radical lengths, collar diameter, fresh and dry
weights of plumule and radicle, and number of lateral roots. Plumule and radical
were oven dried at 75 °C for 48 hr to record dry weights. Total height from the
collar area to seedling tip of each seedling in each petridish was measured to
the nearest 0.1 cm by using a ruler. Vigor index was calculated according to
Abdul-Baki and Anderson (1973) as germination percent X mean total (plumule
and radical) length. Volume index was obtained by multiplying plumule length
(cm) with the square of collar diameter (mm)? of the seedlings (Hatchell, 1985).
Sturdiness was obtained by dividing plumule length (cm) with collar diameter
(cm) of the seedling. The quality index (QI), as developed by Dickson et al.,
(1960) to quantify seedling morphological quality was calculated as follows:

Total seedling dry weight (g)
QI= Plumule length (cm) Plumule dry weight (g)
_l’_

Collar diameter (mm) Radicle dry weight (g)
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Statistical analysis

SPSS ver.23 was used for statistical analysis of data related to seed
germination and seedling growth attributes. The statistical significance (£<0.05)
of the differences among the mean values was ascertained by Duncan’s multiple
range test (DMRT). Different lowercase superscripts letters in a column in the table
indicates significant differences.

RESULTS

Germination percentage

Germination were 87% in T2 (2 ppm As + 10 ppm P), 78% in T4
(5 ppm As + 10 ppm P) and 68% in T6 (10 ppm As + 10 ppm P) compared to
82% in T1 (2 ppm As), 73% in T3 (5 ppm As) and 61% in TS5 (10 ppm As).
The result indicated enhancement of germination rate with the addition of
P in corresponding As solution cultures with decreasing As concentrations
(Table 1).

Mean daily and cumulative germination rates

The highest mean daily germination was 50% in T2 (2 ppm As + 10 ppm
P) on the 2" day followed by 40% in T4 (5 ppm As + 10 ppm P) on the same
day (Figure 1). The highest cumulative germination percent from 2™ day up to
the last day of germination (9™ day) was in T2 (2 ppm As + 10 ppm P), while,
the lowest cumulative germination was recorded in T5 (10 ppm As) (Figure 2).
The finding indicated the negative impact of increasing As concentration on the
progress of germination while addition of P into the solution showed augmenting
effect.

Growth performance

Plumule lengths were 7.2 cm, 5.2 cm and 3.5 cm, respectively in
treatments T1 (2 ppm As), T3 (5 ppm As) and T5 (10 ppm As), while they were
8.3 cm, 6.1 cm and 5.4 cm in respective treatments T2 (2 ppm As + 10 ppm P),
T4 (5 ppm As + 10 ppm P) and T6 (10 ppm As + 10 ppm P). The outcome
clearly demonstrated an increase in plumule length with the addition of P in
decreasing concentrations of As in corresponding As solution cultures (Table 1).
Significantly (P=0.007) high (7.1 cm) and low (2.4 cm) radical growths were
recorded respectively in T2 and in TS5 (10 ppm As). In treatments T1 (2 ppm As),
T3 (5 ppm As) and T5 (10 ppm As), the number of lateral roots were 21, 13 and
10 respectively, while they were 26, 15 and 12 respectively in T2 (2 ppm As + 10
ppm P), T4 (Sppm As + 10ppm P) and T6 (10ppm As + 10ppm P). Similar trend
was also observed for collar diameter (Table 1). Plumule-radicle ratio was increased
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with the increase of the concentration of As and the increment was further enhanced
with the addition of P in the As solution (Figure 3).

Biomass production

In treatments T1 (2 ppm As), T3 (5 ppm As) and T5 (10 ppm As), seedling
dry biomasses were 26 mg, 15 mg and 12 mg respectively, which were enhanced
to 31 mg, 21 mg and 16 mg respectively in T2 (2 ppm As + 10 ppm P), T4 (5
ppm As + 10 ppm P) and T6 (10 ppm As + 10 ppm P). Similar trend was evident
for fresh biomasses of seedling (Table 2).
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Figure 1. Phosphorus (P) on mean daily germination (%) of Brassica rapa seeds
in arsenic (As) condition.
Note: TO = Control, T1 =2 ppm As, T2 =2 ppm As + 10 ppm P, T3 = 5 ppm As,
T4 =5ppm As + 10 ppm P, T5 = 10 ppm As, T6 = 10 ppm As + 10 ppm P.
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Figure 2. Phosphorus on cumulative germination (%) of Brassica rapa seeds in
arsenic condition.

Note: TO = Control, T1 =2 ppm As, T2 =2 ppm As + 10 ppm P, T3 = 5 ppm As,
T4 =5 ppm As + 10 ppm P, TS = 10 ppm As, T6 = 10 ppm As + 10 ppm P.
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Figure 3. Phosphorus on plumule-radicle ratio of Brassica rapa in arsenic
condition.
(Note: a-c = Mean values with different lowercase on bars indicates significant
difference, according to Duncan’s Multiple Range Test. TO = Control, T1 = 2
ppm As, T2 =2 ppm As + 10 ppm P, T3 = 5 ppm As, T4 =5 ppm As + 10 ppm
P, T5 =10 ppm As, T6 = 10 ppm As + 10 ppm P).



CMU I, Nat. Sci. (2019) Vol. 18(4)

Table 2. Phosphorus (P) on fresh and dry biomasses, vigor index and volume
index of Brassica rapa in arsenic (As) condition.

Treatment Seedling Index Increased/decreased (%)
biomass (mg)

Fresh Dry Vigor Volume Dry Vigor  Volume

biomass index index
TO 205%® 29a 1193° 36.9° 0.0 0.0 0.0
T1 169° 26% 1132° 29.7¢ -10.3 -5.1 -19.5
T2 233¢ 310 1340° 45.8° +6.9 +12.3 +24.1
T3 102¢ 15 6574 19.6% -48.3 -44.9 -46.9
T4 146¢ 21° 7644 21.1¢ -27.6 -36.0 -42.8
TS 84f 12¢ 360f 10.7° -58.6 -69.8 -71.0
T6 111 16 5514 18.9¢ -44.8 -53.8 -48.8

Pvalue <0.001 0.013 <0.001 <0.001 -- -- --
F value 453 6.65 21.84 37.59 -- - -

Note: a-f = Mean values with different lowercase superscripts in a column indicates significant
difference, according to Duncan’s Multiple Range Test (DMRT). TO = Control, T1 =2 ppm As,
T2=2ppmAs+ 10 ppm P, T3 =5 ppm As, T4 =5 ppm As + 10 ppm P, T5 = 10 ppm As, T6 =
10 ppm As + 10 ppm P.

Vigor, volume and quality indices, and sturdiness

Vigor index were 1,132 in T1 (2 ppm As), 657 in T3 (5 ppm As) and 360
in TS (10 ppm As), while they were 1,340, 764 and 551 respectively in T2 (2
ppm As + 10 ppm P), T4 (5 ppm As + 10ppm P) and T6 (10 ppm As + 10 ppm P)
as shown in table 2 and the differences were significant at P<0.001. In treatments
T1 (2 ppm As), T3 (5 ppm As) and T5 (10 ppm As), volume index were 29.7,
19.6 and 10.7 respectively compared to 45.8, 21.1 and 18.9 respectively in T2
(2 ppm As + 10 ppm P), T4 (5 ppm As + 10 ppm P) and T6 (10 ppm As + 10
ppm P). Quality index values, as shown in figure 4, were 0.0103 in T1 (2 ppm
As), 0.008 in T3 (5 ppm As) and 0.0047 in TS (10 ppm As) in contrast with
significantly (P<0.005) higher 0.0112, 0.0095 and 0.0068 respectively in T2
(2 ppm As + 10 ppm P), T4 (5 ppm As + 10 ppm P) and T6 (10 ppm As + 10
ppm P). The quality index value was 0.0108 for TO (control). In treatments T1
(2 ppm As), T3 (5 ppm As) and TS5 (10 ppm As), sturdiness were 35.5, 26.8
and 20.0 respectively compared to significantly higher (P<0.003) respective



CMU J. Nat. Sci. (2019) Vol. 18(4)

values 36.6, 32.8, 28.9 in T2 (2 ppm As + 10 ppm P), T4 (5 ppm As + 10
ppm P) and T6 (10 ppm As + 10 ppm P) (Figure 5). All of these observations
followed the general trend that higher concentration of As was unfavorable
while the addition of P into As solutions improved the seedling performance.
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Figure 4. Phosphorus on quality index of Brassica rapa in arsenic condition.
Note: a-e = Mean values with different lowercase on bars indicates significant
difference, according to Duncan’s Multiple Range Test. TO = Control, T1 = 2 ppm
As, T2=2ppmAs+ 10 ppm P, T3 =5 ppm As, T4 =5 ppm As + 10 ppm P, T5 =10
ppm As, T6 = 10 ppm As + 10 ppm P.
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Figure 5. Phosphorus on sturdiness of Brassica rapa in arsenic condition.

Note: a-d = Mean values with different lowercase on bars indicates significant
difference, according to Duncan’s Multiple Range Test. TO = Control, T1 =2 ppm
As, T2=2ppm As + 10 ppm P, T3 =5 ppm As, T4 =5 ppm As + 10 ppm P, T5 =
10 ppm As, T6 = 10 ppm As + 10 ppm P.

DISCUSSION

Accumulation of As mainly occurs in the root system in plants, and in the
aboveground organs to a lesser degree (Stoeva et al., 2005; Khan et al., 2013;
Meharg et al., 2014). As interrupts the biochemical function of cells and severely
impedes different plant metabolic processes including transpiration, respiration,
photosynthesis etc., by reacting with proteins and enzymes which culminates in
stunted plant growth (Meharg and Hartley-Whitaker, 2002). Plants must take up
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sufficient amount of P to balance excessive As for the alleviation of As toxicity.
The plants react to As exposure by increasing P accumulation (Burlo et al., 1999;
Leimu and Fischer, 2008; Khan et al., 2013; Khan et al., 2018).

This in-vitro study noted that, As solution reduces the rate of seed
germination, seedling growth and biomass production of seedling of B. rapa
to varying magnitudes based on the level of As concentrations (2 ppm, 5 ppm
and 10 ppm). However, addition of P (10 ppm) in As solution cultures (2 ppm,
5 ppm and 10 ppm respectively) offsetted the harms significantly in comparison
to corresponding P-free As solutions. Lou-Hing et al., (2011) also reported that
phosphate protects a rice variety- Bala from As toxicity at a lower concentration
(13.3 uM) of As in the solution culture. Since As is a phosphate analogue,
phosphate transporters transports As which results in competition between P and
As for uptake at the level of membrane transport. Accordingly, P is expected to
reduce arsenate influx resulting ultimately into an observed increase in arsenate
tolerance under phosphate addition (Ullrich-Eberius et al., 1989; Meharg and
Macnair, 1990; Khan et al., 2013; Meharg et al., 2014). Studies, especially in
hydroponic environments, have demonstrated that non-resistant plants can be
made more resistant to arsenate by raising their P status, as the P is taken more
effectively compared to arsenate (Meharg and Macnair, 1992b; Lee et al., 2003;
Khan et al., 2013). Increasing cytoplasmic phosphate concentration in wheat also
demonstrated the role of phosphate against As toxicity (Meharg, 1994). Higher
phosphate concentration plays an important role to down-regulation of the
arsenate-phosphate plasma membrane transporter and competes with arsenate
for biochemical processes where arsenate substitutes for phosphate (Pigna et al.,
2009).

CONCLUSION

Presence of As in solution culture reduced the rate of seed germination,
seedling growth and biomass production of B. rapa seedling at increasing
magnitudes with the increasing of As concentrations. However, the addition
of P in As solution enhanced the performance of seed germination, seedling
growth and biomass production of seedling. Hence, application of P can be
recommended in solution culture containing As to reduce the negative
impacts of As on B. rapa growth in the laboratory. This similar approach
might also be applicable in the field conditions.
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