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More than sixty million Indians reside in endemic areas of fluorosis and are at risk of
developing fluorosis in 200 districts from 20 states of India. Keeping in mind the severity
of fluoride (F) problems, this study is an effort to investigate the effect of F contaminated
soils on germination, plant growth and physiology of important pulse, mung bean (Vigna
radiata) and green leafy vegetable spinach (Spinacia oleracea). This study was carried out
with completely randomized block design under controlled environmental conditions in
green house. The results of this study showed that under high (Sodium fluoride) NaF conc.
(0.15mgl/l), the percent germination was observed to be decreased by 20% in spinach
compared to control. Similarly, the shoot length was found to be decreased more in
spinach (51%), than in mung bean. The root length was also observed to decrease by
64.3% and 59.6% in mung bean and spinach respectively as compared to control,
indicating the differential sensitivity of these crops. The content of chlorophyll-a,
chlorophyll-b and total chlorophyll of leaves in both the crops decreased monotonically as
toxicity level of F increased. Treatment with highest F concentration (0.15 mg/l), showed
decreased vigour index in spinach. Shoot dry wt. was positively correlated (p<0.05) with
root length, chl a, b and total chl., root dry wt. and root shoot ratio. However, shoot dry wit.
was negatively correlated with shoot length, seed germination and vigour index. This study
concludes that soil contaminated with F has negative efffects on the growth physiology
and biochemical characteristics of mung bean and spinach.

Introduction

Globally F contamination is recognized as a
serious threat to biotic component of the
environment, affecting more than 266 million
people (Amini et al., 2008). F is a strong
electronegative element widespread in the
environment, including soil, air, water and the
vegetation (Jha et al., 2009). Mining and
processing of phosphate rock and its use as
agricultural fertilizer, as well as the
manufacturing of aluminum, the combustion
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of coal and other manufacturing processes are
major sources of F into the environment.
Fertilization and irrigation with water having
high concentration of F result in accumulation
of F gradually in the soil and finally restrain
the germination and growth physiology of the
crops. According to World Health
Organization standards, the F in drinking
water should be within the limit of 1 mg/I.
However, the Ministry of Health, Government
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of India, has prescribed 1.0 and 2.0 mg/l as
permissive and excessive limits for F,
respectively in drinking water. Yu, (1996)
reported marked decrease in root elongation
of Vigna radiata.

F content of both leafy and root vegetables
usually do not differ appreciably from those
of cereals with an exception of spinach and
onion, which showed enriched and
accumulative capacity for F (Jha et al., 2009).
Pant et al., (2008) studied the growth of shoot
and root in many seedlings at 0.02 M NaF and
noted that the length of shoots was reduced
more even though the root length is also
reduced except the root lengths in tomato
seedlings. Sabal and Khan et al., (2006)
studied the effect of sodium F on seed
germination and seedling growth in cluster
bean  (Cyamopsis tetragonoloba). We
hypothesized that F concentration within
standards would not have any adverse effect
on crop germination and growth physiology
of mung bean and spinach.

Keeping in mind the severity of F problems in
our country and the effectiveness of phyto-
remediation methods in  removal of
contaminants from soil, water and sediments,
this study was designed to evaluate the effect
of F on germination, morphological and
biochemical changes in mung bean and
spinach. Mung bean is a tropical crop grown
in warm season; requires full sunlight or at
least 8 to 10 hours of sunlight daily. On the
other hand, spinach is best grown in moist,
nitrogen rich soil and has deep taproot
system. In India, both the crops are of utmost
importance as major pulse and vegetable,
respectively.

Materials and Methods

During spring season of 2015, a pot
experiment for evaluation of growth
performance of Vigna radiata (Muskan-851)
and Spinacia oleracea (HB-24) under
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different concentrations of F (control, 0.01,
0.05, 0.10 and 0.15 mg/l) was carried out in
green house of the Institute of Environmental
Studies, Kurukshetra University, Kurukshetra,
Haryana, India. Before pot experiment, the
seeds were sterilized under laboratory
conditions.

Field testing of F toxicity

A pot experiment was carried out with
completely randomized block design in the
green house. In total, 30 pots (5 treatments x
2 crops x 3 replications) filled with 5 kg
homogeneous soils having sandy: loam (1:2)
texture and pH (7.65). Soil medium was
moderate with organic carbon (0.45%),
available nitrogen (181.8 kg N/ha),
phosphorus (15.6 kg P,Os/ha) and potassium
(220.0 kg K,0O/ha). Out of 30 pots, 6 were
taken as control with no F and 24 for different
concentrations of F. Before sowing, healthy
seeds from both the crops were soaked in
distilled water overnight and then 10 seeds
were sown in each pot in a circular fashion
with equal distance. Initially pots were
irrigated with distilled water until germination
and then different concentration of NaF were
applied on 7, 14, 21 and 28 day from the date
of sowing. Finally, after 40 days of sowing,

both the crops were harvested for
morphological (seed germination, shoot
length, root length, shoot biomass, root

biomass, root: shoot ratio and vigor index and
biochemical analysis (chl a, chl b and total
chl.).

Growth parameters

Seed germination was observed as the number
of seed germinated compared with total seed
sown. Shoot length was taken by scale from
base to top leaf and root length was taken
after harvesting. Shoot biomass and root
biomass were determined by putting samples
in hot air oven at 100°C temperature.
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Vigor index

It was calculated as per the equation given by
Anderson et al., (1973).

Vigor Index = (Root length + Shoot length) x
Germination percentage

Estimation of chlorophyll a, b and total
chlorophyll

To estimate chlorophyll, 100 mg plant
material (leaves) was crushed in 10 ml of
chilled acetone 80% (v/v) and was
centrifuged at 10,000 rpm for 15 min. The
residue was re-extracted with 5 ml of 80%
acetone. Both the supernatant were pooled
and volume was made to 15 ml with 80%
acetone and optical density was measured at
wavelength 663 and 645 nm for chlorophyll
by using UV-Vis spectrophotometer.

Arnon’s (1949) equations are as follows:

Chla (mg g% = (0.0127)x(A663) —
(0.00269)x(A645)
Chlb (mg g¢g%) = (0.0029)x(A663) -—
(0.00468)x(A645)

Total Chl (mg g%) = (0.0202)x(A663) +
(0.00802)x(A645)
A=Absorbance suffixed

Where, at

wavelength.
Results and Discussion

Contaminants such as F in soil-water system
tend to accumulate in different parts of the
plant and negatively influence the plant
physiological and growth.

Present study was an attempt to evaluate the
effect of F concentration on mung bean and
spinach.
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Seed germination

Seed germination in mung bean was least
affected even with the highest dose (0.15
mg/l) considered in this study. However, with
the same dose of F, 20% reduction in seed
germination was recorded in spinach (Table
1).

Failure in seed germination at high
concentrations may be due to retardation in
water uptake, cell divisions inhibition and
embryo enlargement. The blockage of
pathway for solute movement may lead to no
or poor germination. Similar results were also
demonstrated by Gadi et al., (2012) for mung
bean and Zhang et al., (2014) for spinach.

Shoot and root length

Shoot and root length was observed to be
decreased with increased concentration of F
in both the crops. With highest NaF (0.15
mg/l), shoot length decreased by 51.0% in
spinach, followed by 41.0% in mung bean as
compared to control, respectively (Table 1).
But, the effect of toxicity on root length was
more in mung bean as compared to spinach
(root length decreased by 64.3 and 59.6% in
mung bean and spinach respectively) as
compared to control, indicating the
differential sensitivity of these crops (Table
1).

Root and shoot length reduction by F stress
was due to unbalanced nutrient uptake by
seedlings (Pant et al., 2008). Chakrabarti and
Patra (2013) corroborated the negative effects
of different doses of F on seed germination,
shoot length, root length and vigour index on
two varieties of paddy. F prevented the
dephosphorylation of phylin compound in the
plant tissue and retarded the rate of seedling
root growth during germination (Chang,
1966).
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Table.1 Growth physiological attributes of mung bean and spinach

Treatment | Mung bean Spinach
(mg/l)
Shoot Root length | Germinatio Vigour Index Shoot length | Root length | Germinatio Viaour Index
length (cm) | (cm) n (%) g (cm) (cm) n (%) g
(igrgg)" 15.6+0.56% | 6.33+0.81% | 100.0 2196.6+135.7% | 7.30+0.81*° | 6.7620.25* | 80.0 1128.3+176.6°
T1(0.01) |11.8+1.21° |3.76+0.90° | 100.0 1556.6+196.5° | 5.90+0.20° | 5.03+0.61° | 60.0 658.6+133.9"
T2(0.05) |10.8+1.75° | 2.73+1.36° | 100.0 1356.6+130.5™ | 4.80+0.26° | 3.53+1.05° |50.0 410.6+168.3"
T3(1.00) |11.1+1.00° | 2.43+0.51° | 100.0 1356.6+130.1° | 5.60+0.60°° | 4.13+1.00° | 30.0 300.3+187.7°
T4(1.15) | 9.20+.624° | 2.26+0.32° | 100.0 1146.6+85.0° | 3.56+0.51% | 2.73+0.61° | 20.0 127.6+76.3°
Values with the same lower case letters in a column denote no significant difference at P < 0.05; + Standard Deviation
Table.2 Biomass in Mung bean and Spinach under different concentrations of F
Treatment Mung bean Spinach
(mgll)
Dry SZJO)Ot wi. Dry r((;())t wi. R:S ratio Dry shoot wt. (g) | Dry root wt. (g) R:S ratio
Control (0.00) 1.43+0.04° 0.36+0.25° 0.25+0.16° 2.03+0.02° 0.90+0.01° 0.44+0.00°
T1(0.01) 1.42+0.02° 0.41+0.02 0.29+0.01° 1.90+0.01° 0.7240.01° 0.38+0.00°
T2(0.05) 1.35+0.03? 0.36+0.02° 0.26+0.00° 1.64+0.02° 0.52+0.00° 0.31+0.00°
T3(1.00) 1.10+0.10° 0.24+0.04 0.21+0.02° 1.52+0.02¢ 0.49+0.01¢ 0.32+0.001¢
T4(1.15) 1.05+0.04° 0.20+0.10? 0.19+0.10° 1.36+0.02° 0.47+0.01° 0.34+0.01¢

R:S-root: shoot ratio; Values with the same lower case letters in a column denote no significant difference at P < 0.05; + Standard Deviation
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Table.3 Variation in chlorophyll content induced by F stress in mung bean and spinach

Treatment Mung bean Spinach

Chla Chib Total Chl Chla Chib Total Chl
Control 0.25% 2.87° 3.67° 8.10° 8.03 8.23
T1(0.01) 0.06” 2.33° 3.57% 2.33° 3.20° 4.49
T2(0.05) 0.04° 2.33" 2.45% 2.33" 1.40° 4.31°
T3(1.00) 0.03" 0.30° 2.29% 2.33° 1.77° 2.71°
T4(1.15) 0.01° 0.30° 2.00° 1.06" 1.37° 2.39°

Where, Chl means chlorophyll (mg/l). Values with the same lower case letters in a column denote no significant
difference at P < 0.05; + Standard Deviation

Table.4 Correlation matrix among different growth physiological parameters of mung bean and

spinach
Shoot length | Root length | Total Chl. | Shoot wt. | Root wt. | . .
Parameters R:S ratio
(cm) (cm) (mg/g) (@) (@)
Shoot length
1
(cm)
Root length (cm) 0.155 1
Total Chl. (mg/g) |  -0.196 0.651" 1
Shoot wt. (g) -0.378" 0.684" 0.715 1
Soot wt. (g) -0.452" 0.580" 0.722" 0.924™ 1
R:S ratio -0.476" 0.410" 0.549" 0.755" | 0.936" 1
Vigour index 0.965" 0.291 -0.003 -0.242 | -0.315 | -0.376

Whereas,**Correlation is significant at the 0.01 level; *Correlation is significant at the 0.05 level

Figure.1 Regression analysis between total chlorophyll and F concentration
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Vigour index

Seed vigour comprises those seed properties
which determine the potential for rapid,
uniform emergence. Vigor index showed a
decreasing trend with increasing F
concentration. Treatment with highest F
concentration (0.15 mg/l), showed decreased
vigour index 88% in spinach followed by
mung bean (Table 1). Such findings were also
in confirmation with Tang et al., (1999) and
Bhargava and Bhardwaj (2010) for Cicer
arietinum and Triticum aestivum,
respectively. Rapid embryo growth in control
may be plausible having higher vigour index
of the seeds. Shoot length was positively
correlated with vigour index (r=0.965"),
however root shoot ratio was negatively
correlated (Table 3).

Dry weight of mung bean and spinach

Dry wt. of shoot and root as well as root:
shoot ratio is a function of plant physiology
and serves as an indicator for stress induced
by different environmental pollutants. Shoot
and root dry wt. of mung bean and spinach
decreased monotonically with increased F
concentration; this may be due to reduction of
metabolic activity in presence of F, which
acts as a metabolic inhibitor (Sabal et al.,
2006 and Gupta et al., 2009). Shoot dry wt. of
mung bean and spinach reduced by 26.6%
and 33%, respectively compared to control
(Table 2). Similar findings were also reported
by Jha et al., (2009). However, the reduction
in root dry wt. was statistically at par in mung
bean and robust in spinach, this signifies the
sensitive nature of spinach root to higher F
concentration.

Shoot dry wt. was positively correlated
(p<0.05) with root length, chl a, b and total
chl., root dry wt. and root shoot ratio (Table
3). However, shoot dry wt. was negatively
correlated with shoot length, seed germination
and vigour index. This may be due to changes
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in  biochemical parameters which in
consequence retard the growth and biomass of
plants (Mishra et al., 2014).

Chlorophyll content

The mechanism by which F affects
photosynthesis is mainly by reducing the
synthesis of chlorophyll, degradation of
chloroplasts, and inhibition of Hills reaction
(Yamauchi et al., 1983). At highest NaF
concentration (0.15 mg/l), total chlorophyli
content in mung bean was reduced by 3% as
compared to control. Whereas 25% reduction
in total chlorophyll content was recorded in
spinach compared to control (Figure 1). Such
reduction in total chlorophyll content may be
due to breakdown of chlorophyll during stress
or inhibition of chlorophyll biosynthesis
which is the primary symptom of F induced
chlorosis (Sreedevi and Damodharam, 2013).

In addition, this reduction may also be
attributed to inhibitory action of F with y-
amino levulinic acid into chlorophyll
synthetic pathway (Wallis et al., 1974). Our
results of regression analysis presented in
figure 1, showed inverse relationship between
total chlorophyll content and F concentration
(R®=0.786 and 0.834 corresponding to mung
bean and spinach, respectively) was in
confirmation with Baskaran et al., (2009) and
Bhargava and Bhardwaj, (2010). Baskaran et
al., (2009), observed reduction in chlorophyll
content and justified by explaining the
formation of enzymes chlorophyllase, which
is responsible for chlorophyll degradation.
Our results are in agreement with Baskaran et
al., (2009) for mung bean and Bose et al.,
(1995) for spinach. Correlation matrixes of
chlorophyll with other growth physiological
parameters are presented in table 4.

This study concludes that growth physiology
of mung bean and spinach were negatively
affected by the F contamination of soil,
however spinach is more sensitive than mung
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bean towards F contamination of the soil.
Highest F concentration (0.15 mg/l), showed
88 and 47% decrease in vigour index of
spinach and mung bean, respectively.
However, total chlorophyll content was
reduced by 3 and 25% of mung bean and
spinach as compared to control. Shoot dry wt.
and root dry weight was also observed to be
more affected in spinach as compared to
mung bean. This may have occurred because
F is present in non-ionic form, hence, more
readily taken up by cell membranes of plants.
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