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ABSTRACT
A field experiment was conducted at Regional Research and Technology Transfer Station (RRTTS),Chiplima,
OUAT, during 2014-15 and 2015-16 to study the impact of graded doses of fluoride on soil microbial activity,
yield and grain quality of rice. Six doses of fluoride i.e., No fluoride, 100, 150, 200, 250 and 300 ppm F in form
of hydrofluoric acid (HF) were applied as foliar spray. Highest grain (36.73 q/ha) and straw (47.34 q/ha) yield
of rice was recorded with T1 (No fluoride) where as lowest grain (32.90 q/ha) and straw (40.09 q/ha) yield was
observed with T6 (foliar spray of F @ 300 ppm as HF). The grain yield was decreased significantly with
increasing doses of fluoride. The decrease in grain yield was highest (10.42 %) with T 6 (foliar spray of F @ 300
ppm as HF) over control (T1 = No fluoride) where a lowest value of 3.02 % was observed Significantly highest
total chlorophyll content (4.53 mg/ g fresh leaf) was observed with T 1 which was decreased to lowest value of
2.26 mg/ g fresh leaf (T6) due to increasing doses of fluoride. The lowest value with respect to leaf area index
(4.18), grain length (4.38 mm), kernel elongation (6.18 mm), plant height (123.78 cm ) and panicle length
(22.28 cm )  was recorded  with T6 (foliar spray of F @ 300 ppm as HF). Howeverhighest F uptake (24.71 kg/ha)
was recorded with foliar spray of F @ 300 ppm as HF (T 6).The variation in grain quality parameters such as
protein content (R2=0.982), amylose content (R2=0.981) and alkali value (R 2=0.839) were significant due to
increase in F doses. Soil microbial biomass carbon (MBC), soil dehydrogenase activity (DHA) and soil bacterial
population were decreased with increased doses of F irrespective of crop growth stages.
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INTRODUCTION

Fluoride (F) is not an essential plant nutrient element,
but it interferes with the plant metabolism for which
plant undergoes some physiological changes leading to
chlorosis, necrosis and leaf burning as well as decline
in yield. In soil environment F concentration more than
the threshold limitalters microbial activity (Qin et al.,
2006). F is a necessary element for human health with
lower concentrations. Excessive F intake through
drinking water results in dental fluorosis and skeletal
fluorosis (Li Hai-rong et al., 2009; WHO, 2004).On
the other hand, F also enters the human body through
foods and beverages (Malde et al., 2011; Battaleb-
Looieet al., 2013). It was observed that Fuptake by

plant tissues from uncontaminated soils rarely exceed
30 mg kg-1of dry mass, still many plants are quite
sensitive to F uptake (Gupta and Banerjee, 2009). The
plants get affected not only by anthropogenic fluoride
sources such as emission from brick kiln industries,
aluminium smelters, phosphatic fertilizer but also
affected by higher content of F insoil and groundwater
(Jha et al., 2013). Kumar et al., 2010 reported higher
concentration of F in groundwater samples of Mirzapur
district of Uttar Pradesh, India. The fluoride uptake by
plants is dependent on various parameters such as pH,
activity of F in soil solution and plant species (Pickering,
1985). After the foliar application of F to the plant, it is
translocated to different plant parts through xylem. The
influence of fluorides in food depends on
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itsconcentration in soil, water or ambient air where the
crop is grown.

Rice (Oryza sativa L.) is the staple food of
more than 60 per cent people of South Eastern Asia.
To sustain rice production and productivity, soil
management approach by application of integrated
nutrient management (Nayak et al., 2012) and modern
scientific cropping sequences (Roy et al., 2011; Kumar
et al., 2016) are the possible options.It has been reported
(Elloumi et al., 2005) that plant suffers from some
physiological changes such as stunted growth, chlorosis,
leaf necrosis and leaf tip burning on exposure to
fluoride. The objective of this study was to examine
the effect of different doses of F on rice growth, yield,
grain quality and post harvest soil microbial quality.

MATERIALS AND METHODS

A field experiment was conducted at Regional
Research and Technology Transfer Station (RRTTS),
OUAT, Chiplima (22o33' N latitude and 81o21' E
longitude and with analtitude of 178.8 m above mean
sea level) in the year 2014-15 and 2015-16. The
experiment was conducted in a randomized block design
(RBD) with four replications and six treatments.The
treatmentscomprised of T1-Control (No fluoride); T2-
Foliar spray of F = 100 ppm as HF; T3- Foliar spray of
F = 150 ppm as HF; T4- Foliar spray of F = 200 ppm as
HF; T5- Foliar spray of F = 250 ppm as HF; T6- Foliar
spray of F = 300 ppm as HF. 21 days old seedlings of
rice cv. Swarna (MTU-7092) were transplanted in
different plots with a spacing of 25 cm x 15 cm and
fertilizer was applied @80 kg N, 40 kg P2O5 and 40 kg
K2O  per ha. Full dose of P2O5 and K2O and 50% of
recommended dose of N were applied as basal and
rest 50% N was applied in two splits after 30 days of
transplanting. The graded doses of fluoride were
prepared from analytical reagent grade of HF. F was
applied (@150, 200, 250 and 300 ppm) four times in
entire crop growth periodas foliar sprayi.e, first at 7DAP,
second at 15 DAP, third at 30 DAP and fourth at 45
DAP. Agronomic and yield parameters were recorded
as per the procedure described in Kumar et al., 2017.
Different grain quality parameters like protein content
(%), amylose content (%) and alkali value were studied.
The protein content was calculated by multiplying the
N content of the grain (estimated by Kjeldahl digestion
method) by a factor of 5.95 (Page et al., 1982). The

amylose content of milled rice was estimated by using
colorimetric iodine assay method (Using UV-VIS
Spectrophotometer) and dilute KOH was used to
estimate alkali value of milled rice grains (Juliano, 1971,
Little et. al, 1958). Alkali value of rice was studied as a
post harvest rice quality parameter. Amylose along with
glucose is a linear polymer of starch. In starch amylose
varies from 15-35 %.After completion of experiments
surfacesoil samples were collected from different plots,
processed and different physico-chemical properties
were determined as per the standard procedures (Page
et al., 1982). Microbial biomass carbon (MBC),
dehydrogenase activity (DHA) and soil bacterial
population at different crop growth stages were
determined as described by Wu et al. (1990), Tabatabai,
(1994) and Pelczar et al. (1978) respectively. The total
F in grain of rice was determined by extractingthe dried
ground and sieved samples with 0.1 N perchloricacid
and measuring F concentrationwith the help of ORION
5-star series ion analyzer, using Ion Selective Electrode
(ISE). The collected experimental data were analysed
statistically (Panse and Sukhatme, 1985).

RESULTS AND DISCUSSION

The soil of the experimental site was sandy loam (Sand
72%, silt 16% and clay 12%) acidic in reaction (pH
5.6), low in mineralizable N (195 kg ha-1) and available
Bray's P (13.6 kg ha-1) where as medium in NH4OAc
extractable K (173  kg ha-1) with non-hazardous salt
content (EC 0.12 dS/m). It is medium inorganic carbon

Table 1. Initial soil parameters of the experimental site.
Parameters
Sand (%) 72
Silt (%) 16
Clay (%) 12
Texture Sandy loam
B.D. (Mg m-3) 1.38
P.D. (Mg m-3) 2.17
Porosity (%) 36.41
pH 5.6
EC (dS m-1) 0.12
O.C. (g kg-1) 5.7
Mineralizable N (kg ha-1) 195
Bray's  P (kg ha-1) 13.6
NH4OAc extractable  K (kg ha-1) 173
CaCl2 extractable S (kg ha-1) 58.8
Available Fluoride (ppm) 14.8
Dehydrogenase
"(mg TPF g-1  soil day-1) 14.12
MBC (mg g-1 dry soil) 138.45
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(5.7 g kg-1) and low in available fluoride (14.8 ppm).

Yield and yield attributing characters
The result of F application on yield and yield attributing
characters ofriceindicated that the variation in plant
height (136 to 124 cm ) of rice was not significantly
differed due to application of different doses of F
(table2). Maximum reduction in plant height (9.1%) was
recorded with T6 (foliar spray of F @ 300 ppm as HF).
Effective tillers per hill (13.04 to 9.58 ) due to application
of graded doses of F were statistically at par with each
other. Panicle length (25.95 to 22.28 cm) and grain
length (5.19 to 4.38 mm) varied significantly due to
application of different doses of F. Kernel elongation
was measured by picking randomly ten cooked and
cooled kernels. It was observed that kernel elongation
(mm) of rice varied significantly from 6.88 to 6.18 mm
while leaf area index (LAI) varied from 4.93 to 4.18
with graded doses of F application in different
treatments. Significantly highest chlorophyll content of
4.53 mg/g fresh tissuewas observed with T1 (control
plot-No Fluoride applied). With the application of graded
doses of F, chlorophyll content was affected significantly
and it was much suppressed at T6 (2.26 mg/g fresh
tissue). F uptake by rice grain at different treatments
varied non significantly from 16.53 to 24.71 kg/hawith
graded doses of F application. Significantly highest grain
yieldof rice (36.73 q ha-1) was observed with T1 (control
plot-No Fluoride applied) where as lowest value of
32.90 q ha-1 was observed with T6 (foliar spray of F @
300 ppm as HF). A decrease in grain yield of rice was

recorded from 36.73 to 32.90 q/ha due to application of
graded doses of F in different plots. A maximum of
10.42 % reductionin grain yield was observed with T6
(foliar spray of F @ 300 ppm as HF) over control.
Similar trend was also observed with straw yield of
rice. Straw yieldwas significantly decreased from 47.34
to 40.09 q/ha with increased doses of fluoride. Similar
results were also reported by Jha et. al., 2013b and
Bisrate Wongel et al., 2013. Inhibition of glycolysis
pathways by inhibiting the enzyme activities due F
application may the possible reason of yield reduction
in rice (Qin et al., 2006).

Grain quality parameters
Cooking quality of grain is an important parameter to
evaluate the rice grain quality. In this study different
quality parameters like protein content (%), amylose
content (%) and alkali value were studied (Fig. 1).
Protein content ofmatured rice grain was significantly
correlated (R2=0.982). It was observed that the mean
protein content of rice grain was decreased from 7.40
to 5.28 (%) with increased doses of fluoride. The
highest amylose content (21.4 %) in rice grain was
observed with T1 (No Fluoride applied)where as lowest
value (18.53 %) was recorded in T6 (foliar spray of F
@ 300 ppm as HF). From this study it is indicatedthat
amylase content ranged between low to medium in rice
grains.From the graph (Fig. 1) it was observed that,
amylose content was strongly correlated with different
doses of F(R2=0.981). The reason for low to
intermediate amylose content in rice might be due to

Table 2. Effect of graded doses of F on growth, yield and F-uptake by rice (mean value of two years).
Treatment Details Plant Effective Panicle Grain Kernel LAI Chlor- F Grain Straw

height Tillers/ length Length Elong- ophyll Uptake yield yield
(cm) at hill (cm)  (mm) ation content by Fruit (q/ha) (q/ha)
60 DAT (mm) (mg/g (kg/ha)

fresh
tissue)

T1: Control (No Fluoride) 136.18 13.04 25.95 5.19 6.88 4.93 4.53 16.53 36.73 47.34
T2: Foliar spray of F @100 ppm as HF 134.78 12.14 24.65 4.84 6.53 4.55 3.38 21.89 35.65 46.34
T3: Foliar spray of F @150 ppm  as HF 132.95 12.16 24.48 4.60 6.35 4.48 3.14 22.76 35.15 45.18
T4: Foliar spray of F @200 ppm as HF 130.48 12.28 23.55 4.81 6.43 4.40 2.79 23.30 34.53 44.84
T5: Foliar spray of F@250 ppm as HF 128.68 10.52 22.53 4.45 6.38 4.25 2.30 24.10 33.30 43.96
T6: Foliar spray of F @300 ppm  as HF 9.58

123.78 22.28 4.38 6.18 4.18 2.26 24.71 32.90 40.09
Sem (±) 0.98

2.52 0.81 0.11 0.15 0.11 0.12 0.68 1.07 1.01
CD (p = 0.05) 2.78

7.60 2.43 0.31 0.44 0.34 0.37 2.06 3.22 2.01
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increase in F concentration from 100 to 300 ppm.
Application of dilute KOH to rice grains degraded the
starch molecules and the shape of the grain was
changed to a dispersed grain which resulted in the alkali
value of rice grain varying from 3.78 to 4.40. A weak
correlation was established between different doses of
F applied and alkali value of rice grain (R2=0.839) as
compared to protein and amylose content.

Soil microbial activities
Influence of F application on microbial biomass carbon,
dehydrogenase enzyme activity and soil bacterial
population were studied by collecting soil samples from
different F treated plots within 24 hours of F application
to estimate the microbial activities. From the result (Fig.
2) it was indicated that microbial biomass carbon
(MBC) content was increased with increase in crop
growth period. MBC content was varied between
147.89 to 168.45 mg g-1. The highest value was recorded
at 45 days after planting (DAP) and whereas lowest
value was obtainedat 7 DAP. However, with the
increase in F concentration from 100 ppm to 300 ppm
both stimulation and inhibition effect was noticed to
MBC.The inhibition was much observed at T6 (300 ppm
F was applied as foliar spray) which corroborated the
result indicated by Panda et al., 2017.

Dehydrogenase enzyme activity
Dehydrogenase enzymes are involved in the oxidation
and reduction reactions in soil which reflects the
metabolic activity of the soil (Salazar et al. 2011).

Highest dehydrogenase activity (DHA) was recorded
with T1 (where no F was applied) and it increased with
increase in crop growth (Fig. 3) upto 45 DAP. However
an inhibition effect was recorded with the application
of graded doses of F in soil. The inhibition of
dehydrogenase activity is expressed in terms of
mgtriphenylformazan(TPF) form edg -1 soil day-1 in
different treatments. In F treated plots, with the increase
in crop growth period the DHA was gradually inhibited
and the rate of inhibition was more pronouncedat T6.
The inhibition effect may be due to suppression of
microbes by F application. However in some treated
plots slight stimulation effect was noticed which may

Fig. 1. Grain quality parameters of rice as influenced by
graded doses of fluoride (mean value of two years). Fig. 2. Effect of graded doses of fluoride on soil microbial

activity (MBC) at different growth stages of rice.

Fig. 3. Effect of graded doses of fluoride on soil
dehydrogenase activity (DHA) at different growth stages
of rice.
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be due to release of more enzymes from the dead and
living microbes, as soil enzymes are both extracellular
and intracellular in nature (Casida et al., 1964). Similar
findings were also reported by Tscherko and Kandeler,
1997. Soil enzymatic activities were also influenced by
addition of elements through fly ash (Raja et al., 2015).

Bacterial population in soil
In soil ecosystem the bacterial population was highest
at surface soil and nutrient transformation is accelerated
by soil bacteria (Tabatabai, 1994). From this
experimenthighest bacteria population (Fig. 4) was
recordedfrom the plots receiving no F (T1 = No. F
application). Interestingly with increase in growth period
of rice the bacterial population was increased from 7
to 45 DAP (60.5 × 106 cf ug-1 soil to 76.5 ×106 cf ug-1

soil). However, with the application of F the bacterial
population was suppressed in soil at different F treated
plots. With increased doses of F from 100 to 300 ppm a
corresponding decrease in bacterial population was
recorded (65 × 106 cf ug-1 soil  to 44.5 × 106 cf ug-1 soil
).  At T6 (Foliar spray of F@ 300 ppm as HF) the
bacterial population was recorded lowest as compared
to other F treated plots.

From the present investigation it was concluded
that graded doses of fluoride decreased the crop growth,
grain and straw yield of rice and microbial activity in

soil. Increased doses of F @ 100 to 300 ppm as HF
reduced the rice grain quality to lower and intermediate
class. Fluoride uptake by grain was also increased due
to increased doses of F whichindirectly affects the
cooking quality of rice grains. Inhibition effect was
recorded to MBC, DHA and soil bacteria population
with slight stimulation in some of the treatments.
Microbial inhibitionwas gradually increased with an
increase in F application from 100 to 300 ppm and
highestinhibition was recorded at T6 (Foliar spray of
F@ 300 ppm as HF).
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