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Abstract

Zinc sulfate and boric corrosive are transcendently utilized as manufactured composts for rice cropping system in Pakistan.
The present research work was conducted to investigate the adverse effects of these fertilizers at 150 and 350 mg/L
concentrations in rice (Oryza sativa L.). The biochemical and molecular parameters of NIAB-IR9 and KSK-282 varieties of
rice were studied being treated with the selected fertilizers’ concentrations. Both fertilizers showed positive effects on the
biochemical parameters (total soluble sugars, chlorophyll a and b, total carotenoid) of rice seedlings as compared to controls.
However, both fertilizers” concentrations with exception of zinc sulfate (150 mg/L) caused more cell membrane injuries and
genotoxic effects in to rice seedlings. Zinc sulfate at 150 mg/L significantly decreased the cell membrane injury in the shoots
(1.07 ps/cm) and roots (2.0 ps/cm) of KSK-282 as compared to the shoots (1.9 ps/cm) and roots (3.7 ps/cm) of control,
respectively. Similarly, zinc sulfate at its lower concentration remained non-toxic for the genome of rice seedlings. Therefore,
it can be concluded that zinc sulfate at 150 mg/L can be the suitable fertilizer’s concentration to both rice varieties subjected to
further field trials. © 2018 Friends Science Publishers
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Introduction Likely, boron has also been recognized as a vital

micronutrient for all plants (Tarig and Mott, 2007). Its
Zinc sulfate and boric acid are important synthetic fertilizers deficiency causes biochemical and physiological damages in
being used as good sources of zinc and boron for the rice plants as it is involved in the maintenance of cell walls and

cropping system in Pakistan (Abbas et al., 2013). Pakistani some metabolic activities (Brown et al., 2002).

soils are dominantly carbonated rich, with high pH, low Conclusively, zinc and boron act as micronutrients
organic matter and deficient in several micronutrients when provided in lower quantities can positively regulate
(Parveen et al., 2011; Zia et al., 2012). According to studies, the metabolic activities of a plant. However, these may
the deficiency of zinc and boron elements is dominant in become toxic at higher concentrations and may cause
rice growing regions of Pakistan due to the soil nature biochemical and molecular damages in crops. It has been
(Rashid et al., 2008; Bhutto et al., 2013). Therefore, both of proved that zinc sulfate and boric acid at 150 ppm and 350
these are supplied adequately to soil for rice cultivation ppm caused molecular damages (genotoxicity) in the bean
across the country. Since zinc is an important trace element, seedling at Turkey (Cenkci et al., 2009). Genotoxicity

its deficiency leads to some metabolic dysfunctions in plants assessment deals with changes in the hereditary material of
(Alloway, 2008), which would not only affects the plants organisms (Masood et al., 2012) and RAPD-PCR analysis is
but also the humans (Cakmak, 2008; Hussain et al., 2012). one of the most popular and efficient technique used for its
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determination (Zheng, 2003). According to a study, boron
being the essential nutrient for plants caused genotoxicity in
bean and wheat at different concentrations by using RAPD
analysis (Kekec et al., 2010). Likely in Iran, DNA changes
were observed in maize seedling at 40 mg/L and 80 mg/L of
cadmium (Shahrtash et al., 2010).

Despite of the above facts and figures, scarce studies
have been done on the assessment of genotoxicity and
biochemical parameters of rice across the world. In addition,
the genotoxicity of rice induce by the application of
fertilizers (zinc sulfate and boric acid) is unchecked at
global level. Hence, this study has been planned with the
objective to investigate the biochemical and molecular
damages in rice varieties due to the application of these two
chemical fertilizers. Thus, it was hypothesized that zinc
sulfate and boric acid may cause biochemical damages and
genotoxicity in rice if used in higher concentrations.

Materials and Methods
Seeds Selection, Sterilization, and Germination

Two rice varieties (KSK-282 and NAIB-IR9) were
obtained from National Agriculture Research Center
(NARC) Islamabad in April 2015. Seeds of both rice
varieties were subjected to viability test and sterilization.
Afterwards, the seeds were germinated in a glass jar having
two-layered channel paper (Whatman No.1) for 3 days in
dark condition at 37-39°C. Then, 10 germinated seeds were
carefully chosen for each sterilized Petri plate (with doubled
layered filter paper) and were transferred to them. Three
replicates were selected for each treatment. The prepared
Petri plates with seedlings were transferred to light. Growth
chamber was used for the supply of light in the Department
of Botany, KUST, where the temperature was kept 37-39°C
and relative humidity was 60%. The seedlings were treated
separately with zinc sulfate and boric acid at concentrations
(0, 150 mg/L and 350 mg/L). After 10 days of treatment, the
seedlings were used for different biochemical tests and
assessment of genotoxicity (Cenkci et al., 2009).

Biochemical Parameters

Determination of cell membrane injury: For cell injury
analysis, 20 pieces of 1 cm of fresh leaves from each replica
were taken and were placed in 20 mL of sterile distilled
water and were incubated at 10°C for 24 h. After this,
samples were kept at room temperature for 10-15 min.
Then the electric conductivity "EC-I" was examined through
the Conductivity Meter (BMC EC meter-400 L). After that
these samples were autoclaved, kept at room temperature
for 10-15 min and the electric conductivity "EC-1I" was
examined again (Jamil et al., 2009). Following formula was
used for the determination of the cell membrane injury.

EC-I/EC-11 * 100

1398

Count of Total Soluble Sugars

Soluble sugars were determined following the protocol of
(Dey, 1990). Fifty milligrams of fresh leaves were
homogenized and extracted with 3 mL of 90% hot ethanol
at 60-70°C temperature. The extract was poured into a 25
mL flask and the remaining residue was then extracted
again. Twenty five milliliter ethanol was added and volume
was raised. One milliliter aliquot was added with 1 mL of
5% phenol and Sulphuric acid (5 mL, analytical grade).
After cooling, the mixture was used in BMSUV1900
spectrophotometer and the absorbance was noted at 485 nm
wave length. Finally, a standard curve for glucose solution
was prepared and the concentration of soluble sugars (mg/g
fresh weight) was calculated with the help of it.

Calculation of Chlorophylls and Total Carotenoids

Twenty-five milligram MgO was added to 25 mg of the
dried plant sample. Methanol (5 mL) was added and shook
for 2 h. The turbid pigments extract was then centrifuged for
5 min at 4000 rpm. The supernatant was used in a BMSUV-
1900 spectrophotometer where absorbance readings were
noted at 666 nm, 653 nm, and 470 nm wavelengths. Finally,
following formula was used for the calculation of
chlorophyll (a and b) and total carotenoid (Lichtenthaler and
Wellburn, 1983).

Ca =15.65 A666 —7.340 A653
Cb: 27.05 A653 -11.21 A666
Cy+c= (1000 A47p—2.860 C, — 129.2 C,,)/245

Data Analysis

Microsoft Word Excel was used for the calculation of mean
and standard deviation of each and every parameter. The
difference between control and the treatments were
considered to be significant by Paired-sample t-Test in
SPSS version 16.0 (SPSS, 2007). Data was considered
significant if two-tailed significance value was < 0.05.

Genotoxicity Assessment

DNA isolation: Plant leaves (200 mg) were ground to
obtain a paste by using 500 uL of CTAB buffer. The
mixture of CTAB/plant extract was shifted to the microfuge
tube and incubated for about 15 min at 55°C. After that, the
mixture was spin at 12000 g for 5 min in order to spin down
cell debris. The supernatant was transferred to another clean
microfuge tube and mixed with 250 pL of Chloroform:
Isoamyl Alcohol (24:1). Then, the mixture was spin for a
min at 13000 rpm. Again the upper aqueous phase (contains
the DNA) was transferred to a clean microfuge tube and 50
pL of 7.5 M Ammonium acetate was added. Finally, 500 uL
of ice cold absolute ethanol was supplied and left at -20°C
for 1 h to precipitate the DNA (Doyle and Doyle, 1987).
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RAPD-PCR Amplification

RAPD-PCR amplification was done in order to check
polymorphism, readability, and reproducibility. A total of
12 random primers from Operon Technologies Inc.
(Alameda, California, USA) were wused for the
amplification. Selected primers and their sequences are
shown in the Table 1. The protocol of Williams et al. (1990)
was used for RAPD analysis with some modification.
Amplification reactions were done in a volume of 20 pL
having 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM
MgCl,, 200 uM each deoxynucleatide triphosphate (dNTP),
0.4 uM of the primer (Operon Technologies Inc.), 1 unit
DNA polymerase (Ampli Taq Gold) and 20 ng of DNA
template. Gene Amp PCR System 9700 (PE Applied
Biosystems, USA) was used for amplification process. For
initial denaturation, the cycling of PCR was programmed as
1 cycle of 5 min at 94°C. This was followed by 45 cycles of
1 min at 94°C for denaturation. Then, a cycle of 1 min at
36°C for annealing and another of 2 min at 72°C for primer
extension. Finally, for the final extension 1 cycle of 7 min at
72°C was programmed. The soaking was done at 4°C.

Agarose-gel Electrophoresis of RAPD Products

The RAPD-PCR products were checked on 1.5% agarose-
gel. For size measurement, 1 kb plus the molecular marker
was used. After electrophoresis, the gels were documented
using a Fluor Chem FC2 Imaging System (Alpha Innotech
Corporation, USA).

RAPD Data Analysis

The genomic changes i.e.,, appearance and/or the
disappearance of bands of treated samples as compared
to control by using RAPD primers were observed in the
RAPD profiles and tabulated. The percentage of
polymorphism of amplified DNA was calculated using
the following equation:

P=[(a+b)/c] 100

Where, “a” shows the number of newly appeared
bands, “b” shows the number of bands that disappeared and
“c” is for the total number of bands for each primer used.

Results
Biochemical Parameters

In a laboratory experiment, two rice cultivars (KSK-282 and
NIAB-IR9) were treated with zinc sulfate and boric acid
fertilizers. Both cultivars showed different biochemical
responses to the fertilizers. These observed biochemical
parameters include cell membrane injury, the amount of
total soluble sugars, the contents of chlorophyll a and b, and
total carotenoid contents in both varieties.
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Zinc sulfate at 150 mg/L significantly decreased the
cell membrane injury in the shoots (1.07 ps/cm) and roots
(2.0 ps/cm) of KSK-282 as compared to the shoots (1.9
pus/cm) and roots (3.7 us/cm) of control, respectively.
Similarly, a significant decrease of the cell membrane
injury in the roots (1.37 pus/cm) and shoots (1.34 ps/cm)
of NIAB-IR9 was also found compared to the roots (2.5
ps/cm) and shoots of (3.4 ps/cm) control, respectively.
However, the remaining concentrations of both
fertilizers significantly increased the injuries in the
seedlings of both varieties Fig. 1a.

Total soluble sugars in both rice verities were
observed at different concentrations in response to the
application of two fertilizers Fig. 1b. In total, the quantity of
sugar in shoots was greater than the roots across the
treatments. For example, in the KSK-282 seedlings treated
with zinc sulfate 150 mg/L, the shoots showed sugar
contents of 11.2 mg/g (fw) while the roots showed only 3.2
mg/g (fw). Further, in comparison to control, the amount of
sugar was significantly increased in both rice varieties in all
treatments except Niab-IR9 treated with zinc sulfate 350
mg/L. Overall, total soluble sugar was significantly
increased in Niab-IR9 (shoots: 16.8 mg/g and roots: 5.1
mg/g) treated with 150 mg/L of boric acid in comparison to
control (shoots: 9.3 mg/g and roots: 3.5 mg/g).

The chlorophyll contents (a and b) of Niab-IR9 were
observed higher than KSK-282. However, in general, both
rice varieties have significantly higher chlorophyll contents
in comparison to control. Individually in comparison to
control, significantly highest chlorophyll a contents were
found in Niab-1R9 (0.02 mg/qg) treated with zinc sulfate 350
mg/L followed by Niab-IR9 (0.017 mg/g) treated with zinc
sulfate 150 mg/L. Similar results were also found for
chlorophyll b Fig. 1c.

Overall, the total carotenoid contents were observed
higher in KSK-282 in comparison to Niab-IR9. In
comparison to control (10.99 mg/g), KSK-282 seedlings
being treated by boric acid 350 mg/L have the highest
concentration of carotenoids (25.79 mg/g) followed by the
carotenoids (21.68 mg/g) of KSK-282 being treated by zinc
sulfate 350 mg/L. Moreover, there was no significant
difference as compared to control was observed in the
carotenoid contents of KSK-282 and Niab-IR9 being treated
by zinc sulfate 150 mg/L Fig. 1d.

Genotoxicity Assessment

RAPD analysis was carried out on the genome extracted
from rice leaves for the determination of genotoxic effects
of chemical fertilizers. In total 12 random primers were used
in the analysis, of which only five primers (OPC-13; OPM-
14; OPA-10; OPA-11 and OPB-12) resulted in genomic
DNA amplification. OPC-13 and OPM-14 showed
polymorphism in fertilizers’ induced rice varieties as
compared to control. Moreover, OPC-13 showed more
polymorphism (%) than OPM-14 in both rice varieties.
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Table 1: The RAPD Primers Used for Analysis. In all cases, the annealing temperature was 36°C/Sec

Serial # Primer name Sequence (5’ to 3°)
1 OPA-01 CAGGCCCTTC
2 OPA-02 TGCCGAGCTG
3 OPA-10 GTGATCGCAG
4 OPA-11 CAATCGCCGT
5 OPA-20 GTTGCGATCC
6 OPB-08 GTCCACACGG
7 OPB-12 CCTTGACGCA
8 OPB-18 CCACAGCAGT
9 OPC-05 CCACAGCAGT
10 OPC-07 CCACAGCAGT
11 OPC-13 AAGCCTCGTC
12 OPM-14 AGGGTCGTTC
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Fig. 1: Effects of boric acid and zinc sulfate (control, 150 and 350 mg/L) on KSK-282 and NAIB IR 9 varieties of rice.
Each bar represents the mean value of three independent replicates and the error bars show standard error. An asterisk (*)

shows the significant difference as compared to the control

By using OPC-13; 50% and 83.3% polymorphism were
observed in KSK-282at 150 mg/L and 350 mg/L of boric
acid, respectively. Similarly, in NIAB-IR9, 100%, and 60%
polymorphisms were observed at 150 mg/L and 350 mg/L
of boric acid, respectively. Although no polymorphism was
noticed by using the same primers (OPC-13 and OPM-14)
at 150 mg/L of zinc sulfate, yet it was observed at 350 mg/L
(Table 2). Total DNA bands, the molecular sizes of
disappeared bands, and newly appeared bands are shown in
Table 3. The bands were 14 (control) and 57 (treatments) in
KSK-282while 17 (control) and 65 (treatments) in NIAB-IR
9. OPA-10 and OPB-12 primers produced same RAPD
profiles for both varieties of rice. The number of bands was
higher in NIAB-IR9 as compared to KSK-282 genome
by using RAPD primer OPA-11 Fig. 2. Furthermore, the
RAPD profiles showed some genomic changes in
seedlings treated with the selected fertilizers at 150 and
350 mg/L as compared to control, for OPC-13 Fig. 3a
and b and OPM-14 Fig. 3c.
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Discussion

Zinc sulfate and boric acid are commonly used fertilizers
in rice cropping system across Pakistan. The present
study reveals that zinc sulfate at 150 mg/L decreased
cell membrane injuries in both rice varieties. Earlier
research studies have proven that zinc is involved in the
maintenance of biological membranes (Sadeghzadeh and
Rengel, 2011; Mousavi et al., 2013). It might be due to
the fact that it is an important part of Cu/Zn-superoxide
dismutase (SOD), which detoxify the reactive oxygen
species (ROS) (Jing et al., 2015). These ROS are very
harmful to cell membrane lipids and SOD converts them
into ordinary oxygen molecules. Thus, protects the cell
membrane from injury (Cakmak, 2000; Apel and Hirt,
2004). However, the higher concentration of this
fertilizer caused damage to rice by affecting its
membrane. Thus, 150 mg/L might be the optimum or
near to optimum concentration for the crop.
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Table 2: Polymorphism (P) % of amplified RAPD primers

Serial # Primer name (P) % in KSK-2282

(P) % in NIAB-IR 9

Boric acid Boric acid Zinc sulfate Zinc sulfate Boric acid Boric acid Zinc sulfate Zinc sulfate
150 mg/L 350 mg/L 150 mg/L 350 mg/L 150 mg/L 350 mg/L 150 mg/L 350 mg/L

1 OPA-10 0 0 0 0 0 0 0 0

2 OPA-11 0 0 0 0 0 0 0 0

3 OPB-12 0 0 0 0 0 0 0 0

4 OPC-13 50 83.3 0 66.6 100 60 0 33.3

5 OPM-14 33.3 50 0 50 33.3 20 0 33.3

Table 3: The number of bands in control and molecular sizes (base pair, bp) of disappearance (-) and/or appearance (+) of
DNA bands for RAPD primers in the leaves of rice seedlings treated with boric acid and zinc sulfate

Primers  Rice variety  Control Appearance/disappearance  Boric acid Boric acid Zinc sulfate Zinc sulfate
of bands 150 mg/L 350 mg/L 150 mg/L 350 mg/L
OPC-13  KSK-282 3 _ 500 776 0 776
+ 0 325;582;673;842 0 670
OPC-13 NIAB-IR9 4 _ 375; 470 740 0 375
+ 0 610; 910 0 0
OPM-14  KSK-282 4 _ 650 540 0 290
+ 0 710 0 400
OPM-14 NIAB-IR9 4 _ 650 0 0 290
+ 0 350 0 0
OPA-10  KSK-282 3 _ 0 0 0 0
+ 0 0 0 0
OPA-10 NIAB-IR9 3 _ 0 0 0 0
+ 0 0 0 0
OPA-11  KSK-282 3 _ 0 0 0 0
+ 0 0 0 0
OPA-11 NIAB-IR9 5 _ 0 0 0 0
+ 0 0 0 0
OPB-12  KSK-282 1 _ 0 0 0 0
+ 0 0 0 0
OPB-12 NIAB-IR9 1 _ 0 0 0 0
+ 0 0 0 0
Total KSK-282 14 2(-50(+) 2(-35¢) 0(-)0(+) 232
NIAB-IR9 17 3(0( 1(-):3 (%) 0(); 0(+) 2(::0(

Unlike zinc sulfate in our study, boric acid damaged the cell
membrane at both 150 mg/L and 350 mg/L concentrations.
This might be due to the trans-membrane movement of
boric acid and its ability to partition the lipid bilayer
(Dordas and Brown, 2000).

Our study has proven that zinc sulfate and boric acid
have increased the total soluble sugars in both rice
varieties. The quantity of sugar in shoots was greater
than the roots across all treatments of both rice varieties.
Our findings are in line with the study of Verma and
Dubey (2001), in which the application of cadmium has
increased the amount of sugar more in shoots than in
roots. Similarly in another study, the application of NaCl
to wheat seedlings showed a higher level of sugar
contents in the aerial parts as compared to roots
(Kerepesi and Galiba, 2000). The present findings
further showed that in comparison to control the amount
of sugar was significantly increased in both rice varieties
in all treatments except Niab-IR9 treated with zinc sulfate
350 mg/L. The accumulation of sugar in zinc and boron
treating plants might be due the nature of both elements, in
order to prepare the plant to tolerate the toxicity caused due
to increased elemental concentration (Reda et al., 2014).
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Additionally, another study showed that wheat plants
accumulated sugars in their subcellular compartments to
maintain growth under a stressful condition of boron
toxicity (Masood et al., 2016). Overall, the results
demonstrate that total soluble sugar was found highest in
both rice varieties treated with 150 mg/L of boric acid.
Thus, boric acid might be the best fertilizer for
increasing the sugar content of rice at this specific
concentration.

The results presented herein demonstrate that the rice
varieties treated with the tested fertilizers have significantly
higher chlorophyll contents in comparison to control plants.
Previous studies have shown that the application of boron
and zinc significantly increases the chlorophyll content,
growth and yield of rice crops. According to Patil et al.
(2008), elements like zinc and boron are considered as
essential micronutrients for improving the chlorophyll
content of plants. This in turn enhances the photosynthetic
and metabolic activities in the plant cell (Hatwar et al.,
2003). Individually, in comparison to control, significantly
highest chlorophyll a contents were found in Niab-IR9
treated with zinc sulfate. Similar results were also found for
chlorophyll b. The increase in chlorophyll content due to the



Bibi et al. / Int. J. Agric. Biol., Vol.

NIAB-IR 9

NIAB-IR 9

Fig. 2: RAPD profiles of genomic DNA from leaves of
rice seedlings exposed to untreated control (1, 6), boric acid
150 mg/L (2, 7), boric acid 350 mg/L (3, 8), zinc sulfate
150 mg/L (4, 9),and zinc sulfate 350 mg/L (5, 10), using
primers OPA-10 (a), OPA-11 (b, c) and OPB-12 (d, €).M:
DNA molecular size marker 1000 bp (100 bp DNA ladder)

zinc sulfate might be due to the fact that with a proper
supply of zinc the formation of Cu/ Zn-superoxide
dismutase enzyme (SOD) increases, which protects the
photosynthetic pigments from ROS (Sharma et al., 2012).

Total carotenoids contents were observed higher in
KSK-282 in comparison to Niab-IR9. In comparison to
control, both fertilizers at 350 mg/L showed the highest
concentration of the carotenoids in KSK-282 seedlings. Our
results are in line with the findings of Kalefetoglu and
Ekmekci (2009), Nahed et al. (2007) who reported a high
level of carotenoids in their plants treated with zinc as
compared to control. Similarly, according to llyas et al.
(2015), foliar application of Zn, Cu, and B significantly
increased the compound in citrus plants. As it has been
investigated that plants with the high level of carotenoids
are more tolerant to stress (Khan et al., 2016) therefore,
plants accumulate more carotenoids for future adverse
situations. Secondly, the increase might be due to the
enhancement of secondary metabolites by the action of
micronutrients (Shitole and Dhumal, 2012).

In the present case, the genotoxicity of chemical
fertilizers with RAPD technique was monitored for the first
time in Pakistan. It has been proved that this technique is
mostly used to find out various types of damages and
mutations in the plant's genome (Enan, 2007; Liu et al.,
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Fig. 3: RAPD profiles of genomic DNA from leaves of
rice seedlings exposed to untreated control (1, 6), boric acid
150 mg/L (2, 7), boric acid 350 mg/L (3, 8), zinc sulfate
150 mg/L (4, 9) and zinc sulfate 350 mg/L (5, 10), using
primers OPC-13 (a, b) and OPM-14 (c).M: DNA molecular
size marker 1000 bp (100 bp DNA ladder)

2007). In this study, RAPD profile was used for the
observation of the modified genomic DNA of rice seedlings.
The DNA changes including the disappearance of normal
bands and appearance of new bands in rice seedlings due to
the action of zinc sulfate and boric acid was compared to
untreated control. RAPD primer OPC-13 and OPM-14
showed the disappearance and/ or appearance of bands in all
treatments, except zinc sulfate at 150 mg/L. The loss of the
band (disappearance) may be due to DNA strand breaks,
modification of bases, oxidation of bases, point mutations
and/or the complex rearrangement of chromosomes
produced through the applied genotoxins (Atienzar et al.,
2002; Wolf et al., 2004; Atienzar and Jha, 2006). The
appearance of new bands in RAPD profiles may expose
changes in the genome, which might be due to mutations,
deletions, and/or homologous recombination (Atienzar et
al., 1999). Our results support the previous findings (Cenkci
et al., 2009), where zinc was found to be dose-dependent,
similarly in the present study zinc sulfate at 150 mg/L
showed no polymorphism in the DNA of the rice seedling,
although at the higher dose the polymorphism was noticed.

Conclusion

Zinc sulfate and boric acid are good sources of zinc and
boron elements, respectively, but the higher concentration
are injurious for different metabolic activities of rice plants.
The mechanism of action of the two elements was variable.
Total soluble sugars, chlorophyll a and b, and total
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carotenoids of fertilizers’ induced rice varieties showed
increased values in comparison to control treatments.
However, both low and high concentrations of boric acid
damaged the cell membrane. Zinc sulfate at lower
concentration has decreased the cell membrane injury in
comparison to control treatments of rice varieties. Similarly,
genotoxic effects revealed the less toxic behavior of zinc
sulfate as compared to boric acid, especially at 150 mg/L.
Thus, it can be concluded that among all treatments only
zinc sulfate at 150 mg/L was found to be a suitable fertilizer
in comparison to boric acid. Detailed biochemical and
molecular level studies are required for a deep insight of
fertilizers® application onto the mechanism of action in rice
varieties.  Moreover, field experiments are also
recommended to draw general conclusions on the use of
these fertilizers in rice fields. Moreover, the effects of
zinc and boron treated rice crops should also be tested
for human health.
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