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Abstract:

This study aimed to determine the toxicity of paraquat on the growth of cyanobacteria
(Nostoc sp. N1 and Anabaena sp. Al) and their potential for reducing paraquat toxicity in rice
cultivation (in vitro). The results showed that paraquat had a significant negative effect on dry
mass, chlorophyll a and phycocyanin contents in both strains. Furthermore, a highly positive
correlation was found between chlorophyll a content and dry mass of cyanobacteria. Nostoc sp.
N1 and Anabaena sp. Al treated with paraquat demonstrated the 50% effective concentration
values of 2.735 and 3.456 mg/L, respectively. Rice seeds treated with paraquat and
cyanobacterial cell revealed that 5 g/L of Nostoc sp. N1 promoted the fresh and dry weight
including seedling vigor index compared with the control, while paraquat showed a significant
negative effect on the seedling. Nevertheless, the addition of 10 g/L Anabaena sp. A1 combined
with a 0.05 and 0.1 mg/L of paraquat significantly enhanced the shoot and root lengths, fresh
weight, and seedling vigor index. From those results, it can be concluded that Nostoc sp. N1
and Anabaena sp. Al can alleviate the toxicity of paraquat with stimulating effect of the shoot
and root lengths.

Introduction:

Paddy field cyanobacteria, especially the heterocystous filamentous cyanobacteria such
as Nostoc and Anabaena, are very important for maintaining the rice field fertility through
nitrogen fixation.! Cyanobacteria has been used as a fertilizer combined with chemical fertilizer
for agrochemical cost reduction and rice yield improvement.>® However, they have not been
very well accepted for their special activities to be used as biological agents for remediating
and improving the soil and water qualities.* It was reported that Nostoc hatei and Anabaena
lutea decreased 39.73% of 2,4-D herbicide contaminated water from rice paddy fields after 14
days of receiving.® In addition, many strains of cyanobacteria were able to produce extracellular
polymeric substances (EPS) comprising mainly polysaccharide,® which can be used as a novel
soil stabilizer by successfully binding soil particles to improve the soil quality.’

Many species of cyanobacteria i.e. Phormidium,® Nostoc muscorum and Anabaena
subcylindrica,® Anabaena sp. PCC 7120, Anabaena flos-aquae, Microcystis aeruginosa,
Anabaena cylindrica and Anabaena spiroides!®!! have been reported to living and well
surviving in heavy polluted areas such as agricultural waste, livestock waste and industrial
wastewater.

Paraquat (1,1’-dimethyl-4,4’-bipyridinium dichloride) is a bipyridylium-class herbicide,
one of the most widely used in the world. In Thailand, the total amount of 13 million kilograms
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of paraquat herbicides was imported in 2013.%2 Contamination of paraquat in wetland rice fields
posed the negative effects on soil microorganisms, especially the effect on No-fixing
cyanobacteria such as decreasing of the growth, pigmentation and nitrogen fixation.3415
According to paraquat residue in soil, a very high amount of 72.15 mg/kg was found in Kalasin
province.'® While a low concentration of paraquat in dry and wet seasons in Chanthaburi
province, Thailand, ranged between 3.33-8.28 and 1.30-9.15 mg/kg, respectively.!’

Therefore, this study aimed to determine the toxicity of paraquat to the growth of Nostoc
sp. N 1 and Anabaena sp. Al and to evaluate the effect of paraquat and cyanobacteria cells on
germination and growth of San-pah-twang 1 rice seedling.

Methodology
Cyanobacteria and culture condition

Resistant paraquat cyanobacteria, Nostoc sp. N1 and Anabaena sp. Al were isolated from
paddy fields in Phayao province, Thailand. Cyanobacteria were grown in BG-11 liquid
medium, shaken at 120 rpm under a room temperature and illuminated with a light intensity of
3000 lux for 3 weeks. Then, each cyanobacterium was transferred to N-free BG-11 mixed with
the different concentrations (0, 3, 4, 5 and 6 mg/L) of paraquat (1,1’-dimethyl-4,4’-
bipyridinium dichloride 27.6% W/V SL) for 96 h of the experimental time.

Determination of the growth of cyanobacteria

Cyanobacterial growth was determined by estimating the cell biomass dry weight after
96 h of the experimental time. Aliquots of 10 mL of cyanobacterial suspension were filtered
with filter paper (GF/C). The filters were then washed with distilled water three times, dried at
80 °C for 24 h, cooled down in a vacuum desiccator, and then weighed.

Determination of cyanobacteria pigments

Determination of Chlorophyll a content

Chlorophyll a content was determined according to the method of Wintermans and de
Most.!8 Aliquots of 10 mL of cyanobacterial suspension were filtered with filter paper (GF/C).
The chlorophyll a content was extracted by 10 mL of 90% methanol and then inoculated at 70
°C for 20 min. The extract was centrifuged at 3000 rpm for 10 min. The absorbance was
measured at 630, 645, 665 and 750 nm using GENESYS 10S UV-Vis spectrophotometer
(Thermo Scientific, USA). The concentration of chlorophyll a was calculated using the
following equation:

11 '6(A665_A750)-1 31 (A645-A750)-0.0 14(A630-A750)><The volume of methanol(ml)

1
cuvette width )

Chl a (ug/ml) =
The volume of filtered water x(

where Aszo, Asas, Ases and Azso are the absorbance at 630, 645, 665 and 750 nm, respectively

Determination of Phycocyanin content

Phycocyanin was determined using the techniques of freezing and thawing from Sarada
et al.!® A 10 mL of culture was filtered through filter paper (GF/C) to obtain a pellet. The pellet
was then added into 5 mL of phosphate buffer (pH 7). Then, phycocyanin was extracted by the
freeze-thaw method (5 times). The cell debris was removed by centrifugation at 3,000 rpm and
supernatant was then measured by spectrophotometer at 618 nm. Phycocyanin content was
calculated by the following equation:
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Phycocyanin (mg) =

where ODe13 IS the optical density at the absorbance of 618 nm, 1000 is the value for converting
the unit to milligrams, 5 is the volume of phosphate buffer and 6500 is the constant.

1000

Phycocyanin (mg/g dry weight) = Phycocyanin(mg)x sample(mg)
Effects of cyanobacterial cell and paraquat on rice seedling growth

Growth condition and experimental design

The seed of Oryza sativa L. cv. San-pah-twang 1 rice were obtained from Phayao rice
seed center, Phayao province. Seeds were surface sterilized using 10% of sodium hypochlorite
for 10 min and washed with distilled water. Seeds were germinated in filtered paper on petri
dishes, moistened with 10 ml of test solution and placed on growth chamber for 7 days at room
temperature with 12:12 h light dark cycle (~15000 lux). This experiment was divided into 24
treatments as described in Table 1. The completely randomized design (CRD) with triplication
was performed.

Germination parameters
The germination parameter i.e. germination percentage (GP),%° germination energy
(GE),?! speed of germination (SG)? and the seedling vigor index (SV1)Z were investigated.

Physical parameters

The shoot and root lengths were measured in centimeter (cm) after 7 days of the
application. The fresh weight of each sample was determined, and the samples were then oven-
dried at 80 °C for 24 h before the dry weight was obtained.

Table 1. Experimental treatments for the determination of effects of cyanobacterial cells and
paraguat on germination and growth of rice seedling.

Cyanobacteria (g/L) Paraquat (mg/L) Cyanobacteria (g/L) Paraquat (mg/L)
Treat Nostoc Anabaena Treat Nostoc Anabaena
ment sp. N1 sp. Al ment sp. N1 sp. Al
10 5 10 5 005 01 05 1 10 5 10 5 005 01 05 1
Control - - - - - - - T13 - / - - / - - -
T1 / - - - - - - - T14 - / - - - / - -
T2 - / - - - - - - T15 - / - - - - / -
T3 - - / - - - - - T16 / - - - - - /
T4 - - - / - - - - T17 - / - / - -
T5 - - - - / - - - T18 / - - / -
T6 - - - - - / - - T19 / - - - / -
T7 - - - - - - / - T20 / - - - - /
T8 - - - - - - - / T21 - / / - - -
T9 / - - - / - - - T22 / - / - -
T10 / - / - - T23 / - / -
T11 / - / - T24 / - /
T12 / /
Statistics

The data were recorded as the mean + standard deviation of the result in triplicate.
Statistical analysis was performed using one-way analysis of variance (ANOVA). Difference
between means was considered using Duncan’s New Multiple Rang Test (DMRT) at the
significant level of 0.05. The correlations of biomass, chlorophyll a and phycocyanin contents
were calculated using the Pearson’s correlation coefficient and the toxicity of paraquat (ECsp)
was calculated using non-linear using GraphPad Prism program.
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Results and Discussion
Effect of paraquat on growth and pigments of cyanobacteria

Effects of paraquat on growth of Nostoc sp. N1 and Anabaena sp. Al were investigated.
It was found that paraquat had a significant negative effect on their dry mass, chlorophyll a and
phycocyanin contents. The dry mass of both cyanobacteria significantly decreased with
increasing paraquat concentrations (Figure 1). According to its properties, paraquat inhibited
the electron transport and CO. assimilation while enhanced the synthesis of reactive oxygen
species (ROS) of the cell, which disrupts the structure and inhibits the cell growth.?* According
to the previous report, Nostoc and Anabaena have the highest tolerance to paraquat at 25
mg/L.% Generally, Anabaena sp. has been reported for its higher yield than Nostoc sp. when
cultured in nitrogen-free medium.*2°
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Figure 1. Effect of paraquat on cyanobacterial dry mass.
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Figure 2. Effect of paraquat on chlorophyll a (a) and phycocyanin (b) contents of cyanobacteria.

Exposure to paraquat under different levels of concentration conditions induced the
decrease of pigments (Figure 2). The chlorophyll a and phycocyanin contents tended to
decrease continuously with increasing paraquat concentrations. The reduction in chlorophyll a
and phycocyanin contents from the paraquat exposure might affect photosynthesis.?* Other
herbicides, such as 2,4-D and glyphosate at concentrations 12 and 0.3 mg/L, respectively, have
been reported for their negative effect on chlorophyll a and phycocyanin contents of Nostoc
and Anabaena.’®?’ Similar results of pigment toxic effects were also observed in other
herbicides; endosulfan and tebuconazole treatments at various concentrations could cause the
reduction in the chlorophyll a and phycocyanin contents of the cells.?8
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Table 2. Correlation coefficient of biomass and pigments of cyanobacteria.

Cyanobacteria Nostoc sp. N1 Anabaena sp. Al
Correlation Significance Correlation Significance
coefficient (r) level coefficient (r) level
Biomass  Chl a° 0.992 0.026 0.880" 0.049
PC 0.816 0.092 0.798 0.104
Chla PC 0.973™ 0.005 0.983™ 0.003

a*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level
®Chl a : Chlorophyll a, PC : Phycocyanin

Pearson’s correlation coefficient values of dry mass, chlorophyll a and phycocyanin
contents of Nostoc sp. N1 and Anabaena sp. Al were calculated and presented in Table 2. The
results demonstrated a significant positive correlation (P<0.05) between dry mass and
chlorophyll a content with the correlation coefficients of 0.992 and 0.880, respectively.
Moreover, chlorophyll a and phycocyanin were also significantly correlated (P<0.01) with
positive correlation coefficients of 0.973 and 0.983, respectively (Table 2). In contrast, no
correlation was found between the biomass and phycocyanin content. This result was supported
by Ernst et al.®, who reported that a filamentous cyanobacterium Planktothrix rubescens
showed a significant correlation between cell counts and chlorophyll a content. Another
previous report demonstrated that the chlorophyll a content and dried weight was related to the
optical density (OD) of the cell.*® However, the other study reported that thiobencarb
concentration higher than 2 mg/L showed a significant decreasing effect of phycocyanin
content but no significant effect on chlorophyll a and biomass yield of Nostoc sphaeroides.3!

Acute toxicity (96 h-ECso) of paraquat to cyanobacteria

The 96-hour ECso values were calculated by the dose-response curve for both
cyanobacteria. Paraquat exhibited the ECso values of 2.734 and 3.456 mg/L for Nostoc sp. N1
and Anabaena sp. Al, respectively (Table 3). The lower ECso value indicates the higher
toxicity; consequently, Anabaena sp. A1 was more resistant to paraquat toxicity than Nostoc
sp. N1. As reported previously, A. variables also resisted other herbicides i.e. arozin, alachlor,
butachlor and 2,4-D.3? Glyphosate at low concentrations did not affect Anabaena sp. However,
at a concentration exceeding 1 mM, a significant inhibitory effect was found with the ICso value
of 9 mM. While, Nostoc punctiforme demonstrated the ICso value of more than 50 mM.*
Besides, Anabaena inaequalis was much more sensitive with their bipyridyl compounds such
as diquat, with the ECso values approximately 0.074 mg/L.3* Therefore, the response of each
species of cyanobacteria indicates different sensitivity to each herbicide.

Table 3. Acute toxicity of paraquat to cyanobacteria after 96 h of exposure.

Cyanobacteria Regression linear R? ECso values
(mg/L)
Nostoc sp. N1 Y=-0.01470*X+0.1189 0.974 2.734
Anabaena sp. Al Y=-0.01556*X+0.1315 0.973 3.456

Effect of paraquat and cyanobacterial cell on germination of rice
Germination parameters

Paraquat and cyanobacterial cells did not pose a significant effect on germination
percentage (GP), germination energy (GE), and speed of germination (SG). While, they had a
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significant influence on the seedling vigor index (SVI) (Table 4). The addition of both
cyanobacteria alone in treatment 1, 2 and 4 gently increased the SVI over the control.
Interestingly, addition of 10 g/L of Anabaena cells alleviated the effects of paraquat toxicity
on rice especially at a low concentration of paraquat (T17 and T18), resulting in the increasing
of seedling vigor index. In contrast, the addition of Nostoc sp. N1 cells combined with paraquat
was not able to increase the SVI compared with the seed treated with paraquat alone. The
previous research demonstrated that the SVI of rice and maize increased when cyanobacterial
extracellular polymeric substances was applied.® Besides, Anabaena variabilis and Nostoc
muscorum posed the positive resultant on the GP, SG and SVI of wheat seeds.*® According to
the residue of paraquat, the previous report revealed that the application of paraquat at 240 g/ha
did not affect the GP and SVI of bean seeds.®” Likewise, the application of paraquat at
concentration of 120 to 240 g/ha also did not affect the GP of rice seed.*

Table 4. Effects of paraquat and cyanobacterial cells on germination percentage, germination
energy, speed of germination and seedling vigor index.

Treatment Seed germination parameter (Mean+SD?)
GP (%) GE (%) SG (%) SVI

Control 100.00+0.00? 90.00+0.00? 90.00+0.002 246.60+30.242
T1 100.00+0.00? 93.33+5.772 93.33+5.772 288.00+37.272
T2 100.00+0.00? 96.67+5.772 96.6745.772 283.93+41.16°
T3 100.00+0.00? 96.67+5.772 100.00+5.772 238.33+101.79%
T4 96.67+5.772 96.67+5.772 100.00+0.00? 292.15+30.642
T5 100.00+0.00? 86.67+11.552 86.67+11.55° 169.33+33.98¢¢
T6 100.00+0.00? 86.67+11.552 86.67+£11.55% 164.00+14.18¢¢
T7 100.00+0.00? 90.00+10.00? 90.00+10.00? 104.47+38.88¢
T8 100.00+0.00? 86.67+5.772 86.67+5.772 122.00+33.87¢%
T9 100.00+0.00? 93.3345.772 93.33+5.772 157.00+13.11¢¢e
T10 100.00+0.00? 86.67+5.772 86.67+5.772 167.00+21.93¢¢
T11 100.00+0.00? 96.67+5.772 96.67+5.772 132.33+32.13¢%
T12 100.00+0.00? 93.33£11.552 93.33+11.55% 121.00456.11¢%
T13 100.00+0.00? 96.67+5.772 93.33+5.772 157.00+19.43¢de
T14 100.00+0.00? 100.00+0.00? 100.00+0.00? 180.30+41.49c
T15 96.67+5.772 96.67+5.772 100.00+0.00? 128.75+33.73¢%
T16 100.00+0.00? 96.67+5.772 96.67+5.772 122.00+13.53¢%
T17 100.00+0.00? 96.67+5.772 96.67+5.772 207.67+31.56"

T18 100.00+0.00? 96.67+5.772 96.67+5.772 206.00+1.00
T19 96.67+5.77? 96.67+5.772 100.00+0.00? 152.48+21.14¢¢¢
T20 100.00+0.00? 100.00+0.00? 100.00+0.00? 142.67+19.14cd
T21 100.00+0.00? 93.33+11.55? 93.33+£11.552 184.00+32.230
T22 100.00+0.00? 96.67+5.772 96.67+5.772 151.04+47.73¢¢
T23 100.00+0.00? 96.67+5.772 96.6745.772 145.33+20.53¢¢
T24 100.00+0.00? 96.67+5.77° 96.67+5.772 136.19+19.39¢

aMeans = standard deviation followed by the same letter are not significantly different at p<0.05, according to
Duncan’ s Multiple Range Test (DMRT). (GP: germination percentage (%), GE: germination energy (%), SG:
speed of germination (%), SVI: seedling vigor index)

Physical parameters of rice seedling

The growth of rice seedling was obviously promoted by Nostoc sp. N1 and Anabaena sp.
Al cells, resulting in the increasing of fresh and dry weights in comparison to the control.
Particularly, the addition of 5 g/L of Nostoc cells gave the highest growth in terms of fresh and
dry weights. Whereas, the fresh and dry weights of paraquat-treated seedlings were
significantly reduced with an increasing of paraquat concentrations. It is interesting that the
addition of both Nostoc sp. N1 and Anabaena sp. Al cells into a low concentration of paraquat
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treatments (T9, T10, T13, T14, T17, T18, T21 and T22) strongly alleviated the paraquat
toxicity (Figure 3a) and promoted the seedling growth. A previous paper showed that addition
of fresh or dry cyanobacteria as seed pretreatment improved plant nutrients, which
supplemented the biochemical partway i.e. exopolysaccharides (EPS), gibberellins, cytokinin,
auxin and nitrogenase activity to induce to a more rapid and augmented plant growth.®
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Figure 3. Effects of cyanobacteria cells and paraquat on fresh and dry weights (a), shoot and root
lengths (b) of rice seedling.

T1: N 10g/L T2:N5g/L T3:A10g/L T4: A5¢g/L T5:P0.05mg/L T6: P 0.1 mg/L
T7:P05mg/L  T8:P1lmg/L T9:T1+T5 T10: T1+T6 T11: T1+T7 T12: T1+T8
T13: T2+T5 T14: T2+T6  T15: T2+T7 T16: T2+T8 T17: T3+T5 T18: T3+T6
T19: T3+T7 T20: T3+T8  T21: T4+T5 T22: T4+T6 T23: T4+T7 T24: TA+T8
Note; N: Nostoc sp. N1, A: Anabaena sp. Al, P: Paraquat

Nostoc sp. N1 and Anabaena sp. Al cells demonstrated the similar trend in seedling shoot
and root lengths as the control. These cyanobacteria and control treatments influenced the
longer seedling root than shoot lengths. In contrast, seedling treated with paraquat exhibited a
very strong inhibitory effect on the root than the shoot. Addition of both cyanobacterial cells
into a low concentration of paraquat treatments significantly increased seedling shoot length
compared with the seedling treated with paraquat alone (Figure 3b). However, considering the
seedling root length, the addition of these Nostoc sp. N1 and Anabaena sp. Al did not pose the
positive effect on alleviating of paraquat toxicity. In general, rice seedling treated with cell-
free extracts of cyanobacterial strains namely, Anabaena oryzae and Nostoc calcicola
demonstrated the stimulating effect on root and shoot lengths of rice seedlings.*® Moreover,
Nostoc kihlmani and Anabaena cylindrica significantly increased the root and shoot lengths of
wheat.*

Conclusion
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This study demonstrated that paraquat had a significant negative effect on the dry mass,
chlorophyll a and phycocyanin contents of Nostoc sp. N1 and Anabaena sp. A1. Asignificantly
positive correlation was found between chlorophyll a content and dry mass of cyanobacteria
and also between chlorophyll a and phycocyanin contents. Anabaena sp. A1 was more resistant
to paraquat than Nostoc sp. N1 with the ECso values of 3.456 and 2.735 mg/L, respectively.

Paraquat and cyanobacterial cells did not pose a significant effect on most of the
germination parameters except for the SVI. The addition of cyanobacteria alone increased the
SVI over the control. Addition of both Nostoc sp. N1 and Anabaena sp. Al cells into a low
concentration of paraquat treatments gradually reduced the paraquat toxicity, resulting in the
increasing of fresh weight, dry weight and shoot length of rice seedling.

From those results, it can be concluded that Nostoc sp. N1 and Anabaena sp. Al cells
can alleviate the toxic of paraquat with the growth stimulating effect on rice seedling.
Therefore, these cyanobacterial cells could potentially be one of the natural substances used as
a growth promoting substance for rice yield improvement.
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