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Abstract
This experiment was carried out to understand the allelopathic response of tested BGA leachates on the germination and growth parameters of
Paddy (var. PR 114) under lab conditions. In present investigation the main aim of In vitro study was to understand the allelopathic role of tested
BGA strains as individual as well as in combination form on the growth parameters of Rice seedlings. Different concentrations of BGA leachate
affected the growth of Rice seedlings at different rate during the observed time of periods (6th DAS, 12th DAS and 18th DAS).

Introduction
The Blue Green Algae are distinguishable from other algae by their structural and functional peculiarities. These
organisms are oxygen-evolving prokaryotes and are known as Cyanobacteria (Stainer et al. 1979). Roger (1982), well studied
the Rice and BGA relationship. He stated that besides increasing nitrogen fertility, BGA have benefitted to Rice plants by the
production of growth-promoting substances. Francis (1878), first time reported about toxicity of cyanobacterial metabolites with
regard to their effects on human and environmental health. He also stated about death of livestock in South Australia, after
consumption of Cyanobacteria-contaminated drinking water from Lake Alexandria.
Kannaiyan et al. (1992), stated that Cyanobacterial metabolites encompass a wide range of chemical classes,
particularly including a diversity of nitrogen rich alkaloids and peptides which have been suggested to both pose threats to human
and environmental health worldwide, and equally hold considerable potential for development of pharmaceuticals and other
biomedical applications. Sivonen et al. (1986), stated that the compounds produced by blue green algae specially
Aphanezomenson flosaquae, Nodularia squmigena, Microcystis species and Oscillatoria species have been reported to be toxic,
either to other plants or to their own population.
A limited literature was published on the effect of Cyanobacteria toxins on plants (Abe et al. 1996, Kurki-Helasmo and
Meriluoto 1998, Codd et al. 1999, Saker et al. 2000, McElhiney et al. 2001). On the other hand, the occurrence of biologically
active substances which promote the growth of algae and other plant organisms had been reported by many investigators (Gupta
and Gupta 1970, Abdel-Wahab and Kobbia 1976, Jeannin et al. 1991, Cho et al. 1999, Hong et al. 1997, Shanab 2001). Recently
the crude extracts of five freshwater Cyanobacteria were found to have auxin like activity on potato tissue cultures (Shanab et al.
2003). Besides increasing N2 fertility, BGA have been assumed to benefit higher plants by producing growth promoting
substances. This hypothesis is based on the additive affects of BGA inoculation in the presence of nitrogenous fertilizers. Host of
these results have been obtained with Rice but similar results were observed also with vegetables such as radishes and tomatoes
(Roger and Reynaud 1979).
This experiment is much important because very few studies have been done to understand the allelopathic response of
algal leachates on the growth parameters (In- vitro) rather than their effect on productivity under field conditions especially with
genera i.e., Nostoc, Anabaena and Aulosira, which are well known in respect to algalization in Rice agro-ecosystems.
Materials and Methods
Pure cultures of selected BGA genera were procured from National Facility for Utilization and Conservation of Blue Green
Algae, IARI, New Delhi. The procured selected strains were again maintained in liquid BG-11 medium by following the
described method to conduct further In-vivo and in -vitro studies. Procured cultures were incubated in a BOD growth chamber
maintained at 25 oC and 2000-3000 lux light.
This study was based on laboratory bioassays which consisted five treatments i.e. leachates of Nostoc sp. (Treatment A),
Anabaena variabilis (Treatment B), Aulosira fertilissima (Treatment C), Combination of these three strains (Treatment D) and
Water Control (WC). These treatments were applied on seeds of Oryza sativa L. (var. PR 114) to test their allelopathic effect on
seed germination and seedling growth of paddy. In nature, allelochemicals are released in to the environment in water soluble
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form, i.e., leachate, root exudates, volatiles and decomposition products from plant residues (Narwal and Tauro 1996). Therefore,
distilled water was used as solvent for preparation of algal leachate by following the method of Hamdi et al. (2001).
The abbreviations used for denoting the leachates of selected BGA strains were as follows:
Treatments
leachate of BGA
A
B
C
D
WC

Nostoc sp.
Anabaena variabilis
Aulosira
fertilissima
Combination (A+B+C)
Water control

Total three parameters were taken for recording the observations (i.e. germination (%), root length (cm), shoot length (cm) at
regular intervals of 6th, 12th, 18th days after sowing (DAS).
Results and Discussion
By peruse of results (Figure 1, Table 1) it is clear that lower concentrations (25-50%) of all treatments, acted as
stimulatory, on the other hand the higher concentrations (50-100%) of the same treatments were found to play its role as
inhibitory on the growth parameters of Rice seedlings. From results it has been found that there is inverse relationship between
concentration and observed growth parameters (seed germination, root length and shoot length), it means increase in
concentration resulted as decrease in growth parameters. The inhibitory effect of algal leachate on the growth of Rice seedlings
was progressively increased with increase of concentration. Data presented in Figure 1, shows that presoaked seeds of Rice in the
low concentrations (25-50%) of Nostoc sp. leachate (treatment A) enhanced the germination percentage (maximum 77.33 %)
which was followed by treatment D (68.67 %), treatment B (59.33%) and treatment C (55%) respectively as compared to the
seeds presoaked in water control (64.67%).
Figure 1: Effect of different concentrations of algal leachates on germination of paddy grains.6 th Day after sowing (DAS)
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Table 1: Effect of different concentrations of treatments on the shoot and root length of paddy under lab conditions (mean ± SD)#

T

Con.
(%)

Shoot length (cm)
6 DAS

A

B

C

D

25
50
75
100
25
50
75
100
25
50
75
100
25
50
75
100

Water
Control
ANOVA (F
value) df= 4,
12

2.54 ± 0.38
2.38 ± 1.94
1.94 ± 0.13
1.84 ± 0.07
2.71 ± 0.19
2.59 ± 0.11
2.26 ± 0.19
2.22 ± 0.17
3.51 ± 0.45
3.84 ± 0.03
3.72 ± 0.08
3.22 ± 0.2
2.71 ± 0.33
2.56 ± 0.24
2.41 ± 0.26
2.33 ± 0.18
3.02 ± 0.18
42.12**

12 DAS
3.42 ± 0.26
3.66 ± 0.15
2.42 ± 0.04
2.11 ± 0.32
3.51 ± 0.05
3.56 ± 0.14
2.59 ± 0.13
2.29 ± 0.14
4.5 ± 0.15
4.74 ± 0.08
4.4 ± 0.03
24.34 ± 0.22
3.07 ± 0.39
3.46 ± 0.09
2.64 ± 0.38
2.45 ± 0.16
3.29 ± 0.33
16.11**

Root length (cm)
18 DAS

6 DAS

12 DAS

18 DAS

4.37 ± 0.15
4.31 ± 0.1
2.28 ± 0.12
2.18 ± 0.45
4.25 ± 0.36
4.09 ± 0.25
2.88 ± 0.13
2.64 ± 0.1
5.48 ± 0.27
5.56 ± 0.16
5.22 ± 0.18
4.89 ± 0.16
4.54 ± 0.19
4.22 ± 0.22
3.3 ± 0.11
3.13 ± 0.2
4.56 ± 0.7

3.05 ± 0.03
3.26 ± 0.17
2.89 ± 0.17
2.61 ± 0.63
2.41 ± 0.17
2.7 ± 0.29
2.04 ± 0.22
1.82 ± 0.11
1.95 ± 0.68
1.54 ± 0.21
1.33 ± 0.15
1.18 ± 0.27
2.37 ± 0.17
2.45 ± 0.15
2.25 ± 0.11
2.03 ± 0.14
2.48 ± 0.33

3.54 ± 0.14
3.44 ± 0.17
3.24 ± 0.12
3.14 ± 0.63
2.96 ± 0.14
3.22 ± 0.28
3.04 ± 0.12
1.82 ± 0.11
2.4 ± 0.24
2.46 ± 0.18
1.64 ± 0.16
1.59 ± 0.29
2.39 ± 0.12
2.45 ± 0.17
2.8 ± 0.11
2.45 ± 0.11
2.85 ± 0.25

4.1 ± 0.09
3.91 ± 0.25
3.86 ± 0.37
3.16 ± 0.59
3.34 ± 0.02
3.53 ± 0.17
3.23 ± 0.24
2.53 ± 0.32
2.88 ± 0.07
2.81 ± 0.23
1.94 ± 0.12
1.75 ± 0.26
3.18 ± 0.11
3.48 ± 0.25
2.71 ± 0.22
2.59 ± 0.06
2.98 ± 0.25

11.66**

28.16**

7.26**

11.43**

T = Treatments; DAS = Days after sowing; Con. = Concentrations; **Significant at 5% and 1% level; # mean of three replicates

More direct evidence for hormonal effects has come primarily from treatments of Rice seedlings with algal cultures or
their extracts. Presoaking of Rice seeds in BGA cultures or extracts has decreased losses from sulfate-reducing processes and this
has been attributed to the enhancement of germination and a faster seedling growth due to algal exudates (Jaw and Roger 1977).
At the end of 18th DAS, maximum shoot length (5.56 cm) was observed in the seedlings of Rice, treated with treatment C
(Aulosira fertilissima) at lower concentrations (25-50%) of leachate as compared to control (4.56 cm) and other treatments (Table
1). Presoaking of Rice seedlings in extracts of Phormidium (a non N2 fixing BGA) has been shown to accelerate germination
(Gupta and Lata 1964), promote the growth of roots and shoots (Gupta and Shukla 1969) and stimulate vegetative growth of the
plants (Goryunovsa and Orleanski 1967, Gupta and Shukla 1969, Shukla and Gupta 1967).
Lower (25-50%) to higher (50-100%) concentrations of BGA leachate was found to act as positive to negative
allelopathic on the root length of Rice seedlings. Maximum root length was observed in the seedlings treated with treatment A
(Nostoc sp.) at lower concentrations (Table 1). Gupta and Shukla (1967), also observed that presoaking of Rice seedlings in BGA
extracts promote the growth of root. Mishra and Kaushik (1989), observed similar positive indication for presence of auxin like
substances in Nostoc sp., which may act as root promoting substances. The growth pattern of Rice seedlings treated with algal
filtrate from Aulosira fertilissima resembled seedlings treated with gibberellic acid (Singh 1939). On the other hand, extracts of
Cylindrospermum muscicola that have given a positive effect on root growth of Rice seedlings had an action similar to that
produced by vitamin B12, which was found to be present in the algal cells (Venkataraman 1968, Venkataraman and
Neelakanthan 1967).
It has also been established, that algal growth-promoting substances are beneficial to other crops besides Rice and that
the production of such substances is not confined to BGA. Whether these substances are hormones, vitamins, amino acids or any
other components is still unknown (Roger 1985). So more time and efforts are still due to understand the actual role these
substances.

82

J. Algal Biomass Utln. 2014, 5 (1): 80–84
ISSN: 2229- 6905

Allelopathic effect of algal leachates on paddy germination

Acknowledgements
Authors are highly obliged to Prof. V.G. Das (Director), Prof. D.S. Rao (Head) and Prof. J.N. Srivastava Department of Botany
of the Institute for encouragement and constructive suggestions.
References
Abdel-W. AM & Kobbia IA 1976. Production of Gibberellin-like Substances by Nitrogen Fixing Blue Green Algae. Bull. Fac.
Sci, Assiut Univ. 5(3), 273- 286.
Abe, T., Lawson, T., Weyers, J.D.B. and Codd, G.A. (1996). Microcystin-LR Inhibits Photosynthesis of Phaseolus vulgaris
Primary Leaves: Implications for Current Spray Irrigation Practice. New Phytologist. 133(4), 651-568.
Cho, J.Y., Jin, H.J., Lim, H.J., Whyte, J.N.C. and Hong, Y.K. 1999. Growth activation of the microalga Isochrysis galbana by the
aqueous extract of the seaweed Monostroma nitidum. J. Appl. Phycol. 10, 561-567.
Codd, G.A., Bell, S.G., Kaya, K., Ward, C.J., Beattie, K.A., Metcalf, J.S., 1999. Cyanobacterial toxins, exposure routes and
human health. Eur. J. Phycol. 34, 405–415.
Francis, G., 1878. Poisonous Australian Lake. Nature. 18, 11-12.
Goryunovsa, V., and Orleanski, V.K. 1967. Modern methods for using nitrogen-fixing bluegreen algae for increasing the fertility
of rice fields [in Russian]. Inst. Mikrobiol. 309-316.
Gupta, A.B. and Gupta, K.K. 1970. The effect of Phormidium fovealarum extract on growth and development of Pea seedlings.
Labdev. J. Sci. Technol. Kanpur, 8: 151.
Gupta, A.B., and Shukla, A.C. 1967. Studies on the nature of algal growth promoting substances and their influence on growth,
yield, and protein content of rice plants. Labdev. J. Sci. Technol. 5: 162-163.
Gupta, A.B., and Shukla, A.C., 1969. Effect of algal extracts of Phormidium species on growth and development of rice
seedlings. Hydrobiologia. 34: 77-84.
Hamdi, A.l., Badar, Inderjit, Olofsdotter, M., Strebig, C.J., 2001. Laboratory bioassay for phytotoxicity, an example of wheat
straw. Agronomy J. 93: 43-48.
Hong, S.Y., Seo, G.M., Jin, H.J., Park, S.M., Hong, Y.K. 1997. Effects on the Proceedings presented at the 97 Joint Meeting of
Korean Societies on Fisheries Sciences. 229-230.
Jaw, V. and Roger, P.A., 1977. Decrease of losses due to sulphate reducing processes in the spermosphere of rice by presoaking
seeds in a culture of blue-green algae. [in French, English summary]. Cahiers O.R.S.T.O.M. Ser Biol. 12(2): 11-18.
Jeannin, I., Lescure, J.C. and Morot- Gaudry, J.F. 1991. The effects of aqueous seaweed sprays on the growth of maize. Bot.mar.
34: 469-473.
Kannaiyan, S., Sopko, B., Rao, K.K., Hall, D.O., 1992. Ammonia Excretion by the Algal Symbiont. In Biological Nitrogen
Fixation and Biogas Technology (Ed). Tamil Nadu Agri. Uni., Coimbtore, India. pp. 12-15.
Kurki-Helasmo, K., Meriluoto, J., 1998. Microcystin uptake inhibits growth and protein phosphatase activity in mustard (Sinapis
alba L.) seedlings. Toxicon. 36: 1921–1926.
McElhiney, J., Lawton, L.A., Leifert, C., 2001. Investigations into the inhibitory effects of microcystins on plant growth, and the
toxicity of plant tissues following exposure. Toxicon. 39: 1411–1420.

83

J. Algal Biomass Utln. 2014, 5 (1): 80–84
ISSN: 2229- 6905

Allelopathic effect of algal leachates on paddy germination

Mishra, S., Kaushik, B.D., 1989. Growth promoting substances of cyanobacteria. II. Detections of amino acids, sugars and
auxins. Proc. Indian National Sci. Acad. B55 Nos. 5& 6: 499-54.
Narwal, S.S. and Tauro, 1996. Allelopathy: Field Observation and Methodology, Eds Scientific Pub. Jodhpur pp. 243-254.
Roger, P. and Reynaud, P., 1979. Nitrogen & rice. IRRI, Los Banos, Laguna, Philippines, 289.
Roger, P.A., 1982. An Introduction to Blue Green Algae and their role in Paddy fields. O.R.S.T.O.M. funds documentary, No A5
837, code B, ex 1: 28-36.
Saker, M., Shanab, S. and Khater, M. 2000. In vitro studies on Ambrosia maritime. I Morphogenic responses and algal toxins
elicitation. Arab J. Biotechn. 3(2): 217-224.
Shanab, S. 2001. Effect of fresh water cyanobacterial extracts on alkaloid production of the in vitro Solanum elaeagnifolium
tissue culture. Arab J. Biotech. 4(1): 129-140.
Shukla, A.C., and Gupta, A.B. 1967. Influence of algal growth promoting substances on growth, yield and protein content of rice
plants. Nature. 213: 744.
Singh, R.N. 1939. An investigation into algal flora of paddy soils in the United Provinces. Indian J. Agric. Sci. 12: 743-756.
Sivonen, K., Kononen, K., Elsala, A. L., Niemela, S.I. 1986. Toxicity and Isolation of the Cyanobacterium Nodularia spumiqena
from the Southern Baltic sea. Hydrobiologia. 185: 3-8.
Stainer, R.Y., Kunisawan, R., Madil, M., Chohen, B.G. 1979. Purification and Properties of Unicellular Blue Green Algae. Bact.
Rev. 35: 171-205.
Venkataraman, G. S. and Neelakanthan, S. 1967. Effect of cellular constituents of the nitrogen fixing blue-green alga
Cylindrospermum musicola on the root growth of the rice seedlings. J. Gen. Appl. Microbiol. 13: 53-61.
Venkataraman, G. S. 1968. Algalization. Phykos. 5: 164-174.

84

