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ABSTRACT

Beside their ability to fix atmospheric nitrogen, cyanobacteria are known to
secrete into the surrounding medium a variety of compounds that could ameliorate cor
enhance seed germination and growth of rice plants. In an attempt to expound how far
the tested cyanobacterial candidates could contribute to rice development, 24-48 hrs
and 4 days iaboratory incubation experiments in the dark were carried out where three
rice cultivars (Giza 172, Giza 176 and Sakha 102) were determined for seed
germination and seedling growth when treated with cell-free extracts (filtrates) of the
cyancbactenial strains viz. Anabaena sp., Nostoc muscorum, Tolypothrix tenuis and
Aulosira fertilissima, each separately. Results indicate that cyanobacterial culture
extracts (filtrates) had stimulated roots and shoots growth of rice seedlings besides
increasing seed germination for the tested rice cultivars. N. muscorum had recorded
the highest percentages germination of 98, 92 and 90 for rice seeds cultivars Giza
176, Sakha 102 and Giza 172 after 48 h incubation in the dark, respectively.
Extending the incubation period to 7 days, again N. muscorum supported greater
growth pattern of rice shoots and roots than other cyanobacterial candidates.

INTRODUCTION

The importance of nitrogen-fixing cyanobacteria as a source of
combined nitrogen to paddy crop, has been appreciated ever since De (1939)
had demonstrated the capacity of certain cyanobacteria to fix atmospheric
nitrogen in rice fields. Many workers have paid attention to the study of the
cyanobacteria flora of rice fields and their effect on rice plants (Singh, 1961).
He reported that rice plants fertilized with Aulosira fertifissima, gave rice yield
three times greater than the control. Gupta and Lata (1965), while working on
cyancbacteria of paddy fields, has observed that Fischerelfa, Scyfonema and
Nostoc sp. accelerate the germination of seeds.

Besides nilrogenous compounds, cyancbacteria have other
biologically active constituents like vitamin By, and auxins may also contribute
appreciably to their nitrogen fixing fertifizing activity (Singh and Trehan,
1973). Various intracellular amino acids of Cylindrospermum muscicola,
cystine, tyrosine and phenylalanine seem to be available to rice plants. Gupta
and Shukla 1967) have reported that rice seedlings, treated with an extract of
phormidium sp., showed a marked stimuiation of root and shoot growth.

In a cumulative review, Roger and Kulasooriya (1980) reported that
besides increasing nitrogen ferlility, blue-green algae BGA have been said to
benefit rice plants by producing growth-promoting substances. More direct
evidence for hormonal effects has come primarily from treatments of rice
seedling with algal culture or their extracts. Presoaking of rice seeds in
cyanobacteria cultures or extracts decreased losses from sulphate — reducing
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processes and this has been attributed to the enhancement of germination
and a faster seedling growth due to aigal exudates. 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 v:tamm
B4, which was found to be present in the cyanobacteria celis (1.5 g g Y.
Pathak and Jha, (1995) documented that when maize, wheat,

mustard (Brassica juncea) and lady's finger (Abelmoschus esculentus) seeds
were inoculated with Synechocystis aquatilis, Microcystis elabens, Anabaena
doliolum or Nostoc linckia, seed germination in wheat and mustard was

highest with S. aquatilis. In maize and lady's finger, it was highest with M.
elabens. Maize and wheat yields were highest when inoculated with A.

doliolum, while the yields of mustard and lady's finger were highest when
inoculated with N. linckia.

Mule et al., (1999) observed that the inoculation of rice plants either
with Nostoc muscorum or Tolypothrix tenuis each alone or combined with
urea gave higher seedlings dry weight and shoot length than the control
treatment without cyanobacteria inoculation. Shoots were longest with N.
muscorum combined with urea indicating that this treatment more effective
than each cyanobacteria alone.

Elham (2001) reported that soaking rice seeds cv. Sakha 102 in
Nostoc sp. filtrate stimulated the seeds germination percentage to reach 90
% as compared with water soaked seed. She also added that this stimulation
effect occurred with Nostoc sp. had appeared with both Nosfoc muscorum
and Anabaena sp. in respective to percentage increases of 86.8 and 83.3 %.

This work is to evaluate the effect of cyanobacteria filtrate on the
seed germination and the growth of three different rice cultivars (Giza 172,
Giza 176 and Sakha 102).

MATERIALS AND METHODS

Four cyanobacterial strains (Anabaena sp., Nostoc -muscorum,
Tolypothrix tenuis and Aulosira fertilissima) are kindly supplied by Agricultural
Microbiology Department, Soils, Water and Environment Research Institute,
Giza, Egypt. These cyanobacteria strains were grown on Watanabe medium
(EL-Nawawy et al; 1958) under continuous illumination (2500 Lux) at
temperature of 28-32°C up to their appropriate logarithmic phase, each of
them was then filtered and their filtrates were used to evaluate their extract
influence on the germination and the growth of rice seeds cultivars Giza 172,
Giza 176 and Sakha 102 supplied by Rice Research Institute, Sakha
Research Station, Agricultural Research Center, Giza. Egypt.

The surface sterilized rice seeds were soaked in a saturated sodium
hypochlorite solution (2 % v/iv) for 2 h, with periodical agitation, and then
washed thoroughly with sterile distilled water. The seeds were allowed to
germinate in a petn ~ dish of 10 cm diameter containing 25 ml watery agar
(1.0 g agar 100 mI" distilled water). Each petri — dish was supplied with 10
seeds and supplemented with 2 mi crude filtrate of cyanobacteria.
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The plates were incubated for 24, 48 h and 7days old at 28 —30°C in
the dark. As sterility check plates without seeds were also incubated. In the
control Petri — dishes cyanobacterial filtrate was substituted with distilled
water and/or Watanabe medium for comparison, each treatment was
repeated in friplicates and arranged in complete randomized design. The
percentage of germination of rice seeds were calculated as follows:

Number of germinated seeds
Germination % = ' x106—
Total number of seeds

After 7 days of incubation, rice seedlings were measured for shoots

and roots lengths in comparison with those of the control treatments.

RESULTS AND DISCUSSION -~ ...

Data in Tables (1& 2) and illustrated by Figures (1, 2 &3) indicate the
promotion effect of the cyanobacteria filtrates on rnice seeds germination after
24 and 48 hours incubation in the dark as well as the growth pattern of rice
seedlings growth (shoots and roots) after 7 days incubation period.

Within 24 hrs of water moistening, 10 rice cv. Giza 172 seeds out of 100 were
germinated increased to 60 after 48 hrs with distilled water treatment.

Table(1) : Effect of cyanobacteria filtrate on rice seed germination after

24 and 48 hrs.
Rice Additi o Total seads.
; itives of total seeds
Cultivars —24 Firs. — 43 Firs.
(Distilled water control) 10.00 -4
Watanabe medium 15.00 ' _66"00
) Filtrate of : . 8000
Giza 172 Anabaena sp. 20.00 G000
Nostoc muscorum 30.00 8700
Tolypothrix tenuis 47.00 70,00
Aulosira fertilissima 30.00 ’
(Distilled water control)| ~~15.00 " """ 3808
Watanabe medium 20.00 ’
_ Filtrate of : 86.00
Giza 176 Anabaena sp. 40.00 98.00
Nostoc muscorum 35.00 3800
Tolypothrix tenuis 45.00 79.00
Aulosira fertilissima 37.00 :
(Distilled water control) 13.00 3388
Watanabe medium 18.00 :
Filtrate of : 8500
Sakha 102 Anabaena sp. 45.00 9200
Nostoc muscorum 29.00 89.00
Tolypothrix tenuis 48.00 74.00
Aulosira fertilissima 34.00 :
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Table (2): Effect of cyanobacteria fiitrate on rice seediings growth after
7 days incubation.

. . - Seven days old seedlings
Rice cultivars Additives Shoot length cm Root length om
(Distilled water control) 0.70 838
Watanabe medium 0.80 ’
Filtrate of - 1.90
Giza 172 Anabaena sp. 1.10 2'00
Nostoc muscorum 1.30 0.8 0
Tolypothrix tenuis 0.90 1 ‘60
Aulosira fertilissima 1.00 ’
{Distilled water control) 0.80 858
Watanabe medium 1.00 ’
Filtrate of : 0.50
Gizat76 Anabaena sp. 1.30 1' 10
Nostoc muscorum 1.52 040
Tolypothrix tenuis 1.20 0 60
Aulosira fertilissima 1.20 ’
(Distilled water control) 0.40 8'@8
Watanabe medium 0.60 ’
Filtrate of : 1.20
Sakha 102 Anabaena sp. 0.72 1'90
Nostoc muscorum 0.76 1 ’ 40
Tolypothrix tenuis 0.70 1 ‘3 0
Aulosira fertilissima 0.66 ’

Gemmination percentages of 15 and 64, 13 and 72 were obtained for
cv. Giza 176 and cv. Sakha 102 also with distilled water treatment after 24
hrs, respectively. Seeding on Watanabe medium supported better
germination rate of the tested rice cultivars with respective percentages of 15-

66 (Giza 172), 20-80 (Giza 176) and 18-80 (Sakha 102) corresponding to 24
and 48 hrs incubation periods. Cyanobacterial filtrates promoted rice seed
germination in rates differed from one strains to another. N. muscorum
-appeared-{o be -the superior stimulant resuiting in germination of 98, 92 and
90% of rice seeds cultivars Giza 176, Sakha 102 and Giza 172 after 48 hrs,
respectively foliowed by T. tenuis, Anabaena sp. and A. fertilissima with
respective germination percentages of (87, 88 and 89), (80, 86 and 85) and
(70, 79 and 74) corresponding to rice cultivars Giza 172, Giza 176 and Sakha
102.

The early growth rates of rice seedlings (shoots and roots) and the
percentage increases due to cyanobacterial culture filtrates are demonstrated
in Table (2) and Figures (2 &3). Soaking rice seeds cultivars in Watanabe
medium for 7 days resulted in increasing both shoots and roots compared
with those soaked in distiled water. The corresponding increases
percentages were 14.3, 25.0 and 50.0 (shoot) and 100, 100 and 300 (root) for
Giza 172, Giza 176 and Sakha 102, respectively. Similarly, seeds of all rice
cuitivars responded positively to cyanobacterial cuiture fiitrates and gave
different increases for both shoots and roots compared with those soaked in

distilled water.
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Fig. (1) : Effect of cyanobacterial filtrates on rice shoot seedlings growth
after 7 days incubation.
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Fig. (2) : Effect of cyanobacterial filtrates on rice root seedlings growth
after 7 days incubation.
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Rice variety Giza 172

Rice variety Giza 176

Rice variety Sakha 102

Fig.3 : Pattern growth of rice seeds cultivars under the
influence of different cyanobacteria filtrates.
The treatments from left to right:

1- Control (distilled water).

2- Watanabe medium filtrate.
3- Anabaena sp. filtrate.

4- Nostoc muscorum filtrate.
5- Tolypothrix tenuis filtrate.
6- Aulosira fertilissima filtrate
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Treatment of rice seed cultivars with Anabaena sp. filtrates supported
percentage increases of 57.2, 62.5 and 80.0 in respective to rice cultivars
Giza 172, Giza 176 and Sakha 102 in comparison with those recorded by
distilled water treatment. The corresponding roots increases percentages
were 850, 150 and 500. In respect to other tested cyanobacterial strains, N.
muscorum recorded percentage increases for either shoot or root as 85.7,
90.5 and 90 for shoots against 900, 450 and 850 corresponding to Giza 172,
Giza 176 and Sakha 102 rice cultivars, respectively. T. fenuis gave such
increases percentages as 28.6, 50.0 and 75.0 (shoots) and 300, 100 and 600
(roots) in respective to Giza 172, Giza 176 and Sakha 102, consequently.

The positive response of tested rice cultivar to the treatment with A.
fertilissima is expressed by the shoot increases were found to be 42.9 %
(Giza 172), 50 % (Giza 176) and 65% (Sakha 102). The respective increases
in root lengths were 700 %, 200 % and 550 %. Culture filtrates of N.
muscorum supported greater growth pattermn of rice shoots and roots than
other cyanobacterial candidates (Table, 2 and Figs. 2 &3). Same trend was
observed when compared with those presoaked with Watanabe medium only.
For instance, rice seeds treated with N. muscorum filtrate had given
percentage increases over those presoaked in Watanabe medium being
62.5, 52 and 26.7 (shoots) and 400, 175 and 137.5 (roots) for rice cultivars
Giza 172, Giza 176 and Sakha 102, respectively.

Cyanobacterial culture extracts have enhanced root and shoot
growth of rice. seedlings besides increasing seed germination. This might
possibly due to the production of growth promoting substances by the
microorganisms Kaptiyeva and Tantsiurkenko (1971) found that water soluble
product from 8 Calothrix Spp., Anabaena Sp. and Nostoc sp. had
rhizogenous effect and stimulated rice growth. Presoaking of rice seedlings in
extracts of phormidium had been shown to accelerate seed germination
(Gupta and Lata, 1965), promote the vegetative growth of rice piants and
increase the weight and protein content of grains (Gupta and Shukia, 1967).
The growth pattern of rice seedling treated with filterates of Aulosira
fertilisima resembled seedlings treated with gibbrellic acid (Singh and Trehan,
1973). It has also been demonstrated that amino acids and vitamin B,
obtained from algal extracts had a rhizogenous influence in rice
(Venkataraman and Neelkantan, 1987). Soaking seeds of cucumber and
pumpkin with an extract of Westiellopsis prolifica a N,-fixing cyanobacterium
promoted and enhanced germination and their subsequent growth and
development of seedlings. An extract of Lyngbya sp. a non-Ny-fixing
cyanobacterium had no significant effect (Nanda ef al, 1991). The
germination of seeds of some crop plants treated with either live inoculum,
algal filtrate (exogenous) or boiled algal extract (endogenous) of the nitrogen
fixing cyanobacterium Nostoc muscorum was significantly increased due to
the nitrogenous compounds as well as nitrate reductase activities and
peptides produced in the algal filtrate and or other compounds that stimulate
growth of crop plants (Adam, 1999).

Soaking rice seeds cv. Sakha 102 in Nostoc sp. filtrate had
stimulated the seeds germination percentage to reach 90 % as compared
with water soaked seed (Aref, 2001). She also added that this stimulation
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effect occurred with Nostoc sp. had appeared with both Nostoc muscorum
and Anabaena sp. in respective to percentage increases of 86.8 and 83.3%.
Tantawy and Mussa (2001) have soaked the seeds of some crops cultivars
(wheat, soybean and clover) in the cyanobacterial extract of Nostoc
muscorum and \ or Anabaena flos aquae and found that they had positively
stimulated and improved both the germination and the plant growth for all
tested crops.

However, the production by cyanobacteria of substances that have
growth promoting like effect on rice plants is more or less well established,
but what is the nature of these substances, this is the question which still
needs an answer.

REFERENCES

Adam, M. S. (1999). The promotive effect of cyanobacterium Nostoc
muscorum on the growth of some crop plants. Acta. Microbiologica. 48:
2,163 -171. '

Aref, Eiham M. M. (2001). Studies on cyanobacteria in Egypt. Ph.D. Thesis,
Faculty of Agriculture, Cairo University, Giza , Egypt.

De, P. K (1939). The roie of blue-green algae in nitrogen fixation in rice
fields. Proc. R. Soc. Lond. 127 B: 121-139.

EL-Nawawy, A. S., N. Lotffi and M. Fahmy. (1958). Studies on the ability of
some blue-green algae to fix atmospheric nitrogen and their effect on
growth and yield of rice plant, Agric. Res. Rev. 36: 308-320.

Gupta, A. B. and A. C. Shukla (1967). Influence of algal growth promoting
substances on growth, yield and protein content of rice plant. Nature
(London), 213: 744.

Gupta, A. B and K. Lata (1965). Effect of algal growth hormones on the
germination of paddy field. Hydrobiol. 24: 430-434.

Kaptiyeva, Zn, P. and O. V. Tantsiurkenko (1971). Effect of growth of rice
seedlings. Microbiol. Zh., 33 (2): 215-221.

Mule, Maria. C. Z., Gloria, Z. Caire, Monica, S. Cano and Colombo, Karina.
(1999). Effect of cyanobacterial inoculation and fertilizers on rice
seedlings and postharvest soil structure. Commun. Soil Sci. Plant Anal,
30: 97-107. :

Nanda, B.; S. K. Tripathy and S. Padhi (1991). Effect of algalization on seed
germination of vegetable crops. World J. Microbiol. And Biotech. 7 (6):
622 - 623.

Pathak, B. and C. N. Jha (1995). Influence of some phytoplanktons on
germination and growth of maize, wheat, mustard and Lady's finger.
Environment and Ecology. 13 (3 ): 728 - 731.

Roger, P. A. and S. A. Kulasooriya (1980). Blue-green algae and rice. Edt.
International Rice Res. Inst., pp.51-562.

Singh, V. P. and K. Trehan (1973). Effect of extracellular products of
Aulosira fertilissima on the growth of rice seedlings. Plant and Saoil, 38:
457-464.

3051



Herzalla, Nagat, A. et al.

Singh, R. N. (1961). Role of blue-green algae in Indian agricuiture. 1.C. A. R,

(New Delni). (Cf. Singh and Trehan, (1973)

Tantawy, S. T. A. and S. A I Mussa (2001). The influence of live
cyanobacteria filtrate of Nostoc calcicola and Anabaena flos aquae on
seed germination and plant growth of some cultivars (wheat, soybean
and clover). Az. J. Microbiol. 54: 251-272.

Venkataraman, G. S. and S. Neelkantan (1987). Effect of the celiular
constituents of the nitrogen fixing blue- green algae Cyindrospermum
musicola on the rice root and seedlings growth. J. Gen. Appl.
Microbiol., 13: 53 — 61.

Qo gad e g 50 et bl e s silall Jadiall 3
Sl 35 U 30 A — ariall 36 laaa g gdee Al A il ae Blad
aa =85l = Ayl g Blaally pudal Y1 & gag dgra — Lol L gl o 9 Ssal) audd

S LS Sl e YD A i aladiuly Jesall (8 4 je0 Cu el Ayl o2
3 YLl o3 CiilSy Bas e
Aulosira fertilissima, Tolypothrix tenuis, Nostoc muscorum, and
Anabaena sp.
YA O—as ) a ka0 e Watanabe 4y e 4l Y 338 Ciaa ya
d_béulg.‘u.ua)‘;_,m_,nﬂ)_,hu.k:d}maﬂey"\ 23al Mb;hﬂ)" N °\‘\’—
Gl a5 Sl e )JujﬂthcJ_ﬂluhdJﬂnuYMonJmuu)
Al Gl e 3 Ggead Cpizanall ey @iy VoY Ww YT OYY 35m 8 3V e
REPRL R ),.h,um...d\,u ook ISy el £A Y€ 3l DRI (B Sl ol o
"u.h\.ac.l‘.un um_,i Ay ¢ gpianil e ‘zblda.\u
B YT VY 55 GilaaY 5 S8 S LSSl Yl pad il )
lg.;l.u...us_,))\ﬂul)al._n)_,.x_;wdsgjjkaab)ul_lcal_)lld.\lus\ .Y
Oy Al il @il 3 Y GliaY cl B Sl Nostoc muscorum abuul cais - Y
- J<1% "\'_,(\V'\o_)g_a)%%A@gﬂbh&is@;twuﬁwa&MZA
A uym@as)mdn, WYY 53m)y (VY uu)o..
il @l 1, c_anLujl Olad J bl el Nostoc muscorum abudl c@ia <l -7

A.L.Ac.u\)ca(a)ua]l (b|m»aﬂwmdbjmlﬂgm))|uhmleaﬂ
- G AY! SV liale ae 4 Hlaally elly y DL

3052





