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ABSTRACT

The effect of cyanobacteria strains filtrates of Nostoc catcicola and Anabaena
fios aquae on the seed germination and / or plant growth of some wheat, soybean
and clover crop cultivars were investigated. Soaking the seeds for these crops in the
filtrates of both cyanobacteria strains increased the germination percentage over
either the control treatment {water} or Watanabe medium. The increase in
germination reached 97.49% over the control treatment. Also, the seedling of these
crops when treated with the cyanobacteria filtrate seemed to be healthy improved in
growth than those treated with water or Watanabe medium only. However, clover
seedling treated with Nostoc filtrate achieved the highest shoot length increase
percentage (100) as compared with other treatments for all tested seedlings crops.
Consequently, soybean seedlings tested with Nosfoc filtrate had recorded 96.67%
increase in root length in comparison with all treatments. Generally, both Nostoc
cafcicola and Anabaena flos aquae strains had positively stimulated and improved
germination and/or plant growth for all tested crops than those of water or Watanabe

medium.
INTRODUCTION

Cyanobacteria are abundant in rice fields where their enhancement of
soil fertility by means of biological nitrogen fixation has often been studied
(Roger and Kulasooriya, 1980), but their beneficial effect is not limited to
that. Bently (1958} in studying growth regulator production by phytoplankton
showed that some strains of Anabaena and Oscillatoria exuded auxins-like
substances.

Cyanobacterial plant growth-regulator effects have been attributed to
production of antibiotics and toxins seeds of, organic acids (Hellebust,
1974), vitamins B (Grieco and Desrochcr, 1978), gibberellic-like substances
(Singh and Trehan, 1973} and cytokinin-like substances (Rodgers et af,
1979).

Microalgae are a biochemically diverse assemblage of microorganisms
amenable to fermentation and mass culture. Including the cyanobacteria
and nearly a dozen eukaryotic classes, microalgae produce a wide array of
compounds with biological activity. These include antibiotics, algicide toxins,
pharmaceutically active compounds and plant growth regulators (Metting
and Pyne, 1986).

Adam (1999) revealed a stimulation effect of the cyanobacterium
Nostoc muscorum on seed germination of wheat, sorghum, maize and lentil.
He also added that the germination of seeds of the tested crop piants either
in live cyancbacteria inoculum algal filtrate (exogenous), or boiled
algal extract (endogenous) was significantly increased.

Abd El-Aal (1999) showed that soaking 4, rice seeds cuitivars viz Giza
171, 172, 178 and 181 in a crude filtrate of the Ny fixing cyanobacteria
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Anabaena fertilissima, Calothrix breyissima,, Nostoc muscorum and
Anabaena oryzae had increased their germination percentage to 100 as
compared to 60 for the seeds soaked in water only. Aref (2001} reported
that soaking rice seeds cultivar Sakha 102 in Nostoc sp. live filtrate had
stimulated the seed germination percent age to reach 90 as compared with
water soaked seeds. She also added that this stimulation 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.

Mohamed (2001) came to a conclusion that the treatment of rice
seedlings with the cyanobacteria filtrates of Anabaena oryzae, Nostoc
calcicola, Microchaetetenera and Cylindrospermum muscicola each alone
had increased both shoots and roots lengths than those treated with water
only.

This work is a trial to in investigate the effect of live cyanobacteria
filtrates of two strains namely Nosfoc calcicola and Anabaena flos aquae on
the seeds of wheat, soybean, and clover crops.

MATERIALS AND METHODS

Pure culture of Anabaena flos aquae and/or Nostoc calcicola were
kindiy ohtained from Agricultural Microbiology Department, Soils, Water and
Environment Research Institute, Giza, Egypt. The cultures were then grown
in Watanabe medium (1951) under continuous fluorescent white light. The
light intensity was kept at 2000 Lux and temperature at 28 + 2 °C. Seeds of
wheat cultivars Giza 5, 68 and 69, soybean cultivars, Giza 22, Giza 82 and
Crawford, and clover cultivar Seda were obtained from Agric. Res. Crop
Inst., Agric. Res. Center Giza, Egypt.

The growing algae was filtered after desired intervals (log phase} to
develop the experiment.

Seeds of wheat (20 seeds), soybean (15 seeds), and ciover (25
seeds) were surface sterilized using solimani solution followed by several
washing with distilled water. Selected seeds number from each crop was
then distributed on water agarized Petri dishes (0.5% agar).

Cyanobacterial filtrate (10 ml} added to Petri dishes to obtain two sets
for either Anabaena flos aguae or Nostoc calcicola. The plates were
incubated for 48 hrs at 28 £ 2 °C in the dark. In the contro! Petri dishes
cyanobacterial filtrates were substituted with water and/or Watanabe
medium for comparison. Each treatment was repeated in triplicates and
arranged in complete randomized design. The percentage of seed
germination was calculated as foliows:

Number of germinated seeds
Germination % = X 100

Total number of seeds

Well developed S days old seedlings of all crops were then transferred
to 500 ml capacity bottles containing 250 mi semiliquid water agar (1%) and
exposed to same treatments executed in Petri-dishes germination test.
Bottles were incubated in the growth chamber but under continuous light

{5000 Lux) for 10 days. Developed seedlings for the tested crops were then
measured for root and shoot lengths in centimeters.
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RESULTS AND DISCUSSION

Germination percentage of wheat, soybean and clover seeds increased
when soaked for 48 hrs in the filtrate of the cyanobacteria strains Nostoc
calcicola and/or Anabaena flos aquae (Table 1), when compared with seeds
soaked in either water or Watanabe media. Soaking the tested seeds in
Nostoc filtrate gave better germination percentages than those soaked in
Anabaena fillrate when compared with soaking in water the control
treatment. The highest percentage increases over the control treatment had

" achieved by soybean cv. Crawford (97.49) followed by 93.33, 88.57, 83.33
and 48.33% for soybean cv. Giza 22, soybean Giza 82, clover ¢v. Seda and
wheat cv. Giza 68, respectively. However, amongst wheat cultivars, seeds of
Giza 68 gave the highest seed germination increase percentages over the
contral treatment (48.33) followed by cv. Giza 5 (47.69) and cv. Giza 69
(42.86) when the seed soaked all seeds in Nostoc .filtrate. Soybean seeds
treated with Nostoc filtrate caused percentage germination to be arranged as
97.49 (cv. Crawford), 93.30 (cv. Giza 22) and 88.57 (cv. Giza 82). Soaking
the seeds of the tested crops in Anabaena filtrate had achieved increases in
the germination percentages over the control treatment. These increases
were slightly lower than those obtained with soaking in Nostoc filtrate.
However, soaking the tested seeds in Watanabe medium free from
cyanobacteria had slightly increased the germination percentages over the
control treatment (Tables 1&2).

Table (1): Seed percentage germination of wheat, soybean and clover as
affected with cyanobacteria filtrates after 48 hrs.
Crop Germination %
treatments Wheat | Soybean | Clover
Giza 5 | Giza 68| Giza 69|Giza 22Giza 82| Crawford Seda
Control (water| 65.0 60.0 70.0 | 40.00 | 46.67 50.00 48.00

Media 68.0 | 65.0 | B80.0 | 53.00 | 73.33 70.00 56.00
Nostoc 96.0 89.0 | 100.0 | 77.33 | 88.00 { 93.33 88.00
Anabaena 92.0 77.0 | 930 | 6067 | 7867 8533 80.00

The growth rate of the tested crop plants due to cyanobacterial culture
filtrates are demonstrated in Tables (3&4). All seedlings treated with the
cyanobacterial culture fillrates had increased in both shoots and roots
lengths. Nostoc filtrate caused both shoots and roots seedlings lengths to be
superior to those achieved by Anabaena filtrate when compared with the
control treatments. However, the highest shoot or root lengths increase
percentages due to cyanobacterial seedlings treatment were noticed for
clover shoot {100) and soybean cv. Giza 22 root (96.67) when treated with
Nostoc filtrate. The highest shoot lengths percentage increases achieved by
using Anabaena filtrate were also with clover cv. Seda (73.68) followed by
soybean cv. Crawford (60.87), soybean cv. Giza 22 (52.00), soybean cv.
Giza 82(44.00) and wheat c¢v. Giza 68 (32.00). Same trend noticed with
Anabaena filtrate with shoot lengths was observed with root lengths when
compared with the controi treatments.
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Table {2): Effect of cyanobacteria filtrate (Nostoc caicicola and /or Anabaena cquae) on the germination of
wheat, soybean and clover*

Crop Wheat Soybean clover

Giza 5 Giza 68 Giza 69 Giza 22 Giza 82 Crawford Scda

w c “ £ o w e @ s e 5 £ = o @ s e @

Treatments g -% § : -% g g % a g 2 § 2 2 E",; g 2 |8 3 2 E

Zg (g |22 |8 (22 |& |22 (g 12g |8 |22 |8 =g |§

=5 |¥ |26 |® 2% (B |E& | 2% |F |=2% ¥ (=5 ¥

ntrol (water) 13.0 - 12.00 - 14.0 - 6.0 - 7.0 - 7.8 - 12.0 -

Media 13.60 (4.62| 13.00 [8.33] 16.0 [14.29( 8.0 (33.33( 11.0 [57.14( 105 [3462! 14.0 16.67
Nostoc 19.20 l47.69{ 17.80 148330 200 {42860 116 193.30( 13.2 18857 140 19749) 22.0 83.33
Anabaena 1840 |41.54] 1540 |28.33] 186 132.86] 91 |51.67] 11.8 [68.57] 128 |164.10] 20.0 66.67

* Seed were soaked for 48 hrs in cyanobacterial filtrates of Nostoc calcicola and for Anabaena flos aquae.

Table (3): Effect of cyanobacteria filtrate (Nostoc calcicoia and Jor Anabaena flos aguae) on shoot lengths in cm of
wheat, soybean and clover*

o W 7eyeys-13

Crop Wheat Soybean clover
Giza § Giza 68 Giza 69 Giza 22 Giza 82 Crawford Seda
b~ b~ = b~ b o b~ = b~ = oo
[=} @ © @ <} g =) 1} <) @ =} @ 5] L
Treatments 6= P G2 0 s2 18 | g2 1w 2|8 2|8 i= | 8
z 3 o z 2 g =2 o 1 =g e 128 2 |z 8 =2 g
g~ 5 = = 5 e = ] = 5 c=| 5 = | 8 c = o
o E £ ] E £ 3 E £ o E k= q E £ © E £ Q E c
28 |¥ |28 |=® (28 | |58 | |5 |35 | |55 |
fontrol {water) 16.00 - 15.00 - 14.10 - 10.0 - 120001 - 9.2 - 1.9
Media 17.00 | 6,25 16.00 | 6,67 | 1570 1135/ 12,70 127.0124.20]21.0] 11.5 125.00 26 pb6.84
Nostoc 21.20 132.50] 2040 |36.00| 1920 )36.17]17.90 | 79.0(30.10)50.5| 16.8 | §2.61 3.8 100.0
Anabaena 1950 (21.88) 19.80 |32.00] 18.10 [28.37{ 15.20 | 52.0]|28.80 | 44.0 14.8 | 60.87 3.3 3.68

* Seed were scaked for 48 hrs in cyanobacterial filtrales of Nostoc calcicola and or /Anabaena flos aguae.
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Table (4): Effect of cyanobacteria filtrate (Nostoc calcicola and /or Anabaena
cquae) on root lengths in cm of wheat, soybean and clover*

Crop Wheat Soybean Clover

Giza5 | Giza 68 | Giza 69 ] Giza 22 | Giza 82 | Crawford] Seda

Treatments |22 18 |22 18 (32 1B 5281528 52|F | |k

zEezEnggzggzggzggz_gg

EEIE|GEIS|SE|S BEIE |SEE FE|S |§¢E IS

o a2 2

e =R =E R 28T =85 |2&® 2§

IControl (water) 1.7 a7 86 30 9.0 10.7 . 4.30 .
Media 136 |16.24 126 [28.84 121 [a0.70] 3.8 (2667 12.0 [33.33 120 [12.150 600 | 39.53
Nostoc 156 [3343 148 (254 150 [74.72 58 [0667 150 [77.78 16.2 |5140| 796 | 83.72
Anabaena 150 [2621 136 [p021 1a.1 [6395 55 [8339 15.1 [67.77 1584766 6.0 | 60.47

* Seed were soaked for 48 hrs in cyanobacterial filtrates of Nostoc calcicola and or
|{Anabaena flos aquae.

Seedlings treated with Nostoc filtrate gave the highest root length
increase percentages over the control treatments as 96.67 for for soybean
cv. Giza 22 followed by 83.72, 77.78, 74.72 and 52.58 for clover cv. Seda,
soybean cv. Giza 82, wheat cv. Giza 69 and wheat cv. Giza 68,
respectively. While, the corresponding highest increase percentages for the
seedling treated with Anabaena were in the order of 83.33 (soybean cv.
Giza 22}, 63.85 (wheat cv. Giza 69), 60.47 {(clover cv. Seda), 47.66
(soybean cv, Crawford) and 40.21 (wheat cv. Giza 68).

Generally, this work may lead to a conclusion that it couid be useful to
pre-soak the crop seeds in the cyangbacteria filtrate before sowing. This
process may help in decreasing the period of seed dormancy.

In the present work, cyanobacterial culture filtrates have stimulated
both root and shoot growth for the tested crops besides increasing seed
germination percentages as compared with both the control or Watanabe
medium treatments.

This might possibly due to the production of growth promoting
substances by the microorganisms. Koptiveva and Tantisur (1971) found
that water soluble products from 8 Calothrix spp., Anabaena sp. and
Stratonostoc sp. had a rhizogenous effect and stimulated rice growth. Pre-
soaking of rice seedlings in extract of Phormidium had been shown to
accelerate seed germination (Gupta and Lata, 1964), promote the vegetative
growth of rice plants and increase the weight and protein content of grains
(Gupta and Shukla, 1967). The growth pattern of rice seedlings treated with
fiitrates of Aulosira fertilissima resembled seedlings treated with gibbrellic
acid {Singh and Trehan, 1973). Soaking cottion seeds in water extracts of 2
Chiorelia vulgaris strains for 24 hrs increased percentage germination and
seedling growth {Bil'-mes and Shotok, 1988).

Soaking seeds of spring wheat in 1% solution of an extract of growth
substances extracted from blue-green alga Phormidium foveslarum had
accelerated germination{18% increase) and increased the number of
seedling by 9-17,8% (Wang etal., 1991).

The cotton seeds pre-soaked in 10, 15 and 20% Phormidium extracts
alga prepared in water, acetone or boiled water was increased in
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germination, total length of seedling and length of radical after 10 days
incubation (Likhikar and Tarar, 19935).

Rice seeds germination, seedling elongation and catalase activity in
the endosperm and embryo were generally increased due to pre-soaking of
rice seeds in algal extract for 24 hrs (Mehta et al., 1999).

Adam (1999) reported that when seeds of wheat, sorghum, maize and
lentil exposed to either live Nostoc muscorum algal extract or killed algal
extract, germination was significantly increased, as were growth parameters
and content of nitrogenous compounds compared with control. These
increases could be attributed to the nitrogenase as well as nitrate reductase
activities of the alga associated with the surface of plants; or the aming
acids and peptides produced in the algal filtrate and/or other compounds
that stimulate growth of crap plants. Mohamed {2001) showed that soaking
rice seeds in cyancbacterial filtrates of Anabaena oryzae, Nostoc calcicola,
Microchaete lenera and Cylindrospermum muscicola each alone had
increased germination percentage and both shoots and roots lengths than
those treated with water only. He owed this to the growth promoting like-
substances secreted by the cyanobacteria strains in their filtrate. Pathak and
Jaha (1995) noted that cyarobacteria inoculation increased significantly the
percentages of seeds of wheat, maize, ladys finger and mustard. Abd EL-
Aal (2006) indicted that the cyanobacterial filtrate extract of A. oryzae,
Nostoc Cacicofa, microchate fenera and Cylindrospermum stimuiate the
growth of rice seed and increased the lengths of both shoot and roots. They
explained that cyanobacteria released into medium growth regulators,
aminc acids and polysaccharides, which in turn accelerate the growth of
rice,

However, the production by cyanobacteria of substances that have
growth promoting effect on rice plants is well established, but whether these
substances are hormones, vitamins, amino acids or any others, as well as
their mode of action is still not clear. Despite, the conclusion that could be
derived from this work due how much it is beneficial to utilize the
cyanobacterial extracts to accelerate breaking the seeds dormancy and to
improve the plants growth, much work is still needed to explore what kind of
these substances are responsible in the crop seed germination and/or plant
growth improvement.
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