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Do cyanobacteria enhance germination and growth of rice?
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“‘Abstract ?
* ‘A screening of 133 cyanobacterial strains in loganthmlc growth phase was done to study their effects on
rice germination and growth. In unialgal, non axenic culture 30% of the strains had no effect, while 70%
"I of the trains had a negative effect on germination. In contrast, growth of rice was stimulated by 21% of .
the isolates and inhibited by 12%.
Although 57% of the unicellular strains had a positive effect and many Nostoc strains had a negatlve one,
if was not possible to correlate specific effects with taxonomic groups. Among the eight strains showmg a
__stimulatory effect on growth only Anabaena 77S19 remained effective in axenic culture. Partitioning
_Anabaena 77519 exudates into three fractions revealed that the organic fraction was more inhibitory, From
~ this work it is concluded that presoaking rice seeds in a cyanobacterial culture should be done with caution

or avonded altogether.
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" i Introductlon cyanobacterial strains isolated from dry tropical

) : -‘ . Africa (mainly from rice fields) for effects on early
Cyanobactena are abundant in rice fields where development of rice. Strains which were shown in .

thelr enhancement of soil fertility by means of unialgal culture to have a marked positive effect on

, blologlcal nitrogen fixation has often been studied both germination and rice growth were purified

i (Roger and Kulasooriya, 1980), but their beneficial and again tested. Additionally, both aqueous and

} "' effect is not limited to that. Bentley (1958), in study- organic exudate fractions were tested along a con-

~ ing growth regulator production by phytoplankton centration gradient from 10 through 0.001 dilu-

~:; showed that some strains of Anabaena and Oscilla- tions,

Sk

‘toria exuded auxin-like substances.
. Biochemical data and pot and field trials have

i implied the possible importance of cyanobacterial Materials and methods
exudates, but there is a dearth of statistically ev- -
- aluated experiments from which to judge the true Cyanobacteria N
“significance of this in the field.
* - ‘Cyanobacterigl plant growth-regulator effects Isolation and growth. The 133 cyanobacterial
" have been attributed to production of antibiotics strains involved in this study were isolated- from

and toxins (Metting and Pyne, 1986), organic acids habitats of tropical and Sahelian Africa by the
(Hellebust, 1974), vitamins B (Brown er al., 1956, scrial-dilution method (Reynaud and Laloe, 1985)

: Grieco and Desrochers, 1978), gibberellin-like sub- and were unialgalised by micromanipulation
stances (Gupta and Lata, 1964, Singh and Trehan, (Rippka et al., 1981).
: 1973), and cytokinin-like substances (Rodgers et With the assignments of Rippka ef al. (1979),
al., 1979). there were 14 strains belonging to section 1 (3
- In this paper we present results of screening Synechococcus, 5 Synechocystis, 3 Gloeothece, 3
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- Gloeocapsa), 19 to section 3 (8 Oscillatoria, 1

= 5.

Pseudanabaena, 9 LPP group), 98 to section 4 (32
Anabaena, 6 Nodularia, 28 Nostoc, 11 Scytonema,
21 Calothrix) and 2 Fischerella belonging to section

For the second part of the study, the cyanobac-

. teria were axenised and their purity checked before
... each assay (Rippka et al., 1979). The strains are
““deposited in the living collection at the Laboratoire

. de Biologie des Sols ORSTOM (Dakar, Senegal,

" West Africa).

Growth was in BG11 medium (Allen and Sta-

4 nier, 1968) under continuous light (500-1000lux)

and a temperature of 20° to 28°C. The cyanobac-
terial suspensions were adjusted to 50% of optical
transmission at 650nm with sterile medium in
order that different strains could be tested on a
chlorophyll-equivalent basis. Two ml were added
to petri dishes with twenty rice seeds.

" Exudates. Exudates were collected from axenic

cultures cultivated in 11 Fernbach flasks. At the
end of the logarithmic phase, they were filtered
through Millipore filters (0.45 u). The filtrate was

" concentrated 10-fold under vacuum in a Rot-

Jr

i,

avapor R-110 (Buchi) at 40°C in the dark under
sterile conditions, This was the crude extract. One
‘fraction of the crude extract was acidified to pH 5
with 0.1 NHCI, then filtered (0.45 p). This was the
aqueous fraction. A second fraction was extracted
_three times with n-butanol (organic fraction), then
dried and washed 3 times with sterile water. Aque-
“ous and organic fractions were again concentrated

" “then resuspended in BG11 medium to the same

concentration as the crude extract, acidified to pH
3, and filtered (0.45 p).

Rice

Rice seeds (variety KN 1H 300) were surface-
sterilized by agitation under partial vacuum in
* H,0, (5%) and Tween 80 (1 ppt) for 30 minutes,
rinsed 8 times in sterile demineralised water, soaked
for 24 hours, then washed 5 more times before 20
each were added to petri dishes with two layers of
filter paper and 5ml fo BGIl medium. The
procedure resulted in 94% of the seeds remaining
free of contamination seven days after germination
in the dark. Germination was determined at 24, 36,

and 48 hours. In the cyanobacteria experiments,all
dishes received sterile water every two days and
were incubated under continuous 8001lux light at
24°, Percent germination, leaf length, and root
length were measured after terminating rice growth
by cooling the dishes to 4°C. A

Results and discussion , e

.
~er
s

Cyanobacterial screening
Effect of cyanobacterial cultures onrice germmanon
The 133 unialgal strains were checked in four
batches, including a control for each (40 rlce secds)
The mean rate of germination, observed ‘after § seven
days of incubation, was lower for rice treated with
cyanobacteria (83 1+ 10%) than to the control
(%94 1 5%). This negative effect was observed for
70% of the cyanobacteria tested (Fig.,1)., Fifteen
{rams decreased the rate of germination by 75% or
more, including half of the Scytonema strams but
only 15% of the Nostoc and 10% of the Anabacna
strains tested, oA

Effect of cyanobacterial cultures on Fice shool
elongation. The length of the rice stems measured
after seven days showed three responses (Fxg 2)

- no significant difference between the control
and 90 of the cyanobacterial strains tested

- a significant stimulation of the growth for 21%
of the strains. Among these were 57% of the section
1, 21% of the section 3, 23% of Anabaena strams
and 14% of the Calothrix strains.

- a significant inhibition of the growth for 12% of |

the strains. It occurred mainly among the Nostoc

species (33%) The proportion of Anabaena strams -
inhibiting rice was 50%. There was only one section | -

1, 2 Scytonema and no Calothrix strains confemng
inhibition. PR %

If Scytonema and other strams mhlbltcd rice -
germination, one might consider that it was mamly ,
a physical effect because most of them produced
large sheaths which smothered the rice seeds But
the seeds which germinated showed normal de-
velopment. It was, however, impossible to make a .
correlation between the effect on rice growth and:
inclusion in a taxonomic group. For instance, some :
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Nostoc strains had a marked positive-effect, Also "

the fact that the cultures were non-axenic could
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Flg 1. Rice seed germination rate (varicty KN 1H 300) after one week of soaking with one of the 133 cyanobacterial strains tested, ;
The germmahon rate is determined on 40 seeds. Standard error on the control is illustrated by the dotted arrows.

have influenced the results although a second series
of experiments with axemc cultures proved similar.

{ The nature of the positive or negative effect can
be Judged from the results to be due to the action
of one or a combmatlon of contaminants in unial-
gal cultures, a physwal arfifact due to coverage by
the cyanobacterlal culture of the germinating seed,

and/or the exudation of growth-regulating substans*

CEs.
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ng. 2, Length of rice stems (variety KN IH 300) after one week of incubation with the 133 cyanobaclerial strains tested. A positive
or a negative effect is mentioned when the average on 40 stems is significantly ¢“{Terent from control.
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Table 1, Effect of the axenic culture (ax) and the crude exudales (ce) of eight cyanobacteria on germination rate, stem and root size
of rice (variety KN tH 300). Level of significance in regard fo the control: a-none; b-5%; c-2. 5%; d-0.1%. The asterisk represents a

significgnt difference between the axenic culture and the crude exudates. Results are the means of 60 seeds for the control and for each .

growth eight were axenised and the experiment
repeated. The effects of both the axenic strain and
its crude exudate were measured on stem growth
and-on the main rice root seven days after the
moculatlon (Table 1).

Except for Chroococcus minor therc was no sig-
nificant stlmulauon of stems such as was observed
for non-axenic cultures. Root response was more
pronounced with an increase of 11.5% for Ana-
baena 778819, an inhibition of 15.1% for Tolypoth-
rix nodosa, of 11.7% f{dr Microcoleus spp., of

.23.3% for Anabaena sphaerica 2, and of 30.3% for

Synechococcus_cedrorum.

Treatments with crude extract showed the same
results as with axenic cultures for 5 of the 8 strains:
no significant effect on rice germination and on rice
stems,and a pronounccd eﬂ'ect on the growth of the
roots.

The fact that seven of these eight strains, tested
for.their positive effect in unialgal culture showed a
negative or neutral effect in axenic culture can be
explained 'in two ways. First the association in

" unialgal culture between cyanobacteria and other

bacteria might stimulate rice growth. Second, the
concentration of growth promoting substances
and/or their ratio might have been different, thus
altering the effect. Anabaena 77519, the sole strain
showing a positive effect in all conditions was used

to determine the effect of the exudate at vanous.
concentrations on rice growth,

v

Effect of extracts of Anabaena 77519 on rice
germination

Characterisation of the strain. Anabaena 77519 was S

described by Franche and Reynaud (1986). It has
barrel-shaped vegetative cells, spherical termmal
heterocysts, ellipsoid intercallary heterocysts and
spherical akinetes. The doubling time during log—
arithmic growth in BG11 medium without nitrogen':
is 30 hours. The strain is not able to perform facul-
tative photoheterotrophic growth, does not syn-,
thesize phycoerythrin or phycoerythrocyanm, and
is resistant to gentamycin and mitomycin C. Three
plasmids of 32, 25 and 14 million daltons wcre
observed. } ‘
Rice seed germination. The extracts at the 10-fold :
concentration delayed germination (Table 2). This

effect was important in the first 24 h, but decreased

afterwards. Three days after soaking the seeds, thea

percent germination was always significantly lower

in high concentrations of exudates. It was in the -~ !

.
VR B

organic fraction that the inhibition was greatest.

of the gtraing il d
: Slrailj - Trt Percentage of control - ) :“
s Germination Stem size Root size
Anabaena sphaerica 2 ax 91.7a —32a ~23.3 d*
. ce 983a —05a -0.} a;
Chroococcus niinor ax 83.0b +56¢ . +2.2a¥
oo ce 91.7a +08a -227d
Chroococcus minutus ax 830b -32a ~78a ..
: ce 86.7b +15a +10a " 3
Micracoleus sp. ax 90.0 a +29a ~17.7d o
, ce 933 a +10a ~165d ¢ " %,
Anabaena 77519 ax 950 a +13a +1L5¢. 0%
ce 933a +29a +1030b . o
Synechococcus cedrorum ax 96.7 a 0 a ~-3034d¥ 0
‘ ce 86.7b ~1.0a —~89a 7 N
Synechocystis aquatills ax 950a ~4.6a —9%6a %
' ce 86.7b ~05a ~83a
Tolypothrix nodosa - ax 86.7b ~35a —15.0dy,
ce 933a -35a —1824d’
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Table 2, Effect of extracts of axenic cultures of Anabaena 77519 on germination at 24h, 36h, and 48h and on the average length of
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stems ‘'and roots of 4 day o!d seedlings (varicty KN 1H 300). Treatments marked with the same lcttcrs in the same column are not,

§ significantly different at the 1% levet

P .ulr\

Treatment Dilution No seed germinated Length after 4 days'
P b 24h 36h 48h Root .. Stem |
£ Comrol, . 18a 18a 202 88a S 554 W
. T
10 0d 12¢ 18 abe 63 abc 40 de
b V 1 10¢c 20a 20a 77 ab AT bcd
0.1 18a 19a 20 a 8la . 56a ,'
0.01 - 16 ab 19a 204 87a "\ 57a -
10 2d 14 be 17 cd 54 bed 43cd
1 13 abe 1928 19 ab 84a 50 abc,, .
0.1 14 abc 18ab . 18 abc 80a o Slab,, .
0.01 12 be 16b 16 d 77 ab 57a~“,
SR WL TR ::y:.llll:'.\
wt'ir Orgamc fractxon 10 id Ile 17 cd 34d Re.n,
i 1 16 ab 19a 19 ab 83a 53 ab, s
; "' ik 0.1 16 ab 18 ab 20a 87 a 55 a' 4!1!{
] D, f{ ' 0.01 18a 20a 2a 86 a 55a’

sl

Apgbae b
\irSize of rice stems and roots. Four days after soak-
=1 ing, the size of rice stéms and roots was significantly
lower in the 10-fold concentrated treatment com-
-~ pared to the control (Table 2), with the organic
i% fraction being most inhibitory.
With the living culture of Anabaena 775819, there
was a significant positive effect on rice growth: with
!:.crude extracts, there was no effect although the
.- effect Was positive in Table 1. The separation of the
grexudates of Anabaena 77519 into three fractions

g showed that the organic fraction was most inhibit-

iv.-ory, corresponding to the possible presence of gib-
.. berelli¢ acid-like constituents (Singh and Trehan,
.- 1973),
i+, The internal balance among growth regulators in
.- the seed is the chief cause of dormancy or germina-
...tion (Khan, 1975). This balance is affected by exter-
»nnal factors such as growth-promoting or germina-
"~tion regulators produced by cyanobacteria. In an
earlier study (Gupta and Shukla, 1969) the increase
.- in growth of rice associated with a unialgal culture
: of Phormidium sp. varied as a function of the frac-
tion, the concentratjon, and the culture from which
. the extract was obtained. For Anabaena 77519, it
.is possible that during the preparation of the ex-
tracts one or more growth-promoting constituents

was denaturated or changed in concentration caus- °

ing an inverse effect. Another possibility is that
exudation of growth-promoting substances resul-

ted from synergism between the living Anabaena
and the rice seed: obviously impossible with ex-
tracts. The extremely fragile constitution of such a

positive balance among all the growth regulators of -

both the rice seed and the cyanobacteria probably
explains the low rate of positive effects among the
cyanobacteria tested.

Conc’ision

In the paddy field presoaking rice seeds in a

cyanobacterial non-axenic and often non-unialgal

culture should be done with caution or avoided
altogether because the effects on germination are
uncertain but mostly negative, In dry tropical
Africa the ecological succession in paddy fields is
such that the best time to inoculate with cyanobac-

teria is at the beginning of tillering (Reynaud, 1987) -

thus limiting possible problems from growth-
promoting substances at the young stages of rice
growth. -
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