
i 

h .  

' ,w 
L 

I '  

I 
THE INTERNATIONAL NETWORK ON SOIL FERTILITY AND 

FERTILIZER EVALUATION FOR R I C E  (INSFFER) 

AN INTRODUCTION TO BLU€-GREEN ALGAE AND THEIR ROLE 

IN PADDY FI ELDS 

BY 

P, A, ROGER" 

* 
V i s i t i n g  S c i e n t i s t ,  IRRI, (ORSTOM, Sol l  Mic rob io log i s t ,  
FRANCE) o 1 

\ 

1 .. - 

I 



AN INTRODUCTION TO BLUE-GREEN ALGAE AND THEIR ROLE 

I N  PADDY FIELDS 

1 MORPHOLOGY AND TAXONOMY OF BGA ' 

' \  

II CELLULAR ORGANIZATION 

111 Vegetat ive ce l l  

112 Spores 

2 

113. Heterocyst  

114 Other , s t r u c t u r e s  

12 MORPHOLOGICAL FEATURES AND TAXONOMY OF BGA 

DESIKACHARY c l a s s i f i c a t i o n  

RIPPKA c l a s s i f i c a t i o n  

PHYSIOLOGY OF BGA 

21 CARB~ON NUTRITION 

22 NITROGEN NUTRITION 

221 Nitrogen f i x a t i o n  

222 Nitrogenase 

223 Rela t ions  between photosp . these  and . .  

n i t r o g e n  f i x a t i o n  

23 OTHER NUTRIENTS 

3 ECOLOGY OF BGA I N  PADDY FIEL9.S 

31 METHODS 

311 Evaluat ion of a l g a l  abundance 

312 Evaluat ion of N2-fixing a c t i v i t y  

313 Sampling and d i s t r i b u t i o n a l  ecology 

Page 

1 

2 

2 

2 

4 

4 

4 

13 

1 7  

2 2 

- 2 2  

22 

23 

24 

24 

25 

26 

26 

26 

26 ' 

27 



32 

3 3  FACTORS AFFECTING BGA GROWTH ' 

OCCURRENCE O F  BGA I N  PADDY F I E L D S  

331 C l i m a t i c  factors 

332 Physical-chemical factors 

333 B i o t i c  factors 

334 A g r i c u l t u r a l  factors 

34 

35 NITROGEN FIXATION BY BGA 

36 

ALGAL SUCCESSION I N  PADDY F I E L D S  

BLUE-GREEN ALGAE AND THE R I C E  PLANT 

. 3 6 1  D e t r i m e n t a l  effect  

362 E x u d a t i o n  products 

363 G r o w t h  p r o m o t i n g  substance 

364 Retarded ac t ion  

4 

37 

ALGALIZATION 

CULTURAL PRACTICES TO INCREASE BGA GROWTH AND NFA 

4 1  TECHNOLOGY O F  ALGALIZATION 

5 CONCLUSION 

6 

7 GLOSSARY FOR BGA 

SOME REFERENCE BOOKS ON BGA 

Page 

28 

28  

28 

31 

31 

31  

32 

34 

36 

36 

36 

36 

37 

37 

3 8  

4 3  

47 

49 

50  

i. 

I 

E. 
s" 



AN INTRODUCTION TO BLUE-GREEN ALGAE AND 

1 MORPHOLOGY AND TAXONOMY OF BGA 

BGA have a wide range i n  form extending from simple k ice l l s  

. t o  m u l t i s e r i a t e ,  t r u e  branching t h a l l i .  Due t o  t h e  presence of 

va r ious  pigments (ch lorophyl l  a, caro tenes ,  xanthophyl ls ,  phycocyanin -- 

THEIR ROLE I N  PADDY FIELDS 

Blue-green a l g a e  (BGA) are photosynthe t ic  prokaryot ic  

microorganisms some of which are capable  of n i t rogen  f i x a t i o n .  

Such t r o p h i c  independence wi th  regard  t o  n i t rogen  and carbon, 

t oge the r  w i th  a g r e a t  a d a p t a b i l i t y  t o  v a r i a t i o n s  of environmental  

f a c t o r s  enables  BGA t o  be ubiqui tous.  

The paddy f i e l d  ecosystem provides  an environment f avorab le  

f o r  t h e  growth of BGA wi th  respect t o  t h e i r  requirements f o r  l i g h t ,  

water, high temperature  and n u t r i e n t  a v a i l a b i l i t y ,  This  may 

account f o r  t h e  h ighe r  abundance of BGA i n  paddy s o i l s  compared 

t o  o t h e r . c u l t i v a t e d  s o i l s .  

The a g r i c u l t u r a l  importance of BGA i n  rice c u l t i v a t i o n  is  

d i r e c t l y  r e l a t e d  wi th  t h e  a b i l i t y  of c e r t a i n  forms t o  f i x  n i t rogen .  

Contrary t o  h e t e r o t r o p h i c  N2-fixing b a c t e r i a ,  BGA r ep resen t  a 

s e l f  suppor t ing  system capable  of both  photosynthes is  and N2 

f i x a t i o n ,  t h e  energy b i l l  f o r  bo th  process  be ing  "paid by t h e  sun". 

Recent research ,  conducted mainly i n  India,has shown t h e  

f e a s i b i l i t y  of us ing  BGA as a cheap a d d i t i o n a l  n i t rogen  source  

f o r  rice. 
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b l u e  -- and phycoerythr in  -- r ed )  and mucilage, t h e  c o l o r  of BGA i n  

n a t u r e  mag range from d i r t y  yellow, through var ious  shades of blue- 

green t o  brown o r  black. 

11 CELLULAR ORGAXIZATION 

111 Vegetat ive c 'e l1  

The BGA v e g e t a t i v e  c e l l  is of t h e  prokaryot ic  type ,  l ack ing  

membrane - bounded DNA, g o l g i  appara tus ,  mitochondria,  p l a s t i d s  

and ch lo rop la s t s .  

The c e n t r a l  area of t h e  ce l l  (centroplasm) conta ins  granules  

of nuc lea r  material. The p e r i p h e r a l  plasm (chloroplasm) is  usua l ly  

more densely pigmented than t h e  centroplasm and con ta ins  pigments 

which are concent ra ted  í n  phycobilisomes loca ted  on t h e  s u r f a c e  of 

photosynthe t ic  lamella ( thy lako ids ) .  Inc lus ions  are mainly gas 

vacuoles ,  polyphosphate bodies ,  cyanophycin granules  and l i p i d  

d r o p l e t s  - (cf Fig.  1 ) .  

112 Spores 

Spores o r  ak ine te s  are produced i n  he te rocys tous  BGA, mainly 

i n  members of t h e  Nostocaceae and Rivular iaceae.  They are 

p a r t i c u l a r l y  r e s i s t a n t  t o  adverse condi t ions  and remain v i a b l e  f o r  

long per iods.  They are d i s t ingu i shed  r e a d i l y  under t h e  l i g h t  

microscope by t h e i r  l a r g e  s i z e ,  c h a r a c t e r i s t i c  shape, modified 

pigmentation and t h e  presence of many l a r g e  cytoplasmic granules .  



VEGETATIVE CELL HETEROCYST VEGETATIVE CELL 

Sheath fibre, Fibrous layer 

Fig. 1 Schematic representation of a vegetative cell, an heterocyst and 
physiological relationship between the two kind of cells. , w 



113 Heterocysts 

The heterocysts is a thick-walledy usually translucent, cell 

of certain BGA (heterocystous BGA) known to be the site of 

nitrogen fixation. 

Heterocysts are produced from vegetative cells under nitrsgen- 

limiting conditions. 

Heterocysts are readily recognized under the light microscope. 

Their,main morphological features arec 

They occur either intercallary or basally. 

A 

ID Round, squared or rectangular shape with a relatively large 

size as compared with the vegetative cells. 

I 
cb Massive cellular envelope. 

is 

o Relatively homogeneous cellular content. 

(b Presence of polar nodules at their attachments to the 

Reduced pigmentation as compared with vegetative cells. 

vegetative cells. 

o Generally produced in a specific spacing pattern along 

the filament . 
I 

114 Other structures 
I 

Other structures are either reproductive, like hormogonia 

and hbrmospores or vegetative like 

A definition of these terms is given in a glossary, at the end of this 

handout. , 

hairs y necri dium, calyptra etc. 

12 MORPHOLOGICAL FEATURES AND TAXONOMY OF BGA . 

50 far no method of sexual reproduction or the presence of 

any sexual reproductive units has been demonstrated among these 
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organisms. 

upon morphological features. 

Their classification is therefore based almost entirely 

The more important ones are as follows: 

'a. growth form - unicellular, colonial, filamentous 
b. Compactness and shape of colony 

c. among the filamentous members 

i) branching - false and true . 

ii) cell differentiation - heterocysts and akinetes 

iii) polarity - base and apex of filament distinguishable 
iv) sheath - absence/presence; thickness 

v) nature of false branching - single (non-geminate) I ,  

double (geminate) 

vi) nature of true branches-:-uniseriate, multiseriate 

vii) size and shape of cells, heterocysts and akinetes; 

principally for the identification of species. 

A simplified schematic representation and drawings of the main 

genera' are provided herewith to illustrate the diversity of form 

among blue-green algae, together with two examples of classifications 

and the corresponding keys. 

The classification of DESIKACHARY, simplified by "KATARAMAN 

is an example of a "classical" classification which permits the 

determination' of the genera and species. of fresh samples but which 

is frequently useless for strains growing on artificial media like 

culture collection or colonies growing on Petri dishes after 

inoculation with suspension dilution of soil. 



The c l a s s i f i c a t i o n  of RIPPKA e t  a l  w a s  designed e s p e c i a l l y  

f o r  c u l t u r e  c o l l e c t i o n  s t r a i n s  bu t  does n o t  p e r m i t - t h e  determination 

of t h e  spec ie s .  

Table 1 

Schematic representation of the morphological diversity among blue-green algae. 

Simple unicells: Anacystis 

Loose colonies: Microcystis, Aphanothece 

Compact colonies: Gloeocapsaa 

Flat plates: Merismopedia 

Cuboidal colonies: Eucapsis 

-I Cell aggregates of 
irregular shape 

Cell aggregates of 
definite shape 

Un ¡cellular 

BGA 

I 

Without false 
branching 

Nonheterotrichous 
thalli 

Without cell Oscillatoria (thin sheath) 
differentiation: Lyngbya (thick sheath) 

Spirulina (spiral filament) 
Microcoleus (several trichomes within one sheath) 

With cell Nostoca 
differentiation: Anabaens 

Cylindrospermud 

. [ Noncolonial: Calothrixa . 
Filament with 
polarity (tapering) Rivdaria (non-sporing)a ,I Colonia': Gloeotrichia (sporing)a 

Without cell 
differentiation: Plectonema 

Scytonems 
(geminate branches) With cell 

differentiafion: Tolypothrixa i (single branches) 

No polarity 
(non-tapering) 

Both primary and secondary Mastigocladus 
branches uniseriate: Hapalosiphona 

Primary branches uniseriate 
secondary branches mu1 tiseriate: Fischerel/$ 

Heterotrichous thalli 
(primary branches prostrate, 
secondary branches erect) 

Both primary and secondary I branches multiseriate: Stigonems 

aFix nitrogen in air. 
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PLATE I 

FREE AND COLONIAL UNICELLULAR FO3MS 

MICROCYSTIS ::"& 

APHANOTHECE 

___-- -....... ..._.................... " ......,, _.....-f 

' 7  

EUCAPSIS 

GLOEOCAPSA 
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FILAMENTOUS FORMS WITHOUT BRANCHING AND WITHOUT 

CELL DIFFERENTIATION 

OSCILLATORIA 
1 

SPIRULINA 

LYNGBYA 

MICROCOLEUS 
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(i PLATE 3 

FILAMENTOUS FORMS WITHOUT BRANCHING AND WITH CELL DIFFERENTIATEON 

NOSTOC 

ANABA ENOPSIS 

ANABAENA 

CYLIIVDROSPERMUM 



PLATE 4 

FILAMENTOUS FORMS WITHOUT TRUE BRANCHINGJ WITH FALSE 

BRANCHING, AND WITHOUT POLARITY 

10 
f 

SCYTONEM4 

TOLYPOTHRIX 



PLATE 5 

F I  LAMENTOUS FORMS WITHOUT TRUE BRANCH I NG, W I TH FALSE 

11 

BRANCHING, AND P O L A R I T Y  

CALOXHRIX 

GLOEOTRIGHIA 

., . 



PLATE 6 

, .  
FILAMENTOUS FORMS WITH TRUE BRANCHING UNISERIATE 

HA PA LQSIPHQN 

MASTIGOCLADUS 
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PLATE 7 

FILAMENTOUS FORMS WITH TRUE BRANCHINGJ MULTISERIATE 

FISCHERELLA I 



THE CLASSIFICATION OF BGA BY DESIKACHARY, SIMPLIFIED BY VENMTA"i3 
(Reproduced from Blue-green algae for rice production - FAO Soils 
Bulletin No. 46.  1981 by G. S. Venkataraman). 

Following keys do not cover all the families and genera of BGA. 
have been selected by G. S. Venkataraman (1969) in order to help in 
identifying the forms for which there is evidence of N -fixing capacity. 
For complete keys, the reader is referred to DESIKACHA& (1969). 

They 

KEY TO THE ORDERS 

Plants unice$lular or colonial, sometimes forming a pseudofilamentous 
colony, never with a 'trichome organization', no differentiation into 
base and apex, endospores not formed in sporangis; no exospores: 
nannocytes present. 

Plants unicellular, attached, typically differentiated into base and 
apex, reproduction by endospores or exospores. 

Chroococca l e s  

Chmaesiphonates 

Plants more or less distinctly filamentous, attached, arrangement very 
uniform, chrococcaceous structure, often forming parenchymatous thalli 
with prostrate and erect filaments, without differentiation into 
trichome and filament, no hormogones, no heterocysts, endospores in 
sporangia. 

P 1 er ocap sa les 

Plants filamentous with trichome and filainent organized or 'hormogo- 

akinetes, exospores or endospores, pseudohormogonia present. 
I nalen organization', hormogones present, often with 'heterocysts,, 

Without true branching, unbranched, or with false 
branching. 

Nostocales 

With true branching or dichotomous branching and often 
with heterotrichous condition, i.e. with a differentiation 
of prostrate and erect portions. 

Stigonematales 
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KEY TO THE GENERA 

ORDER CHROOCOCCALES 

Cells unicellular or forming colonies, not forming filamentous growth; 
cells generally many in a single colony; cells without any regular or 
definite arrangement, cells with distinct individual envelopes or 
sheath; colonial, mucilage not homogenous; individual sheaths vesic- 
ular and broad and formed one in another; cells spherical. 

GZoeocapsa 
ORDER NOSTOCALES 

FAMILY OSCILLATORIACEAE 

Trichomes, cylindrical without a sheath or single within a sheath; 
and sheaths open always 

1. Trichomes with a prominent sheath; 
sheath firm; filaments not in bundles 5 y ngby a 

2. Trichomes without prominent sheath; more . 
or less straight, not regularly spirally 
coiled and not in bundles Oscillatoria 

3 .  Sheath mucilagenous, filaments forming a 
thallus with more or less con.fluent 

' sheath Phormidium 

FMIILY NOSTOCACEAE 
1. Trichomes without firm sheath, generally 

not endophytic; heterocysts present 2 

1. Trichome with a firm sheath, single within 
a sheath; heterocysts present 6 

2. Intercalary heterocysts generally in 
pairs Anabaenopsis 

2. Intercalary heterocysts generally single 3 

3 .  Heterocysts commonly terminal with a 
single large spore adjoining Cy Z indrosp ermum 

3 .  Heterocysts terminal rarely; generally 
intercalary 4 

4 .  Filaments single or in formless gelatinous 
mass Anabaena 

4 .  Filaments generally in definite colonies 5 

5. Thallus finger shaped, attached at first WoZZea 

5. Thallus otherwise Nostoc 



5 .  Cells of thallus arranged in a linear 
.series forming pseudofilamentous growth; 
cells in more than a single row; thallus 
not cylindrical; cells with sheaths not 
like those of GZoeocapsa; with a thin 
sheath or without individual sheaths in 
a more or less homogenous gelatinous 
thallus; cells in distinct radial rows 

6. Cells very short, discoid 

6. Cells not discoid 1 
FAMILY SCYTONE-WTACEAE 

1. Heterocysts absent; apices of irichomes 

1. Heterocysts present; single trichome 

as broad as the rest 

in a sheath 

2. Apex not tapering 

2. Apex not tapering: sheath mostly with 

3 .  False branches usually geminate 

parallel lamellation 

3 .  False branches usually single 'and often 
arising next to a terminal heterocyst 

I FAMILY RIWLARIACEAE 

1. With terminal heterocysts; filaments 
in.a spherical or hemispherical thallus 

1. With terminal heterocysts; filaments 
free, simple or distinctly false branched 
dichotomously; corymbose thallus 

2. SDores not known 

2. Spores commonly found, single, large 

ORDER STIGONEMATALES 

Families: Nos tochops idaceae ,  Mast igocZadops idaceae ,  
Mas2iqocZadaceae;St igonemataceae 

1. With lateral or reverse ' V '  shaped 
branching, pediceliate heterocysts 
present 

1. With lateral or reverse ' V '  shaped 
branching, pedicellate heterocysts 
absent 

ChZorogZoea 

NoduZaria 

AuZos ira  

P 1 e c  tonema 

2 

S c y t o n e m a t o p s i s  

3 

Scy tonema 

To l y p o  t h r i x  

2 

C a Z o t h r i z  

R ivu  Zar ia  

GZoeo t r i c h i a  



2. 

2. 

3 .  

3 .  

4. 

4. 

5. 

5. 

6. 

6, 

7. 

7. 

Branching true and lateral Nostochopsis 

Branching reverse ' V I  shaped Mastigoczadopsis' 

Branching reverse 'VI  shaped, filaments 
not ending in a hair Mas tigoc Zadus 

Branching true and lateral 4 

Older filaments with many rows of cells; 
filaments prostrate without a distinct 
erect system Stigonema 

Older filaments with a single row of cells 
or many rows only for short portions 

Lateral branches not much different from 
the main filament 

Lateral branches distinct from the main 
filament 

17 

Hormocysts present 

Hormocysts absent 

Hormogones pres-ent 

Hormoqones not known, endospores present 
- 

5 

6 

FischereZZa 

Westie 2 la 

7 

Hapa 2 os ip hon 

W e s t i e Z Z o p s i s  

, 



THE CLASSIFICATION OP BGA BY RIPPJU, DERUELLES, WATERBURY, HERDMAN AND .- . 

Trichome always com- 
posed only of vegeta- 
tive cells 

STANLER (Reproduced from J. Gen. Microbiol.  1979, 111: 1-61) 

Division in only one 

Section III 
plane 

The main advantage of t h i s  c l a s s i f i c a t i o n  i s  t h a t  t h e  d i f f e r e n t i a l  
cha rac t e r s  proposed are both cons tan t  and r e a d i l y  determinable  i n  c u l t u r e  ' 

material. However t h i s  c l a s s i f i c a t i o n  d e a l t  wi th  genera only.  The au thors  
have attempted t o  maintain t h e  system of gener ic  nomenclature and t h e  
gener ic  d e f i n i t i o n s  now us  d by phycologis ts .  
na tory  cha rac t e r s  t h a t  nom'nally d i s t i n g u i s h  t w ò  genera are no t  determinable 
on c u l t u r e s  o r  w i t h i n  t h e  

22 only are recognized. 
f i v e  s e c t i o n s  w e r e  recognized. 

However, when t h e  d iscr imi-  

ange of v a r i a t i o n  of a s i n g l e  s t r a i n ,  t h e  e x i s t i n g  
genera have been combined. i Among about 150 genera descr ibed  i n  t h e  l i t e r a t u r e  

Based on d i f f e r e n c e s  i n  s t r u c t u r e  and development 

single or forming 
colonial aggregates 
held together 6y 
additional outer 
cell wall layers 

Filamentous; a tri- 
chome (chain of 
cells) which grows 
by intercalary cell 
division 

1 

Repr/xiuction by binary fission or by budding Section I 
I 

Reprhduclion by multiple fission giving rise 
to small daughter cells (baeocytes), or by both Section II 
multiple fission and binary fission 

Reproduction by ran- 
dom trichome break- 
age, by fommation of 
hormogonia and 
(Scctions IV and V 
only) sometimes by 
germination of 
akinetes 

In the absence of 
combined nitrogen, 
trichome contains 
heterocysts; some 
also produce 
akinetes 

'Division in only one 

Section IV 
plane 

Division in more than 
one plane 

Section V 



Section I: Unicellular cyanobacteria that divide by binary fission 
or by budding 

Thylakoids absent 

Thylakoids present 

A 

Thylakoids present 

Reproduction by 
binary fission 

Division in one Division in two or three 
plane planes 

Sheath present 

Sheath present Sheath present 

Sheath absent Sheath absent 

Gloeobacter 

Gloeothece Gloeocapsa 

Synechococcus Synechocystis 

Chamaesiphon I Reproduction by 
budding 

Section II: Unicellular cyanobacteria that reprodirce by multiple$ssion 

Reproduction only by 
multiple fission 

Reproduction by both 
binary fission and 
multiple,fiision 

O Baeocytes without fibrous outer wall layer 
@ Baeocytes with fibrous outer wall layer 

DerÍmocarpa 
Xenococcus 

I 
Motile baeocytes O 
Immotile baeocytes @ 

Binary fission leads to pear-shaped structure com-, 
posed of one or two basal cells and one apical 
cell; subsequent multiple fission of the apical 
cell yields motile baeocytes O 

Binary fission yields cubical cellular aggregates; 
subsequent multiple fission yields: 
motile baeocytes . 0 
immotile baeocytes @I Chroococcidiopsis 

Dermocarpella 

Myxosarcina 

Binary fission yields irregular cellular aggregates 
(pseudofilamenlous); subsequcnt multiple fission 
yields motile baeocytes O Pleurocapsa group 

19 
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Trichome 
helical 

Trichome 
straight 

Section III: Filanientous non-he ferocystous cymzobacteria that divide 
in only one plane 

Cells composing trichome are iso- 
diametric, cylindrical or 
disc-shaped; little o r n o  
constriction between adjacent 
cells; reproduction by trans- . 
cellular trichome breakage (?) 

Cells composing trichome are 
disc-shaped and not separated by 
deep constrictions; reproduction 
by transcellular trichome 
breakage 

Trichome motile, either not ensheathed 

Spirulina 
or thinly sheathed 

Trichome motile, either not ensheathed 
or thinly sheathed 

Oscillatoria 

Trichome immotile, enclosed by heavy 
sheath; motility restricted to sheathless 
or thinly sheathed hormogonia 

LPk $roup A 

Trichome motile, not ensheathed; cells 
contain polar gas vacuoles and are 
separated by deep constrictions 

Pseudanabaena 

Not as above; with or without sheath, 
motile or immotile 

LPP group B 

Spiridina 

Oscil1uroria 

LPPgroup A 

Pseitdairabaeriu 

Diagram 1. Schematic presentation of the genera assigned to Section III. Thin lines surrounding 
trichomes designate sheath material. Polar bodies (Pseudunubacna) represent gas vacuoles. 
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Heterocysts are intercalary or 
terminal; position of akinetes 
(if produced) is variable 

Section IV: Filamentous Iteterocystous cyaitobacterìa that divide in 
oidy oiie plaite 

Vegetative cells are spherical, 
ovoid or cylindrical 

Anabaena 

Vegetative cells are disc-shaped 
Nodularia 

Reproduction by random 
trichome breakage, and 
(in some) by germination 
of akinetes, to produce 
trichomes indistinguishable 
from the mature vegeta- 
tive trichomes 

~~ ~~~~~~~ ~ 

Heterocysts are exclusively 
terminal and are formed at  both 
ends of the trichome; akinetes 
are always adjacent to 
heterocysts 

Hormogonia give rise to young , 

filaments that bear a terminal 
heterocyst at both ends of the 
cellular chain 

Hormogonia give riSe to young 
filaments that bear a terminal 
heterocyst at only one end of 
the cellular chain 

Reproduction as above, 
and also by formation of 
hormogonia distinguish- I able from mature tri- 
chomes by the absence of 
heterocysts and by one or 
more of the following 

’ characters: rapid gliding 
motility, smaller cell size, 

, cell shape and gas 
vacuolation 

Vegetative cells are ¡so- 
diametric or cylindrical 

Cy lindrospermum 

Vegetative cells are spherical, 
ovoid or cylindrical; akinetes 
(if produced) are not initiated 
adjacent to heterocysts and 
are often formed in chains 

NOMOC 

Mature trichome is composed 
of cells of even width; 
heterocysts are predominantly 
intercalary; vegetative 
cells are disc-shaped, iso- 
diametric or cylindrical 

Scytonema 

Nodiilaria 

Hormo- Young 
gonium trichome Trichome in the mature state 

o=D=cD a=cxx3E) Nostoc 

Calotlrrix 
-’ 03xP=cD 

Diagram 2. Schematic presentation of the genera assigned to Section IV: (a) without develop- 
niental cycle; (b) with developmental cycle. Heavy walled cells with polar granules represent 
heterocysts; heavy walled cells that are dotted represent akinetes; thin lines surrounding trichomes 
designale sheath material. 



Section V: Filameiiioirs heterocjsious cyanobacteria that divide in inore 
ikan one plane 

I 

Reproduction by 
random trichome 
breakage. by 
formation of 
hormogonia and 

germination of 
akinetes 

(if.woduced) by 

Horinogonia composcd of small 
cylindrical cells which enlarge 
and bccomc spherical; hciero- 
cysts dcvclop in terminal and 
intcrcainry positions 

Horinogonia coniposed of sinall 
cylindrical cells which enlarge and 
become rounded; heterocysts 
dcvelop almost exclusively in an 
intercalary position 

Cells in the mature trichome divide in 
more than one plane; associated 
detachment of groups of cclls leads 
to irregular C/ocot.upsu-like aggre- . 
ga t cs conta in i II g t ern? i na1 het ero- 
cysts; hormogonia are produced 
within such aggregates 

Ch Iorog Ioeopsis 

Cells in the mature trichomedivide in 
more than one plane to produce a 
partly multiseriate trichome with 
lateral uniscriatc branches; hetero- 
cysts in the primary trichome are 
predominantly terminal or lateral; 
hormogonia arc produced from the 
ends of trichomes or from lateral 
branches 

Fischere IIa 

Yoring 
Ilorinogoniurn tricliome Culture in the mature state 

Chlorogloeopsis 

Diagram 3. Schematic presentation of the genera assigned to Section V. Heavy walled cells with 
polar granules represent heterocysts; heavy walled cells that are dotted represent akinetes; thin 
lines surrounding groups of cells dcsignate sheath material. 



2 PHYSIOLOGY OF BLUE-GREEN ALGAE 

21  CARBON NUTRITION 

BGA are capable  of adopt ing d i f f e r e n t  modes of carbon m e t a -  

b ol ism . 

23 

Photosynthesis ,  t h e  manufacture of organic  substances from 

CO2 and H20 i n  t h e  l i g h t ,  i s  t h e  main method of n u t r i t i o n  i n  BGA 

I (autotrophy).  

l i g h t  

CO2 + H i 0  -->CH20 + O2 

Carbon d ioxide  + water- carbohydrates  + oxygen 

I However, when provided wi th  organic  compounds i n  a d d i t i o n  t o  

CO2, many BGA u t i l i z e  organic  carbon i n  ce l l  syn thes i s .  ‘There 

are a l s o  few s p e c i e s  which can grown i n  t h e  dark  a t  t h e  expense 

of organic  carbon source  (heterotrophy) .  

22 NITROGEN NUTRITION 

Blue-green a l g a e  can r e a d i l y  u t i l i z e  ino rgan ic  n i t rogen  

compounds such as n i t r a t e ,  n i t r i t e  and ammonium salts. Some spec ie s  

can a l s o  assimilate elemental  n i t rogen  (N ) from t h e  atmosphere (N2- 

f i x i n g  spec ie s ) ,  and certain spec ie s  can u s e  organic  n i t rogen  compounds. 
2 

Ammonium-nitrogen, a l though e n e r g e t i c a l l y  t h e  most favorable  

nitrogen-source,  o f t e n  suppor ts  poorer  growth *than does n i t r a t e  

suppl ied  a t  comparable level and may cause c e l l  l y s i s .  Nitrate 

n i t rogen  Is t h e  most p re fe r r ed  n i t rogen  source i n  most c u l t u r e  

media. 



221 Nitrogen Fixa t ion  

Nitrogen f i x a t i o n  i s  t h  i t i o n  of tmospheric n i t r o g e n  

as a n i t r o g e n  source i n t o  t h e  cel ls  of an organism. 

t o  f i x  n i t r o g e n  i s  r e s t r i c t e d  t o  some of t h e  prokaryot ic  microorganism. 

Among BGA only 27 genus are N2-fixing. 

from WDP S t e w a r t  (Systems involving BGA (cyanobacter ia)  i n  "Methods 

The a b i l i t y  

Following t a b l e  reproduced 

f o r  Evaluat ing B i o l o g i c a l  Nitrogen Fixation",  

the c u r r e n t  p o s i t i o n  regard ing  N 2 - f ix ing  BGA. 

BERGERSEN ed) g ives  

Table 2 

Nitrogen-fixing Cyanobacteria 

Anaerobic/ 
Total Aerobic microaerobic 

Group Genus . tested nitrogenase nitrogenase Assay condition* 

Chroococcacean Aphclnothece 1 1 1 T.N. 
Gloeothecet 5 5 5 C2H2 
Synechococcus 27 O 3 GH, 

Pleurocapsalean Derrnocarpa 6 O 2 C2H2 
Xenococcus 3 O 1 C2H2 
Myxosarcina 2 O 1 C2H2 
Chroococcidiopsis 8 O 8 C2Hz 
Pleurocapsa 12 O 7 C2H2 

Non-heterocystous+ Oscillatoria 9 .  O 5 C2HZ 
filamentous Pseudanabaena 8 O 4 CzH2 
forms Lyngbya-Plecronema- 

Phormidium 25 O 16 C2H2, ISN2, T.N. 
Heterocystous Anabaena 15 15 15 C2H2, "N2, T.N. 

2 2 C2Hz, I5N2, T.N. 

Calothru 4 4 4 C2H2, ISN2, T.N. 

Fkcherella 2 2 2 T.N. 
Hapalosiphon 1 1 1 T.N. 

Nostoc 13 13 13 C2Hz, "N2, T.N. 
Scytonema 3 3 3 T.N. 
Stigonema 1 1 1 T.N. 
Tolypothru 2 2 2 T.N. 

Wesriellopsis 1 1 1 I5N2, T.N. 

filamentous Anabaenopsis 2 
forms A ulosira 1 1 1 T.N. 

Cy lindrosperm um 5 5 5 GHz, T.N. 

Mastigocladus 1 1 1 T.W. 

Wesriella 1 1 1 .T.N. 

'Certain. or all of the cyanobacteria have been tested by these methods; T.N. = total nitrogen. 
tIncludes strains previously designated as N2-fixing Gloeocupsu strains. 
$The data given here are those of Ri pka and Waterbu (1977), but the exact numbers of strains tested and shown to have nitrogenase may be 
larger since various earlier workers ktewart and Lex, $70; Stewart, 1970; Stewart et al., 1977) had examined and obtained positive results with 
strains which may or may not correspond to those tested by Rippka and Waterbury (1977). (From Stewart ef al.. 1979.) 
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A l l  he te rocys tous  forms f i x  n i t rogen ,  both i n  a e r o b i o s i s  and 

anaerobios is .  Some non-heterocystous (homocystous) f i lamentous 

forms f i x  n i t r o g e n  i n  anaerobios is .  A few u n i c e l l u l a r  forms f i x  

n i t rogen  i n  anaerobios is ;  among t h e s e  Aphanothece and Gloeothece 

1 are a l s o  a b l e  t o  f i x  n i t rogen  i n  ae rob ios i s .  

Nitrogen-fixing a c t i v i t y  occurs  only under minera l  n i t rogen  

s t a r v a t i o n .  I n  he te rocys tous  BGA, he t e rocys t  formation i s  

i n h i b i t e d  by combined n i t r o g e n  sources  l i k e  n i t r a t e  and ammonium. 

222 Nitrogenase 

Nitrogenase i s  t h e  enzyme involved i n  n i t rogen  f i x a t i o n .  

n i t rogenase  N2 i- 3H2 = 2NH3 

Nitrogenase i s  no t  s p e c i f i c  of n i t rogen  and can reduce a v a r i e t y  

of t r i p l e  bond ( N E N ) s u b s t i t u t e s  l i k e  ace ty lene .  

n i t rogenase  -_ 
C2H4 C H + H 2  -> 2 2  

ace ty l ene  4- hydrogen e thylene  

This  proper ty  i s  used f o r  , eva lua t ing  n i t rogenase  a c t i v i t y  wi th  

t h e  ace ty l ene  reduct ion  method. 

Nitrogenase ."is oxygen l a b i l e .  

223 Rela t ions  between photosynthes is  and n i t rozen  f i x a t i o n  

A s  pointed above, n i t rogenase  i s  i r r e v e r s i b l y  i n a c t i v a t e d  by 

oxygen. Therefore ,  ae rob ic  n i t rogen  f i x a t i o n  and O producing . 

photosynthes is  are two process  which cannot occur s imultaneously 

2 

./ 
25 
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i n  t h e  same c e l l .  

In  he te rocys tous  BGA, t h e  heteroGyst i s  t h e  s o l e  s i t e  of 

n i t rogen  f i x a t i o n  under ae rob ic  condi t ions .  It provides  a 

p r o t e c t i v e  s i t e  f o r  n i t rogenase  because i t  l a c k s  photosystem II 

( t h e  photosystem respons ib le  f o r  CO f i x a t i o n  and O product ion)  

b u t  has  n i t rogenase  and photosystem I which provides  energy f o r  

t h e  he t e rocys t .  Heterocysts  f i x  n i t rogen  t o  ammonia and t o  glutamine 

2 2 

which i s  then suppl ied  t o  v e g e t a t i v e  cel ls ,  whi le  v e g e t a t i v e  c e l l s  

i n  r e t u r n  supply f ixed  carbon t o , t h e  he t e rocys t s  (F ig .  1). 

23 OTHER NUTRIENTS 

Besides C ,  H, N ,  and O ,  t h e  major elements requi red  f o r  t h e  

growth of BGA (P, S. .K, N a ,  Mg, Ca) are no t  d i f f e r e n t  from t h e  

requirements  of o t h e r  p l a n t  groups. Trace elements (Fe, Mn, 

Bo, Mo, Cu, Zn, Co) are a l s o  e s s e n t i a l  f o r  t h e  growth of BGA. 

Molybdenum which is  a component of  bo th  n5trogenase and n i t r8 t . e  

reductase  is  e s s e n t i a l  f o r  ni t rogenous n u t r i t i o n  of BGA. 

I 
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3 ECOLOGY OF BLUE-GREEN ALGAE I N  PADDY FIELDS 

31 METHODS 

311 Evaluation o f  a l g a l  abundance 

Three techniques f o r  e v a l u a t i n g  a l g a l  abundance i n  s o i l s  are 

g e n e r a l l y  c i t e d :  p l a t i n g  of s o i l  suspension, d i r e c t  count,  and , 

pigment ana lys i s .  

Pigment a n a l y s i s  g ives  no i n d i c a t i o n  of s p e c i e s  and because 

of contamination by humic a c i d s  and ch lorophyl l  degrada t ios  

products ,  can b e  used only t o  cbmpare t h e  e f f e c t  of d i f f e r e n e  

t rea tments  on t h e  t o t a l  f l o r a  i n  t h e  same s o i l .  

Direct examination and count ing is  t i m e  consuming and 

boring.  Moreover, because a homogenized s o i l  suspension i s  used, 

a l g a l  f i l aments  are more o r  less broken i n  p i e c e s  and t h e  determina- 
I 

t i o n  o f  s p e c i e s  may be  impossible  i n  some cases. 

Di lu t ion  and p l a t i n g  technique permits  s imultaneously 

enumeration, i d e n t i f i c a t i o n  and i s o l a t i o n  of t h e  d i f f e r e n t  a l g a e  

o f  t h e  sample. The main disadvantage of t h e  p l a t i n g  method i s  
-1 

t h a t  i t  does n o t  ensure  t h a t  a l l  s p e c i e s  p r e s e n t  i n  t h e  s o i l  

develops on the p l a t e s  and even i f  they grow, t h e i r  relative 

frequency may change. Despi te  i t s  disadvantages t h e  p l a t i n g  

method i s  the m o s t  widely used. 

\ 

312 Evaluat ion of n i t rogen-f ix ing  a c t i v i t y  

Nitrogen a n a l y s i s  by t h e  Kje ldahl  technique i s  used i n  

n i t r o g e n  balance s t u d i e s .  The u s e  of t h i s  method t o  d i s t i n g u i s h  

between phototrophic  n i t rogen  f i x a t i o n  by p a r a l l e l  l i g h t  and 
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dark t reatment  i s  s u i t a b l e  only f o r  long-term t r ia l s  f o r  gross  

measurement. 

15  
N techniques are expensive and d i f f i c u l t  t o  u se  i n  t h e  

f i e l d  . 
Acetylene reduct ion  i s  now widely used f o r  measuring 

photosynthe t ic  NFA. 

s t u d i e s  on t h e  n i t rogenase  a c t i v i t y .  

It i s  t h e  most u s e f u l  technique f o r  r o u t i n e  

Measurements of a l g a l  

ace ty l ene  reducing a c t i v i t y  are r e l i a b l e  when t h e  incubat ion is 

b r i e f ,  t h e  problem of gas d i f f u s i o n  and greenhouse e f f e c t s  are 

minimized, and s t a t i s t i c a l l y  v a l i d  sampling method are adopted. 

However t h e  method i s  gene ra l ly  considered s u i t a b l e  f o r  

q u a l i t a t i v e ' e s t i m a t e  only.  

313 Sampling problems i n  r e l a t i o n  t o  t h e  d i s t r i b u t i o n a l  ecology 

of BGA 

The v a l i d i t y  and accuracy of a l g a l  enumerations and ARA 

measurement i n  t h e  f i e l d  depend on t h e  he te rogenec i ty  of t h e  

d i s t r i b u t i o n  of t h e  organisms and t h e  dens i ty  of sampling. 

BGA popula t ions  have an uneven d i s t r i b u t i o n  t h a t  approximates 

a log-normal p a t t e r n ,  t h e r e f o r e  a h igh  dens i ty  of sampling i s  

needed. 

A l a r g e  number of s m a l l  co re  samples i s  p r e f e r a b l e  t o  a few 

l a r g e  samples f o r  bo th  a l g a l  enumerations and ace ty l ene  reducing 

I 

a c t i v i t y  measurement. 
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Method of sampling used a t  IRR1 c o n s i s t  i n  tak ing  13 cm 

core  samples, 2 c m  i n  diameter ,  i n  4 x 4 m p l o t s .  Each t rea tment  

is  r e p l i c a t e d  four  t i m e s .  

32 OCCURRENCE OF BGA I N  PADDY FIELDS 

N - f ix ing  BGA are n o t  i n v a r i a b l y  i s o l a t e d  from t r o p i c a l  r ice  f i e l d s .  2 

I n  I n d i a ,  VENUTARAMAN repor ted  t h a t  ou t  of 2313 s o i l  samples only 

about 33% w e r e  found t o  harbour N - f ix ing  forms. 2 

Fragmentary q u a n t i t a t i v e  measurements i n d i c a t e  that,N - f i x i n g  2 .  

d e n s i t i e s  vary from a few t o  10  /g dry s o i l  (Table 3 ) ;  7 BGA popula t ion  

biomass vary  from a few kilograms t o  24 t ons  ( f r e s h  weight) /ha 

(Table 4 ) .  Because of v a r i a b i l i t y  of the water conten t  i n . B G A  . 

(Table 5) f r e s h  weight .has  however l i t t l e  s i g n i f i c a n c e .  Fnom t h e  

h ighes t  biomass recorded i n  terms of dry weight p e r  hectare, it 

appears  t h a t  under favorable  condi t ions  an N - f ix ing  a l g a l  bloom 

may c o n t r i b u t e  30-40 kg N/ha t o  the ecosystem. 

2 

33 FACTORS AFFECTING BGA GROWTH I N  PADDY FIEDLS 

331 C l i m a t i c  f a c t o r s  

Among t h e  climatic f a c t o r s  a f f e c t i n g  t h e  seasona l  f l u c t u a t i o n s  of 

t h e  phytoplankton, l i g h t  i s  most important.  It a f f e c t s  t h e  a l g a l  

biomass q u a l i t a t i v e l y  and q u a n t i t a t i v e l y .  BGA may be  regarded as low 

l i g h t  spec ie s ;  i n  area of high i n c i d e n t  l i g h t  i n t e n d t i e s  BGA develop 

only when p ro tec t ed  by a s u f f i c i e n t l y  dense rice canopy (Fig.  2a).  

. 

I n  areas of moderate i n c i d e n t  l i g h t  i n t e n s i t i e s ,  dur ing  r a iny  o r  

cloudy weather l i g h t  de f i c i ency  under a dense r ice canopy may l i m i t  

BGA-growth (Fig.  2b).  

may a l s o  in f luence  BGA growth i n  t h e  wetland f i e l d .  

To a lesser e x t e n t  temperature  and water regime 



T a b l e  3 

References reporting algal enumerations in rice fields. 

Remarks Values 
(no:g-' dry-soil) 

References Location 

21 Thailand 

22 Thailand 

71 Senegal 

107 Japan 

i o  to 104a 9 soil types studied 

1033 103 sites studied 

o to 10Q 

1O6a Fertilized plots 

40 soils studied during the dry 
season 

122 Thailand 103a.t0 i o s a  

Malaysia 1 0 4  to 107a 

Philippines 103 to I osa 

156 to 160 Thailand a l o z a  Brackish water, alluvial soil and 
Regosol 

103a Noncalcic brown soil 

z 104a 9 other soil types 

304 Mali io3 to i o 6 b  12 measurements in the same 

262 India z x Aphanothece pallida from the 

field along a 2-year period. 

water surface 

aMost-probable-number method. bPIating method. CMethod not indicated. 

T a b l e  4 

References reporting algal biomass measuremen6 in rice fiètds. 

Remarks Dry wt Fresh wt 
(kg-ha-') (kg-ha-' 

Reference Location 

2 China 7,500 After inoculation 

147 India 3 to 300 60 to 6,OOe Green algae dominant 

32 600 N,-fixing BGA dominant 

176 UzbSSR 

21 9 Senegal 

16,000 Total algal biomass 

Total algal biomass 2 to 6,000 

2 to 2,300 Nz-fixing algal biomass 

239 Philippines 2 to 114 

26 1 India 480 9,oooa Aulosira bloom 

280 India 100 to 2,100 

Philippines 177 24,000 Gloeo trichia bloom 353 

aData extrapolated on the basis of 95% water content. 

T a b l e  5 

Mean composition of different BGA genera and biomasses corresponding t o  10 kg N.ha -I 

Strains Dry matter Protein Fresh wt (t-ha-') 
Genera tested (% of (% of corresponding to 

(no.) fresh wt) dry wt) 10 kg Nsha'' 

Calothrix 6 5 32 3.9 

Nostoc . 4 2.2 30 9.4 

Gloeo trichia 8 0.74 29 29.0 
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Fig. 2a 

In  Senegal (West Af r i ca )  where 

l i g h t  i n t e n s i t y  i s  very  h igh  

(> 80,000 

t h e  whole yea r ,  N2-fixing BGA 

develops only when t h e  rice 

canopy i s  s u f f i c i e n t l y  dense 

t o  p r o t e c t  them from t h e  

de t r imen ta l  l i g h t .  There is 

a p o s i t i v e  c o r r e l a t i o n  between 

t h e  d e n s i t y  of t h e  p l a n t  cover  

and t h e  N2-fixing a l g a l  biomass. 

l u x  a t  12.00) a long 

a 

Ethylene formed ( n mol /ml per h 1 

31 

a a a. 

H et  e roc y s t o u s b I ue - g reen a lg æ : kg .h a'. 

o .1 1 10 1 O0 1000 

P 

3 5  7 9 II 13 15 
Week after transplanting ' 

Fig. 2b. 

In  t h e  Ph i l ipp ines ,  during t h e  

w e t  season, i n c i d e n t  l i g h t  

i n t e n s i t i e s  are low and a f t e r  

t i l l e r i n g  l i g h t  i n t e n s i t y  under 

the  rice canopy i s  very  low. 

This  exp la ins  why NFA i s  lower 

i n  p lan ted  s o i l  

s o i l  during t h e  w e t  season. 

than  i n  unplanted 

1. Variations of algal ARÀ in paddy water during cultivation cycles at 
IRRI; cropped and noncropped fields during the wet season (Yoshida and 
Ancajas 1973). 



332 Physico-chemical f a c t o r s  

Among s o i l  p r o p e r t i e s ,  pH i s  c e r t a i n l y  t h e  most important  f a c t o r  

determining t h e  a l g a l  f l o r a  composition. Under n a t u r a l  condi t ions  , BGA 

grow p r e f e r e n t i a l l y  i n  environments t h a t  are n e u t r a l  t o  a l k a l i n e .  A 

common observa t ion  i s  a p o s i t i v e  c o r r e l a t i o n  between pH and occurrence 

of BGA. Next t o  pH, t h e  most dec i s ive  f a c t o r  favor ing  BGA growth i s  t h e  

a v a i l a b l e  phosphorus content  of t h e  s o i l .  

Other n u t r i e n t s  (mo, Fe, Mg, K y  e t c . )  are requi red  f o r  opt imal  growth 

df BGA, but t h e i r  eco log ica l  imp l i ca t ions  as l i m i t i n g  facqors  o r  as 

f a c t o r s  a f f e c t i n g  t h e  composition of t h e  a l g a l  community i n  paddy f i e l d s  

have not  been documented. Very l i t t l e  information is  a v a i l a b l e  on t h e  

e f f e c t  of o t h e r  s o i l  p r o p e r t i e s  on BGA. 

333 B i o t i c  f a c t o r s  

. Among t h e  b i o t i c  f a c t o r s  capable  of l i m i t i n g  BGA growth i n  rice 

f i e l d s ,  only t h e  grazing by i n v e r t e b r a t e  popula t ions  (microcrustaceans 

and snails) has  been documented. Evidence exists t h a t  pathogeneci ty  and 

antagonisms may be ope ra t ive  i n  t h e  f i e l d s  b u t  t hese  have n o t  y e t  been 

demons t r h t e d .  

334 A g r i c u l t u r a l  f a c t o r s  

The va r ious  agronomical p r a c t i c e s  adopted along t h e  c u l t i v a t i o n  cyc le  

in f luence  growth of BGA. 

BP Land p repa ra t ion  and management seem t o  have only i n c i d e n t a l  e f f e c t s .  

6) P e s t i c i d e s  -- depending upon t h e i r  n a t u r e ,  t h e i r  concent ra t ion  and 

t h e  a l g a l  s t r a i n s  -- could have i n h i b i t h r y ,  selective o r  s t imu la to ry  

e f f e c t s  on BGA. Experiments done mainly wi th  f l a s k  c u l t u r e s  suggest  



t h a t  BGA were gene ra l ly  more r e s i s t a n t  t o  p e s t i c i d e s  than were o t h e r  

a l g a e  and t o l e r a t e d  p e s t i c i d e  levels recommended f o r  f i e l d  a p p l i c a t i o n .  

I n s e c t i c i d e s  are gene ra l ly  less t o x i c  t o  BGA than o t h e r  p e s t i c i d e s  and 

have t h e  secondary b e n e f i c i a l  e f f e c t  of suppress ing  t h e  g raze r  populat ion.  

o Among chemical f e r t i l i z a t i o n  p r a c t i c e s ,  phosphorus a p p l i c a t i o n  and 

l iming of a c i d i c  s o i l s  have demonstrated a b e n e f i c i a l  e f f e c t  on BGA 

growth. The e f f e c t ' o f  n i t rogenous  f e r t i l i z e r s  is  not  w e l l  known, and t h e  

observed i n h i b i t i o n  on a l g a l  ARA by minera l  n i t r o g e n  i n  f l a s k  c u l t u r e s  

may not  be  e f f e c t i v e  t o  t h e  same ex ten t  under n a t u r a l  condi t ions .  The 

e f f e c t  of N f e r t i l i z e r s  i n  t h e  f i e l d  have rece ived  l i t t l e  a t t e n t i o n .  

This  i s  s u r p r i s i n g  i n  view of t h e  observa t ion  t h a t  BGA i nocu la t ion  produces 

an i n c r e a s e  i n  g r a i n  y i e l d  even a t  high l e v e l s  of f e r t i l i z e r  N. From 

experiments conducted wi thout  a l g a l  i n o c u l a t i o n ,  a depress ive  e f f e c t  of N 

f e r t i l i z e r  on a l g a l  NFA has been e s t a b l i s h e d .  

Depending.on t h e i r  n a t u r e  and mode of a p p l i c a t i o n ,  organic  manure 

may f avor  o r  depress  BGA growth. P l an t  r e s idue  inco rpora t ion ,  which 

produce anaerobic  decomposition by-products' t o x i c  t o  a lgae  seems t o  be 

less b e n e f i c i a l  t o  BGA than s u r f a c e  a p p l i c a t i o n .  

~ 34 ALGAL SUCCESSIONS I N  PADDY FIELDS 

Algal  popula t ions  appear t o  be h ighly  s u s c e p t i b l e  t o  environmental  

changes and e x h i b i t  r ap id  q u a l i t a t i v e  and q u a n t i t a t i v e  v a r i a t i o n s  along 

t h e  c u l t i v a t i o n  cyc le .  
L 

Table 6 and Figure 3 are an example of, t h e  evo lu t ion  of the algal 

During t h e  e a r l y  p a r t  of the c u l t i - .  f l o r a  i n  paddy f i e l d s  i n  Senegal. 

v a t i o n  cyc le  ( p l a n t i n g  and t i 1 , l e r ing )  , t h e  a l g a l  biomass increased  and 



Table 6 34 
' 3  

I A 

Algal biomass composition in relation to rice development in 40 paddy fields in Senegal (Reynaud and Rogsr, 219). 0 

- _- 
Dominant flora N2-fixing algae 

Min 

1% of total biomass) 

Mean Max Min 
value value 

Stages of rice 
development Nature Mean Max 

% of total biomass 

value value value value 

2 4 0.1 73 99 49 Tillering Diatoms, unicellular green algae 

3 9 o. 1 Panicle initiation Filamentous green algae, non- 89 93 86 
heterocystous blue-green algae 

14 0.2 
Heading to maturity Filamentous green algae, non- 70 91 62 8 .  

Heading t o  maturity Blue-green algae 

Weak plant cover 

Dense plant cover 

heterocystous blue-green algae 

13.0 16 38 99 71 99 

t en ,ema4nes 

3 f I O  11 I 6  1 9  1 2  

Frc. 3. - Variations des biomasses des diffdrents composants de la flore 
totale au cours du cyclc de vdg6tation : flore tot& : 

0-0 : Diatomées : 0- ; Chlorophycdrs : W-W 
-Cvanophyc~rs : A-A ( I )  et (2) voir esplintion dans le teste. 

B 

Fig. 3 a and b 

Var ia t ions  of the components 

of t h e  components o f  the a l g a l  

f l o r a  i n  a paddy f i e l d  i n  

Senegal. 

a: a b s o l u t e  va lues  

b: re la t ive v a l u e s  

Cyanophycees = BGA 

Chlorophycees = Green a l g a e  

Data p l o t t e d  on the l e f t  s i d e  

of the do t t ed  l i n e  (1) 

correspond t o  t h e  two f i r s t  

enumerations done on the dry  

s o i l  and j u s t  a f t e r  rewetting. 
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cons i s t ed  mainly of diatoms and u n i c e l l u l a r  green a lgae .  From t i l l e r i n g  

t o  p a n i c l e  i n i t i a t i o n ,  the  a l g a l  biomass reached i t s  h ighes t  va lues  and 

f i lamentous green-algae and mone N - f i x i n g  BGA w e r e  dominant. 

p a n i c l e  i n i t i a t i o n  t h e  t o t a l  biomass decreased.  

Af t e r  
2 

I f  t h e  p l a n t  cover  w a s  

s u f f i c i e n t l y  dense,  heterocystous BGA developed; i f  i t  w a s  t h i n ,  f i lamentous 

green a lgae  and homocystous BGA remained dominant. 

The fol lowing i n t e r p r e t a t i o n  of a l g a l  f l o r a  v a r i a t i o n s  w a s  proposed: 

A t  t h e  beginning of the  c u l t i v a t i o n  cyc le ,  pad'dy s o i l s  were cha rac t e r i zed  

a A low pH, which favored t h e  development of chlorophyceae bu t  n o t  

of BGA. 

o An absence of p l a n t  cover and a corresponding high l i g h t  i n t e n s i t y  

at the  air-water i n t e r f a c e  t h a t  w a s  a l s o  favorable  f o r  t h e  development 

of chlorophyceae and diatoms bu t  unfavorable  t o  BGA. 

a A high  leirel of CO caused by s o i l  remoistening which favored 
2 

green- a lgae .  

During t h e  c u l t i v a t i o n  cyc le ,  a decrease  i n  l i g h t  i n t e n s i t y  and N 

level r e l a t e d  t o  r ice growth and an i n c r e a s e  i n  pH va lue  favored BGA 

growth. The non evolu t ion  of a l g a l  f l o r a  under a weak p l a n t ' c o v e r  

i nd ica t ed  t h e  important r o l e  of l i g h t  i n  r e g u l a t i n g  t h e  a l g a l  composition. 

35 NITROGEN FIXATION BY BGA I N  PADDY. FIELDS 

Algal  NFA has. mos't f r equen t ly  been s tud ied  by ARA measurement. 

method i s  c e r t a i n l y  l i a b l e  t o  m i s i n t e r p r e t a t i o n  of q u a n t i t a t i v e  r e s u l t s ,  

This  

bu t  i t  i s  very  convenient and r e l i a b l e  f o r  q u a l i t a t i v e  s t u d i e s  when the 

measurements are b r i e f ,  t h e  problems of gas  ' d i f fus ion  and greenhause 

e f f e c t s  are minimized, and s t a t i s t i c a l l y  v a l i d  sampling methods are adopted. 
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Diurnal  v a r i a t i o n s  i n  ARA are r e l a t e d  mainly t o  t h e  v a r i a t i o n s  of t h e  

l i g h t  i n t e n s i t y .  . Depending on the '  maximal v a l u e ' o f  t h e  l i g h t  i n t e n s i t y  

during t h e  day, t h e  curve w i i l  e x h i b i t  one o r  two: maxima;:the second 

p a t t e r n  correspond 'to: 'an i n h i b i t o r y  e f f e c t  of '"high ' l i g h t  dur ing  t h e  middle 

of t h e  day. 

I .  

. .  . .  . . .  . .  
. .  

7 .  

Stud ies  r epor t ing  v a r i a t i o n s  of algal ARA along the c u l t i v a t i o n  

cyc le  i n d i c a t e  t h a t  a peak of a c t i v i t y  may occur  anytime. A predominant 

effect of l i g h t  i n t e n s i t y  i n  r e l a t i o n  t o  t h e  season and t h e  p l a n t  cover 

seem t o  b e  w e l l  e s t ab l i shed .  

The est imated amounts of f ixed  n i t rogen  vary from a few t o  s e v e r a l  

kilograms pe r  crop. The average va lue  of t h e  repor ted  estimates (30 kg p e r  

crop)  seems t o  c o n s t i t u t e  a s a t i s f a c t o r y  r e fe rence  va lue  when environmental  

f a c t o r s  favor  BGA growth. The r e l a t i v e  con t r ibu t ion  of BGA as a percentage 



j '  
37 

of t h e  t o t a l  n i t rogen  f i x e d  i n  t h e  paddy f i e l d ' v a r i e s  w i th in  l a r g e  l i m i t s  

and seems t o  be more a f f e c t e d  by n i t rogen  f e r t i l i z e r s  than  t h e  hetero-  

t r o p h i c  N - f i x a t i o n  (Table 7 ) .  2 

Relative contribution of floodwater, plant, and soil to N2-fixation in a paddy field 
(from Watanabe et al, 359). 
~~ 

ARAa (mmol C2H4 -m-' .day-') 
Treatment 

Floodwater Plant Soil Total 

-NPK 0.72 0.28 0.35 1.35 
(61 1 (21 ) (18) (100) 

0.13 0.37 0.37 0.74 
(16) (42) (42 1 ( 100) 

+NPK 

aFigures in' parentheses indicate percent of total. 

36 BLUE-GREEN ALGAE AND THE RICE PLANT 

, .  Detr imental  e f f e c t s :  

Among t h e  a l g a e  de t r imen ta l  t o  rice, because of t h e i r  mechanical 

e f f e c t  on t h e  young p l a n t s ,  BGA can be considered as i n c i d e n t a l .  Even 

where they  produced a bloom a t  the 'beginning  of t h e  c u l t i v a t i o n  cyc le ,  

t h e i r  e f f e c t  on y i e l d  w a s  r a r e l y  nega t ive .  

Exudation products :  

BGA exudate O o rganic  a c i d s ,  growth promoting substances and 2 '  

n i t rogen .  Oxygen product ion by BGA i n  very  anaerobic  s o i l s  may prevent  

development of su lpha te  reduct ion  processes  harmful t o  r i c e .  Organic 

ac ids  i n c r e a s e  phosphorus a v a i l a b i l i t y .  

Besides inc reas ing  n i t rogen  f e r t i l i t y ,  BGA have bene f i t ed  r ice p l a n t s  . 

by t h e  product ion of growth-promoting substances.  The a d d i t i v e  e f f e c t  of 

a l g a l i z a t i o n  i n  t h e  presence of a high level of f e r t i l i z e r  N w a s  i n t e r p r e t e d  

as an index o,f t h i s  growth promot ing .e f fec t ,  b u t  such an i n t e r p r e t a t i o n  has  



s t i l l  n o t  been demonstrated i n ’ t h e  f i e l d  and has  t o  be t r e a t e d  wi th  caut ion .  

P a r t  of f i x e d  n i t r o g e n  is exuded i n t o  t h e  floodwater.  

exudated n i t rogen  t o  t h e  rice p l a n t  i s  c e r t a i n l y  poor except  i n  

of deepwater 

e s p e c i a l l y  on t h e  submerged roo t s .  Experiments conducted a t  IRRI demons- 

t r a t e d  t h a t  BGA epiphyt ism makes a l i m i t e d  con t r ibu t ion  t o  t h e  n i t r o g e n  

A v a i l a b i l i t y  of 

t h e  case 

rice where BGA growth e p i p h y t i c a l l y - o n  t h e  rice p l a n t  

i npu t  i n  shal low water rice, bu t  t h i s  c o n t r i b u t i o n  has  agronomic s ign i -  

f i cance  i n  deepwater rice. 

1 

Retarded ac t ion :  

Nu t r i en t s  f ixed  by BGA are re l eased  through microbia l  decomposition 
’ 

a f t e r  t h e  cells d i e .  

BGA showed t h a t  a v a i l a b i l i t y  of N from d r i ed  BGA ‘ incorporated i n  t h e  s o i l  

Experiments conducted a t  I R R I  w i th  15N l abe led  

j 

w a s  between 23-28% f o r  t h e  f i r s t  crop and 27-36% f o r  two crops. 

a p p l i c a t i o n  of t h e  a l g a l  material reduced t h e  a v a i l a b i l i t y  t o  14-23% f o r  

t h e  f i r s t  crop and 21-27% f o r  two crops.  A v a i l a b i l i t y  of a l g a l  N t o  

t h e  cu r ren t  and fol lowing crop w a s  almost equal  t o  a v a i l a b i l i t y  of 

Surface 

ammonium s u l f a t e  t o  t h e  f i r s t  crop. Due t o  i t s  organic  n a t u r e  BGA katerial 

i s  less  s u s c e p t i b l e  t o  N l o s s e s  than  . inorganic  f e r t i l i z e r s .  

low C/N r a t i o  (5-6) g ives  it a b e t t e r  N a v a i l a b i l i t y  than  those  of 

However, i t s  

organic  f e r t i l i z e r s  l i k e  farm yard manure. 

37 CULTURAL PRACTICES TO INCREASE BGA GROWTH AND NFA I N  THE FIELD 

- Liming of a c i d i c  s o i l s  

- Phosphorus a p p l i c a t i o n  

- Molybdenum a p p l i c a t i o n  

- Deep placement of N f e r t i l i z e r s  

- Contro l  of g raze r s  popula t ion  

- Surface  a p p l i c a t i o n  of r ice  s t r a w  

- Algal  i n o c u l a t i o n  ( a l g a l i z a t i o n )  



t 
c 

4 ALGALIZATION 

39 

2 
Since BGA were recognized to be one, 'if not the most, important N 

fixing agent in flooded rice soils, many trials have been conducted to 

increase rice yield by algal inoculation,(algalization). Unfortunately 

most of the experiments have been conducted on a 

only the last indirect effect (grain yield) of an agronomic practice 

"black box'' basis where 
m .  

(algalization) .was observed and the intermediate effects were not studied. 

Very little information is available on the qualitative and quantitative 

evolution of-the N -fixing algal flora, the evolution of the photosynthetic 

NFA, and the nitrogen balance in inoculated paddy soils. 
2 

Pot experiment 

I may be suitable for qualitative studies, but overestimate the effects of 

algal inoculation. 

been conducted over one growing season only and may underestimate the 

effects of algalization. 

be apparent in the first crop after algal inoculation. 

On the other hand, most of the field experiments have 

The advantages of a slow N release might-not 

Table 8 
Reproduced from Roger and Kulasooriya- 1980. i -7 

Relative increase in grain yield over the treatment in pot and field experiments. 

Pot experiments Field experiments 

Experiments comparing both method? 

Mean 28.1 15.2 
Standard deviation 33.2 12.3 
Number of data 22 23 

~ l l  experiments listed in Table 17 

Mean 42.0 14.5 
Standard deviation 59.6 8.9 

aReference no. 94,112,143,212,213,286 287. 

Number of data 64 102 



Alga l i za t ion  has  been repor ted  t o  have a b e n e f i c i a l  e f f e c t  on g ra in  

y i e l d  i n  several coun t r i e s  however t h e r e  are a l s o  r e p o r t s  i n d i c a t i n g  a 

f a i l u r e  of a l g a l i z a t i o n  under widely d i f f e r e n t  ag roc l ima t i c  condi t ions.  

L i t t l e  is known about t h e  l i m i t i n g  f a c t o r s  f o r  a l g a l i z a t i o n .  Among t h e  

s o i l  p r o p e r t i e s ,  a low pH and a low a v a i l a b l e  phosphorus content  are t h e  

only w e l l  documented ones. 

and t h e  establ ishment  of t h e  a l g a l  inoculum i s  c e r t a i n l y  a major gap. Among 

de t r imen ta l  b i o t i c  f a c t o r s  only graz ing  by zooplankton has  been s tud ied .  

temperature,  heavy r a i n s  and-cloudy weather have a l s o  been repor ted  t o  l i m i t  

t h e  es tab l i shment  of t h e  a l g a l  inoculum. 

Knowledge of t h e  r e l a t i o n  between s o i l  p r o p e r t i e s  

Low 

- Table 9 

Average va lue  of g ra in  y i e l d  i n  a l g a l i z a t i o n  experiments repor ted  i n  t h e  

l i t e r a t u r e .  (Tables included i n  t h i s  paragraph are reproduced from 

Roger and Kulasooriya.  "Blue-green a l g a e  and rice" 1980).  

Experimental 

Average in the pot experiments 

Standard deviation 
. Mean 

Number of data 

Average in the field experiments: 

Standard deviation 
Mean 

Number of data 

Average in the field experiments in 
absence of nitrogen fertilizer 

Standard deviation 
Mean 

Number of data 

Average in the field experiments in 
presence of nitrogen fertilizer 

Standard deviation 
Mean 

Number o f  data 

Grain 
yield 

i2 in the 
:ontrot 2 
cg-ha-') U 

- 

- 
- 
- 

3016 

30 
803 

2979 

25 
789 

3434 
867 
13 

Variation in grain vie 

Algalization 

Relative (%I 

h e r  the 
.eatment 

42.0 
59.6 
64 

14.5 
8.9 

102 

14.6 
10.4 
39 

14.3 

44 
11.8 

ver the 
ontrol 

30.75 
40.3 
49 

16.1 
9.3 
a7 

16.4 
11.6 
31 

14.9 
8.4 
36 

xolute 
g-tia-') 

lver the 
?ament 

- 
- 
- 

475 
274 
80 

442 
267 
36 

488 

38 
269 

due to  

Treatment 

?lative Absolute 

Over the 
control - 

66.67 

37 
72.48 

30.0 
22.2 
51 

27.9 
20.0 
17 

32.2 

32 
23.8 

- 
- 
- 

917 
698 
47 

716 
436 
13 

1038 
766 
32 

Bogrqphical 
location 

India: 30 
Japan: 5 
China: 3 
Egypt: 3 
Phil.: 1 
USSR: 1 
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Alga l i za t ion ,  when e f f e c t i v e ,  has  been r epor t ed  t o  inc rease  the s i z e  

of t h e  p l a n t ,  i t s  n i t r o g e n  con ten t ,  and t h e  number of tillers, pan ic l e s ,  s p i k e l e t s ,  

and f i l l e d  s p i k e l e t s  p e r  panic le .  The b e t t e r  g r a i n  y i e l d  has  been used t o  

assess t h e  e f f e c t  o f  a l g a l  i nocu la t ion .  From t h e  r e p o r t s  on f i e l d s  experiments,  

conducted mainly i n  I n d i a ,  i t  appears  t h a t  on average, a l g a l  i nocu la t ion ,  

where e f f e c t i v e ,  causes  about 14% relative inc rease  i n  y i e l d ,  corresponding 

t o  about 450 kg g r a i d h e c t a r e  p e r  crop. , 

Table 10  

Effect of lime, phosphorus, and molybdenum application, in combination with algali- 
zation, on grain yield in field experiments. 

Increase in yield (kg grain-ha-') 
Yield in . Reference the I Over Over Over the 
control the control the control treatment 

inoculated treatment inoculated 

Treatment no. 
(kggrain-ha-') when due to the when 

112 P ( 7 )  2008 743 38 976 
126 L (?I 3372 49 343 170 
212 P (67) 2916 56 1 863 - 6 2  

P (67) Mo 10.28) 2916 . 561 837 123 
L (2242) 2916 561 413 470 
L (2242) Mo (0.28) 2916 561 393 541 
P (67) L (2242) Mo (0.28) 2916 561 1833 378 
Mo (0.28) 2916 561 444 189 

213 P (20) L (1000) Mo (0.28) 2379 199 563 499 
R + P (201 L (1000) Mo (0.281 2379 199 1110 172 

216 P (20) L (500) Mo (0.28) 2587 - - 357 
242 P (20) L (1000) Mo (0.28) 1536 274 708 555 

R + P (20) L (1000) Mo (0.281 1537 274 1028 291 

Number of data 13 12 12 13 
Mean 256 1 425 714 358 
Standard deviation 569 21 3 470 262 

A higher  inc rease  i n  g ra in  y i e l d  w a s  observed when a l g a l i z a t i o n  w a s  done 

i n  combination wi th  l i m e ,  phosphorus, and sometimes molybdeimm app l i ca t ion .  

It appears  however, t h a t  t he  inc rease  i n  y i e l d  s t r i c t l y  due t o  a l g a l i z a t i o n  

does n o t  s i g n i f i c a n t l y  d i f f e r  i n  t h e  presence o r  absence of n6n-nitrogen 

f e r t i l i z e r s  and t h a t  t h e  inc rease  i n  y i e l d  due t o  non ni t rogenous f e r t i l i z e r s  

is  gene ra l ly  h ighe r  than t h a t  due t o  a l g a l i z a t i o n .  
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Resu l t s  concerning t h e  e f f e c t s  of a l g a l i z a t i o n  i n  t h e  presence of n i t rogen  

I f e r t i l i z e r s  are con t rove r s i a l .  Severa l  r e p o r t s  i n d i c a t e  a f a i l u r e  of a lga l -  

i z a t i o n  i n  t h e  presence of f e r t i l i z e r  N. 

experiment conducted i n  I n d i a  i n d i c a t e s  a b e n e f i c i a l  effect of a l g a l i z a t i o n  

On t h e  o t h e r  hand, a l a r g e  scale 

&ven a t  very h igh  levels of n i t rogen .  

Table 11 
\ 

Absolute variation in grain yield over the treatments due t o  algalization at different 
levels of fertilizer N in field experiments. 

Yield (kg grainaha-') 

nitrogen kg N-ha-' kg N-ha-' kg N-ha-' kg N-ha-' 

Reference 
no. No 25-30 50-60 75-100 120-150 

7 
7 

13 
1 o9 
111 
111 
243 
255 
271 
271 
273 
275 
3 24 
33 1 

? 
? 

489 
103 
798 
656 
472 
83 1 
676 
332 
442 

61 O 

- 

- 

81 5 
636 
690 
474 
- 
- 
49 

641 
93 

626 

- 

- 
- 
- 

453 
743 
333 
227 
846 

1 O 0 4  

856 
814 
225 
652 

- 

- 
- 
- 

597 
353 
21 6 

730 
770 

- 

- 
- 
- 
- 
- 

393 

373 
- 

715 
696 
155 

678 
530 

498 

- 

- 

- 
- 
- 
- 

440 
- 

There i s  evidence t h a t  a l g a l i z a t i o n  produces both a cumulative and 

r e s i d u a l  e f f e c t  a t t r i b u t e d  t o  a bui ldup of t h e  s o i l  n i t rogen ,  o rgan ic  matter, 

and t h e  a l g a l  f l o r a .  However, l i t t l e  is known about t h e  e f f e c t s  of 

a l g a l i z a t i o n  on s o i l  p r o p e r t i e s  and s o i l  microf lora .  

Table 1 2  

References reporting cumulative effect of algalization on grain yield. 

Relative increase in grain yield 
(% over the control) 

Ist 2nd 3rd 4th 5th 
vr Yr vr vr vr 

Remarks Reference Location 
no. 

344 Japan 2 8 15 19.5 10.6 'Average of 9 field experi- 
ments on nitrogen-poor 
soils 

337 Japan 2.7 8.4 19.1 21.8 Field experiment 
90 Japan 5 10 15 20 - Field experiment 

214 India 3.6 20 - - - Pot experiment 

added 
44.3 190 - - - Pot experiment, P and Mo 

8 43 Field experiment 
21 41 - - - Field experiment, lime, P, 

and Mo added 
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Another gap concerns t h e  comparison between a l g a l i z a t i o n  and 
a 

management p r a c t i c e s  enhancing growth and a c t i v i t y  of  indigenous n a t u r a l  

popula t ion  of" - f ix ing  BGA. I n  some case.s, t h e  l a t te r  can make a l g a l i -  

za t ion  unnecessary. 

2 

Alga l i za t ion  i s  necessary where e f f i c i e n t  strains are 

absent  i n  t h e  s o i l .  The search f o r  h igh ly  e f f i c i e n t  s t r a i n s  is  s t i l l  a t  a 

t h e o r e t i c a l  level, t h e r e f o r e ,  t h e  recommended inoculum is  a s o i l  based 

mixture of s t r a i n s .  

A lga l i za t ion  i n  r ice  f i e l d s  has  proceeded a l i t t l e  beyond t h e  s t a g e  

of fundamental r e sea rch ,  and a t tempts  have been made t o  popular ize .  t h i s  

. technology among Indian farmers.  A method f o r  producing a l g a l  inoculum, 

e a s i l y  adoptable  by farmers ,  has  been developed and recommendation f o r  

f i e l d  inocu la t ion  given. The economics of inoculum product ion and p a y o f f  

from t h e  a l g a l i z a t i o n  technology have i n d i c a t e d  a cos t -benef i t  r a t i o  working 

out  t o  1 t o  10 and an a d d i t i o n a l  income of about 300 Indian  rupees p e r  h e c t a r e  

and p e r  crop (1979). To our  knowledge, such t r i a l s  are s t i l l  confined t o  Ind ia .  



4 1  TECHNOLOGY OF ALGALIZATION 

The following is reproduced from G. S. Venkataramam 

"Blue-green algae for rice production". 

.Bulletin No. 46.  1981. The original text comprises 

pictures that have not been. reproduced here. 

FAO Soils 

PRODUCTION OF ALGAE FOR FIELD APPLICATION 

The introduction of algal biofertilizer as a package of practices 
in rice cultivation will depend largely upon an efficient and economical 
system of large-scale production of blue-green algae, its preservation 
and transport. A number of methods have been suggested for this 
(Venkataraman 1972). 

A simple, rural-oriented, open-air method for producing these 
algae has been developed at the Indian Agricultúral Research Institute 
at New Delhi and this method is being used by many farmers and agencies 
in India. The method is credited with simplicity of operation and ad- 
aptability by small and marginal farmers. 
system is a mixture of species of T o Z y p o t h r i x ,  AuZosircz, Anabaena, 
Nostoc and PZectonema. The same system is reported to be working well 
in Burma. 

The algae used in this 

The procedure, starting in the laboratory and ending in the 
field, is described below. 
of algae may be selected and used, depending on the regions and loca- 
tions. 

It may be noted that other efficient strains 

Laboratory Culture 

i. Maintain stock cultures of different nitrogen-fixing blue-green 
algae 'on 1 to 1.5% agar slants. 

ii. Maintain the same cultures also in a soil extract medium (1 g 
of soil + 10 cm3 of Fogg's medium, sterilized together in test- 
tubes). For Fogg's medium and soil extract medium see Appendix 
V. 

Grow the algae in 2 5 0  cm3 flasks containing 100 cm3 of Fogg's 
medium in the light. 

iii. 

iv . Scale up the cultures in aspirator bottles or carboys. 

V. Transfer the algae to troughs to prepare soil-based starter 
material as described later under 'Trough Method'. 

Different algal forms are cultured and maintained separately 
before transferring them to the troughs. The pH of all the cultures 
should be between 7.0 and 7.5 unless acid or alkali-tolerant forms 
are used. All the cultures are grown in light. 

Trough Method 

i. Prepare shallow trays ( 2  m x 23 cm) of galvanized iron sheet 
(Figure 6) or permanent tanks . The size can be . 
increased if more material is to be produced. 

Introduce 8 - 10 kg of soil and mix well with 200 g of super- 
phosphate 

ii. 



iii. 

iv . 
V. 

vi. 

vii. 

viii. 

ir,. 

Place from 5 to 15 cm of water in the trays depending 
on the local conditions and rate of evaporation. The reaction 
of the soil should be about neutral; if acidic correct by 
adding lime . 

To prevent insects, add Carbofuron (38  granules) at the rate of 
25 g per tray or BHC or other suitable insecticide. 

After the soil has settled, sprinkle the algal culture on the 
surface of the standing water (Figure 14). Keep the units in 
the open air and completely exposed.to the sun. 

In hot summer months, the growth Òf the algae will be rapid and 
in about seven to ten days they form a thick mat (Figures 7 and 
8 ) .  If the daily rate of evaporation is high, add water inter- 
mittently. When the algal growth becomes sufficiently thick, 
stop watering. 

Allow the water to evaporate completely in the sun 

Collect the dry algal flakes from the trays and store in bags 
.for use in the fields 

the dry algae cracks into flakes. 

Fill the troughs again with water and add a small amount of the 
dry algal flakes as further inoculum. Continue the process as 
above. Once the soil in the troughs is exhausted (usually after 
three or four harvests) replace it with fresh soil mixed with 
superphosphate and continue as above. A single harvest of sur- 
face algae from one trough of the given dimensions will give 
about 1.5 to 2.0 kg of material. 

Pit Method 

This method does not differ from the trough method except in 
magnitude. 
ground and layered with a thick polythene sheet to hold the water 

This method is easy and less expensive to operate by small farmers. 

The experiments conducted at the Paddy Experiment Station at 
Aduthurai in Tamil Nadu and at the Soil Testing Laboratory at Anakapalli 
in Andhra Pradesh in India show that addition of sawdust or rice husk 
to the troughs or pits at the rate of 2 0 0  g enhances the biomass pro-. 
duction. This is presumed to be due to the availability of a greater 
surface area and since algae cling to these materials harvesting also 
becomes easier. Also the accidental collection of excess soil along 
with the algae during harvesting is avoided. Sometimes the addition 
of 200 g of superphosphate as a single dose results in problems of 
acidity. To avoid this, split .the dose into two or three smaller doses: 
similarly the amount of soil can be split. 

Instead of troughs or tanks, shallow pits are dug in the 

Other procedures are the same as in the trough method. . 

Field Production 

The field production of algae is'really a scaled up operation 
of the trough or pit methods to produce the materia1,on a commercial 
scale: it is being adopted by a number of farmers in south India. 

i. Demarcate the area in the field for algal production;, the 
suggested area is 4 0  m2. No special preparation is necessary 
although if algal production is envisaged immediately after 
crop harvest, the stubble is to be removed and if the soil is 
loamy it should be well puddled to facilitate waterlogging. 



ii. 

iii. 

iv: 

V. 

vi. 

vii. 

viii. 

ix . 

X. 

xi. 

Bund the area with strong 15 cm earth bunds 

Flood the area with water to a depth of about 2.5 cm 
In the trough an&pit methods, flooding is done only in the 
beginning: in the field, flooding is repeatedly needed to keep 
the water standing. 

Apply superphosphate at 12 kg 40 m-2 

If the field has previously received algal application for at 
least two consecutive cropping seasons, na fresh algal appli- 
cation is required. 
at 5 kg 40 m-2 

To control predators like daphnids, snails and mosquitoes, applq 
Carbofuron (3% granules) or Ekalux (5% granules) at 250 g 40 m' 
or BHC or Furadon 

Otherwise, apply the composite algal culture 

In clayey soils, good growth of algae takes place in about two 
weeks in clear, sunny weather, while in loamy soils its takes 
about three to four weeks 

Once the algae have grown and form floating mats, they are 
allowed to dry in the sun in the field and the 
dried algal flakes are then collected and 
stored in sacks for further use 

One can contiaually harvest algae from the same area by re- 
flooding the plot and applying supe-rphosphate and pesticides. 

Addition of algal. inoculum for subsequent production is not 
necessary. 

During summer months (April-June), the average yield of algae 
per harvest ranges from 16 - 30 kg per 40 m2. Adopting this 
method, a record production of 15.6 tonnes/ha of wet blue- 
green algae has been obtained by farmers within three weeks. 

Nursery-cum-algal Production 

If 320 m2 of land are allotted to prepare a nursery, an additional 40 m2 
alongside can be prepared for algal production as described in the pre- 
ceding section. 
plantation, an ãmount of 15 to 20 kg of algal material will be available 
and sufficient to inoculate about one and a half hectares. 
tation is made in the nursery and algal plots and in this way land is 
neither wasted nor locked up exclusively for algal .production during 
the growing season. 

Farmers can produce algae along with seedlings in their nurseries. 

By the time the rice seedlings are ready for trans- 

Transplan- 

In China, at the Agricultural Research Institute, Nanjing, a 
mixture of Anabaena sp. and Nostoc sp. is prepared for field application 
according to the following procedure (FAO 1977). The algae are first 
grown in flasks containing sterile medium and are then transferred to' 
large glass bowls under non-sterile conditions. 
5-7 m x 1 m x 20 cm, containing 6-7 cm of water are inoculated at'the 
rate of 150 g algae per m2. 
a biomass of 500 - 1 000 g/m2. 
transparent plastic sheets to protect them from low temperatwes 
(Figure 31). The field inoculation is done by spreading the algae at 
the rate of 750 kg/ha, which grows to attain a biomass of 7.5 tonnes/ha 
within 10 - 15 days and if the temperature exceeds 303 kelvin (30 OC) 
15 tonnes/ha can be reached. 

Nursery plots of 

After about seven days the algae attain 
The nursery plots are covered with 
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RECOMMENDATIONS FOR FIELD APPLICATION OF BLUE-GREEN ALGAE 

i. 

ii. 

iii. 

iv . 
V. 

vi. 

vii . 
viii. 

If mineral nitrogen fertilizers are not being used, apply 
blue-green algae in order to gain the benefit of from 
20 - 30 kg N/ha. 
Broadcast the dry algal material over the standing water 
in the rice field at a rate of 10 - 15 kg/ha one week 
after transplanting the seedlings. 
algal material is not harmful and will accelerate the 
multiplication and establishment in the field. 
that the field is not being used and that water facilities 
are available, algal application can be done well in advance 
of. transplanting the rice. 

When mineral nitrogen fertilizer is used reduce its dose 
by 25 kg/ha and supplement with algal application. 

If so desired, algae can also be used along with high 
levels of nitrogen fertilizer. 

The sun-dried algal material can be stored for a long 
time in a dry state without any loss in viability. 

Do not store the algal material in direct contact with 
fertilizers or other chemicals. 

Apply algae for at least three consecutive seasons. 

Recommended pest control measures and other management 
practices do not interfere with the establishment and 
activity of the algae in the field. 

Addition of excess 

Providing 

ECONOMICS OF ALGAL PRODUCTION AND APPLICATION 

The low cost algal technology has an income and employment- 
generating potential and can be integrated into rural development 
programmes. 

Algal Production 

stations (Figure 321, State Seed Farms (Figures 33 and 34), village 
level 'Panchayat Unions' (Figure 35) and by many farmers, 

prbduced using a portion .of the thre-shing floor (8.5 x 7.1 x 0.23 m) 
the cost of production and the income are as follows: 

a. Raw materials 

Large-scale algal production is carried out in many experiment 

At a State Seed Farm in Tamil Nadu, India, where algae are 

Blue-green algal culture 8.25 kg US $ 2.96 
0.60 Superphosphate 8.25 kg 
0.09 Sawc2ust 6.50 kg 
1.29 Carbofuron O. 81 ' kg 

Labour charges 1.32 

6.26 
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i b. Produce obtained (algal harvest) 100 kg 

C. Cost of harvest production 0.06 

d. Return 

Cost of material obtained per harvest 
(100)kg at rate of US $ 0.24 per kg 

In one year of normal conditions the 
farm can, produce 27 harvests; 
thus total income will: be 478.96 

24 .O0 

Net profit per harvest 17.74 

May farmers use shallow pits layered with plastic sheets or 
use permanent tanks constructed sometimes on their roof-tops (Figure 
37). Based on a village level unit where the farmer employs the pit 
method (1.5 x 0.3 x Q.2 m), the cost of production works out to about 
US $ 0.08 per kg of material at the rate of 10 kg per harvest in 
fifteen to twènty days, sufficient to inoculate onehectare. 

Algal Application 

Twenty-five kilogrammes of nitrogen in terms of chemical 
fertilizer will cost around US $ 12.00. To provide this amount of 
nitrogen through algal inoculation and nitrogen fixation requires 
about 10 kg per hectare of algal material, which will cost US $ 1.20 
to $ 2.40; if the farmer produces his own material, the' cost will be 
less than one dollar. 

Table 22 shows the complementation effect of algal application 
and additional income obtained by the farmers. The average increase 
in yield is around 10% and the net average additional income is 
about US $ 59. 

Table 22 ADDITIONAL YIELD.OF RICE AND INCOME OBTAINED BY FAFERS 
AS A RESULT OF ALGAL COMPLEMEMTATION TO MINERAL 
FERTIZIZATION WITH NPK AT 100:50:50 (District 

Agricultural Officer, Tenkasi 1978/9) 

Location Variety Grain yield Percent . Additionaj 
kq/ha increase income 

NPK NPK/algae -us $ 
- ~~ ~~~ ~ 

Urkadu 
Singampetti 
Brimmade sam 
Vikramasingapuram 
Aventhiruvaleswaram 
Kodarankulam 
Pappankulam 
Kallidaicurichi 
Mela Ambasamudram 

__ 

IR20 
IR20 
IR20 
ADT3 1 
ADT3 1 
ADT3 1 
ADT3 1 
ADT31 
ADT31 

~~ 

4 485 4 950 
4 960 5 360 
5 535 6 125 
5 285 5 935 
5 045 5 525 
4 O 0 0  4 935 
4 065 4 502 
4 440 4 985 
4 340 4 725 

10.3 
8 .O 
10.6 
12.3 
9.5 
14.7 
10.9 
12.2 
11.1 

53 .O5 
45.51 
67.66 
75.45 
55 .OO. 
73.65' 
50.90 
62.87 ' 
55.69 

Keela Ambasamudram ADT31 4 525 4 995 10.3 53.29 

Mean 4 668 5 404 10.9 59.32 
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Blue-green a l g a e  are one of t h e  major components of t h e  ni t rogen-  

f i x i n g  biomass i n  t h e  paddy f i e l d s .  

r e p e t i t i v e . l i t e r a t u r e  on t h i s  s u b j e c t  c l e a r l y  i n d i c a t e s  t h a t  

have f e l t  t he  importance and t h e  p o t e n t i a l i t i e s  of BGA i n  r ice  c u l t i v a t i o n .  

The abundance of a sometimes 

r e sea rche r s  

Unfortunately d e s p i t e  d i r e c t  and i n d i r e c t  evidences of t h e i r  b e n e f i c i a l  

r o l e  t h e  ecology of BGA i n  r ice  . f i e l d s  t h e i r  modes of  a c t i o n  on t h e  

p l a n t  are s t i l l  imperfec t ly  understood, mainly because of t h e  absence 

of an easy  and accu ra t e  technology t o  s tudy BGA i n  s i t u .  

P o t e n t i a l i t i e s  of BGA depends on environmental condi t ions .  On an 

average they  c o n t r i b u t e  around 30 kg N/ha i n  t h e  wet land ecosystem. 

Some c u l t u r a l  p r a c t i c e s  l i k e  deep-placement of f e r t i l i z e r s  can enhance 

phototrophic  n i t rogen  f i x a t i o n .  A lga l i za t ion  i n  r i c e  f i e l d s  has  proceeded 

beyond t h e  s t a g e  of fundamental research  and a t tempts  have been made t o  

popular ize  t h i s  technology among Indian farmers.  BGA, as w e l l  as any 

o t h e r  b i o f e r t i l i z e r ,  should n o t  be considered as a genera l  r e c i p e  f o r  

un ive r sa l  a p p l i c a t i o n  b u t  l a r g e  s c a l e  experiments in.1ndí.a have demonstrated 

t h a t ,  i f  environmental  condi t ions  are favorable ,  BGA inocu la t ion  provides  

an  e f f i c i e n t  a d d i t i o n a l  source of f e r t i l i z e r  f o r  r ice.  
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A GLOSSARY FOR BLUE-GREEN ALGAE 

AKINETE: A thick-walled non m o t i l e  reproduct ive  spore  der ived  from 

a ' v e g e t a t i v e  c e l l  i n  which food has been concentrated.  

Akinetes from Anabaena (a )  Gloeot r ich ia  (b) , Cylindrospermum 

( c ) ,  Nostoc (d) 

ANTIBIOTIC:  A chemical agent  o r  subs tance  produced by a n  organism 

which i n h i b i t s  t h e  growth of another  (o r  i t s e l f ) .  Product ion of 

a n t i b i o t i c s  by BGA has  been demonstrated. 
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APICAL: A t  t h e  a n t e r i o r  end (apex);  a p i c a l  growth - growth a t  t h e  

apex of a trichome. 

used as a taxonomic c h a r a c t e r  f o r  BGA. Growth of t h e  trichome can 

b e  e i t h e r  intercalar- o r  a p i c a l  depending on t h e  genus. 

The shape of t h e  a p i c a l  c e l l  i n  sometimes 

Di f f e ren t  k inds  of a p i c a l  cells i n  O s c i l l a t o r i a  , 

Y 

APLANOSPORE: Zoospore t h a t  has  omit ted t h e  m o t i l e  per iod.  

APLANOSPORANGIUM: A c e l l  o r  sporan.gium t h a t  con ta ins  aplanospores .  

AUTOTRO$HIC : Self-f  eeding, producing organic  matter through 

. photosynthesis .  BGA are p r i m a r i l y ,  au to t roph ic  b u t  some 'of them can 

grow under h e t e r o t r o p h i c  condi t ions .  

AUXOTROPHIC: N u t r i t i o n  i n  which organic  compounds such as v i tamins  

or amino a c i d s  are required.  

AXENIC: A popula t ion  of i nd iv idua l s  of one s t r a i n  f r e e  from o t h e r  

s t r a i n s ;  synonym = pure  cu l tu re .  

i s  f r equen t ly  d i f f i c u l t  and tedious.  However such c u l t u r e  are 

abso lu te ly  necessary f o r  conducting phys io log ica l  experiments. 

I n  p a r t i c u l a r  t h e  demonstration of t h e  a b i l i t y  of a s t r a i n  t o  

f i x  n i t r o g e n  has  t o  be  done impera t ive ly  wi th  an  axenic c u l t u r e .  

Obtention of axenic  c u l t u r e  of BGA 



BENTHIC: I n  an a q u a t i c  h a b i t a t ,  a t t ached  t o  a s u b s t r a t e .  

BILIPROTEIN: A chromoprotein i n  which t h e  p r o s t h e t i c  group i s  a 

pigment t i g h t l y  bound by covalen t  l i nkages  t o  i t s  apopr0 te .h .  ' 

BINARY FISSION: Div is ion  i n t o  two products.  It i s  t h e  most f requent  

mode of m u l t i p l i c a t i o n  i n  BGA cel ls .  

BLOOM: A profuse  growth of microscopic o r  semi-microscopic a l g a e  

which d i s c o l o r s  w a t e r ;  may b e  of s h o r t  du ra t ion .  May a l s o  occurs on 

w e t  s o i l .  

every t i m e  a bloom of N2 f i x i n g  BGA develops. 

A s i g n i f i c a n t  N i n p u t  i n  a paddy f i e l d  can b e  expected 

BRANCHING: BGA can develop two k inds  of branching. True branching 

i s  produced by the v e r t i c a l  d i v i s i o n  of cel ls  i n  a main axis as i n  

F i s c h e r e l l a .  

f i l ament  throughout t h e  shea th  which may produce e i ther  a Y f a l s e  

branching as i n  Tolypothr ix  o r  a germinate f a l s e  branching as i n  

Scy tonema. 

F a l s e  branching i s  t h e  r e s u l t  of t h e  ex t rus ion  of the 

Fischer e l la  Tolypothrix Scytonema . 



CALYPTRA: 

forming a membranous cap; appl ied  t o  a l i d - l i k e  covering. The 

presence o r  absence of c a l y p t r a  i s  a taxonomic c h a r a c t e r  a t  t h e  

s p e c i e s  level.  

A thickening o f  the c e l l  w a l l  a t  t h e  apex of a . f i l a m e n t ,  

Calyptra  i n  Phormidium uncinatum 

CAPITATE: 

taxonomic c h a r a c t e r  a t  t h e  s p e c i e s  level. 

Enlarged o r  swollen a t  the apex; w i t h  a head. Its a 

C a p i t a t e  f i laments  of Hydrocoleum. (a )  and O s c i l l a t o r i a  (b) 

CENTROPLASM: 

pigment than  t h e  p e r i p h e r a l .  

material. 

A c e n t r a l  area of t h e  BGA c e l l  ( c e n t r a l  body) wi th  less 

It conta ins  t h e  granules  o f  n u c l e a r  

CHLOROPLAST: A double-membrane-bounded o r g a n e l l e  conta in ing  

membranous sacs known as thylak'oids. It conta ins  ch lorophyl l  a 

and o t h e r  components of the photosynthe t ic  r e a c t i o n s .  BGA do n o t  

have any c h l o r o p l a s t s .  

CHLOROPLASM: The p e r i p h e r a l  plasm of BGA ce l l ,  u s u a l l y  more densely 

pigmented than t h e  c e n t r a l  body. 



COCCOXD: 

another  wi th in  mucilage,  as Gloeocapsa and Aphanocapsa 

Round o r  subsphaer ica l  cells, usua l ly  ' l y i n g  f r e e  from one 

....... ..... .... ...*a- 
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Colony of Aphanocapsa . 

COMPENSATION POINT: 

o r  ba lances  r e s p i r a t i o n .  

may b e  i n s u f f i c i e n t  and a l g a l  photosynthesis  may decrease  beyond 

t h e  compensation poin t .  

The level of photosynthes is  which j u s t  equals  

Under a dense r i c e  canopy l i g h t  i n t e n s i t y  

CYST: A thick-walled dormant c e l l  o r  s t a g e ,  u sua l ly  a metamorphosed 

v e g e t a t i v e  c e l l  i n  a r e s t i n g  s t age ;  r egene ra t e s  by forming one o r  

more new organism. The name "heterocyst"  w a s  given t o  thick-walled 

BGA's ce l l s  be fo re  knowing t h e i r  predominant r o l e  i n  n i t rogen  

f i x a t i o n .  

DENDROID:, Branching i r r e g u l a r l y ,  s imi l a r  t o  t h a t  of a r o o t  system. 

DICHOTOMOUS: Branching i n  a fork ing  fash ion  t o  form two branches.  

'. EDAPHIC: Of t h e  s o i l .  



EUKARYOTIC: Having membrane-bounded n u c l e i .  Contrary: Prokaryot ic .  

BGA are p roka ryo t i c  organisms as o t h e r  a l g a e  are eukaryot ic  

organisms. 

EUPHOTIC ZONE: The l a y e r  of water o r  s Õ i l  r ece iv ing  s u f f i c i e n t  

l i g h t  f o r  photosynthes is  occur. In submerged paddy f i e l d s  t h e  

euphot ic  zone gene ra l ly  comprises t h e  submersion w a t e r  and t h e  

few f i r s t  m i l l i m e t e r s  of s o i l .  A dense canopy and a muddy w a t e r  

may reduce t h e  depth of t h e  euphot ic  zone. 

EURYHALINE: Having a broad to l e rance  t o  vary ing  s a l i n i t y .  Some 

BGA ¿an t o l e r a t e  from 35 g/R t o  350 g/R NaCR.  

EUTROPHIC: A high  product ive  w a t e r ,  r i c h  i n  n u t r i e n t s .  BGA are an 

index of t h e  level of eu t roph ica t ion  i n  f r e shwa te r  ecosystems. 

EXOSPORES: Spores of BGA a b s t r i c t e d  from t h e  protoplasm,of t h e  

p a r e n t a l  c e l l .  

FILAMENT: For BGA, comprises t h e  trichome (row of c l o s e l y a d j o i n e d  

c e l l s )  and t h e  shea th  when t h e r e  i s  one. 

FRAGMENTATION: 

by t h e  breakup of a p a r e n t a l  f i l amen t .  

i s  t h e  most f r equen t  among BGA. 

Formation of new i n d i v i d u a l s  from segments a r i s i n g  

. This  mode of reproduction 
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END0 : i n s ide .  

Endocytic: l i v i n g  wi th in  t h e  c e l l .  

Endol i th ic :  rock-penetrating. 

Endo,phytic: w i th in  t i s s u e s  of a p l an t .  

Endozoic: w i t h i n  t i s s u e s  of an animal. 

A l l  t h e s e  modes of l i f e  are represented  wi th in  BGA. 

ENDOTOXIN: Poisonous substances produced and r e t a i n e d  wi th in  a cel l ,  

.and r e l eased  only a f t e r  dea th  of t h e  c e l l  (cont ra ry :  exotoxin) .  BGA 

a s . S c h i z o t h r i x  c a l c i o l a  and Anabaena flos-aquae produce l ipopolysacchar ide  

endotoxins.  

ENDOSPORE: A BGA spore  formed by m u l t i p l e  i n t e r n a l  d i v i s i o n s  of t h e  

protoplasm of a v e g e t a t i v e  cel l .  Endospore are n o t  enclosed by a 

t h i c k  w a l l  b u t  only .by a membrane. Endospore are formed by BGA 

be longing .  t o  Chamaesiphonales. 

EPI :  on 

Epidaphic: l i v i n g  on t h e  s o i l  sur face .  

E p i l i t h i c :  l i v i n g  upon rocks and s tones.  

Epipe l ic :  a t t ached  t o  mud o r  sand. 

Epiphyt ic :  growing on a p l a n t  (sometimes s p e c i f i c a l l y  a s soc ia t ed ) .  

Epi terranean:  s u b a e r i a l  o r  terrestrial a l g a e  forming a n  a s s o c i a t i o n  
only a t  t h e  s u r f a c e  of t h e  s o i l .  

Epizoic  : l i v i n g  on animals (sometimes s p e c i f i c a l l y  a s soc ia t ed )  e 

Epiphyt ic  Gloeot r ich ia  on Chara. 

~~~ ~~ 

L ~~ ~~ 



G L I D I N G  MOVEMENT: 

pseudopodia when i n  c c n t a c t  w i t h  a s u b s t r a t e .  

is  c h a r a c t e r i s t i c  of some Osc iL la to r i a l e s  and Nostocales.  

Movement of organism wi thout  f l a g e l l a  o r  

Gliding movement 

FIG. 6.4.. Diagram showing five stages in the progress of a bent filament rotating in 
the direction of the arrow, as it glides through the mucilage (m). The end of the 
filament prescribes a conical path, as indicated by the thickness of the lines (thin 
lines into the page, thick lines out of the page). The wavelength (a) of the oscilla- 
tions is the same as the distance travelled in one rotation and corresponds to the 

wavelength of the morphological spiral, where this occurs (b). 

~ ~ ~ ~ ~ d ~ ~ ~ d  from Fogg e t  a l  - 1973. "The Blue-Green Algae"* 

HAIRS: 

c e l l u l a r  s t r u c t u r e s .  I n  R ivu la r i a  and Gloeot r ich ia  t h e  trichome 

t a p e r  and t h e  te rmina l  cells become deple ted  of ce l l  conten t  

s o  t h a t  d i s t i n c t  h a i r  are produced. 

Color less ,  t y p i c a l l y  e longate ,  u n i c e l l u l a r  o r  mult i -  

Hairs i n  R ivu la r i a  n i t i d a .  
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HETEROCYST: A thick-walled,  u sua l ly  t r a n s l u s c e n t  c e l l  of c e r t a i n  

BGA (heterocystous BGA) known t o  be  t h e  s i t e  of n i t rogen  f i x a t i o n  

he te rocys t s  occurs  e i t h e r  b a s a l l y  o r  i n t e r c a l a r y .  
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D i f f e r e n t  k inds  of he t e rocys t s :  a ,  i n  ter  .calary 

b ,  i n t e r c a l a r y  and geminate (Anabaenopsis): c y  i n t e r c a l a r y  and 

r ec t angu la r  (Scytonema): d ,  t e rmina l  (Gloeot r ich ia) .  

HETEROTRICHOUS: 

Example F i sche re l l a .  

A t h a l l u s  which i s  p a r t l y  p r o s t r a t e  and p a r t l y  erect. 

HETEROTROPHIC: 

Some BGA are a b l e  t o  grow au to t roph ica l ly .  

Obtaining food from organic  substances i n  t h e  medium. 

HORMOGONIUM: 

i n t o  another  f i lament  o r  a s h o r t  s e c t i o n  of a BGA f i lament .  

A u sua l ly  m o t i l e  segment of a BGA capable  of growing 
i 

Hormogonia i n  a Ca lo th r ix  f i lament  (a )  and i n  a Lyngb9a f i lament  (b) 



HORMOSPORE: A spore- l ike body formed by a s h o r t  s e c t i o n  of a 

f i lament  becoming inves ted  by a t h i c k  memb.rane and a c t i n g  as a 

dormant reproduct ive  element. Synonym hormoscyst. Example Westiella 

lanosa.  

MULTISERIATE: 

Example Stigonema. 

Thal lus  composed of severa1,series of ce l l s .  

NECRIDIUN: 

which d r i e s ,  becomes f i l l e d  w i t h  mucilage,  and so  form4 a weak l i n k ,  

providing f o r  fragmentation. 

A dead ce l l :  a c e l l  i n  t h e  trichome of t h e  O s c i l l a t o r i a l e s  
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NITROGEN FIXATION: Incorpora t ion  of atmospheric n i t rogen  as 

a n i t rogen  source i n t o  t h e  cells of c e r t a i n  BGA and b a c t e r i a ,  by 

t h e  reduct ion  of d in i t rogen  t o  ammonia. 

OLIGOTROPHIC: Water wi th  few e l e c t r o l y t e s  and wi th  o t h e r  f e a t u r e s  

which render  it low i n  p roduc t iv i ty  of b io t a -o l igo t roph ic  waters 

have less than 100 ppm of so lu t ion .  

PALMELLOID: 

(usua l ly  s p h e r i c a l )  cel ls  embedded i n  mucilage. 

A t h a l l u s  involv ing  an i n d e f i n i t e  arrangement of many 

PARENCHYMATOUS: 

a l l  about t h e  same s i z e  and shape. 

A t h a l l u s  composed of a cushion-l ike m a s s  of cells  

PENICILLATE: Brush-like 

P e n i c i l l a t e  t h a l l u s  
of Ca lo th r ix  

PERIPHYTON: 

over submerged p l a n t s .  

Assoc ia t ion  of organism a t t ached  t o  and/or  growing 

PHOTOAUXOTROPHIC: Photosynthe t ic  b u t  r e q u i r i n g  v i tamins  o r  amino ac ids .  

PHOTOTACTIC: Moving i n  r eac t ion  t o  l i g h t  of va r ious  i n t e n s i t i e s .  

PHOTOTROPHIC: Moving i n  t h e  d i r e c t i o n  of l i g h t  source.  
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PHYCOBILIN: B i l i p r o t e i n  pigments of BGA and r ed  a lgae .  

PHYCOBILISOME: The c e l l u l a r  o r g a n e l l e  on t h e  s u r f a c e  o f  thy lakoids  

i n  which t h e  b i l i p r o t e i n  pigments are p r e s e n t s  i n  BGA and r ed  

a lgae .  

PHYCOCYANIN: Blue b i l i p r o t e i n  pigment of BGA and r ed  algae.  

PHYCOERYTHRIN: Red b i l i p r o t e i n  pigment of BGA and r e d  a l g a e ,  

- _  
PHYCOVIRUS : Virus causing l y s i s  of a lgal  cel ls  Cyanophages, s p e c i f i c  

of BGA, are phycovirus. 

PLANKTON: The community of s m a l l  organisms suspended i n  w a t e r ,  

PLASMODESMA: Delicate protoplasmic connections between cells 

a r i s i n g  by incomplete cy tokines is .  

POLAR NODULE: Thickenings i n  t h e  h e t e r o c y s t  w a l l s  a t  t h e  f r o n t  of 
I 

attachment of h e t e r o c y s t s  t o  a d j a c e n t  cel ls .  

a: 

b and c: 

te rmina l  h e t e r o c y s t  of Gloeot r ich ia  wi th  one p o l a r  nodule. 

i n t e r c a l a r y  h e t e r o c y s t s  of Nostoc (b) and Scytonema 

(c) w i t h  two p o l a r  nodules.  
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PROKARYOTIC: 

mitrochondria ,  and p l a s t i d s ) .  

Lacking membrane-bounded DNA (and Golgi apparatus ,  

BGA are prokaryot ic  microorgánisms. 

PROPAGULE: 

reproduction. 

A m u l t i c e l l u l a r  s t r u c t u r e  func t ioning  f o r  asexual  

PSEUDOVACUOLE: A g a s - f i l l e d  packed í n  ce l l s  of many BGA, u s u a l l y  

l i g h t  r e f r a c t i v e .  ' 

PURE CULTURE: S e e  AXENIC 

REPRODUCTION : 

Asexual: 

gametic union. 

Sexual : i n c r e a s e  i n  number of i n d i v i d u a l s  involving union 

of gametes. 

BGA . 

i n c r e a s e  i n  number of i n d i v i d u a l s  n o t  involving 

SexuaLreproduct ion h a s  n o t  y e t  been observed f o r  

o SAXICOLOUS: Growing on rocks o r  rocky s u b s t r a t a .  

SEPTA: Cross p a r t i t i o n  o r  w a l l s  u s u a l l y  complete, sometimes 

í n  t e r p r e t e d  



c 
7 

64 ' 

SHEATH: An (of ten  pectinaceous) investment o u t s i d e  t h e  w a l l  

of c e r t a i n  a l g a l  cells .  

/ -" 
Examples of shea th  í n  Lyngbia ( a  and b)  and Gloeo t r i ch ia  ( c ) .  

SPORE: A c e l l u l a r  agent  of asexua l  reproduct ion .  ( i n  BGA 

synonym: ak ine te )  . 

STROMATOLITE: A f o s s i l i z e d ,  ca lcareous  ,aggregate o f  BGA. 

SYMBIOTIC: Symbiotísm, two o r  more organisms l i v i n g  toge ther  

o r  í n  c l o s e  a s s o c i a t i o n ,  wi th  va r lous  degrees of interdependence 

o r  pa ras i t i sm.  

TAXOX: A recognized, sys t ema t i c  e n t i t y  of whatever ranks.  



THALLUS: A p l a n t  body n o t  d i f f e r e n t i a t e d  i n t o  vascular ized  r o o t s ,  

s t e m ,  and leaves. 

T h a l l i  of Nostoc l e t e s t u i  ( a )  ( a f t e r  Fremy), 
(x 4 ) )  and R i v u l a r i a  dura (b) ( a f t e r  Fremy) 
(x20)) 

THYLAKOID: A photosynthe t ic  lamella - o r  sac. 
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TRICHOME: A h a i r  of g e l a t i n o u s  b r i s t l e ,  o r  an extension of t h e  

c e l l  w a l l ;  name appl ied  t o  t h e  thread  of cel ls  i n  fi lamentous BGA, 

minus t h e  sheath.  

II - II 

UMBROPHILIC: Shade lov ing ,  r e f e r r i n g  t o  subdued l i g h t .  

UNIALGAL: 

a l g a  - does n o t  impl ies  t h a t  i t  i s  a ' p u r e . c u l t u r e .  

A c u l t u r e  c o q t a i n h g  only one s t r a i n  o r  s p e c i e s  of 
c -  

I '  
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UNIAXIAL: Having an axis:  eomposed of a s i n g l e  f i lament .  

UNISERIATE: A f i lament  i n  which t h e r e  is  a s i n g l e  series o5 cells, 

as opposed t o  a f i lament  wi th  more. than .one series. 

F i s c h e r e l l a  musicola ( a f t e r  Fremy 
(x 200)) e x h i b i t i n g  both m u l t i s e r i a t e  
(1) and u n i s e r i a t e  (2)  f i l aments .  

WATER BLOOM: 

microscopica l ly  apparent .  

A concent ra ted  populat ion of planktonic  a l g a e  


