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" The ' exxstence of an’ agronomu: potentlal for BGA in"rice’ cultwatlon was
recognized in 1939 by De, who attributed the natural fertility of tropical ricefields
to biological nitrogen-fixation (BNF) by those organisms. Since then, long-term
fertility experiments and nitrogen- -fixation measurements have confxrmed the
importance of BGA and other mtrogen flxméﬁorémamsms in mamtammg a
moderate but constant rice production in fields receiving no nitrogen {ertilizer.
! The importance of BGA in rice culture was made c]ear in the literature
review by Réger and Kulasooriya (1980), which 1ncluded many reports of
ricefields_ being manipulated to maximize blue- -green,,

mostly by the addition of dried inocula. However mo

V'} POTENTIAL OF BGA TO INCREASE RICE YIELD
The ﬁft-ic}gen fnxmg abllxty of many BGA specnes is'the principal, but probably

e d

the algal standing biomass, rate of nitrogen fixation, turnover "of the fixed
nitrogen, and the extent to which BGA nitrogen becomes available to the plant.
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Nitrogen’ Contnbutxon Estlmated from Blomass Measurements ;

Reporied standing crops of BGA- in ricefields range ‘from a few kg ha-1to
0.5t ha=1! dry weight {(aw) (Roger et al., 1987a). However, values express-
ed as fresh weight (fw) or dw ha~! give little information on the agronomic
significance of the biomass because of the wide range of dry matter (0.2-14%)
and ash (31-71%) contents in field-grown BGA (Roger et al., 1986b). Nitrogen
in one ton fw of BGA .averages 1.2 kg but rhay vary from 0.1 kg to 4 kg.
Assurnirig a maximum biomass of 0.5 t dw ha-!.and using average ashand.
N values obtamed for field samples (Roger et al., 1986b), the potentxal average
contrnbu’non of a BGA bloom is.about 15 kg N/ha T

F1gure 1 summarizes 400 biomass' measurements performed weekly in
65 plots on the IRRI farm when BGA were visible. In most cases, biomass
contained a few kg N ha~1 (median: 4 kg N/ha). The hlghest value was 17
kg N ha-1!.

Available data indicate that:. (1) a visible growth of BGA usually cor-
responds to less than 10 kg N ha-1(2) a dense bloom may correspond to
10-20 kg N ha~1, and (3) values were higher onlyin expenmental microplots
or'in soil-based mocu}um production plots (Reddy and Roger, 1988; Roger
et al., 1985a).

Nxtrogen contnbutlon by BGA is the result of nutnent turnover-of the
standing biomass, for which no data are yet available. ..

Assuming that all carbon input in the floodwater and surface soil is through
nitrogen-fixing BGA {which is an obvious overestimation) and using an input
of 0.6t C ha~1 per crop {Saito and Watanabe, 1978) and an average C/N
ratio of 8 (Roger et al., 1986b), the maximum contribution of mtrogen ixing
BGA could be 75-kg N ha-! per crop.

Counts (n°)
70

3 3””5 A9 11,‘ 13.%7.15 17

S Standmg biomass’of BGA (kg. N/ha)

. Flg 1 Dtsmbutlon of 400 eshmates of the standmg crop of BGA in 65 plots on the lRRl farm
’ ’(unpubl data) ; ~f . g
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b’ Acetylene Reducmg Actmty

Teled fal o T

Nltfo;qen flxatlon by BGA has been most frequently ‘estimated by acetylene
reducing activity (ARA) measurements. Estimates pubhshed betore 1980 vary::
from afew to 80 kg | N haz ! and average 27 kg ha , per crop in plots where:

~>~ A&x Fme o e -
2 LIIA TELGD B

iy Exgure 2 presents the dlstnbuhon ofx 180 eshmates “of the average ARA
durmg a crop, eycle:in. expenmenta) plots at. IRRL; Sixty: plots received-no:
nitrogen fertilizer, 60 received 55 kg N ha~! as broadcast urea, and 60 receiv-
ed 55 kg'N ha~1 as deep-placed urea: Assuming an acetylené/N faticof 477
BNF expressed-in kg N ha*1 ' per-cropris about‘l /10 of ARA (pmol CaHzm~2-

e amey

h~1). Valiies range from 0.2 to. §O_kg N ha-1' per ‘Crop (average 13, median
9.5). Average values per treatment are 20 'kg N'ha- U'in.control plots 8 kg
in plots with broadcast urea, and 12 kg in plots where nitrogen was deep -placed

(Table 1) - e e e

"‘“'Average ARA ( nmol Cz Hz/mﬁ per h)_

Lk Fal TE

Fig: 2: Dlsmbuhon ‘of 180 estimates’ of the average ARA’ dunng & crop eycle in expenmemalﬂ
plots at IRRI {unpubl.. data), - .= .; com ooy i .

P

} Average ARA
(nmol C2H2/m per h)
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. *Unpubl. data. Each value is the average of estimates in 60 plots. Each estimate is the average

of 9 to 13 measurements during the crop cycle using composite samples of 8 soil cores.
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(ltxhzatlon of BGA Nitrogen by the Rice Piant

Recovery “of BGA N by rice (Table 2) varies from 13 to 50%, depending on
the nature of the material (fresh versus dried), the method of application, and .
the' presence or ‘absence of soil fauna (Grant 19854 Tlrol etal., 1982; Wilson
et al., 1980a)-. Rice use of nitrogen of the BGA biomass is more efflcxent ‘When -
the bxomass is incorporated into the soil. Recovery was highest with fresh BGA -
incorporated into"a soil depleted of fauna (Wilson et-al.; 1980a). Recovery
was lowest with dried- BGA applied ‘on the surface of a soﬂ rich in tubxhc:d‘*
worms (Tirol et al:, 1982), which reduce the recovery of algal nitrogen by rice
by makmg more sox) mhrogen avallable through mmerallzatlon (Grant 1985a)

Table 2 Avallablhty of nltrogen from BGA to rice*

Ma{er?a!' L N recovery ( %)

Pt

Expenmental o
Fauna

27 Surface lncorporatedv-
- applied-;- RS Tt T

"? pot Wilson et al., 1980

fresh 37 52
dry 14 28 —  pot - Tirol et al.,-1982
dry = 23 - 23 - -+ field Tirol et al., 1982
fresh [T I TTIagg S T 0 T Tirod et al., 1982
fresh 24 44 . —  pot Grant and Seegers. L
X g e e B P SO e e - \41985 P
fresh i 25 30 +  pot Grant and Seeger
L e e . . 1985 ..
dry ! - 35-40 - pot ~ Mian and Stewart 1985
Average . ‘ 246 77 327 T T Ty

'Aﬁer Roger et al. {1987a). e -

Other Possxble Effects on Rlce Yield"

The best known effect of BGA on'rice is increased nitrogen avallabxhty resultmg
from BNF, but other effects have been reported: BGA may prevent the growth
of weeds (Subrahmanyan et al., 1965) They increase soil organic matter con-
tent and its aggregation; whxch mlght be of special interest for restoring soil
structure for an upland crop after rice (Roychoudhury et al:; 1983). Excretion
of organic acids by BGA might increase phosphorus availability to rice {Arora, -
1969). Presoaking rice seeds in BGA cultures (Jacq and Roger,_ 1977) orfield .
inoculation (Aiyer et al.; 1971) was reported to decrease sulflde mjury in soﬂsA
subject to sulfate reduct:on processes detrimental to rice; ==
There have been many clalms that soaking seeds or growing seedhngs“
with BGA cultures can benefit rice plants by producing plant growth régulators

(PGR)‘ .Roger and Kulasoonya (1980) cite 11 references where the additive: :
effects of BGA inoculation in the presence of mtrogen fertilizers were mter»’*
preted as an effect of a PGR’ produced by the algae Such mterpretahons are‘
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obviusly hrghly hypothetrcal More drrect evrdence of PGR effects has come“,
primarily fror the treatment of rice Seedlings with algal’ cultures or their, ex-:z
tracts! Roget and Kulasooriya (1980) cite 12 references reporting that presoaks. |
ing of seeds or seedlings in BGA cultures or exiracts had some of the following .~
effe‘cts enhanced germmatron faster growth early, seedling recq\{ery;
crease in length and number of ears, in' number of ¢ grams per ear and in, werght"
and protern ‘content of the grains. Howaver when 133 umalgal strams 1solated -
from-sites i Africa- (not all rxcefrelds) were tested {Pedurand and Reynaud
1987) for their effects on rice germination and growth, 70% had a negative .
effect on germination and only 21%-a stimulatory effect _many Nostoc strains-
had a' negative. effect:'s; paaas: teine rmsake BEXY atsh hlud :g» Aciser
=it As pointed out by Metting:and; Pyne, (Mettrng and Pyne, 1986), the ..
numerous reports of algal PGR showed no deﬁmtwe 2 study in.which a mrcroalgal 5
PGR was isolated and charactenzed =gy RN 3 e

%

_BGA Potential 'Estrmated from lnqculatron Experrments N
The effects‘on rice yreld of soil moculatron by BGA were first reported by
. Watanabe etal. (1951) a25% increaseinaa poorly dramed ncefreld moculated
with Tolypothnx tenuzs; Several authors reported increases well over 200%
from pot trials (Singh, ‘1961 Sundara Rao et al. 1963) Subsequent studres
have indicated much lowar mcreases in field than in pot trials, even where
‘- comparative studies have been . (Huang, 1978) Possible causes for
overestimated effects of BGA inoculation in pot experiments include the strong'
reduction of grazer populations (dry ¢ soil: depleted of fauna, is usually used),”
less climatic disturbances, and a mechanical effect of the pot wall, where BGA
may grow profusely. : b w X
Studies on BGA inoculation have been drscontmued in. Japan but’ subse- -
quently have been pursued in India and a few other countries. Inocula have
mostly been derived from laboratory-grown strains, followmg the early studxes
- wrth T+tenuis in Japan (Watanabe,-1961) e e} 1
{+3{iI;The interest generated in BGA in Indialed in 1977 to the All-India Coor-
dmated Project on Algae, whrch mvo]ved the, productron drstnbutron and
testing of soil-based inocula of BGA Books based on the results give details
of practrcal methods (Venkataraman *1972 and 1981a)’ Inocila are prepared
from a ik of strams 1solated ‘ériginally from ricefields"and’ grown in. shallow

friay ]

trays wrth sorl_ phosphate and msectrcrde lf necessary‘, lime is added fo-ad-

. i
LV . ,-\f-» ™ e oy ey

well—es al hshed fact (Agarwa] 1979) Many studres have reported mcreased
grain yreld grain nrtrogen content Ot straw mtrogen cSntent (Venl;i ’arafnan,‘
1981b; Singh and Singh, 1985), the effects of BGA being equrvalent {o the
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Lt Py o

addition of 20- 30 kg ha-1 N, provided phosphorus fertilizer is added
{Sharma and Gupta; 1983). Reports on field experiments available to Roger |
and Kulasooriva'{1980) showed that'on the average, alga} moculatzon causes .
14.5%: relatwe increase in gram yne]d correspondmg to 475 kg grain | ha‘l

P T . ~
- "‘i T

per crop SIS R R TRy - Z
" Howevera recent review, con51ders 260 expenments reported between
1980 and 1987, and shows a lower avérage vield i increase of about 300 kg/ha
(8. 5%) in inoculated’ plots. The f -test of Student-Fischer for paired samples -
' (ddf " 258; ¢ = = 1.734) shows no s:gnxfzcant difference in average yield bet- -
ween mocu]ated and nonmoculated p]ots at p ' 0.05 {The level of s»gmf)cance
150084) ST S L Toomey moelmie mn e THIY
F:gures 3 and 4 and Table 3 present the analy51s ofa bxbhographlc coms;-
pilation of field data (634 expenments) reporting yield- values in.both a .
nonmocufated control and the correspondlng moculated treatment at the same

ferfilizer level: The intercept of the': regression curve with the y axis has a value

Yield in inoculated plot (kg/ha) SR sy e b b nge L
y=.367.65.+ 0.99187x. A72=0921)- ...

8000

2000 T E4000 -
- “‘Yleld in control (kg/ha)

Rty L B

* Data from Alyer et al‘ 1972 Alxmagno and Yoshnda 1975 Ben and Meelu 1983 Bhulya
1984 Bhuiya et al., 1984, Chandrakar etal, 1983 Gaur and Smgh 1983 Grant et al. 1985,
Hamissa et al.. 1979 lndnan Agncullural Research lnsmtute 1978 and 1980 Jagannathan “and
Kannalyan 1977; Jalapath| Rao et al., 1977 Jha'et al 1965: Kannaxyan 1981a, 1981b; 1985.
and 1986: Kannalyan and Govmdara]an '1982; Kanna)yan et al:7 1980: Kannaiyan et al: 1982;
Konishi and Seind, 1961: Mudholkat et al:;1973; Pantastico and Gonzales; 1976; Patel et al:7
1984: Pillai; 1980; Ram and Rawat, 1984; Ram etal., 1985; Reddy et al,, 1986 Relwam 1963
and 1965 Roychoudhury etal., 1983; Sankaram et al ‘1967 Sarkar and Islam 1984 Smgh'
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Fig. 4: Disfribuiion of “absolute yleld differences between moculated plots and conirols. Bibhographlc

’\.)

compilation. *
\ * Data from Aiyer et al., 1972: Alimiagno and Yoshida, 1975: Beri and Meelu, 1983; Bhuiya
A 1984; Bhunya et al., 1984; Chandrakar et al., 1983; Gaur, and Smgh 1983; Grant et al., 1985;

Hamxssa et al., 1979 lndnan Agncultural Research Insmute 1978 and 1980; Janannathan and
Kannaxyan 1977; Jalapath) Racetal;, 1977; Jha et al., 1965; Kannaiyan, 1981a, 1981b, 1985 ©
and-1986; Kanraiyan and Govmdra;an 1982; Kannaiyan et al., 1980; Kannaiyan et al., 1982;
Konishi and Seino, 1961: Mudholkar et al., 1973; Pantastico and Gonzales, 1976; Patel etal.,. ~
1984; Pillai, 1980; Ram and Rawat, 1984; Ram et al., 1985; Reddy et al.; 1986: Relwani, 1963 .
and 1965; Roychoudhury et al., 1983; Sankaram et al., 1967; Sarkar and Islam 1984 Smgh
1981 and 1982; Snnlvasan and Ponnayya 1978 Subramam et al 1980 Venkaiaraman 1975
1977 and }980 e

of 360 kg gram ha"l and the dn‘ference in yleld between moculated and con e
trol plots is almost mdependent of the yleld of the control (Flg 3). Stahstncal
ana]ysns (Tab]e 3) shows a very large varlablhty of the dlfference in yleld bet~ e
ween moculated and nonmoculated p]ots with some surpnsmg extreme value

dard devxatlgn close to the mean (Table 3) indicate a log normal dlstnbu’non'
of the data. ~'I'herefore the ‘median_(257 kg ha‘l) is,a bette i '

shOWS a statxs’ncally SIthcant dlfference m average y:eld betWeen xnoculated
(3937 kg/ha).and noninoculated (3599 kg/ha) plotsatp < O 01 However .
only 17% of the experiments report a statistically sxgmﬁcant difference bet-
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Table 3! Statistics of absolute and refative yield differences between inoculated plots and controls.
Bibliographic compilation”

Statistics Difference between corrtrol and Inoculated
Absolute - Relative
(kgha=1) . (%)
Number of observations 634 o 634
Maximum . 3700 -7 168.2
- Minimum —~1280 .7 ~ 19.3
Average ’ 337.. 11.3
Median 257 7.9
Standard deviation . 393 16.0
Coefficient of variation 118-”5 o 141

i
*Data from Aiyer et al., 1972; Ahmagno and Yoshida, 1975 Beri and Mee]u 1983; Bhuiya,

1984; Bhuiya et al., 1984 Chandrakar et al., 1983; Gaur and Smgh 1983; Grant et al., 1985;

Hamrssa et al., 1979; Indian Agricultural Research lnstrtute 1978 and 1980; Jagannathan and f

Kannaryan 1977 Jalapathr Rao ol al . 1977, Jha et a] 1965 Kannaryan“”1981a 1981b, 1985
Konishi and Seino, 1961; Mudholkar et al 1973 Pantastico and Gonmles 1976; Patel et al

1984; Pillai, 1980; Ram and Rawat, 1984; Ram et al., 1985; Reddy et al:, 1986; Relwani, 1963
and 1965; Roychoudhury et al., 1983; Sankaram et al., 1967; Sarkar and Islam, 1984; Singh,

1981 and 1982; Srinivasan and Ponnayya 1978; Subramani etal., 1980; Venkataraman, 1975, .+

1977 and 1980.

ween inoculated plots and controls. This indicates that (1) the response to algal

inoculation varies, (2) the response is small, and (3) the experimental error

is larger than the response. The most cornmon design for BGA inoculation’ '

experiments has been 4 X 4 m plots with four replications, which usually gives .
a coefficient of variation hrgher than 10% and a minimum detectable difference -

of 14.5% (Gomez, 1972) larger than the average vield i rncrease reported after
algal inoculation. ’

"Another rmportant aspect of the statistical ana]ysrs ‘of BGA inoculation
experiments refers to the experimental design to compare an inoculated treat-
ment receiving nitrogen fertilizer with a noninoculated treatment receiving an
additionial" 25 or-30 kg N- ha=17 If the yields in both treatments do not

srgmfrcantly differ; the atthors conclude that the effect of BGA is ‘equivalent -

to the applrcatron of 25-0r 30 kg N ha~1. This desrgn should not be used
because it does not permit the’ iestmg of yield response at the additional level
of nitrogen. In" addrtron ‘with such ‘a design: concluding that two values are
not’ srgmfrcant]y different’ requrres p > 0. 95 whereas most authors use p > o
0. 05 whrch is efronedus.” v T ST TR S R
* When mterpretrng data from the lrterature it should also be kept in mmd
that probab]y, unsuccessful trials were often not reported:- When' they were
mentroned it was usual]y without quantrtahve data that could éxplain the possi-
ble reason for failure” For example, a’report of a multilocation ‘trial in Indra
(Prllal 1980) rndrcates that notwrthstandmg the 22 sets of data presented “th “

Ty 1‘;,{' TR,

e
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Invertebrates hke cladocerans copepods ostracods mosqurto tarvae and snarts '
" are; common grazers of algae in ricefields. Their development reportedty ‘
: prevented the establrshment of rnocu]a (Htrano et al., 1955 Watanabe etal.,

+1955) and caused algal b]ooms to drsappear (Venkataraman 1961) Recent

- Cholitkul et al.,; 1980;, Wilson, and Alexander_' 1979)_
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results from many other locations ... were not received because of the failure
of multiplying BGA at these ]oc:atrons TR TR PLT PR SS
2t = Available data show, that algal inoculation can increase rice yleld but 1ts
“. effects often” seem to. be erratic and hmrted whlch may exptam the’ farmers
limited adoption of algal 1nocu]atron A study of the economrcs of BGA use
by:40 farmers in Tamil Nadu (Umv of Madras 1982) found no sxgmfrcant
drfterence in the average per héctare cost of cultrvatnon between crops using
. ($247) and not using {$246) BGA but the average return of BGA utrhzahon

Lwas onty $4/ha. :When asked whether BGA had mcreased yreld ,only frve

studies confirm that grazing is a major hmrtrng factorfor BGA ‘growth (Grant

et al., 1983; Grant et al., 1985; Wilson et al., 1980 b): Ingestxon rates of
Heterocyprrs determined in vitro by Grant and converted to BGA consumed
by a field population (8700.m~2) totalled 187 g N-ha-1" day~ 1[4] or 73-kg

© fw algae ha—1-. dayA‘1 or 1I9kg N hé—1. crop~!. In microplot (0.5 m2) ex-

periments, nitrogen accumulation at the soil surface increased by one fo three-

and-a-half times when grazers were controlled (IRRI, 1986). s
A trend among nitrogen-fixing BGA is that strains forming muc1lag1nous

- colonies (Aphanothece, Nostoc, Gloeotrichia) are less susceptible to grazing

than strains that do not form such colonies (Grant et al.; 1985}. Therefore,
grazing has a selective effect on BGA. Plate counts (Roger et al:, 1987) show-
ed that genera tormrng mucilaginous “Colonies were dominant in mofe than
90% of 102 studied soil§; while other genera were present in many, $oils but
were rarely dotfinant. This may indicate that grazing leads to the dorhinance
of miicilagindus BGA, which are usually less active in BNF (Grant etalf, 1985;
Antarrkanonda et al., 1982). ;

ki i

Phosphorus S eihe T Ipesind &0
P e et oo PRITETAR F s ”

Phosphorus is often-a llmttmg factor for BGA growth as shown by a posrtrve

- correlation between available phosphorus and the abundance of BGA ifi rice

soils and experiments’ demonstratrng that phosphorus application sfimulates
BGA growth and photodependent BNF (Roger and Kulasooriya, 1980;
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throgen Fertlhzer Lo .

Roger-and Kulasoorlya (1980) 'list seven references reporting that nitrogen fer-
tilizer 1nh1b1ted BGA growth in nceflelds but alss suggest that inhibition in situ
. might not be as marked as that in vitro. Studies at IRRI (IRRI, 1987 and 1988)
"show that broadcastmg urea strongly inhibited photodependent acetylene-
>reducmg activity (ARA) in about 75% of 60 cases; while in others, a 519mf1-
_cant ARA was recorded (Fig. 5). The negative correlation between photodepen-
dent BNF and rice vield (Fig.' 5) indicates that a significant ARA developed
after nltrogen apphcatlon when mtrogen eHzcxency (kg nce produced/kg
A‘mtrogen applied) was low. ‘ - IR s
\ Inoculation expenments at various levels of mtrogen fertllxzer also show
inconsistent trends. Some authors observed a more or less marked decrease
of the effects of BGA inoculation when nitrogen fertilizer was ‘applied (lndlan
Agricultural Research Institute, 1978: Gaur'and Smgh 1983: Kannaiyan and
Govmdarajan 1982) while others report a similar effect of BGA inoculation
at all levels of nitrogen apphed (Indlan Agrlcultural Research lnstltute 1978
‘:Jalapathn etal., 1977). -~ - . - e :
? A trlal at 22 locations in India (Pillai, 1980) showed: (1) a better average
effect of BGA moculatlon without nitrogen fertilizer (310 kg grain ha~1) that
\when 25 kg N ha r was apphed (190 kg/ha) (Table 4) but at both levels the

Y1e1d (t/ha)

- A y 5356 0.007%"
?_ga o R . 0.70

Fig. 5: Rice yield and average photodependent Np-fixing activity during the crop cycle in P‘O‘S
with urea broadcast at 80 kgN/ha (unpubl. data)
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T able 4. Average effect of nitrogen fertilizer and BGA inoculation. onr yneld in 227sites from'a
muhilocahon trial, calculated from Pillai (1980)

Treatment t .Gram vield TN efhcxency 7"\'{21& iicrefte N equivalent
su¥pEsL o peoWD AN C(t/ha) e el kg grain/kg N oL due'to BGA: tq“ inoculation
T et o iz /b

*for each 25 kg/ha increment in nitrogen fertilizer applied sl Te s

ffect of BGA was eqmvalent to the apphcahon of 12 kg of mtrogen fertilizer.
“The %ame data a!so ‘show'a negatwe Correlatior between nxtrogen eff;cxency
“and’ the effect of moculahon in ferhhzed plots (Fig: 6)! VAT
& The effect of mtrogen femhzer on BGA seems to’ be mconslstent and is
"ot yet fully understood After broadcast mtrogen fértilization, mtrogen in the

ﬂoodwater retums to xts ongmal concentratlon thhm a few days therefore

fertlhzer favors ‘the growth’ of unicellular ¢ green a]gae early i in the crop cycle.
That permlts the establishment of drazers that first cause the disappeararnice
“of green algae and rhight further inhibit BGA growth; even when'the nitrogen
concentration in the ﬂoodwater has decreased {0’ a level msufhcxent to inhibit
BGAN o e N TURahI Sl e im el e ;
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R RECONSIDERIHG BGA lNOCULATlON SRR

Till rocent]y, almost all studies on the agronomic use of BGA have emphasxz-
ed zalgal inoculation with foreign-strains selected in the laboratory. This arose
from the earlier belief that nitrogen-fixing BGA were not normally present in
many ricefields. Recent results show that nitrogen- -fixing BGA are probably
" ubiquitous in rice soils and foreign strains inoculated in a soil rarely establish.
Therefore, research on BGA inoculation should pay attention to agricultural
practices to alleviate factors limiting BGA -growth a'nédVinoculum quality” N

Occurrence of Nxtrogen flxmg BGA in Rlce Soijls ¢ ds e

Early quahtatxve surveys reported a limited occurrence of nitrogen-fixing BGA
in rice: soils (Venkataraman,. 1975; Watanabe 1959; Watanabe and
Yamamoto, 1971). However, quantltahve studxes dunng the last decade show-
ed the consistent presence of nitrogen-fixing BGA, frequently at high densities,
in soils under rice cultivation (Table 5). In pubhshed data (T able 1), the average
value is 1.5 10° CFU g~1 dry soil (median 2.0 % 10%). A quantitative study,
(Roger et al., 1987) of 102 samples of rice soils"from the Philippines, India,
Malaysia, and Portugal showed that heterocystous BGA occurred at densities
ranging from.102 to 8 x 105 colony-forming units (CFU) em=2. The abun-
- dance of heterocystous forms showed -a posmve -correlation thh pH and
available P content of soils. -~

‘BGA seem to be either ubxqu:tous in rice soxls or, at least much more
frequent than estimated in earlier qualitative studles

., Inoculation versus AHevxatmg lextmg Factors -

The growth of mtrogen -fixing BGA in ricefields is most commonly hrmted by
low pH, phosphorus deficiency, grazing, and broadcasting of nittogen fertilizer.
Cultural practices that alleviate the limiting factors might be sufficient in some
cases to allow the development of agronomically significant mtrogen -fixing
blooms of md:genous strains.-
.- Liming~is known to favor growth (Roger "and Kulasoonya 1980
Watanabe and Cholitkul, 1982) but is rarely economically feasible.
o Phosphorus application. Many laboratory experiments have demons-
trated that phosphorus application stimulates photodependent BNF and BGA
growth (Roger and Kulasooriya, 1980), especially in acid soils (Cholitkul et
al. 1980} Wilson and Alexander, 1979) However, reported efx’xcxency (2-3
g N g P-1) Cholitkul et al. 1980) is low. Split application was shown to be
more efficient than basal apphcat]on (IRRI; 1986). Recent studies by Bisoyi
“and Singh (1988) provide detailed information on the effect of phosphorus
.on BGA production. Phosphorus increased both BGA biomass and its nitrogen
content. Spht application _was more _ efficient than basal application.
17.4 kg P ha-! increased yneld (dw after two weeks) by 2.5, 3.5, and 5 times
with Aulosira, Aphanothece, and Gloeotrichia,. respectively. Biomass produc-
tion was maximum at 17.4 kg P/ha and decreased at higher phosphorus
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values. Highest yield (900 kg dw/ha or 30 kgN ha-! in 15 days} was
obtained with 17.4 kgN ha~? applied in three splits (0, 5, 10 d) using an in-
digenous inoculum of fresh Aulosira (60 kg dw ha=!) containing 2 kg N.

Grazer control. Field measureméﬁts of ARA, and BGA and grazer abun-
dance showed that suppressing ostracods with insectxcndes stimulated BGA
growth and BNF (Grant et al., 1983; Grant et al., 1985) even when insec-
ticidal action was limited to'a few weeks (Grant et al , 1985). When snails were
present, insecticide apphcatlon was not sufﬁcnent to ensure BGA growth.
Grazers can be economically controlled by pestxmdes of plant origin (Grant et

, 1983) and by seasonal’ drymg cE

Deep placement of nitrogen fertlhzer The study of different methods of
nitrogen fertilizer application ori the’ algal flora and photodependent BNF has
shown that surface broadcast apphca‘non of nitrogen fertilizer, which is widely
practiced by farmers, not only inhibits photodependent BNF (Table 1) but also
favors the growth of green algae, which increases the pH of the floodwater
and causes fertilizer Josses by ammonia volatilization (Fillery et aI 1986}. Fer-
tilizer deep placement, in contrast ‘decreases N losses by volatlhzatnon and
reduces the inhibitory effect of N fer’uhzer on BGA (Table 1) (Roger et al., 1980}.

While the effectiveness of those practices in increasing BGA growth
and/or ARA has been established, no experiment has yet quantified the relative
contribution of the increased BGA activity and the direct-effect of the practlce
to yield increase, when some was observed:” ;

Why Inoculate - .. - ...

The ubiquity of heterocystous BGA in rice soils does not imply that inocula-
tion is not needed. There seem to be no data to support the claim by Agarwal
(Agarwal, 1979) that the introduced BGA can establish themselves almost per-
manently if inoculation is repeated for three to four cropping seasons.

Inoculation might be useful because the accumulation of phosphorus by
the propagules of the BGA inoculum {produced with high levels of phosphorus)
gives them an initial advantage over the propagules of the most often
phosphorus- deﬁcxent md:genous BGA (Roger et al. 1986b) This is likely to
be more lmportant in the case of those species that survn)e dessication as whole’
filaments, as’ akinetes (spores) are apparently - characterized by a high
phosphorus content {Whitton, 1987) and so are unlikely to differ much.
whatever thezr source.

Since spore germination is photodependent (Reddy, 1983) inoculated
propagules applied on the soil surface might germinate better than indigenous
propagules Thixed with the soil.

The effect of indculation is hkely fo be, much more xmportant where there
are marked seasona] changes in the use of !and such as when an upland crop
is grown before rice or after a long dry fallow Under such circumstances, the
natural BGA population density may be low at the beginning of the subse-
quent rice season, leading to a lag of several weeks before it makes a signifi-
cant coptribution to nitrogen fixation.
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Quahty of the lnoculum“”"
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L;ttle attenhon has been pald to moculum quality.’ Pubhshe methods of in-
oculum production do not include tests of composition’ and v1ab1hty Recent”
studies show that the density of colony-forming units. of nitrogen-fixing strains
in soil-based inocula may vary from! 103 fo- 107 /g dw and" compnse ‘an*
average :13% of the total algae (Roger et al;; 1987):¢- i o s T
. The'study ‘of the ratic of indigenouis heterocystous BGA in 102 soxls to :
heterocystous BGA contained iri 10 kg (recommended dose) of 22 soil- based
inocula‘showed that in 90%- of the ~ases, indigerious BGA were more abun-.,
dant than BGA'in the inoculum: In 59% of the cases; the ratio, ) of mdlgenous o
BGA & moculated BGA was higher than 100 (Roger et. al 1987)

the reasons’ for the faﬂure of moculatxon

@l T L e e O
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lndlgenous Strams versus Foreign Strams

»-‘.-..,(..”

experlments have paid at‘tentlon to the estabhshment of moculated strams f;
The first quantitative study to establish the fate of strains subsequent to
inoculation is that of Reddy and Roger (1988). In this study, the fate of five
laboratory-grown heterocystous strains representing 75% ‘of the if6culum was- <
studied for one month in:1-m? plots of five different soils. During the month- -
following inoculation, the inoculated strains multiplied to some extent in all
soils, but rarely dominated the indigenous BGA.: They did so only when the .
growth of indigenous nitrogen-fixing species was poor or after the population.

" of indigenous species declined. The soils were dried at the end of the period

and then resubmerged together with neem. (Azadirchta indica) to control
grazers:. Two of the inoculated strains did not reappear, but one {Aulosira fer- ..
tilissima) deéveloped an agronomically significant bloom on two soils. In all the-
soils control of grazers by neem combined with phosphorus application per- -
mittéd the establishment of nitrogen-fixing blooms; but in 23 of the 25 com-- .
binatiohs tested? blooms were of the” indigenous strains... - . Geen mel

zyInarecent study of the effect of phosphorus on BGA produchon Blsoyl i
and Smgh (1988) found no effect of inoculation with foreign strains, whereas ;
inoculation. with indigenous strains incredsed moculum productlon by moreJ 0
than-10 times. as compared with a noninoculated plotit sor iz sopd mres ,-

-2zzA similar. observationwas made by Reynaud and, Mettmg (1988) who,.,
studied the establishment of 23 strains in an imrigated soil and found that. the
only. strain:that sxgmfxcantly developed.was & local isolaie to. Nostoc s

In fields with & rich natural flora it seems likely that other strains usua]ly

will rapndly outgrow popu)ahons derived from the original laboratory isolates.
Where farmiers increase their inocula in shallow trays or ‘ponds; it is probable -5+
that strains present in the added local soil may outgrow the original isolates
even before inocula are added to the fields.
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Available data are not enough for drawing definite conclusions but clearly
suqgest that the potential of inoculating ricefields with an inoculum produced N
{rom the soil to be inoculated shou]d be tested whenever 1noculat10n ex-

c’nments are conducted.

k‘ued Inoculum versus Fresh Inoculum

in inoculum production plots, we usually observed easier estabhshment of the ..

aiae when a fresh inoculum was used {unpubl. ) Bisoyi and Singh {1988)
oitained the highest BGA biomass in an inoculum production plot (900 kg
dw ha=1or 30 kgN ha=Yin 15 d) with 17.4 kgP ha~1 applied in three splits -
(0, 5, 10°d) using an indigenous inoculum of fresh Aulosira (60 kg dw/ha) .-
containing 2 kg nitrogen. Such conditions are quite different from what has. :
been currently recommended for field-inoculation. In experiments where in-
oculum corresponded to 0.126 kg N ha~! (about 4 kg algae dw ha71); net -
nitrogen vield ranged from 1.6 to 5. 5 kg N ha-! and averaged 3. 3 kg N
ha—1 A

Fresh inoculum applied at a hxgh densgty m)ght be more eﬁncnent than
a dry soil-based moculum to promote the growth of an ear]y bloom of nitrogen-
fixing BGA Whlch is more efficient to prowde nitrogen to the current crop.
The feasnblllty of such a technology has to be studxed R

Does the Super-strain.ékis't? '

Since the identification of BGA as Cyanobacteria, significant progress has been
made in their genetics, including, from an applied point of view, the transtor-
mation of Anacystis for herbicide resistance studies (Golden and Haselkorn, |
1985). One can speculate on the possibility of selectmg or desxgnmg more’ef:
ficient strains for field inoculation. - :
Efforts have been made to select strains with especially high nitrogen-
fixing ability. Screening of a range of strains obtained from enrichment cultures
has provided strains that are fast-growing in the laboratory (Antarikanonda -
and Lorenzen, 1982; Huang, 1983), but there is yet some evidence that such
strainis will- not perform equally well in liquid culture under laboratory condi-
tions and in situ. It seems unlikely that an introduced strain will survive long
in competition with the natural flora; -unless there is a simultaneous change
in the environment, which gives it a competitive advantage. In fact; most fast-
growing strains, ‘with doubling time of five'to 12 hours, belong to the genus ..
Anabaena, have short filaments, and do not form mucilaginous colonies (An--,
tarikanonda and Lorenzen, 1982; Huang, 1983). Such strains are very suscep-
tible to grazing. A laboratory screening of 12 strains of six genera and the stiady -
of their establishment in the field showed that strains with high specific activity
under laboratory conditions did not establish in the field (Huang, 1983).
§ - A further use for selected strains might be the production of inocula resis-
tant to pesticides. It is clear that the growth and activities of BGA are affected
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adversely by some, commonly “used pestlcrdes (Padhy, 1985)" A stram of
Gloeocapsa was reported by Smgh et al..(1986) to be “highly’ resrstant to the
herblcxdes Machete and Basalin, _whereas Nostoc muscorum was qurte sen”
sitive, Repea’ted laboratory culture with mcreasmg levels of pestrcnde led
to increased resistance ‘of three. nifrogen- -fixing strams to four funglcrdes and
msechcrdes (Sharrna and Gaur,, .1981), Artrf1c1ally 1nduced mutants resrstant
to. Blltox have been obtalned for two Nostoc strains and other mutants re51s~
tant to Carbaryl Zineb and Mancozeb have been obtalned (Padhy, 1985) Most
studles on oeshcrde tolerance m BGA have been laboratory based Data bas-
ed dlrectly on freld observahons and assays on strams of P mcular specres laken
from sites wrth a known pestrcxde hlstory are needed to. v;mderstand whether
ornot E BGA easrly acqulre genetrc tolerance for pesheld X under frelcl condm’ wns ‘

develop, and frx nltrogen as programmed" in nceflelds are stlll largely unknown
The 1mmed1ate need | is for a beﬁer understandmg fo BGA ecology, but on
a long term genetrc engmeermg may also contnbute to the agrono ‘

o, [

Of BGA : e e ies, _:: »",1 T

COHCLUSlOH el e v,
In ricefields, BNF in géneral and BGA in partlcular have been the most effi-
cient systems in sustaining production in low-input, nonintensive traditional
cultivation . It is possible to inflience the amount of nitrogen fixed by BGA
in many ricefields. One of the ways | is by moculahon a method whrch is
sometimes effective. - * S RO

In general, BGA have less potentlal in terms of mtrogen flxed than
legumes or Azolla'{(Roger and Watanabe;- 1986) but inoculation, when suc-
cessful, is a low cost technology with a cost-to-benefit ratio far more favorable
than that of gieeri manure (Venkataraman; 1981b). Numerous experiments
indicate’ that, when successful; BGA inoculation of ricefields may increase grain.
yield” by £300-450 Kg ha®Yiper:crop; but its effects:seem erratic. and.
limited. Cultiral practicés t6 enhance the growth of indigenous or inoculated:
BGA are known but-‘their’ effxcnency and economic: vrabllxty have®'to: be
determlned e TTRRE T L T

Because knowledge of factors that allow BGA to establlsh and. bloom
in ncef:elds i¢ limited; BGA inoculation is conducted on a trial-and-érror basis.
No méthdd for éstlmahng the chanceé of ‘success of inoculation in"a given agro-
ecosystem is available. It may explain why algal inoculation is practiced in onx

RN B R e s asyhin 2 b fa

Iy "a lirhited Hectarage i some Indian states'and possibly in. Burma. Recent . -

studies show that: [1] Nyp- flxmg BGA are present in ricefields at a muich higher
rate than was previously thought, and (2] foreign strains rarely establish. [den-
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tifying and alleviating limiting factors in fields where BGA are present but do
not bloom might sometimes be enough to make use of their potential. They
are also a prerequisite for establishing inoculated strains.

Many of the studies on algalization have been uncritical: They mést often
appeared to be ¢oncerned only in grain yield and to lack any interest in the
microbial and ecological processes that might influence this. The dearth of quan-
titative studres on the fate of inoculated strains. has hmdered the evaluation
of algahzatron studles A prerequrstte for any progress in BGA technology is’
the adoptlon “of experrmental desrgn and measurement that a]low mterpreta-‘
tion of yle]d data. They lnc]ude (1] expenments over several crops using ex-
penmental desrgns that permrt statlstrcal analysrs 12] qualmatwe and quantitative
analysrs of BGA' popu]atrons m the sorl and the moculum [3] chemical analysis
of the sorl [4] record of ma)or c]rmatrc parameters [5] ‘estimation of the algal:
bromass durmg the crop and 1f possrble its’ mtrogen hxmg actwrty, and [6]
record of vrsual observatrons 1mp0rtant for understandmg the resu]ts [grazer
populatrons nce pests 1nc1dence ‘of weeds, etc.] 7 -

The extent to whrch algahzatron wrll eventually prove “worthwhile wr!! de-
pend on local crrcumstances The response is hkely to be most evident in non-
acidic’ sorls wrth moderate to hrgh phosphorus avarlabllxty where mtrogen {er-
trhzer 1s not broadcast lnoculatldn is less effrcxent in the presence of broadcast
dry fa]]ov.; or an upland crop before rice mxght he especxally responsive to in-
oculation because of a low incidence of grazers and a lower indigenous. densrv
ty of viable propagules of BGA after the dry périod.

Available information is not sufficient for a definite conclusion but sug-
gests that research priority should be on:

1} identifying the ma)or characteristics of rice ecosystems responswe to
BGA inoculation, »
. 2} comparing the re]atrve efftcrency of xndlgenous strams versus forergn
strains, and - “

3] comparing the relatwe efftcrency of dry mocu]um and that of fresh
inoculum.” - -, : : : :

BGA have a potentxa] in low 1nput farmlng systems where fertrhzer is
not available or affordable; however, they are unlikely to be an exclusive
nitrogen source for producing high yields. Therefore an important aspect of
their possible use is integrated nutrient management. A concern in recent high--
input,. inténsive rice cultivation is the sustainability of the high vield and the
possible: environmental- impacts of crop . intensification, considering that
regardless of the quantity of chemical nitrogen fertilizer applied, rice obtains
most of its nitrogen from the soil. Knowledge in this aspect is still limited, but
the importance of the photosynthetic aquatic biomass and its BGA compo-
nent in maintaining the fertility of rice soils under mtensrve cultivation has been
recognized. (Golden and Haselkorn, 1985) .- However, the agronomic poten-
tial of BGA:is. currently underutilized, and benefits from the intentional use
of BGA are far Iess than therr spontaneous. conmbuhon to the mtrogen fertrhty




of natural and cultivated ecosystems;; ~This i$ mOStly due o a lack of basxc »
knowledge on the conditions that allow their establishment i in the field. In-depth
agroecological research is requ:red before BGA technology can be substan-
tially improved.
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Q: G. B Manna A Suggesbon The priority of research on BGA should go for ophmum ecologlcal
requirement for desired manifestation irrespectively of native or inoculated BGA.

A: l-agree for giving priority to the characterization of environments responsive to BGA manage-
ment/inoculation. However the estimation of the relative potential of foreign and indigenous
strains to.establish’is very important if the farmer dees nat produce inoculum in his field but
is using an inoculum produced somewhere else ‘or'a’ commercial inoculant.: £

Q: R.K. Mishra: What is the prospective of B.G.A. spraying on rh:zosphere'? Sen and Mandal :
in Aulosoria acclaimed good results. What is your view? !

"A: | suppose you refer to the so called “auxinic effect” of BGA: My views and those of other. - -
authors are summarized in the paper. Curremly no PGR has been isolated from a BGA and
characterized. - AT -

Q: Anonymous: Do you think the literature survey data you presented is based towards posmve
responses, becausé experiments with effect or negative response would not be published. -

A: Yes. When all results are negative, authors usually do not published their data. To my knowledge
there are only 3 papers reporting no effect of BGA inoculation. But in the literature survey -+
presented in my paper there are some negative results obtained from multilocation trials where
both positive and negative results were recorded. ’ 5 DR

: David Eskew: Does any one know what is the active bio- chemxca] prmc:ple in nim-cake?

: The main active ingredient in neem is azadirachtin, which act as an insecticide and antifedant

for algal grazers. Several studies on thxs toplc have been pubhsh by Grant and coworkers (see

‘refs: in the paper.) .. . * =~ .

: Anonymous: What is the type of stahsbcal analysxs techmque belng contemplated for expenmen-»k

tal designs in case of field trials on B.G.A.? £ :

: A booklet on methods for field studies with BGA is going to be pubhshed by IRRI and Wl”

include a chapter on statistical analysis and expenmental designs:

: What are the major charac(enshcs of rice’ ecosystem planned to be studled for responswe to’

B.G.A.inoculation?” v vl oz - oo e - a7 -
: The environmental charactenshcs of ecosystems responsive to not only BGA moculahon but
also to BGA management is certainly a key problem and little progress will be made in BGA
utilization as long as we have not answered this question. This requires multilocation trials,
proper experimental designs and records of environmental data which have been tradmonally
overlooked in inoculation experiments. gt
From empirical observations, | expect neutral to alkaline soils, in areas with high incident light, " :*
high temperature, and long dry fallow’1b be more responsive to BGA management 7 - '

Q: G. Oblisami: The performance of B.G.A. inoculation is varying in different agro-climatic systems
in the state or region. Do you agree to take up indepth studies on the survival méchanism
of the introduced B.G.A. inoculum (composnte culture) and compemlveness over the nahve 5l
{indigenous) B. G.A. straln" SR . : :

Do ST R

A: Yes ves, yes' e
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Q: S.K. Roy: To avoid any further confusion on the prospect of B.G.A. inoculation, there should
be detail survey of the native B.G.A. flora as well as the agroecolbgical conditions prevailing
in different locations. This will obviously guide us to plan the algalisation programme effec-

‘tively. The detection of efficient strains in some field should simply be followed by support
" of nutrients particularly phosphorus and to allow the maximum growth and contribution to
the rice and the other subsequent crops.

A: HHully agree with your views. Besides P, which is obviously a key factor, attention has io be
paid to grazer control by economically feasible means handle with general pest management.
There is a scope for pesticides of plant origin for such a purpose.



