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; RECENT STUDIES ON FREE-LIVING BLUE-GREEN ALGAE AND _
AZOI.LA AT THE IHTERNATIOHAL RICE RESEARCH INSI'ITUTE‘.,[,L .

ROGER?—}" snd I WATANABE
P The Imernauonal Rice Research Insmute
Los Bafios, Laguna, Philippines =
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: Semmsry. Me)or fmdmgs in 1985-86 at the Internax.xonal Rice Research Insuwm (IRRI) on
f ecology and practical utilization of free-living and symbiotic blue-green algae (BGA), are
summarized. They caver ihe chemical composition’of cultures and ‘natural samples of ~N2-
fixing BGA' from ‘rice* fields*; abundance’ of heterocystous ‘BGA 'in’ rice -soils and soil-based
inocula ; dynamics of algal populations and acetylene reducing activity in soils inoculated with,
BGA . soil properties and Azolla growth ; Azolla response to P. X. Zn. in various soils in relauon
to floodwater chemisiry ; Azolla insect pests ; and availability of AanIaN bo rice, |

Pradl

= Durmg the last 10 years IRRI has’ mmated a dynamxc research program in
O the I ield of biof ertilizers and btologlcal nitrogen [i xxatxon (BNF).’ The goal is'to obtam ‘
-good rice yxelds wnh ihe lowest possxble use or chemxcal N fertilizer by uuhzmg‘Nz-

ixing organisms and farm-grown source of nutrients. The objecuves are : o E

* 1o collect, idemtify, and conserve Nz-fixing organisms from rice soils; " /"7
- © 10 determine N fixed by these organisms and the factors influencing thexr acuvxty,
cy . to develop methods and cultural practices enhancmg BNF in rice rrelds " .
o o 1o establxsh with scxenugts from selected countnes a cooperanve resesrch_ g
O " ‘network on BNF in rice fields’; Vand ' oo e DR
N e to train scxennsts who can strengthen the nauonal capabmues or conducung
research ‘on'BNF." il e e

™ 'Recent reviews by IRRI authors summarxze the’ current ‘status of knowledge
and practical utilization of BNF in rice fields (Watanabe and Roger 1984; Watanabe,
.. 1985 Roger and Watanabe, 1986).. sy

BNF research programs at IRRI are supported by the Umted " Nations

Development Programme (UNDR). Results ‘are extended to national research systems
through the International Network for Soil Fertility and Feruhzer Evaluauon for
Rxce (INSFFER) supported by’ the Government of Swnzerland '
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RESEARCH ON F’REE—LIVING BI.UE—GREEN AI.CAE .
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. Agronomxc mterest m BGA started in the19303 when De,aunbuted the mgh
spomaneous ferumy of submerged rice soils to BGA ‘Smoe then,” 'BGA' has been
cned as’a promrsmg poten‘ual source of nm'ogen for rloe many lIrials of algal ]
moculatxon have been conducted in rice growing ‘countries, and moculauon of rice
' fields With BGA™ has been recommended (Venkataraman, 1981). In 1986, BGA® is
.st ll omy, proxmsmg and the only technology proposed to f armers (algahzauon) is
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Paper presented at the 2nd International Conference of the
| African Association for BNF - Cairo - December 1986
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conducted on a mal ‘and error” basis and not. uuhzed to 2 nouceable extem
Despite 50 years of research on BGA' our ~knowledge of their practical utilisation
has made relativety little progress because of these major reasons :

1. The imbalance between test tube'dnd Tield ‘studies : _Although most
research projects on BGA- sought the pracucal utmsatxon of BGA, ecological and
agronomtcal field studies are rare.’

. The utilization of grain yield as the ogly criterion in inoculation
ex ngmem Most- experiments~give no information on the: env1ronmental
charactensucs the; initial’ level ‘'of mdxgenous ) N2-fixing ' BGA. in the’ soil; the
dynamics of the algal. flora durmg the crop, cycle, the fate of inoculated BGA their
inffuence 'on BNF and:other factors involved.in the yield increase. 'I‘herefore fittle
is known about the factors that permn the development of a bloom of mdlgenous
ot inoculated BGA inafield. "~ °

3. The underestimation of the potential of mdxgenous stram : Till recently,
almost all studies have. ; placed .emphasis, on  inoculation with Iorexgn Strains
selected in the laboramry ‘Little attention was glven to indigenous, strains (already
adapted to the environmental conditions), agncultural pracuces Lhat favor theu'
gtowth and inlegrated management. , DL ek s

Therefore the BGA research program at IRRI has ngen prmmy to field
studies with emphasis on the occurrence of BGA' in nce soﬂs thetr oomposmon and
biomass, composition of BGA inocula, fate’ of moculated BGA, changes in BGA
populations and N2-fixing activity in. moculated 80ils, ‘and agricultural pracnces
favoring BGA growth Major. resuits ‘obtained durmg the last lwo years are
summarized . thereafter. Earlier . studies had. been summarized *{Roger - and
Watanabe,1982) T L oo
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CHEMICAY, COMPOSITION OF CULTURES. AND NATURAL SAMPLES OF N2-
FIXING BGA FROM RICE FIELDS ( Roger et al 1985 Roger et al 1986)

Seventy samples of Nz-nxmg BGA 1) grown m hqmd medxum ‘i the
laboratory, 2) grown on soit in a greenhouse and 3) collected from rice ﬁelds were
studied. : o o

Dry matter contem averaged 4 % A Escbere//a sp showed the hlghest value
(13%). The lowest values (< 1 %) were recorded for genera forming mucilaginous
colonies  ( Gloeotrichia Apﬁxaolbeoe " Nostoe ). High' variability “of ' dry matter
Lcontent (CV 50 to 80%) was due partly to the hature of the strain’ (mucxlagmous
BGA have less dry matter than ronmucitaginous’ ones) ‘However, hlgh vanabxhty
was also observed between species of the same genus (Ambaem 3 l 0 to 8 5%
Nostoc: 0281063 %)

‘Ash content of laboratory cultures averaged 7. 4% of the’ dry welght ‘that of
field samples averaged 45% rangmg from 27 to 71 x .
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. Nitrogen content, on ash-free basis, ranged from 1.9 to-11.8% (average 6%).
Intragener:c variability was large( CV 20 10 .42% :)..N-and. pigment contents
decreased in aging material... ;.7 .- P LR T R NIy P B YA

Phosphorys - and N contem,s Were posmveiy correlated .\ P contems
higher than [% there was no more increase in N content. The optimal value of 1%
was attained in laboratory cultures only. Soil-grown BGA and natural samples had
concentrations lower than 0.5%; connrmmg that P avaﬂabmty hmus BGA growth
in natural environments. .- -, P b B G

. Potassium content of . the ash-free algal materml collected Irom the ﬁeld
(average 0.5%) was similar to that of {aboratory cultures,. whjch mdmates that K
availability probably does not hmn BGA growth zi,,' be ‘; -
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Mumvarmte analys1s showed that physxologxcal state is at; least as 1mportant
as the nature of the strain in explaining the variability.of, the composmon e s
, The wide range of dry matter (0.9-7.%) and ash (27—71%) oontents in field
samples _shows that the weight of a bloom of BGA glves lmle mrormauon abom its
agronomic significance. Average and, extreme values -of. dryl matler, ash, and N
contents of, field samples, show that Nx:ontent dn 1, ‘ton or rresh Nz-fumg BGA
averages 1.1 kg but may vary from 0310 3.8 K8 . ooy i T

Algal biomass in rice fields range from. 2. few kﬂogrnms to 58 tons fresh
weight/ha or 500 kg dry \ve1ght Nz—rmng algal biomasses range Within the same
limits (Roger and Kulasooriya,.1980; Roger, 1986). Assuming & mavimum biomass of
500 kg dry weight/ha and using average. ash and N values obtamed{ for artificial
blooms and field samples, the potential conmbuuon of a BGA bloom is 14 kg N/ha..

... CN values of 4.8-13 show;, better N avrulabmty from, BGA .than: from

farmyard and green manures T1rol 6t al (1982) showed thnt N avaﬂabxmy from
BGA to two successive nce crops was , stmﬂar to that of ammo A

alds i .

ABUNDANCE 'OF Hm‘mocirs‘rous BGA, IN RICE so‘ri.s AND'SOIL' BASED
INOCULA. ( Roger et al, in press ab) " "

Heterocysnous BGA m ru:e sous The quanmauve study ef the algal ‘populauon
in, 102 rice soils from 5 couniries showed . Nz-fumg strmns m all, samples
Heterocystous BGA compnsed on the average 9% of thel total algal populanon
Their density ranged from 1 x 102 to 8 X 106 CFU/cm2 ( medmn 6 x 104) was
higher than 103 CFU/cm2 in 95% of the samples and was posmvely correlated thh
soil pH and available P. B R RTETaY

Nostor was recorded in 99% of the samples and was the dommam Nz-nxmg

'genus in 74 % of them. . Genera . that,,form.rmucﬂagmous oolomes (/Vosloc

Aphanothece) and are less suscepuble 16 grazing (Grant. et.z/ 1985) were dommant
in more than 90% of the,soils;, strains that do.not form mucﬂagmous colomes
{ Anabaens Calothriz and ﬁscaerellz) were present in. most. soﬂs but were rarely



dominant.-This. ‘may: indicate ' that" grazing is a .major limiting ‘factor in the
development of i blooms of nonmucilaginous sirains active in Nz-fixation.

No significant correlation was observed between the relative abundance of
me varxous groups ‘of heterocysmus BGA and soil phys:ccchemxcal propemes

. Tl T e T G R el RN T RN

Analysns of ‘soil-based inocula. Algae were enumerated in 22 samples.of. soil-
based inocula (SBI) collected from Burma, Egypt, and India ‘and produced at IRRI.
Densilies of heterocystous BGA ranged from 5 x 104 to 3 x 107 CFU/g dry weight.
‘Average values in ‘multistrain and monostrain SBI-were similar (2-3 x 106 CFU/g
dry weight) and about 100 times lower Lnan in drxed laboratory cult,ures (2 x 108
CFU/g dry weight). SR ST e

The relative abundance of N2-fixing BGA in SBI was low ranging from 3 to
32% (average® 15 %) Among Na2- fmng s&mms Nostoc spp. ‘were clearly dominant,
compnsmg an - average 73%" of "the CFU.’ The two most’ abundant ' heterocyatous
strains in‘a’ ngen moculum“aocounted for ‘an average 95% of‘the total counts of
heterocystous BGA, showmg ‘that 'multistrain SBI were, rather unbalanced with
regard 1o the relative abundance of the various strains.- S 7
) "Chemical’ analysis showed 78-86% ash (average 80. 6%) 2.1-47% C (average
3.4%), 02-08 % N (average 0.5%), and - 640-1900 ppm P, mdmatmg thal SBI
contamed mostly sod and omy about 1% of BGA matenal
Ratio between moculﬂted and mdlgenous BGA The average densny of
heterocystous “BGA 'in “SBI” was 2 'x'108 CFU /g’ dry weight. ' Applying - the
recommended dose of 10 kg/ha ( Venkataraman ,1981) of this-inoculum brings 2 x
1ol CFU/ha or'2x°103 CFU/cm2 Tms is 150 times less than the average density of
mdxgenous Nz-ﬁxmg BGA m the soxls exammed (3x 105 CFU/cmZ) The study of
the ratio” of " indigenous heterocystous BGA" from ' '102" soils” to inoculated
heterocystous BGA from 22 SBI, showed that in 90% of the cases, indigenous , BGA
in the first centimeter of soil of a one- -hectare rice field were more abundant than
BGA brought by 10 kg of algal moculum In ‘about 50% of the cases, the ratio of

Dtscussmn The study showed that muluspecxes SBI are unbalanced : one or two
strains,’ mostly the’ “Nostoe . SpP. dominate.”A_suitable method for producing a
balanced mumstram moculum of known quahty would be to produce monospecific
inocula ‘of various strains, evaluate their concenitration in CFU after drymg and mix
hem accordmgly

S EAI studied rice” soils had heterocystous BGA. In" most cases, lhe
'heteroeystous BGA in'the quanmy of SBI ‘recommended for application were less
numerous than indigenous ones on'a unit-area basis. Despite that, inoculation was
reportedly ‘successful in'soils which, according to our results, contained a fairly high
level of indigenous heterocystous BGA. Among other possible explanations, such a



success. might be atmbuted 1o, the accumulation of P by, propagules of. BGA
moculum (produced th hrgh levels of 'P), Whrch glves them an initial advantage
for growth over the propagules of most often P-deficient indigenous BGA {Roger ef
.2/, 1986). Since spore germination is photodependem ( Reddy, 1984), , inoculated
propagules ' apphed on. sou surface mrgm have betier., germmauon than the, ‘
mdxgenous'propagules mxxed th me soil. However such hypothesrs need to be
de monstraled as well as other possxble ones not related to BNF '
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DYHAMICS OF ALGAL POPULATIOHS AND ACE'I’YLENB REDUCING T
ACT IVIT‘f IN SOILS INOCULATED WiTE BGA (Reddy and Roger in press)

The dynamijcs of inoculated strains of heterocystous BGA and . indigenous
algae \vere studled for one. month in 1- mZ mxcroplots of. fxve sous prevxously air-
d"xed or ovef- drxed at, 110 QC ,Oven drymg was performed to' 28sess. \vhethen
reductron 'of the mdrgenous algal populauon favors the est&bhshment of moculated
BGA. Inoculum was 4. mmure ;of .dry, SBI. contaming nomndigenous Anabgena
variabilis, ]‘o/ypollmr tenis, [A ulosira ferzz/rs.s:zma, Fischerella sp., and. A/ostoc sp.,
spread st 20 kg /ha. The same soils.were then dried. and resubmerged for iwo
months to study the effect of controlhng algal grazers (& major limiting factor for
BGA). with . neem, ( Azedirachia. Indics-) seeds on. the .revival .and: dynamics,of
mdrgenous and. inoculated. algae:. ARA was measured and alge! populations were
enumerated for four weeks as in the first experiment. Then soils were kept. ﬂooded )
for snother momh and the nature and, biomass of algae were then d etmined..,

-x"" I\r:'“u" b b Toyeeioy o PR T ST A B
Heat tr‘emmem markedly reduced algal populauons Survival in Lhe soﬂs ranged
from 4 to 17%. Eukaryotic algae and unicellufar BGA were ihev 08t affected
. Heterocystous BGA were more resistant. © . . e e o
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Byn&mxcs of, algazl . popuia‘rmna were mmdar n; airr drxed and oven drned
treatments of a given soil, during the month followmg mocuhmon ﬂeterocystous
'BGA pepulations exhibited poor growth in soils richer in organic matter. In, other
Soils, . they comprised: a:significant percentage of the total.aigal.population and
hecame  dominanti by the 14%h day.of submersion in-two. soils. In. most. cases,
J[ndigenous heterocystous BGA were more:: numerous than-incculated ones.-:The
ratio of CFU of indigenous 1o inoculated heterocystous BGA ranged from 0.1 to 840
{average 104). Only on 7 out of 40 occasions were inoculated BGA more numerous
than indigenous heterocystous: BGA. This was observed with no growth or late
growih of indigenous heterocystous BGA , or after the decline of a bloom of
.indigenous beterocystous BGA., ,. . v

Once the soils were drred t\vo moculated strams drsappeared Durmg the first
monm ‘following rewemng, heterocystous BGA growth,was poor in all soils but
better in neem-ireated plots than.in the controls. Indigenous strains were usually
more abundant than.inoculated ones. Onlv on 4 out of 40 occasions did inoculated




tieterocystous BGA become more abundant than the ‘indigenous ones. Thls was
cbserved only after the dechne of the mdlgenous populauons of heterocystous BGA.

En’ziabhshment ‘of moculated algae Counts of moculated BGA showed no clear
effect of oven-drying of soil or neem apphcauon on the ‘establishment of moculated
BGA. But strains markedly differed in ability 10 persxst in‘the soils. 7. fenuss *was
1he most abundant inoculated strain’in 63% ‘of the cases. Despite a low level of
inoculation, 4. ferziissima developed and persisted during the second experiment.
A. varigbilis and' Nostoc'SL sxgmﬂcant[y muluphed durmg Lhe f 1rst expenment. but
disappeared during the second.

Acetylene—reducmg mcnvny (ARA) was, on the average hxgher in axr drxed and
in neem-treated plots than in oven-dried and non'neem-treated plots. ARA was
correlated with the counts of total heterocystous BGA and indigenous heterocystous
BGA*but not with''the counts of inoculated BGA. This indicated ‘that ‘ARA was
principally dueto mdigenous BGA. However; corrélation coefficients were generally
higher with total heterocystous BGA “than’ with mdlgenous heterocystous BGA
whxch may mdlcate some conmbutmn by moculated BGA :

!
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BGA biomass’ aner two months of submersion was higher in neem-treated
plots. In 35 of 40 cases, indigenous strains of algae became dominant.” However,
inoculated - A fertilissimz developed 'in two''neem-treated 'soils” and - became
dominant in one where it produced a’bloom Corresponding’ to 450 kg dry

weight/ha (35 kg N/na) the mghest bxomass recorded m a plot durmg tms
expenmem ; ,

Discussion. The longer persistence of ‘some of the strains and the ‘late
establishment of blooms of inoculated A. ferlifissima in plots of two soils treated

with neem, where this strain developed the highest BGA biomass in the experiment,

‘might indicate some potential for foreign strain inoculation in rice soils. However

establishment of inoculated nonindigenous strains was infrequent-in’ the’ studied
soils. This agrees with 'the resufts of Grant- et al’(1985), showing the' failure of
nonindigenous inoculated BGA 1o establish-in the field; even when grazers were
controlled. The results also confirmed the beneficial’ effect of - neem apphcahon on
photodependent BNF teported by the same authors nr ’ :
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L RESEARCH ON AZOLLA el
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Whereas BGA technology is more at an expenmental level’ of latge field
testing, Azollz "technology has been’ used for “several’ ‘centuries in’ Chma and
Vietnam. In these countries, however, enviroimental and ecotiomical ‘constraints

limited Azo/lz use to about 2 x, 106 ha in 1983 (Roger ‘and Watanabe 1986). Use ‘of

Azalla as green maniire in China and Vietnam is decreasing, but interest in'its use




as fish and animal’ ‘feed, ~mineral scavenger ‘and depoﬂutam "has . increased
(Liuchungchu, 1984). In othér parts of Asia, Azo//z techinology is not beyond small-
scale trials except in South Cotabato, .(Philippines). In this’ ares, high avmlable P,
9-11 months of rainy season; well- -irrigated rice‘fields" and the presence of ‘many
small ponds allowed wide adoption of A’ pmzmta which™ was then replaced by a
more efficient steain of A micropfyifa' ( Watanabe,1984). :

Under optimum conditions (22 ¢C), maximum biomass is 100 kg N /ha for A.
pinnata, 140 kg N/ha for A Zilicioides | (Watanabe and Berja, 1983) and 190°kg
N/ha for ‘A. mm‘apﬁy//ﬂ(Watanabe 1986). 1 INSFFER’ trials average producuvxty
per Azofiz crop was'15 kg/m? ( about 30 kg N/hi ) before transplanung and 1.1
kg /m?2 after transplanting '(Watanabe in‘press).” ‘At IRRI; the’ maximUim biomass
was 80 kg N /ha for 4. microphyliain 28’ days” (Watanabe ' is’ press) Productivity
discrepancy under opnmum and field- conditions is due to many constramts m the
field. Technical consiraints in the troplcs are ag follows SRR
~ 1) Low temperature requirement’ Opmmum temperature for' most spemes is
below the average lemperature in the tropics. Cool weather is a lcey to’successful

- Azolfe cultivation in Vietnam and China High temperature'ind humxdxty result 1n'
high pests incidence.
2] Need for P femhzer P is the most 1mportant numem (W atanabe et al,
1986) ' AR by S

3) Insect damage. Insect control is'an 1mportam economic limitatidn, If more
than 200 g carbofuran ai/ha is needed to contro[ msects benefits are ehmmated
(KJKUCDI etal J984) 0 b e Rt B e b T e

majntenance “of inoctjum,’ Becausé 'Azolid " 'is multiplied

vegetauvely, moculum must be’ mamtamed in nursemes all year and mumphed for
distribution before field cultivation. ' 7 f/ e o wi v us
ﬂNeed for good water control K

Research at IRRI has placed empham on'resistince to'adverse ‘temperatures,
soil and numuonal requu'emems msect pests and avaﬂabmty of Aza//;r N to r1ce

Vivgi e e ot

SCREENING FOR TEMPERATURE - et S e
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Temperature limitations can be reduced by selecting cold or heat tolerant
strains (Watanabe and Berja,1983). -Among strains tested at IRRI:"A. “microphylis
#418 was most tolerant or mgh temperature 379(: day/299 C mght (unpubhshed)

S LI B NRTIE PR NENS IR PSS et

S()IL PROPERTIES AND AZOLLA GROWTH

PR PR IR TR wrob

Azoua adaptabzmy in sons or the: thppxnes (Callo et al, 1985) A growth
test in 972 Philippine'sites used local soil'in pots without fertilizer ‘addition and 6
A. pinnz2ia {ronds previously starved by -7 days-of growih on tapwater. Doubling
time was estimated after 14 days. Soils were classified a3 highly suitable when



Azofls doubling.time was less than 3.5 days ; moderately suiiable with a doubling
tme of 3.510 5. 0 days and nonsuxtable with a doubling time longer than 5. days.
Doublmg nme was less than 5, days in 40X of the samples, growing under full
sunlight and 34% of those growing in the shade. It was less than 3.5 days in 13% of
the . samples in fuu sunhght and 8% of those. growing in the shade. Without P
fectilisation, only limited’ areas have soﬂs suitable ror Aza//a growth Yy
ia 't FECIRT S Y

Soil. avmmble P and Azol/: growth (Watanabe and Ramxrez 1984). The
producuvny, N comem and If content of . Azal/z grown on 29 soils from 4
thppme snes were studxed wnh regard to Lhe soil available P and P sorption
capacny Usmg sxmunaneously dam on, avmlable P and P sorption capacity, it was
possmle o, cajculate a dxscnmmate function. separamng soils according :ic their
Azolia' producuvny Results showed that A pinnats grows satisfactorily without P
apphcauon in soils with Olsen P values higher, than 30, mg/kg and P sorpiion
capacity lower. than 1500, mg P205/ 100 g Such conditions . are rare in rice soils and
P rermxzauon for Azo//.w growih, usually is needed None of ‘the other analyzed soil
properiies, (total C, Lmal N smd excbimgeab ek, Ca, and Mg) correlated with Azolz
producnvxty

AZOLLA RBSPONSE TO P K AND Zﬂ IN VARIOUS SOILS IN RELA'E JON TGO .
FLOODWATER CHEMISTRY (AL and Watanabe, 1986) .

o The supply of P K and Znto Azo!lx rrum ﬂooded soﬂs and the Rmeucs of B,
K.and ZIn in floodwater were studied in pots, using .11, Philippine.rice soils, ranging
from loamy sand 10 clay (pH range :,4.7 -.7.7). Treatments were a control (.no
fertilization), PX, KIn, PZn and PKX7n apphed just before Azoltz moculanon Azoliz
was harvested 3 weeks after inocufation. .

Phosphorus concentration in the floodwater of P fernhzed soifs decreased
rapidly and became simiiar to that in,the conirol ,within a week. Phosphale in
floodwater 1 week after Azaﬂ.q mocul&t:on was, correl&ted with sml Oisen P {r =
0.83), except for one soil. Pnosphate apphcauon did not increase P conlent in Azods
at harvest. The K and Zn contenis of Azofg al harvest .increased with K and In
application. In two soils, 4zofe biomass was lower in the treatmenis without K or
Zn than in the.PKZn ireaiment, but Azo/a analysis showed no K or Zn deficiency.

65 sz//a bmmass ranged from 9. to 33 g dry: weight/m2 and N content from
2. 1 105, 2% Azolla N.was. highly correlated ,with. dry. weight {r = 0.953). Dry
weight and N were mghly correlated with P content (r = 0.63-0.55), but not with ¥
or In, indicating that P supply limiled- Azo/z, grqwth The, critical ., level of P in
Azolla was about 0.15%. Floodwater P was better correlated with Azl P (r =
0.739) one.week after Azo/ls.inoculation than: at 2.0r. -3 weeks. When floodwater
P at 1 week was less than 0.1.ppm, Azolz was P.deficient. When floodwater P was
‘more than 0.4 ppm, P,supply toAzads was sufficient. RICRRY
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PHOSPHATE APPLICATION KA Caeh e

Surveys of N and P contems m fteld grown AZO//H showed a threshold value
of P dermem:y of 0.4% P in Azalla ({dry weight basis). When Azo]/a P was, mgher
than 0 4% N content was about 4% dry weight (Watanabe and Ramxrez 1984; Ali
and Watanabe, 1986)." About 80% of , Azalls  samples oouected from fields and
ponds in the Philippines had less than 0.4% P and 4% N (unpubushed) Apphcamon
of P can increase Azoffz growth under economically feasible conditions, especially
split application of, superphosphate which can increase ‘N gains of Azollz by 46 g
N/g P (Watanabe et al,, 1980) Recent data from A mjc:rapbylla showed 10 g N/g P
{unpublished). ,

X Apphcauon of P to the moculum permns xts muluphcatxon Wlthout P
application in the, mmn 'field until it becomes. deficient (P<0.2%)... ‘P-enriched
moculum may be used for rapxdly producmg a large Azaﬂn blomass (unpubhshed)

EFFBCT OFN FERTILIZER e e
In the absence of compeung orgamsms "BNF by Azol/a 1s more toleram of
combmed N, man ibat by free- hvmg microorganisms. Azolla ARA was reduced by
about 50% by 10 mM urea-N or ammonium-N, and 25 mM of nitrate-N, whereas a
24-hr exposure 1o 1mM ammonium-N oompletely repressed ‘ARA'in free- hvmg BGA
(Ito and. Watanabe, 1983). /r sy however, competing aquatic plants growing at the
expense of foodwater N, may hmder Azalla growth In the presence of green algae,
1.4 mM ammonium-N inhibited "A. pinnata growth by 60% (Watanabe- -et.al, 1977).

. The Azollz canopy prevents light from penetraling the floodwater, inhibits
the growth of other phototrophs and depresses photodependem COz uptake. Thus,
the floodwater pH is lower, than i in Azalfzfree conditions. Azoll.a  may therefore be
expected to reduce N losses by ammoma volatilization. ' '’

Usmg the delta 15N’ techmque and Lemna minor 4s non Nz—ftxmg control, "the
com.nbuuon of BNF to N of A mla'opbyj/a grown on two sous was esumated to be
70-100% (Yoneyama et al, in press).

AZOLLA INSECT PESTS (Mochida et al in press)

vae Diptera (Cbzmnomus crassiforceps, C /.Wmus "€ £ifensis, Po/yped//um
anticum, and 2 suturalis), one Coleoptera { Nanopfyes sp.), and four Lepidoptera
(Ep/zemopﬂs vishnu [webworm] and three species of Alophiz |caseworms] were
recorded as’ Azol/a pests in the Philippines. " The life cycle of the webworm and
three caseworms were studied, and their populations were’ momtored at IRRI
using light traps and’ counts on, A. mza'ap/)y/lﬂ and 4. pmmta At 27 9C, Llophila
life cycle 'is about 31-32 days and Sphestiopsis , about’ 20 days The standing
biomass of A. mfcrophylia (IRRI No. 418) averaged 1.0 kg fresh weight/m? in
insecticide-treated plots and 0.7 kg/m? in unireated plots. That of A. pinaate (No.
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S) averaged 0.7 kg/m? in insecticide-ireated plots and.0.45 /m2 in untreated plots.
Webworm larval and pupal populations in untreated plols averaged 146/m2 on A.

mja‘opﬁylla and’ 13S/m2 on A puw.vm Caseworm populauons on the same strains
averaged S7 and 48/ m2 respecuvely ‘Azolla yxeld loss , due 1o thege ingects ranged
from 6 to 64 % for A. microphylla’ and from 13 to 57% for A pinnatz " Although
pesucnde application was effective for- controllmg msect pests no memod is yet
economlcally reasmle '

AVAILABILITY OF AZOLLA NITROGEN TO RICE (Ito and Wamnabe 1985)

Decomposition of Azo/s in water and soil in relation to the avmlabmty of
Azolfa N to rice plants'was determined’ usmg ISN as a’ tracer When A2o0/lz was
placed on the surface of flooded soils; about 66%of its N was lost within 6 weeks.
Losses were about 30% when Azofla was incorporated. Rice 'plants grown in' a pot
absorbed 50% of N from Azofz incorporated at transplanting and less than 10% of
N from Azoffs Xept on the water surface. In the field,"N availability from
incorporated Azoflz was higher than that from Azo/f/z placed at the soil surface.
However, N avmlabxhty from incorporated Azolla' (12-27%) was much'lower than

that in a pot. th late application, 78 days after transplanting, Azolle-

contribution to grain' N Was hxgher than thh apphcauon 30 or 53 days after
transplantmg

vt S T
ot v N A L

BIOFERTILIZERGERMPLASM

As'part of 1Ls BNF program IRR1 has conected a large germplasm of N 2-Tixing
organisms, and currently acts as an mternauonal center’ for Azollz germplasm
collection and distribution. IRRI ‘maintains’ the largest collection of "Azofllz (168
strains from 7 species and 4 Ansbaensfree spemes) ‘and "of blue- -green algae (
about 200 strains ) isolated from' rice fields. A’ ‘large number’ of N2-fixing bacteria
are also preserved. Hundred of strains of these’ orgamsms have been g:ven to
laboratories all over the world.

CONCLUSION . . .

S e o
4 Jeaslto reen

Studies on BGA show the presence of md1genous straing in all soils, and the
usual’ _poor establishment of. inoculated foreign strains. Anenuon ‘shoutd therefore
be given to agricultural pracnces Lhat enhance the growth. of md;genous ‘strains
wmch are already adapted 10 the environmental conditions and can aiso be uuhzed
for ptoducmg inocuia. Studles on Arolla confirm ‘that P is a Key factor., Insecticide
‘and P, apphcanon 10 an. moculum of a selected stram might be an’ “ economical

management permitting 'Azolla muluphcanon m 1he fxeld wnhout further P and
msecuclde appucanon T

U R 3"‘ [T

;.‘!‘\,‘,f‘-;‘m: R N S S
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