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THE AZOLLA-ANABAENA COMPLEX AND ITS USE IN RICE CULTURE 1 

ABSTRACT 

More tLan 50 strains of 5 azolla 3pecies, collect- Differences in azolla's growth with limited phosed from all over the world, are m.intained at phorus nutrition were observed among strains and
IRRI. Screening for high temperature-tolerant 
 species. The mineralization rate of nitrogen
strains was dore in growth chamers and in the 
 fixed by the Azol]a-Anabaena complex also diffield. No strain was satiu-tfactorily tolerant of 
 fered among species .idstrains. Azolla can
high temgerature in the dry seasan. Preliminary 
 supply 70 kg N/ha when grown 4-6 times/rice crop.
stUdies on the conditions needed for azolla sporu- That nitrogen promotes rice yields comparable to
lation were made. 
 that obtained by 70-100 kg chemical fertilizer.
 

Iby I. Watanabe, soil microbiologist, Bai Ke-zhi, former research fellow, N. S. Berja, researchassistant, C. R. Espinas, research assistant, 0. Ito, former postdoctoral fellow, and B. P. R. Subudhi,
former postdoctoral fellow, International Rice 7esearch Institute, Los Baios, Laguna, Philippines.

Submitted to the IRRI Research Paper Series Committee July 1981.
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THE AZOLIA-ANARAENA COMPLEX AND ITS USE IN RICE CULTURE 

The rate of N2-fixation in the Azolla-Anabaena every 2 days and the ferns were grown until satu
symbiosis rivals that in the Rhizobium-legume sym- ration or initial sign of senescen and fresh 
biosis. In open paddies at IRRI, 22 crops of azol- weight was measured ev-ry week. Total nitrogen in 
la/year fixed 450 kg N/ha (Watanabe 1978, Watanabe the fern was measured at final harvest. The 
et 	 al 1980). The use of azolla in rice production ctnire solutions were conbined for every 8 days 
is widely practiced in many rice growing coun- and their ammonium content determined. The results 
tries. We reported earlier results with azolla in are summarized as follows: 
this research paper series in 1977 (Oatanabe et a& 
1977, Espinas et al 1977). This paper provides 	 For most az la, except for A. filiculoi
results of more recent research with the Azolla-	 des, the relative growth rate was highest 

Anabaena symbiosis and should he useful for plan-	 at the first week and this mai!sum growth
rate was higher at 33°C than at 22°C. The 

at wasning azolla use in rice paddies -? the tropics. 	 higheal of th 
highest value of maximum growth rate was 

1.9 doubling days (days required to double
 

fresh weight)by strain 8 at 33°C. As ferns 
PIYSIOLOGY AND NUTRIT[ON OF AZOLIU grew, the growth slowed most severely at 

higher temperature.
 
More than 50 stra las of Azolla pinnata, A. filicu
loides, A. mexicana, A. caroliutaua, and A. micro- * The maximum biomass (Fig. 1) was higher at 
phylla had been collected from all over the world 	 22YC than at 33*C in all strains. At 22 0 C, 
by 	 June 1981. The strains are described In Table the period attaining the maximum biomass 
1. 	 was 30-50 days, and highest value was 14 g
 

N/m2 or 320 g dry matter/m2 by A. caro-
The cut fronds of azolla at shoot tips are surface liniana 301. At 29 0 C, the maximum blomass 
sterilized by Chlorox (2) and polysorhate (Tween was attained in 20-35 days and the highest 
80) (0.1%) solution to eimlnate froe-living algae value was 6.3 g N/m2 and 150 g dry matter 
and other pests,. The friend, are then inoculated /m2 by A. caroliniana 301. At 33°C most 
Into the mineral so ution and grown in 25/21°C (12 azolla yielded less than 4 g N/m2 ; only 5 
hour day/12 hour night) under 17 Vlux light strains of A. pinnata yielded more. Most 
Intensit; at 757 :'elatlvo humidity. The strains azolla had a maximum biomass after 13-23 
are maintained in mineral nutrient solution In days but some strains grew up to 30 days 
flasks as described earlier (Watanahe ot at 1977). resulting in higher maximum biomass. The 
Azolla thus grown are ma 1nt~ined at 15'C under highest maximum biomass at 33°C was 5.5 g 

2
about 1 klux fluorescent light for 3 weeks, and N/m or 140 g dry matter/m2 by A. pin
thereafter transformed to new media ind grown nata 9. 
again under 25/21C. Some azola strains are grown
in 	 the greenhouse for further me ltiplicatlon. I Azolla strains were divided into four major 

The strains at IRRI were compared with respect to groups by growth performance at three tem
temper at~ro requiremnts, phosphorus requirement, 	 peratures. Group 1 consisted of major

tempratre equie~nnr-, 	 of pint A. withphsphrusrequremntstrains A. and mexicana 
sporulation ability, and growth in the rice field. sa oAn. __w 

average performance. Group 2 consisted of 
two A. filiculoides strains and one A. pin-

Temperature requirement nata strain, characterized by poor growth 
at 33°C. Group 3 consisted of A. pinna' 2, 

The use of azolla in the tropics is sometimes res-	 9, 14, 16, a;d 22, characterizRed by better 
tricted by its low tolerance for high temperature, 	 growth at 3 temperature levels. Group 4 

Temperature tolerance tests were completed For 27 consisted of A. caroliniana, A. filiculoi
strains -- A. pinnata from I to 23 except 7, A. des 101, and A. 11nnea 2, characte.ized 
filiculoides 101 to 103, A. mexlcana 201, and A. by higher biomass at 22'C. 

caroliniana 301.
 
* 	 Ammonia formation in the culture medium oc

curred mostly in crowded conditions. At 
The ferns were grown at 3 different temperature 33'C, some strains of A. pinnata (2, 4, and 
levels (26/18'C dny/night for average 22°C; 8) and A. mexicana released or formed 
33/25°C for average 29°C, and 37/29°C for ave- ammonia at 0.3-0.8 ppm N during their ini
rage 33°C) at 30 klu': for 12 hours on their sur- tial exponential growth stage. This indi
face by fluorescent and incandescent lamps. The cates that the major way to provide nitro
minimum :elative humidity was 75%. Growth was in a gen to accompanying rice is through azolla 
20-cm diameter dish containing I liter nitrogen- decomposition, not through the excretion ol 
free mineral zutrient solution, which was changed ammonia. 
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Table 1. Strains of azolla 
i" the collection at IRRI, May 1981.
 

Species 

Stra 
 /
 

A.t iinnata-' 1: Bicol, Philippines, 2: Malaysia, 3: Bogor, Indonesia, 4: Banaue, Philippines,
 

5: 
Bangkok, Thailand, 6: l)AT (Department of Agqiculture, Thailanvd) 15, 7: DAT 16,
 

8: I)AT 9:17, Chung Mai, Thailand, 10: Sri Nagor, 3angladesh, 11: Tangail, 

Bangladesh, 12: Bharatpur, Nepal , 13 : Khuma Itar, Nepal, 14: Bicol 2, Philippines, 

15: Apalit, Philippines, 16: Flo 
idablanca I, Philippines, 17: Vietnam green I, 

18: Vietnam green II, 19: 
Vietnam purple, 20: Vietnam wild, 21: Putian Zhu, China,
 

22: Tancheng, China, 23: 
Cuttack, India, 24: l"loridablanca II, Philippines,
 

25: Ivory Coast, 26: Senegal, 27: 
Nagoya green, Japan, 28: Nagoya red,
 

29: Changsha, China, 
 30: Guandong, Xinhui, China, 31: Yi Ling, China, 32: Jianci,
 

China, 33: Nanchun, China, 
34: Majayjay, Philippines, 35: 
IITA, Nigeria,
 

36: Cagayan, Philippines, 37: 
 Tieng Giang 2, Vietnam, 38: 
 Tieng Giang 3, Vietnam,
 

39: MIA, Australia, 40-42: Garut 1-3, Indonesia
 

A. filiculoides 0i: East Germany, 
102: lawaii, USA, 103: California, USA, 104: Japan, 105-6:
 

Hamburg 1-2, Germany, 107: Walka Lake, N.V., USA, 108: Cranmore, USA 

A. mexicana 
 201: California, lISA, 202-4: Guyana 1-3
 

A. caroliniana 301: Ohio, USA, 302: Madison, USA
 

A.- (Unidentified)c- 401-20: 
20 strains from Paraguay
 

a/s

Strain number and designation by cou'try (if nct described in the designation). b (125, 26, and 35 aremorphologically different from other A. pinnata strains (A. a )midentified c wtas A. microphylla 

Phosphorus requirement 

phosphorus deficiency symptom. At 0.06 ppm, the 

fern contained 4.5% N and 0.1% P (dry matter ba-The addition of phospiorus fertilizer is the most sis).
important At: 0.03 ppm P, the fern's biomass was lowercultural practice for successful growth than that at 0.06 ppm
of azolla in the paddy (Watanabe et al 1980). The 

P, fern leaves turned brown
ish red and smaller,minimum reqirement of phosphorus 

and roots elongated and bein the culture camesolution and the azolla 
fragile. These aLe symptoms of phosphorus detissue to maintain normal ficiency. The fern containedgrowth was determined by batch cultare and contin-

3.3% N and 0.06% P. 
At 0 uous flow culture. In batch culture, azolla growth 

ppm P, the symptom of phosphorus deficiency 
was 

was more severe. The experiment established theenhanced by chi:nging the phosphorus concentra-

tion 

minimum level of phosphorus required by azolla atfrom 0 to 
5 ppm. Above 5 ppm, biomass
t(ton produc- 0.06 ppm or
was not enhanced despite increased phosphorus 2 jaM (Subudhi and Watanabe 1979,1981).content in the fern. It appeared that the fern 
growth was not increased by phosphorus application
when fern phosphcrus To compare the differences in azolla growthentent exceeded 0.37 where(dry phosphoruswhentfern s is limited, speciess eazolla and strains of
matter basis). were grown at 0.03 ppm P in flowing culturewith A. pinnata 5 from Bangkok as the reference
 
A device was developed to grow azolla in a tray 
 plant. The tests 
were in a greenhouse. The results
with continuous 
flow of nutrient solution at the are shown in Table 2.

flow rate of 500 or 1,000 mi/hour. When piosphorus concentration was decreased 
from 1 to 0.12 
 Great difference among azolla
ppm, and to 0.06 ppm, the fern did not show any 

strains in the abi
lity to grow with 
limited phosphorus was found.
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Species other 	 than A. pinnata had poorest growth A. pinnata Bieol (1) was grown by batch culture in 
in phosphorus-limited culture. A. pinnata from nutrient solutions lacking pnosphorus, potassium,
Cuttack (23) was char.cteri/Vf f''g.nIILd magnesium,by t1 calcium, and iron, respectively. After 
fronds when phosphorits deficteut. A. p innata Vi et- 12 days of growth, the dry weights of the fern 
nam green (17) (lid not. tor red, hut its growLh expressed as percentages of those grown in corn
was retarded with I jifliLed pliasphrus. Strain 17 is plere nutrient solutions were 70% in K-deficient, 
a nutaLLt lacking in the ahitIity ofi synthesi/ing 38 In Fc-deficlent, 37% in P-deficient, 15% in 
antliocyanlns. Ca-deficient, 	 and 6' in g-deficlent solutions. 

lineral contents of the fern grown in complete
From calculat ion -if j,he;phoris uptake to the fern, nutrient solution at 12 days growth were as fol
it appeared that ;rowtlh in phsphirus-limited con- lows: ' ; 1.17 3.2%{N.9 P; K; 0.2% Ca; 0.7% Mg;
dit ion was Issuerated with ohi Iity t o ahsorb phos- and (.09% Fe. In the ferns deficient in each nu
l0horulifrom tli'. rltiore. trient, the nutrient contents were 0.08% P, 0.4% 

K, 0.18, Ca, and 0.016.Y Fe. YMagnesium content in 
the magneim-deficlent fern :as not determined 

Nutrient c,,nteut of a.1lIa because only a small. amounttaltned.	 of the fern was ob-

To evaluate the nuitrient ;t;itus in anIl.a, the
 
content of nutrlents in the fern at sufficient and Factors affecting sporulation
 
dotficent cond it[ls 
 was deerin ned. 	 Azolla forms sporocarps and reproduces sexually. 

Little is known ahot the conditions neeied to in
dince or develop the sporocarps. Sporocarps are 
more tolerant of adverse environments than vege
tattveLy growing azolia sporophytes. Knowledge on

2Collection Maximum N g/m sexual reproduction would open the way for germ
4e 5 10 15 plasm collection a.5 sporocarps and to sexual cm-

I hination for azolla breeding. In preliminary ex
9 0 XO periments the sporulation of A. pinnata Tancheng 

(22), A. filiculoides (103) and A. mexicana (201)
-- strains froin temperate 	 areas -- was reoeatedly 

2 	 0 X 0 observed. Strains from tropical areas seldom pro
16 X e 0 	 duced sporocarps, which suggested that the capabi

lity of sporulation is determined hereditarily and 
I X 00 r,flects the enviro rinent where azolla survives na
3 X 0 o 22 0 C turalIy. 
4 X * 0 e 2900 	 A. mexicana (201) was used to study enviromentol 
5 X 0 0 X 33C 	 requiroments for cnrl-iti on. Low temperature sti
6 X 00 mlated spornl1-iiton (Tahie 3). Day/night tempera
8 X 0 tireos of 26/18'C gave the highest number of spo

rocarps. The 26/18°C temperature was also optimum
10 X a 0 for vcgetatlve 	growth. As rporulation was stimula
11 X0 O ted, the ratio 	of mlcrosprocarps (male) to mega12 X 0 0 	 sporocarps (female) increased. 

13 X * 	 0 In the greenhouse where day/night temperatures 
14 • X 0 were always higher than 25/20'C photoperiod com

hinations of 12 hours - 12 hoors, 15 hours - 917 X • 0 houirs, and 8 hours -16 hour, did not induce spo
18 X 0 • rocarp,,, but where temperatire was controlled at 
19 X * O 25/20'C for 12 hour, each, sporonarps were ob

served.
 
20 X C 0
 
23 X O * -It is unlikely that photoperiod is the main factor
 

For the sporulation Phosphorus deficiency stimu15 X 0 0 lated sporulatton, whereas iron deficiency and ad
21 X o 0 dition of ammonium sulfate (5 ppm N) depressed
 

101 X 0 	 0 sporulation. 
I02 X * 0
103 X 0 The addition of either soil water where A. mexicana
 

has long been grown, or water that contained decom
201 X • O posing A. mexicana stimulated dporulation, suggest
301 X C 0 	 ing the presence of anthe.-idium-forming factors.
 

The addition of the supernatant of azolla water
 
extract at 0.2% in culture solution stimulated
 

Fig. 1. Maximum biomass expressed as amount of sporulation. lhe active fraction was dialyzable.

nitrogen. 
 The active substance remains to be identified.
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Table 2. Fresh weight, doubl .ii..e, frond size, phosphorus and nitrogen content, and acetylene reduction
activities of azolla grown aL 
 .33 ppm P in continuous flow culture (after 11 
days growth). IRRI, 1979.
 

Fresh Douhiing Frond p Acetylene
N reduction 

Species Strainnumber Di o t r time sizeD (dAys) 0 -- activity(gin) (cmi2 ) '(inol(G in drymatterl a cityC2H4/g 

fresh
azolla 
per h) 

A. pinnata 5 
 Bangkok 750 
 2.78 0.47 0.064 3.7 0.58
 

13 Khumaltar 
 640 2.92 0.39 0.05 
 4.1 0.62
 

17 Vietnam green 480 
 3.31 0.41 

2 Malaysia 
 460 3.36 0.43 0.065 3.4 0.32
 

23 Cuttack 380 
 3.69 0.07 0.053 2.5 
 0.05
 

21 Putiang Zhu 340 3.88 0.40 0.073 3.4 0.30 

19 Vietnam wild 340 3.88 0.35 - 

10 Sri Nagor 310 4.09 0.2" 

3 Bogor 270 4.38 0.23 - - _ 

A. mexicana 201 California 250 4.56 0.37 - - _ 

A. filiculoides i01 Ilawaii 170 6.01 0.36 0.085 2.8 0.09 

A. caroliniana 301 Ohio 110 9.01 0.26 0.09 2.4 0.23 

J Inoculum was 47.1 g fresh weight/m 2 . 

Ef fect of conbind nitrogen on N-1 fixatton and was newly assfimilated, and 30% of the assinilatednitrogen nutrition ntrrogn came from dInItrogen. 

In fields w a;Ior'high amount of nitrogen ft rLill
zer" is requI red, 
 ;ivolla may be used si chemical
nitrogen fertilizer. Fertilizer nitrogen dopren;ses Table 3. Effect of temperature on the sporulation
the nitrogen-fixitng ability of l.1 biological of A. mexicana (70% relative humidity, natural
nit rage n-fixifng syst os. We exami ned the ef fect of light, 2 weeks) . IRRI, 1980.
 
fort iI iz.er nitrogen on Azolla-Aabaena symbiosis.
 

A;o lla was treated by varying concenir;itions of Temperature (° C) a/ M f .
am11o 
 niu or nitrate. Acetylene reduction activity day/night (12 leg /. Mic Mic/g( wn.(after a 2 4 -honr exposure of azolla to combined hour/12 hour) (%) (no.)
nitrogen) was depressed only slightly even at 10 
aMN concentration of nitroge n. Four days exposure
to 1 mM combined nitrogen depressed acetylene re- 36/27 6.5 9.7 
ductolon of the symblotic system to about a half. 29/21 31 65.0 
The simultaneous assimilation of dinitrogen and 
,ombtned nitrogen was examined by an alternate 26/18 50 82 
labeling procedure. Either dnltrogen or comb ined
ritrogen (ammonitim or n!trate) was labeled by 20/15 36 68 

5 I 11 thl pr ts IIct of unlabeled ii trogei, of 
another form. After 4 days growth at I mM Nil 4 -N, a/47% ot 
 total azolli nitrogen was originated from - Percentage of number of microsporocarps to
both NH4 -N and dinitrogen. Nitrogen from dni-
 megasporocarps, b Number of microsporocarps pertrogen explained 46% of this newly assimilated ni- gram fresh weight of azolla. The values are the
trogen. At 10 rmM N114 -N, 61% of azulla nitrogen mean of three flasks.
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These data show that dnitrogen fixaLton and ammo- in maximum biamass nitrogen was observed among 
nium assimilaton Fron tihe az la root take plhce four strains Of A. pinnata (Table 4). The period 
s imultaneously eve" at I0 il conceaLraL lua oF coin- to achiev mn:a:imium bi -ss was shartest for A. 
bined nitrogen. Nitrato was less depressive to di- pnnata Ijir (3). From April to May, when solar 
nitrogen fixation than ammonium. Nitrate was pre- radiation .ind tetmprStare were hlighest, azn0a 
ferablv awcumulated on the root, while ammonium growth ma p,,r t rwh of azol Ila other than A. 
was preferably transported to young fronds simi- pinnat was pnr. Shading depressed azoI'a growth, 
ariv as dinirrogen was transpcrted. This differ- except in the hotteqt period but: even their growth 

once in the a:o1[;a transport pattern for ammonium in shade was iCfr r[or to tile growth In other 
and nit rat ,pa iins the less depressive effect of periods. 
nitrate eln nill ',,n fixation. 

In ]OH1, otiher Ail la ;trainr were examined during 
SymhIit ic litrigen fixation by the Azolla-Anabaena slightlty di ferent periods. 1. Einnata Bangkok (5) 
complex is, ther,_forc, protected from depressive was used as a relert ,ce strain. Two levels of 
action of combIted nitrogen by unknown factors. phosphorus (3.75 and 1.5 kg ' 2 0 5 /ha) applica

tion were cotmtprtted. Superpiiosphate was split 5 
tiles and applied everv 3 do vs for 2 weeks. Shad-

U"SE OF ,.OIIA K PADDY 'I EiLDS 	 ing was not dotine 

Growth performance of various azol a collectionsIn tile fieold 	 The of feet ,of phtspri's was observed otnly itn the 
i fitl per iod (Apri l-May). Atmong five azolla

est 

To identify voll, r-iinq with bhpst growth, azol- strains that grow four times, there was no differ-

Ia growth wsas test d 4 timls ,a year at IRRI in once in the rnximntm biomass nitro en (Tible 5). A. 
open and 5WO shad fields in 1979. No differnceo caroliniana Ohio (350) grew well. 

Table 4. Maxitmum fresh weight and N content of azolla strainsa/ grown in nonshaded plats for seasons, 

2and meteorological data. Inoculum size was 100 g/m . IRRI , 1979. 

Mav-Jul. . . Sel-Cct 	 lec-Feb Apr-Mav 
Species and tra in Fresh Wt N cootelnt / Fresh wt N content Fresh wt N content Fresh wt N content 

2 ) 2(kg/n (U/m) (kg/n 2 ) (g/m 2 ) (kg/m 2 ) 	 (g/m 2 ) (kg/ 2 ) (g1 ) 

A.p. Balauv (4) 1.1 b (23)- 3.7 1.5 c (25) 4.0 b 1.4 h (25) 4.1 a 0.9 c (25) 2.7 a 

A.p. Bicol (1) 1.6 ah (30) 4.6 1.6 c (20) 4.7 ah 1.4 b (25) 4.1 a 1.0 b (25) '.8 a 

A.p. Bangkok (5) 1.8 a (21) 3.4 2.4 a (42) 4.8 a 1.9 a (25) 4.7 a 1.4 a (35) 2.9 a 

A.p. Malaysia (2) 1.6 ab (30) 4.4 1.9 b (35) 4.7 ab 1.3 b (23) 3.9 a 1.0 b (25) 3.0 a 

A.p. Bogor (3) 1.2 b (14) 3.7 1.7 bc (25) 4.5 ab 1.4 b (23) 4.4 a 1.1 b (21) 3.5 a 

A.f. Hawaii (102) 0.8 c (40) 1.9 -	 0.9 c (21) 2.7 b 0.2 e (19) 0.5 c 

A.f. California (103) -	 0.6 c (23) 2.7 b 0.2 e (14) 0.4 c 

A.m. California (301) -	 0.50 d (23) 1.2 c 0.7 c (21) 2.0 b 0.5 c (21) 1.6 b 

Meteorological data (daily av for 6 wk) 

Solar radiatio ( 2tl/r) 454 395 418 	 521 

Air temp (CC) max 31.8 30.9 28.8 	 32.3 

mill 24.3 23.2 	 21.6 
 23.9
 

Sunshine duration (hours) 5.6 4.3 7.2 	 8.2 

Rainfall (mt) 	 4.6 18.1 0.2 8.6 

a/
,In a column, means followed by a common letter are not signif cartly different from each other at 5% level.
 

- Estimated from the average N percent from 3 other seasons. -The numbers in parenthesis indicate the days 
when maximum biomass was obtained. 
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Table 5. Maximum N content ef azolla strains grown in field plots, IRRI, 1980.
 

Sep-Nov un-Fb Apr-May 
 Jul-Aug

Species and strain N contenta/(g/m 2 ) N cotent N content(g/i- ) N content

P1 (g/m 2 )_High High P (g/m2)- -igh.. . Low-P- High P 

A. pinnate
 

Bangkok (5) 
 4.5 a (21) 4.5 a (30) 1.1 bc (35) 0.3 c (9) 2.9 abc (14) 
Cuttack (23) 2.3 d (16) 3.3 b (28) 1.6 ab (28) 1.5 abc (33) 3.6 a (28) 
Vietilam green (17) 3.6 abc (21) 3.7 ab (28) 1.6 at) (30) 0.3 c ( 9) 3.5 ab (14) 
Khiumaltar (13) 3.6 abc (19) - 2.6 a (30) 2.7 a (30) 2.3 c (21) 
I)AT 15 (Jo) 
 3.4 bc (21) 3.1 b (23) 1.5 abc (35) 0.6 be (14) -
Apalit (15) 
 3.1 ed (21) _ 
 - 2.0 c (21) 
TanaiI (I1) 4.4 a (21) 3.3 b (21) 1.6 ab (33) 1.7 ab (33) 2.7 be (23) 

A. cari) intana
 

Ohio (301) 3.7 abe (23) 4.0 ab (26) 1.8 ab (35) 1.7 ab (33) 2.3 c (28) 

Metoroloical data (daily av for 5 wk) 

So l ar rod iat ion
(cal 1 cm2) 
 388 
 412 
 565 
 471 

Air temp ("C) mnax 30.1 
 28.0 
 34.6 
 30.7 

min 
 23.1 
 22.1 
 23.5 
 23.8
 

dlra
SuIShi iu10 ion (hours) 5.0 5.6 8.9 
 5.9
 

!,ia
infa I 1 (moni) 5.5 0.7 
 0.2 
 12.2 

-- Valies in sarellt.he is are days to achieve maxlbium bionass nitrogen. 

Weekl: nit ro gen-fii, rate per unit area for all Decomposition of azolla and availability of azolla
St ra ins sa%' mIa>:iPmtm 
 in tie second week except in nitrogen to rice
th, hottest puriod. %. pinnate Bangkok (5) and A.
caroliniana 
 Ohio (3)1) showed the hihest nitio-- Azollagen-fixing rate, amou,nting: 

nitrogen becomes available to rIce afterfrom 1.8 to 2.3 kg
N/t- r 

Its minera I tsat ton. The mineralIzation time se(Data quence was shown previously (Watanabe et 
Week (2.h-3.3 kg N/ha per da).

are1notpresenlt'd.) al 1977).
MinerallIzatiun may differ wIth carbon-nitrogen ra

\th OwOr Ihlph ati in tie but test ne- t o or nitrogen content in azolla.
•r 1it c 1,eve] simply 41tli 

rd , grmwLh of A. pinnat Ban,.kok (5), Vietnam 

gIlee, 

rope a 1e Ur~iliza tLon from fresi azolla at 30'C(17), and DAT 1I5 (16) was poor. A. L)tnnata In a
(23) 

flooded ;oil was examined to compare speciesCttack showed ra',aetitrlv smaill fronds at the and strains. Mineralizationlower phosphate ieve , a; observed earlier 
took place rapidly du

in 
water 

ring the first ,-eek; after the third weekculture. mineral-But, strain 23 (CuttaciZ) persisted tsa tion slnwed down. Based theand recove red at the on mineralized nifour th we ek. We coanot trogen of A. plfinata Malaysiaexplain the discrepaincy between 
(2) for 40 (lays asfield and water 0O0, the mi oerollzed nitrogen was:culture i ao la A. pinnata Bile rformanco in a phosp1Le- col (1) 97, A. pininatdeficient coniltIon. lBangkok (5) 55, A. pinnata

BDIoaue (4) 50, A. pinnate Bogor (3) 44, A.- fillcu-

A. caroliniana Ohio (301) showed 

loides California (103) 42, A. filiculoides hlawaiibest growth at (102)
290 C in 

36, and A. mexicana Oto (301) 16. Nitrogenthe growth chamber and rivaled 
the growth 
 content (dry ,natter-) was 4.88, 4.97, 5.03, 4.67,
of A. pinnata in the field. 
The species is, there-
 4.89, 4.54, and
fore, recommended 4.25, 3.46%, respectively. ThisIn the tropics. means that the lower the nitrogen in the azolla 

http:sarellt.he
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body, the less mineralizable its nitrogen. Che- about one-third or one-fifth of that to the first 

mical components other than nltrogen may affect crop. It Is concluded that a residual effect of 
the availability of azolla nitrogen. azoll nitrogen shot]l_1 not he expected. 

To examine th, fate of azolIa nitrogen In flooded Both experiments showed that Soil incorporation of 

soil, azolla we:; labeled by I5N and placed in azolla is necessary to tmnke the most nitrogen in 

pots in dificrent ways. Wh.en a,:olla was placed on azolla available to rice. 

the soil surface, higl1est lo.;ses, ainoua tIng to as 
much as 60% for 6 weeks, were observed. When 

floated on the water, losses were for 6 weeks.50' Growth of azolla with rice and its effect on rice 

Wh0en azoll was Licorpora ted to soil, only 33% was yield 
lost. The availability of 15, ill a'011; to rice 
growth in the pot was 53" when azolla was lcorpo- ,olla has an ability fix N2 as much as 1.5to 

ra1ted tod only I01 when Woa f oated on the kg N/l.a dalIy or 500 kg N/Ia annually in a paddy 

water. (Wataivthe ett al 1980). This amont exceeds the 
nttrogen requirement for rice. 

In a ffield expor i en. (l ,2 1tplots), 15N
labeled a:'ol1. was ei ther incorporited, mixed onty In the rice fi,ld, azolla growth is fast at the 

early stage, but declines later beon the soi l surface, or floated on the water. 	 rice crop's 
cause of slading, by the rice plants. Widening theAzolla as i ntrodtcel, eit her 30, 53, or 78 days 

after trtLnspltinthlg of r' acnd uptAke of 19N b\' distance between rice plant rows to allow culti

rice was det e rmi ned ifttr it rves t . ,N recovery vat io of azol 1,.dring the whole growth of wet

fol lwinug rice crop was also determined. land rice was t ried experimentally in China.to the 
Results are showni ,,Table 6. Ilighest recovery was 
obtained Irum Incor mr:ltcd ;i:olla. When azo)lla was At IRR1, we grew rice in a 35-m 2 plot in a wide

applied at later sta)ge, th availability of its narrow row spatcing. Rows spaced 53 cm were alter

noted wi th rows 13.6 crai apart. The distance benitrogen decreased. 
tween hil I within I row was 6.6 cm for a density 

2
 
In the second rice cro1), litt f kilrence In of 51) hi ll;/m . Fresh azolla (A. pinnata Bangkok 
I 5 N recovery t, rice was observed among treat- (5)) was added at 13-18 kg/plot. A total of 53 kg 

b the crop iS stperphosphate/ha applied -- ho lf 

when azolla was appl ied later was not: cKnpenoated before t rauslplanting and the rest at the time of 

hy the higher recovery ho the second crop. The azolla inoculation was added to all. Forty-nine g 

of carhofuran/plot was apt lied weekly. After 15-20 

ments. Lower nitrogen recovery first 	 is205 was 

availabili t to th seon,d crop w;as 1-.,r- asd to 

Table 6. Availability of azolia !5N to rice crops. tRR1, 1978-71). 

Inoculation time 
(days after Treatment Recovery(%) of applied 15N
 

/

transplant ing )-	 1st crop 2d crop 

30 	 Flo-ted on water 13 4.8 

Placed on soil sample 	 14 4.5
 

Mixed with soil 	 26 5.1
 

53 	 Floated on water 14 3.6
 

Placed on soil surface 	 15 4.1
 

Mixed with soil 	 28 5.4
 

78 	 Floated on water 11 4.3
 

Placed on soil surface 	 8 4.0
 

Mixed with soil 	 14 4.8
 

-/Amounts of N applied were 41.3 kg/ha at 30 days after transplanting (DT), 32.2 kg/ha at 53 DT, and 41.1 kg/ha
 

at 78 DT. bIN contents in grain, straw, and root were included.
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days, when azolla covered the plot surface, the increase over a control with no azolla or 
nitrogen
plot was drained for 2-3 days to makc 
the azolla 
 fertilizer added.

adhere to the soil surface. The azolla was incorporated with the soil 
rake. 

by feet, hand weeder, or Nitrogen uptake during rice wasAfter incorporation, fresh inoculum was ap-
crop determined 

(data were not presented).plied with uprphosphate and insecticide (I g 
Except for the first 

crop in which nitrogen uptake in thecarbofuran 3K a.i./A nitrogen
fertilizer treatment was always higher than in the 

The growth of azolla is 
azolla plots, nitrogen uptake in azolla plots
shown in Table 7. In exthe ceeded that of chemical
first trial, azolla was grown 6 times. 

nitrogen treatment only 70Because days after transplanting. This suggests
azolla growth near rice heading was poor, 4 crops 
that ni

trogen from azolla was more slowly absorbedof czol la were grown from the second trial. For 
than 

niLro'en 
from chemical fertilizer.
the fourth and fifth itce crops, one crop of 
azolla was grown before transplant ltg. 

To study the effect of azolla incorporation, three 
treatments -- no nitrogen, with chemical nitrogen, FUTURE RESEARCH NEEDS

and with azolla -- were compared (Table 8). Ammonium sulfate was applied before iransplantin The suries of studies mnt onedincorporated with the above providedsoil. The response of the bascte Informatinfirst rice to azolla use in tropicalcrop to azolla incorporation ricewas appa- culture. From thai research werent feel that futureonly at late stages of growth. No yield in- research needs are:
 
crease from azollaiIncorporation was observed pro
b a b ly bec a u s e s o il f e r t i l i ty w a s h i .h. In th e se- ree
r aSc az o lla l ir tmera e h g nat pcond crop rice growth In the early stage wds bet-

In 
ratnde. Azolla likes temperature near 25°Cter azo la-treated plots thant in nu-ntrogena dhie r
 

plots because of the carry-over of nitrogen from
 
the previous 6crops of aznl a in 
this experiment.
 

* Cooperate with experts in cryptogamic bota-
In the third rice 
crop, some plots were severely 
 ny to Increase knowledge of sporulating
affected by boron toxicity, especially in chemical factors in azolla. Sporulation is stimulanitrogen plots, and 
yields were lcwer than in 
 ted by low temperature optimum for vegetaazoila-treated plots 
 (Table 8). Azolla-treated 
 tive growth.
 
plots generally showed 
less boron toxiciLy. In the
fourth trial, plot 2slze was changed to 49 m .
 e Screen azollaDistance between hills strains for ability to growIn a row was 13 cm, 
 in phosphorus-limtted conditions. Phospho

rus is a critical factor for better growthThe average for 5 trials indicated that growing of azoila.
 
several crops of azolla with rice 
In wide rows and 
incorporating azolla can give abou t I t/ha yield 

Table 7. Growth of azolla together with rice, 1978-80. 

Rice crop 
 Cropping duration
sequence Days of harvest
(transplanting to harvest) (after trans- Total N
planting) and azolla yield
(kg N/ha) produced by
azolla (kg/ha)
 

Ist 
 Dec 1978-Apr 1979 
 Days 23 40 57 74 
 92 112
 
(121 days) N content 27 15 19
20 16 
 7 104
 

2d 
 May-Aug 1979 
 Days 
 24 44 76 100 
(124 days) N content 21 20 14 13 68
 

3d 
 Nov 1979-Mar 1980 
 Days 21 43 64 80
 
(124 days) N cntent 23 20 12 16 
 70
 

4th Feb-Jun 1980 Days 
 0 37 60 83
 
(121 days) N content 26 12 14 11 
 63
 

5th 
 Jul -Nov 1980 
 Days 0 21 59 80
 
(106 days) N content 7 20 21 11 
 59
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Table 8. Comparison of grain yields of azolla-treated plots and of plots with and without chemical nitrogen. 
IRRI, 1978-80.
 

Ch.n itcal 	 Crain-_ )_ 
Trial sequence nitrogen applied Chemical Azolla 0 nitrogen 

(kg/ha) nitrogen 

1st IR26 107 	 8.3 a 6.7 a 6.3 a
 

2d IR42 60 	 4.5 b 5.7 a 3.7 b 

3d IR42 100 	 2.2 b 3.6 a 2.7 b
 

4tl b /  1R42 60 	 6.2 a 6.2 a 5.2 b 

5th/ IR42 60 	 4.7 a 5.0 a 3.3 b 

a/ Any 2 row means followed by a common letter are not significantly different from each other at the 5% level.
 
b/Field is different from the previous one. 
One crop of azolla was grown before transplanting. Plant density
 
was half that in the previous trials.
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