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

ABSTRACT

More thtan 50 strains of 5 azolla species, collect-
ed from all over the world, are maintained at
IRRI. Screening for high temperature-tolerant
strains was dore in growth chamters and ir the
field. No strain was satiefactorily tolerant of
high temperature in the dry scason. Preliminarv
studies on the conditions needed for azolla sporu-
lation were made.

Differences in azolla's growth with limited phos-
phorus nutrition were observed among strains and
species. The mineralization rate of nitrogen
fixed by the Azolla-Anabaena complex also dif-
fered among species ~ad strains. Azolla can
supply 70 kg N/ha when grown 4-6 times/rice crop.
That nitrogen promotes rice yields compurable to
that obtained by 70-100 kg chemical fertilizer.

1by 1. Watanabe, soil microbiologlst, Bal Ke-zhi, former research fellow, N. S. Berja, research

assistant, C. R. Espinas, research assistant, O. Tto,

former postdoctoral fellow, and B. P. R. Subudhi,

former postdoctoral Fellow, Intcrnational Rice Tesearch Institute, Los Bafos, Laguna, Philippines.
Submitted to the IRRI Research Paper Series Committece July 1981,
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THR AZOLLA-ANABAENA COMPLEX AND ITS USE IN RICE CULTURE

The rate of Npy-fixation in the Azolla-Anabaena

symbiosis rivals that in the Rhizobium=-legume sym-—
biosis. In open paddies at TIRRI, 22 crops of azol-
la/year fixed 450 kg N/ha (Watanabe 1978, Watanabe
et al 1980), The use of azolla in vice production
is widely practiced 1in many rice growing coun-
tries., We reported earlier results with azolla in
this research paper series in 1977 (watanabe et al
1977, Espinas et al 1975,., This paper provides
results of more recent research with the Azolla-
Anabaena symbiosis and should be useful for plan-
ning azolla use in rice paddles -7 the tropics.

PIYSIOLOGY AND NUTRITION OF AZOLIA

More than 50 stralas of Azolla piunata, A. {ilicu-
loides, A. mexicana, A. caroliniauna, and A. mlcro-
phylla had been collected from all over Che world
by June 198l. The strains are described in Table
1.

The cut fronds of azolla at shoot tips arce surface
sterilized by Chlorox (2%) and polysorbate (Tween
80) (0.1%) solution to eliminate free-living algae
and other pests. The fronds are then inoculated
into the mineral salution and grown in 25/21°C (12
hour day/12 hour wnight) wunder 12 =lux 1light
intensity at 757 velative humidity. The strains
are maintained in mineral mutrient solution in
flasks as described earlier (Watanabe et al 1977).
Azolla thus grown are maint:ined at 15°C under
about 1 klux fluorescent light for 3 weecks, and
thereafter transtormed tn new media and grown
again under 25/21°C. Some azoila strains are grown
in the greenhouse for further meltiplication.

The strains at IRRT were compared with respect to

temperature requirements, phosphorus requirement,
sporulation ability, and growth {n the rice fileld.

Temperature requirement

The use of azolla in the tropics is sometimes res-
tricted by its low tolerance for high temperature.
Temperature tolerance tests were completed for 27
strains =~ A. pinnata from | to 23 except 7, A,

filiculoides 101 to 103, A. mexicana 201, and A,

caroliniana 301.

Tne ferns were grown at 3 different temperature
levels (26/18°C day/aight for average 22°C
33/25°C for average 29°C, and 37/29°C for ave-
rage 33°C) at 30 klux for 12 hours on their sur-
face by fluorescent and incandescent lamps. The
minimum celative humidity was 75%. Growth was in a
20-cm diameter dish containing 1 liter nitrogen-—
free mineral tutrient solution, which was changed

every 2 days and the ferns were growr until satu-
ration or initial sign of scnescen. . and fresh
weight was measured every week. Totar nitrogen in
the fern was measured at flnal harvest. The
cultare solutions were combined for every 8 days
and their ammonium content determined. The results
are summarized as follows:

e For most an lla, except for A, filiculoi-
des, the rclative growth rate was highest
at the first week and this maaimum growth
rate was higher at 33°C than at 22°C. The
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
grew, the growth slowed most severely at
higher temperature.

e The maximum biomass (Fig. 1) was higher at
22°C than at 33°C in all strains. At 22°C,
the period attaining the maximum biomass
was 30-50 days, and highest value was 14 g
N/m? or 320 g dry metter/m2 by A. caro-
liniana 3Cl. At 29°C, the maxlmum \ biomass
was attained in 20- 35 days and the highest
value was 6.3 g %/m? and 150 g dry matter

/m% by A. caroliniana 301, At 33°C most
azolla ylelded less than 4 g N/mZ; only 5
strains of A. pinnata yielded more. Most
azolla had a maximum biomass after 13-23
days but some stralns grew up to 30 days
resulting 1n higher maximum biomass. The
hlghOHt maximum bliomass at 33°C was 5.5 g
N/m? or 140 g dry matter/m2 by A. pin-
hata 9.

e Azolla strains were divided into four major
groups by growth performance at three tem—
peratures. Group 1 consisted of major
strains of A. pinnata and A. mexicana with
average performance. Group 2 consisted of
two A. filiculoides strains and one A. pin-
nata er<[n, characterized by poor growth
at 33°C. Group 3 consisted of A. pinnata 2,
9, 14, 16, and 22, characterized by bLtter
growth at 3 temperdture levels. Group 4
consisted of A. caroliniana, A. filiculoi-
des 10!, and A, Dfnnata 21, characte.ized
by higher biomass at 22°C.

¢ Ammcnia formation in the culture medium oc-
curred mostly in crowded conditions. At
33°C, some straius of A. pinnata (2, 4, and
8) and A. mexicana released or formed
ammonia at 0.3-0.8 ppm N during their ini-
tial exponential growth stage. This indi-
cates that the major way to provide nitro-
gen to accompanying rice is through azolla
decomposition, not through the excretion of
ammonia.
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Table 1.

Strains of azolla in the collection at IKRI, May 1981.

Species

/

. a
Strain—

. b/
ﬁ; pinnata—

5: Bangkok, Thailand,

8: DAT 17, 9:

Bangladesh, 12:

l: Bicol, Philippines

s

Cheng Mai, Thailand, 10: Sri Nagor, sangladesh, 11:

Bharatpur, Nepai, 173;

2

Malaysia, 3: Bogor, Indonesia, 4: Banaue, Philippines,
6: DAT (Department of Africulture, Thailand) 15, 7: DAT ls6,
Tangail,

Khumaltar, Nepal, l4: Bicol 2, Philippines,

I5: Apalit, Philippines, 16: Floridablanca 1, Philippines, 17: Vietnam green 1,
18: Vietnam green LT, 19: Vietnam purple, 20: Vietnam wild, 21: Putian Zhu, China,
22: Tancheng, China, 23: Cuttack, India, 24: Floridablanca 171, Philippines,

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

z9: Changsha, Ch ina,
China, 33:
36:
39:
101 :

A. filiculoides

Hamburg 1-2, Germany,

A. mexicana 201: California, USA,
A. caroliniana 301: Ohio, USA, 302:

\.osp. (Unidentified)g/

Nanchun, China, 34:
Cagayan, Philippines, 37:
MIA, Australia, 40-42:

East Germany, 10Z: Hawaii, USA, 103: California, USA, 104;

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

Majayjay, Philippines, 35: IITA, Nigeria,
Tieng Giang 2, Vietnam, 38:

Tieng Giang 3, Vietnam,

Garut 1-3, Indonesia

Japan, 105-6:
107: Walka Lake, N.V., USA, 108: Cranmore, USA

202-4: Guyana 1-3

Madison, USA

401-20: 20 strains from Paraguay

a . - . .
—/Straln number and designation by courtry (if nct

morphologically different from other A. pinnata strains (A. africana).

identified as A. microphylla,

Phosphorus requlrement

The addition of phosphorus fertilizer is the most
important cultural practice for successful growth
of azolla in the paddy (Watanabe et al 1980), The
minimum requirement of phosphorus in the culture
solution and the azolla tissue to maintain normal
growth was determined by batch cultre and contin-
uous flow culture. In batch culture, azolla growth
was enhanced by chunglng the phosphorus concentra-
tion from 0 to 5 ppm. Above 5 ppm, biomass produc-
tion was not enhanced despite increased phosphorus
content in the fern. It appeared that the Ffern
growth was not {ncreased by phosphorus application
when fern phosphcrus content exceeded 0,37 (dry
matter basls).

A device was developed to grow azolla in a tray
with continuous flow of nutrient solution at the
flow rate of 500 or 1,000 ml/hour. When paospho-
rus concentration was decreased from 1 to 0.12
ppm, and to 0.06 ppm, the fern did not show any

described in the designation). 2/ 425, 26, and 35 are

£/Some collections were centatively

phosphorus deficlency symptom. At 0,06 ppm, the
fern contained 4.5% N and 0.1% P (dry matter ba-
sis). At 0.03 ppm P, the fern's blomass was lower
than that at 0.06 ppm P, fern leaves turned brown-
Ish red and smaller, and roots elongated and be-
came fraglle. These aie symptoms of phLosphorus de-
ficiency. The fern contained 3.3% N and 0.067% P.
At 0 ppm P, the symptom of phosphorus deficiency
was more severe. The experiment established the
minimum level of phosphorus required by azolla at
0.06 ppm or 2 uM (Subudhi and Watanabe 1979,

1981).

To compare the differences in azolla growth where
phosphorus 1is limited, species and strains of
azolla were grown at 0.03 ppm P in flowing culture
with A. pinnata 5 from Bangkok as the reference
plant. The tests were in a greenhouse. The results
ave shown in Table 2.

Great difference among azolla strains in the abi-
lity to grow with limited phosphorus was found.



Speclies other than A. pinnata had poorest growth
in phosphorus=limited culture. A, pinnata from
Cuttack (23) was  characterized by [ragmented
fronds when phosphorus deficient. A. pinnata Viet-
nam green (17) did not turn red, but its wrowth
was retavded with lTimited pliosphiorus. Strain 17 is
a mutant lacking in the ability ol synthesizing
anthocyanins.,

From calculation of phosphorus uptake to the fern,
it appeared that growth in phosphorus—limited can~
dition was associated with ahilicy to ahsorh phos—
phoras from the culture,

Nutrient content of azolla

To evaluate the nutrient status in aznlla, the
content of nutrients in the fern at sufflclent and
deficient conditions wias determined.

Collection Maximum Ng/m2
o 5 10 15
9 ® 'X o) !
22 X @O
2 ® X @]
16 X® O
| X ® O
3 X @ o O 22°C
4q X ® @) ® 29°C
5% ° © X 33°C
6 X ® O
8 X L Q
10 X > O
Il Xe O
12 X ® o
13| X ® O
14 ® X o
g X ® O
18 X Ce
9 X ® O
20 X o O
23 X O o
15 X o (@]
21 X o o
101 X @ o
102 |X @ o]
103X ® o
201 X ® O
301 X o @]

Fig. 1. Maximum biomass expressed as amount of
nitrogen.
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A. pinnata Bicol (1) was grown by batch culture in
nutrient solutions lacking pnosphorus, potassium,
calcium, magnesfum, and iron, respectively. After
12 days of pgrowth, the dry weights of the fern
cipressed as percentages of those grown in com—
plece nutrient solucions were 707 in K-deficient,
387 in Fe=deficicnt, 37% in P-deficient, 15% in
Ca-deficient, and 67 in Mg-deficient solutions.
Mineral contents of the fern grown in complete
nutrient solution at 12 days growth were as fol-
lows: 4,97 N; 1,17 Py 3.2% K; 0.2% Ca; 0.7% Mg
and 0,097 Fe.o 1a the ferns deficlznt in cach nu~
tricnt, the nutrient contents were 0.08% P, 0.4%
Ky 0.18% Ca, and 0.015Y Fe. *agneslum content in
the magnesium-deficient fern was not determined
because only a small amount of the fern was ob-
tained.

Factors affecting sporulation

Azolla forws sporocarps and reproduces sexually,
Little is known ahout the conditions neeied to in-
duce or develop the sporocarps. Sporocarps are
more tolerant of adverse env.ronments than vege-—
tatively growing azolla sporophytes. Knowledge on
scxual reproduction would open the way for germ—
plasm collection as sporocarps and to sexual com-—
bination for azolla breeding. In preliminary ex-
periments the sporulation of A. pinnata Tancheng
(22), A. filiculoides (103) and A. mexlcana (201)
- slr:lns from temperate areas-:— was repeatedly
observed. Stralns from troplcal areas seldom pro-
duced sporocarps, which suggested that the capabi-
lity of sporulation is determined hereditarily and
reflects the environment where azolla survives na-
turally.

Ad mexicana (201) was nsed to study enviroimental
requirements for sporulation. Low temperature sti-
mulated sporulation (Table 3). Day/night tempera-
tures of 26/18°C gave the highest number of spo—
rocarps. The 26/18°C temperature was also optimum
for vcgerative growth. As sporulation was stimula-
ted, the ratio of microspurocarps (male) to mega-—
sporocarps (female) increascd.

In the greenhouse where day/night temperatures
werce always higher than 25/20°C photoperiod com-
binations of 12 hours - 12 honrs, 15 hours - 9
hours, and 8 hours =16 hours did not induce spo-
rocarp., but where temperature was controlisd at
25/20°C for 12 hours cach, sporozarps were ob-
served,

‘Tt 1s unlikely that photoperiod is the main factor
for the sporulation Phosphorus deficienecy stimu-
lated sporulation, whereas {ron deficiency and ad-
dition of ammonium sulfate (5 ppm N) depressed
sporulation,

The addition of either soil wate: where A. mexicana
has long been grown, or water that contained decom-
posing A. mexicana stimulated sporulation, suggest-
ing the prescnce of antheridium-forming factors.
The addition of the supernatant of azolla water
extract at 0.27% in culture solution stimulated
sporulation. %The active fraction was dialyzable.
The active substance remains to be idantified.



6  IRPS No. 69, November 1981

Table 2.

Fresh weight, doub?

thue, frond size, phosphorus and nitrogen content

» and acetylene reduction

activities of azolla grown avL .J3 ppm P in continuous flow culture (after 11 days growth). 1IRRT, 1979,
Acetylene
Fresh Doubling Frond p N reduction
Species is;gi: Designation (2335;5/ (SjSE) (:ﬁf; _?;Tzh—dry matter ?E;;YiéZHa/g
fresn ~
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 Malavsia 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 Vietram wild 340 3.88 0.35 - - -
10 Sri Nagor ji0 4.09 0.28 - - -
3 Bogor 270 4.38 0.23 - - -
A. mexicana 201 California 250 4,56 0.37 - - -
A. filiculoides 10l Hawaii 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

a . 2
~ﬂ/1noculum was 47.1 g fresh weight/m-.

Eﬁfect of conbined fization and

nitrogen on Na
nitrogen nutrition -

In ficlds where a high amount of nitrogen fertili-
zer 1y required, azella may be used with chemical
nitrogen fertilizer, Fertllizer nitrogen depresses
the nitrogen-fixing abllity of all blolopical
nitrogen=fixing systews. We examined the ef fect of
fertilizer nltrogen on Azolla-Anabacna symbilosfis.

Azolla was treated by varying concentrations of
ammonfum or nitrate. Acetylene reduction activity
(afrer a 24-hour exposure of azolla to combined
nitrogen) was depressed only slightly even at 10
mM concentration of nitrogen. Four days exposure
to 1 mM combined nitrogen depressed acetylene re-
duction of the symblotic system to about a half.

The simultaneous assimi{lation of dinitrogen and
comblned nitrogen was cxamined by an alternate
labeling procedure. Either dinftrogen ar combined
nitrogen (ammonium or nltrate) was labeled by

Nooin the presence  of  unlabeled nitrogen of
another form. After 4 days growth at 1 mM HNlg-N,
477 ot total azolla nitrogen was originated from
both NH4=N and dinitrogen. Nitrogen from dini-
trogen explalned 46% of this newly assimilated ni-
trogen. At 10 mM NH4-N, 61% of azolla nitrogen

wis newly assimflated, and 30% of the assimllated
nltrogen came from dinltrogen.

Table 3. Effect of temperature on the sporulation
of A. mexicana (70% relative humidity, natural
light, 2 weeks). 1RRI, 1980,

Temperature (°C)
day/night (12

b/

Mic :Meg?! Mic/g f. w.2

hour/12 hour) (%) (no.)
36/27 6.5 9.7
29/21 31 65.0
26/18 50 82

i/Percentage of numb7r of microsporocarps to
megasporocarps. DP/Number of microsporocarps per
gram fresh weight of azolla. The values are the
mean of three flasks.



These data show that dinitrogen Tixation and ammo-
nium assimilation from the azolla root take place
simultaneously even at 10 mM concentration of com—
bined nitrogen. Nitrate was less depressive to di-
nitrogen fixation than ammonium. Nitrate was pre-
ferablv accumulated on the root, while ammonium
was preferably transported to young fronds simi-
Lartyv as dinirrogen was transperted. This differ-
ence the azolla transport pattern for ammonium
and nitrate cxpiainsg the less depressive effect of
nitrate on nitrecen fixation,

in

Symhiotic nitrogen fixation by the Azolla-Anabaena
complex is, therefore, from depressive
action of combined nitrogen by unknown factors.

protected

USE OF AZOLLA TN PADDY FIELDS

Growth performance of varlous azolla collections
In the field

To identify azolla <:rains with best prowth, azol-
Ta yrowth was testred 4 vimes a vear at IRRT in
open and 50% shaded fields in 1979, No difference

Table 4.
and metcorological data.

IRRT,
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In maximum biomass nitrogen was observed among
four strains of A. pinnata (Table 4). The perfod
to achicve maximum biomass was shortest for A.
pinnata Bogor (3). From April to May, when solar
radiation and  temperature were highest, azolla
growth was poorest. Growth of azolla other than A.
pinnata was poor. Shading depressed azol'a growtﬂ?
except in the hottest period but even their growth
in shade inferior the
periods.

Wil 5 to prowth In other

In T98], other azolla straine were examined during
slightly different periods, A, pinnata Bangkok (5)
we o strain,  Two levels of
7.5 ke Pgﬂs/hu) applica-
superphosphate was split 5
Shad-

was used as a retferc
phosphorus (3.79 and
tion were compared.

times and applicd everv 3 davs for 2 weeks.

ing was not done,

The effect of phosphuras was observed only in the
hottest  period  (April=Hay). Among five azolla
strains that grew four times, there was no differ=-

ence in the maxinum bhiomass nitrogen (Tahle 5). A.
caraliniana 0hio (301) grew well.

Maximum fresh weight and N content of azolla strainsd/ grown in nonshaded plots for . seasons,
. 2
[noculum size was 100 g/m=,

1979,

Mav=Jun ____SepOct ) __Dec-Feb Apr-May
Species and ctrain Fresh wto N contenth/  Fresh wt N content Fresh wt N content Fresh wt N content
(kg /m?) (1/m") (kg /m?) (3/m?) (kp/m?) (g/m2) (kg/m?) (g/m?)
A.p. Banaue (4) 1.3 b (EB)R/ 3.7 1.5 ¢ (25) 4.0 b 1.4 b (25) 4.1 a 0.9 ¢ (29) 2.7 a
A.p. Bicol (1) 1.6 abh  (30) 4.6 1.6 ¢ (20) 4,7 ab 1.4 b (25) 4.1 a [.0 be (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. Malavsia (2) 1.6 ab (30) 4.4 L.9b (35) 4.7 ab 1.3 b (23) 3.9 a 1.0 be  (25) 3.0 a
A.p. Bogor (3) 1.2 b (14) 3.7 1.7 be (25) 4.5ab 1.4 b (23) 4.4 a 1.1 b (21) 3.5 a
A.f. Havail (102) 0.8 ¢ (40) 1.9 - 0.9 ¢ (21) 2.7 b 0.2 ¢ (19 0.5 ¢
A.f. California (103) - - 0.6 ¢ (23) 2.7 b N.2 e (14) 0.4 ¢
A.m. California (301) - 0.50 d (23) 1.2 ¢ 0.7 ¢ (21) 2.0 b 0.5 ¢ (21) 1.6 b
Meteorological data (daily av for 6 wk)
Solar radiation (cnl/&g) 404 395 418 521
Alr temp (°C) max 31.8 30.9 28.8 32.3
min 24.3 23.2 21.6 23.9
Sunshine duration (hours) 5.6 4.3 7.2 8.2
Rainfall (mm) 4.6 18.1 0.2 8.6

a/ L. .
w,In a column, means followed by a common letter are not 51gn1f}cant1y different from each other at 5% level.
T

— Estimated from the average N percent from 3 other seasons.

when maximum biomass was obtained.

L£/me numbers in parenthesis indicate the days
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Table 5. Maximum N content of azolla strains grown in field plots, IRRI, 1980.

Sep-Nov sun-Feb Apr-May Jul-Aug
Specics and strain N ??7t$ntﬂj N io?ﬁent N contgnt N csntgnt
g/m?) (/o) SR €.7,.. 1 N (g/m?)
High P High P High P Low P High P
A. pinnata
Bangkok (5) 4.5 a (21) 4.5 a (30) L.l be (35) 0.3 ¢ (9) 2.9 abc (14)
Cuttack (23) 2.3 d (16) 3.3 b (28) L.6 ab  (28) 1.5 abe (33) 3.6 a (28)
Vietnam green (17) 3.6 abe (21) 3.7 ab (28) 1.6 ab (30) 0.3 ¢ {9) 3.5 ab  (14)
Khumaltar (13) 3.6 abe (19) - 2.6 a (30) 2.7 a (30) 2.3 ¢ (2
DAT 15 (16) 3.4 be (21) 3.1 b (23) 1.5 abe (35) 0.6 be (14) -
Apalit (15) 3.1 wd 2D - - - 2.0 ¢ (21)
Tangail (11) 4.4 a (¢4} 3.3 b (21 1.6 ab (33) 1.7 ab (33) 2.7 be (23)
A. caroliniana
Ohio (301) 3.7 abe (23) 4.0 ab  (26) 1.8 ab (35) 1.7 ab (33) 23 e (28)
g;;;;;;;;;;;n] data (daily av for 5 wk)
Solar radiat Lon
(cal/em?) 388 412 565 YA
Alr temp (7C) max 30.1 28.0 34.6 30.7
win 23.1 22.1 23.5 23.8
Sunshine duration  (hours) 5.0 5.6 8.9 5.9
Rainfall (mm) 5.5 0.7 0.2 12,2

afl : , ) , : :
=~ Values in parenthesis are days to achieve maximum biomass nitrogen,

Weeklv nitrogen-fixing rate per unit area for ajl
strains was maximum in the scecond week except in
the hottest period., A I@nnatq Bangkok (5) and A.
caroliniana Ohio (301) showed the highest nitro-
gen—fixing rate, amounting from 1.8 to 2.3 kg

Nfr? per week (2.6-3.3 kg N/ha per dav).  (Data
are not presented.,)

At the lower phosphate Tevel in (he hottest he=
riod, growth of A. pinnata Bangkok (3), Vietnam
green (17), and DAT 15 (16) was poor, A. plnnata
Cuttack (23) showed trapaented small fronds at the
lower phosphate level, as obscrved earlier {in
water culture. But, strain 23 (Cuttack) persisted
and  recovered at the fourth week. We  eaqnot
explain the discrepancy betweea fleld and water
culture  azolla  performance  In o phosphate-
deficient conditian,

A. caroliniana Ohto (301) showed best gtowth at
29°C 1in the growth chamber and rivaled the growth
of A, pinnata {n the field. The specles 1s, there-
fore, recommended i{n the tropics.

Decomposition of azolla and availability of azolla
nitrogen to rice

Azolla nitrogen becomnes avallable to rice after
Lts mlnerallzation. The mlnerallzation time se-
quence was shown previously (Watanabe et al 1977).
dinerallzation may differ with carbon-nitrogen ra-
tio or simply with nltrogen content in azolla.

fltrogen mincralizatlon from fresh azolla at 30°C
in a flooded soi! wus examined to compare specles
and strains. Mineralizatlon taook place rapidly du-
ring rthe first weck; after the third week mineral-
ization slowed down. Based on the mi neralized ni-
trogen of A. phinata Malavsia (2) for 40 days as
100, the mineralized nitrogen was: A. pinnata Bi-
col {1} 97, A. pinnata Bangkok (5) 55, A. pinnata
Banaue (4) 50, A. pinnata Bogor (3) 44, A. fillcu-
loides Caltfornfa (103) 42, A. filiculoides lawail
(102) 36, and A. mexicana Ohio (301) 16. Nitrogen
content (dry matter) was 4.88, 4.97, 5.0, 4.67,
4.89, 4.54, 4.25, and 3.46%, respectively. This
means that the lower the nitrogen in the azolla



http:sarellt.he

nitrogen. Che-
affect

body, the less mineralizable its
mical components other than nitrogen may
the availability of azolla nitrogen.

fate of azolla nitrogen In flooded
labeled by 19N and placed In
When azolla was placed on
amounting to as

To examine the
soll, azolla

pots in difierent ways.
the sofl surface, highest losses,
much as 607 for O were observed. When
floated on the water, losses were 507 for 6 wecks.
When azolla was incorpordted to soil, only 33% was
lost., The avatlability of 5N tn azolla to
growth in the pot was 537 whea azolla was incorpn-

was

weeks,

rice

rated and only 107 when azolla wis floated on the
water,
In a field experiment (l—n.:) plots), 155-

labeled azolla was either incorporated, mixed only

on the soil surface, or tloated on the witer.
Azolla was introduced either 30, 573, or 78 days
after transplanting of rice and uptake of Rl by
rice was determined after harvest. 19N recovery
to the following rice crop was also determined.
Results are shown i+ Table 6, Highest recovery was

obtained from incorporated azolla. Whea azolla was
applied at later the availability of its
nitrogen decreased.

stage,

In rhe second rice crop, little dirference {n
15N recove ry to rice was observed amonp treat-
ments. Lower nltrogen recovery by the first crop

when azolla was apnlied later was not compensated
by the higher bv  the crop. The
availability to crop decreased to

recovery second

the second Wils

1
Table 6. Availability of azolla ‘SN to rice crops.
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the first
cffect of

about one-third or one-fifth of that to
crop. It *'s concluded that a residual
azolla nitrogen shorld not be expected.

Both experiments showed that soll Incorporation of
azolla 1is necessary to mike the most nltrogen in
azolla available to rice.

Growth of azolla with rice and its effect on rice
Zield

Azolla has an ability to fix No as much as 1.5
Ky N/La daily or 500 kg N/ha annually in a paddy
(Watanabe ot al 1980)., This amannt exceeds the
nitrogen requirement for rice.

In the rice field, azolla growth is fast at che
rice crop's vcarly stage, but declines later be-
cause of shading by the rice plants. Widening the
distance between rice plant rows to allow culti-
vation of azolle during the whole growth of wet—
land rice waus tried experimentally in China.

At TRRI, we grew rice in a 35-m? plot in a wide-
parrow row spacing., Rows spaced 53 cm were alter-
nated with rows 13.6 cm apart. The distance be-
tween hills within | row was 6.6 cm for a density
of 50 }1i‘.1>;/m2. Iresh azolla (A. pinnata Bangkok
(5)) was added at 13-18 kg/plot-.—A total of 53 kg

Po05 as  superphosphate/ha was applied -- half
before transplanting and the rest at the time of
azaolla inoculation was added to all. Forty-nine g

of carbofuran/plot was aprlied weekly. After 15-20

IRR1, 1978-79,
Inoculation time
(days after a Treatment Recovery(%) of applied 15N
transplanting)— Ist crop 2d cropll/
30 Flcated 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

a/

= Amounts of N applied were 41.3 kg/ha at 30 days after transplanting (DT},
—'N contents in grain, straw, and root were included.

at 78 DT.

32.2 kg/ha at 53 DT, and 41.1 kg/ha
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days, when azolla covered the plot surface, the
plot was drained for 2-3 davs to makc the azolla
adhere to the soil surface. The azolla was incor-
porated with the soil by feet, hand weeder, or
rake. After incorporation, fresh inoculum was ap-
plied with superphosphate and insecticide (1 g
carbofuran 3% a.i./m-).

increase over a control with no azolla or nitrogen
fertilizer added.

Nitrogen uptake during rice crop was determined
(data were not presented). Except for the first
crop in which nftrogen uptake In the nitrogen-

fertilizer treatment was always higher than in the
azolla plots, nitrogen uptake in azolla plots ex~-
ceeded that of chemical nitrogen treatment only 70
days after transplanting. This suggests that ni-
trogen from azolla was more slowly absorbed than
nitroven from chemlcal fertilizer.

The growth of azolla is shown in Table 7. In the
first trial, azolla was grown 6 times, Because
azolla growth near rice heading was poor, 4 crops
of czolla were prown from the seeend trial. For
the fourth and fifth 1ice crops, one crop of
azolla was grown before transplanting.

To study the effect of azolla Incorporation, three
treatments == no nitrogen, with chemical nitrogen,
and with azolla -~ were compared (Table 8). Amuo-
nlum sulfate was applied before transplanting and
Incorporated with the soll. The response of the
first rice crop to azolla Incorporation was appa-
rent only at late stages of growth. o vield in-
crease from azolla fncorporation was observed pro-
bably because soll fertility was high. In the se-
cond crop rice growth in the eiarly stage was bet=
ter in azolla-treated plots thau in wo-nitropgen
plots because of the carry-over of nitrogen from
the previous 6 crops of azolla in this experiment,

FUTURE RESEARCH NEEDS

The serles of studies mentioned above provided
baslc Informatlon to azolla use In tropical rice
culture. From that research we feel that future
research needs are:

® Screen azolla for tolerance for high tempe-
ratire. Azolla likes temperature near 25°C
and  fte grevih deteriorates at 36°C or
higher.

¢ Cooperate with experts in cryptogamic bota-
ny to lIncrease knowledge of sporulating
factors {n azolla. Sporulation {s stimula-
ted by low temperature optimum for vegeta-
tive growth.

In the third rice crop, some plots were severely
affected by boron toxicity, especially in chemical
nitrogen plots, and yields were lcwer than {n
azolla-treated plots (Table 8). Azolla-treated
plots generally showed less boron toxicity. Tn the
fourth trial, plot size was changed to 49 m2,
Distance between hills In a row was 13 cm.

e Screen azolla strailns for ability to grow
1n phosphorus=limited conditions. Phospho-
rus {s a critical factor for better growth

. A . of azolla
The average for 5 trials indicated that growing o

several crops of azolla with rice 1n wide rows and
incorporating azolla can glve about | t/ha yield

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

Days of harvest (after trans- Total N

Cropping duration planting) and azolla yield produced by

Rice crop

sequence (transplanting to harvest) (kg N/ha) azolla (kg/ha)

Ist Dec 1978-Apr 1979 Days 23 40 57 74 92 112

(121 days) N content 27 15 20 19 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 content 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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I::le ?' Comparison of grain yields of azolla-treated plots and of plots with and without chemical nitrogen.
I, 1978-80.

Chemical Grain yield (t/ha)i/

Trial sequence nitrogen applied Chemical Azolla 0 nitrogen
(kg/ha) nitrogen
lst 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 2.2b 3.6 a 2.7 b
b/
4th= 1IR42 60 6.2 a 6.2 a , 5.2 b
5epb/ 1R42 60 4.7 a 5.0 a 3.3 b

E/Any 2 row means followed by a common letter are not significantly different from each other at the 5% level.

E/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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