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ABSTRACT

USE OF Azolla AS A NITROGEN SOURCE FOR LOWLAND RICE.
& four-year experiment has been carried ocut to study the
possibility of using Arolla as a nitrogen zource for low-
land rice. The work done in +the first year of the experi-
ment which was conducted in the wet sesson (W5} and the
dry season (DS} of 1984/1985, was to evaluaste whether A-o—
Ila could really increase rice vield., In the second vyear
of the experiment done in the WS and DS of 1985,/1988, M-
derived from Azolla (N-dfA}) and N-derived from uresa {N-
dfll) in rice plant were determined. The third vear work
done in the WS and DS of 1986/1987 was conducted to see tao
what extend Azella could be applied in the field in terns
of kg N/ha as a N-zource for rice. While the last year of
the experiment was devoted to study the N-balance of
Araella  and urea, which was done in the DS of 1988,/1989.
Results of the experiments show that Azollza has the zame
ability as urea to increase rice production. There was no
difference in total N-uptake by rice treated either with
Azella, or ures, or Arella interacted with urea. By in-
creasing . the Azaella level its N recovery will decresse.
The sgame phenomenon was also found for urea. Another in-
teresting fact iz that an Arolla cover in the rice field
could promote N-uptake from urea.

ABSTRAK

, PENGGUNAAN Aralla SEBAGAI SUMBER N BAGT PADI SAWAH.
Telah dilskukan penelitian selama empat tahun berturut-
turut mengenai kemungkinan penggunaan Araellz gebagai sum-
ber N bagi padi sawsah. Pekerjaan pada tshun pertamsa vang
dilakukan pada musim tanam penghujan (MTP) dan musim tanem
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kemarau (MTK) 1984,1985 ialah untuk menilai apakah 4dzoila
benar-benar mampu menaikkan produksi padi. Percobasn tahun
kedua wyang dilakukan pada MTP dan MTK 1985/1988 ialah
intuk  menentukan berapa begar N-berasal dari Azella (N~
bdd} sekaligus dibandingksan dengan N-herssal dari urea {(N-
bdl}, rang ditemukan pada tanaman padi. Tahun ketiga dsari
penelitian ini, yang percobasnnya dilakukan pada MTP  dan
MTK  1988/1987 ialah untuk mengamati sampail seberapa  jauh
takaran N-bdA dapat diterapkan di lapangan, vang hasilnya

dibandingksn dengan N-bdU. Tahun terakhir penelitian ini
dititikberatkan pada penvyuszunan neraca MN-bdA dan N-bdl.
Heasil penelitian empat tshun ini menun jukkan bahwa Arolla
mempunysi Kemampuan yang setars dengan urea untuk mening-—
katkan pr i

cduksi padi. Selain itu tidak ads perhedaan anta-

n  M-total bdA dan serapan N-total bdlU, atau
n Azailas yvang diinteraksiksn dengan ures. Msningkat-
nya takaran N-bdA akan menurunkan kandungan MN-bdA vang
ditemukan kembali pada tanaman padi. Hal yang serupa dqi-
temukan Jjuga pada ures. Adanya hamparan 4dzollz di  sawah
akan meningkatkan penyerapan N-bdl oleh tanaman padi.
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The ability of Azrolla to fix No from the

been established by many researchers. This trait of Azall

(]

in building up its nitrogen coﬁtent could be used as an N
source  for many purposes, such as for lowland rice +to
inerease rice production. This possibility has been studi-
ed in different countries (1-3}. Such studies sre very
important because the results have shown that 4zella has
the possibility to replace a part of chemicsal Tertilizers
usually used for lowland rice. In some extreme cases such
as for remote areas, it could be used a5 a sole N fertili-
Zer source.

In  Indonesia the common rate of N used for lowland

ice range from 80 to 90 kg N/ha., In several agricultural




areas, the rate used is up to 150 kg N/ha or more. A re-
port by SUMANTRI (4) in one of the most prominent news-—
paper in Indonesis "Kompas" said that in four provinces in

Java, the rate of fertilizer used ig 278,22 - 340.85 kg

",

Urea/ha. With such fertilizer rate, the rice yield range
only from 4.42 to 4,97 t/ha: The lack of response *o che-
mical fertilizer shown by these data could be attributed
tc the satiated condition of the scil, caused by using
high rates of chemical fertilizers for long periods. Qver—
using chemical fertilizers was alsoc brought forward by the
President of Indonesia Mr. Soeharto in his speech at the
opening of an N-fertilizer plant. He warned the farmers +o
use fertilizers dautiously and not +o overuse it (5},

In connection with thg above statements, especially
for Indonesia, may be Arella can be used +o improve =zoil
conditions by reducing chemical N fertilizers rate and
replace it by 4rella. Another advantade of using dzollz gs
an N source iz that it could be used in -remote areas,
where no chenmical fertilizers are available due to lack of
transportation.

This paper reports the work done under FAQ/IAEA
Coordinated Research Programme on Izsotopic Studies of
Nitrogen Fixation and Nitrogen Cyeling in 4zella and Blue-

Green Algae, RC No. 392718D for four years to study the




possibility of using Arolla gg an N source for lowland

MATERIALS AND METHODS

Influsence af N Saurce an Rice Praoduction (17834/i985)
Field experiments were conducted in Bogor, West Java. The
date of seeding, transplanting, and harvesting are pre-

sented in Table 1.

Table 1. The dates of seeding, transplanting, and harvesting of
the four year experiment

—
Date of
YEAR
Seeding Transplanting Harvesting

1984/1985
wel season {WS) Nov. 6, 1984 Nov. 27, 1984 March 10, 1985
dry season (DS) May 20, 1985 June 11, 1985 Sept. 23, 1985
1986/1987
wet season (WS) Dec. 9, 1985 Jan 2, 19886 April 15, 1986
dry season (DS) June 9, 1985 June 30, 1986 Oct. 1, 1986
1987/1988
dry season (DS) May 22, 1987 June 15, 1987 Sept. 7, 1987
wet geason (WS) Nov,15, 1987 Dec. 7, 1987 March 14, 1987
1988/1989
dry season (DS) May 25, 1988 June 14, 1988 Sept. 13, 1988
Note : After each experiment & residual experiment was carried out




Plots size, plant distance, and variety used are dezcribed

All the treatments performed in the field experiments

shown in Table 3. In these experiments, Azella

at a rate of 38 and 72 kg N/ha, at different times,

are

was applied

i.e.
before and after transplanting. Only labelled ures was
used in these experiments while the Arolla used was un-
labelled
Table 2. Experiment site plot size, glant distance, and rice

variety used in the four vear Tield experiment
1984/1985
- experimental site : Bogor, 250 m above sea level
= glo; size :
" yield plot :dmx 1.60
* 1sotope plot : 1,60mx 1.20 m
- plant distance t 20 cm x 20 cm
- rice variety : Atomita 1
1985/1986
- experimental site ! Bogor, 250 m above sea level
= ?lot slze !
- oyleld plot thmx 4m
¥ lgotope plot tlmx 1m
= plant distance ¢ 20 cm x 20 cm
=~ rice variety ¢ IR-36
1987/1988
- experimental size ! Pusaka Negara, 5 m above sea level
= glot size :
yield plot tdmx 3m
* 1sotope plot tlmx1m
- plant distance : 20 em x 20 cm
- rice variety : IR-64
1988/1989
- experimental size ¢ Bogor, 250 m above sea level
= Elot size :
yield plot tbmxdnm
* isotope plot : 0,8 mx 0.6m
- plant distance : 20 cm x 20 cm
- rice variety : IR-64
Note : both experimental sites, Bogor and Pusaka Negara are located in
West Java




The main parameter obzerved was rice production expressed

in dry weight of grain and straw.

Inferactien atf M Source (I988-1737), Thezse field
experiments were done in Bogor. Date of seeding, planting,
and harvesting are presented in Table 1. In Table 2 data
for plot size, plant diétance, and rice variety used are

given. Here Arzella was applied at 80 kg N/ha in  two

splits, but this rate could not be achieved in the field.
The rates applied were usually less than 80 kg N/ha.
Labelled Azolla and urea were used in these field expari-
ments. The labelling of Azella was done in the field. Tt
was done by growing Arella in plots with a 3 m X 3 m =ize
and, into these plots labelled urea was added. The labell-
ed Azella was washed, mixed and drain before incorporati-
on. The treatments conducted in these experiments are
presented in Table 4. The parameter used was the nitrogen
¥ield.

Effect of N Sources Rate on N-Recovery (1987719838},
Field experiments were done at Pusaka Negara, West .Java.
Date for seeding ete, and plot size etec are referred in
Tables 1 and 2, while the treatments are described in
Table 5. Here Arella used ranged from 28.0 to 1172 kg
N/ha, while rate of urea was from 30 toc 120 kg N/ha. The

same labelling method was used as in the experiment 1986/




18987, and the labelling was done in the field. Parameter

applied was N-recovery of N efficiency of 4zella and urea.
I°W  Balance Experiments (1938/1999). TFTield experi-
ments were done at Bogor. The date of seeding etec, and
plot size etc. are presented in Tables 1 and 2. The treat-
ments done in this experiment are described in Table 8.
The rate of Azolla applied waz 200 g2 fresh weight!mz when
used with ures, while urea was applied at a rate of 30 and
60 kg N/ha. Labelled Azella was applied at a rate of 33.8
kg M/ha. |
The method of labelling Azella in the field was by growing
Azella  in 1/3 part of the experiment plot. After 19y la-
belled urea was applied to the Azolla cover, it was left
to grow for 12 days. After this time period 4dzella vywag
expanded: to 1/2 part of the experiment plot. To this
Azella cover, more 9N Tebelled urea was added. After the
second addition of 19N labelled urea, the 4zollz cover was

left o g

H

ow for 15 days. At the end of the 15 days grow-
ing period, the Azolla was let to expand to the vhole
experiment plot. The whole labelled A4rolls cover was in-
corporated into the soil. The main parameter here was to

establish an N-balance of rice applied with A4dzalla or

Arolla, Arolla uysed for all the experiment wag Az-ol-

Ia innata obtained from the Mational Biclogy Institute,




Bogor, Indonesia. The percentage of total-N and the atom
excess of Azolla used are presented in Tables 7 and 8.

Harvest, For all the experiments done the rice plants

were cut at 3 cm above the soil surface. Panicle was sepa-
rated from straw and dried at 60°C for 48 hours.

Total-N wae determined by Kjeldahl method. For the
exXperiments receiving 15N, the atom excess of the plant
parts were determined using a JASCO NIA-1 emission spec—

trometer.

RESULTS AND DISCUSSION

Influence of N-Source on Rice Production (193477935

{

From these experiments it was clearly shown that Arolla
has the same ability as urea to increasse rice production
(Table 9). The increase of rice production by Azella ao
compared to the control, was cheerved in the dry season
(D8} &z well as in the wet seascon (WS} experiment.
Especially for the DS experiment, from the data obtained
it was revealed that Adrella at a lower N-raste gave more
rice production than urea applied at higher N-rate (Table
g},

By these experiments it was proven that 4zeilz  could
be used as a single N-source or interacted with urea to
increase rice production. Similar fact has alsc been re-

ported by many research workers as mentioned before.




Interaction of N-Source (198471987} . For theze field
experiments, discussion will be focused on the nitrogen
vield of rice. Data in Table 10 show that the highest N-
vield is for tresatment NU-3. For Azella alone and Azells
interacted with urea, the nitrogen yield were quite low,
particularly in the WS. This might be due to the Azrolla N-

rate applied, which in general was lower than the MN-rate

1

My

e

o rea, while for the DS, the difference wac not so  much

~~
3

able 4). This is probably because of the nearly equal N-

+

ate application of Azella and urea {Table 4). The
difficulty in applying Azolla at N-rates exactly the sanme
as urea, has lsc been reported by ESKEW and KOVACS {8},
Data in Table 11 show that, there is no difference in
total-N uptake between Azalla, urea, or Azella interacted
with urea. Only for treatment NU-3, there is = quite high
total N-uptake. But for this treatment, labelled urea was
used twice i.e., at transplanting and at maximum +iller-
ing, while for the other treatments, labelled 4zella orp
urea was only applied once, at transplanting or at mawximum

&

tillering. Expressed in mg N/9 hills, total N-uptake df0

o
g

A&
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higher. Thiz iz due to the higher nitrogen vield as
presented in Table 10.
In the WS, there were =till differences between treat-

ments on N-recovery in grain, straw, and plant. The high-
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est N-recovery was obtained by 4rella when interacted with
urea,/NAU (Table 12}. In the DS, there were nc differences
in  MN-recovery in the grain, straw, and plant. The higher
M-recovery from Azella can be used as an indicator that
rice plant can use MN-dfA better than N-dfU. Another possi-
bility is that more N-dfU is lost than N-dfA from the
soil, leaving less N-dfU avasilable for rice compared with

N-dfA,

Effect of N-Source Rates on M—Recaovery (18771938},

-

n these field experiments, it is obvious that MN-rate of

i
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i lways lower than that of urea (Table 5)., Des-

pite of this fact, the N-dfA was higher than N-dfU {Table
13). This might mean that as an N-gource, Arclla is  used
more efficiently than uresa. Ancther interesting point is

that with the increase of MN-source ratesz either Arolla or

urea, the N-recovery decreased.

15& Balance Experiments (198871989} Data presented
in Table 14 show that the lowest M-uptake by rice was for
treatment 30 NU (T). Thig h&ﬁpened when urea was applied
without an Arolla cover. But when ures was aprplied at =
later time, i.e. two weeks after transplanting, the N-
uptake increased (Table 14). An increase of N-uptake was
also observed when the M rate of ures was increassed. How-

ever N-uptake dfA was not too high compared +to N-uptake
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An  interesting fact ig that N-uptake dfU could increase
when there iz an Arolla cover. Total Néuptake in roots
were higher in those located at 0-10 e depth than in

deeper roots. For total N in the soil, apparently more N

=

eft in 0-10 em soil layer than in deeper layer (Table
14},

The highest ﬁ~recovery percentage in plants were
given by treatment A (T1) + 30 NU (wat), while for Azolla
&5 & single source represented by treatment NA (T), the N-
recovery was alsc quite high (Table 15}). For the root and
s0il, the highest N-recovery was given by  the treatment
where Arolla was used as g sindle N source NA(T) {Takle
13). The highest total H-recovery was alzc from the dzolla
treatment NA (T), while the lowest N-recovery was given by
the treatment where ures was applied st transplanting at g

rate of 80 kg N/ha (60 NUL(T)) (Table 15}

CONCLUSIONS

From this four-year experiment, the followin con-
- Arslla has the zane ability as urea to increase rice
- Total N-uptake dfA generally is  lower than that

dfl. This might be due to the lower N-ratez of 4zollas

applied compared to that of uresa
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- It iz difficult to resch high N rates from ﬂzalla'
which is equal to that of urea, especially for rates
higher than 60 kg N/ha

- The higher the N rates of 4Arella  and urea used the
lower the percentage of N-recovery

~- An Azella cover in the rice field can increase N-uptake

dafu,
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Table 3. Treatments carried out in the field experiments, 1984/1985

Code of treatment

1. ON

2, 30 NU
3. 60 NU
4, 90 NU

5. 30NU + 36NA (1)

6. 30NU + 36NA (2)

T, 72 NA (1)

8. T2 NA (2)

Control, no nitrogen
30 kg N/ha urea applied as a basal fertilizer, broadcasted and incorporated

60 kg N/ha urea applied in three splits, 30 kg N/ha before transplanting,
15 kg N/ha three weeks after transplanting, and 15 kg N/ha 25 days before
heading

90 kg N/ha urea applied in two splits, 60 kg N/ha before transplanting,
and 30 kg N/ha 25 days before heading

30 kg N/ha urea and 1.5 kg fresh weight/m2 Azolla (equal to 36 kgN/ha)

are simultaneously incorporated into the soil as basal fertilizer,

Azolla was planted in the treatgent plot. If Azolla has nor reach the

quantity of 1.5 kg fresh weight/m”, the deficit was added from outside the
treatment plot.

30 kg N/ha urea applied as a basal fertilizer, and Azolla was added three
weeks after transplanting by incorporation into the soil, at the rate as
in treatment 5. The same step as in treatment 5 was taken when Azolla has
not reached the required quantity

After reaéhing full cover, A4zolla was incorporated into the soil before
transplanting. After transplanting Azolla inoculation was repeated in the
treatment plot. The second incorporation of Azolla was carried out at 25
days before heading. The first and second incorporation of Azolla was at
the same rate as in treatment 5, and the same step was taken as in
treatment 5 when Azolla has not reached the required quantity,

After reaching full cover, Azolla grown after transplanting was
incorporated into the so0il. Directly after the first incorporation
Azolla was reinoculated to reach full cover. The second incorporation of
Azolla was carried out at 25 days before heading. Both incorporation of
Azolla were done at a rate equal to treatment 5, and the same

step as in treatment 5 was taken when Azolla has not reached the required
quantity.

15

Notes : - N labelled urea was used only in the isotope plots
- no labelled Azolla was used in the isotope plots
- the same treatments were carried out for the isotope plots as well as for the
yield plots




Table 4. Treatments of field experiments, 1986/1987

Wet Season Dry Season
Azolla Urea Azolla Urea Code of treatment
t nt £ nt t nt t nt
AL L N B B A A A ] L N NN NN NN ng/ha " i I N N NN RN LN
Isotope plot
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ON
28.3% 27,2 0.0 0.0 30, 0% a3.7 0.0 0.0 NA-1
29.0 21, 4% 0.0 0.0 29,0 31, 1% 0.0 0.0 NA-2
0.0 0.0 30, 0% 30,0 0.0 0.0 30.0% 30,0 NU-1
0.0 0.0 30,0 30, 0% 0.0 0.0 30,0 30, 0% NU-2
0.0 0.0 40.0% 20.0% 0.0 0.0 40.,0% 20, 0% NU-3
0.0 21, 4% 30.0 0.0 0.0 3. 1% 30.0 0.0 NAU
Yield plot
0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 ON
29.0 21.2 0.0 0.0 27,8 23,7 0.0 0.0 NA-Y
0.0 0.0 30,0 30,0 0.0 0.0 30.0 30.0 NU-Y1
0.0 0.0 40.0 20,0 0.0 0.0 40,0 20.0 NU-Y2
0.0 21,2 30,0 0.0 0.0 23.1 30,0 0.0 NAU-Y
Notes @ -t = Agzolla and urea applied at transplanting
- nt = Azolla and urea applied at maximum tillering
- % = labelled Azolla or urea used
Table 5. Treatments of field experiment 1987/1988
Isoto ot Code of treatments
DS Ws
Azolla Urea Azolla Urea
.................. L 7- 30 7 41T T (N | B
0.0 0.0 0.0 0.0 ON
28.0 0.0 29.3 0.0 Al
56.0 0.0 58,6 0.0 A2
84.0 0.0 87.9 0.0 A3
112.0 0.0 117.2 0.0 A4
0.0 30.0 0.0 30.0 Ul
0.0 60.0 0.0 60.0 u2
0.0 90.0 0.0 90.0 u3
0.0 120.0 0.0 120.0 U4
Yield plot
0,0 0.0 0.0 0.0 ONY
22.72 0.0 27.82 0.0 AlY
45.44 0.0 55.64 0.0 A2Y
68.16 0.0 83.46 0.0 A3Y
90.88 0.0 111,28 0.0 A4Y
0.0 30.0 0.0 30.0 U1y
0.0 60.0 0.0 60.0 U2y
0.0 90.0 0.0 90.0 U3y
0.0 120.0 0.0 120.0 U4y
Notes = each rate of Azolla and urea was applied in two splits, i.e.,
the first half was added at transplanting and the other half
at one month after transplanting
- labelled Azolla and urea were used in the isotope plots




Table 6. Treatments of

field experiment 1988/1989

Codes of treatments

ON

30 NU(T)

30 NU(T) + A(T)
NA(T)

A(T) + 30 NU(wat)

A(T1) + 30 NU(wat)

30 NU (wat)

60 NU (T)
A(T)

Control, no nitrogen
30 kg N/ha urea,
without Azolla
30 kg N/h r C
with Azolla inoculation
33.3 and 30.4 kg
transplqntlng, in
resgectlyely
Azolla inoculated
of 200 g fresh weiﬁhtém .
into the soil. 30 g8 N/ha
weeks after transplanting
The same treatment as
carried out, but in this
incorporated into the
transplanting.
allowed but not
30 kg N/ha urea,
the same time as
inoculation
60 kg N/ha urea,
without Azolla inoculation
Azolla i
0 g fresh wei%ht/m )
and no addition o urea

inoculation

. Further

1ncor§orated

in
treatment Azolla wag
soil at 4
Azolla
lncorporated
added into
in treatment

lanting,

4 1noculated at tfansg
ut not

at transplanting,

a4 urea, incorporated at transplanting,

but not incorporated

N/ha Azolla,
the isotope

incorporated at
and yield plots

at tgansplanting, at a rate
ut not incorporated
urea was added at 2

treatment 5 wag

weeks after
growth was

the flood water at
5, without Azolla

incorporated at transplanting,

at rate of
incorporated

Notes : treatments

- 1n the
treatments

as well as

ng ield plots
& th abelled urea and Azolla were only used in the isotope
plots

isotope glots N labelled urea was used {gr
2 3, y 6, 7, y 4 N

for

number 1

15
and

labelled A4zolla was used
- for treatment 9, unlabelled A4

in the yield plots

to 9 were all applied

in the isotope

treatment

zolla was used in the isotope

Table 7 Percentage of total-N of Adzolla during the four year experiments

N-total

WS Ds

0 00900 LI I I ) % L ) LI I
1984/1985 3.720% 3.800%
1985/1986 T MT T MT
= unlabelled 3.80%x% 3.08%% 3.85%% 3. 76%%
- labelled 4.,08%x* 4,20%x% 4,24%% 4,16%%
1987/1988
- unlabelled 3.127%%k% 3.450%k% 3, 307*kkx 3. 326%*kx%
- labelled 3. 586%%:% 3.902%%*% 3, 637kkx 3.66Tx%%
1988/1989 12 d 15 d
- unlabelled 4.,1994%%x:% 4,2569%*%kx
~ labelled 4,2972%%%% 4.5510%%x%%

DS = Dry Season, T

WS = Wet Season
MT = Azolla a€giied at
inoculation, d = 15
= mean from 4
from 8 replicates, **kx =

replicates,

maximum tillering, 12 d =

= mean from 10 re
mean from 4 replicates

= Azolla applied at transplanting,

2 days after Azolla

days after Azolla inoculatiqn
plicates, *¥* = pean




Table 8 Percentage of atom excess of labelled Adzolls during the

experiments
Atom Excess
WS DS
_ ST AR
1984/1985 - -
1986/1987
b i
1987/1988
i B 3. G5
1988/1989
15 d - 12, 0376kk%x
Notes : all the abbreviations and signs mentioned in this
table are indentical to that of Table 7

Table 9 Influence of N-source on rice production

Treatments Dry Season Wet Season
GR ST GR 8T
ll.........‘..l. kg/ha L A N N N NN
1. ON 3153 3675 3085 3637
2, 30 NU 4038 4124 3391 4377
3. 60 NU 4139 4059 3722 4539
4, 90 NU 4889 4841 3608 4592
5. 30NU + 36NA21} 4266 4129 3884 4690
6. 30NU + 36NA(1) 3863 4263 3655 4896
T. 72 NA fl; 4918 5185 3603 4386
8. T2 NA (2 4943 4551 3726 4351
LSD 5% 642 ns ns 625
CV (%) 10.21 10.40 14,45 9.59
Notes : GR = @Grain, ST = Straw, * = mean of four reglications
L3D= Least Significant Difference, CV = Coefficient
of Variation, ns = not significan£




Table 10 Effect of Azolla, urea, and Azolla + urea on nitrogen yield

=
Treatments Wet Season Dry Season
GR ST PL GR ST PL
OI!...I.I..I'.’IQ' mg N/g hills LI B I Y ) . L] .
ON 124 2% 407 1649 1271 551 1822
NA-1 1587 511 2098 2055 742 2797
NA-2 1448 502 1950 2103 789 2892
NU~1 1903 574 2477 2155 791 2946
NU-2 1861 545 2406 2271 767 3030
NU-3 2048 552 2600 2313 867 3180
NAU 1727 477 2204 2242 655 2897
L3D 5% 371 ns 438 346 139 364
CV (%) 15 20 13 11 13 9
Notes : GR = Grain, ST = Straw, PL = Plant = Grain + Straw,
¥ .= mean of four replications, LSD = Least Significant
Difference, CV = Coegficient ot Variation, ns = not
significant
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