
Arab Univ. J . Agric. Sci., Ain-Shams Univ., Cairo, 6 (1), 49-76, 1996 

INOCULATION EFFICIENCY OF RICE PLANTS WITH 
AZOLLA AS A BIOFERTILIZER IN THE PRESENCE 

OF DIFFERENT LEVELS OF PHOSPHORUS 

49 

, Ehsan, A 1
; N.A. Neweigy1

; R.A. Zaghloul1 and EI-Sayeda, H. El-Bada~ 

ABSTRACT 

Inoculation efficiency of rice plants with proper species of Azolla was 
studied. In this research two species ofAzo/la namely Azol/afiliculoides and 
A. pinnata were tested for growth efficiency and nitrogen fixation rate. Re­
sults showed that Azo/la filiculoides gave greater fresh and dry yield ofbio- ·· 
mass compared with A. pinnata. Also, A. filiculoides gave higher percentage 
of total nitrogen and Nrase activity than A. pinnata. So, A. filiculoides was 
used in further study. When rice plants were inoculated with Azolla as a bio­
fertilizer at a rate of 100 g and 150 g/m2 combined with 30 Kg P20s/fed, the 
highest densities of total bacteria and inorganic phosphate solubilizing bacte­
ria were obtained, respectively. 

Counts of ammonifiers and nitrifiers were increased with the increasing of 
Azolla inoculum rate. Ammoniacal nitrogen was the highest with Azolla ap­
plication at a rate of 150 g/m2 combined with 45 kg P20s/fed. Highest values 
of plant height, fresh and dry weights of shoot system were obtained from 
Azol/a inoculum rate of 150 gjm2 combined with 30 kg P20s/fed. Interaction 
effect between Azolla inoculum rates and P-levels was significant on total ni­
trogen, phosphorus and potassium in rice plants. Highest values of chlorophyll 
a, b and carotenoids as well as total carbohydrates were obtained in the treat­
ment of Azolla inoculum at a rate of 150 gjm2 combined with 45 kg P20 5/fed. 
The highest values of grains and straw yield and 1 000-grain weight of rice 
were obtained in the treatment of Azolla inoculation at a rate of 150 gjm2 

combined with 30 kg P20s/fed. in both seasons of cultivation. 
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INTRODUCTION 

Rice is one of the most important ce­
real crops in Egypt. Nitrogenous and 
phosphatic fert·ilization are important 
factors in increasing yield of rice. Inor­
ganic nitrogenous fertilizer-s are added in 
large amounts as well as phosphatic and 
organic fertilizers, which represent the 
major cost in rice production. Many ef­
forts were nmde to minimize the costs 
including usingAzolta to substitute inor­
ganic nitrogen fertilizer and organic 
matter addition. Ar.olla has been rou­
tinely used as· either a green manure. or a 
biofertilizer for rice in China and South 
East Asia. 

A;ol/a-anabaena symbiosis can pro­
duce one ton of vegetative growth per 
hectare/day, containing 3 kg of fixed 
nitrogen which is equivalent to 15 kg of 
ammonium sulphate or 7 kg of urea. 
Azolla can double its weight in a nitro­
gen free substrat-e within three to five 
days and vigorously growing, Azolla 
contains from 3-5% nitrogen on dry 
weight basis (Khan 1988). 

Singh et al (1988) found that using 
Azolla as a biofertilizer increased grain 
and straw yields of rice. Krishnan et al 
(1994) reported that Ar.olla application at 
a rate of200 g/m2 gave the highest grain 
yield Singh and Singh (1995) found 
that grain and straw yhields of rice were 
increased by both Ar.olla inoculation and 
phosphorus fertilizer application during 
intercrQpping. 

The aim of this research is to study 
the inoculation efficiency of rice plants 
with Ar.olla in the presence of different 
doses of phosphorus and its effect on rice 
growth and soil fertility. 

·MATERIAL. AND METHODS 

Growth and nitrogen fixation of Azol/a 
pinnata and Azolla jilicu/oides as af­
fected by different types of water 

The effect of different types of water 
i.e., irrigation water, drainage water and 
mixed water (1: 1) of Kafr El-Sheikh 
Governorate, on the growth and N2 fixa­
tion of Azolla pinnata and Azolla 
jilicu/oides was studied. Water charac­
teristics are presented in Table (1). 

Table 1. Chemical analysis of different types of water (meq/1.) of Kafr El-Sheikh 
Governorate. 

Parameters E.C Cation.s (mec 11.) Anions (meq/1.) 
Types of pH mmhos Na+ ca++ Mg* cr Hco·3 co-l so-4 

water /em 
iin.Satiim w:itci-- 7.21 

.. · - . 0.65 . - 2:47 . . . 
2.0 2.0 2.24 4.23 - -

Dr-ge Wlller 7:81 1.30 7.39 3~5 5.0 5.15 10.14 - -
Mi.xed water 7.56 0.90 5.00 2 .. 5 3.5 3.40 7.60 ~ .::.,... 
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A.zollil pinnata 7001 and.Au//a 
Jilarl:ai"'Ms 1001 were kindly supplied by 

and Environment Res. Inst. 
Giza. Egypt. 

Coltivation of.A.:olla was undertaken 
· dishes. Dishes were filled with 

water of different types of water, 
C~Dmblled with standard inoculum of the 

species (5 g/dish) and then incu-
. in a wire proof gteenhouse under 

conditions. Potir · replicates of 
treatment were done. .Atll/111 cul­
'Mre kept at a constant wlume c:4 
tbroughoot the experimeRtal period 

frequent irrigation with different types 
water to compensate water losses due 
evaporation process. Samples of 

Mre taken at intervals of 3, 6, 10, 
and 28 days of incubation to deter­

fresh and dry weights, niti'Opn 
CDitent and nitrogenase activity of Au/Ill 

Ammoniacal and nitrate nitrogen 
were also estimated in the growth me­

of .A:olla at the same ~ 
iiJIIe'Jltiooed intervals. 

DdenninatiOIIs 

- Td:al nitrogen was determined accord­
ing to Black et 11/ (1965). 

- Ammoniacal and nitrate nitrogen were 
estimated according to Bennner and 
Keeny (1965). 

- itrogenase activity· was determined 
according to Hardy et al (1973). 

Availability aad effldency of nitrogen 
from .Aull11 jillculoldes for rice growth 

Two field experiments were ccnduc:ted 
at the Research and Experimental Station 
of Moshtohor, Pac. of AgricUlture, 
Qualubia Governorate during 1993/94 
and 1994/95 seasans to study the inocu­
lation efficiency with At.olla as N sourc::e 
for rice manuring (Giza 171 cultivar). 
The soil used in the experiment was clay 
loamy soil. Mechanical and chemic:al 
analyses of the soil are presented in Ta­
ble (2). Chemical analyses was estimated 
in saturated soil paste according to Black 
et 111 (196S). Whereas, mechanical 
an8lysis was · estimated according to 
Piper (1950). A randomizAMi complete 
block design (RCBD) with ·. three repli­
cates was used in both seasons and plot 
area was 10.5 m2

• 

Preparatioll of Attnltl nursery 

A.:DII11 JUkrlloitles 1001 was grown 
in • a separate nursery in the field r.nl!' the 
experimental soil in a 3 x 3 m plots. 
.A:Mlll cultures were kept at a constant 
.volume of water throughout the growth 
period by frequent irrigation tili.Au/1• 
covered the entire surface of the water, 
then it was harvested. 

Effect of rice inoculation with A. 
jiliculoidn and different levels of 
phosphorus application 

In this experiment different levels of 
.A:olla were used · as · a sole source of 
nitrogen for rice fertilization . .A;zolla ·· 
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jiliculoides was applied 7 days after 
transplanting of rice plants as a single N­
manure. Fresh Azolla was added to 
transplanted rice at three rates i.e. 100, 
150 and 200 g fresh Azollalm2 using 
three levels of phosphatic fertilizer as 
triple super phosphate (TSP). Treatments 
of the designed combined different 
Azolla rates and different phosphorus 
levels were as follows : 

l. Azolla 100 g/m2 + 15 kg P/fed. 
2. Azalia 100 g/m2 + 30 kg P/fed. 
3. Azalia 100 g m2 + 45 kg P/fed. 
4. Azalia 150 g/m2 + 15 kg P/fed. 
5. Azolla 150 g/m2 + 30 kgP/fed. 
6. Azolla 150 g/m2 + 45 kgP/fed. 
7. Azolla 200 g/m2 + 15 kg P/fed. 
8. Azolla 200 g/m2 + 30 kg P/fed. 

9. Azolla 200 g/m2 + 45 kg P/fed. 

Phosphatic fertilizer was supplied at tit­
tering stage of plant growth. 

Soil sampling and determinations 

Microbiological analyses of rhi­
zosphere soil samples were periodically 
determined at tillering, heading and 
maturity stages of rice plant growth. 

Microbiological determinations 

l. Total count 
2. Inorganic phosphate solubilizing bac­

teria. 
3. Ammonifiers. 4. Nitrifiers 
5. Denitrifiers 

Table 2. Chemical and mechanical analysis of experimental soil ofMoshtohor 
a. Chemical analysis 

Organic pH 
matter(%) 

1.63 7.43 

Cations (meq/1.) 
K+ I ca++ I Mg++ 

0.85 1 4.8 J 3.0 

b. Mechanical analysis 

Coarse Fine sand 
sand(%) (%) 

2.32 19.63 

E.C: Electr; c conductivity 
T.P,; Total phosphorus 

T.N T.P. 
% % 

0.02 0.043 

Anions (meq/1.) 

cr I CH0-3 I co=3 
1.5 I 3.7 I --

Silt Clay 
(%) (%) 

23.17 54.82 

T.N: Total nitrogen 
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Ammoniacal and nitrate nitrogen 
dotemrined periodically in the water 

field under the developed plants at 
lifimg, heading and maturity stages. 

after crop harvesting, soil samples 
taken and total nitrogen, phospho­

potassium were estimated. 

~ analyses of plant 

L Total nitrogen, phosphorus and potas­
sium were periodically determined in 
the dry matter of shoot system at til­
lering, heading and maturity stages of 
rice growth. 

Chlorophyll (a) and {b) as well as 
carotenoids were estimated in the 3rd 
leaf of the plant at heading stage. 

3. Total nitrogen, phosphorus, potas­
sium and crude protein were deter­
mined in dry grains. 

4. Total carbohydrates content \\>as de­
termined in dry grains by the phenol 
sulphuric acid method and calculated 
as percentage. 

Plant growth parameters estimated 

L Plant height (em). 
2. Fresh and dry weight of shoot system 

(glplant). 

Yield and its components 

At the end of the experiment, rice 
plants were harvested, then straw yield 

ton/fed, grain yield ton/fed and weight of 
1 000-grains (g) were determined. 

Microbiological analysis 

1. Total count was estimated by using 
soil yeast extract agar medium ac­
cording to Allen (1953). 

2. Inorganic phosphate solubilizing 
bacteria were estimated by using 
Bunt and Rovira medium (1955) 
modified by Abd EI-Hafez (1966). 

3. Ammonifiers were determined ac­
cording to Allen (1953). 

4. Nitrifiers were determined according 
to Black et at (1965). 

5. Denitrifiers were determined accord­
ing to Tiedje (1982). 

Ammonifiers, Nitrifiers ~d Denitri­
fiers were Counted by Using Most 
Probable Numbc:: (MPN) technique 
(Cochran, 1950). 

Chemical analysis 

L Total nitrogen was determined by 
using (Kjeldahl digestion) method ac­
cording to Black et at (1965). 

2. Total phosphorus was colorimetri­
cally determined according to APHA 
(1989). 

3. Total potassium was estimated by 
flame photometer apparatus (Brown 
and Lilliland 1946). 
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4. Ammoniacal and nitrate nitrogen 
were determined according to Berm­
ner and Keeny· (1965). 

5. Chlorophyll a,b and carotenoids were 
determined according to Wettstein 
(1957). 

6. Total calbohydrates was determined 
according to Michel et al (1956). 

7. Crude protein Was calculated accord­
ing to thcHollowing equation: 

Crude protein= % total nitrogen x 
5.95 (A;O.A.C., 1980). 

~ ·. 

Statistical analysis 

Analysis of variance (ANOVA) of 
data obtained from growth characters, 
yield and yield components and chemical 
analysis were carried out and significant 
differences among the means of various 
treatments were distinguished by L.S.D. 
(Snedecor and Cochran,. 1989). 

RESULTS A."'ffi DISCUSSION 

Selection of . the most efficient species 
of Azo/la in growth and nitrogen fua­
tion 

A comparative sudy was performed 
using A. pinnal a 7001 and A. filiculoi­
des 1001 to select the most active species 
which exhibit the highest growth rate 
and nitrogen fixation in different types of 
water mentioned before to be used in the 
subsequent study. Data presented in 
Table (3) show that there was some 

differences between the two species of 
Azolla in growth yield and nitrogen 
content. A. jiliculoides showed greater 
accumulation of fresh and dry yield of 
biomass compared with A. pinnata and 
this was true at all incubation periods. 
The highest yield of fresh and dry 
weights of biomass was obtained at the 
21st day of incubation. 

Results also show that the highest 
biomass yield was recorded in case of 
Azolla spp. grown in irrigation water. 
This result could be attributed to the low 
level of salts in the irrigation water 
which enhanced Azolla growth. 
Whereas, biomass yield slightly differed 
when Azolla was grown in both drainage 
and mixed water. Rahoma (1985) indi­
cated that fresh and dry weights as well 
as total nitrogen content of the tested 
Azolla spp. increased with increasing the 
dilution of drainage water. He attributed 
this finding to the reduction in sodium 
chloride concentration. It must be 
stressed that A. filiculoides is relatively 
resistant to a high concentration of so­
dium chloride i.e. 2000 and 2500 ppm as 
compared with A. pinnata (Neweigy et 
al 1992). So, A. jiliculoides exhibited 
higher yield of biomass than A. pinnata 
in different types of water. 

Obtained data in Table (3) also indi­
cate that the percentage of total nitrogen 
content of the two tested species of 
Azolla were not constant and exhibited 
fluctuations during the incubation period. 
These fluctuations were most probably 
due to temperature changes occurring in 
the greenhouse in which Azolla was 
grown. It could be also notice that A. 
jilicu/oides gave higher percentages of 
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than A. pinnata under 
-~~, irrigation waters and incubation 

· result is in harmony with 
ditainE~ by Newcigy et al {1992) 

that A. jiliculoides gave the 
.-ol!!..,... .... nitrogen content compared with 

species of Azolla i.e. A. pinnata, A. 
_.!n15:ilty.lla and A. caroliniana. Total 
~~~ content % in both species of A. 

and A. pinnata was the 
at the 21st day of incubation 

:::m:zpaired with the other incubation peri-

Sltn:!~ase acrivity of Azolla fronds, 
.-.un"i2cal and nitrate nitrogen re­

from Azolla grown in different 

Data of nitrogenase activity of 
ammoniacal and nitrate nitrogen 
are presented in Table (4). Data 

that these parameters differed in 
different types ofAzo/la spp., type of 

and incubation period. Results 
that Nrase activity of the tested 

A:Pfla was not constant and exhibited 
Hor::tll<litl. ons during the incubation period. 

fluctuation pattern of the Nrase 
activity during the growth period of 
Aullla was similar to that observed by 

oa and Singh (1991) who reported 
that nitrogenase activity in the cultures is 
most probably controlled by repression 
and depression of nitrogenase biosynthe­
sis. At high level of nitrogenase the cel­
lular pool of ammonia increases, causing 
repression of enzyme synthesis. The fol­
lOWing decline of nitrogenase activity is 
accompanied by a gradual reduction of 
ammonia pool, which at minimum level 

causes enhancing ·of nitrogenase biosyn­
thesis. 

Data recorded in Table (4) also, em­
phasize that nitrogenase activity values 
were the greatest in case of Azol/a 
growing in irrigation water followed by 
mixed water, then drainage water. Both 
species of Azolla gave the highest nitro­
genase activity values at the 21st day of 
incubation and decreased thereafter. 
Ammoniacal nitrogen in the growth 
medium increased with the increasing of 
incubation period while, nitrate nitrogen 
decreased with the increasing of incuba­
tion period. The same trend was observed 
in both A. filiculoides and A. pin nata as 
well as when the twoAzol/a species were 
grown in different types of water A. 
jiliculoides exerted higher N2 fixing ca­
pacity and Nrase activity than A. pin­
nata. These results are in accordance 
with those reported by Rahoma (1985) 
and Neweigy et a/ (1992) who reported 
that A. filiculoides gave the highest Nr 
ase activity compared with t!le other 
species of Azolla especially under high 
level of salt concentration. Therefore, A. 
filiculoides was chosen for the further 
study. 

Effect of different levels of Azolla and 
phosphorus on populations of some soil 
microorganisms in rhizosphere soil of 
rice plants: 

1. Changes in populations of total 
microbial flora and inorganic 
phosphate solubilizers 

Data in Table (5) show the effect of 
different levels of Azolla application as 
a biofertilizer combined with different 
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Table 3. Fresh and dry weight and total nitrogen content of A. pinnata and A . .fi/iculoides grown in different types of 
Kafr El-Sheikh water. 

Type of water 

Incubation 
Dtriod Cdavsl 

3 
7 

14 
21 
28 

lrriaation water 
A. pinnata I A. ji.liculoides 

"Fr.wt. fbf.wt.1 T.W r Fr.wt. ibr.wt.j T.N 
g/m2 i g/m2 i (%) g/m2 i g/m2 i (%) 

375 9.42 3.51 451 8.31 3.75 
425 12.42 3.86 521 13.71 4.50 
506 16.42 3.69 589 20.79 4.30 
917 41 .34 4.35 1343 48.00 5.08 
781 30.00 3.55 1107 35.10 4.16 

Drainage water 
A. pinnata I A./iliculoides 

Fr.wt. ~ Dr.wt. ~ T.N I Fr.wt. j Dr.wl. ~ T.N 
glm2 i g/m2 i (%) g/m2 1 glm2 i (%) 

451 10.68 2.75 560 18.00 3.50 
484 12.00 2.90 600 19.92 3.18 
562 19.71 3.00 676 21.00 4.04 
694 21.84 3.80 816 35.60 4.32 
586 16.05 3.21 710 30.00 3.60 

Mixed water 
A. pinnata I A. filiculoides 

Fr.wt. 1 Dr.Wt. ! T.N I Fr.wl. ~ Dr.wt.! T.N 
glm2 i g/m2 i (%) glm2 i g/m2 i (%) 

426 8.55 3.30 488 13.20 4.01 
447 12.87 3.20 598 18.42 3.86 
566 18.60 4.70 743 19.20 4.90 
694 23.34 3.35 900 28.50 4.34 
634 18.60 2.98 764 24.00 3.22 

• Fr.wt. =Fresh weight Dr. wt. = Dry weight T.N. = Total nitrogen 

Table 4. Ammoniacal and nitrate nitrogen release (ppm) and nitrogenase activity (f.l moles C21Uhr./g dry weight of 
Azollalhr.) of A. pinnata and A . .filiculoides grown in different types ofKafr El-Sheikh water. 

Typeofwater 1 lrrigati~n water 1 DrainaQe water I Mixed,water I 

Incubation 
ceriod (davsl 

3 
7 

14 
21 
28 

A.pinnata 
"NH•· j NO,. l Nz­
NjNiase 

10 20 434 

15 10 7.75 

18 15 8.57 
30 8 12.96 
33 10 810 

A. flliculoides 
"NH.- l No,. l Nz­
NjNiase 

14 30 6.40 

18 18 9.90 
25 15 12.25 
32 15 15.16 
40 12 10.9 

A.pinnata 
"NH•· l NQ,. l Nz­
NjNiase 

20 30 3.16 

22 22 5.46 

31 16 6.16 
40 10 9.24 

46 12 4.26 

• Nf !,-N .-\mrnonioco l notrogen (ppm) NO,-N : :-:nrate notrogen (prm) 

A. flliculoides 
"NH •• j NQ,. l Nz· 
NjNiase 

24 10 4.34 

28 16 6.43 

36 10 8.32 
48 8 11.66 

52 10 .(.22 

A.pinnata 
"NH.- j NO,- l ~h­

N j Niase 

16 18 3.92 
25 15 6.00 

34 10 7.37 

30 7.5 10.30 

40 6.4 5.70 

A. flliculoides 
"NH.- NO,. i Nz. 

N Niase 
20 •• 5.59 

30 25 7.80 

38 15 9.12 

34 10 12.50 
45 12 8.6 

N,-ase : Nurog<nose .1etivi ty ( !l moles C:H.Ihr.ig dry Azolla) . 

co 
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~ 
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1eveJs of phosphorus on bacterial counts. 
Cbained data clearly indicate that 
populations of total microbial flora were 

highest when Azolla was inoculated 
a rate of 100 gjm2 combined with 30 
P2 Os /fed. The counts of phosphate 

solnbilizing bacteria (PSB) were the 
· with inoculation of Azoll.a at a 

of 150 gjm2 combined with 30 kg 
P:A !fed This result was obtained in 

seasons and all growth stages of rice 

It is clear also that the lowest total 
counts were obtained in the 

ue:atmerit of the application of 150 g 
l.Os /fed Azo//a/m2 + 15 Kg, 100 g 

ADI/lll/m2 + 15 kg P2 Os /fed and 200 g 
.Aulhdrn2 + 15 kg P2 0 5 /fed at tillering, 
~ and maturity stages of rice 

9 ........ "" respectively. Whereas. the lowest 
of (PSB) were obtained in the pres­
« 100 g Azollalm2 + 45 kg P2 Os 

I 150 g Azolla!m2 + 15 kg P2 Os/fed 
150 g Azollalm2 + 45 kg P2 Os /fed 

• tiilering. heading and maturity stages 
, rX:e growth. respectively. 

Generally. it is worthy to notice that 
ina ease of Azolla inoculum rate and 

plall1Sp)lor1JS level didn•s show increase in 
tW1 microbial counts or (PSB) 

this was true in both seasons as well 
a different growth stages. 

Oaanges in populations of am-
. nitrifiers and deni-

Data recorded in Table (6) show that 
of ammonifiers increased 

increasing of Azolla inoculum 
· trend was observed in both 

seasons and at various growth stages of 
rice plants. Populations of nitrifiers and 
denitrifiers did not increase with the in­
creasing of inoculum rate of.Azolla. In­
creasing tlie level of phosphatic fertilizer 
did not show any increase in ammonifi­
ers. nitrifiers or denitrifiers counts. The 
highest counts of ammonifiers were re­
sUlted in the treatment of application of 
150 g Azo//a/m2 + 30 kg P2 Os /fed. 200 
g Azollalm2 + 15 kg P2 0 5 /fed and 200 g 
A.zolla/m2 + 30 kg P2 0 5 /fed at tillering, 
heading and maturity stages. respec­
tively. Whereas. the highest counts of 
nitrifiers were resulted in case of the 
application of 150. 100 and 150 g 
Azollalm2 combined with 45 kg P2 Os 
/fed at tillering, heading and maturity 
stages. respectively. . ~ 

· Data in Table (6) also show that the 
highest counts of denitrifiers were re­
sulted from the application of Azolla at a 
rate of 150 g/m2

• 150 gjm2 and 200 gjm2 

combined with 15 kg P2 0 5 /fed at tiller­
ing, heading and maturity stages. re­
spectively. 

On the other hand. the lowest counts 
of ammonifiers were obtained in the 
treatment of application of 1 00 g 
Azolla/m2 + 15 Kg P2 0 5 /fed. 100 g 
Azolla/rn2 + 15 Kg P2 0 5 /fed and 100 g 
Azollalm2 + 45 Kg P2 Os /fed at t1 llering, 
heading and maturity stages of rice 
growth. respectively. Also. the lowest 
counts of nitrifying bacteria were ob­
tained in case of application of 100 g 
Azollalm2 + 45 kg P2 Os /fed. 100 g 
Azolla/m2 + 15 kg P2 Os /fed and I 00 g 
Azo//a/m2 + 15 kg P2 0 5 /fed at tilleri;;g, 
heading and maturity stages. res­
pectively. While. the lowest counts of 
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#--cifji~ bacteria were resulted in the 
m application of 200 g 

1s Kg P2 o~ /fed, 2oo g 
15 Kg P2 0~ /fed and 150 g 

30 kg p2 o~ /fed at tillering, 
maturity stages of rice 

s--. e:spectively (Table, 6). 

,.. ..... I"IIS on ammoniacal and nitrate 
rbizosphere soil of rice 

in Table (7) show that ammo­
nitrate nitrogen in rhizosphere 

rice plants gradually increased in 
with the increasing of 

..... period Ammoniacal and nitrate 
•1:1111!• ~tly increased in the 1st sea-

c::a:~~palfed with the 2nd one. In addi­
wunomacal nitrogen level was the 

IIBI!al - case ofAzolla application at a 
:50 flm2 combined with 45 kg 

nitrate nitrogen increased in the 
dli1'1J51~re with the increasing of A.r.olla 
i.:ll::ala:m rate (200 glm2

) as well as 

phosphatic fertilization level r 45 kg P20~ 
/fed.). This may be due to the increase of 
nitrogen fixation by increasing A.r.olla 
inoculum rate and the suitable level of 
phosphorus for Azolla growth and nitro­
genase activity. 

Effect of different levels of A.r.olla and 
phosphorus on nitrogen, phosphorus 
and potassium in rhizosphere soil at 
the end of the experiment 

Data in Table (8) emphasize that the 
highest values of total nitrogen, phospho­
rus and potassium were obtained in the 
A.r.ol/a treatments at a rate of 150 glm2 

combined with 30 kg p2 o~ /fed, 200 g 
A.r.olla/m2 + 30 kg p2 o~ /fed and 200 g 
Azollalm2 + 30 kg p2 o~ /fed, respec­
tively. Whereas, the lowest values of total 
nitrogen, phosphorus and potassium were 
obtained in theAzolla treatment at a rate 
of 100 glm2 combined with 15 kg p2 o~ 
/fed and the . same trend of results was 
' obtained in both growing seasons. 

Generally, total nitrogen in soil after 
harvesting was higher in the 1st season 
than the 2nd one. While, total phospho­
rus and potassium were lower in the 1st 
season than the 2nd one. The diffeer­
ences between the two seasons were ob­
tained on NPK content in soil may be 
due to the difference in meterological 
factors. These results were observed in 
all treatments. Similar results of nitrogen 
in soil were obtained by many investiga­
tors. 

As regard to the effect of A.zolla 
application on soil fertility, Maio and 
Stewart (1985) reported that inoculation 
of Azolla in rice fields resulted the 
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r·-·· .. - -- -···-·-·· .. - --~-- -· ~--··-· ... ---· --~--··-· 
Plant growth stage Tillering Heading Maturity 

NH4-N N03-N NH4-N N03-N NH4-N N03-N 
Treatments ... ~.Lf···~-~- -- ... ~.1.. .. , ... ~.~-- - ... ~-~---·1···~-~ ... ... ~.~- --·1···~-~- - - ··-~-~---·1···~-~--- ... ~.~---·! ·· ··~?. ... • ••• • • • •• • • • •• • •• •• • ••• ••••• ••• ••• ••••••• • ••no•o•u••••• ••••••• •oooo 

Azolfa addition as a biofertilizer 
AZ.(100 ~m2) + P (15 kg) P20slfed. 65.5j 59.5 50.0 j44.0 78 l 75 63 l 60 83 l 80 78 l 76 
AZ.(100 ~m2) + P (30 kg) P20slfed. 71.5 l 74.5 45.5 l 40.5 80 i 74 55 i 53 90 i 86 75 i 72 
AZ.(100 ~m2) + P (45 kg) P20slfed. 82.0 l 75.0 48.5 l 40.5 95 l 90 65 l 62 100 l 98 84 l 82 
AZ.(150 !)"m2) + P (15 kg) P20slfed. 72.0 l 69.2 47.0 i 44.5 115 l 110 75 l 65 120 l 118 82 l 80 

79.0 l 76.0 ' 123 l 115 70 l 69 150 l 140 100 l 95 AZ.(150 !)"m2) + P (30 kg) P20slfed. 54.5 l 51.5 
AZ.(150 glm2) + P (45 kg) P20slfed. 110.0 !105.0 67.0 l 47.0 128 l 122 75 l 70 153 l 150 90 l 85 
AZ.(200 glm2) + P (15 kg) P20slfed. 78.0 l 73.0 60.0 i 55.0 97 l 92 85l80 140 l 135 98 l 95 
AZ.(200 !)"m2) + P (30 kg) P20slfed. 80.0 l 78.8 65.5 l 58.8 108 l 103 95 l 90 120 l 115 . 99 l 94 
AZ.(200 gm2) + P (45 kg) P20slfed. 94.0 l 90.0 80.0 l 70.0 118 l 112 106 l 96 128 i 125 115 i 112 
S: Season -P : Phosphorus AZ. :Azolla 

Table 8. Effect of different Azolla and P-levels on total nitrogen, phosphorus and potassium content (ppm) in 
rhizosphere of rice plants at the end of the experiment. 

Parameters Total nitrogen Total phosphorus Total potassium 
Treatments Season I : Season II Season I : Season II Season I : Season II ................................... ..................................... ................ ························(························ ·· · ········· - ~·-· ····· · 4- · ···· ··· · ········ · · · · · ·· ·················-······t·····-·-················ 
Azol/a addition as a biofertilizer ! ! ! 
AZ.(100 g/m2) + P (15 kg) P2051fed. 435 j 416 366.6 i 445 380 j 403 
AZ.(100 glm2) + P (30 kg) P2051fed. 571 l 550 480.0 ! 500 448 l 437 
AZ.(100 g/m2) + P (45 kg) P2051fed. 483 l 470 520.0 i 563 385 l 396 
AZ.(150 g/m2) + P (15 kg) P2051fed. 720 l · 650 506.3 f 656 490 l 501 
AZ.(150 g/m2) + P (30 kg) P2051fed. 800 ! 750 553.0 i 696 470 ! 493 
AZ.(150 g/m2) + P (45 kg) P2051fed. 691 ! 646 666.0 ! 720 " 475 ! 499 
AZ.(200 g/m2) + P (15 kg) P2051fed. 683 j 616 626.0 f 810 445 j 512 
AZ.(200 g/m2) + P (30 kg) P2051fed. 700 j 616 760.0 ! 983 480 ! 540 
AZ.(200 g/m2) + P (45 kg) P2051fed. 783 j 666 680.0 i 730 445 j 520 
AZ. :Azol/a P : Phosphorus 
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organic carbon arid total nitrogen 
_. ...... cl soil at harvesting time. 

... !nldil• t effect between Azol/a in­
rates as a biofertilizer and 

levels on plant height, 
dry weights of rice plants in 

in Table (9) indicate that plant 
Ltii!!!IB were insignificantly affected by 

inoculum rates and phosphorus 
.added and this was true in both 

.. .agseasons. 
~~rmg the fresh and dry weights 

data show that fresh and 
~pis of the plants significantly 

·- ..ased\ with the application of Azolla 
iCIIe m 150 gjm2 in the 1st season. 

dry weights of rice plants were 
-I-SI,alliC3llltl:y affected by different 
l!lllll;llilar1115 fertilization levels and this 

obtained in both seasons. 

:s.JiJramaJlli" and Kannaiyan (1987) 
application of Azollo pinnota 
2 1 days after transplanting 

greatest plant height, number of 
number of panicles. 
and Sarma (1994) found that 

with .Azolla pinnata in­
~ISied plant height, number of panicles, 

« grains/panicle, weight of 
~~and number of panicles/plant of 

rice. On the other hand, El-Shahat 
(1997) found that A. filicuHdes gave 
maximum records of the number of 
panicles/plant of rice variety Giza 1 71 
compared with A. pinnota. 

lpteraction effect between Azolla in­
oculum rates and phosphorus levels on 
nitrogen content of rice plants at dif­
ferent stages of growth 

Data presented in Table (l 0) indicate 
that mean values of total nitrogen content 
were non significantly affected by either 
Azolla inoculum rates or phosphorus 
levels at all growth stages in the 1st sea­
son. On the other hand, the interaction 
between Azollo inoculum rates and phos­
phorus levels had a significant effect on 
total nitrogen in rice plants in both tiller­
ing and heading stages. At tillering 
stage, the highest value of total nitrogen 
content was obtained in the treatment of 
inoculation of .Azolla at a rate of 150 
gjm2 combined with 15 kg P20s /fed 
while, the lowest value was obtained 
when Azolla inoculation was at a rate of 
100 gjm2 combined with 15 kgP20s /fed. 
At heading stage, data showed that the 
highest nitrogen content was obtained 
when A.zolla inoculation was at a rate of 
200 gjm2 combined with 45 kg P20s /fed 
were used. While, the lowest value was 
Obtained when 200 gjm2 Azo/la com­
bined with 30 kg P20s /fed. Generally, 
the mean values of total nitrogen content 
of the plants were increased at tillering 
stage in all treatments and decreased 
thereafter. 

1n the 2nd season, Azolla inoculum 
rates as well as phosphorus levels had a 

Arab Univ. J. Agric. Sci. 6 (1), 1998 
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Table 9. Interaction effect between Azalia inoculum rates and phosphorus levels 
on plant height, fresh and dry weight of rice plants in both seasons. 

P-levels (kg P~.) 

1 00 g Azoflafm2 
150 g Azol/afm2 
200 g Azol.lafm2 

Mean 
LS.D. at5% 

Azol/a (A) 
Phosphorus (P) 

'-JA)~P~ 

,.....-- · 
1 00 g Azollafm2 
150 g Azollafm2 
200 g Azol!afm2 

Mean 
L.S .O. at 5% 

Azolla (A) 
Phosphorus (P) 
(A) X (P) 

First Season 
Plant height (em) 

15 i 30 ! 45 j Mean 
101 .67 101 .83 98.17 100.56 

95.50 102.00 108.77 102.09 

94.77 98.40 91.50 94.89 

97.31 100.74 99.48 

N.S 
N.S 
N.S 

Fresh weight (g/plant) 
15 i 30 i 45 j Mean 

11 .61 10.85 13.33 11 .93 

12.48 14.52 10.80 12.60 

9.85 9.63 13.79 11.09 

11.31 11 .67 12.64 

1.02 
N.S 
2.09 

Dry weight (g/plant) 
15 i 30 i 45 j Mean 
3.12 2.90 3.50 3.18 

3.59 3.77 3.76 3.71 

3.09 3.13 2.49 j 2.90 
3.27 3.27 3.25 

.. 
0.47 
N.S 
N.S 

Second Season 
100.27 100.07 93.30 97.88 9.26 8.32 8.94 8.84 3.19 2.13 3.29 2.87 
98.57 94.33 103.43 98.87 11.94 9.77 9.43 10.38 4.39 3.56 3.19 3.72 
100.77 91.40 96.23 96.13 10.38 9.73 12.29 10.80 3.51 3.17 3.87 3.52 
99.87 95.27 97.66 10.53 9.27 10.22 3.70 2.95 3.45 

N.S N.S N.S 
N.S N.S N.S 
N.S N.S N.S 

~ N.S. : Non significant 
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fable 10. Interaction effect between Azolla inoculmn rates and phosphorus levels 
on nitrogen content (o/o) of rice plants at different stages of growth 
in both seasons. 

P-levels lkA P20Jfed.) 

1 00 g Azollafm2 
150 g Azollafm2 
200 g Azollafm2 

Mean 
L.S.D. at5% 

Azolla (A) 
Phosphorus (P) 
(A) x (P) 

1 00 g Azol/afm2 
150 g Azollafm2 
200 g Azollafm2 

Mean 
L.S.D. at6% 

Azo/11 (A) 
Photphoru• (P) 
(A) M (f.!) 

N M Nmt 11l11tl 

First Season 
Tillering stage Heading stage Maturity stage 

15 ! 30 45 i Mean 15 30 : 45 ! Mean 15 30 : 45 i Mean 

1.66 1 2.29 1 2.41 1 2.12 1.09 l 1.14 l 0.95 l 1.06 0.65 i 0.68 i 0.64 0.66 I 

2.81 t 2.18 ! 2.34 ! 2.44 1.07 1 1.19 1 0.98 1 1.08 0.52 i 0.62 i 0.74 0.64 
2.36 l 2.68 l 1.82 l 2.29 0.88 l 0.86 l 1.26 l 0.99 0.56 1 0.83 1 0.87 0.75 
2.28 1 2.38 1 2.19 1 1.01 1 1.06 1 1.06 1 0.58 l 0.71 l 0.76 

N.S ·N.S ~ N.S 
N.S N.S N.S 
0.29 0.27 N.S 

---- --

Second Season 
1.38 0.84 0.91 
1.45 0.69 0.99 
0.90 0.82 1.07 
1.25 0.79 0.99 

0.11 
0.11 
,1 

1.07 0.92 
1.02 0.98 
0.93 1.31 

1.07 

1.02 0.93 0.96 
1.07 1.03 1.03 
1.24 1.33 1.29 
1.11 1.10 

0.11 
N.S 
N, 

0.60 0.72 0.78 
0.45 0.73 0.86 
0.80 0.84 0.63 
0.62 0.76 0.76 

N.S 
N.S 
0. 

0.69 
0.68 
0.76 
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64 Hanafy; Neweigy; Zaghloul and EI-Badawy 

significant effect on the mean values of 
total nitrogen at tillering stage. Whereas, 
total nitrogen content was significantly 
affected by A.zolla inoculum rates only at 
heading stage and non significantly af­
fected by either Azol/a inocuium rates or 
phosphoms levels at maturity stage. On 
the other hand, the interaction effect 
between Azolla inoculum rates and phos­
phorus levels was significant on total 
nitrogen content at tillering and maturity 
states. The highest total nitrogen was 
observed in case of Azolla application at 
a rate of 150 gjm2 combined with 15 kg 
P203 /fed, 200 gjm2 combined with 30 kg 
P20 5 /fed at tillering and maturity stages, 
respectively. Generally, the mean values 
of total nitrogen were higher at tillering 
and heading stages than maturity stage in 
the 2nd season under all treatments. 
Total nitrogen content was higher in the 
1st season than the 2nd one at tillering 
stage in all treatments. This difference 
between the two seasons was obtained on 
total nitrogen content may be due to the 
change in meterological factors (Table, 
10). 

Interaction effect between Azo/la in­
oculum rates and phosphorus levels on 
phosphorus content % of rice plants at 
different stages of growth 

Results in Table (11) show that the 
mean values of total phosphorus in the 
lst season in rice plants were non sig­
nificantly affected by different Azolla 
inoculum rates at tillering and heading 
stages but were significantly affected at 
maturity stage. The highest total phos­
phorus at maturity stage was observed 

when Azolla was inoculated at a rate of 
150 'l}m2

. Whereas, levels of phosphorus 
added had a significant effect on total P 
content % in the 1st season and this was 
true in all growth stages. The percentage 
of phosphorus was increased by increas­
ing phosphorus level and this result ob­
served at all growth stages. 

Data also show that the interaction 
effect was non significant on phosphorus 
content at tillering stage while, it was 
significant at heading and maturity sta­
ges. The highest value of P content was 
observed when Azolla inoculum was 150 
gjm2 combined with 30 kg P20 5 /fed at 
heading and maturity stages, whereas, 
the lowest phosphorus % was obtained 
when Azolla inoculum was 150 gjm2 

combined with 15 kg P20 5 /fed and 100 
g/m2 combined with 15 Kg P20s /fed at 
heading and maturity stages,respectively. 

In the 2nd season, total-P-content of 
rice plants non significantly affected by 
either Azo/la inoculum rates or phospho­
rus levels. The interaction between 
Azolla and phosphorus addition didn't 
show any significant effect on P content 
of rice plants and this was true at all 
growth stages. Generally, total phospho­
rus content % was higher at tillering 
stage than heading and maturity stages in 
both growing seasons. Also, the mean 
values of total phosphorus content % 
were higher at the 1st season than the 
2nd one at all growth stages in all treat­
ments. 

Kadu et al (1991) reported that phos­
phorus content in rice plants was higher 
with the highest phosphorus fertilization 
level. Mahajan et a/ (1994) found that 
phosphorus uptake increased with the 

Arab Univ. J. Agric. Sci. 6 (1), 1998 



~ fable 11. Interaction effect between Azo/la inoculum rates and phosphorus levels 

f1 
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.g 
.e 
I 

on phosphorus content (%) of rice plants at different stages of 
growth in both seasons. 

P-levels (kg Pz()Jfed.) 

1 00 g Azo//a/m2 
150 g Azo//a/m2 

200 g Azo//a/m2 

Mean 
L.S.O. at 6% 

Azolla (A) 
Phosphorus (P) 
(A) x (P) 

First Season 
Tillering stage 

15 : 30 1 45 1 Mean 
0.39 0.47 0.48 0.45 
0.37 0.46 0.46 0.43 
0.41 0.41 0.57 0.46 
0.39 0.45 0.50 

N.S 
0.06 
N.S 

Headina staae 
15 ! 30 ! 45 ! Mean 

0.29 0.30 0.26 0.28 
0.15 0.32 0.19 0.23 
0.29 0.26 0.21 0.26 
0.26 0.29 0.32 

N.S 
0.04 
0.07 

Maturity stage 
15 ! 30 ! 45 ! Mean 

0.08 0.13 0.16 0.13 
0.13 0.22 0.14 0.16 
0.12 0.19 0.11 0.13 
0.11 0.13 0.18 

0.02 
0.02 
0.04 

Second Season 
0.25 : 0.19 0.40 : 0.28 0.08 ! 0.12 0.14 0.11 0.08 0.08 0.12 0.09 
0.25 : 0.19 0.20 I 0.21 0.13 0.16 0.1 6 0.15 0.09 0.08 0.09 0.09 

~ 0.2 1 0.29 0.24 0. 12 0.15 o. 11 0.13 0.13 0.06 0.14 0. 11 
0 . 2~ 0.20 0.30 0.11 0.14 0.14 0,09 Q, 
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increasing of phosphorus fertilization Azolla/m2 + 15 kg P20 1 /fed at ti!lering, 
level. Solaiman et a/ (1990) indicated heading and maturity stages, respec-
that total phosphorus significantly in- tive!y. While the lowest K content % 
creased due to Azo/la manuring and urea were obtained in the treatments of 100 g 
appli~~tion but Azolltl. m;::mur.ina.n:g•"'e:F•"_. .,~,latlfC ~·45 Kg P20 5 /fed, 150 

g better results than urea application. Azo/la + 45 Kg P20~fed and 100 
g Azolla/m2 + 45 kg P20, /fed, at tillerin 

g, Interaction effect between A.zolla in- heading and maturity stages, respe 
c- oculum rates and phosphorus levels on tively. 

potassium content % of rice plants at In the 2nd season, data show th 
at different stages of growth total potassium was significantly affectt 
'<I by Azolla inoculum rate at tillering ar 
td Data in Table ( 12) show that Azolla maturity stages but non significantly a 
f- inoculwn rates had a significant effect on fected at heading stage. The highest ~ 
r- total potassium content of rice plants in centages of K were obtained when A.zolj 
ra all growth stages in the 1st season. The inoculum rate was 200 gjm2 at tillerin 
tg highest percentages of total potassium and maturity stages while, the lowei 
st were obtained from A.zolla inoculum at ones were obtained when A.zolla inoo 
1· rates of 200, 100 and 200 gjm2 at tiller- lum rate was 100 gjm2

. Also, total p< 
>- ing, heading and maturity stages, re- tassium was significantly affected b 
ry spectively. On the other hand, the lowest phosphorus levels at all growth stage: 
;. values of total potassium content % were The highest values of total potassiur 
n obtained when A.zolla inoculum rates content % were observed in case of ap 
.. were 100, 150 and 150 g/m2 at tillering, plication of 45, 30 and 30 kg P20, /fed~ 
1t heading and maturity stages, respec- tillering, heading and maturity stage~ 
., tively. Data also emphasize that total respectively, whereas, the lowest one 
s potassium significantly affected by phos- were observed in case of application o 
f phorus levels at heading and maturity 15 kg P20, /fed at all growth stages. 

stages. The highest K content was ob- Data also showed that the interac 
tained when 15 kg P20s /fed was applied, tion effect betweenA.zo//a and phospho 
while, the lowest ones were observed in rus on potassium content % was signifi· 
case of 45 and 30 kg P20, /fed phospho- cant at tillering and maturity stages, bti 
rus were applied at heading and maturity was not significant at heading stage. ThE 
stages, respectively. highest percentages of K were obtainee 

Total potassium content was signifi- in the treatments of 200 gA.zolla/m2 + 45 
cantly affected by the interaction between kg P20 5 ifed, 100 g A.zolla/m2 + 15 kg 
A.zolla and phosphorus additions and this P20 5 /fed and 200 gA.zolla/m2 + 30 kg 
result was observed at all growth stages. PzO, /fed at tillering, heading and rna-
The highest percentages of K were ob- turity stages, respectively, while, the 
tained in the treatments of 150 gAzolla/ lowest ones were in case of 150 g 
m2 combined with 45 kg P20, /fed, 100 g Azo//a/m2 + 15 kg PzOs /fed, l 00 g 
Azol/a/m2 + 15 kg P20 5 /fed and I 00 g Azollalm2 + 30 kg P20, /fed and 100 g 

Arab Univ. J. Agric. Sci 6 (1), 1998 



~ Table 12. Interaction effect between Azolla inoculum rates and phosphorus levels 

~ ., 
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on potassium content (%) of rice plants at different stages of growth 
in both seasons. 

P-levels (kg P..<Med.) 

1 00 g Azollafm2 
150 g Azo/laJrr.2 
200 g Azollafm2 

Mean 
L.S.O. at 5% 

Azolla (A) 
Phosphorus (P) 
(A) x (P) 

Tillering stage 
15 ; 30 ; 45 ; Mean 

2.89 2.62 1.63 2.38 
2.25 2.13 2.93 2.44 
2.90 2.80 2.74 2.83 
2.69 2.52 2.48 

0.23 
N.S 
0.40 

First Season 
Heading stage 

15 ; 30 : 45 ; Mean 

2.05 1.40 1.45 1.63 
1.47 1.50 1.32 1.43 
1.73 1.55 1.40 1.56 
1.75 1.48 1.39 

0.14 
0.14 
0.25 

Maturity stage 
15 ; 30 ; 45 i Mean 

2.80 1.87 1.58 2.08 
1.80 1.85 2.28 1.98 
2.35 1.85 2.09 2.09 
2.32 1.86 1.99 

0.09 
0.09 
0.16 

1.64 
1. 
1. 
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68 Hanafy; Neweigy; Zaghloul and EI-Badawy 

Azollalm2 + 15 kg P20s /fed at tillering, 
heading and maturity stages. respec­
tively. 

Kadu et al (1991) found that potas­
sium percentage in rice plants was higher 
with the highest phosphorus fertilization 
level. Also, Prakassii and Bardinatii 
(1995) found that phosphorus application 
and liming increased the uptake ofN, P 
andK. 

Interaction effect between Azolla in­
oculum rates and phosphorus levels on 
N, P, K and crude protein percentages 
in rice grains in both seasons 

Data in Table (13) indicate that 
Azolla inoculum rates had non signifi­
cant effect on total nitrogen, crude pro­
tein, total phosphorus and total potas­
sium in rice grains in the 1st season. 
Different levels of phosphorus had a 
significant effect on total nitrogen and 
potassium, but its effect was non signifi­
cant on total phosphorus and crude pro­
tein. The highest percentages of total 
nitrogen and potassium were obtained 
when phosphorus application was 30 kg 
P20s /fed while, the lowest ones were 
obtained when phosphorus application 
was 15 kg P20s /fed. 

Regarding the interaction effect of P 
and Azolla additions, data reveal that 
total nitrogen and potassium were sig­
mficantly affected by the interaction be­
tween Azolla and phosphorus, while, 
crude protein and total phosphorus were 
non significantly affected. The highest 
values of total nitrogen and potassium 
were obtained when Azolla inoculum was 
200 g/m2 combined with 30 kg P20 5 /fed, 
whereas, the lowest ones were observed 

when Azolla inoculum was l 00 FJm2 

combined with 15 kg P20 5 /fed. 
In the 2nd season, data showed that 

total nitrogen and crude protein were non 
significantly affected by either different 
Azolla rates or phosphorus levels and 
interaction betvveen them. On the other 
hand, total phosphorus was significantly 
affected by the interaction between 
Azolla inoculum rates and phosphorus 
levels. The treatment of Azolla inoculum 
rate of 100 g/m2 combined with 30 kg 
P20s /fed gave higher total phosphorus % 
than all other treatments while, the low­
est value was obtained in the treatment of 
Azolla inoculum rate of 100 g/m2 com­
bined with 15 kg P20 5 /fed. Meanwhile, 
Azolla rates, phosphorus levels additions 
and the interaction between them had a 
significant effect on total potassium in 
rice grains. The highest percentage of 
total potassigrn was observed in the 
treatment in which Azolla was used at a 
rate of 200 g/m2 + phosphorus applica­
tion at a level of 30 kg P20 5 /fed in the 
I st season. While, Azo//a inoculum rate 
of 150 g/m2 combined with 30 kg P20s 
/fed gave the highest percentage of total 
potassium in the 2nd season. In addition, 
the lowest percentage ofK was resulted 
from the application of Azol/a at a rate of 
100 g/m2 + phosphorus application at a 
rate of 15 kg P20s/fed in the 1st season. 
While, .Azol/a inoculum 100 g!m2 com­
bined with 30 kg P20 5 /fed gave the low­
est percentage of K in rice grains in the 
2nd season. 

Total nitrogen, crude protein and 
total phosphorus percentages in rice 
grains were higher in the 1st season than 
in the 2nd one in all treatments. while. 
total potassium content % was higher 
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$ Table 13. Interaction effect between Azolla inoculum rates and phosphorus levels 

ll 
-! 
-~ 
.e 
j 

on nitrogen, crude protein, phosphorus and potassium in rice grains 
in both seasons. 

P-fevels (kg P20:Jfed.) 
t---

100. g Azollafm2 
150 g Azollafm2 
200 g Azollafm2 

r-· Mean 
l.S.D. at 5% 

Azolla (A) 
Phosphorus (P) 
(A) x (P) 

100 g Azollsfm2 
150 g Azol/o/m2 
00 g Ar.ollalm 

Total nitrogen(%) 
15 30 1 45 1 Mean 

1.08 1.1411.32 i 1.18 

1.37 1.32 11.17 11.28 

1.53 1.58 jt20 11.11 

0.99 1.34 11.23j 

N.S 
0.23 
0.24 

I 
0 

- Met,~~" ..... I 0 n I • ~ I 

(II) 

F i r s t , S e a s o n 
Crude protein(%) Total phosphate(%) Total potassium(%) 

15 30 1 45 1 Mean 15 30145 Mean 15 30 1 45 Mean 

7.54 7.50 l 8.17 l 7.74 0.63 0.57 l 0.42 0.54 0.24 0.30 1 0.35 0.40 

7.42 7.50 j 8.23 j rn 0.54 0.56 j 0.54 0.55 0.34 0.33 1 0.36 0.34 

6.22 7.53 1 7.51 1 7.00 0.55 0.49 1 0.44 0.49 0.47 0.62 1 0.39 0.39 

7.00 7.51 j 7.97 1 0.58 0.54 l 0.47 0.29 0.48 i 0.37 

N.S N.S N.S 
N~S N.S 0.08 
N.S N.S 0.13 

I 

8: -
"""' -._.. 
10 

~ 
j 
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in the 2nd season than in the 1st one 
(Table 13~. These differences between 
the two seasons are likely to be due to the 
difference in climatic conditions. 

Interaction effect between · Azolla in­
oculum rates and phosphorus levels on 
chlorophylls, carotenoids and total 
carbohydrates of rice plants in both 
seasons 

Data in Table (14) show that the 
highest values of chlorophyll a,b and 
carotenoids were obtained in the treat­
ment of Azolla inoculum rate at 150 glm2 

combined with 45 kg P20 5 /fed in both 
seasons. On the other hand, the lowest 
values of chlorophyll a,b and carotenoids 
were observed in case of using Azol/a 
inoculum at a rate of 100 glm2 combined 
with 15 kg P20 3 /fed in both seasons. 

Data also show that the highest per­
centages of total carbohydrates were olr 
tained in case ofusingAzolla inoculum 
at a rate of 150 glm2 combined with 45 
kg Pz05 /fed. While, the lowest percent­
ages were obtained when Azolla inocu­
lum rate was 100 glm2 combined with 15 
kg Pz05 /fed. 

From the above-mentioned data it 
could be generally concluded that carbo­
hydrate content was proportional to chlo­
rophyll levels in various investigated 
treatments since chlorophylls are re­
sponsible of photosynthesis and conse­
quently carbohydrate formation. 

Interaction effect between Azolla in­
oculum rates and phosphorus levels on 
grains and straw yields and 1000-grain 
weight of rice in both seasons 

Data in Table (15) indicate that 
grains and straw yields as well as 1 000-
grain weight of rice were significantly 
affected by different inoculum rates of 
Azolla and phosphorus levels added in 
both growing seasons. Also, the interac­
tion effect was significant on the above­
mentioned characters. The highest grain 
and straw yields as well as 1 000-grain 
weight were obtained fromAzo/la appli­
cation at a rate of 150, 200 and 200 glm2

, 

respectively, whereas, the lowest ones 
were obtained from 200, 100 and 200 
f!/m2

, respectively. The same trend of 
results was observed in both seasons. 

In addition, the highest values of 
grain and ~traw yield and 1 000-grain 
weight were obtained when phosphorus 
was applied at a rate of 30 kg P205 /fed, 
while the lo\Wst ones were obtained 
when phosphorus was applied at a rate of 
15 kg P20 5 /fed The same trerid of re­
sults was observed in both seasons. 

Regarding the interaction effect be­
tween Azolla and P additions, data in 
Table (15) reveal that grain yield, straw 
yield and 1000-grain weight were the 
highest in case ofusingAzol/a inoculum 
rate at 150 glm2 combined with 30 kg 
Pz05 /fed in both seasons. On the other 
hand, grains yield, straw yield and 1000-
grain weight were the lo\Wst in case of 
application of 100 g Azollalm2 + 15 kg 
P205 /fed, 100 gAzolla/m2 + 45 kg PzOs 
/fed and 200 g Azo//a/m2 + 30 kg Pz05 
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r:: Table 14. Interaction effect between Azo/la inoculum rates and phosphorus levels 
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on chlorophyll, carotenoids and total carbohydrates of rice plants in 
both seasons. 

Chlorophyll a 11'9'9 Chlorophyll b mg/g Carotenoids mglg Total carbohyctates 
fresh matter fresh matter fresh matter (%) 

Treatments Season I ~ Season II Season I l Season II Season I ~ Season II Season I l Season II 

~zolla addition as a biofertilizer 
AZ.(1 00 g/m2) + P (15 kg) P2051fed. 0.97 1.05 1.11 1.13 0.81 1.16 32.00 34.0 

AZ.("l 00 g/m2) + P (30 kg) P2051fed. 3.13 2.55 1.85 1.42 1.96 1.78 42.00 45.5 

AZ.(100 g/m2) + P (45 kg) P2051fed. 1.80 1.28 1.68 2.20 2.43 1.84 37.50 39.0 

AZ.(150 g/m2) + P (15 kg) P20!Ifed . 1.26 1.25 1.10 1.30 1.04 1.23 36.25 41.8 

AZ.(150 g/m2) + P (30 kg) P2051fed. 2.23 3.40 1.73 1.96 1 ~ '12 1 .72 43.00 45.0 

AZ.(150 glm2) + P (45 kg) P2051fed. 3.44 3.87 1.85 3 .11 2.50 1.90 60.30 64.0 I 

AZ.(200 g/m2) + P (15 kg) P20!ilfed. 1.78 1.99 1.92 1.94 1.94 1.48 45.00 48.0 

AZ.(200 g/m2) + P (30 kg) P20!ilfed. 2.01 3.34 1.74 2.29 1.20 1.46 51.00 56.0 
! 

AZ.(200 g/m2) + P (45 kg) P20!ilfed. 1.48 2.16 1.45 2.43 1.21 1.79 48.00 52.0 ! 

- -
AZ. : Azolla P : Phosphorus 
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Table 15. Interaction effect betweenAzolla inoculum rates and phosphorus levels 
on grains and straw yields and 1 000-grain weight of rice. 

First Season 
Grain yield (ton/fed.) Straw yield (ton/fed.) 1 000-grain weight (g) 

P-levels (kg P;z()slfed.) 15 ~ 30 ~ 45 ~ Mean 15 ~ 30 ~ 45 ~ Mean 15 ~ 30 1 45 1 Mean 
1 00 g Azollafm2 3.33 1 3.97 l 5.17 ! 4.10 5.33 ~· 5.07 ~ 4.80 ~ 5.07 21.65 ~ 21.11 ~ 21.91 !21.56 
150 g Azollafm2 4.40 ! 5.60 ~ 4.63 l 4.33 5.73 ! 6.86 ! 6.50 ! 6.36 21.85 ~ 23.19 ~ 17.93j20.99 
200 g Azollafm2 3.67 ~ 4.40 l 3.90 l 3.99 5.60 ! 6.40 l 6.43 1 6.81 19.74 ! 17.78 ! 18.20 !18.57 

Mean 3.80 ! 4.66 ! 4.57 ! 5.56 ~ 6.77 l 5.91 ! 19.35121.69 i 21.41 i 
L.S.D. at 5% 

Azolla (A) 0.34 0.65 1.25 
Phosphorus (P) 0.34 0.65 1.25 
(A) x (P) 0.59 1.12 2.16 

---- -

Second Season 
1 00 g Azo/lafm2 3.53 4.17 5.40 4.68 6.23 5.33 5.20 5.59 24.07 24.60 23.83 24.17 
150 g Azollafm2 4.70 5.90 5.10 4.86 6.10 7.23 6.93 6.76 22.63 24.79 22.33 23.25 
200 g Azo/lafm2 3.92 4.74 4.13 4.26 5.97 6.67 6.70 7.11 23.90 21.83 24.37 23.00 

Mean 4.05 4.94 4.91 6.10 7.08 6.28 23.07 24.18 23.57 
L.S.D. at 5% 

Azol/a (A) 0.28 0.82 0.45 
Phosphorus (P) 0.28 0.82 0.83 
(A)x(P} 0.49 1.43 1.44 

-----
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/fed, respectively. The same trend of re­
sults was observed in both growing sea­
sons. 

Singh et al (1988) found that inocu­
lation with Azolla ( 500 kg fresh 
weight/ha) 10 days after rice transplant­
ing as a biofertilizer. grain yield was 
4.37 - 4.59 tonlha. Subramani and 
Kannaiyan (1987) found that Azolla 
pinnal a inoculated at a rate of 200 g/m2 

gave the highest grain yield and 1000-
grain weight. Also, Ventura et al (1992) 
found that Azo/la application increased 
rice grain yield and grain weight that 
were generally increased by application 
of Zn and P with Azolla inoculation. 
Krishnan et al (1994) found that grain 
yield of rice was the highest in case of 
200 g!m2

. Singh and Singh (1995) found 
that grain and straw yields of rice in: ·· 
creased both by phosphorus enrichment 
of Azolla inoculation and by phosphorus 
fertilizer application ( 40 or 60 kg P20, 
/ha) during intercropping. 

CONCLUSION 

Obtained results generally indicate 
that, using fresh or living Azolla in in­
oculating rice fields as a biofertilizer 
combined with inorganic phosphorus 
fertilizer is economically beneficial and 
very effective. The small amounts of 
Azolla used substitute inorganic nitrogen 
fertilization in rice fields. 
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