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ABSTRACT

A greenhouse pot experinient was carried out
1o study the possible use of Azolla pinnata as al-
ternative nitrogen source for rice production.
Three rice varicetics, i.¢., Giza 177, Sakha 101 and
102 were exposed for different treatments com-
prising the application of Azolla, urca or their dif-
ferent combinations to accomplish the recom-
mended nitrogen dose of 60 kg N fed” for rice
cultivation. Results revealed that the use of Azolla
alone cither as dry or fresh material enhanced
most of rice yicld componcnts rates especially
grain and straw yiclds. The combination of differ-
ent rates of fresh dzolla with difTerent levels of
urca showed that 15 kg N fed as fresh Azolla +
45 kg Nfed™” as urea gave grain and straw yields
similar 1o thosc obtained from 60 kg Nfed™ as urea
or 60 kg Nfed™! us fresh Azolla. Using fresh Azolla
was gencrally superior to dry Azolla. Fresh Azolla
applied at 60 kg N fed” also enhanced signifi-
cantly the nitrogen contents of both grain and
straw in comparison with other tested treatiments
except for the use of 60 kg Nfed” as urca, which
was similar to 60 kg Nfed™ as fresh Azolla. Using
fresh Azolla also increased significantly both soil
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total microbial and azospirilla counts than thosc
recorded by other tested treaunents. Azolla applied
either as dry or [resh matcerials increased signifi-
cantly soil organic matler content compared 1o the
application of urca alonc. Fresh 4zofla was supe-
rior 1o dry Azolla in increasing soil organic mater
content. The latter treatment also decreased soil
pH and incrcased WHC more than that of dry
Azolla and/or urca treatments. However, no par-
ticular trend was detected due 1o Azolla applica-
tion on soil clectric conductivity. Therelore, the
usc of fresh Azolla pinnata in rice cultivation can
be considered as a promising substitution for min-
cral mitrogen requirement plus its effect in reduc-
ing environmental pollution.

INTRODUCTION

The success of rice production in the tropics
and subtropics dcpends on an clficient and cco-
nomic supply of N, an clement required in a large
quantity in comparison with other essential ones.
The efficient use of N from fertilizer sources in
lowland rice is notoriously low, because of its loss
from soils through various chemical and bio-
chemical processes. Moreover, increasing the ap-
plication of nitrogenous fertilizers is ncither envi-
ronmnental friendly (Conway and Pretty, 1988)
nor cconomically feasible (Cassman and Pingali,
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199.4). Therefore, it becomes necessary 1o look for
alternanve renewable resources to wicet at least a
part of the N demands of rice crop. The nitrogen
nxing blue-gicen algae (BGA) Anabucna uzollue
symbictically associuted  with  the  water  fern
Azolla showed 1o be the most important in main-
tining and improving the productivity of rice
(Roger ef al 1993). 1t can fix 30-60 kg N ha in
30 days. Azolla is cither incorporated as green
maoure at the begwining of the cropping season or
grew as a duoal crop along with rice, in the stand-
ing water of Nouded fields. The fern is proved to
be an important biological source to improve the
N balance of rice ficlds (Lumpkin and Plucknett
1982; Bharati & Mohanty 2000, Ladha et af
2000, Singh and Mahaparta 2000 and Giller,
2002). Madiama and Paul (2003) reported that
around 28% of N taken up by rice was derived
trom the biologically fixed nitrogen. Azolla also
seems 10 help sustaining the soil N supply in quan-
titics roughly cqual to those extracted from soil to
nce plant

The aim ol the present work was to evaluate

the elfects ol Azollu application alone and/or in

different rate conjugated with different levels of

urea on growth and yield of three rice varicties as
well as some physicco-chemical and/or biological
characteristics of the soil.

MATERIALS AND METHODS

Azoltu pannata 7001 was kindly provided with
Agric. Microbial. Dept., Soils, Water and Environ.
Res. Inst. Agnie. Res. Center, Giza, Egypt, and
used 10 exam‘ue ity effect as fresh and/or dry ei-
ther alone or comibined at different rates with dif-
terent nitrogen levels on growth and yicld of three
rice variciies namely, Giza 177, Sakha 101 and
102 under greenhouse conditions.

The experiment was carricd out at Kalubia
governorate during the summer scason of 2003,
Pots with 35 cm in diameter were filled with 10 kg
of clay soil cach. The soil was clay in texture ac-
cording to the analysis of Page et al (1982).

One week prior w rice transplantation, soil was
supplemented with zine sulphate and super phos-
phate (15.5% P,05) at a rate of 24 and 100 kg
fed, respectively.

Azolla was mcorpurated into the upper 5 cm of
the soil cither as dry or fresh materal conjugated
with variable amounts of urea (46.5% N) to ac-
complish a final N dose of 60 kg N fed™ one week
before ransplanuing as fellows:

Ty 60 kg N fed” as urea

T, 60 kg N fed” as dry Azollu

T.-60 kg N fed™ as fresh Azolla

T;-45 5g N fed as urea+ 15 kg N fed™ as dry
Azolla

Ty. 45 kg N fed™ as urcar 15 kg N fed  as
tresh Azollu

T5.30 kg N fed” as urea+30 kg N fed” as dry
Azolla

Te - 30 kg N fed” as urea+30 Lg N fud ' as
fresh Azolla

Ty- 15 kg N fed” as urea+45 kg N fed”' as dry
Azolla

Ty - 15 kg N fed” as urca+4S kg N fed ' as
fresh Azolla

Five 30 days old rice scedlings of each rice va-
riety were transplanted into each pot. One week
later, the developed rice seedlings were thinned
out to three healthy seedlings pot™.

The amount of added Azollu either dry or fresh
was calculated on the basis that dry Azollu con-
tans 4% N aud fresh Azolla has 95% moisture
content. The experiment was layed i randomiized
complete design (Waller and Duncan, 1969) with
five replicates. At harvest (alter 120 days from
planting) rice plams were cut out just abuve sol
surface, oven dried (70°C for 24 h) up to a con-
stant dry weight and then exposed for determining
the following parameters, a) plant  height
(cm/plant), b) plant weight (g/plant) ¢) number off
panicles plant”, d) straw and grain yiclds (g pot™),
¢) 1000-grain weight (g) as well as nitrogen con-
tent of both grains and straw using Microkjldahl
method as described by Black et al (1965).

Some physicochemical properties of the soul,
i.e.. organic matter (OM) content, ¢lectrical con-
ductivity (EC), soil rcaction (pH), lotal nitrogen
(I N) content and water holding capacity (W.H.C)
were determined in the soil after rice harvesting
according to the methods described by Page et al
(1982). At the same time, the soil was also sam-
pled to determine totai microbial densities using
plate count techinque on Buntt and Rovira me-
dium (Buntt and Rovira, [955) as well as
azospirilla populations by MPN technique using
semi-solid malate medium (Doberciner, 1978)
with the aid of statistical tables of Cochran
(1950). Data werc subjected to statistical analyses
according to Gomiez and Gomez (1984).

RESULTS AND DISCUSSION

Effect of different rates of Azolla and urea on
growth of three rice varicties

Data in Table (1) show the effect of Azolla
and/or urea on growth of threc rice varieties
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Table 1. Growth Yield of three rice varieties as affected by application of two forms of Azolla pinnata

and different rates of urea under greenhouse conditions

y Plant height (cm plant”)  Plant dry weight (g Pot) Straw vield (g Pot') _ No. of panicles plant’
%%4, Rice varieties
é‘%’% Giza  Sakha Sakha  Giza Sakha Sakha Giza Sakha Sakha Giza Sakha Sakha
177 101 102 177 101 102 177 101 102 177 101 102
Urea A pinnata
(Kg N/fed)
60 - 98.0 89.2 883 92.2 912 87.6 720 694 580 11 11 12
- 60 dry 91.0 902 882 99.0 95.4 103.2 69.0 700 750 11 1 12
- 60 fresh 90.1 913 950 111.8 9.6  98.0 690 740 694 11 11 12
15 45dry 93.3 91.0  90.0 98.8 940 966 714 . 20 750 11 11 12
15 45 fresh 95.3 93.0 882 109.0 1072 970 730 740 670 12 11 12
30 30dry 91.0 882 910 1160 1060 1014 790 640 744 11 11 12
30 30 fresh 98.0 87.1 950 1104 1000 950 800 710 802 11 10 12
45 15 dry 92.0 857 893 125.0 1064 1012 85.0 690 744 11 10 12
45 15 fresh 94.0 88.1 §8.3 130.6 1078 1154 870 750 856 13 12 13
Treatment N.S. 2482 1.554 0.552
LD rietios 1.305 1.600 1.097 0.285
0.05) ,
Interaction 3.81 4.042 2.947 0.838

namely, Giza 177, Sakha 101 and 102. All tested
treatments exhibited in significant effect on plant
height within the same variety. However, the three
rice varieties showed significant differences to-
wards plant height, since Giza 177 recorded the
highest record of plant height being 98 cm plant’
followed by 93 cm plant™ for Sakha 101 and 95
cm plant”! for Sakha 102.

On the other hand, plant dry weight was sig-
nificantly affected by the tested treatments either
for the same rice variety or among the three rice
varieties. The greatest Plant dry weight was 130.6,
107.8 and 115.4 g pot™ for rice varieties Giza 177,
Sakha 101 and 102, respectively. These values
were significantly higher than those recorded due
to the use of 60 kg N fed”! as urea, being 92.2,
91.2, and 87.6 g pot', in the same above-
mentioned respective order.

Effect of different rates of Azo/la and urea on
yield and yield components of three rice varie-
ties

Data in Table (1) show that the highest straw
yield was obtained from the addition of 45kg N
fed"' as urea + 15 kg N fed as fresh Azolla. The

corresponding straw yields were 75.0, 85.6 and
87.0 g pot” for rice varieties Sakha 101, 102 and
Giza 177, respectively. With respect to the number
of panicles plant”, the abovementioned treatment
also significantly enhanced that parameter within
each rice variety. The highest number of plant
panicles were 13, 12 ad 13 for Giza 177, Sakha
101 and 102, respectively. However, each of these
values was also significantly higher than those
recorded in response to the other treatments.
Application of fresh Azolla at a rate of 60 Kg N
fed! gave insignificant effect on grain yield g pot”
compared with the use of 60 kg Nfed" as urea.
This trend was observed for all tested rice varieties
(Table 2). On the other hand, the use of dry Azolla
at the same abovementioned rate gave signifi-
cantly less grain yield g pot” compared to either
the application of 60 kg N fed™ as urea or as fresh
Azolla. This observation was true for Giza 177 and
Sakha 101 but was not for Sakha 102. However,
the use of 15 kg N fed™' as urea + 45 kg N fed™' as
fresh Azolla gave insignificantly different grain
yield from those recorded by 60 Kg N fed™' as urea
and 60 Kg N fed™' as fresh Azolla (Table 2).
However, the highest grain yield (46.0 g pot)
was obtained from rice variety Giza 177 received
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Table 2. Yield and yield components of threg rice varieties as affected by application of two forms of 4.
pinnata and different rates of urea under greenhouse conditions

%% Grain weight (g Pot”) 1000-grains weight(g) N% of grain N% of straw
(s)
2/‘;6’% {Q@ Rice vaneties
4 Giza Sakha Sakha Giza Sakha Sakha Giza Sakha Sakha Giza Sakha Sakha
177 101 102 177 101 102 177 101 102 177 161 102
Urea A pinnata
(Kg N/fed)
60 . 45 420 296 22 20 22 140 145 142 035 039 033
- 60 dry 33 320 282 23 23 23 170 169 164 053 043 043
- 60fresh | 46 430 300 28 26 27 178 180 170 0.60 048 052
15 45dy 35 360 270 26 21 24 150 135 135 048 035 0.40
15 45fresh | 37 350 290 25 23 25 162 144 144 050 036 04l
30 30 dry 37 366 270 24 23 23 154 152 150 048 041 042
30 3Ofresh| 39 372 280 25 24 25 163 155 153 051 042 044
45 15 dry 41 374 270 26 24 25 159 161 159 052 043 045
45 ISfresh | 45 434 300 27 25 26 168 175 165 056 046 049
@ Treaunent 3.042 1.112 0.018 0.013
§' Varieties 1.757 0.623 0.008 0.0073
A Interaction 4.921 1.934 0.027 0.021

60 kgNfed" as fresh Azolla compared to the other
two rice varieties, which, gave their highest grain
yields, i.e., 43.4 and 30.0 g pot” for Sakha 101
and Sakha 102 with the addition of the 45 kg
Nfed' as urea plus 15 kg Nfed™ as fresh Azolla.
These records were significantly different from
those recorded due to application of either 60 kg
Nfed'as urea or fresh Azolla. Generally, the use of
fresh Azolla alone or combined with different lev-
els of urea was more effective than dry 4zolla.

Regarding the weight of 1000-grain (Table 2),
results revealed that the highest weight of 1000-
grain was recorded in all tested rice varieties when
amended with 60 kgNfed™" as fresh Azolla, being
26.0, 27.0 and 28.0 g for Sakha 101, Sakha 102
and Giza 177, respectively. Theses records were
insignificantly different from those obtained from
the application of 15 kg N fed™ as urea + 45 kg N
fed” as fresh Azolla.

All tested treatments increased significantly ni-
trogen contents for both rice grains and straw
compared to the use of 60 kg N fed' as urea.
However, the highest N contents of grain (1.8%)
and straw (0.6%) were obtained from Sakha 101
and Giza 177 due to the application of 60 kg N

fed" as fresh Azolla (T-), respectively. These two
records were significantly higher than those re-
corded by other tested treatments.

In this study, the use of 4zolla as fresh or dry
material either alone or at different combination
with urea generally enhanced the growth of the
tested rice varieties. However, the highest grain
and straw yields were recorded due to the use of
45 kg N fed'as urea + 15 kg N fed'as fresh
Azolla. This result was insignificantly different
from those recorded due to the use of either 60 kg
N fed” as urea or as fresh Azolla. In this respect,
EL-Zeky et al (200S) reported that 40 kg N fed
'as fresh Azolla +20 kg N fedas urea gained rice
yield insignificantly different from that obtained
from the use of 60 kg N fed ' as urea. They showed
that Azolla incorporated into rice field at trans-
planting was quickly mineralized and 75% of its
nitrogen became available for rice plants within
one week. On the other hand, most of nitrogen
applied as urea may be subjected to leaching, vola-
tilization or denitrification. Strik and Staden,
(2003) attributed the beneficial effect of Azolla to
the production of cytokinins and auxins that en-
hance plant growth. Mussa et al (2002), revealed
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that incorporation of Azolla into soil suddenly
increased the C/N ratio of the soil, which favored
the microbia! proliferation and subsequent immo-
bilization of available nitrogen. Mineralization is
then gradually released available N in significant
amount within 6-8 weeks due to the decay of
added Azolla. Hence, Azolla application, decrease
the loss of nitrogen by leaching, volatilization or
denitrification.

Densities of total soil microbes and azospirillia

Data in (Table 3) show the effect of Azolla ei-
ther applied alone or mixed with different levels of
urea on densities of total microbes and azospirilla
in soil remained after rice harvesting. Results re-
vealed that the use of 60 kg Nfed™ as fresh Azolla
resulted in the highest densities of total microbes
and azospirilla compared to the other tested treat-
ments. The recorded figures were 39, 40, 40 x10°
and 65, 80, 58 x10° cfu g™ soil for total microbes
and azospirilla in soil used to grow rice varieties
Giza 177, Sakha 10land Sakha 102, respectively.
Mixing fresh Azolla with different levels of urea
was more favorable in increasing the densities of
total microbes and azospirilla than the dry Azolla.

Table 3. Effect of different rates of Azolla and/or
urea on densities of total microbes and
azospirilla of soil after rice harvesting

% Rice varielies
gy »

2 Giea 177 Sakha 101 Sakha 102
e v dzospi T.C. Azospi T.C. Azospi
/@“‘”/ Ifl éf’; rilla  (ctux| rilla  (cfux) rilla

($10%) 09 (x10%) 09 (xi0)
Urea A punara
(Kg N/ied)
60 -
) 20 18 16 17 25

- 60 dry 2} 31 29 44 23 40
- 60 fresh 39 65 40 80 40 58
15 45dry 20 32 12 22 15 18
15 45 fresh 23 40 19 33 22 30
30 30dry 22 32 22 55 23 20
30 30 fresh 33 50 29 63 30 3
45 1Sdry 28 47 30 55 32 37

45 1S tresh 3o 60 37 69 35 52
."8‘ Treatment 1979 2.425 2.798
27 Varietics 1.086 1.346 1.713
g Interaction 3.055 3.869 4.002
"1.C = Totl bactedial count

colony formed unit (¢lu) - colony foming unn™ g soil

The use of fresh Azolla alone or combined
with different levels of urea also increased the
densities of total microbial flora and azospirilla
more than urea application alone or combined with
dry Azolla. This result is in accordance with that
of Mandal ef al (1999) who reported significant
increases in biomass and counts of soil microor-
ganisms due to Azolla incorporation. Azolla appli-
cation either as fresh or dry material increased soil
organic matter and, fresh Azolla was superior to
dry Azolla in increasing the soil microbial, popula-
tions upon Azolla decomposition may the en-
hancement of soil microbial improve soil organic
matter content (Abd El-Rasoul er al 2004).

Soil physicochemical properties

Data in Table (4) show the effect of Azolla ap-
plied either alone or at different combination with
different levels of urea on some chemical and
physical soil properties, i.e., organic matter (OM)
content, electrical conductivity (EC), soil reaction
(pH), total nitrogen (TN) content and water hold-
ing capacity (WHC). Results revealed that all
Azolla treatments increased the soil organic matter
(OM) content over those obtained by the applica-
tion of 60 kg Nfed™! as urea. The highest OM con-
tents were obtained from soils amended with 60
kg Nfed™ as fresh Azolla being 1.28, 1.25 and 1.24
for soils used to grow rice varieties Sakha 102,
Sakha 101 and Giza 177, respectively. Regarding
EC, no definite pattern was observed in response
to the applied treatments, since; no marked
changes were noticed in all examined soil sam-
ples. On the other hand, the application of fresh
Azolla at different rates either atone or combined
with different urea levels decreased soil pl1 under
all tested rice verities. However, the use of 60 kg
N fed" as fresh Azolla recorded the lowest pH
values compared to the other tested treatnents
being 7.40, 7.41 and 7.32 for Sakhal0l, Sakhal02
and Giza 177, respectively. All Azolla treatments
also increased the TN contents of the three tested
soil samples. The highest soil TN content was
obtained from the use of 60 kg Nfed' as fresh
Azolla. The recorded percentages were 0.25, 0.32
and 0.35 in soils used to grow rice varicties Giza
177, SakhalO} and Sakhal02, respectively. Gen-
erally, the use of fresh Azolla recorded higher soil
nitrogen content than dry Azolla. This may be due
to the finding that dry Azolla needs more time to
become moistened and to promote the soil micro-
bial activities activity to start miperalization
(Ghazal er al 1997).
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Table 4. Effect of different Azolla rales and/or nitrogen on some soil chemical properties after rice har-

vesting
Rice varieties

/’/,

{@[J/{‘Zv Giza 177 Sakha 101 Sakha 102

//2-‘, oM. EC. pil TN. WHC OM. EC. pH TN WHC OM. EC pH TN WHC

7

Dy

Urea A. pulmulq

(Kg N/ fed’)

'Colllrbol 020 020 7.80 0.1t 5500 020 020 780 0.13 55.00 0.20 020 780 0.1 5500
o - 020 023 7.81 0.15 5580 020 020 782 0.l0 55.72 0.20 0.20 7.83 017 5590
- O0dry 050 020 7.80 0.20 5653 112 020 780 021 57.50 113 0.20 7.80 020 50.50
- 00 fiesh 124 019 71.32 025 0670  1.25 020 740 032 05.90 1.28 0.20 741 0.35 6790
15 45dry 1.00  0.20 7.85 0.19 6000 114 020 781 023 01.70 1.10 020 782 027 6270
1§ ASfeh (103 020 9240 020 6LAL L16 030 2% 036 01 11y 0% M oem e
30 dry 1.05 020 2.77 0.21 6l.ol 117 020 778 024 03.62 1.15 0.20 776 027 64.00
30 30 fresh 116 020 7.70 0.22 0209 1.8 020 771 027 64.01 L7 0.20 773 029 6400
45 1S diy 112 020 2.7 0.22 6271 119 020 773 028 04 71 120 020 772 030 6570
45 15 fresh 116 0.20 7.43 0.23 6382 120 020 741 030 64.95 1.22 0.20 742 032 6655

‘Control = Initial soil sample
E.C.: Electrical conductivity (dSm'™")
W.ILC: Waier Holding Capacity %

Use of Azolla cither as dry or fresh material in-
creased the WHC over that recorded in the used
soil before planting (initial soil) or the application
of 60 kg Nfed' as urea. However, the highest
W.ILC (6590, 66.70 and 67.90%) were recorded
in soils used to grow rice varieties Sakha 101,
Giza 177 and Sakha 102 and amended with 60 kg
Nfed™ as fresh Azolla, respectively. Also, it is of
worth to slate that the use of fresh Azolla was su-
perior 1o dry Azolla in increasing the soil WHC.
Azolla incorporation in fresh or dry form also
decreased the soil pll. However, this finding was
more detectable with fresh Azolla compared to dry
Azolla, while the application of urea raised the soil
pH. These results may be attributed to that urea
fertilization stimulate alga growth (Simpson ef a/
1994). Hence, the dissolved CO, in the food-
waler is reduced during the day time leading to a
rise in pll (Thind aud Rowell, 1997). The higher
the flood-water pH, the higher potential for NH,
volatilization. The lower flood water pll in the
presence of Azolla cover is partly explained in
terms of absorption of available light (Vlek et af
2002), and reducing light penetrating the floodwa-

O.M.: Organic matter %
T.N.: Total nitrogen (ppm)

ter (Krick ef af 1988). As shading is one of the
most important factors limiting algal photosynthe-
sis in rice ficlds (Saito and Watanabe, 1978), the
reduced photosynthetic activity in the presence of
Azolla cover prevents the rapid rise in flood water
pll.

Nitrogen is the most essential element influ-
encing rice productivity (Macale and Viek,
2004). Mineral nitrogen is very costly and envi-
ronmentally not safe. Thercfore, many countries
including China, India, Philippines and some Affi-
can countries are curremly utilizing Azolla for
agricultural purposes as cheaper and eco-(riendly
alternative source of chemical nitrogen fertilizers
(Lejeune er al 1999). Generally, it could be con-
cluded that Azolla application in rice production
could scure up to 75% of mineral nitrogen re-
quired due to decreasing nitrogen losses and in-
creased N-use efficiency. Saving environment
from pollution with the high concentration of
chemical nitrogen and consequently producing
satisfactory and good rice yield and maintaining
soil fertility representing other beneficial aspects
of Azolla application,
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