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ABSTRACT

Azolla pinnata was grown in three different
niedia (Yoslnda, peat moss and soil media) under
greenhouse conditions. One gram of A. pinnata
was trauslerred ito plastic pols and sampled
occasionally every S days intervals up to 25 days.
The growth, Ny-fixation and NPK contents of 4.
pinnata were compared during 25 days of incuba-
tion to sclect the ost suitable Azolla growing
medium. Results indicated that Yoshida medium
induced the most positive significant effect on
growth paramieters (fresh, dry weights, doubling
timic and NPK content ol :. pinata) compared to
peat moss or soil media. Morcover, nitrogenase
activitics reached its maxitu values (13.00, 7.52
and 14.72 p mole Cally g dry wi'hr'') i Yo-
shida. peat moss and soil media afler 20, 20 and
25 days ol incubation, respectively.

i a pot experiment, effects of A. pinnata used
cither as fresh or dry form alone and/or in different
combinations with urca on the productivity and
yvicld compouents of wheat ail some soil proper-
tics were also evaluated. Azolla and wrea were
gradually mixed together to accomplish the full
nitrogen dose (75 kg fed™) required for wheat pro-
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duction. Results revealed that no significant of-
fects were duc 10 the use of both dry or fresh
Azolla in single or combined trecatnent with urea
on height, number of pauicles plant™ and straw
weight of wheat. The usc of fresh Azolla achieved
slightly higher values for these paramecters i
those recorded duc to the usc of dry Azolla and/or
control treatnent. Both 1000-grain and grain yicld
plant™ also responded positively 1o Azolla applica-
tion cspecially in the fresh form. The use of Azolla
in both forms led to a decreise in both soil pH al
EC, bul increased the soil organic maller content
compared to control and/or single urca treatment
and the effect wis more pronounced in all treat-
ments reccived fresh Azolla. Soil water holding
capacity (WHC) was increased compared to con-
trol treittment duc to dry rather than to fresh zofla
application. Fresh Azolla application increased the
densitics of total microbes. azotobacters and
azospurilla as well as the amount of CO; cvohved
rather than dry .1zolla and/or urea mnendiment.

INTRODUCTION

Azolla is known to contain the symbiotic nitro-
gen-lixting cyanbacteria, Anabacna azolla, willin
its leal cavities. The cyanobionts furnish the N
requircmient of Azella plant through the algal
symbiont (Singh & Singh, 1990 and Wagner,
1997). The decomposition uic of Azotla in the soil
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depends on the C/N ratio, temperature and soil
propertics. Ram ¢t of (1994) showed that addition
of Azolla decreased pll, improved physical soil
propertics such as aggregation of soil particles,
soil structure and permeability, Ieading to a better
walter holding capacity and less cvapolranspiri-
tion. Kannaian (1993) reported that the applica-
tion of Azolla mcreases the N, P contenis of the
soil. Soil application of Azolla incrcased crop
yiclds in the smne degree as application of mineral
or organic nitrogen at the ratc of 40 -100 kg N ha™!
(Talley & Rains, 1980; Kolhe & Mittra, 1990
and El-Shahat, 1997).

Wheat is considered the main source of food in
the worlds, especially in Egypt. Raising wheat
production through increasing the productivity of
land arca unit and the cultivated arca, represent the
most important national target to minimize the gap
between the Egyptians production and consump-
tion (Osmaun ef af 2000),

The aim of this work is to sclect the most suit-

able medium for growing Azolla pinnaia and its
cffect on Azolla biomass production, doubling
time (DT), nitrogenasc activity (Nz-ase) and NPK
content. As well as to study the effect of 1wo
forms of szolla (dry and fresh) inoculation on
wheat  crop  productivity, some soil physico-
chewical propertics and densitics and aclivity of
soil microorganisins.

MATERIALS AND METHODS
Azolla

~ Azolla pinnata uscd in the present study was
kiudly supplicd by Soils, Water and Environment
Res. Inst (SWERY)), Giza, Egypt.

Media used

Three types of miedia were used to grow A.
pinnata, ic., Yoshidia medium (Yoshida et af
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1976). This medium contained the [ollowing
chewical compositions in ppm: NaH:PO,.2H,0
40, KzSOq 40, CilClQ.HzO 40, MgSO,?HgO 40,
MnCl:.2H,0 0.50, NaMo00Q,.2i1;,0 0.15. H;BO,
0.01, ZuSO,.7H,0 0.01, CuSQO,.511,.0 0.0l aud
Fe-EDTA 2. pll 5.5. Peat moss mediumn wis com-
poscd of 20 g of peat plus 600 m! tap water. Peat
moss was a product of international LTD Com-
pany. Switzerland. It contains (mmg/100g) 220-250
K; 100-120 Ca; 80-100 P; 80-100 Mg and 0.8-1.0
N. Soil medium was prepared from soil collecied
from Kalubia Governorate. Onc hundred gram soil
was added to cach pot and covered with 600 L
tap water. Soil samples were analyzed for their
chemical and physical propertics (Tablel) accord-
ing to Page et al (1982).

Wheat grains

Wheat grains (Triticum aestivumn L) varicty
Sids 1 were obtained (roin Wheat Res. Scction.,
Ficld Crops Rescarch lust. ARC, Gizar

Experimental Techaignes

Evaluation of A. pinnata prowth in different
media

Azolla was surface sierilized with mercuric
chioride (0.1%) for 30 Sc. according 1o Vandna
and Ashwani (1998), washed with sterilized wa-
ter several times and then air dricd for 30 minulcs.
Plastic pots cach with 14 ¢ in diameter and Tem
depth contained 600inl. of Yoshida or peat moss
or soil medium and sampled after 0, 5, 10, 15, 20
and 25 days and was inoculated with 1g of fresh
Azolla as standard inoculum. Five replicates for
eiach treatment were applied. The inoculated pots
were kept under greenhouse conditions.

Table 1. Physical and chemical analyses of the experimental soil.

Mechanical analysis Chemical analysis
Coarse 13 90 [
Sand% kFine 910 Scluble cations Soluble amions WHC. CaCOy OM EC Total N Soil
sand% Silt% 2530 (meg/100 g soul) (%) (%) (%)  WSin™) (ppm) pH
Clay% 5170
Soil texture Clay - - -
Ca Mg Na K* HCOy Ccr S0,
55.00 1.95 020 020 01 738
[ 0.14 0.03 007 077 012 0.08 0.81 l *
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Effects of A. piunata applied form as an organic
nitrogen source for wheat

A pot experiment was conducted at Soils, Wa-
ter and Environment Rescarch Institute, Agric.
Res. Center, Giza, Egypt, under grecnhouse condi-
tion to evaluate the cffect of cither fresh or dry
Azolla pinnata application on growth and prodnc-
tivity of wheat plint. Pots (35 cm in dimcter)
were filled with 10 kg soil, ancuded with super-
phosphiate (15.5% P,0Os) at a ratc of 100 kg fed”
urca (46.5 % N) was applicd immediately after
scedlings thinning at difTerent doscs, i.c., the rec-
ommended dose (75 kg Nfed™'), 15, 30 and 45 kg
Nfed™. Soil was planted with 5 wheat seeds. Upon
scedlings development, only 3 healthy wheal seed-
lings were lelt/pot. Azolla was incorporated into
the soil as fresh or dry malerial mixed with soil
before sowing to give the full recommended dose
of nitrogen as organic, inorganic or a complemen-
tary substitute for nitrogen levels of 15 and 30kg
Nfed! giving the full recommended dosc (75 kg
Nfed"). Application ratc of Azolla was calculated
on the bascs that it contains 4% nitrogen in dry
weight reference. The characlteristics of soil are
prescnled in Table (1).

Parameters measured
Fresh and dry weight of Azolla

Azolla fronds were harvested, washed with de-
1ionized water and placed under shade between two
thuck layers of blotling tissue papers for approxi-
mately 1-2 hours before determining fresh weight
of Azolla in g pot’ according to EL-Shahat
(1997). Fresh Azolla fronds were then oven dried
to a constant weight at 70°C and cxpressed as g
pot” (EL-Shahat, 1997).

Doubling time
Doubling time (DT) of Azolla was calculated

according to the cquation of Aziz and \Watanabe,
(1983).

Nitrogenase activity

N,-asc of Azolla was assayed by the acetylene
reduction technique as shown by Nardy et al
(1973).

NPK content

NPK contents (%) of Azolla fronds were dc-
termined in drnied plant materials according 1o the
methods of Black et al (1965), Qlsen and Som-
mers (1982) and Brown and Lilliand (1946),
respectively.

Sampling and determinations of wheat

Soil in pots was sampled at different wtervals,
i.c., at the time of experimentation and after 15,
30, 45, 60 and 120 days to determine the total mi-
crobial densities using plale count technique on
Buntt and Rovira medium (Buntt and Rovira,
1955). Azotobacter and Azospirillim populations
using MPN technique on Ashby's modified me-
dium (Abd EI-Malck and Ishae, 1968) and scmi
solid malate medium (Déberiner, 1978), respec-
tively. CO; evolution was also estimmated according
to Monib ef al (1981). At harvest (150 days from
sowing), wheat g)lauls were harvested grains and
straw yield pot”, plant height (cm) and 1000-
grains weight, number of punicles plant” were
recorded. Total N contents (%) measured by mi-
crokjeldahl methods (Jackson, 1973) were also
estimated.

Statistical analysis

The experimental results were subjected to sta-
tistical analysis according to Gomez and Gomez
(1984).

RRESULTS

Growth response of A. pinnata in different me-
dia

Data in Table (2) revealed that there was a
positive significant relationship between Azolla
growth and incubation period in all tested media.
Hence, the fresh and dry weight of A. pinnata
rcached the maximium level in the three tested
media after 25 days of incubation being 26.0, 239
and 24.98 g pot” for fresh weight and 1.8. 1.3 and
125 ¢ pol‘l for dry weight in yoshida, peat moss
and soil incdia, respectively. llowever, doubling
times (DT) in those media were almost similar
after 25 days of incubation, being 3.30, 5.30 and
5.38 days in the same above-mentioned respective
order. In spite of recorded variation in carly sam-
pling period (5 days), the DT in Yoshida medium
was 2.60 days after 5 days of incubation compare|

Annals Agric. Sci., 51(2), 2006



364

Girgis, El-Shahat; Al-Shaymaa Ahmed and Saich

Table 2. Effect of dilferent growth media on fresh, dry weight and doubling timc of 4. pinnata

’?7/'» ) Media
Wep,
P, K Yoshida Peat moss Soil
(r"'l ,()(/
e FW. DW. DT FW. DW. DT FW. DW. DT
0 1.00 0.05 0.00 1.00 0.05 0.00 1.00 0.05 0.00
5 3.70 0.15 2.60 2.90 0.14 3.20 2.42 0.12 3.90
10 6.80 0.70 3.60 4.92 0.25 4.30 3.62 0.21 4.38
I5 14.00 1.30 3.90 10.98 0.55 4.30 8.12 0.41 4.96
20 22.00 1.70 4.50 19.62 0.98 4.70 17.79 0.90 4.80
25 26.00 1.80 5.30 25.90 1.30 5.30 2498 1.25 5.38
LSDat0.05 1.334 0.098 0.139 1265 0.064 0.238 0.982 0.048  0.365
F.W. =Fresh wegh (g/pot).
D.W. =Dray weigh (g/pot).
DT, =Doubling time of fresh weight (days).
with the other 1wo tested media, where the corre-  NPK contents

sponding DT wcere 3.20 and 3.90 days after the
same incubation period. Form the above results
Yoshida medium recorded the highest growth for
A. pinnata compared to the other medii (ested.

Nitrogenase Activity

Acctylene reduction records presented in Fig,
(1), generally showed a gradual increase with in-
creasing incubation periods. However, the highest
vitlues ol acetylene reduction were observed after
20, 20 and 25 days of incubation for Yoshida, peat
moss and soil media, being 13.00, 7.52 und 14.72
p mole CoH./g dry wi./hr, respectively.

16

Results in Table (3) showed a gradual increase
in NPK coulents of 4. pinnata wilh increasing
incubation period in all tested growth media. The
maximum N content was recorded afier 25 days of
incubation, being 3.88, 3.10 and 3.51% for Yo-
shida, peat moss and soil media, respectively. The
same frend was also obscrved for both P and K
contents. A. pinnata grown in Yoshida medium
also gave the highest percentages of P and K%
after 25 days of incubation. followed by both peal
moss and soil media being .83, 035, and 0.17
against 1.95, 1.00 and 0.35% lor P and K content.
respectively.

14 - —— Yoshida rnedium
12 | —*— Peat moss medium

10 —a— Soil medium

(umole CH,gaw'h™)
@

0 5 10

15 20 25

Periods (days)

Fig. 1. Nitrogenasce activily (Nx-asc) of Azofla pinnaia grown on different wedia.
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Parameler Nedia

Perio Yoshida Pecat moss Soil

{days) N P K N P K N p K
0 2.22 0.04 0.11 2.24 0.0 0.11 221 0.04 0.11
5 2.60 0.25 0.35 2.41 0.15 0.20 2.57 0.09 0.13
10 2.77 0.29 0.19 2.46 0.19 0.39 2.58 0.11 0.18
15 2.93 0.32 0.62 2.51 0.23 0.57 2.60 0.12 0.22
20 3.31 0.49 1.05 3.01 0.31 0.93 3.12 0.15 0.37
25 3.88 0.83 1.95 3.10 0.35 1.00 3.51 0.17 0.35

L.S.D.at0.05 0.891 0.36 0.03 0.880 0.020 0.144 0.135 0.036 NS

Elfect of A. pinnata applied form as an-organic
nitrogen source for wheat

Densitics and activities of soil microorganisms

Data in Tables (4 and 5) showed that densitics
of microbial populations and activilies were in-
creased up to 60 days after which both paramcters
tended to decrcase. The highest microbial densitics
were recorded duc to the usc of 75 kg Nfed™! as
fresh olzolla compared to other tested treatments,
After 60 days of incubation, total niicroorganisins
reachied 210 x 10° cfu g. soil” while Azotobacters
and Azospirilla reaclicd 53.66 x10% and 150x10°
cclls/g dry soil respectively.

After 120 days of cexperimentation, densitics
records were decrcased but with a saperiority of
the treatinent reccived 75 kg Niedas fresh Azolla.
The usc of different rates of Azolla and urca in-
creased the densities of the microbial populations
at all tested infervals than those recorded by the
usc of dry Azolla. Raies of CO; cvolution, gave
sumilar trend (o those achicved by microbial densi-
tics. Therefore, the highest CO, evolution rates
were also recorded after 60 days of planting com-
pared to the other tested intervals. The priority
was also obscrved for application of 75 kg N fed™
as fresh Azolla being 1550 mg CO, 100g soil ™,
Corresponding highest CO; cvolved rales were
360, 695, 925 and 793 mg CO, 100 soil* after 15,
30, 45 and 120 days of planting. However, the use
of different rates fresh Azolla mixed with different
levels of urca was supcerior lo those of dry Azolla
at all tested intervals.

Growth and yicld responses

Data in Table (6) revealed that both tested
treatments did not significantly affect plant herght,
number of panicles plant™ and straw weight of
wheat. Higher values of plant height, i.c., 96 95
cm plant™ werc recorded due (o the application of
75 kg Nfed'! as urca and/or 75 kg Nfed'as fresh
Azolla. Regarding No. of panicles plant”, the
highest value was 14 panicles plant’duc 1o the
application of 75 kg N led'as fresh Azolla but it
was insignificantly different from the other tested
treatments. Similar obscrvation was noticed with
straw weight plant™. All treatments received fresh
Azolla cither alonc or conjugated with diffcrent
levels of urca svere significantly higher in grain
yicld and 1000-grain weight than those received
corresponding treatmients using dryv Azolla. 1ow-
ever, the highest gram weight plant™ (45.2 g.) and
weight of 1000-grain (35.89 g) were obtained
from the apphcation of 75 kg N fedtas fresh
Azolla. The total nitrogen per cent of both graius
and straw followed the same pattern showed in
other yicld components as the highest N percent-
age were also recorded with the usc of fresh Azolla
particularly at the level of 75 kg Nfed', being
1.83 and 0.89% for both grains and straw, respec-
tively.

Effects on soil propertics

Data in Table (7) show the effcct of Azolla and
urca cither as single or mixed together in diflferent
ralcs on somce soil propertics after wheat harvest-
ing. Resunlts revealed that all tested (reatinenis

Annals Agric. Sci., 51(2), 2006
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Table 4. Densities of soil total microbes (cfu)' and rates of CO; (mg CO; 100 g soil™) evolution as af-
fected by A. pinnata applied form combined with different rates of urea nitrogen

Incubation period (days)

15 30 45 60 120
Treatment
T.C? CO, T.C CO; T.C CO; T.C CcO,; T.C CO;
evolved? evolved evolved evolved evolved
Control (initial soil) 12.00 90 23.00 130 20.50 400 41.16 510 10.00 70
Urea A. pinnata
(kg N/fed™)
75 - 16.3 182 41.7 200 32,0 600 50.7 790 14.0 120
- 75 dry 27.0 292 62.3 360 64.6 650 102.7 910 386 282
- 75 fresh 56.7 360 89.6 695 160.3 925 2100 1550 90.6 793
15 60 dry 307 300 513 530 62.7 670 98.3 1100 60.0 505
15 60 fresh 38.0 309 58.7 570 69.7 695 119.0 1180 68.0 560
30 45 dry 39.7 301 61.0 590 104.6 726 134.0 1210 80.6 676
30 45 fresh 45.6 31 66.3 620 116.6 760 156.0 1250 86.0 680
45 30 dry 46.2 331 69.3 630 125.0 790 166.0 1290 90.5 690
45 30 fresh 51.0 340 76.3 661 140.0 830 175.0 1380 98.6 705

'cfu = colony forming unit (x10° g soil)
2 T.C = Total microbial count

Table 5. Densities of Azotobacters and Azospirilla as affected by A. pinnata applied form combined with
different rates of urea.

Incubation period (days)
Treatment 15 30 45 60 120
G A e 0 e O8 e 8
cells g’ cells  cells g’ (XI.P cells  cens g (xl'? cells  celis g’ (XI.? cells  eiis gt celsg’
soil)  glsoil) soil) B SO gy cgTseld  Tony o gTsel) Ty soil)
Control (initial soil) 2.00 9.30 2.30 16.20 3.10 18.30 4.10 30.50 1.90 7.20
Urea A. pinnata
(Kg Nfed™)
75 - 2.7 11.2 3.0 300 53 60.0 6.6 56.5 40 8.1
- 75 dry 53 20.0 9.3 46.0 16.0 129.0 18.3 713 120 23.0
- 75 fresh 73 28.7 13.0 66.3 503 190.4 53.7 150.0 40.6 120.0
15 60 dry 43 '19.6 9.0 44.0 18.3 90.7 270 923 16.0 47.0
15 60 fresh 6.3 24.7 10.7 427 20.3 101.3 29.1 96.7 18.0 53.0
30 45 dry 4.7 20.0 7.7 41.7 22.1 116.2 309 102.6 20.0 64.0
30 45 fresh 6.7 233 8.3 47.0 25.3 125.6 36.6 112.6 230 83.5
45 30 dry 7.0 24.6 9.6 480 29.0 131.6 40.8 124.0 26.0 89.0
45 30 fresh 7.5 25.3 10.8 502 320 140.0 50.1 136.0 30.0 93.0

Annals Agric. Sci., 51(2.), 2006
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Table 6. Growth, yield and yield components of wheat plant as affected by 4. pinnata applied form com-
bined with ditferent rates of urea nitrogen

‘Freaiments No. of pinna- Straw Grain 1000- Total nitrogen
Plant height ‘
Urea A pinnata cles weight weight grain (%)
(cwv/plant)
(Kg N fed™) (plant™) (g plant™) (g plant™) Weight (g)  Grain  Straw
75 - 96.0 13.0 50.8 34.0 333 1.40 0.10
75 dry 87.0 13.0 48.5 35.4 325 133 0.35
75 fresh 95.0 14.0 516 152 358 1.83 .49
IS5 60 dry 92.0 12.0 47.1 359 313 L4o 0.35
15 60 fresh 90.0 13.0 50.2 43.4 320 1.56 047
30 45 dry 91.4 13.0 48.5 338 3t 14t 037
30 45 dresh 93.0 13.0 50.2 443 342 1.52 0.4
43 30 dry 920 13.0 49.0 36.2 33.0 1.32 0.10
15 30 Jiesh 93.0 13.0 50.1 43.1 342 142 043
L.S.D. at 0.05 NS NS NS 3.07 1.01 0.03 0.02

Table 7. Some soil chemical and physical properties as affected by A. pinnata applied form combined
with difterent rates of urea nitrogen

Treatments Soil physiochemical propertics
Urea A pinnata
. pH €.C oM TN WIIC
(Kg Nfed™)

Control { initial soil) 7.80 0.20 0.20 1.17 55
75 . 7.88 023 023 2,05 54
- 75 dry 7.74 0.22 0.78 233 66
- 75 iresh 7.20 0.15 1.90 2.59 6l
15 60 dry 7.75 0.22 0.64 235 60
15 60 fresh 7.71 0.21 0.69 2.47 58
30 45 dry 7.69 0.19 0.85 2.15 63
30 45 fresh 7.68 0.18 1.00 2.28 60
45 30 dry 7.60 0.18 1.90 2.19 64
45 30 fresh 7.60 0.17 1.80 2.29 60

pll - Ihe hydrogen ion concentration (soil water susp. (1:2.5)

E.C. : Electrical conductivity (dSm-')
WHC : Water holding capacity (%a)

O.M. : Organic matter (%)
TN.: Total nitrogen (%)

Annals Agric. Sci., 51(2), 2006
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reduced both soil ptl and EC compared to the ini-
tial soil (control) expect for the addition of 75kg
Nfed' as urea. The least pli (7.20) and EC (0.16)
were obtained due to the same amount of N as
Azolla. On the other hand, increasing the rate of
Azolla either as fresh or dry material conjugated
with decrcased urea level led 1o more decreases in
hoth pll and EC with a more superiority to fresh
Azolla. Due to soil organic matter content, results
showed that the use of Azolla cither dry or fresh
increased soil organic matter coml)nrcd to control
or the application of 75 kg Nfed” as urca. How-
ever, soil organic matter content of 1.90% was
obtained due to the use of 75 kg Nfed™! as fresh
Azolla. Mixing different rates of fresh Azolla with
different levels of urea increased soil organic mat-
ter content than the same treatment comprising dry
Azolla. Also, the highest total nitrogen content
(2.59%) was obiained from the addition of 75 kg
Nifed' as fresh Azolla. llowever, inchusion of
Azolla cither as dry or fvesh material at any rates
with urea increased soil total nitrogen content over
both the controf (1.17%) and 75 kg Nied™ as urca
(2.05%). Again fresh Azolla appeared 10 be supe-
rior 10 dry Azolla at any rate mixed with urea.
Generally, inclusion of Azolla cither as dry or
fresh material increased WHC over control by
55% and by 54% over 75 kg Nfed'as urea. On the
contrary, dry Azolla application increased WHC
by 66% compared to control.

DISCUSSION

The obtained results indicated that Yoshida
mediam significantly gave the highest growth pa-
rameters than both Peat moss and soil media. This
may be due 1o the fact that Yoshida medium con-
tains the essential nutrients needed for Azolla
propagation. In fact, nearly similar results were
obtained by El-Araby et al (1999) who showed
that A. pinnata recorded its maximum growth and
doubling time with increasing the incubation pe-
riod up to 25 days. When A. pinnata was grown in
Yoshida medium, its nitrogen content significantly
increased with increasing incubation periods and
gave the highest record of nitrogen percentage
after 25 days of incubation compared with other
media. The present results are also in agreement
with Nour EL-Din (1997) who found that Azolla
total nitrogen reached a 5.10% after 25 days of
incubation. Recently Mussa, (2005), showed that
in Yoshida medium, A. pinnata contained the
highest total nitrogen (8.07g.N/m*) compared with
both soil and Van tlove media after 30th days of

incubation. On the other hand, Sangeeta ¢t al
(2002) found that, soil cultures were as good as
the nutrient medium tor Azolla propagation.

tn this study Azolla propagated under optimal
conditions was used as an organic nitrogen source
for wheat production compared to urea alone or
combined with different rates of either fresh or dry
Azolla to accomplish the tull nitrogen dose (75 kg
N fed') required tor wheat crop production. In this
concern, Kolhe and Mittra (1990} stated that
tresh Azolla when applied in rotating rice- wheat
cropping system was beneficial for wheat, since
this system raised wheat grain yield by 56-69 %
over control. EL-Zeky er @l (2005) explained that
fresh Azolla when incorporated into the soil is
quickly mineralized and 75% of ils nitrogen be-
comes available 10 the cultivated plants within one
week., With application of urea alone, onset of
nitrogen may be probably lost by leaching, vola-
tilization or denitrification.

Fresh Azolla was superior in increasing the
counts of azotobacter, azospirilla, total microor-
ganisms, as well as the rates of CO, cvolution. In
this concern, Mandal ¢t al (1999) reported sig-
nificant increases in biomass and counts of soil
microorganisms  including  azorobacter  and
azospiritla due to Azolla incorporation in rice
tields. They attributed this behavior to the fact that
successive Azolla cropping with rice plants in-
creased soil fertility, which enhance growth and
biomass of soil microorganisms. The increase in
soil microorganisms increased the rate of micro-
bial respiration and subscquently the amounts of
evolved CO,.

Azolla application feads to increase the pani-
cles number/ptant, 1000-grain weight and grain as
well as straw yields (EL-Zeky ¢f al 20058). The
increase in nitrogen content of straw and grains
were also attributed to nitrogen lixed by Azolla
(30-60 kg N ha'' in 30 days). Nevertheless, Strik
and Staden (2003) attributed the beneticial effect
of fresh Azolla to the presence of cytokinins and
auxins that enhance plant growth. Mussa et al
(2002) revealed that incorporation of fresh rather
than dry Azolla suddenly increase the C/N ratio of
the soil favoring microbial proliferation and sub-
scquent immobilization of available nitrogen. The
mincralization is then released significant amounts
of nitrogen within 6-8 wecks because of the decay
of added Azolla. Conscquently Azolla released its
nitrogen by gradual mineralization, which de-
creases the loss of nitrogen by leaching, volatiliza-
tion or denitrification. Although, dry Azolla may
act similarly as fresh Azolla this requires dry
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Azolla to become water swelled and this may need
morc fime (10-12 wecek). Incorporation of dry or
fresh Azolla, generally, decreased both soil pH and
EC. In this concern, Simposon et al (1994) noled
that wncorporation of dry and/or fresh Azolla wlo
soil decreased the soil pH while uren raised the pH
value. In this respect, fertilization with urca may
shmulate algal growth and hence their photosyn-
thetic activity. Therefore the dissolved CO; in the
soil is reduced durmg the day time Ilcading to a
decrease in soil pll. The increase of soil organic
matter in this study duc to application of fresh
Azolla was confirmed by the results of Herzalla et
al (2002) who showed an increase of 27.6% in soil
organic carbon duc 1o Azolla applied in rice held.
Azolla, upon its decomposition has also enhanced
microbial proliferiation in the soil which increased
soil organic matler content (Abd-El Rasonl ef al
2004). Morcover, Azolla mineralization led (o the
release of nitrogen into the soil and conscquently
increases i soil nitrogen content (EL-Zeky et al
2008). llowever, dry Azolla increascd WHC more
than fresh Azolla. This hinding may be duc to the
ability of dry s1zulla 1o absorb more water than
fresh Azolla (Nerzalla et al 2002),
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