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ABSTRACT

he objective of this study was to determine the adaptation of some azolla

(Azolla anabaena) genotypes to the Mediterranean and Aegean coastline
ecological conditions. The research was carried out in the research fields of
Faculty of Agriculture, Aegean University in Menemen-izmir during 2002-2003
and 2003-2004. In the trial, five genotypes belong to four Azolla species were
used. Fresh azolla plants were inoculated at a rate of 300 g m2into ponds for
each month, they were harvested 14 days after inoculation and dry matter (g m-
2) was determined. The results of the study showed that the genotypes FI-1040
and MI-4030 could be adaptable to the Mediterranean and Aegean coastline
ecological conditions. Their dry weights were 67.8 and 68.2 g m after fourteen
days, respectively. The annual dry matter production reached to 16 ton ha'.

OZET

u calismada bazi azolla (Azolla anabaena L.) genotiplerinin Akdeniz-Ege kiyi

kusagina adaptasyonunun belirlenmesi amaglanmistir. Arastirma 2002-
2003 ve 2003-2004 yillarinda Ege Universitesi Ziraat Fakiiltesi'nin Menemen
Uygulama Ciftliginde yiritiilmstiir. Denemede, dort Azolla tiiriine ait bes
genotip kullanilmistir. Metrekareye 300 g taze azola asilanmis ve 14 giin sonra
hasat edilmistir. Genotiplerden FI-1040 ve MI-4030’un Ege-Akdeniz kiy: seridi
ekolojik kosullarina uyum sagladigi anlasilmistir. Her iki genotipin 14 giin sonra
kuru madde agirhginin sirasiyla 67.8 g m? ve 68.2 g m2 oldugu, yillik kuru
madde iiretiminin ise ortalama 16 ton haa ulastigi anlasilmistir.

algae Anabaena azollae lives on the leaves of azolla

Azolla (Azolla anabaena L.) is known as an aquatic
fern which lives on the water surface of rice fields,
small ponds and rivers. Azolla covers the water surface
quickly and it is situated harmoniously under the
canopy of rice plants without affecting its growth.
Azolla generally reproduces asexually by splitting and
often sexually.

The size of the fern varies between 1-5 cm and
there are lops observed on its leaves. The blue-green

and a symbiotic association is characterized in terms
of nitrogen fixation. Anabaena azollaeis stated as able
to fix 3-5 kg N per day under favorable conditions.
Taking advantages of the nitrogen fixing blue-green
algae, Azolla can double its weight within 3-5 days
(Ashton, 1971; Talley et al, 1977; Venture and
Watanabe, 1990).

As a result of its nitrogen fixation ability and high
nitrogen content, azolla has been used as a green
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manure and resource of organic matter for the
wetland rice in northern Vietnam and central China for
centuries. About 70 % of N content of azolla is
mineralized to NH,*H after 20 days from symbiosis
(Venture et al., 1990). On the other hand, it can be also
converted into compost to be used for dry land crops
and vegetables. At present, azolla is used in more than
a million hectares of rice lands in China. Azolla usage
in rice production has been increasing in Philippines.
It is estimated that 44 % of rice lands will be fertilized
with azolla in near future. Azolla has high protein
content, its protein content approximately 2-37 % on
dry matter base and it has also been used for animal
feeding such as pigs, ducks, and fishes (Watanabe et
al., 1977; Thomas et al., 1982; Hove, 1989).

Azolla is known as sensitive to desiccation and the
optimum growth temperature is noted as 25°C,
however the aquatic fern can tolerate low
temperatures up to -5°C (Watanabe et al., 1977). Seven
different azolla species are known and four of them
are originated from U.S.A. The results of the researches
showed that Asia and Ocean originated A. pinnate
increased 20 % of rice yield when it was used as green
manure. On the other hand, the US.A. originated
species A. carolina, A. filiculoides and A. mexicana
adapted to the temperate ecological conditions
increased paddy yield between 23 % and 67 %
(Watanabe et al.,, 1977; Thomas et al., 1982; Hove,
1989).

The advantage of the azolla genotypes are fast
growth ability, higher nutrient content and organic
matter values and they can be adapted to the
temperate ecological conditions. These advantages
make azolla a promising green manure for
Mediterranean conditions. Also, it is known that A.
filiculoides is naturally grown in rice production areas
of Trakya region in Turkey (Aysel and Gevrek, 2003).

This research aims to evaluate the adaptation and
dry weight values of five azolla genotypes, which
belong to four different species (A. caroliniana, A.

microphylla, A. filiculoides and A. mexicana) in
Mediterranean and Aegean coastline ecological
conditions.

MATERIALS and METHODS

The study was carried out at Menemen Location
(Aegean Region, Western Turkey) during the years
2002-2004.

In the trial, five genotypes belong to four azolla
species were used. Three of genotypes were obtained
from IRRI (The International Rice Research Institute),
one genotyp from rice production areas and the fift
one from A mexicana which understood to be
adapted to the Aegean-Mediterranean coastal
conditions in previous studies (Gevrek et al., 2004).
This genotype was used as control in the study. The
characterictics of azolla genotypes used in the trial
were shown in Table 1.

The experiment design was randomized complete
block desing with three replicates. The trial was
conducted for two years. The experiment was
arranged as 5 x 12 factorial design (genotypes x
months). Table 2 shows the average air temperatures
and relative humidity of Menemen location.
Inoculation dates of genotypes were shown in Table 3.

Fresh azolla plants were inoculated at a rate of 300
g m2into ponds of 4m x 4m x 4m (16 m?). Inoculation
dates of different genotypes are shown on Table 1.The
pods were constantly stagnant with a water level of 20
cm. To promote the vegetative growth of azolla plants
and nitrogen fixation of Anabaena algae, 0.20 g m™ of
P,Os was applied to the ponds as triple super
phosphate (Khan 1987; Hove 1989). The soil texture of
the study fields was determined as silty loam.

Fresh azolla plants were collected by hand 14 days
after inoculation and dry matter (@ m? was
determined. Data was analyzed by using standard
ANOVA. The means were compared by using the LSD
test described by Steel and Torrie (1980).

Table 1. Information related to azolla genetic material used in the study (Watanabe, et al., 1992, Aysel and Gevrek, 2003).

Variety No. Species Code Characteristics
1 A. filiculoides FI-1040 Highly reproductive by spores
2 A. caroliniana CA-3510 Highly reproductive by spores
3 A. microphylla MI-4030 Nitrogen rate on dry matter is % 4. Highly productive
4 A. filiculoides AF Adapted to the ecological conditions of Trakya.
5 A. mexicana ME-2026 Highly reproductive by spores and high vegetative growth capacity
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Table 2. Average temperatures (° C) and relative humidity (%) values in Izmir in 2002, 2003and 2004.
Average monthly air temperatures (° C)
Years 1 2 3 4 5 6 7 8 9 10 11 12
2002 28.8 28 224 17.7 13.1 7.9
2003 11.1 49 8.6 12.7 213 27.2 28.6 28.5 225 19.7 13.1 9.5
2004 71 8.2 12.2 15.7 20.3 26.5
Mean 9.1 6.6 10.4 14.2 20.8 26.9 28.7 28.3 225 18.7 13.1 8.7
Average relative humidity (%)
Years 1 2 3 4 5 6 7 8 9 10 11 12
2002 47.8 47,8 58,7 60,5 65,1 59,5
2003 62.4 60.1 52.1 61.0 52.5 37.5 37. 38.2 46.9 51.8 62.3 63.6
2004 65.6 55.9 49.2 50.0 48.4 45.1
Mean 64.0 58.0 50.7 55.5 50.4 42.2 42. 43.0 52.8 56.2 63.7 61.6
Table 3. Inoculation dates of genotypes (2002-3 and 2003-4).
Months

Years 1 2 3 4 5 6 7 8 9 10 1 12

2002 08 05 02 07 04 09

2003 06 03 03 03 07 05 02 07 04 08 06 01

2004 05 09 05 03 07

RESULTS and DISCUSSION

The amount of dry matter of azolla genotypes
(FI-1040, CA-3510, MI-4030, A.F Edirne and ME-2026)
were determined between the years 2002-2003 and

2003-2004 by analysis of variance. Only genotype
factor was found significant and year and time effect
were not found significantly (Table 4). Binary and
ternary interactions were not found statistically
significant.

Table 4. The F values for dry matter amounts of genotypes (2002-2004).

DF  dry matter amount (g m3)

Rep. 2 0,010ns

Year 1 0,523 ns
Genotype 4 60,142%*
Month 11 1,801 ns
Year x Genotype 4 0,414 ns
Year x Mont 11 0,235 ns
Genotype x Month 44 0,821 ns
Year x Genotype x Month 44 0,170 ns
CV (%) 29,41 %

** :significant at 0.01 probability level

Ns:refers to not significant

Between genotypes, the highest dry matter yield
was obtained in August from genotype FI-1040 (85.8 g
m?). Total annually dry matter content was found
641.0 g m? according to monthly average of
genotypes. The average of two years (14 days per
month) of genotypes were found as 534 g m?
(Table.5).

There was no statistically important differences

between the monthly average dry matter yields of MI-
4030 and FI-1040 and the yields were 68.2 and 67.8¢g

m?, respectively (Table 5). In the other hand, while
there was no significant differences between
genotypes MI-4030 (818.4 g m™) and FI-1040 (813.6 g
m=), whereas genotypes A.F Edirne (518.4 g m?), ME
2026 (636.0 g m2) and 3510 (420.0 g m?) had lower
average annual dry matter yields (Table 5).

It is shown in Table 5 that genotype FI-1040 gave
the highest dry matter yield (85.8 g m?) in August,
whereas genotype MI-4030 had the highest yield (80.1
g m?) in September as monthly average dry matter
yields.
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Table 5. Dry matter content belongings to genotypes during the experiments of 2002-2004 (g m-2).

Dry matter content (g m-?) Average yield for 2 years
Months FI-1040 CA-3510  MI-4030 AF (Edirne) ME - Average Dry Matter Genotypes
2026 Content (g m-?)
Jul. 78.7 36.8 69.8 441 50.0 559 78.7 FI-1040
Aug. 85.8 41.7 64.8 433 48.6 56.8 85.8 FI-1040
Sep. 69.1 40.6 80.1 47.5 63.6 60.2 80.1 MI-4030
Oct. 75.2 37.5 59.6 50.3 525 55.0 75.2 FI-1040
Nowv. 67.9 313 59.5 41.8 51.1 50.3 67.9 FI-1040
Dec. 529 28.7 70.7 41.1 44.7 47.6 70.7 MI-4030
Jan. 56.6 324 59.8 39.6 45.7 46.8 59.8 MI-4030
Feb. 62.2 38.3 64.9 38.6 56.8 52.2 64.9 MI-4030
Apr. 67.7 39.5 70.1 44.6 59.6 56.3 70.1 MI-4030
May 69.9 36.1 66.5 423 535 53.6 68.2 FI-1040/ MI-4030
Jun. 68.2 30.1 79.3 45.6 46.2 53.8 79.3 MI-4030
Avi ¥ 67.8A 35.0D 68.2A 43.2C 53.0B 534 72.8
Total yield2**  813.6A  420.0D  818.4A 518.4C 636.0B 641.0 873.6
An.*** total 1627.0A 840.0D  1636.0A 1036.8C 1272.0B 1282.0 1747.2
yields
Average +12.7 -66.0 +12.8 -81.5 100 +13.7
increase

HKO1=249.4, LSD (%5)= 5.1
HKO,=188,2, LSD (%5)= 25.8
HKOs=155,9, LSD (%5)= 23,5

*Average yield of 2 years (14 days per month)
**Total average yield of year (14 days per month)
***Total average annual yield (12 months)

The genotype ME-2026 which was used as a
standart genotype in the trial showed higher
performance in April (59.6 g m*) and September (63.6
g m?) (Table 5).

ME-2026 genotype gave the highest dry matter
yields on April and September. On the other hand, the
genotypes FI-1040 and MI-4030 gave the highest
yields than ME-2026 the all year. According to these
results, we can say that it is possible to have high dry
matter yields from Azollae genotypes the all year in
Aegean and Mediterranean conditions.

CONCLUSION
Dry matter amount of five different azolla
genotypes were investigated for two years in this
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