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Abstract

The Azolla plant is one of the most important and famous plantdsthatridwide
cultivated for the production of animal fee@his is due to its cheap cost, rapid
growth, and rich protein content, which ranges betweer3(@% of its dry weight

Also for its ease of cultivation, besides beemyironmentallyfriendly green fodder.
Studies and scientific research dealing withstiplant and its economic and
agricultural importance t&alestiniarfarmersare so important in order to introduce
Azolla cultivation in theWest bank and Gaza strip. The platmot yetknown or
widespread in the West Bank and Gaza Stfipnce, itis necessary to conduct an
objective scientific study on the ground that confirms and proves the possibility of
cultivating this plant in the Palestinian environment using local organic fertilizers and
on different types of water. Therefore, we planted seusaiains of Azolla plant in
different environments in terms of temperature, light intensity, type of organic
fertilizer and the amount of water used and compared with each other, to study the
possibility of cultivating the plant in the Palestinian environtrend to identify the
most prominent environmental factors that affect its cultivatidns is the first and
only study that investigates the possibility of cultivating Azolla in Palestine based on

scientific investigations.

As it turned out that it ipossible to grow the Azolla plant in Palestine with ease and
outside the greenhouse for most months of the year, as well as inside it in all months
and seasongdt was found thagrowth ratesvas higheruring the summer by almost
half. Also, the Azolla plant can be grown organically using natural organic fertilizers
without usingany chemical fertilizers. Vermicompost is the best ever among all the
other organic fertilizers thatan beused. This type ofertilizer does not need
agricultural soil when used, unlike the rest of the organic fertilizers, which turned out
to be unreliablealone forcultivation of the Azolla plantAgricultural soil must be
added with a height of 3 cr& least inside each basimhen using these organic
fertilizers. Azolla plant can be grown on many types of water, such as the fn@ter

fish farming ponds and the treatecstewater secondary or tertiary treatmemhe
water of fish farming pondsvas foundthe best among thesgpesfor cultivation
Azolla. Azolla plant can be grown in a healthy manner at varying heights of water

Ranging on average from 3 cm and above (it can be plaved inless than this

Xiii



depth) The preferablebasinsdepthduring summerwas found to benore tan 20 cm

This depth was foundbetterfor control thetemperatureof water in the basin and
climatic fluctuations between night and day. Within the Azolla bas#)(8m,
experiments also showed that the Azolla plant multiplies in the Palestinian
environment from (6L0) times within one month, i.e. an average of once every 4 days
on average. The production per square meter of fresh green Azolla (within 4 days)
and after drying in the shade for 5 hours ranged betweenrr 8000 gm. of fresh
green Aplla, meaning that the monthly average production of a square meter of
Azolla plant is equivalent to-8 kg/month. Therefore, the average biomass resulting

from an area obne dunum during one month is approximately 6 tons.

The results also showed thiae growth rate of the Azolla plant is close to the growth
rate of the water lentil plant with a relative superiority in favor of the water lentil
plant It was also noted that the environment of the cultivated Azolla ponds could be
improvedby some addibns. As an example fothe fish water by adding agricultural
soil, and daily stirring once or twicdaily stirring of the water and soil of the
organically grown Azolla ponds contributes to an increase in its growth rate. The
intensity of light greatly fiects the growth rate of the Azolla plant, its color and
appearance. The growth rate of the Azolla planted in the shade (50% of the intensity
of natural light) was greater than that directly exposed to sunligterilization of
organic manureby the addion of copper sulph@ at a concentration of (5lgivas
found to playan important role in maintaining the safety of Azolla ponds from
harmful algae, fungi and molds. It is also possible to fertilize and stir the water and
soil of Azolla ponds built orgdcally using different types of fish such as tilapia and
catfish. With the need to take into accbtime numerical density (fiskfuare meter)
because the goal of it is fertilization, not breeding, in order to maintain a balance
between the needs of Azalland the concentration of organic fertilizeand
Experimentshave shown that the monthly water consumption rate by the Azolla plant
is approximately equal to 120%*dunum And the palatability offarm animals was

noted, different animals can eat Azolla

Xiv
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Chapter 1

Introduction

The livestock sector in Palestine faces many important and fundamental challenges
that have made many farmers reluctance to raise livestock of all kinds, and one of the
most important challenges and obstacles is the difficulty of providing animal feed at
cheap and competitive prices, which greatly limits farmers' profits and reduces the
feasibility ofraising livestock in Palesting herefore, an urgent need arose to provide

a new, safe, environmentally friendly, and easy source of animal feed in the
Palesinian environment On the other hand, the high prices of chemical fertilizers are
among the most prominent and most important problems facing farmers working in
the field of plant productionA realistic, easy, safe and environmentally friendly
solutionthat solves the problem of the two sectors together, and one of the solutions
proposed by many researchers around the world whose countries suffer from the same
problem that we have was to resort to planting the Azolla plant, which can be used as
animal feed due to the high protein content inside it and can also be used as natural
fertilizer (Palestinian WateAuthority, 2013)

On the other hand, we hagevasted water wealth represented in wastewater, which
can be treated and used to cultivate the Azolliant for later use as natural fertilizer,

or water in fish breeding ponds whose water can be used excellently to grow the
Azolla plant and provide animal feed at cheajgg® and in easy and safe waysl a

environment friendly.

1.1 Azolla pinnata(Azollaceae i M osquito ferns)

Azolla is a small free floating aquatic fern native Asia, Africa, andAmerica (figure

1.2). Azolla commonly known as mosquito fern, duckweed fern, fairy moss, and
water fern It grows in swamps, ditches, and even in lakesramgiswhere the water

is not turbulent(Kathirvelan, Baupriya et al. 2016 Azolla grow as a cluster of
leaves, and the plant size range frofin 20.5 cm, some species can grow to a size of
15 cm(figure 1.1)(Wagner 199y .
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Figure 1.2: Map showing thedistribution of the Azolla pinnataaroundthe world
(CABI 202))

1.11 Growth Rate of Azolla

Reducing the doubling timeDT ) to three days or less will be vedjfficult to obtain

a harvest \th constant production, it may be possible to reduce the reproduction time
of Azolla under industrial conditions Controlled or in laboratory conditiorisecome

less than 30 hour®lohamed 200b

Sucrose is the primary end product in Azolla. 2% system Concentrations of glucose,

fructose, sucrose or maltose in the nutrient solution increased the growth rate of



Azolla. Whereas, some sugassch as sucrosean increase Azolla yields by 183%
over sugaifree controlNickell 1961).

Hechler and Dawson (199%pund tha the high density of the plantduced the
specific nitrogenase activity per unit biomass and per unit area. They found that the
optimum plant density for nitrogenase activityAmollacarolinianawas 50100 g dry
weighthr?. It found thatAzolla pinnataoutperformedAzolla filiculoideswhen it gave
higher growth of N, P and K contents in all of the tested growth periszisla
pinnatanitrogenase was also more active tAawlla filiculoides Theyrecommended
Azolla pinnatafor applications as a green fertilizgl-Araby 1999.

1.12 Reproduction of Azolla

Azolla reproduces by vegetative and gender reproduction. Under nebumditions
Azolla reproduces by vegetative propagatibimder certain circumstances genital
formation is observed and a new generation of fertilized fetus is formed. Little is
known about the state of spore formation ansl dénvironmental significance
(Watanabe 1982

1.12.1 Vegetative reproduction in Azolla

Vegetative propagation is the most common method of reproduction in nature and the
agricultural application consists of multiplying by segmentation of the fronds. This
occurs when roots or secondary branches form a separation layer at their bases and
break off from the main rhizome. Root begins to appear from the base of the
separation branch once the cell of the separation layer begins to mature. After
separation from the parent plant. And new plants behave independently. The small
plant also grows in sizelt also grows more rootdt grows fully in 1520 days
(Lumpkin 1987. Azolla is aheterosporous plant, that is, it contains two types of
spores that are produced on the same plant. Ovulation occurs most often during a

specifc period of he year, but not all speci@ecking 1978

At the first of sporulation ventral leaf lobe initial of a lateral branch, instead of
forming a leaf lobe, the fern produces two sporocarpighlware of two types, the
microsporocarps and the megasporocarps. miweosporocarpswhich are about 2

mm in diameter, each containing 32 or 64 spores which called micrgspore



aggregated into -30 massulaeeach poduce 8130 microsporangigfigure 1.3)
(Ashton 1977.

The megasporocarps, wh are about 0.5mm in diameter produces a single
megasporangiuncontaining a single megasporédt maturity, both the mie and
megasporocarpdehisce The microsporangia break awogen releasing microspores

into the filamentous structures known glschidia and sink to the bottom. After a
period of stagnation each microspore germinates and grows into a prothallus that in
turn produces ciliated, male gametastbropoidy (Moore 1969.

It found that spores were produced onlyAnplla pinnata Moreover, summer seaso
with its high light intensity high temperature and long day hour, represents the most
suitable conditions foAzolla pinnatasporulation compared to those of other seasons.
He also found that the lowest amount of spatiah was observed in wintgEl-
Shahat 199y
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Figure 1.3 life cycle of Azolla.




1.13 Chemical compositionof Azolla

The chemical composition of Azolla is another selective parameter that varies not
only with species and environmental patterns but also with environmental conditions
and stage of growth. They can be different aspects of the chenoicadosition
considered Depending on whether Azolla will be used as green fertjlitwayd or

other uses. Azolla plants have 94.96% moisture coiftantl979 Singh 1979Van

Hove 1989.

Chemical analysis showed that Azolla powder contains (% DM) 21.4 crude protein,
12.7 crude fiber, 2.7 ether extract, 16.2 ash and 47.0 carbohydrates. A total capacity
of 2039 kcal was obtained. The concentrations of calcium, phosphorous, potassium,
and magesium were 1.16% 1.29%, 1.25% and 0.25% respectively, while sodium,
manganese, iron, copper and zinc are 23.79 ppm, 174.42 ppm, 755.73 ppm, 16.74
ppm and 87.59 ppm respectively. The chemical grade index showed the potential of
Azolla meal as a good sowof protein. Leucine, lysine, arginine, and valine were the
predominant essential amino acids while tryptophan and the salfiainirg amino

acids were deficienfvan Hove 198%

In another study in which a stdried sample fromAzolla pinnatawas used for
chemical composition analysis. The approximate composition and fiber fractions of
cell wall components and mineral composition were estimated by standard methods.
The approximate composition, cell wall components and trace minerals (capper, z
manganese, and iron) of sdried Azolla were quantified by standard methods. Dry
matter, crude protein, organic matter, organic matter extract, total ash were 90.00 +
0.77,22.05 +0.72, 81.05 £ 0.44, 3.25 + 0.76, and 18.94 + 0.31. The content pf NDF
ADF, hemicellulose, lignin, and cellulose was 48.25 + 0.48, 37.14 + 0.11, 11.11 +
0.29, 8.07 £ 0.25, and 28.87 + 0.64. It was zinc (ppm), copper (ppm), manganese
(ppm), iron (ppm) and calcium (%) 30.02 + 2.39, 26.29 + 1.41, 348.17 = 7.26, 533.12
+ 96.56and 0.33 + 0.08Liu 1979.

The nutritional composition of Azolla is affected by the time or age of the harvest, the
method of drying and exposure to sunlight, it wastbthat sun dried Azolla has a

highernitrogen value than air drigd\lviar 1984 Van Hove 198%



The total carbohydrate content of Azolla, which was exposed to different conditions
of dark and light, did not show any significant differences. They demonstratedl. that
pinnata had higher carbohydrate levels th&n microphylla and A. filiculiodes
(Herzalla, Nagat et al. 200}.

Tablel.1: Analysis of the components of theolla plant(Kumar, Dhuria et al. 2038

Constituents % DM
Dry matter (DM) 91.78
Organic matter (OM) 74.50
Crude protein (CP) 22.25
Crude fiber (CF) 11.19
Ether extract (EE) 2.45
Nitrogen free extract (NFE) 38.61
Total ash (TA) 25.50

1.2 Environmental factors that affect the growth rate of the Azolla plant

1.21 Temperature
The optimum temperature for Azollapis between 18 and 28 ° (@uan and Thuyet

1979 El-Haddad, Mahmoud et al. 1988ut many species can survive very wide
temperatures, sudms A. pinnata, A. mexicanandA. Caroliniang although growth
rates are low above 35C and no species can survive dolemperatures above 45 °C
(Lumpkin 1987 Peters 1991

El-Haddad, Mahmoud et al. (1988)ggested that the conditions in summer are the
optimum climatic conditions for maximizing the growth A&f pinnata The highest
value of nitrogenase activity was obtained in August at the end of the third week of
incubation which was .H8.d§ weaghtatl 1 pm fin th€ case Af
pinnata Peters (1991)eportedthat an Australian isolate @&f. pinnatacould survive

at 55 ° C. Hechler and Dawson (1995pund that nitrogenase activity iA.
caroliniana was verylow in the early morning, and during radorning it rose
sharply and reached at 12:08:00 pm maximum. Then in the evening it fell to a low
level. Also, nitrogenase activity iAzolla caroliniana could be detected at a

temperature between 5 and 40) ard it was relatively hig between 15 and 35 °C.

Azolla tolerates a wide range of temperatures depending on its type and strain. Also,

its response to monsoon summer terapge is not well understood research was



conducted to study the effect of seasonal summer temperature on the productivity of
green and dry biomass of Azolla. Green and dry biomass production was observed at
a standard 6 to 13 weeks. The results showed that the maximum air temperature
between 31.3 and 33.74 degrees Celsius and the minimum temperature between
22.81 and 23.34 degrees Celsius and the water temperature between 32.6 and 34.4
degrees Celsius boosted the productivityAndlla biomass, while the Azolla colonies
perished at the air tem@gureabove 35.2 degrees Cels{Isuan and Thuyet 1979
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Figure 1.4 The effect of tenperature on Azolla growthrate i ni t i al g.bji o mass
(Zazouli, Mahdavi et al. 20}4

1.2.2Humidity
To some extent, the increase i thiomass oAzolla depends on the humidity of the

air. At a relative humidity of less than 60%, Azolla becomes brittle andBibgchi
and Malgioglio 201D

To achieve the best growth rate, many researchers have found that the relative
humidity should range between 70 and 78%rni, Chen et al. 20Q0LCosta, Santos et

al. 2009 Sadeghi, Zarkami et al. 2012&adeghi, Zarkami et al. (2012&psshowed

that the spread of Azolla is weak when the air humidity in Anzali's wetland exceeds
80% . Average relative humidity was estimated to allow for Azolla growtB3B5
(Lumpkin and Bartholomew 1936Based on the studgf Biswas, Parveen et al.
(2005)the humidity rangewas between 635%. However, according to the authors,

for optimal growth ofAzolla production and biomass, high temperatures, low water

T



depths and high humidity may not be particularly ge@odditions during the dry
season. When the weather is completely dry, the fern.dibsrefore, Azolla needs

sufficient moisture to grow and reproduce successfully.

1.23Light intensity

Scientific studies prove théight intensity has a profound effech Azolla pinnata R
Brown's growth. The maximum fresh weight, dry weight and moisture content
reached 80,000 Ilux, but at a light intensity of 50% the maximum area for the frond
was reached. There was great variation in the color of the fronds undefféhend
treatments. The texture of the fronds, root properties, and sporocarp production were
also affeted(Singh and Srivastava 1985

In another studyA. microphyllaand its symbionts andzolla had the best sunlight
intensity of 70%. Dynamic growth was recorded during the first week after
fertilization as time is doubled. It is recommended thatmicrophyllaand its

symbiontsandAzolla are bedw 70% of sunlight intensit¢Effendi and Pranata 2019

The reason for this is that the light intensity influences the photosynthesis, growth,
and nitrogen fixation activity oAzolla and its cohabitatigrSporulation is regulated

by the interacting effects of light intensity, temperature ,photoperiod, andfathers

such as pHnitrogen and phosphate supplyhen the intensity of the light is high and
the amount of nutrients in the water is low, the Azolla turns red. During hot summers
or cold winters, it also turns red or brownisdd under shady conditionsvhile it

turns green in nutriesich conditions.With increased light, the growth rate and
nitrogen fixation activity of Azolla changes. Some studies indicate that at pH 5,
higher light intensity led to increased Azolla growth, while at pH 6 and mpeded
growth and high light intensity (above 90 clux) preventedi®ation, while low light
intensityor shading had a good effd@nh the growth and reproduction of Azolla.

light intensity less than 103 clux can reduce Azolla's nitrogen &kon. In field
conditions, Azolla benefits from shade to grow. However, when the light intensity is
less than 1.%lux, Azolla biomass production decreases significantly. In conclusion,
the optimum light intensity for the growth é&olla is 1518 clux, and thei growth

and photosynthesis are inhibited at higher intengj8asleghi, Zarkami et al. 2013

y



1.24 Biological Factors

The presence of some macrophytes communities (such as Phragmitsispppha
Spp) can play an important role ivergrowth of Azolla in wetlands. Mcrophytes
occupy wetlands in the shallow part of the wetlamtlis provides an excellent
opportunity for Azolla distribution becaugdragmitecreateshelter and windbreaks
for these specie$JICA 2005 Sadeghi, Zarkami et al. 201,28adeghi, Zarkami et al.
20128.

On the one hand, and on the other hand, some biological factors negatively affect the
growth of Azolla. For example, some insects likgtera Lepidoptera(larvae)
Cephalopods andbnails. As it affects the growth of the Azolla plant through
"grazing" on is biomass during its different growth stages. In addition to the use of
chemical pesticides or herbicides while they are gro\iiblgConnachie, De Wit et al.
2003. Thus, some or all of these biological agents can be used to céatitd.
Mechanical removal of some Azolla species (suclA.alliculoideg will also not be
practical due to the very rapid rate of doubling of the surface area of Azolla
(McConnachie, De Wit et al. 20p3Biological weed control such as Azolla can be a
viable option, provided the target plant population is significantly reduced and no
additional control methods are requirgghosheh 2005 This indicates that biological

weed control methods should be examined in depth.

Microbiological pathogens such as bacteria, fungi and viruses have been $udied
biological control ofA. philoxeroides A. filiculoides and other aquatic plants in
tropical areashese pathogens may affect the growth and reproduction of the species
by reducing growth and fixing nitrogen in associati@arreto, Charudattan et al.
2000.

The forage weeviktenopelmus rufinas&yll.) Can be found irA. carolinianaand

A. filiculoides therefore among Azolla species. filiculoideshave been a target of
biological control programgGassmann, Cock et al. 2006-or example, in South
Africa, S. rufinasusvas imported from Florida and used as a biological control agent
in 1997 the weevil was able toontain the population of Azolla for 3 years. Azolla

was no longer considered a problem in South Africa after this p@sibdsheh 2005



1.25 Growing seasons and day length

Another important climatic factor that regulates the production of aquatic plants is the
length of the growing season and the length of the (§&yag, EHakeem et al.

2000. Biomass production and growth of Azolla also depend on the specific growing
season. However, the growing seasons in Azolla are related to other factors such as
nutrients, salinity, wind and pH. Also, a water body that has a high pagseof
phosphorous and a neutral pH is better than a water body that has a low percentage of
phosphorous and acidity. In general, the productioAziflla biomass is higher in

summer than in other seasqBpeelman, van Kempen et al. 2D09

Any changes in weather conditions over the different seasons have an important effect
on the growth of Azolla, bewise the change in weather conditions directly affects the
air temperature, which is directly related to the watenperaturgFerdoushi, Haque

et al. 2008. Janes (1998) studied the growth and surviva .diliculoidesin Britain

where this plant is considered a dangerous weed. According to the author, the long

term survival of Azolla may be limited due to the winter death.
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1.26 Wind and Waves

Other factors that affect aquatic plant production inclae and wavesParticularly

in the case oAzolla, which is a floating ferrmand it can be disturbed easily by wind
and wavesin shallow lakes, wind induced winds can have direct and indirect effects
on plant growth, for example direct effecisch as mechanical damage, amdirect
effects such as increassitt (Vermaat, Santamaria et al. 20@antamaria 2002

SinceAzolla is a small, freely floating plant, stirring the water can fragment fronds
and damage delicate roots. So wind and waves don't help it grow. This fragmentation
can have a negative effect on fikation ability. Therefore, wind and turbulent veas

can break apart and kikzolla. Additionally, big waves generated withurricanes

are \ery harmful to its growth. We can protect Azolla from winds and waves with
dams, debris, wooden buoys and large buoys like Phragmites and Typha.

1.2.7Salinity

Various studies on different Azolla species showed the negative effect of salinity on
the growth of these species. There are not ydepth studies on the variability in salt
tolerance of different types Afta. In general, however, this genus is vergssgive to
sodium chloridgRai and Rai 2000FernandeZamudio, GarcidMurillo et al. 2010).

Rajrathinam and Padhya (198@portedthat A. filiculoidescan tolerate a salinity of

up to 20 mM NaCl buA. pinnatabears almost twice as much as it can bear 40 mM
NaCl in the medium. Inhibition oAzolla growth (fresh and dry weighccurred
when NaCl concentration was increased to 40 and 50 mM. Azolla was killed within

two weeks in the presence of 50 mM NaCl .

Masood, Shah et al. (200@portedthat salinity inhibits the growth &. pinnataand

A. filiculoides which leads to a significant decrease in dry weight. Therefore, with
increasing NaCl concentration, the growthfofpinnataandA. filiculoidesgradually
decreasedA. filiculoideswas more sensitive toigher salt concentration thaé.
pinnata. Salt concentrations above 10 mM NaCl inhibited the growthAof
filiculoides butA. pinnatastopped growth at 40 mm NacCl.



The presence of certain nutrients such as nitrates in salty habitats plays a major role in
transmitting salt tolerance tAzolla (Mishra and S. Singh 20D6Fernandezt al.
(2010)studied the germination characteristics and germination success of spAres in
filiculoides The germination rate showed a significant decrease with increased
salinity.

Arora and Singh (2003)onducted a study on six different Azolla species
(filiculoides, mexicana, microphylla, pinnata, rubaad caroliniana) in New Delhi.
Based on observationg\. microphylla showed higher salt tolerance than other

species. In general, salinity greatly reduced biomass production in all six species.

Khosravi, Taghi Ganiji et al. (2005}udied the toxic effect of heavy metals (Pb, Cd,

Ni, Zn) on the growth DA. filiculoidesin the Anzali wetlands (Iran). It has been
mentioned that the removal of heavy metals from the water by Azolla can be reduced
if the salt concentration in the water (in terms of NaCl) is incredeseather words,

there is a decrease inet absorption of heavy elements due to the high level of salinity
that can prevemzolla Growth (Arora and Singh 20Q3-ernandeZamudio,Garcia

Murillo et al. 2010. Sadeghi, Zarkami et al. (2012fmund that salinity could play a

role An intermediate role in the growth Af filiculoidesin the Anzali wetlandsThe
nitrogen content of Azolla fronds wagadually decreased by increasing the salt
concentrations up to 40 and 50 mm NaCl but was toxic to Azgiliatsp5 mm NaCl

(Tantawy and Herzalla 20D3
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1.2.8pH

Azolla response tgpH depends on many factors such as temperature, nutrients
(nitrogen and phosphorous), light, and the presence of iros@h@iNagner 199Y.

The optimum pH folAzolla growth typically ranges from 4.5 to5].asAzolla prefas

a medium close to neutral or to some extacidic conditions(Cary and Weerts
1992. NeverthelessA. filiculoides and A. pinnatacan grow well at pH ranges
between 5 and ‘A. filiculoidesgrow well only in the rangbetweerb and 7, whileA.
pinnatacan grow relatively well in theH range between 5 and(8ary and Weerts
1992.

Watanabe, Espinas et al. (197@0ind that Azolla growth decreased by increasing the
pH level at low iron concentration. Whereas, in the iron deficient environment the
growth and nitrogen accumulation were lowest at pH 7.5. Meanwhile, the pH is
higher than 6.5, and in the same waeficient environment the fronds turned yellow.
The optimum pH at high light intensities is19. While the optimum pH for low light
intensity is 56 (Tuanand Thuyet 1979 umpkin and Plucknett 1982



Lumpkin and Plucknett (1982eported that highly alkaline soils and groundwater
would lead to reduced phosphate availability due to calcium and magnesium
precipitation. Availability of most of the micronutrients f8eolla it increases as the

pH decreases. Also, increasing the sdiybof aluminum, iron, and manganese with
increased acidity may cause toxicity and may interfere with the absorption of calcium,
magnesium and other essential cations. Unlike most other micronutrients,

molybdenundeficiency may occur from decreasing in.pH

El-Haddad, Mahmoud et al. (1988xplainedthat the growth ofA. pinnataand A.
filiculoideswas not suitable at pH 3 as they failed to grow at this pHABginnata
was more resistant to pH changes tAafiliculoides They found that at a pH of 8 the

maximum dry matter content was obtained for batblla species

In greenhouse experiment/agner (1997Yound that A. pinnataand A. filiculoides
showed maximum growth at pbetweens-7 at water temperature of 2&.°0n the
other handA. pinnatashowed greater tolerance to a wide pH range comparel to
filiculoides the latter growing more weakly at pH 4 values. And 8. Meanwhile.
Dawar and Singh (2001)reportedthat whenneural pH is applied, N fixation

decreased

Serag, EHakeem et al. (2000how that the optimum growtior cultures is at pH
between 4.5 and 7, but even at pH values ranging from 3.5 tivid€es (1994)
showed that under Egyptieanvironmentakconditions Azolla grows well with a pH
ranging from 7.1 to 9.0ln conclusion,the optimum growth in Azolla depends on

other environmental calitions and not just on the pH.

1.3Mineral Nutrition
Like most plantsAzolla is sensitive to changing deficiersi in the supply of plant
nutrients. For optimal growth, ferns require all the macronutrients and micronutrients

required for normal plant growitMoore 1969 .

Yatazawa, Tomomatsu et al. (198@®und that the threstb levels of P, K, Mg, and
Ca? required in the medium foAzolla growth were about 0.03, 0.4, 0.4, and 0.5

M p



mmol*, respectively. Where complete nitrogen activity requires 0.03, 0.6, 0.5 and
mmol™* respectively. On the other hand, the breakdown levels of iron, manganese,
molybdenum and micronutrients for the growthAdfolla were 50, 20, 0.3 and 30 g,
respectively. Meanwhile, macronutrients such asPNK, Ca'? and magnesium are
especially important and have noticeable effects on fern growth, especially if it is
present in very high or very low concentratiokssually, the nutrients should be
available in the water, although in very shallow waters, the Azolla plant may extract
some nutrients from the soil. Furthermore, adequate plant nutrient levels must be
maintained throughout the growth periddung and Shen 1985

1.3.1Macronutrients

1.3.1.1Nitrogen

Nitrogen availability ando some extent, dissolved oxygen are not a determining
factor in Azolla growth. This is unlike other minerals, but the growth of algeee
plants depends On commaitrogen. According to the study &adeghi, Zarkami et

al. (2012a)increased nitrate concentration may lead to reducaalla coverage in

Anzali wetlands.

The reason is that Azolla can have free access to atmospheric nitroyén $hitisfy

all of its requirements throigits symbiosis with Anabaenajhile plants devoid of
algae are deprived of such opportuniti€osta, Santos et al. 200Rzolla’'s upper
lobes have free contact with air, which is important for nitrogen fixatitigh
ammonium concentrations in wastewater had no effect on nitrogen fixation dynamics,
based on a stigs of Costa, Santos et al. (2009)irveyed nutrient flows along the
roots of 4 wetland plants (Azolla spp/allisneria natans Bacopa monnieriand
Ludwigia repenyin order to see the dynamics of nutrieamoval from nutritious
water systems. And when different ions (suchNat™ NO?®) were tested, Azolla

show a preference for N®uptake.

Growth and nitrogefiixation under field conditions were estimatedapproximately
3.1to 4.6 kg N/ hladay inA. pinnata During day 15, a seven to eiglaid increase in
biomass was observeatbubling time 4.8 day¢Kulasooriya, Hirimburegama et al.
1982. Most reports state th&d, fixation rates range from 0.4 to 3.6 kg N/ kay
depending on the absengedsence of nitrogefertilizers (Watanabe 1982Cary and

MC



Weerts 199p Based orthe studiesof (Cary and Weerts 199Biswas, Parveen et al.
2005 Costa, Santos et al. 2008itrogen accumulation is estimated to be-$.0 mg
N per gamdry weight per day when field corniins are idealThis can lead to a dry
matter gain of 0.139.290g per gramof Azolla dry weight per dayThis value
corresponds to a doubling time of 2% days.

1.3.1.2Phosphorus

Phosphorous is one of the most important nutrients that often limit Azolla growth if it
is less than the required concentration. Phosphorouseteficis indicated in younger

and less active plants and may cause plants to turn pink to deep red, brittle, and
develop roots for too long. It has been found that if the phosphorus concentration is
less than 0.6 ppm in the nutrient solution, this redubesgrowth rate, nitrogen
fixation and chlorophyll content iA. pinnata(Cohn and Renlund 195Subudhi and
Watanabe 1979 Like many other aquatic organisms with photosynthesis,
phosphorous (in the form of phosphate) is one of the main nutrients that limit the
growth of Azolla. Phosphorous is An important nutrient for the successful and rapid
growth of thisspeciedEL Katony, MS et al. 1996

The effect of this very important nutrient on the overgrowth of Azolla in the Anzali
wetlandshas been demonstrated laboratory experiment&Sadeghi, Zarkami et al.
20123 Sadeghi, Zarkami et al. 2012bJanes (1998has found that mcreased
phosphorous supply amd/ plantdensity led to increased ovulation. Azolla will be
able to grow without the need to provide-mitrogen such as NfMOs, If there is

enough phosphorous in aguatic organiemsronment(Costa, Santos et al. 1999

There have been various reports about the phosphorous ttlegyeised to continue
Azolla growth. In laboratory experiments, the concentration was approximately 0.06
ppm (2 eM) and t was sufficient to sustain Azolla growtlzrom a field surveysa
range of 0. 3 t o) hhs bpep suggested. The mptirBudn growth of
different Azolla species responds to different concentrations of phosph@rushari

ard Watanabe 1992

Ramirez (1984roncluded thaf. pinnatacan thrivewithout phosphorus use in soil

according taOlsen phosphorusdicator,it has been found it is greater than 30 kag/



and phosphorus absorption energy less than 1500 ;Q¢g1P0 g soil. They have
suggested that factors other than phosphate may influence the growth of Azolla. At
the same time, thelyavenoticed a large vaation in Azolla growth between different
soils with similar available phosphate conteittsand Watanabe (198%ported that

25 ppm of phosphorus in $as optimal for Azolla growthThe phosphorous content

of Azolla grown in pots of different types of soil and in the field showed that the limit
value for phosphate deficiency was 0.4% RAmolla (on a dry weight basis), 20 ppm

phosphorus in soil, and 0.15 ppm phosphorudimdedfields.

1.3.2Micronutrients

The importance of certain micronutrientsr the successful and rapid growth of

Azolla has long been recognizedlementssuch as iron antrace elements such as

Molybdenum particularly inrelationship with nitrogen fixatioBiswas, Parveept

al. 2009. Nitrogen fixation by AzollaAnabaena requires cobalt and molybdenum
(zahran, Ab@Ellil et al. 2007.

Singh, Mishra et al. (201@}udied theeffect of some micronutrient$4p, Mn*?, Zn"?,

Cu" and Fé&?) on thecellular and extraellular activities of twoAzolla specieg(A.
microphylla and A. filiculoidgs exposed to brinewater (20 mM NaCl). The
micronutrients showed a significant improvement in the specific activity at low
concentrations @.01 mmol), while higheconcentrations (e.d.0 mmol) played an
inhibitory role. Sadeghi et al (2012b) reported an effect on the growthA.of

filiculoidesin the Anzal wetland, to a moderate degree

Wagner (1997Jound after examining that the marginal levels of micronutrients such
as Fe, Mn, Mo and B foAzolla growth were 50, 20, 0.3 and 3@/L, respectively.
The availability of iron that can be accessedAaylla itself is affected bypH values.

Iron precipitates as hydroxide so that it becomes less availaBleotla when the pH
values is high and when Azolla cannot reach iron, it turgsllow. Jain, Gujral et al.
(1992) studied the toxic effect of some elementsAmolla, their study showed that
copper, cobalt, lead and zinc have a toxic effect on the grofvzolla. While iron

and manganese do not have any toxic effect on the anaerobic fermenta&imilaf
Micronutrients such as molybdenuingn and cobalt are required for nitrogen fixation
(Peters 1991Jain, Gujral et al. 1992

MYy



1.3.2.1lron

Because iron is a fundamental componentittbgenase, it i€onsidered a common
determinant(Stanier 197% Watanabe and Espinas (1976) reported that 1 ppm iron
was sufficient for the rapid growth @zolla. The critical iron concentration for the
growth ofAzollawas 2050 €g in 1. Whereas for pH 4
available that a higher concentration of calcium was required to leatherancreased
iron absorption Otherwise, the fronds suffered from iron toxiciyumpkin and
Plucknett 198D Likewise, in case of iron deficiency, plants turn yellow due to the
depletion of chlorophyll. The roots become thin and w{iflalavolta, Acorsi et al.
1981). Iron availability decreases due to neutral to alkaline conditjbaspkin and
Plucknett 1980 Watanabe 1982 A. filiculoids require iron for growth and N
fixation, that was increased at a level of upbtmg/l as FEEDTA. At high pHvalues

the problems with iron absorption amersenedas ferric iongrecipitate and become
unavailable for plant uptak&ingh, Misra et al. 1984Vagner 199y

1.3.2.2Cobalt

Cobalt is required for nitrogen fixatiomd symbiotic growth of Anabaen&zolla in

the host plant. Azolla growth, chlorophyll content and nitrogen fixation were
increased by adding cobalt in the absence of compound nit(dgenson, Mayeuet

al. 1966 Lumpkin 1987.

1.4 Uses and benefits of the Azolla plant

Azolla has gained prominence in recent years. The concept of using aquatic plants for
various purposes is receiving specatention nowadays. Because of their high
reproduction rate, breeding habitat, being an excellent source of protein for
monogastric animals, their high production rate of biomasseased demalrfor it as

an organic foodand for their wide range of us@ food industry eitherfor animals

and humang¢Raja, Rathaur et al. 2012
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1.4.1The use of Azolla as diofertilizers

The use of Azolla as a biofertilizer play an important role in maintairang
improving the state of the global environment. Through biotechnologwéigons,

the potential of the pteridophyte could be exploited more efficiently in the future
(Amit, Amit et al. 2016

Azolla can be used as a fadilizer, as one hectarproduces 300 tons of green
biofertilizer annually in a normal subtropical climate, which is equivalent to 800 kg of
nitrogen (1800 kg of urea). The rapid decomposition of the soil hadetfective
availability of nitrogen in the rice are an important factor in the us&zofla as a
biofertilizer for the rice crop. The fast multiplication rate and fast decomposition
ability of Azolla has become a critical factor for use as a green riafer with
biofertilizer in paddy field. The benefits of applying Azolla in paddy field are as
follows, the base application of green manatd0-12 tha inceases soil nitrogen by
50-60 kgha and reduces 30 to 35 kg fertilizer nitrogen requirement for rice yield.
Green Azolla release double the ricerop cultivation rate of 500 kiga It also
contributes to ®rriching soil nitrogen by 50 k& and also plays an important role in

reducing rtrogen requirements by 280 kgha. Finally, the use of Azolla ineases



the rice yield by 2B0% (Widiastuti 2017. Safriyaniet al. (2020)results showed
better growth in stem height and collar diameter and good performancé zuitia
filiculoides biofertilizer especially in the Sunny cultivdt.is concluded thathe area

of leaves is increased.

Many researches have been carried out on Azolla during the past and recent decades
as it has been proven that it has the ability to fix nitrogen in the atmosphere as well as
to produce biomass at a very high rateoka is commonly sed as a biertilizer as

well as green fertilizer in paddy fielddmit, Amit et al. 201¢. And because Azolla

plays an important role in fixing nitrogen from the atmosphere, planting it in the
paddy field is one of the strategies to improve the efficiency of nitrogen fertilizers and
increase the vegetative and generative growth of the (Raj&, Rathaur et al. 2012

it is concluded thatAzolla coud be used as a sustainableféitilizer for vegetable
production in acidic tropical soils in dry lands, in order to increase production and soil
fertility. Moreover, it was also found that Azolla and manure could be used to
enhance yield and nutrient concentrations in radish and spinach crops, in addition to
improving soil fertility in alluvial and peat soils, enhancing microbial communities in

the soil and reducing abiotic microbial stréBey, Pakhira et al. 2016

In summaryyresults ighlight the importance of using nitrogen fixing organisms, such
as Azolla, which can effectively help improve more sustainable agriculture in
developing countries, without the risk of problems associated with the adverse effects
of long-term soilfertility, soil productivity and environmental issues from the use of
chemical fertilizergWidiastuti 2017 Safriyani, Hasmeda et al. 2020

The generalcharacteristics thamake Azolla suitable as a fawtilizer in ricecan be
outlined as the follows

1- Azolla can stabilize nitrogen at a great rate

2- Azolla has a fast growth rate

3- Because Azolla floats on the surface of the water, it cannot be supplemented with
rice for light and space.

4- In most climates, Azolla can grow better under partial shade

5- Of the vegetation that the rice canopy can easily provide in their early iddéem

stages of growth.



6- Azolla begins to die and decompose, thus releasing nutrients into the medium.
When the rice is near maturity, due to the intensity of low lighting under tlegan
and depletion of nutrients.

7- Azolla has a fast degradation rate, so the reformed nitrogen, phosphorous and other
nutrients that you may have noticed from the water, and perhaps in competition

8- with rice are rapidly released back into the medium and made available for the
absorpion of the rice as the grain grows .

9- Azolla has a greater ability than rice to accumulate potassium in its tissues in a
low-potassium environment. Hence, after decomposition, it makes this nutrient
available for rice.

10- The thick Azolla mat in the re fields contributes to weed eliminatiofHechler

and Dawson 199%I-Shahat 199 Carrapico, Teixeira et al. 200Plwingira, Mayala
et al. 2009.

| Figure 1.8 The use ofAzolla as an organic fertilizer in rice fields. \

1.4.2Azolla as Green Manure

Azolla can also be used as a green fertilizer in the cultivation of hydroponic bamboo,
taro, arrowhead, rice and wheat. Incubatiorpblla in flooded soil as green manure
resulted in rapid mineralization with the release 0f8606 nitrogen within two
weeks. Some studies recorded the highest wheat yield with application of 20 tons of
Azolla and 60 kg of nitroge(Raja, Rathaur et al. 201&mit, Amit et al. 2016



1.4.3Azolla as a Component of Space Diet

Recent research by Katayama et al. In cooperation with the Space Agrididske
Force, 2008, the Azolla plant can be considered an important component of the space
food system while inhabiting the surface of Matsmeets the basic and essential

nutritional requirements of a human being on M&sy, Pakhira et al. 2016

In July 1980, Vietnamese astronautPhTuan took samples @zolla to the Soviet
space station Saly@ in order to visualize and determine its potential future uses in
space treel and planetary colonizatioBoth of these habitats require clodedp life
support systems (CLLS), also known as Controlled Environmental Life Support
Systems (CELSSPDue to the limited space available in these habitats, the Azolla is
ideally suitedto CELSS. Where the Azolla plant can live in a water depth of 2 to 3
centimeters (about one inch), so it can be grown in faygred frames that require

less space than other plants and thus provide more space. This gives it an additional
advantage ovesome of the other suggested plants such as sweet potato, which has
also been suggested for use on spad@stabecause Azollés considered edible.
However, plants like sweet potatoes require a relatively large growth area and take
several months to ripe as do rice and wheat, which are other candidates for food in
space. This contrasts withzolla's ability to double its biomasin just two to three
days(Liu, Min et al. 2008.

A Chinese team led by Xiaofeng Liu has conducted numerous and varied
experiments to determine the ability éolla to provide needed and sufficient
oxygen within a Azolla-human" ecosystem of CELSS. Their ressh®wed that, in
CELSS, 16 m? Azita plantswere able to provide needed and sufficient oxygen for
two adults to usdLiu, Min et al. 2008. A number ofwestern scientists such as
FranciscoCarrapicoat the University of Lisbonhawe published his research on
Azolla plant, in wlich he recommends the use of Aadn spaceand the colonization

of plants

Based on the results of these studies, it is not difficult to imagine environments
enclosed in space or on the surface of other planets that contain layers of shallow
trays filled with green floating planté&golla) that provide the human population with

oxygen and foodCarrapico, Teixeira et al. 2000

HO



1.4.4Azolla As A Human Food

It is well-known about the Azolla plant that it is used as fodder for livestock,
especially in India and the Middle East countr@sas fertilizer in rice fieldbut the
possibility of using it as food for people is less knownisTie changing now and
somemotivatiors has come from studigs food systems that can be used for space
stations, space travel, and dwellings on the Moon and Mars. Azolla's protein content
is close to that of soybeans. It is a rich source of minerals {896 of dry weight),
essential amino acids-I0% of dry weight), vitamins and carotenoids.-280% of

the dry weight ofAzolla is protein, which is a lot for a vegetahlesd he protein
quality in Azolla is goodLi shizhen published a book in China in the 16th century
describing the medicinal propertiesAdolla, which encouraged people to consume it
as food(Raja, Rathaur et al. 20,L2mit, Amit et al. 2016 Roy, Pakhira et al. 2016

Azolla recipes

Erik Sjodin includes many recipes that he developed that Amala as a main
ingredient for their preparation. Examplestloése delicious recipes are AaoSoup,
Azolla Burger, Azolla Balls, Azlta Pies, Hard take Adla, andAzolla Bread(Sjodin
2012.

Figure 1.9 Erik Sjodin Azolla recipes




1.4.5Azolla as Mosquito Repellent

Azolla is known by several names, including "mosquito fern" due to its ability to
reduce mosquito reproduction numbers by more than 95%. It does this by covering
the surface of bodies of fresh water that are slow, static, or stagnant, which makes
adult mosquitog unable to lay eggs and also reduces the appearance and development
of mosquito larvae. This reduces the risk of mosgbh@me epidemics and potential
epidemics such as malaria, chikungunyeus, eastern equine encephalitis, Saint
Louis encephalitis, txosse encephalitis, western equine encephalitis, canine
heartworms, dengue fever, yellow fever, West Nile viamsl most recently, Zika
virus (Okech, Mwobobia et al. 20081wingira, Mayala et al. 20Q%Raja, Rathaur et

al. 2012 Amit, Amit et al. 2016 Roy, Pakhira et al. 20).6

The breeding of mosquitoes that transmit malarigné hdiancity of Ghaziabad, near

New Delhi, was almost completely suppressed in ponds, wells and ponds covered
with Azolla (Ansai and Sharma 1991Likewise, immature mosquito numbers have
decreased dramatically in southern India, by meanéazwmila mats covering the

waters in rice fieldgRajendran and Reuben 1988

In Africa, Mwingira, Mayalaet al. (2009yeportecdthat Azolla reduced egg laying and

adult mosquito breeding in Tanzania, due to reduced larvduptivity in sites with

high Azdla cover (more than 80%) of the water surfaad in Kenya,Okech et al.

(2008) also showed thafzolla is able to form a dense canopy in paddy fielde

said his famous phras&smothering mosquito larvae while nourishing rice growth".
Reducing mosquito numbers can also be promoted by adding freshwater fish, such as
carp or tilapia, which all feed on mosquito larvae Azdlla plants, thus contributing
effectively to providing a local and renewable source of praieimfood. Also, the
presence of Azolla on the surface of water bodies does not have a detrimental effect
on the water quality. Azolla actually has a beneficial effect by improving water

quality.

1.4.6Azolla as Nutritional Supplement for Livestock
Azolla can be used as a magnd important component in the diet of a wide range of
animals, such as birds of all kinds, pigeons, broiler chickens, laying hens, ducks and

geese, in addition to sheep, goats, cows, méfglpigs, and many othglmit, Amit
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et al. 2016 Kumar and Chander 201Kumar, Reager et al. 202Bumar, Reager et
al. 2020

1.46.1Use as Cattle Feed Supplement

Kumar, Reager et al. (2020ps conductea study to find out the effectf deeding

using Azolla on milkproduction for lactating cosvunder field conditionslhe results
showed an increasing trend and a marked increase in the percentage of milk
production, as thrate increased to 9.90 liters/day from 8.30 litexg/after 90 days of
feeding Azolla daily. The data and results of the study revealed that there is an
increaseof 19.51 percent in milk p@duction for cows compared t@ws fed using
traditional fodder.Singh et al (2017) also reported increased milk production in
buffalo, andfat percentagdéasincreasedy 1.96% in cows

1.46.2Broiler chickens

Adding Azolla to conventional poultry feed significantly saves production costs.
Azolla is an alternative, cheap and abundant source of plant protein. In addition, the
introduction of Azolla into the traditional diet improves the rate of nutritional
conversion, energgfficiency, and performance with no harmful effects on livestock,
poultry and humanéLejeune, Cagauan et al. 199%alade and lyay2006 Namra,
Hataba et al. 20)0Most of the data show an improvement in the production and
breeding of livestock and poultry fed arolla diet, although notll studies are

consisten{Namra, Hataba et al. 20L0

Incorporating Azolla as a feed ingredient oftob% to replace sesame flour in 2 to 6
week old rations of poultry resulted in a significant improvement in growth rate, FCR,
and also in energy efficiency without any adverse effects on palatability and mortality
with promising economic returngBasak, Pramanik et al. 200Parthasarathy,
Kadirvel et al. 200R FreshAzolla has been suggested as an alternative to commercial
feed in 20% chicken feed because it can increase wityht (Sherief and James
1994). 20% when Azollain was increased by up to 15% in the(@Qetrubin 1985k

The studyof Dhumal, Siddiqui et al. (200%howed that when there was an increase
in Azolla levels ly up to 30%, there was a significant increase in feed intdkend
Leeson (1995)ndicated a benefit from Azollsupplementation at a low level of
inclusion. LikewiseAra, Adil et al. (2015)Yound a linear decrease in forage intake

with increasing levels of Azolla in broiler poultry feed.
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It has been found that Azolla pinnata can be safely included in rations of developing
beans without health problems of up to 15%at the best performanceaswhen the
inclusion level is of 10% in the chickens' digtcorporation of Azolla at a level of
7.5% with the concentrated feed resulted in a body weight gain of 2.6% (1.99 kg)
Compared to the control diet (1.93 k@flalade, lyayi et al. 2007 In addition, the

feed consumed was less on broiler feed by 7.5% Az#ltabina and Kumar 2010
Seth, Pradhan et al. (2013)so discoered that there was an increase in the weight of

the Vanraga chickens feeding 5% or 10% nmwella than the control.

| Figure 1.10Chicken feeding oAzolla

Saikia, Sapcota et gR014)showedthat the increase in body weight was the highest
possible in the group supplemented with 5% Azolla while the lowest increase was in
the group fed with a level of 15% and explained that increasing the fiber content in
high concentrations cAzolla reduces the growth rate due to it adversely affecting On
the appetite. They also concluded tAablla could be added to broiler poultry feed at
10% without causing any negative effect on performance. A significant improvement
in body weight gainawell as FCR after Azolla was included was detected at a level
of 5% or 10% in the forag@Acharya, Mohanty et al. 201%nd up to a level of 7.5%
(Kumar, Dhuria et al. 2018



It has been revealed that Azolla pollination at 5% or 7% levels is suitable for safe and
profitable natural production of broiler chickens due to lower feed conversion,
mortality and production costs at the same time, in addition to improving net profit
(Islam and Nishibori 2017 More recentiySamad, Idris et al. (2020)assuggested

that the addition ofAzolla can enhance & growth performance traits without
negative effects on the digestibility of the nutrients of broiler chickens by adding it at
a concentration of 15%.

1.4.6.3Layer chickens

The dyeing ability of Azolla was inferred and demonstrated after observing the
Azolla-fed group by the higher Roche fan color tone, and this could be attributed to
the Azolla's ability to stain yolk due to its richnesscarotene dyeBastian (1987)
noted a similar effect on the color of the yalie to the inclusion oAzolla in the
toppings. Ali and Leeson (1995jound that adding servings of Azolla powder to
chicken feed significantly improved the carotene status of the chickens and increased
egg prodiction. Moreover Khatun, Ali et al. (1999)nvestigated the possibility of
substituting sesame oil ilayered rations by Azolla 200g and the result was his
finding of good egg mass productiondaFCR. A comparable better egg production
performance was discovered Bannaiyan and Kumar (2003 terms of a higher

egg production rate after including rat®of Azolla at a level of 100 g/birday.

Figure 1.11Feeding laying hens on Azolla
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Lakshmanan, Kumar et al. (2017g¢ported that Azolla supplementation in the
stratified diets resultedn a higher rate of egg production as well as improved
nutritional value and the maintenance of concentrated feeds. The positive effect of
using rations of Azolla in fodder on eggshell resistance was indicated due to the high
calcium content in Azolla. lhas been found that eggshells are composed of minerals
especially calcium carbonate which are deposited in the organic rfatstic and
Nesheim 199p It was observed and reported that when inoculating rations of Azolla
into rations of laying poultry feed at levels up to 20% had no effect on levels of
alanine aminotransferase and aspartate aminotransferase, indicating that there was no

toxic effect of Azolla cristata supplementati¢Ara, Adil et al. 2018.

It can be concludecdhat Azolla species can be used as a source of protein and other
essential nutrient elements for poultry species. Further research is required to
determine the effects of using Azolla as a feed supplement in poultry ration.

1.4.64 Ducks
Several studieslso showed the effect of using Azolla as a nutritional supplement on

duck rations. Azolla can be added as an effective and unconventional forage source of

10% nutrient to the basic diet of white Pekingese dyéicharya, Mohanty et al.
2015.

Figure 1.12Breeding ducks in Azollponds




In Escobin Jr (1987%tudy the author did not no#cany differencesn production
efficacy between different groups afteerformingpartial substitution of rations of
growing muscovy ducks witlAzolla at different levels of 20, 30 and0% . In
addition, a 15% replacement of soybean powder avadila increased the daily gains

for ducks(Becerra, Preston et al. 1995lowever, a decrease in the growth rate was
observed at levels 20, 45, or 60% of Azolla. Similar results have been reported on
duck production performandéawas, Roxas et al. 1998ujatha, Kundu et al. 2013

In the same line,.awas, Roxas et al. (1998pserved that feeding mallard ducks with
Azolla at levels of 75 or 250/dpird/day lowers the rate of feed conversion .

In an experiment with duckd$ecerra, Preston et al. (1998gmonstrated that by
adding 15 to 60%zolla to the diet providing 15-30.3% of total protein, the rate of
nutritional conversion could decrease with the increageaila consumption It was

found that when using fresh Alla pinnata supplements at 200g/ dulzy/, they
replaced 20% of the standard duck layer feed. It will improve the egg production, egg
weight, feed conversation ratio, performance efficiency index and shape index with

enrichment ofyolk color (Acharya, Molanty et al. 2016

1.4.65 Qualils

Shamna, Peethambaran et al. (20883ding quails o\zolla could enhance growth

and FCR at a substitution level of 5% of the base ration, and compared to feeding on
the basic diet alone was more economiv@radharajan, Gnanasekar et al. (2019)
concluded that a quail diet that indes an Azolla meal of up to 6% does not affect
feed consumptianRathod, Tyagi et al. (2013gported some insignificant effect of

Azolla supplementation on the rate of Japanese quail feed consumption .

1.4.7Azolla: Beneficial Effects on Crops

Azolla is beneficial for wheat when used in a rotating rice wheat crop system.
Researchers found that applyiAgolla with Sispania had a beneficial residual effect
on subsequent wheat crops, increasing the grain yieBB%6 more than the control.

In othe studies, researchers found that the incorporation of 6, 12, 18 and-24€tha
freshAzolla into the soil significantly and significantly increased the ability to retain
water, @gganic carbon, ammonium, nitrogephosphorus, potassium and available

calcum. Magnesium, while in turn reducing the pH and bulk density, this



combination significantly increasetthe yield of mung beanfRaja, Rathaur et al.
2012 Amit, Amit et al. 2016.

| PaE

\ Figure 1.13Azolla beneficial Effects on Crops

1.4.8 Azolla: Beneficial Effects on Physiechemical Properties of Soil

Azolla is used to increase solil fertility. Several researchers have found that applying
Azolla improves soil fertility by increasing the total nitrogen, organic carbon and
phosphorouswvailable in the soil, and other researchers have found that Azolla plays
an important role inmproving soil structur¢Raja, Rathaur et al. 2012mit, Amit et

al. 2016.

1.4.81 Azolla in Reclamation of Saline Soils

Although Azolla is relatively sensitive to salt, plantimga salty environment for two
consecutive years resulted in the salt content being reduced from 0.35 to 0.15 and the
rate of desalination (71.4%) was 1.8 times faster by filtering water and 2.1 times
faster than Sesbania, reduced Also, the pH of the asmlicand the electrical
conductivity also increased, and in return, the calcium content in the soil increased
(Roy, Pakhira et al. 20)6



1.4.9Azolla in Bioremediation

It was found tha#. pinnataandLamnaremoved heavy metals from iron and copper
from contaminatedwater (Jain, Vasudevan et al. 1989Pollutants with low
concentrations can be treated by passing them through ponds and can be reused in
agriculture.More recently Arora, Saxena et al. (200&)und tolerance and vegetative
accumulation of chromium by three Azolla species and r&solts found byCohen

Shoel, Bakay et al. (2002shows the biological filtration of toxic elements Ayolla
biomass. Azolla exhibits remarkable ability to concentrate minerals such as copper,
cadmium, chromium, nickel, lead and nutrients directly from pollutants or

wastewater.

1.4.10 Suppressing the Growth of Aquatic Weeds

WhenAzolla forms a thick, nearly lightesistant mat, weed growth is inhibited. There

are likely to be two mechanisms and methods for this suppression and prevention, and
the most effective of these methods or mechanisms is to starve young weed seedlings
due to blokage of sunlight. The other method or mechanism is the physical resistance
to the emergence of weed seedlings resulting from a heavy and tAagkadmat. In

some grassy rice in the fields, the benefidablla weed suppression may exceed its
usefulnesss a source of nitrogen, and it is worth noting that the rice seedlings are not
affected by the effect ohzolla weed suppression because they stand on #udiaA

mat when plantingSatapathy and Singh 198&mit, Amit et al. 2016.

Krock, Alkamper et al. (1991fpund that when mulchingzolla, the total amount of
weeds decreased significantly. Also, the Azolla cover reduced the intensity of light by
about 90%, which contributed to reducing thigotosynthesis process in the flood
waters, thus reducing the oxygen concentration in the water by more than 50%.
Besides reducing the light intensity, Azolla's cover delays the light quality, and the
green leaves have a filter effect that increaBegdative amount of infraredt s also
noticed that the different varieties of Azolla differ in their growth rate even when
grown in the same thermal environment. For examlg@innatagrows faster thaA.
caroliniang, and its efficiency in photosynthesigas more effectivdSatapathy and
Singh 198%.



1.4.11The use of Azolla in the production of bioenergy

Humankind's quest to produce sustainable, renewable, and inexpensive Wiakiels
led to an intense search for the domestication of the next generation of bioenergy
crops. Aquatic plants that can colonize wetlands quickly attract attention both because
of their ability to produce large amounts of biomass and also because ofviligir a

to grow in wastewater. The Azolla species can be considered one of the fastest
growing plants, producing significant biomass when grown in polluted water and
natural ecosystems. Together with its evolutionsygnbionts Anabaena azollae, it
resemble terrestrial bioenergy crop groups and microalgae. Azolla biomass has a
uniqgue chemical formula that accumulates in every leaf including three main types of
bioenergy moleculesCellulose/Hemicellulose, starch and fé&alehzadeh, Naeemi

et al. 2014

Non-polluting, highenergy fuel When Azoll#&nabaenas grown ina nitrogerfree
atmosphere andf aqueous medium containing nitrates, nitrogen is generated in
symbionts, instead of nitrogen fixation, hydrogen is evolved, using water as a source.
Through exposure to a micar environment, partial vacuunr atmosphere rich in
argon or carbon dioxide, or by freezing Anabadaalla cells isolated from ferns, the

rate of hydrogen production can be increa@dja, Rathaur et al. 201R®liranda,
Biswas et al. 2016

Fern biomass -:D .

,.; (Sequential) extraction lipids

(Azolla filicnloides)
Phenolic
compounds

Residues Methane

Food ingredients

Figurel.14 The use of Azolla in the production of bioenergy.

The resultsindicate that biodiesel can be produced from macroalgae and that it is
possible and likely that fern, due to its ready availability and potentially low cost,

could be an emomical source of biodies@Roy, Pakhira et al. 20)6



By separate hydrolysis and fermentation wAtolla filiculoidesas biomass, ethanol

can be produced. By using pyrolysis and enzymatic hydrolysis as pretreatment
methods for the production of monosacchdsideom Azolla(Miranda, Biswas et al.
2016. Finally, we can say that the ability to grow in wastewater, high productivity
and unigue chemical composition make Azdila most sustainab&pecies, attractive

and universal feedstock at low cost, low energy demand, anez@eamaintenance
system to produce wide range of renewable biofue(Salehzadeh, Naeemsi al.

20149.

1.4.12The use of Azdk in the production of biogas

The Azolla plant can be exploited to produce methane through anaerobic fermentation
of Azolla (or a mixture ofAzolla and rice straw), which can be used as fuel and the
remaining liquid wastes can be used as fertilizer because it contains all the nutrients
already present in the plant's tissues except for a small percentamg aftdlogen

such as ammonigAmit, Amit et al. 2016. Mixed Azolla residues with cow dung and
found that the best ratio was 1: 0.4, which gave a gas yield of 1.4 times that of cow
dung alone. Thus, we conclude the good effect of Azolla when it comes to biogas
prodwction (Raja, Rathaur et al. 2012

In a study conducted, the anaerobic digestiondlla pinnatabiomass grown in
SIIDCUL wastewater was examined to improve biogas pctdn. The nutrient
biomassA. pinnataharvested after plant treatment of industrial SIIDCUL residues
was subjected tonaerobic digestion for 28 day®©verall, the modeling results
showed a maximum expected biogas yield (3571.14 ml), methane production
(55.62%), and reduced COD (52.03%) at 35.36 ° C and 49.70% of the biomass load
of A. pinnata respectively. The results of this study help to increaserahi
digestion of biemassA. pinnataand produce bioenergy in order to more sustainably
meet he growing fuel requiremen{&umar, Kumar et al. 2020

Based on experimental research, it was observed thatgihesh methane production

was seen in crud&zolla samples with a @l ratio of 30 prereated with NaOH (9%).

The highest digestibility yield was obtained for the ramolla samples, as fumigation

of Azolla is costly and time consuming, and therefore imieof costAzolla as a raw
material is more economical and effective. The chemical pretreatment had a
significant effect on the methane production. With NaOH (9%), the highest yield was
obtainedfrom the pretreated sampl@sardmanesh, Pourdarbani et al. 2020
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1.4.13The use ofAzolla in wastewatertreatment

It was found that Azolla may be one of the most promising agents for COD removal
and nitrogen and phosphorousee wastewater treatment. He conducted a study
looking at the potential growth of Azolla in Secondary effluent to remove COD,
phosplorous and nitrogen. The results showed that removing N and P at 100 ppm
from each component in a separate medium turned out to be so 36% and 44%,
respectively, while the removal of N and P decreased to 33% and 40.5%, respectively,
in the mixed solution catition of these two compounds. Moreover, the results
indicated a decrease in nitrogen absorption in the presence of phosphorous. Moreover,
Azolla revealed a high potential temove 98.8% COD in 28 daySolzary, Tavakoli

et al. (2018)oncludedhat it is possible to improve the compawmitiof wastewater by

using differences in the rates of absorption of the main nutrients of wastewater,
ammonium and phosphorus by different large aquatic plahtsauthorpresented an
attractive, environmentally friendly and cesftective solution for efficientbio-
filtration of pigs wastewater and petrochemical proton from generated biomass
(Muradov, Taha et al. 20)4

o, NS N cr 8%
:5“: A A\ N\ A\ 4 .
F 4 e i ' : =\ ] —
P
E s , Y e -, ‘ : o M- : " | - .“ e nng-.a.\.,'
< Ukl ey AR [ SO e
To - 4 Time (days) 8 ~ Removal after
( ‘ ' 8 days
g o i — — Fe 51%7.}’ '
£ | \chh e 15 A 60% "y
5 [Brey & R S SR o) &?%;3;

\ Figure 1.15The use of Azolla in wastewater treatment. \

Also A. pinnatacan be considered effective in purifying contaminated water from
heavy metals, which represents an efficient, environmentally friendly anddetv
treatment technologfForni, Chen et al. 2001By doing so, it can be concluded that
A. pinnatawill serve as a target for wastewater treattria easily managed industrial
As demonstratechithis study, the removal efficiency demonstrated by healthy pre
weighedA. pinnatawas relatively higher for lead amdpper and lower for cadmium
(Ali, Abbas et al. 202D
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1.5Azolla production

Azolla can be produced it the help of the formation of an artificial water body,
preferably in the shade &flpaulin Sheetprotocol steps cab be outlined as:

1- As a first step, a hole of 2m2m x 0.2m should be drilled .

2- This hole is covered with plastic glue to prevent the roots of neighboring trees
from penetrating the celluline plate which is spread over the plastic gunnies.

4- Then about 145 kg of fertile soil, sifted, are uniformly distubed on the
cellulose /celluline sheet.

5- Next we pour clay made from 2 kg of cow dung and 30 grams of superphosphate
in 10 liters of water onto the sheet .

6- Then we pour more water till the water level is about 10 cm. Then, about 500 g to
1 kg of fresh angbure Azolla culture are inoculated into the new pit.

7- Azolla will grow very quickly and fill the hole in @5 days and we can harvest
approximately 600g of Azolla per day after that .

8- A mixture consisting of 20 grams of superphosphate and about 1 kg odwayv
should be added 1 time in 5 days.

9- This is done to keep Azolla in the rapid multiplier production stage and to maintain
a daily yield of 500g / pit .

10- A mixture of micrenutrients containing other necessary elements such as

magnesium, iron, copper, ful, etc. can also be added at weekly intervals to improve
the mineral content of AzollgGourkhede 2021

> > . ! A 7,
i

Figure 1.16:Azolla appears floatig in an agricultural basin "




1.5.1 Create an artificial Azolla pond

To create an Azolla cultivation pondselect an area that's partially shaded
becauseAzolla needs 30% of sunlightsince o much sunlight will damage

the plant. The area under the tree is preferiédyou decide to grow Azolla

on a large scale, you can make small 3/5 concrete ponds othgmisean

make thebasin any size you wanDig the soil for the pond and level the soil
afterwards. Spread the plastic sheet around the ground to prevent water loss.
Make surehat the depth of the pond is at least 20 cm

Add some soil uniformly to thplastic sheet in the pond. For a 2m x 2m pond, add 10
15 kg of soil Azolla needs phosphorous to grow well, you can use superphosphate
with cow dung. Cow dung increases the available nutrients. Use cow dnmtays

old. Next, fill the pond with water to kvel of about 10 cmrThis will allow the short

path of theAzolla to float freely and then leave the pond for 2 to 3 days for the
ingredients to settléAfter 2-3 days, add the Azolla culture to the pool by rubbing the
Azolla gently with your hand. Helpsplit Azolla into smaller chunks for faster
doubling . Two weeks after the start of harvest. Pond size of 2m x 2m, you can

harvest 1 kg Azolla every day




1.52 Important tips to grow Azolla
1 Azolla rapidly growsso maintain Azolla biomass 300 850 g/sg. Meteharvest
daily to avoid overcrowding.
1 Add once in 5 days mixture of Super Phosphate, and cow dung also add mixture
containing magnesium, iron, copper, Sulfur etc. at weeksrvals to enhance the
mineral content of Azolla.
1 Replace 25 to 30% old water with fresh water, once in 10 days; it helps to prevent
nitrogen build up in the pond.
1 Replace the water and soil completely, at least once every six months and then
add freshAzolla seeds.
1 Maintain the water level at least 10 cm so that the Azolla root does not grow in
the soil by keeping the roots afloat and making them easy to harvest.
1 The harvested\zolla is washed well to remove the dirt and smell of cow dung,

then feed it@ the animals.

2. Problems Statement and Objectives

2.1Research problem

This research provides practical solutions to the problem of the high cost of animal
feed, its scarcity and the lack of local production in sufficient quantities for the
number oflivestock in the Palestinian territories, which led to a decrease in the
economic return and in many cases. . Farmers' losses due to the massive increase in
the prices of traditional animal feeds used on their farms. This has led to the
reluctance of manypf them to raise livestock and their tendency to work in other
sectors such as construction, trade and work in the occupied Palestinian territories,
which has led to a sharp decline in the number of livestock in general. Including birds,
fish and livestockthis drop pushed prices up. Products. Animals in general and the
consumer were affected as a result of this increase. The Palestinian farmer also suffers
from the problem of high prices of chemical fertilizers, which leads him to leave the
rain-fed cropswithout fertilization, which reduces their production and profit from
them. On the other hand, the Palestinian territories suffer from severe scarcity of fresh
water resources, waste and misuse of sanitation sources, and are wasted without the

slightest &ploitation
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In this research, we try to provide integrated practical solutions to these two problems,
by exploiting drinking water sources, fish ponds, and sewage water after being well
treated, and cultivating Azolla structures to produce organiciersl and protein

rich animal feeds in an easy, simple, safe and environmental way

2.2 Objectives
The main objectives idsdying the possibility of cultivating Azolla plant in Palestine

The Specific objectives are
1. Measuring the effect of water typa the growth rate of the Azolla plant .
2. Measuring the effect of the type of manure on the growth rate of Azolla.
3. Study of the effect of temperature on the growth rate of Azolla plants.
4. To Compare between the growth rate of Azolla and dueidplants.
5. To Study the possibility of fertilization and biological movement of the water
and solil of Azolla ponds using certain types of fish.
6. Studying the effect of sterilizing the organic fertilizer added to Azolla ponds on
the growth rate of algae and fungi insttbem, and consequently the growth rate of
Azolla.
7. Ensure that the different farm animals such as fish, birds, sheep, goats, cows,

calves and others are palatable to eat the Azolla plant.

2.3 Study theory
1. There is a close relationship between the type atewand the growth rate of
Azolla.
2. There is a relationship between the type of manurd asd the growth rate of
Azolla.
3. There is a relationship between the temperature in the water and the Azolla
growth rate and productivity.
4. The growth rate of thézolla plant is less than the growthte of the water
lentil plant
5. There is a relationship between light intensity and Azolla plant growth rate.
6. Sterilizing the organic fertilizer before adding it to the Azolla ponds contributes

to preventig the growthof algae and fungi

o



7. Some types of herbivorous fish can be raised inside the Azolla ponds to provide
them with the necessary elements for their graavith to dispense with fertilizer
8. Mostfarm animals like to eat Azolla

2.4 Research questions

1. Is it posible to grow the Azolla plant in the climate and environment of Palestine?
2. What is the effect of the type of water on which the Azolenpls grown on its
growth rat@

3. What is the effect of the type of organic fertilizer used to fertilizeAt@la plant

on its growth rate

4. What is the effect of temperature on the growth rate of Azolla plahe

Palestinian environment

5. What is the difference between the growth rate of the Azddlat @nd the water

lentil plant?

6. Is it possible to fertilize Azolla pals using certain types tgh?

7. What is the effect of sterilizing the organic fertilizer added to Azolla ponds on the
growth rateof algae and fungi inside thém

8. Do farm animals accept Azolla aarpof their daily feed



Chapter 2

Materials and Methods
This study was conducted in a greenhousénly at Al Majd village, Hebron,
Palestine. Some experiments was conducted Beit Al-Rush village Hebron,
Palestine

The main study site was at Al Majd (3128684570E), Al Majd is a village located
eighteen kilometers soutliest of Hebronit is located 475 m above sea level, the
average annual rainfall is 436 mm, the average annual temperature is 16 C and the
average annual humidity is 61%. The climate is hot and dry in summelr waibl

moderate temperatures in winter.

2.1 Collection of plant Material

Azolla pinatawas collected frondeninon 27 October202Q Theplantwas transferred
during the night hours in a @#c bag that was wet from Jenin to Hebrtankeep it as
moist as possild. On the safety of the plarthe plant is supposed to be planted as
soon as possible andis not desirable to delay it. On the third dayittle waterwas
addedto maintaint he pl ant 6 s angraup bf wocelen baEhwene ,
prepared with an area ofie square meter fomeh basin and planted th&nt in one

of these basins.

2.2 Chemicals, Reagentsand Tools

Table2.1: Reagentand Chemicalsised in cultivation ofAzolla pinnata

Component Quantity
Coppersulphate 300 g
Hydraulic acid 1/2 L
Chemical il Table salt 300 g
emicaimaterials Balanced industrial fertilize| 3 Kg
Superphosphate 500 g
phosphoric acid 172 L
Cow manure 10 kg
Several types of natural Sheep manure 10 kg
fertilizers Bird manure 10 kg
Vermicompost 10 kg
Fish water 50 L
Different types of water Treated wastewater 50 L
drinking water 50 L
100% Methanol - 1 Bottle




Table2.2: Tools used in cultivation oAzolla pinnata

Component Quantity

pH and Conductivity meter | -

Mass balance -

Thin mesh - meters square

Analytical Balance -

Spatula -

Centrifuge -

Spectrophotometer -

1
1
1
1
Tissue Paper - 1
1
1
B

2 mL Eppendorf Tubes - ag

1L Beakers -

Microscope -

5
500ml Bottles - 8
1
3

An area of 30 square metery -
insidea greenhouse

0 square meters

Small agricultural ponds - 22
(Different Sizes)

Black agricultural plastic - (9) 150*150

2.3 Culturing experiments

2.3.1 Growing Azolla without soil with the use of different types of organic
fertilizers or nutrient solutions

This experiment is conducted tletermine the effect afsingred agricultural soil in
Azolla ponds when fertilizing with differéntypes of organic fertilizers. It took place
between 18 June 2021 and 15iuly 2021.

Five groups of basingad group consisting of 3 basii§*3). It wasprepared with

an area ohalf square meter for each basin and a depth of 20 cm. Soak 1/2 kg of each
of thefollowing typesof manure (cow, cattjeand bird$ in 3 liters of waterThenthe
soakedmanure wassterilizedfor ead of the three typesasing a sulfate compound.
Copperwas addedat a concentration of g/liter and this is the was added to £ m
basin Table 2.1 describe the used treatments and the fertilizer types and

concentrations.



Table 23: Treatments that were used for Azolla culturing.

Treatment Description of fertilizer

Cow manure drenched with a concentration oé diter of the soaked

! solutionbasin

2 Cattlemanure drenched at a conagatibn of 1 liter of thesoakeddasin
bird manure (broiler chickens) at a concentratf one liter from the

3 soakeddasin

4 Vermicompost liquid at a concentration of (1/4) kg/basin
Chemical nutrient solutian

After that each of the aforementioned ponds was fertilized with phosphorous element
by adding phosphoric acid to eagtind at a concentration of 2bgsin. Then Azolla
was added tahe ponds in the previous fiteeatmentgo the same extent, and the

resulting changs were observed in each of the ponds during a month.

Meanwhile, the basins were moved on a daily basis. A suitable shade was provided
inside the greenhouse by spraying the shale solution over the plastic to reduce the
intensity of lighting. After that, lathe formal and physical changes that appeared on
the Azolla plant were recorded and observed in terms of shape, mass, cotharsl
characteristicsBiomass of Azolla in all the basins of the fourth and fifth growps

measuredt regular intervalgéevery 5 days once).

2.3.2 Measuring the maximum biomass capacity oAzolla plants that can be
obtained from planting a square meter basin

This experiment is conducted to measure the maximum biomass of Azolla after
planting in the previous treatments saction 2.3.1. And it was extended from"25
Novemberto 25" Decembe020.

3 woodenbasinsare equipped with an area bfsquare meter for each sink and a
height of 20 cm. Then water was added at a height of 18 cm in each basinthEhen
basinswasfertilized with welldried and fermented animal manure at a concentration
of 0.5 kg/mi. After that1 kg of Azollawas addedthis is followed bymoving the

basin every dayusually in the morning or in the evening and sometimes at noon



Then the ponds werkertilized with phosphorous element using phosphocid at a
concentration of 5 gf#, while continuing to check the temperature of the ponds
almost continuously.After a month of planting, all thézolla in the pond was
extracted and dried in a well sted place away from the wind for a period After 24
hours,andthe maximum mass of Azolla that can be obtained from a square meter was

measured

2.3.3 Comparing the growth rate of Azolla with the growth rate of water lentil

This experiment is conducted compareghe growth rates oAzolla and water lentil.

It was extended from 80Novemberto 30" Decembe2020.

Water lentils was brought from the wastewater treatment plant -@fréddb camp
The lentils was placed in a water basin fertilized withedfianimal manure at a
concentration H0.5 kgh". The area othe basin waa square meters ahetight of 20
cm, and the basin was placed inside a greenhouse. After five days, 3 small basins with
an area ohalf asquare meter were prepared and 56f gvater lentils were placed
insidethem, with the addition of 1.5 g superphosphateach of them in order taelp

in plant proliferatiorand reduce thpercentage of toxindg he water was kept stirring
inside the basins, and aftevd weeks of plantinghe basins. fie average amount of
water lentils in the three basins was measured, while continuing to stir the basin
periodically after thatThen two wooden basins with an areapé square meter were
preparedthe inside of each was covereda@plasic cover and soil (thickness@n).
The two basins were placed in the same environnasntAzolla (temperature,
humidity, water levelsoil type, organic fertilizer, fertilization with superphosphate
andintensity of ligh). 50 g of water lentil was addex the first basin with an area of
1 m?, another 50 @f Azollawas added to second basiwith an area of 1, and in

a third basin 25 g ofAzolla and 25 g of water lentils weradded together. hie 3
basins werestirred a daily basis once or twice.hE resultsvas recordesn a daily
basis

Finally, two groups of basin&@rea ofhalf a square metewyere prepared, each group
consisting of Yeplicates, theifst group was planted with 50af Azolla, the second
group was planted with 50 @f water lentils. After that, both groups were monitored
and data was recorded in terms grbwth rate Growth rate was measured by
calculatingthe mass of the plamb each basirafter drying for 6 hours in the shady

place



2.3.4Studying the effect of water qualityon the growth of Azolla

50 liters of treated wastewater were brouigh secondarytreatmentfrom the Wadi
Al-Aroub wastewater treatment plant. The treated wastewater was placed in three
basins placed in the greenhouse, with an aréaldof square meter for each basin and
a height of 20 cn{Group A). Then, 60 liters of water frorfish pondscontaining
tilapia were brought from the neighboring of Beit-Riishvillage and placed in the
three basins with an area ludlf a square meter for each basin (Group/Ajother3
basins wergreparedand filled with drinking wate(from the well),soil was added
without any fertilizer at a height of 3 cm (Group C). After thagdings were taken
for pH and theelectro conductivityeC, while continuing to stir the water and soil in
the group C once or twice a dagrowth of Azolla was monitored and biass was
measured for the three grougsis experiment was conductetliring the winter of
2020,from the 13' of January and for a month.

2.3.5Cultivating Azolla using fish waterin different ways

This experiment took placén a greenhousat Beit Al-Rush village from 24"
December 2020 to"5February 2021Four wooden basins were built with an area of
one square meter for each basin and a height of 20nctine first basin Fish water
was added t@ height of 15 cmthenred agricultural soiwas also added with a
thickness of 3 cmAs for the second basin, dking water was added toheight ofl5
cm, this was followed by the addition ofd agricultural soil with a height of 3 cm
and half a kilo of organic nedry fertlizer. In third basin,only fish water was added
And in the fourth basinsndy drinking water was added. After that, 10@fgAzolla
wasaddedin each basin, while continuing to turn the basins on a regular bdigs. A
20 days of cultivatingAzolla, for the first time mass ofAzolla in the basinswas
measured, then theqaress was repeated afiy daystwice (day 40 and 60Qplso the

pH was measured in each of the previbasin.

2.3.6Measuring the impact of movingAzolla basins in which solil is incorporated

into the construction oftheir agricultural environment

Two sets of basins were made, each group consisting of 3 basins, each basin area is
half a square meter and a height of 20 cm, and the basins were placed inside a
greenhouse to provide the appropriate environment for the growRralfa, and

agricultural soil with a height of-2 cm was placed inside each basin in both groups.

np



Preparation of the liquid organic fertilizer soak, by dissolving 10 kg of fertiliz80in

liters of water, then the organic fertilizer soak was sterilized with copper sulfate
compound at a concentration of 5 g/liter of the fertilizer soaked volume for two days,
after two days of sterilizing the liquid organic fertilizer soak the fertilizas wdded

To the basins of the two groups at a concentration oftloirg: of a liter of liquid
fertilizer infusionbasin, then superphosphate veaisied at a concentration of 5 §/m

to all the basins in bothrgups. After that, Azolla (50 bgasin) was addetb each

basin in boh groups, and thethe pondswas monitored on a daily basigvhile

leaving the basins of the first group without moving, and moving the basins of the
second group, with the addition of a soaked organic fertilizer and superphosphate
evely two to three weeks for both groups as usual, and the experiment was repeated in
the summer inside the same greenhouse to see if the effect of stirring in the summer is

similar to its effect in the winter or slightly different

2.3.7Study the effect oftemperature on the gowth rate of the Azolla

This experiment was conducted to evaluate the growth rate of Arsilde and
outside the greenhouskBwo groups of basins were preparedch group consisting of

3 basins with an area of half a square meter for basim, where the first groupas
placed inside thgreenhouse (plastignd the second group outside tireenhouse.
After that water and fertilizer (chemical fertilizer apthosphoric acid) ansterilizers

were added at the sanmimé andthe sameguantity(25 g/n?) for both group Then

both groups were shaded with a black agricultural net (50% shade), with the lighting
ratio adjusted to be close to the farthest extent, thergrowth of both groups was
monitored on a daily basipond mass was measured every 5 days in both groups.

This experiment was extended for a month, frorff Rtarch to 28 April 2021.

2.3.8Comparison between the growth rate oAzolla in summer andwinter

3 wooden basins lined with nylon were built, the areaaith basin is 1 square meter
and the height of each is 20 cm. After a day, a layer of soil with a height of 2 cm was
placed in each basin, then each basin was filled with watheight d 15 cm After

two days it was fertilizedvith dry manure manurewassterilizedwith copper sulfate

at a concentration of 5 gfmAfter three days 100 gf Azolla was placed in each
basins, with continuous stirring on a daily basis of water and soitateaf once a

day, and after 6 days & of superphosphate was addédter 10 days and after



ensuring the acclimatizamoof the Azolla in the new basinthe quantities placed
inside each pahwere adjusted to become 100 g inside each basin

GreenAzolla biomass was measuredery 5 days (noten this experimentve were
measuring the mass off ¢he plants in the basin, not half of the area, after siege and
drying in the shade for 7 hourdjhe experimentvascontinued in the winter cycle for

30 days it was repeated in summet' dune 202, with the same previoustepsand

guantities, and data were recorded every 5.days

2.3.9 Study the effect of coveringAzolla basins planted outsidethe greenhouse

with a plastic cover during the winter and cold daygo protect them from frost

Two sets of basins were prepared, each group consisting of three basins, the basin
area is 0.5 M the height of the basin is 20 cm, and the basins were placed in the same
placewhere it isexposed to the same weather conditiand external environmental
influences Then they were filled with water at a height & cm, after thared
agricultual soil was added twith a depth of 3 cnmOrganic fertilizer was prepared by
soaking 2 kg of dry organi@iftilizer in 6 liters of wateat a concentration of 5 git

was soakedor 48 hours. Soaked organic fertilizer was added to the two groups and
after 24 hours, phosphoric acwlas added to eachasin at a concentration of 2
g/bash or 5 g, after 48 hours of fertilization, 50 gf Azolla was addedThe first

group wascovered with a transparent plastic cover every night from three in the
afternoon until nine in the morning. Then the cover is removed until three o'clock in
the afternoon (during very cold days, it is left coveredstamtly), and the previous

step wagsepeated daily for a montlAs for the basins of the second group, they were

left without any coverage.

For the first week after planting Azolla, it wkst without any measurement in order
to help Azolla to adapt to the new environmer®bseavations were recordedaily,
were morphological changeand Azollabiomasswas recordedAzolla in the two

basins (200 g) in each tank was reset and experiment was repeated times

2.3.10Studying the effect of stelizing Azolla ponds on preventingthe growth of
algae and fungi
Two sets of basins were prepared, each group consists of four basins, theeaka of

basin is half a square meter and the height of easinbis 20 cm. e two groups
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were placedat the same environment arat the same conditions (outside the plastic
house due to the lack ofape),basins were filled with watetio a height of 15cm in
each basinThen a nonsterile green bovine organic fertilizevas added to the first
group basins with a concentration of a quarter of a kilo of organic fertifiZer/
(drenched manure)At the same time,terilized green bovine organic manure with
copper sulfat at a concentration of 5 g/l was addedtb e s ec obadinsga oup6s
concentratin of aquarter of a kilo of fertilizer/f(the fertilizer soaked), noting that
the fertilizer was sterilized for a full 48 hourShe water was sterilized in the firs
group using opper sulfate at a concentration of 5 g/endd hen phosphoric acid was
added at a concentration of fngf to the first ad second group ponds. 5@fHAzolla
was addedo each of the two groupandafter that the ponds were movedce and
on a daily basiswith growth control ér algae, molds or fungi in sterilizeizolla
tarks in two different waysRate ofAzolla biomassproduction was recordedeekly

basis for 3 consecutive weeks

2.3.11A preliminary experiment of self-fertilizing Azolla ponds through til apia

or catfish inside the tank

This experiment was conductedtast the possibility of raising fish in Azolla ponds
it was performed from the®of May 2021

3 basins were initially prepared, each basin arearot, where the three basins were
filled with pure water from an agricultural water potihen 3 cm thck layer of
agricultural red soil was placed in the first three basins.dwdyer, on the next day
two tilapia fish were placed in the first basor composting and stirringhoting that
the fish was kept in part of the basin so as notdwastateAzolla plants at the
beginning of its reproduction. Then, aftdr days, the two fish were releak and the
second basin was fertilized withgamic and chemical fertilizer, it wa®aked with a
quarter kilo of animal manurefmthen 5 cri phosphoric acid/mwas added. fe
third pond was left without any fertilizah. After two days800 g of Azolla was
placed in ach of the three ponds, and it wek for 5 days to adapt.lie growthrate
of Azolla ateach of the three ponds was monitored for 20 days, @aedflays of
cultivation, the amount of 800 @f Azolla was sé in each pond. Then, only 8000
Azolla was returned to the basjrend after 5 dys, its mass wasalculatedagain,this

was repeated for another time.



2.3.12Measuring the effect of thaype of fertilizer on the growth of Azolla plants
Seven groups of agricultural basins were prepared, and each group doasi8te
agricultural basinsthe area ofach basin wa8.5 nf. Different types of fertilizers
were added to each basin, Tabl® 3hows the type of fertilizers used at this

experiment.

Table 24: Treatments that were used to study the effect ivfifers type on Azolla
growth

Groups Type of fertilizer

Green bovine manure

Sheep manure

Chicken manure

Fish water

Vermicompost 0.5 kg/m

Nutrient solutiorb g NPK

~N| O O b~ W N

Control, no fertilizer is added

All types of organic fertilizer were dried separately for a week in the sun except for
Vermicompost. Rd agricultural soil was added to the first four groups, therseven

groups were filled with water at aigbt of 12 cm excepthe fourth group

Compost wasdded to the seven groups, it was prepagdlissolvingonekilogram

of dried organic fertilizerin 3 liters of water (the first three groups), as for fingrth
group in which fish fertilizer will be used, there is no need to make a fertilizer soak
because its fertilizer is dissolved in the wateor the fifth group compostwasadded

as it is while the sixth group was fertilized witéolid chemical feilizer NPK a
concentration of 5 /gn®. The organic fertilizer soaked for the first three groups was
made for each group separately at a concentratiorkgfdf dried organic fertilize®

liters of water, by dissolvingeftilizer in water for twoconsecutive days, then the
resulting fertilizer soak was sterilized with copper sulfate compound at a
concentrationof 5 g/l then the soaking was left for 48 hours, then the chemical

nutrient solution was added to the sixth grgomds at a concentratiai 5 gim?, and

n o



then fish water was addedrfthe basins of the fourth group as an alternative to water
and manure, then vermicompost was addeccanaentration of half a kg/m

All basins were transferred to the greenhouse, and itsivaded with the stiing to
protect theAzolla from direct sunlightand to decrease tlagpearance of algaézolla
amountadjustedoy adding50 gof Azolla to each basirAfter one weekphosphoric
acid was added to all grougoil in the basins bthe seven groups wasntinuously
stirredon a daily basis onca day, and Azolla growth was monitorea @ daily basis
Azolla masswas recorded in all grougsice every 5 days aridr a period of 20 days

2.3.13Measuring the amount of water consumed byAzolla per month

3 basins ofAzolla were prepared, the area of gechbasinwas2 m?, with a height of

20 cm, vater was added to all basirie,a height of 18 cm. After that, the basins were
planted withAzolla at a rate of 1 kdpasin.Then the soil was added to the basarsl
fertilized with a drenched organic fertilizer at a concentration of a quarter of a kilo of
organicfertilizer/mf. Phosphoric acid was added to each basin at a concentration of 3
g/nt, pond watemwas stirrecbn a daily basijsand Azollawas harvestedomtinuously.

Data for water loss was recorded on a weekly basis, and this experiment was

conducted for one month froni'duly to £' August 2021.

2.3.14Study the effect of gowing Azolla at different heights of waterand its
effect on Azolla growth rate
4 groups of basins were prepared, each group consistingpasifs, the basin area is

0.5 nf and its heightvas20 cm. Then all basins were filled withater to a height of

20 cm After that, red agricultural soil was addedatbeight of 23 cm and fertized

as usual witha sterilizedorganic manurat a concentration of a quarter/kg’. The

height ofthe water in the second growgas reduced to 15 crand in the third group it

was reducedtd 0 ¢ m, and i n t hereducedto & Heiglof 5 @wnu p 6 s
after thatf Azolla was planted in all basins, adding50 g in each pondjzolla was

left for oneweek to adapt to the new environmahienthe amount ofAzolla in each

pond was reset to 50 g. After 15 days of cultivation, Azaisswvasrecorded in the

four groupsthis is repeatedvery 5 days.



2.4 Experimental Design and Statistical Analysis
All experiments werearrangedin a Completely Randomized Design (CRD) and
significart difference was tested by the analysis tkatment means. Descriptive

statistic was used to analyses for means and draw the graphs.



Chapter 3

Results and Dscussion

3.1 Growing Azolla without soil by using different types of organic fertilizers or
nutrient solutions

The growth rate of the Azollan all basins of the first group (basimsas fertilized
with dried sterilized cownanurefertilizer without using agricultural sgilthe second
group (basinsvasfertilized with dried and sterilizedattle manure witlout usingred
agricultural soil)and thethird group bpasins wadertilized with dried and sterilized
bird manure without us@ agricultural soillwas very weak, and the plant began to
turn yellow at the end of the first weélgure 3.1). The size of the planvassmaller
compared tohe size of the original plant at the time of plantingpreover,the plant
was about to die permanently by the end of the month, and its colorleaaby/ c

yellow (figure 3.2)

Figure 3.1:Azolla basinplanted organically usinfermented animal manure and red
agricultural soil the plantlets looks green and healthy at the beginning of the
experiment after one week the plants began to be weak and its color turned to. yellow




Figure3.2: Azolla after one week of planting.
Azolla looks weak andts color turned toyellow, Azolla wasgrown using only
animal manure and no agricultural soll

The main reason and the only logical explanation for the appearance of the
aforementioned symptoms in each of the basins of the ficgindeand third groups is
mainly dueto the lack ofmany nutrients needed by the Azaitaproliferate it clear

thatthese nutrients was not found in the added organic fertilizer.

On the other handhé growth rate of thézolla in all the basins of the fourth group,
which was fertilized with vermicompost ansithout using agricultural soilvas
normal The color of the plant was greembright green, and the size of the plant was
in the normal ratiosin my opinion, the reason why thadins of this group are
distinguished from the basins of the rest of the groups that vermicompost cailitains
the nutrients needed by Azolla to grow naturally. Moreoves, growth rate of the
Azolla plantsin the fourth group's basinwas slightly greatethan the growth rate of
the Azolla plant in the fifth group'sbasins but the cost of planting using
vermicompost was slightly higher compared to fertilizing with chemical nutrient
solutions. This does not mean that fertilizing with vermicompost is alWatter than
fertilizing with nutrient solutions in terms of thate of food mass production since
there are differentypes of nutritional solubns that we have not tried
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Figure3.3: Azolla grown organically using only vermicompdgiurth group)

The growth ratef Azolla plant wasigher than the other groupbge plants color was

green to bright green. The plants proliferated in normal pattern and the size ofrit was

the normal ratios
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Figure 3.4: Comparison of the growth rate of Azolla fertilized using chemical fertiliz

vermicompost.
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Figure 3.4shows the difference in the growth rate between the basins of each of the
fourth and fifth groups,and results show that fertilizing witlvermicompost are
slightly better than fertilizingvith the nutrient solutionn terms of productionThe
multiplication rate in the fourth groupasinsis approximately equal t8.25, While

the doubling rate in the fifth grougasins was approximately 2.1

From the results it can be concluded tihas not possible to cultivate Azolla without
using soil excepin two cases, firstiywhen Azolla pondss fertilized with nutrient
solutionthat make up for the lack of basic elements found in the soil, which cannot be
obtained from cowlivestock or bird manureSecondy, when Azollabasinsfertilized

with vermicompost because it containall the nutrients needed by Azolta grow

normally.

Thereforeand to overcome the problem of poor nutrients on Azolla basins, it is
advisal to performthe following firstly, add soil to Azolla basins when fertilizing
with dried and sterilized animal manu&econdly, m areas that do not contain soil or
suffer from soil salinity or lack of arable soil, it is possible to find an alternative for
the success of Azolla cultivatio®But one of the drawbacks to thisat fertilizer is

more expensive compate¢o other types of fertilizer unless it is producedlbyc

3.2 Measuring the maximum biomass capacity of Azolla plants that can be
obtained from planting a square meter basin

Azolla biomass from theultivated aregl nf) was harvested angried in the shade

for 24 hours, and #tvas approximatelg00 g. initial Azolla mass was 1 kg/basiithe
duplication time was every 4 days, and so Azolla has a 7.5 dupling time for one
month. According to these results it is estimated that one square meter basin produces
6 kg of biomass, and so it can be estimated dn@t dunum can produce 6 tons of

Azolla biomass.

Results showed that there wasiagrease in té thickness of the layer @zolla that
covers the surfacef the basinsvas3 or 4 times the normal thicknessh& reason for
this is that the entire area tife basin is filled withAzolla, which made it accumulate

in the form of a thick layer that can reach in sdmé cm.

pp



Figure 3.5 Azolla cultivatedon 1 nf basin, the basin wdertilized with welldried
and fermented animal manure at a concentration of 0.5°kdirolla increases in
thickness and leaf size when harvesting is delayed

While monitoringthe temperature of the basin in the morning, evening and itasn,
noticedthat there is a differendsetween the temperature of the water adjacent to the
thick layer of Azolla and théemperature of the bottom water that ddmaivethick
layer of Azolla. The reason for this difference in temperatisrthatAzolla works as a
thermal insulator that redusghe heat exchange process between therved the
basin and outside,itthis help basins to retain water temperature for longer period

especially in winter

It is observed that agirtups its effect on Azolla plantthe roots begaio change their

color to brown and then black The possibility of root mold infectionsin old and
largeplants increases if the plant is left for a long time without reducinthig plant

start to weakerand dies physiologicallyAlthough thebasinswas not sterilized as a
result of using decomposed and dry organic fertilizer for a long time, no fungi or
algae appearedtHowever, otheaquariumshow poor growth célgaein a late period

This is mainly due to # controlled blocking ofun light using an agricultural net

used for shading (blocks the light by 50%) and also because of the use of decomposed
dried organic fertilizer that is free of moisture, this male free from several
pathogens.

pc



Based on the results of the second experiment, in toderhieve a higher production

rate, in the event that there is not enough space for cultivation, it is better to reduce
the Azolla continuously when the basin is full and not to wait for the thickness of the
Azolla layers to increase. Because filling thasin significantly and increasing the
thickness of thézolla layer reduces the growth rate, as it is theoretically expected to
produce one kilogram okzolla within a month if sufficient space is provided for fit,

or if the basin is constantly reduced, amount equivalent to 15 kg in ideal
conditions. But due to space constraints and the lack of relief from the basin, and
despite the high thickness of tAeolla a lot, this did not compensate for the shortfall

in space, as the result of cultivating 1 Kggaa whole month
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| Figure 3.6 Azolla harvest after initial dryingh the shade for 7 hours \

It is possible to benefit from increasing the thickness ofit@la layer in heating the
plant in the winter, as it is preferable to reduce the harvest as much as possible.
Thickness can help in theold weatherand it would contribute tohe heating and
protection ofAzolla from death, especially in the basins that arewgy outside a

greenhouse.

It is preferable to harvegtzolla from the basia continuously, in order to produce
new young plantshat canbe used later as a seedlings. Also, this can help in the
protection of Azolla farm, since it can be affectednigroorganisms such amsold.

Moreover, aging of Azolla plants decrease its numbessally the death stagef
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Azolla begins after two to three month®m cultivation so continuousarvestand
dilution can restorés youth.

According to our observatioren some of the experiments that we conducted in the
summer, the thimess ofAzolla layers left in the basin for a period of one month
without dilutionis significantly greater than their thickness during \thieter season
Therefore Azollagrowth rate wa higher and sproduced highebiomass Thiscan be
contributedto the high temperatures afght intensityin summerdayscompared to

winter.

Estimation of Azolla productivity during a month

As shown, Azollamultiplies at a very fast rate, doubliogce every & days in ideal
conditions and at a rate ofI2 days in colctlimate conditionsAzolla can complete

7-8 agricultural cycles, if the appropriate conditions for its cultivation are available
such agemperaturgfertilizer and shade

Agricultural monthly cycle is calculated by dividimgmontimultiplication time and
it equals 80/4 = 7.5. The mass of one square meter of green Azolla after harvesting
and drying in the shade for approximately 8 hours is 100
Assuming the cultivation ofree dunum(1000 nf) of land from the Azolla plantt is
necessary to harvest half oftharea(1000/2=500n7) every4 days approximately.
Since the mass of ela square meter of Azol&fter drying in the shade for 8 hours is
approximately equal to 1600ans. The total mass expected to be harvested from the
Azolla plant grown on an area @ihe dunam can be calculated by the following
equation :
Productivity of ahalf a dunun¥ productivity per square meter * area harvested
= 1.6 kg * 500= 800 kg.

To calculate the productivity of a certain area during a month (30 days), we find the
product of multiplying the productivity during one cycle by the number of cycles per
month, sahe result becomes as in the following equation:
Productivity of a certain area during a month (30) =

productivity of one cycle (4 days) * number of cycles during a month (7.5)

= 6000 kg =6tons.
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3.3 Gomparing the growth rate of Azolla with the growth rate of water lentil
(duckweed)

Growth rate ofAzolla and water lentil was calculated after two weeks of culturing, the
results show higher growth for both plants. Morphologically, both plants show
vigorous growthandthe color wagyreen.Figure 3.6 showshe average bimass of

the Azolla and water lentil after days and after two weeks of culturing, the average
biomass of Azolla was 18.2 g and for water lentil it was 23.7 g/day.
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Figure 3.7 Azolla and water lentil biomass/ery10 days after culturing

Water lentils covered the entire basin after 35 days under winter condiien
growing water lentils anézolla outside, the growth rate @zolla is superior to the

growth rate of water lentilswhile in summer, water lentilsutperform Azolla in
growth rate.
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\ Figure 3.8:GrowingAzolla andwater lentilin the same agricultural basin \

The growth rate of water lentilsasfaster than the growth rate of the Azolla plant,
especially in the warm environment and in moderate and relatiwaymer
temperatures. In very cold and cold temperatures, the rate of reproduction of Azolla is
slightly greater than the rate of reproduntimf water lentilsThis can be attributed to

the effect of culturingAzolla and water lentil at the same basiater lentil planthad
coveredmost of the basin ithe warm seasons, and vice versa in very cold seasons
(figure 3.8)
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Figure 3.9: Average biomass of Azolla and water lentégry 4 days after culturindgoth
plants are cultivated in the same basin.

The water lentil plant can be grown in an environment very similar terthieonment

of the Azollg this may bebecause both are tropical aquatic plants and live in the same
conditions and the same environmdhis possible to grow thézolla plant and the

water lentil plant together in the same basin, because of the great similarity between

the environmental anautritional needs of each of these two plgfitpire 3.9)

3.4 Studying the effect of water quality on the growth of Azolla

In this experiment wastewater has been used to cultivate AxWHestewatemwas
produced fromtertiarywastewater treatmepiant Table 3.1 showthe results for pH
values before planting Azolla. It clear that the water has a moderate pH values and so
it is similar to normal water.

Table3.1: The average pH in the threasinsbefore planting theonds.

Group A B C
pH 7.3 7.1 6.3

The growth rate ofAzolla plants in group Bbasinsthat were grown on fish ponds
waterwas greater than the growth rateAzolla plants in the rest of the basins, as it
was followed immediately by group A basins that were grown on treated wastewater,
and then followed by group C basins tlwaintain dinking water and soil wthout

using organic fertilizeffigure 3.10)
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Figure3.10: Average Azolla biomass cultivated on three treatments (waste water G1,
fish waster G2 and drinking water GB)ata were recorded every 5 days.

Results show that Azolla has fast growth rate at the first two days, initially 50 g of
Azolla was culturedn the treatments, on the second days it has an average biomass of
218.3 g for G1, 235 g for G2 and 192 g for G3. After three days of culturing Azolla,
the plant in the three treatments has a stationary growth and after 6 days the plant
biomass started tdecrease. This may be attributedhe cold weather in this period

of winter. Table 3.2 shows the average Azolla biomass after 5 days of culturing in the

three treatments.

Table 3.2: Average Azolla biomass every 5 days.

Group Average biomass (g)
Wastewater treatme(G1) 213.8
Fish ponds watefG?2) 233.3
Drinking water from the well, wit only soil(G3) 192.8

It can be concludedhatwaterfrom fish farmingcan be used to growzolla, or even
grow Azolla on top of the fish basins themselves, and then use it as animal feed or as
green fertilizer. Fish ponds with Azolla on top may have higher temperature as

described above. Higher water temperature will make the water more suitable for fish



growth and Aquadture i.e. tilapia fish aquacultureFish watercontairs important
nitrogenous fish wasse which is very rich in ammoniaand many other nutrients,
most notably phosphoroushe treated wastewater can be used secandchoosefor
Azolla cultivation Green biomass of Azolla grown omaste water cannot be used,
nor usedas food for animalssince Azolla in this case contains a high percentage of
heavy and toxic elementsathharm both animals and humans. The produced Arolla
this case could be used tihe production of energy or biofuels, because Amolla
plant contains a high percentage of starch that can be converted intdhsugan be
fermented to produce ethanol

3.5 Qultivating Azolla using fish waterin different ways

Results was recordedrfthe first time after 20 days of culturing, then it was repeated
twice on a 20 days interyaflata are shown in table 3 RBesults show that the first
treatment has the highest biomass followed by the second , third and fourth treatments
(figure 3.11, 312 , 3.13, 3.14 respectiv@lyThis clearly indicate that fish water has

high effect on the growth of Azolla.

Table 3.3:The growth rates of Azolla grown on fish water

Average Azolla biomass (Q)
. . Second basin
First basin o
' Drinking water . . '
Fish water and Third basin Fourth basin
Date . and red . o
red agricultural _ Fish water | Drinking water
_ agricultural
soll _
soll
15/1/2021 826 589 557 294
5/2/2021 835 583 549 295
25/2/2021 833 591 551 288

It was observed that algae appeared on the bakissmay be due tthe failureof
coveing the basins obecause of the partiahadng. This canexposealgae and
Azolla to thedirect sunlight which play a pivotal and main role in the emergence,
growth and spread of algae on the surface of the basin and the compdtApolla

in its food and sticking to its roots later.



It can be concludethat the water of fisliarmingis considered excellesiourcefor
breedingAzolla, especially if it § mixed with agricultural soil. Med fish water and
soil are gooccombinationbecause the soil contains elementsigood proportions
that Azollaneedgo maintain its growtjthese elements amot present in the water of

fish basins, or they are present in weak concentraffmuse 3.12).

Figure 3.11:Azolla in fish pondsontaining agricultural sail

Figure 3.12:Azolla cultivated in a drinking water basin containing agricultural soil




\ Figure 3.13Azolla cultivatedin fish ponds and without agricultural soil

| Figure 3.14Azolla was grown on drinking watenly and without agricultural soil \

Accordingly, it isstrongly advisd that Azolla plantsis cultivatedside by side next to
the fish basinsand soAzolla can be useds food for fish, and weanuse the water of
the fish ponds to fertilize th&zolla basins. It is preferablkelso to added agricultural
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soil to water of fish when constructing Azolla cultivatiorbasins. It is also
recommended to growzolla in separate basins from intensive fish farming basins
the goal of fish farming is to fisproduction. Howeverif the goal ofaddingfish is
fertilization, we recommend reducing the raen of fish as much as possilite the
fear of increasing the concentration of ammonia in the watethesdhay cause plant

burning

3.6 Measuring the impact of disturbing Azolla basins in which soil is

incorporated into the construction oftheir agricultural environment

This experiment was conductédice in winterand in summer,he aim was to study
the effect ofdisturbing water basin®nthe growth rate oAzolla. Figure 3.15 show
the resultsof the two treatments, it is clear thdisturbing orstirring the water in

Azolla basin have an effeain the growth rateof plantsas group 2has produced

higher biomass.
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Figure 3.15 Average Azolla biomass winter. Azolla plants wasultivated by two
ways, without moving the water in the basin G1, and with moving the water |n the
basin G2.
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Figure 3.16 Average Azolla biomass in summer. Azolla plants was cultivated by two
ways, withoutdisturbing (stirring)the water in the basin G1, and witlisturbing
(stirring) the water in the basin G2.

During the months of summer, it was clearly observed that the mass of the Azolla in
the basins that were stirred was approximately 10% greatertieamass of the

Azolla inside the basins that were never stirred. During the winter months, the
biomassproducedfrom the basins of the second group was 5% greater than the

biomasgroducedrom thebasins of the first group

This unambiguously showtfie importance of stirringhe water in the basins, which
increaseg\zolla biomass irsummerand in winter Moreover, stirring the watdras a
role in preventing the occurrence of soil rot in th@dedsoil in the basis. Another
and essential reason isat moving the basinsoil contributes to the dissolution of
some of theessentiaklements in the soil and thus facilitatesatsess to the roots of
Azolla. Essential elementday an important role in maintaining of Azolla health and

this accelerateshe rate of growth and reproduction.

It was observedhat in the cold monthg#\zolla can grow and multiply almost
naturally, in the presence or absence of water movement. The plant grow in normal
rateand no diseases appeared, the color did not changeoasigae or any molds
appeared. Ko it did not suffer from the problem of insects significantly during the

winter period The growth rate inwinter wasvery low compared to summer and this
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was asa result of low temperatureend not as a result of lack afovement The

effect of no movement on the growth rate of Azolla has clearly appeared in the winter
days, one explanatiahat Azolla plantscondensd on itself to form a thick layer, and
thus it was protecting itselby forming a thermal insulator for thequarium, thus

protecting its environment amdaintaining water temperature.

One of the main problems that has appeared especially in summer is the growth of
molds and algaeSoil containsseveral microorganismsuch as bacterianolds and

algae, and thewill increaseif the soil is left unmoved for a long timélhese
microorganisms grow due to the suitable temperature and lack of movement of basins
(figure 3.17)

Figure3.17: The appearance algae,bacterialandmold (green slimy massesh the
surface ofAzolla pondsin whichagricultural soilshasnot been moved

3.7 Study the effect of temperature on the growth rate of the Azolla

It was observed that th&zolla plant cangrow inside and outside the greenhouse, but

the growth rate of thézolla planted outside the greenhouse is slowompared to

the plant growrnnside the greenhouse, especially during the cold mdfithge 3.19

,3.20. This isdue to the low temperatures outside theeghouse compared to inside

it. Figure 3.18 show theesults obtained by monitoring the plants for two months, by

the end of the experiment the plants cultivated inside the greenhouse has an average
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biomass equal to 497.3 g and plants cultivated outside the greenhouse has an average

biomass of 429.3,gstatstically this considered to be not significant.
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Figure 3.18: Average Azolla biomass cultivated inside and outside a greenhousb.

Figure3.19:Azolla planted in a plastic house has excellent growth




]Figure 3.20Azolla planted outside the greenhouse \

Based o the results the ratio between the growth rate of Azolla inside the
greenhouse and the growth rate of Azolla outside the greenhouse during 20 days is
1:2, during 3 times of doublinglt is recommended to growAzolla inside the
greenhouse, lbause the temperatures argtable for tle growth and multiplication of
Azolla, sinceit is a tropical plantand favorhigh tenperatures, which range between

207 35 C The result of this experiment recommend to plant Azolla in the Jordan
valley region. Tk high temperature in the Jordan valley will be suitable to grow
Azolla outside greenhousels conclusion, the results are consistent with the results

of Hechler and Dawson (1995) and the results of Tuan and Thuyet (1979), the average

temperature of botktudies was around 32dnd this is in regard to location

3.8 Comparison between the growth rate of Azolla in summer and winter

Azolla plant can be grown in summer and winter, but the growth rate okzbla
plant in the summer is almost twice as hiphart in the winter, and it can reach four
times according to the climate of the region, whereAbella plant doubles in the
cold months once every week to 15 days. While it doubles in summer once évery 3
days The reason for this is the difference temperatures between summer and
winter. Table 3.4 shows the results in summer andimmer; average biomass was

measured every 5 days from the beginning of the experiment.

Table 3.4: he growth rats of Azolla grown in summer and in wingvrery 5 days

average biomass (Q)
Season 1 | > 3 4 5
winter 100 152.3 231.3 346.3 532.3
summer 100 223.7 491.3 992.0 2013.3
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]Figure 3.21KeepingAzolla ponds warm in winter by delaying harvesting \

It has beennoticed that disturbing the water of Azollabasin in the summer
contributes to controlling the temperature of the basin and reducing the temperature of
the water due to the lower temperature of the mud in the summer compared to the
temperature of the watego, it is recommendetb increasehe thickness of thsoll

layer inside the basiand so itcan contibute effectively to controlhe temperature in
summer and winterMoreover, results from the winter cycle validate our results in
section 3.6 on the effect of Azolla layersdamot moving the water and soil in basins.

As it is indicated Azolla thick layernglays as a thermal insulatand so it contributes

by stabilizing basins temperature.

It has been noticed that the color Afolla plants has been changead the summer
and this can be due to thdirect exposure to sunlighfor long period and high
intensity. Long exposure to sunlightan initiate the transformation of the green
chlorophyll pigmens into the red exothianin pigmerftef). In order to control the
appearance dhe red color, partial shamy must be provided for thazolla plants to
protect it from direct sunlightAlso, algae blooms has been appeared due to the high
temperatures and sunlight availabilii/,is recommended to sterilize the basins and

avoid addig new organic fertilizer and protect ibfn exposure to direct sunlight

Theresults are similar tthe conclusions of BHHakeem et al (2000), where it is clear

that seasonal variations between summer and winter affects the growth rate of Azolla.



3.9 Study the effect of covering Azolla basins planted outside the greenhouse
with a plastic cover during the winter and cold days to protect them from frost

Figure 3.22 showshe average biomass of Azolla in both treatments, the average
biomass of the basirthat is covered during the night was higher than the basins that
was not coveredlt can be concluded that tlggowth rate of the first group's basins

was greater than the growtite of the basins of the second.
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Figure 3.22: Average Azolla biomassltivated in basins in which the first group was
covered during the night and the second group was not covered.
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Data was collected on a weekly basis from the day of cultivation, by the end of the
experiment Azolla basins that is covered had an averageabks of 211 g/day, and

the basins that is not covered had an average biomass of 175 g/day.

After three weeks, Azollldad beerharvested fronall the basinsAzolla was died in
the shade for 7 hours before finding its mass, in order to ensure the tspwater
from Azolla leavesand to ensure its infiltratiofhe averagebiomassof Azolla
harwested from the basins of the first growps greater than the averdgemasshat
was harvested from thecond group basinsh& average air mass resultingrfr the
basins of the firsgroup was 467, while theaveragebiomass from theecond group
basinswas mucHess than that, where it wd$5 g The ratio between the results of
both groups after a week (the relative doubling time) was approximately equal

(1:1.5), and it is worth noting thahis amount doubles in a mannescanding and



unstable with timedepending on thehangs of other environmental factorsich as
heat, light, frost, etcThe logical explanation for these results is caused by the
transparent plastic cover that preserves the heat of the basins and prevents it from

leaking out, in other words, it limits the process of heat exchange between the basins’

water anl the cold external environment.

Figure 3.23basirs of the first treatmetn which has been covered plasticcover
overnight.

It can be concluded that coverimggolla basinsovemight during the cold months
increases the rate of biomgs®ductionfrom these basins. Therefore, we recommend
covering the Azolla basins planted outside during the cold months and &ysstudd
during the night hourgjue to the low temperature usually during the evening hours

compared to the hours of day when the sushining
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