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‘Subject:- Dept. of Botany — willing to conduct a Certificate Course
Azolla —A Biofertilizer” - seeking permission — L

1 am pleased to inform you that a certificate course in “Cultivatio:

A Biofertilizer” for Second B.Sc. B.Z.C. IV Semester students of our college which

started from 06-06-2022 to 13-07-2022. This certificate course provides the =
‘knowledge and skills required to become a self-employed youth.
In this connection, | request you kindlyaccord the permission to ¢ duct

the benefit of the students as well as the society.

Thanking you sir,




n or before 04.06.2022.

S%:atum of the C:

A |
l( lnchurg

Dept. ofn
Sri Milha 0




Now a day’s Chemical fertilizers are being used in increasing
crease output in high yielding varieties of crop plants. However, chemical
pollution of water bodies as well as ground water, besides getting stored in cre
Therefore, environmentalists are pressing for switch over to organic farming. )
Organic farming is the raising of unpolluted crops through the use of
bifertilizers and biopesticides that provide optimum nutrients to crop plants, keep
pathogens under control.

Bio-fertilizers are micro-organisms which bring about nutrient enrichment of
enhancing the availability of nutrients to crops. The micro-organisms which act as bio-fertil;
are bacteria, cyanobacteria (blue green algae) and mycorrhizal fungi. Bacteria and cynobact
have the property of nitrogen fixation while mycorrhizal fungi preferentially withdraw mi
from organic matter for the plant with which they are associated.

Nitrogen fixation is the process of conversion of molecular or dinitrogen into nitrogen
compounds. Insoluble forms of soil phosphorus are converted into soluble forms by '“:j
micro-organisms. This makes the phosphorus available to the plants. Phosp,h_at{ is
solubilised by some bacteria and by some fungi that form association with plant roots.

Sources of biofertilizers ‘
Legumes, which are characterized by having seeds inside a pod or ‘legur
mostly commonly used biofertilizers, or summer ‘green manures’. Legumes co
non-photosynthetic eubacterium  called Rhizobium that provides nitrogen directly
atmosphere, but unlike azolla, the relationship needs to be renewed each generation.




As a result, azolla-anabaena can fix almost three times more a
than legumes. Typical rates for legumes are 400 kg of nitrogen per
azolla-anabaena are 1100 kg of nitrogen per hectare per year. So azolla blafernlizer can.
to provide a permanent solution in many areas of the world. ]

Importance of Bio-fertilizers:

(i) They increase the yield of plants by 15-35%

(ii) Bio-fertilizers are effective even under semi-arid conditions,
(iii) Farmers can prepare the inoculum themselves,

(iv) They improve soil texture,

(v) Bio-fertilizers do not allow pathogens to flourish,

(vi) They produce vitamins and growth promoting bio-chemical’s,
(vii) They are non-polluting.

In this course the students will learn the cultivation process, usage, storage and mai
‘of biofertilizer, this pave the path to become a self-entrepreneur. '

‘The Scientists form KVK, Banavasi namely Dr. P. Sujathamma, Programi

as resource person along with Botany Faculty.







1. Course CAB-01 Theory paper (Short answer type) = S0marks, Two hours duration.

Award of Certificates after successful completion of course to the candidates.
Reservation: NA.

Course Outcomes of CAB:

At the end of the course, the students are able to

Cultivate the azolla

Suggest the suitable place for cultivation.

Know the method of usage of biofertilizer in the crop fields.
Select and preparethe land for cultivation.

Know the nutrients provided for cultivation.




l A ,.M‘smle m.susmnablc agriculture
UNIT 2: Biology and Growth of Azolla
2.1. Anatomy and morphology
2.2. Reproduction and life cycle
2.3. Environmental requirements
2.4. Growth factors and limiting factors
UNIT 3: Azolla as a Biofertilizer
3.1. Nitrogen fixation in Azolla
3.2. Nutrient content and composition
3.3. Benefits of Azolla as a biofertilizer
3.4. Application methods
UNIT 4: Azolla Cultivation Techniques
4.1. Selecting suitable water bodies
4.2. Azolla farming systems
4.3. Water quality and management
4.4. Pest and disease management
UNIT 5: Harvesting and Utilization
5.1. Harvesting methods
5.2. Post-harvest processing
5.3. Utilization in agriculture
5.4. Azolla as animal feed
Mﬂ Research and Dwolopmut in Azolla

research
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3 | 08-06-2022 'l‘ypesandspmesofmlh e,
4 | 09-06-2022 | Practical: Introduction and Syllabus dzscussm !

S | 13-06-2022 | Azolla’s role in sustainable agriculture. -
6 14-06-2022 | Anatomy and morphology, reproduction and life qmle ?f

7 15-06-2022 | Growth factors and limiting factors. =

8 16-06-2022 | Practical: Equipment/Tools used for bed preparation.

9 17-06-2022 | Nitrogen fixation in Azolla. a
10 18-06-2022 | Nutrient content and composition.

11 20-06-2022 | Benefits of Azolla as a biofertilizer.

12 21-06-2022 | Application methods. 5
13 22-06-2022 | Selecting suitable water bodies. gy
14 23-06-2022 | Practical: Preparation of Azolla cultivation beds 10
15 24-06-2022 | Practical: Field visit to KVK, Banavasi. i
16 25-06-2022 | Selection of suitable water bodies. )
17 27-06-2022 | Azolla farming systems.

18 28-06-2022 | Water quality, pest and disease management.

19 29-06-2022 | Harvesting methods. F
20 30-06-2022 | Practical: Study of maintenance of beds.
21 01-07-2022 | Practical: Study of maintenance of beds.
22 02-07-2022 | Post-harvesting processing.
23 04-07-2022 | Utilization in agriculture.
24 05-07-2022 | Azolla as animal feed. ;
25 06-07-2022 | The role of Azolla in global agriculture.
26 07-07-2022 | Practical: Harvesting process and storage.
27 08-07-2022 | Practical: Marketing process.
28 11-07-2022 | Emerging markets and opportunities.
29 12-07-2022 | Preparation for examination. N
30 13-07-2022 | Examination conduction & Certificate distribution. :
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"m ls ﬂ.fs unique S)wnbi@tlc relanonsmp W1th mtmgcn-fnﬂﬂg yano
Amhem azol!ae, whlch resrde Wlth.[l] spemahzed cavmes in the plant‘s Ieam

mtmgen into a form usable by plants, thus functioning as a natural biofert‘iljz'ﬁr. 'I’lm
fixing capacity is at the core of Azolla's significance in agriculture.

Azolla's history in agriculture is ancient, with documented use dating back over a millennium. It
has long been integrated into Asian rice cultivation practices, where it plays a vital rele‘ in
maintaining soil fertility and enhancing agricultural productivity. While its role in traditional
farming systems has been well established, recent years have seen a resurgence of nitemst in
Azolla due to its potential to address modern agricultural and environmental challenges.

In contemporary agriculture, Azolla offers multifaceted benefits. Its ability to enrich soil with
nitrogen positions it as an eco-friendly alternative to synthetic fertilizers, which can degrade soil
quality and contribute to water pollution. By incorporating Azolla into crop rotations or as an
intercrop, farmers can enhance soil health, reduce the need for chemical inputs, and increase
yields. Furthermore, Azolla has natural weed-suppressing properties, diminishing the reliance on
herbicides and further contributing to sustainable agricultural practices.

Azolla's influence transcends agriculture alone. Its rapid growth and efficient nument _
make it a natural water purifier, aiding in the removal of excess nutrients and contaminar
aquatic environments. This property makes Azolla a valuable tool in water quality '
and the restoration of eutrophic water bodies. '

potential livestock feed, known for its high protein content and nutritional value. °
gurpose application, in both crop and livestock production, highlights the
ance of Azolla in contemporary farming systems.




Azolla's anatomy and morphology are distinctive and contribute to its ability to thrive in 2
environments. The plant consists of a ﬂ.oatmg fern with de]icate, feather-like leaves that

typr.ally around 1-2.5 cm in length, allows it to float on the water's surface. Azolias
which are often no more than one millimeter thick, feature a two-lobed structure and MH
cavities, known as "hairs," where nitrogen-fixing cyanobacteria, primarily Anabaena azollae,
reside.

The presence of these cyanobacteria is a critical component of Azolla's biology. These nitrogen-
fixing symbionts inhabit the cavities in the leaves and contribute to Azolla's ability to ca
and fix atmospheric nitrogen into a form usable by plants. This unique relationship allows At

to grow in nitrogen-deficient environments and supply surrounding plants with vital m L

Reproduction and Life Cyce

 Azolla's life cyc}e is equally mtngumg It repmduces both sexually m‘ ',.f.___f". Sl




streams. It requires abundant sunlight for photosynthesis, and temperature plays a critical role in

Azolla's growth is influenced by various environmental factors. It thrives in f
environments with minimal water movement, such as ponds, rice fields, and slow-moving

its growth. Azolla prefers tropical to temperate climates, with optimal growth occumngbetwnau
20°C and 30°C.

Nutrient availability is another vital factor in Azolla's growth. It can efficiently absorb nutrients,
including nitrogen and phosphorus, from the water, which contributes to its capacity for water
purification. However, excessive nutrient levels, especially in the form of pollution, can lead to

overgrowth and the formation of dense mats, which may have ecological consequences.

Growth Factors and Limiting Factors:

Azolla's growth is influenced by several factors, including water quality, temperature, light, and
nutrient availability. Optimal conditions are characterized by clean, nutrient-rich water, suitable
temperatures, and sufficient sunlight. Under such conditions, Azolla can reproduce rapidly, :
doubling its biomass in just a few days.




tmospheric nitrogen and enhance soil fertility, Azolla offers a susta

“The Nitrogen-Fixing Marvel:

At the heart of Azolla's effectiveness as a biofertilizer lies its remarkable capability to engage in
‘a mutualistic relationship with nitrogen-fixing cyanobacteria, predominantly Anabaena azollae.
This partnership is a biological wonder, as it enables Azolla to capture and convert atmosp

s

nitrogen gas (N2) into ammonia (NH3), a form of nitrogen that plants can readily uptake and use

for growth. This process is known as biological nitrogen fixation.

In essence, Azolla serves as a biological nitrogen factory, making it an invaluable tool for
replenishing nitrogen-depleted soils naturally. This nitrogen-fixing ability has profound
implications for agriculture, as synthetic fertilizers, primarily composed of chemically fixed
‘nitrogen, can have detrimental environmental consequences, including soil degradation JhE
water pollution.

Benefits of Azolla as a Biofertilizer:




p rotations, intercropping, and as green manure, making

s and Considerations:

considered. One of the key challenges is the need for suitable water bodies, as Azolla pri

grows in slow-moving or still water. The management of water resources is crucial fo
.,gmssﬁll cultivation. Additionally, Azolla's rapid growth can lead to overgrowth and requir
careful monitoring.

The Road to Sustainable Agriculture:

Azolla as a biofertilizer exemplifies the shift towards sustainable agriculture. It offers a nat

1, improve soil fertility, suppress weeds, and purify water contributes to thedevaley e
¢ resilient and sustainable farming systems.

Azolla as a biofertilizer represents a remarkable converg
/ to harness the power of biological nitrogen fixation |




These water bodies should ideally receive abundant sunhght throughout the
ires ample light for photosynthesis.

2. Preparation of the Water Body:
To prepare the chosen water body for Azolla cultivation, consider the following steps:

Remove any aquatic vegetation, debris, or other unwanted organisms from the water body.

e the water depth is suitable, typically ranging from a few centimeters to around







omote sustainable and responsible practices in Azolla cultivation:

Avoid the use of chemical fertilizers in Azolla cultivation, as they can disrupt the balanc
o

erly manage and conserve water resources for long-term sustainability.

In conclusion, Azolla cultivation techniques provide a roadmap to harness the full pot

, exceptional aquatic fern. When managed effectively, Azolla can enhance soil fertility,

rove crop yields, and contribute to sustainable agricultural systems. As the world
lenges of food security and sustainable farming, Azolla cultivation techniques o




can efficiently gather Azolla mats from the water's surface.

ng and Drying: Regardless of the harvesting method, it is crucial to allow the ha
Azolla to drain and dry thoroughly. This helps reduce excess moisture content and f
storage and transportation.

Azolla is a versatile and valuable resource that can be utilized in various ways:

Biofertilizer: One of the primary uses of Azolla is as a biofertilizer. After harvesting, A
directly incorporated into the soil as a green manure. Its nitrogen-fixing properties ¢
ving its fertility and nutrient content. This not only enhances crop prod




It can be used in salads, soups, or as a vegetable side dish.
Challenges and Considerations:

Vhile Azolla offers numerous benefits, it is essential to consider some challenges

Ragular thmmng and harvesting are necessary to maintain healthy growth and pr

overgrowth.

Water Quality: Ensuring suitable water quality parameters, such as pH and nutri
sential for healthy Azolla growth.

ity: Proper water resource management and sustainable practi




h and Development

Azolla, the small aquatic fern with remarkable nitrogen-fixing capabilities, has
focal point for research and development efforts in agriculture and environmental
The ongoing pursuit of knowledge about Azolla's potential applications, its genetic dive
its ecological implications underscores its significance in modern science and ag

practices.
‘Recent Research Findings:

In recent years, significant strides have been made in understanding Azolla and its a;)p
Some key research findings and areas of focus include:

Genetl_c Diversity and Breeding: Researchers have delved into Azolla's genetic diversit

identify strains that are most suitable for specific environments and agricultural need:
research aims to develop improved Azolla varieties that can thrive under varying conditio:

meet different agricultural requirements.

ss Production and Yield Improvement: Studies have investigated methods
lla biomass production. This research includes understanding the factors
h as temperature, light, and nutrient availability, and developing




ding and Genetic Improvement:

of the most significant areas of research and development in Azolla is the breeding
geneuc hnpravement of the plant. This involves selecting and developing Azolla strains wi
desirable characteristics, such as increased nitrogen-fixing efficiency, faster growth rates, ai
resistance to pests and diseases. The goal is to create improved Azolla varieties that can

better in different agricultural and environmental contexts. Genetic studies have also F
elucidate the molecular mechanisms behind Azolla's unique ability to fix atmospheric ni

g Trends in Azolla Research:

As research in Azolla advances, several emerging trends and areas of interest are becomi
prominent:

Biotechnology and Genetic Engineering: There is a growing interest in
hiﬁadmoiogy and genetic engineering techniques to modify Azolla for specific

include: enhaming its nutrient content, increasing its resistance to pests and




wlie. L{ﬁﬁ . i =

tion and distribution of Azolla. This includes developing
uality control measures, and marketing strategies for Azolla products.

hallenges and Potential Solutions:

D ‘While research and development in Azolla hold immense promise, there are challenges
. addressed, including: '
ey Environmental Impact Assessment: Research should assess the potential ecological
» large-scale Azolla cultivation and its introduction into new ecosystems.
? Regulatory Considerations: Regulatory frameworks for the use and distribution of genetically
® modified Azolla strains need to be developed and harmonized.
? Sustainable Practices: Ensuring that Azolla cultivation is conducted sustainably, with due
. consideration for water resources and ecosystem balance.

In conclusion, research and development in Azolla are expanding the horizons of sustainable
& ] panding st
P agriculture, environmental conservation, and biotechnology. Azolla's potential to revolutionize
> farming practices, combat nutrient pollution, and contribute to global climate change

highlights its growing importance in the world of science and agriculture. As research
2 to uncover the secrets of Azolla, we can expect to see innovative applications and p

enhance food security, protect the environment, and contribute to a more sustainabl

Case Studies and Practical Applications of Azolla



]ﬂiytap]ankton, which serves as a crucial component of the aquatic foo_d cham T‘ins )
fish production and improve water quality.

Egppedmhunm Entrophlc Lakes: Azolla's ability to absorb excess nutrients has

applied in the restoration of eutrophic lakes and ponds. Case studies in regions with

pollution issues have shown that Azolla can effectively reduce nutrient concentrations :
improve water quality. It is used to control harmful algal blooms and improve conditions
aquatic life.

Practical Applications:

Sustainable Agriculture: Azolla's most practical application is as a biofertilizer in’
By incorporating Azolla into crop rotations or intercropping systems, farmers can i
kﬂikty and reduce their reliance on synthetic fertilizers. This not only increases




e used in is, soups, or as a vegetable side dish. While this :
ad, it highlights the versatility of Azolla.

Benefits and Considerations:

Practical applications and case studies of Azolla have shown a range of benefits: - I

¥
Environmental Benefits: Azolla helps reduce the environmental impact of agmmlture%(
reducing the need for synthetic fertilizers, minimizing nutrient runoff, and improving water

quality in aquatic ecosystems.

i‘@ﬂnﬂmlc ngqﬁtg; Farmers can experience cost savings from reduced fertilizer expenses,

increased crop yields, and enhanced livestock production.

agricultural practices and supports global efforts to reduce chemical inputs and promote
ecological balance.

Eutrophication Management: Azolla's application in managing eutrophic water bodies aids in

>

L

=) Sustainability: The integration of Azolla into farming systems contributes to sustainable
9

‘ ‘mitigating water pollution and restoring aquatic ecosystems.

Weed and Pest Control: Azolla's role in controlling weeds and certain pests redu
for chemical herbicides and pesticides.

o)




meet the rising demand for Azolla but also make it more accessible to farmers around the world.

ling Up Azolla Production:

One of the most significant future directions in Azolla culture is the large-scale prodi
commercialization of Azolla-based products. As awareness of Azolla's benefits grows, mm
expect an increase in production facilities dedicated to Azolla cultivation. This will mmdg ol
Azolla farms, processing units, and distribution networks. Scaling up production will not only

2. Genetic Improvement:

Continued research into Azolla's genetics and breeding will likely yield Azolla varieties that are
even more efficient in fixing nitrogen, growing faster, and resisting pests and diseases. The
development of genetically improved Azolla strains can lead to better performance under various

environmental conditions and enhance its adaptability to diverse farming systems.
3. Integration into Modern Agriculture:

The future of Azolla culture lies in its integration into modern agricultural practices. As more
farmers recognize its potential, Azolla will be incorporated into crop rotations, intercropp
systems, and agroforestry models. This integration will not only improve soil fertility and

Siblie bt Moo conteibute to more sustainable and eco-itiendly furning practices, N




zolla culture in developing countries, microfinan
le small-scale farmers with the resources and knowledge

initiatives can empower local communities, improve food secunty :

7. Ecological Restoration:

Azolla's potential in ecological restoration, particularly in the purification of eutmphl ]
bodies and the revitalization of degraded ecosystems, will become mcreasmgly _
Environmental organizations and governmental bodies may utilize Azolla for habitat rest
and water quality management.

8. Research and Innovation:

The future of Azolla culture will see continued investment in research and innovatio

and institutions will explore new aspects of Azolla's biology, ecology, and

s in biotechnology may lead to genetically engineered Azolla stra
ng new avenues for exploration.




In conclusion, the future directions in Azolla culture are poised to
umﬂdmnagmmﬂ As the world grapples with the need
the extraordinary potential of Azolla stands as a natural, eco
s to enhance food security, reduce chemical inputs, and prot .
into Azolla's future has just begun, and it holds the promise of a more

ke ok ok ok ok ok




VE of the following questions:

. Describe the Azolla’s role in sustainable agriculture.
. Define Biofertilizer. Explain the morphology and anatomy of azolla.
. Explain the factors that are limiting the growth of azolla.
Write the Benefits of azolla as biofertilizer.
. Explain the azolla farming systems.
. Describe the harvesting methods of azolla.
. Write a note post-harvest processing of azolla.

8. Explain the role of azolla in global agriculture.
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Azolla Cultivation Unit




Faculty & Superintendent adding the Azolla to the unit.

Students inoculating the Azolla to the cultivation unit.
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Faculty & Students adding the Azolla to the unit.
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Distribution of Certificate to B. Jayasree by Dr. S. Khadar Basha.

Distribution of Certificate to K. Naresh by Dr. 5. Khadar Basha




Distribution of Certificate to K. Swarupa by Dr. S. Khadar Basha
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Distribution of Certificate to K. Sujatha by Dr. M. Suseelamma

Distribution of Certificate to G. Manikumari by Dr. M. Suseelamma
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Distribution of Certificate to A. Sunitha by Dr. S. Khadar Basha
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SML GOVT DEGREE COLLGE, YEMMIGANUR
DEPARTMENT OF BOTANY
Certificate Course on Cultivation of Azolla — A Biofertilizer

Feed Back from Students

MName of the Student  : Madasu Babu

Class & Group “WB.ZC.
Regd. No. : 20358049003
Opirion : AExcellent = B.Good

Signature of the Student: v\. ﬁ'ﬁa.«éxﬂ

C.Satisfactory

Name of the Student : Boya Jayasree

Class & Group :1IB.Z.C.

Regd. No. : 20358040007

Opinion \_ﬂ(éc;:ehent B.Good

Signature of the Student: g"ﬁ"-ﬂ;w&,

C.Satisfactory

Name of the Student  : Pinjari khadar Basha

Class & Group HIBEE.
Regd. No. : 20358049008
Opinion : A.Excellerle” B.Good

Signature of the Student: P L’_"’\na(dj? MLG{

C.Satisfactory

Name of the Student  : Bangi Krishnaveni

Class & Group 111 B.Z.C.
Regd. No. 1 20358049009
" v’
Opinion : AExcellent B.Good

Signature of the Student: B h\tﬁ\\m\krﬁ

C.Satisfactory
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Name of the Student  : Dashini Mahendra

Class & Group (NI B.Z.C.
Regd. No. : 20358049012
Opinion ;Afxl:e llent B.Good

. Signature of the Student: D). f“\ ahe dm

C.Satisfactory

Name of the Student  : Gullamorusu Manikumari

Class & Group Il B.Z.C.
Regd. No. 120358049015
Opinion : A.Excellent B.Good

[ ]
Signature of the Student:e . muﬂku oS

C.Satisfactory

Name of the Student  : Kummari Naresh

Class & Group (N1 B.Z.C.
. Regd. No. 75804@0@
. Opinion A.Excellent B.Good

. Signature of the Student: lC. ]\}a‘fﬂﬁ)r\
]

C.Satisfactory

Mame of the Student  :Madiga Peddaiah

Class & Group »:BZ.C.
Regd. No. 1 20358049021
Opinion M(E}tcellent B.Good

. Signature of the Student: MPQM\,

C.5atisfactory

Name of the Student  : Ediga Rajasekhar

Class & Group (I B.Z.C.
Regd. No. : 20358049022
Opinion _A.Excellent B.Good

)
Signature of the Student: (5. WMM

C.Satisfactory

46




Name of the Student  : Boya Shashidhar

Class & Group (11 B.Z.C.

Regd. No. 120358049028

Opinion : A.Excellent "é./GFnud C.Satisfactory
Signature of the Student: [, ¢} . ¢l hav

Name of the Student  : Kuruva Sujatha

Class & Group (1 B.Z.C.

Regd. No. : 20358049030

Opinion Mﬁﬁixcellent * B.Good C.Satisfactory

Signature of the Student: é - ;!Eaﬁ A

Name of the Student  : Agoli Sunitha

Class & Group (1 B.Z.C.
Regd. No. - 20358049031
Opinion n-f(ExceIlent B.Good

C.Satisfactory

Signature of the Student: ,..g!——' bw%b "
[4

Name of the Student  : Belaganti Supraja

Class & Group cEBZE
Regd. No. : 20358049032
Opinion H(.’Excellent B.Good

Signature of the Student: B ) 5%'1"{1 ﬁ o8
: i :

C.Satisfactory

Name of the Student  : Kallellu ﬁ".«J{'La’uLF}[:L tf:-:f:j:g-,

Class & Group (11 B.Z.C.
Regd. No. : 20358049034
_ v
Opinion : A.Excellent B.Good

. Signature of the Student: ['.L_ ‘_Sh)aﬁllpn
L

C.5atisfactory

47
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. Name of the Student  : Boya Umesh

. Class & Group tIBLZC,

. Regd. No. : 20358049035
. Opinion : A Pxcellent B.Good C.Satisfactory

. Signature of the Student: 7% 'U/W‘&"f'\.
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