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Abstract 

The climate of Koraput district in Odisha supports the growth of different types of green plants, with moderate temperatures,  

good rainfall, and varied landforms. Azolla pinnata, a small water fern that grows well between 20°C and 30°C, is easily found 

in this area and can be used as a low-cost protein source for dairy animals. During the winter season (November to February), 

the lower temperatures usually reduce how much cows eat and graze, which can lead to a drop in milk production and financial 

difficulties for small farmers. This study was carried out to see how effective fresh Azolla pinnata is when used to partly replace 

the commercial cattle feed during winter season. A feeding trial of 90 days was carried out at Tuna Dairy Farm in Semiliguda 

Block, Koraput, during the winter seasons from 2023 to 2025. Twenty lactating Jersey crossbred cows were selected and divided 

into two groups of ten each. One group was given normal commercial feed, while the other group received 1.5 kg fresh Azolla 

daily in two parts along with the regular feed. Milk yield was recorded every day and compared between both groups. During 

the trial periods, feeding Azolla showed a good increase in milk production. By the end of the 90 days, Azolla produced cows 

given about 2–3 litres more milk per day as compared to the control group. The results suggest that locally grown Azolla can 

minimize the drop in milk yield during winter and serve as a low-cost and nutritious feed option for dairy farmers in the Koraput 

area. 
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1. Introduction 

Koraput district in Odisha is a unique farming region in 

eastern part of India with moderate climate, good rainfall, and 

varied land features. The hilly and uneven area, along with 

suitable weather, helps in growing different types of green 

fodder. These conditions allow farmers to use local resources 

in mixed farming systems. It also helps to creates scope to try 

low-cost, non-traditional feed options to improve livestock 
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production, especially for the small farmers facing feed short-

ages and high costs [1]. 

Among different feed options, Azolla pinnata, a small float-

ing water fern, is can be a useful supplement for the dairy an-

imals. It is commonly found in the tropical and subtropical ar-

eas and grows quickly in suitable conditions. It grows best at 

temperatures between 20°C and 30°C, which are common in 

the Koraput district for much of the year [2, 3]. Azolla can 

easily available in the region and can be grown with very min-

imum cost and effort, making it a practical and sustainable 

feed option for local dairy farmers. 

India is one of the top milk-producing countries in the world, 

and livestock farming is one of the important parts of its agri-

cultural economy. Dairy farming plays a key role in support-

ing rural livelihoods, providing income, and good nutrition. It 

also contributes the agricultural GDP and helps many small 

and marginal farmers [4]. However, even with rising milk pro-

duction, animal productivity remains low, particularly for the 

small farmers who often depends on limited local feed and 

traditional feeding practices. 

Milk production frequently changes with the seasons, 

which is very common in dairy farming. Weather conditions 

also affect animals in many ways, including how much they 

eat, their body functions, and overall productivity [5]. Other 

side heat stress is widely studied in tropical areas and cold 

conditions in winter also have an impact, especially in area 

like Koraput district where temperatures drop during the win-

ter season. From November to February, lower temperatures 

can change feeding habits, minimize the feed intake, and lim-

its the grazing, which can affect the performance of the dairy 

cattle [6]. 

During winter season, dairy cows often eat less, which re-

duces the nutrients available for their body requirements and 

milk production, which leads to lower milk yield. Dry and fi-

brous feeds are also harder to digest, and green fodder be-

comes less available, causing further nutritional deficiencies 

during winter season [7]. This seasonal drop in milk produc-

tion affects the income and food security of the small dairy 

farmers. Many farmers depend on limited grazing and crop 

residues which usually lack enough protein and required nu-

trients needed for the good milk production [8]. 

In such situations, it is important to utilise the feed that is 

affordable, nutritious and locally available. Azolla pinnata is 

a good choice because it contains about 25–30% of protein 

along with vitamins, essential amino acids, and minerals [9]. 

It grows with natural nitrogen-fixing organisms that improves 

its quality and minimize the requirements of chemical inputs 

[3]. Azolla can also grow easily in small ponds or pits, which 

makes it suitable even for farmers who have very little land. 

Studies from different areas of India show that providing 

fresh Azolla to the dairy animal can increase milk production. 

Animals given Azolla often produce more milk, better feed 

use, and show some improvement in milk quality in both cows 

and buffaloes [10-12]. Since Azolla is rich in protein, it helps 

meet nutrient needs, especially when daily feed quality is poor. 

However, the results can differ depending on feeding practices, 

type of animal, management and local climate, so studies ac-

cording to the area still necessary. 

Koraput district has suitable conditions for growing and us-

ing of Azolla as cattle feed for dairy animal, but very few stud-

ies have carried out during the winter season. Shortage of feed 

and lower milk production in this season show the need for 

better feeding options. Therefore, this study was conducted to 

evaluate how well Azolla pinnata works as a partial replace-

ment for regular commercial concentrate feed during the win-

ter season in Koraput district. 

The main aims of this study were to observe milk produc-

tion in winter, to observe how the feeding of Azolla effects 

milk production in dairy cattle, and find out if it can be a low-

cost and useful feed option. The study also tries to suggest 

good feeding practices that can improve milk yield, reduce 

feed costs, and help the small dairy farmers take better care of 

their animals during changing weather conditions. 

2. Materials and Methods 

2.1. Azolla Cultivation 

Ten artificial ponds were made for growing of fresh Azolla. 

The ponds were prepared in partly shaded areas as Azolla 

grows well in minimum sunlight, about 25–35%. Places under 

the trees were selected to give natural shade and a safe envi-

ronment. This helps reduce loss of water save the Azolla from 

sudden changes of temperature, allowing better growth [13, 

14]. 

Shallow pits were dug to prepare the ponds and thick plastic 

sheets were lined to prevent the leakage of water. Each pond 

was maintained at a minimum depth of 20 cm to ensure proper 

water level. A layer of fertile soil was spread over the plastic 

to provide nutrients and support microbial growth. In ponds of 

2 m × 2 m size, about 5–10 kg of sieved soil was added. Soil 

was added again once in a month to maintain nutrients and 

ensure good Azolla growth [2, 15]. 

 
Figure 1. Culture of Azolla. 

To improve the nutrient level in the ponds, a slurry was 

made by mixing about 2 kg of fresh cow dung with water and 
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keeping it for two days before use. This mixture was then 

evenly added to each pond. The nutrient medium was re-

freshed every 5–7 days to support steady Azolla growth. 

About 10 g of single super phosphate (SSP) was added to each 

pond during this time. The phosphorus from SSP helps in 

faster growth, better plant activity, and supports nitrogen fix-

ation in Azolla [16, 17]. 

The water level in the ponds was kept between 10–15 cm 

which helps the Azolla float and grow well. About one-fourth 

of the pond water was changed once in every 10 days to keep 

it clean and avoid harmful build-up. Fresh Azolla (250–300 g) 

was added from time to time to keep healthy growth. Cow 

dung was used to supply important nutrients, improve micro-

bial activity, and help to make nutrients like potassium and 

phosphorus more available [13, 9]. 

2.2. Experimental Site and Duration 

The study was carried out at Tuna Dairy Farm in Semi-

liguda Block of Koraput district, Odisha. It was conducted 

during three winter seasons (November to January) in 2023, 

2024, and 2025. Each trial was made for 12 weeks. Winter 

season was selected because it affects dairy cows body func-

tions, how much the dairy cows eat, and how much the milk 

production [5, 18]. 

2.3. Experimental Animals 

Twenty lactating Jersey crossbred cows were used for the 

feeding trial. The cows were chosen with similar body weight 

(around 400 ± 50 kg), stage of lactation, and milk yield (about 

10 ± 2 kg per day). Only healthy cows were included for the 

trial. All of them were kept under the same housing, feeding, 

and management conditions throughout the study periods to 

ensure uniform results [18]. 

The animals were randomly divided into two experimental 

groups: 

Control group (C): n = 10 • Treatment group (T): n = 10 

Random allocation was adopted to avoid selection bias and 

ensure comparability between groups [19]. 

2.4. Experimental Ration 

Feeding was done based on standard dairy nutrition guide-

lines [18, 20]. The control group was given the usual diet of 

commercial concentrate feed along with dry roughage. The 

treatment group of cows was also given the same standard diet, 

but fresh Azolla pinnata was replaced with partial of the com-

mercial concentrate feed. 

Treatment group of cows were given 1.5 kg fresh Azolla 

daily, replacing about 1.7 kg of commercial concentrate feed. 

It is so because Azolla is rich in protein, contains important 

amino acids, and good to digest [17, 8]. It also helps improve 

rumen function and supports better use of nutrients by the an-

imals. [21]. 

Feeding Procedure 

Concentrate feed and fresh Azolla both were provided 

thrice a day to ensure proper intake and minimize stress in the 

dairy cattle. The times of feeding were morning 8:00 AM, af-

ternoon 4:00 PM, and night 9:00 PM. Concentrate was mixed 

with the Azolla so dairy cattle could eat it easily. Feeding reg-

ularly helps to improves nutrient use and keep the rumen 

healthy [22]. 

 
Figure 2. Collection of Azolla. 

2.5. Milk Yield Recording 

Milk yield was recorded daily for all cows. To compare re-

sults, milk yield was checked for five days before and five 

days after giving Azolla. This was repeated in each winter sea-

son for all three years. 

The collected data were used to observe the effect of Azolla 

on milk production. Difference in milk yield across the sea-

sons mainly depends on temperature, feed intake, and the be-

haviour of the animals [5]. 

3. Results 

Milk records from three winter seasons (November to Jan-

uary, 2023–2025) observed a very good difference between 

the cows fed with Azolla and those on a normal diet. Jersey 

crossbred cows given 1.5 kg fresh Azolla daily gave more 

milk than the control group. On average, they gave about 2–3 

litres more milk per day. This increase started in the first few 

weeks after feeding Azolla and remained steady throughout 

the three-month trial period, without any change. 

In contrast, cows under the control group showed the usual 

drop in milk production during winter, which is commonly seen 

under colder seasonal conditions. The magnitude of milk yield 

enhancement observed in the treatment group corresponds with 

previously reported production responses from Azolla feeding 

trials, where improvements ranging between 10% and 20% 

have been documented [21, 8] No adverse effects on animal 

health or feed intake were observed during the study. Qualita-

tive assessments further indicated that milk obtained from Az-

olla-supplemented cows maintained normal physical character-
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istics, with indications of improved fat and protein levels, con-

sistent with earlier experimental findings [9]. 

 
Figure 3. Comparison of milk production between control and treat-

ment group of cows in winter season in the year 2023. Columns rep-

resent the mean values and vertical bars SEM. 

 
Figure 4. Comparison of milk production between control and treat-

ment group of cows in winter season in the year 2024. Columns rep-

resent the mean values and vertical bars SEM. 

Table 1. Effect of Azolla Supplementation during winter season on 

Milk Production (Quantity) in the year 2023 (Mean ± SEM). Values 

in parentheses indicate sample size (n). Differences were considered 

significant (SD) at the 0.05 level of probability. 

Experimental Condition Milk Quantity 

Control Group 

(Mean ± SEM) 10.25 ± 0.28 

SD 0.89 

N 10 

Experimental Condition Milk Quantity 

Level of Probability P<0.05 

Treatment Group 

(Mean ± SEM) 12.9 ± 0.21 

SD 0.66 

N 10 

Table 2. Effect of Azolla Supplementation during winter season on 

Milk Production (Quantity) in the year 2024 (Mean ± SEM). Values 

in parentheses indicate sample size (n). Differences were considered 

significant (SD) at the 0.05 level of probability. 

Experimental Condition Milk Quantity 

Control Group 

(Mean ± SEM) 9.9 ± 0.31 

SD 0.99 

N 10 

Level of Probability P<0.05 

Treatment Group 

(Mean ± SEM) 12.65 ± 0.33 

SD 1.03 

N 10 

 
Figure 5. Comparison of milk production between control and treat-

ment group of cows in winter season in the year 2025. Columns rep-

resent the mean values and vertical bars SEM. 

Table 3. Effect of Azolla Supplementation during winter season on 

Milk Production (Quantity) in the year 2025 (Mean ± SEM). Values 

in parentheses indicate sample size (n). Differences were considered 

significant (SD) at the 0.05 level of probability. 

Experimental Condition Milk Quantity 

Control Group (Mean ± SEM) 10.2 ± 0.24 
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Experimental Condition Milk Quantity 

SD 0.75 

N 10 

Level of Probability P<0.05 

Treatment Group 

(Mean ± SEM) 13.35±0.22 

SD 0.71 

N 10 

4. Discussion 

A drop in milk yield during winter is common in dairy farm-

ing. Cold weather, less availability of green fodder, and 

changes in rumen activity make cows eat less and use nutrients 

less efficiently [18, 5]. Due to this, they get less energy and 

protein which required for good milk production, particularly 

in small farms that depend mostly on dry crop residues for 

feeding [22]. 

The results of this study show that the feeding of fresh Az-

olla pinnata can help to reduce the drop in milk production 

during winter. The increase of milk about 2–3 litres per cow 

per day indicate that Azolla provides good nutrition to the 

dairy cattle. This is possible because, Azolla is rich in protein, 

important amino acids, and minerals [17, 13]. It likely im-

proves rumen activity by supplying more nitrogen, that helps 

better digestion of feed and improves overall nutrient use, 

leading to higher milk production [22]. 

Additionally, Azolla offers practical advantages that en-

hance its suitability for small-scale dairy farming. It is a rap-

idly regenerating, chemical-free biomass capable of achieving 

full growth within 7–8 days under appropriate conditions, re-

quiring minimal land, water, and external inputs [2]. Partial 

replacement of concentrate feed with Azolla therefore pre-

sents a cost-effective strategy while sustaining productivity. 

The qualitative improvements noted in milk composition, par-

ticularly fat and protein, align with earlier studies indicating 

that improved protein nutrition positively influences milk con-

stituents [18, 9]. 

Azolla has several advantages that make it suitable for 

small dairy farmers. It grows quickly and can be ready within 

7–8 days under proper conditions, without the need for chem-

icals. It also needs very little water, land, and inputs [2]. Re-

placing part of the commercial concentrate feed with Azolla 

can reduce feeding costs along with maintaining increased 

milk production. Some improvement in milk quality, espe-

cially protein and fat content, was also observed, which sup-

ports earlier findings that better protein feeding improves milk 

quality [18, 9]. 

Azolla has many benefits for small dairy farmers. It grows 

fast and will be ready to serve in about 7–8 days without using 

chemicals. It also needs very little water, land, and other in-

puts [2]. Replacing part of the concentrate commercial feed 

with Azolla can help to reduce feeding costs while maintain-

ing milk production. Improvements in milk quality, especially 

fat and protein content of milk, were also observed, which 

supports earlier findings that better protein intake improves 

milk composition [9, 18]. 

Overall, feeding Azolla helps to maintain milk production 

in winter season and is a low-cost, nutritious option that sup-

ports better and more sustainable dairy farming practices. 

5. Conclusions 

The results of this study show that feeding fresh Azolla pin-

nata is a very good way to reduce the drop in milk production 

during winter season. Over the three winter seasons, Jersey 

crossbred cows given 1.5 kg Azolla daily which produced 

about 2–3 litres more milk than those on a normal commercial 

diet. This increase matches prior studies showing 10–20% 

higher milk yield with the feeding of Azolla. No issue in feed 

intake or animal health were seen, indicating that Azolla is 

safe and accepted by the dairy cattle. 

The increase in milk production can be explained by the 

good nutritional quality of Azolla. It contains high protein, 

balanced amino acids, and important minerals, which help to 

improve rumen activity and better use of nutrients [17, 22]. 

Some improvements in milk fat and protein were also noticed, 

showing that better protein feeding helps maintain good milk 

quality and production [18, 9]. This shows that better protein 

nutrition not only increases milk yield but also helps maintain 

good milk quality. 

Azolla grows quickly, costs less, and needs few resources, 

making it a useful feed for small dairy farmers. Using it in the 

season winter, feeding can increase milk production and re-

duce dependence on costly commercial feed [2]. 

Abbreviations 

SSP Single Super Phosphate 

SEM Standard Error of Mean 

SD Standard Deviation 

GDP Gross Domestic Product 

Kg Kilogram 
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Appendix 

1) Agro-Climatic Profile of Koraput district 

Koraput district is located in southern Odisha at an average 

elevation of 800–1,000 m above mean sea level. The region 

experiences moderate climatic conditions with substantial an-

nual rainfall (approximately 1,500–1,600 mm). Winter 

months (November–February) are characterized by relatively 

low ambient temperatures compared with the rest of the year, 

influencing feed intake behaviour and milk productivity of 

dairy cattle. The undulating terrain and availability of water 

bodies favour cultivation of aquatic biomass such as Azolla 

pinnata. 

2) Layout and Specifications of Artificial Azolla Ponds 

Number of ponds constructed: 10 

Pond size: 2 m × 2 m 

Depth maintained: 20 cm (pit depth); 10–15 cm water level 

Lining material: High-density plastic sheet 

Soil application: 5–10 kg sieved fertile soil per pond 

(monthly replenishment) 

Cow dung slurry: 2 kg fresh cow dung fermented for 48 

hours before application 

Phosphorus source: 10 g Single Super Phosphate (SSP) per 

pond per cycle 

Water replacement: 25% every 10 days 

Inoculum rate: 250–300 g fresh Azolla 

3) Experimental Design Summary 

Experimental site: Tuna Dairy Farm, Semiliguda Block, 

Koraput 

Duration: Three consecutive winter seasons (2023–2025) 

Experimental period per year: 12 weeks 

Total animals: 20 Jersey crossbred lactating cows 

Average body weight: 400 ± 50 kg • Baseline milk yield: 

10 ± 2 kg/day • Group allocation: Control (n = 10) – Conven-

tional concentrate + dry roughage 

Treatment (n = 10) – Basal diet + 1.5 kg fresh Azolla/day 

(partial replacement of 1.7 kg concentrate) 

4) Feeding Schedule 

Feed was provided thrice daily to maintain rumen stability: 

a) Morning – 8:00 AM 

b) Afternoon – 4:00 PM 

c) Evening – 9:00 PM 

Azolla was mixed thoroughly with concentrate feed to pre-

vent selective refusal and enhance palatability. 

5) Nutritional Composition of Azolla pinnata (Approxi-

mate Values on Dry Matter Basis) 

a) Crude Protein: 25–30% 

b) Crude Fiber: 10–15% 

c) Ether Extract: 3–5% 

d) Ash: 15–20% 

e) Rich in calcium, iron, beta-carotene, and essential 

amino acids 

6) Observational Notes 

a) No adverse health effects observed in treatment ani-

mals. 

b) Feed intake remained normal throughout the experi-

mental period. 

c) Milk from supplemented cows maintained normal 

physical characteristics. 

d) Qualitative indications suggested improved milk fat 

and protein content. 
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