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Effects of Farmyard Manure and Nitrogen Fertilizer on Growth, Yield Components and 

Yield of Beetroot (Beta vulgaris L.) at Haramaya, East Ethiopia 

ABSTRACT 

Beetroot is one of the most widely grown root vegetables in eastern part of Ethiopia due to its 

economic importance besides nutritional value and health benefits. However, the productivity 

of the crop is low due to poor soil fertility and management. This research was conducted to 

assess the effect of farmyard manure and nitrogen fertilizer rates on growth, yield component 

and yield of beetroot at Haramaya from February to May, 2024. Detroit Dark Red variety 

was evaluated with the application of 4x4 rates of farmyard manure (0, 7.5, 15 and 22.5 ton 

ha
-1

) and nitrogen fertilizer (0, 50, 100 and 150 kg ha
-1

) in factorial combinations in a 

randomized complete block design with three replications. The research results demonstrated 

that the main effects of FYM and N as well as their interaction had significant effects on plant 

height, leaf number, and leaf area. Plant height, leaf number, and leaf area, each at 35 DAP, 

50 DAP, and at harvest were positively affected by the main effect of FYM and N. The root 

length, leaf and root dry matter were significantly influenced by the main effect of FYM and 

N; however, root diameter was responded only to FYM application. Similarly, leaf and root 

fresh weights, marketable and nonmarketable root yield were highly influenced by the main 

effect of FYM and N fertilizer along with their interaction, but total root yields was affected 

only by main effect of FYM and N fertilizers. The maximum marketable root yield (29.14 ton 

ha
-1

) was obtained with application of 22.5 ton ha
-1 

of FYM plus 100 kg ha
-1 

of N fertilizers. 

On the other hand, the highest total root yields of 29.68 and 29.32 ton ha
-1

 were obtained 

from individual application of 22.5 ton ha
-1 

of FYM and 150 kg ha
-1 

of N fertilizer, 

respectively. The partial budget analysis also revealed that the highest net benefit (698289.9 

Birr ha
-1

) with acceptable marginal rate of return (787.29%) was obtained from the combined 

application of 22.5 ton ha
-1 

FYM and 100 kg ha
-1

 of N fertilizer. Therefore, it could be 

suggested that integrated application of the two fertilizers at rates of 22.5 ton ha
-1 

of FYM and 

100 kg ha
-1 

of N fertilizer could be used to maximize yield of beetroot and optimize the net 

benefit to beetroot producers in the study area.  

Keyword: Detroit dark red variety, Integrated nutrient management, Marketable root, Net 

benefit, and Marginal rate of return. 
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1. INTRODUCTION 

Beetroot (Beta vulgaris L.) is one of the major root vegetables grown throughout the world 

and is mainly consumed as a salad vegetable, though the leaves can also be eaten as spinach 

(Lock et al., 2004). Beetroot belongs to Chenopodiaceae family and is originated in the 

Mediterranean Region. The crop is grown on about seven million hectares around the world, 

with a total production of 240 million tones. It is grown in more than 120 countries, among 

which Germany and France are the largest producers (Jasmitha et al., 2018), and in lesser 

amounts in other European countries, Africa and South America. It is ranked among the ten 

most potent vegetables with respect to antioxidant property. It has been used for centuries 

due to nutritional and health benefits (Babarykin et al., 2019).  Nowadays, the crop is a 

popular salad vegetable and used as root vegetables as well as leafy vegetables.  

Beetroot is a biennial crop that grows as annual for its tap root production. It is mainly cool 

weather crop and short day plant. It is easy to cultivate in the field, highly productive, and is 

usually free of pests and diseases (Nottingham, 2004). Beetroots are consumed fresh, cooked 

or as a processed product (Rana, 2018). A large proportion of commercial production is 

processed into boiled and sterilized beetroot or pickles. It has also been widely used 

industrially as food colorant due to its red color from the pigment betalain (Singh et al., 

2017). Betanin, is used to improve the color and flavor of tomato paste, sauces, desserts, 

jams and jellies, ice cream, candy, and breakfast cereals (Grubben, 2004).  

Beetroot is among the root crops that its production and consumption has been increasing in 

Africa. The production from 1970 to 2019 has increased from 1.21 to 14.3 million tons in 

Africa, expanding at a yearly rate of 6 percent (Enock, 2022). Ethiopia is amongst the major 

producers in Africa and the production of the crop has shown slight increases. In the 

2014/15 main season, a total of 18.2 thousand tons of beetroot were produced from an area 

of 1.9 thousand ha with an average productivity of 9.3 ton ha
-1

. In the 2021/2022 main 

season, a total of 26451.6 tons of beetroot were produced from 3149 ha of land with 8.4 ton 

ha
-1 

average productivity (CSA, 2014; 2021).  

Ethiopia is endowed with different agro-ecologies that are appropriate for the production of 

tropical, subtropical, and temperate vegetables (Zerihun and Gezaheng, 2021). In Ethiopia 

https://en.wikipedia.org/wiki/Pickling
https://en.wikipedia.org/wiki/Betanin
https://en.wikipedia.org/wiki/Tomato_paste
https://en.wikipedia.org/wiki/Jam
https://en.wikipedia.org/wiki/Ice_cream
https://en.wikipedia.org/wiki/Breakfast_cereal
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beetroot is mainly grown in altitude ranges of 500-3000 m.a.s.l, however the most suitable 

regions are located between 1100 m and 2400 m above sea level (Girma, 2008). The major 

beetroot production areas in Ethiopia are concentrated close to major cities and towns, 

including Addis Ababa, Bahir Dar, Debre Zeit, Jimma, Harar and Dire Dewa (CSA, 2008). 

Currently, Oromia region is the leading producer of beetroot compared to other parts of the 

country (CSA, 2021). In Haramaya watershed, out of land favorable for vegetable 

production, large proportion of land is allotted to beetroot cultivation during the main 

cropping seasons. The crop is becoming a popular vegetable in the area due to high demand 

from local and abroad markets like Djibouti and Somaliland, beside its importance for home 

use and health benefits.  

Despite the importance of beetroot in the area, its productivity remains very low. The low 

productivity is attributed to a number of factors including limited choice of adaptable and 

high yielding variety, moisture stresses, poor soil fertility, and agronomic practices (Girma, 

2008). Of these constraints, soil fertility management represents a crucial factor influencing 

the final yield and quality. Among the possible options for increasing the productivity of 

beetroot, optimal application of inorganic nutrients (mainly N) is the most important practice 

(Sapkota et al., 2021). Nitrogen is important nutrient in determining plant growth and crop 

yield (Mampa et al., 2017). The optimum application of N fertilizers promotes growth and 

in turn increases both yield and quality of roots; however, application of excessive amount 

of Nitrogen fertilizer negatively impacts the soil ecosystem and can reduce yield.  

Soil fertility decline is one of a major constrains to increasing crop production in Ethiopia, 

mainly in vegetable cultivation. The primary cause of soil fertility decline includes loss of 

organic matter (OM), macro and micronutrient depletion, soil acidity, topsoil erosion and 

deterioration of physical soil properties (IFPRI, 2010). Ethiopia is one of the 14 sub-Saharan 

countries with highest rates of nutrient depletion (Negassa et al., 2005). In eastern part, 

particularly at the study area, most of the farmers are engaged in repeated use of land 

without addition of any organic fertilizer. In addition, the plant residues are removed for use 

as animal feed and fuel. For this reasons, the fertility of the land is declining from time to 

time. In order to maintain fertility and productivity of the soil as well as maximize yield of 

crops, the soil has to be restored to meet crop nutrient requirements. This depleted nutrient 
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could be substituted through either application of inorganic or organic fertilizer. However, 

chemical fertilizers are expensive to purchase for most small-scale farmers and may not 

contain all nutrients required by the plants (Gete et al., 2010). Amendment with organic 

manure may help to meet crop nutrient requirement, which are missing in the type of 

inorganic fertilizer formulations in use. 

Organic fertilizer provides a stable supply of both macro and micronutrient, improves the soil 

physical, chemical and biological properties, and consequently supports the maximum plant 

growth and yield (Belay et al., 2001). Application of manure can contribute to increase soil 

fertility, nutrient availability, soil aggregation, and also nutrient retention by elevating CEC of 

the soil while reducing the dependence on chemical fertilizer. In addition to reducing cost of 

inorganic nutrient, it is important for root crops like beetroot which needs loose and smooth 

soil during root initiation and enlargement. Therefore, the use farmyard manure (FYM) which 

is easily available at lower cost along with inorganic fertilizers is invaluable for crop 

productions.  

Furthermore, the substitution of inorganic fertilizers with organic manure or a reduction in 

chemical fertilizer usage is necessary for the sustainability of agricultural production. Hence, 

the objectives of this research were: 

 To assess the effect of different levels of nitrogen fertilizer and cattle manure on 

growth, yield components, and yield of beetroot; and 

 To estimate the cost benefit of the rates of N and cattle manure for optimum yield 

of beetroot crop. 
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2. LITRETURE REVIEW 

2.1. Origin and Botanical Description of the Crop 

Beetroot belongs to the Chenopodiaceae family, which includes nearly 1,400 species 

(Nottingham, 2004; Paciulli, 2016). The family included silver beet (spinach and chard for 

edible leafs), sugar beet (cultivated for sugar production), and fodder beet (grow for animal 

feeding). There are nine species in the beta genus and all of them have the common name 

beet, although Beta vulgaris is the most well-known and commercially important (NRCS, 

2006).   

Beetroot (Beta vulgaris L.) which is also commonly known as red beet, garden beet or table 

beet is one of the most popular vegetable crops grown in many parts of the world (Stintzing 

and Carle, 2004; Rana, 2018). It is indigenous to Asia Minor and Europe. It has been known 

and cultivated since 1000 BC in the Roman Empire; its leaf was used as food, while its root 

was used as medicine (Ninfali and Angelino, 2013). The ancestor of all beet cultivars that are 

grown today, including beetroots, is Beta maritime. Sea beet was first domesticated in the 

eastern Mediterranean and the Middle East (Nottingham, 2004). The earliest form of 

domesticated beet was leaf beet and the crop was cultivated with long root like that of carrots. 

The table beet leaves are also widely consumed, particularly as immature leaf for a salad 

greens (Goldman and Janick, 2021). 

The beetroot plant is biennial,requiring a period of intense cold to go through the reproductive 

stage of the cycle (Sediyama et al.,2011). It produces fleshy elongated hypocotyls and a 

rosette leaf during the first year and flower in second year. But as a biennial, it requires a 

photo thermal induction to facilitate the process from vegetative to reproduction phase. 

Vernalisation is the first element in the induction; this requires low temperature during the 

rosette stage for the induction of flowering (Abo-Elwafa et al., 2006; Salimi and Boelt, 2019). 

Stem elongation, which is also known as bolting, is initiated by the completion of 

vernalisation and the bolter is the main stem in beets (Salimi and Boelt, 2019).  

The beetroot is the taproot portion of the beet plant. The plant has a root system composed of 

a main root and smaller roots with lateral branching. It also possesses a tuberous, purplish-red 
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part, globular in shape, with a sweet taste, which develops almost on the surface of the soil 

(Ravichandran et al., 2013).  

Beetroot leaves colour varies from light green to dark red depending on the cultivar. The 

foliage, size, colour and shape are also highly influenced by temperature, season, spacing and 

soil moisture (Rubatzky and Yamaguchi, 1997; Rana, 2018). The rosette leaves develop in a 

close spiral with the oldest ones outside. Angular, branching soft stem develops in the second 

year on which a clumpy inflorescence is located. The inflorescence is botanically a large 

spike. Flowering is initiated in the second growing season after a prolonged period of cold 

weather (Rana, 2018). 

2.2. Nutritional Importance of the Crop and its Health Benefit 

The beetroot is nutritionally one of the most popular vegetable in many parts of the world due 

to its health benefit. It has long been used for medicinal purposes, primarily for disorders of 

the liver as it helps to stimulate the liver's detoxification processes and it has been considered 

beneficial to the blood, the heart, and the digestive system (Nottingham, 2004). Additionally, 

beetroot leaves are packed with several antioxidants such as betalains, flavonoids and 

polyphenols which are capable of counteracting dangerous reactive species (ROS) (Lee et al., 

2009). The crop product consumption provides a significant effect on nearly all organs of the 

digestive tract: pancreas, liver, colon. It is well known as an “internal cleansing” substance 

and provides a mild laxative effect. As a result, the demand for healthy food has also 

increased consumer interest in red beetroot and this has been reflected in various cuisines 

(Clifford et al., 2015).  

Red beetroots are becoming more and more important vegetable nowadays due to their many 

positive nutritional and physiological properties. Apart from raw consumption, salads, soups, 

vegetable dishes, roasting and olive oil dishes of red beetroot have become widespread in all 

cuisine (Akan et al., 2019). It is especially rich in fiber as well as in sugars, but has a 

moderate caloric value. Beetroots are highly nutritive as they are packed with several 

vitamins, proteins,carbohydrates,minerals and antioxidants which have some antcarcinogenic, 

antibacterial and antiviral properties (Kanner, et al.,2001; Akan et al.,2019). Beetroot leaves 

are a good source of Vitamins A, B1, B2 and C (Rana, 2017). In addition to its significant 
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potassium and magnesium content, it is associated with low sodium concentrations, which 

have a beneficial effect on the ionic balance of the human body. The betacyanins in crops 

reduce oxidative stress and the harmful effects of free radicals, have antibacterial and antiviral 

properties, inhibit the proliferation of cancer cells, and are involved in the prevention of 

cardiovascular disease (Kujala et al., 2002).  

In recent years, the pigments of red beetroot have also been used as a natural colorant for the 

food industry and additive in food products (Slavov et al., 2013; Chhikara et al., 2019). The 

plant pigment that gives beetroot its rich, purple-crimson color is betacyanin; a powerful 

agent, thought to suppress the development of some types of cancer (Dwivedi, 2017).  

2.3. Ecological Requirement of the Crop 

Beetroot thrives under a wide range of climatic and soil condition. It has been grown best 

under cool climatic condition and can be grown successfully almost all year round. Also it 

can grow well in warm weather but attain best color, texture and quality in cool condition, 

though slows growth under prolonged cool condition. It has a fair tolerance to moderate frost 

at all growth stages (Nottingham, 2004). 

The ideal temperatures for cultivation of table beet are between 15 and 19°C.  Temperatures 

below 10°C cause a physiological shift from vegetative to reproductive growth, with the 

storage root shrinking and nutrients being diverted to reproductive structures. Temperatures 

above 25°C can adversely affect the growth, color, and development of beetroot. Furthermore, 

sugar accumulation in beets is greatly affected by temperature. Any temperature above 30⁰C 

results in reduced sugar accumulation (Rana, 2017). At higher than optimal temperatures, the 

storage of nutrients in the roots is reduced, leading to smaller root size, and impaired texture 

and flavor (Nottingham, 2004). Additionally, beets which have been grown under high 

temperature conditions have less red colour and distinct zoning inside the flesh. Moreover, for 

good quality of roots, continuous cool weather conditions for two weeks is good for the 

development of good colour and texture as fluctuating temperatures cause zoning. In Ethiopia, 

the crop grows from 500-3000 m.a.s.l; however, the most suitable regions are located between 

1100 m and 2400 m above sea level (Girma, 2008). 
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Beetroots can be classified as plants with medium water requirements. During germination 

and in the initial developmental stage of the plant, it requires a higher amount of continuous 

soil moisture, which is important for even germination and initial development. Except for 

this period, beetroots are less sensitive to water shortages compared to other root vegetables. 

After seed emergence, dry conditions can negatively affect growth and yield (Hoffmann, 

2010). For optimum yield, beetroot requires an average of 300 mm of rainfall in a growing 

season (Rana, 2017). Keeping soil moisture at optimum levels will improve growth, yield and 

quality in root vegetables such as beetroot (Nottingham, 2004). 

Soil conditions highly influence beetroot yield and quality. A wide range of soil types have 

been proven to favour for beetroot cultivation. However, beets prefer deep, friable, well 

drained, deep sandy soil rich in organic matter for better growth. High organic matter in the 

soil is desirable and helps to ensure an adequate moisture supply (Kumar, 2015). Particularly 

deep sandy loams are ideal for beetroot, especially those with a high organic content, which 

supplies natural fertilizer and retains its moisture but heavy clay is avoided due to restriction 

of tap root growth and undesirable shape. The crop can grow in a soil pH between 6 and 8 

(Drost and Bitne, 2004), though very high pH levels have been found to promote scab, a soil 

borne disease. On the other hand, any pH below 5.8 has been associated with yield losses 

(Rana, 2017). 

Nutrient requirement has been considerable and essential factor to optimum yield of the crops. 

Beetroot belongs to a group of vegetables considered to be heavy feeders and requires an 

optimum amount of major plant nutrients (N, P, K) to maximize yield (Dos Santos et al., 

2017). Apart from major plant nutrients, beets require optimum levels of boron, zinc and 

sodium and sometimes these are applied to meet the needs for minor plant nutrients 

(Rubatzky and Yamaguchi, 1997). 

2.4. Effect of Nitrogen Fertilizer on Growth and Yield of Beetroot 

Nitrogen is the most limiting nutrient in crop production and is needed in higher concentration 

than all other mineral nutrients in most plants. It comprises up 1 to 4 percent of dry matter of 

the plants (Ellis and Foth, 1996). Nitrogen forms a major component of proteins, enzymes, 

vitamins and is responsible for chlorophyll and amino acid formation in plant cells and it is 
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involved in all major process of plant development and yield formation (Petek et al., 2012). A 

good supply of nitrogen stimulates root growth and development as well as the uptake of 

other nutrients (Brady and Weil, 2002). Beetroot at the beginning of its growth requires a lot 

of available nitrogen.  Insufficient supply of nitrogen can decrease plant nitrogen content, 

reducing photosynthate production (Boussadia et al., 2010) and thus, reduce plant growth and 

quality of harvestable materials (Mikkelsen and Hartz, 2008). On the other hand, an overdose 

nitrogen application does not always lead to increased yield, and it might actually result in 

reduced growth and yield as well as delay in maturity and also limits the formation of storage 

organs, especially for crops where roots and tubers are harvested (Najm et al., 2013). In 

addition, the plant‟s resistance to disease is reduced by excess nitrogen. Thus, optimizing 

crop-specific fertilization regime is required to increase yield as well as improve quality of the 

produce (Kazimierczak et al. 2021).  

An optimal rate of application of fertilizer is extremely important to improve yield and 

quality. However, many authors recommended different rate of nitrogen fertilizer on beet 

crop, which are site specific. Birhanu and Dawit (2020) reported the highest marketable root 

yield, which was 163% more than unfertilized plot, of Detroit dark red variety at the rate of 

100 kg ha
-1

 of N while further increase of N from 100 to 150 kg ha
-1

 showed 46% yield 

decline in Wolaita Zone, Southern Ethiopia. Similarly, a study undertaken by Zerihun and 

Gezahegn (2021) at Arba Minch University on the response of beetroot to nitrogen rate and 

plant density showed the highest root yield at 92 kg ha
-1

 of N with planting density ranging 

from 66,666, to 100,000 plants ha
-1

. In a different environment, beetroot yields were found to 

increase as the nitrogen application rate increased from 2.99 ton ha
-1

 in the control treatments 

to 14.37 ton ha
-1

 in the treatments that received 200 kg ha
-1

 of N fertilizer (Rantao, 2013).  

According to several researchers, application of nitrogen has significant effect on growth 

parameters of beetroot crop. An increment in plant growth characteristics such as plant height, 

shoot dry matter, and leaf area index were reported due to N application (Najm et al., 2013). 

Idris et al .(2021) showed that application of 120 kg ha
-1

 of N increase leaf number, leaf area 

index, leaf dry weight, root diameter and root fresh weight at University of Bahri, the Sudan. 

Fikru et al. (2017) stated that application of urea significantly increase leaf area and 

underground dry weight but not other parameters. The study conducted by Birhanu and Dawit 
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(2020) have also indicated that root length and root width were significantly affected by rates 

of nitrogen fertilizer, thus the longest root length (117.17 mm) was attained by variety Samba 

at 150 kg ha
-1

 of N whereas; the shortest root length (80.90 mm) was attained from variety 

Farida with 0 kg ha
-1

 of N fertilizer applications. Also the author confirmed that the highest 

root width (19.60 mm) was from variety Samba at 100 kg ha
-1

 of N while the narrowest root 

width (9.37 mm) was obtained from Crimson globe at 0 kg ha
-1

 of N fertilizer. 

Similarly, Ouda (2007) found that root diameter, root length, root fresh weights and root yield 

were increase by raising N levels. Khalil et al.(2010) and Abdou et al.(2014) also found that 

increasing N levels significantly increased root length, root diameter, root fresh weight, and 

root yield plant
-1

. Likewise, Hellal et al. (2009) reported that increase root diameter and 

length were observed with an increase in N application. The report by Nemeat Alla et al. 

(2002) also show that increasing nitrogen rate to 100 kg ha
-1

 of N resulted in about 74% 

increase in root width compared to no nitrogen rate treatment. On other hand, Fikru et 

al.(2017) found that urea has no significant effect on yield, leaf length, leaf number, plant 

height, above ground fresh weight, underground fresh weight, above ground dry weight, root 

length and root diameter.  

Research results of different authors reported that increasing nitrogen fertilizer increased dry 

matter yield and yield components of beetroot. According to El-Hosary et al.(2010), and 

Seadh et al.(2012) increasing N fertilizer levels caused significant differences in yield, yield 

components, and quality of beet crop. Mampa et al. (2017) reported that N application of 120 

kg ha
–1

 resulted in increase yield and quality of beetroot leaves and roots. Albayrak and 

Yüksel (2010) also showed that nitrogen applications increase root yield, dry matter yield, 

root diameter, and root length at the rate of 150 kg ha
-1

 of nitrogen. Similarly, Leilah et 

al.(2005) reported root yield increase by high N levels due to N playing an important role in 

enhancing growth, chlorophyll formation, the photosynthesis process, and other variables 

contributing to yield improvement. As numerous studies shows, application of nitrogen 

different effects on yield and yield related traits of beet crops, which could be differences in 

varieties used, soil and climatic conditions under which the experiments were undertaken. 
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2.5. Effect of Farmyard Manure on Growth and Yield of Beetroot 

Farmyard manure is principal source of organic matter and it is a source of primary, 

secondary and micronutrient to plant growth. It is one of the components of integrated 

nutrient management as it is a cheap and easily available source of organic nutrients. It is 

prepared from mixture of dung and urine of farm animals along with litter and fodder fed to 

the cattle. It improves soil physical, chemical and biological properties, and thereby helps in 

making soils highly productive and sustainable (Ahmad et al., 2006; Naeem et al., 2009). It is 

highly used organic manure that supplies some essential plant nutrients (N, P, and K) and 

other macronutrients and micronutrients (Duncan et al., 2005). Farmyard manure helps in 

increasing microbes‟ population and their activities, which play an important role in 

availability of complex nutrients to the plants as well as improving moisture retention 

capacity of soils. Being a popular source of organic matter, it contains beneficial 

microorganism that secrets substances that act as growth regulator which improve plant 

growth and also reduces nitrogen (N) losses by increasing Cation Exchange Capacity (CEC) 

of the soil, improves soil structure by adding organic matter and also minimizes phosphorus 

(P) and Potassium (K) fixation in all types of soils (Gill et al., 1998). On the average, well 

decomposed farmyard manure contains 0.5 per cent Nitrogen (N), 0.2 per cent Phosphate 

(P2O5) and 0.5 per cent Potassium (K2O) (Reddy and Bandopadhyay, 2018). A field 

experiment conducted in South India showed that application of farmyard manure at 17.5 ton 

ha
-1

 provided 200 kg ha
-1

 of nitrogen, 32.5 kg ha
-1

 of phosphorous and 297.5 kg ha
-1 

of 

potassium over unfertilized plots (Jeyaseeli et al., 2018). The study conducted by Lehrsch et 

al. (2015) showed that root yield resulting from the application of manure or compost was 

equivalent to that resulting from urea application. Similarly, Murmu et al. (2013) pointed out 

that the application of organic manures increase crop yield and soil fertility more than 

chemical fertilizer.  

According to Jagadeesh et al. (2018), application of FYM had significant effect on root length 

of beetroot. The highest root length (13.35 cm) was recorded in with FYM (50%) + poultry 

manure (50%) and FYM (100%). Similarly, Abd El-Lateef et al. (2019) revealed that the 

application of farmyard manure to beet plant significantly surpassed both the compost and 

chicken manure in root length, root, shoot and biological yields per plant and per hectare. 
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Also Aisha et al. (2014) found that adding organic manure at high rates (20 m
3
) had a 

significant effect on growth characters including plant length, number of leaves per plant, 

fresh and dry weight per plant as well as root fresh and dry weight and its components (root 

length and diameter). Furthermore, the authors indicated that applying organic manure at high 

rates gave the highest percentage of protein, N, P, K and Fe as well as total carbohydrate 

percentage of the plant.  

An experiment conducted by Gazia (2001) found that application of farmyard manure 

significantly affected the root and shoot yields of beet crop. Also, sugar yield was shown to 

significantly increase due to FYM application at the rate of 20 ton. Similarly, Marques et al. 

(2010) evaluating rates (0 to 80 ton ha
-1

) of cow manure on production of beetroot, cultivar 

Early Wonder, found that the greatest yield was obtained at the highest rate of application. On 

the other hand, Felipe et al. (2015) reported that the rates of the organic manure do not affect 

the quality traits, but the rate of 49 ton ha
-1

 resulted in the maximum root yield. Likewise, 

Shafeek et al. (2019) conducted experiment in Egypt for two years on enhancing the 

productivity and quality of beetroot (Beta vulgaris) by using organic manure and potassium 

foliar application. The result showed that all addition of organic cattle manure significantly 

increased total root yield and physical root quality compared with control. 

According to the study conducted on beetroot by Hlisnikovsky et al. (2021) reported that the 

highest beetroot yield (61.2 ton ha
-1

) was obtained from FYM (21 ton ha
−1

), whereas the 

lowest yield (52.9 ton ha
-1

) was from the control plot. Also Amiri et al. (2009) showed that 

the effect of manure application on improving the crop yield was due to supply of some 

nutrients required by the plant, improvement of soil physical and chemical properties, 

elevation of soil water holding capacity and enhancement of micronutrient uptake. As 

aforementioned, farmyard manure application has positive effect on improving yield of beet 

plant by providing macro as well as micronutrient and changing physico-chemical property of 

the soil, although its application alone does not meet the desire of crops. So, combined use 

FYM with mineral nutrients would be much vital to find out maximum yield of crops. John et 

al. (2004) also advocated an integral use of organic manure and inorganic fertilizer to sustain 

maximum crop productivity and profitability, while minimizing environmental impact from 

nutrient use. 
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2.6. Integrated Use of Organic and Inorganic Fertilizers on Growth and 

Yield of Beetroot  

It is notable that the integration of organic and inorganic nutrient sources is the best option to 

maintain soil health and meet the total crop nutrient demand in sustainable way. Organic 

nutrient sources are known to restore soil physical environment and enhance nutrient use 

efficiency by a crop, in such a way that they influence growth, yield and quality of crops 

(Taye et al., 2011). Inorganic fertilizers are good for the rapid growth of plants, their effect on 

plant is usually immediate and fast, contain necessary nutrients that are ready to use and also 

quite high in specific nutrient content. On the other hand, manure is a natural source of slow-

release fertilizer because it breaks down and decomposes in the soil, releasing nutrients 

gradually. Thus, complementary use of chemical fertilizer and organic manure has assumed 

great importance nowadays to maintain as well as sustain a higher level of soil fertility and 

crop productivity (Shalini et al., 2002). 

Several investigations revealed that application of organic fertilizer with inorganic ones 

improve soil fertility as well as growth and yield of plants. Shalini et al. (2002) stated that 

application of organic manure with inorganic fertilizer significantly increase growth and vigor 

of the plants over application of inorganic fertilizer alone. Tolanur et al. (2002) also reported 

that cation exchange capacity, exchangeable calcium, available nutrient N, P, K and Zn were 

increased significantly with organic material in conjunction with inorganic material.  

The result of a large number of experiment on manure and inorganic fertilizer conducted in 

several countries reveal that neither chemical fertilizer alone nor organic sources used 

exclusively can sustain the productivity of the soil under highly intensive cropping system 

(Singh and Yadav, 1992). Han et al. (2016) also indicated that NPK fertilizer treatment leads 

to soil acidification, whereas organic manure + NPK treatments significantly increase soil pH. 

Similar finding by Walia et al.(2010) also reported that the incorporated nutrient management 

system results in rising organic carbon content, available nitrogen, phosphorus, and potassium 

increasing from 0.390% to 0.543%, 171.7 to 219.3 kg ha
-1

, 20.5 to 43.3 kg ha
-1 

and 124.6 to 

148.9 kg ha
-1

, respectively. For sustainable productivity, mixed use of chemical with organic 

fertilizer has proved to be highly beneficial in terms of balanced nutrient supply (Chen et al., 

2008).  
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An experiment conducted in Nepal on effect of organic and inorganic source of nitrogen on 

growth, yield, and quality of beetroot varieties revealed that all of the vegetative parameters 

of beetroot were significantly enhanced with the combined use of urea and organic manure, 

which were attributed to rapid cell division, multiplication, and elongation in the meristematic 

region of plants that promoted vegetative growth (Naik and Sreedhar, 2018). Also Sapkota et 

al. (2021) pointed out that significantly higher root diameter and length were produced by 

either organic manure alone or in combination with urea. This was associated to organic 

manure that helps soil microorganisms to produce polysaccharides and thus lead to better soil 

structure useful for root growth. According to Gajewski et al. (2010), the application of 

manure allows for easy root penetration, erosion resistance, and good soil moisture properties 

such as available water holding capacity and permeability, combined with adequate aeration. 

Also, significantly higher root diameter in manure plus urea-treated plots might be due to the 

sufficient availability of phosphorous from manure affecting the root diameter of root crops. It 

could also be due to the adequate supply of macro and micronutrients for the metabolic 

activities of the plants.  

According to Heidarian et al. (2018) the highest root diameter was obtained by combined 

application of nitrogen fertilizer and cow manure treatment, resulting in increased root 

diameter by 21 and 24% compared to individual application of nitrogen fertilizer and cow 

manure, respectively. Also the authors confirmed that the integrated treatment (N+FYM) 

produced the highest dry weight of leaves both under stress and well watered conditions. An 

experiment conducted by Kebede et al. (2016) on determination of appropriate fertilizer rate 

for forage and seed yields of fodder beet (Beta vulgaris) in the central highland areas of 

Ethiopia indicated that application of fertilizers mixture at a rate of 10/23 kg ha
-1

 of N/P2O5 + 

9 ton ha
-1

 of FYM ha
-1

 gave the highest (30.3 cm) plant height while minimum plant height of 

19.3 cm was recorded from control treatment (no fertilizer). Also the researcher indicated that 

plant height was increased by 57% over the control treatment. 

According to Faraji et al. (2015) application of chemical fertilizers combined with cow 

manure improved qualitative and quantitative traits of beet plant. Also Heidarian et al. (2018) 

reported that the combined application of 50% nitrogen fertilizer and 50% farmyard manure 

increased root yield by 28 and 32% compared with single application of nitrogen and 
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farmyard manure fertilizers, respectively. Similarly, Hlisnikovský et al. (2021) revealed that 

over the entire evaluated period (2016–2018), the combined application of the FYM with 

mineral NPK fertilizers increased beetroot yield by about 25% compared with the control 

treatment  

The study conducted by Felczynski and Elkner (2008) on effect of long-term organic and 

mineral fertilization on the yield and quality of red beet (Beta vulgaris. L), reported that the 

highest total yields of whole red beet plants (roots 76.8 ton ha
-1

 + leaves 73.7 ton ha
-1

) were 

obtained from the treatment in which manure was applied at 60 ton ha + N at 60 kg ha
-1

. In 

this combination, the additional mineral fertilization with nitrogen increased the share of the 

leaves in the total yield of whole plants compared to fertilization with manure only. However, 

the marketable yield of red beets was lower than from the treatment with manure alone at 60 

ton ha
-1

. The author also confirmed that the highest increase in yield was obtained from the 

treatment with 20 ton ha
-1

 of manure + 180 kg ha
-1

 of N fertilizer. On other hand, the 

treatment with manure at the rate of 40 ton ha
-1

, the additional mineral fertilization with 

nitrogen at 120 kg ha
-1

 of N did not have any significant effect on the marketable yield. 

Therefore, it shows that fertilization of beetroot crop with integration of both organic and 

inorganic fertilizer has an advantage if both fertilizers are applied at appropriate level.    
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3. MATERIALS AND METHODS 

3.1. Description of Study Site 

The experiment was undertaken in 2024 under irrigated condition on farmer‟s field at Haji 

village, Haramaya sub city in Maya city, Oromia Regional State. The site is close to 

Haramaya University and located about 510 km far from Addis Ababa and 18 km from Harar 

town at 9
0 

24”N and 42
0
1”E in the easterly direction. The altitude of study site is about 2047 

meters above sea level. The location has a bimodal rainfall distribution and is a representative 

of a sub humid mid latitude agro-climatic zone. The short rainy seasons usually start in March 

and extend to May, whereas the long rainy seasons stretches from end of June to September 

(Kibebew, 2014). The site has annual rainfall of about 790 mm; mean temperature of 16.8
0 

C 

with mean minimum and maximum temperature of 10.4
0
 C and 23.4

0
 C, respectively. 

3.2. Description of Experimental Materials 

Detroit dark red variety of beetroot which is widely cultivated in the study area has been used 

as a test crop. The variety is well adapted to most environments, even in area that experience 

a lot of heat. It considered a multi-purpose cultivar and has been used for fresh market, 

processing, and market garden production. The storage roots of the variety are perfectly 

smooth and uniform, the flesh is generally red with light red zoning while the skin has a deep 

red colour. Detroit dark red leaves are generally medium to tall, and dark green leaves 

(Goldman et al., 2008). The variety takes about 2 to 3 months to mature. Additionally, it is 

relatively tolerant to bolting and resistant to several diseases such as Cercospora leaf spot and 

other beetroot diseases. Seed of this variety was obtained from Haramaya Farmers‟ Union at 

Haramaya sub city.  

TSP [(Triple Super phosphate (46% P2O5)] was used as fertilizer form of phosphorous and 

urea (46% N) also used as source of nitrogen fertilizer. A well decomposed FYM had been 

used as a source of organic fertilizer. It was prepared by gathering fresh dung from 

surrounding farmers under pit method in a hole with a size of 1.5 m x 1.5 m area and 1 m 

depth for 4 months to make it well decomposed.                                  
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3.3. Treatments and Experimental Design 

The treatment consisted farmyard manure at four level (0, 7.5, 15 and 22.5 ton ha
-1

) as organic 

fertilizer and also mineral nitrogen at four level (0, 50, 100 and 150kg ha
-1

) as inorganic 

fertilizer. The rate of phosphorous fertilizer (80 kg ha
-1

 of P2O5) for beetroot crop production 

had been used uniformly over all experimental plots as TSP form of fertilizer. The experiment 

was laid out as a randomized complete block design (RCBD) in a 4 x 4 factorial arrangement, 

and it was replicated three times. The experiment had contained 48 total plots. Each plot had 

the size of 1.50 m width x 3.00 m length with a total of 4.5 m
2
 plot area. A plot had consisted 

five rows, and each row contained twenty plants. 

3.4. Soil Sampling and Analysis 

Prior to land preparation, the soil sample was taken in zigzag pattern randomly from the 

experimental site at 0-25 cm depth using auger at the interval of 4-8 meter. The sample was 

mixed thoroughly to produce one representative composite sample. Around one kilogram of 

the composite sample was stored in a clean plastic bag and sent to Haramaya university soil 

laboratory. The composite sample was analyzed for selected physiochemical properties like 

soil texture, soil pH, total nitrogen(N), available phosphorous(P), exchangeable potassium(K), 

electrical conductivity, and cations exchange capacity (CEC)(c mol kg
-1

) using appropriate 

laboratory procedures. 

The total nitrogen in the soil was determined by the Kjeldahl method (Dewis and Freitas, 

1975). Organic carbon content of the soil was determined by reduction of potassium 

dichromate by oxidation reduction titration with ferrous ammonium sulphate (Walkley and 

Black,1934). Particle size distribution was determined by hydrometer method (FAO,2008). 

Available phosphorous was determined by the Olsen‟ method using spectro photometer 

(Olsen et al.,1954). Cation exchange capacity (CEC) was determined after saturating the soil 

with 1N ammonium acetate (NH4OAc) and displacing it with 1N NH4OAc (Chapman, 1965). 

The PH of the soil was  determined using 1:2 (weight volume -1) soil to CaCl2 solution ratio 

and a glass electrode  attached to digital pH meter (FAO,2008).  
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3.5. Experimental Procedures and Managements 

The land was cultivated three times manually to a depth of 20 to 25 cm and exposed to the sun 

for some days to make soil loose and clear of plant debris. It was leveled and flattened with a 

rake and plots were prepared. The prepared farmyard manure was applied by broadcasting at 

specified doses on the plots and incorporated into the soil at 15 to 20 cm depth two weeks 

before planting. The phosphorous fertilizer was applied uniformly in all experimental plots 

before planting.  

The seed bed was prepared with ridges 30 cm apart for furrow irrigation. The treatments were 

assigned to each plot randomly. Then two seeds were sown 15 cm apart at 2 cm depth and 

covered with good crumbed light soil (February five). After the seeds were germinated, they 

were thinned out into single seedling at the spacing of 15 cm. The spacing between plot and 

adjacent block was 0.5 m and 1 m respectively. The gross size of experimental area was 

384m
2
. 

The nitrogen rates were applied in two split, with half done at seed sowing time by band 

placement and the remaining applied one month after seedling by side dressing. Immediately 

after seed sowing, watering was done at intervals of 3 days to maintain adequate moisture 

until the seedlings were fully emerged, then irrigation interval was adjusted based on weather 

condition and local practice and was done uniformly. Weeds were controlled two times; one 

at early seedling stage and the second one month later. All other agronomic practices were 

done uniformly as per recommendation to the crop. After the crop matured, it was harvested 

by hand pulling when majority of the plants attained globular shaped roots with market 

required size and when plants showed partial drying and yellowing of lower leaves at about 

80 days after planting (end of April).  

3.6. Data Collected  

The data collection was made by random sampling of ten plants on shoot growth and root 

parameters while yield was assessed on net plot basis as follows:  
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      3.6.1. Growth Parameters 

Plant Height (cm): refers to the length from the ground to the tip of the plant. It was 

determined by measuring the height of the randomly taken plants using a ruler from three 

central rows at 35, 50 and 65 DAP and at harvesting time. 

Leaf Number: number of leaves from ten sample plants in the plot was counted and recorded 

at 35, 50 and 65 DAP and at harvesting, then their mean was worked out. 

Leaf Area (cm
2
): the leaf area of randomly selected ten plants from the plots was marked and 

its length and width was measured at 35, 50 and 65 DAP and at harvesting time. The leaf area 

was calculated using the formula developed by (Yeshitila and Taye, 2016). 

Leaf Fresh Weight (g): refers to the weight of plant leaf which was recorded immediately 

after detached. It was determined after leaves were separated from top of swollen root, and 

then weighed on electronic balance and the average was recorded in grams.  

Leaf Dry Weight (g): is the weight of plant part after its water content has been removed by 

drying process. It was measured by taking fresh leaf of sample plants from the plots and 

placed in oven for 48 hours and dried at 70 
0
c (Mampa et al.,2017) and then dry weight was 

measured as:  

                                DMC (%) = Weight of dried leaf sample (g) X 100 

                                                    Fresh weight of the sample (g) 

 

      3.6.2. Yield Components and Yield  

Root Length (cm): the length of root was measured from ten randomly selected plants on 

middle row at harvest from a base to the apex of the root using ruler and its average was 

calculated. 

Root Diameter (cm): it had been determined by measuring the diameter of root with help of 

calipers and the average was expressed in centimeters. 
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Root Fresh Weight (g per plant): after harvesting the roots were washed to ensure it were 

free of soil particles and other extraneous material and, then the cleaned root portion was 

weighed on electronic balance and their fresh weight was recorded in grams. 

Root Dry Weight (g): after fresh weight of root was recorded, the root was sliced into small 

pieces to facilitate for drying, and placed in an oven dry at 75ºC till constant weight was 

occurred (Dlamini et al., 2020) and then dry weight was calculated as: 

                             DMC (%) = Weight of dried root sample (g) X 100 

                                                      Fresh weight of the sample (g) 

Marketable Root Yield (ton ha
-1

): the marketable yield was determined by sorting roots         

according to color, shape, size and freedom of any mechanical or disease injuries and 

acceptable by the market (Birhanu and Dawit, 2020). Root diameter between 4.5-8.6 cm was 

considered marketable size (Nure Abdukarem, exporter of vegetables, Haramaya). Also, 

commercial yield encompassed roots with an equatorial diameter greater than 5 cm and no 

evident lesions or deformations (HORTBRASIL, 2006). 

Unmarketable Root Yield (ton ha
-1

): the roots which were undesired in color, size and 

shape, diseased and insect pest injured, and not preferred at market were weighed and 

converted to ton per hectare. 

Total Root Yield (ton ha
-1

): it was recorded as the sum of marketable and unmarketable root 

yield. The total root yield of plants was measured and the yields obtained from plots were 

converted to hectare. 

3.7. Partial Budget Analysis 

Partial budget analysis was carried out as per the methodology described in CIMMYT (1988). 

The data like, cost incurred for preparation of farmyard manure and buying urea fertilizers, 

labor cost for application of fertilizer and the price of the marketable yield of beetroot after 

harvest were taken in to account to undertake cost-benefit analysis. Accordingly, the market 

price of marketable root yield of beetroot was determined based on average of open market 

price which was 28.00 Birr kg
-1

. To determine the total costs, the average price of fertilizer 

(Urea) in that period was 50 Birr kg
-1 

and the estimated cost for FYM preparation was 1000 

Birr ton
-1

. Additionally, labor cost for application of FYM fertilizer was estimated as 20 
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persons and for N also 15 persons and one person‟s cost was 75 Birr per day. The analysis 

was done on the basis of the formula developed by CIMMYT (1988) as follows: 

Gross marketable root yield (kg ha
-1

) (MRY):- is marketable root yield of each treatment 

per hectare. 

Adjusted yield (AjY):-is the average yield adjusted downward by a 10% to reflect the 

difference between the experimental yield and yield of farmers.  

                                      AjY =AvY-(AvY*0.1) 

Gross field benefit (GFB):- was computed by multiplying field/farm gate price that farmers 

receive for the crop when they sale it as adjusted yield. 

                                     GFB =AjY*field/farm gate price for the crop 

Total cost: - is cost of fertilizers and FYM preparation used for experiment. The cost of other 

inputs and production practices such as labor cost for land preparation, planting, weeding, 

crop protection, and harvesting was considered to remain the same or considered among 

treatments. 

Net benefit (NB):- was calculated by subtracting the total costs from gross field benefit for 

each treatment. 

                                               NB = GFB-Total cost 

Marginal rate of return (MRR%):was calculated by dividing change in net benefit by 

change in cost. 

                                                MRR = ▲NB/▲TC X 100 

Where; MRR is Marginal rate return in percent, ▲NB and ▲TC is change in net benefit and 

change in total cost, respectively. 
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3.8. Data Analysis 

All measured parameter were subjected to analysis variance (ANOVA) of RCBD in factorial 

arrangement according to the general linear model (GLM) of Gen Stat 18th edition (GenStat, 

2018) and interpretation was made following procedure described by Gomez and Gomez 

(1984). Least significance difference‟s (LSD) test at 5% probability level had been used for 

mean comparison following the significance differences result from the ANOVA. 
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4. RESULTS AND DISCUSSION 

4.1. Soil Physico-chemical Property of Experimental Site 

The composite soil sample of the experimental site was analyzed for some selected soil 

physical and chemical properties before planting. The soil textural class of the study area was 

determined as sandy loam soil (Table 1). The pH of the soil was 7.50, which could be 

classified as moderate alkaline (Tekalign, 1991). The total nitrogen content of the soil is 

0.16%, which was within a low category (Landon, 1991), also the soil of the experimental site 

had 1.21% of organic carbon content (OC), which could be classified as low according to the 

rating by Tekalign (1991). This exhibit that the soil of experimental site required the supply of 

additional organic fertilizer to increased soil fertility and promote healthy and vigorous plant 

growth. 

The available phosphorous in the soil have been rated as high, which is 36.73 mg kg
-1

 (Olsen 

et al., 1954). According to the classification by Tekalign (1991), the soil of the experimental 

site had 1.01 cmol(+)kg soil
-1

, which is categorized under high exchangeable potassium(K). 

Likewise, the electrical conductivity (Ec) of experimental site had 0.128 ms/cm which is low 

according to Hazelton and Murphy (2007).                    

The soil of experimental site had 23.2 meq/100 g cation exchange capacities (CEC) which is 

moderate according to Egel et al. (2014). Cation exchange capacity (CEC) is the ability of a 

soil to attract and retain cations such as potassium (K),sodium (Na), calcium (Ca), magnesium 

(Mg), and ammonium (NH4). It shows the soil of experimental site had ability to retain and 

hold nutrient to plants at some extent. 

Similarly, the FYM sample applied to the study area was analyzed for some selected chemical 

properties before planting. The analyzed sample of farmyard manure (Table 1) had pH (8.49), 

organic carbon (9.7%), total nitrogen content (0.89%), available phosphorous (3333.33 ppm), 

exchangeable potassium (1.18%) and electrical conductivity (2.27 ms/cm). 
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Table 1.Some selected physical and chemical properties of soil before planting and chemical 

properties of FYM before applications. 

Parameters                                                Value                                      References 

                                   Soil           Rating                             FYM   

Chemical properties 

PH                              7.50         Moderately alkaline         8.49             Tekalign (1991) 

OC%                          1.21         Low                                  9.17             Tekalign (1991). 

TN%                          0.16         Low                                  0.89              Landon (1991) 

Av.P(mgkg
-1

&  

ppm)                          36.73       High                                 3333.33       Olsen et al.(1954) 

Exch.K (cmol(+) 

kg soil
-1

 & %)            1.01         High                                1.18              Tekalign (1991) 

EC (ms/cm)               0.128       Low                                 2.27    Hazelton and Murphy(2007)                    

OM%                         2.09         Medium                                      Hazelton and Murphy(2007) 

CEC                          23.2          Medium                                                 Egel et al.(2014)               

Physical properties 

Sand                          68% 

Clay                           16% 

Silt                             16% 

    Textural class 

                                        Hazelton and Murphy(2007)      

    Sandy loam 

OC=Organic Carbon, TN=Total Nitrogen, AP=Available Phosphorous, EK= Exchangeable                                                                              

Potassium, EC=Electrical Conductivity, CEC=Cation Exchange Capacity, OM=Organic   

Matter. 

 

4.2. Growth Variables  

      4.2.1. Plant Height 

The main effect of FYM and N fertilizer had significant (P<0.05) effects on plant height of 

beetroot at 50 DAP and at harvesting (Appendix Table 1); however, it had non-significant 

effect at 35 DAP. The tallest plant height at 50 DAP (20 cm) and harvesting (29.10 cm) were 

recorded from the application of 22.5 ton ha
-1

 and 15 ton ha
-1

 of farmyard manure, 

respectively, which were statistically similar with application of 15 ton ha
-1

 at 50 DAP and 

22.5 ton ha
-1

 of FYM at harvesting. On the other hand, the shortest plant height at 50 DAP 

(15.40 cm) and at harvesting (24.23 cm) were obtained from the control treatment, which 

however, were at par with the application of 7.5 ton ha
-1

 FYM (Table 2).  

In the same way, the tallest plant at 50 DAP (19.85 cm) and harvesting (28.68 cm) were 

observed from the application of 150 kg ha
-1

 of nitrogen, which were statistically similar with 

the application of 100 kg ha
-1

 of N, whereas the shortest plant height at 50 DAP (15.46 cm) 

and harvesting (24.46 cm) were obtained from the control treatment (Table 2). 
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Table 2. Plant height and leaf numbers as affected by main effect of FYM and N fertilizer 

rates at various growth stages of beetroot plant in 2024 under irrigations. 

                                          Plant Height(cm)                              Leaf Numbers(No)         

Treatments                                at                                                             at 

Rate of FYM          

(ton ha
-1

)             35 DAP       50 DAP        Harvest          35 DAP       50 DAP      Harvest         

0                           11.71           15.40
a
           24.23

a       
       5.750

a
          7.922

a
          13.15

a
            

7.5                        12.58           16.89
a
           25.89

a
            5.833

a
          8.445

ab
         13.77

a
            

15                         13.25           19.76
b
           29.10

b
            6.417

a
          9.132

bc
         14.79

b
            

22.5                      13.17           20.00
b
           28.67

b
            7.250

b
          9.404

c
          15.28

b
            

LSD(0.05)             NS              2.295            2.433             0.778            0.836           0.785             

 

Rate of N  

(Kg ha
-1

) 

0                          12.17            15.46
a
           24.46

a
            5.667

a
           8.049

a
         13.87

a
            

50                        13.08            17.19
a
           26.19

ab
           6.167

a
          8.433

ab
        13.82

a
           

100                      12.83            19.55
b
           28.55

bc
           6.333

ab
        8.965

bc
        14.42

ab
          

150                      12.62            19.85
b
           28.68

c
            7.083

b
          9.455

c
         14.88

b
          

LSD(0.05)           NS                2.295            2.433             0.778           0.836           0.785           

CV%                   17.2               15.3             10.8                14.8            11.5              6.6               

CV: Coefficient of variations; LSD: Least significant difference; FYM: farmyard manure 

;NS: Non-significant; means      sharing common letter(s) are not significantly different at 5% 

level of significance 

 

Generally application of 22.5 and 15 ton ha
-1

 of FYM at 50 DAP and at harvesting
 
increased 

plant height by 30%, and 20%, respectively, over that of control. Similarly, application of 

nitrogen (150 kg) at 50 DAP and harvesting
 
increased plant height by 28%, and 17.3%, over 

that of the control treatment. This may be due to application of farmyard manure that 

improves soil structure and moisture retention capacity that facilitated better root growth, and 

thus plant height. Furthermore, the manure could have promoted soil fertility and increased 

uptake as well as availability of essential nutrient around of root zone. This could have led to 

increased vegetative growth. Application of FYM in the soil increases microbial activity, 

biomass and mineralization of C and N that improve moisture conservation in the soil (Naeem 

et al., 2009). 

The result of this study is in agreement with the finding of Shafeek et al. (2019) who reported 

the highest value of the growth character of beetroot plant by adding high level of cattle 

manures. Similarly, Kumar et al. (2022) stated that integrated application of FYM, 

Vermicompost, and PSB(Phosphorus solubilizing bacteria) had significant effect on plant 



25 

 

 

height at 50 DAS (28.10 cm) of beetroot Red express cultivar. Additionally, Gerba et 

al.(2018) on carrot indicated the highest plant height at 18 tons ha
-1

 cattle manure application 

was obtained probably because of organic matter that improves soil structure and encourages 

root growth which intern promote plant growth. Also, Shivani and Kumar (2023) have 

reported that significantly the maximum plant height of beetroot crop at harvesting (27 cm) 

were recorded from the applied treatment of NPK (160:110:70). Similarly, Gayathri et al. 

(2021) on beetroot indicated that highest plant height at 75 DAS (38.47 cm) was registered in 

application of nitrogen at 122.5 Kg ha
-1

 and lowest plant height (35.38 cm) was recorded in 

nitrogen level of 70 Kg ha
-1

.  

Report by Afework et al. (2022) also showed that the main effect of NPS had significant 

effect on plant height of beetroot, with the tallest plant obtained by application of 242 kg ha
-1

 

of NPS fertilizer, while the shortest height was recorded with control plots. 

The interaction effects of FYM and N fertilizer had significant (P<0.05) effect on plant height 

of beetroot at 65 DAP; however, it had non-significant effect at 35 DAP, 50 DAP and at 

harvesting (Appendix Table 1). The tallest plant height (26.55 cm) at 65 DAP was recorded 

from the combined application of 22.5 ton ha
-1

 of FYM with 100 kg ha
-1

 N fertilizer, which 

had non-significant difference from application of 22.5 ton ha
-1

 of FYM with 150 kg ha
-1

 of N 

and 15 ton ha
-1

 of FYM with 100 and 150 kg ha
-1

 of N fertilizer. On other hand, the shortest 

plant height (18.25 cm) was obtained at 0 ton ha
-1

 of FYM and 0 kg ha
-1

 of N fertilizer 

application (Table 3).  

Application of 22.5 ton ha
-1 

farmyard manure combined with 100 kg ha
-1

 of N fertilizer 

increased plant height of beetroot by 45.5% over that of the control. The highest plant height 

obtained by the combined application of FYM with N could be attributed to the nitrogen from 

both fertilizers that enhanced vegetative growth, which has led to tall plants. The uptake of 

nitrogen stimulated cell division and enlargement, which would be responsible for promoting 

plant height (Tygi et al., 2016).  

The finding aligns with that of Sapkota et al. (2021) who reported the highest plant height of 

beetroot at harvesting from application of 6.55 ton ha
-1

 of poultry manure plus 60 kg ha
-1

 of N 

from urea. Also, Hussain and Kerketta (2023) found the maximum height of beetroot at 60 

DAS from treatment of 25% RDF (recommended dose of fertilizer) plus 75% vermicompost. 
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According to Najm et al. (2013) the maximum plant height at the 60
th 

DAE (days after 

emerged) was obtained by using 20 tons ha
-1

 of cattle manure + 150 kg ha
-1

 of N fertilizer. 

Similarly, Kumar et al. (2021) indicated that the integrated application of FYM, 

Vermicompost, and PSB (Phosphorus solubilizing bacteria) attained maximum value of plant 

height (34.04 cm) of beetroot plant at harvesting. According to Sapkota et al. (2021) 

highlighted that the maximum plant height at 60 DAS were obtained due to combined 

application of 6.55 ton ha
-1

 of PM with 60 kg ha
-1

 of N from urea fertilizer. Similarly, potato 

plant height was increased with increased use of combined application of organic and 

inorganic fertilizer (Aseffa et al., 2016).  

      4.2.2. Leaf Number 

The number of leaves were significantly (P<0.05) affected by main effect of farmyard manure 

and nitrogen fertilizer rates at 35 DAP, 50 DAP and harvesting, while their interaction had 

non-significant effect except on 65 DAP (Appendix Table 1). The individual application of 

farmyard manure and nitrogen fertilizer at highest rates (22.5 ton ha
-1

 FYM and 150 kg ha
-1 

N) was observed with maximum leaf numbers at 35 DAP, 50 DAP and harvesting. On the 

other hand, with no application of farmyard manure (0 ton ha
-1

) and nitrogen fertilizer at 

lowest rates (0 and 50 kg ha
-1

) minimum leaf numbers were recorded at 35 DAP, 50 DAP and 

harvesting stage (Table 2). 

Increasing application rate of farmyard manure from 0 to 22.5 ton ha
-1

 and nitrogen fertilizer 

from 0 to 150 kg ha
-1

 significantly increased leaf number through all growth stages. The 

increase in number of leaves was due to increased solubiliation effect and availability of 

nutrients by the addition of organic manures which relatively results in better development of 

more leaves (Tovihoudji et al., 2015). Additionally, nitrogen has a direct effect on vegetative 

growth, playing role in cell division, cell enlargement, and protein synthesis, which led to 

induced leaf initiation (Khattab et al., 2019). 

Similar result by Dlamini et al. (2020) was reported that application of cattle manure in higher 

amount recorded maximum leaf number on beetroot. Likewise, Aisha et al. (2014) reported 

that adding organic manure at high rates (20 m
3
) had a significant effect on growth characters 

including plant length, number of leaves per plant, fresh and dry weight per plant. According 
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to Jagadeesh et al. (2018), application of poultry manure (PM) had significant effect on leaf 

number of beetroot, with highest leaf number recorded at 50 and 75 DAS. 

Additionally, Rantao (2013) reported that application of nitrogen fertilizer at 100 kg ha
-1

 of N 

resulted in more beetroot leaves than at any other level. Another study conducted on beetroot 

have reported that the total number of leaves per plant (at 80 days after transplanting) was 

significantly higher at 120 kg ha
-1

 of N, which was similar with the applications of 150 kg ha
-1

 

of N fertilizer (Mampa et al., 2017). Similarly, Hemmat et al. (2010) noticed that the number 

of leaves per plant increased by increasing urea fertilizer rate from zero to 200 kg N ha
-1

. 

Additionally, Majhi et al. (2024) have also described that the maximum leaf number of 

beetroot plant at 60 DAS (28.07 cm) was recorded from application of vermicompost. 

Table 3. Plant height and leaf numbers as affected by interaction effect of FYM and N 

fertilizer rates at 65 DAP (days after planting) of beetroot plant in 2024 under irrigation. 

                             Plant Height(cm)                             

                                  at 65 DAP 

                    Leaf Number(No)         

                          at 65 DAP 

Rate of FYM           Rate of N (Kg ha
-1

) 

(ton ha
-1

)    0            50             100          150        

     Rate of N (Kg ha
-1

) 

   0               50             100             150 

 0           18.25
a        

20.20
ab       

23.66
de      

25.27
ef

 

7.5         19.76
ab      

20.81
bc       

22.66
cd      

24.89
def

 

15          23.59
de 

    23.80
def      

25.77
efg    

25.64
efg

 

22.5       25.40
ef 

    24.67
def      

26.55
g       

26.06
fg

 

 9.67
a
         11.50

bc
      12.22

bcde 
    13.50

ef
 

 11.16
b
       11.94

bcd 
    11.78

bc
       12.77

cdef
 

 11.83
bc 

     12.22
bcde

    13.27
ef         

13.78
f
 

 13.57
f 
       12.55

cdef
    13.28

ef 
      13.22

def
 

LSD(0.05)                       2.289                                                           1.281 

CV%                               5.8                                                               7.8                                                

CV: Coefficient of variations; LSD: Least significant difference: FYM: farmyard manure 

:means sharing common letter(s) are not significantly different at 5% level of significance 

 

Of the interaction effect of FYM and N fertilizer, the maximum leaf number (13.78) at 65 

DAP was recorded from the combined application of 15 ton ha
-1

 of farmyard manure with 150 

kg ha
-1

 of N fertilizer, which was non-significantly different from application of 150 kg of N 

with all levels of FYM, 22.5 ton ha
-1

 of FYM with all levels of N and 15 ton ha
-1

 of FYM 

with 100 kg N ha
-1

, whereas the minimum leaf number (9.67) was obtained at 0 ton ha
-1

 of 

FYM with 0 kg ha
-1 

of N fertilizer application (Table 3). The combined use of 15 ton ha
-1

 of 

farmyard manure with 150 kg ha
-1

 of nitrogen fertilizer increased leaf numbers by 42.5% at 

65 DAP. This increased leaf numbers could be attributed to the synergistic effect of organic 

manure and inorganic fertilizer that produced sufficient plant nutrient which resulted in rapid 
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cell division and elongation in the meristematic region of plants, which promoted vegetative 

growth (Naik and Sreedhar, 2018).  

The result of the study corroborate with that of Sapkota et al. (2021) who mentioned that the 

leaf number of beetroot plant was significantly influenced by different source of N fertilizer 

and  that the highest number of leaf  at 30 DAS was observed due to application  of 12.90 ton 

ha
-1

 of FYM combined with 130.43 kg of N. According to Jagadeesh et al. (2018), who 

conducted study on Crimson Globe variety beetroot in alkali soil, the maximum number of 

leaves was recorded with the application of poultry manure. Also, Rashid et al. (2013) 

reported that the application of the different level of farmyard manure and nitrogen fertilizer 

significantly affected the number of leaf per plant. Similarly, Kumar et al. (2022) indicated 

that integrated application of FYM, Vermicompost, and PSB(Phosphorus solubilizing 

bacteria) had significant effect on leaf number and the maximum leaf number 18.58 were 

recorded at harvesting of beetroot plant. The highest number of leaves per plant also resulted 

due to increasing the level of organic and inorganic nutrients (Odedina et al., 2012). 

4.2.3. Leaf Area 

The leaf area of beetroot was significantly (P<0.05) influenced by main effect of FYM and N 

fertilizer at 35 and 50 DAP. The maximum leaf area (104.15 cm
-2

 and 135.4 cm
-2

) were 

recorded from the treatment of 22.5 ton ha
-1

 of farmyard manure, which did not differ 

statistically from the application of 15 ton ha
-1

 of FYM. The minimum leaf area (72.62 cm
-2 

and 116.5 cm
-2

) were observed from control treatment at 35 and 50 DAP, respectively. 

Similarly, the highest leaf area (102.53 cm
-2

 and 136.1 cm
-2

) were observed from the 

treatment of 150 kg ha
-1

 of N fertilizer rate; however, it had not significant differences from 

the treatment of 50 kg ha
-1

 and 100 kg ha
-1

 of N fertilizer while the lowest leaf area (72.47 

cm
2
 and 107.3 cm

-2
) were obtained from 0 kg ha

-1
 of nitrogen fertilizer at 35 and 50 DAP 

respectively (Table 4). 
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Table 4. Leaf area as affected by main effect of FYM and N fertilizer rates at 35 and 50 DAP 

(day after planting) of beetroot plant in 2024 under irrigation.  

                                                                          Leaf Area(cm
-2

)    

Treatments                                                                 at 

 Rate of FYM(ton ha
-1

)                35 DAP                                                         50 DAP 

 0                                                   72.62
a                                                                           

          116.5
a 
   

 7.5                                                80.72
ab  

                                                         120.7
ab

 

 15                                                 95.14
bc    

                                                        130.9
bc

 

 22.5                                              104.15
c    

                                                        135.4
c
 

LSD(0.05)                                     14.59                                                              13.40 

 

Rate of N (Kg ha
-1

) 

 0                                                  72.47
a  

                                                            107.3
a
 

 50                                                90.20
b
                                                             130.2

b
 

 100                                              95.41
b  

                                                            129.9
b
 

 150                                              102.53
b    

                                                         136.1
b
    

LSD(0.05)                                    14.59                                                               13.40 

CV%                                            19.9                                                                  12.8 

CV: Coefficient of variations; LSD: Least significant difference: FYM: farmyard manure: 

means sharing common letter(s) are not significantly different at 5% level of significance 

The increment in leaf area of beetroot plant could be due to increasing application level of 

both farmyard manure and nitrogen fertilizer that adequately supplied nutrient, mainly 

nitrogen which induced plant metabolic activity and increased endogenous plant hormone in 

plant tissue that enabled beetroot plant to have more leaf area. The adequate input of N 

increases the level of cytokinin in the plant, which may have stimulated shoot growth rate 

resulting in leaf length and leaf breadth of the plant (Güsewell, 2004). 

The results are in conformity with Fikru et al. (2017) who have stated that the leaf area of 

beetroot plant was increased linearly with increased rate of nitrogen. In same manner, Idris et 

al .(2021) showed that application of 120 kg N ha
-1

 increased leaf number, leaf area index, 

leaf dry weight, root diameter and root fresh weight of beet crop. Likewise, Aseffa (2016) 

stated that as the amount of farmyard manure increased, the leaf area of the plants increased, 

which may be due to the positive role of farmyard manure on soil fertility 

Additionally, Majhi et al. (2024) described that application of compost significantly elongated 

and broadened leaf of beetroot compared to other fertilization sources. According to 

Olorukooba et al. (2023), application of poultry manure and cattle dung (10 ton) showed 
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significant effect on leaf area of beetroot throughout sampling stages as compared to other 

fertilizer sources and the control. Also the authors concluded that the increase of leaf area 

with nutrient application (10 tons per hectare) on beetroot plant may be because of adequate 

organic matter which is a storehouse for nutrients and provides active site for nutrient 

retention.  

The interaction effect of FYM and N fertilizer had significant (P<0.005) effect on the leaf 

area of beetroot at 65 DAP and harvesting, but it had non-significant effect at 35 DAP and 50 

DAP (Appendix Table 1). The maximum leaf area (189.2 cm
-2

) at 65 DAP was recorded from 

the combined application of 22.5 ton ha
-1

 of FYM with 100 kg ha
-1

 of N fertilizer, which was 

non-significant difference from application of 22.5 ton ha
-1

 of FYM with 150 kg ha
-1

 of N 

fertilizer, 15 ton ha
-1

 of FYM with 150 kg ha
-1 

of N, whereas the minimum leaf area (131.3 

cm
-2

) was obtained at 0 ton ha
-1

 of FYM with 0 kg ha
-1

 of N fertilizer application (Table 5).  

In a similar manner, the maximum leaf area (211.4 cm
-2

 and 210.6 cm
-2

) at harvesting were 

obtained from the combined application of 15 ton ha
-1

 of FYM with 150 kg ha
-1

 N and 22.5 

ton ha
-1

 of FYM with 100 kg ha
-1

 of N fertilizer. However it were statistically non-significant 

from application of 22.5 ton ha
-1

 of FYM with 150 kg ha
-1

 of N and 15 ton ha
-1

 of FYM with 

100 kg ha
-1

 of N, 22.5 ton ha
-1

 of FYM with 50 kg ha
-1

 N fertilizer, whereas the minimum leaf 

area (151.3 cm
-2

) was obtained at 0 ton ha
-1

 of FYM with 0 kgha
-1

 of N fertilizer application 

(Table 5).  

Table 5. Leaf area as affected by interaction effect of FYM and N fertilizer rates at 65 DAP 

and harvesting of beetroot plant in 2024 under irrigation. 

                                 Leaf Area(cm
-2

) 

                                      at 65 DAP 

                       Leaf Area(cm
-2

) 

                          at Harvest       

Rate of FYM              Rate of N (Kg ha
-1

) 

  (ton ha
-1

)    0           50              100           150      

                   Rate of N (Kg ha
-1

) 

    0               50              100          150 

0              131.3
a           

143.9
ab

      166.7
cd

      77.4
def

 

7.5         146.2
b
     171.3

cde
    168.5

cd
    170.4

cd
    

15           163.0
c
      176.2

def
    169.2

cd
     184.7

efg
 

22.5           174.4
cdef

   178.6
defg

   189.2
g
      185.7

fg
 

 151.3
a           

159.8
ab         

186.4
cd

      197.1
def

 

 164.5
ab

      172.9
bc        

190.1
de

     196.7
def

 

 193.0
def

     197.8
def

     208.3
fg

      211.4
g
  

 205.4
efg

      207.3
fg

      210.6
g
      208.0

fg
 

LSD(0.05)                        14.01                                                             15.73 

CV%                                5.0                                                                 4.9 

 CV: Coefficient of variations; LSD: Least significant difference: FYM: farmyard manure: 

means sharing common letter(s) are not significantly different at 5% level of significance 
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The combined use of 22.5 ton ha
-1

 of farmyard manure with 100 kg ha
-1

 N fertilizer increased 

leaf area by about 44% at 65 DAP. Similarly, plants that received integrated 15 ton ha
-1 

of 

FYM and 150 kg ha
-1

 of N fertilizer increased leaf area by 39.7% at harvesting. The average 

leaf area was significantly increased possibly by macro and micronutrients, especially 

nitrogen, which resulted in greater meristematic activities of cells and consequently the 

number of leaves, length and width of leaf of plant (Ingole et al.,2018). 

In agreement with the present result, the study conducted on beetroot by Sapkota et al. (2021) 

also showed that the longest leaf length and leaf breadth at 60 DAS were obtained due to 

combined application of 6.55 ton ha
-1

 of PM with 60 kg ha
-1

 of N from urea fertilizer. 

According to Dlamini et al. (2020), the leaf length and width of beetroot plants well 

responded to different level of cattle manure application, and the highest leaf area was 

obtained by application of cattle manure at the highest level. 

Moreover, Olorukooba et al. (2023) mentioned that individual application of cow dung and 

poultry manure each at rate of 10 tons per hectare had the highest mean value of leaf area of 

beetroot plant at eight week after seedling. Also Jagadeesh et al. (2018) mentioned that 

application of poultry manure had significantly increased the leaf area of beetroot plant at 

various stage of plant growth. Similarly, Taye (2011) indicated that the integrated nutrient 

management practices significantly influenced total leaf area. The increase in leaf area due to 

increase of combined application of inorganic fertilizer and farmyard manure fertilizer might 

be because of both fertilizer being rich with nitrogen compound, which which plays a role in 

plant protein formation through the preparation of amino acids, nucleic acids, nucleotides, 

coenzymes, phytohormones, cytokinins, and chlorophyll that enabled the plant to have broad 

leaf (Naik and Sreedhar, 2018; Biratu, 2019; Pangestika et al., 2024). 
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      4.2.4. Fresh weight and dry matter of leaf 

The main effect of farmyard manure and nitrogen fertilizer had significant (P<0.05) effects on 

leaf fresh weight; similarly the interaction of both factors had significant effect for the 

variable (Appendix Table 1). The average leaf fresh weight of beetroot plant increased as the 

rate of integrated FYM and N fertilizer applications increased. The highest leaf fresh weight 

(144.6 g) was recorded by the treatment of 22.5 ton ha
-1

 farmyard manure mixed with 150 kg 

ha
-1

 of nitrogen fertilizer, followed by the plot that received 15 ton ha
-1

 of farmyard manure 

with 150 kg ha
-1

 of nitrogen fertilizer, while the minimum leaf fresh weight (62.3 g) was 

recorded by the control treatment (Table 6).  

Table 6. Means of leaf fresh weight as influenced by interaction effect of FYM and N 

fertilizer rates after harvesting of beetroot plant in 2024 under irrigation.   

                                                                         LFW(g) 

Rate of FYM                                                 Rate of N (Kg ha
-1

) 

 (ton ha
-1

)                 0                           50                                100                              150         

 0                            62.3
a  

                    90.7
b
                         130.0

cdef
                        138.8

ef
 

7.5                          86.5
b
                     116.8

c                                  
125.4

cd
                           123.7

cd
 

15                           128.5
cde                        

121.5
cd

                      139.4
ef

                           142.6
fg

      

22.5                        141.4
efg                        

132.4
def                                

142.2
fg                                      

144.6
g   

 

LSD(0.05)                                                           13.27                                     

CV%                                                                    6.5 

CV: Coefficient of variations; LSD: Least significant difference: FYM: farmyard Manure: 

LFW: leaf fresh weight; means sharing common letter(s) are not significantly different at 5% 

level of significance 

The combined application of farmyard manure and nitrogen fertilizer at highest rates (22.5 ton 

ha
-1

 FYM and 150 kg ha
-1

 N) increased leaf fresh weight of beetroot by 132% (Table 6). This 

is due to the capacity of organic manures in increasing availability of numerous plant 

nutrients, mainly N, P and K which have led to enhanced vegetative and normal root growth, 

thus resulting in more foliage growth of plant. The N could have also been synthesized into 

amino acids, which could have built complex proteins and helped in promoting luxurious 

growth (Naik and Sreedhar, 2018). Besides, the synergistic effect of N with P and K in 

optimal doses increased the plant height and the total number of leaves (Razaq et al., 2017; 

Debbarma et al., 2017) eventually increasing the photosynthate assimilation and shoot weight 

(Baloch et al., 2014). 
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The result of current finding align with that of Shafeek et al. (2019) who reported the highest 

values of the growth characters of beet root plant such as plant height, leaf number and fresh 

weight by adding high level of cattle manure. The application of poultry manure 10 ton ha
–1

 

was shown with maximum mean leaf fresh weight yield of beetroot plant (Olorukooba et al. 

(2023). Another study conducted on beetroot by Nadeeka and Seran (2020) reported that 

integrated application treatment received 10 ton of GM (goat manure) + 3 ton SM (sugarcane 

molasses) + 50% TSP were attained with maximum leaf fresh weight. According to Iqbal et 

al. (2017), the inorganic N and FYM when applied in combination at higher rates produced 

excellent performance for fresh weight; while in absence of FYM the crop performance for 

this trait was adversely affected. 

Furthermore, Hasanen et al. (2013) reported that the highest shoot fresh weight of beet plant 

was achieved by application of 350 kg of N combined with 20 m
3
 of FYM fertilizer. Mampa 

et al. (2017) conducted study on beetroot in South Africa and reported that an increase in N 

application resulted in increased total leaf fresh weight at 80 DAT, although the fresh leaf 

yield at 150 kg ha
–1

 of N was not significantly different with 90 and 120 kg ha
–1

 of N fertilizer 

application. Leilah et al. (2007) also have mentioned that foliage fresh mass of beetroot was 

increased with each increase in nitrogen level up to the highest rate (216 kg ha
-1

) application. 

The statistical analysis showed significant (P<0.05) differences in leaf dry matter of beetroot 

due to main effect of farmyard manure and nitrogen fertilizer application, but the interaction 

effect of both factor had non-significant effect on this variable (Appendix Table 1). The 

maximum percentage of leaf dry matter (19.29% and 19.31%) were recorded by the 

application of 15 ton ha
-1

 and 22.5 ton ha
-1

 of FYM fertilizers, whereas the minimum 

percentage of leaf dry matter (17.81%) was obtained at the control plots. In the same way, the 

highest percentage of leaf dry matter (19.49%) was found by the application of 100 kg ha
-1

 of 

N fertilizer, which was non-significant difference from the application of 150 kg ha
-1

 of N 

fertilizer, while the minimum percentage of leaf dry matter (17.81%) was response to control 

treatment. 

 



34 

 

 

The results revealed that increasing application rate of farmyard manure and nitrogen 

fertilizers increased means percentage of leaf dry matter; however, the increasing nitrogen 

fertilizer above 100 kg ha
-1

 reduced average leaf dry matter percentage of beetroot plant. The 

result aligned with that of Radish, where the application of nitrogen fertilizer at 150 kg ha
-1

 

resulted in decrease of leaf dry mass of the crop (Akoumianakis et al., 2011). The increased 

leaf dry matter could be as a result of increments in leaf area that increased the rate of plant 

photosynthesis and thus increased dry matter production of the plants. 

According to the study conducted on beetroot by Nadeeka and Seran (2020) the combined 

applications of 10 ton of GM (goat manure) + 3 ton SM (sugarcane molasses) + 50% TSP 

increased dry weight as compared to rest of treatments. This results are also in agreement with 

Saxena and Singh (2022) who reported the highest total dry weight and fresh weight of leaves 

recorded by treatment of FYM (10 ton) + VC (5 ton) + CU (50% of cow urine). Lairon (2009) 

also determined that organic fertilizer tend to increase dry matter content of plants. 

Furthermore, Olorukooba et al. (2023) indicated that the application of the poultry manure (10 

ton) recorded the highest dry weight and fresh weight of leaves, which were non-significantly 

different from cattle manure (10 ton) application. The finding of current experiment contradict 

with result of the study undertaken in Jima University that that showed urea application did 

not significantly affect above ground fresh weight and dry weight of beetroot (Fikru et al., 

2017). On other hand, Kebede et al. (2016) reported that leaf dry matter yield of beet plant 

was significantly affected by the interaction of inorganic and organic fertilizers application. 

Similarly, Heidarian et al. (2018) reported the integrated treatment of N with FYM produced 

the highest leaves dry weight of beetroot plant both under stress and well watered conditions.  
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4.3. Yield Components and Yield 

      4.3.1. Root length and diameter  

Root length was highly significant (P<0.001) and significantly (P<0.05) influenced by main 

effects of farmyard manure and nitrogen fertilizer, but not by their interaction effect, 

respectively (Appendix Table 2). The longest root (10.8 cm) was recorded from farmyard 

manure treatment at the highest rate of application (22.5 ton ha
-1

) and the shortest (9.4 cm) 

from no application of farmyard manure. Of the nitrogen fertilizer, the longest root (10.6 cm) 

was observed at 100 kg ha
-1

 of N fertilizer application, whereas the shortest (9.6 cm) was 

recorded from the control treatment (Table 7).   

Table 7. Means of root length and diameter, root dry matter as influenced by main effect of 

FYM and N fertilizer rates after harvesting of beetroot plant in 2024 under irrigation. 

Treatments                         RL (cm)                             RD (cm)                             RDM (%)                 

 Rate of FYM                

(ton ha
-1

)                

0                                         9.4
a    

                                5.3
a
                                      19.92

a     
 

7.5                                      9.8
ab                                                  

5.5
a
                                      20.65

a
 

15                                       10.3
bc   

                             6.0
ab

                                     22.48
b
 

22.5                                    10.8
c             

                        6.3
b
                                      22.49

b
 

LSD(0.05)                          5.636                               6.68                                     1.598  

 

Rate of N  

(Kg ha
-1

) 

0                                        9.6
a                                                   

5.4                                       19.83
a
 

50                                      9.7
ab                                                 

5.6
        

                                  21.04
ab

 

100                                    10.6
c                                                

6.0
                                                           

22.77
c
 

150                                    10.3
bc                                              

6.1
                                                           

22.58
bc

 

LSD(0.05)                         5.636                               NS                                        1.598  

CV%                                  6.7                                  13.9                                       9.0 

CV: Coefficient of variations; LSD: Least significant difference; FYM: farmyard Manure: 

RL: root length: RD; root diameter; RDM; root dry matter; NS: Non-significant: means 

sharing common letter(s) are not significantly different at 5% level of significance     

 

 

 

 



36 

 

 

Increasing doses of both farmyard manure and nitrogen fertilizer rate application from 0 to 

22.5 ton ha
-1

 and to 100 kg ha
-1

 were observed to increase root length from 9.4 cm to 10.8 cm 

and 9.6 cm to 10.6 cm of FYM and N, respectively, however increasing the rate nitrogen 

fertilizer from 100 kg ha
-1 

to 150 kg ha
-1

 slightly reduced root length from 10.6 cm to 10.3 cm 

(Table 7). 

The result of ANOVA demonstrated that the main effect of farmyard manure significantly 

(P<0.05) influenced the diameter of root, but differences were not significant for main effect 

of nitrogen fertilizer and their interaction effects (Appendix Table 2). The maximum root 

diameter (6.3 cm) was found from the application of farmyard manure at 22.5 ton ha
-1

, 

followed by 15 ton ha
-1

 of manure with no significant difference among them and the 

minimum root diameter (5.3 cm) was observed at 0 ton ha
-1 

manure application (Table 7). 

This result appear to be due to manure that may have improved soil structure and led to 

efficient utilization of nutrient and moisture, which ultimately enhanced vegetative growth. 

More number of leaves accumulates more photosynthates that is utilized in root cell 

differentiation, elongation, and also stored in roots (Shrestha and Thapa, 2018); this has led to 

highest root length and diameter. Moreover, application of organic manure helps soil 

microorganisms to produce polysaccharides and thus leads to better soil structure useful for 

root growth (Sapkota et al., 2021). Particularly for crops that are cultivated for their root and 

tubers, farmyard manure creates the reduction of soil bulk density so that the roots freely 

extend to scavenge available nutrient and moisture so that it increases its diameter (Aoyama et 

al., 1999). 

According to report by Birhanu and Dawit (2020), the longest root length of Detroit dark red 

variety was obtained by 50 kg ha
-1

 of N fertilizer application. The result is also in line with 

Jagadeesh et al.(2018) who reported the highest root length recorded from treatment received 

FYM (50%) + PM (50%). It also in agreement with Majhi et al. (2024) who indicated that 

application of organic manure at 20 ton ha
-1

 showed significantly larger beetroot diameter and 

greater beetroot length as compared to other treatments. Another study on beetroot by Curvelo 

et al. (2018) reported that the organic chicken manure surpassed mineral fertilizers in regard 

to roots diameters and root fresh weight per plant. Also, Pervez et al. (2004) indicated that the 

root length of beetroot was increased significantly due to application of nitrogen fertilizer. 
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In same manner, Eraqui et al. (2023) highlighted that the combined use 50% of vermicompost 

and 50% poultry manure were recorded with maximum root length (6.00 cm) and diameter 

(6.80 cm) of beetroot crop. However, Heidarian et al. (2018) stated the highest root diameter 

was obtained by application of combined nitrogen fertilizer and cow manure treatment, 

resulting in increased root diameter by 21 and 24% compared to individual application of 

nitrogen fertilizer and cow manure. Furthermore, Zerihun and Gezaheng (2021) indicated the 

root diameter increased with rate of N application; also the authors suggested the maximum 

root diameter was obtained from 92 and 138 kg ha
-1

 of N fertilizer applications.   

      4.3.2. Fresh weight and dry matter of root  

The analysis of variances showed highly significant (P<0.001) differences in root fresh 

weight due to main effect of farmyard manure and nitrogen fertilizer, as well as their 

interaction effect (Appendix Table 2). The maximum root fresh weight (154.6 g) was attained 

from the integrated treatments of 22.5 ton ha
-1

 of FYM with 100 kg ha
-1 

of N; however, the 

value is statistically at par with treatments involving 22.5 ton ha
-1

 of FYM with 150 kg ha
-1

 

and 15 ton ha
-1

 of FYM with 100 and 150 kg ha
-1

 of N fertilizer. The minimum root fresh 

weight (77.6 g) was recorded from the treatment assigned with 0 ton ha
-1

 of FYM with 0 kg 

ha
-1

 of N fertilizer (Table 8). 

Table 8. Means of root fresh weight as influenced by interaction effect of FYM and N 

fertilizer rates after harvesting of beetroot plant in 2024 under irrigation. 

                                                                         RFW(g) 

Rate of FYM                                                 Rate of N (Kg ha
-1

) 

 (ton ha
-1

)                  0                            50                             100                               150         

 0                          77.6
a
                         97.9

b
                         127.1

cde
                         145.3

efg
     

7.5                        101.2
b
                       111.4

bc
                      123.3

cd
                          133.8

defg
  

15                         128.2
cde                              

130.6
def

                     147.5
fgh

                         152.4
gh

 

22.5                      147.2
fgh                              

136.9
defg                              

154.6
h
                           151.8

gh
  

LSD(0.05)                                                            18.45                                     

CV%                                                                     8.6 

CV: Coefficient of variations; LSD: Least significant difference: FYM: farmyard manure 

RFW: root fresh weight: means sharing common letter(s) are not significantly different at 5% 

level of significance 
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The combined application of 22.5 ton ha
-1

 farmyard manure with 100 kg ha
-1 

of
 
nitrogen 

fertilizer increased root fresh weight of beetroot by 128.3% over that of control. This could be 

due to optimal nitrogen level in urea fertilizer and addition of farmyard manure at highest 

level that could have increased availability of macro and micronutrient to the plant that 

improved plant growth and consequently resulted in more phothosynthate product 

translocated from the source to the sink and enhanced root development. Additionally, the 

role of N as an essential structural element in building plant organs and enhancing its growth 

increased root fresh weight per plant (Elwan and Samar, 2018). 

The result was in line with Dlamini et al. (2020) who reported that the highest root fresh mass 

per plant was recorded from addition of cattle manure at highest level. Another study 

conducted in Wolaita Sodo by Afework et al. (2022) reported that the highest mean fresh root 

weight was obtained from the application of 181.5 kg ha
-1 

NPS fertilizer. Additionally, 

Shafeek et al. (2019) revealed that increasing the rate of organic cattle manure up to higher 

level resulted in the highest root fresh weight per plant. Also, Sapkota et al. (2021) showed 

that the highest root fresh weight was obtained due to treatment of 12.90 ton ha
-1

 of FYM 

with 130.43 kg ha
-1

 of N. In similar ways,  

Eraqui et al. (2023) reported that the combined use 50% of vermicompost and 50% poultry 

manure were recorded with maximum root weight (126.92 g) of beetroot plant. Sulfab et al. 

(2017) observed the highest plant growth character, root fresh weight and diameter responded 

to application of N at 60 and 80 kg ha
-1

 and, the increased in root weight may be the effective 

role of nitrogen fertilizer on cell division and elongation which consequently increased 

assimilate produced that reflected on root fresh weight (Abdou et al., 2014). 

Similarly, the analysis of variance showed that the main effects of farmyard manure and 

nitrogen fertilizer had significant effect on root dry matter of beetroot; however, their 

interaction had non-significant effect on the parameter (Appendix Table 2). Higher percentage 

of root dry matter (22.48 and 22.49%) were recorded by the application of 15 ton ha
-1

 and 

22.5 ton ha
-1

 of FYM fertilizers, which were 12.9 % and 8.9% more than the values obtained 

at 0 and 7.5 ton ha
-1

 of FYM, respectively. Likewise, highest root dry matter with nitrogen 

application was recorded from the application of 100 kg ha
-1

 of N (22.77%), which was 
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statistically at par with values recorded with application of 150 kg ha
-1

 of N. On the other 

hand, lowest root dry matter (19.83%) was obtained from the control plot. 

The finding was align with Mustafa (2007) who also mentioned that applications of nitrogen 

fertilizer tend to increase shoot and root dry weigh of beet crop. Also Birhanu and Dawit 

(2020) have stated that the maximum total dry root weight (5.37 ton) was obtained at 100 kg 

ha
-1

 of N fertilizer application; however increasing N from 100 kg ha
-1

 to 150 kg ha
-1

 was 

reduced dry root yield by 62.73%. Also, Kebede et al. (2016) indicated the root dry matter 

yield of beet plant was significantly respond to interaction of different level of organic(FYM) 

and inorganic (NP) fertilizer.  

      4.3.3. Marketable Root Yield  

Marketable root yield was significantly (P<0.05) influenced by main effect of farmyard 

manure and nitrogen fertilizer, as well as their interactions effects (Appendix Table 2). The 

highest marketable root yields (29.14 ton ha
-1

) was produced by the combination of 22.5 ton 

ha
-1

 of farmyard manure with 100 kg ha
-1

 of nitrogen fertilizer which was statistically similar 

with treatment received 15 ton ha
-1 

farmyard manure with 150 kg ha
-1

 of nitrogen, whereas the 

lowest root yield (13.49 ton ha
-1

) was obtained from control plot (Table 9).  

The combined application of 22.5 ton ha
-1 

of FYM with 100 kg ha
-1

 of N fertilizer increased 

marketable yield by 116% over that of control. This is because of manure increased supply of 

organic matter and beneficial microorganisms that improved soil physical property and 

enhanced availability of various nutrients associated with more phothosynthates and 

accumulation of sugar for root cell division and enlargement that resulted in increased 

marketable root yield. Furthermore, an increment in root yield as a result of the integration of 

organic and inorganic fertilizer might be due to the reduction in nutrient losses, improved 

fertilizer use efficiency, and increased soil water availability to plants, resulting in higher root 

yield (Kiran et al., 2019). Besides, the presence of N in right proportions might have 

attributed in enhancement of optimum foliage for more phothosynthates that translocated to 

the sink, and lead to higher marketable root yield.  

The finding had conformity with Sapkota et al. (2021) who reported that the highest economic 

yield was obtained due to applied treatment of 12.90 ton ha
-1

 of FYM with 130.43 kg ha
-1

 of 
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N from urea fertilizer. Similarly, Eraqui et al. (2023) reported that the combined use 50% of 

vermicompost and 50% of poultry manure were recorded with maximum root yield of 

beetroot plant over rest of treatments. Also, Jagadeesh et al. (2018) stated that the highest root 

of beetroot plant was obtained due to the application of poultry manure. Furthermore, it was 

reported that the combined application of 100 kg ha
-1

 of nitrogen fertilizer and 15 ton ha
-1 

farmyard manure resulted in increased beetroot yield by 28 and 32% compared with single 

application of nitrogen and farmyard manure fertilizers, respectively (Heidarian et al.,2018). 

Moreover, Dlamini et al. (2020) reported the highest marketable root yield of beetroot with 

the application of cattle manure at highest level. Bewket (2019) also reported that the highest 

marketable yield (31.7 ton ha
-1

) observed from the combined application of blended 199 kg 

ha
-1

 of NPSZnB with 30 ton ha
-1

 of cattle manure. Conversely, Fikru et al. (2017) who had 

conducted study on beetroot in Jimma University stated the urea application had no 

significant effect on yield of the crop. According to Birhanu and Dawit (2020) described that 

increasing N level from 0 to 100 kg ha
-1

 increased marketable root yields per hectare, but 

increasing of the N to 150 kg N ha
-1

 in both Crimson globe and Farida decreased the yield, 

because of over application of N fertilizer, which resulted in negative response to marketable 

root yields.  

      4.3.4. Unmarketable Root Yield 

The analysis of variance showed highly significant (P<0.001) differences in nonmarketable 

root yield due to main effect of farmyard manure and nitrogen fertilizer as well as their 

interaction effect (Appendix Table 2). The highest unmarketable root yield (6.87 ton ha
-1

) was 

obtained from the plots that did not receive both fertilizers, while the lowest unmarketable 

root yield (1.93 ton ha
-1

) was recorded from the plot received 22.5 ton ha
-1

 farmyard manure 

with 100 kg ha
-1

 of nitrogen application, followed by 15 ton ha
-1

 with 150 kg ha
-1

, 22.5 ton ha
1
 

with 50 kg ha
-1

 of N and FYM fertilizers, respectively (Table 9). 

 



41 

 

 

Table 9. Means of marketable and non-marketable root yield as influenced by interaction 

effect of FYM and N fertilizer rates after harvesting of beetroot plant in 2024 under 

irrigation. 

Rate of FYM              MRY(ton ha
-1

) 

 (ton ha
-1

)                Rate of N (Kg ha
-1

) 

                 0              50            100          150 

                      NMRY(ton ha
-1

)                                   

                    Rate of N (Kg ha
-1

) 

0              50              100            150              

 0          13.49
a
       18.48

bc
     23.80

efg
   25.74

fgh 

7.5        17.80
b
       19.12

bcd
   21.38

cde
   24.69

efgh 

15         23.45
ef

      22.20
de

     27.19
ghi

   28.41
hi 

22.5      26.06
fgh

    26.26
fgh

    29.14
i
       27.54

hi
 

  6.876
g
       5.138

f
       4.148

def 
     2.321

ab
 

  5.074
ef

      5.150
f
       4.081

def
      3.200

bcd
 

  3.911
cde

    3.000
abcd 

   2.756
abc 

    2.183
ab

 

  2.148
ab

     2.444
ab

      1.930
a
        3.202

bcd
 

LSD(0.05)                   3.487                       1.194 

CV%                           8.9                       19.9 

CV: Coefficient of variations; LSD: Least significant difference: FYM: farmyard manure: 

MRY: marketable root yield: NMRY: nonmarketable root yield: means sharing common 

letter(s) are not significantly different at 5% level of significance 

The higher unmarketable root yield in the control treatment might be due to unfavorable 

environment for root growth and inadequate amount of nutrient needed for foliage growth to 

exhibit good root yield. On the other hand, the FYM might have created favorable media and 

ensured nutrient quantity required for better plant growth that increased proportion of 

marketable root yield. The regular use of cattle manure as fertilizer, can adjust plant nutrient 

ratios to be more in line with crop requirements, which help to improve crop and yields, 

consequently reduce nonmarketable yield growth (FAO, 2008),. 

The maximum unmarketable root yield in unfertilized plots is supported by Afework et al. 

(2022), who conducted study on response of red beetroot (Beta vulgaris L.) to intra-row 

spacing and blended NPS fertilizer rates at Wolaita Sodo Zuria district, southern Ethiopia. 

Furthermore, Addo (2021) reported the highest nonmarketable yield from the control plot, 

whereas lowest nonmarketable yield was observed by application of compost. On the other 

hand, Birhanu and Dawit (2020) observed application of nitrogen fertilizer had non-

significant effect on unmarketable beetroot number per plot. Similarly, Mohammed et al. 

(2018) highlighted the individual application of N, P and FYM as well as theirs interaction 

effects had not significantly affected unmarketable tuber yield. 
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      4.3.5. Total Root Yield  

The main effect of farmyard manure and nitrogen fertilizer had highly significant (P<0.001) 

effect on the total root yield; however, their interaction had non-significant effect (Appendix 

Table 2). The results indicated that increasing the level of applied farmyard manure fertilizer 

from 0 ton ha
-1

 to 22.5 ton ha
-1

 increased total root yield by 18.7%. In the same way, 

increasing the level of applied nitrogen fertilizer from 0 kg ha
-1

 to 150 kg ha
-1

 increased total 

root yield from 24.70 ton ha
-1

 to 29.32 ton ha
-1

. Xiao et al. (2006), noted soil treated with 

cattle manure was loose, which probably provided adequate aeration and moisture into the 

soil and improved soil microbial activities which resulted in higher growth and maximum root 

yield. 

The result was in agreement with findings of Shafeek et al. (2003; 2019) on radish and 

beetroot, respectively, who reported that increasing the rate of organic manure increased the 

total roots yield of both crops. In the same manner, Ahmed et al. (2015) noted the highest 

values of the total tubers yield from the application of farmyard manure (at highest level 20 

m
3
). Moreover, Abd El-Lateef et al. (2019) reported that the maximum total yield of beetroot 

(43.22 ton) plant was recorded from the application of compost manure (20 ton). 

Additionally, Birhanu and Dawit (2020) have indicated that total root yield of beetroot plant 

were highly significantly affected by variety and different level of nitrogen fertilizer 

application.  

  

4.4. Partial Budget Analysis 

The partial budget analyses were performed for the treatments that had statistical significance 

differences to the marketable root yield of the crop. With this regard, the adjusted yield was 

obtained by reducing 10% of the yield obtained from each treatment. The net yield was 

multiplied by the market price to obtain the gross field benefit. Costs and benefits were 

calculated for each treatment (Table 10).  

The results of partial budget analyses revealed that highest net benefit of 698289.9 Birr ha
-1

 

was attained from the combined application of farmyard manure at 22.5 ton ha
-1

 with mineral 

nitrogen at 100 kg ha
-1

. The lowest net benefit of 340044.4 Birr ha
-1

 was recorded from the 
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control treatment. The net benefit was increased proportionally as the level of both fertilizer 

applications rates increased. Overall, the results showed that the combined application of 

highest rate of farmyard manure and 100 kg ha
-1 

nitrogen fertilizer provided highest gross 

farm income and net benefit than other treatments.   

The marginal rate of return (MRR) analysis was based on pooled result of non-dominated 

treatments. In order to make farmer recommendations from a marginal analysis, it is 

necessary to estimate the minimum rate of return which was acceptable to farmers in the 

recommendation domain. According to CIMMYT (1988) the minimum acceptable marginal 

rate of return should be ranged between 50 and 100%. In this research, all fertilizer 

application treatments (except dominated) had marginal rate of return greater than (787.29%) 

minimum acceptable level. Therefore, integrated application of 22.5 ton ha
-1

 of FYM and 100 

kg ha
-1

 of N fertilizer that produced the highest net benefit with acceptable MRR could be 

recommended for beetroot production in study area and other area of similar agro-ecology. 

Table 10. Partial budget analysis of FYM (ton ha
-1

) and N (kg ha
-1

) fertilizer applied at 

different levels of combinations. 

    Treatments              AVRY          AJRY           GFB          TVC              NB           MRR 

 FYM(ton)  N(kg)        (ton ha
-1

)     (ton ha
-1

)       (ETB)        (ETB)          (ETB)          (%) 

    0              0            13.4938         12.144          340044.4                         340044.4       - 

    0             50           18.48395       16.635          465795.6     6559.79       459235.8    1816.9 

   7.5            0            17.79877       16.0188        448528.9     9000            439528.9        - 

    0            100          23.79753       21.4177        599697.8     11994.6       587703.2    4948.1 

   7.5           50           19.11667       17.205          481740        15559.8       466180.2        - 

   15             0            23.45432       21.10889      591048.9     16500          574548.9    11526.1 

    0            150          25.74074       23.16667      648666.7     17429.4       631237.3    6099.8 

   7.5          100          21.37531       19.23778      538657.8     20994.6       517663.2        - 

   15            50           22.19704       19.97733      559365.3     23059.79     536305.5    902.7 

   22.5          0            26.06296       23.45667       656786.7     24000         632786.7    10261.7 

   7.5          150          24.68889       22.22             622160        26429.36    595730.6        - 

   15           100          27.19012       24.47111       685191.1     28494.6      656696.5    2952.04       

  22.5          50           26.25926       23.63333       661733.3     30559.8      631173.5        -   

  15            150          28.41111       25.57            715960         33929.4      682030.6    1509.3 

  22.5         100          29.1383         26.2244         734284.4     35994.6      698289.9    787.29 

  22.5         150          27.54444       24.79             694120        41429.4      652690.6        - 

AVRY=Average root yield, AJRY=Adjusted root yield, GFB=Gross field benefit, 

TVC=Total variable cost, NB=Net benefit, and MRR=marginal rate of return. 
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5. SUMMARY AND CONCLUSIONS 

Beetroot is one of the major root vegetables cultivated and consumed throughout the world 

due to biologically active substances and nutritional elements present in its tuberous root. 

Beetroot production in Ethiopia, particularly in eastern part of the country, is increasing from 

time to time as a result of high demand from domestic and abroad market. However, yields 

are substantially lower than expected for the crop in similar environments. Among the major 

production constrains of the crop, poor agronomic practices and soil fertility, lack of adapted 

and high yielding variety are among the obstacles faced by the farmer in the study area. Thus, 

this study was conducted to assess the effect of different levels of nitrogen fertilizer and cattle 

manure on growth, yield components, and yield of beetroot, and to estimate the cost benefit of 

the rates of N and cattle manure for optimum yield of beetroot crop at Haramaya, Eastern 

Ethiopia.  

The treatments included factorial combinations of farmyard manure at four rates (0, 7.5, 15 

and 22.5 ton ha
-1

) and nitrogen fertilizer at four levels (0, 50, 100 and 150 kg ha
-1

), and were 

investigated under randomized complete block design with three replications. Accordingly, 

the data on growth parameters and yield components of the crop were collected and analyzed, 

using GenStat 18 edition. 

The result of the study demonstrated that the main effect of FYM and N fertilizer as well as 

their interactions had positive effects on most of the growth characters at various growth 

stages of the plant. Increasing applied level of FYM from 0 to 22.5 ton and N fertilizer from 0 

to 150 kg ha
-1

 resulted in increased plants height, leaf numbers and leafs area at 35, 50, 65 

DAP and at harvesting. The highest plants height, leaf numbers and leaf area at above 

mentioned growth stages were recorded by individual application of 22.5 ton ha
-1

 of FYM and 

150 kg ha
-1

 of N, except plant height at 35 DAP for both factors and at harvest only for FYM. 

The maximum plant height and leaf numbers  at 65 DAP, leaf area at 65 DAP and harvesting 

were recorded by integrated application of 22.5 ton with 100 kg, 15 ton with 150 kg, 22.5 ton 

with 100 kg and 15 ton with 150 kg ha
-1

 of N and FYM, respectively, whereas the minimum 

were obtained from the control treatments. 
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The analysis of variances indicated that application of FYM and N fertilizer had significant 

differences on fresh weight and dry matter of leaf, fresh weight and dry matter of root, length 

and diameter of root. The highest leaf dry matter (19.31% and 19.49%) and root dry matter 

(22.49% and 22.77%) were obtained from main effects of FYM at 22.5 ton and N at 100 kg 

ha
-1

. The combined use of 22.5 ton ha
-1

 of FYM and 150 kg ha
-1

 of N increased leaf fresh 

weight by 132% over the control, likewise interaction effect of 22.5 ton ha
-1

 of FYM and 100 

kg ha
-1

 of N was increased root fresh weight by 128.3% over the control treatment. 

The results of the study indicated that marketable root yield and unmarketable root yield were 

significantly influenced by interaction effect of farmyard manure and nitrogen fertilizer, 

however the total root yield positively responded only to the main effect of the two factors. 

The combined application of farmyard manure at 22.5 ton ha
-1

 and nitrogen fertilizer at 100 

kg ha
-1

 increased marketable root yield from 13.49 ton to 29.14 ton ha
-1

 and also reduced 

unmarketable root yield from 6.87 ton to 1.93 ton ha
-1

. The partial budget analyses also 

indicated that the application of farmyard manure at 22.5 ton ha
-1

 with nitrogen fertilizer at 

100 kg ha
-1

 resulted in the highest net benefit (698289.9 Birr ha
-1

) with acceptable marginal 

rate of return (787.29%). 

In general, the application of farmyard manure(22.5 ton ha
-1

) and nitrogen fertilizer(100 kg 

ha
-1

) as individual and combined form had significant changes to most of the growth and yield 

characters of beetroot plant at the study area, particularly the economic analysis showed this 

combination could have remarkable benefits to the small holders farmers. Therefore, the 

combined use of 22.5 kg ha
-1

 of FYM with 100 kg ha
-1

 of N fertilizer could be a better option 

to enhance incomes for beetroot producers and to sustain the soil productivity in the study 

area. However, since the experiment was done for one season at one location with single 

variety, it is suggestible to conduct the experiment on more locations, seasons and variety and 

assess long term effect of farmyard manure on soil properties to arrive at a sound 

recommendation. 

 

 

 

 



46 

 

 

6. REFERENCES 

Abd El-Lateef, E., Abd El-Salam, M., Farrag, A. and Amin, G. 2019. Fertilizer inputs         

impact of different bio-solid sources on sugar beet yield in sandy soil. Intern. J. of 

Agric., Forest. Life Sci., 3(1): 106-114. 

Abdel-Lateef, A. A. 2018. Effect of organic manure and potassium fertilizer on productivity 

and quality of fodder beet (Beta vulgaris L.) at South West Suez Canal. J. Plant 

Production, Mansoura Univ., 9 (2): 181-188. 

Abdou, M.A., Shimaa, A. and Badawy, A. 2014. Sugar beet productivity and quality as 

affected by N-levels and irrigation with holding date Minufiya. Journal of 

Agricultural Research, 39(1):181-189.  View at: Google Scholar. 

Abdou, M. A. 2013. Effect of nitrogen fertilizer levels and harvesting dates on sugar beet 

productivity and quality in newly reclaimed sandy soil. Journal of Plant Production, 

Mansoura University, 4(12):1871-1882. View at: Google Scholar. 

Abo-Elwafa, S., Abdel-Rahim, H., Abou-Salama, A. and Teama, E. 2006. Sugar beet floral 

induction and fertility: Effect of vernalization and day-length extension. Sugar Tech, 

8(4):281-287. 

Addo, E. 2021. Growth, yield and quality response of beetroot (Beta vulgaris L.) to organic 

mulches in tropical conditions. Msc Thesis, Massey University, Manawatu, New 

Zealand. 

Afework Sintayehu, Abraham Bosha, W/Mariam Woelore, and Dawit Dalga. 2022. Response 

of red Beetroot (Beta vulgaris L.) to intra-row spacing and blended NPS fertilizer rates 

at Wolaita Sodo Zuria district, Southern Ethiopia. Journal of Science and Inclusive 

Development, 4(2): DOI: 10.20372/jsid/2022-111. 

Ahmad,R., Naseer,A., Zahir,Z. A., Arshad,M., Sultan,T. and Arshadullah,M. 2006. Integrated 

use of recycled organic waste and chemical fertilizers for improving maize yield. Int. 

J. Agr. Biol., 08 (6): 840-843.   

Aisha H. Ali., M.R. Shafeek, Mahmoud, R. Asmaa and M. El- Desuki, 2014. Effect of various 

levels of organic fertilizer and humic acid on the growth and roots quality of Turnip 

plants on sugar beet yield and NPK uptake. Minufiya  J.  Agric. Res., 26(4): 1117-

1125. 

Akan, S., Horzum, Ö. and Tuna Güneş, N. 2019. Red Beetroot as a functional food source. 

5th International Eurasian Congress on Natural Nutrition, Healthy Life & Sport, 

Ankara-Turkey,1515–1528(InTurkish).https://www.research/gate.net/publications/         

337533180-Fonksiyonel-Gida-Kaynagi-'Kirmizi-Pancar'. 

Akoumianakis, K.A., Karapanos, I.C., Giakoumaki, M., Alexopoulos, A.A. and Passam, H.C. 

2011. Nitrogen, season and cultivar affect Radish growth, yield, sponginess and 

hollowness. Int. J. Plant. Prod., 5 (2): 112-120. 

https://www.researchgate.net/publication/337533180_Fonksiyonel_Gida_Kaynagi_'Kirmizi_Pancar


47 

 

 

Albayrak,S. and Yüksel,O. 2010. Effects of nitrogen fertilizer and harvest time on root yield 

quality of fodder beet Siileman Demirel. Sparta, Turke: University Faculty of       

Agriculture, Department of Field Crops.Turkish Journal of Field Crops,15(1):59-64 

Amiri, Z., Asghari, J. and Penahi Kord-Laghari, K.H. 2009. Effect of irrigation regimes and 

fertilizer combinations on yield of two potato (Solanum tuberosum L.) cultivars in 

Freidan. J. Crop Prod. Process, 12(46): 177–186. 

Aoyama, M., Angers, D.A., N‟Dayegamiye, A. and Bissonnette, N. 1999. Protected organic 

matter in water stable aggregates as affected by fertilizer and manure application. 

Canadian.Journal of Soil Sciences, 79(1):419-425. 

Aseffa ,A.W., Jeylan, J. and Mama,A. 2016. Effects of different rates of organic and inorganic 

fertilizer on growth and yield components of Potato (Solanum tuberosum L.) in Jimma 

are, South West Ethiopia. International Journal of Research - Granthaalayah, 4(11). 

Babarykin, D., Smirnova, G., Pundinsh, I., Vasiljeva, S., Krumina, G. and Agejchenko, V. 

2019. Red beet (Beta vulgaris) impact on human health. Journal of Biosciences and 

Medicines, 7(3):61-79. 

Baloch, P.A., Uddin, R., Nizamani, F.K., Solangi, A.H. and Siddiqui, A.A. 2014. Effect of 

nitrogen, phosphorus and potassium fertilizers on growth and yield characteristics of 

Radish (Raphanus sativus L). Environmental Science, 14(6):565-569. 

Belay, A., Classens, A.S., Wehner, F.C. and De, B.J.M. 2001. Influence of residual manure on 

selected nutrient elements and microbial composition of soil under long-term crop 

rotation. South African Journal of Plant and Soil, 18:1-6. https://doi.org/10.1080/ 

02571862.2001.10634392. 

Bewket,G.B. 2019. Effect of Blended NPSZnB fertilizer and cattle manure rates on growth, 

yield and quality of Potato (Solanum tuberosum L.) at Banja District, Awi Zone, North 

Western Ethiopia.  International Journal of Research Studies in Agricultural Sciences, 

5(5):27-36. 

Biratu, A. 2019. Effect of blended fertilizer (NPSB) and farmyard manure rates on yield and 

yield components of Anchote [Coccinia abyssinica (lam.) (cogn.)] at Jimma, south 

western Ethiopia. Msc Thesis , Jima university, Jima, Ethiopia. 

Birhanu Lencha and Dawit Dalga. 2020. Response of nitrogen fertilizer rates on yield and 

quality of Beetroot (Beta vulgaris L.) varieties in Wolaita Zone, Southern Ethiopia. 

Int.J.Curr.Res.Aca.Rev. 8(5):60-67.  doi: https://doi.org/10.20546/ijcrar.2020.805.007. 

Boussadia,O., K.Steppe, H.Zgallai, and M.-C.Van Labeke, 2010. Effects of nitrogen 

deficiency on leaf photosynthesis, carbohydrates status and biomass production in two 

olive cultivars „Meski‟ and „Koroneiki‟. Scientia Hort., 123(3):336–342. 

Brady, N.C. and R.R. Welil. 2002. The nature and properties of soil.13th
 
(Eds).Person 

Education Ltd. 

https://doi.org/10.1080/02571862.2001.10634392
https://doi.org/10.20546/ijcrar.2020.805.007


48 

 

 

Canali, S.C., Ciaccia, D., Antichi, P., Bàrberi, F. and Montemurro, T. 2010. Interactions 

between green manure and amendment type and rate: Effects on organic potato and 

soil mineral N dynamic. Journal of Food, Agriculture and Environment, 8 (2): 537-

543. 

Chapman,T.1965. Experiments with Irish Potatoes (Solanum tuberosum L.) in Trinidad. 

Tropical Agriculture,(Trin.), 42:189-197. 

Chen, J.H. 2008. The Combined Use of Chemical and Organic Fertilizers and/or Biofertilizer 

for Crop Growth and Soil Fertility. Taichung, Taiwan. 

Chhikara, N., Kushwaha, K., Sharma, P., Gat, Y. and Panghal, A. 2019. Bioactive compounds 

of beetroot and utilization in food processing industry: A critical review. Food 

Chemistry, 272:192–200. https://doi. org/10.1016/j.foodchem.2018.08.022. 

CIMMYT (Centro International de Majoramento de Maize Y Trigo). 1988. Farm Agronomic 

to farmer‟s recommendation. An Economic Training Manual. Completly revised  

edition. D.F.Mexico.51p. 

Clifford, T., Howatson, G., West, D.J. and Steveson, E.J. 2015. The potential benefits of red 

beetroot supplementation in health and disease. Nutrients, 7(4):2801–2822. 

CSA (Central Statistics Agency). 2008. The Federal Democratic Republic of Ethiopia. 

Agricultural Sample Survey. Report on Area and Production of Major Crops for 

Meher Season. 2008/09 (2001E.C).Volume I. Statistical Bulletin No, 446. Addis 

Ababa, Ethiopia. 

CSA (Central Statistics Agency). 2014. The Federal Democratic Republic of Ethiopia. 

Agricultural Sample Survey. Report on Area and Production of Major Crops for 

Meher Season. 2014/15 (2006 E.C).Volume I. Statistical Bulletin No, 532. Addis 

Ababa, Ethiopia. 

CSA (Central Statistics Agency). 2021. The Federal Democratic Republic of Ethiopia. 

Agricultural Sample Survey. Report on Area and Production of Major Crops for 

Meher Season. 2021/22 (2014 E.C).Volume I. Statistical Bulletin No, 593. Addis 

Ababa, Ethiopia. 

Curvelo, C.R.S., L.H.B. Diniz, A.I.A. Pereira and L.L. Ferreira. 2018. Influence of fertilizer 

type on beet production and post-harvest quality characteristic. Agric. Sci., 9: 557-565. 

Debbarma, J., Alila, P., Banik, M., Mandal, A.K. and Chakma, A. 2017. Effect of different 

levels of nitrogen and potassium on the growth and yield of Pepino (Solanum 

muricatum Ait.). The Pharma Innovation Journal, 6(11): 817-821. 

Dewis,J. and Freitas,P.1975. Physical and Chemical Method of Soil and Water Analysis.FAO. 

Bullet, Rome, 10:275. 

Dlamini,C.V., Nxumalo,A.K., Masarirambi,T.M., Wahome,K.P., Oseni,O.T. and Zwane,G.M. 

2020. Effects of cattle manure on the growth, yield, quality and shelf life of beetroot 

https://doi/


49 

 

 

(Beta vulgaris L.). Journal of Experimental Agriculture International, 42(1):93-104. 

DOI: 10.9734/JEAI/2020/v42i130455. 

Dos Santos, M. G., Soares, E. B., Lins, H. A., Júnior, A. P. B., da Silveira, L. M., Neto, F. B. 

and Barboza, M. 2017. Beetroot production using Calotropis procera as green manure 

in the Brazilian Northeast semiarid. Australian Journal of Crop Science, 11(10):1268-

1276. 10.21475/ajcs.17.11.10.pne520. 

Drost, D. and Bitne,W. 2004. Beet in the Garden Utah State University. Retrieved from 

http://extnation use edu boxelder/files lupolads/vetable 20 Gardens bettspr. 

Duncan, J. 2005. Composting Chicken Manure. WSU cooperative extension. King County 

Master Gardner and Cooperative Extension Livestock Advisor, Washington State 

University, Pullman. 2005. Available online: hppt://www.scirp.org (accessed on 26 

August 2023). 

Dwivedi, N., Singh, A., Jaiswal, M. and Agrahari, K. 2017. Standardization and development 

of beetroot based product. International Journal of Home Science, 3(2):26-30. 

Egel,D., Foster,R., Maynard,E.,Weinzierl,R., Babadoost,M. and OMalley,P. 2014.  Midwest 

vegetable production guide for commercial growers: Pp.12-210. www.mwveguid.org. 

 

Ellis, B. and Foth, H. 1996. Soil Fertility, 2nd Edition. CRC Press, Boca Raton: Pp.304. 

El-Hosary,A.A., Salwau,M.I., Saad, A.M.M., El-Geddawy,I.H. and Ibrahim, B.S. 2010. Sugar 

beet yield and its components as affected by sowing date, mineral-N and bio-fertilizer. 

Egypt Journal of Applied Science, 25(8):349-366.          

Elwan, A.M. and Samar, A. M. H. 2018. Yield and technological characteristics of Sugar beet 

as affected by sowing date, nitrogen level and harvesting age. J. Plant Production, 

Mansoura Univ, 9 (4): 345 – 352. 

Enock,K. 2022. Effect of biochar on growth, yield and quality of Beetroot. Egerton University 

International Conference.Avaliable at:https://conference.egerton.ac.ke/index. php/euc/ 

article/view/128(Accessed:26 October 2023). 

Eraqui,S., Samir, E.T., Kerketta , A., Husain,M.F. and Mishra,R. 2023. Studies on the Effect 

of Different Levels of Organic Compost on Growth, Yield, Betalain Content and 

Quality of Beetroot (Beta vulgaris L.) under Prayagraj Agro-Climatic Condition. 

International Journal of Environment and Climate Change. 13(9): 2397-2404. 

Faraji,S., Rafieiolhossaini,M. and Abbasi Soorki,A. 2015. The effect of solitary and combined 

application of organic and biological manure and chemical fertilizer on some of the 

qualitative and quantitative properties of Sugar beet. Agric. Crop Manage., 17: 789–

800. /in Persian/. 

Felczyński, K. and Elkner, K. 2008. Effect of long-term organic and mineral fertilization on 

the yield and quality of red beet (Beta vulgaris L.).Vegetable Crops Research Bulletin, 

68: 111-125. 

http://extnation/
http://www.mwveguid.org/


50 

 

 

Felipe, O.M., Ewerton,G.D., Hiroshi,S.W., Cardoso,A.I., Fernandes, D. M. and Evangelista, 

R. M. 2015. Organic compost and potassium top dressing fertilization on production 

and quality of beetroot. Australian Journal of Crop Science, 9 (10): 962- 967. 

Fikru Tamiru, Gerba Deba, Getaneh Diriba, Gizawu Defa, Getahun Gudeta, Abera Iticha and 

Abdisa Chimdessa. 2017. Effect of Plant Spacing and Urea Fertilizer on Yield and 

Yield Components of Beetroot (Beta Vulgaris L.). Agricultural Development, 2(1): 

13-21. 

Food and Agriculture Organization of the United Nations (FAO). 2008. Organic material as 

fertilizers. Longman/FAO/, Rome, Italy. 

Gajewski, M.,Weglarz, Z., Serdea, A., Bajer, M., Kuczkowska, A. and Majewski, M. 2010. 

Carotenoid accumulation by carrot storage roots in relation to nitrogen fertilizer level. 

Not.Bot. Horti.Agrobot.Cluj-Napoca, 38: 71-75. 

 Gayathri, A., K. Venkatalaxmi, D. Laxminarayana, S. Mallesh and B. N. Kumar. 2021. 

Studies on effect of different spacing and nitrogen levels on growth and yield of 

beetroot (Beta vulgaris L.) Cv. Detroit dark red under Telangana conditions. The 

Pharma Innovation Journal,10(12): 361-365. 

Gazia, E.A.E. 2001. Effect of farmyard manure, gypsum and nitrogen on sugar beet yield and 

NPK uptake. Minufiya, J.Agric.Res., 26(4):1117-1125. 

GenStat. 2018. Genstat for Windows 18th Edition. VSN International, Hemel Hempstead, 

UK. Web page: Genstat.co.uk. 

Gerba Daba, Meseret Mulugeta and Tarike Ayana. 2018. Effect of cattle manure on growth 

and yield of Carrot (Daucus carrota L.) under Jimma condition. Indian J. Agric. Res. 

52 (2): 195-198. DOI: 10.18805/IJARe.A-285. 

Gete Zeleke, Getachew Agegnehu, Dejene Abera and Shahidur Rashid. 2010. A Report on 

Fertilizer and Soil Fertility.DOI:10.13140/RG.2.1.3632.5846. 

Gill, J.S., Khind, C.S., Singh, B. and Yadvinder, S. 1998. Ammonia volatilization under 

flooded conditions as affected by urease activity of soil amended with crop residue on 

long term basis. J Indian Soc Soil Sci., 46(3): 448-450. 

Girma Abera 2008. Horticultural crop production in Ethiopia, Oromia Agricultural Research 

institute. 

Goldman, I. L., Navazio, J. P., Prohens, J., & Nuez, F. 2008. Table beet (Vol. 1): Vegetables 

I. Springer. 

Goldman, I.L. and Janick, J. 2021. Evolution of Root Morphology in Table Beet: Historical 

and Iconographic. Front. Plant Sci., 12:689926.doi: 10.3389/fpls.2021.689926. 

Gomez, K.A. and Gomez, A.A. 1984. Statistical procedure for agricultural research. 2nd 

Edition. John Wiley and Sons, New York P. 680. 



51 

 

 

Grubben, G.J.H. and Denton, O.A. 2004. Plant Resources of Tropical Africa 2. Vegetables. 

PROTA Foundation, Wageningen; Backhuys, Leiden; CTA, Wageningen. 

Güsewell, S. 2004. N : P ratios in terrestrial plants : variation and functional significance. – 

New Phytologist, 164(2):243–266. 

Han,S.H., Young, J., Hwang,J., Kima,S.B. and Parka, B. 2016. The effects of organic manure 

and chemical fertilizer on the growth and nutrient concentrations of Yellow Poplar 

(Liriodendron tulipifera Lin.) in a nursery system. Forest Science and Technology, 12: 

137-143. https://doi.org/10.1080/21580103.2015.1135827. 

Hasanen, G.H., I.H. Elsokkary, M.Z. Kamel and A.M. Abd Elsamea. 2013. Influence of 

nitrogen and organic fertilization on growth, yield and quality of sugar beet grown in 

calcareous soil. J. Plant Proc., Mansoura Univ., 4(5):733 –743. 

Hazelton, P.A. and Murphy. B. 2007. Interpreting Soil Test Results: What Do All the 

Numbers mean (2nd edn). CSIRO Publishing, Victoria, Australia, 1-160. 

Heidarian,F., Rokhzadi,A. and Mirahmadi,F. 2018. Response of sugar beet to irrigation 

interval, harvesting time and integrated use of farmyard manure and nitrogen fertilizer. 

Environmental and Experimental Biology, 16: 169–175. DOI:10.22364/eeb.16.16. 

Hellal, F.A., A.S. Taalab, and A.M. Safaa. 2009. Influence of nitrogen and boron nutrition on 

nutrient balance and sugar beet yield grown in calcareous soil. Ozean J. Appl. Sci., 

2:1-8. 

Hemmat, A., Vahid, A., Farshad, D. and Abdolali, S. 2010.  Effect of different levels of 

nitrogen fertilizer on yield, nitrate accumulation and several quantitative attributes of 

five Iranian Spinach accessions. Amer. J. Agric. Econ. Sci., 8 (4): 468-473. 

Hlisnikovský,L., Menšík,L., Krížová,K. and Kunzová,E.2021.The Effect of Farmyard Manure 

and Mineral Fertilizers on Sugar Beet Beetroot and Top Yield and Soil Chemical 

Parameters. Agronomy.11(1),133.https://doi.org/10.3390/agronomy11010133. 

Hoffmann, C. 2010. Sucrose accumulation in sugar beet under drought stress. Journal of 

Agronomy and Crop Science, 196(4):243-252. 

HORTBRASIL. 2006. Centro de qualidade de horticultura-Norma de classifi cação da 

beterraba (Beta vulgaris L.) São Paulo: CQH/CAGESP, 2006. Available at: 

https://www.hfbrasil .org.br/ br/revista.aspx. Accessed on November 20, 2023. 

Hussain,S. and Kerketta,A. 2023. Effect of organic manure and inorganic fertilizer on growth 

and root yield of Beetroot (Beta vulgaris L.). International Journal of Environment 

and Climate Change, 13(8):1866-1870.  DOI: 10.9734/IJECC/2023/v13i82141. 

https://doi.org/10.1080/21580103.2015.1135827
https://www.hfbrasil/


52 

 

 

Idris,
. 
B.E.M., Marajan, W.A. and Adam, A.H.M. 2021. Effect of Nitrogen Fertilizer and Plant 

Spacing on Vegetative Growth of Sugar Beet (Beta vulgaris). Journal of Agronomy 

Research,4(1):6-13. https://openaccesspub.org/agronomy. 

Ingole,V.S.,Wagh, A.P., Nagre, P.K. and Bharad,S.G. 2018. Effect of combination of organic 

manure and biofertilizer for better growth and yield of beetroot (Beta vulgaris. L). 

International Journal of Chemical Studies, 6(5):1222-1225.P-ISSN:2349-8528.E- 

ISSN:2321-4902. 

Iqbal Jakhro,M., Shah,I.S., Amanullah, Zehri,Y.Z., Rahujo,A.Z., Ahmed,S., Ahmed,S. and 

Jakhro,A.M. 2017. Growth and Yield of Spinach (Spinacia Oleracea L.) under 

Fluctuating Levels of Organic and Inorganic Fertilizers. International Journal of 

Development Research, 7(02):11454-11460. 

Jagadeesh, C., Madhavi, M., Siva-Prasad, M. and Padmaja, V.V. 2018. Effect of organic 

manures on growth and yield attributes of beetroot cv. Crimson Globe. Intern. J. Curr. 

Microbiol. Appl. Sci., 7(11):3538–3553. 

Jasmitha, SK., Shenoy, A. and Hegde, K. 2018. A review on Beet root (Beta vulgaris).                     

International Journal of Pharma and Chemical Research, 4(2):136-140. 

Jeyaseeli,P., Jeyamangalam,F. and Selvaraj,S. 2018. The Effect of Soil Physico - Chemical 

and Chemical Properties Using Farm Yard Manure. International Journal of Trend in 

Research and Development (IJTRD), ISSN: 2394-9333, www.ijtrd.com. 

John, L. Jamer, D.B., Samuel, L.T. and Warner, L.W. 2004. Soil Fertility and Fertilizer: An 

Introduction to Nutrient Management. John Wiley and Sons, New York. 

Kanner,J., Harel,S. and Granit,R. 2001. Betalains a new class of dietary cationized 

antioxidants. Journal of Agricultural and Food chemistry, 49(11):5178-5185. 

 

Kazamba, K.M. Singh, S. and Abonmai, T. 2019. Effect of integrated nitrogen management 

on yield of Potato (Solanum tuberosum L.): Local cultivar, Alu Amubi. International 

Journal of Chemical Studies, 7(3): 4049-4052. 

Kazimierczak, R., Srednicka-Tober, D., Baranski, M., Hallmann, E., Goralska-Walczak, R., 

Kopczynska, K., Rembialkowska, E., Gorski, J., Leifert, C., Rempelos, L. and 

Kaniszewski,S. 2021. The Effect of Different Fertilization Regimes on Yield, Selected 

Nutrients, and Bioactive Compounds Profiles of Onion. Agronomy,11(5). https:// 

doi.org /10. 3390/agronomy11050883. 

Kebede, G., Feyissa, F., Assefa, G., Mengistu, A. and Tekletsadik, T. 2016. Determination of 

appropriate fertilizer rate for forage and seed yields of fodder beet (Beta vulgaris) in 

the central highland areas of Ethiopia. Acad. Res. J. Agri. Sci. Res., 4(5): 174-183. 

Khalil, S. R. A. 2010. Study of performance and behavior of some sugar beet varieties under 

different environmental condition, Facuality of Agriculture, Fayoum University, 

Faiyum, Egypt, 2010, Ph.D. Dessertation. View at: Google Scholar. 

https://openaccesspub.org/agronomy-research/article/1679
https://openaccesspub.org/agronomy
http://www.ijtrd.com/
https://doi.org/


53 

 

 

Khattab, E.A., Afifi, M.H. and Amin, G.A. 2019. Significance of nitrogen, phosphorus, and 

boron foliar spray on jojoba plants. Bulletin of the National Research Centre, 43(1):66. 

Kibebew Kibret. 2014. Characterization of agricultural soils in cascape intervention woredas 

in eastern region Final Report. 

Kiran, M., Jilani, M.S., Waseem, K., Khan, M.S., Haq, F., Nadim, M.A., Ullah, G. and 

Shaheen, S. 2019.  Integrated use of organic and inorganic fertilizers on the growth 

and yield of Radish. Sarhad J. Agric., 35(3): 933–941. 

Kujala, T.S.,Vienola, M.S., Klika, K.D., Loponen, J.M.and Pihlaja, K. 2002. Betalain and 

phenolic compositions of four beetroot (Beta vulgaris) cultivars. European Food 

Research and Technology, 214:505-510. 

Kumar, Y. 2015. Beetroot: A Super food. International Journal of Engineering Studies and 

Technical Approach, 1(3):20-26. 

Kumar, M., I.N. Shukla,Braj Kishor, Nirankar, Ravi Pratapand Subham Singh. 2022. Effect of 

Organic Manures and Biofertilizer on Growth, Yield and quality of Beetroot (Beta 

vulgaris L.) cv. Red express. Biological Forum–An International Journal, 14(3):1424-

1427 

Lairon, D. 2009. Nutritional quality and safety of organic food. Agron. Sustain. Dev. 30:33-

41. 

Landon, J.R. 1991. Booker tropical soil manual: A handbook for soil survey and agricultural 

land evaluation in the tropics and sub-tropics. Longman Scientific and Technical, 

Essex, New York. 474p. 

Lee, J. H., Son, C. W., Kim, M. Y., Kim, M. H., Kim, H. R., Kwak, E. S., and Kim, M. R. 

2009. Red beet (Beta vulgaris L.) leaf supplementation improves antioxidant status 

in C57BL/6J mice fed high fat high cholesterol diet. Nutrition Research and 

Practice, 3(2):114–121. 

Lehrsch, G.A., Brown, B., Lentz, R.D., Johnson-Maynard, J.L. and Leytem A.B. 2015. Sugar 

beet yield and quality when substituting compost or manure for conventional nitrogen 

fertilizer. Agron. J., 107: 221-231. 

Leilah, A.A., El-Kalla, S.E., El-Kassaby, A.T, Badawi, M.A. and Fahmi, M.M. 2007. Yield 

and quality of sugar beet in response to levels and times of nitrogen application and 

foliar spraying of urea. Sci. J. King. Fai. Univ. 8 (1): 87-100. 

Leilah, A.A., M.A. Badawi, E.M. Said, M.H. Ghonema, and M.A.E. Abdou. 2005. Effect of 

planting dates, plant population and nitrogen fertilization on sugar beet productivity 

under the newly reclaimed sandy soils in Egypt. Sci.J. King Faisal Univ. Basic Appl. 

Sci. 6:95-110. 

Lock, M., Grubben, G.J.H. and Denton, O.A. 2004. Plant Resources of Tropical Africa 2. 

Vegetables. Kew Bull. 59, 650. 



54 

 

 

Majhi, S.K., Mehata, D.K., Shah, D.K., Yadav, N.K., Chaudhary, P., Shah S.K., Timilsina, U. 

and Rijal, P. 2024. Impact of organic and inorganic fertilizers on the growth and yield 

of Beetroot (Beta vulgaris L.) in the hilly region of Nepal. International Journal of 

Agriculture, Environment and Food Sciences, 8(2):242-250. https://doi.org/10.31015/ 

jaefs.2024.2.1. 

Mampa,S.S., Martin,M.M., Puffy,S. and Dharini,S. 2017. Nitrogen application and leaf 

harvesting improves yield and nutritional quality of beet root. American Society for 

horticultural,Siences,27(3):337-347.DOI:https://doi.org/10.21273/HORTTECH03599-

16  

Marques, L.F., D.C. Medeiros, O.L. Coutinho, C.B. Medeiros and L.S. Valem, 2010.  Yield 

and quality of beetroot in function of bovine dung manning. Rev Bras Agroecologia, 

5: 24-31. 

Melese,W. 2016. Effect of farm yard manure application rates on yield and yield components 

of lettuce (Lactuca sativa.L) at Jima Southwestern Ethiopia. International Journal of 

Research. Granthaalayah, 4(8):75-83.  

Mikkelsen, R. and T.K. Hartz. 2008. Nitrogen sources for organic crop production. Better 

Crops Plant Food, 92 (4):16–19. 

Mohammed, A. Dechasa, N. and Abduselam, F. 2018. Effects of Integrated Nutrient 

Management on Potato (Solanum tuberosum L.) Growth, Yield and Yield Components 

at the Haramaya Watershed, Eastern Ethiopia. Open Access Library Journal, 

5:3974.DOI:10.4236/ oalib.1103974. 

Murmu, K., Swain, D.K. and Ghosh, B.C. 2013. Comparative assessment of conventional and 

organic nutrient management on crop growth and yield and soil fertility in tomato-

sweet corn production system. Australian Journal of Crop Science, 7 (11):1617-1626. 

Mustafa, M.E. 2007. Effect of nitrogen and phosphorous fertilization on the performance of 

three sugar beet (Beta vulgaris.L) cultivars. M.sc Thesis, University of Khartoum, 

Sudan. 

Nadeeka, P.W.M. and Seran, T.H. 2020. The effects of goat manure and sugarcane molasses 

on the growth and yield of beetroot (Beta vulgaris L.). Journal of Agricultural 

Sciences, 65(4):321-335. 

Naeem, M., Khan F. and Ahmad, W. 2009. Effect of farmyard manure, mineral fertilizers and 

mung bean residues on some microbiological properties of eroded soil in district Swat. 

Soil and Environment, 28(2): 162-168. 

Naik, M.R.and Sreedhar, D. 2018. Growth and yield response of radish cv. Pusa Himani to 

integrated nutrient management practices. Int. J. Agric. Environ. Bio-Res.,3(03). 

Najm, A.A., Haj Seyed Hadi, M.R., Darzi, M.T. and Fazeli, F. 2013. Influence of nitrogen 

fertilizer and cattle manure on the vegetative growth and tuber production of potato. 

International Journal of Agriculture and Crop Sciences (IJACS), 5(2):147-154. 

https://doi.org/10.21273/HORTTECH03599-16
https://doi.org/10.21273/HORTTECH03599-16


55 

 

 

Natural Resource Conservation Service. (NRCS). 2006. The Plants Database. United State 

Department of Agriculture, National Plant Data Center. Retrieved September 6, 2007. 

Nemeat Alla, E.A.E., Mohammed, A.A.E. and Zalat, S. 2002. Effect of soil and foliar 

application of nitrogen fertilization on sugar beet. J. Agric. Sci. Mansoura University, 

27(3): 1343-1351. 

Ninfali, P. and Angelino, D. 2013. Nutritional and Funcitional potential of Beta vulgaris cicla 

and rubra. Fitoterapia, 89:88-199. DOI:10.1016/j.fitote.2013.06.004. 

Nottingham,S. 2004."Beetroot."Retrievedfrom.http://www.academia.edu/21542519/Beetroot.   

[Accessed April 2023]. 

Odedina, S. A., Odedina, J. N., Ojeniyi, S. O. and Akinlana, F. 2012. Effect of different 

organic nutrient sources and two NPK Rates on the performance and nutrient contents 

of newly released Cassava Variety. Journal of Life Sciences, 6: 1003-1007. 

Olorukooba,M.M., Suleiman,R.T., Mohammed,R., Adedapo, J.O., Adeogun, T.T.A. and 

Essien, J.E. 2023. Growth and yield of beetroot (Beta vulgaris) as affected by the 

application of different sources and varying rates of nutrients of animal origin in 

Gidan Kwanu, Minna, Niger state of Nigeria. Russian Journal of Agricultural and 

Socio-Economic Sciences, 136 (4):170-177. DOI 10.18551/rjoas.2023-04.16. 

Olsen, S.R., Cole,V.,Walanbe,C.V. and Dean,L.A. 1954. Estimation of available phosphorous 

in soil by extraction with sodium bicarbonate. USA Circular NO 939. 

Ouda, M.M., 2007. Effect of chemical and bio-fertilizer of nitrogen and boron on yield and 

quality of sugar beet. Zagazig Journal of Agricultural Research, 34(1):1-11. View at: 

Google Scholar. 

Paciulli, M., Medina-Meza, I.G., Chiavaro, E. and Barbosa-Cánovas, G. V. 2016. Impact of 

thermal and high pressure processing on quality parameters of beetroot (Beta vulgaris 

L.). Lwt food Science and Technology, 68:98–104. https://doi.org/10.1016/j.lwt.2015. 

12.029. 

Pangestika,P., Nur Edy Suminarti, and Nunun Barunawati. 2024. Effect of nitrogen source 

and dosage on growth result and quality of red beetroot(Beta vulgaris L.).Natural 

Volitile and Essential Oils,8(6): https://www.nveo.org/index. php/journal/article/view/ 

3638.  

Pervez,M.A., Ayub,C.M., Saleem,B.A., Virk,A.A. and Mahmood, N. 2004. Effect of nitrogen 

levels and spacing on growth and yield of radish (Raphanus sativus L.). Int. J. Agric. 

Biol., 6 (3): 504-506. 

Petek, M., Custic, M. H., Nina, T., Slunjski, S., Lepomir, C., Pavlovic, I. and Cvetkovi, S. 

2012. Nitrogen and crude proteins in beetroot (Beta vulgaris vr. conditiva) under 

different fertilization treatments. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 

40(2):215-219. 

Rana, M.K. 2017. Vegetable crops science; first edition: CRC Press, Boca Raton. 472 p. 

https://doi.org/10.1016/j.lwt.2015.12.029
https://www.nveo.org/index.%20php/journal/article/view/


56 

 

 

Rana, M.K. 2018. Vegetable crops science: second edition. CRC Press, Boca Raton. 1112 p. 

Rantao, G. 2013. Growth, yield and quality response of beet (Beta vulgaris L.) to nitrogen. 

Doctoral Dissertation, University of the Free State, South Africa.  

Rashid,Z., Rashid,M., Inamullah,S., Rasool,S. and Bahar,A.F. 2013. Effect of different levels 

of farmyard manure and nitrogen on the yield and nitrogen uptake by Stevia. African 

Journal of Agricultural Research, 8(29):3941-3945. DOI: 10.5897/ AJAR12.6813 

Rauha,J.P.,Remes,S.,Heinonen,M.,Hopia,A., Kähkönen,M. and Kujala,T. 2005. Antimicrobial 

effects of Finnish plant extracts containing flavonoids and other phenolic compounds. 

International Journal of Food Microbiology, 5(6):3-12. 

Ravichandran, K., Saw, N.M.M.T., Mohdaly, A.A.A., Gabr, A.M.M., Kastell, A. and Riedel, 

H. 2013. Impact of processing of red beet on betalain content and antioxidant activity. 

Food Research International, 50(2):670-675. 

Razaq, M., Zhang, P. and Shen, H.L. 2017. Influence of nitrogen and phosphorous on the 

growth and root morphology of Acer mono. PloSOne, 12(2): p.e 0171321. 

Reddy,C.and Bandopadhyay,S. 2018. Studies on effect of organic, inorganic and biofertilizers 

on plant nutrient status and availability of major nutrients in okra. Int. J. Bio-resources 

and Stress Mgt., 5(1): 93-97. 

Ring-Xiang, M. J., Z. Jianrong, Z. Hongmei, L. Fuqiang, and Y.Zheng-Hua, 2001. Effect of 

application of inorganic fertilizer in combination with organic fertilizer to red upland 

soil. J.Hunan Agri.Univ, 27:453-456. 

Rubatzky, V.E. & Yamaguchi, M. 1997. World Vegetables: Principles, Production, and 

Nutritive Values (2 ed.): Springer US. 

Sah, K.D., Mehata, K.D., Yadav, B., Majhi, K.S. and Kafle, P. 2024. Effect of organic and 

inorganic fertilizers on morphological and yield characteristics of Carrot (Daucus 

carota) cv. new Kuroda in Khotang district, Nepal. Russian Journal of Agricultural 

and Socio-Economic Sciences, 3(147): ISSN 2226-1184 (Online). 

Said, A.H. 1997. Influence of some organic fertilizers on the growth and yield of Pepper 

plants (Capsicum annum L.) cultivated under plastic houses. MSc.Thesis. Fac. Agric., 

Ainshams Univ. Egypt. 

Salimi, Z. and Boelt, B. 2019. From Emergence to Flowering: Four Beet (Beta vulgaris ssp.) 

Cultivars‟ Phenological Response to Seed Priming. Agronomy, 9(12):863. 

Sapkota,A., Sharma,M.D., Giri,H.N., Shrestha,B. and Panday,D. 2021. Effect of Organic and 

Inorganic Source of Nitrogen on Growth, Yield and Quality of Beet root Varieties in 

Nepal. Nitrogen 2021, 2:378-391. http://doi.org/10.3390/nitrogen2030026. 

Saxena,K.A. and Singh,S. 2022. Effect of organic manures on growth and yield of beet root 

(Beta vulgaris L.) under Dehradun Valley of Uttarakhand. International Journal of 

Current Science, 12(4): ISSN: 2250-1770. 



57 

 

 

Seadh, S. E. 2004. Agricultural studies on sugar beet crop. Doctoral Dissertation, Faculty of 

Agriculture, Mansoura University, Mansoura , Egypt.  View at: Google Scholar. 

Seadh, S. E. 2012. Maximizing sugar beet yield with decreasing mineral fertilizer level 

pollution N. International Journal of Agricultural Sciences, 4(7):293-298.View at: 

Google Scholar. 

Sediyama, M.A.N., Santos, M.R., Vidigal, S.M. and Salgado, L.T. 2011. Produtividade e 

exportação de nutritentes em beterraba cultivada com cobertura morta e adubação 

orgânica. Revista Brasileira de Engenharia Agrícola e Ambiental, 15(9):883-889. 

Shafeek, M.R., S.A. Faten and H. A. Aisha. 2003. Effect of organic manure and sulphur 

application on productivity of Japanese radish plant. Annals Agric. Sci., Ain Shams 

Univ., Cairo, 48(2): 717-727. 

Shafeek. M. R., Aisha H. Ali, Asmaa R. Mahmoud, Y. I. Helmy and Nadia M. Omar. 2019. 

Enhancing the productivity and quality of beetroot (Beta vulgaris L.) by using organic 

manure and potassium foliar application.  Middle East Journal of Applied Sciences, 

9(2): 341-348. 

Shalini,S.B., Channal,H.T., Hebsur,N.S., Dharmatti,P.P. and Sarangamath,P.A. 2002. Effect 

of integrated nitrogen management on nutrient uptake in Knolkhol, yield and nutrient 

availability in the soil. Journal of Karanataka Agricultaral Sciences, 15(1):43-46. 

Shrestha, A. and Thapa, B. 2018. Effect of different doses of nitrogen on growth and yield 

parameters of Radish (Raphanus sativus.) in mid-hills of Nepal. Health Informatics 

Journal, 2:483-485. 

Singh, A., Ganesapillai, M. and Gnanasundaram, N. 2017. Optimization of extraction of 

betalain pigments from Beta vulgaris peels by microwave pretreatment. IOP ConfSer 

Mater SciEng, (263), 032004. 

Singh, G.B. and D.V. Yadav.1992. Integrated Plant nutrition system in sugar cane. Fertlizer 

Research, 37:15-22. 

Shivani and Kumar. 2023. Effect of Different Levels of Inorganic Fertilizers on Growth and 

Yield of Beetroot under Poplar Based Agroforestry System. International Journal of 

Environment and Climate Change, 13(9): 2227-2233. 

Slavov,A., Karagyozov,V., Denev,P., Kratchanova, M. and Kratchanov, C. 2013. Antioxidant 

activity of red beet juices obtained after microwave and thermal pretreatments. Czech 

Journal of Food Science, 31:139-147. https://doi.org/10.17221/61/2012-CJFS. 

Stintzing, F. C. and Carle, R. 2004. Functional properties of anthocyanins and betalains in 

plants, food, and in human nutrition. Trends in Food Science & Technology, 15(1):19-

38. 

Sulfab,A.H., Idris Bakhit,M.E.B., Hagalla.E., Karima A., Asha,I. and Wael A. Marajan,A.W. 

2017. Effect of Nitrogen Fertilizer on Growth, Yield and Sucrose Concentrationof 

https://doi.org/10.17221/61/2012-CJFS


58 

 

 

Sugar Beet (Beta vulgaris L.) Under Saline Soil in El Kadaro, Sudan. Journal of 

Agriculture and Research, 3(12): ISSN: 2455-7668. 

Taye, M. 2011. Integrated Nutrient Management Studies in Potato. MSc Thesis, Dharwad 

University of Agricultural Science, Dharwad, 81 p. 

Tekalign,T. 1991. Rating of soil total nitrogen values for tropical soils of African. Soil fertility 

Journal.  

Tolanur, S.I. 2002. Integrated Nutrient Management on physical conditions, soil fertility and 

productivity of crops in dry land vertisoil. J Karnataka.Agri.Sci., 14(3):186-187. 

Tovihoudji, G.P., Djogbenou, C.P., Akponikpe, P.B.I., Kpadonou, E., Agbanga, C.E. and 

Dagbenonbakin, D.G. 2015. Response of jute mallow (Corchorus olitorius L.) to 

organic manure and inorganic fertilizer on a ferruginous soil in North Eastern Benin. 

J. Appl. Bio Sci., 92:8610-8619. 

Tygi,S.K., Shukla, A., Mittoliya,V.K., Sharma, M.L., Khire, A.R. and Y.K. Jain. 2016. Effect 

of integrated nutrient management on growth yield and economics of Okra 

(Abelmoschus esculentus.L) Nigeria. Nigerian Journal of Basic and Applied Science. 

17(2): 246-251. 

Wakene Negassa, Heluf Gebrekidan and Friesen, D.K. 2005. Integrated use of farmyard 

manure and NP fertilizers for Maize on farmers‟ fields. Journal of Agriculture and 

Rural Development in the Tropics and Subtropics, 106 (2):131-141. 

Walia, M.K., Walia, S.S. and Dhaliwal, S.S. 2010. Long Term Effect of Integrated Nutrient 

Management of Properties of Typic Ustochrept after 23 Cycles of Irrigated Rice  

(Oriza sativa L.) Wheat ( Triticum aestivum L.) System. Journal of Sustainable 

Agriculture, 34: 724-740. https://doi.org/10.1080/10440046.2010.507519. 

Walkley,A. and Black,A.C.1934. An examination of the degtjarreff method for western potato 

Council.2003. Botany of the Potato plant. Adaptation from Guide to Commercial 

Potato  

Xiao,C., Fauci,M., Bezdicek,D.F., Mckean,W.T. and Pan,W.L. 2006. Soil microbial response 

to potassium based black liquor from straw pulping. Soil Sci. Soc. Am. J., 70:72-77. 

Yeshitila, M. and Taye, M. 2016. Non-destructive prediction models for estimation of leaf 

area for most commonly grown vegetable crops in Ethopia. Sci. J. Appl. Math. and 

Statist. 4(5):202-216. 

Zerihun Sinta and Gezaheng Garo. 2021. Influence of Plant Density and Nitrogen Fertilizer 

Rates on Yield and Yield Components of Beetroot in Ethiopia. Hindawi International 

Journal of Agronomy, 7. Article ID 6670243. https://doi.org/ 10.1155/2021/6670243.                           

 

 

https://doi.org/10.1080/10440046.2010.507519
https://doi.org/10.1155/2021/6670243


59 

 

 

7. APPENDICES 

 

Appendix Table 1. Mean squares from analysis of variance for growth variables as affected 

by   FYM, N fertilizer and their combinations at various growth stages of beetroot plant in 

2024 under irrigation.  

Variables             Rep(2)   FYM(ton ha
-1

)(3)  N(ton ha
-1

) (3)    FYM* N(9)    Error(30)  CV(%) 

PH at 35 DAP       10.786        6.061Ns              1.811Ns            2.089Ns         4.359         16.5                 

PH at 50 DAP       3.001          60.437**            51.669*             16.520Ns       7.926         15.6                  

PH at 65 DAP       5.228          32.049**            14.243*             8.212*            3.382         7.7                          

PH at Harvest       7.126           64.266**            49.307*            15.165Ns        8.659         10.9               

LN at 35 DAP      3.8125         5.7431**            4.1319*             0.7431Ns       0.6792       13.1                

LN at 50 DAP      2.2860         5.402*                4.529*               0.433Ns         0.9259       11.0               

LN at 65 DAP      2.7959         5.6357**            6.8966**           1.7032*          0.4469       5.4                     

LN at Harvest       3.5313        11.1035**           3.0352*             0.5050Ns       0.7150       5.9                   

LA at 35 DAP      1575.1         2404.7**            1425.6*             410.6Ns         223.4         17.0                 

LA at 50 DAP      801.0           917.9*                1937.4**           561.3Ns         223.5         11.9 

LA at 65 DAP      543.7           2185.8**            1631.9**           837.5*           214.7          8.3                       

LA at Harvest      377.5            2485.2**            954.3*               588.7*           221.8          7.7 

LFW Harvest       124.3            3041.0**            2578.0**           890.5*           275.0          13.6                     

LDW Harvest      0.442            6.458*                7.828*               2.093Ns         1.685          6.9     

Ns=non-significant, *&**=Significant and highly significant at (P<0.05), CV=coefficient of 

variation, Number in parenthesis in each source of variation represents degree of freedom, 

PH=plant height, LN=leaf number, LA=leaf area, DAS=day after seedling, LFW=leaf fresh 

weight, and LDW=leaf dry weight. 
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Appendix Table 2. Mean square from analysis of variance for yield variables as affected by     

FYM, N fertilizer and their combinations on beetroot plant after harvesting in 2024 under 

irrigation.  

Variables       Rep(2)     FYM(ton ha
-1

)(3)    N(ton ha
-1

) (3)    FYM* N(9)    Error(30)  CV(%) 

RFW              82.2             3537.5**               2808.1**          378.6*              122.4          8.6                        

RDW             5.365           20.296*                 18.222*             3.754Ns           3.676          9.0                       

RL                 77.67           375.13**               240.93*             45.45Ns           43.81          6.6                        

RD                 193.41         286.77*                136.74Ns           53.91Ns           56.03          13.0 

MRY             13.427         100.937**             103.553**         10.054*           4.307           8.5                                

NMRY          0.2381         13.6719**             7.3049**            2.8650**        0.5127        19.9 

TRY              17.218         40.348**               57.460**            3.486Ns          5.335           8.3 

Ns=non-significant(P>0.05),*&**=Significant and highly significant(P<0.05), CV=coefficient of   

variation, RFW=root fresh weight, RDW=root dry weight, RL=root length, RD=root diameter, 

 MRY=marketable root yield, NMRY=nonmarketable root yield, and TRY=total root yield. 
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Appendix Table 3. Mean value of some growth variables as influenced by main effect of 

FYM and N fertilizer rates at 65 DAP and after harvesting of beetroot plant in 2024 under 

irrigation. 

Treatments         PH(cm)        LN(No)                 LA(cm
-2

)                LFW(g)        LDW(%)             

 Rate of FYM         at               at                    at                at                  at                    at 

(ton ha
-1

)           65 DAP       65 DAP         65 DAP    Harvesting    Harvesting     Harvesting                         

0                        22.14
a
         11.72

a                  
154.8

a              
173.6

a               
106.4

a                    
17.8

a
     

7.5                     22.84
a
         11.93

a
            164.1

b
          181.0

a
          111.2

a
             18.38

ab
        

15                      25.31
b
         12.77

b
            172.0

c
          202.6

b
          131.0

b
             19.29

b
       

22.5                   25.27
b
         13.15

b
            182.0

d
          207.8

b
          139.9

b
             19.31

b
       

Rate of N  

(Kg ha
-1

) 

0                       23.06
a
          11.56

a
            153.7

a
          178.6

a
          105.3

a
             17.81

a
    

50                     22.88
a
          12.05

a
            166.2

b
          184.5

a
          115.2

a
             18.23

ab
                    

100                   24.59
b
          12.64

b
            173.4

c
          198.8

b
         129.9

b
             19.49

c
                       

150                    25.03
b
          13.32

c
            179.5

c 
          203.3

b
         138.1

b
             19.25

bc
      

LSD                 1.533            0.557             6.50             8.01              6.63                1.082 

Means sharing common letter (s) are not significantly different at the 5% level of significance 

PH=plant height, LN=leaf number, LA= leaf area, DAS= day after seedling, LFW= leaf fresh 

weight, and LDW=leaf dry weight. 
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Appendix Table 4. Mean value of some yield variables as influenced by main effect of FYM 

and N fertilizer rates after harvesting of beetroot plant in 2024 under irrigation. 

Treatments                      RFW                      MRY                    NMRY                     TRY 

 Rate of FYM               (ton ha
-1

)                 (ton ha
-1

)               (ton ha
-1

)                 (ton ha
-1

)                       

(ton ha
-1

)                      

0                                    112.0
a
     

                         
20.38

a                              
4.621

b                                    
25.0

a
    

7.5                                 117.4
b
                      20.74

a
                    4.376

b
                       25.67

a
         

15                                  139.7
b
                      25.31

b
                    2.962

a
                       28.28

b
       

22.5                               147.6
b
                      27.25

c
                    2.431

a
                       29.68

b
                                                        

Rate of N                     

(Kg ha
-1

) 

0                                    113.5
a 
                      20.20

a
                    4.502

b
                      24.70

a
                                    

50                                  119.2
a
                       21.51

a
                    3.933

b
                      25.45

a
                                 

100                                138.1
b
                       25.38

b
                    3.229

a
                      28.60

b
                   

 150                               145.9
b
                       26.60

b
                    2.726

a
                      29.32

b
                                                                                             

LSD                               9.22                          1.743                     0.597                       1.912 

Means sharing common letter(s) are not significantly different at the 5% level of significance 

RFW=root fresh weight, MRY=marketable root yield, NMRY=nonmarketable root yield, and 

TRY=total root yield. 
 

 


