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EFFECT OF BLENDED NPS AND BORON FERTILIZER RATES ON GROWTH, 

YIELD AND QUALITY OF CARROT (Daucus carota L.)AT DEBRE BERHAN, 

CENTRAL 

HIGHLAND OF ETHIOPIA 

By: Nardos Ayalew 

Major Advisor: Bizuayehu Desta (PhD) 

Co-Advisor: Fresew Belete (PhD) 

 ABSTRACT  

Carrot (Daucus carota L.) is an important root vegetable cultivated widely in the world as 

well as in Ethiopia in particular. However, the total root yield is low at the international, 

national and regional levels as compared to its potential, due to various factors including 

lack of improved varieties, low soil fertility, inappropriate application rates and type of 

fertilizers, lack of enhanced agronomic and cultural practices, occurrence of diseases and 

insect pests and lack of improved post-harvest technologies. Among these, inappropriate 

application of macro and micronutrient fertilizers is the bottleneck of agronomic practices 

that caused tremendous yield reduction. Therefore, a field experiment was conducted at 

demonstration and research site of Debre Berhan University during the main cropping 

season of 2022/23 to evaluate the effects of different rates of blended NPS and boron 

fertilizers on growth, yield, and quality of carrot. The treatments consisted of factorial 

combinations of four rates of NPS fertilizer (0, 75, 150 and 225 kg ha
-1

) and four levels of B 

(0, 250, 500 and 750ppm). The experiment was laid down in a randomized complete block 

design with three replications using the ‘Nantes’ carrot variety as a test crop. Accordingly, 

the combined application of 150 kg ha
-1

 of NPS and 500ppm boron application rates resulted 

in the widest root diameter (2.45cm), highest root dry weight (19.34g), highest marketable 

root yield (56.28 t ha
-1

), highest total root yield (58.68 t ha
-1

) and highest dry matter content 

(45.7%). In addition, this treatment resulted in the highest net benefit (Birr 1248724 ha
-1

) 

with an acceptable marginal rate of return (1879.22 %).In conclusion, the combined 

application of NPS at 150 kg ha
-1

 and B at 500ppm rates could be recommended to increase 

the production of carrot in terms of yield and quality in the study area and other similar 

agro- ecologies. However, additional study is needed in different seasons and locations to 

give full recommendation since the study was conducted in a single season and location.  

Keywords: Root yield, Macro-nutrient, Micro-nutrient 
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1. INTRODUCTION 

Carrot (Daucus carota L.) is a biennial herbaceous species of the Apiaceae family Carrot 

(Rubatzky et al., 1999) and is globally ranked third in production among the root crops, 

after cassava and sweet potato. It originated in southwestern Asia in the Afghanistan region 

(Koley et al., 2014), then spread over Europe, Asia and the Mediterranean area (Dalby, 

1997). It is one of the major vegetable crops cultivated worldwide (FAOSTAT, 2015). 

It provides 17% of the total vitamin A consumption, making it the single major source of 

beta carotene among the vegetables (Arscott and Tanumihardjo, 2010). They also 

provide the major dietary fiber component of food and a range of micronutrients and 

antioxidant compounds (Augspole et al., 2014). It also contains vitamin C, thiamin B and 

riboflavin B (Fritz, 2013). Carrot is used in salads, stews and soups with other vegetables. 

Besides being food, carrot is therapeutic as it enhances resistance against blood and eye 

diseases (Kumawat et al., 2018). It is also useful to control ulcers, eczema, boil and is used 

in cosmetic preparations to fight wrinkles (Ageless, 2009).  

In recent years, carrot’s economic and nutritional value has gained worldwide acceptance 

including Ethiopia. The total world production of carrots was 42,233349.85 tons, from 

1110834 hectares of land with an average productivity of 38.02 t ha
-1

 (FAOSTAT, 2022). 

Among the top ten carrot producers, China is the largest producer accounting for nearly 45% 

of world production 18,676442 tons (FAOSTAT, 2022). Following China, other major 

producing countries were the USA, Russia, UK and Northern Ireland, Turkey, Germany, 

Ukraine, Indonesia, Pakistan and France respectively. In Africa the total production of carrot 

was 2274323.92 tons, from 133061 hectares of land with an average productivity of 17.09 t 

ha
-1

 (FAOSTAT, 2022). Ethiopia has ranked number 74 in the world ranking its production 

has been expanding mainly due to increasing urbanization and the recognition of carrots as a 

source of income and nutrition (Getachew and Mohammed, 2012). In Ethiopia, the total 

production of carrot is 26,457.22 tons from 7,047 hectares of land with average productivity 

of 3.75 t ha
-1

 (FAOSTAT, 2022). Amhara National Regional State is also one of the potential 

areas for the production of carrot with a total production of 9,145.85 tons from 1,619.58 

hectares of land and with average productivity of 5.65 t ha
-1

 (CSA, 2022), while the 

production of carrot in the country in general as well as the region is below the potential and 

other production opportunities. This low yield is mainly due to the faulty of nutrient 
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application and type of fertilizer use, lack of recommended spacing, irrigation problems, 

and date of planting (Gerba et al., 2018).    

Several factors are responsible for the successful cultivation of high-quality roots. Among 

these the judicious application of fertilizers is one of the important factors. The application of 

NPS fertilizer plays an important role in increasing productivity of vegetables including 

carrot in terms of yield and quality attributes as well as improving soil fertility. Application 

of 150 kg
-1

ha NPS was significantly improved vegetative growth of carrot and also has direct 

relationships with increased root yield by their pivotal roles on the enhancement of 

physiological activity (Isreal and Tamirat, 2023). The improvement in growth, yield and 

marketable root yield of carrot as well as root quality resulted due to NPS fertilizer 

application at 150 and 200 kg
-1

ha (Mohammed, 2019). 

In addition to N, P and S, micronutrients also play pivotal roles in maintaining the overall 

health and vitality of plants. They are involved in various physiological and biochemical 

processes, each contributing uniquely to plant health and productivity (Tariq, 2020). These 

trace elements, which are often present in small amounts, are indispensable for activating and 

assisting enzymes that drive vital metabolic reactions (Gomes et al., 2020), Boron is one of 

those important micronutrients concerned in physiological processes like carbohydrate 

metabolism, translocation and development of cell wall and RNA metabolism (Siddiky et 

al., 2007; Herrera-Rodriguez et al., 2010). Foliar applications of boron increased the 

vegetative growth, biochemical constituents and yield productivity of different vegetable 

crops (Abou ELYazied and Mady, 2012; El-Dissoky and AbdelKadar, 2013; Salim et al., 

2019). Minerals, carotenes and vitamin C concentrations of carrot root are also improved by 

boron supply (Singh et al., 2012).  

Most of Ethiopian highland areas have a great potential for the production of carrot. Debre 

Berhan is one of a carrot producing area in North Shewa zone of Amhara region. Among 

income-generating and source of nutrition crops, carrot is one of the most important 

vegetable crops produced in Debre Berhan and its surroundings. As it is a short-duration crop 

that providing higher yields per unit area, carrot production can be a favorite profitable 

enterprise for most small-scale or resource-poor farmers (Ahmad et al., 2005). Although its 

importance, great potential for production and high market demand, still not satisfy 

production and productivity of carrot in Ethiopia as well as in Debre Berhan. The low yield 

of carrot in the producing and study area is not an indication of low yielding potential of this 



 
 
 

3 
 

crop, but the low yield may be attributed to a number of reasons, viz. the production is still 

limited in small scale, improper management practice, inappropriate applications and rate of 

macro and micro-nutrient are the major production constrains. Even though, micronutrients 

has got less emphasis in fertilizer management research as well as the production sector, they 

are to be necessarily taken up by the plants from soil or supplemented through foliar 

application for good growth and yield of crops and maximizing the efficient use of applied  

macronutrient.  

Ethiopian soil lacks most of the soil macronutrients such as Nitrogen (N), Phosphorus (P), 

Sulfur (S) and micro (Cu, B and Zn) nutrients (Ethio-SIS, 2016). According to the atlas of 

soil fertility made by Ethio-SIS, seven soil nutrients (N, P, K, S, Zn, B and Cu) are found to 

be deficient in the soils of Amhara region (ATA, 2016). The government of Ethiopia 

introduced blended NPS fertilizer in 2013 (MOANR, 2013) for substituting DAP across the 

country. However, the yield still remains unchanged as expected even if the recommended 

rates of NPS fertilizers are applied, Carrot producers are not aware of the proper NPS 

fertilizer management including the application rate. Most of the farmers use the blanket 

recommendation at national level and sometimes they use their own judgment referring to the 

previous (DAP) fertilizer recommendation rate which was known to the farmers for a long 

time. These resulted in sub-optimal levels of NPS fertilizer (19% N, 38% P and 7% S) which 

contributed to the low yield and quality of the produce.  In addition to this, farmers are not 

trained about the application and use of micronutrients and also the rate as well as the use of 

micronutrient in combination with NPS fertilizers for carrot was not determined in the study 

area. Due to those reason, there is a need to find out optimum and economic rates of NPS 

and B fertilizers for carrot production to achieve higher number of root yield for 

consumption and market at Debre Derhan also to fill the production gap. 
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1.1. Objectives 

1.1.1. General Objective                                                                                                                                                                                                                                                                                                                        

 To evaluate the effects of different rates of blended NPS and B fertilizers on the 

growth, yield, and quality of carrot. 

1.1.2. Specific Objectives 

 To evaluate the effects of different rates of blended NPS on the growth, yield and 

quality of carrot.  

 To evaluate the effects of different rates of B fertilizers on the growth, yield and 

quality of carrot. 

 To evaluate the interaction effect of different rates of blended NPS and B 

fertilizers on the growth, yield and quality of carrot.  

 To determine economically feasible rates of blended NPS and B fertilizer for 

carrot production in the study area. 
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     2. LITERATURE REVIEW 

2.1. The Carrot Crop 

Carrot (Daucus carota L.) is a biennial herbaceous species of the Apiaceae family Carrot 

(Rubatzky et al., 1999). The binomial nomenclature of carrot is derived from French, Greek 

and Latin words i.e. ‘carotte’, ‘daukos’ and ‘carōta’, respectively. The family Apiaceae 

contains 466 genera and 3820 species and is one of the largest families of seed plants, and the 

genus Daucus contains ca. 40 species (Plunkett et al., 2018; Spooner, 2019). Carrot is a 

diploid species (2n=2x=18) with nine pairs of chromosomes, and an estimated genome size 

of 473 Mb (Arumuganathan and Earle, 1991). In addition to diploid species, a tetraploid (D. 

glochidiatus) and hexaploid (D. montanus) species have been reported (Spooner, 2019). 

Carrot is herbaceous, biennial plant with height of 0.3 and 0.6 m; roughly hairy with a solid 

stem. In the first growing season, it shows a rosette of leaves during the spring and summer, 

builds up the stout taproot to store large amounts of sugars and nutrients for the production of 

flowers and seeds in the second year (Elzer-Peters, 2014).  

Tap root is thick, swollen and the color of the root is varied and includes orange, yellow, 

purple, red, and white (Simon et al., 2008), having conical shape, although cylindrical and 

round cultivars are also available. Stem is furrowed, bristly-haired or compressed and the 

internodes are not distinct. The leaves are tri-pinnate, finely divided, stalked, lacy and overall 

triangular in shape. Inflorescence is white or pink and it is a compound umbel, 3-7cm in 

diameter, borne on a branched stalk with five petals and five ovaries that are hairy. Flowers 

are mainly bisexual but male flowers may be present in addition to bisexual flowers. The 

flowers may be often one to few dark purple sterile flowers present in the center of umbel. 

Once the flowers are pollinated, the umbel closes in on itself and dries out as the seeds 

mature (Stokes and Stokes, 1985). The fruit is oblong in shape that develops 

a schizocarp consisting of two mericarps; each mericarp is a true seed. Mature seeds are 

flattened on the commissural side that faced the septum of the ovary. The flattened side has 

five longitudinal ribs. Seeds also contain oil ducts and canals. Seeds vary somewhat in size, 

ranging from less than 500 to more than 1000 seeds per gram (Rubatsky et al., 1999).  

 

 

https://en.wikipedia.org/wiki/Schizocarp
https://en.wikipedia.org/wiki/Mericarp
https://en.wikipedia.org/wiki/Achene
https://en.wikipedia.org/wiki/Commissure
https://en.wikipedia.org/wiki/Septum
https://en.wikipedia.org/wiki/Ovary_(botany)
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    2.2. Use and Importance of Carrot 

Carrot is widely cultivated since a long time in Ethiopia; but, it is often grown by small-scale 

farmers on a piece of land at their backyards mostly for own consumption.  Carrot roots are 

used as vegetables for salads, soups and are also steamed or boiled in other vegetable dishes. 

The foliage of carrot is used as forage particularly feeding horses and cattle. Carrot ranks 

tenth in nutritional value among various fruits and vegetables (Acharya et al., 2008). Its root 

is considered as one of the most delicious and luscious root and is highly nutritive. Besides 

food value, different parts of carrot can be used for different medicinal purposes due to its 

wide range of pharmacological effects. Carrot is an important source of phytonutrients 

including phenolics (Babic et al., 1993), polyacetylenes (Hansen et al., 2003; Kidmose et al., 

2004), β-carotene, ascorbic acid and tocopherol (Hashimoto and Nagayama, 2004).  It is very 

helpful to maintain eye health and also serves as an antioxidant (Dias, 2014). Chemo 

protective compounds are the products of carrots that protect the body against many diseases 

of civilization (Bystricka et al., 2015). Carrots contain almost no starch, about 1% protein, 

7% carbohydrate, 0.2% fat, and 3% fiber (USDA, 2014).  

The B vitamins including thiamin, riboflavin, niacin, pantothenic acid, folate, and vitamin B6 

are found in carrots in appreciable quantities when compared with other commonly consumed 

vegetables (Arscott and Tanumihardjo, 2010). It is also a good source of dietary fiber and of 

the trace mineral molybdenum, rarely found in many vegetables. Molybdenum aids in 

metabolism of fats and carbohydrates and is important for absorption of iron. It is also a good 

source of magnesium and manganese.  

Magnesium is needed for bone, protein, making new cells, activating B vitamins, relaxing 

nerves and muscles, clotting blood and energy production; secretion and functioning of 

insulin also require magnesiun (Bartletf et al., 2008; Guerrera et al., 2009; Kim et al., 2010). 

Polyacetylenes rather than betacarotene or lutein was the bioactive components found in D. 

carota and could be useful in the development of new leukemic therapies (Ziani et al., 2012). 

It also plays an important role in anti-inflammatory (Metzger et al., 2008), wound healing 

(Patil et al., 2012), diuretic (Stanic et al., 1998), anti-ulcer (Nayeem et al., 2010), muscle 

relaxant and lowering of blood pressure (Gilani et al., 1994), memory improvement 

(Vasudevan et al., 2010) and anti-fertility (Jansen and Wohlmuth, 2014).  
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   2.3. Opportunities and Challenge of Carrot Production in Ethiopia 

Ethiopia has favorable climate and edaphic conditions for the production of tropical, sub-

tropical and temperate vegetables in the lowlands (<1500 meters above sea level), midlands 

(1500-2200) and highlands (>2200), respectively (FDRE, 2012). Carrots are produced in this 

wide range of agro-ecologies from the lowlands to the highlands of Ethiopia. It can be grown 

throughout the year, except in extremely cold areas or very hot regions (Joubert et al., 1994; 

Rubatzky et al., 1999). Besides, Ethiopia is also endowed with abundant surface irrigation 

water resources, coming from the country’s twelve river basins, which are estimated to be in 

the order of 122 billion cubic meters per year (Kassa, 2015) and underground water potential 

is estimated to be 40 billion M
3
 (Abiti, 2011). Further, the abundant labor, vast land and 

water resources give her an opportunity and facilitation for the production of different types 

of vegetable crops including carrots (Fekadu and Dandena, 2006). 

Its proximity to Djibouti and Somalia markets which are important to save foreign currency 

and farmers are using newly released variety with low cost as compared to an imported seed. 

In Ethiopia, carrot production has been expanding mainly due to increasing urbanization 

and the recognition of carrots as an income and nutrition source (Getachew and 

Mohammed, 2012).  

Additionally, the current investment policy in the country are favorable for expansion and 

diversification of vegetable crops both in the production and marketing sectors for export and 

foreign exchange earnings (Fekadu and Dandena, 2006). In order to encourage private 

investment, the Ethiopian Government has developed a package of incentives under 

Regulations No.84/2003 for investors engaged in new enterprises and expansions across a 

range of sectors (EIA, 2012). Horticultural crop production also creates jobs, on average it 

provides twice the amount of employment per hectare of production compared to cereal crop 

production (Cock, 2004).  

Despite of its numerous importance and great countries production potential the production 

and productivities of carrot in Ethiopia is very low. This low productivity is attributed to 

many factors. The major ones are lack of improved seed, poor quality seeds that are 

expired and those with low germination percentage and no true to type variety are sold in 

the market and improper irrigation facilities (Betelhem, 2021). The type and the way 

producers are applying fertilizer are also the other serious problems in carrot production 

(Hailu et al., 2008). Low productivity is also associated with other factors including lack of 
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improved production practices, unavailability of technological inputs, pests and postharvest 

losses (Muendo et al., 2004). Ethiopian soils lack most of the macro and micronutrients that 

are required to sustain optimal growth and development of crops (Hailu, 2014). This also 

becomes a major constraint to the production and productivity of carrots. Heavy losses are 

caused mainly due to price fluctuations, lack of guaranteed prices and unplanned planting 

patterns, lack of storage facilities, factors cause heavy post-harvest losses of most vegetables 

including carrots which are sold mainly in unprocessed form (Fekadu and Dandena, 2006).  

        2.4. Nutrient Requirements of Carrot   

Soil is the basic pool of plant nutrients. However it does not contain adequate reserve to 

supply sufficient amounts of nutrient elements to meet the increasing requirements for higher 

production. Due to this reason, the application of optimum rate of fertilizer is needed for 

achieving higher production. Indeed, fertilization has significant importance in production 

costs and directly influences the carrot root production and quality (Joseph et al., 2009b). 

High doses of fertilizers are often applied aiming to increase its root size, yield and improve 

its appearance to reach a good market price (Bruno et al., 2007).The yield and quality of 

carrot are greatly affected by the fertilizers used (Win, 2010).  

According to Rani and Mallareddy (2006), carrot is a heavy feeder of nutrients, and very 

sensitive to nutrient and soil moisture. Major mineral nutrients like N, P, and K play an 

important role in vegetative and reproductive phases of crop growth. Even though inorganic 

fertilization plays a vital role for healthy plant growth and development, it does affect soil 

health (Dauda et al., 2008). In most cases, carrot farmers use inorganic fertilizers as the main 

source of nutrients supply to obtain higher growth and yield (Stewart et al., 2005; Dauda et 

al., 2008). The stimulating effect of increasing fertilizer levels on carrot growth was 

consistent with the growth enhancing effect of fertilizer on crop growth in general (Ryan, 

2002).  

The balance between the amount of nutrients that the soil can supply and the plant 

requirement to reach a certain yield should be considered for fertilizing as a rational method 

to optimize fertilizations. This method has consistent theoretical basis, which allows 

recommendations to be broader, without regionalist restrictions, and able to continuous 

improvement (Oliveira et al., 2005; Santos et al., 2008). Overall the balanced use of macro 

and micro nutrients had the highest effect on growth, yield and quality of carrot.  
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     2.4.1. Effect of Nitrogen on Growth, Yield and Quality of Carrot 

Nitrogen is considered an essential element for plants (Don Eckert, 2010). It is a major part 

of all amino acids and many other molecules essential for plant growth and other critical 

nitrogenous plant components viz., the nucleic acids and chlorophyll. It is also essential for 

carbohydrate use within plants. The availability of nitrogen in the soil positively and 

significantly affects the plant growth and development (Fageria and Baligar, 2005). In 

addition, it is essentially needed for increased root growth, crop canopy expansion and solar 

radiation interception in carrot (Sisay et al., 2008; Don Eckert, 2010; Fageria and Moreira, 

2013; Moniruzzaman et al., 2013). Nitrogen supply also plays an essential role in the 

balance between vegetative and reproductive growth for plant including carrot (White et al., 

2007). It is very important nutrient in carrot production as the value of the other inputs cannot 

be fully realized unless it is applied to the crop in an optimum amount (Baniuniene and 

Zekaite, 2008).  

Carrot demand for additional nitrogen fertilizer varies between 0-110 kg ha
-1

 (Salo, 2000).  

Great variation in nitrogen uptake may be related to different climatic conditions, soil 

type, nutrient concentration and well-developed root system which enable the plants to 

absorb nitrogen efficiently from the soil. About 85 - 90% of nitrogen is absorbed by carrot 

during the growth stage of plant; while in the first and last quarter of its growth only 10 

-15% of nitrogen is absorbed (Mohammed, 2019). Its fertilization has been resulted in 

increased the average fresh weight, plant height, leaf number, root length, root diameter 

and dry weight (El-Desuki et al., 2005; Ali et al., 2006; Kandil, 2011; Moniruzzaman et 

al., 2013). However, inappropriate application of nitrogen showed adverse effects on root 

development of plants. 

Applications  of  nitrogen  fertilizer  can  increase  the  yield  and   yield  components  

of  carrot (Moniruzzaman et al., 2013). The highest total and marketable yield of carrot 

were obtained from the application of 150 kg N ha
-1

(Ali et al., 2006; Mehedi et al., 

2012).  

Gutezeit and Gemuse (2000); Shanmugasundaram and Savithri (2002); and Chen et al. 

(2003) also described that yield of carrot was improved with application the of 

nitrogen fertilizers.  

 

Quality of carrot is also enhanced with the application of nitrogen (Hochmuth, 2006; 

Moniruzzaman et al., 2013). Its Deficiency caused higher ascorbic acid accumulation and 
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lowers the carotenoid concentration (Kaack et al., 2001). Its utilization and TSS content of 

roots increased with nitrogen rate up to 120 kg ha
-1 

(Chen et al., 2003). Different nitrogen 

fertilizer levels also affected the TSS content in carrot slightly but significantly positive 

(El-Desuki et al., 2005).  

  

 2.4.2. Effect of Phosphorus on Growth, Yield and Quality of Carrot 

Among nutrients, phosphorus (P) is the fourth nutrient most taken up by carrot (Cecılio and 

Peixoto, 2013). In addition to participating in essential metabolic processes, such as 

photosynthesis and respiration, P is the cofactor of many enzymes and the structural 

component of phosphoproteins, phospholipids, and nucleic acids (Silva et al., 2010). 

Deficiency of this nutrient negatively affects yield because it also reduces uptake of other 

nutrients (Flores et al., 2012). However, in excess, it can reduce the availability of metallic 

micronutrients, such as zinc (Carneiro et al., 2008; Muner et al., 2011; Drissi et al., 2015; 

Ova et al., 2015). It is one of the most used in the carrot fertilization program, due to its 

importance in plant metabolism, being essential in plant establishment and development, 

because it favors the root system, increasing the absorption of water and nutrients, resulting 

in significant increments in root yield (Cíntia et al., 2009; Mariana et al., 2017). 

In many soils plant-available Phosphorus is deficient and has to be supplemented with 

fertilizer and organic amendments (Mikhailova et al., 2003; Osono and Takeda, 2005). 

Phosphorus is a nutrient that should therefore be available in adequate quantities from the 

early growth stages to maintain a high photosynthetic rate during root development (Hu et 

al., 2010). Carrot growth and yield components like plant height, number of leaves, root 

length and root diameter, fresh weight of root, dry weight root and root yield, are greatly 

affected by phosphorus fertilization (McPharlin et al., 2012; Nahar et al., 2014). It is a heavy 

feeder of nutrients, which removes about 50 kg P2O5 per hectare. The crop  is  very  

sensitive  to  nutrient  and  soil  moisture (Rani  and  MallaReddy, 2007). According to 

Nahar et al. (2014) the highest plant height, leaf number, root length, root diameter, shoot and 

root fresh weight, dry matter content of leaf and root, marketable and total root yield of carrot 

was recorded at the rate of 70 P2O5 kg ha
-1

. 

Additionally, the highest yield of turnip (24.9 t ha
-1

) was recorded from the plants that 

received 100 kg P2O5 ha
-1

 while the lowest yield (19.1 t ha
-1

) was recorded from the control 

treatment (Sadia et al., 2013). Application of organic and inorganic fertilizers influenced 

the quality of carrot both at harvest. Ascorbic acid, reducing sugar, total sugar and titratable 
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acidity of carrot were significantly affected by the different pre-harvest P fertilizer 

application (Sisay et al., 2008).  

 

    2.4.3. Effect of Sulfur on Growth, Yield and quality of Carrot 

Sulfur is essential for plant growth and it accumulates 0.2 to 0.5% in plant tissue on dry 

matter basis and is required in similar amount (Ali et al., 2008). Sulfur containing 

fertilizers also has positive effect on growth, yield, and yield parameters as well as quality of 

some vegetables (Chettri et al., 2002; Choudhary, 2013). The increase in growth and yield 

of plants with application of sulfur can be explained with the increased metabolic 

activities, photosynthesis and assimilation (Sharma, 2015). Insufficient sulfur supply can 

affect yield and quality of crops, as sulfur required for protein and enzyme synthesis (Zhao 

et al., 1999). Sulfur deficiency can affect nitrogen utilization by plants, leading to inefficient 

nitrogen uptake and utilization, further influencing overall plant health (Tandon et al., 2007). 

The application of sulfur fertilizer rate and timing depend on factors like soil type and crop 

type. Proper sulfur fertilization practices help maximize crop productivity and promote 

sustainable agriculture (Meng et al., 2004).   

The increased plant height, leaf number, leaf length, fresh and dry weight of carrot was 

obtained from the application of 10 kg ha
-1

 of sulphur (Shoaib, 2021). Several studies 

revealed that the importance of sulphur achieve high carrot yield (Anjaiah and Padmaja, 

2006). The application of sulphur up to 30 and 45 kg ha
-1

 significantly increased the edible 

root yields and dry matter production of carrot and radish, respectively (Singh et al., 2016). 

Root length, root diameter, root dry weight and root yield of carrot was increased with 

increasing of sulphur rate (Shoaib, 2021). Application of sulphur also significantly affect dry 

matter content, total soluble solid, sugar and protein content of carrot root (Wafaa, 2013).  

         2.4.4. Effect of Blended NPS Fertilizer on Growth, Yield and Quality of Carrot 

Fertilization has significant importance in production costs and directly influences the carrot 

root production and quality (Joseph et al., 2009b). Most carrot farmers rely on synthetic 

fertilizers as their primary source of nutrients resulted in increased yield and quality (Stewart 

et al., 2005; Dauda et al., 2008). Optimum application of those fertilizers has significant role 

in crop production.  An adequate supply of nutrients like N, P and S particularly in crop root 

zone might have improved the chemical and biological properties of soil and enabled plant 

roots to proliferate and resulting in better utilization of nutrients by crop (Bhandari et al., 
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2012). The application of NPS fertilizer significantly influenced the growth, yield and yield 

components of carrot crop (Mohammed, 2019; Isreal and Tamirat, 2023).  

The increased rate of blended NPS fertilizer application leads to the increased plant height, 

leaf number, fresh weight of leaf, root length and diameter of carrot (Mohammed, 2019). 

According to (Isreal and Tamirat, 2023), the highest plant height and leaf number of carrot 

was observed by the application of 150 kg ha
-1

of NPS. An increased level of NPS till 200 kg 

ha
-1 

increased the growth attributes of potato like plant height, leaf number per hill, leaf area, 

leaf area index, and stem number per hill and above ground dry biomass of potato (Gedefa et 

al., 2022). Likewise 150 kg ha
-1

of NPS increases plant height, leaf length Leaf number, and 

leaf width of garlic (Mulugeta et al., 2024). NPS fertilizer had a significant effect on yield 

and yield contributing characters of carrot crop. The application of NPS fertilizer at the rate 

of 75: 100: 125: 150 kg ha
-1

 resulted in the highest root weight of carrot (Isreal and Tamirat, 

2023). Similarly, Mohammed (2019) stated that the application of 200 kg ha
-1

of NPS resulted 

in the highest root fresh and dry weight of carrot. The maximum total root yield and highest 

marketable root yield of carrot was observed from the application of NPS fertilizer at a rate of 

150 kg ha
-1

, which was significantly superior over the control (Isreal and Tamirat, 2023).    

Applications of NPS fertilizer also significantly influence various quality parameters of 

carrot. As NPS fertilizer levels increased from 0 kg ha
-1

 to 200 kg ha
-1

, TSS, root texture, root 

shape and titratable acidity of carrot increased significantly (Mohammed, 2019).   

 2.4.5. Effect of Boron on Growth, Yield and Quality of Carrot   

Micronutrients are essentially as important as macronutrients to have better growth, yield and 

quality in plants (Yadav et al., 2018). Boron (B) is one of the essential micronutrient which 

demands in cell walls formation, cell elongation, enzyme activation, sugars transport, 

carbohydrate metabolism, nucleic acid synthesis, root elongation, photosynthetic activities, 

RNA formation and metabolism (Marschner, 1995; Uchida, 2000; Broadley, et al., 2012; 

Islam et al., 2018). The primary role of boron in plants is to improve solubility and 

metabolism of Ca and its mobility and also helps in the absorption of nitrogen (Pandav et al., 

2016). Furthermore, it also promotes plant pigments and nutrient uptake and translocation 

(Day and Aasim, 2020). Boron deficiency in crops is more widespread than the deficiency 

of any other micronutrient (Gupta, 1993). It causes reduced plant height, growth, 

development, fruiting, and quality (Tohidloo and Souri, 2009; Souri and Bakhtiarizade, 
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2019), plants fail to produce panicles at the panicle formation stage (Rehman et al., 2014) and 

tips of emerging leaves are white and rolled (Brdar-Jokanovic, 2020). 

Furlani et al. (2003) stated that boron concentration in edible parts increased with the 

increase in boron application. Davies et al. (2003) also reported that the increase in boron 

application, increase the yield, improves the quality and decrease carrot damage. In 

addition, boron foliar applications also increased the vegetative growth, biochemical 

constituents and yield productivity of different vegetable crops (Abou ELYazied and Mady, 

2012; El-Dissoky and AbdelKadar, 2013; Salim et al., 2019). Minerals, carotenes and 

vitamin C concentrations of carrot root are also improved by boron supply (Singh et al., 

2012). The foliar application with micronutrients especially boron not only has major effects 

on flower formation, carbohydrate and protein metabolism, increases pollen germination and 

pollen tube growth, and yield (Gerendas and Sattelmatcher, 1990), but also is for chloroplast 

formation and sink limitations (Tersahima and Evans, 1988). The increased growth, yield 

and quality attributes of carrots were resulted from foliar application of boron at a rate of 

500ppm as compared with the control treatment (Salim et al., 2022).  

 

2.4.6. The Effect of Blended NPS and B fertilizers on growth, yield and quality of carrot 

Plant growth and development are largely determined by nutrient availability; therefore to 

ensure better productivity of crop plants, it becomes essential to understand the dynamics of 

nutrients uptake, transport, assimilation, and their biological interactions (Wawrzyńska and 

Sirko, 2014). All vegetables respond constructively to the application of small quantities of 

micro as well as macro-nutrients (Mallick and Mathukrishnan, 1980; Naz et al., 2012). Macro 

and micro nutrients are also plays vital for the growth of plants, acting as catalyst in 

promoting various organic reactions taking place within the plant. To maintain sustainability 

in its production and nutritive value, it is becoming essential to replenish the depleting 

reserve of the micro and macronutrients in the soil or apply it through foliar spray to meet the 

immediate need of the crop (Amandeep and Simranjot, 2021).Application of nutrients helped 

in synthesis of greater amount of food materials which was later translocated into 

developing root resulting in increased root length and root diameter as described by Shanu 

et al. (2019).  
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Application of micronutrients in limited quantities and macronutrients, e.g., N, P or K, 

without phytotoxicity is the most effective usage of foliar nutritional methods (Oosterhuis 

and Weir, 2010). Foliar spray with micronutrients is one way to improve production and 

reduce environmental risks among other methods of application of plant nutrients. Moreover, 

it is easy and needs little infrastructure (Pandav et al., 2016). Sultana et al. (2015) the 

combined application of NPK with B resulted in higher yield (14 and 18% respectively), 

higher uptake (47.8 and 93.1 g ha
-1

 respectively) and caused reduction in carrot damage 

(42 and 39% respectively). In addition, adding boron increased the P, K, Mg, carotenes 

and vitamin C concentrations in the storage roots of carrots (Singh et al., 2012). 
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3. MATERIALS AND METHODS 

       3.1. Description of the Study Area 

The experiment was conducted in Debre Berhan University, at the demonstration and 

research site of College of Agriculture and Natural Resource Sciences during the main 

growing season of 2022/23. The study area is located at 130 Km from the capital city of 

Addis Ababa with latitude and longitude of 9
o 

39’24’’N and 39
o
 31’17’’ E, respectively with 

an altitude of 2840 m a.s.l. Based on Ethiopian National Meteorological Agency data the 

study area is characterized by a bimodal rainfall pattern receiving a mean annual rainfall of 

927.10 mm with a maximum (293.02 mm) and minimum (4.72 mm) peaks in August and 

December, respectively. The average monthly maximum and minimum temperatures range 

from 18.3 
O
C to 21.8 

O
C and from 2.4 to 8.9 

O
C, respectively. The most dominant soil type in 

the area is vertisol. Major crops which are cultivated in the study area are wheat, barely, pea, 

haricot bean, potato, carrot and garlic with mixed crop livestock, the farming practices in the 

area are conquered by sole cropping. 

 

 Figure 1.  Map of the study area 
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        3.2. Experimental Materials 

Carrot variety “Nantes” was used as a test crop. The fertilizer sources were blended form of 

NPS (19% N, 38% P2 O5 and 7% S), Urea [CO (NH2)2] (46% N) and, boric acid 

(H3BO3) (16% B) were used as experimental material.  

Table 1. Agronomic and morphological characteristics of Nantes carrot variety  

Cultivar  Origin  Maturity  

time 

(days) 

Rainfall 

(mm) 

Altitude 

(m.a.s.l) 

 

Temperatur

e (
O
C) 

Root 

color 

Maintainer  Root length 

(cm) 

Nantes  France  90-120 760-1010 1600-

2400 

15-20 Orange  Vilmorin-

Andrieux 

Seed 

Company 

 

12-15 

Root yield (t ha
-1

) Research field 47.26 

Farmers’ field 36.99 - 45.52 

Source: (Asfaw and Eshetu, 2015) and (Rose, 2021) 

        3.3. Treatments and Experimental Design 

The treatments were consisted of 4x4 factorial combination of NPS fertilizer rates (0, 75, 150 

and 225 kg ha
-1

) and B rates (0, 250, 500 and 750ppm).  The treatments were arranged in a 

randomized complete block design (RCBD) with three replications. Boron fertilizer was used 

at a rate of 500ppm based on Salim et al. (2022) as a form of boric acid (H3BO3).  

       3.4. Experimental Procedures 

Before planting the experimental field was prepared following the conventional tillage 

practice to loosen the soil since carrots prefer deep and well-drained soils, deep ploughing 

at least 20-30 cm deep followed by harrowing, levelling, and cleaning. Soil was formed 

into a raised bed to obtain optimum drainage, maximum root length, and smoothness, to 

reduce soil compaction. Ridges and furrows were prepared using hand tools manually. The 

total area for the experimental field was=23.5m*6.5m (152.75m
2
).Gross area=1m*1.5m 

(1.5m
2
), while net plot size =0.8m*1m (0.8m

2
).Each plot accommodates 6 rows and 20 

plants in a row and contains 120 plants. The distance between blocks and plots were 1 m and 

0.5 m respectively. The outer single rows at both sides of the plot and two plants at both 

ends of the rows were considered as border plants. The central 4 rows were used as the net 

plot area for all data collection. 
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Seeds of the “Nantes” carrot variety were used for propagation purposes. Seeds were 

directly sown at a spacing of 25cm x 5 cm between rows and plants, respectively on mid of 

May 2023 on a fine seed bed and immediately after sowing, all seedbeds were mulched 

uniformly to regulate the existing low temperature during germination period. The method of 

sowing was dropping the seeds after mixing with sand at a 1:1 ratio. After emergence the 

crop was thinned out. All the blended NPS fertilizers and half of urea at 100 kg ha
-1

 were 

applied on all treatments at the time of planting, however boron as boric acid was applied 

by foliar spray three times at 30, 55 and 75 days after sowing (Salim et al., 2022) and the 

remain half of urea were applied after two months of sowing in band placement mode.  

Weeding, irrigation, earthing up, and others production practices were done uniformly in 

all plots as per the recommended practices of the crop (Asfaw and Eshetu, 2015). Root yield 

was taken from the four central rows leaving boarder plants at each of end rows in both 

sides. 

      3.5. Soil Sampling and Analysis 

Soil sample was taken randomly from the entire experimental field following a zigzag 

fashion from 0 to 30 cm depth before planting using augur. The soil sample was made 

in to a one kg composite sample. The composite soil sample was air-dried and crushed 

with pestle and mortar to pass through a 2 mm sieve size for the analysis of physical and 

chemical properties. Total nitrogen (TN %),   available   phosphorous (mg/kg),   cation   

exchange   capacity (cmol(+)/kg), exchangeable K (Cmolkg
-1

), available S (mg/kg), available  

B (mg/kg), Organic Carbon(OC %), organic matter (OM %), soil pH (1:2.5), and soil 

texture was determined in the laboratory from the sample submitted. The pH of the Soil 

was estimated from the filtered suspension of 1:2.5 soils to water ratio using a glass 

electrode attached to a digital EC and pH meter (Jones, 2003).  

The textural class was determined by using the hydrometer method (Bouyoucos, 1962) and 

the Organic carbon of the soil was determined following the wet digestion method as 

described by Walkley and Black (1934) while the percentage of organic matter of the soil 

was determined by multiplying the percent organic carbon value by 1.724. The particle size 

distribution of the soils was analyzed by the Bouyoucos hydrometer method (Day, 1965). 

The exchangeable bases and CEC of the soil were determined by the ammonium acetate 

method (Van Reeuwijk, 1993). The total N content was determined by the micro-Kjeldahl 

method (Bremner and Mulvaney, 1982) and available P, available  S  were  determined  by  
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using  Mehlich  III  multi-nutrient  extraction  procedure (Mehlich, 1984). Available B 

was determined using hot water method (Havlin et al., 1999), and K was determined by 

using dietylene triamine penta acetatic acid (AD-DTPA) method (Ryan et al., 2001). A 

soil analysis was conducted at Debre Berhan Agricultural Research Center Soil Analysis 

Laboratories. 
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             3.6. Data Collected 

 

    3.6.1. Phenological parameters 

Days to 90% physiological maturity: It was recorded as the number of days required 

from sowing to the time when 90 % of the plants on a plot has their lower leaves turned to 

yellow. 

    3.6.2.    Growth parameters 

Plant height (cm): It was measured in cm from the ground level to the tip of mature leaf at 

the time of physiological maturity (when the lower leaves turns yellow and drop) one week 

before harvesting. Ten randomly selected plants from the central four rows per experimental 

plot was tagged and used for measurement of plant height. 

Number of leaf per plant (No): Number of emerging leaf from the soil per plant of the 

ten randomly sampled plants from each treatment was counted at the time of 

physiological maturity. 

Shoot Fresh weight (g/plant): The ten plants leaf was randomly selected from each plot at 

harvesting weighted using scale balance and expressed in grams. 

Shoot dry weight (g/plant): The ten plants leaf was brought to the laboratory for oven 

drying. Then, samples were dried to a constant weight at 70
0
C temperature and the dry 

weight was measured using digital sensitive balance. 

    3.6.3. Yield and yield-related parameters 

Root length (cm): The distance from the leaf base or crown of the roots to the rounded root 

tip was measured using a ruler from ten randomly selected roots and expressed in cm. 

Root diameter (cm): The root obtained from the central four rows was taken and the 

diameter was measured in the wider portion of the root using Verner caliper.  

Average root weight (g/plant): The fresh weight of roots from the central four rows at 

harvest was recorded and the average fresh weight of roots was expressed in g/plant. 

Root dry weight (g/plant): The root dry weight obtained from the central four rows was 

taken after chopping and oven drying. Samples were dried to a constant weight at 70
0
C 

temperature and the root dry weight was measured using a digital sensitive balance. 

Total root yield (t/ha): The yield of roots per hectare was computed from the entire net 

plot size and converted in to hectare bases and expressed in tons per hectare. 

Marketable and unmarketable root number (No): The roots harvested from four central 

rows were grouped into marketable and unmarketable categories. Marketability of carrot 
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roots was evaluated as described in (Carvalho et al., 2020) roots without external defects 

such as cracks, un-branched, forked, or green shoulder and with small modifications, a 

diameter ranging from1.5-2.5 cm and length 8-15cm was considered as marketable root. 

Based on these criteria, unmarketable roots included undersized, oversized, broken, rotten, 

misshapen, forked, hairy, dimpled, and others. Then after the marketable and 

unmarketable roots was counted separately for each treatment. 

Marketable and unmarketable root yield (t/ha): the roots harvested from the central four 

rows were grouped into marketable and unmarketable categories. Marketability was 

evaluated in terms of texture and size of the root (Abiyot, 2008). Based on these criteria, 

unmarketable roots was included under size, oversized, broken, rotten misshapen, forked, 

hairy, dimpled and others. The judgment was done by local producers. It was multiplied with 

factor to get an estimated yield per hectare and expressed in tons per hectare. The weight of 

both marketable and unmarketable was taken and expressed in ton per ha. 

Harvest index (%):  It was calculated as the ratio of dry root yield weight to biological yield 

and multiplied by 100.  

HI (%) = (EY/BY) *100  

Where: EY: Weight of dry root (Economic Yield) 

           BY: Weight of biological yield (above-and below-ground dry weight). 

 

        3.6.4. Root quality parameters 

Percent dry matter of root: One hundred g root was collected from ten randomly selected 

samples and cut into small pieces and then sun dried for two days. Sun dried samples were 

then put in paper packets and oven dried for 72 hours at 70 to 80°C in an oven. After oven 

drying, root was weighted. An electric balance was used to record the dry weight of 

root and it was calculated on percentage basis. The percentage of dry matter of roots was 

calculated by the following formula.  

DM = [(DW + CW) – CW] X 100 

[(FW + CW) – CW]      

Where: DM= dry matter, DW= dry weight, CW=container weight, FW= fresh weight 
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Total soluble solids: An aliquot of juice was extracted using a juice extractor (6001x 

model No.31JE35 6x.00777) from ten sample roots and 50 ml of the slurry was filtered 

using cheesecloth. The (TSS) was determined by a digital refracto-meter with a range 

of 0 to 32°Brix, and a resolution of 0.2 °Brix by placing 2 drops of clear juice on the prism. 

Between samples, the prism of the refracto-meter was washed with distilled water and dried 

before use. The refracto-meter was standardized against distilled water 0% TSS at Debre 

Berhan university horticulture laboratory. 

pH: The extract of an aliquot of juice was  prepared according to Nunes and Emond (1999). 

An aliquot of juice was first filtered with cheesecloth and the pH value of carrot juice was 

measured with a Metrohn 691 pH meter. 

Root volume: Root volume was measured by taking random samples from each treatment 

and immersing them in a beaker containing a known amount of water. The volume of the root 

was determined by observing the displacement of the water by the root, so that the difference 

was taken as the volume of the root. 

3.6.5. Partial Budget Analysis 

The economic analysis was carried out by using the methodology described in CIMMYT 

(1988) approach which utilizes partial budgeting combined with marginal analysis. It reveals 

the economic performance of the treatments based on root yield of carrot. Gross return 

(yield x price) and net return (gross return - total varying cost) was calculated to carry out 

marginal rate  of  return (MRR)  analysis  which  was important  for  correct  evaluation  of  

alternative technologies. The yield harvested from the plots was converted into hectare 

basis and the market value was calculated based on the existing market price. 

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

by change in cost. 

MRR %= change in net benefit/ change in cost*100 

A treatment having a marginal rate of return (MRR) greater than or equal to 100% is said to 

be economically profitable. 

        3.7. Data Analysis 

Data were subjected to Analysis of Variance (ANOVA) using the general linear model 

(GLM) of the SAS statistical package version 9.31 (SAS, Institute Inc., 2012). All 

significant pairs of treatment means was compared using Duncan’s Multiple Range Test 
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(DMRT) (Gomez and Gomez, 1984) at a 5% level of significance. Correlation analysis was 

conducted for growth, yield and quality of carrot. 
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4.  RESULTS AND DISCUSSION 

4.1. Soil Physico-chemical Properties of the Experimental Site before Planting 

Soil analysis indicated that the textural class of the surface soil in the study site was 

dominantly clay (Table 2). The EC and pH were non-saline (USSLS, 1954) and moderately 

acidic (Murphy, 1968), respectively. The crop grows better under non-saline (De Pascale and 

Barbieri, 2000; Alemu and Muluneh, 2019) and moderately acidic to alkaline soils (Getachew 

and Mohammed, 2013; Alemu and Muluneh, 2019), but preferentially a pH of 5.8-6.6 is 

better for the carrot production (Tindall, 1983; Rice et al., 1987). Since Landon (1991) and 

Hazelton and Murphy (2007) rated the CEC (cmol (+) kg
-1

) of the soil less than 5 is very low, 

5-15 is low, 15-25 is medium, 25-40 is high and greater than 40 is very high, the CEC of the 

soil was 29.79 cmol (+) kg
-1

 which was high (Table 2). Thus high CEC values imply that the 

soil has high buffering capacity against induced chemical changes. The organic carbon of the 

soil was 1.79% which was medium. Because, Tekalign (1991) described that the OC (%) of 

the soil less than 0.5 is very low, 0.5-1.5 is low, 1.5-3 is medium and greater than 3 is high. 

Whereas the organic matter of the soil was 3.09% which was medium as per the category of 

Tekalign (1991) that the OM (%) of the soil less than 0.86 is very low,0.86-2.59 is low, 2.59-

5.17 is medium and greater than 5.17 is rated as high.  

Since Tekalign (1991) further described the nitrogen content of soil between 0.12-0.25 

percent is medium and greater than 0.25 % is high. The (TN %) content of the soil 0.21% 

(Table 2) was medium. Available P (mg kg
-1

) content of the soil was 8.89 mg kg
-1

. According 

to Olsen et al. (1954), the available P of the soil less than 5 is very low, 5-9 is low, 10-17 is 

medium, 18-25 is high, and greater than 25 is very high.  The exchangeable K content of the 

soil was 1.58 (Cmol (+) kg
-1

). According to FAO (2006), cation exchangeable soil potassium 

contents of greater than 1.2 (Cmol (+) kg
-1

) soil is very high. The soil available sulfur of the 

experimental area was 18.09 mg kg
-1

. Bashour and Sayegh (2007) reported that soils with 

Sulfur content of <0-10 is very low, 10-20 is low, 20-35 is medium, 35-45 is high and > 45 is 

very high. Thus, it has been rated as low. Available B (pmm) content of the soil was 0.9 ppm. 

According to Horneck et al. (2011) the available B (ppm) of the soil less than 0.2 very low, 

0.2 - 0.5 low, 0.5-1.0 medium, 1.0-2.0 high and >2.0 very high. Thus it can be categorized 

medium.  

The exchangeable Ca (cmol (+) kg
-1

) content of the soil was 17.22 (cmol (+) kg
-1

). Hazelton 

and Murphy (2007) described that the Exchangeable Ca of the soil less than 2 is  very low, 2 - 
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5 is  low, 5 -10 is medium, 10 - 20 is high and greater than 20 is very high. Thus, it has been 

rated as high. Exchangeable Mg (cmol kg
-1

) content of the soil was 7.21 cmol (+) kg
-1

). 

Hazelton and Murphy (2007) described that the Exchangeable Mg of the soil less than 0.3 is 

very low, 0.3 – 1.0 is low, 1.0 – 3.0 is medium, 3.0 – 8.0 is high and greater than 8.0 is very 

high. Thus, it has been rated as high. Exchangeable Na (cmol (+) kg
-1

) content of the soil was 

0.56 (cmol (+) kg
-1

) which was medium. FAO (2006) described that the Exchangeable Na of 

the soil less than 0.10 is very low, 0.1 - 0.3 is low, 0.3 - 0.7 is medium, 0.7 - 2.0 is high and 

greater than 2.0 is very high. 

Table 2. Physico-chemical characteristics of the soil in the experimental site. 

Parameter Value Rating Reference 

Sand (%)  21   

Silt (%)   28   

Clay (%) 51   

Textural class Clay   

pH 5.96 Moderately acidic Murphy (1968) 

Organic carbon (%) 1.79 Medium  Tekalign (1991) 

Organic matter (%) 3.09 Medium  Tekalign (1991) 

Total nitrogen (%) 0.21  Medium Tekalign (1991) 

Available P (mg kg
-1

) 8.89 Low  Olsen et al. (1954) 

Exchangeable K  

(Cmol(+) kg
-1

) 

1.58 Very high FAO (2006) 

Available S (mg kg
-1

) 18.09  Low Bashour and Sayegh (2007) 

B (ppm) 0.9 Medium Horneck et al.(2011) 

EC (ds ml
-1

) 0.098 Non-saline USSLS, (1954) 

CEC (Cmol(+) kg
-1

 29.79 High  Landon (1991); Hazelton and 

Murphy (2007) 

Ca
2+

 Cmol(+) kg
-1

 17.22 High  Hazelton and Murphy (2007) 

Mg
2+ 

Cmol(+) kg
-1

 7.21 High  Hazelton and Murphy (2007) 

Na
+ 

Cmol(+) kg
-1

 0.56 Medium  FAO (2006) 

Where: - pH= Potential of Hydrogen, OC = Organic Carbon; OM= Organic matter; N = Nitrogen; P = 

Phosphorus; S= Sulphur; B= boron; CEC = Cation Exchange Capacity; Ca = Calcium; Mg = 

Magnesium and Na = Sodium. 
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4.2. Phenological Parameters 

 4.2.1. Days to maturity 

Days to maturity were significantly (P < 0.01) influenced by the main effect of NPS. On the 

other hand, the main effect of B and their interaction effect did not significantly affect this 

parameter (Appendix Table 1). The shortest days to maturity (127.23) were recorded from the 

nil fertilizer application. However, the longest day to maturity (154.65) was recorded from 

the application of the highest (225 kg ha
-1

) NPS fertilizer rate which was statistically similar 

to150 kg ha
-1

 (Table 3). Carrot plants which were the nil application of NPS fertilizers had 

shortened days to maturity by 16.61 and 27.42 days as compared to the application of 150 

and 225 kg ha
-1

 of NPS fertilizer (Table 3).  

Table 3.  Effect of NPS fertilizer on days to maturity of carrot 

NPS rate (kg ha
-1

)                                              Days to maturity 

 

0 127.23
c 
    

75 137.70
bc

     

150 143.84
ab

      

225 154.65
a
   

Significance level ** 

CV (%) 9.72 

Means in the table followed by the different letter(s) are significantly different to each other 

at** = significant at P ≤ 0.01; CV- coefficient of variation. 

The increase in days to maturity could possibly be ascribed to enhanced vegetative growth 

due to high rate of NPS hence extended physiological activities and continuing in 

photosynthesis this implies increasing production of assimilates that caused a delay in 

maturity. In agreement with this, Chala et al. (2022) reported that the day to physiological 

maturity in onion crop was delayed at higher level of NPS (200 kg ha
-1

) fertilizer application 

than the control treatment. Similarly, Gedefa et al. (2022) indicated that the longest day to 

maturity of potato was recorded from the application of 200 kg ha
-1

NPS whereas the shortest 

days were obtained from the control treatment. On the contrary, Mohammed (2019) who 

reported that NPS fertilizer did not significantly affect days to maturity of carrot.  
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4.3. Growth parameters 

4.3.1. Plant height 

The analysis of variance indicated that the plant height was significantly (p ≤0.001) affected 

by the main effects of NPS and boron whereas their interaction did not significantly affect 

this parameter (Appendix Table 1). The longest plant height (46.73 cm) was recorded from 

the application of 225 kg ha
-1

 of NPS fertilizer. However, the shortest plant height (28.57 cm) 

was recorded from the control (0 kg ha
-1

 of NPS) treatment (Table 4). The increase in plant 

height due to the application of the highest NPS fertilizer was by 18.16 and 6.89 cm as 

compared to the application of 0 and 150 kg ha
-1

 of NPS fertilizer, respectively. The increase 

in plant height of carrot might be due to the synergistic effect of N, P and S on metabolic 

activity in the early growth phase that caused vigorous vegetative growth; this in turn resulted 

in an increment of plant height. This result was in agreement with the finding of Isreal and 

Tamirat (2023) who found that the tallest plant height in carrot was recorded from the plant 

that received a higher amount of 150 kg ha
-1

NPS fertilizer. However, the shortest was 

recorded from the control treatment. Similarly, Lefamo et al. (2019) reported that the longest 

plant height of carrot was obtained from the application of 150 kg ha
-1 

of
 
NPS fertilizer while 

the shortest value was recorded from the control treatment. Mohammed (2019) also stated 

that the highest plant height was obtained from the application of NPS fertilizer at a rate of 

200 kg ha
-1

 application of carrot. On the other hand, the lowest plant height was recorded 

from the control treatment.  

The tallest plant height (39.87cm) was observed from the application of boron at a rate of 

500ppm, which was statistically similar with the application of 750ppm boron. However, the 

shortest plant height (33.01 cm) was recorded from the control treatment (Table 4). The 

increase in plant height due to the application of 500ppm boron fertilizer was by 6.86 cm as 

compared to the control treatment. This might be attributed to the role of boron in nutrient 

uptake, sugars transportation and carbohydrate metabolism that favors vigorous vegetative 

growth. In line with this, Salim et al. (2022) reported that the longest plant height of carrot 

was obtained from the application of H3BO3 at 500ppm while the shortest value was recorded 

from the control treatment. In addition, Rahman et al. (2023) indicated that the tallest plant of 

tomato was observed from foliar application of H3BO3 at 175 ppm whereas the lowest was 

recorded from the control treatment. 
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Table 4. Effect of NPS and B fertilizers on plant height and leaf number of carrot  

Means in the table followed by the different letter(s) are significantly different to each other 

*** = significant at P ≤ 0.001, CV- coefficient of variation. 

4.3.2. Leaf number per plant 

The main effects of NPS and boron rates significantly (P < 0.001) influenced leaf number. 

However, their interaction did not significantly affect leaf number (Appendix Table 1).The 

application of the highest NPS (225 kg ha
-1

) fertilizer resulted in the highest leaf number 

(11.93) of carrot which was statistically similar with 150 kg ha
-1

 NPS fertilizer application 

while the control treatment resulted in the lowest (7.55) (Table 4). The increase in leaf 

number due to the application of the highest level of NPS fertilization was by 58.01 and 1.71 

% as compared to the application of 0 and 150 kg ha
-1

 of NPS fertilizer, respectively. The 

increase in leaf number from the higher level of NPS fertilizer application might be due its 

role on vegetative growth and increased photosynthetic activity which resulted in an increase 

in number of leaf of carrot. In line with this, Isreal and Tamirat (2023) reported that the 

highest leaf number was recorded from carrot which was supplied with 150 kg NPS fertilizer. 

On the other hand, the lowest leaf number was recorded from nil application. Similarly, 

Mohammed (2019) reported that the highest number of leaf was obtained from the highest 

NPS fertilizer (200 kg ha
-1

) application of carrot whereas the lowest leaf number was 

recorded from the control treatment.  

The application of boron fertilizer at the rate of 500ppm resulted in the highest leaf number 

(12.26). On the other hand, the lowest leaf number (8.04) was recorded from the control 

treatment (Table 4). The increase in leaf number due to the application of boron (500ppm) 

NPS rate (kg ha
-1

)                                              Plant height (cm)            Leaf   number         

 

 

  0 28.57
d                                                       

7.55
c 

75 32.49
c                                                        

9.49
b                                                    

 

150 39.84
b                                                       

11.73
a
 

225 46.73
a                                                       

11.93
a
 

Significance level ***                                         *** 

B rate (ppm)  

0 33.01
c                                                        

8.04
d
 

250 36.62
b                                                        

9.62
c
 

500 39.87
a                                                       

12.26
a
 

750 38.01
ab                                                     

10.77
b
 

Significance level ***                                         *** 

CV (%) 8.66                                       13.35 
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fertilizer was by 52.49% as compared to the control treatment. This increment in leaf number 

might be due to the functioning of boron in number of growth processes like development of 

meristematic tissue, protein synthesis which caused activation of photosynthetic process and 

assimilates production and translocation to the plant parts. Similarly, Salim et al. (2022) 

stated that the highest leaf number of carrot was recorded from the application of H3BO3 at 

500ppm while the lowest leaf number was obtained from the control treatment.  

4.3.3. Shoot fresh weight 

Shoot fresh weight of carrot was significantly (P ≤ 0.001) affected by the main effects of NPS 

and boron. However, their interaction did not significantly affect this parameter (Appendix 

Table 1). The highest shoot fresh weight (33.12g) was obtained from the application of 225 

kg ha
-1

 of NPS. On the other hand, the lowest shoot fresh weight (25.1g) was obtained from 

the control treatment (Table 5). The increase in shoot fresh weight due to the application of 

the highest NPS fertilizer was by 31.95 and 7.08 % as compared to the application of 0 and 

150 kg ha
-1

 of NPS fertilizer, respectively. Increment of shoot fresh weight of carrot due to 

the application of highest NPS might have attributed to the availability of more nutrients that 

possibly increased the rate of cell division and elongation producing more leaves and their 

development caused vigorous vegetative growth with active photosynthetic process and 

assimilates production. In agreement with this, Mohammed (2019) reported that the highest 

shoot fresh weight of carrot was obtained from the highest NPS fertilizer (200 kg ha
-1

) 

application whereas the lowest value was recorded from the control treatment.  

The application of boron fertilizer at the rates of 500ppm resulted in the highest shoot fresh 

weight (35.22g) while the lowest shoot fresh weight (22.86 g) was recorded from the control 

treatment (Table 5). The increase in shoot fresh weight due to the application of boron 

(500ppm) fertilizer was by 54.07 % as compared to the control treatment. This increment of 

shoot fresh weight in carrot due to the application of B fertilizer might be attributed to its role 

on activation of photosynthetic activity and assimilates production that led to vigorous 

vegetative growth. This in turn resulted in production of more leaf per plant and increased the 

fresh weight of shoot. In agreement with this, Salim et al. (2022) indicated that the increased 

shoot fresh weight of carrot was obtained from the application of H3BO3 at 500ppm as 

compared to the control treatment. In addition, Shaimaa and Soad (2014) stated that the 

highest shoot fresh weight of tomato was obtained from B at 100ppm whereas the lowest was 

recorded from the control treatment.    
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Table 5. Effect of NPS and B fertilizer rates on shoot fresh and dry weight of carrot 

 

 

 

 

 

 

 

 

 

Means in the table followed by the different letter(s) are significantly different to each other 

at *** = significant at P ≤ 0.001, CV- coefficient of variation. 

4.3.4. Shoot dry weight 

The analysis of variance indicated that the shoot dry weight was significantly (p ≤0.001) 

influenced by the main effects of NPS and boron while their interaction did not significantly 

affect this parameter (Appendix Table 1). The highest shoot dry weight (14.59g) was 

obtained from the application of 225 kg ha 
-1

 of NPS. However, the lowest shoot dry weight 

(9.21g) was obtained from the control treatment (Table 5). The increase in shoot dry weight 

due to the application of highest NPS was by 58.41 and 8.15 % as compared to the 

application of 0 and 150 kg ha
-1

 of NPS fertilizer, respectively. The increase in shoot dry 

weight of carrot in response to the increased levels of NPS might be attributed to maximum 

vegetative growth, increased photosynthetic product and accumulation of carbohydrates; this 

in turn resulted in an increased shoot dry weight of carrot. In agreement with this, Mohamed 

and Wagi (2021) also described that the highest dry weight of shoot of onion was obtained 

from the application of 250 kg NPS ha
-1

 fertilizer whereas the lowest value was observed 

from the control treatment. 

The application of boron fertilizer at the rates of 500ppm resulted in the highest shoot dry 

weight (14.87g). On the other hand, the lowest shoot dry weight (8.24g) was recorded from 

the control treatment (Table 5). The increase in shoot dry weight due to the application of 

boron (500ppm) fertilizer was by 80.46 % as compared to the control treatment. The increase 

NPS rate (kgha
-1

)                                              Shoot  

fresh  

weight(g) 

Shoot     

dry 

weight(g) 

 

0 25.1
d
      9.21

d
  

75 28.62
c
      11.28

c
  

150 30.93
b
      13.49

b
  

225 33.12
a 
     14.59

a
  

Significance level *** ***  

B rate (ppm)     

0 22.86
d
     8.24

d 
     

250 28.47
c
    12.05

c
      

500 35.22
a
      14.87

a
        

750 31.22
b
     13.41

b
      

Significance level *** ***  

CV(%) 4.5 6.17  
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in shoot dry weight in response to the application of B might be attributed to the fact that its 

role in metabolic process with enhanced photosynthetic activity and photosynthates 

production and partitioning to the plant parts, this leading to highest dry matter accumulation 

in to the shoot. In agreement with this Shaimaa and Soad (2014) stated that the highest shoot 

dry weight of tomato was obtained from B at 200ppm while the lowest was recorded from the 

control treatment.  
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4.4. Yield and Yield Components  

4.4.1. Average root weight 

The main effects of NPS and boron significantly (P < 0.001) affected average root weight of 

carrot whereas their interaction did not significantly affect this parameter (Appendix Table 

2). The highest average root weight (102.52g) was obtained from the application of 225 kg ha 

-1
 of NPS. However, the lowest value (62.39g) was obtained from the control treatment 

(Table 6). The increase in average root weight due to the heights application of NPS fertilizer 

was by 64.32 and 19.2 % as compared to the application of 0 and 150 kg ha
-1

 of NPS 

fertilizer, respectively. Increasing in average root weight of carrot could be ascribed to the 

increased and readily availability of nutrients which caused vigorous vegetative growth and 

assimilate production with translocation of photosynthetic product to the root, this in turn 

results an increased in average root weight.  

Table 6. Effect of NPS and B fertilizer rates on average root weight of carrot 

Means in the table followed by the different letter(s) are significantly different to each other 

at *** = significant at P ≤ 0.001, CV- coefficient of variation. 

In agreement with this, Isreal and Tamirat (2023) indicated that the highest average root 

weight of carrot was recorded from the plant which received 150 kg NPS fertilizer. On the 

other hand, the lowest value was recorded from the control treatment.  Similarly, Mohammed 

(2019) reported that the highest average root weight of carrot was obtained from the highest 

NPS fertilizer (200 kg ha
-1

) application while the lowest value was recorded from the control 

treatment.  

The application of boron fertilizer at the rates of 500ppm resulted in the highest average root 

weight (91.35g). However, the lowest average root weight (66.72 g) was recorded from the 

NPS rate (kgha
-1

)                  Average root weight(g)                                          

0                                            62.39
c
   

75                                          66.76
c
   

150                                        86.01
b
   

225                                        102.52
a
   

Significance level                 ***   

B rate (ppm)   

0                                            66.72
d
   

250                                        74.98
c
   

500                                        91.35
a
   

750                                        84.63
b
   

Significance level                 ***   

CV(%)                                  10.23   
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control treatment. The increase in average root weight due to the application of boron 

(500ppm) fertilizer was by 36.92 % as compared to the control treatment. This might be 

attributed to the available B nutrient that caused translocation of photo assimilates and other 

soluble solids to the root and resulted in the highest average root weight of carrot. In line with 

this, Salim et al. (2022) reported that the highest average root weight of carrot was obtained 

from the application of H3BO3 at 500ppm whereas the lowest value was recorded from the 

control treatment.  

4.4.2. Root dry weight 

The root dry weight of carrot was significantly (P ≤ 0.001) affected by the main effects of 

NPS and boron as well as by their interaction effect (Appendix Table 2). The highest root dry 

weight (19.34g) was attained from the combined application of 150 kg ha 
-1

 of NPS with 

500ppm boron rate. On the other hand, the lowest root dry weight (8.99g) was obtained from 

the control treatment (Table 7).  

Table 7. Interaction effects of NPS and Boron fertilizers on root dry weight of carrot. 

Means in the table followed by the different letter(s) are significantly different to each other 

at *** = significant at P ≤ 0.001; CV- coefficient of variation. 

The increase in root dry weight due to the application of 150 kg ha
-1

 of NPS and 500ppm 

boron fertilizer was by 115.13 and 67.59 % as compared to the control treatment and 150 kg 

ha
-1

 of NPS with 0ppm boron fertilizer. Such increment of root dry weight could be attributed 

NPS rate (kg ha
-1

) B rate (ppm) Root dry weight(g) 

0 0 8.99
i
 

 250 10.53
gh

 

 500 12.35
ef

 

 750 11.12
fg

 

75 0 9.6
hi

 

 250 12.37
ef

 

 500 14.28
d
 

 750 12.53
e
 

150 0 11.54
e-g

  

 250 15.63
c
 

 500 19.34
a
  

 750 17.18
b
 

225 0 10.77
gh

 

 250 14.35
d
 

 500 17.29
b
  

 750 16.1
bc

 

Significance level  *** 

CV(%) 5.63 
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to the readily availability of NPS and B this implies increased vegetative growth through 

activated photosynthetic activity and assimilates production and partitioning to the plant 

parts. This eventually causes an increased accumulation in root.  

Similarly, Mohammed (2019) stated that the highest root dry weight of carrot was obtained 

from the highest NPS fertilizer (200 kg ha
-1

) application. However, the lowest root dry weight 

was recorded from the control treatment.  

4.4.3. Root length  

Root length was significantly (P ≤ 0.001) influenced by the main effects NPS, boron, and 

their interaction (P ≤ 0.01) (Appendix Table 2). The longest root length (14.98 cm) was 

measured from the combined application of 150 kg ha
-1

 NPS and 0500ppm of boron fertilizer 

application. However, the smallest root length (7.12 cm) was recorded from the control 

treatment (Table 8). The increase in root length due to 150 kg ha
-1

 of NPS with 500ppm of 

boron combination was by 110.39 and 34.11% as compared to the control treatment and 150 

kg ha
-1

 of NPS with 0ppm of boron, respectively. This might be due to those abundantly 

available nutrients that enhanced vigorous vegetative growth and also helped in synthesis of 

greater amount of photosynthetic product, which was later translocated into developing root. 

This consequently resulted in an increased root length.  

This result is in agreement with Mohammed (2019) who reported that the highest root length 

was obtained from the highest NPS fertilizer (200 kg ha
-1

) application of carrot whereas the 

lowest was recorded from the control treatment. Salim et al. (2022) indicated that the longest 

root length of carrot was obtained from the application of H3BO3 at 500ppm. On the other 

hand, the shortest root length was recorded from the control treatment.  

4.4.4. Root diameter 

The analysis of variance indicated that root diameter was significantly (P ≤ 0.001) influenced 

by the main effects NPS, boron and there interaction (P ≤ 0.01) (Appendix Table 2). The 

widest root diameter (2.45 cm) was measured from the combined applications of 150 kg ha
-1

 

NPS fertilizer with 500ppm boron rate. On the other hand, the narrowest root diameter (1.52 

cm) was recorded from the control treatment (Table 8).  
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Table 8. Interaction effects of NPS and Boron fertilizers on root length and diameter of 

carrot. 

Means in the table followed by the different letter(s) are significantly different to each other 

at **= significant at P ≤ 0.01; CV- coefficient of variation. 

The application of NPS at a rate of 150 kg ha
-1 

with 500ppm boron increased root diameter by 

61.18 and 31.02% as compared to the control treatment and 150 kg ha
-1 

of NPS with 0ppm 

boron, respectively. The increment in root diameter might be due to the positive effects of N, 

P&S as well as B in providing a sufficient nutrients to the plant, this caused increase in 

vegetative growth and accelerate photosynthesis process as well as production of assimilate 

that in turn led to the increased translocation of assimilates into the carrot roots and resulted 

in increased root diameter.  

Similarly, Mohammed (2019) reported that the widest root diameter was obtained from the 

highest NPS fertilizer (200 kg ha
-1

) application of carrot whereas the narrowest root diameter 

was recorded from the control treatment. Salim et al. (2022) stated that the widest root 

diameter of carrot was obtained from the application of H3BO3 at 500ppm while the lowest 

root diameter was recorded from the control treatment.  

 

NPS rate (kgha
-1

) B rate (ppm) Root length (cm) Root diameter(cm) 

0 0  7.12
j
 1.52

i 
   

 250  9.3
i
 1.84

gh
 

 500 11.87
e-g

 2.18
c-e

 

 750 10.78
h
 2.09

ef
 

75 0 8.94
i
 1.8

h
 

 250 11.39
f-h

 2.03
ef

 

 500 12.9
cd

 2.33
a-c

 

 750 11.78
e-g

 2.19
c-e

 

150 0 11.17
gh

  1.87
gh

 

 250 12.27
d-f

  2.3
b-d

  

 500 14.98
a
 2.45

a
  

 750 12.59
c-e

 2.34
a-c

  

225 0 10.66
h
  1.96

fg
 

 250 11.34
f-h

 2.37
ab

  

 500 14.11
b
  2.3

a-d
  

 750 13.22
c
 2.14

de
  

Significance level  ** ** 

CV(%) 4.49 4.23 
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4.4.5. Marketable root yield  

The main effects of NPS and boron significantly (P ≤ 0.001) affected the marketable root 

yield of carrot and there interaction (P ≤ 0.05) (Appendix Table 3). The highest marketable 

root yield (56.28 t ha
-1

) was attained from the combined application of 150 kg ha
-1

 of NPS 

with a 500ppm boron rate.  However, the lowest marketable root yield (28.99 t ha
-1

) was 

obtained from the control treatment (Table 9). The increase in marketable root yield due to 

the application of 150 kg ha
-1

 of NPS and 500ppm boron fertilizer was by 94.03 and 37.30% 

as compared to the control treatment and 150 kg ha
-1

 of NPS with 0ppm boron fertilizer, 

respectively. The higher marketable yields obtained from the combined application of 150 kg 

ha
-1

 of NPS with 500ppm boron fertilizer might be due to the vigorous vegetative growth of 

carrot that encouraged by the balanced fertilizer application which led to higher carbohydrate 

metabolism and chlorophyll synthesis which resulted in increased photosynthetic activity of 

plant, production of assimilates and translocation of photosynthates towards root that imply 

the increase in yield which resulted in higher proportion of marketable root length, diameter 

and weight. 

In line with this, Isreal and Tamirat (2023) indicated that the highest marketable root yield of 

carrot was recorded from the plant which received 150 kg NPS fertilizer whereas the lowest 

marketable root yield was recorded from the control treatment. In addition, Mekides et al. 

(2020) described that the highest and the lowest value of marketable root yield in potato were 

obtained by the application of NPS at 55.5: 89.7:16.52 kg ha
−1

 and the control treatment, 

respectively.  

4.4.6. Unmarketable root yield 

Unmarketable root yield of carrot was significantly (P ≤ 0.001) affected by the main effects 

NPS, boron and their interaction (P ≤ 0.01) (Appendix Table 3). The highest unmarketable 

root yield (10.00 t ha
-1

) was attained from the control treatment. However, the lowest 

unmarketable root yield (2.4 t ha
-1

) was obtained from the combined application of 150 kg ha 

-1
 of NPS with 500ppm boron rate (Table 9).  
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Table 9. Interaction effects of NPS and Boron fertilizers on marketable and unmarketable 

root yield of carrot. 

Means in the table followed by the different letter(s) are significantly different to each other 

at * = significant at P ≤ 0.05; **= significant at P ≤ 0.01; CV- coefficient of variation.  

The increment of unmarketable root yield from the control treatment might be due to the 

insufficient supply of NPS and boron fertilizers that resulted in lower vegetative growth 

which possibly had developed under sized root that might led to the development of small 

root weight that in turn resulted in higher proportion of unmarketable root yield.  

In agreement with this study, Gedefa et al. (2022) reported that the maximum unmarketable 

tuber yield of potato was observed from the control treatment while the lowest was recorded 

from the application of 200 kg ha
-1

of NPS.  In addition, Nardos (2021) also stated that the 

maximum unmarketable yield of tomato was observed from the control treatment whereas the 

lowest was recorded from the application of 240 kg ha
-1

NPS. 

 

 

 

NPS rate (kg ha
-1

) B rate (ppm) Marketable root yield 

(t ha
-1

) 

Unmarketable root 

yield(t ha
-1

)   

0 0 28.99
j
 10.00

a
 

 250 34.59
hi

 8.67
ab

 

 500 35.09
hi 

  6.33
cd

 

 750 32.33
ij
  7.67

bc
 

75 0 36.59
g-i

 6.52
cd

 

 250 37.34
f-i

 6.0
de

 

 500 39.91
f-h

 6.27
cd

 

 750 36.67
g-i

 6.34
cd

 

150 0 40.99
e-g

  5.86
de

  

 250 52.64
ab

 3.67
hi

 

 500 56.28
a
  2.4

i
  

 750 47.63
b-d

 4.28
f-h

 

225 0 41.96
e-g

 5.67
d-f

  

 250 49.08
bc

 4.0
gh

 

 500 46.31
c-e

 4.67
e-h

  

 750 42.87
d-f

 5.33
d-g

 

Significance level  * ** 

CV(%) 7.29 13.77 
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4.4.7. Total root yield  

The analysis of variance indicated that the main effects of NPS and boron fertilizer 

significantly (P ≤ 0.001) affected total root yield and their interaction (P ≤ 0.05) (Appendix 

Table 3). The highest total root yield (58.68 t ha
-1

) was attained from the combined 

application of 150 kg ha 
-1

 of NPS with 500ppm boron. However, the lowest total root yield 

(38.99 t ha
-1

) was obtained from the control treatment (Table 10). The increase in total root 

yield due to the application of 150 kg ha
-1

 of NPS and 500ppm boron fertilizer was by 50.5 

and 25.22% as compared to the control treatment and 150 kg ha
-1

 of NPS and 0ppm boron, 

respectively. The increment in total root yield due to the better efficiency of NPS in 

combination with B could be attributed to better availability and uptake of nutrients that 

could have enhanced vigorous vegetative growth, activated plant metabolism and 

photosynthetic rate which resulted in the increased amount of assimilates that could be 

partitioned to the storage organs which consequently led to maximum root yield. 

Furthermore, this increased yield may be due to the cumulative effect of all yield components 

viz., root length, root diameter, fresh and dry weight of root. In agreement with this, Isreal 

and Tamirat (2023) also indicated that the highest root yield of carrot was recorded from the 

plant which received 150 kg NPS fertilizer whereas the lowest root yield was recorded from 

the control treatment. Similarly, Mekides et al. (2020) stated that the highest and the lowest 

value of total tuber yield in potato were obtained by the application of N: P2O5: S at 55.5: 

89.7:16.52 kg ha
−1

 and the control treatment, respectively.  

Salim et al. (2022) stated that the highest carrot root yield was observed from the application 

of H3BO3 at 500ppm. However, the lowest root yield was obtained from the control 

treatment. In addition, Rahman et al. (2023) reported as the highest tomato yield was 

observed from foliar application of H3BO3 at 175ppm while the lowest was recorded from the 

control treatment. 

4.4.8. Harvest index 

Harvest index was significantly (P ≤ 0.001) influenced by the main effects NPS, boron, and 

their interaction (P ≤ 0.01) (Appendix Table 3). The highest harvest index (83.67%) was 

measured from the combined application of 150 kg ha
-1

 of NPS with 500ppm boron which 

was statistically similar to the application of 225 kg ha
-1

 of NPS with 250ppm boron. On the 

other hand, the lowest harvest index (70.44%) was obtained from the control treatment (Table 

10). The increase in harvest index due to the application of 150 kg ha
-1

 of NPS with 500ppm 
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boron was by 18.78 and 10.57% as compared to the control treatment and 150 kg ha
-1

 of NPS 

with 0ppm boron, respectively. The increment in harvest index due to the application of N, P, 

S & B might be attributed to the role of those readily available nutrients which caused to 

increases in vegetative growth and photosynthetic rate that implies the increased amount of 

assimilate that could be translocated to the root which consequently increased the harvest 

index. In line with this, Abera (2020) found that the maximum harvest index in garlic was 

due to the application of 50 kg ha
-1

 of nitrogen-blended NPS fertilizer and the lowest from the 

control treatment. However, Mekides et al. (2020) stated that the increased in the rate of NPS 

fertilizer led to lower harvest index of potato.   

Table 10. Interaction effects of NPS and Boron fertilizers on total root yield and harvest 

index (%). 

Means in the table followed by the different letter(s) are significantly different to each other 

at * = significant at P ≤ 0.05; ** = significant at P ≤ 0.01; CV- coefficient of variation. 

4.4.9. Marketable root numbers of carrot 

The main effects NPS and boron significantly (P ≤ 0.001) affected marketable root number 

and their interaction (P ≤ 0.05) (Appendix Table 3). The highest marketable root number 

(43.33) was obtained from the combined application of 150 kg ha 
-1

 of NPS with 500ppm 

boron. However, the lowest marketable root number (23.00) was obtained from the control 

treatment (Table 11). The increment of marketable root numbers due to NPS and B fertilizer 

application could be attributed to the readily availability of nutrients to the plant, which 

NPS rate (kg ha
-1

) B rate (ppm) Total  root yield(t ha
-1

) Harvest index (%)  

0 0 38.99
h
 70.44

g                    
 

 250 43.25
gh

 72.33
e-g

 

 500 41.42
h
 73.67

d-g
 

 750 40.00
h
 72.00

e-g
 

75 0 43.26
gh

 71.33
fg

 

 250 43.34
gh

 74.33
d-g

 

 500 46.18
fg

 77.00
cd

 

 750 43.00
gh

 75.33
c-f

 

150 0 46.86
e-g

 75.67
c-f

  

 250 56.31
ab

 76.33
c-e

  

 500 58.68
a
  83.67

a
  

 750 51.91
b-d

 79.00
bc

 

225 0 47.63
d-g

 76.33
c-e

  

 250 53.08
bc

 82.67
ab

 

 500 50.98
c-e

  77.33
cd

  

 750 48.21
d-f

 74.33
d-g

  

Significance level  * ** 

CV(%) 5.36 3.12 
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promoted vigorous vegetative growth through facilitated nutrients uptake and translocation 

and also caused root growth. This results increased marketable root numbers of carrot in 

terms of roots without external defects and with a good root length and diameter, which can 

pass for the grading on marketability. In agreement with this, Gedefa et al. (2022) who 

indicated that the highest marketable tuber number of potato was recorded from the 

application of 200 kg ha
-1

NPS whereas the lowest marketable tuber number was obtained 

from the control treatment.  

4.4.10. Unmarketable root numbers of carrot 

The analysis of variance indicated that unmarketable root number was significantly (P ≤ 

0.001) influenced by the main effects NPS, boron and there interaction (P ≤ 0.01) (Appendix 

Table 3). The highest unmarketable root number (27.00) was obtained from the control 

treatment. However, the lowest unmarketable root number (6.67) was obtained from the 

combined application of 150 kg ha 
-1

 of NPS with 500ppm boron. (Table 11).  

Table 11. Interaction effects of NPS and Boron fertilizers on marketable and unmarketable 

root number of carrot. 

 

Means in the table followed by the different letter(s) are significantly different to each other 

at * = significant at P ≤ 0.05; **= significant at P ≤ 0.01; CV- coefficient of variation.  

NPS rate (kg ha
-1

) B rate (ppm) Marketable root  

(No) 

Unmarketable root (No)   

0 0 23.00
g
 27.00

a
 

 250 28.33
ef

 21.67
b
 

 500 31.67
de 

  18.33
c
 

 750 25.00
fg

  25.00
a
 

75 0 33.33
d
 16.67

cd
 

 250 36.00
b-d

 14.00
e
 

 500 38.67
a-c

 11.33
f
 

 750 35.33
cd

 14.67
de

 

150 0 39.67
a-c

  10.33
fg

  

 250 41.67
a
 8.33

gh
 

 500 43.33
a
  6.67

h
  

 750 40.67
ab

 9.33
fg

 

225 0 40.00
a-c

 10.00
fg

  

 250 41.00
ab

 9.00
f-h

 

 500 40.33
a-c

 9.67
fg

  

 750 40.27
a-c

 9.72
fg

 

Significance level  * ** 

CV(%) 7.33  10.11 
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The increment of unmarketable root numbers of carrot from the control treatment might be 

attributed to the insufficient supply of NPS and B fertilizer that consequently resulted in 

decreased vegetative growth which may reduce sugars transportation and carbohydrate 

metabolism process which caused the development of undersized and deformed roots. In 

agreement with this, Gedefa et al. (2022) described that the highest unmarketable tuber 

number of potato was recorded from the control treatment. On the other hand, the lowest 

unmarketable tuber number was obtained from the application of 200 kg ha
-1

NPS which was 

statistically similar with the application of 150 kg ha
-1

 of NPS. Similarly, Getacher (2021) 

stated that the highest unmarketable root number of potato was obtained from the control 

treatment whereas the lowest unmarketable root number was recorded from 180 kg ha 
-1 

NPS.  
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4.5. Quality Attributes  

4.5.1. Percent dry matter 

Percent dry matter content was significantly (P ≤ 0.001) affected by the main effects NPS and 

boron rate as well as by their interaction effect (Appendix Table 4). The highest percent dry 

matter content (45.7) was attained from the combined application of 150 kg ha 
-1

 of NPS with 

500ppm boron rate. However, the lowest percent dry matter content (27.65) was obtained 

from the control treatment (Table 12).  

Table 12. Interaction effects of NPS and Boron fertilizers on percent dry matter content of 

carrot. 

Means in the table followed by the different letter(s) are significantly different to each other 

at *** = significant at P ≤ 0.001; CV- coefficient of variation. 

The increase in percent dry matter content due to the application of 150 kg ha
-1

 of NPS and 

500ppm boron fertilizer was by 65.28 and 49.44% as compared to the control treatment and 

150 kg ha
-1

 of NPS and 0ppm boron fertilizer, respectively. This might be ascribed to the 

proper amount of NPS and B caused higher available nutrients, considerably enhanced the 

vegetative growth of the plant and promotes dry matter accumulation through its action on 

activation of photosynthetic activity and translocation to the storage root. Similarly, Gedefa et 

al. (2022) described that the highest dry matter content of potato was recorded from the 

NPS rate (kg ha
-1

) B rate (ppm) Percent dry matter content (%) 

0 0 27.65
i
 

 250 29.65
g-i

 

 500 34.89
de

 

 750 32.18
fg

 

75 0 29.19
hi

 

 250 31.79
g
 

 500 37.27
d
 

 750 34.46
ef

 

150 0 30.58
gh

  

 250 40.38
c
 

 500 45.7
a
  

 750 41.3
bc

 

225 0 31.9
g
  

 250 37.13
d
 

 500 43.42
ab

  

 750 42.92
b
 

Significance level  *** 

CV(%) 3.96 
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application of 200 kg ha
-1

NPS. On the other hand, the lowest dry matter content was recorded 

from the control treatment.  

4.5.2. Total soluble solid 

The main effects NPS and boron significantly (P < 0.001) affected total soluble solids of 

carrot whereas their interaction did not significantly affect this parameter (Appendix Table 

4). The highest total soluble solid (13.04°Brix) was measured from the application of 150 kg 

ha
-1

 of NPS. On the other hand, the lowest value for total soluble solid (7.23°Brix) was 

obtained from the control treatment (Table 13). The increase in total soluble solid was by 

80.36% as compared to the control treatment. The increase in TSS might be due to the 

sufficient amount of NPS that increased vegetative growth and photosynthesis activity which 

produce a higher amount of photo assimilates and translocation to the root that caused 

increased TSS content of carrot roots. 

In line with this, Mohammed (2019) stated that the highest TSS value of carrot was obtained 

from the highest NPS (200 kg ha
-1

) fertilizer application which was statistically similar with 

150 kg ha
-1

 of NPS levels and the lowest TSS value was recorded from the control treatment. 

In addition, Nardos (2021) reported that the highest and the lowest value of total soluble solid 

in tomato fruit were obtained by the application of 240 kg ha
-1

 of NPS and the control 

treatment, respectively. 

The application of boron fertilizer at the rate of 500ppm resulted in the highest total soluble 

solid (12.27°Brix). However, the lowest total soluble solid (7.99°Brix) was recorded from the 

control treatment (Table 13). The increase in total soluble solids due to the application of 

Boron fertilizer was by 53.57 % as compared to the control treatment. The increase in TSS 

due to the contribution of B for quality attribute as total soluble solid might be ascribed to its 

role in increased carbohydrates metabolism during photosynthesis and contributed to the 

efficient translocation of photosynthates to the root. In agreement with this, Salim et al. 

(2022) indicated that the highest total soluble solids of carrot were obtained from the 

application of H3BO3 at 500ppm while the lowest value was observed from the control 

treatment.  
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Table 13. Effect of NPS and Boron fertilizers on TSS of carrot 

NPS rate (kg ha
-1

) TSS(◦Brix) 

0 7.23
d
 

75 9.04
c
 

150 13.04
a
 

225 11.04
b
 

Significance level *** 

B rate (ppm)  

0 7.99
c
 

250 9.42
b
 

500 12.27
a
 

750 10.68
b
 

Significance level *** 

CV(%) 16.94 

Means in the table followed by the different letter(s) are significantly different to each other 

*** = significant at P ≤ 0.001, CV- coefficient of variation. 

4.5.3. pH 

The analysis of variance indicated that pH value was significantly (P ≤ 0.05) influenced by 

the main effect NPS. However, the main effect Boron and their interaction effect did not 

significantly affect this parameter (Appendix Table 4). The highest pH (6.40) was measured 

from the control treatment which was statistically similar with 75 and 150 kg ha
-1

 of NPS 

levels while the lowest value (6.0) was obtained from the application of 225 kg ha
-1

 of NPS 

(Table 14). The pH of carrot root affected by NPS fertilizer might be attributed to the high 

nutrient composition present in NPS which makes a difference in the pH content. In line with 

this, Mohammed (2019) indicated that the highest pH value of carrot was obtained from the 

control treatment whereas the lowest pH value was recorded from the application of 200 kg 

ha
-1

 of NPS.  

4.5.4. Root volume  

The root volume was significantly (P < 0.001) affected by the main effect NPS. On the other 

hand, the main effect Boron as well as their interaction did not significantly affect this 

parameter (Appendix Table 4). The highest Root volume (92.42 cm
3
) was measured from the 

application of 150 kg ha
-1

 of NPS whereas the lowest value (58.00 cm
3
) was obtained from 

the control treatment (Table 14). The increases in root volume of carrot due to the balanced 

amount of N, P&S might be attributed to the abundantly available nutrients which helped in 

vigorous vegetative growth and increased in photosynthesis activity with better assimilation 

to the root, consequently there was increased in size and weight of root. Similarly, Demoz 

(2016) also stated that the highest root volume of head cabbage was obtained from the 
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application of 102.5:115:21.18 NPS kg ha
-1

 while the lowest value was recorded from the 

control treatment. 

Table 14 . Effect of NPS fertilizers on Root volume of carrot 

NPS rate (kg ha
-1

) pH Root volume(cm
3
)    

0 6.40
a
 58.00

d
 

75 6.35
a
 68.00

c
 

150 6.11
ab

 92.42
a
  

225 6.0
b
 83.32

b
 

Significance level   *   *** 

CV(%) 5.74 8.46 

Means in the table followed by the different letter(s) are significantly different to each other 

at * = significant at P ≤ 0.05; at ***= significant at P ≤ 0.001; CV- coefficient of variation. 
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4.6. Correlation Analysis for Growth, Yield and Some Quality Parameters of 

Carrot 

Correlation analysis on growth, yield and quality of carrot revealed both positive and 

negative correlation (Table 15). Total root yield was significantly and positively correlated 

with days to maturity (r=0.36*), plant height (r=0.65***), leaf number (r=0.69***), shoot 

fresh weight (r=0.56***) and shoot dry weight (r=0.62***). This might be due to the 

increased vegetative growth of the plant resulted in the production of high photo assimilation 

that in turn resulted in increased root yield carrot. Betelhem (2021) also indicated that total 

root yield of carrot had a positive correlation with growth attributes (plant height, leaf 

number, shoot fresh and dry weight). 

The correlation analysis further indicated that the total root yield of carrot was significantly 

and positively correlated with average root weight (r=0.59***), root dry weight (r=0.38**), 

root length (r=0.55***), root diameter (r=0.60***), marketable root yield (r=0.98***), 

marketable root number (r=0.75***), harvest index (r=0.81***), dry mater content 

(r=0.70***),  total soluble solid (r=0.74***) and root volume (r=0.83***) (Table 14). Such 

significant and positive correlation of yield of carrot with most of the yield component and 

quality parameters was a result of increase in yield and yield component of carrot which 

caused to enhanced root in weight and number that in turn resulted in increased root yield and 

quality. Betelhem (2021) also indicated that total root yield of carrot had a positive 

correlation with root fresh weight, root dry weight, root diameter, marketable root yield, 

marketable root number, root dry matter content, TSS and root volume. 
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Table 15. Correlation analysis of phenological, growth, yield and quality parameter of carrot as influenced by the 

application of NPS and Boron fertilizers. 

Where: PAR=parameter,  DM- days to maturity, PH-plant height, LN- leaf number, SFW-shoot fresh weight, SDW-shoot dry weight, ARW-average root 

weight, RDW- root dry weight, RL- root length, RD- root diameter, MRY-marketable root yield, UNMRY-unmarketable root yield, TRY- total root yield, HI- 

harvest index, MRN- marketable root number, UNMRN- unmarketable root number, PDM-percent dry matter, TSS- total soluble solid, pH- power of hydrogen 

ion and RV-root volume. ns= non-significant; * = significant at P ≤ 0.05; ** = significant at P ≤ 0.01, and *** = significant at P ≤ 0.001. 

PAR DM PH LN SFW SDW ARW RDW RL RD MRY UNMRY TRY HI MRN UNMRN PDM TSS pH RV 

DM   1                   

PH   0.48 

*** 

1                  

LN 0.42 

** 

0.82 

*** 

1                 

SFW 0.21 

ns 

0.75 

*** 

0.73 

*** 

1                

SDW 0.24 

ns 

0.80 

*** 

0.78 

*** 

0.95 

*** 

1               

ARW 0.43 

** 

0.88 

*** 

0.81 

*** 

0.76 

*** 

0.81 

*** 

1              

RDW 0.33 
* 

0.64 
*** 

0.51 
*** 

0.56 
*** 

0.59 
*** 

0.60 
*** 

1             

RL 0.30 

* 

0.76 

*** 

0.78 

*** 

0.92 

*** 

0.93 

*** 

0.80 

*** 

0.52 

*** 

1            

RD 0.35 

* 

0.82 

*** 

0.77 

*** 

0.92 

*** 

0.92 

*** 

0.87 

*** 

0.67 

*** 

0.89 

*** 

1           

MRY 0.36 
** 

0.68 
*** 

0.73 
*** 

0.63 
*** 

0.68 
*** 

0.63 
*** 

0.40 
** 

0.62 
*** 

0.63 
*** 

1          

UNMRY -0.34 

* 

-0.68 

*** 

-0.68 

*** 

-0.69 

*** 

-0.75 

*** 

-0.64 

*** 

-0.38 

** 

-0.72 

*** 

-0.65 

*** 

-0.82 

*** 

1         

TRY 0.36 

* 

0.65 

*** 

0.69 

*** 

0.56 

*** 

0.62 

*** 

0.59 

*** 

0.38 

** 

0.55 

*** 

0.60 

*** 

0.98 

*** 

-0.72 

*** 

1        

HI 0.28 
ns 

0.58 
*** 

0.64 
*** 

0.68 
*** 

0.69 
*** 

0.56 
*** 

0.37 
** 

0.64 
*** 

0.67 
*** 

0.81 
*** 

-0.64 
*** 

0.81 
*** 

1       

MRN 0.42 

** 

0.72 

*** 

0.68 

*** 

0.61 

*** 

0.68 

*** 

0.62 

*** 

0.42 

*** 

0.64 

*** 

0.61 

*** 

0.78 

*** 

-0.77 

*** 

0.75 

*** 

0.61 

*** 

1      

UNMN -0.47 

*** 

-0.76 

*** 

-0.75 

*** 

-0.64 

*** 

-0.70 

*** 

-0.64 

*** 

-0.47 

*** 

-0.69 

*** 

-0.64 

*** 

-0.81 

*** 

0.78 

*** 

-0.77 

*** 

-0.61 

*** 

-0.93 

*** 

1     

PDM 0.28 
* 

0.79 
*** 

0.77 
*** 

0.90 
*** 

0.90 
*** 

0.80 
*** 

0.72 
*** 

0.83 
*** 

0.90 
*** 

0.74 
*** 

-0.70 
*** 

0.70 
*** 

0.69 
*** 

0.64 
*** 

-0.69 
*** 

1    

TSS 0.12 
ns 

0.48 
*** 

0.53 
*** 

0.60 
*** 

0.60 
*** 

0.44 
** 

0.13 
Ns 

0.59 
*** 

0.50 
** 

0.76 
*** 

-0.65 
*** 

0.74 
*** 

0.74 
*** 

0.56 
*** 

-0.57 
*** 

0.63 
*** 

1   

pH -0.36 

** 

-0.34 

* 

-0.47 

*** 

-0.25 

ns 

-0.29 

* 

-0.39 

** 

-0.37 

** 

-0.31 

* 

-0.30 

* 

-0.25 

ns 

0.27 

ns 

-0.21 

ns 

-0.12 

ns 

-0.29 

* 

0.31 

* 

-0.29 

* 

0.02 

ns 

1  

RV 0.34 

** 

0.69 

*** 

0.65 

*** 

0.51 

*** 

0.59 

*** 

0.63 

*** 

0.46 

*** 

0.53 

*** 

0.54 

*** 

0.83 

*** 

-0.70 

*** 

0.83 

*** 

0.60 

*** 

0.81 

*** 

-0.81 

*** 

0.64 

*** 

0.68 

*** 

-0.24 

*** 

1 
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4.7. Partial budget Analysis 

The results of the partial budget analysis revealed that applying 150 kg ha
-1

 of NPS and 

500ppm of Boron had the highest net benefit (1248724 Birr ha
-1

) and MRR of 1879.22% 

followed by the combined application of 150 kg ha
-1

 of NPS and 250ppm Boron with a net 

benefit of 1170962 Birr ha
-1

 and MRR of 6234.58% (Table 16). Thus, the application of 150 

kg ha
-1

 of NPS with 500 and 250ppm Boron are recommended as first and second options for 

carrot production in the study area.  

Table 16. Summary of partial budget and marginal rate of return analysis for carrot 

production as influenced by NPS and B fertilizer during the main cropping season of 

2022/23. 

Treatments MRY 

(t ha
-1

) 

AjMR

Y 

(t ha
-1

) 

TVC 

(Eth-birr) 

GFB 

(Eth-birr) 

NB 

(Eth-birr) 

MRR 

% NPS rate 

(kg ha
-1

) 

B rate 

(ppm) 

0 0 28.99 26.09 - 652275 652275    - 

 250 34.59 31.13 4138 778275 774137 2944.95 

 500 35.09 31.58 8276 789525 781249 D 

 750 32.33 29.1 12414 727425 715011 D 

75 0 36.59 32.93 4650 823275 818625 8689.06 

 250 37.34 33.61 8788 840150 831362 307.81 

 500 39.91 35.92 12926 897975 885049 D 

 750 36.67 33.00 17064 825075 808011 D 

150 0 40.99 36.90 9300 922275 912975 15940.04 

 250 52.64 47.38 13438 1184400 1170962 6234.58 

 500 56.28 50.65 17576 1266300 1248724 1879.22 

 750 47.63 42.87 21714 1071675 1049961 D 

225 0 41.96 37.76 13950 944100 930150 D 

 250 49.08 44.17 18088 1104300 1086212 D 

 500 46.31 41.68 22226 1041975 1019749 D 

 750 42.87 38.58 26364 964575 938211  D 

Where: MRY- marketable root yield; AjMRY- adjustable marketable root yield; TVC - total variable 

cost; GFB - growth field benefit; NB-net benefit; ETB- Ethiopian’s birr; D- dominated; Selling price 

of carrot at farm gate = 25 Birr kg
-1

; Purchasing costs of NPS fertilizer= 30 Eth-Birr kg
-1

; Cost of 

H3BO3 =1400 ETB kg
-1

; Labor cost for fertilizer application = 300 Eth-Birr Man per day. 
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5.  SUMMARY, CONCLUSION AND RECOMMENDATION 

Carrot is the most important horticultural root vegetable crop which is cultivated in many 

parts of the world and also the most commonly produced as an income-generating and source 

of nutrition for smallholder farmers in Ethiopia. Besides its economic and nutritional 

importance it also plays a crucial role in medicinal uses. Carrot production is increasing from 

time to time mainly due to its ease of production, and the increases in small-scale rain-fed 

and irrigation areas. However, the production and productivity in our country is very low in 

according to its yield potential as compared to other countries. This low yield is primarily 

allied to the depletion of soil fertility due to continuous nutrient uptake of crops and 

inappropriate use of fertilizers which limit its production. Because of this, the experiment was 

conducted at Debre Berhan University, College of Agriculture and Natural Resource Sciences 

demonstration and research site to evaluate the effects of different rates of NPS and boron 

fertilizers on growth, yield, and quality of carrot (Daucus carota L.) during the main 

cropping season of 2022/23. The experiment was laid out in RCBD with three replications 

which consisted of four rates of NPS fertilizer (0, 75, 150 and 225 kg ha
-1

) and four rates of 

Boron (0, 250, 500 and 750ppm).   

The results revealed that the main effect of NPS fertilizer and Boron rate significantly 

influenced most of growth parameters and some yield and quality parameters. However, their 

interaction significantly affected most of yield and quality parameters. Of all the treatment 

combinations evaluated, the combined application of 150 kg ha
-1

 of NPS and 500ppm of 

boron rate provided higher and consistent result for different yield and quality parameters of 

the carrot. The widest root diameter (2.45cm), longest root length (14.98cm), highest root dry 

weight (19.34g), highest marketable root number (43.33), highest marketable root yield 

(56.28 t ha
-1

), highest total root yield (58.68 t ha
-1

), highest harvest index (83.67%), and 

highest percent dry matter content (45.7%) were produced from the combined application of 

150 kg ha 
-1

 of NPS and 500ppm of boron. 

In addition to this, a partial budget analysis also showed that the combined application of 150 

kg ha
-1

 of NPS and 500ppm of Boron rate is economically the most feasible in reducing cost 

of production and increase the profit gained. However, as the results were limited to one 

season, additional studies need to be conducted in the future at different seasons and location 

to give conclusive recommendation.  
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7.  APPENDICES 

Appendix Table 1. Mean square from analysis of variance (ANOVA) for days to maturity, 

plant height, leaf number,  shoot fresh and  dry weight of carrot as influenced by NPS and 

Boron fertilizer. 

Source of variation DF DM PH LN SFW SDW 

Rep 2 635.73 

* 

7.16 

ns 

1.37 

* 

41.23 

*** 

12.5 

*** 

NPS  3 1579.34 

** 

776.44 

*** 

50.28 

*** 

140.99 

*** 

68.58 

*** 

Boron  3 73.20 

Ns 

128.42 

*** 

13.04 

*** 

323.53 

*** 

97.19 

*** 

NPS x B 9 13.16 

Ns 

8.95 

ns 

0.64 

ns 

2.93 

Ns 

0.45 

ns 

Error 30 239.72 5.72  1.9 1.4 0.59 

CV (%) 9.72 8.66 13.35 4.5  6.17   

Where: - DF - degree of freedom, DM - days to maturity, PH - plant height, LN - leaf number, SFW– 

shoot fresh weight, SDW – shoot dry weight 

Appendix Table 2 Mean square from analysis of variance (ANOVA) for average root weight, 

root dry weight, root length and diameter of carrot as influenced by NPS and Boron fertilizer. 

Source of variation DF ARW RDW RL RD  

Rep 2 437.20 

** 

12.99 

*** 

6.28 

*** 

0.04 

* 

 

NPS  3 4109.48 

*** 

65.47 

*** 

22.04 

*** 

0.25 

*** 

 

Boron  3 1401.81 

*** 

66.53 

*** 

33.99 

*** 

0.63 

*** 

 

NPS x B 9 96.56 

Ns 

2.43 

*** 

0.83 

** 

0.03 

** 

 

Error 30 56.88 0.57  0.27 0.01  

CV (%) 10.23 5.63 4.49 4.23  

Where: - DF - degree of freedom, ARW – average root weight, RDW – root dry weight, RL – root 

length, RD– root diameter. 
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Appendix Table 3. Mean square from analysis of variance (ANOVA) for marketable root 

yield, unmarketable root yield, total root yield, marketable and unmarketable root number, 

harvest index of carrot as influenced by NPS and Boron fertilizers 

Source of 

variation 

DF MRY UNMRY TRY HI  MRN UNMRN 

Rep 2 1.94 

Ns 

2.56 

ns 

14.84 

ns 

1.11 

ns 

2.35 

ns 

0.4 

ns 

NPS  3 664.19 

*** 

48.62 

*** 

386.46 

*** 

87.49 

*** 

515.01 

*** 

515.16 

*** 

Boron  3 133.54 

*** 

9.34 

*** 

74.94 

*** 

71.67 

*** 

44.80 

*** 

44.78 

*** 

NPS x B 9 20.21 

* 

3.18 

** 

14.23 

* 

19.61 

** 

7.06 

* 

7.08 

** 

Error 30 9.03 0.82  6.36 5.56 7.01 13.48 

CV (%) 7.29 13.77 5.36 3.12 7.33        10.11 

Where: - DF - degree of freedom, MRY– marketable root yield, UNMRY – unmarketable root yield, 

TRY – total root yield, MRN– marketable root number, UNMRN – unmarketable root number, HI – 

harvest index. 

Appendix Table 4. Mean square from analysis of variance (ANOVA) for percent dry matter 

content, total soluble solids, PH and root volume of carrot as influenced by NPS and Boron 

fertilizers 

Source of variation DF PDMC TSS pH RV  

Rep 2 17.03 

* 

4.50 

Ns 

0.81 

** 

66.25 

Ns 

 

NPS  3 213.83 

*** 

75.53 

*** 

0.42 

* 

2839.52 

*** 

 

Boron  3 247.37 

*** 

39.93 

*** 

0.04 

ns 

55.32 

Ns 

 

NPS x B 9 11.12 

*** 

2.34 

Ns 

0.02 

ns 

13.41 

Ns 

 

Error 30 1.99 3.09  0.16 48.90  

CV (%) 3.96 16.94 5.74 8.46  

Where: - DF - degree of freedom, PDMC – percent dry matter content, TSS – total soluble solids, 

pH– power of hydrogen ion, RV– root volume. 
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 Appendix Table 5. Effect of NPS and Boron fertilizers on root dry weight, root length, root 

diameter, marketable and unmarketable root yield of carrot 

NPS rate (kg ha
-1

) RDW        RL          RD  MRY UNMRY 

0 10.75
d                  

 9.77
d
  1.91

c
  32.75

d
 8.17

a
 

75 12.20
c                 

 11.26
c
  2.10

b
  37.63

c
 6.28

b
 

150 15.92
a                  

 12.18
b
  2.23

a
  49.39

a
 4.05

d
 

225 14.63
b                   

 12.91
a 
  2.19

a
  45.06

b
 4.92

c
 

Significance level ***                  ***  ***  *** *** 

B rate (ppm)        

0 10.23
d                    

 9.47
b
  1.78

c
  37.14

b
 7.01

a
 

250 13.22
c                    

 11.08
c
  2.13

b
  43.41

a
 5.58

bc
 

500 15.81
a                    

 13.47
a
  2.32

a
  44.40

a
 4.92

c
 

750 14.23
b                    

 12.09
b
  2.19

b
  39.88

b
 5.90

b
 

Significance level ***                    ***  ***  *** *** 

CV(%) 7.46                  5.06  5.53  8.27 16.77 

Where- RDW- root dry weight, RL- root length, RD- root diameter, MRY- marketable root 

yield, UNMRY- unmarketable root yield 

Appendix Table 6. Effect of NPS and Boron fertilizers on total root yield, harvest index, 

marketable root number, unmarketable root number and percent dry matter content of carrot 

NPS rate (kg ha
-1

)  TRY  HI  MRN UNMRN  PDM 

0  40.92
d
  72.11

b
  27.00

c
 23

a
  31.09

c
 

75  43.95
c
  74.50

b
  35.83

b
 14.17

b
  33.19

b
 

150  53.44
a
  77.67

a
  41.33

a
 8.67

c
  39.49

a
 

225  49.97
b
  77.67

a
  40.4

a
 9.6

c
  39.09

a
 

Significance level  ***  ***  *** ***  *** 

B rate (ppm)          

0  44.19
b
  72.11

b
  34.00

c
 16.00

a
  29.83

d
 

250  48.99
a
  76.25

a
  36.75

ab
 13.25

b
  34.74

c
 

500  49.32
a
  77.92

a
  38.5

a
 11.50

c
  40.32

a
 

750  45.78
b
  75.67

a
  35.32

bc
 14.68

ab
  37.96

b
 

Significance level  ***  ***  *** ***  *** 

CV(%)  6.07  3.93  7.33 12.80  5.91 

Where- TRY- total root yield, HI- harvest index, MRN- marketable root number, UNMRN- 

unmarketable root number, PDM- percent dry matter content 

 

 

 

 

  


