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Introduction  

The modest but nutrient-rich root vegetables of the Daucus 

carota L. species (carrots) have long been a mainstay in global diets and 

play a significant role in global agriculture.1 They are a top research 

target due to their adaptability in culinary applications and significant 

contribution to dietary health.  Carrot plays important health and 

nutritional roles in human life. The healing properties of carrots have 

been used throughout history for a variety of medicinal purposes 

including the prevention of vitamin A deficiency, relieving diarrhea, 

promoting urine, and improving premenstrual symptoms.2,3 Carrot is a 

good source of antioxidants that rejuvenate the human system from 

some damage caused by excessive deposition of oxidative materials.2,3 

Nutritionally, carrot helps in the supply and maintenance of our daily 

body needs through the provision of beta-carotene, vitamin K, and 

fiber.4 Varietal difference (genotype) appears to be a vital aspect that 

can easily be manipulated by the farmer to adjust the dietary, health, 

and sensory aspects of carrots.5 Carrot is a two-yearly temperate 

vegetable crop but is grown yearly for its fleshy root consumption. 

Carrot root yield and quality can be significantly affected by 

 
*Corresponding author. E mail: uchenna.ukwu@unn.edu.ng 

                                  Tel: +234 7036370853 

 

Citation: Njoku EA, Ukwu UN, Anozie CC, Baiyeri KP, Echezona BC. 

Effect of Variety, Fertilizer Combinations, and Harvest Age on Biochemical 

Qualities of Carrot (Daucus carota L.) in a Tropical Environment. Trop J 
Nat Prod Res. 2024; 8(5): 7315-7320. https://doi.org/10.26538/tjnpr/v8i5.38 

 

Official Journal of Natural Product Research Group, Faculty of Pharmacy,  
University of Benin, Benin City, Nigeria 

 

environmental factors such as soil structure and texture, fertilizer type 

or rate, moisture content6,7, and genotype.8-11 These traits could be 

positively affected when supplemental fertilizer addition does not 

exceed the saturation level. Potassium (K) and nitrogen (N) minerals 

are reported as the most critical essential elements required for carrot 

production.12 Carrot yield per unit area in developing nations falls short 

of the recommended world average.13 Consequently, farmers in these 

regions apply heavy doses of inorganic fertilizers to boost growth and 

yield14 which may be unsafe and cost ineffective. Environmental and 

human health safety, groundwater contamination, and soil acidity are 

some of the problems that have been implicated in the inappropriate use 

of chemical fertilizers. 

There is an increasing global concern about ecologically unfriendly 

agricultural practices15 that are unsafe, unhealthy, insecure, and bereft 

of quality which calls for careful investigation of how fertilizer inputs 

and age at harvest interact to influence biochemical indices of crops. 

Results of the successes of sole applications of organic, inorganic, or 

different combinations of organo-mineral fertilizers on the 

improvement of carrot growth and yield attributes are not in short 

supply. For instance, in a study conducted in southwest Nigeria, 

Agbeda3 observed a significant increase in the growth and yield traits 

of carrots treated with different fertilizer amendments. He reported 

corresponding increases of 43, 24, 46, and 76% in fresh carrot yield 

with applications of NPK, biochar, poultry manure, and their 

combinations, respectively. In a related study conducted in South 

Africa, Mbatha et al.16 observed a significant increase in growth and 

yield indices of carrots with increased rates of organic manure 

applications. However, carrot roots treated with organic manure 

recorded significantly reduced root total soluble solid, dry mass, and 

quality as the organic fertilizer rate increased.   

This study aims to contribute to the existing knowledge by investigating 

how the harvest age of carrots interacts with variety and fertilizer 
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The increasing global concern about ecologically unsafe agricultural practices calls for an 

investigation of how fertilizer combinations and harvest age interact to influence the biochemical 

qualities of crops. The study objective was to determine the biochemical responses of three carrot 

varieties to fertilizer composition, and harvest-age interactions. Three carrot varieties, Graffas, 

Carrot Touchon, and Nantes; four fertilizer compositions, 10 t/ha of poultry manure + 200 kg of 

NPK 15:15:15  (PM10 + NPK200), 20 t/ha of pig manure + 200 kg of NPK 15:15:15 (PIG20 + 

NPK200), 350 kg of NPK 15:15:15 (NPK350), and 0 t/ha (control); and three harvest-age, 10, 12, 

and 14 weeks after planting (WAP) were evaluated in a 3 x 4 x 3 factorial in randomized complete 

block design with 3 replications. Variations in biochemical concentrations of carrot roots with 

variety, fertilizer type, and harvest-age interactions were recorded. Proximate qualities were 

generally higher in Nantes and Graffas varieties grown with the combined use of organic and 

inorganic fertilizers harvested at 10 WAP. Phytochemical quality was higher in Graffas and Carrot 

Touchon grown with PM10 + NPK200 when harvested at 14 WAP. Nantes variety grown with 

NPK350 and harvested at 12 WAP had higher vitamin contents. Root weight had a positive 

correlation with saponin (0.22), carbohydrate (0.31), alkaloid (0.33), vitamin E (0.26), and fiber 

(0.19). Vitamin C displayed positive correlations with vitamin B (0.43), vitamin E (0.56), alkaloid 

(0.67), tannin (0.31), saponin (0.32), and carbohydrate (0.35), while beta-carotene exhibited 

positive correlations with vitamin A (0.42) and tannin (0.38). 
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composition to affect the biochemical parameters of carrots. The study 

hypothesized that fertilizer type, harvest age, and variety could affect 

biochemical attributes of carrots. The objective of this study was to 

determine the biochemical responses of three carrot varieties to 

fertilizer composition and harvest-age interactions. Biochemical indices 

were quantified to be able to estimate how these traits are affected by 

the interplay of fertilizer type, harvest date, and variety. The 

implications of these findings could improve the awareness of 

sustainable agricultural practices, increase the nutritional quality of 

carrot, and advance the continuing discussion about the environmental 

impact of contemporary farming. 

  1 – 1  

Materials and Methods 

Study Site, Treatments and Experimental Design 

The study was conducted at the research farm and laboratory of the 

Department of Crop Science, University of Nigeria, Nsukka located in 

the derived Savanna agro-ecological Zone (latitude 06° 52`N; longitude 

07° 24`E, with an altitude of 447.26 m above sea level). The annual 

rainfall distribution ranges from 1155 - 1955 mm with a mean annual 

temperature of 29 - 30 °C and relative humidity of 69 - 79%. The seeds 

of three carrot varieties (Carrot Touchon, Graffas, and Nantes) were 

sourced from Jos, Nigeria in June 2021. The organic manure was 

sourced from a deep litter poultry and pig Farm of the Department of 

Animal Science, UNN. The field experiment was a 3 x 4 x 3 factorial 

laid out in a randomized complete block design (RCBD) replicated 

three times. Factor A comprised three carrot varieties -  Carrot Touchon, 

Graffas, and Nantes while factor B consists of four fertilizer 

combinations, 10 t/ha of poultry manure + 200 kg of NPK 15:15:15 

(PM10 + NPK200), 20 t/ha of pig manure + 200 kg of NPK 15:15:15 

(PIG20 + NPK200), 350 kg of NPK 15:15:15 (NPK350), and 0 t/ha 

(control). Factor C consists of the three harvest ages (10, 12, and 14 

weeks after planting) of the carrot roots in the same experiment. Data 

were collected on proximate, vitamins, and phytochemical attributes of 

carrots after harvest.  

 

Determination of proximate qualities and vitamin contents 

“Standard procedures of the association of official analytical chemists 

(AOAC) were used for the determination of proximate qualities of 

carrot samples. Moisture content and crude fiber were determined 

according to AOAC method 934.01. Samples were dried at 105°C until 

constant weight. Ash content was determined by AOAC method 

942.05. Carrot samples were incinerated in a muffle furnace at 550°C 

for 6 hours. Protein content was determined by multiplying total 

nitrogen content from the Kjeldahl method by 6.25 according to method 

960.52 of the AOAC International. Fat content was determined by 

Soxhlet extraction using petroleum ether as solvent following the 

AOAC method 963.15. Carbohydrate content was determined by 

difference [100 - (% moisture + % ash + % protein + % fat)].17 Vitamins 

A, B, C, and E were determined using a high-performance liquid 

chromatography (HPLC) approach. Vitamins were extracted from the 

sample matrix, were separated and quantified using reverse phase 

HPLC with UV-visible detection”. Vitamin A was detected at 325 nm, 

vitamin B at 270 nm, vitamin C at 254 nm, and vitamin E at 292 nm. 
9,17 

 

Determination of Phytochemicals 

“Phytochemical contents of carrot roots were determined following the 

procedure used by Subramaniam et al. 18 The fresh fruits were dried in 

shade for about 3 weeks and ground to a coarse powder using a mixer. 

100 g of powdered material was soxhlet extracted with different 

solvents, like ethanol, chloroform, and aqueous (12 hours each). All the 

extracts were evaporated in a vacuum under reduced pressure and stored 

in sterile glass bottles at room temperature until screened. Total Phenols 

were determined using the Spectro-photometric method. The reaction 

mixture was prepared by mixing 0.5 ml of ethanol extract, 2.5 ml of 

10% Folin-Ciocalteu’s reagent dissolved in water, and 2.5 ml of 7.5% 

NaHCO3. Blank was concomitantly prepared, containing 0.5 ml 

ethanol, 2.5 ml 10% Folin-Ciocalteu’s reagent dissolved in water, and 

2.5 ml of 7.5% of NaHCO3. The samples were thereafter incubated in a 

thermostat at 45°C for 45 min. The absorbance was determined using a 

spectrophotometer at λmax= 765 nm. The samples were prepared in 

triplicate for each analysis and the mean value of absorbance was 

obtained. The same procedure was repeated for the standard solution of 

Gallic acid and the calibration line was taken. Based on the measured 

absorbance, the concentration of phenolics was read (mg/ml) from the 

calibration line; then the content of phenolics in the extract was 

expressed in terms of Gallic acid equivalent (mg of GA/g of extract). 

Flavonoids were determined by extracting 10 g of the sample repeatedly 

with 100 ml of 80% aqueous ethanol at room temperature. The whole 

solution was filtered through Whatman filter paper No 42 (125 mm). 

The filtrate was later transferred into a crucible and evaporated into 

dryness over a water bath and weighed to a constant weight. Tannin was 

determined by weighing 500 mg of the sample into a 50 ml plastic 

bottle. 50 ml of distilled water was added and shaken for 1 hour in a 

mechanical shaker. This was filtered into a 50 ml volumetric flask and 

made up to the mark. Then 5 ml of the filtrate was pipetted out into a 

test tube and mixed with 2 ml of 0.1M FeCl3 in 0.1N HCl and 0.008M 

potassium ferrocyanide. The absorbance was measured at 120 nm 

within 10 minutes. Alkaloids were determined by weighing 5 g of the 

sample into a 250 ml beaker and 200 ml of 10% acetic acid in ethanol 

was added. The beaker was covered and allowed to stand for 4 hours. It 

was then filtered and the extract was concentrated in a water bath to 

one-quarter of the original volume. Concentrated ammonium hydroxide 

was added dropwise to the extract until the precipitation was complete. 

The whole solution was allowed to settle and the precipitate was 

collected and washed with dilute ammonium hydroxide (2M) and then 

filtered. The residue is the alkaloid which is then dried and weighed. 

Saponins were determined by extracting 20 g of each sample into a 

conical flask followed by the addition of 100 ml of 20% aqueous 

ethanol. They were then heated over a hot water bath for 4 hours with 

continuous stirring at about 550ºC. The mixture was filtered and the 

residue was re-extracted with another 200 ml of 20% ethanol. The 

combined extracts were reduced to 40 ml over a water bath at about 

900ºC. The concentrate was transferred into a 250 ml separatory funnel 

and 20 ml of diethyl ether was added and shaken vigorously. The 

aqueous layer was recovered while the ether layer was discarded. The 

purification process was repeated. 60 ml of n-butanol was added. The 

combined n-butanol extracts were washed twice with 10 ml of 5% 

aqueous sodium chloride. The remaining solution was heated in a water 

bath. After evaporation, the samples were dried in the oven to a constant 

weight. Saponin content was calculated as a percentage”.  

Data were analyzed using the R software version 4.2.1 GUI 1.79, High 

Sierra build, and R Studio IDE version (2022.12.0+ 353).  

 

Results and Discussion 

Effect of Variety on Biochemical Composition of Carrot 

The carrot varieties exerted varying influences on the biochemical 

properties of the vegetable. Within this study, Carrot Touchon 

demonstrated higher concentrations of tannin (0.94) and flavonoids 

(0.79) compared to other carrot varieties, while Graffas exhibited 

notably lower levels (as shown in Figure 1). In contrast, Nantes 

influenced elevated concentrations of vitamin B, vitamin C, ash, 

protein, and beta carotene, registering values of 1.03, 1.09, 1.12, 1.12, 

and 1.15, respectively. Graffas, on the other hand, recorded the lowest 

quality in these aspects. Nantes also displayed superior attributes in 

moisture and vitamin A content, whereas Carrot Touchon exhibited 

relatively lower quality in these categories. The vitamin E content of 

Graffas (0.78) surpassed that of the other varieties, while Carrot 

Touchon lagged at -1.13. Graffas stood out with higher concentrations 

of saponin, carbohydrates, alkaloids, fats, and fiber (0.58, 1.15, 1.12, 

and 1.07) compared to the other varieties. In terms of root weight, 

Carrot Touchon (0.66) outperformed Nantes, which had the least root 

weight (-1.15). 

This study confirms the established notion that carrots are abundant 

sources of vital compounds, including carbohydrates, carotenes, 

antioxidants, and flavonoids, as recognized by earlier studies19,2. These 

inherent qualities position carrots as valuable contributors to daily 

nutritional needs by providing essential elements such as beta carotene, 

vitamin K, fiber, and antioxidants, thereby bolstering overall health4. 

The observed variations in the biochemical composition of the three 
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carrot varieties can be attributed to their genetic makeup, as genetically 

distinct genotypes tend to express different qualities 11. This finding 

aligns with Scalzo and Mezzetti's observation20 that attributes related to 

quality are chiefly governed by major genes and that the magnitude of 

bioactive components is influenced by crop genotypes. Graffas variety 

excelled in concentrations of carbohydrates, fats, fiber, alkaloids, 

saponins, and vitamin E. This is significant, as the higher fiber content 

in Graffas holds value in relieving constipation21. Saponins, found in 

greater abundance in Graffas, are recognized as dietary supplements 

and nutraceuticals, contributing to cancer prevention and the regulation 

of cholesterol levels in the body22. The higher Vitamin E concentration 

of the Graffas variety could play a vital role in therapeutic medicine, 

especially in cardiological ailments, in addition to its antioxidant 

properties2. 

In contrast, Nantes enhanced higher concentrations of ash, protein, 

moisture, beta carotene, vitamin A, vitamin B, and vitamin C. The 

higher levels of beta carotene and vitamin A recorded in the Nantes 

variety are crucial for improving vision, supporting ocular health, 

enhancing the immune system, and promoting mucous membrane 

health, among other benefits. This could prove pivotal in addressing 

vitamin A deficiency in Nigeria, aligning with the United Nations' 

sustainable development goals9. The high Vitamin C content in Nantes 

could have multifaceted roles in various biological processes, including 

skin and soft tissue maintenance, bile acid synthesis, redox reactions 

within cells, and the mitigation of neuronal ailments such as Parkinson's 

and Alzheimer's23-25. The elevated moisture content in Nantes enhances 

its suitability for rehydration. It's noteworthy that this finding 

contradicts Eze26, which indicated insignificant variations in proximate 

content, particularly moisture, among the considered carrot varieties. 

Carrot Touchon excelled with higher tannin and flavonoid contents, 

which are crucial antioxidants, known for their efficacy in treating 

conditions like diarrhea27. 

 

Effect of Fertilizer Combinations on Biochemical Composition of 

Carrot 

The effects of different fertilizer combinations on the biochemical 

characteristics of carrot roots are shown in Figure 2. Among the various 

fertilizer amendments, the combination of PM10 and NPK200 

demonstrated a pronounced impact on several parameters, leading to 

higher carbohydrate (1.37), tannin (1.30), and root weight (0.97). It was 

followed by PIG20 and NPK200, while carrot roots that received no 

fertilizer treatment recorded the lowest values in these categories (-0.92, 

-1.14, and -1.29, respectively). Roots treated with PIG20 and NPK200 

displayed higher levels of fats (0.73), moisture (1.28), and vitamin E 

(1.13), outperforming other fertilizers. In contrast, the control group 

exhibited the poorest quality in these parameters (-1.48, -1.16, and -

1.20, respectively). Carrot roots treated with NPK350 influenced a higher 

concentration of vitamin B (0.93) compared to those treated with PIG20 

and NPK200, PM10 and NPK200, and the control group. The NPK350-

treated roots also displayed higher levels of vitamin A (0.90) and beta 

carotene (1.41), while those treated with PM10 and NPK200 had the least 

content. The control group, surprisingly, showed higher ash (0.95) and 

alkaloid (1.50) quality than the treated roots, while NPK350 performed 

relatively poorly in these aspects. PM10 and NPK200 were superior in the 

concentrations of flavonoids (1.17), fiber (0.78), protein (0.78), and 

saponins (0.69), while pig manure exhibited the least quality in these 

parameters. 

Fertilizer treatment has emerged as a pre-harvest agronomic practice 

that significantly influences the biochemical quality of various 

horticultural crops9, a phenomenon observed in studies concerning 

passion fruit28 and carrots29. The effects of specific fertilizer 

compositions are evident, with PM10 and NPK200 treatment notably 

boosting carbohydrate, fiber, tannin, and flavonoid contents. In 

contrast, the PIG20 and NPK200 treatments enhanced the fat, moisture, 

and vitamin E contents in carrot roots. Conversely, untreated roots 

displayed higher ash, protein, alkaloid, saponin, and vitamin C content. 

Roots treated with NPK350 exhibited increased beta-carotene, vitamin 

A, and vitamin B contents. This underscores the significance of 

supplemental fertilizer applications and soil fertility in plant nutrition, 

aligning with earlier studies6,7. The results correspond with the findings 

of Anozie and Baiyeri30 and Turhan and Ozmen31, who reported 

significant improvements in yield and quality of carrot and tomato 

plants when treated with fertilizers compared to untreated plants. 

 

 
Figure 1: Heat map of biochemical contents of carrot roots as 

influenced by variety. CTCT = Carrot Touchon, NN = PIG (20 

t) + Nantes, GG = Graffa, RW = Root Weight, Ms = Moisture, 

As = Ash, Fa = Fat, Fb = Fiber, Pr = Protein, Cb = Carbohydrate, 

Ak = Alkaloid, Tn = Tanin, Sp = Saponin, Bc = Beta Carotene, 

Fl = Flavonoid, Va = Vitamin A, Vb = Vitamin B, Vc = Vitamin 

C, Ve = Vitamin E. 
 

 
Figure 2: Heat map of biochemical contents of carrot roots as 

influenced by fertilizer rates. Pm =  PM10 + NPK200, Pg = 

PIG(20 t) + NPK(200 kg), If = NPK(350 kg), Co = Control, RW 

= Root Weight, Ms = Moisture, As = Ash, Fa = Fat, Fb = Fiber, 

Pr = Protein, Cb = Carbohydrate, Ak = Alkaloid, Tn = Tanin, Sp 

= Saponin, Bc = Beta Carotene, Fl = Flavonoid, Va = Vitamin 

A, Vb = Vitamin B, Vc = Vitamin C, Ve = Vitamin E. 
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Effect of Harvest Age on Biochemical Composition of Carrot 

The biochemical attributes of carrot roots varied with harvest age 

(Figure 3). Carrots harvested at 12 WAP displayed higher vitamin C 

(0.84), vitamin E (0.96), and carbohydrate (0.85) content, while those 

harvested at 10 WAP exhibited the poorest quality. Harvesting at 14 

WAP resulted in higher root weight (1.07), vitamin B (1.02), alkaloid 

(0.78), tannin (0.65), protein (0.70), and saponin (0.71) content. 

Conversely, carrots harvested at 10 WAP displayed the lowest quality 

in these parameters (-0.91, -0.97, -1.12, -1.15, -1.14, and -1.14, 

respectively). The highest value for ash (0.79) and vitamin A (0.61) was 

observed in carrots harvested at 12 WAP, with a decline in ash and 

vitamin A concentration for carrots harvested at 14 WAP. Harvesting at 

12 weeks resulted in higher fat (1.14) and flavonoid (0.91) 

concentrations compared to 10- and 14-week harvests, whereas 

harvesting at 14 weeks recorded higher beta carotene (1.13) content. 

The moisture content of carrots exhibited a sharp decline from 1.11 at 

10 WAP to -0.84 at 12 WAP. 

Harvest age and maturity stage emerge as pivotal factors influencing 

the nutritional quality of crop produce, as corroborated by Kader32. In 

this study, harvesting at different ages yielded distinct variations in the 

biochemical composition of carrot roots. The observed variability in the 

biochemical constituents of carrot roots as a function of harvest age 

corroborates earlier reports that the nutritional quality of carrot roots 

varies with harvest age 33,34. The corresponding increase in fiber content 

with an increase in harvest age is consistent with the findings of 

Paltrinieri35 who observed that produce harvested too late accumulates 

excessive fiber. 

 

Interaction Effect of Variety, Fertilizer, and Harvest Age on 

Biochemical Concentrations of Carrot  

The interaction effect of variety, fertilizer, and harvest age on the 

biochemical contents of carrot is shown in Figure 4. The biplot 

explained 41.11% of the variation in biochemical content. The 

interaction of Graffas, poultry manure, and 10 WAP (T1); Graffas, 

NPK, and 14 WAP (T9); Nantes, pig manure, and 14 WAP (T30); 

Carrot Touchon, NPK, and 14 WAP (T21); Carrot Touchon, NPK, and 

12 WAP (T20); Graffas, Control, and 14 WAP (T12); Carrot Touchon,  

Control, and 12 WAP (T23); Carrot Touchon, poultry manure, and 14 

WAP (T15); Carrot Touchon, pig manure, and 10 WAP (T16); and 

Graffas, NPK, and 10 WAP (T7) accounted for the higher proportion of 

the variation.  

The combined effect of Graffas, Control, and 14 WAP (T12) gave 

higher protein, saponin, tannin, vitamin E, and vitamin C content, while 

the combined effect of Carrot Touchon, NPK, and 14 WAP (T21), and 

Carrot Touchon, NPK, and 12 WAP (T20), gave higher content of 

Vitamin B and alkaloid. T9 gave more beta carotene and vitamin A. 

Although, T1 and T7 appeared in the same section of the plot with the 

following treatments T9, T19, T25, T10, and T28, they influenced 

higher moisture and fat contents respectively than the referenced 

treatments. T31 gave more flavonoid and ash than the rest treatments 

that appeared in the same section of the plot, although, it does not differ 

much from T4 in ash content. The vertex treatment combinations that 

appeared at the outer polygon also gave a reasonable proportion of all 

the biochemical components considered but not as much as those that 

appeared within the different sections with the respective biochemical 

parameters considered.  

 

Correlation among Proximate, Vitamins, and Phytochemical Attributes 

of Carrot 

The intricate relationships among yield and various biochemical 

parameters of carrot roots are highlighted in Figure 5. Vitamin A 

exhibited a positive and highly significant correlation (r = 0.42, P < 

0.001) with various parameters. Notably, vitamin A displayed negative 

correlations with root weight (-0.04) and all biochemical parameters, 

including fiber (-0.02), protein (-0.11), vitamin B (0.02), vitamin E (-

0.07), alkaloid (-0.11), vitamin C (0.05), carbohydrate (-0.02), saponin 

(-0.24), ash (0.13), flavonoid (-0.29), moisture content (0.12), fat (0.15), 

and tannin (0.12). A positive correlation (0.43) was established between 

moisture and fat content, with moisture content demonstrating an 

inverse relationship with all other parameters. 

 
Figure 3: Heat map of biochemical contents of carrot roots as 

influenced by age of harvest. A1 = 10 WAP, A2 = 12 WAP, A3 

= 14 WAP, WAP = Weeks after planting, RW = Root Weight, 

Ms = Moisture, As = Ash, Fa = Fat, Fb = Fiber, Pr = Protein, Cb 

= Carbohydrate, Ak = Alkaloid, Tn = Tanin, Sp = Saponin, Bc 

= Beta Carotene, Fl = Flavonoid, Va = Vitamin A, Vb = Vitamin 

B, Vc = Vitamin C, Ve = Vitamin E. 
 

 
Figure 4: Biplot analysis of variety and age of harvest by 

biochemical component  
T1 = Graffas × poultry manure × 10 WAP, T2 = Graffas × poultry 

manure × 12 WAP, T3 = Graffas × poultry manure × 14 WAP, T4 = 

Graffas × pig manure × 10 WAP, T5 = Graffas × pig manure × 12 WAP, 

T6 = Graffas × pig manure × 14 WAP, T7 = Graffas × NPK × 10 WAP, 

T8 = Graffas × NPK × 12 WAP, T9 = Graffas × NPK × 14 WAP, T10 

= Graffas × Control. × 10 WAP, T11 = Graffas × Control × 12 WAP, 

T12 = Graffas × Control × 14 WAP, T13 = Carrot Touchon × poultry 

manure × 10 WAP, T14 = Carrot Touchon × poultry manure × 12 WAP, 

T15 = Carrot Touchon × poultry manure × 14 WAP, T16 = Carrot 

Touchon × pig manure × 10 WAP, T17 = Carrot Touchon × pig manure 

× 12 WAP, T18 = Carrot Touchon × pig manure × 14 WAP, T19 = 
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Carrot Touchon × NPK × 10 WAP, T20 = Carrot Touchon × NPK × 12 

WAP, T21 = Carrot Touchon × NPK × 14 WAP, T22 = Carrot Touchon 

× Control × 10 WAP, T23 = Carrot Touchon × Control × 12 WAP, T24 

= Carrot Touchon × Control × 14 WAP, T25 = Nantes × poultry manure 

× 10 WAP, T26 = Nantes × poultry manure × 12 WAP, T27 = Nantes 

× poultry manure × 14 WAP, T28 = Nantes × pig manure × 10 WAP, 

T29 = Nantes × pig manure × 12 WAP, T30 = Nantes × pig manure × 

14 WAP, T31 = Nantes × NPK × 10 WAP, T32 = Nantes × NPK × 12 

WAP, T33 = Nantes × NPK × 14 WAP, T34 = Nantes × Control. × 10 

WAP, T35 = Nantes × Control × 12 WAP, T36 = Nantes × Control × 

14 WAP. Ms = Moisture, As = Ash, Fa = Fat, Fb = Fibre, Pr = Protein, 

Cb = Carbohydrate, Ak = Alkaloid, Tn = Tanin, Sp = Saponin, Bc = 

Beta Carotene, Fl = Flavonoid, Va = Vitamin A, Vb = Vitamin B, Vc = 

Vitamin C, Ve = Vitamin E 

 

Root weight exhibited positive correlations with saponin (0.22), 

carbohydrate (0.31), alkaloid (0.33), vitamin E (0.26), and fiber (0.19). 

Vitamin C displayed positive correlations with vitamin B (0.43), 

vitamin E (0.56), alkaloid (0.67), tannin (0.31), saponin (0.32), and 

carbohydrate (0.35), while beta carotene exhibited positive correlations 

with vitamin A (0.42) and tannin (0.38). Of all the parameters 

considered, the most substantial negative and positive correlation was 

recorded between moisture and carbohydrate (-0.83) and vitamin C and 

alkaloid (0.67), respectively. This study has established a positive 

correlation between beta-carotene and vitamin A content, implying that 

factors promoting the accumulation of beta-carotene will also enhance 

vitamin A levels, as most vitamin A synthesis directly derives from 

beta-carotene. This is particularly significant given the various health 

benefits associated with both nutrients. Additionally, the positive 

correlation between moisture content and fat aligns with previous 

findings36 and suggests an interesting interplay between these two 

attributes. On the contrary, the negative correlation between moisture 

content and carbohydrates underscores the importance of moisture 

management, as higher moisture content can compromise root quality 

and promote the activity of rot-causing pathogens. 

                              

Conclusion 

The challenges facing carrot production in Southeast Nigeria, including 

variety selection, soil fertility, fertilizer availability, and optimal harvest 

timing, are critical. This study has provided insights into the complex 

interplay of these factors on the nutritional quality of carrot roots. As 

no single variety emerged as superior in all attributes, the results serve 

as valuable guidance for carrot farmers and consumers regarding variety 

selection, fertilizer application, and harvest timing. 

For improved proximate content, it is recommended to grow Nantes and 

Graffas varieties treated with a combination of organic and inorganic 

fertilizers and harvest at 10 WAP. To enhance phytochemical content, 

Graffas and Carrot Touchon varieties should be grown with PM10 and 

NPK200 treatment and harvested at 14 weeks after planting. For higher 

vitamin content, Nantes varieties treated with NPK350 should be 

harvested at 12 WAP. Future research could explore additional factors 

influencing carrot quality, such as soil health and environmental 

conditions, and investigate optimal combinations of fertilizers and 

harvest timing to maximize both yield and nutritional quality. 
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