Effect of organic and inorganic fertilizers on yield and quality of Carrot (Daucus carota L.)
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ABSTRACT
The study titled "Effect of organic and inorganic fertilizers on yield and quality of carrot (Daucus carota L.) under balaghat (M.P.) conditions" was conducted during the Rabi season of 2023-24. The experiment aimed to evaluate the effects of various organic and chemical fertilizers on the morphological, yield and quality parameters of carrots, as well as to assess the economic feasibility of different fertilizer treatments. Seven treatments, including organic and inorganic fertilizers application were arranged in a Randomized Complete Block Design (RCBD) with three replications. 
Key findings include that T7 (poultry manure at 15mt/ha) resulted in the least root forking and cracking, enhancing marketability. Among chemical treatments, T4 (60:50:60 N: P: K) showed the best results in terms of reduced root forking and cracking. Growth parameters like plant height and leaf count were significantly enhanced with T6 (vermicompost at 10 tons/ha) and T4. T4 also demonstrated superior root length, diameter, fresh weight and total yield (331.37 q/ha). Among the inorganic treatments, T4 yields the highest root production (388.82 q/ha). In terms of Total Soluble Solids (TSS) and dry weight, T6 (Vermicompost 10mt ha-1) excelled, followed by T4 among the chemical treatments. Color, tenderness and root hair count were positively influenced by the treatments with T6 (Vermicompost 10mt ha-1) resulting in dark red and tender roots. T6 (Vermicompost 10mt ha1) also showed the best keeping quality, lasting 10.75 days at room temperature. Economically, T4 (60:50:60 N: P: K) proved most profitable with a net return of ₹1,48,850/ha and a cost-benefit ratio of 1:4.27, highlighting the potential of combining organic and inorganic fertilizers for enhanced carrot production and profitability. 
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INTRODUCTION
The carrot, scientifically known as Daucus carota, is a member of the Apiaceae family, commonly referred to as the parsley or carrot family. This family includes over 3,700 species, many of which are economically significant. Some well-known plants in the Apiaceae family include fennel, anise, parsnip, celery, asafoetida, caraway, lovage, chervil, coriander, cumin, dill, cow parsley, angelica, parsley and sea holly. These plants are often used for culinary, medicinal, and aromatic purposes. Because of its eye-catching edible roots, this vegetable is significant and is grown all over India. North Africa and Europe are the main centres. Throughout the winter, this cool-season crop is cultivated in spring, summer, and fall in temperate regions, as well as tropical and subtropical locations across the globe. 
Carrot production is based on 62200 hectares of land in India, where 1.15 million tonnes are produced annually (Anonymous, 2024) and 1400 hectares in Madhya Pradesh, where 8.5 tonnes are produced annually. At first, the roots were either purple or yellow in color, long and thin. Roots can have a spherical, conical, or cylindrical form. Being a biennial, the plant grows vegetatively in its first season before setting seed. 
 Carrots are an essential crop for a healthy diet, making it crucial to ensure their high quality (Radics et al., 2002). They require 100 kg of nitrogen (N), 50 kg of phosphorus (P2O5), and 180 kg of potassium (K2O) per hectare as they are high nutrient feeders. Furthermore, carrots exhibit high susceptibility to variations in soil moisture and nitrogen levels (Sunanadarani and Mallareddy, 2007). Carrot production can be increased by combining organic manures with chemical fertilizers. Carrots and other root vegetables are nutrient-demanding crops, thus organic manures by themselves might not be able to supply enough nutrients. However, it has been shown that increasing the yield of root vegetables can be achieved by combining organic manures with inorganic fertilizers. Although inorganic fertilizers are necessary for plants to grow and develop properly, organic nutrient sources offer benefits such as a steady and slow nutrient release, maintaining the ideal carbon: nitrogen (C: N) ratio, increasing microbial biomass and soil water retention, all without leaving harmful residues (Yadav et al., 2010). Additionally, organic manures have shown positive effects on the quality of various vegetables. Thus, a balanced and integrated approach to nutrient supplementation is vital for quality and sustainable carrot production. In addition, mixing inorganic and organic fertilizers enhances soil aeration and water infiltration, encourages root development, and lessens the chance of floods downstream (Kumar et al., 2014). 
At the cellular and molecular levels, dynamic and intricate processes are responsible for plant growth and development. Environmental conditions and a plant's genetic composition both affect the plant's growth rate and development pattern. Consequently, either by genetic engineering or the appropriate dosage of growth chemicals, it is necessary to alter the internal processes at the molecular level in order to create changes in growth and development. 
India has lost a lot of soil nutrients as a result of the previous thirty years of intense farming with high-yielding cultivars. Additionally, the inconsistent application of chemical fertilizers by farmers has resulted in a decline in soil quality and levels of organic carbon. Despite being a common organic manure source for field crops, farmyard manure (FYM) is a challenging nutrition source due to its limited supply. It has been suggested that vermicompost is a useful substitute for organic manure. The carrot root has 85% moisture content has a variety of chemical components, such as vitamin A (3150 I.U) and vitamin C (3.0 mg). This makes it an excellent food source for humans. Potassium, calcium, phosphorus, and a number of important micronutrients are all abundant in carrots (Salunkhe and Kadam, 1998). Carrots are known for their Ayurvedic and medicinal properties. They can be consumed cooked or uncooked and are used in pickles, sweets, curries, pies, and other dishes. Carotene-rich carrot juice is frequently used to colour butter and other food goods. Carotene, a precursor to vitamin A, is especially abundant in orange-coloured carrots. They also have notable levels of thiamine and riboflavin. Black carrots are used to make a beverage called kanji, known for its appetite-stimulating properties. Asiatic varieties of carrots have higher levels of anthocyanin pigments but lower carotene content, making them potentially less nutritious. Green carrot leaves are used as fodder and to prepare chicken feed because they are extremely nutrient-dense, high in protein, minerals, and vitamins. 
Organic manures are unquestionably essential to modern agriculture since they help produce high-quality crops and increase yields per unit area. Investigating more affordable and ecologically friendly sources of nutrients is urgently needed in order to help farmers lessen their dependency on chemical fertilizers, preserve healthy soil, and advance ecological sustainability. In addition to being easily created, Farmers highly favour organic fertilizers like vermicompost, compost, FYM (farmyard manure), and chicken manure. The overuse of chemical pesticides, fungicides, and fertilizers is currently causing the health of the soil to deteriorate, which in turn has an impact on plant health. Most small-scale and marginal farmers in India find it difficult and costly to buy chemical fertilizers. Conversely, organic manures provide a cost-effective and environmentally beneficial substitute. On the other hand, compared to chemical fertilizers, the crop response to organic manures has been noted to be less abrupt and dramatic. However, frequent use of chemical fertilizers can degrade the chemical makeup of the soil and ultimately result in lower yield. In order to maintain the soil's fertility and ensure a balanced supply of nutrients for ideal crop growth, productivity and quality, it is important to use a combination of inorganic and organic fertilizers. 
MATERIALS AND METHODS
The experiment was carried out at the Research farm of the Department of Horticulture, School of Agriculture Science, Technology & Research, Sardar Patel University, Balaghat (M.P.). The experiment was conducted in a randomized complete block design with three replications. Different organic and inorganic fertilizers were allocated to the plots as per treatments. The seed rate used as 10 kg/ha for sowing with 30 x 8 cm row-to-row and plant-to-plant distance. The treatments were Control (T1), 40:30:40 N: P: K (T2), 50:40:50 N: P: K (T3), 60:50:60 N: P: K (T4), FYM 20 t ha-1 (T5), Vermicompost 10mt ha-1 (T6) and Poultry manure 15mt ha-1 (T7). The gross and net plot size was 141.375 m2 and 67.50 m², respectively. The fertilizer grades were applied as per treatment. All the other agronomic practices were applied uniformly to all the treatments. The experiment will be consisting of the following factors along with their respective levels.
RESULTS AND DISCUSSION
In a study on carrot growth, several morphological traits were examined, including root forking percentage, root cracking percentage, plant height, leaf count per plant and shoot growth pattern. The results showed that the T7 treatment (applying 15 mt/ha of poultry manure per hectare) led to the lowest levels of root forking and cracking, making it better than other organic manure treatments and far superior to the untreated control group (T1). In contrast, the T5 treatment (20 tons of farmyard manure per hectare) resulted in the highest levels of root forking and cracking, which are undesirable traits for carrots intended for sale. 
These findings align with Walker’s 2004 research. Among chemical fertilizers, the T4 treatment (60:50:60 N: P: K kg/ha) showed the least amount of root forking and cracking compared to other fertilizer treatments, while the T2 treatment (40:30:40 N: P: K /ha) had the highest forking and cracking levels. Plant height also showed significant increases at 40, 60, and 80 days after sowing when different combinations of organic manure and chemical fertilizers were used. Treatment T6, which applied 10 mt of vermicompost per hectare, produced the tallest plants compared to other treatments. The shortest plants were observed in treatment T5, which used 20 tons of farmyard manure per hectare at all three growth stages. These findings align with those from studies by Bruno et.al. (2007), Jeptoo et.al. (2013), Kumar et.al. (2014), Ali et.al. (2014), Laxmi et.al. (2015) and Kankam et.al. (2015). When focusing on chemical fertilizers, treatment T3 (60:50:60 N: P: K per hectare) resulted in significantly taller plants at 40, 60 and 80 days after sowing compared to the control treatment (T1). On the other hand, the shortest plant height was recorded in treatment T2 (40:30:40 N: P: K per hectare). These results are consistent with findings from Cho et.al. (2000), Thapa et.al. (2003), Kamalakannan and Manivannan (2003), Kumar and Singh (2005), Jilani et.al. (2010) and El-Tohamy et.al. (2011). 
Several yield-related parameters in carrots, such as harvest index percentage, root length, root diameter, fresh root weight and overall root yield per plot and hectare, were studied. For organic manures, treatment T6 (vermicompost at 10 mt per hectare) recorded the lowest harvest index of 66.20%, but it was still superior to the other organic manure treatments. On the other hand, the highest harvest index of 68.87% was found in T5 (FYM at 20 tons per hectare). Among chemical fertilizers, the highest harvest index (65.88%) was observed in T2 (40:30:40 N: P: K per hectare), while T4 (60:50:60 N: P: K per hectare) had the lowest harvest index at 64.36%. Root length was also significantly impacted by the different treatments. T6 (vermicompost at 10 mt per hectare) resulted in the longest roots, while T5 (FYM at 20 tons per hectare) showed the shortest, though both were statistically similar. These results align with findings by Ahmad et.al. (2005), Bruno et.al. (2007), Kumar et.al. (2014), Laxmi et.al. (2015) and Kankam et.al. (2015). 
In terms of chemical fertilizers, treatment T4 (60:50:60 N: P: K per hectare) produced the longest carrot roots, while the shortest roots were recorded in T2 (75% RDF with 40:30:40 N: P: K per hectare). These results align with studies by Balooch et.al. (1993), Cho et.al. (2000), Ahmed (2000) and El-Tohamy et.al. (2011). For greater profits, the key factors are reducing cultivation costs while maximizing the value of the crop. The economic analysis of the treatments demonstrated this. Based on the collected data, the carrot variety Pusa Kesar produced significantly higher root yields of 388.82q/ha under treatment T4(60:50:60 N: P: K per hectare). This treatment also resulted in the highest net return of ₹1,48,850 per hectare and a cost- benefit ratio 1:4:27. It was followed by treatment T3(50:40:50: N: P: K), which showed a yield of 367.30q/ha, a net return of ₹1,39,440 per hectare, and a cost- benefit ratio of 1:4:15. On the other hand, the lowest cost- benefit ratio was 1:2:58 was recorded in the control treatment T1(no fertilizer), which yielded 200.42q/ha with a lower expenditure of ₹38,800 per hectare compared to the other treatments. The findings align with results from studies by Kovacik and Lozek (1999), Sharma et al. (2003), Uddin et al. (2004) and Yanthan et al. (2012).
CONCLUSION
We draw the conclusion that the Pusa Keshar carrot variety performed well in terms of quality, yield, and growth based on this research. With the highest growth (including plant height and leaf count), yield characteristics (such as root length, root diameter fresh weight of root and total root yield per plot and total yield per hectare,) Treatment T6 (vermicompost at 10 mt per hectare) was the most successful of the organic choices. This treatment also achieved the best quality, indicated the highest total soluble solid (TSS), dry root weight, and keeping quality, along with the fewest root hairs compared to other treatments. 
For chemical fertilizers, the application of T4 (40:30:40 N: P: K per hectare) resulted in significantly improved growth and yield metrics, similar to T6. This treatment also delivered the best quality, with maximum TSS and dry weight, as well as reduced root forking and cracking percentages compared to the control (T1). However, T2 (40:30:40 N: P: K per hectare) showed the longest keeping quality and the fewest root hairs. 
Ultimately, the data revealed that treatment T4 (40:30:40 N: P: K per hectare) achieved the highest root yield of 388.82 quintals per hectare for the Pusa Kesar variety, alongside the best net return of ₹1,48,850 per hectare and a favorable cost benefit ratio of 1:4.27.
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Table 1: Effect of organic and inorganic fertilizers on yield and quality of Carrot (Daucus carota L.)
	Notations
	Treatment
	Root forking (%) 
	Root cracking (%) 
	Plant height (cm)
	Number of leaves / plant
	Harvest index (%) 
	Root Length (cm) 
	Root diameter (cm) 
	Root yield hectare-1 (q) 
	Total Soluble Solids (oBrix) 
	C:B ratio 

	T1
	Control 
	9.50 
	5.03 
	44.57 
	14.63 
	76.53 
	22.57 
	3.49 
	200.42 
	7.17 
	1: 2.58 

	T2
	40:30:40 N: P: K 
	4.23 
	3.87 
	57.72 
	19.10 
	65.36 
	25.74 
	5.04 
	337.96 
	7.83 
	1: 3.94 

	T3
	50:40:50 N: P: K 
	4.57 
	2.31 
	58.97 
	20.29 
	65.92 
	26.19 
	5.23 
	367.30 
	8.00 
	1: 4.15 

	T4
	60:50:60 N: P: K 
	3.81 
	1.63 
	60.57 
	21.08 
	64.36 
	27.73 
	5.40 
	388.82 
	8.83 
	1: 4.27 

	T5
	FYM 20 t ha-1 
	7.88 
	3.48 
	50.25 
	15.03 
	68.87 
	22.94 
	4.11 
	261.38 
	9.00 
	1: 3.08 

	T6
	Vermicompost 10mt ha-1 
	6.53 
	2.63 
	53.80 
	19.85 
	66.20 
	23.59 
	4.39 
	331.37 
	9.67 
	1: 3.96 

	T7
	Poultry manure 15mt ha 1 
	4.12 
	2.49 
	52.63 
	15.40 
	67.17 
	23.16 
	4.25 
	312.93 
	9.13 
	1: 3.90 

	
	SEm± 
	0.35 
	0.34 
	0.49 
	0.63 
	0.11 
	0.53 
	0.13 
	12.17 
	0.34 
	

	
	C.D. at 5% level 
	1.04 
	1.01 
	1.47 
	0.63 
	0.34 
	1.58 
	0.39 
	36.16 
	1.01 
	








Figure 1a: Effect of organic and inorganic fertilizers on root forking, root cracking, plant height and number of leaves Carrot (Daucus carota L.)




Figure 1b: Effect of organic and inorganic fertilizers on harvest index, root length, root diameter, root yield/hectare and TSS of Carrot (Daucus carota L.)

	
Root forking (%) 	T1	T2	T3	T4	T5	T6	T7	9.5	4.2300000000000004	4.57	3.81	7.88	6.53	4.12	Root cracking (%) 	T1	T2	T3	T4	T5	T6	T7	5.03	3.87	2.31	1.63	3.48	2.63	2.4900000000000002	Plant height (cm)	T1	T2	T3	T4	T5	T6	T7	44.57	57.72	58.97	60.57	50.25	53.8	52.63	Number of leaves / plant	T1	T2	T3	T4	T5	T6	T7	14.63	19.100000000000001	20.29	21.08	15.03	19.850000000000001	15.4	



Harvest index (%) 	T1	T2	T3	T4	T5	T6	T7	76.53	65.36	65.92	64.36	68.87	66.2	67.17	Root Length (cm) 	T1	T2	T3	T4	T5	T6	T7	22.57	25.74	26.19	27.73	22.94	23.59	23.16	Root diameter (cm) 	T1	T2	T3	T4	T5	T6	T7	3.49	5.04	5.23	5.4	4.1100000000000003	4.3899999999999997	4.25	Root yield hectare-1 (q) 	T1	T2	T3	T4	T5	T6	T7	200.42	337.96	367.3	388.82	261.38	331.37	312.93	Total Soluble Solids (oBrix) 	T1	T2	T3	T4	T5	T6	T7	7.17	7.83	8	8.83	9	9.67	9.1300000000000008	



