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Impact of various organic manures with inorganics (Influence of Organic Manure Combinations) on Growth and Yield Attributes of Radish (Raphanus sativus L.)
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ABSTRACT
	Background: Radish (Raphanus sativus L.) is a short-duration, nutritionally important root vegetable widely cultivated for its economic and dietary value. However, increasing concerns over excessive chemical fertilizer use have highlighted the need for integrating organic manures to improve soil health, productivity, and sustainability.
[bookmark: _GoBack]Aims: The study aims to evaluate the effect of different combinations of organic manure sources along with the recommended dose of fertilizers (RDF) on growth, yield and yield attributes of radish (Raphanus sativus L.) cv. Pusa Himani.
Study design:  The experiment was laid out in a single-factor Randomized Complete Block Design (RCBD) with seven treatments and three replications.
Place and Duration of Study: The experiment was conducted at the Department of Agriculture, Meerut Institute of Technology, Meerut, India, during the rabi season of 2024-2025.
Methodology: The treatments comprised RDF (75:100:50 kg NPK ha⁻¹) applied alone and in combination with farmyard manure (FYM) @ 20 t ha⁻¹, sugarcane press-mud (SP) @ 20 t ha⁻¹, poultry manure (PM) @ 4 t ha⁻¹, 50% FYM + 50% SP, 50% FYM + 50% PM, 50% SP + 50% PM, and 33% FYM + 33% SP + 33% PM. Growth and yield parameters were recorded and analyzed statistically.
Results: Significant differences (P ≤ 0.05) were observed among treatments. Treatment T₇ (RDF + 33% FYM + 33% SP + 33% PM) recorded the highest plant height (33.57 cm), number of leaves per plant (16.44), leaf width (10.64 cm), root length (21.10 cm), root diameter (3.39 cm), root dry weight (15.56 g), plant weight with top (262.08 g), root yield per plot (32.02 kg), and total root yield (46.70 t ha⁻¹). However, maximum leaf area (215.86 cm²) was observed under T₆ (RDF + 50% SP + 50% PM).
Conclusion: The integrated application of RDF with equal proportions of FYM, poultry manure, and sugarcane press-mud (T₇) significantly enhanced growth and yield of radish and can be recommended as an effective nutrient management strategy for higher productivity under similar agro-climatic conditions.
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1. INTRODUCTION
Radish (Raphanus sativus L.) is an important root vegetable belonging to the family Brassicaceae (Cruciferae) with a diploid chromosome number of 2n = 18. It is believed to have originated in Central and Western China as well as India. Owing to its short duration, rapid growth and compact plant size, radish is highly suitable for intensive cropping systems and intercropping with perennial crops. It provides an early return to farmers and serves as an important crop for minimizing economic losses under crop failure situations (Thamburaj and Singh, 2001).
Radish is consumed widely in India, where a large proportion of the population follows a vegetarian diet, thereby creating a strong market demand. Depending on the cultivar and purpose, radish is grown either as an annual or biennial crop (PCARRD, 2009). It is nutritionally rich, being a good source of vitamin C (14.8 mg per 100 g edible portion), along with essential minerals. Pink-skinned radish varieties generally contain higher ascorbic acid than white-skinned ones (Singh and Bhandari, 2015). In addition, radish possesses several medicinal properties such as diuretic effects and is traditionally used in the treatment of piles, urinary disorders and certain neurological conditions. The characteristic pungency of radish is attributed to the presence of isothiocyanates (Kushwah, 2016).
The increasing demand for sustainable agriculture has emphasized the importance of organic nutrient management. Recycling of crop residues, animal manures and other organic wastes forms the basis of organic farming systems (Bodkhe and Mahorkar, 2010). However, in modern agriculture, there is heavy reliance on chemical fertilizers such as urea and di-ammonium phosphate (DAP) for nitrogen supply (Raut et al., 2011). Continuous use of chemical fertilizers not only increases production costs but also leads to environmental degradation and soil health deterioration (Oad et al., 2004). Therefore, there is a growing need to explore alternative, cost-effective and eco-friendly nutrient sources (Kumar et al., 2014).
Organic manures such as farmyard manure (FYM), poultry manure and sugarcane press-mud improve soil structure, enhance microbial activity, and increase nutrient availability and water holding capacity (Kaushik et al., 2025; 2025a, 2025b). For a short-duration crop like radish, which requires rapid and uninterrupted root development, balanced nutrient supply is essential. Integrated use of organic and inorganic nutrient sources has been reported to improve growth, yield and quality of radish (Shilpa et al., 2023; Chapagain et al., 2010; Dhanajaya, 2007).
However, limited information is available regarding the combined use of different organic manure sources in specific proportions along with recommended fertilizer doses. Therefore, the present study was undertaken to evaluate the influence of different organic manure combinations on growth, yield and yield attributes of radish under the agro-climatic conditions of western Uttar Pradesh.
2. Material and methods
2.1 Experimental Details - The experiment was laid out in a single-factor Randomized Complete Block Design (RCBD) with eight treatments and three replications. The treatments comprised recommended dose of fertilizers (RDF) (75:100:50 kg NPK ha⁻¹) applied alone and in combination with different organic manure sources, viz., farmyard manure (FYM) @ 20 t ha⁻¹, sugarcane press-mud (SP) @ 20 t ha⁻¹, poultry manure (PM) @ 4 t ha⁻¹, 50% FYM + 50% SP, 50% FYM + 50% PM, 50% SP + 50% PM and 33% FYM + 33% SP + 33% PM.
Each treatment plot measured 2 m × 3 m (6 m²). The crop was sown at a spacing of 30 cm between rows and 10 cm between plants to maintain optimum plant population.
2.2 Crop Management - The field was prepared to a fine tilth by repeated ploughing and leveling. Well-decomposed organic manures, as per treatment, were incorporated into the soil as basal application approximately five days before sowing. Healthy and uniform seeds of radish (Raphanus sativus L.) cv. Pusa Himani was sown manually on 20 November 2024 at a depth of about 2 cm. 
Irrigation was applied through the furrow method at regular intervals to maintain adequate soil moisture. Intercultural operations such as thinning, gap filling, weeding and earthing-up were carried out at appropriate growth stages to ensure proper crop establishment. Necessary plant protection measures were adopted as per the requirements to control pests and diseases. The crop was harvested at marketable maturity, and observations on growth and yield parameters were recorded.
2.3 Statistical Analysis- The recorded data were subjected to analysis of variance (ANOVA) appropriate for RCBD. The significance of treatment effects was tested using the F-test, and treatment means were compared at the 5% level of significance (P = .05) using the critical difference (CD) test.
3. results and discussion
3.1 Growth Attributes
3.1.1 Plant Height (cm)
Plant height of radish was significantly influenced by different combinations of organic manures at all growth stages (P = .05). The data presented in Table 1 revealed a progressive increase in plant height with the advancement of crop growth.
At 30 DAS, the maximum plant height (13.41 cm) was recorded under treatment T₇ (RDF + FYM 33% + SP 33% + PM 33%), which was statistically at par with T₆ (RDF + SP 50% + PM 50%) (12.88 cm), whereas the minimum plant height (9.18 cm) was observed under T₀ (RDF only). A similar trend was observed at 45 DAS, where T₇ recorded the highest plant height (22.58 cm), while the lowest value (14.42 cm) was noted under the control treatment. At harvest, significantly higher plant height (33.57 cm) was observed under T₇, followed by T₆ (31.63 cm), whereas the minimum plant height (21.12 cm) was recorded under T₀.
The superior performance of T₇ may be attributed to the combined application of organic manures along with RDF, which ensured a balanced and continuous supply of nutrients. Farmyard manure improves soil structure and water holding capacity, poultry manure provides readily available nitrogen, and sugarcane press-mud enhances microbial activity and nutrient mineralization. The synergistic effect of these organic sources might have promoted better root development and nutrient uptake, resulting in enhanced vegetative growth.
These findings are in agreement with earlier reports of improved plant growth in radish due to integrated nutrient management practices (Chapagain et al., 2010; Kumar et al., 2014), who also observed increased plant height with the combined application of organic and inorganic nutrient sources.
Table 1. Effect of organic manures on the plant height (cm) of radish
	Treatment
	30 DAS (cm)
	45 DAS (cm)
	At harvest (cm)

	T₀
	9.18
	14.42
	21.12

	T₁
	11.96
	17.78
	28.85

	T₂
	11.08
	18.86
	29.14

	T₃
	11.59
	18.98
	30.46

	T₄
	11.92
	17.57
	26.68

	T₅
	12.34
	19.41
	26.71

	T₆
	12.88
	21.72
	31.63

	T₇
	13.41
	22.58
	33.57

	SEm ±
	0.65
	0.83
	1.18

	CD (P = .05)
	1.90
	2.48
	3.40


T₀, Recommended Dose of Fertilizer (RDF) (75:100:50 kg NPK per hectare); T₁, RDF + farmyard manure (FYM) at 20 t/ha; T₂, RDF + sugarcane press-mud (SP) at 20 t/ha. T₃, RDF + poultry manure (PM) at 4 t/ha; T₄, RDF + 50% combination of FYM + 50% SP; T₅, RDF + 50% FYM + 50% PM; T₆, RDF + 50% SP + 50% PM; T₇, RDF + 33% FYM + 33% SP + 33% PM
3.1.2 Number of leaves per plant
At 30 DAS crop stage, the treatment T₇ (RDF + FYM 33% + SP 33% + PM 33%) recorded the maximum (6.01) number of leaves per plant, followed by T₆ (RDF + SP 50% + PM 50%) with 5.32 and T₅ (RDF + FYM 50% + PM 50%) with 5.03 leaves per plant, which were statistically at par with each other. The lowest (4.18) number of leaves per plant was noted under treatment T₀ (RDF only).
At 45 DAS stage, treatment T₇ recorded the highest number of leaves (10.34) followed by T₆ (8.98) and T₅ (8.62), whereas the minimum number of leaves (7.29) was recorded under control treatment.
At harvesting stage, the maximum number of leaves per plant (16.44) was observed under treatment T₇, followed by T₆ (15.92) and T₅ (15.63), while the lowest value (12.58) was found under treatment T₀.
These findings are in agreement with earlier reports of improved plant growth in radish due to integrated nutrient management practices by Gyewali et al., 2020 and Shilpa et al., 2023, who also observed increased plant height with the combined application of organic and inorganic nutrient sources.
The number of leaves of radish as influenced by different organic manure treatments is presented in Table 2.

Table 2. Effect of organic manures on number of leaves per plant
	Treatment
	30 DAS
(Numbers/plant)
	45 DAS
(Numbers/plant)
	Harvest
(Numbers/plant)

	T₀
	4.18
	7.29
	12.58

	T₁
	4.66
	7.88
	14.12

	T₂
	4.71
	8.19
	14.83

	T₃
	4.82
	8.58
	15.02

	T₄
	4.91
	7.93
	15.21

	T₅
	5.03
	8.62
	15.63

	T₆
	5.32
	8.98
	15.92

	T₇
	6.01
	10.34
	16.44

	SEm ±
	0.30
	0.41
	0.88

	CD (5%)
	0.82
	1.15
	2.30


T₀, Recommended Dose of Fertilizer (RDF) (75:100:50 kg NPK per hectare); T₁, RDF + farmyard manure (FYM) at 20 t/ha; T₂, RDF + sugarcane press-mud (SP) at 20 t/ha. T₃, RDF + poultry manure (PM) at 4 t/ha; T₄, RDF + 50% combination of FYM + 50% SP; T₅, RDF + 50% FYM + 50% PM; T₆, RDF + 50% SP + 50% PM; T₇, RDF + 33% FYM + 33% SP + 33% PM
3.1.3 Leaf width (cm)
The leaf width of radish at 30 DAS, 45 DAS and at harvesting stage as influenced by different organic manure treatments is presented in Table 3 and graphically illustrated in Fig.
At 30 DAS, the treatment T₇ (RDF + FYM 33% + SP 33% + PM 33%) produced the widest leaves (5.06 cm), followed by T₆ (RDF + SP 50% + PM 50%) (4.61 cm) and T₅ (RDF + FYM 50% + PM 50%) (4.05 cm). The minimum leaf width (3.26 cm) was recorded under treatment T₀ (RDF only).
At 45 DAS, maximum leaf width (8.29 cm) was observed under treatment T₇, followed by T₆ (7.72 cm) and T₅ (7.31 cm), whereas the lowest leaf width (5.61 cm) was recorded under control treatment.
At harvesting stage, the widest leaves (10.64 cm) were produced under treatment T₇, followed by T₆ (10.05 cm), while the narrowest leaves (7.82 cm) were recorded under treatment T₀.
The leaf width of radish as influenced by different organic manure treatments is presented in Table 3
Table 3 .Effect of different organic manures on leaf width of radish (cm)
	Treatment
	30 DAS (cm)
	45 DAS (cm)
	Harvest (cm)

	T₀
	3.26
	5.61
	7.82

	T₁
	3.36
	6.46
	7.96

	T₂
	3.61
	6.35
	8.97

	T₃
	3.66
	7.08
	9.18

	T₄
	3.82
	7.18
	9.43

	T₅
	4.05
	7.31
	9.78

	T₆
	4.61
	7.72
	10.05

	T₇
	5.06
	8.29
	10.64

	SEm ±
	0.35
	0.44
	0.40

	CD (5%)
	1.08
	1.38
	1.20


T₀, Recommended Dose of Fertilizer (RDF) (75:100:50 kg NPK per hectare); T₁, RDF + farmyard manure (FYM) at 20 t/ha; T₂, RDF + sugarcane press-mud (SP) at 20 t/ha. T₃, RDF + poultry manure (PM) at 4 t/ha; T₄, RDF + 50% combination of FYM + 50% SP; T₅, RDF + 50% FYM + 50% PM; T₆, RDF + 50% SP + 50% PM; T₇, RDF + 33% FYM + 33% SP + 33% PM
3.1.4 Leaf area per plant (cm²)
The leaf area per plant as influenced by different organic manure treatments is presented in Table 4 and graphically illustrated in Fig. The leaf area was recorded at harvesting stage.
The maximum leaf area (215.86 cm²) was observed under treatment T₆ (RDF + SP 50% + PM 50%), closely followed by T₇ (RDF + FYM 33% + SP 33% + PM 33%) (213.72 cm²) and T₅ (RDF + FYM 50% + PM 50%) (189.57 cm²).
On the other hand, the minimum leaf area (126.92 cm²) was recorded under treatment T₀ (RDF only).
The leaf area of radish as affected by different organic manure treatments is presented in Table 4 
Table 4. Effect of different organic manures on leaf area of radish
	Treatment
	Leaf area (cm²)

	T₀
	126.92

	T₁
	141.83

	T₂
	150.62

	T₃
	166.91

	T₄
	177.88

	T₅
	189.57

	T₆
	215.86

	T₇
	213.72

	SEm ±
	9.05

	CD (5%)
	27.80


T₀, Recommended Dose of Fertilizer (RDF) (75:100:50 kg NPK per hectare); T₁, RDF + farmyard manure (FYM) at 20 t/ha; T₂, RDF + sugarcane press-mud (SP) at 20 t/ha. T₃, RDF + poultry manure (PM) at 4 t/ha; T₄, RDF + 50% combination of FYM + 50% SP; T₅, RDF + 50% FYM + 50% PM; T₆, RDF + 50% SP + 50% PM; T₇, RDF + 33% FYM + 33% SP + 33% PM
3.2 Yield Parameters
3.2.1 Root length (cm)
The data on root length were recorded at the time of harvesting and are presented in Table 5. A perusal of the data revealed that root length was significantly influenced by different organic manure treatments. The treatment T₇ (RDF + FYM 33% + SP 33% + PM 33%) recorded the maximum root length (21.10 cm). This was followed by T₆ (RDF + SP 50% + PM 50%) (19.45 cm) and T₅ (RDF + FYM 50% + PM 50%) (18.54 cm). The second and third treatments were found to be statistically at par with the first treatment. Whereas, the minimum root length (13.52 cm) was recorded under T₀ (RDF only).
3.2.2 Root diameter (cm)
Root diameter was measured at harvesting stage and the data are presented in Table 5 and Fig. The results indicated that the thickest roots (3.39 cm) were produced with the application of T₇ (RDF + FYM 33% + SP 33% + PM 33%). This was closely followed by T₆ (RDF + SP 50% + PM 50%) (3.28 cm) and T₅ (RDF + FYM 50% + PM 50%) (3.24 cm). These treatments were statistically at par with each other but significantly superior over control. The lowest root diameter (1.94 cm) was recorded under T₀ (RDF only).
3.2.3 Plant weight with top (g)
The whole plant weight including root and foliage was recorded at harvesting and the data are presented in Table 6. The highest plant weight (262.08 g) was observed in T₇ (RDF + FYM 33% + SP 33% + PM 33%), followed by T₆ (RDF + SP 50% + PM 50%) (247.85 g) and T₅ (RDF + FYM 50% + PM 50%) (237.72 g). All the above treatments recorded significantly higher plant weight as compared to T₀ (RDF only), which produced plants weighing only 110.96 g.
3.2.4 Fresh root weight without top (g)
Fresh root weight without top was recorded at harvesting after washing of roots and the data are presented in Table 6. A perusal of the data indicated that the highest fresh root weight (92.35 g) was found in T₇ (RDF + FYM 33% + SP 33% + PM 33%), followed by T₅ (RDF + FYM 50% + PM 50%) (81.19 g) and T₄ (RDF + FYM 50% + SP 50%) (77.41 g). The minimum fresh root weight (53.88 g) was observed in T₀ (RDF only).
3.2.5 Dry root weight without top (g)
Dry root weight without top was recorded at harvesting after oven drying and the data are presented in Table 5. The results indicated that variation among treatments for dry root weight was non-significant. However, the highest dry root weight (15.56 g) was recorded in T₇ (RDF + FYM 33% + SP 33% + PM 33%), followed by T₆ (RDF + SP 50% + PM 50%) (14.24 g). The minimum dry root weight (8.39 g) was recorded in T₀ (RDF only).
3.2.6 Root yield per plot (kg)
Root yield per plot was recorded at harvesting and the data are presented in Table 5. The treatment T₇ (RDF + FYM 33% + SP 33% + PM 33%) was found to be significantly superior and recorded the highest root yield (32.02 kg plot⁻¹). This was followed by T₆ (RDF + SP 50% + PM 50%) (27.49 kg plot⁻¹) and T₅ (RDF + FYM 50% + PM 50%) (25.38 kg plot⁻¹). The minimum root yield (12.33 kg plot⁻¹) was recorded in T₀ (RDF only).
3.2.7 Total root yield per hectare (t ha⁻¹)
The root yield per plot was converted into total root yield per hectare and the data are presented in Table 5 and Figure 1. A perusal of the data clearly indicated that T₇ (RDF + FYM 33% + SP 33% + PM 33%) proved significantly superior and recorded the maximum total root yield (46.70 t ha⁻¹), followed by T₆ (RDF + SP 50% + PM 50%) (45.82 t ha⁻¹) and T₅ (RDF + FYM 50% + PM 50%) (42.28 t ha⁻¹). The minimum total root yield (20.72 t ha⁻¹) was recorded in T₀ (RDF only).

The study was conducted during a single season and at one location, which may limit the wider applicability of the results. Additionally, the focus was on growth and yield parameters, while long-term soil health and economic analysis were not evaluated. Further multi-location and multi-season studies are recommended.

Figure 1: Effect of different organic manures on root characters and yield of radish
Table 05. Effect of different organic manures on root characters and yield of radish
	Treatment
	Root length (cm)
	Root diameter (cm)
	Root dry weight without top (g)
	Root yield (kg plot⁻¹)
	Root yield (t ha⁻¹)

	T₀
	13.52
	1.94
	8.39
	12.33
	20.72

	T₁
	15.68
	2.46
	9.73
	14.15
	23.56

	T₂
	16.29
	2.74
	9.97
	16.82
	28.02

	T₃
	16.41
	2.94
	11.69
	20.55
	34.21

	T₄
	17.06
	3.06
	12.43
	21.24
	35.38

	T₅
	18.54
	3.24
	12.79
	25.38
	42.28

	T₆
	19.45
	3.28
	14.24
	27.49
	45.82

	T₇
	21.10
	3.39
	15.56
	32.02
	46.70

	SEm ±
	1.02
	0.22
	0.79
	1.85
	3.98

	CD (5%)
	3.12
	0.68
	2.40
	5.60
	12.20


T₀, Recommended Dose of Fertilizer (RDF) (75:100:50 kg NPK per hectare); T₁, RDF + farmyard manure (FYM) at 20 t/ha; T₂, RDF + sugarcane press-mud (SP) at 20 t/ha. T₃, RDF + poultry manure (PM) at 4 t/ha; T₄, RDF + 50% combination of FYM + 50% SP; T₅, RDF + 50% FYM + 50% PM; T₆, RDF + 50% SP + 50% PM; T₇, RDF + 33% FYM + 33% SP + 33% PM
Table 6. Effect of different organic manures on plant weight and root weight of radish
	Treatment
	Plant weight with top (g)
	Root weight without top (g)

	T₀
	110.96
	53.88

	T₁
	130.82
	72.10

	T₂
	157.94
	64.63

	T₃
	182.31
	62.65

	T₄
	194.02
	77.41

	T₅
	237.72
	81.19

	T₆
	247.85
	75.64

	T₇
	262.08
	92.35

	SEm ±
	13.60
	4.448

	CD (5%)
	41.20
	10.95


T₀, Recommended Dose of Fertilizer (RDF) (75:100:50 kg NPK per hectare); T₁, RDF + farmyard manure (FYM) at 20 t/ha; T₂, RDF + sugarcane press-mud (SP) at 20 t/ha. T₃, RDF + poultry manure (PM) at 4 t/ha; T₄, RDF + 50% combination of FYM + 50% SP; T₅, RDF + 50% FYM + 50% PM; T₆, RDF + 50% SP + 50% PM; T₇, RDF + 33% FYM + 33% SP + 33% PM
4. Conclusion
The findings of the present investigation clearly demonstrate that the integrated application of the treatment T7 RDF + 33% FYM + 33% SP + 33% PM significantly enhanced the growth and yield of radish. The observed improvements in growth and yield attributes may be attributed to a balanced and sustained release of nutrients, improved soil physical properties, and enhanced microbial activity resulting from the synergistic use of organic and inorganic nutrient sources.
Therefore, the integrated use of organic manures in conjunction with RDF can be recommended as an effective nutrient management strategy for achieving higher productivity while maintaining soil health in radish cultivation under the agro-climatic conditions of western Uttar Pradesh.
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Root length (cm)	Root diameter (cm)	Root dry weight without top (g)	Root yield (kg plot⁻¹)	Root yield (t ha⁻¹)	16.41	2.94	11.69	20.55	34.21	T₄	
Root length (cm)	Root diameter (cm)	Root dry weight without top (g)	Root yield (kg plot⁻¹)	Root yield (t ha⁻¹)	17.059999999999999	3.06	12.43	21.24	35.380000000000003	T₅	
Root length (cm)	Root diameter (cm)	Root dry weight without top (g)	Root yield (kg plot⁻¹)	Root yield (t ha⁻¹)	18.54	3.24	12.79	25.38	42.28	T₆	
Root length (cm)	Root diameter (cm)	Root dry weight without top (g)	Root yield (kg plot⁻¹)	Root yield (t ha⁻¹)	19.45	3.28	14.24	27.49	45.82	T₇	
Root length (cm)	Root diameter (cm)	Root dry weight without top (g)	Root yield (kg plot⁻¹)	Root yield (t ha⁻¹)	21.1	3.39	15.56	32.020000000000003	46.7	



