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Introduction 

Radish (Raphanus sativus L.) is an important root vegetable of the 

Brassicaceae family, widely cultivated during the rabi season (1). 

The plant has a racemose inflorescence with small flowers that are 

typically white to pale purple. Its fruit is a siliqua (pod) that is either 

indehiscent or slightly dehiscent and contains multiple seeds. 

Propagation is primarily through seeds which germinate and 

establish quickly under favourable conditions. These botanical 

traits are consistent among commonly cultivated varieties 

including the Japanese white radish. It has high nutritional value 

because it contains vitamin C and appreciable amounts of minerals, 

such as calcium, phosphorus, iron and possesses several medicinal 

properties, including digestive stimulation, diuretic effects and liver 

detoxification. It has a chromosome count of 2n = 18 and exhibits 

both annual and biennial growth characteristics. Its rosette leaves, 

ranging from 10–45 cm depending on the cultivar, contribute to its 

distinct morphology (2).  

 This adaptable root vegetable thrives in tropical and 

temperate climates, making it suitable for diverse agricultural 

regions. Both the leaves and roots of radish are commonly 

consumed in salads and culinary dishes and the edible root 

develops from the primary root and hypocotyl (3, 4). Additionally, its 

immature pods known as moongre can be eaten raw or cooked as 

a standalone vegetable or combined with other ingredients. 

Medicinally, radish is beneficial for conditions such as piles, liver 

disorders and jaundice (5). Its leaves, rich in minerals and vitamins A 

and C, can also be utilised as a leafy vegetable due to their high 

nutritional and antioxidant potential (6). 
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Abstract  

Radish (Raphanus sativus L.) cv. Japanese white is a widely cultivated root vegetable known for its rapid growth, high nutritional value and 

strong consumer preference. Its productivity is closely influenced by nutrient availability, while long-term dependence on chemical fertilisers 
has contributed to soil degradation and ecological imbalance. Integrated nutrient management (INM), which integrates organic materials 

with inorganic fertilisers, has emerged as a promising approach to improving soil health and ensuring sustainable yield enhancement. Despite 

its potential, limited information is available on how Japanese white radish responds to different INM combinations. Therefore, the present 

study evaluated the impact of various nutrient sources and their integrations on growth and yield of radish performance. The study included 
or consisted 9 treatments, T1- nitrogen, phosphorus and potassium (NPK) (Recommended dose of fertilisers)-80:60:80 kg ha-1,                                       

T2- vermicompost at 4 tons ha-1, T3- farmyard manure (FYM) at 15 tons ha-1, T4- poultry manure at 3 tons ha-1, T5- NPK (50 %) + vermicompost                    

(50 %), T6- NPK (50 %) + FYM (50 %), T7- NPK (50 %) + poultry manure (50 %), T8- vermicompost (50 %) + FYM (50 %) and T9- vermicompost                 

(50 %) + poultry manure (50 %). The evaluation was done using a randomized block design (RBD) with 3 replications per treatment and the 
cultivar "Japanese white" was selected for the study. Among all treatments, T5 (NPK 50 % + vermicompost 50 %) consistently exhibited 

superior performance by producing greater plant height, more leaves and longer foliage across all observation stages. The superior 

performance of T5 (50 % NPK + 50 % vermicompost 50 %) may be attributed to the synergistic effect of organic and inorganic nutrient sources, 

ensuring both immediate and sustained nutrient availability. This combination also improved soil health, microbial activity and nutrient use 
efficiency, resulting in better growth and yield, including higher root fresh and dry weight, larger root dimensions and the maximum yield. 

Overall, substituting 50 % of the recommended NPK with 50 % vermicompost significantly improved vegetative growth, root development 

and soil health while reducing fertiliser dependence. This integrated nutrient strategy represents a sustainable cost-efficient and productive 

approach for radish cultivation particularly for Japanese white. 

Keywords: integrated nutrient management; Japanese white; nutrient substitution; poultry manure; soil health; sustainable production; 
vermicompost 
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 In India, radish is cultivated over an area of approximately 

204.00 ha, with a total production of approximately 3236.00 metric 

tons during 2021–2022. Major leading states under radish 

cultivation in India are West Bengal, Andhra Pradesh, Uttar Pradesh,                        

Tamil Nadu, Maharashtra, Haryana, Chhattisgarh and Bihar (7). In 

Uttar Pradesh, radish is cultivated over an area of approximately 

30000–35000 ha with a production of approximately 500–550 qt 

during the same period. Integrated nutrient management (INM) is a 

crucial approach for enhancing radish production while 

maintaining soil health and environmental sustainability. The INM 

optimises crop yields through a balanced application of inorganic, 

organic and biological fertilisers, ensuring both agronomic 

feasibility and commercial viability (8). Given the rising costs of 

chemical fertilisers, adopting INM strategies including the use of 

farmyard manure (FYM), poultry manure and vermicompost is 

essential. Vermicompost is highly effective in improving soil fertility 

and enhancing plant growth due to its superior microbial activity, 

aeration, porosity and water retention properties (9). 

Vermicompost plays a vital role in nutrient availability by providing 

balanced macro- and micronutrients, along with beneficial 

microbial populations and humic substances that enhance nutrient 

uptake and improve soil fertility (10). Poultry manure further 

enhances soil fertility by improving aeration and water-holding 

capacity (11) while FYM provides essential nutrients and enhances 

soil structure (12). 

 Recent studies highlight integrating organic and synthetic 

fertilisers in reduced quantities can optimise radish growth while 

minimising chemical dependency (13, 14). The application of 

vermicompost leachates or foliar sprays has improved crop 

establishment, as observed in tomatoes (15) and strawberries (16). 

Furthermore, combining vermicompost with chemical fertilisers 

has shown enhanced yield in crops like brinjal (17). These findings 

emphasise the importance of sustainable nutrient management 

practices in radish cultivation (Fig. 1). 

 By promoting soil fertility through organic inputs and 
reducing excessive reliance on chemical fertilisers, INM contributes 

to food sustainability and long-term agricultural resilience. 

Sustainable radish production ensures improved food security by 

maintaining soil health, reducing environmental degradation and 

increasing the availability of nutritious food. Thus, integrating 

organic and biological fertilisers in radish cultivation serves as a 

model for balancing productivity with ecological responsibility, 

ultimately strengthening food systems for future generations. 

              

Materials and Methods 

The study area and weather conditions 

The study was conducted during the rabi season of 2021–2022 at 

the Horticulture Research Farm, Department of Horticulture, 

Babasaheb Bhimrao Ambedkar Central University Lucknow,                  

Uttar Pradesh, India. Seeds of radish (R. sativus) were procured from 

the Indian Institute of Vegetable Research (IIVR), Varanasi, India. 

Sown during July still rabi crop: harvesting time: October to 

December in the cropping years 2021–2022. The experimental site 

was situated between latitudes 23°15′58.04″ N and 23°15′19.44″ N 

and longitudes 87°50′34.29″ E and 87°50′43.95″ E. The soil at the site 

was classified as silt loam, with a composition of approximately                     

27.5 % sand, 47.4 % silt and 25.1 % clay. At a soil depth of 15–30 cm, 

the particle density ranged from 2.60–2.65 mg m-3, the bulk density 

ranged from 1.30–1.40 mg m-3 and the porosity ranged from 45–50 % 

all within normal ranges. The average soil pH and conductivity were 

around 6.8 and 0.3 dsm. The average atmospheric temperature for 

the rabi season of cropping year 2021–2022 was 15–25 °C, with a 

minimum temperature of 10–15 °C and a maximum temperature of 

33.92 °C and a relative humidity of 92.37 %. Although it can tolerate 

moderate day lengths, high temperatures are detrimental, leading 

to tough, pungent and misshapen roots. The best sowing times are 

during the cooler months, such as November to December in India 

to avoid heat stress. 

Experimental design and details 

The experiment was laid out in a randomized block design (RBD) 

comprising 9 treatments with 3 replications. The treatments 

included: 

T1- NPK (RDF)-80:60:80 kg ha-1 

T2- vermicompost at 4 tons ha-1 

T3- FYM at 15 tons ha-1 

T4- poultry manure at 3 tons ha-1 

T5- NPK (50  %) + vermicompost (50 %) 

T6- NPK (50 %) + FYM (50 %) 

 

Safe raw materials 

Enhanced growth and 
yield of radish 

Fig. 1. Conceptual overview of vermicompost-based integrated nutrient management and its influence on growth and yield of radish. 
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  T7- NPK (50 %) + poultry manure (50 %) 

T8- vermicompost (50 %) + FYM (50 %) 

T9- vermicompost (50 %) + poultry manure (50 %) 

 In treatment T5 half of the recommended NPK dose was 

applied using inorganic fertilisers, with the remaining half supplied 

through vermicompost. This substitution was not based on strict 

nutrient equivalence instead, vermicompost was used as an 

organic supplement to enhance nutrient supply while also 

improving the soil's physical, chemical and biological properties 

within an INM approach. The experimental field underwent 

extensive ploughing and cultivation, utilising a combination of a 

cultivator and disc harrow, followed by planking and levelling to 

achieve optimal soil texture. 

Plant material, seed treatment and crop establishment  

The seeds of radish the cultivar “Japanese white” of radish was 

used in the present study. It is a widely cultivated variety known for 

its long, cylindrical, smooth, white roots with mild pungency, rapid 

growth and good market acceptability. were procured from the 

IIVR, Varanasi, India as the institute is a premier national centre 

dedicated to the improvement, conservation and distribution of 

vegetable crop germplasm. The IIVR maintains genetically pure, 

well-characterised and regionally adapted cultivars of radish, 

ensuring high-quality seed material for research purposes. Procuring 

genotypes from IIVR not only guarantees authenticity and 

traceability of the plant material but also provides access to varieties 

widely accepted for their agronomic performance, market 

preference and suitability for scientific evaluation. This ensures 

reliability and reproducibility of experimental results while aligning 

the study with nationally recognised standards of seed quality. The 

seeds of the “Japanese white” cultivar were treated with 

carbendazim at a rate of 2 g kg-1 seed prior to sowing to protect 

against seed-borne and soil-borne fungal pathogens. Planting 

occurred in November, with seeds spaced at 30 (row) × 15 cm (plant) 

on ridges measuring 1.50 × 1.50  m.  

Manure and fertiliser 

The recommended basal doses of phosphorus and potassium were 

applied as single super phosphate (SSP) and muriate of potash 

respectively, during field preparation. Nitrogen was applied through 

urea in split doses, with 50 % applied as basal and the remaining            

50 % in two equal top dressings at 30 and 45 days after transplanting 

(DAT), as per treatment specifications. Organic amendments, 

including FYM and vermicompost, were applied as basal doses 

during field preparation and thoroughly and uniformly incorporated 

into the soil prior to sowing to ensure enhanced nutrient availability 

and improved soil health. The crop was maintained according to the 

recommended package of practices throughout the growing period. 

The N, P₂O₃ and K₂O contents of the organic sources were within the 

standard ranges: vermicompost contained 1.0–2.0 % N, 0.5–1.5 % 

P₂O₃ and 0.5–1.5 % K₂O FYM contained 0.5–1.0 % N, 0.2–0.5 % P₂O₃ 

and 0.5–1.0 % K₂O and poultry manure contained 1.5–3.0 % N,               

1.0–2.5 % P₂O₃ and 1.0–2.0 % K₂O, varying based on the source and 

decomposition stage. 

Observational procedure 

A total of 4 plants were chosen arbitrarily within each plot and 

marked for the purpose of documenting information related to 

growth and yield characteristics. These attributes encompass plant 

height 30, 45 and 60 DAS (cm), number of leaves 30, 45 and 60 DAS 

(plant-1), length of leaves (cm), fresh weight (g), dry weight (g), root 

length (cm), root girth (cm), root diameter (cm), root yield per plot 

(kg) and root yield (q ha-1). 

Statistical analysis 

The experimental data were compiled and organised using 

Microsoft Excel and analysed using the OPSTAT statistical software. 

Analysis of variance (ANOVA) for a RBD was conducted to assess the 

significance of treatment effects on various growth and yield 

parameters. Differences among treatment means were tested 

using the F-test at a 5 % significance level. When the F-test indicated 

significance, the critical difference (CD) at 5 % was calculated as a 

post-hoc test to compare treatment means. Additionally, the mean 

standard deviation (SD) and coefficient of variation (CV) were 

computed for all treatments (18). 

 

Results and Discussion  

Effect of integrated nutrient management on growth 

attributes of radish 

 Plant height 30, 45 and 60 DAS (cm) 

Differences in plant height were observed at 30, 45 and 60 days 
among various treatments (Table 1 and Fig. 2). Treatment T5 [NPK                  

(50 %) + vermicompost (50 %)] exhibited the highest plant height at 

30 days (17.08 cm), 45 days (26.45 cm) and 60 days (38.09 cm). The 

increased plant height in T5 may be attributed to the synergistic 

effects of organic and inorganic nutrient sources, resulting in 

improved nutrient availability, enhanced microbial activity and 

better soil health. Next best treatment nearly following T5 was T7 

[NPK (50 %) + poultry manure (50 %)]. Conversely, the lowest plant 

heights at 30 days (10.06 cm), 45 days (16.32 cm) and 60 days                    

(29.05 cm) were recorded for T1 treatment [NPK (RDF)]. 

Treatments 
Plant height (cm) No. of leaves (plant-1) Length of leaves (cm) 

30 days 45 days 60 days 30 days 45 days 60 days 30 days 45 days 60 days 
T1- NPK (RDF) 10.06 16.32 29.05 3.32 9.09 11.04 5.87 13.45 11.08 
T2- vermicompost at 4 tons ha-1 11.02 18.67 31.03 3.67 10.05 12.07 6.33 14.56 12.04 
T3- FYM at 15 tons ha-1 12.06 19.15 32.09 4.11 11.03 13.08 7.15 15.21 13.06 
T4- poultry manure at 3 tons ha-1 14.09 21.11 33.02 4.35 12.06 13.03 7.11 15.87 14.06 
T5- NPK (50 %) + vermicompost (50 %) 17.08 26.45 38.09 5.96 15.07 18.07 8.33 18.45 19.07 
T6- NPK (50 %) + FYM (50 %) 13.05 20.22 34.08 4.45 13.02 15.07 8.15 16.78 16.08 
T7- NPK (50 %) + poultry manure (50 %) 16.05 25.56 37.03 5.45 14.09 17.05 7.93 18.33 18.02 
T8- vermicompost (50 %) + FYM (50 %) 15.05 23.42 35.07 3.56 14.01 15.07 6.53 16.11 15.07 
T9- vermicompost (50 %) + poultry manure (50 %) 12.08 24.15 36.04 4.10 11.07 16.05 6.76 14.78 17.07 
S. Em (±) 0.64 1.02 1.60 0.21 0.57 0.68 0.33 0.76 0.71 
CD (p = 0.05) 1.95 3.10 4.86 0.64 1.74 2.07 1.02 2.29 2.15 

Table 1. Effect of integrated nutrient management on growth parameters of radish 

DAS: days after sowing; RDF: recommended dose of fertilisers; FYM: farmyard manure; NPK: nitrogen, phosphorus and potassium. Values are 
mean of replicated observations. S. Em (±), standard error of mean; CD, critical difference at 5 % level of significance.  
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Number of leaves 30, 45 and 60 DAS (plant-1) 

Significant differences were observed in number of leaves among 

treatments at 30, 45 and 60 days after sowing (DAS). Treatment T5 

[NPK (50 %) + vermicompost (50 %)] produced the highest leaf 

counts: 5.96, 15.07 and 18.07 leaves per plant at 30, 45 and 60 DAS 

respectively. The next highest was T7 [NPK (50 %) + poultry manure 

(50 %)], with 5.45, 14.09 and 17.05 leaves per plant. The lowest 

number of leaves were recorded for T1 [NPK (RDF)], with 3.32, 9.09 

and 11.04 leaves at the respective intervals. The increase in number 

of leaves may be attributed to the synergistic effects of combining 

organic and inorganic nutrients, which improved nutrient 

availability, soil health and vegetative growth. 

Leaf length 30, 45 and 60 DAS (cm) 

 Significant variations in leaf length were observed among the 
treatments at 30, 45 and 60 DAS. Notably, there were significant 

variations among treatments in terms of leaf length. The T5 

treatment [NPK (50 %) + vermicompost (50 %)] exhibited the 

maximum leaf length of 8.33 cm, 18.45 cm and 19.07 cm at 30, 45 

and 60 DAS respectively. The second-highest leaf length was 

recorded in plots treated with NPK (50 %) + poultry manure (50 %), 

with values of 7.93 cm, 18.33 cm and 18.02 cm at 30, 45 and 60 DAS 

respectively. In contrast, the T1 treatment [NPK (RDF)] recorded the 

minimum leaf length, measuring 5.87 cm, 13.45 cm and 11.08 cm at 

30, 45 and 60 DAS respectively. The increased leaf length may be 

attributed to enhanced cell elongation and expansion, which 

improves leaf area and photosynthetic efficiency, thereby 

supporting better root development in radish. 

 The combined utilisation of organic and chemical fertilisers 

exerts a more pronounced positive influence on microbial biomass 

and consequently on soil health than relying solely on organic 

fertilisers. Under favourable conditions for their proliferation, 

microorganisms demonstrate efficient nutrient dissolution, 

rendering them accessible to plants (19). Vermicompost is rich in 

bioactive substances, such as humic acids and plant growth 

regulators, including cytokinin, gibberellins and auxins, as recently 

confirmed by two studies (20, 21). However, their concentration 

vary depending on the source material and composting conditions 

and therefore cannot be expressed as fixed percentages. These 

compounds play a significant role in enhancing plant growth and 

development. These components play a pivotal role in improving 

plant growth and augmenting crop yield (22). The notable 

enhancement in various growth characteristics may be attributed 

to the supplementation of primary and secondary nutrients. This 

supplementation, achieved through a combination of 

vermicompost and inorganic fertilisers, increased plant auxin levels, 

chlorophyll synthesis, nitrogen metabolism and photosynthetic 

activity. Consequently, these improvements contributed to an 

overall enhancement in plant height, length and leaf count. Similar 

outcomes have been reported by other researchers (23–27). 

Yield attributes of radish  

Fresh weight of roots (g)  

Significant differences in fresh root weight were observed among 

the treatments (Table 2). Treatment T5 [NPK at 50 % + 

vermicompost 50 %] achieved the highest fresh root weight of 

119.08 g. This was followed by T7 [NPK 50 % + poultry manure 50 %] 

with 112.08 g. The lowest fresh root weight, 90.08 g was recorded 

under T1 [NPK 100 % of the recommended dose]. The increase in 

fresh root weight may be attributed to enhanced photosynthesis 

and more efficient translocation of assimilates from the leaves to 

storage roots, resulting in greater biomass accumulation. 

Moreover, integrated nutrient management improves soil 

structure and moisture retention, supporting better root growth 

and development. 

Dry weight of roots (g)  

Significant differences in dry root weight were observed among the 

treatments (Table 2). Treatment T5 (50 % NPK + 50 % 

vermicompost) recorded the highest dry root weight of 21.09 g, 

followed by T7 (50 % NPK + 50 % poultry manure) with 19.07 g. The 

lowest dry root weight was found in T1 (100 % NPK recommended 

dose) at 10.09 g. The increased dry root weight is likely due to 

enhanced assimilate accumulation and more efficient 

photosynthate partitioning to the storage root, which is particularly 

important for Japanese white radish because greater dry matter 

accumulation supports better root quality and development. 

Root length (cm) 

Significant differences in root length were observed among the 

treatments (Table 2). Treatment T5 (50 % NPK + 50 % vermicompost) 

 

After applying integrated nutrient 
management 

Normal radish 

These findings highlight that integrating organic manures with chemical fertilisers not 

only enhances crop performance but also reduces dependence on chemical fertilisers, 

thereby lowering cultivation costs. Moreover, the use of organic amendments improves 

soil health and nutrient availability, ensuring long-term productivity. It not only ensures 

balanced nutrient availability but also improves soil structure and microbial activity. 

Fig. 2. Effect of integrated nutrient management on growth and fresh root yield of radish. 
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resulted in the longest root length of 19.09 cm, highlighting the 

beneficial impact of INM on root growth. The second highest root 

length of 18.01 cm was recorded in treatment T7 (50 % NPK + 50 % 

poultry manure). Conversely, the shortest root length of 11.09 cm 

occurred in treatment T1 which used 100 % of the recommended 

NPK dose alone. The increased root length in the integrated 

treatments may be due to enhanced soil structure and aeration, 

promoting better root penetration and elongation. This effect is 

especially crucial for Japanese white radish, which develops long, 

cylindrical roots that require favorable soil conditions for optimal 

growth. These results align with previous studies that have shown 

that INM promotes root development in radish (28–30).  

Root diameter (cm)  

Significant variations in root diameter were observed among the 

treatments (Table 2). Treatment T5 (50 % NPK + 50 % 

vermicompost) recorded the highest root diameter of 4.54 cm. This 

was followed by treatment T7 (50 % NPK + 50 % poultry manure) 

with a root diameter of 4.11 cm. The smallest root diameter of 3.11 

cm was observed in treatment T1 which used 100 % of the 

recommended NPK dose alone. The increased root diameter in INM 

treatments may be attributed to enhanced cell division and 

enlargement, supported by improved nutrient availability, better 

soil aeration and increased microbial activity. These findings align 

with those of previous studies (31–33). 

Root yield per plot (kg) 

Significant variations in root yield per plot were observed among 

the treatments (Table 2 and Fig. 3). Treatment T5 which combined 

NPK at  50 % of the recommended dose with vermicompost at                  

50 %, recorded the highest root yield per plot at 9.24 kg. Treatment 

T7 which combined NPK at 50 % with poultry manure at 50 %, 

yielded 9.02 kg. In contrast, the lowest yield of 6.13 kg was recorded 

under treatment T1 which used 100 % of the recommended NPK 

dose alone. The increased root yield may be attributed to enhanced 

photosynthetic efficiency and improved translocation of assimilates 

from source to sink, leading to better root development and greater 

biomass accumulation. This response is particularly important for 

Japanese white radish, where an efficient nutrient supply supports 

the growth of larger, well-formed storage roots. 

Root yield (q ha-1) 

When expressed on a hectare basis, treatment T5 (50 % NPK + 50 % 

vermicompost) recorded the highest yield of 401.43 q ha-1, 

demonstrating the superior efficiency of integrating organic inputs 

with reduced chemical fertiliser doses. Treatment T7 (50 % NPK +              

50 % poultry manure) achieved the next highest yield at                    

Fig. 3. Comparative effect of recommended dose of fertilisers and integrated nutrient management on growth and yield of radish. 

 

Treatments Fresh weight of 
root (g) 

Dry weight of 
root (g) 

Root length 
(cm) 

Root diameter 
(cm) 

Root yield per 
plot (kg) 

Root yield 
(q ha-1) 

T1- NPK (RDF) 91.22 10.57 11.08 3.14 6.13 297.7 
T2- vermicompost at 4 tons ha-1 95.43 12.63 12.13 3.25 6.31 312.5 
T3- FYM at 15 tons ha-1 96.34 13.54 13.12 3.69 7.71 321.5 
T4- poultry manure at 3 tons ha-1 99.07 14.43 14.06 4.11 8.43 327.1 
T5- NPK (50  %) + vermicompost (50 %) 119.34 21.13 19.17 4.53 9.24 401.2 
T6- NPK (50 %) + FYM (50 %) 111.34 17.86 17.09 3.91 8.35 370.7 
T7- NPK (50 %) + poultry manure (50 %) 113.1 18.76 18.05 4.10 9.02 380.7 
T8- Vermicompost (50 %) + FYM (50 %) 109.61 16.81 15.07 3.78 8.22 367.3 
T9- Vermicompost (50 %) + poultry manure (50 %) 110.18 15.88 16.10 3.38 7.24 342.6 
S. Em (±) 0.42 0.33 0.02 0.01 0.02 0.80 
CD (p = 0.05) 1.28 1.00 0.07 0.05 0.08 2.43 

Table 2. Effect of integrated nutrient management on the yield parameters of radish 

RDF: recommended dose of fertilisers; FYM: farmyard manure; NPK: nitrogen, phosphorus and potassium. Values are mean of replicated 
observations. S. Em (±), standard error of mean; CD, critical difference at 5 % level of significance.  
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380.46 q ha-1, further supporting its effectiveness in enhancing root 

production. In contrast, the lowest yield of 297.09 q ha-1 was 

recorded under treatment T1 [NPK (100 % of the recommended 

dose)] indicating that the sole application of inorganic fertilisers was 

comparatively less effective in improving root yield. These findings 

align with those of previous studies (34, 35). 

               The application of organic fertiliser leads to elevated levels of 
total organic carbon in the soil, whereas the use of chemical 

fertiliser causes the amount of total organic carbon to decrease and 

basic cation contents, along with a decrease in soil pH. 

Consequently, this positive impact on the soil brings about 

modifications in soil structure, ultimately contributing to increased 

long-term yields (36). By breaking down and turning organic waste 

into beneficial compost that may help with the development of 

root length and root girth, earthworms significantly contribute to 

soil fertility and productivity (37). Vermicomposting produces 

chemicals that promote plant growth, which cause cell division, 

multiplication and elongation to occur more quickly in the 

meristematic zone of the plant. The availability of more nutrients 

and their delayed release, which coincides with the radish root's 

stage of development, along with the enhanced root development 

and root aeration, may be the reason for their greater efficacy. 

Similar reports were previously reported in radish (38–40).  

 

Conclusion  

The present study demonstrated that Integrated Nutrient 

Management (INM) practices play a vital role in enhancing the 

growth and yield of radish (Raphanus sativus L.) cv. Japanese white. 

Among the treatments, the combined application of 50 % NPK with 

50 % vermicompost (T5) proved to be the most effective, recording 

maximum plant height, number of leaves, leaf length, root weight, 

root length, root diameter and overall yield (401.2 q ha-1). The 

substitution of 50 % of the recommended nitrogen, phosphorus 

and potassium (NPK) dose with poultry manure also produced 

comparable results, further emphasising the potential of organic 

inputs in sustainable radish cultivation. 

 The findings of this study can benefit farmers by showing 

that partially replacing chemical fertilisers with organic sources can 

reduce input costs, improve soil health and support sustainable 

crop production. Additionally, INM practices enhance nutrient use 

efficiency and help minimise the environmental risks associated 

with excessive chemical fertiliser use. Future research could explore 

long-term field studies to assess the sustainability of these practices 

under various agro-climatic conditions, with a focus on their impact 

on soil fertility, nutrient dynamics and economic returns in radish 

cultivation. Thus, incorporating organic fertilisers into conventional 

farming systems is a viable strategy for achieving higher yields 

economic sustainability and resilient farming practices. 

 

Acknowledgements  

The authors sincerely acknowledge the Department of Horticulture, 

Babasaheb Bhimrao Ambedkar University (BBAU), Lucknow, for 

providing necessary facilities to carry out this research. We are also 

grateful to the Indian Institute of Vegetable Research (IIVR), 

Varanasi, for kindly supplying the seeds of radish cv. Japanese 

White used in the experiment. 

 

Authors' contributions 

The conceptualisation of the study was carried out by DKM, SK and 

RL. The methodology was designed by DKM, RKM, RL and DSM 

while the implementation of experiments in the field was 

undertaken by DKM, VSM and SKR. The original draft of the 

manuscript was prepared by DKM, RL and SK, whereas RKP and 

VSM contributed to writing, review and editing the final version of 

the manuscript. All authors have read and approved the final 

manuscript. 

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of interest 

to declare. 

Ethical issues: None 

Declaration of generative AI and AI-assisted technologies 

in the writing process  

We hereby declare that the present paper is based on the original 

research work. The findings, analysis and interpretations presented 

in this manuscript reflect independent academic effort and genuine 

scholarly inquiry. We further certify that the use of Artificial 

Intelligence (AI) tools in the preparation, writing and refinement of 

this manuscript has been limited to less than 10 % and solely for 

language improvement, formatting or proofreading purposes. 

 

References 

1. Tsouvaltzis P, Brecht JK. Changes in quality and antioxidant 

enzyme activities of bunched and topped radish (Raphanus sativus 
L.) plants during storage at 5 or 10 °C. Journal of Food Quality. 

2014;37(3):157–67. https://doi.org/10.1111/jfq.12082 

2. Sharma B, Singh RP. Physiological, biochemical, growth and yield 
responses of radish (Raphanus sativus L.) plants grown on different 

sewage sludge–fly ash mixture ratios. In: Waste Valorisation and 
Recycling. 2019;539–52. https://doi.org/10.1007/978-981-13-2784-

1_51 

3. Kajszczak D, Sosnowska D, Frąszczak B, Podsędek A. 
Composition, anti-diabetic and antioxidant potential of 

Raphanus sativus leaves. Molecules. 2024;29(23):5689. https://
doi.org/10.3390/molecules29235689 

4. Chutimanukul P, Piew-ondee P, Dangsamer T, Thongtip A, Janta S, 
Wanichananan P, et al. Effects of light spectra on growth, 
physiological responses and antioxidant capacity in five radish 

varieties in an indoor vertical farming system. Horticulturae. 
2024;10(10):1059. https://doi.org/10.3390/horticulturae10101059 

5. Makbul SAA, Jahan N. Raphanus raphanistrum spp. sativus L. as a 
food and drug in the Unani system of medicine. Hippocratic Journal 
of Unani Medicine. 2022;17(2):41–8. https://doi.org/10.4103/

hjum.hjum_6_25 

6. Khan J, Ullah S, Shah S, Sadaf, Khan S, Sulaiman. Modeling the 
effects of temperature and water stress on germination and 

seedling length of radish (Raphanus sativus L.) via hydrothermal 
time model. Vegetos. 2023;36(3):939–49. https://doi.org/10.1007/

s42535-022-00490-4 

7. Anonymous. All India area and production of horticultural crops. 
Ministry of Agriculture and Farmers Welfare, Government of India. 

2023–24.  

8. Kafle K, Shriwastav CP, Marasini M. Influence of integrated nutrient 
management practices on soil properties and yield of potato 

(Solanum tuberosum L.). International Journal of Applied Sciences 
and Biotechnology. 2019;7(3):365–69. https://doi.org/10.3126/

ijasbt.v7i3.25134 

https://plantsciencetoday.online
https://doi.org/10.1111/jfq.12082
https://doi.org/10.1007/978-981-13-2784-1_51
https://doi.org/10.1007/978-981-13-2784-1_51
https://doi.org/10.3390/molecules29235689
https://doi.org/10.3390/molecules29235689
https://doi.org/10.3390/horticulturae10101059
https://doi.org/10.4103/hjum.hjum_6_25
https://doi.org/10.4103/hjum.hjum_6_25
https://doi.org/10.1007/s42535-022-00490-4
https://doi.org/10.1007/s42535-022-00490-4
https://doi.org/10.3126/ijasbt.v7i3.25134
https://doi.org/10.3126/ijasbt.v7i3.25134


7 

Plant Science Today, ISSN 2348-1900 (online) 

9. Ansari AA, Sukhraj K. Effect of vermiwash and vermicompost on soil 

parameters and productivity of okra (Abelmoschus esculentus L.). 
African Journal of Agricultural Research. 2010;5(14):1794–98.  

10. Ismail A, Riaz M, Akhtar S, Ismail T, Amir M, Zafar-ul-Hye M. Heavy 
metals in vegetables and soils irrigated by different water sources. 

Food Additives and Contaminants Part B. 2014;7(3):213–19. https://

doi.org/10.1080/19393210.2014.888783 

11. Khatri KB, Ojha RB, Pande KR, Khanal BR. Effects of organic 
manures on growth and yield of radish (Raphanus sativus L.). 

International Journal of Applied Sciences and Biotechnology. 
2019;7(1):39–42. https://doi.org/10.3126/ijasbt.v7i1.22472 

12. Mengistu DK, Mekonnen LS. Integrated agronomic crop 
management to improve productivity under terminal drought. In: 

Water Stress. 2012;235–54.  

13. Subramani A, Anburani A, Gayathiri M. Response of growth 
parameters of radish (Raphanus sativus L.) to organic nutrients and 

biostimulants. Asian Journal of Horticulture. 2010;5(2):464–66.  

14. Sharma A, Sharma JC, Gautam KL. Effects of irrigation scheduling 
and nitrogen levels on radish (Raphanus sativus L.). 

Communications in Soil Science and Plant Analysis. 2023;54
(16):2274–85. https://doi.org/10.1080/00103624.2023.2212000 

15. Tejada M, Gonzalez JL, Hernandez MT, Garcia C. Agricultural use of 
leachates from vermicomposting processes. Bioresource Technology. 
2008;99(6):228–32. https://doi.org/10.1016/j.biortech.2007.12.031 

16. Singh R, Gupta RK, Patil RT, Sharma RR, Asrey R, Kumar A, et al. 
Foliar application of vermicompost leachates improves yield of 
strawberry (Fragaria × ananassa Duch.). Scientia Horticulturae. 

2010;124:34–39. https://doi.org/10.1016/j.scienta.2009.12.002 

17. Yadav VK, Singh R, Jha RK, Kaushik P. Biochemical variability of 
eggplant peel. Indian Journal of Biochemistry and Biophysics. 

2020;57(5):634–37.  

18. Jin D, Lu Z, Song X, Ahammed GJ, Yan Y, Chen S. Improvement of 
yield and quality of radish by organic fertiliser. Agronomy. 2024;14

(8):1847. https://doi.org/10.3390/agronomy14081847 

19. Dutta S, Pal R, Chakraborty A, Chakrabarti K. Integrated nutrient 
supply and soil quality restoration. Archives of Agronomy and 

Soil Science. 2003;49:631–37. https://
doi.org/10.1080/03650340310001599722 

20. Amaya-Gómez CV, Flórez-Martínez DH, Cayuela ML, Tortosa G. 
Compost and vermicompost improve symbiotic nitrogen fixation. 
Applied Soil Ecology. 2025;210:1060–51. https://doi.org/10.1016/

j.apsoil.2025.106051 

21. Gebrehana ZG, Gebremikael MT, Beyene S, Wesemael WM, De Neve 
S. Suppression of Meloidogyne incognita by vermicompost. 

Frontiers in Plant Science. 2025;16(1):532–800. https://
doi.org/10.3389/fpls.2025.1532800 

22. Rehman S, Adnan A, Ghaffar R. Bioactive components of root 
vegetables. Advances in Root Vegetables Research. 2023;15:35.  

23. Zucco MA, Walters SA, Chong SK, Klubek BP, Masabni JG. Effect of 
vermicompost on tomato growth. International Journal of 

Recycling of Organic Waste in Agriculture. 2015;4:135–41. https://
doi.org/10.1007/s40093-015-0093-3 

24. Shahu DK, Bhardwaj LP, Khiromani, Nag, Rajput JS. Integrated 

nutrient management in radish (Raphanus sativus L.). International 
Journal of Chemical Studies. 2020;4:110–13.  

25. Jaisankar P. Integrated nutrient management in radish (Raphanus 

sativus L.) cv. Pusa Chetki. International Journal of Current 
Microbiology and Applied Sciences. 2018;7(11):2319–7706. https://

doi.org/10.20546/ijcmas.2018.711.055 

26. Dulal D, Baral D, Poudel A, Kafle K, Shrestha B. Vermicompost 
effects on radish (Raphanus sativus L.). Archives of Agriculture 

and Environmental Science. 2021;6(3):354–9. https://
doi.org/10.26832/24566632.2021.0603014 

27. Aswathi P, Prasad VM, Bahadur V, Deepanshu. Integrated nutrient 

management in radish (Raphanus sativus L.). Pharma Innovation 
Journal. 2021;10(10):1582–4.  

28. Suman S, Singh SK, Bhati D. Nutrient management in radish 
cultivation. HORIZON. 2024;11(2):438–8.  

29. Kumar H, Sahay D, Agarwal A, Yadav PK, Prakash O, Ballabh B. Seed 
priming effects on radish (Raphanus sativus L.). Progressive 
Horticulture. 2025;57(1):75.  

30. Singh V, Naseeruddin KH, Rana DK. Organic manures on radish 
(Raphanus sativus L.). 2016.  

31. Kumar S, Diwakar SK, Yadav D, Kumar M, Yadav H. Impact of fertilisers 
on radish (Raphanus sativus L.). Reproduction and Breeding. 2024;4

(2):110–2. https://doi.org/10.1016/j.repbre.2024.03.002 

32. Satari AF, Srinivasa V, Devaraju SM, Ganapathi M. Growth and yield 
of radish (Raphanus sativus Lam.). International Journal of Current 

Microbiology and Applied Sciences. 2020;9(8):2466–71. https://
doi.org/10.20546/ijcmas.2020.908.281 

33. Chapagain TR, Piya S, Dangal NK, Mandal JL, Chaudhary BP. Varietal 
comparison of radish. Nepal Journal of Science and Technology. 
2010;11:51–6. https://doi.org/10.3126/njst.v11i0.4090  

34. Shilpa D, Sharma M, Kaur M, Kumar Sharma A, Sharma P, Chauhan 

M. Soil fertility and yield of radish (Raphanus sativus L.). 
Communications in Soil Science and Plant Analysis. 2023;54

(10):1316–33. https://doi.org/10.1080/00103624.2022.2142237 

35. Kiran M, Jilani MS, Waseem K, Khan MS, Haq F, Nadim MA, et al. 
Integrated fertiliser use in radish. 2019.  

36. Reza MT, Jafar K. Organic fertilisers on tomato (Lycopersicon 

esculentum L.). Annual Report. 2007.  

37. Khutate SV, Patel MV, Mokashi DD, Jadhav JD. Vermicompost 
effects on sweet corn. Journal of Soils and Crops. 2006;16(2):384–9.  

38. Kumar A, Gupta R. Vermicompost effects on radish (Raphanus 
sativus L.). Journal of Pharmacognosy and Phytochemistry. 2018;7

(2):589–2.  

39. Mishra A, Singh S, Greene A. Integrated fertilization in radish 
(Raphanus sativus L.). International Journal of Current Microbiology 

and Applied Sciences. 2020;9(8):987–95. https://doi.org/10.20546/
ijcmas.2020.908.107  

40. Kushwaha P, Kashyap PL, Bhardwaj AK, Kuppusamy P, Srivastava 
AK, Tiwari RK. Endophyte-mediated salinity tolerance. World 
Journal of Microbiology and Biotechnology. 2020;36(2):26. https://

doi.org/10.1007/s11274-020-2804-9  

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://doi.org/10.1080/19393210.2014.888783
https://doi.org/10.1080/19393210.2014.888783
https://doi.org/10.3126/ijasbt.v7i1.22472
https://doi.org/10.1080/00103624.2023.2212000
https://doi.org/10.1016/j.biortech.2007.12.031
https://doi.org/10.1016/j.scienta.2009.12.002
https://doi.org/10.3390/agronomy14081847
https://doi.org/10.1080/03650340310001599722
https://doi.org/10.1080/03650340310001599722
https://doi.org/10.1016/j.apsoil.2025.106051
https://doi.org/10.1016/j.apsoil.2025.106051
https://doi.org/10.3389/fpls.2025.1532800
https://doi.org/10.3389/fpls.2025.1532800
https://doi.org/10.1007/s40093-015-0093-3
https://doi.org/10.1007/s40093-015-0093-3
https://doi.org/10.20546/ijcmas.2018.711.055
https://doi.org/10.20546/ijcmas.2018.711.055
https://doi.org/10.26832/24566632.2021.0603014
https://doi.org/10.26832/24566632.2021.0603014
https://doi.org/10.1016/j.repbre.2024.03.002
https://doi.org/10.20546/ijcmas.2020.908.281
https://doi.org/10.20546/ijcmas.2020.908.281
https://doi.org/10.3126/njst.v11i0.4090
https://doi.org/10.1080/00103624.2022.2142237
https://doi.org/10.20546/ijcmas.2020.908.107
https://doi.org/10.20546/ijcmas.2020.908.107
https://doi.org/10.1007/s11274-020-2804-9
https://doi.org/10.1007/s11274-020-2804-9
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

