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Abstract 
 

Integrated nutrient management may improve turmeric productivity by combining readily available mineral nutrients with organic 

and biological nutrient sources. The present study evaluated the effects of different combinations of farmyard manure (FYM), 

compost, Azospirillum, and NPK fertiliser on the growth, yield, and quality of turmeric. The experiment was arranged in a 

randomised complete block design with nine treatments and three replications. Growth parameters were recorded during crop 

development, while rhizome yield components and quality parameters were assessed after harvest. The pooled results showed that 

T9, comprising FYM + Azospirillum + 100% NPK, recorded the highest plant height (101.82 cm), number of leaves per plant 

(13.11), number of tillers per clump (4.30), leaf length (47.58 cm), and leaf width (14.82 cm). The same treatment produced the 

highest pooled mother-rhizome weight (53.62 g), primary-rhizome weight (145.52 g), secondary-rhizome weight (233.17 g), and 

fresh rhizome yield (106.22 q ha⁻¹). T9 also recorded the highest curcumin content (6.64%) and oleoresin content (12.46%). In 

comparison, the treatment receiving 100% NPK alone generally recorded lower values for the measured growth, yield, and quality 

attributes. The findings indicate that combining FYM and Azospirillum with the full NPK treatment was associated with improved 

vegetative growth, rhizome production, and quality attributes under the conditions of the experiment. 
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1. Introduction 
 

Turmeric (Curcuma longa L.) is an ancient, highly valued, and culturally significant spice in India. It is a herbaceous perennial plant 

belonging to the family Zingiberaceae and is widely recognised for its nutritional, medicinal, and industrial importance. Turmeric 

rhizomes contain approximately 69.4% carbohydrates, 5.1% fats, 6.3% proteins, 3.5% minerals, 5.0–6.0% volatile oils, and 7.9–

10.4% oleoresin (Srinivasan et al., 2016). Historical evidence indicates that turmeric has been an integral part of Indian households 

for nearly 6,000 years, where it has traditionally been used as a culinary spice, medicinal ingredient, cosmetic aid, and natural dye. 

Its diverse applications and bioactive constituents have contributed to its continued importance in traditional practices as well as in 

modern food, pharmaceutical, cosmetic, and nutraceutical industries. 

 

Turmeric has held a prominent position in the traditional Ayurvedic system of medicine and has been widely used for the 

management of various health disorders. In Ayurveda, turmeric has traditionally been recommended for digestive problems, skin 

disorders, fever, inflammation, wounds, infections, dysentery, arthritis, injuries, jaundice, and other liver-related ailments. Similarly, 

in Unani medicine, turmeric has been regarded as an important medicinal herb for maintaining healthy blood, owing to its 

traditionally recognised purifying, stimulating, and blood-building properties. Beyond its medicinal significance, turmeric is also an 

important nutrient-demanding crop that removes substantial quantities of nutrients from the soil. Therefore, maintaining an adequate 

and balanced supply of essential nutrients is critical for sustaining soil fertility and crop productivity. However, the continuous and 

excessive application of chemical fertilisers can adversely affect soil health, microbial activity, and the surrounding environment. 

Hence, the adoption of balanced and sustainable nutrient-management practices is essential for maintaining soil quality, improving 

turmeric productivity, and minimising environmental impacts. 

 

The integrated application of organic and inorganic nutrient sources, commonly referred to as integrated nutrient management 

(INM), is an effective approach for improving crop productivity while maintaining soil health. INM enhances the physical, 

chemical, and biological properties of soil, thereby contributing to improved soil fertility, nutrient availability, productivity, and 

water-holding capacity. Organic sources play an important role in maintaining nutrient balance, improving soil structure, and 

supporting beneficial soil microorganisms, whereas inorganic fertilisers provide readily available nutrients that promote early crop 

establishment and vigorous vegetative growth. The complementary use of both nutrient sources ensures a more sustained and 

balanced supply of essential nutrients throughout the crop-growth period, ultimately promoting better growth, development, yield, 

and long-term soil fertility. 

 

An increase in nitrogen application, whether supplied through organic manures or synthetic fertilisers, generally promotes 

vegetative growth, dry-matter accumulation, and yield in turmeric. Organic amendments such as compost and manure differ in their 

nutrient composition and generally contain comparatively lower concentrations of readily available nitrogen and potassium but may 

contribute substantial amounts of phosphorus and other nutrients. Their repeated application over time can enhance the availability 

and uptake of phosphorus, secondary nutrients, and micronutrients, thereby improving overall soil fertility and plant nutrition. 
 

Different sources of organic manure can exert varying effects on the growth and yield of turmeric. The application of farmyard 

manure (FYM) has been reported to increase soil organic matter and provide a beneficial residual effect on soil fertility. Similarly, 

the combined application of organic amendments such as FYM and compost has been shown to positively influence the growth and 

yield of turmeric. Nitrogen fertilisation also plays a crucial role in enhancing plant height, number of leaves, and rhizome yield. 

Recent literature supports integrated nutrient management as a strategy for combining mineral, organic, and biological nutrient 

sources to sustain crop productivity and soil fertility across agricultural and horticultural systems (Yadav et al., 2025; Ranjith & 

Rajeswari, 2026). In turmeric, recent studies have shown that nutrient-management regimes can influence yield, soil-quality 

indicators, rhizosphere processes, and crop response to fertiliser levels (Udhaya Nandhini et al., 2023; Abraham et al., 2026; 

Thombre et al., 2026). However, the specific comparative response of FYM- and compost-based combinations with Azospirillum 

and graded NPK levels on turmeric growth, rhizome yield, and quality remains to be evaluated under the experimental conditions of 

the present study. Considering the importance of balanced nitrogen nutrition and the complementary roles of organic and inorganic 

nutrient sources, the present study was therefore undertaken to evaluate the effect of integrated nitrogen management on the growth 

and yield of turmeric. 
 

2. Methods and Materials 
 

The experiment was carried out at the Horticulture Farm of Raja Balwant Singh College, Bichpuri, Agra, Uttar Pradesh, India, 

during 2024–25. The experiment was laid out in a randomised complete block design with nine treatments, replicated three times. 

The following treatments were evaluated in turmeric cv. Salem. 
 

T1 – Control (NPK 100%) 

T2 – Compost + NPK (75%) 

T3 – Compost + NPK (100%) 

T4 – Compost + Azospirillum + NPK (75%) 

T5 – Compost + Azospirillum + NPK (100%) 

T6 –   FYM+ NPK (75%) 

T7 –   FYM + NPK (100%) 

T8 – FYM + Azospirillum + NPK (75%) 

T9 – FYM + Azospirillum + NPK (100%) 
 

The rhizomes were planted at a spacing of 45 cm × 30 cm. The required quantities of FYM, Azospirillum, NPK, and compost for the 

gross plot area were computed according to their N contents and applied to the respective plots as specified for each treatment. 
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Observations on growth parameters, including plant height, number of leaves per plant, number of tillers per clump, and leaf length 

and width, were recorded at 60, 120, and 180 days of crop growth. Yield parameters, including the number of mother rhizomes, 

primary rhizomes, and secondary rhizomes, as well as the weights of mother rhizomes, primary fingers, and secondary fingers per 

clump, were recorded at harvest (Singh & Dixit, 2010). Quality parameters were analysed after harvest and sun-drying (Parikh, 

2020). 

 

3. Results and Discussion  
 

The results of the experiment involving supplementation with organic and inorganic nutrient sources revealed significant variation 

in the growth, yield, and quality attributes of turmeric cv. Salem. Plant height (101.82 cm), number of leaves per plant (13.11), 

number of tillers per clump (4.30), leaf length (47.58 cm), and leaf width (14.82 cm) showed the highest values at 180 DAP under 

FYM + Azospirillum + 100% NPK (T9). In contrast, the application of 100% NPK alone (T1) resulted in lower plant height (75.72 

cm), number of leaves per plant (7.08), number of tillers per clump (2.04), leaf length (34.50 cm), and leaf width (9.08 cm) at 180 

DAP. Observations were recorded at 60, 120, and 180 DAP (Tables 1 and 2). Plant height increased rapidly up to 180 days and 

thereafter slowed. This trend was in agreement with the explanation of Amala et al. (2019) in turmeric. The slower growth after 180 

days might be attributed to rhizome and finger development associated with the source–sink relationship and the translocation of 

more photosynthates from the source (leaves) to the sink (fingers and rhizomes). The number of leaves per tiller was significantly 

enhanced by the organic, inorganic, and recommended-dose INM treatments (Das et al., 2020). Fresh rhizome yield was 

significantly highest under T9 (106.22 q ha⁻¹), whereas T1 recorded a lower fresh rhizome yield of 40.92 q ha⁻¹. Based on the 

reported pooled CD value, T2 and T4 were not statistically on par with T9 for fresh rhizome yield. The greater plant height, number 

of leaves per plant, number of tillers per clump, and leaf length and width observed under T9 may have contributed to its higher 

rhizome yield. Another important yield attribute in turmeric is the number of tillers, which can influence yield and mother-rhizome 

development, as reported by Amala et al. (2022). The findings of Das et al. (2020) and Choudhary et al. (2018) are also consistent 

with the present results. Treatment T9 also resulted in the significantly highest weights of mother rhizomes (53.62 g), primary 

fingers (145.52 g), and secondary fingers per clump (233.17 g). However, application of 100% RDF (T1) resulted in the 

significantly lowest mother-rhizome weight (32.72 g) and primary- and secondary-rhizome weights per clump (89.25 g and 198.36 

g, respectively). T9 was followed by T8 and T7 for these parameters (Tables 2, 3, and 4). 

 

Table 1. Effect of Integrated Nutrient management on Plant height and Numbers of tillers 

 

Treatments Plant height (cm) Number of Tillers 

 2024-25 2025-26 Pooled 2024-25 2025-26 Pooled 

T1. 72.76 78.69 75.72 1.79 2.30 2.04 

T2. 78.26 87.23 82.74 2.09 2.88 2.48 

T3. 82.66 88.51 85.58 2.39 2.90 2.65 

T4. 85.04 87.00 86.02 2.88 3.06 2.97 

T5. 87.28 89.23 88.25 3.01 3.21 3.11 

T6. 81.84 85.94 83.89 2.36 2.79 2.58 

T7. 84.07 86.86 85.47 2.43 2.81 2.62 

T8. 86.83 95.55 91.19 3.18 3.34 3.26 

T9. 97.22 106.43 101.82 4.18 4.42 4.30 

Sem± 1.60 3.13 1.48 0.25 0.28 0.10 

CD at 0.5% 4.82 9.40 4.85 0.75 0.74 0.33 

 

Table 2. Effect of Integrated Nutrient management on Numbers of leaves and length of leaf (cm) 

 

Treatments Number of Leaves Length Of Leaf (cm) 

 2024-25 2025-26 Pooled 2024-25 2025-26 Pooled 

T1. 6.50 7.66 7.08 34.19 34.82 34.50 

T2. 7.98 8.47 8.25 37.12 38.94 38.03 

T3. 8.59 8.84 8.71 37.64 39.83 38.74 

T4. 9.22 10.16 9.69 40.30 40.41 40.35 

T5. 10.03 10.47 10.25 41.28 42.54 41.91 

T6. 7.91 8.61 8.26 39.12 39.46 39.29 

T7. 9.06 9.11 9.08 40.99 41.23 41.11 

T8. 10.55 10.92 10.74 42.79 44.30 43.54 

T9. 12.96 13.27 13.11 46.09 49.08 47.58 

Sem± 0.34 0.51 0.17 2.67 1.45 0.49 

CD at 0.5% 1.04 1.51 0.57 3.68 3.47 1.61 

 

The significantly highest fresh rhizome yield observed under T9 may be associated with the higher weights of mother rhizomes, 

primary fingers, and secondary fingers per clump, as well as the nutrient status associated with the combination of RDF, farmyard 

manure, and Azospirillum. Nitrogen and potassium are particularly important nutrients for improving the growth, yield, and quality 

of turmeric. Nitrogen is involved in chlorophyll synthesis and influences stomatal conductance and photosynthetic efficiency. 

Nitrogen is responsible for 26–41% of crop yields. Potassium (K) plays stimulatory roles in plants rather than becoming an integral 

part of plant components. It influences cell-wall permeability and the activities of various mineral elements, as well as neutralising 

physiologically important organic acids. Hu (2025) and Sagwal et al. (2025) reported that increases in potassium levels were 
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associated with increases in growth, leaf number, tiller number, and rhizome yield. The numbers of mother, primary, and secondary 

rhizomes can directly influence the weight and yield of fresh rhizomes. Early emergence of rhizomes through the soil after planting 

generally favours higher turmeric yield and may have contributed to the maximum fresh rhizome yield under T9. It has also been 

observed that the application of RDN through varied combinations of organic and inorganic sources, including vermicompost, neem 

cake, and pongamia cake, can result in comparatively higher rhizome yield through improvements in growth and yield parameters. 

The application of organic manures increased nutrient availability, improved the physical condition of the soil, and increased yield 

(Sahoo et al., 2020; Kadam & Kamble, 2020). Plant height, number of green leaves, finger weight, and turmeric yield were 

influenced by nitrogen application, and all yield-contributing parameters increased progressively with increasing N levels (Bulbula, 

2021). The pronounced yield improvement under organic treatments might be due to the sustained availability of nitrogen 

throughout the growing phase and to enhanced production and translocation of photosynthates to the sink, i.e., the rhizome, whereas 

plants at lower fertility levels remained stunted, resulting in reduced yield. Beneficial effects of organic inputs have been reported in 

many crops (Kadam & Kamble, 2020). 

 

Table 3. Effect of Integrated Nutrient management on width of leaf (cm)and weight of mother rhizome(g) 

 

Treatments Width of leaf (cm) Weight of mother rhizome (g) 

 2024-25 2025-26 Pooled 2024-25 2025-26 Pooled 

T1. 8.89 9.27 9.08 31.55 33.89 32.72 

T2. 10.3 11.27 10.78 39.06 40.83 39.94 

T3. 10.17 11.49 10.83 39.48 43.81 41.64 

T4. 11.25 11.54 11.39 40.67 44.12 42.39 

T5. 11.70 12.2 11.95 41.65 46.50 44.07 

T6. 9.79 10.01 9.90 40.46 44.74 42.60 

T7. 9.81 10.13 9.97 41.18 45.52 43.35 

T8. 11.74 13.06 12.4 43.40 47.21 45.31 

T9. 13.73 15.90 14.82 52.37 54.87 53.62 

Sem± 0.57 0.59 0.33 2.23 1.58 0.53 

CD at 0.5% 1.71 1.78 1.08 6.68 4.75 1.57 

 

Table 4. Effect of Integrated Nutrient management on weight of primary fingers and secondary fingers (g) 

 

Treatments Weight of Primary rhizomes (g) Weight of Secondary rhizomes (g) 

 2024-25 2025-26 Pooled 2024-25 2025-26 Pooled 

T1. 78.22 100.28 89.25 197.08 199.65 198.36 

T2. 92.34 117.41 104.87 207.53 209.43 208.48 

T3. 96.55 118.50 107.52 216.63 219.19 217.91 

T4. 104.18 125.23 114.71 219.93 221.83 220.88 

T5. 106.01 128.44 117.23 220.69 222.59 221.64 

T6. 101.15 120.24 110.69 218.01 219.91 218.96 

T7. 103.68 121.56 112.62 218.72 220.62 219.67 

T8. 112.61 145.10 128.85 224.53 227.09 225.81 

T9. 128.75 162.28 145.52 231.88 234.45 233.17 

Sem± 5.89 5.06 2.76 1.75 2.02 0.17 

CD at 0.5% 17.66 15.17 9.02 5.25 6.07 0.57 

 

3.1 Growth Attributes 
 

The superior plant height, leaf number, tiller number, and leaf dimensions under T9 suggest that the combined application of FYM, 

Azospirillum, and full NPK may have provided a more continuous nutrient supply and a biologically active rhizosphere than mineral 

fertiliser alone. Comparable responses have been reported in turmeric, where integrated combinations of organic manures, 

biofertilisers, and NPK improved plant height, tillering, and leaf production (Mondal & Hore, 2026), while field comparisons 

showed that both recommended NPK and organic nutrient sources enhanced vegetative growth relative to an unfertilised control 

(Sunuwar et al., 2024). Compost-based nutrient management has also been associated with improved turmeric growth and nutrient 

status, indicating that organic inputs can complement mineral nutrition by supporting nutrient availability and soil conditions 

(Soliman et al., 2023). These findings support interpreting the T9 response as an outcome of balanced nutrient management rather 

than attributing the observed growth improvement to a single nutrient source. 

 

3.2 Yield and Rhizome Attributes 
 

The higher pooled rhizome yield and rhizome weights under T9 are consistent with the improvement in vegetative growth, which 

can increase assimilate production and subsequent partitioning to developing rhizomes. Sunuwar et al. (2024) observed fertiliser-

dependent increases in fresh rhizome yield together with increases in plant height, leaf number, tiller number, and rhizome 

components. In a three-year organic nutrient-management study, Mandi et al. (2025) reported that FYM combined with a microbial 

consortium produced fresh rhizome yield comparable to the recommended fertiliser dose, showing that organic and microbial inputs 

can sustain yield when nutrient supply is adequate. Likewise, Sil and Hore (2026) found that integrated macro- and micronutrient 

management improved clump weight and plot yield in turmeric. Collectively, these studies are consistent with the present pattern in 
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which FYM, Azospirillum, and NPK in T9 produced the highest yield-related values; however, direct comparisons should account 

for differences in cultivar, environment, and nutrient rate among studies. 

 

3.3 Quality Attributes 
 

Treatment T9 also recorded the highest pooled curcumin (6.64%) and oleoresin (12.46%) contents, indicating that the nutrient-

management response extended beyond vegetative growth and rhizome yield to quality traits. Mondal and Hore (2026) reported 

higher curcumin and oleoresin contents under an integrated treatment combining organic manure, NPK, and biofertilisers. Mandi et 

al. (2025) similarly observed that vermicompost or FYM combined with a microbial consortium improved curcumin content under 

organic nutrient management, while Sil and Hore (2026) found that integrated nutrient strategies influenced both curcumin and 

oleoresin concentrations. Thus, the higher curcumin and oleoresin values under T9 may be associated with improved nutrient 

availability and crop physiological performance, although genotype, environment, and management conditions remain important 

sources of variation in turmeric quality. 

 

Table 5. Effect of Integrated Nutrient management on yield kg/plot and q/hectare 

 

Treatments Yield (kg/plot) Yield (q/ha) 

 2024-25 2025-26 Pooled 2024-25 2025-26 Pooled 

T1. 4.97 5.63 5.30 38.34 43.49 40.92 

T2. 7.91 8.08 8.00 61.09 62.38 61.74 

T3. 8.17 8.84 8.50 63.07 68.22 65.65 

T4. 8.66 9.89 9.28 66.85 76.37 71.61 

T5. 9.52 10.39 9.95 73.48 80.16 76.82 

T6. 8.36 9.36 8.86 64.54 72.26 68.40 

T7. 8.36 9.03 8.7 64.57 69.70 67.12 

T8. 10.61 11.15 10.88 81.91 86.03 83.97 

T9. 13.09 14.43 13.76 101.07 111.36 106.22 

Sem± 0.71 0.69 0.18 5.51 5.34 1.39 

CD at 0.5% 2.14 2.07 0.58 16.58 16.01 4.54 

 

Table. 6. Effect of Integrated Nutrient management on curcumin and oleoresin content 

 

Treatments Curcumin (%) Oleoresin (%) 

 2024-25 2025-26 Pooled 2024-25 2025-26 Pooled 

T1. 3.59 4.06 3.82 7.73 8.40 8.07 

T2. 4.69 5.03 4.86 9.38 9.71 9.54 

T3. 4.72 5.17 4.94 9.50 9.80 9.65 

T4. 4.92 5.28 5.10 10.30 10.50 10.40 

T5. 5.50 5.42 5.46 10.66 10.83 10.75 

T6. 4.72 5.18 4.95 9.80 10.16 9.98 

T7. 5.22 5.19 5.20 10.56 10.63 10.60 

T8. 5.09 6.03 5.56 10.77 11.10 10.93 

T9. 6.08 7.21 6.64 11.96 12.96 12.46 

Sem± 0.27 0.37 0.19 0.66 0.67 0.14 

CD at 0.5% 0.82 1.12 0.64 1.98 2.02 0.46 

 

4. Conclusions 
 

The nutrient-management treatments produced distinct responses in turmeric growth, yield, and quality. Among the nine treatments, 

FYM + Azospirillum + 100% NPK (T9) recorded the highest pooled values for the principal vegetative characteristics, rhizome 

component weights, fresh rhizome yield, curcumin content, and oleoresin content. The response of T9 was therefore consistent 

across the measured growth, yield, and quality attributes. In comparison, the 100% NPK treatment alone generally recorded lower 

values for these traits. Under the conditions of the experiment, the results indicate that combining farmyard manure and 

Azospirillum with the full NPK treatment can provide favourable conditions for turmeric growth and rhizome development. The 

findings support further evaluation of this integrated nutrient-management combination as a potential agronomic option for 

improving turmeric productivity and quality. Validation under different soil, climatic, and management conditions is required to 

determine the consistency of the observed responses and to establish the extent to which the treatment can be recommended beyond 

the present experimental setting.  

 

5. Limitation 
 

The findings are specific to the experimental conditions and nutrient-management combinations evaluated in this study. Treatment 

responses may vary with cultivar, soil properties, climate, nutrient availability, and crop-management conditions. Therefore, the 

observed advantages of T9 should not be generalised beyond the study setting without further validation. Multi-location and multi-

season evaluation would help determine the stability of the growth, yield, and quality responses and support broader agronomic 

recommendations. 
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