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ABSTRACT

This study evaluates the “Influence of Integrated Nutrient Management (INM) on Yield and Economic Returns of Flower and Tuber
Production in Dahlia (Dahlia variabilis L.) cv. Zail Singh’, conducted during the winter seasons of 2022-2023 and 2023-2024 at the
Horticultural Research Centre, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, UP. The experiment
employed a Randomized Complete Block Design (RCBD) with 19 INM treatments replicated three times, integrating varying levels of
chemical fertilizers, organic amendments, and bio-inoculants. Treatment T,, significantly enhanced flower production, achieving
20.33 and 25.00 flowers per plant, 241.75 and 243.17 flowers per plot, and 1,007,290 and 1,220,931 flowers per hectare.
Corresponding flower yields were 696.79 g and 724.07 g per plant, 8.19 kg and 8.36 kg per plot, and 34.84 tons and 34.14 tons per
hectare across the two seasons. Treatment T, recorded superior tuber yields, with tuber weights of 900.00 g and 877.50 g per plant,
10.80 kg and 10.53 kg per plot, and 45.00 ton and 43.88 ton per hectare, alongside tuber diameters of 65.30 cm? and 68.98 cm?.
Treatment T,, achieved the highest cost-benefit ratios (4.47 and 4.26), with 9.83 and 12.17 tubers per plant and 116.08 and 146.00
tubers per plot. In contrast, 100% inorganic fertilizer (T,) had a negligible impact on flower and tuber production. The study faced
several challenges, including variability in soil nutrient content, climate fluctuations, and the complexity of effectively integrating
different nutrient management practices. It highlights the effectiveness of combining organic and microbial inputs with reduced
chemical fertilizers to improveyield and economic viability in dahlia cultivation.
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1.Introduction

Dahlias, prized for their stunning blossoms and landscaping
potential, are half-hardy, tuberous-rooted perennials. Native to
Mexico, where they are the national flower, dahlias belong to the
Asteraceae family. Known as the "king of flowers," [1], they
symbolize optimism, confidence, and flamboyance [2]. The
octoploid D. variabilis (n=64) is thought to have originated from
tetraploid species with 32 chromosomes [3]. The Netherlands is
aleading producer of tuberous-rooted dahlias [4], supplying 50
million tubers annually to global markets. The Dutch
floriculture market is projected to reach 4.89 billion USD
(United States dollars) by 2024 [5], with a compound annual
growth rate (CAGR) of 4.70% during the forecast period. People
use dahlias for both trimmed and loose blooms. Only specific
countries have exploited the trade appreciation of the dahlia
crop [6]. The Netherlands is a significant producer of tuberous-
rooted dahlias, supplying 50 million tubers to international
markets annually [7] [8]. Dahlias are cultivated for ornamental
purposes because of their aesthetic qualities, essential for the
ornamental industry.
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To enhance the quality of these aspects, it is necessary to ensure
adequate rooting and vegetative growth, as well as to provide
water, gas exchange, nutrient supply, and plant support [9].
Various factors, including environmental conditions and
nutrient management, influence successful dahlia cultivation
[10]. Integrated Nutrient Management (INM) is a sophisticated
approach that addresses the complex nutritional needs of crops
[11]. INM integrates crop residues, organic manures, inorganic
fertilizers, and bio-fertilizers to establish a sustainable nutrient
supply, enhancing both crop yield and soil health [12]. Organic
manures, such as FYM (Farm yard manure), poultry manure,
and vermicompost, improve soil structure, while inorganic
fertilizers provide immediate nutrients [13]. Bio-fertilizers,
including nitrogen-fixing bacteria, play a role in long-term
nutrient management [14]. However, excessive use of inorganic
fertilizers may harm soil and water quality by leaching into
groundwater and waterways [15] [16]. Studies show that INM
improves plant growth, flowering, tuber development,
chlorophyll content, photosynthetic rate, nutrient uptake, and
soil structure [17-20] as well as shown better growth and
flowering of several flower crops like gladiolus [21-23],
chrysanthemums [24], marigolds [25] [26], dahlia [27] and
tuberoses [28].

However, earlier one study highlighted the effect of INM on the
growth and flowering of dahlia [9] but failed to discuss the cost-
benefit ratio for the economic production of dahlia under
Western Uttar Pradesh, India conditions.
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Because of the above facts, the present study was carried out to
assess the impact of INM on the growth, flowering, and
economic cultivation of dahlia.

2.Materialsand methods

The current experiment was conducted in the Horticulture
Research Centre at the Sardar Vallabhbhai Patel University of
Agriculture and Technology in Meerut from 2022-2023 and
2023 to 2024. We acquired cuttings of Dahlia "D. variabilis L. cv.
Zail Singh" from a local plant nursery in Kolkata in November.
We employed various sources of macro- and micronutrients
such as FYM, vermicompost, poultry manure, Azotobacter,
Azospirillium, VAM (Vesicular Arbuscular Mycorrhiza), urea
(46% N), SSP (Single Super Phosphate) (18% P), and MOP
(Murat of Potash) (46% K). We retrieved these materials from
the storage facility of the College of Horticulture at Sardar
Vallabhbhai Patel University of Agriculture and Technology,
Meerut. We calculated and administered a variety of inorganic
fertilizer concentrations to dahlia plants at varying intervals.
There were 19 treatments comprising T, Control (100% RDF),
T, (75% RDF+2.5 ton/ha FYM+2 Kg/ha Azotobacter+4.50 L/ha
VAM), T, (75% RDF+2.5 ton/ha FYM+2 Kg/ha
Azospirillium+4.50 L/ha VAM), T, (75% RDF+0.83 ton/ha
Vermicompost+2 Kg/ha Azotobacter+4.50 L/ha VAM), T, (75%
RDF+0.83 ton/ha Vermicompost+2 Kg/ha Azospirillium+4.50
L/haVAM), T, (75% RDF+0.41 ton/ha Poultry manure+ 2 Kg/ha
Azotobacter+4.50 L/haVAM), T, (75% RDF+0.41 ton/ha Poultry
manure +2 Kg/ha Azospirillium+4.50 L/ha VAM), T, (50%
RDF+5 ton/ha FYM+4 Kg/ha Azotobacter+4.50 L/ha VAM), T,
(50% RDF+5 ton/ha FYM+4 Kg/ha Azospirillium+4.50 L/ha
VAM), T,, (50% RDF+1.6 ton/ha Vermicompost+4 Kg/ha
Azotobacter+4.50 L/ha VAM), T,, (50% RDF+1.6 ton/ha
Vermicompost+4 Kg/ha Azospirillium+4.50 L/ha VAM), T,,
(50% RDF+0.82 ton/ha Poultry manure+4 Kg/ha
Azotobacter+4.50 L/ha VAM), T,, (50% RDF+0.82 ton/ha
Poultry manure+4 Kg/ha Azospirillium+4.50 L/ha VAM), T,
(25% RDF+7.5 ton/ha FYM+6 Kg/ha Azotobacter+4.50 L/ha
VAM), T,; (25% RDF+7.5 ton/ha FYM+6 Kg/ha
Azospirillium+4.50 L/ha VAM), T,, (25% RDF+2.5 ton/ha
Vermicompost+6 Kg/ha Azotobacter+4.50 L/ha VAM), T, (25%
RDF+2.5ton/ha Vermicompost+6 Kg/ha Azospirillium+4.50
L/haVAM), T,; (25% RDF+1.23 ton/ha Poultry manure+6 Kg/ha
Azotobacter+4.50 L/ha VAM), T,, (25% RDF+1.23 ton/ha
Poultry manure+6 Kg/ha Azospirillium+4.50 L/ha VAM). The
experiment was arranged in an RCBD with three replications
and nineteen treatments, resulting in a total population of 285
plants. We employed Analysis of Variances (ANOVA) to evaluate
any discrepancies between the means of the collected data for
soil health, flowering, and growth attributes [29]. We used
Tukey's Honestly Significant Difference Test (HSD) test to
compare significantmeansata 5% probability level [30].

3.Resultsand Discussion

3.1. Effect of integrated nutrient management on flower
yield of dahlia

The application of different combinations of organic, inorganic,
and bio-fertilizers significantly influenced the flowering
parameters of dahlia (D. variabilis L.) examined in the present
study (Table 1 and Table 2). Treatment T,, (50% RDF+0.82
ton/ha Poultry manure+4 Kg/ha Azotobacter+4.50 L/ha VAM)
was surpass other treatments in number of flowers per plant
(20.33 and 25.00), number of flowers per plot (241.75 and
243.17), number of flowers per ha (1007290.06 and
1220931.001lakh/ha), flower yield per plant (696.79 and

724.07gm/plant), flower yield per plot (8.19 and 8.36 kg/plot)
and flower yield per hectare (34.84 and 34.14 ton/ha) in both of
the year 2022-2023 and 2023-2024, respectively. However,
treatment T, (100% RDF) was observed lower in term of
number of flowers per plant (12.42 and 16.00), number of
flowers per plot (150.58 and 150.83), number of flowers per ha
(627429.55 and 804231.00 lakh/ha), flower yield per plant
(310.12 and 322.23 gm/plant), flower yield per plot (3.60 and
3.72 kg/plot) and flower yield per hectare (15.51 and 15.01
ton/ha) in both of the years 2022-2023 and 2023-2024,
respectively.

The combined treatment provides adequate nutrients,
promoting growth through VAM and Azotobacter, and
macronutrients via the half-dose of inorganic fertilizers. This
enhances cell division, carbohydrate accumulation [31], flower
production, and size [32] [19]. Adequate nitrogen, delivered
through this integrated form, promotes early bud formation,
faster protein synthesis, and accelerates floral development
[33] [32]. The study also found that higher nitrogen and
phosphorus levels boost flower size and number. Bio-fertilizers
like Azotobacter and VAM convert nutrients such as nitrogen
and phosphorus into available forms via processes like nitrogen
fixation and rock phosphate solubilization [34]. Poultry
manure, rich in nutrients such as nitrogen, phosphorus,
potassium, and micronutrients, improves chlorophyll content,
photosynthesis, soil fertility, aeration, water retention, nutrient
absorption, and microbial activity [35-37]. Combining poultry
manure with 50% RDF, Azotobacter, and VAM enhances flower
initiation and quantity by facilitating nutrient uptake and
cytokine transport to axillary buds. This breaks apical
dominance, accelerating photosynthesis and transitioning the
plant to the reproductive phase [38] [39]. In contrast, the T,
treatment (100% RDF) resulted in fewer flowers and lower
yields, likely due to insufficient macro and micronutrient supply.
The current study is comparable with the experimental findings
of the Asiatic lily [40] [41] in dahlia and [42] in marigold crop.
Moreover, Binas et al. [43], Nada et al. [44], and Rajaselvam et al.
[20] also revealed that the flower yield per hectare was
significantly affected by poultry manure and inorganic fertilizer
combinations in anthurium, calendula, and tuberose,
respectively.

3.2. Effect of integrated nutrient management on tuber
growth andyield of dahlia

The study evaluated the effect of various combinations of
organic, inorganic, and bio-fertilizers on dahlia (D. variabilis L.)
cv. Zail Singh. All applied treatments significantly affected the
tuber growth and yield as compared to the plants, which were
treated with control (100% RDF). Results in Table 3. exposed
that fertilization of soil with treatment T,, (25% RDF+2.5 ton/ha
Vermicompost+6 Kg/ha Azospirillium+4.50 L/ha VAM) was
found best in the number of tubers per plant (9.83 and 12.17),
number of tubers per plot (116.08 and 146.00) in both of the
years 2022-2023 and 2023-2024, respectively. Moreover,
Treatment T, (25% RDF+2.5 ton/ha Vermicompost+6 Kg/ha
Azotobacter+4.50 L/ha VAM) was examined best in weight of
tuber per plant (900.00 and 877.50 gm/plant), the weight of
tuber per plot (10.80 and 10.53 kg/plot), the weight of tuber per
hectare (45.00 and 43.88 ton/ha), and tuber diameter (65.30
and 68.98 cm”) in both of the years 2022-2023 and 2023-2024,
respectively. But in term of fresh weight of tuber (90.19 gm and
95.32 gm), treatment T,, (25% RDF+1.23 ton/ha Poultry
manure+6 Kg/ha Azospirillium+4.50 L/ha VAM) was recorded
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best in 2022-2023 and treatment T,, (25% RDF+1.23 ton/ha
Poultry manure +6 Kg/ha Azotobacter+4.50 L/ha VAM) best in
2023-2024, respectively. However, treatment T, (100% RDF)
was found to minimize in number of tubers per plant (8.00 and
8.58), weight of tuber per plant (365.71 and 367.66 gm/plant),
weight of tuber per plot (4.39 and 4.41 kg/plot), weight of tuber
per hectare (18.29 and 18.38 ton/ha), tuber diameter (43.10
and 45.86 cm®), and fresh weight of tuber (48.14 and 50.74 gm)
same in both of the years, respectively. Moreover, treatment T,,
(50% RDF+1.6 ton/ha Vermicompost+4K g/ha
Azotobacter+4.50 L/ha VAM) was recorded lower in number of
tubers per plot (96.00 and 100.00) in both the years
respectively.

The application of 25% RDF with 2.5 tons/ha vermicompostand
bio-fertilizers (6 kg/ha Azotobacter, 6 kg/ha Azospirillium, and
4.50L/haVAM)intreatments T,,and T,, increased tuber weight,
diameter, number, and yield. This integrated approach
improved nutrient availability, root development, and
photosynthesis, particularly phosphorus for better growth
before tuber initiation [45] [46]. VAM symbiosis enhanced
photosynthesis, increasing storage and export [47]. Phosphorus
significantly influenced tuber yield, supporting cell division,
enlargement, and photosynthesis [48] [49]. Vermicompost,
Azospirillium, and VAM boost nutrient uptake, photosynthesis,
and productivity, while insufficient phosphorus reduces bulb
yield [50] [51]. Similar results were reported by Pandey et al.
[45] in dahlia in terms of weight of tubers, number of tubers per
plant, tuberyield per plant, and tuber yield per hectare.

3.3. Effect of integrated nutrient management on economic
returns of flower and tuber production in dahlia

Results demonstrated that the different combination of organic
manure and bio-fertilizer with different levels of inorganic
fertilizers significantly affects the economic returns of dahlia
flower and tuber production (Table 4 and Table 5). Treatment
T,, (25% RDF+2.5 ton/ha Vermicompost+6 Kg/ha
Azospirillium+4.50 L/ha VAM) was found best in cost-benefit
ratio (4.47 and 4.26) in flower and tuber production in dahlia, in
both of the years 2022-2023 and 2023-2024, respectively.
However, treatment T, (100% RDF) recorded minimum cost-
benefit returns (3.57 and 3.42) in both of the years 2022-2023
and 2023-2024, respectively. Similar results were found by
Singh [52], Wararkar et al. [10], and Badgujar et al. [53] in the
dahlia crop.

4. Conclusion
The study concludes that INM improves vegetative development
and blooming of Dahlia (D. variabilis L.).

Treatment T,, performed best in flower production was among
its strengths. Treatment T,,, which had 25% RDF,
vermicompost, Azospirillium, and VAM, had the maximum
number of tuber production per plant number of tuber
production per plot, and cost-benefit ratio. On the other hand,
Treatment T,, promotes tuber growth and yield such as weight
of tuber per plant, weight of tuber per plot, weight of tuber per
hectare, and tuber diameter. However, Treating T, with 100%
inorganic fertilizers failed to improve most metrics, highlighting
the drawbacks of chemical fertilizers.

This study shows that organic amendments, bio-inoculants, and
reduced chemical inputs improve flower and tuber production,
and the cost-benefit ratio, making floriculture more sustainable,
and balanced and doubling farmer'sincome.

Future Scope of the Study

This study further explores the long-term impacts of different
nutrient management strategies on soil health and
sustainability. Additionally, this could contribute to more
sustainable farming and improved economic outcomes for
Dahlia growers globally.
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