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Effect of Humic Acid Application Methods on Growth, Flowering, and Yield of African Marigold (Tagetes erecta L.) cv. Pusa Narangi Gainda
Abstract: African marigold (Tagetes erecta L.) is a popular loose flower crop in India, widely used for making garlands, religious offerings, and landscape decoration. Its growth and flower quality depend heavily on integrated nutrient management, but excessive reliance on chemical fertilizers has raised concerns about soil health and sustainability. To explore alternatives, a field experiment was conducted on African marigold cv. Pusa Narangi Gainda at the Floriculture Research Center (FRC), Department of Floriculture and Landscaping, College of Horticulture, Sardar Vallabhbhai Patel University of Agriculture and Technology (SVPUA&T), Meerut, India. The experiment followed a randomized block design with three replications and thirteen treatments, including one with 100% recommended dose of fertilizer (RDF) and the rest with 75% RDF. Under 75% RDF, humic acid was applied through soil drenching, foliar spray, or their combination at four concentrations (0.2%, 0.4%, 0.6%, and 0.8%) applied 3 times at 20-days intervals after transplanting. Application of 75% RDF + 0.6% humic acid (HA) by soil drenching (SD)+ 0.6% HA by foliar spray at 20, 40, and 60 days at treatment (DAT) was effective in increasing vegetative growth and flower yield parameters such as plant height, stem thickness, plant spread, number of primary branches per plant, minimum days to bud initiation, days taken to first flower opening, and 50% flowering, longest flowering duration, size of flower, number of flowers per plant, flower yield (g), and seed yield (g) per plant. The findings indicate that integrating chemical fertilizers with humic acid enhances growth, yield, and sustainability in African marigold production.
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1. Introduction
African marigold (Tagetes erecta L.) is a hardy annual herbaceous plant belonging to the family Asteraceae. Native to Mexico, it is characterized by an upright growth habit with profuse branching after the suppression of apical dominance. Owing to its bright and attractive flowers in shades of yellow, orange, red, white, or even striped forms, it enjoys high demand worldwide as a loose flower for decoration, religious offerings, and landscape decoration. Beyond its ornamental and cultural significance, African marigold also serves as a valuable raw material in various floriculture and agro-based industries. Its flowers, rich in lutein, are used in poultry feed, while extracts find applications in the dye, cosmetic, pharmaceutical, and textile industries. In agriculture, it is also grown as a trap crop to manage pests. 
In recent years, the use of plant biostimulants has gained importance in sustainable agriculture. These substances, when applied to plants, seeds, or the rhizosphere, stimulate natural processes that enhance nutrient use efficiency and improve tolerance to abiotic stress (Du Jardin, 2015). Among them, humic acid stands out as a naturally occurring, dark organic compound formed through microbial decomposition of plant residues. It functions both as a soil conditioner by improving physico-chemical and biological properties of the soil and as a plant biostimulant, activating metabolic processes that enhance growth and yield. 
Importantly, humic acid aligns with the goals of modern agriculture by maintaining productivity while reducing excessive dependence on chemical fertilizer inputs. In a different way, several studies have focused on flower crops, offering valuable insights like in Freesia hybrida (Al-Zurfi et al., 2023), Dahlia (Shukla et al., 2023), Gladiolus (Kaur et al., 2023; Kumar et al. 2025), Lalla Abbas (Al-Taher, 2023), Tuberose (Kumar et al.,2022; Kumar et al.,2022; Rao et al. 2025), Safflower (Al-Doori, 2023), Dianthus chinensis (Hassan et al., 2023), and Saffron (Alhasan, 2023), Marigold (Das et al. 2020; Ghosh et al. 2022). 
Considering the dual importance of African marigold at commercial and cultural levels, and the potential of humic acid to improve crop performance, this study was undertaken to evaluate the effect of different application methods of humic acid, i.e., soil drenching and foliar spray, on the growth and flowering attributes of African marigold.
2. Material and Methods
A field experiment entitled “Effect of Humic Acid on Growth, Flowering, and Yield of frican marigold (Tagetes erecta L.) cv. Pusa Narangi Gainda in the North-Western plain of Uttar Pradesh” was conducted during the winter season of 2024–25 at the FRC, College of Horticulture, SVPUA&T, Meerut, India. The experiment was laid out in a randomized complete block design with 13 treatments and three replications (Table 1). Each experimental plot measured 90 cm × 240 cm, with a plant-to-plant spacing of 30 cm × 60 cm. The treatments included a control (100% RDF at 90:90:75 kg/ha of Nitrogen (N), Phosphorus (P), and Potassium (K)) designated as T1, and twelve other treatment combinations consisting of 75% RDF supplemented with different concentrations of humic acid (0.2, 0.4, 0.6, and 0.8%), applied either through soil drenching, foliar spray, or an integration of both methods at 20-, 40-, and 60-days intervals after transplanting. Nutrient application was carried out in two splits, half of the nitrogen (N) along with the full dose of phosphorus (P) and potassium (K) was applied at the time of transplanting, while the remaining half of N was top-dressed at 40 DAT. The seedlings used for transplanting were raised in nursery pro-trays and transplanted at the 4–6 leaf stage on 13th November, 2024.
Table 1. Treatment details
	T1 
	Control (100% RDF)

	T2
	75% RDF + 0.2% HA (SD at 20, 40, 60 DAT)

	T3
	75% RDF + 0.2% HA (FS at 20, 40, 60 DAT)

	T4
	75% RDF +0.2% HA (SD at 20, 40, 60 DAT) + 0.2% HA (FS at 20, 40, 60 DAT)

	T5
	75% RDF + 0.4% HA (SD at 20, 40, 60 DAT)

	T6
	75% RDF + 0.4% HA (FS at 20, 40, 60 DAT)

	T7
	75% RDF +0.4% HA (SD at 20, 40, 60 DAT) + 0.4% HA (FS at 20, 40, 60 DAT)

	T8
	75% RDF + 0.6% HA (SD at 20, 40, 60 DAT)

	T9
	75% RDF + 0.6% HA (FS at 20, 40, 60 DAT)

	T10
	75% RDF +0.6% HA (SD at 20, 40, 60 DAT) + 0.6% HA (FS at 20, 40, 60 DAT)

	T11
	75% RDF + 0.8% HA (SD at 20, 40, 60 DAT)

	T12
	75% RDF + 0.8% HA (FS at 20, 40, 60 DAT)

	T13
	75% RDF +0.8% HA (SD at 20, 40, 60 DAT) + 0.8% HA (FS at 20, 40, 60 DAT)



2.1 Vegetative growth attributes
For data collection, five plants were randomly tagged from each plot (out of 12 plants). Observations on growth parameters were recorded at 50% flowering stage when the plant is at its full maturity.
2.1.1 Plant height (cm)
 Plant height was measured by a meter scale from the soil surface up to the top of the plants. The recorded plant height was presented as the mean value (Cornelissen et al., 2003).
2.1.2 Stem thickness (cm)
Stem thickness of an individual plant was calculated as an average of three measurements taken at the base, middle, and top sections of the plant. The recorded stem thickness presented is the mean value of five tagged plants in a plot. 
2.1.3 Plant spread (cm)
 Plant spread was recorded from the middle portion of the stem as the average distance between outermost side shoots in the east-to-west direction and the distance between outermost side shoots in the north-to-south direction with the help of a measuring tape. 
2.1.4 Number of primary branches per plant
 The number of branches that were arising directly from the main stem were counted manually. 
2.2 Flowering yield parameters:
2.2.1 Days to first flower bud formation
 Data on the first flower bud formation of the plant were noted. The number of days it took for the formation of the first flower bud was worked out from the days of transplanting (DAT). Finally, the mean number of days was calculated for each plot.
2.2.2 Days taken for opening of first flower
Data on the opening of the first flower of the plant was noted. The number of days it took to open the first flower was worked out from DAT.
2.2.3 Days to 50% flowering
The number of days was counted from the DAT to the opening of 50% of the flowers.
2.2.4 Duration of flowering (days)
The total number of flowering days was counted from the day of the first harvesting to the last harvesting of presentable flowers. 
2.2.5 Size of flower (cm)
Flower size was worked out at the peak flowering stage as the average distance between apices of petals in the East to West and North to South direction with the help of a measuring scale. 
2.2.6 Number of flowers per plant
The number of flowers per plant were counted by totalling the number of flowers harvested per plant from different pickings.
2.2.7 Yield of flowers per plant (g)
It was worked out by calculating the weight of total number of flowers per plant obtained from different pickings.
2.2.8 Seed yield per plant (g)
Flowers were dried and seeds were separated from the husk of each tagged plant and weighed to calculate the average seed yield per plant of a plot.
Data were statistically analyzed following the methods suggested by Gomez and Gomez, (1984), and variance was assessed using the Fisher, (1935) analysis of variance (ANOVA) approach, tested at 5% level of significance.
3. Result and Discussion
Effect of humic acid and their application by soil drenching and foliar spray on growth, and flowering yield traits of African marigold cv. Pusa Narangi Gainda are presented in Table 1, 2 and 3.
3.1 Vegetative growth parameters
3.1.1 Plant height 
As presented in Table 2, the maximum plant height (57.72 cm) was recorded in treatment T10 (75% RDF + 0.6% HA (SD + FS)), which remained statistically comparable to T8 (57.12 cm) and T13 (55.32 cm). In contrast, the minimum plant height (45.41 cm) was observed under the control treatment T1 (100% RDF). Among the application methods, soil drenching (T8) proved more effective than foliar spray (T9). Nevertheless, the integrated approach (T10) demonstrated superior performance, as it combined sustained nutrient availability in the root zone with rapid assimilation through the shoot, thereby enhancing photosynthetic efficiency and promoting vigorous growth (Ghosh et al., 2022). It is noteworthy that no significant improvement was observed beyond the 0.6% HA concentration, indicating a saturation threshold. This observation is consistent with the findings of Yazdani et al., (2014) in Gerbera and Alziyituni, (2023) in African Marigold 
3.1.2 Stem thickness 
As presented in Table 2, the maximum stem thickness (2.12 cm) was obtained in treatment T8 (75% RDF + 0.6% HA (SD at 20, 40, and 60 DAT)), which was statistically comparable with T10 (2.01 cm) and T9 (1.95 cm). In contrast, the lowest value (1.15 cm) was recorded under the control treatment T1 (100% RDF). The enhancement in stem girth observed under humic acid treatments may be attributed to their auxin-like activity, which stimulates cell elongation, cambial division, and the deposition of lignin, cellulose, and structural proteins, ultimately contributing to improved stem rigidity and strength (Lee and Bartlette, 1976; Baldotto and Baldotto, 2013; Das et al., 2020). Among the methods of application, soil drenching (T8) proved more effective than foliar spray (T9), underscoring the importance of root-mediated uptake in enhancing vascular tissue density and mechanical support, in agreement with the findings of Teli et al., (2020). The integrated approach (T10) was also effective, as it facilitated synergistic root–shoot interactions: foliar sprays provided bioactive compounds to aerial tissues, while soil drenching enhanced root biomass and hormonal signaling (Eshghi and Garazhian, 2015). However, no further improvement was observed beyond the 0.6% HA level, suggesting a plateau effect. This trend is consistent with earlier reports by Yazdani et al., (2014) in gerbera and Alziyituni, (2023) in African marigold.
3.1.3 Plant spread 
According to Table 2, the maximum plant spread (41.98 cm) was obtained under T10 (75% RDF + 0.6% HA (SD + FS)), followed closely by T11 (41.60 cm) and T13 (40.85 cm). The minimum spread (32.00 cm) was recorded in the control T1 (100% RDF). The improvement in canopy spread under humic acid treatments can be attributed to their auxin- and gibberellin-like activity, which enhances cell division and cell elongation, respectively, enhancing root development and nutrient absorption, thereby supporting greater horizontal expansion (Yazdani et al., 2014; Ghosh et al., 2022). Among individual methods, soil drenching treatment T8 (40.20 cm) was superior to foliar spray, likely due to its direct action in the root zone and longer persistence in the soil (Khaled and Hassan, 2011; Abd El-Baset and Kasem, 2022). Nevertheless, the combined application in T10 outperformed single methods, as it ensured nutrient uptake through both roots and foliage. This dual route not only promoted root-mediated growth but also enhanced photosynthesis and leaf expansion, resulting in a synergistic effect on lateral canopy development, a trend similarly reported by Tütüncü, (2024) in ornamental sunflower.
3.1.4 Number of primary branches 
As shown in Table 2, the maximum number of primary branches (11.48) was recorded in T10 (75% RDF + 0.6% HA (SD + FS at 20, 40, 60 DAT)), which was statistically at par with T8 (11.26) and T13 (10.89), while the minimum (5.81) occurred in the control T1 (100% RDF). The increase in branching under humic acid treatments may be attributed to its auxin- and cytokinin-like effects that stimulate apical meristem activity, lateral bud initiation, and cell division, supported by improved nutrient uptake and photosynthate availability (Ghosh et al., 2022). Soil drenching (T8) proved more effective than foliar spray due to its stronger influence on root biomass, nutrient transport, and rhizospheric activity, which aligns with the findings of Poonam, (2024). The integrated application (T10) showed a synergistic advantage by combining root and foliar pathways, thereby enhancing meristematic activity and bud development, similar to observations by Teli et al., (2020). However, no additional benefit was noted beyond 0.6% HA, indicating a plateau effect, consistent with Ghosh et al., (2022).
Table 2. Effect of humic acid and its mode of application by soil drenching and foliar spray on growth and flowering yield of African marigold.
	Notations
	Plant height(cm)
	Stem thickness(cm)
	Plant spread(cm)
	Number of primary branches per plant
	Days to Flower
Bud Formation
(days)
	Days taken for Opening of First Flower(days)

	T1
	45.41
	1.15
	32.00
	5.81
	45.23
	53.00

	T2
	50.80
	1.31
	36.25
	7.64
	43.93
	52.77

	T3
	49.03
	1.26
	35.52
	7.13
	44.90
	52.10

	T4
	52.67
	1.39
	37.10
	8.44
	42.67
	50.53

	T5
	53.16
	1.47
	37.72
	8.92
	41.87
	49.90

	T6
	51.84
	1.35
	36.69
	8.11
	43.40
	51.60

	T7
	53.54
	1.61
	38.59
	9.72
	39.90
	46.00

	T8
	57.12
	2.12
	40.20
	11.26
	36.00
	45.47

	T9
	54.65
	1.95
	38.21
	10.56
	40.90
	47.60

	T10
	57.72
	2.01
	41.98
	11.48
	37.47
	44.80

	T11
	54.46
	1.80
	41.60
	10.08
	36.67
	48.17

	T12
	53.37
	1.56
	39.38
	8.96
	38.70
	49.03

	T13
	55.32
	1.78
	40.85
	10.89
	38.10
	46.93

	C.D. at 5%
	2.64
	0.29
	2.78
	0.81
	0.17
	0.43

	SE (m)
	0.90
	0.10
	0.95
	0.28
	0.06
	0.15



3.2 Flowering and yield parameter
3.2.1 Days to flower bud initiation
As shown in Table 2, the earliest bud initiation (36.00 days) was observed in T8 (75% RDF + 0.6% HA (SD)), which was statistically at par with T11 (36.67 days) and T10 (37.47 days), while the control T1 (100% RDF) exhibited the maximum delay (45.23 days). The advancement in bud initiation under humic acid treatments can be attributed to its auxin- and cytokinin-like effects, which promote floral meristem differentiation and the vegetative-to-reproductive transition, as well as improved micronutrient uptake (Fe, Zn, Mn, Cu) essential for floral initiation (Poonam, 2024). Soil drenching proved more effective than foliar spray due to sustained root-zone nutrient availability and stronger hormonal signaling, whereas the integrated method (T10) showed synergistic effects by combining systemic root uptake with foliar absorption (Nikbakht et al., 2008; Yazdani et al., 2014; Archana et al., 2023). However, no further improvement was observed beyond 0.6% HA, indicating a plateau effect consistent with Ghosh et al., (2022).
3.2.2 Days to opening of first flower
As shown in Table 2, humic acid treatments significantly reduced the days required for first flower opening compared to the control. The minimum duration (44.80 days) was recorded in T10 (75% RDF + 0.6% HA (SD + FS at 20, 40, 60 DAT)), followed by T8 (45.47 days) and T7 (46.00 days), whereas the control T1 (100% RDF) required the maximum time (53.00 days). The earliness in flower opening under humic acid may be attributed to enhanced nutrient assimilation, cytokinin- and auxin-like activity, and improved enzyme efficiency, which accelerate metabolic processes linked to floral induction (Das et al., 2020). Soil drenching showed better performance than foliar spray, likely due to stronger root-mediated hormonal signaling and improved phosphorus uptake (Poonam, 2024). The integrated method (T10) was most effective owing to the synergistic action of root uptake and foliar absorption, which together enhanced gibberellin biosynthesis, bud differentiation, and carbon–nitrogen balance, leading to earlier flowering (Archana et al., 2023). No further improvement was observed beyond 0.6% HA, indicating a saturation threshold consistent with the findings of Ghosh et al., (2022).
3.2.3 Days to 50% flowering
As shown in Table 3, the minimum days to 50% flowering (60.11 days) were recorded in T10 (75% RDF + 0.6% HA (SD + FS at 20, 40, 60 DAT)), followed by T8 (61.41 days) and T13 (62.92 days), whereas the maximum (73.23 days) occurred in the control T1 (100% RDF). The earliness in flowering under humic acid treatments can be attributed to its auxin- and cytokinin-like activity, which accelerates the transition of the apical meristem to the reproductive stage, alongside improved micronutrient chelation, root development, and energy dynamics. Similar results were reported in Tagetes erecta by Mishra, (2023). Soil drenching proved more effective than foliar spray due to stronger root-zone signaling and nutrient assimilation (Teli et al., 2020), while foliar spray exhibited slower responses owing to limited translocation (Nikbakht et al., 2008). The integrated application in T10 provided the most pronounced effect through synergistic uptake pathways (Archana et al., 2023). However, responses plateaued beyond 0.6% HA, consistent with the findings of Ghosh et al., (2022).
3.2.4 Duration of flowering 
As presented in Table 3, flowering duration varied significantly across treatments, with the maximum (48.14 days) observed in T9 (75% RDF + 0.6% HA (FS at 20, 40, 60 DAT)), statistically comparable with T10 (47.01 days), T12 (46.11 days), and T8 (45.21 days), while the minimum (34.97 days) was recorded in the control T1 (100% RDF). The extended flowering period under humic acid treatments may be due to its biostimulant effects, which enhance photosynthetic efficiency, nutrient utilization, and auxin-like activity that delays senescence and prolongs floral longevity, supported by improved K and P availability for reproductive growth (Poonam, 2024). Foliar spray was particularly effective due to localized hormonal stimulation at shoot meristems, whereas the integrated application (T10) proved superior by combining systemic nutrient uptake from soil drenching with localized foliar effects, producing a synergistic impact on floral persistence (Ghosh et al., 2022).
3.2.5 Flower size 
As shown in Table 3, the largest flower size (6.76 cm) was recorded in T8 (75% RDF + 0.4% HA (SD + FS)), which was statistically at par with T13 (6.56 cm) and T10 (6.21 cm), while the minimum (3.57 cm) was observed in the control T1 (100% RDF). The increase in floral diameter under humic acid treatments can be attributed to enhanced nutrient assimilation, enzyme activity, and auxin- and cytokinin-like effects that stimulate cell division and elongation, thereby enlarging floral organs (Mishra, 2023; El-Nashar, 2021). Soil drenching was generally superior to foliar spray, likely due to sustained root-zone absorption and systemic hormonal stimulation (Poonam, 2024; El-Nashar, 2021). The integrated application (T10, T13) proved most effective, as dual-site uptake promoted photosynthesis, assimilate partitioning, and optimal floral development, consistent with Archana et al., (2023) in Asiatic lilium. However, a plateau effect was evident beyond 0.6% HA, where higher doses did not provide additional benefits, aligning with Ghosh et al., (2022).
3.2.6 Number of flowers per plant 
As presented in Table 3, the maximum number of flowers per plant (36.91) was recorded in T10 (75% RDF + 0.6% HA (SD + FS)), which was statistically at par with T8 (35.94) and T13 (35.02), while the minimum (21.99) occurred in the control T1 (100% RDF). The increase in flower production under humic acid treatments may be attributed to enhanced nutrient uptake, root proliferation, and auxin- and cytokinin-like activity that promote floral initiation and bud retention (Mishra, 2023). Soil drenching proved more effective than foliar spray, likely due to sustained root absorption and improved nitrogen and phosphorus assimilation, which stimulate cytokinin biosynthesis and floral meristem activity (Teli et al., 2020; El-Baset and Kasem, (2022). Integrated application (T10, T13) further enhanced flower count by combining root- and shoot-mediated uptake, facilitating synchronized nutrient transport and hormonal signaling, consistent with the findings of (18) in Asiatic lilium. However, beyond the 0.6% concentration, a plateau effect was observed, suggesting metabolic saturation, as also reported by Eshghi and Garazhian, (2015) and Ghosh et al., (2022).
3.2.7 Yield of flowers per plant 
As shown in Table 3, the maximum flower yield per plant (238.44 g) was obtained in T10 (75% RDF + 0.6% HA (SD + FS)), which was statistically at par with T8 (229.66 g) and T13 (222.75 g), while the minimum (106.67 g) was recorded in the control T1 (100% RDF). The yield improvement under humic acid treatments can be attributed to enhanced nutrient uptake, enzyme activity, photosynthetic efficiency, and auxin and cytokinin-mediated regulation of floral meristem activity, which collectively increase flower production and biomass accumulation (Mishra, 2023; Murugan, 2022). Soil drenching consistently outperformed foliar spray, reflecting the importance of root-mediated absorption in promoting root proliferation, nutrient transport, and hormonal signaling for increased flower initiation and retention (Teli et al., 2020). Integrated applications (T10, T7, T13) further enhanced yield through dual-site uptake and synergistic hormonal stimulation, consistent with the findings of Archana et al., (2023) in Asiatic lilium. However, a plateau effect was evident beyond the 0.6% concentration of humic acid, suggesting nutrient saturation or metabolic thresholds, as also reported by Ghosh et al., (2022).
3.2.8 Seed yield per plant 
As presented in Table 3, the maximum seed yield per plant (1.55 g) was obtained in T10 (75% RDF + 0.6% HA (SD + FS)), which was statistically at par with T8 (1.50 g) and T13 (1.45 g), while the lowest (0.67 g) was recorded in the control T1 (100% RDF). The enhancement in seed yield under humic acid treatments can be attributed to improved nutrient uptake, root proliferation, and auxin- and cytokinin-like activities that enhance reproductive development and seed setting (Vyshnavi, 2023; Alziyituni, 2023). Soil drenching (T8) outperformed foliar spray, highlighting the importance of root-mediated nutrient absorption and prolonged rhizosphere availability (Teli et al., 2020). However, integrated applications (T10, T7, T13) proved most effective, suggesting a synergistic effect of dual nutrient uptake routes that improved assimilate production, enzyme activity, and reproductive organ development. A plateau effect was observed beyond 0.6% concentration, as also noted by Vyshnavi, (2023) in annual chrysanthemum, indicating metabolic or nutrient saturation limits.
Table 3. Effect of foliar spray and soil drenching of humic acid on flowering yield of African marigold.
	Treatments
	Days taken for 50% Flowering (Days)
	Duration of Flowering
	Flower size (cm)
	Number of Flowers per Plant
	Yield of flowers per plant (g)
	Seed yield per Plant (g)

	T1
	73.23
	34.97
	3.57
	21.99
	106.67
	0.67

	T2
	72.65
	36.27
	4.72
	26.35
	146.51
	0.85

	T3
	71.80
	37.65
	4.36
	25.64
	134.61
	0.77

	T4
	69.15
	41.36
	4.52
	27.92
	165.57
	1.00

	T5
	70.95
	39.16
	5.26
	28.74
	171.89
	1.05

	T6
	68.55
	41.59
	4.69
	27.32
	157.66
	0.87

	T7
	64.08
	45.70
	4.61
	31.74
	196.17
	1.18

	T8
	61.41
	45.21
	6.76
	35.94
	229.66
	1.50

	T9
	65.21
	48.14
	5.75
	33.89
	213.51
	1.38

	T10
	60.11
	47.01
	6.21
	36.91
	238.44
	1.55

	T11
	66.20
	43.83
	4.74
	32.67
	203.19
	1.29

	T12
	67.85
	46.11
	5.29
	29.95
	182.72
	1.11

	T13
	62.92
	44.46
	6.56
	35.02
	222.75
	1.45

	C.D. at 5%
	1.77
	1.43
	0.96
	1.09
	4.28
	0.15

	SE (m)
	0.60
	0.49
	0.33
	0.37
	1.46
	0.05



4. Conclusion
The study revealed that the growth and flowering traits of African marigolds c.v. Pusa Narangi Gainda were significantly enhanced when inorganic fertilizers were supplemented with 0.6% humic acid applied through a combination of soil drenching and foliar spray at 20, 40, and 60 days after transplanting. This integrated treatment proved superior to the use of inorganic fertilizers alone, or to humic acid applied individually either as soil drenching or foliar spray. Among the single application methods, soil drenching at 0.6% gave better results than foliar spraying at the same concentration, emphasizing the greater effectiveness of root-zone application in sustaining both vegetative growth and reproductive development. Furthermore, the study demonstrated that nutrient inputs could be reduced by 25% RDF without any decline in yield, thereby promoting sustainable and cost-efficient cultivation of African marigold.
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