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Abstract:
Maize (Zea mays L.), a key cereal for India's food security and economy, demands sustainable nutrient strategies. Marigold flower liquid biowaste (MFLB) from garland-making, temple offerings, and pigment extraction—rich in lutein, carotenoids, phenolics, flavonoids, and post-fermentation nutrients—offers eco-friendly potential amid waste pollution concerns. This study examined enriched MFLB's effects on maize growth parameters: leaf number, leaf area index (LAI), SPAD chlorophyll values, and days to 50% flowering. A two-year trial (2022-23, 2023-24) at UAS GKVK, Bengaluru (Eastern Dry Zone V; 12°58'N, 77°33'E, 930 m) on Vijayapura soils (Oxichaplustalf/ferric luvisols; red sandy loam, pH 6.7, moderate fertility) employed randomized complete block design (factorial: MFLB types E1 and E2, dosages F1 and F4 [75:25 to 100% RDN:MFLB], stages G1 and G2 [basal and basal+tasseling]; 16 treatments × 3 replicates). Marigold flower processing industry - sourced MFLB was amended with 1.6 g L⁻¹ CaO, 10 per cent PGPM, 75 L ha⁻¹ humics. Parameters assessed at 30, 60, 90 DAS and harvest, ANOVA at 5%. Enriched MFLB (E2) significantly raised SPAD at 30 DAS (44.47 vs. 43.46) and 90 DAS (49.07 vs. 47.46; C.D.). F1 (75:25) maximized SPAD (49.96), leaves (11.88), LAI (11.64), and earliest flowering (67.92 days), though number of leaves, leaf area index and other phenology effects non-significant. Split application (G2) outperformed basal (G1). Enrichment boosted chlorophyll via microbial nutrient mobilization; 75:25 optimized growth; splits sustained pigments. MFLB advances semi-arid maize productivity, valorizing waste, reducing chemicals, and fostering bio-economy. Multi-location validation needed.
Introduction: Maize (Zea mays L.) is one of the world’s most important cereal crops, cultivated extensively for food, feed, fodder and industrial purposes. In India, maize plays a crucial role in ensuring food and nutritional security, contributing significantly to the agricultural economy. With rising demand for sustainable crop production, there is a growing emphasis on improving maize productivity through eco-friendly nutrient sources, particularly organic and biobased inputs. Floriculture, especially the cultivation and commercial use of marigold flower generate a substantial quantity of floral wastes during garland making, temple offerings and extraction of pigments or essential oils (Bharathy et al., 2024). Typically these wastes are discarded in open areas or dumped in landfills causing unpleasant odour, microbial growth and environmental pollution. However, marigold flowers are rich in biologically active compounds including lutein, carotenoids, phenolics, flavonoids and essential oils which can be transformed into value added products. When processed through fermentation or decomposition the resulting liquid biowaste contains plant-available nutrients, organic acids, growth promoting substances and microbial metabolites (Gaikwad et al. 2021)
Recent studies highlight that liquid organic formulations derived from floral wastes can enhance soil biological activity, improve nutrient mineralization and stimulate early plant growth. However, scientific information on the use of marigold flower liquid biowaste in field crops like maize is limited. Understanding its influence on maize growth parameters such as plant height, number of leaves, leaf area and SPAD values can help establish its potential as a low-cost sustainable nutrient amendment.
Utilizing marigold flower liquid biowastes not only supports circular bio-economy and waste to wealth initiatives, but also reduces reliance on chemical fertilizers, promotes soil health and enhances environmental sustainability. Therefore, a systematic study on the impact of marigold flower liquid biowaste on maize growth is both relevant and timely.
Materials and Methods: 
The field trial occurred over 2022-23 and 2023-24 seasons at the Agronomy Field Unit, Zonal Agricultural Research Station, University of Agricultural Sciences, GKVK, Bengaluru, within Karnataka's Eastern Dry Zone (Zone V). Coordinates place it at 12°58' N latitude, 77°33' E longitude, and 930 m elevation. Vijayapura series soils classify as Oxichaplustalf (USDA) or ferric luvisols (FAO), featuring deep, well-drained, moisture-holding reddish-brown lateritic material from gneiss under subtropical semi-arid conditions; surface texture is red sandy loam shifting to sandy clay loam deeper down, with 35.3% coarse sand, 28.9% fine sand, 6.58% silt, and 28.8% clay. Terrain remains even, pH slightly acidic at 6.7, EC low at 0.21 dS m⁻¹, and fertility moderate: 0.65% organic C, 289.4 kg ha⁻¹ N, 28.6 kg ha⁻¹ P, 235.2 kg ha⁻¹ K.​ A randomized complete block design with factorial setup tested three factors: marigold flower liquid biowaste (Factor 1), its dosage rates (Factor 2), and application timings—basal only or basal plus tasseling (Factor 3)—across 16 treatments in three replicates. Biowaste came from a Harapanahalli processing facility in Vijayanagar district, Karnataka, gathered in sterile plastic drums post-initial checks, then amended with 1.6 g L⁻¹ CaO, 10% PGPM, and 75 L ha⁻¹ humic substances 10 days before field use. Leaves plant per plant, leaf area plant per plant, leaf area index and SPAD values underwent standard sampling from five tagged plants per plot at 30, 60, 90 DAS, and harvest. ANOVA via Fisher's method applied to growth, yield, uptake, and economics data; significant F-tests prompted critical difference (C.D.) at 5% level, non-significant as NS. 
Results and Discussion:
Number of leaves
The effect of marigold flower liquid biowaste (MFLB) on the number of leaves in maize was assessed at 30, 60, and 90 days after sowing (DAS) over 2022-23 and 2023-24 (Table 1). Both MFLB (E1) and enriched MFLB (E2) treatments showed similar leaf counts at all stages. For instance, pooled leaf number at 90 DAS was 11.62 for E1 and 11.87 for E2, with no significant differences observed at any stage (p > 0.05). Regarding dosage, the 75:25 recommended dose nitrogen (RDN) to MFLB ratio (F1) resulted in the highest pooled leaf numbers at 30 DAS (6.46), 60 DAS (12.65), and 90 DAS (11.88), followed by the 50:50 (F2) and 25:50 (F3) ratios. The sole MFLB application (F4) consistently recorded the lowest leaf numbers. Nevertheless, statistical analysis indicated these differences were non-significant. For application timing, combined basal and tasseling stage application (G2) slightly increased pooled leaf numbers compared to basal application alone (G1) at 60 and 90 DAS (12.46 vs. 12.11 at 60 DAS, and 11.80 vs. 11.69 at 90 DAS), but these differences were not significant. Application of enriched MFLB did not significantly influence the number of leaves compared to non-enriched MFLB, though slight numerical increases indicate a potential positive impact. Higher leaf numbers in the 75:25 RDN : MFLB treatment suggest an optimal nutrient balance promoting vegetative growth. The non-significant differences between application timings suggest that basal application alone can maintain leaf development effectively. Overall, MFLB treatments displayed a neutral to slightly positive effect on maize leaf number, requiring further studies to confirm long-term significance under varied agronomic conditions (Abbas et al., 2024).
Leaf area index
The effect of marigold flower liquid biowaste (MFLB) on the leaf area index (LAI) of maize was evaluated at 30, 60, 90 days after sowing (DAS), and at harvest during 2022-23 and 2023-24. Enriched MFLB (E2) consistently showed slightly higher LAI values compared to non-enriched MFLB (E1) across all growth stages; for instance, pooled LAI at 90 DAS was 10.09 for E2 versus 9.68 for E1, and at harvest, 8.69 versus 8.48 respectively (Table 2). However, these differences were not statistically significant as per the critical difference (C.D.) values. Among dosages, the combined recommended dose of nitrogen and MFLB (75:25 ratio, F1) resulted in the highest pooled LAI values at all stages, with peak LAI reaching 11.64 at 90 DAS and 9.66 at harvest. This was followed by the 50:50 ratio (F2) and 25:50 ratio (F3), while sole MFLB (F4) had the lowest LAI values. Nevertheless, none of the differences were statistically significant at p = 0.05. Regarding the application stages, basal plus tasseling application (G2) slightly improved the pooled LAI at 60, 90 DAS, and harvest compared to basal application alone (G1), with values like 9.97 versus 9.92 at 60 DAS and 9.94 versus 9.83 at 90 DAS. These variations were also non-significant. The application of enriched MFLB tended to enhance LAI marginally, indicating improved leaf expansion possibly due to added nutrients and bioactive substances, though the enhancement was not statistically robust. The highest LAI under the 75:25 RDN:MFLB ratio suggests an optimal nutrient balance favoring leaf area development. The non-significant differences among treatment timings imply that basal application alone may suffice for maximal LAI in maize under these conditions (Berdjour et al., 2020). Overall, MFLB showed a positive but statistically non-significant effect on maize leaf area index, warranting further investigation on long-term impacts and interactions with crop management practices (Bashir et al., 2021).


SPAD
Enriched marigold flower liquid biowaste (MFLB; E2) significantly increased chlorophyll content (SPAD values) over non-enriched MFLB (E1) at 30 DAS (pooled 44.47 vs. 43.46) and 90 DAS (49.07 vs. 47.46), with C.D. (5%) values of 0.68 and 1.38, respectively, though differences at 60 DAS were non-significant (51.99 vs. 51.91). Among dosages, the 75:25 RDN:MFLB ratio (F1) recorded the highest pooled SPAD values across stages—45.35 at 30 DAS, 54.86 at 60 DAS, and 49.96 at 90 DAS—followed by 50:50 (F2), 25:50 (F3), and sole MFLB (F4) at 46.51; all differences were significant (C.D. 0.96–1.96). Basal plus tasseling application (G2) enhanced chlorophyll content compared to basal alone (G1), with pooled values of 44.42 vs. 43.51 at 30 DAS and 48.71 vs. 47.82 at 90 DAS, attaining significance (C.D. 0.72–1.39). Enrichment of MFLB with PGPM and humic substances improved chlorophyll synthesis, likely via enhanced nutrient availability and microbial activity, as evident from significant gains at early and late vegetative stages (Table 3). The superior performance of 75:25 RDN:MFLB indicates balanced N supplementation optimizes photosynthetic pigments without excess biowaste dilution (Rao et al., 2020). Split application at tasseling sustained chlorophyll levels, countering potential mid-season decline (Deng et al., 2023). These findings underscore MFLB's efficacy as a chlorophyll booster in maize, aligning with organic amendments' role in photosynthetic efficiency under semi-arid conditions (Afzal et al., 2022).
Days to 50 per cent flowering
Enriched MFLB (E2) slightly reduced days to 50% flowering compared to non-enriched MFLB (E1) with pooled means of 69.25 versus 69.79 days, but differences remained non-significant (C.D. NS). Among dosages, the 75:25 RDN:MFLB (F1) treatment advanced flowering earliest (pooled 67.92 days), followed by 50:50 (F2; 69.21), 25:50 (F3; 69.96), and sole MFLB (F4; 71.00 days), with no significant variations (Table 4). Basal plus tasseling application (G2) marginally hastened flowering over basal alone (G1) at 69.46 versus 69.58 days pooled, yet non-significant. MFLB treatments trended toward earlier flowering, particularly with enrichment and higher RDN proportions, likely due to improved nutrient supply accelerating reproductive transition (Chardon et al., 2004). Non-significant effects suggest baseline agronomic factors dominated phenology under semi-arid conditions. These results affirm MFLB's supportive role in maize phenological advancement without overriding genetic controls (Bongianino et al., 2024).
Conclusion
Marigold flower liquid biowaste, particularly when enriched and integrated at 75:25 RDN ratios with split applications, significantly boosted maize chlorophyll content while promoting non-significant gains in leaf number, LAI, and earlier flowering. These outcomes highlight MFLB's potential as a sustainable, eco-friendly nutrient source enhancing photosynthetic efficiency and vegetative growth in semi-arid maize systems, supporting circular bio-economy principles with reduced chemical fertilizer dependency. Further field validation across diverse agro-climates remains essential.
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Table 01: Effect of marigold flower liquid biowaste on number of leaves of maize
	Treatments
	30 DAS
	60 DAS
	90 DAS

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	Marigold flower liquid biowaste (MFLB)

	E1 – MFLB
	6.38
	6.16
	6.39
	11.83
	12.82
	11.95
	11.61
	11.62
	11.62

	E2 – Enriched MFLB
	6.20
	6.40
	6.18
	12.42
	12.08
	12.62
	11.91
	11.86
	11.87

	S.Em. ±
	0.07
	0.02
	0.04
	0.17
	0.05
	0.10
	0.06
	0.05
	0.04

	CD (5%)
	NS
	NS
	NS
	0.48
	0.14
	0.29
	0.18
	0.15
	0.12

	Dosage of Marigold flower liquid biowaste

	F1– (75:25– RDN:MFLB)  
	6.53
	6.38
	6.46
	12.72
	12.58
	12.65
	11.87
	11.88
	11.88

	F2 – (50:50– RDN: MFLB)  
	6.53
	6.41
	6.40
	12.50
	12.54
	12.52
	11.70
	11.81
	11.79

	F3 - (25:50 – RDN: MFLB)  
	6.32
	6.42
	6.37
	12.00
	12.63
	12.32
	11.78
	11.68
	11.70

	F4 - (Only MFLB)  
	5.92
	5.91
	5.91
	11.27
	12.04
	11.65
	11.68
	11.59
	11.61

	S.Em.±
	0.10
	0.02
	0.05
	0.23
	0.07
	0.14
	0.09
	0.07
	0.06

	CD (5%)
	NS
	NS
	NS
	0.67
	0.20
	0.40
	0.26
	0.21
	0.17

	Application at different stages

	G1 – Basal Application
	6.38
	6.29
	6.23
	11.95
	12.27
	12.11
	11.69
	11.69
	11.69

	G2 – Basal and Tassel
	6.20
	6.26
	6.33
	12.29
	12.83
	12.46
	11.83
	11.79
	11.80

	S.Em.±
	0.07
	0.02
	0.04
	0.17
	0.05
	0.10
	0.06
	0.05
	0.04

	CD (5%)
	NS
	NS
	NS
	0.48
	0.14
	0.29
	0.18
	0.15
	0.13



Table 02: Effect of marigold flower liquid biowaste on leaf area index of Maize
	Treatments
	30 DAS
	60 DAS
	90 DAS
	At harvest

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	Marigold flower liquid biowaste (MFLB)

	E1 - MFLB
	1.76
	1.71
	1.73
	9.95
	9.97
	9.96
	9.68
	9.69
	9.68
	8.48
	8.48
	8.48

	E2 – Enriched MFLB
	1.68
	1.70
	1.69
	9.93
	9.94
	9.93
	10.08
	10.11
	10.09
	8.69
	8.69
	8.69

	S.Em. ±
	0.19
	0.16
	0.21
	0.32
	0.27
	0.30
	0.31
	0.25
	0.29
	0.26
	0.32
	0.29

	CD @ 5%
	NS
	NS
	NS
	0.97
	0.85
	0.91
	0.93
	0.82
	0.89
	0.84
	0.95
	0.92

	Dosage of marigold flower liquid biowaste

	F1 - (75:25– RDN:MFLB)  
	2.00
	2.02
	2.01
	11.82
	11.83
	11.83
	11.62
	11.67
	11.64
	9.65
	9.66
	9.66

	F2 - (50:50– RDN: MFLB)  
	1.73
	1.75
	1.74
	10.15
	10.16
	10.15
	10.17
	10.18
	10.18
	8.66
	8.67
	8.67

	F3 - (25:50 – RDN: MFLB)  
	1.82
	1.68
	1.75
	9.49
	9.50
	9.49
	9.46
	9.47
	9.47
	8.84
	8.85
	8.85

	F4 - (Only MFLB)  
	1.34
	1.37
	1.36
	8.30
	8.32
	8.31
	8.26
	8.27
	8.26
	7.16
	7.16
	7.16

	S.Em. ±
	0.17
	0.14
	0.18
	0.30
	0.28
	0.25
	0.30
	0.27
	0.31
	0.25
	0.33
	0.27

	CD @ 5%
	NS
	NS
	NS
	0.99
	0.87
	0.94
	0.89
	0.87
	0.92
	0.89
	0.93
	0.88

	Application at different stages

	G1 – Basal Application
	1.73
	1.68
	1.70
	9.91
	9.93
	9.92
	9.82
	9.84
	9.83
	8.60
	8.60
	8.60

	G2 – Basal and Tassel
	1.72
	1.74
	1.73
	9.97
	9.98
	9.97
	9.94
	9.95
	9.94
	8.56
	8.57
	8.56

	S.Em. ±
	0.20
	0.18
	0.21
	0.25
	0.29
	0.27
	0.32
	0.35
	0.29
	0.27
	0.31
	0.29

	CD @ 5%
	NS
	NS
	NS
	0.81
	0.92
	0.85
	0.96
	0.99
	0.86
	0.90
	0.97
	0.93



Table 03: Effect of marigold flower liquid biowaste on SPAD value of maize
	Treatments
	30 DAS
	60 DAS
	90 DAS

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	Marigold flower liquid biowaste (MFLB)

	E1 – MFLB
	43.06
	43.86
	43.46
	51.89
	51.94
	51.91
	47.44
	47.47
	47.46

	E2 – Enriched MFLB
	44.01
	44.93
	44.47
	51.79
	52.20
	51.99
	48.27
	49.87
	49.07

	S.Em. ±
	0.23
	0.26
	0.24
	0.23
	0.14
	0.16
	0.83
	0.29
	0.48

	CD (5%)
	0.65
	0.75
	0.68
	0.66
	0.45
	0.45
	2.39
	0.82
	1.38

	Dosage of Marigold flower liquid biowaste

	F1– (75:25– RDN:MFLB)  
	44.84
	45.86
	45.35
	54.80
	54.92
	54.86
	50.19
	49.74
	49.96

	F2 – (50:50– RDN: MFLB)  
	43.19
	43.88
	43.54
	53.36
	53.28
	53.32
	48.66
	49.94
	49.30

	F3 - (25:50 – RDN: MFLB)  
	43.16
	44.32
	43.74
	50.73
	51.60
	51.16
	46.96
	47.61
	47.29

	F4 - (Only MFLB)  
	42.95
	43.51
	43.23
	48.47
	48.46
	48.46
	45.63
	47.39
	46.51

	S.Em.±
	0.32
	0.37
	0.33
	0.32
	020
	0.22
	1.18
	0.40
	0.68

	CD (5%)
	0.92
	1.06
	0.96
	0.93
	0.57
	0.64
	3.38
	1.16
	1.96

	Application at different stages

	G1 – Basal Application
	43.04
	43.98
	43.51
	51.46
	52.16
	51.81
	47.41
	48.23
	47.82

	G2 – Basal and Tassel
	44.03
	44.81
	44.42
	52.21
	51.98
	52.09
	48.30
	49.11
	48.71

	S.Em.±
	0.23
	0.26
	0.24
	0.23
	0.14
	0.16
	0.93
	0.29
	0.48

	CD (5%)
	0.65
	0.75
	0.72
	0.66
	0.41
	0.45
	3.14
	0.82
	1.39



Table 04: Effect of marigold flower liquid biowaste on number of days to 50 per cent of flowering of maize
	Treatments
	50 per cent flowering

	
	2022-23
	2023-24
	Pooled

	Marigold flower liquid biowaste (MFLB)

	E1 – MFLB
	70.08
	69.50
	69.79

	E2 – Enriched MFLB
	69.50
	69.00
	69.25

	S.Em. ±
	0.16
	0.22
	0.14

	CD (5%)
	NS
	NS
	NS

	Dosage of Marigold flower liquid biowaste

	F1– (75:25– RDN:MFLB)  
	68.17
	67.67
	67.92

	F2 – (50:50– RDN: MFLB)  
	69.17
	69.25
	69.21

	F3 - (25:50 – RDN: MFLB)  
	70.25
	69.67
	69.96

	F4 - (Only MFLB)  
	71.58
	70.42
	71.00

	S.Em.±
	0.22
	0.31
	0.19

	CD (5%)
	NS
	NS
	NS

	Application at different stages

	G1 – Basal Application
	70.00
	69.17
	69.58

	G2 – Basal and Tassel
	69.58
	69.33
	69.46

	S.Em.±
	0.16
	0.22
	0.14

	CD (5%)
	NS
	NS
	NS




