



Augmenting Growth and Yield of TURMERIC (Curcuma longa L.) under Drip Fertigation
ABSTRACT
The performance of turmeric crop under different levels of drip fertigation was assessed at the Department of Plantation, Spices, Medicinal and Aromatic Crops, College of Agriculture, Vellayani during March 2023 to January 2024. Turmeric variety Kanthi was used for the study. The experiment was laid out in split plot design with three replications. The main plot treatments consisted of four fertigation levels (50, 100, 150 and 200 % of RDF of KAU) and sub plot treatments comprised three fertigation schedules (3, 7 and 15 days interval). Growth parameters such as plant height, number of tillers, stem girth and leaf area were assessed at bimonthly intervals and fresh rhizome yield was assessed at harvest (8 MAP). A 27.87% increase in yield was noticed in drip fertigation over the conventional method. Drip fertigation with 200% recommended dose of fertilizers of KAU at 3 days interval was found superior in growth parameters such as plant height, number of tillers and leaf area and fresh rhizome yield of turmeric compared with conventional methods. Thus, a drip fertigation recommendation of 60:60:120 kg of NPK ha-1 applied in 3 days interval starting from 45 DAP to 180 DAP can be suggested for turmeric cultivation under Kerala conditions.
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1. INTRODUCTION
Turmeric (Curcuma longa L.), popularly known as ‘golden spice’ is a rhizomatous spice crop of the Zingiberaceae family. Apart from culinary uses, turmeric is also widely used as traditional medicine, dye and cosmetic. This crop is becoming increasingly important as a medicinal herb for its anti-inflammatory, anti-cancerous, anti-diabetic, antioxidant, anti-microbial and anti-viral properties (Khan et al., 2013; Annapurna et al., 2011; Lekshmi et al., 2012; Bhardwaj et al., 2011; Jini et al., 2022). Curcuminoids are the major metabolites of turmeric rhizome which comprises of three major forms are curcumin, demethoxycurcumin and Bis-demethoxy curcumin. Volatile oils include dα-phellandrene, d-sabinene, borneol, zingiberene and sesquiterpenes (Prasath and Aggarwal, 2011; Debata & Das, 2024).  According to Spices Board (2024), India is the largest producer of turmeric in the World with a production of 1.06 million tonnes from an area of 2.92 lakh hectares. In Kerala, turmeric is cultivated in an area of 2.06 thousand hectares with a production of 0.006 million tonnes. Turmeric crop requires about 1390 mm water with surface irrigation method (Subramanian et al., 2001). Since turmeric is a long duration exhaustive crop, it demands substantial and continuous supply of nutrients from soil and fertilizers (Jagadeeswaran et al., 2005). The total water requirement to grow turmeric with 100 per cent irrigation volume of water through drip irrigation system was estimated as 416 mm (Santhosh et al., 2021). 
In Tamil Nadu, drip fertigation in turmeric is standardized at a nutrient recommendation of 150:60:108 kg of NPK ha-1 applied in 3 days interval throughout the cropping period (TNAU, 2020). However, such standardization is lacking under Kerala conditions. In this context, this study aims to standardize drip fertigation levels and schedules for turmeric cultivation in Kerala.
2. MATERIALS AND METHODS
The study was conducted at Department of Plantation, Spices, Medicinal and Aromatic Crops, College of Agriculture, Vellayani located at 8.50° N and 76.90° E, with an elevation of 29 m above mean sea level during March 2023 to January 2024. The soil at the experimental location was lateritic in nature, belonging to the Vellayani series, and was texturally categorized as sandy clay loam. Turmeric variety Kanthi was used for the study. Healthy, pest and disease free rhizomes of the medium-duration variety ‘Kanthi’ (240–270 days) were obtained from the College of Agriculture, Vellanikkara, Thrissur. Turmeric rhizome bits of 20g were raised in protrays and the plantlets of 30-45 days old are transplanted in beds of size 3 m x 1.2 m at spacing of 25 cm x 25 cm. Kerala Agricultural University has recommended a fertilizer dose of 30:30:60 kg ha-1 along with 40 t ha-1 of farm yard manure for the cultivation of turmeric (KAU, 2016). The experiment was laid out in split plot design with three replications. The main plot treatments consisted of four fertigation levels (F1 - 50 % of RDF, F2 - 100% of RDF, F3 - 150 % of RDF and F4 - 200 % of RDF) and sub plot treatments comprised three fertigation schedules (3, 7 and 15 days interval). Basal application of farm yard manure @ 40 t ha-1 and phosphorus (Rajphos as nutrient source) were done for all the treatments. Nitrogen and potassium application commenced from 45 days after planting (DAP) and completed by 180 DAP using urea and muriate of potash as nutrient sources supplied through ventury assembly. Drip lines were laid out and laterals were placed at 50 cm apart in a bed with emitters at 25 cm distance. Plastic mulching was done. Growth parameters such as plant height, number of tillers, stem girth and leaf area were assessed at bimonthly intervals. Plant height was measured from base of plant to young fully opened leaf tip. The number of aerials shoots were recorded. Shoot girth was measured at the collar region. Leaf area was calculated using the formula: Leaf area = 4.09 + 0.564 (leaf length x leaf breadth) (Randhawa et al., 1985). Rhizomes were harvested, washed and fresh weight were recorded. The data were statistically analyzed using GRAPES software (Gopinath et al., 2020).
3. RESULT AND DISCUSSION
3.1. Effect of drip fertigation on growth parameters of turmeric
The impact of fertigation levels and schedules on growth parameters such as plant height, number of tillers, shoot girth and leaf area of turmeric are depicted in Table 1 and Table 2. 
Among the fertigation levels, F4 (200 % of RDF) and F3 (150 % of RDF) resulted in significantly higher plant height at all the growth stages. With respect to fertigation schedule, at 2 MAP, S1 (65.54 cm) and S2 (64.06 cm) with shorter intervals of 3 days and 7 days, respectively resulted in highest plant height. During later growth stages, S1 recorded significantly higher plant height. The interaction effect indicated that F4S1, F3S1 and F4S2 resulted in higher plant height at 2 MAP and during 4 MAP and 6 MAP, F4S1 consistently acquired higher plant height (118.07 cm and 132.30 cm respectively). The contrast analysis revealed significant difference between the treatments and the control at all growth stages. These results are consistent with Sadarunissa et al. (2010) who reported higher plant height at higher recommended dose of fertilizers (100 % RDF of 180: 60:120 kg NPK ha-1) than lower levels (75 % RDF and 50 % RDF). Leva et al. (2013) similarly observed that 120% recommended dose of N and K (72: 60:72 kg NPK ha-1) recorded higher plant height of 106.78 cm at 6 MAP. 
Fertigation levels exerted significant influence on number of tillers at 4 MAP and 6 MAP. During 4 MAP, F4 resulted in higher number of tillers (4.17) followed F3. At 6 MAP, F4 recorded higher number of tillers (5.28) and were at par with F3. Fertigation schedule with shorter intervals of 3 days (S1) and 7 days (S2) produced more tillers (3.00 and 2.83, respectively) during earlier growth stage. At 4 MAP and 6 MAP, S1 produced more tillers. The interaction effect was significant only at 6 MAP. Among the interactions, F4S1 (6.50) produced higher number of tillers and was par with F3S1. The contrast analysis revealed significant difference between the treatments and the control during later growth stages. The findings agree with Tiwari et al. (2014) and Sangeetha et al. (2017) who reported higher number of tillers under higher fertigation levels than lower fertigation levels.
Fertigation levels, schedules and their interaction had no significant effect on stem girth indicating it was less responsive to fertigation. The contrast analysis also revealed that treatment combinations and control were not significantly different.
Fertigation levels had a significant effect on leaf area at all growth stages. At 2 MAP, significantly higher leaf area was observed under F3 (1381.72 cm2) and was statistically comparable with F4 (1222.62 cm2). At 4 MAP and 6 MAP, F4 recorded higher leaf area (3335.54 cm2 and 6129.33 cm2, respectively) which was at par with F3 (3042.29 cm2 and 5962.66 cm2, respectively). With respect to fertigation schedule, at all the growth stages, S1 consistently resulted in higher leaf area which was succeeded by S2. The interaction between fertigation levels and schedules were significant from 4 MAP onwards. During 4 MAP, F4S1 resulted in higher leaf area (4444.23 cm2) and was at par with F3S1. At 6 MAP, F4S1 resulted in higher leaf area of 8347.60 cm2 followed by F3S1. Contrast analysis indicated significant differences between control and treatment combinations, with control having lower leaf area than fertigation treatments. Aglave (2022) and Thombre (2022) also reported higher leaf area under 120 % of RDF of 200:100:100 kg NPK ha-1 and 150% RDF of 200:100:100 kg NPK ha-1 that might be due to higher nutrient availability over conventional method. 
3.2 Effect of drip fertigation on fresh rhizome yield of turmeric
The effect of fertigation levels and schedules on fresh rhizome yield of turmeric is depicted in Table 3. 

Fertigation levels significantly influenced fresh rhizome yield at 4 MAP, 6 MAP and 8 MAP. During 4 MAP and 6 MAP, F4 (57.3 g per plant and 198.07 g per plant, respectively) resulted in significantly higher fresh rhizome yield and was followed by F3. At 8 MAP, F4 recorded higher fresh rhizome yield of 322.48 g per plant and was statistically at par with F3 (314.23 g per plant). Among fertigation schedules, interval of three days (S1) resulted in higher fresh rhizome yield followed by S2 and S3 at 4 MAP, 6 MAP and 8 MAP. The interaction between fertigation levels and schedules were significant at all growth stages. At 4 MAP, F4S1 resulted in significantly higher fresh rhizome yield (65.37 g per plant) which was followed by F3S1. During 6 MAP, F4S1 (224.67 g per plant) recorded significantly higher fresh rhizome yield and was on par with F3S1 (210.33 g per plant) and F4S2 (196.97 g per plant). At 8 MAP, F4S1 recorded significantly higher fresh rhizome yield (350.10 g per plant) with 27.87% increase over the control (273.80 g per plant) and was statistically comparable with F3S1 (331.87 g per plant). Contrast analysis also indicated significant differences between control and treatment combinations, with control resulting in a lower fresh rhizome yield (40.80 g per plant, 165.67 g per plant and 273.80 g per plant, respectively). The result corroborates with Krishnamoorthy et al. (2012) who reported that drip fertigation with 100 % N and K of 150:60:108 kg NPK ha-1, supplemented with basal phosphorus resulted in highest fresh rhizome yield of 340 g per plant. This might be due to enhanced nutrient mobility in the root zone thereby improving plant uptake and nutrient translocation in reproductive parts thus imparting higher yield (Leva et al., 2013). Similar findings were noted by Kolse (2016), Thakur (2018), Soman et al. (2019) and Nikam et al. (2020). Brar et al. (2020) also reported that higher fertilizer doses of 80 % and 100 % RDF of 62.5:25:25 kg NPK ha-1 produced higher yield than lower fertigation levels. 
4. CONCLUSION
The study revealed that drip fertigation significantly enhanced growth and yield parameters of turmeric. Drip fertigation with 200% recommended dose of fertilizers (RDF-30:30:60 kg NPK ha-1) at 3 days interval was found superior in growth parameters such as plant height, number of tillers and leaf area and fresh rhizome yield of turmeric compared with conventional methods. Thus, a drip fertigation recommendation of 60:60:120 kg of NPK ha-1 applied in 3 days interval starting from 45 DAP to 180 DAP can be suggested for turmeric cultivation under Kerala conditions.
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Table 1. Effect of fertigation levels and fertigation schedules on plant height (cm) and number of tillers of turmeric
	Treatment
	Plant height (cm)
	Number of tillers

	
	2 MAP
	4 MAP
	6 MAP
	2 MAP
	4 MAP
	6 MAP

	Fertigation levels

	F1
	56.50c
	99.01b
	119.43b
	2.78
	2.80c
	4.11c

	F2
	62.73b
	100.02b
	118.91b
	3.00
	3.66b
	4.44bc

	F3
	67.09a
	111.24a
	123.47a
	2.78
	3.72b
	5.00ab

	F4
	67.24a
	111.04a
	124.18a
	2.67
	4.17a
	5.28a

	SEm (±) 
	0.90
	0.69
	0.69
	0.17
	0.11
	0.22

	CD (0.05)
	3.1
	2.38
	2.38
	NS
	0.39
	0.77

	Fertigation schedules

	S1 
	65.54a
	108.04a
	126.28a
	3.00a
	3.98a
	5.38a

	S2 
	64.06a
	104.14b
	120.64b
	2.83ab
	3.52b
	4.33b

	S3 
	60.57b
	103.81b
	117.57c
	2.58b
	3.27b
	4.42b

	SEm (±) 
	0.67
	0.38
	0.58
	0.11
	0.15
	0.18

	CD (0.05)
	2.01
	1.14
	1.74
	0.32
	0.45
	0.54

	F x S interaction

	F1S1
	58.23c
	99.07g
	121.60cde
	3.00
	3.08
	4.33bc

	F1S2
	55.47c
	98.23g
	119.00efg
	3.00
	2.74
	4.33bc

	F1S3
	55.80c
	99.73g
	117.70fg
	2.33
	2.58
	3.67c

	F2S1
	58.10c
	102.63f
	124.40bc
	3.00
	3.98
	4.33bc

	F2S2
	65.77b
	99.83g
	116.37g
	3.00
	3.75
	4.33bc

	F2S3
	64.33b
	97.60g
	115.97g
	3.00
	3.25
	4.67bc

	F3S1
	71.70a
	112.40b
	126.83b
	3.33
	4.08
	6.33a

	F3S2
	64.53b
	111.50bc
	123.40bcd
	2.67
	3.58
	4.33bc

	F3S3
	65.03b
	109.83cd
	120.17def
	2.33
	3.50
	4.33bc

	F4S1
	74.13a
	118.07a
	132.30a
	2.67
	4.75
	6.50a

	F4S2
	70.47a
	107.00e
	123.80bc
	2.67
	4.00
	4.33bc

	F4S3
	57.13c
	108.07de
	116.43g
	2.67
	3.75
	5.00b

	SEm (±) 
	1.34
	0.76
	1.16
	0.22
	0.30
	0.36

	CD (0.05)
	4.02
	2.28
	3.48
	NS
	NS
	1.09

	Treatment mean
	63.39
	105.33
	121.49
	1.81
	3.58
	4.71

	Control mean
	60.30
	99.30
	118.47
	1.66
	2.83
	3.83

	Treatment vs control
	S
	S
	S
	NS
	S
	S


Table 2. Effect of fertigation levels and fertigation schedules on shoot girth and leaf area of turmeric
	Treatment
	Shoot girth (mm)
	Leaf area (cm2)

	
	2 MAP
	4 MAP
	6 MAP
	2 MAP
	4 MAP
	6 MAP

	Fertigation levels

	F1
	57.87 
	75.33 
	81.06 
	831.64b
	1825.76b
	4108.26b

	F2
	58.24 
	73.76 
	80.41 
	750.93b
	2045.63b
	3957.25b

	F3
	63.62 
	79.17 
	83.06 
	1381.72a
	3042.29a
	5962.66a

	F4
	59.78 
	78.06 
	84.00 
	1222.62a
	3335.54a
	6129.33a

	SEm (±) 
	1.98
	2.08
	1.98
	73.71
	179.72
	90.42

	CD (0.05)
	NS
	NS
	NS
	255.08
	621.9
	312.89

	Fertigation schedules

	S1 
	59.88 
	79.05 
	84.35 
	1200.64a
	3105.24a
	5908.74a

	S2 
	59.71 
	77.17 
	81.59 
	1002.34b
	2339.26b
	4805.66b

	S3 
	60.05 
	73.52 
	80.45 
	937.20b
	2242.41b
	4403.73b

	SEm (±) 
	1.72
	1.78
	1.52
	60.42
	139.70
	246.60

	CD (0.05)
	NS
	NS
	NS
	181.15
	418.82
	739.3

	F x S interaction 

	F1S1
	57.00 
	76.83 
	81.07 
	833.93
	1908.91de
	4863.07cd

	F1S2
	57.60 
	74.33 
	78.77 
	809.47
	1898.28de
	4057.82cd

	F1S3
	59.00 
	74.83 
	83.33 
	851.52
	1670.10e
	3403.89d

	F2S1
	56.67 
	76.37 
	82.33 
	823.98
	2174.04bcde
	3745.07cd

	F2S2
	56.23 
	73.67 
	79.60 
	646.40
	1966.23cde
	3871.33cd

	F2S3
	61.83 
	71.23 
	79.30 
	782.40
	1996.62cde
	4255.34cd

	F3S1
	63.83 
	80.33 
	86.67 
	1678.17
	3893.78a
	6679.20b

	F3S2
	63.67 
	80.17 
	82.83 
	1368.42
	2799.36bc
	6464.57b

	F3S3
	63.37 
	77.00 
	79.67 
	1098.58
	2433.72bcde
	4744.22cd

	F4S1
	62.00 
	82.67 
	87.33 
	1466.49
	4444.23a
	8347.60a

	F4S2
	61.33 
	80.50 
	85.17 
	1185.07
	2693.19bcd
	4828.91cd

	F4S3
	56.00 
	71.00 
	79.50 
	1016.31
	2869.20b
	5211.46bc

	SEm (±) 
	3.43
	3.56
	3.04
	120.85
	279.40
	493.20

	CD (0.05)
	NS
	NS
	NS
	NS
	837.64
	1478.61

	Treatment mean
	59.88
	76.58
	82.13
	1046.73
	2562.31
	5039.37

	Control mean
	54.50
	73.87
	79.00
	676.97
	1845.13
	3492.75

	Treatment vs control
	NS
	NS
	NS
	S
	S
	S


Table 3. Effect of fertigation levels and fertigation schedules on fresh rhizome yield of turmeric

	Treatment
	4 MAP
	6 MAP
	8 MAP

	Fertigation levels

	F1
	38.24c
	98.12c
	265.74c

	F2
	37.98c
	119.70c
	281.50b

	F3
	51.88b
	163.60b
	314.23a

	F4
	57.30a
	198.07a
	322.48a

	SEm (±) 
	1.13
	7.75
	3.57

	CD (0.05)
	3.92
	26.83
	12.35

	Fertigation schedules

	S1 
	53.16a
	173.18a
	313.87a

	S2 
	44.43b
	142.12b
	290.52b

	S3 
	41.46c
	119.32c
	283.58b

	SEm (±) 
	0.65
	4.87
	3.14

	CD (0.05)
	1.95
	14.6
	9.41

	Interactions

	F1S1
	43.80c
	101.77d
	268.40e

	F1S2
	37.17d
	100.17d
	263.50e

	F1S3
	33.77de
	92.43d
	265.33e

	F2S1
	46.87c
	155.97c
	305.10cd

	F2S2
	32.97e
	105.40d
	268.73e

	F2S3
	34.10de
	97.73d
	270.67e

	F3S1
	56.60b
	210.33a
	331.87ab

	F3S2
	53.90b
	165.93c
	316.17bc

	F3S3
	45.13c
	114.53d
	294.67d

	F4S1
	65.37a
	224.67a
	350.10a

	F4S2
	53.70b
	196.97ab
	313.67bc

	F4S3
	52.83b
	172.57bc
	303.67cd

	SEm (±) 
	1.30
	9.74
	6.28

	CD (0.05)
	3.91
	29.2
	18.82

	Treatment mean
	46.35
	193.97
	295.98

	Control mean
	40.80
	165.17
	273.80

	Treatment vs control
	S
	S
	S



