Potential of Turmeric (Curcuma longa) under Eucalyptus tereticornis based Agroforestry System in Plains of Chhattisgarh
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Abstract
[bookmark: _Hlk125306469]Turmeric (Curcuma longa) was cultivated at three plants spacing viz; S-1 (50 x 50cm), S-2 (50 x 30cm) and S-3 (40 x 30cm) under Eucalyptus based Agroforestry system plantation (3 x 3m) and in open field i.e. without tree, at research farm of IGKV, Raipur (C.G.) in 2017-18. The experiment was laid out in Factorial RBD with four replications in 48 plots of 3 x 3m size. The growth as well yield parameter of turmeric crop such as plant height, tillers per plant, number of leaves per plant leave size similarly; mother rhizome length of fingers and yield of rhizome (q ha-1) were studied. The plant height was maximum 83.67cm, leaves size 210.16 cm2 ,no. of finger 4.88 and length of finger 4.90cm in open field and tillers plant-1 2.96, no. of  leaves 20.96 plant-1 in agroforestry system. The fresh yield obtained from open field was 225.79 qha-1 while agroforestry system 149.80 qha-1 reduced by 33.77% with statistically non-significant. In case of variety Ranga (V-1) produced maximum fresh yield of  196.06 qha-1  as compare to Roma (V-2) 179.53 qha-1 . in Case spacing S-1 produced maximum fresh yield of 197.63 qha-1. The height (m) of Eucalyptus tereticornis was 20.26 m ± 2.97 before sowing of turmeric crop which increased by 1.03m with MAI of 1.12 m while collar diameter (cm) increased by 1.00cm and diameter at breast height (cm) was increased by 0.87 cm of twelve month of growth. Agroforestry gave better results for growth parameters while open field gave better yield of turmeric crop. In agroforestry long term cultivation of shade loving crop always gave economical viable system.
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Introduction
Turmeric is usually used as a spice, in cosmetic, coloring agent, flavoring and preservative, and also ascribed universally to its aromatic, stimulative and carminative properties. Commercially, it is traded as a spice, dye, oleo-resin and source of industrial starch. Turmeric has been reported to possess anti-inflammatory, hepatoprotective, antitumor, antiviral and anticancerous properties, and used in treating gastrointestinal and respiratory disorders (Polasa et al., 1991, and Anwarul et al., 2006). In India, turmeric has been used traditionally for thousands of years as a remedy for stomach and liver ailments, as well as topically to heal sores, basically for its supposed antimicrobial property (Chaturvedi, 2009).
Turmeric (Curcuma longa L.) is one of the most important and ancient spice of India. It belongs to the family Zingiberaceae. It has diversified uses. The peoples of India are used in all carry preparation for its typical colour and flavour. Besides, it is used in medicine and cosmetics and as dye in textile industries. It contents about 69.49 carbohydrate, 6.30 protein, 5.10 oil and 3.50 °/o mineral and other important element in dry turmeric (Shakur, 2000). It is intensively grown in the highland with sandy loam soil.
Turmeric (Curcuma longa L.) is a perennial herbaceous plant of the genus, Zingiberaceae. It is an old, most important, and includes appreciable amounts of proteins (6.3%), lipids (5.1%), carbohydrates (69.4%) and fibers (2.6%). Turmeric is high in nutrients such as arsenic, calcium, magnesium and vitamin A. Turmeric is a horticultural root crops which is essential worldwide not only as a spice and cosmetic but also as a medicinal plant(Hermann and Martin, 1991; Ishimine et al., 2003; Hossain et al., 2005ab). Turmeric being an extensive crop with long duration (8-9 months) reacts well to nutrition.
Materials & Methods
The study was conducted at research farm of Department of Forestry, IGKV, Raipur (C.G.) in 2017-18 in two cropping system i.e. Turmeric (Curcuma longa L.) based AFS and open field for three crop spacing S-1 (50 x 50cm), S-2 (50 x 30cm) and S-3 (40 x 30cm). The experiment was laid out in Factorial RBD with four replications. Quantity rhizome seeds of Turmeric (var- Ranga and Roma) was sown by following all the recommended field operation and application of fertilizers i.e. 10 t ha-1 FYM at time of field preparation, while NPK i.e. 120N, 60P & 60K kg ha-1 were given in form of Urea, SSP & Murate of Potash in either as basal or split doses as recommended.
	The soil of Raipur belongs to four different orders viz., Entisols, Vertisols, Inceptisols and Alfisols. The black clayey soil of experimental field belongs to the order Vertisols and it is locally known as Kanhar. This Kanhar soil are characterized by fine texture, sticky nature, angular blocky structure, low to medium Nitrogen, high Potassium and low to medium Phosphorus with low Organic matter. The soil of experimental area is very rich in organic carbon and other nutrient because of the addition of litter in the soil every year.
The climate of the study area is dry sub-humid tropical with an average rainfall of 1250 mm. Most of the rainfall (90%) is received during monsoon season from mid June to mid September. The average number of rainy days varies from 65 to 79. The mean monthly maximum temperature ranges from 27.9 ºC to 39.6ºC in the month of July17 to March18 and the minimum temperature 9.9ºC in January. Maximum relative humidity varied from mid-June to September while, minimum relative humidity was recorded during April and May.
Results & Discussion
Results of Turmeric crop growth under different set of treatment i.e. cropping systems, crop verity, crop spacing and their interactions are presented in table-1.
 Plant height : The effect of different cropping systems was found to be statistically significant for 60, 90 and 120 DAS, observations of growth of height, where it was consistently higher in crop of open field with 83.67cm as compare to crop grown under Eucalyptus 76.33cm. The effect of crop variety was found to be significant for 60 DAS observation of height growth, where it was consistently higher in Roma with 46.25 cm as compare to Ranga 39.88 cm. The effect of different spacing treatments on turmeric crop for plant height was found statistically non-significant (P<0.05) during the growth season. The mean plant height of turmeric was recorded as 82.31cm was recorded in S-2 followed by 79.56cm in S-3. (Table-1)
Number of Tillers per plant: The effect of cropping systems on tillers of turmeric crop was found statistically significant. Emergence of number of tillers per plant for cropping systems as maximum number of tillers per plant 2.96 was recorded in AFS (CS-2) followed by 2.38 in OPEN (CS-1). The effect of different variety treatments on tillers of turmeric crop was found statistically non-significant. The mean number of tillers of turmeric crop was recorded maximum 2.83 in variety V-2 followed by V-1(2.25).  The effect of different spacing treatments on tillers of turmeric crop was found statistically non-significant (P<0.05). The number of tillers of turmeric crop was recorded maximum 2.69 in spacing S-1 & S-2 and minimum in S-3 (40x 30cm) 2.63 respectively. (Table-1)
Number of leaves /plant:   The effect of cropping systems on number of leaves of turmeric crop was found statistically non significant. The maximum number of leaves was recorded as 20.96 plant-1 in CS-2 and 20.50 plant-1 in CS-1. The effect of different variety treatments on number of leaves plant-1 of turmeric crop  was found statistically significant. The number of leaves of turmeric crop was recorded maximum 20.33plant-1 in Variety V-2 (Roma) followed by 20.13 in V-1 (Ranga).  The effect of different spacing treatments on number of leaves plant-1 of turmeric crop was found statistically significant. The number of leaves of turmeric crop was recorded maximum 21.63 plant-1 in spacing S-1(50 x50cm). (Table-1)
Leaves size / Plant: Effect of cropping systems on size of leaves of turmeric crop was found statistically non-significant. The maximum leave size was recorded 210.16cm2 CS-1. The effect of variety on size of leaves of turmeric crop was found statistically non-significant. The maximum leave size was recorded 213.50cm2 in V-2 and minimum V-1 203.02cm2). The effect of spacing on size of leaves of turmeric crop was found statistically non-significant and found non-significant. The maximum leave size was recorded 212.22 cm2 in S-2 and minimum S-1 201.83 cm2. (Table-1)
Yield of Turmeric: The fresh weight yield of rhizome showed statistically non-significant variations (P<0.05),where the yield of fresh weight of rhizome was recorded 225.79 q ha-1 under open (CS-1) and 149.80 q ha-1 AFS (CS-2) respectively. The fresh weight of rhizome of turmeric crop showed also statistically non significant differences (P<0.05). The crop variety fresh weight of rhizome yield was observed  196.06 q ha-1 in V-1 (Ranga) variety  and  179.53 q ha-1 V-2 (Roma). The crop spacing on yield of fresh weight of rhizome of turmeric crop showed statistically non-significant differences (P<0.05). The fresh weight of rhizome yield was observed highest 197.06 q ha-1 at S-2 (50 x 50cm) followed by 190.00 q ha-1 and 175.76 q ha-1 in S-3 (40 x 30cm) and S-2 (50 x30cm) spacing respectively.
The role of cropping system was showed statistically non significant variation (P<0.05) for oven dry weight yield of rhizome, where it was recorded 61.04 q ha-1 under open field (CS-1) and 40.48 q ha-1 in AFS (CS-2) respectively. The crop variety on oven dry weight yield of turmeric crop showed statistically non-significant differences (P<0.05). The oven dry weight yield of rhizome was
	Treatment
	Crop Height (cm)
	No. of Tillers
	Leaves
	Yield (q ha-1)

	
	
	
	Number
	Size(m2)
	Fresh
	Oven dry

	Cropping System

	Open (Cs-1)
	83.67
	2.38
	20.50
	210.16
	225.79
	61.04

	AFS (Cs-2)
	76.33
	2.96
	20.96
	206.37
	149.80
	40.48

	SEm ±
	0.87
	0.16
	0.28
	1.32
	4.41
	3.99

	CD (at 5%)
	2.45
	1.73
	NS
	NS
	NS
	NS

	Variety

	Ranga (V-1)
	80.00
	2.25
	20.13
	203.02
	196.06
	53.04

	Roma (V-2)
	80.00
	2.83
	21.33
	213.50
	179.53
	48.48

	SEm  ±
	0.87
	0.16
	0.28
	1.32
	4.41
	3.99

	CD (at 5%)
	NS
	NS
	2.43
	NS
	NS
	NS

	Spacing (cm)

	50x50(S-1)
	78.13
	2.69
	21.63
	201.83
	197.63
	56.24

	50x30(S-2)
	82.31
	2.69
	20.75
	212.22
	175.76
	45.66

	40x30(S-3)
	79.56
	2.63
	19.81
	210.73
	190.00
	50.48

	SEm ±
	1.06
	0.19
	0.34
	1.62
	5.40
	4.88

	CD (at 5%)
	NS
	NS
	2.98
	NS
	NS
	NS


 Table 1. Growth parameters and yield of Turmeric crop in Eucalyptus based agroforestry system.

observed 53.04 q ha-1 in variety V-1 (Ranga) and 48.48 q ha-1 V-2 (Roma) variety. The crop spacing on oven dry weight yield of turmeric crop showed statistically non-significant differences (P<0.05). The oven dry weight yield of rhizome was observed highest 56.24 q ha-1 in spacing S- (50 x 50cm) followed by 50.48 and 45.66 q ha-1 in S-3 (40 x 30cm) and S-2 (50 x30cm) spacing respectively. (Table-1)
Tree growth parameters 
	Tree growth characteristics viz; tree height (m), collar diameter (cm) and diameter at breast height 9 cm) were recorded before sowing of turmeric crop ie.2017 June and after the harvest of turmeric crop i.e. March 2018 and data are presented in table-2.
Height (m): It is clearly depicted in table that height growth of Eucalyptus tereticornis was observed as 20.26m ± 2.97 before sowing of turmeric crop and found increased by 1.06 m with MAI of 1.12 cm after 12 months of growth. (Table-2)
Collar Diameter (cm): The collar diameter of Eucalyptus tereticornis was observed at 10 cm above the  base 29.27cm ± 2.91 before sowing of turmeric crop and it increased by 1.00 cm in 12 months i.e. growth period of turmeric crop. (Table-2)
Diameter at Breast Height (cm) : Perusal of table-2 showed that the diameter at breast height of Eucalyptus tereticornis was noted  24.53 cm ± 2.06 before sowing of turmeric crop it increased by 0.87 m in 12 months. (Table-2)
Table- 2 Growth characteristics Eucalyptus plantation during 2017-18
	Growth
Parameters 
	2018
	CAI
	MAI

	
	Value
	Value
	
	

	Total Height (m)
	20.26±2.97
	21.29±3.01
	1.03
	1.12

	CD(cm)
	29.27±2.91
	30.27±2.9
	1.00
	1.59

	DBH(cm)
	24.53±2.06
	25.4±2.45
	0.87
	1.34



Discussion: 
Height of turmeric plants highest in AFS as compare to open field. This might be due to turmeric was shade loving plant then the height was increased in shade and in AFS higher nutrient available in soil due to eucalyptus are fix atmospheric nitrogen then height of turmeric highest as compare to open field. Plant height was found to be positively correlated to soil moisture content in a significant manner.Similar results, Nair and Jayachandran (1998) studied that the height of plant (105.70cm) was maximum beneath 50 per cent shade condition, Singh et al. (2004) studied the maximum height of plants (102.40 cm) of ginger crop was under dense shade more than 90 percent of Cajanus cajan, Tabin et al. (2015) studied that the height of plants was maximum in 40.71cm under 70 per cent crown cutting of orange tree, Jasural et al. (1993) studied that the increased  height of plants in populus species.
	Numbers of tillers highest in open field (CS-2) as compare to AFS (CS-1). This might be due to in open field received higher amount of sun light as compare to AFS than numbers of tillers increase in open field. Numbers of tillers was found to be positively correlated to soil moisture content in a significant manner. Amin et al. (2010) studied the positive impact of shade on numbers of tillers per plant, Kandiannan et al. (1999) who recorded insignificant variation in No. of tiller bed-1 when ginger crop are grown pure and with maize.
Number of leaves was highest in open field as compare to agroforestry system. This might be due to in open field absence of shade than received in higher amount of sunlight than increase numbers of leaves in open field. Similar result also reported in Sanwal et al. (2006) studied that the ginger with cowpea produced more leaves number plant-1 (97.17) which was at par with ginger pure crop (96.73) and ginger with french bean (96.10), whereas, Roy et al. (2008) studied that when ginger crop was increased as intercropped in coconut plantation had more number leaves 47.18 plant-1 as compare to monocropping (39.01).
Fresh weight yield of turmeric was highest in open field (CS-2) it might be due to in open field are received higher amount of sun light, absence of tree crop interaction and soil is more fertile in open field than yield of turmeric is higher. Performance of yield of turmeric with tree component depends upon availability of moisture, nutrients and light resource sharing between crops and trees. Oven dry weight yield of turmeric is higher in open field. Similar results was reports, Bhardwaj et al. (2016) studied maximum yield of ginger under D. asper than D. hamiltonii and  concluded that ginger displayed good performance with D. asper under mid hill sub humid conditions. Maximum rhizome yield under bamboo canopy than sole crop can be explained based on shade loving nature of crop.

Conclusion: 
The overall CS-1 (Open) registered better growth and yield performance in turmeric crop, while variations under established Eucalyptus plantations, the cultivation of turmeric as cover crop are better but the production of Eucalyptus at its maturity can generate extra income after harvest. Thus Eucalyptus + Turmeric farming are always found to be economical. Here the shade loving turmeric crop shown  better results for variety Ranga (V-1) and crop spacing S-1 (50x 50 cm) thus it can be acceptable for cultivation as cover crop under the plantation to generate income.
Acknowledgement:
 Authors are thankful to head department of forestry, Dean COA, and Director Research for facilities and encouragement to conduct the research study under M.Sc. (Forestry) thesis program.
References:
Amin M R, Ikbal T M T, Miah M M U, Hakim M A and Amanullah A S M 2010. Performance of ginger under agroforestry system. Bangladesh Research Publications Journal 4(3): 208-217.
Anwarul H G, Abdul J, Muhammad N and Kashif M 2006. Pharmacological basis for the use of turmeric in gastrointestinal and respiratory disorders. Life Sci 76: 3089-3105
Bhardwaj D R, Kaushal R, Devi M & Kumar P 2016. Performance of ginger crop in response to integrated nutrient management under bamboo-based agroforestry system in mid-hill sub-humid conditions of Himachal Pradesh. International Journal of Farm Sciences 6(4): 24-29.
Chaturvedi T P 2009. "Uses of turmeric in dentistry: an update". Indian J Dent Res 20(1): 107–109
Hermann P T A and Martin A W 1991. Pharmacology of Curcuma longa. Planta Med 57: 1-7.
Ishimine Y, Hossain M A, Ishimine Y and Murayama S. 2003. Optimal planting depth for (Curcuma longa L.) cultivation in Darkred soil in Okinawa Island, Southern Japan. Plant Production Science 6:83-89.
Jasural S C, Mishra V K and Verma K S 1993. Intercropping ginger and turmeric with poplar (Populusdeltoides 'G-3' Marsh.). Agroforestry Systems 22(2): 111-117.
Jayachandran B K & Nair G S 1998. Performance of mango-ginger (Curcuma amada Roxb.) under different levels of shade. J. Spices and Aromatic Crops 7(2):145-146.
Kandiannan K, Koya K M A and Peter K V 1999. Mixed cropping of ginger (Zingiber officinale Rosc.) and maize (Zea mays L.). Journal of Spices and Aromatic Crops 8(2): 219-220.
Polasa K, Raghuram T C and Krishna T P. 1991. Turmeric (Curcuma longa L.) induced        reduction in urinary mutagens. Food Chem. Toxic 29: 699-706
Roy S S, Hore J K, Bandopadhyay A and Ghosh D K 2008. Effect of different organic manures with varying levels of nitrogen on the growth and yield of ginger grown as intercrop in pre-bearing coconut garden. Indian Coconut Journal 38(9): 18-22.
Sanwal S K, Yadav R K, Yadav D S, Rai N and Singh P K 2006. Ginger-based intercropping: highly profitable and sustainable in mid hill agro climatic conditions of North East Hill Region. Vegetable Science 33(2): 160-163.
Shakur M A 2000. Turmeric cultivation method (Bengali), Spices Research Centre, Bangladesh Agricultural Research institute, Bogra, Bangladesh.
Singh A K, Singh S and Edison S 2004. Effect of shading on the Phyllosticta leaf spot, sun burn of    leaves and yield of ginger. Indian Phytopathology 57(2): 197-199.
Tabin T, Balasubramanian D and Arunachalam A 2015. Influence of canopy pruning on orange growth and rhizome yield of intercrop ginger under agri-horticulture system. Indian Journal of Hill Farming 28(1): 73-76.


	

