Studies on the influence of biocontrol agents on growth and yield of Turmeric (Curcuma longa L.) varieties
ABSTRACT
[bookmark: _GoBack]The present investigation on “Studies on the influence of biocontrol agents on growth, yield, quality and pest & disease incidence of Turmeric (Curcuma longa L.) varieties” was conducted at College of Horticulture, Rajendranagar, SKLTGHU, Mulugu during Kharif, 2021-22. The experiment was laid out in a Factorial Randomised Block Design (FRBD) with 3 replications and 12 treatments. The results conferred that among different best treatments of experiments, M4 –{Vermicompost14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + vertical split of mother rhizome of Salem variety} recorded maximum plant height (67.19 cm) at harvest and leaf area (247.18 cm2) at180 DAT. The treatment M3 – {FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1manure + vertical split of mother rhizome of Salem variety} recorded maximum number oftillers per plant (5.58), number of leaves per plant (15.12) at harvest and maximum fresh weight of primary rhizome (58.09 g), fresh weight of secondary rhizome (27.73 g), fresh weight ofmother rhizome (58.81 g),fresh weight of rhizomes per clump (358.23 g), dry weight of rhizomes per clump (70.79 g), fresh rhizome yield per plant (483.33 g), fresh rhizome yield per plot (24.18 kg), fresh rhizome yield per hectare (26.86t).Among different biocontrol agents, B1- Trichoderma viride (5kg ha-1) + Bacillusthuringiensis (750 g ha-1) recorded maximum plant height (63.94 cm), number of tillers per plant (4.93), number ofleaves per plant (13.75)at harvest and leaf area (249.14 cm2) at 180 DAT respectively, fresh weight of primaryrhizome (57.47 g), fresh weight of secondary rhizome (27.03 g), fresh weight of motherrhizome (57.26 g), fresh weight of rhizomes per clump (349.23 g), dryweight of rhizomes per clump (68.13 g), fresh rhizome yield per plant (478.40 g), freshrhizome yield per plot (23.89 kg), fresh rhizome yield per hectare (26.54 t). Among the interaction, the treatment M4B1 - {Vermicompost 14 t ha-1 + AMC(Arka microbial consortium) 1 l q-1 compost + vertical split of mother rhizome of Salemvariety} + Trichoderma viride(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) hasrecorded maximum plant height (69.62 cm) at harvest and leaf area (375.78 cm2) at 180 DAT respectively.The treatment M3B1 - {FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1manure + vertical split of mother rhizome of Salem variety} + Trichoderma viride(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) reported maximum number of tillers (6.0), number of leaves (17.02) at harvest respectively and yield contributing characters viz., fresh weight of primary rhizome(59.72 g), fresh weight ofsecondary rhizome (30.05 g), fresh weight of mother rhizome(60.75 g), fresh weight of rhizomes per clump (363.50 g), dry weightof rhizomes per clump (73.55 g), fresh rhizome yield per plant (499.50 g), fresh rhizomeyield per plot (24.92 kg), fresh rhizome yield per hectare (27.68 t). 	Comment by yogi9660@outlook.com: Treatment details are needed to clearly defined as as  part of it written as “AMC(Arka microbial consortium) 1 l q-1 compost” not clearly defining after reading abstract
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Introduction
Turmeric (Curcuma longa L.) is an important, sacred and ancient spice of India. It is a major rhizomatous spice produced and exported from India. Turmeric is an herbaceous perennial plant, native to Tropical South-East Asia, belonging to the family Zingiberaceae, under the order Scitaminae. It is cultivated for its underground rhizomes, which are used as a spice, condiment and dye stuff. It is used in the cosmetic and drug industry, particularly in the preparation of anticancer medicines. Globally, India is the world’s largest producer and exporter of turmeric and produces nearly 50 per cent of global turmeric production.
It is also used in auspicious rituals and religious occasions. Turmeric inhibits the development of cataracts, breast cancer, colon cancer, and lymphoma (Devi and Sangamithra, 2011).
Turmeric being a long-duration (8-9 months), exhaustive crop responds well to nutrition. Hence, the optimum dose of nutrients is essential to get good yield. Use of chemical fertiliser, herbicide and pesticide in horticulture for increasing yield and controlling weeds and pests will contaminate the water, air, food, decrease soil fertility, inhibit growth of soil microorganisms and hazard to human health (Parr et al. 1991). This negative effect of agricultural practices could be reversed by the correct utilisation of manures and/ or crop residues within the cropping system, either alone or in combination with organic fertiliser (Mandal et al. 2007). Besides these, utilisation of organic manure is recommended for retaining productivity of problem soils, reducing the usage of chemical fertiliser, improving economy and minimising environmental problems.
Turmeric rhizome is susceptible to many diseases caused by fungal pathogens. Among the various diseases, rhizome rot caused by Pythiumspp. is amajor problem in all turmeric-growing areas of India (Rathaiah, 1980). The symptoms of the disease include viz.., toppling down of infected tillers, rotting of roots, and the affected rhizome becoming hollow with only fibrous tissues left behind, leading to a loss of up to 95 percent crop yield. Management of the disease using fungicides has led to the development of resistant strains of pathogens. Hence, this study was conducted toinvestigate the eco-friendly management of rhizome rot in turmeric using antagonistic biocontrol agents.
Material and methods
The present investigation was conducted at College of Horticulture, Rajendranagar during 2021-22.The experiment was laid out in Factorial randomized block design (FRBD) with 12 treatments and 3 replications. The treatments used in this experiment are as follows:
Crop                                       	:   Turmeric (Curcuma longa L.)
Number of treatments            	:   12
Replications                           	:   03
Design                                    	:   Factorial RBD				
Season                                    	:   Kharif, 2021-22
Spacing           			:   60 cm x 30 cm
Plot size  			:   3.0 m x 3.0 m
Location        			:   PG Student’s Research Farm, College of 
  Horticulture, Rajendranagar, Hyderabad
Treatment Details:
Factor – I: Best treatments of experiment (M)
M1 : First best treatment of first experiment (Vertical split of mother rhizome of Salem)	Comment by yogi9660@outlook.com: Mention clearly on what is first experiment and second experiment before this column/Para
M2: Second best treatment of first experiment (Full mother rhizome of Salem)
M3 : First best treatment of second experiment (FYM 45 t ha-1 + AMC (Arka microbial consortium)  1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome of Salem)
M4 :Second best treatment of second experiment (Vermicompost 14 t ha-1 + AMC (Arka microbial consortium)  1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome of Salem)
Factor – II: Biocontrol agents (B)
B1 : Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1)
B2 : Pseudomonas fluorescens (2.5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1)
B3 : Control (RDF – 150 : 60 : 108 NPK kg ha-1) without biocontrol agents
Treatment combinations:
M1B1 : 	First best treatment of first experiment + Trichoderma viride(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1)
M1B2 : 	First best treatment of first experiment  + Pseudomonas fluorescens (2.5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1)
M1B3: First best treatment of first experiment + Control (RDF -150:60: 108 NPK kg ha-1)   without biocontrol agents
M2B1: Second best treatment of first experiment + Trichoderma viride(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1)
M2B2: Second best treatment of first experiment + Pseudomonas 	fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1)
M2B3: Secondbest treatment of first experiment + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents
M3B1: First best treatment of second experiment + Trichoderma viride(5 kg ha-1) +   Bacillus thuringiensis (750 g ha-1)
M3B2: First best treatment of second experiment + Pseudomonas 	fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1)
M3B3: First best treatment of second experiment + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents
M4B1: Second best treatment of second experiment + Trichoderma viride(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1)
M4B2: Second best treatment of second experiment + Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1)
M4B3: Second best treatment of second experiment + Control (RDF -150: 60: 108 NPK kg ha-1) with biocontrol agents




Results and Discussion
The results of the present investigation regarding the response of biocontrol agents on growth and yield of turmeric varieties have been discussed and interpreted in light of previous research work in India. The results of the experiment are summarised below and also presented in tables 1, 2, 3 and 4 and also depicted in the graph fig.1.
1.Plant height (cm)
At harvest, best treatments of experiment had significant effect on plant height. The treatment M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum plant height (67.19 cm), followed by M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (65.75 cm). The treatment M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum plant height (55.20 cm).
Effect of biocontrol agents on plant height of turmeric 
At harvest, biocontrol agents had a significant effect on plant height. The maximum plant height (63.94 cm) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (61.40 cm). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum plant height (57.71 cm). 
Interaction effect of best treatments of experiment and biocontrol agents on plant height
At harvest, interaction between best treatments of experiment and biocontrol agents had a significant effect on plant height. The treatment M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded significantly maximum plant height  (69.62 cm) followed by M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (68.91 cm). The treatment M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents recorded significantly minimum plant height (52.88 cm).
The interaction among the nutrient content in the soil, moisture and Trichoderma spp. applied have evolved a condition for numerous mechanisms in rhizome rot-prone varieties. The mechanisms include competition for space and nutrient, mycoparasitism, production of inhibitory compounds, inactivation of the pathogen enzymes (Roco and Perez, 2001) and induced resistance to crops (Kapulnik and Chet, 2000) thus involved in attacking other fungi and reduce the plant diseases, which lead for enhancing the plant growth under local agroclimatic conditions. The increase in plant height leads to better photosynthesis for the production of carbohydrates and their utilisation by way of building up of new cells and thereby by higher levels of growth, while the lowest plant height might be due to uptake of nutrients at a lower rate, resulting in lower plant growth. Such variations in the growth of turmeric were reported by several workers grown under different soil conditions (Satish et al. (1997); Jagadeesha (2000), and Anasuya (2004).
Kale et al. (1992) observed that vermicompost application enhanced the activity of beneficial microbes like N2 fixers and colonisation by mycorrhizal fungi, and hence plays a significant role in N2 fixation and phosphate mobilisation, leading to better uptake by the plant. Thus, the increased availability of nutrients and uptake by the plants would have resulted in better growth parameters in plots treated with vermicompost. Use of FYM increases soil organic matter content and this has a greater residual effect (Kumaran et al.1998). Application of different combinations of organic manures like FYM, neemcake, and vermicompost influenced the growth of turmeric (Sarma, 2015).
The height of plants increased at a faster rate upto 150 days and thereafter slowed down. This trend was in good agreement with the observation of Manohar Rao et al. (2005) in turmeric. The slow growth after 150 days might be attributed to the development of rhizomes due to the source and sink relationship. Transportation of more photosynthates from the source (leaves) to the sink (rhizomes).
2.Number of tillers per plant
Effect of best treatments of experiment on number of tillers per plant
At harvest, best treatments of experiment had a significant effect on number of tillers per plant. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum number of tillers per plant (5.58), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (5.24). The treatment M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum number of tillers per plant (2.98).
Effect of biocontrol agents on number of tillers per plant
At harvest, biocontrol agents had significant effect on number of tillers per plant. The maximum number of tillers per plant (4.93) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (4.43). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum number of tillers per plant (3.72). 
Interaction effect of best treatments of experiment and biocontrol agents on number of tillers per plant
At harvest, interaction between best treatments of experiment and biocontrol agents had significant effect on number of tillers per plant. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum number of tillers per plant  (6.00) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (5.80) and M3B2 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Pseudomonas fluorescens (2.5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) - (5.78) which were found to be at par. The treatment M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum number of tillers per plant (2.00).
The number of tillers are important yield attribute in turmeric, it would influence the yield and mother rhizome in turmeric as reported by Balkrishnamurthyet al., 2009 in turmeric. The results of Singh et al., 2009 in ginger and Singh, 2013 in turmeric are also in confirmation with the present results.
Sharma et al. (2012) and Jan et al.  (2013) reported that Trichoderma spp. have evolved numerous mechanisms include competition for space and nutrient, mycoparasitism and production of inhibitory compounds, inactivation of the pathogen enzymes (Roco and Perez, 2001) and induced resistance to crops (Kapulnik and Chet, 2000) that are involved in attacking other fungi and reduce the plant diseases, that may lead to enhancing plant growth characters like plant height, number of tillers per plant, number of leaves per plant etc., and also involved in better root growth.
The vegetative growth in turmeric was facilitated by the increased activity of enzymes such as chitinases and proteases, which break down organic-rich compounds. The activities of microflora and microfauna populations in the soil were increased, which might have increased the availability of macro and micronutrients, especially by application of vermicompost, FYM, organic and inorganic fertilizers (Kumar et al., 2018). These results are in confirmity with Poapst et al., 1970, who reported that earthworm cast show hormone-like activity and stimulate plant nutrient uptake and metabolism, resulted in increased plant growth. The vegetative growth of the turmeric is influenced by the use of various organic manures (FYM and Vermicompost), thereby increasing crop yield as well as improvement in the physical, chemical and biological properties of soils and same was supported by Dudhat et al. (1997).
3.Number of leaves per plant
Effect of best treatments of experiment on number of leaves per plant
At harvest, best treatments of experiment had significant effect on number of leaves per plant. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum number of leaves per plant (15.12), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (14.03). The treatment M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum number of leaves per plant (9.32).
Effect of biocontrol agents on number of leaves per plant
At harvest, biocontrol agents had significant effect on number of leaves per plant. The maximum number of leaves per plant (13.75) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (12.13). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum number of leaves per plant (10.50). 
Interaction effect of best treatments of experiment and biocontrol agents on number of leaves per plant
At harvest, interaction between best treatments of experiment and biocontrol agents had significant effect on number of leaves per plant. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum number of leaves per plant  (17.02) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (15.99). The treatment M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum number of leaves per plant (8.00).
Sharma et al. (2012) and Jan et al.  (2013) reported that Trichoderma spp. have evolved numerous mechanisms included competition for space and nutrient, mycoparasitism and production of inhibitory compounds, inactivation of the pathogen enzymes (Roco and Perez, 2001) and induced resistance to crops (Kapulnik and Chet, 2000) that are involved in attacking other fungi and reduce the plant diseases, that may lead to enhancing plant growth characters like plant height, number of tillers per plant, number of leaves per plant etc., and also involved in better root growth. Humus substances present in FYM could have mobilised the reserve food materials to the sink through increased activity of hydrolysing and oxidising enzymes. This combined application would help with better availability and utilisation of nutrients. This aligns with earlier findings of Sugito and Maftuchah (1995) and Gill et al. (1999) in turmeric. All these scavenging effects might have made quick mobilisation and availability of nutrients, which would have aided in the increase of plant height, number of leaves and number of tillers per plant. 



4. Leaf area (cm2)
Effect of best treatments of experiment on leaf area
At 180 DAT, best treatments of experiment had significant effect on leaf area. The treatment M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum leaf area (247.18 cm2), followed by M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (225.34 cm2). The treatment M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum leaf area (105.30 cm2).
Effect of biocontrol agents on leaf area of turmeric 
At 180 DAT, biocontrol agents had significant effect on leaf area. The maximum leaf area (249.14 cm2) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (151.78 cm2). The treatments B3 - Control (RDF -150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum leaf area (119.85 cm2). 
Interaction effect of best treatments of experiment and biocontrol agents on leaf area
At 180 DAT, interaction between best treatments of experiment and biocontrol agents had significant effect on leaf area. The treatment M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum leaf area (375.78 cm2) followed by M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (346.33 cm2). The treatment M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum leaf area (77.32 cm2).
Sharma et al (2012) and Jan et al (2013) reported that Trichodermaspp. have evolved numerous mechanisms which includes competition for space and nutrient, mycoparasitism and production of inhibitory compounds, inactivation of the pathogen enzymes (Roco and Perez, 2001) and induced resistance to crops (Kapulnik and Chet, 2000) that are involved in attacking other fungi and reduce the plant diseases, which might have led to enhancement of plant growth characters like plant height, number of tillers per plant, number of leaves per plant, leaf lamina length, leaf lamina width, leaf area etc., and also involved in better root growth.


5.Fresh weight of primary rhizomes (g)
Effect of best treatments of experiment on fresh weight of primary rhizome
After harvest, best treatments of experiment had significant effect on fresh weight of primary rhizome. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum fresh weight of primary rhizome (58.09 g), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (57.71 g). The treatment M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum fresh weight of primary rhizome (51.04 g).
Effect of biocontrol agents on fresh weight of primary rhizome
After harvest, biocontrol agents had significant effect on fresh weight of primary rhizome. The maximum fresh weight of primary rhizome (57.47 g) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (53.92 g). The treatments B3 - Control (RDF - 150: 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh weight of primary rhizome (52.49 g).
Interaction effect of best treatments of experiment and biocontrol agents on fresh weight of primary rhizome
Interaction between best treatments of experiment and biocontrol agents had significant effect on fresh weight of primary rhizome. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum fresh weight of primary rhizome (59.72 g) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (59.67 g) which were found to be at par. The treatment M2B3 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents (48.77 g) and M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh weight of primary rhizome (48.47 g).
6.Fresh weight of secondary rhizome (g)
Effect of best treatments of experiment on fresh weight of secondary rhizome
After harvest, best treatments of experiment had significant effect on fresh weight of secondary rhizome. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum fresh weight of secondary rhizome (27.73 g), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (27.02 g) which were found to be on par. The treatment M2 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) - (23.40 g) and M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum fresh weight of secondary rhizome (22.95 g).
Effect of biocontrol agents on fresh weight of secondary rhizome
After harvest, biocontrol agents had significant effect on fresh weight of secondary rhizome. The maximum fresh weight of secondary rhizome (27.03 g) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (25.08 g). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh weight of secondary rhizome (23.71 g).
Interaction effect of best treatments of experiment and biocontrol agents on fresh weight of secondary rhizome
Interaction between best treatments of experiment and biocontrol agents had significant effect on fresh weight of secondary rhizome. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum  fresh weight of secondary rhizome (30.05 g) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (28.09 g). The treatment M2B3 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents (21.56 g) and M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh weight of secondary rhizome (20.97 g) which were found to be at par.
7. Fresh weight of mother rhizome (g)
Effect of best treatments of experiment on fresh weight of mother rhizome
After harvest, best treatments of experiment had significant effect on fresh weight of mother rhizome. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum fresh weight of mother rhizome (58.81 g), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (57.84 g). The treatment M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum fresh weight of mother rhizome (50.28 g).
Effect of biocontrol agents on fresh weight of mother rhizome
After harvest, biocontrol agents had significant effect on fresh weight of mother rhizome. The maximum fresh weight of mother rhizome (57.26 g) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (54.32 g). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh weight of mother rhizome (52.02 g).
Interaction effect of best treatments of experiment and biocontrol agents on fresh weight of mother rhizome
Interaction between best treatments of experiment and biocontrol agents had significant effect on fresh weight of mother rhizome. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum fresh weight of mother rhizome (60.75 g) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (59.33 g). The treatment M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh weight of mother rhizome (46.72 g).
Hermosa et al., 2012 reported that Trichoderma strains can interact directly with roots, increasing plant growth potential, resistance to disease and tolerance to abiotic stresses. Trichoderma - plant interaction, which involved molecular dialogue between the two organisms, which reported the dramatic changes in plant resistance and stress tolerance induced by the Trichoderma strains. The reduction of the severity of plant diseases by inhibiting plant pathogens through highly potent antagonistic and mycoparasitic activity of Trichoderma virideincreasedthe weight of rhizomes, which ultimately increases the yield. Incorporation of well-decomposed FYM and manures might have a positive influence on soil structure, better water holding capacity, which in turn is helpful for better nutrient availability, which becomesa favourable condition for good rhizome growth, which ultimately increases the weight of turmeric rhizome (primary, secondary and mother rhizomes). The results conform with Nirmalathaet al., 2010, who found a significant effect of organic manures (FYM and Neem cake) on rhizome thickness in Kasthuri turmeric. FYM, along with microbial consortia inoculants, might have played a vital role in the improvement in physical properties of the soil, which ultimately increased the rhizome yield.
8. Fresh weight of rhizome per clump (g)
Effect of best treatments of experiment on fresh weight of rhizomes per clump
After harvest, best treatments of experiment had significant effect on fresh weight of rhizomes per clump. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum fresh weight of rhizomes per clump (358.23 g), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (353.90 g). The treatment M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum fresh weight of rhizomes per clump (289.93 g).
Effect of biocontrol agents on fresh weight of rhizomes per clump
After harvest, biocontrol agents had significant effect on fresh weight of rhizomes per clump. The maximum fresh weight of rhizomes per clump (349.23 g) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (316.95 g). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh weight of rhizomes per clump (307.73).
Interaction effect of best treatments of experiment and biocontrol agents on fresh weight of rhizomes per clump
Interaction between best treatments of experiment and biocontrol agents had significant effect on fresh weight of rhizomes per clump. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum fresh weight of rhizomes per clump (363.50 g) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (362.70) which were remained on par. The treatment M2B3 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents - (268.40 g) and M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh weight of rhizomes per clump (263.50 g) which were remained at par.
The combined effect of different organic manures (Farm Yard Manure, Vermicompost, and Neem cake) and microbial inoculants (Trichodermaspp. and Pseudomonasspp.) helps in enhancing the fresh rhizome production of Kasthuri Turmeric. (Shamrao et al., 2013). Combined application of organic manures and biocontrol agents has shown a higher number and size of primary and secondary rhizomes which could be attributed to better growth and vigour of the cultivars, which enhanced better production of rhizomes. Similar findings were reported by Cholke (1993), Sathish Hegde et al. (1997), Jagadeesha (2000), Anasuya (2004) and Veena (2012).	Comment by yogi9660@outlook.com: Check the reference, spell mistake

The combined application of organic manures and biofertilizers (AMC) might have supplied adequate amounts of nutrients, which favoured higher metabolic rate and auxin activities in the plant, resulting in better yield attributes and higher seed yield. This is in accordance with the findings of Manohar et al. (2012) in ashwagandha. The availability of the major nutrients which are actively involved in vital processes was enhanced by application of organic manures and biofertilizer inoculations which ultimately resulted in higher yield. The results confirm the findings of Panchabhaiet al., 2005 and Yadav et al., 2013 in ashwagandha. Organic manures improved soil productivity and fertility which in turns improved the yield of such long-duration crops like turmeric. In this experiment, application of higher doses of farm yard manure (FYM) and vermicompost increased the growth, dry matter accumulation, and yield of turmeric. Similar findings were also recorded by Hossain and Ishimine (2007), Manhass and Gill (2010), Mohapatra and Das (2009).	Comment by yogi9660@outlook.com: Reference missing

9. Dry weight of rhizome per clump (g)
Effect of best treatments of experiment on dry weight of rhizomes per clump
After harvest, best treatments of experiment had significant effect on dry weight of rhizomes per clump. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum dry weight of rhizomes per clump (70.79 g), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (69.10 g). The treatment M2 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) - (56.24 g) and  M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum dry weight of rhizomes per clump (54.76 g) which were remained at par.
Effect of biocontrol agents on dry weight of rhizomes per clump
After harvest, biocontrol agents had significant effect on dry weight of rhizomes per clump. The maximum dry weight of rhizomes per clump (68.13 g) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (61.47 g). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum dry weight of rhizomes per clump (58.58 g).
Interaction effect of best treatments of experiment and biocontrol agents on dry weight of rhizomes per clump
Interaction between best treatments of experiment and biocontrol agents had significant effect on dry weight of rhizomes per clump. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum dry weight of rhizomes per clump (73.55 g) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (71.24 g). The treatment M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum dry weight of rhizomes per clump (48.89 g).
The combined effect of different organic manures (Farm Yard Manure, Vermicompost, and Neem cake) and microbial inoculants (Trichoderma spp. and Pseudomonas spp.) helped to enhance the fresh rhizome production of Kasthuri Turmeric. (Shamraoet al., 2013). Combined application of organic manures and biocontrol agents has shown a higher number and size of primary and secondary rhizomes, which could be attributed to better growth and vigour of the cultivars, which enhanced better production of rhizomes. Similar findings were reported by Cholke (1993), Sathish Hegde et al. (1997), Jagadeesha (2000), Anasuya (2004) and Veena (2012).
The addition of organic manure along with a biofertilizer combination would have resulted in a higher stimulating effect on increased nutrient uptake, resulting in greater dry weight of rhizomes. The present investigation was in concurrence with earlier findings of Reddy and Rao (1978), Rao and Rao (1988) and Velmurugan (2002).
Organic manures improved soil productivity and fertility, which in turn improved the yield of such long-duration crop like turmeric. Application of higher doses of farm yard manure (FYM) and vermicompost increased the growth, dry matter accumulation, and yield of turmeric Similar findings was also recorded by Hossain and Ishimine (2007), Manhass and Gill (2010), Mohapatra and Das (2009) in turmeric.
10. Fresh rhizome yield per plant (g)
Effect of best treatments of experiment on freshrhizome yield per plant
After harvest, best treatments of experiment had significant effect on fresh rhizome yield per plant. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum fresh rhizome yield per plant (483.33 g), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (477.30 g). The treatment M2 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) - (454.17 g) and  M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum fresh rhizome yield per plant (450.33 g) which were remained at par.
Effect of biocontrol agents on freshrhizome yield per plant
After harvest, biocontrol agents had significant effect on fresh rhizome yield per plant. The maximum rhizome yield per plant (478.40 g) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (466.08 g). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh rhizome yield per plant (454.38 g).
Interaction effect of best treatments of experiment and biocontrol agents on freshrhizome yield per plant
Interaction between best treatments of experiment and biocontrol agents had significant effect on fresh rhizome yield per plant. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum fresh rhizome yield per plant (499.50 g) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (492.30 g) which were found to be on par. The treatments M3B2 (483.00 g), M4B2 (474.00 g), M3B3 (467.50 g), M4B3 (465.60 g), M2B1 (463.70 g), M1B1 (458.10 g), M2B2 (454.40 g) and M1B2 (452.90 g) which were found to be at par. The treatment M2B3 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents (444.40 g) and M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh rhizome yield per plant (440.00 g) which were found to be on par.
11. Fresh rhizome yield per plot (kg)	Comment by yogi9660@outlook.com: No discussion with references, please add if any appropriate reference available, to support the results
Effect of best treatments of experiment on freshrhizome yield per plot
After harvest, best treatments of experiment had significant effect on fresh rhizome yield per plot. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum fresh rhizome yield per plot (24.18 kg), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (23.74 kg). The treatment M2 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) - (22.72 kg) and M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum fresh rhizome yield per plot (22.58 kg) which were remained at par.
Effect of biocontrol agents on fresh rhizome yield per plot
After harvest, biocontrol agents had significant effect on fresh rhizome yield per plot. The maximum fresh rhizome yield per plot (23.89 kg) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (23.36 kg). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh rhizome yield per plot (22.66  kg).
Interaction effect of best treatments of experiment and biocontrol agents on freshrhizome yield per plot
Interaction between best treatments of experiment and biocontrol agents had significant effect on fresh rhizome yield per plot. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum fresh rhizome yield per plot (24.92 kg) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (24.35 kg) and M3B2 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)]  + Pseudomonas fluorescens (2.5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) - (24.17 kg)   which were found to be on par. The treatments M4B2 (23.59 kg), M3B3 (23.45 kg), M4B3 (23.27 kg), M2B1 (23.20 kg), M1B1 (23.10 kg), M2B2 (22.88 kg) and M1B2 (22.80 kg) which were found to be at par. The treatment M2B3 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents (22.07 kg) and M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh rhizome yield per plot (21.83 kg) which were found to be on par.
12. Fresh rhizome yield per hectare (t)
Effect of best treatments of experiment on fresh rhizome yield per hectare
After harvest, best treatments of experiment had significant effect on fresh rhizome yield per hectare. The treatment M3 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] recorded significantly maximum fresh rhizome yield per hectare (26.86 t), followed by M4 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] (26.37 t). The treatment M2 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) - (25.24 t) and M1 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) reported significantly minimum fresh rhizome yield per hectare (25.08 t) which were remained at par.
Effect of biocontrol agents on fresh rhizome yield per hectare
After harvest, biocontrol agents had significant effect on fresh rhizome yield per hectare. The maximum fresh rhizome yield per plot (26.54 t) was recorded by the application of B1- Trichoderma viride (5kg ha-1) + Bacillus thuringiensis (750 g ha-1) followed by B2 - Pseudomonas fluorescens (2.5kg ha-1) + Bacillus thuringiensis (750 g ha-1) (25.95 t). The treatments B3 - Control (RDF - 150 : 60 : 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh rhizome yield per hectare (25.17  t).
Interaction effect of best treatments of experiment and biocontrol agents on fresh rhizome yield per hectare
Interaction between best treatments of experiment and biocontrol agents had significant effect on fresh rhizome yield per hectare. The treatment M3B1 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) recorded maximum fresh rhizome yield per hectare (27.68 t) followed by M4B1 - Second best treatment of second experiment [(Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride(5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) (27.06 t) and M3B2 - First best treatment of second experiment [(FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Pseudomonas fluorescens (2.5 kg ha-1) +  Bacillus thuringiensis (750 g ha-1) - (26.85 t)   which were found to be on par. The treatments M4B2 (26.21 t), M3B3 (26.05 t), M4B3 (25.85 t), M2B1 (25.77 t), M1B1 (25.66 t), M2B2 (25.42 t) and M1B2 (25.33 t) which were found to be at par. The treatment M2B3 - Second best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents (24.52 t) and M1B3 - First best treatment of first experiment (Vertical split of mother rhizome of Salem variety) + Control (RDF -150: 60: 108 NPK kg ha-1) without biocontrol agents reported significantly minimum fresh rhizome yield per hectare (24.25 t) which were found to be on par.
From the present investigation, it was clear that the application of biocontrol agents has increased the number and size of primary and secondary rhizomes could be due to better growth and vigour of the cultivars. Use of biocontrol agents in varieties enhances better production of rhizomes. Similar findings were reported by Cholke (1993), Sathish et al. (1997), Jagadeesha (2000), Anasuya (2004) and Veena (2012) in turmeric.	Comment by yogi9660@outlook.com: Check with reference
The addition of organic supplements would have increased the availability of the applied nutrients. The works of Meerabaiet al. (2001) in turmeric supported the findings of the present investigation. The yield increase was nearly 35 per cent when compared to the regular farmer’s practice. This might be due to the additive effect of the treatment combination, which would have increased the availability and uptake of the applied nutrients, especially under shaded conditions. This would have resulted in improved morphological and physiological traits that have ultimately boosted the yield to a significant level. 









Table 1. Influence of best treatments of experiments and biocontrol agents on plant height (cm) and number of tillers per plant of turmeric at harvest           
	Treatments
	Biocontrol agents (B)

	Best
treatments of experiment - I and II
	Plant height (cm)
	Number of tillers per plant


	
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean

	M1
	57.78
	54.93
	52.88
	55.20
	3.95
	2.99
	2.00
	2.98

	M2
	59.45
	55.29
	53.06
	55.93
	3.98
	3.95
	2.96
	3.63

	M3
	68.91
	67.45
	60.88
	65.75
	6.00
	5.78
	4.96
	5.58

	M4
	69.62
	67.93
	64.03
	67.19
	5.80
	4.98
	4.94
	5.24

	Mean
	63.94
	61.40
	57.71
	
	4.93
	4.43
	3.72
	

	
	M
	B
	M x B
	M
	B
	M x B

	S.Em±
	0.38
	0.33
	0.67
	0.02
	0.03
	0.05

	C.D (p =0.05)
	1.14
	0.99
	1.98
	0.06
	0.06
	0.15



	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	



Table 2. Influence of best treatments of experiments and biocontrol agents on the number of leaves per plantand leaf area of turmeric at harvest and at 180 DAT respectively
	Treatments
	Biocontrol agents (B)

	Best
treatments of experiment - I and II
	Number of leaves per plant
	Leaf area (cm2) at 180 DAT

	
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean

	M1
	10.98
	8.99
	8.00
	9.32
	136.23
	102.35
	77.32
	105.30

	M2
	10.99
	10.16
	8.92
	10.02
	138.21
	122.12
	89.32
	116.55

	M3
	17.02
	15.24
	13.09
	15.12
	346.33
	178.34
	151.34
	225.34

	M4
	15.99
	14.11
	11.99
	14.03
	375.78
	204.32
	161.43
	247.18

	Mean
	13.75
	12.13
	10.50
	
	249.14
	151.78
	119.85
	

	
	M
	B
	M x B
	M
	B
	M x B

	S.Em±
	0.06
	0.05
	0.11
	2.12
	1.84
	3.68

	C.D (p =0.05)
	0.18
	0.15
	0.33
	6.23
	5.40
	10.80



	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	


Table 3.Influence of best treatments of experiments and biocontrol agents on fresh weight of primary rhizome, secondary rhizome and mother rhizome(g) of turmeric 
	Treatments
	Fresh weight of primary rhizome, secondary rhizome and mother rhizome (g)

	
	Biocontrol agents (B)

	Best
treatments of experiment - I and II (M)
	Fresh weight of primary rhizome (g)
	Fresh weight of secondary rhizome (g)
	Fresh weight of mother rhizome (g)

	
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean

	M1
	54.73
	49.92
	48.47
	51.04
	24.77
	23.10
	20.97
	22.95
	54.14
	49.98
	46.72
	50.28

	M2
	55.76
	50.46
	48.77
	51.66
	25.21
	23.42
	21.56
	23.40
	54.80
	50.74
	48.02
	51.19

	M3
	59.72
	58.05
	56.50
	58.09
	30.05
	26.95
	26.19
	27.73
	60.75
	58.95
	56.74
	58.81

	M4
	59.67
	57.25
	56.20
	57.71
	28.09
	26.85
	26.13
	27.02
	59.33
	57.60
	56.58
	57.84

	Mean
	57.47
	53.92
	52.49
	
	27.03
	25.08
	23.71
	
	57.26
	54.32
	52.02
	

	
	M
	B
	M x B
	M
	B
	M x B
	M
	B
	M x B

	S.Em±
	0.42
	0.37
	0.74
	0.14
	0.12
	0.24
	0.25
	0.22
	0.44

	C.D (p =0.05)
	1.25
	1.08
	2.18
	0.40
	0.36
	0.68
	0.74
	0.64
	1.28



	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	




Table 4.Influence of best treatments of experiments and biocontrol agents on fresh weight of rhizomes per clump (g) and dry weight of rhizomes per clump (g) ofturmeric 
	Treatments
	Fresh weight of rhizomes per clump (g)

	
	Biocontrol agents (B)

	Best
treatments of Experiment I and II(M)
	Fresh weight of rhizomes per clump (g)
	Dry weight of rhizomes per clump (g)

	
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean

	M1
	333.20
	273.10
	263.50
	289.93
	63.35
	52.03
	48.89
	54.76

	M2
	337.50
	283.50
	268.40
	296.47
	64.37
	53.32
	51.04
	56.24

	M3
	363.50
	357.70
	353.50
	358.23
	73.55
	70.55
	68.28
	70.79

	M4
	362.70
	353.50
	345.50
	353.90
	71.24
	69.96
	66.09
	69.10

	Mean
	349.23
	316.95
	307.73
	
	68.13
	61.47
	58.58
	

	
	M
	B
	M x B
	M
	B
	M x B

	S.Em±
	2.34
	2.03
	4.07
	0.29
	0.26
	0.51

	C.D (p =0.05)
	6.89
	5.96
	11.93
	0.87
	0.76
	1.51



	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	



Table 5. Influence of best treatments of experiments and biocontrol agents on fresh rhizome yield per plant (g), fresh rhizome yield per plot (kg) andfreshrhizome yield per hectare (t) of turmeric
	Treatments
	Fresh rhizome yield per plant (g), fresh rhizome yield per plot (kg) and fresh rhizome yield per hectare (t)

	
	Biocontrol agents (B)

	Best
treatments of Experiment - I and II (M)
	Fresh rhizome yield per plant (g)
	Fresh rhizome yield per plot (kg)
	Fresh rhizome yield per hectare (t)

	
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean
	B1
	B2
	B3
	Mean

	M1
	458.10
	452.90
	440.00
	450.33
	23.10
	22.80
	21.83
	22.58
	25.66
	25.33
	24.25
	25.08

	M2
	463.70
	454.40
	444.40
	454.17
	23.20
	22.88
	22.07
	22.72
	25.77
	25.42
	24.52
	25.24

	M3
	499.50
	483.00
	467.50
	483.33
	24.92
	24.17
	23.45
	24.18
	27.68
	26.85
	26.05
	26.86

	M4
	492.30
	474.00
	465.60
	477.30
	24.35
	23.59
	23.27
	23.74
	27.06
	26.21
	25.85
	26.37

	Mean
	478.40
	466.08
	454.38
	
	23.89
	23.36
	22.66
	
	26.54
	25.95
	25.17
	

	
	M
	B
	M x B
	M
	B
	M x B
	M
	B
	M x B

	S.Em±
	2.16
	1.88
	3.75
	0.14
	0.13
	0.27
	0.16
	0.14
	0.30

	C.D (p =0.05)
	6.35
	5.50
	11.00
	0.43
	0.39
	0.74
	0.48
	0.42
	0.90



	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	




Fig.1.Influence of best treatments of experiments and biocontrol agents on plant height, number of tillers per plant, number of leaves per plant at harvest and leaf area at 180 DAT of turmeric varieties
	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	




Fig. 2. Influence of best treatments of experiments and biocontrol agents on fresh weight of primary, secondary and mother rhizome (g) of turmeric 
	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	


Fig. 3. Influence of best treatments of experiments and biocontrol agents on fresh weight of rhizomes per clump (g) and dry weight of rhizomes per clump (g) of 	turmeric 
	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	



Fig. 4. Influence of best treatments of experiments and biocontrol agents on fresh rhizome yield per plant (g), fresh rhizome yield per plot (kg) and fresh rhizome yield per hectare (t) of turmeric 
	Factor – I: Best treatments of Experiment I and II(M)
	
	Factor – II: Biocontrol agents(B)

	M1:First best treatment of first experiment i.e., vertical split of mother rhizome of Salem variety
	
	B1:Trichoderma viridae(5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M2: Second best treatment of first experiment i.e., full mother rhizome of Salem variety
	
	B2:Pseudomonas fluorescens (2.5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) 

	M3:First best treatment of second experiment i.e., FYM 45 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	B3: Control (RDF - 150: 60: 108 NPK kg ha-1) without biocontrol agents 

	M4: Second best treatment of second experiment i.e., Vermicompost 14 t ha-1 + AMC (Arka microbial consortium) 1 l q-1 compost + First best treatment of first experiment (Vertical split of mother rhizome) with variety Salem 
	
	




Conclusion
From the studies on the best treatments of experiments and biocontrol agents, the growth and yield of turmeric were influenced by best treatments of experiments and biocontrol agents. It is indicated that the treatment M3B1 – First best treatment of second experiment [(FYM 45t ha-1 + AMC (Arka microbial consortium) 1 l q-1 manure + first best treatment of first experiment (vertical split of mother rhizome of Salem variety)] + Trichoderma viride     (5 kg ha-1) + Bacillus thuringiensis (750 g ha-1) has recorded the best results in terms of growth and yield parameters.	Comment by yogi9660@outlook.com: Mention the variety and locality
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Plant height	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	57.78	54.93	52.88	59.45	55.290000000000013	53.06	68.910000000000025	67.45	60.88	69.61999999999999	67.930000000000007	64.03	Number of tillers per plant	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	3.9499999999999997	2.9899999999999998	2	3.98	3.9499999999999997	2.96	6	5.78	4.96	5.8	4.9800000000000004	4.9400000000000004	Number of leaves per plant	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	10.98	8.99	8	10.99	10.16	8.92	17.02	15.24	13.09	15.99	14.11	11.99	Leaf area	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	136.22999999999999	102.35	77.319999999999993	138.20999999999998	122.11999999999999	89.32	346.33	178.34	151.34	375.78	204.32000000000016	161.43	Treatments




Fresh weight of primary rhizome (g)	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	54.730000000000011	49.92	48.47	55.760000000000012	50.46	48.77	59.720000000000013	58.05	56.5	59.67	57.25	56.2	Fresh weight of secondary rhizome (g)	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	24.77	23.1	20.97	25.21	23.419999999999987	21.56	30.05	26.95	26.19	28.09	26.85	26.130000000000031	Fresh weight of mother rhizome (g)	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	54.14	49.98	46.720000000000013	54.8	50.74	48.02	60.75	58.949999999999996	56.74	59.33	57.6	56.58	Treatments

Fresh weight of primary, secondary, mother rhzome (g)



Fresh weight of rhizomes per clump (g)
Fresh weight of rhizomes per clump (g)	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	333.2	273.10000000000002	263.5	337.5	283.5	268.39999999999969	363.5	357.7	353.5	362.7	353.5	345.5	Dry weight of rhizomes per clump (g)	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	63.349999999999994	52.03	48.89	64.36999999999999	53.32	51.04	73.55	70.55	68.28	71.239999999999995	69.959999999999994	66.09	Treatments




Fresh rhizome per plant (g), yield per plot (kg) and yield per hectare (t)
Fresh rhizome yield per plant (g)	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	458.1	452.9	440	463.7	454.4	444.4	499.5	483	467.5	492.3	474	465.6	Fresh rhizome yield per plot (kg)	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	23.1	22.8	21.830000000000005	23.2	22.88	22.07	24.919999999999987	24.17	23.45	24.35	23.59	23.27	Fresh rhizome yield per heactare (t)	
M1B1	M1B2	M1B3	M2B1	M2B2	M2B3	M3B1	M3B2	M3B3	M4B1	M4B2	M4B3	25.66	25.330000000000005	24.25	25.77	25.419999999999987	24.52	27.68	26.85	26.05	27.06	26.21	25.85	Treatments




