


Performance Evaluation of Mini-tractor operated Zero-till Planter for NEH Region

ABSTRACT
In this study, a zero-till planter matching to mini tractor for small farm mechanization was designed, developed and its operating parameters were optimized in the laboratory for planting of mustard (L. Brassica nigra). The performance of the planter was evaluated in the field at optimized conditions. The planter was designed based on the drawbar horsepower of mini-tractor besides considering the limitations of the small size hill farms of NEH region of India. Three operating parameters namely seed metering cell diameter(A) (3.0, 3.5 and 4.0 mm), three hopper fill levels(B) (10, 20 and 30 mm) and three operating speeds(C) (2.0, 3.0 and 4.0 km h-1) were considered. Responses considered in this study were missing index (Imiss), multiple index (Imulti), quality of feed index (Iq), and degree of variation (Iv).Twenty-seven experiments (3×3×3) were performed in the laboratory using sticky belt method and responses were recorded and evaluated thereafter. The signal-to-noise ratio of responses was calculated for the optimization of operating parameters. Lowest Imiss (9%), Imulti (10%), and Iv (12.3%) and highest Iq(81%) were observed at 3.5 mm cell diameter, 10.0 mm hopper fill and 2.0 km h-1 forward speed. Therefore, the above combination of operating parameters was considered as optimized operating conditions. Analysis of variance (ANOVA) indicated that all the operating parameters considered in this study had significant effect on responses. Keywords: Mustard planter, Taguchi experimental design, Signal-to-noise ratio, Missing index and Multiple index

INTRODUCTION
The North Eastern Region (NER) of India comprises of Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Tripura, Nagaland and Sikkim States. The geographical area of its region is mostly hilly with about 10% area under valley of Manipur and Assam. The hills are predominantly under terrace cultivation with exception of some area under slash and burn cultivation. The cropping intensity of the region is about 130% with average mechanization level of 0.63 kW ha-1 in year 2016-2017 (Layek et al., 2014). Most of the land is left follow after harvest of paddy. The mustard (L. Brassica nigra) is grown under rain fed condition in valleys by broadcasting.
Crop yield increases as the level of mechanization increases due to timely farm operations, increased utilization efficiency of agricultural inputs, higher work quality, reduction in cost of operations and drudgery (Godara et al., 2015). Through appropriate mechanization, the crop cultivation operations can be done timely that leads to intensive crop production system (Srigiri et al., 2016). To get the potential yield, seeds have to be placed at optimum soil moisture zone at recommended depth and spacing for proper germination and growth of crop. This requirements can only be achieved by the mechanical placement of seeds.
In India, sowing of mustard crop is done in November after harvest of Kharif crops. Late sown mustard is exposed to high temperature and evaporative demand during its reproductive phase leads to prematurity and low productivity (Kumar et al., 2018). Sowing of mustard is mostly done by broadcasting method. It is important to maintain the desired plant population through planting method that may help to avoid unnecessary plant population density and thereby additional thinning operation (Jangir et al., 2017).
Large size tractor mounted planters are not suitable under terrace cultivation. The low work rate of animal drawn planter also makes them ineffective. Small planters having 5-7 rows matching to mini tractors are available but they have not been designed for zero till planting. Also, their operating parameter has not been scientifically optimized. Therefore, to enhance the mechanization of mustard crop cultivation under zero-till condition in NER and to get increased cropping intensity under rain fed condition, development of zero-till planter matching to mini tractor for small farm mechanization was undertaken in this study.




MATERIALS AND METHODS
[image: ]The agronomical requirement of mustard cultivation for better growth and plant yield was kept in mind while designing and developing of five rows zero-till mustard planter.
The recommended row-to-row spacing for mustard is 30 cm, while plant-to-plant spacing is 10 cm. The inverted-T furrow opener was fastened to the planter frame at a 30 cm distance. The seed plate was designed to distribute seeds at 10 cm intervals. The distance between furrow openers was adjusted to maintain different row spacing. 
A vertical metering system was placed below the planter's hopper to accurately measure single seeds at a predetermined distance. The tractor's hydraulic mechanism allows for adjustable planting depths. The developed zero-till planter (Fig.1 and 2) consisting of frame, furrow openers, seed conveying pipe, mast for hitching, seed box, seed metering mechanism, chain and sprocket, ground wheel and connecting link. Engineering properties of mustard seeds were studied for the designing of the seed metering plate.
[A. Frame, B. Furrow opener, C. Seed conveying pipe, D. Mast for hitching, E. Seed hopper, F. Seed metering mechanism, G. Sprocket, H. Chain, I. Ground wheel, J. Connecting link.]
Fig.1 Isometric view of the zero-till planter
[image: ]
Fig.2 Developed zero-till planter

Experimental Design 
Three fixed factors (responses) namely seed metering cell diameters (3.0, 3.5 and 4.0 mm), hopper fill levels (10.0, 20.0 and 30.0 mm) and operating speed (2.0, 3.0 and 4.0 km h-1) were considered in this study. The responses (dependent variables) considered were Imiss, Imulti, Iv and Iq (Table 1). The full factorial design (33) was considered with three replications.
Table 1. Experimental design in the present study
	1.Independent variables

	Variables
	Symbol
	Levels
	Value of levels

	i)Seed metering plate cell diameter (mm)
	A
	3
	3.0,3.5 and 4.0

	ii)Hopper fill level (cm)
	B
	3
	1.0,2.0 and 3.0

	iii)Forward speed (kmh-1)
	C
	3
	2.0,3.0 and 4.0

	2.Dependentvariables

	a. Missing index, Imiss (%)
b. Multiple index, Imulti (%)
c. Quality of feed index, Iy (%)
d. Degree of variation, Iq (%)



For data analysis, Taguchi method of experimental design and ANOVA were applied to evaluate the effect of treatments on responses. The aim of optimization was to minimize the Imiss, Imulti, Ivand maximize the Iq. For this purpose, “smaller-is-better” and “larger-is-better’ respectively wereused to find out the Signal-to-noise (S/N) ratio of responses. Following relationship were used to calculate the S/N ratio of responses 
	
	(1)

	
	(2)


Whereand are signal-to-noise ratio for minimize and maximize respectively, dB; nis numbers of measurement and is measured values, %.


Experimental Method
The sticky belt setup having 10.0 m length, 0.6 m width was prepared according to Bureau of Indian Standard test code ISI 6316: 1993 for laboratory experiment. Seed tube was arranged in such a way that minimum dropping height could be achieved to prevent displacement of seeds after dropping. Metering mechanism setup was operated over the sticky belt as per the treatment combinations obtained from Taguchi experimental design and responses were measured. The responses were calculated by using the relationships recommended by Yadachi et al., 2013.
	Imiss =   
	(3)

	Imulti =   
	(4)

	Iq = 100 – (Imiss +Imulti)
	(5)

	Iv = 
	(6)


Where n1 is number of spacing ≥ 1.5 times of the theoretical spacing; N is total numbers of measured spacing; n2 is number of spacing ≤ 0.5 times of theoretical spacing; Sd is standard deviation of the spacing more than half but not more than 1.5 times the theoretical spacing; S is theoretical spacing between two seeds, cm.
Statistical Analysis
The laboratory and field data recorded were statistically analysed by using the Taguchi design of experiment. The experimental optimization was done using Minitab software version 19.1.1. The ANOVA was used to evaluate the significance of operating parameters (seed metering cell, hopper fill level and operating speed) and responses (missing index, multiple index, quality of feed index, degree of variation and mechanical seed damage) at 5% level of significance level. 
RESULTS AND DISCUSSIONS
Analysis of Signal-to-Noise ratio
The planter was operated over the sticky belt in the laboratory at different treatments combinations and responses were measured.Optimization was carried based on the signal-to-noise ratio analysis of responses. It was observed that the Imiss ranged between 9% to 17%, Imulti from 10% to 17%, Iv from 12.30% to 18.9% and Iq ranges from 71% to 81% respectively at different treatment combinations as obtained from Taguchi design. Value of responses for each combination of operating factor is presented in the Table 2. These values were within the range as reported by Bakhtiari and Loghavi, 2009; Kumar et al., 2015 and Singh et al., 2012. In Table 3, bold values indicate highest S/N ratios at corresponding treatment and graphically presented in Fig. 3 to 6.
Table.2 Effect of treatments on responses at different combination levels 
	Sl. No.
	Control factors
	Responses (%)

	
	A
(mm)
	B
(cm)
	C
(km h-1)
	Imiss

	Imulti

	Iv

	Iq

	01
	3.0
	1
	2
	12
	10
	16.60
	76

	02
	3.0
	1
	3
	13
	12
	18.52
	75

	03
	3.0
	1
	4
	15
	14
	18.84
	71

	04
	3.0
	2
	2
	13
	13
	16.95
	74

	05
	3.0
	2
	3
	14
	14
	18.88
	72

	06
	3.0
	2
	4
	16
	15
	18.90
	69

	07
	3.0
	3
	2
	14
	12
	14.96
	74

	08
	3.0
	3
	3
	16
	13
	17.53
	71

	09
	3.0
	3
	4
	17
	15
	19.65
	68

	10
	3.5
	1
	2
	9
	10
	12.30
	81

	11
	3.5
	1
	3
	11
	11
	14.53
	78

	12
	3.5
	1
	4
	12
	13
	14.60
	75

	13
	3.5
	2
	2
	10
	12
	14.17
	78

	14
	3.5
	2
	3
	12
	15
	15.13
	73

	15
	3.5
	2
	4
	13
	16
	17.21
	71

	16
	3.5
	3
	2
	13
	13
	14.64
	74

	17
	3.5
	3
	3
	15
	15
	16.52
	70

	18
	3.5
	3
	4
	16
	17
	17.53
	67

	19
	3.5
	1
	2
	10
	14
	13.25
	76

	20
	4.0
	1
	3
	12
	15
	14.65
	73

	21
	4.0
	1
	4
	13
	16
	17.95
	71

	22
	4.0
	2
	2
	13
	15
	15.65
	72

	23
	4.0
	2
	3
	15
	16
	16.53
	69

	24
	4.0
	2
	4
	16
	17
	18.56
	67

	25
	4.0
	3
	2
	14
	13
	16.52
	73

	26
	4.0
	3
	3
	15
	14
	17.93
	71

	27
	4.0
	3
	4
	17
	17
	18.31
	66



Table 3. Response table of S/N ratio at different treatments 
	Level
	Missing index (dB)
	Multiple index (dB)

	
	A
	B
	C 
	A
	B
	C

	1
	-23.14
	-21.42
	-21.48
	-22.29
	-22.02
	-21.82

	2
	-21.69
	-22.56
	-22.65
	-22.52
	-23.35
	-22.80

	3
	-22.76
	-23.62
	-23.46
	-23.62
	-23.07
	-23.80

	Delta
	1.45
	2.20
	1.98
	1.33
	1.33
	1.98

	Degree of variation (dB)
	Quality of feed index (dB)

	1
	-25.01
	-23.83
	-23.48
	37.17
	37.51
	37.53

	2
	-23.58
	-24.51
	-24.41
	37.38
	37.10
	37.19

	3
	-24.35
	-24.61
	-25.05
	37.00
	36.95
	36.83

	Delta
	1.43
	0.80
	1.57
	0.38
	0.56
	0.71


A, B and C are cell dia, hopper fill and forward speed respectively and level 1, 2 and 3 are their values(level 1, 2 and 3of A are 3.0, 3.5 and 4.0 mm; level 1,2 and 3 of B are 10.0, 20.0 and 30.0 mm; level 1,2 and 3 of C are 2.0, 3.0 and 4.0 km h-1) respectively.
[image: Main Effects Plot for SN ratios]From Table 3 and Fig. 3 to 6, it could be seen that highest values of S/N ratios were corresponding to level 1 of B and C and level 2 of A except multiple index where S/N ratio was highest for level 1 of A. Therefore, based on the S/N ratio, the treatment combination of 3.5 mm cell dia, 10.0 mm hopper fill and 2.0 km h-1 forward speed were considered as optimized.











Fig. 3: Effect of operating parameters on S/N ratios for Imiss
[image: Main Effects Plot for SN ratios]













Fig. 4: Effect of operating parameters on S/N ration for Imulti
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Fig. 5: Effect of operating parameters on S/N ratio for Iq
[image: Main Effects Plot for SN ratios]









Fig. 6: Effect of operating parameters on S/N ratio for Iv
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Fig.7 Performance evaluation of the planter
Table 4.ANOVA of responses
	Missing index

	Variance source
	Degree of freedom (DF)
	Sum of square (SS)
	Mean square (MS)
	F-Value
	P-value
	Contribution rate (%)

	A
	2
	21.556
	10.7778
	25.53S
	0.000
	17.86

	B
	2
	50.000
	25.0000
	59.21S
	0.000
	41.44

	C
	2
	40.667
	20.3333
	48.16S
	0.000
	33.70

	Error
	20
	8.444
	0.4222
	
	
	7.00

	Total
	26
	120.667
	
	
	
	100.00

	Multiple index

	A
	2
	22.30
	11.1481
	12.97s
	0.000
	21.65%

	B
	2
	19.85
	9.9259
	11.55s
	0.000
	19.28%

	C
	2
	43.63
	21.8148
	25.39s
	0.000
	42.37%

	Error
	20
	17.19
	0.8593
	
	
	16.69%

	Total
	26
	102.96
	
	
	
	100.00%

	Quality of feed index

	A
	2
	47.19
	23.593
	13.94s
	0.000
	13.78%

	B
	2
	105.41
	52.704
	31.14s
	0.000
	30.77%

	C
	2
	156.07
	78.037
	46.11s
	0.000
	45.57%

	Error
	20
	33.85
	1.693
	
	
	9.88%

	Total
	26
	342.52
	
	
	
	100.00%

	Degree of variation

	A
	2
	32.56
	16.2820
	19.83s
	0.000
	33.12%

	B
	2
	10.02
	5.0086
	6.10s
	0.009
	10.19%

	C
	2
	39.32
	19.6589
	23.94s
	0.000
	39.99%

	Error 
	20
	16.42
	0.8211
	
	
	16.70%

	Total
	26
	98.32
	
	
	
	100.00%


From the ANOVA Table 4, it may be seen that each treatment factors A, B and C had significant effect on responses.
Treatments (A, B, C) had significant effect on the responses at 5% significance level and 95% confidence level. It is also seen that the contribution of factor B i.e. hopper fill level was highest (41.44%) responsible factor for change in missing index. Change in Imulti was greatly (42.37%) influenced by forward speed. It may be due to compaction of seed at higher hopper fill and with increase in operating speed, the time required to fill the cell is reduced. Therefore, Iv and Iq were mainly affected by the operating speed (45.57% and 40%). 
CONCLUSIONS
The signal-to-noise ratio based optimization of treatments indicated that the combination of 3.5 mm seed metering cell size, 10.0mm hopper fill level and 2.0 km h-1 operating speed were found as the optimum operating parameters. ANOVA shows that all the three treatments considered in this study had significant effects on the responses. The minimum values of missing index, multiple index, quality of feed index and degree of variation of the zero-till planter were 9%, 10%, 81% and 12.3% respectively. Effective field capacity and field efficiency were 0.45 ha h-1 and 75.82%, respectively. The contribution of operating speed and hopper fill level for change in responses were higher as compared to cell diameter.
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