


Study of Physical Properties of Groundnut Seeds Relevant to Design of Planter 


ABSTRACT 
Groundnut is one of the important crop grown by farmers in many parts of the country. The existing methods and equipments used for planting of groundnut are facing many challenges such as poor seed spacing performance, inaccurate seed rate, inefficient and labor intensive etc. Therefore, design and development of improved equipment for planting of groundnut seeds is necessary. To design and develop new equipment for planting, investigation of the physical properties of groundnut seeds is essential. In this study, some physical properties of groundnut (Chandra variety) seeds, such as length, width, thickness, sphericity, bulk density, angle of repose, geometric mean diameter, coefficient of friction, moisture content, and thousand seed weight were investigated at the Department of Farm Machinery and Power Engineering, SHUATS-Prayagraj. The average length, width and thickness of the groundnut seeds were 12.6, 6.83 and 5.40 mm, respectively. Sphericity, bulk density and angle of repose were recorded as 0.58, 0.522 g/cm³ and 27.65° respectively. The coefficient of friction was found to be 0.41. Moisture content (db%) and thousand seeds weight were also determined and found to be 8.23% and 560.40 g respectively.
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1. INTRODUCTION  
“Groundnut (Archis hypogaea L) or peanut is one of the most important cash crops of India and it plays a major role in bridging the vegetable oil deficit in the country” (Saumya et al., 2019). It is one of the most significant protein-rich crop and ranks fifth in the world behind sunflower, cottonseed, soybean, and rapeseed. In tropical and warmer temperate regions of the world, it is cultivated as an annual crop on roughly 19 million hectares of land. Although groundnuts have a lot of economic potential, little is known about their physical characteristics (Adejumo et al., 2005). India, China, Nigeria, Senegal, Sudan, Burma, and the United States of America are the world's top producers of groundnuts. It is high in dietary fiber, vitamins, and minerals, and has 48-50% oil and 26-28% protein. India holds a significant position in the Indian agricultural sector and is one of the world's top producers of oilseeds. An estimated 4.19 million hectares were planted to nine oilseeds, including peanut, rapeseed-mustard, soybean, sunflower, safflower, sesame, Niger, castor, and linseed, which produced 5.62 million tons in 2011-2012. It is said that groundnuts are the "King" of oilseeds. It is among our nation's most significant cash and food crops. Using a seed drill or an appropriate planter, the Kharif crop is seeded 8-10 cm deep. The spacing between the adjacent rows varies from 30-60 cm and within the row from 10-15 cm (Anil et al., 2017). The technology is one of the main remedies for low productivity and the growth of the production area linked to the rural farmers' traditional hand tools (Mekki and Mohamed, 2011).   
It has frequently been emphasized that in order to build systems and machinery for handling and processing agricultural and biological materials after harvest, it is required to characterize them in terms of their physical, mechanical, thermal, electrical, and optical properties. “The physical properties of groundnut seeds such as length, width, thickness, surface area, volume, aspect ratio, sphericity, true density, bulk density, porosity and angle of repose are those characteristics which when measured, are relevant to the design and development of planting, harvesting, handling, processing and storage equipment for that particular material” (Burubai and Amber, 2014; Abioye et al., 2016). “These properties describe the physical state of the material at any given condition and time. The mass, size, and shape are essential for sorting, grading, and various separation operations” (Maduako et al., 2004). Length, width, thickness, surface area, volume, sphericity, true density, bulk density, porosity and angle of repose are those characteristics which are important for designing and evaluating of sowing and planting equipment. Therefore, some physical properties of groundnut were investigated, which are relevant to the design of a planter for planting groundnut.
2. MATERIALS AND METHODS 
2.1. Investigation of physical properties of groundnut seeds 
2.1.1. Sampling
The groundnut seed was procured for the study from an authorized seller in Prayagraj, Uttar-Pradesh. The seeds were cleaned manually by removal of all foreign matter such as dirt, stones and broken seed. Physical properties of the Chandra variety of groundnut seeds were investigated at Department of Farm Machinery and Power Engineering, SHUATS, Prayagraj, UP India. For the investigation shape and size, 100 seeds were randomly selected from the sample. Moisture content was immediately measured on arrival. 
2.1.2. Size of groundnut seed
Axial and lateral dimensions were measured with a Vernier caliper having least count of 0.01mm.   All the dimensions were measured for randomly selected 100 peanut seeds and the values were noted. 
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Fig. 1. Characteristic dimensions of groundnut seed
Average length (L), Width (W) and thickness (T) were measured by the method mentioned by Singhal, 2003 and Mohsenin, 1986 as follows: 
Length (L) =   , Width (W) =  , Thickness (T) =                        (1)

2.1.3. Sphericity 
The sphericity of the groundnut seed is the ratio of geometric mean diameter to the length of seed. A solid's sphericity can be expressed in relation to a sphere of the same volume. A high aspect ratio and sphericity indicate that the seeds are prone to taking on a spherical form (Koocheki et al., 2007; Milani et al., 2007). When designing dehulling equipment, these characteristics are helpful. The sphericity of seeds was calculated by using the method mentioned by Mohsenin, 1986 and Olajide, 2018.  
Sphericity (S) =                                     (2)
Where,
L = Largest intercept (mm) i.e., maximum intercept 
W = Largest intercept perpendicular to L (mm) i.e., intermediate intercept
T = Largest intercept mutual perpendicular to L and W (mm) i.e., minimum intercept 
[bookmark: _Hlk138324752]2.1.4. Bulk density 
Bulk density of the groundnut seed is defined as the ratio of weight of seeds to the volume of the same seeds. Bulk density of seed plays an important role in design of silos and hoppers for grain handling and storage structure (Nalladulai et al., 2002). The seeds were filled in a 1000 cm³ capacity cylinder without undue pressure and its weight was measured on an electronic balance having least count of 0.1 g. The bulk density was calculated as weight of material per unit volume, g/cm³ (Abioye et al., 2016). Bulk density of groundnut was determined by using following equation: 
Bulk density (g/cc) =                    (3) 
Where, 
W1 = empty weight of container (g) 
W2 = weight of container filled with groundnut (g) 
V = volume of container (cm3) 
2.1.5. True density
The Toluene Displacement Method (TDM) was used to calculate true density.  A weighted amount of groundnut was submerged in toluene to measure the volume of toluene displaced (Figueiredo et al., 2011).  To confirm the findings, the observations were replicated five times. True density of groundnut seed was determined as follows: 
True density (g/cm³) =                           (4)
2.1.6. Angle of repose 
When grain is peaked rather than heaped at a consistent bed depth, it is crucial for filling a flat storage facility (Mohsenin, 1986).  It is also useful for figuring out a pile's shape, building equipment for mass flow, and designing storage structures. The seeds were allowed to fall freely to form a heap cone on the levelled surface. The diameter of the base circle and height of the heap were measured and the repose angle was calculated as follows: 
φ=                                       (5)
Where,
φ = angle of repose (degree) 
h = Ha-Hb 
D = Diameter of circular platform 
2.1.7. Geometric mean diameter (Dg) of groundnut
The geometric mean diameter (Dg) was determined by using method mentioned by Mohsenin (1986), Sreenarayanan et al., (1985) and Sharma et al., (1985).
Dg= (LWT)1/3                                       (6)
Where,
L = largest intercept (mm)
W = width (mm)
T = thickness (mm)
2.1.8. Coefficient of friction 
A known mass of the samples was filled in a cylinder and with the cylinder resting on the surface, it was raised gradually until the filled cylinder just started to slide down (Varnamkhasti et al., 2008). The following equation was used to calculate the coefficient of friction and angle of internal friction for the groundnut.
μ = tanφ =                                  (7)
Where,
μ is the coefficient of friction 
φ is the angle of internal friction,  φ = tan-1 
2.1.9. Moisture content of Groundnut 
The moisture content (%) of groundnut seeds was determined on wet basis and dry basis. Oven drying method was adopted as this method is used by many other researchers. The Groundnut sample was weighed with crucible and placed in the oven at 105°C for 24 hours (AOAC, 2006). Similar method was used by Sahay and Singh, 1994 to determine the moisture content of rice and chickpea seeds. The sample was weighed before and after oven drying by electronic balance with least count of 0.1g. Moisture content was calculated by using the following relationship.
Wet basis moisture content (MCwb) =  × 100      (8)
Dry basis moisture content (MCdb) =  × 100       (9)
2.1.10. Test weight 
Test weight of five samples of selected variety of groundnut was determined using an electronic balance having least count of 0.1 g. One thousand seeds of groundnut were counted and weighted.
2.2. Overall methodology 
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Fig.2. Overall methodology of the study
3. Results and Discussion
3.1. Size of the groundnut seeds 
[bookmark: _GoBack]Average length(L), Width(W) and Thickness(T) of selected groundnut verity were measured to be 12.6, 6.83 and 5.40mm respectively.  Maximum length, width and thickness were measured to be 13.8, 6.83 and 5.8mm respectively whereas minimum were 11.5, 5.25 and 4.2mm respectively. Standard deviations for length, width and thickness were found to be 0.788, 0.579 and 0.445 respectively. Coefficient of variation for length, width and thickness were found to be 5.74, 8.49 and 8.24% respectively as shown in fig.2. Studies have shown that “the average length, breadth, and thickness of groundnut seeds range from 13.09, 8.68, and 7.07 mm, respectively” (Davies 2009, and Reddy et al., 2022).  


Fig. 3. Three axial dimensions of groundnut seeds

3.2. Sphericity (S): 
Grain's sphericity refers to its capacity to roll rather than slide in a delivery tube, feeding drum, grain hopper, etc.  Grain with a higher sphericity value can roll more easily, which is a crucial feature for grain hopper and conveying equipment design. Average sphericity of the groundnut seeds was found to be 0.58. Maximum and minimum values of sphericity were 0.63 and 0.50 respectively. Standard deviation and coefficient of variation for sphericity were 0.045 and 7.76 respectively as reported as table 1. Studies have reported sphericity of groundnut seeds ranging from 0.46 to 0.67 (Davies 2009, and Reddy et al., 2022).  
3.3. Bulk density: 
Average bulk density of the groundnut seed was found to be 0.522 g/cm³ with a standard deviation and coefficient of variation of 0.016 and 3.07% respectively. Maximum and minimum values were found to be 0.54 and 0.5 g/cm³ respectively as shown in table 1. Researchers have investigated and reported bulk density ranging from 0.331 to 0.606 g/cm³ (Maduako et al., 2004 and Gojiya et al., 2020). 
3.4. True density: 
True density of groundnut seed was determined and verified by repeating the procedure five times. It was found to be 1.14 g/cc. Maximum and minimum true density were observed as 1.17 and 1.11 g/cc respectively. Standard deviation and coefficient of variation were 0.021 and 1.86% respectively. Gojiya et al., 2020 reported true density of groundnut seed as 1.08 g/cm³
3.5. Geometric mean diameter (Dg) of groundnut:
It was found that the groundnut seeds had an average geometric mean diameter (Dg) of 7 mm. Maximum and minimum values were 7.6 mm and 6.8 mm respectively. Standard deviation and coefficient of variation were found to be 0.30 and 4.3% respectively as reported in table 1. Abioye et al., 2016 reported geometric mean diameter between 11.37-13.35 mm.  
3.6. Angle of repose and coefficient of friction:
The average value for angle of repose of groundnut seed was 27.72°. The average coefficient of static friction of groundnut seed was 0.41. The maximum and minimum value of angle of repose was 28.66° and 26.64° respectively. The maximum and minimum value of static coefficient of friction was 0.49 and 0.35 respectively. The standard deviation and coefficient of variance of angle of repose was 0.77 and 2.78 respectively. The standard deviation and coefficient of variance of static coefficient of friction was 0.05 and 12.20 respectively, shown in table 1. “Angle of repose and coefficient of friction play an important role in selection of angle of inclination of seed box and metering plate of sowing and planting equipment. Studies reported angle of repose and static coefficient of friction as 28° and 0.10 respectively” (Davies 2009). 
3.7. Moisture content:
The average moisture content (%) on wet basis of the groundnut seed was 7.6. The minimum and maximum value of moisture content (wb) was 7.2 and 8.0 respectively. The standard deviation and coefficient of variance (%) of moisture content (wb) was 0.40 and 5.26 respectively. The average moisture content (%) on dry basis of the groundnut seed was 8.23. The minimum and maximum value of moisture content (db) was 7.76 and 8.7 respectively. The standard deviation and coefficient of variance (%) of moisture content (db) was 0.47 and 5.71 respectively as shown in table 1. Davies 2009 reported moisture content of groundnut seeds on wet basis as 6 %. In another study moisture content on dry basis was reported as 8.13 % (Reddy et al., 2021). 
3.8. Thousand seeds weight of groundnut seed: 
The seed weight affects seed flow from seed metering wheel to the furrow opener and in turn, influences the design of seed hopper. The average weight of 1000 seeds of groundnut were 560.40 gm. The minimum and maximum weight of 1000 seeds of groundnut was 552g and 570g respectively. The standard deviation and coefficient of variation of groundnut 3.77 and 0.67% respectively as shown in table 1. The average thousand seeds weight of groundnut was reported by Sravani et. al., 2020 which ranged from 460.23 g to 560.34 g for four varieties of groundnut. 
Table 1: Overall Physical properties of groundnut seeds
	S. No.
	Parameters 
	Maximum
	Minimum
	Average
	SD
	CV (%)

	1. 
	Equivalent diameter (mm)
	7.8
	6.8
	7.28
	0.322
	4.42

	2. 
	Sphericity 
	0.63
	0.50
	0.58
	0.045
	7.76

	3. 
	Bulk density (g/cc)
	0.54
	0.50
	0.522
	0.016
	3.07

	4. 
	True density (g/cc)
	1.17
	1.11
	1.14
	0.021
	1.80

	5. 
	Geometric mean diameter (mm)
	7.6
	6.8
	7.0
	0.30
	4.3

	6. 
	Angle of repose (degree)  
	28.66
	26.64
	27.65
	0.77
	2.78

	7. 
	Coefficient of friction
	0.49
	0.35
	0.41
	0.05
	12.20

	8. 
	Moisture content (wb)(%) 
	8.0
	7.2
	7.6
	0.40
	5.26

	9. 
	Moisture content (db)(%)
	8.7
	7.76
	8.23
	0.47
	5.71

	10. 
	Thousand seed weight (g)
	570
	552
	560.40
	3.77
	0.67



4. Conclusion:   
The physical properties of groundnut seeds were investigated in this study. The average length, width and thickness of the groundnut seeds were 12.6, 6.83 and 5.40 mm respectively. Sphericity, bulk density and angle of repose were recorded as 0.58, 0.522 g/cm³ and 27.65° respectively. The coefficient of friction was found to be 0.41. Moisture content (db%) and thousand seeds weight were also determined and found to be 8.23% and 560.40 g, respectively. As planter design crucially depends on the physical properties of groundnut seed for easy and efficient operation in the field, hence this study would be explored with greater ease by researchers dealing with planter design. 
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