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Abstract: Shearing strengths of Sorghum (Sorghum bicolor L. Moench) stalks of three varieties CSV-20, CSV-23 and CSH-9 were determined. The stalk
specimens were deformed at two loading rates (50 mm/min and 75 mm/min). The cutting force required for shearing of sorghum st alks, Ultimate cutting stress
and Specific shearing energy were determined at three sections for three varieties. The mean of the force required for cutting upper section of stalk of all
varieties at first and second loading rate was 241.66 and 243.83 N respectively. The Ultimate cutting stress at upper section of stalk for the variety CSV-20 at
the first loading rate found more by 12.03 % as compared with the second loading rate. The UCS was found 35.13 % and 36.35 % more at 75 mm/min loading
rate for the varieties CSV-23 and CSH-9 respectively. The mean values of cutting force required for middle section of stalk recorded as 303.36 N and 307.42 N
respectively at first and second loading rate. The Ultimate cutting stress at middle section of stalk for the variety CSV-20 at first loading rate was increased by
33.42 % as compared with the second loading rate. The value of UCS was slightly increased by 6.81 % in case of the variety CSV-23. The trend of UCS was
observed reverse for the variety CSH-9. The Specific Shearing Energy had increasing trend for the variety CSV-20 as the loading rate is increased from 50
mm/min to 75 mm/min. However, the reverse trend of SSE was observed in case of the varieties CSV-23 and CSH-9 for middle section of the stalk. The mean of
the force required for cutting lower section of stalk of all varieties at first and second rate of loading was 358.58 and 541.92 N respectively. The Ultimate cutting
stress had increasing trend for all three varieties as the rate of loading is increased from 50 mm/min to 75 mm/min for lower section. The Specific Shearing
Energy had increasing trend for the variety CSV-20 & CSV-23 as the loading rate is increased from 50 mm/min to 75 mm/min.
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INTRODUCTION
The India covers 34 % of the total Sorghum area in the world and produces around 17 % of the
world production of sorghum grain per annum. It is being cultivated in Maharashtra for both
grain and fodder during kharif (area 13.84 lakh ha) and rabi (area 30.17 lakh ha). Sorghum is
second largest growing crop of Vidarbha region of Maharashtra. Important mechanical
properties of the cellular forage material from the cutting standpoint are strength in tension,
shear and bending. These properties are influenced by species, variety and age of the plant,
moisture content and the cellular structure (Person, 1987).
It is also necessary to determine the physico mechanical properties such as shearing stress and
energy requirement to design suitable cutting devices and optimise operational
parameters.(Ince et al, 2005). The mechanicalproperties of sorghum stalk are essential for the
design of equipment and analysis of the behavior of product during agricultural process
operations such as harvesting, handling etc. The cutting of stalk is an important process in
sorghum harvesting, forage harvesting, weeding, stalk shredding etc. The properties of the
cellular material that are important in cutting are compression, shearing, density and friction
(Taghijarah et al, 2011). In view of above the study was undertaken with the objective, 1) to
determine compressive and tensile strength of sorghum stalk and 2) to determine the effect of
loading rate on shearing characteristics of sorghum stalk.
MATERIALS AND METHODS
The experimental material selected for the study was three different varieties CSV-20, CSV-23
and CSH-9 of sorghum planted in the year 2012 on the experimental field at Western Block of
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola. Stalks of physiologically matured sorghum
plants were selected and shear strengths were determined at upper, middle and lower position
of stalk.
Moisture content : The moisture content of the sorghum stalk was measured according to ASAE
Standard S.352 (ASAE Year Book 1979).
Stalk diameter
The Sorghum stalk diameter was determined with the help of a slide caliper having a least
count of 0.01mm. The measurements were taken for upper, middle and lower positions. The
stalks of an average diameter were selected for the experiment. This procedure was repeated
for all three varieties.
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Experimental Techniques
Shear strength of stalk
The shearing tests were conduced using Food Texture Analyzer (Plate 1) to determine shearing
force for the sorghum stalk. The machine consists mainly of a shearing blade, rigid fixture on
the base platform to keep the stalk specimen and a load cell of capacity 250 kg for recording
the shearing force. Data chart recorder where the live graph of each test can be observed
separately as well as the tabular data can be recorded in the format of excel sheet. Two loading
rates 50 mm/min and 75 mm/min were selected for the study. The stalk samples were kept on
the fixture and during the downward movement of the crosshead; the knife cuts the specimen
by shear and passed through the slots provided in the fixture below the specimen. The force
required for shearing stalk at the crosshead speed of 50 and 75 mm/min. was recorded against
time on the chart recorder. The indices which determine the shearing behavior of the plant
material are ultimate cutting stress and specific shearing energy.
The Ultimate cutting stress is determined by using equation,

Fmax
σs = ---------A

where, σs represents the ultimate cutting stres, Fmax the maximum shear force (N) and A, the
cross-sectional area (mm2)of the stalk. The specific shearing energy was calculated as a
quotient of the total strain energy and the stalk cross sectional area. (Chattopadhayay and
Pandey, 1999 ).
F
Ess = ------ ∫ dx
A
Where,

Ess = Specific shearing energy, mJ/mm²,
F = Shearing force, N
A = Cross section of sample at the place of cutting, mm²,
x

= Travel of knife (displacement), mm.
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Variables for the study
The independent variabls were three sorghum varieties (CSV-20, CSV-23 & CSH-9) and two Rate
of loadings (50 mm/min, 75 mm/min.). The dependent variables were cutting force, ultimate
cutting stress and specific shearing energy. The experiments were replicated thrice and the
results were analysed by using split plot design.
The samples of an average equal diameter were selected for the experimentation. Three
samples were prepared from upper, middle and lower section of the stalk for the repetation of
the experiment. The experiment was planned on the same day to avoid the fluctuation in the
moisture content of the stalk.

Load cell
Shearing blade

Stalk specimen

Plate 3 Food texture analyzer
RESULTS AND DISCUSSION
The comparative results of Cutting force of three varieties at two loading rates for three
sections are tabulated in table1. From the Table 1 it is clear that the force required for the
variety, CSV-20 decreased at the loading rate of 75 mm/min. as compared to the force requied
at the loading rate of 50 mm/min for upper section of the stalk while at the middle and lower
section the required force increased at the loading rate of 75 mm/min as compared to the force
required at the loading rate of 50 mm/min. In case of variety CSV-23, the force required at the
loading rate of 75 mm/min. and loading rate of 50 mm/min. is at par for upper and middle
section of the stalk while for the lower section of stalk, incresing trend of requied cutting force

Organized by C.O.E.T, Akola, ISTE, New Delhi & IWWA.

502
Available Online at www.ijpret.com

Research Article
Impact Factor: 4.226
Mrudulata Deshmukh, IJPRET, 2016; Volume 5 (2): 499-508

ISSN: 2319-507X
IJPRET

is observed at the loading rate of 75 mm/min as compared to the loading rate of 50 mm/min. In
case of third variety i.e. CSH-9, the force required at the loading rate of 75 mm/min. is
increased as compared to the force requied at the loading rate of 50 mm/min. at upper section
while at the middle and lower section the reverse trend of the required force is observed.
The force required for shearing of the varieties CSV-20 and CSV-23 increased from upper
section to the lower section. But in case of variety CSH-9 the increasing trend of force was in
the sequence of middle, upper and lower section of the stalk. This may happened due to the
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Table 1 Cutting force for three varieties at two loading rates and three sections of sorghum
stalk
Upper Section

Middle Section

Lower section

Rate
of
loading

Rate of
loading

Rate of
loading

Cutting force, N
50
mm/min.

75
mm/min.

Mean

Cutting force, N
50

Variety

mm/
min

75
mm/min

Cutting force, N
50
mm/min

75
mm/min

Mean

Mean
Variety

Variety
CSV-20

321.51

260.93

291.22

CSV-20

419.94

470.24

CSV-20

413.06

839.43

CSV-23

192.51

193.10

192.81

CSV-23

286.94

277.05

445.09

CSV-23

301.70

512.67

626.24

CSH-9

210.96

277.47

244.22

CSH-9

203.20

174.98

281.99

CSH-9

360.97

273.67

407.19

Mean

241.66

243.83

Mean

303.36

307.42

189.09

Mean

358.58

541.92

317.32

Main
Factor
(A)

Sub
Factor
(B)

Interaction

Main
Factor
(A)

Sub
Factor
(B)

Interaction

Main
Factor
(A)

Sub
Factor
(B)

Interaction

F Test

S

NS

NS

F Test

S

NS

NS

F Test

S

NS

NS

SE
(m)+

21.522

33.010

57.175

SE
(m)+

59.013

20.302

35.163

SE
(m)+

84.505

103.105

178.584

CD
(5%)

84.490

--

--

CD
(5%)

231.673

--

--

CD
(5%)

331.754

--

--

S-Significant, NS-Non significant
Size variation of the stalk from upper to the lower section. The maximum force is required for
the lower section of the stalk for all three varieties.
The comparative results of Ultimate cutting stress of three varieties at two loading rates for
three sections are presented graphically in the Fig.2.
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Fig.2 Ultimate cutting stress of three varieties at two loading rates for three sections of
Sorghum stalk
From the Fig. 2, it is revealed that the value of the ultimate cutting stress decreased for the
variety, CSV-20, at the loading rate of 75 mm/min. as compared to the ultimate cutting stress at
the loading rate of 50 mm/min for upper section of the stalk while at the middle and lower
section, increasing trend of the ultimate cutting stress is observed at the loading rate of 75
mm/min as compared to the UCS at the loading rate of 50 mm/min. In case of variety CSV-23,
the ultimate cutting stress at the loading rate of 75 mm/min. and loading rate of 50 mm/min.is
at par for middle section of the stalk while for the upper and lower sections, increasing trend of
UCS at the loading rate of 75 mm/min is observed as compared to the loading rate of 50
mm/min. For third variety i.e. CSH-9, the ultimate cutting stress at the loading rate of 75
mm/min. is increased as compared to the UCS at the loading rate of 50 mm/min for upper
section of stalk while at the middle and lower section the values of ultimate cutting stress at
the loading rate of 75 mm/min and at the loading rate of 50 mm/min are at par. The increasing
trend of ultimate cutting stress was in the sequence of middle, lower and upper section of the
stalk. This may happened due to the sectional size variation of the stalk.
The comparative results of Specific searing energy of three varieties at two loading rates for
three sections are presented graphically in the Fig.3.
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Fig. 3 Specific shearing energy of three varieties at two loading rates for three sections of
Sorghum stalk
The Fig. 3. shows the decreasing trend of specific shearing energy for the variety CSV-20, at the
loading rate of 75 mm/min. as compared to the SSE at the loading rate of 50 mm/min for upper
section of the stalk while at the middle and lower sections, the values of specific shearing
energy had reverse trend. In case of variety CSV-23, the specific shearing energy at the loading
rate of 75 mm/min. and loading rate of 50 mm/min.is at par for middle and upper section of
the stalk while for the lower section, the values of SSE increased at the loading rate of 75
mm/min as compared to the loading rate of 50 mm/min. In case of the variety CSH-9, increased
values of specific shearing energy at the loading rate of 75 mm/min are observed as compared
to the loading rate of 50 mm/min for upper section of stalk while at the middle and lower
sections of the stalk, at par values of SSE are observed at the loading rate of 75 mm/min and 50
mm/min. The increasing trend of specific shearing energy was in the sequence of middle,
upper and lower section of the stalk.
CONCLUSIONS
 The compressive strength was highest for the variety CSV-20 followed by the varieties CSV23 and CSH-9.
 The tensile strength of varieties CSV-20, CSV-23 and CSH-9 were observed as 1.27kN, 1.60kN
and 2.40kN respectively.

Organized by C.O.E.T, Akola, ISTE, New Delhi & IWWA.

506
Available Online at www.ijpret.com

Research Article
Impact Factor: 4.226
Mrudulata Deshmukh, IJPRET, 2016; Volume 5 (2): 499-508

ISSN: 2319-507X
IJPRET

 The mean of the force required for cutting upper, middle and lower section of stalk of all
varieties at 50 mm/min was 301.2 N and 75 mm/min loading rate was 364.39 N respectively.
 The ultimate cutting stress has decreasing trend for variety CSV-20 upper section of stalks as
the loading rate was increased from 50 mm/min to 75 mm/min. For middle and lower section
of stalk the trend of UCS was reverse. In case of varieties CSV-23 and CSH-9, the values of UCS
had increasing trend for all three sections of stalks.
 The specific shearing energy for the variety CSV-20 had decreasing trend, while the value of
SSE for varieties CSV-23 and CSH-9 increased as the loading rate was increased from 50
mm/min to 75 mm/min for upper section of stalk.
 The SSE had increasing trend for the variety CSV-20 as the loading rate is increased from 50
mm/min to 75 mm/min. However, the reverse trend of SSE was observed in case of the
varieties CSV-23 and CSH-9 for middle section of the stalks.
 In case of lower section of stalks the SSE had increasing trend for all three varieties.
REFERENCES
1. Amer Eissa A.H ; Gomaa A.H.; Baiomy M.H. and A. A. Ibrahim, 2008. Physical and mechanical
characteristics for some agricultural residues. Misr J. Ag. Eng., 25(1): 121-146.
2. ASAE, (1979). Agricultural Engineering Handbook of Standards. American
Agricultural Engineers, St.Joseph, Michigan, USA.

Society of

3. Chattopadhyay PS and KP Pandey (2001). Impact cutting behaviour of Sorghum stalk using a
flail-cutter— A mathematical model and its experimental verification. J.Agril.Engg.Res.,Vol.
78(1):369-376.
4. Hoseinzadeh Bahram and Alireza Shirneshan, 2012. Bending and shearing characteristics of
anola stem, American-Eurasian J. Agric.& Environ.Sci. Vol.12(3): 275-281.
5. İnce AS Uğurluay E Güzel MT Özcan, (2005). Bending and shearing
sunflower stalk residue. Biosystems Engineering, Vol.92(2): 175–181.

Characteristics of

6. Mohsenin, NN (1986). Physical Properties of Plant and Animal Material. Gordon and Branch.
New York, USA.
7. Persson, S. (1987). Mechanics of Cutting Plant Material, ASAE Publications, Michigan, USA.

Organized by C.O.E.T, Akola, ISTE, New Delhi & IWWA.

507
Available Online at www.ijpret.com

Research Article
Impact Factor: 4.226
Mrudulata Deshmukh, IJPRET, 2016; Volume 5 (2): 499-508

ISSN: 2319-507X
IJPRET

8. Prasad J and CP Gupta (1975). Mechanical properties of maize stalk as related to harvesting.
J.Agril.Engg.Res.Vol. 20(1):79-87.
9. Taghijarah,H H. Ahmad; M. Ghahderijani and M. Tavakoli, (2011) Shearing characteristics of
sugar cane (Saccharum officinarum L.) stalks as a function of the rate of the applied force.
Australian Journal of Crop Science Vol.5(6): 630-634.
10. Wangyuan Zong; Huang Xiaomao; Xu Aiying; Fan Siuwen and Huang Sincheng, 2013.
Bending and shearing characteristics of Cotton seedling stem. Trans. Chinese Society of
Agricultural Engineering, Vol. 28 (2) : 118-123.

Organized by C.O.E.T, Akola, ISTE, New Delhi & IWWA.

508
Available Online at www.ijpret.com

