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ABSTRACT 

This article follows the previously published study on the mechanical behaviour of oil palm kernels 

under compression loading. A slight change in deformation of the heat-treated kernels was observed at 

force 100 kN and speed 60 mm/min. Therefore, a greater force was required to produce high er 

percentage kernel oil.In this present study, however, both roasted and unroasted kernels were 

compressed in a vessel with diameter of60 mmat varying forces from 150, 200, 250 and 300 kN and  

speed 10 mm/min aimed at determining the optimal pressing force without serration effect on the force-

deformation curve. 

 

ABSTRAKT 

Tento ļl§nek navazuje na pŚedchoz² zveŚejnŊnou studii o mechanick®m chov§n² olejovĨch 

palmovĨchjader pod tlakovĨm zat²ģen²m. Aplikov§n² maxim§ln² s²ly 100 kN pŚi rychlosti 60 mm/min uk§zalo 

m²rn® zmŊny deformace. Proto byla potŚebn§ vŊtġ² s²la k z²sk§n² vyġġ²ho pod²lu j§drov®ho oleje. Avġak v 

tomto experimentu bylajak praģen§,tak nepraģen§ olejov§ palmov§ j§dra  stlaļov§na v lisovac² n§dobŊ o 

prŢmŊru 60 mm pŚi rŢznĨch sil§chod150, 200, 250 a 300 kN pŚi rychlosti 10 mm/mins c²lem stanovit 

optim§ln² lisovac² s²lu bez efektu zoubkov§n² na  deformaļn² kŚivce. 

 

INTRODUCTION 

The oil palm (Elaesis guineensis) is a perennial monoecious crop originated from the tropical climates 

with high rainfall, which belongs to the family Palmae (Ozumba and Obiakor, 2011).The tree starts to 

produce fruits four to five years after planting and the fruits bunch weighs between 10 and 75 kgdependingon 

the varieties(Kabutey et al., 2013; Owolarafe et al., 2007). 

The processing of the fresh fruit bunch to yield red palm oil gives the shelled palm nut which is 

cracked to produce the palm kernel nut and the shell. The shells are used as energy and road construction 

whiles the palm kernel nut is processed to yield palm kernel oil and cake. The palm kernel oil is 81% 

saturated and is obtained a white to yellowish vegetable oil similar to coconut oil beingsemi-solid at normal 

temperature while the palm mesocarp oil is 41% saturated and it is red due to the presence of 

carotenoids(Akinoso et al., 2009;Akinoso and Raji, 2011;Keshvadi et al., 2011).  

Palm oil is used in packaged edible products including cooking oils,margarine, mayonnaise, ice 

cream, cookies and chocolates; and non-edible products such as soaps, detergents and cosmetics.It is also 

used as a biodiesel through thetransesterification process and also used in the metal and leather 

industries(Morrison and Heijndermans, 2013). Palm kernel oil is used in commercial cooking because of its 

relatively low cost and longer storage period. It can also be used for the manufacture of soaps and washing 

powders. The meal is used as a fertilizer and livestock feed.  

The processing of the fruits and nuts for the edible oils especially in the developing countries is labour 

intensive and time consuming.The mechanical extraction process is suitable for oil extraction in both small 

and large-scale operations by the application of pressure. However, the relevance of optimal pressure in 

mechanical oil expression has been rapidly mentioned (Oriaku et al., 2013).  
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Technological improvement of the oil processing requires accurate knowledge on both the physical 

and mechanical properties of the oil palm fruit, nut and kernel.These properties include among others 

moisture content, sphericity, porosity, pressing force, deformation and energy balance (Akinoso et al., 

2009;Akinoso and Raji, 2011).In the literature, such informations are limited. Therefore, in this present study, 

the mechanical properties of unroasted and roasted oil palm kernels were mainly investigated under 

compression loading.  

 

MATERIAL AND METHOD 

The unroasted and roasted oil palm kernels procured from New Tafo, Eastern Region, Ghana were 

used for the compression test. The moisture content of unroasted and roasted oil palm kernels was 

determined to be 9.67±0.196 and 3.33±0.191 using the standard oven method with a temperature setting of 

105 ºC and a drying time of 17 h (Kabutey et al., 2014). 

A compression device (ZDM 50, Czech Republic) was used at speed 10 mm/min for varying forces 

between 150 kN and 300 kN. The kernels were measured at the initial pressing height of 60 mm in a 

pressing vessel of 60 mm diameter. After the initial test,the kernels were again pressed to ensure permanent 

deformation which was observed at pressing heights 55 mm and 50 mm respectively. However, the test was 

stopped for kernel pressing height of 50 mm at force 300 kN as a result of the ejection of kernel cake through 

the holes beneath the pressing vessel. 

 

RESULTS  

The results of the compression test are presented in table 1. Percentage oil yield and energy 

increased with increasing pressing force for both unroasted and roasted kernels at speed 10 

mm/min.Unroasted kernels produced higher percentage oil yield compared to roasted kernels. Hence, 

energy demand was higher. 

The coefficients of determination (R2) of oil yield for both unroasted and roasted kernels were 

approximately 72% (Fig. 1). On the other hand, that of energywas72% and 47% respectively (Fig. 2). 

The 72% explainthe significant effect of compressive force on oil yield and energy whiles the 47% 

suggestpartly effect. The decrease in percentage oil yield of roasted kernels compared to unroasted kernels 

could be attributed to the change in the physical, mechanical and chemical structure during the heat-

treatment process. 

Traditionally, the roasting of the kernels is to aid oil extraction. However, due to the energy intensive 

process of the traditional oil processing of the roasted kernels(drying of nuts, cracking of nuts, sieving of 

cracked nuts, separation of kernels, sun-drying of kernels, winnowing of kernels, removal of undesired 

materials, roasting of kernels, milling of roasted kernels into paste and cooking and collection of oil), direct 

compressionof the unroasted kernels would be more convenient and environmentally friendly.  

Although, the kernels required repeated pressing for complete deformation to achieve maximum 

oilrecovery at optimal pressing force of 250kN, there is still need to examinethe variation offorces, moisture 

content, heat-treatment duration, pressing vessel diameters and speeds in relation to oil yield and energy 

requirement of both the unroasted and roasted oil palm kernels under compression loading. 

 

            Table 1 

Energy (kJ) and oil yield (%) of oil palm kernels at speed 10 mm/min 

Pressing 

force 

[kN] 

Pressing 

height 

[mm] 

Unroasted kernels Roasted kernels 

Energy 

[kJ] 

Oil yield 

[%] 

Energy 

[kJ] 

Oil yield 

[%] 

 

 

150 

 

*60 

55 

50 

0.907 

0.699 

0.588 

22.09 

10.50 

6.20 

0.824 

0.490 

0.341 

14.50 

7.82 

4.44 

Sum 2.194 38.79 1.655 26.76 

 

 

200 

60 

55 

50 

1.045 

0.654 

0.783 

22.75 

10.50 

7.30 

1.091 

0.707 

0.985 

18.38 

9.22 

6.73 

Sum 2.482 40.55 2.782 34.33 
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250 

60 

55 

50 

1.226 

0.717 

0.958 

25.27 

12.38 

7.40 

1.225 

0.742 

0.543 

18.19 

7.44 

6.29 

Sum 2.901 45.05 2.510 31.92 

 

 

300 

60 

55 

**50 

1.536 

0.929 

- 

31.06 

14.00 

- 

1.339 

0.869 

- 

20.54 

8.21 

- 

Sum 2.465 45.06 2.208 28.75 

* Initial pressingheight of kernels; ** Compression was ceased due to the ejection process. 

 

 

Fig. 1 - Relationship between oil yield (%) and compressive force (kN) of unroasted and roasted 
oil palm kernels at speed 10 mm/min 

 

 

Fig. 2 - Relationship between energy (kJ) and compressive force (kN) of unroasted and roasted  
oil palm kernels at speed 10 mm/min 
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CONCLUSIONS 

Knowledge of the mechanical properties of bulk oilseeds or kernels isessential in determining the 

energy requirement for obtaining higher percentage oil. The study findings include the following: 

- Optimal pressing force without serration effect on the force-deformation curve was observed at  

 250 kN. However, the kernels were not permanently deformed.  

- Serration effect was noticed at force 300 kN and pressing height of 50 mm. Compression was ceased 

here as a result of the ejection of the crashed kernels through the holes beneath the pressing vessel. 

- Oil yield and energy requirement of unroasted kernels were higher in comparison with roasted kernels. 

 It is necessary to consider the variation of compressive forces, moisture content, heat-treatment 

temperatures, pressing vessel diameters and speeds to adequately understand the mechanical behaviour of 

oil palm kernels under compression loading. 
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ABSTRACT 

Salinization of irrigated lands is a major issue in India having serious implications on food security 

and environment. Appropriate technology packages-one for  reclaiming water logged saline soils underlain 

by brackish water aquifers; and the other for sodic soils, mostly underlain by good quality groundwater, have 

been evolved. The evolution and out-scaling of these agro-technologies with supporting policies and 

institutions, is presented. The restoration of sodic lands was achieved  through integrated management of  

rainwater ( in farm pond and rice paddies) , chemical amendment for neutralization  of alkalinity, shallow tube 

wells for irrigation and drainage  and  land surface modifications to improve salt leaching and irrigation  

efficiency. The technology for reclamation of saline soils, evolved from multi-location field experimentation, 

with focus on shallow horizontal subsurface drainage system for monsoonal climate. The system required 

minimal pumping, and offered opportunity for practicing controlled drainage to reduce irrigation requirements 

in post reclamation years. The monitored data indicated favourable changes in hydrology, subsoil water 

quality (in case of saline water logged lands), land productivity, farm income and employment.  The 

assessment of out-scaled land restoration programme revealed that, public policies in respect of energy for 

energizing tube wells, subsidy on chemical amendments and farm credit, accelerated the pace of technology 

adoption. The institutional arrangements ïresearch institutions, land reclamation corporations and 

international organizations with strong linkages at country level; and   the usersô associations, self help 

groups and cooperatives at village level, very effectively supported the land reclamation, leading to 

transformative socio-economic changes.  

 

ABSTRACT 

Sinchit bhoomi ka salinization Bhaarat mein khaadya aur paryaavaran suraksha ke liye ek pramukh 

mudda hain. Es gambeer hoti ja rarhi samssyya ko theek karney ke liye  upayukt praudyogikee sankul viksit 

kiya gaya. Yeh praudyogikee sankul  mukhyataya jalgrast namkeen bhoomi, jiske neeche namkeen pani ke 

jalbhret  hote hain; aur sodic bhoomi, jinkee neeche mukhyateh mithae jalbhret hote hain, unke sudhar ke 

liae viksit kiya. Eskey saathhe praudyogikiyon ke prasar ke vaste samarthak neetiyan prestavit ke hain. 

Sodic bhoomi sudhar kee praudyogikee mein mukhyateh sanyojit varsa jal prabhandh(khet taalaab aur dhan 

ke khet mein), sodicity nivaran ke liae raasaayanik sudharak, sinchaee aur jal nikaasee ke liae uthlae 

nalkoop, namak leeching aur sinchaee dkhshta ke liae bhommi satah samtalan, aur dhan ke kheti samlit 

hain I Maanasoonee jalavaayu kchetra mein jalakarant namkeen bhoomi suddhaar kee praudyogikee, bahu 

esthaan kshetrya prayogon se vikasit kee gai hain. Es praudyogikee mein uthale kshaitij upasatah jal 

nikaasee vyavastha par dhyaan dene ke saath niyojit jal niskasan par jor rehta hein. Yeh pranali sunischit 

karti hain kee jal niskasan kam se kam rahe, aur niyantrit jal nikaasee ho, jisse bhoomi sudhar ke paschat 

sinchaee aavashyakataon ko kam karane ka avasar milta hein. Jootayae huae ankron ke adhar par yeh 

jankari praptt hue, kee bhoomi hydrology, jal kee gunavatta (in namkeen jalakrant bhoomi), bhoomi kee 

utpaadakata, krishi amdani, aur rojagaar avsaron mein anukool parivartan aayyaen hein. Bade paimane par 

bhoomi sudhar ke karyakram ke anklan ne yeh sanket diya hein kee raasaayanik sanshodhak, krishi loan, 

avam bijlee aadi par sabsidee aur twarit gati se praudyogikee graham sambandhi saarvajanik neetiyon ka 

bahoot prabhabh hua hain. Sansthaagat vyavasthayan, jaise krishi anusandhan sansthaan, bhoomi sudhaar 

nigam, antarrastrya sehyog, aur desh ke estar par majboot sehkari sansthain, svayam sevi sahaayata 

samooh; aur graam istar par sahakaaree samitiyon aadi ne bahut prabhaavee dhang se bhoomi sudhaar 

karyyakram to vistar diya, aur karntikari saamaajik-aarthik parivartan lanne mein prabhabshali bhoomika 

nebhai. 
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INTRODUCTION 

Soil salinity in irrigated lands, which is of common occurrence in India, has two main manifestations-saline 

soils with high concentration of soluble salts within the root zone due to occurrence of high water table in areas 

underlain by brackish water; and the alkali soils having high concentration of sodium and magnesium in 

exchangeable form. According to recent estimates salt affected soil are spread over 6.73 Mha, with serious 

implications on Indian economy (CSSRI, 2010, Joshi and Jha, 1992).Salinity and water logging which reduces 

land productivity and make land uncultivable, in case of high salt concentration, can be reclaimed for crop 

production mainly through improved drainage. Globally, horizontal subsurface drainage (HSSD) has been found 

to be quite effective and eco-friendly technology in areas with poor quality groundwater. In India, experimentation 

with HSSD began in 1873, when stone and tile drains were laid out to reclaim the lands in the Northwest. In the 

first quarter of 20th century, four major studies - one at Manjri (Maharashtra), Baramati (Maharashtra) Chalkanwali 

(now in Pakistan), Nissang (Haryana), were conducted (INDP, 2002). The significant observation from these 

studies was that though the installed system failed to keep water table below the desired levels during critical 

periods, yet it provided significant benefits in terms of increased crop yield over the un-drained cropland. The 

technology development for reclamation of waterlogged saline lands, which can be named as shallow horizontal 

subsurface drainage (SHSSD) described in subsequent sections has drawn support from these seminal studies.  

 

MATERIAL AND METHOD 

Like saline soils, alkali soils also have been a major concern as reflected in Reh* Committee Report of 

1879 and the scheme for experimentation recommended by this committee, as reported in Tyagi and 

Minhas(1998), were documented by Leather (1906,1911).Leather , on the basis of experimentation on alkali soils 

in United Province and Punjab, reported that ñThe only methods feasible are good cultivation practices-- and 

application of gypsumò. Unfamiliarity with the cation exchange phenomena and lack of government support for 

chemical amendment, reclamation of alkali soils did not make much headway. But researches initiated by Leather 

and subsequently by Indian researchers as reported in Tyagi and Minhas (1998) provided basis for currently 

evolved reclamation technologies. Alkali land reclamation technology has been out-scaled in large area covering 

more than a million ha of degraded land. 

Experience with technology adoption in the past had shown that capital intensive natural resources 

management technologies do not go very far without supportive policy environment by way of mainstreaming 

them in development programmes. Faced with the challenge of ensuring food security with declining land 

resources and growing population, institutional restructuring and policy initiatives were undertaken to promote 

salty land reclamation (INDP, 2002; Tyagi and Singh, 2009,Joshi and Jha,1994). This paper aims at presenting 

the current status of technology which has been developed and refined though multi-location field experimentation 

and its out scaling with supportive policies, public sector institutions and grass root organizations. 

 

RESULTS 

Technology for reclamation of alkali land  

Major advancements in salinity research are due to US Salinity Research Laboratory, Riverside 

California; Institute of Soils, Hungary, and Central Soil Salinity Research Institute (CSSRI), Karnal, India 

(Szabolcs, 1977; Tyagi and Minhas, 1998; Wallender and Tanji, 2011). The researches at CSSRI and at 

several state agricultural universities in India have led to problem specific technology development in the last 

40 years (Agarwal et al, 1982; Abrol et al, 1988; Tyagi and Minhas, 1998; and CSSRI, 2004). The solution of 

alkalinity/sodicity revolves mainly around application of chemical amendments along with use of appropriate 

crops and varieties and good agronomic practices. The current emphasis for reclaiming salt-affected soils is on 

harnessing the synergy of built-in plant salt tolerance and the chemical amendments (Singh et al, 2004) 

Innovations in sodic land reclamation technology and constraints 

It is true that application of chemical amendments, which was mostly gypsum or in some cases 

pyrites, but Indian researches on alkali land reclamation made a number of innovations leading to reduction 

in cost and improvement in efficiency of water use. 

Reduced requirement of chemical amendments 

A major advancement in technology of alkali land reclamation was the field tested recommendation on 

the reduction in doses of chemical amendment- a major item in reclamation cost. But field experiments 

conclusively established that gypsum requirement could be reduced by 50 percent of what was required for 

complete neutralization of exchangeable sodium, without any appreciable loss of crop productivity over a 

time span of 3-5 years (Abrol et al, 1988). Once initiated, the reclamation goes in auto mode taking 
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advantage of calcium carbonate present in calcareous soils occurring in northern India. Advantage of salt 

tolerant crop varieties to reduce the requirements of chemical amendments was successfully tested and out-

scaled (Singh et al, 2004, Tyagi and Singh, 2009). 

Land shaping and irrigation application system design 

Standards for land levelling, grading and design of surface irrigation application methods for rice-wheat, 

which is the most prevalent cropping pattern, were evolved and propagated (Tyagi, 2007). It was established 

that light and frequent application of irrigation water was possible, if the levelling index (departure from the 

required surface elevation across the irrigation unit)   was within limits (Tyagi, 1884).  A major issue in design of 

surface water application was the conflicting water management demands of rice, which required uniform water 

depth of standing water across the rice paddies, as against the requirement of zero submergence in case of 

wheat to avoid aeration stress. The problem was resolved by adopting mildly sloping border check basins for 

wheat, which were compartmentalized into 2-3 check basins along the length, and were equipped with an 

overflow device on the earthen bunds across the width at desired elevation (Pandey et al, 1977). 

Farm drainage system 

A three tier system of drainage, for taking care of surface water stagnation ;involving storage of  

rainwater within rice paddies ,storing  part of the surplus rainfall in on-farm reservoirs ,which also served as 

source of irrigation water, and channelizing the remaining runoff into regional drains, was conceived and 

implemented. The permeability of alkali soils being   extremely low, provision of horizontal sub surface drainage 

( HSSD) system for lowering the sub soil water level was not a very cost effective option. An innovative solution 

of this problem was found in shallow tube wells for every 2-3 hectare land, which served the dual purpose of 

providing vertical drainage, and of serving as dependable source of irrigation water. Recently another 

innovation has been introduced in the form of dugout ponds in water logged alkali lands, which collects subsoil 

water from the surrounding area resulting in lowering of water table, which in turn serves as source of irrigation 

water (CSSRI, 2010). Earth from dugout ponds is put on embankments, which are used for raising commercial 

crops and this has raised the benefit cost ratio of the reclamation technology. 
Technology for reclamation of waterlogged saline land  

In India the need for provision of drainage and development of appropriate technology for reclamation 

of waterlogged saline lands in irrigated areas, has been emphasized  as early as 1928( Royal 

Commission,1928) ;and has been subsequently emphasised  by  several other commissions (Irrigation 

Commssion,1972; National Commission on Agriculture,1976), the real attempts to had to wait till 1982. 

These efforts initiated by Central Soil Salinity Research Institute (Rao et al,1986),got further strength  from 

Dutch collaboration in the form of Indo-Dutch project Pilot Area Drainage Research(INDP,2002),Haryana 

Operational Pilot Project (HOPP,2001),Rajasthan Agricultural Drainage Project(RAJAD,1995  

Intensive monitoring of soil salinity, water table, sedimentation in drains, effluent quality and its reuse, and 

crop yields was undertaken for periods ranging from 3 to 12 years. These efforts, which are documented in several 

technical bulletins and research publications cited in Ambast et al (2004) and Gupta (2014), led to evolution of 

appropriate technology for reclamation of irrigated water logged saline lands in arid regions. The emphasis in these 

efforts was to keep focus on economic and environmental aspects, unlike the drainage in humid regions, where 

technical design criteria was given importance. The philosophy and innovations are briefly discussed.  

Technology innovations and constraints 

The technology innovations for reclamation of waterlogged  lands are based on the premise that in arid 

regions which are water scarce, and where water logging is the result of water percolating into the sub soil over 

the years, the aim of drainage should not be removal of large quantities of water of water in short time. The 

reduced drainage will lead to reduced irrigation requirements due to increased use of sub-soil water.  

HSSD with shallow depth and wider spacing 

The drainage system for large scale implementation should aim at minimization of cost rather than 

maximizing crop yield with faster water table drawdown. Experience with operation of drainage system over a 

period of 12 years at Sampla in Haryana has shown that under the agro-climatic conditions prevailing in Northern 

India, close to 70 % of the root salt was leached after 5 years resulting   in insignificant difference in yield of wheat 

crop in plots with drain spacing ranging from 25m to 75m after 5 years (Fig1). Further, for field crops like wheat, 

maize, cotton etc, it did not make much sense to install HSSD at deeper depths, as this would increase cost 

without any commensurate gains in salinity profile of the crop root zone or crop yields. Therefore, for light textured 

soils of arid regions of Rajasthan, from economic and environmental considerations, the recommended depth and 

spacing of HSSD system were placed at 1.1 m, and 100-150 m. The corresponding values of these parameters 

for medium textured soils of semi-arid regions of Haryana were 50-100 m (INDP, 2002). 
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Fig.1 - Change in relative yield of wheat under different drain spacing in post installation years(Data: INDP, 2002) 

 

Salinization and desalinization in monsoonal climate and greater reuse of drainage effluents 

The salinity of drainage effluents from horizontal subsurface drained lands decreased with time and this 

increased the crop productivity and reduced the need for disposal of effluents. Monsoonal rains play a crucial role 

in desalinization cycle and in regulation of seasonal salt balance in the root zone. The opportunity of continuous 

leaching and prevalence of higher moisture regime in the crop root zone in HSSD drained land resulted in higher 

crop productivity (Tyagi, 2011). Of course, distribution of monsoon rainfall, seasonal root zone salinity variation 

and long term aquifer salinity balance remain important considerations. 
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Fig.2-Soil salinization and desalinization cycle in monsoon climate 

 

Disposal of saline effluents during monsoon season 

Salt laden drainage effluents often create environmental issues in disposal sites. This problem was 

effectively solved by organizing pumping for water table control mostly during rainy season (June-

September) when rivers are in high flows. For example, the flow in River Yamuna, which drains a large part 

of the waterlogged   in Haryana, the flow varies from    June-September which effects huge dilution, with 

practically no adverse environmental effects. On the other hand, flow during winter months (December ï

March), when river flow is only the disposal of effluents is only through reuse in irrigation, which is favoured 

by the desalinized post monsoon soil profile and the low evaporative demands during the winter season.  

Socio-economic impacts of land reclamation  

One of the major benefits of land reclamation has been the generation of additional income and 

employment. Intensification and expansion of cultivated land were the major routes through which income of 

the order of  US $ 297/ha/yr (Tyagi and Singh,2009)  and  additional employment  of about 165 man-days 

ha-1in the first year of  alkali land  reclamation (Joshi,1994) . The incidence of poverty saw a sharp decline of 

the order of 40 percent. The transfer of land ownership right to the cultivators; and its consolidation 

encouraged farmers to make investment in land improvement; and in the long run it saw several fold 

increase in land value. The increased participation of women through self help groups improved their self 

confidence and made them the agents of change.  

Evolution of institutions and policies for out-scaling technologies  

The technologies need the wings of appropriate policies, institutions and the long term funding to travel 

from labs to land at faster speed; and the case of land reclamation technologies was no different. The major 

components of alkali land technology were established in 1960s, but application had to wait, till the evolution of 

public policies, institutions and funding support. The major institutions and policy initiatives are briefly discussed. 
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Establishment of land reclamation corporations 

Institutionalized arrangement for implementation of reclamation programme was a significant departure 

from the past. The adoption of land reclamation technologies by the farmers began with demonstrations on 

farmersô fields and their success persuaded the state governments to establish land reclamation corporations 

with the mandate to establish infrastructure for soil testing, land levelling, and supply of inputs at government 

controlled prices. Establishment of command area development authority (CADAS) as early as 1974 with the 

mandate to improve irrigation water utilization through micro level infrastructure development and efficient farm 

water management played an important role. For example, the reclamation of water logged saline lands in the 

state of Rajasthan  in black soils region of Kota was undertaken by Chambal Command Area Authority with 

Canadian International  Development Agency(CIDA) (RAJAD,1995).  

Community based organizations 

In the state of Uttar Pradesh, the sodic soil reclamation projects were implemented in a participatory 

mode based on the principles of: transparency, equity, accountability, decentralized decision making, and 

human and institutional building (World Bank,2008). A management structure among the farmers was 

created to promote participation and share responsibilities. Water Users Groups, Land Drainage 

Associations, Self Help Groups, which were established in different projects played very crucial role (Tyagi 

and Singh, 2009). The nongovernmental organizations (NGOs) also assisted in spread of technology by 

increasing the awareness amongst the farming community. 
Subsidy and credit policies  

Land reclamation is a capital intensive activity, which small and marginal farmers could not have taken 

without government support. The subsidy on chemical amendments, land shaping and, electricity etc; and the 

credit for installation of tube wells   were the major policy instruments which   supported land reclamation. The 

policy of extending credit for agricultural inputs at nominal interest rates proved very helpful (Tripathi et al, 2004). 

The rural electrification programme that facilitated development of farmersô owned shallow tube wells for irrigation, 

took care of high water table. As a flagship programme of the salinity affected states, the land reclamation was 

mainstreamed into development programmes of the governments for large scale implementation. The impact of 

credit, subsidy and extension had very significant effect on technology adoption(Sharma,1997) 

Public investment in land reclamation 

The government of India launched   a number of special schemes for reclamation of salt affected land 

under which budget provisions for technology adoptions were made. To support these programmes National 

Bank for Agriculture and Rural Development (NABARD) provided refinance assistance for reclamation of 

saline soils, under land development activity. A very crucial role was played  by international lending agency 

like the World Bank and  bilateral   project assistance by the   European Commission for up-scaling land 

reclamation in sizeable proportion (Tyagi and Singh, 2009). 

Research and development organization 

A number of public funded research organizations, such ICAR Salinity Research Institute at Karnal, and 

Agricultural Universities in the states, which were responsible for technology development  also assisted in 

human capacity development and  technical backstopping. The capacity building exercise covered village and 

district panchyats (local self government organization), non government organizations (NGOs), line 

departments and support agencies etc. Several international organizations including, World Bank, FAO-UNDP, 

and ILRI-ALTERA of Netherlands were partners in refinement and up-scaling of the reclamation technology.  
 

CONCLUSIONS 

The sustained research efforts over several decades have led to development of appropriate 

technologies for rehabilitation of salt affected waterlogged lands in the Indo-Gangetic Plain. The technologies 

are technically robust, economically viable and environment friendly. Large scale technology adoption has 

led to change from subsistence type of farming to more profitable agriculture. The favourable policy and 

institution regimes that were put in place have enabled the technology to make remarkably favourable 

impacts on capital formation, factor productivity, crop yield. These changes ultimately led to positive socio-

economic transformation in the society. The immense environmental benefits in the form of reduced floods in 

alkali watershed, removal of water logging and improved sub soil water quality in saline land, have made the 

development and implementation of land reclamation technology a win-win proposition. 
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ABSTRACT  

A survey study of thirty poultry butchers shops was carried out for assessment of positions of different 

components of poultry dressing tables from the central axis of the body in the live bird markets of state of 

Punjab, India. Ten representative samples were selected randomly. The workspace envelope was drawn by 

using the average height of northern Indian male workers which is 1685 mm. Segment lengths expressed as 

ratio of stature were used for the development of workspace envelope. The locations of different components 

of poultry tables surveyed were superimposed on the prepared two dimensional template of workspace 

envelope in both the planes and their locations were compared with respect to developed workspace 

envelope. Dicing boards were placed in the workspace envelope in all poultry dressing tables but did not fall 

in the optimum work area for tables G, H, I, and J. Weighing balances and washing buckets were out of 

workspace envelope in all the poultry dressing tables. Except for G, all the dustbins were out of workspace. 

All the meat holding bowls were out of workspace envelope with the exception of table G. Weighing balance 

was inside the horizontal workspace envelope in tables D, F, G, and I and outside the vertical workspace 

envelope in all the cases. The results clearly indicated the poultry butchers have to adopt uncomfortable 

postures and stretch their limits to reach at the different components while dressing the poultry birds. 

 

INTRODUCTION 

Traditional manual poultry dressing accounts for roughly 95% (Ministry of Food Processing Industries, 

Govt. of India, 2012) to 98% (Landes et al., 2004) of all the poultry meat consumed in India. Indian poultry 

processing sector operates almost completely as a live-bird market where live-birds are slaughtered at the 

time of sale. The poultry dressing in these live markets are characterized by poorly designed dressing tables, 

floor dressing, non-separation of clean and unclean area, improper carcass washing. Mostly poultry dressing 

is carried out in standing posture by the butchers and sometimes in sitting posture. A standing posture allows 

greater flexibility to exert force (Department of Occupational safety and Health, Malaysia, 2002). The highest 

risk industries, with respect to work related musculoskeletal disorders (WMSDs) were meat and poultry 

processing (Yassi et al., 1996). The physical work place factors associated with an increased risk of WMSDs 

are repetition, posture and force (Bernard, 1997). This industry implies a high risk of musculoskeletal 

disorders in the neck and upper limbs (Viikari Juntura, 1983; Frost et al., 1998, 2002; Van Rijn et al., 2009). 

McGorry et al. (2000) investigated a poultry processing operation and found a significant effect of elbow 

height and work surface height on the power requirement of the cutting operation. Interventions should in 

general aim at improving all these factors (Westgaard and Winkel, 1996). The improper design of a standing 

workstation would make the task more difficult, strenuous, fatiguing, boring, unacceptable and uncomfortable 

for the operators, which will have an effect on quality of work, productivity and safety and health of the 

employees (Department of Occupational Safety and Health, Malaysia, 2002). 

The working posture and task should be designed to avoid strain and damage to any part of the body such 

as the tendons, muscles, ligaments, and especially the back. During work, employees subconsciously tend to 

accept and adapt to unsatisfactory standing working conditions. They may not realize that their body is under 

strain until they feel actual pain and even then they may not understand the causes (Department of Occupational 

Safety and Health, Malaysia, 2002). Ideally all work activity should permit employees to adopt several different, 

equally healthy and safe postures without reducing the capability to do the work. The employees should be able to 

maintain an upright and forward facing posture. The work should be arranged so that it may be done either in the 

seated or standing position (Department of Occupational Safety and Health, Malaysia, 2002). 

The present study was carried out to assess the locations of the different components or to compare 

the locations of the different components poultry dressing tables surveyed in live poultry markets with 
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respect to developed workspace envelope for an average north Indian population. Anthropometric 

dimensions of average north Indian male farm workers were used to develop workspace envelope and 

different components were placed in horizontal and vertical plane of workspace envelope. 

 

MATERIAL AND METHOD 

A survey study was carried out for assessment of positions of different components of poultry dressing 

tables in the live bird markets of state of Punjab, India. Poultry butchers were using different components viz. 

dustbin for bleeding the birds and keeping by-products waste, washing bucket to wash the poultry carcasses 

after bleeding, dicing board to cut the poultry carcasses into different parts, weighing balance to weigh the 

meat and meat holding bowl to temporarily store the unsold meat. In this study dustbin, washing bucket, 

dicing board, weighing balance, and meat holding bowl are referred as different components of poultry 

dressing table. The survey was conducted to assess the locations of the different components of poultry 

dressing table from the central axis of the body. The standing position of butcher is considered by leaving 10 

cm of clearance from the inner edge of the table. The measurements were taken for the comparative 

evaluation in relation to the developed workspace envelope in horizontal and vertical planes of an average 

height of male farm worker in northern region of India. The poultry shops of thirty butchers were visited. Ten 

representative samples were selected randomly out of 30 sampling units (Table 1 and 2). 

 

Table 1 

Dimensions of different poultry dressing tables (cm). 

Poultry 

dressing table 
A B C D E F G H I J Mean 

Height (cm) 82 79 73 70 78 98 86 88 65 68 78.7  (±10.18) 

Length (cm) 140 127 220 45 178 153 106 153 255 270 164.7 (±68.76) 

Width (cm) 80 74 87 70 100 92 67 112 85 95 86.2  (±14.09) 

 Values in parenthesis are standard  

 

Table 2 

Distance and height of different components of poultry dressing table from central axis of the body. 

Poultry 

dressing 

table 

Distance  

of  dicing 

board 

(cm) 

Height  

of  dicing 

board 

(cm) 

Distance   

of 

weighing 

balance 

(cm) 

Height of 

weighing 

balance 

(cm) 

Distance    

of 

washing 

bucket 

(cm) 

Height  

of 

washing 

bucket 

(cm) 

Distance   

of meat 

holding 

bowl 

(cm) 

Height  

of  meat 

holding 

bowl 

(cm) 

Distance   

of 

dustbin 

(cm) 

Height  

of 

dustbin 

(cm) 

A 42 94 90 97 68 55 60 82 70 59 

B 47 98 87 94 130 42 84 79 71 40 

C 40 88 80 88 95 43 88 73 80 44 

D 46 80 70 85 85 43 87 70 60 40 

E 44 89 98 93 96 43 65 78 95 70 

F 44 115 80 113 70 45 90 98 80 52 

G 60 98 70 101 16 44 40 86 40 76 

H 50 98 96 103 75 43 63 88 70 56 

I 50 85 75 90 100 45 68 65 65 54 

J 55 90 80 83 90 44 70 68 68 50 

Mean 
47.8 

(±5.81) 

93.5 

(±9.16) 

82.6 

(±9.41) 

94.7  

(±8.66) 

82.5 

(±27.94) 

44.7 

(±3.55) 

71.5 

(±15.04) 

78.7 

(±9.66) 

69.9 

(±13.61) 

54.1 

(±11.31) 

 Values in parenthesis are standard deviation from mean. 

 

Workspace envelope template 

A workspace envelope was drawn by using the average height of northern Indian male workers which 

is 1685 mm (Gupta et al., 1983). The anthropometric survey conducted by Gupta et al. (1983) on Indian farm 

workers established that there was a linear relationship between the standing height and other body 

dimensions and therefore other dimensions could be predicted from the standing height. Segment lengths 

expressed as ratio of stature by Roebuck et al. (1975) were used to arrive at the anthropometric dimensions 
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of body parts (Fig. 1). These body dimensions were used for the development of workspace envelopes. 

Workspace envelope should ideally be designed for the 5th percentile or 95th percentile population. In present 

case however this will result in too little common space for placement of different utilities however use of 50th 

percentile is considered to be more appropriate to accommodate (Kumar et al., 2009) majority of meat 

workers population. 

 

 
Fig. 1 - Segment lengths expressed as ratio of stature (Roebuck et.al, 1975) 

 
The maximum reach for a male north Indian was 741.4 mm from the centre of the shoulder joint of the 

body (Fig. 1). Two arcs were drawn with radius of 741.4 mm each centred at the centre of the right and left 

shoulder joints (Fig. 2). 

The elbow height from ground is 0.63 times the total height of the person (Fig. 1). Thus the average 

elbow height for north Indian farm worker will be 1060 mm. OSHA (2004) envisages that for the heavy work like 

meat cutting, the workstation should be below elbow height and Magnusson and Örtengren (1987) arrived at 

the conclusion that a table height of 17 to 22 cm below elbow height resulted in low loadings on both the low 

back and the shoulders. Helander (1995) further specified that the standard height of work station in vertical 

plane for working in standing position for long duration should be 15 cm below the elbow height. Thus the ideal 

height of workstation or dicing board in case of poultry dressing in horizontal plane has to be 910 mm.  

 

 
Fig. 2---Development of workspace envelope for an average north Indian population in horizontal plane. 


