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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. 



INTERNATIONAL SYMPOSIUM
   

 

16 
 

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 



INTERNATIONAL SYMPOSIUM
   

 

22 
 

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. 
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A two-dimensional template in 1:5 scale was drawn in plan and elevation following the method used by 

Zander (1972). The reach of north Indian farm worker (Fig 2) was used for drawing the workspace envelope in 

this template. The locations of different components of poultry tables surveyed were superimposed on the already 

prepared two dimensional template of workspace envelope in both plan and elevation.  

Comparison of locations of different components on different poultry dressing tables 

The components of poultry dressing tables surveyed were arranged spatially in both horizontal and vertical 

planes and their locations were compared with respect to developed workspace envelope. Meat cutting is 

categorized as the heavy task (McGorrya et al., 2003; Wang and Shanmugam, 2009; OSHA, 2004) and therefore in 

the developed workspace envelope, the dicing board should be kept in most efficient work area i.e. in front of the 

workerôs central axis of the body and with outer edge of square measuring 250 x 250 mm overlapping at center of 

outer edge of the reach (Department of Occupational Safety and Health, Malaysia, 2002).  

 

RESULTS  

Different components of different poultry dressing tables were superimposed on the developed 

workspace envelope in both horizontal (Fig. 3) and vertical planes (Fig. 4). The locations of different 

components with respect to workspace envelope in horizontal and vertical planes were combined and shown 

in Fig. 5 (a) and Fig. 5 (b), respectively. The components were classified as located within the workspace 

envelope and outside the workspace envelope with respect to particular plane. The components were also 

classified as inside workspace envelope in both horizontal and vertical planes and outside workspace 

envelope in either or both horizontal and vertical planes (Table 3). 

 

  
Poultry Dressing Table A                                            Poultry Dressing Table B 

  
Poultry Dressing Table C                                                       Poultry Dressing Table D 

 

 

 

 

 



INTERNATIONAL SYMPOSIUM
   

 

25 
 

   
Poultry Dressing Table E                                         Poultry Dressing Table F 

 

   
Poultry Dressing Table G                              Poultry Dressing Table H 

 

  
Poultry Dressing Table I                                           Poultry Dressing Table J 

Fig. 3---Location of different components of poultry dressing table with respect to workspace envelopes in 

horizontal plane (A- J) 

=Dicing board, =Weighing balance,  =Washing bucket,  =Dustbin, =Meat Holding Bowl 
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Poultry Dressing Table A                                             Poultry Dressing Table B 

 

   
Poultry Dressing Table C                                     Poultry Dressing Table D 

 
 

  
Poultry Dressing Table E                                    Poultry Dressing Table F 
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Poultry Dressing Table G                            Poultry Dressing Table H 

 

   
Poultry Dressing Table I                               Poultry Dressing Table J 

Fig. 4---Location of different components of poultry dressing table with respect to workspace envelope in 

vertical plane (A- J) 

=Dicing board, =Weighing balance,   =Washing bucket,  =Dustbin,  =Meat Holding Bowl 

 

  

    a     b  
Fig. 5---Location of different components of different poultry dressing table with respect to workspace 

envelopes in horizontal plane (a) and vertical plane (b) (poultry dressing tables A- J) 

Where, =Dicing board, =Weighing balance,   =Washing bucket,  =Dustbin,   =Meat Holding Bowl 
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Table 3 

  Location of poultry dressing table components with respect to workspace envelope. 

Where, I = inside workspace envelope 

 O = outside workspace envelope 

 # = inside workspace envelope in both horizontal and vertical plane 

 X = outside workspace envelope in either or both horizontal and vertical plan.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

Dicing board 

Dicing boards were placed in the workspace envelope in both horizontal and vertical planes in all 

poultry dressing tables (Table 3) but did not fall in the optimum workspace area for table G, H, I, and J. 

Weighing balance 

Weighing balances were located outside the workspace envelope in either or both the planes in all 

poultry dressing tables (Table 3).  It was inside the horizontal workspace envelope in table D, F, G, I, J and 

outside the vertical workspace envelope in all the poultry dressing table. 

Washing bucket 

Washing buckets were out of workspace envelope in both the plane in all poultry dressing tables 

(Table 3) except in table G where it was inside the horizontal workspace envelope. 

Meat holding bowl 

Except for G where it fell inside the workspace envelope in both horizontal and vertical planes, all 

other meat holding bowls were out of workspace envelope in either or both the planes in all poultry dressing 

tables (Table 3). In tables B, C, D and F, meat holding bowls were situated outside the workspace envelope 

in both the planes and in tables A, E, H, I, and J it was outside the vertical plane. 

Dustbin 

All the dustbins were out of workspace envelope in either or both the planes in all poultry dressing 

tables (Table 3) except in table G where dustbin was inside the workspace envelope in both horizontal and 

vertical planes. Sparing table G, dustbins were outside the vertical workspace envelope in all the tables. In 

table D and I, dustbins were located outside the workspace envelope in both the planes. 

 

Poultry 
Dressing 

Table 
Plane Dicing board 

Weighing 
Balance 

Washing 
bucket 

Dustbin 
Meat 

Holding 
Bowl 

A Horizontal I O O I I 

 Vertical I O O O O 

 Location # X X X X 

B Horizontal I O O I O 

 Vertical I O O O O 

 Location # X X X X 

C Horizontal I O O I O 

 Vertical I O O O O 

 Location # X X X X 

D Horizontal I I O O O 

 Vertical I O O O O 

 Location # X X X X 

E Horizontal I O O I I 

 Vertical I O O O O 

 Location # X X X X 

F Horizontal I I O I O 

 Vertical I O O O O 

 Location # X X X X 

G Horizontal I I I I I 

 Vertical I O O I I 

 Location # X X # # 

H Horizontal I O O I I 

 Vertical I O O O O 

 Location # X X X X 

I Horizontal I I O O I 

 Vertical I O O O O 

 Location # X X X X 

J Horizontal I I O I I 

 Vertical I O O O O 

 Location # X X X X 
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Discussion 

The results clearly indicated that the most of the components of poultry dressing tables fell outside the 

workspace envelope. Therefore, the poultry butchers have to adopt uncomfortable postures and stretch their 

limits to reach at the different components while dressing the poultry birds. Mean duration of work per day 

and average number of working days per week among meat cutters (butchers) in West Bengal, India was 

reported to be 10.4±2.1 hrs and 6 days respectively in unorganized sector (Gangopadhyay et al., 2003). So 

they face awkward bending, stretching and forceful exertion for a long duration of time. This causes 

unnecessary stress to them and may lead to musculoskeletal disorders (MSDs). Gangopadhyay et al. (2003) 

while studying the upper extremity cumulative trauma disorders (CTD) in different unorganized sectors also 

found out that about 72 % of meat cutters were engaged in their profession since more than 10 years and 

80% responded in affirmation about discomfort feeling (pain-75%, numbness-40%, swelling-40% and 

stiffness-55%). They further concluded that in case of meat cutting activity which is highly repetitive activity- 

non-neural wrist posture, flexion, extension, forceful exertion with heavy tools used for long periods were the 

main causes of upper extremity CTD. 

The heights of the tables do not match with the developed ideal height of the table which is 910 mm 

for north Indian farm workers. Table F height is 980 mm which is higher and all other tables height were 

lower than the recommended height of the table. Therefore, the poultry workers bent their backs and waist 

while performing the different tasks of poultry dressing exerting undue stress on their different body parts. 

The tables were of varied shape which did not confirm with the arc shape of the workspace envelope in 

horizontal plane. 

Dicing boards of tables G, H, I, and J being away from the optimum workspace area force the butcher 

to adopt awkward posture every time to perform the task. They bent forward to reach the dicing board and 

this leads to unnecessary stress on their back. 

Poultry butchers using the tables A, B, C, E, and H have to stretch their arms to reach at the weighing 

balance while weighing the meat. This resulted in the exertion on waist and shoulder joints as also reported 

by Tichauer (1973). Lying of weighing balance below the vertical plane would lead to bending and stress on 

back, waist and shoulder joints. 

Washing buckets were kept on the floor of the shop. Their average height was 447 mm from the 

ground so to wash the poultry carcasses, butchers have to bend excessively. Keeping washing buckets out 

of the workspace envelope in both the planes causes bending and stretching of different body parts causing 

musculoskeletal disorders.  

Meat holding bowls of tables B, C, D and F were outside the horizontal plane of workspace envelope 

requiring the butchers to extend their limits. In all the tables except G, the meat holding bowls were outside 

(below) the vertical plane although they were kept on the tables. Outside the vertical plane meant that the 

meat workers stretched their limits to reach the component. 

Dustbins in all the cases except in the case of table G were below the vertical workspace envelope 

(Fig 3.3). All the dustbins were kept on the floor and average height of the dustbins was 541 mm from the 

ground. This implies that while using dustbins meat workers have to bend compromising their posture thus 

deviating from the normal posture. 

 

CONCLUSIONS 

The location of components of poultry dressing table mostly fell outside the workspace envelope for an 

average north Indian farm population. Dicing boards were placed in the workspace envelope in all poultry 

dressing tables but did not fall in the optimum work area for heavy task in tables G, H, I, and J. Weighing 

balances and washing buckets were out of workspace envelope in all the poultry dressing tables. All the 

meat holding bowls were out of workspace envelope with the exception of table G. In case of tables B, C, D 

and F, meat holding bowls were outside the horizontal plane of workspace envelope but it was in the 

optimum work area in table G. Except for G, all the dustbins were out of workspace.  

Most of the washing buckets, dustbins and meat holding bowls were placed below the workspace envelope 

in vertical plane and this will force the butchers to bend every time to perform the task requiring undue effort 

leading to physical disorders. Meat cutting is categorized as heavy work. That is why the dicing board should 

be kept in the most efficient work area. There should be provision of washing carcass on the table itself. A 

meat holding bowl with provision to store the unsold meat temporarily should also be provided on the table 

top. For work requiring heavy force (e.g., some cutting or deboning), the table should be below elbow height. 
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Proper workstation height minimizes excessive forward trunk bending and lifting of the arms while dressing 

poultry. Therefore, the components of poultry dressing table should be kept on the table top to reduce 

drudgery to the poultry meat butchers. Efforts should be made to design and develop a poultry dressing table 

where all the components should fall within the optimum reach of workspace envelope of a person or at least 

within the maximum reach of workspace envelope. 
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ABSTRACT 

Micro turbine plants have a wide range of applications in agriculture. But for many farmers these 

technologies are still closed, mostly because of their high costs. The ARIEA made the first experimental 

plant which is intended for small agricultural manufacturers and characterized by small capital investments, 

easy maintenance and several ways of use. In this article are shown the most profitable ways of using such 

plants. 

 

ABSTRACT  

ʄʠʢʨʦ ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʅʦ ʜʣʷ ʤʥʦʛʠʭ ʬʝʨʤʝʨʦʚ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝ ʝʱʝ ʟʘʢʨʳʪʳ, ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʠʭ ʮʝʥ. ɺ 

ɺʀʕʉʍ ʩʦʟʜʘʥʘ ʧʝʨʚʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʝʙʦʣʴʰʠʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ 

ʚʣʦʞʝʥʠʷʤʠ, ʧʨʦʩʪʦʪʦʡ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʝʝ ʧʨʠʤʝʥʝʥʝʥʠʷ. ɺ ʵʪʦʡ 

ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʝ ʩʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ. 

 

INTRODUCTION 

Farmers cannot always use advanced technologies and facilities for crop and livestock productions 

due to their high costs. Therefore, farmers often use outdated machines, which cannot fully perform high 

quality manufacturing operations and, accordingly, cannot withstand the whole production technology of a 

particular culture. 

To provide farmers portable micro gas turbine power plants with a wide range of applications, the 

ARIEA has created a new technology for manufacturing micro gas turbine power plants (MTP). 

The first experimental MTP is intended for small agricultural manufacturers and characterized by small 

capital investments, easy maintenance and several ways of use. 

 

MATERIAL AND METHOD 

MTP for biogas productions. Since farms are often located in remote areas, it is more profitable to 

produce and use biofuels for their own use. 

Since biogas contains harmful components such as sulfur, ammonia, and sometimes silica, as well as 

their compounds, the possibility of its use is limited. These components can cause rapid deterioration and 

corrosion of internal combustion engines, so that gaseous content must not exceed the established norms. 

Moreover, the exhaust gases cannot be cooled to a temperature below 140 - 150° C, otherwise, acidic 

condensate will be deposited in the heat exchanger and the bottom of the channel system for exhaust gases. 

So reciprocating generators are difficult to operate on biogas (Kulagin I.V.,2013). 

In gas turbine engines such phenomenon does not occur, because the burning of the fuel in the 

combustion chamber is made by an open burning. Thus, own power supply of manufacturers, which produce 

biofuels, is most available with MTP. 

For small and medium farms exists a need for production wastes utilization. The perspective solution 

for these households is the union of a biogas plant and MTP. Since MTP can produce its own heat and the 

power supply for the automatic mixing system, consolidation into a single complex will completely eliminate 

needs of the bioreactor heating and the electricity supply. 

MTP for grain dryers. The share of costs associated with a properly organized and technically 

supported post-harvest treatment is not more than 5-10% of crop production costs. Unresolved issues at this 
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stage can lead to losses of a significant part of already invested 90-95% due to the reduction or quality loss 

of produced crops (Aniskin V.I., Zyulin A.N., 2002). 

Mobile grain dryers can run on diesel fuels, natural gases, methane, propane gas, including liquefied. 

Operating plants without electricity supply do not exist for today. To start a workflow requires electrical power 

of 16 to 90 kW, depending on the plant performance. 

The use of mobile dryers on diesel fuels or fuel oil is not an environmentally friendly process; 

moreover, it is not economically profitable. For hot air production is necessary to carry out two processes: 

fuel burning and a heated air blowing, wherein a portion of the fuel goes into the electricity production for its 

own needs. This process organization gives an overall machine efficiency of 65% (Sorochinsky V.F., 2011). 

The overall efficiency of modern cogeneration gas turbines comes today to 85% (Polishchuk I.Z., 

Tsirelman N.M., 2003), MTP creates a high-temperature gas flow, which allows a drying mode, similar to 

standard grain dryer modes. Thus, grain dryers based on MTP can replace mobile dryers and in areas with 

no centralized power supply would not have analogues. 

MTP for the autonomous heat and power supply. The traditional heating method of village buildings is a 

wood-burning furnace with maximum efficiency of 98%. Usually, 10-15 kg of wood is enough for the house 

heating during a whole day. Like the Russian furnace, instead of which a wall with a heat conductor is 

arranged, MTP can be used as the primary source of heat and electrical energy.MTP will provide the heating 

and electricity in an automatic mode. MTP efficiency may reach 90 percent in such systems. The operating of 

MTP with thermal capacity of 12-15 kW will be approximately 2.5 - 3 hours per day. The warmed up wall will 

store heat, while charged batteries provide lighting and appliances from several hours to several days (fig. 1).  

 

 
Fig.1 - Cogeneration plant based on MTP with the wall part including the heat gas passageway and power 

supply systems. 

1- MTP; 2- gas cylinder; 3- inverter; 4 rechargeable batteries; 5 hot gas outlet; 6- water; 7 water tank 

 

In just a few hours, at morning and evening times, MTP can recharge batteries, warm the house and 

the water tank till the next recharge. 

MTP for irrigation systems. Farmer independent irrigation systems are expensive due to the fact that 

pumping systems are necessary to establish in fields and there is a need to provide the electricity or other 

mechanical energy of the pump. In this case, the heating of raised from depths or taken from open reservoirs 

water is usually not carried out. 

In such works may be used MTP. The electrical component can go for a water lifting and water supply, 

while another goes on the heating. For example, water heated by 5-8 degrees above environment 

temperature significantly increases crop yields. Therefore, the concept of an autonomous mobile operating 

irrigation system on the basis of MTP can be applied to any crops. 
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MTP for greenhouses. An actual MTP use case is their use as heat- electric stations for greenhouses. 

In addition to electrical and heat energy, the exhaust from the micro turbines can be used to feed plants, 

because it contains large amounts of carbon dioxide without or with minimal harmful impurities. 

The atmosphere contains on average 0.03% of C02. With the increase of CO2 concentration to 0.2-

0.6% the photosynthesis process is accelerated, that leads to an increase in a plant yield by 12-16% and in 

some cases up to 100% with a ripening acceleration for 7-12 days (Bogdanov, K.B., Uskov E.I., 2004). 

There are a few CO2 sources: the gasification by cylinders, solid carbon dioxides (dry ice), burners for 

of the gas combustion and special charcoal furnaces. For a standard greenhouse area of 1000 m2 is 

necessary up to 60-80 kg of CO2 in cylinders or in the form of dry ice (10-20 g per 1 m3 of a greenhouse 

volume). 

Thus, MTP can provide required CO2 amounts during the operating time and replace the standard 

carbon dioxide production equipment. 

 

RESULTS 

According to the proposed technology, the first experimental plant MTP 5-30 was developed with 

using of the turbocharger from automotive industry and internal combustion engines. The use of serial 

turbochargers allows reducing costs and simplifying of the technology and production. 

MTP 5-30 passed state tests in the test center of FGBU "Podolsk government machine testing station 

". The test procedure is based on Standard Test P 52782-2007 for open cycle gas turbine engines using 

combustion chambers in which fuel gas is supplied. 

Emission of harmful NOx emissions from the experimental plant is 0.2 ppm, which is significantly lower 

than today's systems and meets the latest sanitary and ecological requirements. 

Carried out field measurements of plant power are 3 kW of electrical power using a 5.5 kW generator. 

The fixed thermal power is 56.1 kW. 

 

 
Fig. 2 - The first experimental MTP. 

1- the air starter; 2 ï the compressor of turbocharger; 3 ï the combustion chamber; 4 ïthe turbine of turbocharger; 5 - the 

nozzle apparatus of the power turbine; 6- the power turbine; 7 - belting; 8 ïthe generator; 9- control systems. 

 

According to obtained test data, the testing center made a conclusion that MTP 5-30 substantially 

corresponds to the requirements of normative documents. 
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Table 1 

Technical data of laboratory tests (Podolsk government machine testing station, 2015), 

Parameters The value of indicators for test data 

Date and place of tests from 01.10.14 to 31.12.14 ARIEA 

Mode Continuous, automatic 

Power Supply, V 28 

Maximum current on-board network, A 8 

The gas temperature at the turbine inlet, ʦʉ 565 

The gas temperature in front of the power turbine, ʦʉ 460 

Exhaust gas temperature, ʦʉ 370 

Noise level - distance 10ʤ, dB 105 

CO2 production, kg 23,76 

Time to nominal mode Less than 1 minute 

Weight without batteries, kg 87 

Dimensions, mm 400ʭ1115ʭ650 

Type of fuel Methane, propane-butane 

 

 

CONCLUSIONS 

Based on these characteristics, the developed experimental MTP is most effective in greenhouses, as 

produces three types of products: electricity for lighting and the extension of daylight, drive mechanisms, 

heat energy for central heating greenhouse areas of up to 1000 m2, CO2 for a plant growth supply. 

Serial production of micro gas turbines by the proposed method is expedient, because the cost of 1 

kW of installed capacity should be twice cheaper on the market than costs of micro gas turbines with similar 

technical parameters. The cost reduction is achieved by use of commercially available automotive industry 

components. 
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ABSTRACT 

The soil surface roughness (SSR) is strongly influenced by soil tillage implements, together with 

soil condition, properties and climate. In this study, effects of two different operating conditions were 

established: subsoiler with blade coulter (SBC) and subsoiler without blade coulter (SWBC) at three 

different working depths (0.25, 0.30 and 0.35 m), and with either a vibratory (V) or non-vibratory (NV) 

operation. The maximal SSR in both applications to the direction of tillage was obtained at the 

subsoiling without blade coulter-non-vibratory (SWBC-NV) (34.66 %) application at 0.35 m depth. 

Minimal SSR with perpendicular direction of tillage was occurred at subsoiling with blade coulter -

vibratory (SBC-V) application at 0.30 m tillage depth. 

 

ÖZET 

Toprak y¿zey p¿r¿zl¿l¿ĵ¿ (TYP), toprak ºzellikleri, topraĵēn i­inde bulunduĵu koĸular ve iklim ile 

beraber, toprak iĸleme uygulamalarēndan kuvvetli ĸekilde etkilenmektedir. Bu ­alēĸmada, bē­ak keski aparatē 

olan ve olmayan iki farklē dipkazan uygulamasēnēn titreĸimli ve titreĸimsiz koĸullarda ve farklē derinliklerde 

(0.25, 0.30 and 0.35 m) ­alēĸtērēlmasēnēn TYP ¿zerine etkileri araĸtērēlmēĸtēr. Her iki uygulamada da en y¿ksek 

TYP deĵerine 0.35 m iĸleme derinliĵinde, ilerleme yºn¿ne dik, titreĸimsiz, bē­ak keskisiz dipkazan 

uygulamasēnda (34.66 %) ulaĸēlmēĸtēr. Minimum deĵer ise titreĸimli, bē­ak keskili dipkazan uygulamasēnda ve 

0.30 m ­alēĸma derinliĵinde elde edilmiĸtir.  

 

INTRODUCTION 
Tillage is one of the basic applications in agricultural soils. The main target of tillage is to create 

suitable physical conditions for crop growth and production. The one of those conditions is the creation 

of a desired soil surface shape to be carried out the best way to planting, irrigation, drainage and 

harvesting operations. Suitable soil surface shape is directly related to degree of soil surface roughness . 

Hauer et al. (2001) is defined soil surface roughness (SSR) as a dynamic soil property that influences 

many processes occurring at the soil surface. In other definitions related to this issue it is defined as the 

standard deviation of elevation readings (Guillobez and Arnaud, 1998; Vannier et al., 2006; Moreno et 

al., 2008). In many studies about the soil surface roughness related to effect of predict water infiltration 

and runoff (Linden and Van Doren,1986; Dong et al., 1999; Kamphorst et al., 2000 .) while others 

interested in the effect of soil tillage implements on soil surface roughness (Boydaĸ, 2007; Moreno et 

al., 2008; Tekgüler and Selvi, 2011).  

Measurement techniques of soil surface roughness can be classified by measurement dimension and 

sensing type. The former one includes two dimensional (2D) profile measurements and three dimensional 

(3D) measurements (usually elevation points in a regular raster). 2D measurements facilitate quick data 

acquisition with simple means like a roller chain (Jester and Klik, 2005). One of the two-dimensional 

measurements is chain method to measure both random and oriented roughness proposed by Saleh (1993). 

The chain method is based on the principle that as a chain of given length is placed across a surface, the 

horizontal distance covered by the chain will decrease as surface roughness increases. Reductions in chain 

length caused by soil surface roughness are described in following equation. The roughness (R) can be 

calculated from: 
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Where: R is soil surface roughness (%). L1 is the length of chain (cm) required to span roughness 

element(s) for a horizontal distance L2 cm. Chain method is as a relatively simple, fast, and inexpensive 

technique for determining surface roughness (Gilley and Kottwitz, 1995). 

The evaluation of surface roughness due to tillage and the quantification of roughness related 

properties, such as surface storage, require the use of a parameter, capable of describing quantitatively 

surface disturbance or irregularities (Römkens and Wang, 1986) 

Each type of tillage tool generates a kind of roughness on soil surface. Boydaĸ (2007) has tried to 

determine the effects of different soil tillage implements and working speeds on soil surface roughness 

in a soil with a loamy texture in Eastern Anatolia Region. In this study, conventional moldboard plow 

(KP), slatted moldboard plow (IP), disk plow (DP) and chisel plow (CP) were used with the combination 

of rotary harrow at 1.25, 1.50, 1.75 m/s speeds respectively. Finally, application of conventional 

moldboard plow was reported to have the highest surface soil roughness at 1.25  m/s working speed 

according to the others. Similarly, Tekgüler and Selvi (2011) compared the effects of some soil tillage 

implements on soil surface roughness. They reported that while the maximal soil surface roughness was 

obtained at the moldboard application, minimal was obtained moldboard plough+ 

(2×discharrow+2×rotarytiller) with parallel direction of tillage and the perpendicular in chisel 

plough+(2×discharrow+2×rotary tiller) combination.  

In this study, the effect of different subsoiling applications (subsoiling with blade coulter (SBC) 

and without blade coulter (SWBC)) on soil surface roughness at three different working depths (25, 30 

and 35 cm), and with either a vibratory (V) or non-vibratory (NV) operation at 1 m/s speed was 

investigated.  

 
MATERIAL AND METHOD 

The field experiments were conducted at the research fields of the Kahramanmaraĸ S¿t­¿ Ķmam 

University in 2014. The experimental fields have an approximately 10% slope in a south-north direction 

(Figure 1). 

 

 
Fig.1 - Experimental field 
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A Massey Ferguson 285S® tractor was used for the tillage applications. The tillage system included a 

subsoiler unit and a blade coulter with a working depth that was lower than the subsoiler (Figure 2). Some 

specifications belonging to this implement are given Table 1.  

 

 
Fig.2 - Subsoiler unit and a blade coulter 

 
 

Table 1 
Some specifications of subsoiler 

Type and hitches T-TD 115, three-point hitch 

Power requirement (BG) 40 

Pto revs per minute 540 

Number of legs 1 

Base frame width (mm) 1.00 

Weight (kN) 2.54 

Working depth (m) Adjustable and max. 0.60 

 
In the experiment a chain having 1800 mm total length and 18 mm pitch is used (Figure 3). 
 

 
Fig.3 - Determining the soil surface roughness with chain method 
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The size of experimental field was 0.18 ha and the experimental plots were 4x50 m. The soil texture of 

experimental site is classified as a calceric vegosol according to the FAO soil classification (FAO/ISRIC, 

2006). Some soil properties of experimental field are summarized in Table 2. 

 

Table 2 
Some soil properties of the experimental field. 

Soil properties Soil depth (0-20 cm) 

Clay (%) 11.65 

Silt (%) 44.89 

Sand (%) 43.46 

Organic matter content (%) 2.48 

pH (1:1) 7.28 

 
Two different operating conditions were established: subsoiler with blade coulter (SBC) and subsoiler 

without blade coulter (SWBC). At each experimental site, the subsoilers were operated applied with or 

without blade coulters, at three different working depths (25, 30 and 35 cm), and with either a vibratory (V) or 

non-vibratory (NV) operation.  

Data analysis was performed via ANOVA according to 2x2x3 factorial design with the factors of 

apparatus, vibration and depth. Suitability of the data for analysis of variance was tested with Kolmogorov-

Smirnov one sample test for normality and Levene test for homoscedasticity. Results showed that data was 

normally distributed (P>0.05) and variances were homogeneous (P>0.05). In this case use of ANOVA for 

this data was appropriate method. 

Chain method developed by Saleh was used to determine soil surface roughness in an experimental 

field as perpendicularly to the direction of tillage as it is given in formula 1.  

The chain method is based on the principle that as a chain of a given length (cm), L1, is placed across 

a surface, the horizontal distance covered L2 (cm), will decrease as the roughness increases (Saleh A, 

1993). 

 

RESULTS 
Descriptive statistics of soil surface roughness at two different operating conditions around 1 ms-1 

forward velocity at three different working depths obtained as perpendicularly to the direction of tillage are 

given in Table 3.  

 
Table 3 

Descriptive statistics of soil surface roughness 

Apparatus Vibration Depth (cm) SSR (%) 

SBC 

NV 

25 20.99 ± 2.42b 

30 19.68 ± 1.74b 

35 16.43 ± 1.69b 

V 

25 19.71 ± 2.13b 

30 16.87 ± 1.82b 

35 18.93 ± 1.76b 

SWBC 

NV 

25 30.26 ± 2.99a 

30 28.39 ± 2.04a 

35 34.66 ± 2.57a 

V 

25 33.40 ± 2.26a 

30 29.23 ± 1.76a 

35 30.86 ± 0.61a 

Sig. <0.001 

Sig. For Levene 0.057 

Sig. For Normality 0.745 

SSR: soil surface roughness; SBC: subsoiler with blade coulter; SWBC: subsoiler without blade coulter; NV:non-
vibratory; V:vibratory 

 
When the results are examined, values of SSR belonging to SWBC were found greater than values of 

SBC in general. Soil surfaces roughness (%) is changed between from 16.43 (%) to 34.66 (%) in all 
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applications. The maximal soil surface roughness in both applications to the direction of tillage has been 

obtained at the SWBC-NV (34.66 %) application at 0.35 m depth. Minimal soil surface roughness was 

occurred at SBC-NV application at 0.35 m tillage depth. SWC application showed a decreasing trend in the 

magnitude of the SSR according to SWBC.    

All interaction effects among factors were found statistically insignificant (P>0.05). When the main 

effects were examined, only the factor of blade coulter apparatus was found statistically significant (P<0.001) 

on soil surface roughness. Other two factors (vibration and tillage depths) were found insignificant (P>0.05) 

on soil surface roughness.  

Römkens and Wang were investigated the effect of soil tillage on soil surface roughness. They were 

studied: chisel, chisel+disking, and chisel+disking+harrowing. They reported that the chisel tillage showed an 

increasing effect on soil surface roughness.  

Tekgüler and Selvi, 2011 were obtained minimal soil surface roughness (19.12 %) with perpendicular 

direction of tillage in chisel plough+(2×discharrow+2×rotary tiller) application. In our study minimal value was 

similar with their research. These results may cause by the similarity effects of both chisel and subsoiler tools 

on soil tillage. On the other hand, blade coulter showed reducing effect on soil surface roughness. The mean 

values of SSR belonging to SBC and SWBC applications were found 18.76 and 31.13 respectively. These 

values showed that soil roughness was approximately two times lower after using blade coulter than without 

blade coulter. This trend is a consequence of the occurrence of smaller clod sizes with blade coulter. 

Because, larger clods increase the microrelief index and reduce the peak frequency per unit transect length. 

Surface conditions may be affected by cutting soil in front of subsoiler with blade coulter. Thus, soil 

strength which may cause more soil surface roughness is reduced with using the blade coulter and surface 

variations due to cloudiness may be decreased.  

On the other hand, Subsoiler is a soil tillage implement working in deep soil profile. Avoiding the 

excessive deeper tillage with subsoiler to obtain a smooth surface roughness can provide energy savings. 

This study also showed that it is not need to deeper tillage application to obtain suitable surface roughness.  

To obtain desirable soil surface roughness to tillage SBC-V at 0.30 m application may be preferable.  

 
CONCLUSIONS 

In this study, the effect of different subsoiling applications (subsoiling with blade coulter (SBC) and 

without blade coulter (SWBC)) on soil surface roughness at three different working depths (25, 30 and 35 

cm), and with either a vibratory (V) or non-vibratory (NV) operation at 1 m/s speed was investigated. 

All interaction effects among factors were found statistically insignificant (P>0.05). Only the factor of 

blade coulter apparatus was found statistically significant (P<>0.001). Also, the effect of vibration and soil 

depth on soil surface roughness in perpendicular direction was not found statistically significant. Only the 

factor of blade coulter apparatus was found statistically significant (P>0.001). 

It is clear that blade apparatus showed an effect of reducing the surface roughness. To obtain 

desirable soil surface roughness to tillage SBC-V application at 0.30 m can suggest in practice. 
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ABSTRACT 

The study was conducted during two summer seasons (2012 and 2013) under Mediterranean area 

conditions (South of Turkey) to determine the effect of four tillage system (conventional tillage (T1) 

ñPlough+discharrowing+float+pneumaticseeding machineò, reduced tillage I;(T2) ñrotovator +float+pneumatic 

seeding machineò, reduced tillage II (T3) ñrotary tiller combination+pneumatic seeding machineò and no 

tillage(T4) ñseeding by direct seedingmachineò) on the yield components of Maize in the area. The soil of the 

experimental parcel was classified as silty. Results indicate that conventional tillage system (T1) was the 

greatest plant yield of maize (10031 kg/ha) under four different tillage methods.   

 

ÖZET 

Bu ­alēĸma, 2012 ve 2013 yēllarēyaz¿retimsezonunda, dºrtfarklētoprakiĸlemesisteminin; 

(Gelenekseltoprakiĸleme; ñPulluk+diskaro+merdane+pnºmatikekim makinasē (T1)ò, indirgenmiĸtoprakiĸleme 

I; ñRotovatºr+merdane+pnºmatikekim makinasē (T2), indirgenmiĸtoprakiĸleme II; ñRototiller+ pnºmatikekim 

makinasē (T3) vetoprakiĸlemesizsistem (T4)) Akdenizbºlgesikoĸullarēnda (T¿rkiyeôninG¿neyBatēsē) 

mēsērbitkisininverim paramatreleri 

¿zerineetkisinibelirlemekamacēylaplanlanmēĸtēr.Yapēlan­alēĸmasonu­larēnagºre,dºrtfarklētoprakiĸlemesistemii

­erisindeeny¿ksek¿r¿nverimine (T1) toprakiĸlemesisteminde (10031 kg/ha) ulaĸēlmēĸtēr. 

 
INTRODUCTION 

Maize (Zea mays L.) is one of the most important cereal crops of Turkey and it is becoming more popular 

product among Turkish farmers with product support program and the increasing availability of irrigation in recent 

years. The area harvested with maize in Turkey in 2015 was 688,169 ha (TSI Statistical Databases, 2016). The rank 

is third in cultivated area and production after wheat and barley. Many factors can affect maize production in Turkey 

such as climatic conditions, intended purpose, little or inadequate use of chemical fertilizers, poor weed and pest 

controls, and inappropriate tillage operations. In general, farmers perform tillage operations without being aware of 

the effect of these operations on soil physical properties and crop responses (Aikins et al., 2012). Hence, 

understanding operations of soil tillage under agricultural system is an essential requirement for any future farming 

concepts. In traditional agriculture (It started with simple roman plow), the aim of tillage can be summarized as to 

create a suitable seedbed, kill weeds, for reducing competition and conserving water and remove restrictions to 

infiltration, drainage and root growth within the root zone (De Vitaand Bandyopadhyay, 2013). On the other hand 

results of various investigations from almost all world agricultural zones suggest that conventional tillage often 

reveals common soil-related problems such as soil compaction (Hakansson and Reeder, 1994), soil erosion(Lal, 

1984), deteriorated water percolation, high energy and time requirements (Öztürk et al., 2006; De Vita et al, 

2007),nutrient leaching (Selvi, 2012). In response to this, conservation tillage leaves some part of crop residues on 

the soil surface, thus affecting chemical, biological, and physical properties of soil (Sessiz et al, 2010). The principle 

of conservation tillage involves maintenance of surface soil cover through retention of crop residues achievable by 

practising zero tillage and minimal mechanical soil disturbance. Also, moving away from plowing could lead to a 

reduction of approximately 50-70% in power and energy used (Köller, 1989;Kosutic et al, 2005). Although,both effect 

of conventional and conservation tillage practices on maize yield(Korucu et al. 2005; Karaaĵa­ and Barut, 2009)and 

soil properties (¢etin et al, 2005;Saĵlam et al, 2012) have been reported in TURKEY, there are relatively few studies 

that have been conducted on the soils of West Mediterranean part in TURKEY.  
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The objective of this work was to evaluate the effects of different tillage methods on seedling 

emergence and yield components of maize (Zea mays L.) in West Mediterranean part in TURKEY. 

 

MATERIAL AND METHOD 

Work area and soil 

This experiment was conducted at the West Mediterranean Agricultural Research Institute, Antalya, 

Turkey, during two summer seasons (2012 and 2013). The soil in the experiment field was a silty with pH of 

7.5 and organic matter content of 1.8%. The results of soil analyses are given Table 1. 

 

Table 1 

The result of soil analyses 

pH (1:2.5) 7.5 

Lime (%) 19.6 

EC micromhos/cm (25°C) 195 

Sand (%) 21 

Clay (%) 33 

Silty (%) 46 

Organic matter (%) 1.8 

P ppm 16 

K ppm 250 

Ca ppm 4585 

Mg ppm 409 

 

The average weather conditions during growing seasons such as annual temperatures and rainfall etc. 

are shown in Table 2. 

Table 2 

Average climate dates on a long-term at the site of experimentation(30 years) 

 May June July August Sept. October 

Temperature (°C) 20.4 25.4 28.4 28.1 24.7 19.8 

The highest Temperature (°C) 25.9 31.3 34.4 34.3 31.3 26.7 

The lowest Temperature (°C) 14.8 19.4 22.5 22.4 19.1 14.9 

Sunshine duration (hour) 9.5 11.4 11.5 11.3 9.5 8.0 

Number of rainy days 5.0 2.4 0.7 0.5 1.7 5.4 

Rainfall (kg/m2) 29.3 7.1 3.3 1.6 11.0 74.8 

 

The experiment, which was begun in June 2012 and finished 2014 compared four tillage systems for 

maize(Zea mays L.) production following a wheat-maize rotation.Seeds of maize (Zea mays saccharata 

Sturt.) were used in this study. The standard cultural practices (such as pest and weed controls) 

recommended by West Mediterranean Agricultural Research Institute; other than treatments, were followed 

throughout the growing seasons. Plant sampling was done at final crop harvest 

The experiment was established as a randomized block design with four replications. Plots were 5 m 

wide (four rows) and 25 m long with an inter row spacing of 0.7 m distance.After the field had been selected 

and before the application of the treatments, the land was freed from weeds and crop residues except the 

no-tilled plots. The experimental procedures were the same for the both seasons. 

 

Soil tillage systems 

Tillage systems are shown in Table 3 and the specifications of tools used in the experiment are given Table 4. 

 

Table 3 

Soil tillage methods utilized in experiments 

Tillage systems Tillage operations 

T1 (conventional tillage) Plough(25-30 cm) + disc harrowing + float + pneumatic seeding machine 

T2 (reduced tillage I) Rotovator + float + pneumatic seeding machine 

T3 (reduced tillage II) Rotary tiller combination + pneumatic seeding machine 

T4 (no tillage) Seeding by direct seeding machine 

 

For the conventional tillage method, the soil was first ploughed with five bottom moldboard ploughs. 

After plowing, the field was harrowed with disc harrow andleveled with float. In the reduced tillage method I, 

soil was prepared for seeding with only one pass of soil tillage, float and pneumatic seeding machine. In the 
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reduced tillage method II, soil was prepared for seeding with only one pass of soil tillage with rotary tiller 

combination and then pneumatic seeding machine. For the direct seeding application,seeding was applied 

without tillage. Massey Ferguson 5400 (Engine Power 105 HP) tractor was used in the experiments. 

 

Table 4 

The specifications of the tools used in experiments 

Tools 
Average speed 

 (km h-1) 
Working depth 

(mm) 
Working width 

(mm) 

Plough 5.5 300 1500 

Disc harrowing 6.5 150 2200 

Rotovator 6 220 2000 

Rotary tiller combination 2.8 200 2500 

Float 7 - 3000 

Seeding machine 6.3 40-50 2800 

Direct seeding machine 5.6 40-50 2800 

 

Investigations and data collection 

For crop yield determination, the mature corn plants were harvested and threshed by hand, adjusting 

to 14-15 % moisture the seed yield. At harvesting time, some plant agronomic properties such as mean plant 

height, stalk thickness, cob yield were measured in samples taken from 3.5 m2area in two middle rows for 

each plots (Yalcin and Cakir, 2006; Samarajeewa et al., 2006 ; DeVita et al., 2007; Sessiz et al, 2010). 

For each plot, emerged seedling on the 2 rows with 5 m length were counted 3 times at 3 days in 

intervals during emergence, calculating the rate of emerged seedling (ES) through the following formula (Bilbro 

and Wanjura, 1982; Bayhan et al., 2006): ES=(Total emerged seeds/m)/(Number of planted seeds/m)x100. 

 

RESULTS  

Some agronomic properties of corn as affected by tillage methods are given Table 5. The year effect 

was found statistically insignificant for all examined properties(P>0.05), so the year factor was removed from 

the model. The cob yield (Cy), height of the plants (Ph), stalk thickness (St), 1000 seed weight (Sw), and 

seedling emergence rate (Ser) for each tillage practice are shown in Table 5. Over the course of the study, 

analysis of variance showed no significant difference in plant properties except plant yield between the 

different tillage operations. These results are similar to that of Aikins et al., 2012. 

 

Table 5 

Descriptive statistics of some plant agronomic properties of maizeunder different tillage methods 

Sap T1 T2 T3 T4 

Cy (kg/ha) 10031±107.1a 9252±248.2c 9439±212.7b 9038±342.7c 

Ph(mm) 2600.81±3.41 2570.05±6.31 2560.23±8.03 2560.95±4.73 

St (mm) 19.82±0.57 19.16±0.39 18.37±0.12 17.96±1.42 

Sw (g) 365.54±5.1 368.21±6.2 365.21±5.9 363.40±7.4 

Ser(%) 95 93 90 92 

Sap: Some agronomic properties; Cy: Cob yield; Ph: Plant height (mm); St: Stalk thickness (mm); Sw: 1000 seed 

weight (g); Ser: Seedling emergence rates (%) 

 

Results showed that only the Cy was found statistically significant (P<0.05). Max. Cy was found in T1 

application and min. was in T4. Higher maize yields in conventional tillage systems compared to no-tillage or 

minimum tillage systems are widely documented in other similar studies, both when crop rotation was applied, or 

with continuous maize production (Pederson and Lauer 2003, Kosutic et all, 2005). This is partly due to the fact 

that no-tillage environments are more likely to exhibit non-uniform germination, emergence and early growth and 

development (Videnovic et al, 2011; Javeed et al, 2013). On the other hand differences of grain yield among 

different tillage treatments might be due to differences in number of plant per hectare and also, enhanced seed-

soil contact and suppressing weed growth (Rashidi and Keshavarzpour, 2007) 

 

CONCLUSION 

This study examined the effect of four different tillage practices on maize performance under different 

conservation tillage systems in West Mediterranean in Turkey. We concluded that under the agro-climatic 

conditions of Antalya, Turkey, the conventional tillage practice (T1: Plough + disc harrowing + float) with 

pneumatic seeding machine treatment performed best for grain yield than the other tillage practices. In future 
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studies, we also recommend to determine the fuel consumption by comparing four different tillage systems in 

terms of the required item.  
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ABSTRACT 

The paper presents the spatial distribution and quantitative characteristics of ecological niches soil 

mesofauna of soddy-lithogenic soils on loess land reclamation of Nikopol manganese ore basin. It was 

established that edaphic characteristics of soddy-lithogenic soils on loess loam and vegetation 

characteristics (ecomorphs and using phytoindication scale) describe 87.71% of the variation of the spatial 

distribution of soil animals. With RLQ-analysis revealed two axes of differentiation of animal populations that 

are integral evaluation of the entire set of environmental factors. Axis 1 describes 62.81%, and the axis 2 - 

18.90% of the spatial variability of distribution mesofauna. There was a statistically significant marginal 3 

species (O. sabulosum, A. rosea, A. trapezoides) of 21, which speaks of the non-random choice of habitat 

preference of these species-specific conditions for life. The functional groups of soil animals, marked by a 

cluster analysis on the basis of the relationship of ecomorphs structure and environmental factors reflect the 

differentiation of ecological niches of individual groups of species which are sensitive to hardness, soil 

temperature and projective cover plants. Reflection axes RLQ-analysis in the geographic space show that 

the study of the landfill is not uniform for soil animal. 

 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ ʧʦʯʚʝʥʥʦʡ ʤʝʟʦʬʘʫʥʳ ʜʝʨʥʦʚʦ-ʣʠʪʦʛʝʥʥʳʭ ʧʦʯʚ ʥʘ ʣʝʩʩʦʚʳʭ 

ʩʫʛʣʠʥʢʘʭ ʅʠʢʦʧʦʣʴʩʢʦʛʦ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʛʦ ʙʘʩʩʝʡʥʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʜʘʬʠʯʝʩʢʠʝ 

ʭʘʨʘʪʝʨʠʩʪʠʢʠ ʜʝʨʥʦʚʦ-ʣʠʪʦʛʝʥʥʳʭ ʧʦʯʚ ʥʘ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʘʭ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʵʢʦʤʦʨʬʠʯʝʩʢʘʷ ʠ ʩ ʧʦʤʦʱʴʶ ʬʠʪʦʠʥʜʠʢʘʮʠʦʥʥʳʭ ʰʢʘʣʳ) ʦʧʠʩʳʚʘʶʪ 

87.71 % ʚʘʨʠʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʉ ʧʦʤʦʱʴʶ RLQ-

ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʳ ʜʚʝ ʦʩʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʞʠʚʦʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʦʮʝʥʢʘʤʠ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʩʴ 1 ʦʧʠʩʳʚʘʝʪ 62.81 %, 

ʘ ʦʩʴ 2 ï 18.90 % ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʟʦʬʘʫʥʳ. ɿʘʬʠʢʩʠʨʦʚʘʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʘʷ ʤʘʨʛʠʥʘʣʴʥʦʩʪʴ ʜʣʷ 3 ʚʠʜʦʚ (O. sabulosum, A. rosea, A. trapezoides) ʠʟ 

21, ʢʦʪʦʨʘʷ ʛʦʚʦʨʠʪ ʦ ʥʝʩʣʫʯʘʡʥʦʤ ʚʳʙʦʨʝ ʤʝʩʪ ʦʙʠʪʘʥʠʡ, ʧʨʝʜʧʦʯʪʝʥʠʠ ʜʘʥʥʳʤʠ ʚʠʜʘʤʠ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦʯʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʚr ʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʩʚʷʟʠ ʵʢʦʤʦʨʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʦʪʨʘʞʘʶʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ ʦʪʜʝʣʴʥʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʪʚʝʨʜʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚʳ ʠ ʧʨʦʝʢʪʠʚʥʦʤʫ 

ʧʦʢʨʳʪʠʶ ʨʘʩʪʝʥʠʡ.ʆʪʨʘʞʝʥʠʝ ʦʩʝʡ RLQ-ʘʥʘʣʠʟʘ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʠʟʫʯʝʥʥʳʡ ʧʦʣʠʛʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʜʣʷ ʤʝʟʦʧʝʜʦʙʠʦʥʪʦʚ. 

 

INTRODUCTION 

The soil mesofauna is a faunistic complex consisting of large invertebrates. The importance of 

studying populations of soil invertebrates is due to their enormous role in the life of soil, where they not only 

live, but also actively form the structure of soil horizons. Soilôs representatives of mesofauna are involved in 

many of soil formation processes and are essential of ecosystem engineers (Lavelle et al., 1997).Uneven 

spatial distributions of the soil fauna is one of the most important characteristics of their reactions to 
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environment factors (Pokarzhevsky, 2007). It is so-called "environmental standard" according to (Gilyarov, 

1965) - the needs of each species in a certain complex environmental conditions. The environmental factors 

influence the species distribution, usually the space is structured and therefore societies have also the 

spatial structure (Dray et al., 2006). Habitat is characterized by the presence in certain areas of resources 

and conditions necessary to species to survive, reproduce and successfully and competitively fight.(Hall et 

al., 1997). 

Zoological diagnosis of soils is the establishment of conformity and data communication between the 

typological units of soil cover and emergent properties of soils animal population (Zhukov, 2009). Soil-

zoological studies allow to use soil animals for the characterization of soil conditions and their changes from 

technogenic or economic impacts. Zoological technozems diagnostics is promising and represents a relevant 

issue in the use of recultivated soils (Gilyarov, 1965; Zhukov, 2009). The study of spatial distribution of soil 

mesofauna in the soddy-lithogenic soils allows diagnosing soil data, evaluating the impact of various 

environmental factors, and revealing interrelations of vital activity soil animals and modes of soil processes. 

The purpose of the present work was to quantify the ecological niches of the soil fauna landfill on soddy 

lithogenic soils formed on the loess loams on the basis of RLQ- and OMI-analyses. 

 

MATERIAL AND METHOD 

Material is selected on the reclamation site of Dnepropetrovsk State Agrarian University of Nikopol 

manganese ore basin(see Fig.1) (Dnipropetrovsk region, the city of Ordzhonikidze) in April-May 2012. 

Samples were collected in a soddy-lithogenic soils formed on loessial sandy loams. Material is selected at a 

regular grid - 7 transect at 15 of samples each, a total of 105 samples. The lag between transects and 

samples is of 3 m. At each point were made soil-zoological samples for collecting a soil mesofauna, carried 

out the measurement temperature, conductivity and hardness of the soil, litter thickness and height of 

herbage (R-table). Soil-zoological samples had a size of 25 × 25 cm. Hardness measurement of soils 

performed in the field conditions using manual penetrometer Eijkelkamp on depth to 50 cm at an interval of 5 

cm. The average error of measurement results of the instrument is ± 8%. The measurements were carried 

out with a cone sectional dimension 2 cm2 within each measurement point of hardness of soil were carried 

out in triplicate. To make measurement of soil electrical conductivity was used in situ a sensor HI 76305 

(Hanna Instruments, Woodsocket, RI). This sensor operates in conjunction with a portable device HI 993310. 

Tester assesses the overall electric conductivity of the soil, i.e. integrating the soil air, water and particles. 

The measurement results are presented in units of the device of the soil saturation with salts solution of - g / 

l. Comparison of the results measurements with HI 76305 with laboratory data allowed us to estimate the 

conversion factor units as 1 dC / m = 155 mg / l (Pennisi and Iersel, 2002).  

 

 
Fig.1-Map of the study area location 
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The soil temperature was measured from 13 to 14 hours of digital thermometers WT-1 (PJSC 

"Steklopribor», http://bit.steklopribor.com, precision ï 0.1 ° C) at a depth of 5-7 cm. Measurements of 

electrical conductivity and temperature made in triplicate at each test point. Aggregate soil composition was 

determined by dry sieving by Savinov (Dospehov, 1979). Soil samples were selected from the top layer 0-10 

cm. The physiognomic types of flora are highlighted on the basis of spectral reflectivity of digital images 

surfaces vegetation cover, which can be conditionally be characterized as: 1 - Poáceae; 2 - Umbellíferae; 3 - 

Asteraceae; 4 - Fabáceae; 5 - deadwood; 6 - soil. ). Phytoindication scales of vegetation are presented by 

(Tsyganov D.N., 1983). Characteristic of ecomorphs plants shown by (Belegarde A.L., 1971; Tarasov V.V., 

2005), Q-table is presented ecomorphs of soil animals (Zhukov, 2009). 

 

RESULTS 

Edaphic characteristics can be considered as determinants of ecological space communities of soil 

mesofauna (Table. 1). 

Table 1 

Determinants of ecological space of the soil mesofauna 

Medium parameters Average 
Confidence interval 

CV, % 
RLQ axis 

1 

RLQ axis 

2 ï 95 % + 95 % 

Soil structure, size fraction,% 

>10 mm 7.30 6.31 8.29 69.91 0.09 ï0.03 

7ï10 mm 6.04 5.65 6.43 33.37 ï0.01 ï0.21 

5ï7 mm 9.48 8.01 10.94 80.06 0.16 ï0.22 

3ï5 mm 19.06 17.93 20.19 30.63 ï0.06 ï0.14 

2ï3 mm 40.67 38.83 42.50 23.30 ï0.17 0.11 

1ï2 mm 5.24 4.66 5.81 56.46 0.01 0.13 

0.5ï1 mm 6.51 5.87 7.16 51.37 0.00 0.24 

0.25ï0.5 mm 5.71 5.15 6.26 50.18 0.09 0.28 

<0.25 mm 7.30 6.31 8.29 69.91 0.09 ï0.03 

Hardness at depth soil, MPa 

0ï5 cm 4.08 3.71 4.45 46.70 0.27 ï0.39 

5ï10 cm 6.18 5.68 6.67 41.71 0.38 ï0.65 

10ï15 cm 7.17 6.67 7.67 36.21 0.33 ï0.72 

15ï20 cm 7.84 7.28 8.41 37.05 0.38 ï0.73 

20ï25 cm 8.54 7.91 9.16 37.67 0.38 ï0.76 

25ï30 cm 9.01 8.31 9.72 40.28 0.40 ï0.71 

30ï35 cm 9.23 8.41 10.05 45.80 0.37 ï0.73 

35ï40 cm 9.55 8.67 10.43 47.70 0.40 ï0.66 

40ï45 cm 10.04 9.05 11.02 50.79 0.42 ï0.62 

45ï50 cm 10.44 9.37 11.52 53.11 0.41 ï0.60 

Physical properties and humus content 

Electrical conductivity, S /m 0.51 0.48 0.54 29.41 0.20 0.28 

Temperature 03.05.12 17.22 17.05 17.39 5.12 ï0.54 ï0.16 

ï 20.06.12 3435 33.78 34.92 8.54 ï0.12 ï0.50 

Physiognomic vegetation types 

Type_1 0.09 0.08 0.10 46.00 0.34 ï0.05 

Type_2 0.17 0.16 0.19 42.67 ï0.20 ï0.46 

Type_3 0.13 0.12 0.14 47.99 0.44 ï0.25 

Type_4 0.06 0.05 0.07 70.34 ï0.20 0.02 

Type_5 0.12 0.11 0.12 26.06 0.37 ï0.06 

Type_6 0.43 0.40 0.46 35.83 ï0.19 0.33 

TsyganovPhytoindication assessments 

Tm 9.24 9.18 9.30 3.20 ï0.35 ï0.45 

Kn 9.24 9.18 9.30 3.20 0.78 0.64 
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Om 9.21 9.15 9.27 3.22 ï0.78 ï0.62 

Cr 8.71 8.65 8.77 3.51 0.77 0.64 

Hd 7.61 7.53 7.68 5.04 ï0.77 ï0.49 

Tr 10.27 10.06 10.47 10.28 0.84 0.56 

Nt 5.59 5.49 5.68 8.82 0.79 0.57 

Rc 8.83 8.79 8.86 2.06 0.16 ï0.23 

Lc 2.21 2.17 2.25 9.40 ï0.81 ï0.62 

A.L Belgard Ecomorphs 

Hygr 2.13 2.11 2.14 3.56 ï0.31 0.02 

Troph 2.88 2.86 2.90 3.10 0.18 ï0.19 

St 0.72 0.71 0.73 6.80 ï0.74 ï0.55 

Pr 0.04 0.03 0.04 58.92 ï0.13 ï0.30 

Hel 3.26 3.22 3.31 7.16 ï0.85 ï0.50 

 

Corresponding to the analysis of obtained data, the predominant fraction is aggregates of 2-3, 3-5 

mm. Other fractions are characterized by participation in the aggregate structure at 4.08-10.44%. The 

average value of hardness regularly increases with depth. At the toplayer of a depth of 5 cm hardness is at a 

level of 4.08 MPa. According to literature data (Bathke et al., 1992), growth of plant roots stops at resistance 

of 0.8-5 MPa. Penetrometer Readings higher than 5 MPa, indicates a compacted soil which counteracts the 

root growth (Faechner et al., 1999). From a depth of 5 to 50 cm hardness gradually increased from 6.18 to 

10.44 MPa. It was recorded that the average value of electrical conductivity is 0.51 S / cm. The average 

temperature of sod-lithogenic soils on red-brown clays at time of measurement in 03.05.2012 was 17.22 ºʉ. 

On 20.06.2012, the average temperature is equal to 34.35 ºʉ. According to Phytoindication scales the 

thermo-climate investigated ecotopenemoral (46.1 kcal / cm * cm * year), Continental - mainland; ombro-

climate - sub-humid (P-E = - 305 mm / year, P - precipitation mm / year, E - evaporation mm / year); crio-

climate - mild winters / mild winters; humidity - Average steppe type; common mode of soil salinity and 

trophic - rich / saline soils; nitrogen nutrition - poor soil nitrogen; soil acidity - slightly acidic / neutral soils; 

light conditions - open / semi-open spaces. The ecomorphic analysis of vegetation in coenomorphes aspect 

is characterized by a predominance of steppe (72%).  

Ecological optimum hygromorphes (Matveev, 2003) is 2.13 - fresh type of the regime trophomorphes - 

2.88 and also corresponds to moderately fertile soils, and geliomorph - 2.21, which shows in the penumbral 

regime type. According to analysis results shown in Table RLQ 2 and Figure 3, it was established that 

81.71% of the variation (of total inertia) describe the first two axes RLQ (62.81 and 18.90%, respectively). 

Rand test procedure has confirmed the significance of the results RLQ-analysis at the p-level of 0.01. Axis 

RLQ ï it is integral estimates interrelation between environmental factors (Kunakh et al., 2013). In this case, 

we take into account the structure, hardness, conductivity and temperature of the soil as well as of 

vegetation structure using physiognomic types Phytoindication scale by Tsyganov and ecomorphes 

structures according to Belegarde. Axis RLQ-analysis ïis the integrated assessment of interrelation of two 

matrices: the first shows the sampling points (spatial component, taking into account the fact that the 

coordinates of sampling points were recorded), the second - the location types of the soil mesofauna, and 

the third - the significance level of environmental factors and the level of significance of ecomorphes 

characteristics of mesofauna (Fig. 2). Environmental factors which structure the community, have a 

complicated integral nature and reflected through measurable characteristics. Complexes related 

characteristics in multivariate techniques allocate according to various criteria, since the number of factor 

solutions is infinite. Maximize described dispersion and correlation factors are the target criteria in 

multivariate factor analysis and principal component analysis. It is obvious that such criterion has a general 

character and does not reflect the specificity of environmental problems. Maximization of criterion in RLQ-

analysis is the solution which best describes relationship between different environmental phenomena - the 

environment, the community and its formal environmental properties (Kunakhet al., 2013). 
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Fig. 2 - The results of the analysis of RLQ 

 x-axis - RLQ-1 axis, y-axis - RLQ-axis 2; A - weight of sampling points (R-matrix) for RLQ-axes; B - weight species (Q-matrix) by RLQ-axes; C - correlation of principal components 1 and 2 are derived from 

factor analysis of environment variables and RLQ-axes; D - correlation of environment variables and RLQ-axes; E - correlation of principal components 1 and 2 are derived from factor analysis and 

ecomorphs RLQ-axes; F - correlation ecomorphs and RLQ-axes; G - histogram of eigenvalues. 
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Axis 1 highlighted RLQ-analysis, characterized by positive correlation with the hardness of soil on the 

entire depth. This axis is negatively correlated with soil temperature at the time of collecting zoological soil 

samples - 03.05.12. There is a weakly significant positive correlation with the electric conductivity of the soil. 

It is observed a close relationship between the axis 1 and the projective cover of both living and dying plants. 

Axis 2, in contrast to the axis 1, is negatively correlated with the hardness of all studied depths,as well is 

negatively correlated with soil temperature at 20.06.2012. From electric conductivity axis is poorly correlated. 

Correlation with physiognomic vegetation types reflects a positive impact of absence projective cover. A joint 

measurement of edaphic and plant characteristics and structure of animal populations allowed us to estimate 

the properties of ecological niche of soil mesofauna (Table. 2). 

 

Table 2 

Analysis of the types of marginality communities of the mesofauna 

Types Reduction Inertia OMI omi tol rtol p-level 

Amara equestris A_equestris 52.1 7.1 13.7 9.9 76.4 0.04 

Amphimallon solstitiale A_solstitiale 24.7 9.4 38.1 0.8 61.1 0.35 

Anoxia pilosa A_pilosa 63.3 11.0 17.4 12.6 70.0 0.13 

Aporrectodea rosea A_rosea 43.9 1.5 3.5 25.2 71.3 0.00 

Aporrectodea trapezoides A_.trapezoides 49.1 1.9 4.0 23.2 72.7 0.00 

Aranea sp. Aranea 43.8 5.6 12.9 16.1 71.0 0.03 

Brephulopsis cylindrica B_cylindrica 41.3 0.1 0.2 10.0 89.9 0.54 

Calathus melanocephalus C_melanocephalus 48.8 6.7 13.9 5.7 80.4 0.33 

Curculionidae sp. Curculionidae 50.1 15.5 31.0 11.8 57.2 0.02 

Dendarus punctatus D_punctatus 77.9 23.0 29.6 9.9 60.5 0.01 

Diphyonyx sukacevi D_sukacevi 32.6 2.6 8.1 5.1 86.8 0.94 

Dorcadion carinatum D_carinatum 31.7 15.0 47.4 1.7 50.9 0.06 

Harpalussp. Harpalus.sp. 55.7 9.2 16.5 23.0 60.4 0.13 

Helix lucorum H_lucorum 43.3 0.7 1.8 7.8 90.4 0.46 

Lepidoptera Lepidoptera 50.4 14.0 27.8 12.2 60.0 0.08 

Monacha cartusiana M_cartusiana 39.9 0.2 0.6 14.7 84.7 0.06 

Opatrum sabulosum O_sabulosum 45.1 5.7 12.7 24.7 62.6 0.00 

Ophonus azureus O_azureus 30.4 8.9 29.4 11.4 59.3 0.56 

Podonta daghestanica P_daghestanica 35.9 4.1 11.6 25.4 63.0 0.24 

Rossiulus kessleri R_kessleri 42.2 0.7 1.6 10.30 88.1 0.65 

Trachelipus rathkii T_rathkii 26.9 3.2 11.9 7.0 81.1 0.67 

OMI 6.9 ï ï ï ï 0.00 

 

Legend: OMI - index of the average distance (marginal) for each species; Tol - tolerance, Rtol - residual 

tolerance; italics index data presented in % of total variability; p-level using the Monte Carlo method after 25 

iterations. The total inertia, which can be calculated as a result of OMI-analysis is proportional to the average 

marginality species community and is a quantitative assessment of the impact of environmental factors on 

the species separation (Kunakh et al., 2013). Marginality - is the displacement degree of centroid ecological 

niche of the species at typical conditions represented by a polygon. 

 

The analysis revealed that the total inertia, which can be calculated in the analysis result of OMI,is 

proportional to the average marginality of community species and represents a quantitative assessment of 

the impact of environmental factors on the separation of species.  The analysis determined that the total 

inertia is 1.99. The first axis, obtained from OMI-analysis describes 41.93%, and the second - 22.54% of 

inertia. So the first two axes describe 64.47% of inertia which is quite enough, in order to differentiate the 

description of ecological niches of mesofauna in the studied polygon in the space to carry out the first two 
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axes. For the average value marginalized communities (OMI = 6.99) the significance level is p = 0.00, which 

indicates the importance of the selected environment variables for the structuring of the soil mesofauna 

community. The marginalitywhich was significantly different from the random alternatives characteristic of 3 

types out of 21, for which carried out the OMI-analysis (Table. 3).Thus, for most species of the studied landfill 

typically edaphic conditions are identical with the centroid of their ecological niche. 

Configuration of ecological niches is presented in Figure 3. 

 
 d = 5 

 A_equestris 

 d = 5 

 A_solstitiale 

 d = 5 

 A_pilosa 

 d = 5 

 A_rosea 

 d = 5 

 A_.trapezoides 

 d = 5 

 Aranea 

 d = 5 

 B_cylindrica 

 d = 5 

 C_melanocephalus 

 d = 5 

 Curculionidae 

 d = 5 

 D_punctatus 

 d = 5 

 D_sukacevi 

 d = 5 

 D_carinatum 

 d = 5 

 Harpalus.sp. 

 d = 5 

 H_lucorum 

 d = 5 

 Lepidoptera 

 d = 5 

 M_cartusiana 

 d = 5 

 O_sabulosum 

 d = 5 

 O_azureus 

 d = 5 

 P_daghestanica 

 d = 5 

 R_kessleri 

 d = 5 

 T_rathkii 

 d = 0.1  d = 0.1  EC 

 Agr_10 

 Agr_7_10 

 Agr_5_7 

 Agr_3_5 

 Agr_1_3 
 Agr_05_1 

 Agr_025_05  Agr_025 

 Im_05 

 Im_10  Im_15  Im_20 
 Im_25 

 Im_30  Im_35 
 Im_40  Im_45  Im_50 

 Temp_03_05 

 Temp_20_06 

 Type_1 

 Type_2 

 Type_3 

 Type_4 

 Type_5 

 Type_6 

 Tm 

 Kn 
 Om 

 Cr  Hd 
 Tr 
 Nt 

 Rc 

 Lc 

 Hygr 

 Troph_B 

 St  Pr 
 Hel 

 
Fig. 3 -The ecological niches of species of soil macrofauna 

The coordinate axes are specified with components of marginality; origin - zero marginal. The ellipse represents the inertia  

of ecological niche. Rays associated with the centroid ecological niche sites meeting the form in the space of  

marginalized communities. In the lower right corner of the normalized weight of environmental - 

 

RLQ-analysis allows us to classify animals according to the nature of their ecological structure and due to 

environmental factors. The cluster analysis allowed identifying four complexes species that form the 

functional groups A, B, C and D (Fig. 4). 
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Fig. 4- The cluster analysis of the structure of the animal population of the soil  

  

 The location of these functional groups in space RLQ axes are shown in Fig. 5. A functional group 

includes most consists of xerophilic steppe species (eg O. azureus, A. equestris, R. kessleri). 

 This functional group is sensitive to the vertical differentiation of the soil profile (marker - axis 2). The 

functional group is represented in xerophilic steppe species (Lepidoptera sp. Larvae), mesophilic steppe 

species (A. rosea), hygrophilic meadow species (A. trapezoides) and hygrophilic forest species (A. 

solstitiale). The main axis is determined by the appearance of communities 1. The third functional group C is 

mainly composed of xerophilicStepanov (egOpatrumsabulosum, Podontadaghestanica). Group C is sensitive 

to vertical differentiation of the soil profile (marker - axis 2). The fourth functional group D are terrestrial snails 

(Mollusca, Gastropoda), which hygromorphes and coenomorphes aspects are mesophilic. Group D is 

sensitive to the 1 axis. 
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Fig. 5 - Location of the functional groups in the space of RLQ-axes 

 

Ecological specialization is the adaptation of an organism or group of organisms to the narrow 

conditions of existence. Ecological specialization within the context of concrete conditions takes the form of 

functional groups. Ecomorphs structure analysis of the animal population allows determining the nature of 

the functional groups obtained in terms of the provisions of this habitat (Fig. 5). An important tool for 

describing the ecological structure of the animal population is its reflection in geographic space. Spatial 

variability RLQ-axis is shown in Fig. 6. 

 

 
Fig. 6 - Spatial variability RLQ-axes 

 

Figure 6 shows the trends of relatively independent of the spatial variability of the animal population of 

soddy-lithogenic soils on loessial sandy loams. Figure 6 demonstrates the spatial distribution of soil animals 

relative to the axis 1: the high values indicate a high density of functional groups of representatives, on the 

other hand, the low values - functional group B. The functional group A is relatively tolerant to the axis 1. 

Figure 6illustrates the spatial distribution of soil animals relative to the axis 2. The area with a high 

density of representatives of functional groups B and C are fragmentary and alternated with areas where 

there is a high density of members of the group A. 
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CONCLUSIONS 

According to  the  analysis  and  interpretation  of  results obtained  in  the  present  research  the  

following  points should be emphasized: 

1. It is established that edaphic characteristics sod-lithogenic soils on loessial sandy loams and 

vegetation cover characteristics (ecomorphs and using phytoindication scale) describe the 87.71% of 

the variation spatial distribution of soil animals. 

2.  Using the RLQ-analysis, the two axes of differentiation of animal populations that are integral 

evaluation of the entire set of environmental factors. Axis 1 describes 62.81%, and the axis 2 - 18.90% 

of spatial variability distribution of mesofauna. 

3. Was noted  statistically significant marginality of 3 species (O. sabulosum, A. rosea, A. trapezoides) of 

21, which indicates non-random choice of habitat preference of these types of specific conditions for 

life. 

4. The functional groups of soil animals derived by using cluster analysis on the basis of interrelation 

ecomorphs  structure and environmental factors that reflect the differentiation of ecological niches of 

individual groups of species which are sensitive to hardness of, soil temperature and projective cover 

plants. 

5. 5. The mapping axes RLQ-analysis in geographic space shows that the study polygon is not uniform 

for soil anmal. 
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ABSTRACT 

The comparative analysis of the main biological productivity parameters of Miscanthus various species 

was carried out in the forest-steppe and steppe zone of Ukraine. The yield of Miscanthus increases due to 

rhizomes planting in the early stages. Optimum planting depth is 8...10 cm. It has been revealed that such 

morphological features as the number of leaves per stem, width and length of lamina have small variability 

and are determined mainly by the plant genotype.  Biomass components, such as canopy height, stem 

number per plant and stem diameter, are more dependent on environment influence and the crop age. For 

the first 3 years of cultivations Miscanthus can grow up to 189 (M. sacchariflorus) ï 198 cm tall (M. sinensis) 

under insufficient water supply. Comparison of the stem number per plant for the 2-year plants has shown 

the least values for M. sacchariflorus, and the largest for M. sinensis and M. oligostachyus. Plant 

aboveground biomass productivity increases with age. Productivity of M. sacchariflorus and M. sinensis is 

almost the same. At the same time, the biomass productivity of 1-year plants M. × giganteus is only 30% less 

than 2-years plants aforementioned species. The maximum biomass yield have been registered for 15-year 

plantation of M. sinensis and amounted to 41.5 t/ha.  

 

ʊɽɿʀ 

ɺ ʫʤʦʚʘʭ ʣʽʩʦ - ʩʪʝʧʦʚʦʾ ʪʘ ʩʪʝʧʦʚʦʾ ʟʦʥ ʋʢʨʘʾʥʠ ʧʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʛʦʣʦʚʥʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʄʽʩʢʘʥʪʫʩʫ. ʋʨʦʞʘʡʥʽʩʪʴ ʤʽʩʢʘʥʪʫʩʫ 
ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʩʘʜʽʥʥʶ ʨʠʟʦʤʽʚ ʫ ʨʘʥʥʽ ʩʪʨʦʢʠ, ʦʧʪʠʤʘʣʴʥʦʶ ʛʣʠʙʠʥʦʶ ʩʘʜʽʥʥʷ ʻ 8é10 
ʩʤ..ɺʠʷʚʣʝʥʦ, ʱʦ ʪʘʢʽ ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʟʥʘʢʠ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʣʠʩʪʢʽʚ ʥʘ ʩʪʝʙʣʽ, ʰʠʨʠʥʘ ʽ ʜʦʚʞʠʥʘ 
ʧʣʘʩʪʠʥʢʠ ʤʘʶʪʴ ʤʘʣʫ ʤʽʥʣʠʚʽʩʪʴ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʛʝʥʦʪʠʧʦʤ ʨʦʩʣʠʥ. ʊʘʢʽ 
ʢʦʤʧʦʥʝʥʪʠ ʙʽʦʤʘʩʠ, ʷʢ ʚʠʩʦʯʠʥʘ ʣʠʩʪʚʷʥʦʛʦ ʧʦʢʨʠʚʫ, ʯʠʩʝʣʴʥʽʩʪʴ ʪʘ ʜʽʘʤʝʪʨ ʩʪʝʙʝʣ 
ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʽʣʴʰʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʽʢʫ ʨʦʩʣʠʥʠ. ʇʨʦʪʷʛʦʤ 
ʧʝʨʰʠʭ 3 ʨʦʢʽʚ ʢʫʣʴʪʠʚʘʮʽʾ ʄʽʩʢʘʥʪʫʩ ʤʦʞʝ ʟʨʦʩʪʠ ʜʦ 189 (ʄ. sacchariflorus) ï 198 ʩʤ ʟʘʚʚʠʰʢʠ (ʄ. 
sinensis) ʧʨʠ ʥʝʜʦʩʪʘʪʥʽʡ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʚʦʣʦʛʦʶ. ʇʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʝʙʝʣ ʥʘ ʨʦʩʣʠʥʽ ʜʣʷ 2-
ʨʽʯʥʠʭ ʨʦʩʣʠʥ ʧʦʢʘʟʘʣ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʫ ʄ. sacchariflorus, ʘ ʥʘʡʙʽʣʴʰʝ ï ʫ ʄ. ʪʘ M. sinensis 
oligostachyus. ʈʦʩʣʠʥʘ ʥʘʜʟʝʤʥʘ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʽʦʤʘʩʠ ʟ ʚʽʢʦʤ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʄ. 
sacchariflorus ʽ ʄ. sinensis ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʽʦʤʘʩʠ 1-ʨʽʯʥʠʭ 
ʨʦʩʣʠʥ ʄ. ʭ giganteus ʙʫʣʣʘ ʥʘ 30% ʤʝʥʰʝ ʥʽʞ 2-ʨʽʯʥʠʭ ʨʦʩʣʠʥ ʚʠʱʝʚʢʘʟʘʥʠʭ ʚʠʜʽʚ. ʄʘʢʩʠʤʘʣʴʥʠʡ 
ʚʨʦʞʘʡ ʙʽʦʤʘʩʠ ʙʫʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʜʣʷ 15-ʨʽʯʥʠʭ ʧʣʘʥʪʘʮʽʡ ʄ. sinensis ʽ ʩʢʣʘʚ 41,5 ʮ/ʛʘ. 

 

INTRODUCTION 

Miscanthus is a perennial grass with the C4 photosynthesis type. According to current taxonomy data 

there are 16 species (Plant list, 2013) in the genus Miscanthus Anderss. Only 8-9 of these can grow in the 

temperate climatic zone. They all have origin in East Asia. 

Miscanthus was first cultivated in Europe in 1930s. At first, it was used as ornamental plant in 

landscape architecture. With the laps of time researchers have become interested in this plant as a 

promising source of cellulose containing biomass for chemical industry and bioenergy production (Karp and 

Sheid, 2008, Dohleman et al., 2009, Brosse et al., 2012). First of all, it concerns Miscanthus × giganteus 

J.M.Greef et Deuter ex Hodk. et Renvoize. ï spontaneous sterile hybrid cross between 

Miscanthus sacchariflorus (Maxim.) Hack. and Miscanthus sinensis Anderss. The first, its trial plots were 

established in Europe in 1983. Now this species takes a large industrial area along with other energy crops 
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(Lewandowski et al., 2000). M. × giganteus is being intensively cultivated in the United States as well 

(Heaton et al., 2004, Anderson et al., 2011, Planting and Managing, 2011). The first plantations of 

M. × giganteus have been established in Ukrainian forest-steppe region and Polesye recently (Pidlisnyuk et 

al, 2012; Rakhmetov et al, 2015).  Studies of M. sacchariflorus and M. sinensis are still at the stage of 

scientific development (Christian et al., 2005, Shumny et al, 2010, Bonin et al, 2014, Yu et al, 2015). The 

potential of other Miscanthus species has not been studied at all. At the same time, the possibility of using 

them as an energy crop is extensive enough. The above ground biomass can be used as renewable raw 

materials for the production of solid (pellets, briquettes), liquid or gaseous (ethanol, butanol, ethylene) types 

of fuels (Hodgson et al., 2010, Han et al., 2011).  

Recent researches (Heaton et al., 2004, Lewandowski and Schmidt, 2005, Zub and Brancourt-Hulmel, 2010, 

Arnoult and Brancourt-Hulmel, 2015) have shown that many different factors can influence Miscanthus 

efficiency (geographical location of the cultivation area, climate conditions, water supply, crop management, 

mineral element availability, genotypic variability). Therefore, thoroughly studying productivity parameters 

under introduction conditions will allow to determine the potential and prospects of this crop cultivation 

 
MATERIAL AND METHOD  

Seedlings were planted in three sites. First site is in Borschyvsky district of Ternopol region in the 

north-western part of Ukraine. Second site is in Botanic garden of Dnipropetrovsk National University. Third 

site is in land reclamation station of Dnipropetrovsk State Agrarian and Economic University. Both sites are 

situated in Dnipropetrovsk region in the south - eastern part of Ukraine. 

The long-term average values of air temperature and precipitation in Ternopol region are given in table. 1. 

 

Table 1  

The average long-term values of air temperature and precipitation in Ternopol region 

Month Air temperature, C0 Precipitation, mm 

Year average Year average 

2009 2010 2011 2012 2009 2010 2011 2012 

Jan -3 -7.9 -2.3 -3.5 -5.5 34.5 9.4 23.7 15 33.0 

Feb -1.3 -3.1 -3.9 -9.5 -4.2 26.4 89.7 25.6 40.1 31.0 

March 1.7 2.1 2.0 3.3 0.7 34.8 16.4 15.4 14.0 40.0 

Apr 11.1 9.4 10.4 10.3 7.2 3.4 26.3 37.5 83.0 50.0 

May 14.5 15.3 14.9 16.0 14.1 41.0 108.6 21.2 21.5 75.0 

June 17.3 17.9 18.4 19.3 16.8 81.3 143.9 92.4 105.5 94.0 

July 20.9 20.3 19.7 23.0 18.4 27.3 122.9 66.0 82.2 94.0 

Aug 19.7 21.1 19.3 19.1 18.0 49.9 42.1 63.0 77.5 80.0 

Sept 16.0 12.8 17.2 15.1 13.6 3.8 134.8 13.3 19.0 55.0 

Oct 8.7 5.2 7.6 9.6 8.1 67.9 43.2 13.4 41.7 50.0 

Nov 5.3 7.2 7.6 9.6 8.1 32.0 24.8 2.6 23.2 43.0 

Dec -1.6 -5 1.1 -5.4 -0.9 0 55.5 16.8 77.6 34.0 

Sum      402.3 817.6 390.9 600.3 679.0 

 

The climatic conditions were typical for the Forest - Steppe zone as the average values of indicators 
and the degree of deviation from the long - term average in some years.  

First experiment goal: to establish the timing of planting and planting depth rhizomes. Factor A ï 

planting dates: 1) the ɯ-ɯɯ decade of April; 2) II-III decade of April; 3) ɯ decade of May. Factor B ï drilling 

depth: 1) 6 cm; 2) 8 cm; 3) 10 cm; 4) 12 cm. The repetition ï fourfold. The soil is podzolic, soil pH is 6.0. 

Dnepropetrovsk region is situated in steppe zone at 48°N, 34°E. Climate is moderately continental. 

Over the course of a year, the temperature typically varies from -8°C to +31°C. The cold season lasts from 

December to March with an average daily temperature of -3.1°C. In the winter air temperature can 

sometimes fall till -20-25°C. The warm season lasts from May to September 15 with an average daily 

temperature above +24°C. Often, the average daily temperature in summer reaches +30-34°C, maximum 

+37-40°C. Total annual precipitation averages are of 500-540 mm During the warm season precipitation 

occur  most often in the form of thunderstorms (63%), light rain (31%), and moderate rain (6%). The rainfall 

varies significantly over the course of the warm season. For example, 106 mm of precipitation were fallen in 

March 2015, which made a record 247% of normal, while in July were 29 mm (54% of normal), and in 

September was only 1 mm (2% of normal). At the same time the average daily temperature of September 

has exceeded the norm on 4.4°C (Fig.1).  
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Fig.1 - Climate data (rainfall and air temperature) of Dnepropetrovsk region 

 

There is an insufficient water supply during the growing season. The experimental data on physical 

constants of chernozeom (black soil) and pedozeom (mix of red-brown clay and loamy like loess) are shown 

in Figure 2. 

 
Fig.2 - Physical constants of chernozeom and pedozeom 

 

Due to differences in soil texture, the moisture content in pedozeome was 2. 5 times less than in the 

black soil.  

As part of this work, four species (M. sacchariflorus, M. × giganteus, M. oligostachyus Stapf., 

M. sinensis and M. s. cv. Gracillimus) from collection of Dnepropetrovsk National University Botanic Garden 

were studied:  As a mother plant have been selected 3-year-old and 4-year-old plants. One mother plant 

produced 23 to 35 seedlings or harvestable rhizomes (for M. sacchariflorus and M. × giganteus). Each 

seedling had 3 to 5 shoots and each rhizome had minimum of two to three buds. The optimum time for 

planting is the middle of April.  

Subject of studying were the following parameters related to biomass efficiency and biomass 

composition: above ground biomass productivity, canopy height, stem number per plant, stem diameter, the 

number of leaves per stem, width and length of lamina, soluble carbohydrates content. Above ground 

biomass yield was assessed for the late autumn harvest; other morphological traits were obtained at the end 

of growing season.  

The soluble carbohydrates were estimated by photometric methods (Naiem and Abdelatif, 2001). 

Samples were quantified photometrically by measuring the change in wave length at 660 nm. The amount of 

soluble carbohydrates was calculated with the help of standard curve obtained by using different 

concentration of standard glucose solution. The amount of sucrose was estimated as difference between 
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total sugar content and reducing sugar content and multiplied with coefficient 0.95.All the data are processed 

with statistical methods using the software package StatGraphics Plus5. 

RESULTS 

The timing and depth impact of planting rhizomes on the yield of Miscanthus are shown in the table 2. 
 

Table 2 

Yield of biomass of Miscanthus depending on the timing and depth of planting rhizomes 

Planting time 

Year 

2009 2010 2011 2012 Average 

Planting depth - 6cm 

I 2.2 3.7 1.8 3.2 2.7 

II 2.1 3.1 1.5 2.5 2.3 

III 1.7 2.8 1.3 2.1 2.0 

 Planting depth - 8cm 

I 2.8 3.7 1.9 3.3 2.9 

II 2.1 3.2 1.7 2.6 2.4 

III 1.7 2.8 1.4 2.3 2.0 

 Planting depth - 10cm 

I 2.9 3.9 2.2 3.6 3.2 

II 2.2 3.5 1.9 2.6 2.5 

III 1.8 2.9 1.4 2.4 2.1 

 Planting depth - 12cm 

I 2.9 3.9 2.0 3.1 3.0 

II 2.1 3.5 1.8 2.3 2.4 

III 1.7 2.8 1.3 2.1 2.0 

LSD05 0.4 0.4 0.3 0.3  

 

Weather conditions had a significant effect on the Miscanthus biomass yield. The yield of Miscanthus 
in the favorable weather conditions of 2010 and 2012 years was 2 times higher compared to 2009 and 2011. 
The early stages (first and second) planting helped to increase yields from 19 to 45% compared to the third 
planting time. It is established that the yield of Miscanthus biomass increases with the increase in depth of 
planting rhizomes. 

According to long-term phenological observations in the steppe zone of Ukraine, spring growth 

Miscanthus begins mainly at the end of April. In some years it starts in early May. Growing season continues 

until the third decade of October. Miscanthus plants reach the greatest height in a flowering stage, which 

comes in August-September (Fig.3).  

 

 
Fig.3 - Flowering stage of Miscanthus species under steppe zone conditions of Ukraine 

 

Vegetation period of M. s. cv. Gracillimus is longer than other varieties. Its leaves yellowing continue 

during December. The flowering stage also begins later, in November, and may remain unfinished in the 

event of early autumn frosts. The studied Miscanthus species under introduction conditions do not form seed 

and can only be propagated vegetatively. Miscanthus spread naturally by means of underground rhizomes. 

M. sacchariflorus has very long rhizomes which quickly colonizes the big areas. In a single growth season 

the size of its patch may increase five times. M. × giganteus, M. oligostachyus and particularly M. sinensis 

are more cespitose, their spread are slow and there is little risk of uncontrolled invasion of hedges or field, 

compared to the  M. sacchariflorus. Despite that stands of M. sacchariflorus tend to be lager but less dense 

than stands of others Miscanthus species. M. s. cv. Gracillimus has the highest stem density per unit of area. 



INTERNATIONAL SYMPOSIUM
   

59 
 

It has been revealed that such morphological features as the number of leaves per stem, width and 

length of lamina have small variability and are determined mainly by the plant genotype. The number of 

leaves per stem in tall species is 9-10, in medium tall M. oligostachyus ï 4-5. The lamina width of 

M. sacchariflorus, M. sinensis and M. × giganteus is 1.5-2 cm, M. oligostachyus is 1 - 1.5 cm. The 

M. s. cv. Gracillimus has the narrowest leaves whose width does not exceed 0.6-0.8 cm. In the same time 

their length is about 98 - 105 cm, while the leaf length of other species varies within the limits 55 - 70 cm. 

M. oligostachyus has the shortest leaves, their length being only of 35 - 40 cm. 

Such productivity parameters as canopy height, stem number per plant and stem diameter, are 

considerably dependent from environment influence and the crop age.  For the first 3 years of cultivations 

Miscanthus can grow up to 189 (M. sacchariflorus) ï 198 cm tall (M. sinensis) under insufficient water 

supply. Comparison of the stem number per plant for the 2-year plants has shown the least values for 

M. sacchariflorus, and the largest for M. sinensis and M. oligostachyus. The stem diameter depends on the 

plant age and on species features. Interestingly, the stem diameter of the three-year plants 

M. s. cv. Gracillimus is almost equal to that of the fifteen-year plants M. sinensis. The greatest value of this 

indicator was detected in M. × giganteus (Table 3). 

 

Table 3  

Morphometric parameters of Miscanthus in the steppe zone conditions 

Miscanthus species, age Canopy height, cm 
Stem number per 

plant 
Stem diameter, mm 

M. sacchariflorus (1 year) 80.0 ± 1.23 - 4.2 ± 0.15 

M. sacchariflorus (2 year) 188.8 ± 2.93 16.2 ± 0.44 4.4 ± 0.13 

M. × giganteus (1 year) 86.7 ± 0.98 - 8.1 ± 0.21 

M. sinensis (2 year) 142.5 ± 1.66 30.3 ± 1.25 4.3 ± 0.11 

M. sinensis (15 year) 198.3 ± 2.16 61.9 ± 1.05* 5.7 ± 0.18 

M. sinensis cv. Gracillimus (3 year) 196.0 ± 2.31 51.3 ± 3.04 5.2 ± 0.13 

M. oligostachyus (2 year) 93.7 ± 1.86 33.7 ± 1.14 3.4 ± 0.10 
* Stem number per 0.1 m2 

 

Yields of above-ground biomass increase with the age. For instance, the biomass of M. sacchariflorus 

which was collected with a 2-year plantation is increased three times in comparison with biomass yield with 

an one-year plantation. Productivity of 2-year M. sacchariflorus and M. sinensis is almost the same. At the 

same time, the biomass productivity of 1-year plants M. × giganteus is only 30% less than 2-years plants 

aforementioned species (Fig.4). 

 

 
Fig.4 - Aboveground biomass production of various Miscanthus species under steppe zone conditions 

 
The maximum biomass yield has been registered for 15-year plantation of M. sinensis and amounted 

to 41.5 t/ha. Biomass efficiency of 2-year plants  M. oligostachyus was not great, only 1.2 t/ha. Good 

potential was showed by 3-year plant M. s. cv. Gracillimus, which biomass productivity was 9.1 t/ha. The 
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maximum biomass yield have been registered for 15-year plantation of M. sinensis and amounted to 

41.5 t/ha. 

The aboveground biomass of Miscanthus can be significant source for bioethanol production. Usually 

technologies of bioethanol production by Miscanthus biomass includes following stages: pretreatment 

removes hemicellulose and gets reactive cellulose; hydrolysis for fermentable sugars; fermentation for 

production of ethanol (Lien et al., 2005, Alvira et al, 2010, Huang et al., 2010). At the same time the biomass 

of Miscanthus besides lignocellulosic components contains water soluble carbohydrates. And their total 

content is almost the same as at traditional sacchariferous crops: Sorghum, Eclrinochloa frumentacea, 

Setaria italica etc (Almorades and Hadi, 2009). 

The soluble sugar content was estimated in the end of the growth season (Fig.5).  
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Fig.5 - Soluble sugar content in aboveground biomass of Miscanthus 

 

At this period vegetation is still in progress. However plants already have accumulated enough 

nutrients necessary for normal wintering and a cut of aboveground biomass will not damage of plant.  

Determination of soluble carbohydrates in Miscanthus leaves and stems has shown high values of 

reducing sugars and sucrose. The sugar sum content varies in different species in range from 9.0 

(M. sacchariflorus) to 16.05% (M. oligostachyus). Reducing sugars-sucrose ratio was nearly 50:50 at 

M. oligostachyus. At the M. sinensis reducing sugar content was greater than sucrose content on 40-60%. 

And vice versa the biomass of M. s. cv. Gracillimus accumulates greater quantity of sucrose than reducing 

sugars on 56% and at M. sacchariflorus on 22.5%. 

 

CONCLUSIONS.  

The yield of Miscanthus increases due to rhizomes planting in the early stages. Optimum planting 

depth is  8...10 cm. The effect of date and depth of planting on the yield of biomass was observed only in the 

first year of vegetation. The trend continues due to the difference of plant density. 

It was shown that various Miscanthus species are adapted to rather wide range of soil and can give the 

high biomass yield under insufficient water supply condition. The results of preliminary work assume that 

optimum time for biomass harvesting is a late autumn (November) for the solid types of fuel production or in the 

end of the growth season (October) for  the bioethanol  production. The further studies of the biomass 

component composition will allow selecting the most suitable species for specific conversion process. The 

subsequent search of crop management optimum practices is also significant for enhancement of biomass 

productivity.  
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ABSTRACT 

In this work, we have studied the possibility of decontaminating the soil polluted by lead from traffic 

road, using Helianthus annus as a heavy metals hyperaccumulative plant. High concentrations of lead stored 

at the horizons of soil surface (1714.39 ± 512.62 ug/g) have revealed that the traffic and road infrastructures 

are important sources of toxic heavy metals to the environment. In addition, we noticed that Helianthus 

annus may hold a total of 35.69±37.24 ug/g, which correspond to 2% of that accumulated in the soil. 

Importantly, highest values were observed in the roots (17.97±32.79 ug/g), which means 50.50%, whereas, 

the rates of heavy metals in the stems and leaves were 8.33±4.65 ug/g and 7.36±4.81ug/g , respectively. 

Otherwise, the accumulation of lead was influenced by physical and chemical properties of the soil: pH, 

cation-exchange capacity (CEC), percentage of clay. A high content of lead was observed in the plant at low 

pH; while, at the CEC of the soil and the percentage of clay, are positively correlated with plant Pb. However, 

a strong correlation between soil Pb and plant Pb was noticed. Accordingly, lead uptake by Helianthus annus 

seems to be influenced by its bioavailability in soil. 

 

RÉSUMÉ 

Le but de ce travail est dô®valuer la possibilit® de d®contaminer un sol, pollu® par le plomb en milieu 

routier, par Hordeum vulgare, utilisée comme plante hyperaccumulatrice des métaux lourds. Les 

concentrations élevées, en plomb enregistrées dans les horizons de surface du sol (1714,39 ± 512,62 µg g-

1), ont permis de mettre en évidence que le trafic et les infrastructures routières constituent une source 

importante en métaux lourds toxiques pour l'environnement. Ces métaux peuvent se disperser et retomber 

par voie sèche ou humide sur les bordures de chaussée, transportés par le ruissellement des eaux pluviales 

vers le sol. Les résultats obtenus montrent que Hordeum vulgare accumule au total 36,28±14,90 µg g-1, soit 

2 % des valeurs enregistrées dans le sol.  Les plus grandes valeurs sont observées dans les racines avec 

18,32±8,38 µg g-1, soit 50,50%; par contre les valeurs observées dans les tiges et les feuilles sont, 

respectivement : 10,83±5,86 µg g-1 et 7,71±3,74 µg g-1, soit 29,95% et  21,25%. Cette accumulation du 

plomb a ®t® influenc®e par les param¯tres physico chimiques du sol (pH, capacit® dô®change cationique, 

taux des argiles). Une forte teneur du plomb dans la plante a été observée à pH faible ; par contre, la CEC 

du sol et le taux des argiles sont corrélés positivement avec ces teneurs. Cependant, nous avons constaté 

une forte corr®lation entre le Pb sol et le Pb plante, lôabsorption du plomb, par Hordeum vulgare,  semble 

être influencée par sa biodisponibilité dans la solution du sol. 

 

INTRODUCTION 

Heavy metals are found as trace in natural soils and include their sources in leaching by rain and the 

case of multiple contaminants (Rial-Otero R. et. al) . The heavy metals can reach very high concentrations in 

certain substrates polluted by human activities such as the mobility of agrochemicals in soils that plays an 

important role in the transport of contaminants in the environment (Pateiro-Moure, M et el.). Particularly, zinc, 

lead, cadmium and copper are present in emissions of different industrial and agricultural activities and are 

also emitted by the exhaust gas of motor vehicles. High rates in soils could modify considerably the 

composition of the flora; consequently few species might tolerate their toxicity. According to (Martirnelli I), the 

main sources of lead are: exhaust gases and brake linings. The lead is deposited on the pavements and is 

conveyed by the storm water runoff, resulting in significant contamination of these waters.  
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As a result, during their infiltration into the soil at the roadside, an accumulation of pollutants in the 

surface layers of soil is observed. (Pagotto C.) reported that the levels of trace metals decrease sharply 

with soil depth. In parallel, the results shown by (Bermúdez-Couso A. et al.) who worked on the cadorufon 

say Carbofuran is moderately persistent in soils, where it has a half-life of 30 to 117 days depending on the 

particular agri-environment conditions (soil organic matter and moisture, for example content and pH), so it is 

highly mobile in soil and can easily reach waters by virtue of its high solubility. As a result, carbofuran has 

high potential for contamination of groundwater in aquifers, which it can penetrate through leaching and 

runoff from treated fields.  As well, all pesticides in groundwater and most residues present in surface water 

enter via the soil (Pateiro-Moure, M et el.). There are two main routes by which pesticides enter the soil: 

spray drift to soil during foliage treatment pluswash-off from treated foliage and release from granulates 

applied directly to the soil (Rial-Otero R. et. al). It is of paramount importance to study the dynamics of 

pesticides in soil-sorption-desorption, transport (and the dependence of transport on entry dynamics and 

transformation processes (Lopez-Perez Gonzalo C.). 

Indeed, it is well known that lead is generally more abundant at the surface humus horizons than in 

deeper horizons, nevertheless it is greatly enhanced by anthropogenic contaminations reaching the 

ground by its surface (Baize D.). According to (Doelman, P. and Haanstra, L.), soils are not the final trap for 

this element because when changes in physico-chemical conditions of the environment occur, lead can be 

remobilized by various mechanisms resulting in its migration to ground-water, contaminating water resource 

or assimilation by plants. Moreover, (Mcbride, M.B.) showed that metal particles deposited at the surface of 

leaves do not enter inside and can be easily washed by rain. 

 On the other hand, pollutants are in a soluble form usable (bioavailable) by the plant, once 

absorbed by the roots they can reach the aerial parts. The use of physico-chemical techniques for the 

restoration of polluted soils is very hard and expensive task. Recently, more and more studies are 

conducted on the rehabilitation of soils contaminated with heavy metals. The ability of some plants to 

tolerate or even to accumulate metals has opened a new area of research on soil treatment dealing on 

phytoremediation. Phytoremediation is both effective and low cost. It is a new technology used in the last 

decade for the decontamination of polluted soils, groundwater and wastewater. It is defined as the use of 

green plants (including grasses, herbaceous and woody) capacity to remove, contain, or render 

environmental contaminants harmless, such as heavy metals, trace elements, organic compounds and 

radioactive compounds found in soil or water. 

(Morel J.L.) reported that barley, sunflower, dandelion, various Cruciferae, nettle and rapeseed were 

important heavy metals hyper-accumulative plants. These plants are capable, due to their adapted 

physiologies, to accumulate up to 1% of their dry matter in heavy metal, which is a rate much higher than 

normal. Therefore, this work aimed to use barley herb, as a hyper-accumulating plant, to clean an 

agricultural soil contaminated by lead from traffic road. The goal is an estimation of the concentration 

of accumulated lead by Helianthus annus in the vicinity of a national road with a high traffic pressure in the 

region of Tiaret (Western Algeria). 

 

MATERIAL AND METHOD 

Selection of sampling sites 

The study was conducted in the region of Tiaret which is located in northwest of Algeria between the 

Tellian chain on the north and Atlassienne chain on the south, at an average altitude of 980 m. The climate 

type is Mediterranean semiarid with an average annual rainfall of 400 mm /year. The prevailing winds come 

from the west and northwest, their average speeds range from 3 to 4 m/s. The locality of Tiaret comprises 

over 200 km of urban road networks. In 2008, the car fleet of Tiaret department consisted of 8015 registered 

vehicles. This park is highly heterogeneous due to the variety of vehicles that are present (individual or utility 

vehicles, petrol or diesel, recent or old, etc..). New cars (0 to 5 years) represent only 11% of the park, 

however, the cars over 11 years account for 74%. Yet, it is precisely those older vehicles that are more 

polluting (Maatoug M. et al.). 

Sampling: Initially, 20 surface horizons were chosen from soils located near two national roads 

(national roads N°14 and N° 23) to determine the levels of lead, considering that the lead is regarded as an 

element with a very low mobility and a strong tendency to accumulate at surface horizons (Fernandez C. et 

al.). It is important to note that the daily traffic recorded on Road N° 14 and N°23 is 600 and 800 vehicles per 

day respectively (Amirat M.). During the second year, 20 plants of Helianthus annus were harvested at the 

same points (horizons) of soil sampling. These heavy metals hyperaccumulator and tolerant species, 
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producing a large biomass, offer a useful alternative method in decontaminating polluted soils. Three plants 

control of common barley at nearly 5km distance from contaminated soil have been used and will serve as 

references when comparing to the contaminated plants in the same ecological conditions. 

Treatment of samples: The preparation and analysis of metals in soil are the same as for the leaves, 

lichens and fungi (Flückiger W., et al.; Deletraz G., Paul E.). Case of soil samples 20 soil samples were 

collected in each point of the study area, near the road at a distance of 2 and 4 m. The first set consists of 

10 horizons at a distance of 2m from the pavement, whereas, the second set, parallel to the first, is at a 

distance of 4m. 

Protocol: Samples were air dried, sieved (<2 mm) and then grounded. Physicochemical parameters 

of soil, including pH, CEC and particle size were determined by standard methods (Duchaufour P.). The 

determination of lead in soil consists to weigh 0.5g of soil and put them in glass crucibles; a passage in an 

oven at 105 °C for 2 hours is necessary to obtain the dry state. The samples are then calcined at 450 °C in 

the oven for 3 hours and the dissolution is obtained from a mixture of 10ml of 40% hydrofluoric acid (HF), 3 

ml of 70% perchloric acid (HClO4 ) and soil samples;  the mixture is then evaporated on a hot plate at 160 

°C. The fine powder obtained is dissolved with 1 ml 65% nitric acid in vials of 100 ml graduated 

polypropylene; after an incubation of 24 h, the tubes are boiled in a water bath and supplemented with 

distilled water  (Certu.). 

Case of plant samples: On the same sampling points as of the soil, samples of Helianthus annus 

were collected (three plants per horizon) during the second year before seed formation. The harvested plants 

required a preliminary washing with distilled water to remove possible atmospheric deposits and were 

separated into three organs: roots, stems and leaves. They were subjected to a set of operations:  

Å dehydration of organs (roots, stems and leaves): the usual method is dehydration in an oven at 105 ° ± 2 ° 

C for 72 hours. The dehydrated organs were weighed separately to have the dry matter DM, which is 0.2 to 

0.3 g. 

Å grinding: this step is highly critical as it can be a source of contamination or loss. For this, the grinder used 

is an agate mortar. The grinder was made of titanium and steel guaranteed, without "heavy metals". The 

resulting powder was calcined in an oven whose temperature was gradually increased to 500C, using quartz 

capsules. 

Mineralization and dissolution: the fine powder obtained after calcination, was placed in an acid and 

oxidizing solution (0.5 ml mixture of nitric acid HNO3, hydrofluoric acid HF and perchloric acid ClHO4) and 

then heated in a water bath for 24 h until the complete destruction of organic matter. Tubes that have been 

put to boiling were supplemented with 10 ml distilled water. This method allows the determination of the set 

of mineral trace elements (Certu.). 

Quality Control and Assurance: For the determination of lead by atomic absorption spectrometer 

(whose characteristics are: analytical line: 283.3 nm, slit width: 0.5 nm, correction system: Zeeman effect, 

systematic addition of 5 ul of diluted modifier matrix 1/5), the detection limit was 0.2 ug /g and the limit of 

quantification is 0.3 mg /g with a standard deviation of the blanks estimated at 0.2 ug /g[18]. The standard 

solution used in this experiment is the PbCl2 (10 mg / l) and the calibration curve was plotted according to 

the values: 0.5, 2.0, 5.0, 10.0; 20.0 µg//ml. 

Initial control measurements include three assays performed; the coefficient of variation is 14.4% as 

the maximum value. The mean average is used as the midpoint of the diagram and alert thresholds are set 

to + 2 and -3 from standard deviations. On the basis of a normal repeat, 95% average measurements of later 

series should be within the range of +2 and -2 from standard deviations (0.00049 ± 0.02088 percentage 

Mass.). 

 

RESULTS  

Lead levels in the plant and soil 

All results are presented in (Table 1) which summarizes the different concentrations of lead absorbed 

by Helianthus annus, in the three organs (roots, leaves and stems), as well as the levels of lead in soil 

bordering the pavements of the two roads concerned by this study. 
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Table 1 

Descriptive statistics on levels of lead (ug/g) in the plant and soil 

 N Mean Median Min Max 1er Q 3ème Q S.D 

Roots 20 17.97 17.97 17.97 17.97 17.97 17.97 17.97 

Stems 20 8.33 8.33 8.33 8.33 8.33 8.33 8.33 

Leaves 20 7.36 7.36 7.36 7.36 7.36 7.36 7.36 

Total 20 35.69 35.69 35.69 35.69 35.69 35.69 35.69 

witness 

Roots 03 3.40 3.40 3.40 3.40 3.40 3.40 3.40 

Stems 03 4.74 4.74 4.74 4.74 4.74 4.74 4.74 

Leaves 03 1.54 1.54 1.54 1.54 1.54 1.54 1.54 

total 03 9.82 9.82 9.82 9.82 9.82 9.82 9.82 

Norms (plants) 5 1.38 - 0.01 2.50 - - 1.24 

Soil 20 1714.39 1688.17 845.60 2712.00 1326.30 2082.00 512.62 

(soil not contaminated - 

 

9 ï 50 

100 

- - - - - - 

 

Data from table 1, reveal a strong contamination of the soil by lead (1714.39 ± 512.62 ug/g) with a 

remarkable variability between different sampling points; hence the recorded values of lead in the plant 

Helianthus annus (35.69±37,24 ug/g) greatly exceeded the control values (2.58 ± 0.16 ug/g) and standard 

values (1.38 ± 1.24 ug/g). Larger values were observed in the roots (17.97±10.70 ug/g), concentrations were 

lower in stems and leaves whose recorded values were respectively: 8.33±4.65 ug/g and 7.36±4.81 ug/g. 

Lead is mainly absorbed by root hairs and stored in the cell walls, which explains the high rates in roots 

(Hughes, M. K. et al.).  

However, (Jean L., et al.) found much more Pb in the 0-20 cm layer than in deeper soil layers, where 

the roots are more abundant.  The presence of metals in different parts of the plant indicates that there is an 

accumulation but also a translocation to aerial parts. However, in the case of soils contaminated by heavy 

metals, it is admitted that a relatively large proportion of Cu, for example, can accumulate in the roots without 

an increase of the concentration in aerial parts (Martirnelli I.). Therefore, the assessment of bioavailability of 

Cu concentrations by analyzing the roots in addition to the aerial parts is more relevant fot the manner in 

which lead reacts with organic acids in soil solution according to The following reactions (Marie C.): 

 

R-COOH + Pb2+ ® R-COOPb+ + H+ ou R-OH + Pb2+ ® R-OPb+ + H+ 

With R-COOH: carboxylic acid, R-OH alcohol or phenol (organic ligands). 

 

Moreover; (Kabata P, Alina H. P.) found that the lead threshold values of plants grown in non-

contaminated areas, ranged from 0.05 to 3.0 mg g-1 during the period 1970 to 1980, while the average lead 

content for cereals from different countries appeared to vary considerably from 0.01 to 2.28 mg g-1, in 

contrast, it was 2.1µg g-1 in the forages and 2.5µg g-1 for grasses. 

 

Effect of soil physicochemical factors on lead absorption by the plant 

The transfer of Pb to the plant is certainly conditioned by the physicochemical parameters of soil, 

including pH, CEC, rate of clay and the plant itself. Similar results are shown by (Pose-Juan, E. et al.) for 

metalaxyl; they found that the amount of dissolved metalaxyl depends mainly on the interaction of three 

factors: soil pH, its potential acidity, and the cation exchange capacity. The surfactants and soil have a 

synergic effect on the overall retention of metalaxyl. This should be considered in the estimation of metalaxyl 

mobility in agricultural soils. 

 

Effect of soil pH 

This correlation is illustrated in Fig.1, where a negative relationship is observed; with a correlation 

coefficient r = - 0.37***. Furthermore, analysis of variance indicated a significant effect of pH on plantôs lead 

(p <0.01). 
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Fig. 1 - Correlation between the pH of the rhizosphere and accumulation of lead by Helianthus annus 

 

It was observed that at low pH, metal cations are more available for absorption by the plant. Different 

interpretations have been advanced to explain the influence of soil pH on the accumulation of 

lead. (Hinsinger P.) found that Cd, Cu, Hg, Ni, Pb and Zn are strongly absorbed by the roots at pH <5.5, so it 

is possible to increase the phytoextraction by adding an acidic agent to a contaminated soil. On a 

physiological level (Jean L.) it can be noted that the pH can be modified by the exchange activity of roots: to 

maintain electrical neutrality, the plant has a compositing effect of ion uptake by a charge release at root 

level. When they take more cations than anions, roots compensate by releasing in the rhizosphere an excess 

of positive charges in the form of protons, resulting in acidification of the environment. (Salt D.E. et al.) 

showed that the increase in pH favors protons elimination from aqueous complexes and surface functional 

groups of the solid phases. Due to the decrease of protons, competition between protons and metal cations 

is lower and therefore repulsions are decreased which then accelerates the formation of new phases. Thus, 

the solubility of metal cations decreases with increasing pH. For the plant to maintain an electrostatic 

equilibrium and a constant pH in root cells; cation samples are exactly compensated by the release of H + 

ions or the removal of anions; in contrast, the anion samples are compensated by the release of OH-, HCO3- 

ions or by the removal of cations (Salt D.E. et al.; Straczek A.). 

 

Effect of CEC 

The cation exchange capacity of soil is positively correlated with concentrations of lead in the plant (r = 

0.75 **) as shown in Fig 2. The Anova revealed a significant effect of this parameter (p <0.01). The cation 

exchange capacity is interdependent and determines much of the retained amounts of pollutants, including 

adsorption of pollutants that can be represented by the CEC, which is the maximum amount of cations that 

the soil can hold by physico-chemical adsorption. However, the root cation exchange capacity (CECr) is 

defined as the number of binding sites for cations (anionic groups) localized on the cell walls. 

 
Fig. 2 - Correlation between the CEC and the accumulation of lead Helianthus annus 
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The increase in CEC gives to soil a chance for longer fertility. The CEC increase is also important for 

contaminants retention (Pateiro-Moure, M. et al.) found that the ratios of the variables measured between 

soil deposits and soils, it was found a significant correlation between the increase of PQ in soil deposits and 

their increase in CEC (r = 0.826, p = 0.43, n = 6).  

Also (Allan DL and Jarrell WM.) showed that CEC decreases gradually as the external pH decreases. 

Elements present in large quantities in the soil solution, such as calcium or magnesium, are transferred to 

the soil-root interface by a mass flow which is often greater than the demand (Lorenz S.E. et al.). These ions 

can then accumulate in the rhizosphere and lead in calcareous soils to precipitates of calcium carbonate 

around the roots. Conversely, the elements present in small amounts in the soil solution, as is typically the 

case of trace metals (Pb, Zn, Cd, etc. ...), are also transferred by the mass flux, but are insufficiently 

compared to the removal of the plant (Mico C. et al.). Therefore, this leads to a decrease in the concentration 

of metals such as Zn and Cd in soil solution near the roots (Lorenz S.E. et al.). This reduction creates a 

concentration gradient between the soil (mineral, soil solution) and roots and a diffusive transfer of these 

elements to the roots. (Diehl, K. H. et al.) investigated the accumulation of Co  in Helianthus annus growing 

in a soil contaminated by this element.  The results showed a significant correlation (r = 0.98) between the 

contamination of the plant and increasing soil CEC; in contrast, no relationship between this contamination 

and organic carbon was found. 

 

Effect of clays  

Recall that the clays are characterized by a non-neutral electrical surface, which determines their 

ability to exchange ions. These minerals have two types of charge. The first, a negative charge, is structural 

and can not be changed. It is linked to Al+3, Si+4 + or Mg+2, Fe+2, Al+3 substitutions, in the layers of clay. The 

second, related to chemical reactions that occur on the surface of minerals, is a surface charge variable 

depending on the pH of the medium. For a low pH, the majority of H+ ions binding to clay more than the OH-

.  The result is an overall positive charge and the clay is characterized by an anion exchange capacity. For 

high pH, the dominant OH- lead to an opposite phenomenon, and clay develops a CEC. 

A positive relationship exists between lead absorption by the plant, and the rate of clays; the more this rate is 

important, more the CEC is important, more the plant has a high accumulative power. Fig. 3 shows this 

relationship (r = 0.37 **). Analysis of variance showed a highly significant effect on the correlation (p <0.01).  

 
Fig. 3 - Correlation between the rate of clays (%) and the accumulation of lead for Helianthus annus 

 

Indeed, the higher the clay, the higher the CEC and the higher the plant absorbs metal; in this case, 

lead transfer to the plant is passive.  Organic matter and clays play an important role in the adsorption of 

lead by the plant. The trace elements show a high affinity for humic substances with which they form stable 

humic clay complexes, possibly soluble. This explains the abundance of trace elements on the surface 

especially in the presence of organic matter where trace elements are absorbed specifically by iron oxides 

and manganese oxides (Baize D.). The lead will be available at the surface in this way. 
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Correlation: Pb Sunflower- Pb soil 

The correlation Pb plant - Pb soil is shown in Fig.4. This highly significant correlation (r = 0.1 **) may 

explain the high bioavailability of Pb to be taken by the plant (particularly by roots). The more the lead is 

bioavailable in the soil; the more it is easily absorbed by the plant. The best accumulation was recorded in 

the roots (r = 0.17**).  

 
 

Fig. 4 - Correlation  Pb soil ï Pb Helianthus annus 

Equations : 

y(PbSunflower)= 0,0089x+18,254, R2=0,01   (2) 

y (Pb roots)= 0,0114x+3,057, R2=0,03    (3) 

y (Pb steams)= 0,0005x+7,4662, R2=0,0027   (4) 

y(Pb leafs)= 0,0024x+10,932, R2=0,05    (5) 

 

 

In the case of Helianthus annus (Fig. 5) shows that about 2% of lead in soil is absorbed by the plant, 

without any phytotoxic symptoms. In this case, several studies describe the toxic effects of lead on the 

biological processes of the plant, such as photosynthesis, mitosis and water absorption, but toxic symptoms 

in plants are not very accurate; it was not easy to establish that the concentrations of lead are toxic to vital 

processes in plants. (Hagemeyer J.) found that the particles of Pb in soils are rapidly converted into lead 

compounds soluble in water, easily available to plants. 

 

 
Fig. 5 - Percentage accumulation of lead in Helianthus annus 
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(Doelman, P. and Haanstra, L.)  have shown that the accumulation of lead in surface soils has a great 

ecological importance because this metal is known to affect greatly the biological activity of soil which means 

its absorption by plants. The soil is a reservoir of metals for plants. This leads to consider that the totality of 

metals is also available for the plant. The concentrations of Cd, Zn, and Pb in the straw and wheat grain are 

directly dependent on those of the ground (Prasad, M.N.V.). 

 

CONCLUSIONS 

The objective of this work was to show that the common barley Helianthus annus has the potential to 

effectively decontaminate soil, located near a high pressure traffic road, contaminated with lead. The 

experimental protocol consisted in determining the concentrations of this metal, in 20 soil samples and 60 

samples of Helianthus annus (roots, stems and leaves). The results showed that the surface horizons of road 

soils were highly contaminated by lead (1714.39 ± 512.62 ug/g) and exceeded the international 

standards. However, 2% of this value can be absorbed by Helianthus annus that is 36.28 ± 14.90 ug/g. 

Larger values were observed in roots with 17.97±32.79 ug/g; while, the values observed in the stems and 

leaves were, respectively: 8.33±4.65 ug/g and 7.36±4.81 ug/g. This rate of annual accumulation remains 

interesting if the Algerian government sets the regulations for total halt to the sale of leaded gasoline. The 

plant Pbôs accumulation is influenced by physicochemical parameters of soil such as soil pH, CEC and the 

rate of clays. At low pH, lead is available to be absorbed by the plant (r = -0,37 **) while CEC and the rate of 

soil clays are positively correlated with levels of lead in the plant (r = 0.80**  and r = 0.37**, respectively). The 

transfer of the lead to the plant is done passively. Model the fate of pollutants from a contaminated site, to 

assess risks and hence choosing a remediation strategy. 

The effects of heavy metals on local ecosystems and the mechanisms of their transfer, from soil to 

plants, are still not well understood. It is therefore very difficult to predict their long-term effects, to model the 

fate of pollutants from a contaminated site, to assess risks and hence choose a remediation strategy.  

However, plants grown for consumption are a potential hazard to public health because of a possible 

accumulation of these elements in their tissues. Risks associated with contaminated soils are in fact closely 

related to the bioavailability of the metallic elements. Once absorbed, these metallic elements can return to 

the soil (biogeochemical cycles). Moreover, these contaminated plants, cannot and should not be used as 

human or animal food. Unfortunately, there is no concern whether the highly accumulative plants are used or 

not for certain animals and thus generating a contamination of the food chain. How to control the spread 

then? Researches should be conducted in this area. It is at this stage that checks should be performed. 

Studies on these phenomena are still not developed but seem promising. 
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ABSTRACTS 

According to environmental monitoring protocol, the risk of development of diseases for maize and 

winter wheat had been assessed. The effect of weather conditions on phytosanitary status of grain crops 

was taken into consideration. The results showed that in conditions of unsteady variation of humidity  cereal 

crops require constant phytopathological control with identification of the affected areas, separated 

harvesting and storage areas for grains coming from infected fields, determination of the number of infected 

grains, and formation of separated parties according to the rate of infection for specific  purposes. 

There are several measures of reduction of the damage for cerealsô head blights occurring after 

Fusarium infection and prevention of toxins accumulation in grain: a) minimization of the time for wheat 

seeding after other cereals; b) timely cleaning of the fields, which are used for the winter crops seeding from 

the straw and other plant residues; c) using of healthy seeding material d) treatment of the crops at the 

beginning of flowering period; e) drying of the grain; f) other agro - engineering and management measures 

that increase plant resistance to the disease. 

 

ʊɽɿʀ 

ʈʦʟʚʠʪʦʢ ʭʚʦʨʦʙ ʢʫʢʫʨʫʜʟʠ ʪʘ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʙʫʚ ʦʮʽʥʝʥʠʡ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʘʥʠʤʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɽʬʝʢʪ ʚʧʣʠʚʫ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʬʽʪʦʩʘʥʽʪʘʨʥʠʡ ʩʪʘʪʫʩ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʦʩʽʚʠ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ 

ʥʝʩʪʽʡʢʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʬʽʪʦʧʘʪʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʨʦʟʚʠʪʢʦʤ 

ʬʫʟʘʨʽʦʟʫ ʢʦʣʦʩʘ, ʚʠʷʚʣʝʥʥʷ ʫʨʘʞʝʥʠʭ ʧʣʦʱ, ʦʢʨʝʤʠʡ ʟʙʽʨ ʚʨʦʞʘʶ ʽ ʟʙʝʨʽʛʘʥʥʷ ʧʘʨʪʽʡ ʟʝʨʥʘ ʟ ʮʠʭ 

ʧʦʣʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʨʘʞʝʥʦʛʦ ʟʝʨʥʘ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʪʽʡ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʟʘʭʦʜʽʚ ʟʥʠʞʝʥʥʷ ʫʨʘʞʝʥʦʩʪʽ ʬʫʟʘʨʽʦʟʦʤ ʢʦʣʦʩʫ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʪʦʢʩʠʥʽʚ ʫ ʟʝʨʥʽ: ʘ) 

ʩʢʦʨʦʯʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʨʦʟʤʽʱʝʥʥʷ ʧʰʝʥʠʮʽ ʧʽʩʣʷ ʢʦʣʦʩʦʚʠʭ ʧʦʧʝʨʝʜʥʠʢʽʚ ʽ ʢʫʢʫʨʫʜʟʠ; ʙ) ʩʚʦʻʯʘʩʥʝ 

ʦʯʠʱʝʥʥʷ ʧʦʣʽʚ, ʱʦ ʡʜʫʪʴ ʧʽʜ ʦʟʠʤʽ ʢʫʣʴʪʫʨʠ ʚʽʜ ʩʦʣʦʤʠ ʪʘ ʽʥʰʠʭ ʧʽʩʣʷʞʥʠʚʥʠʭ ʟʘʣʠʰʢʽʚ; 

ʚ)ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʜʦʨʦʚʠʭ ʥʘʩʽʥʥʷ; ʛ) ʦʙʨʦʙʢʘ ʧʦʩʽʚʽʚ ʥʘ ʧʦʯʘʪʢʫ ʮʚʽʪʽʥʥʷ; ʜ)ʩʫʰʽʥʥʷ ʟʝʨʥʘ; ʝ)ʽʥʰʽ 

ʘʛʨʦʪʝʭʥʽʯʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʽ ʟʘʭʦʜʠ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʨʦʩʣʠʥ ʜʦ 

ʟʘʭʚʦʨʶʚʘʥʥʷ 

 

INTRODUCTION  

The agro-industrial is one of the most important sectors of Ukrainian economy. There are two main 

models of logistical organization of the agrarian business in Ukraine: corporate and cooperative (Velychko, 

2015). Although wheat is the main cereal crop, they also grow maize, barley and rye in the country 

(Kharytonov et al, 2009). In order to achieve the high level of grain quality, controlling of grain fungal 

contamination at all stages of production process is required.   

Global warming and climate changes may affect the global distribution of mycotoxinogenic fungi and 

their mycotoxins (Magan et al, 2011; Paterson and Lima, 2010). The formation of mycotoxins in food chain is 

considered to be a global problem (Shuman, E.K., 2010).  Meantime, in certain geographical areas, some 

mycotoxins occur more frequently than others (Leeps et al. 1999; Van der Merwe, et al., 1965; Wagacha and 

Muthomi, 2008). 
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In most European countries vomitoxin, ochratoxin, zearalenone are detected in food raw materials, 

such as maize, sorghum, barely, wheat, rice meal, cotton seed meal, groundnuts and other legumes, on the 

regular basis. Some field fungi, such as the Fusarium spp., are responsible for mycotoxins accumulation in 

the crops while growing on the fields, when other ñstorage fungiò, such as the Aspergillus spp. and 

Penicillium spp., produce mycotoxins that accumulate in the crops after harvesting (Filtenborg et al, 1996). 

Fusarium fungi development have been traditionally associated with temperature and climatic conditions, 

since they are able to grow and produce toxins at lower temperatures than, for example, the Aspergillus spp. 

(Paterson and Lima, 2010; Placinta et al, 1999).  

The most important, from the standpoint of toxicology, are Fusarium mycotoxins such as trichothecenes, 

including deoxynivalenol (DON) and T-2 toxin (T-2), zearalenone (ZEN) and fumonisin B1 (FB1). Fusarium 

mycotoxins have various acute and chronic effects on human health (Maresca, M., 2013; Zain, M.E., 2011).  In 

a certain environmental, socio-economical and food production conditions especially in developing countries, 

the risk for food-associated mycotoxin exposure is higher (Wagacha and Muthomi, 2008). Besides the high risk 

of the acute mycotoxicosis in developing countries, in studies performed on animals it was demonstrated that 

low and moderate concentrations of those mycotoxins can also influence the resistance of mammals to 

infectious diseases (Wild and Gong, 2010). In addition, plant metabolites of mycotoxins may also be present in 

feed and are known as masked mycotoxins (De Boevre et al, 2012).Fusarium fungi and infected plants may 

produce conjugated DON forms such as 3-AcDON (3-acetylDON), 15-AcDON and DON-3G (DON-3-

glucoside).The problem of mycotoxins are not just a cause of spoilage of animal feed but also responsible for 

reduction of livestock productivity; they also can transfer along food chains, concentrating in meat, eggs and 

milk and can create certain risk for consumers health (Akande et al, 2006). They may be toxic to vertebrates 

and other animals, even in relatively low concentrations. Some fungi produce toxins that can cause 

autoimmune illnesses, alter hormonal balance, and have allergenic properties, while others are teratogenic, 

carcinogenic, and mutagenic (Bezerra da Rocha et al, 2014). Such mycotoxins target DNA, RNA, protein 

synthesis and their pro - apoptotic action may cause changes in basic physiological mechanisms, such as cells 

reproduction, growth and development (Niessen L., 2007).  

More than 40 fusariotoxins were isolated and identified so far (Areshnykov B.A., 1992). Because of 

their potential hazard for livestock and humans, most countries have set maximum permitted levels for 

vomitoxin concentrations in cereal products. The U.S Food and Drug Administration had set permissible limit 

of 1 part per million (ppm, or 1000 microgram vomitoxin/kg grain), while most of countries in Europe and Asia 

have set a limit of 0.5 ppm (CAST, 2003). The most common contaminants for grains are Fusarium toxins, 

such as desoxynivalenol or vomitoxin, which are produced mainly by the fungus F. graminearum. Their 

intake with food or forage can cause poisoning for human or animal. Forages and forage raw materials were 

selectively checked to evaluate the rate of presence of mycotoxins, with a regular procedure developed 

according to existing regulations for the food safety control implemented for Ukraine and European Union. 

Four types of mycotoxins in grain samples taken in the farms from Northern and Southern part of Ukraine 

have been studied (Ochratoxin A, zearalenonzearalenon, dezoxinivalenol and T-2 toxin). Potential risk for 

the health of animals was determined at the rate of 26.1 % in the tests with ochratoxin A, 43.5 %  with  

dezoxinivalenol, 21.7  %  with  zearalenon and T-2 toxin (Tsvilikhovskyi et al, 2012).   

Humans could be exposed to mycotoxines directly through the cereals consumption or indirectly 

through the animal products (e.g. meat, milk and eggs) consumption (CAST, 2003). Mycotoxicoses for 

humans or animals had been defined as food or feed relate, non-contagious, non-transferable, and non-

infectious diseases. The majority of currently known mycotoxins are grouped, according to their toxic effects. 

Classification according to their site of action in human or animal organism divides all of them to hemo -, 

hepato -, nephron -, dermato -, neuro - or immunotoxins (Niessen, 2007).  Mycotoxins could be metabolized 

in liver and kidneys and also by microorganisms in digestive tract.  

A number of studies had demonstrated that mycotoxins are primary etiological factors for some of 

respiratory and neurological disorders and have certain cancerogenic action, nephrotoxicity and 

hepatotoxicity (Wagacha, and Muthomi, 2008 Wild and Gong, 2010; Zain, 2011). Recent studies had also 

shown that they play the certain role in the initiation and/or recurrence of nervous system disorders. Thus, 

the relationship between mycotoxicosis and Alzheimerôs disease was discovered recently and addressed to 

repeated stimulation of neuro-receptors affected by mycotoxins, (Resanovic et al, 2013).The development of 

more progressive technologies of cereals cultivation significantly affects the phytosanitary status of crops 

and leads to changes in cereals pathogenic complex (Hitokoto et al, 1978; Lawlor and Lynch, 2005). Due to 

mentioned circumstances there is a need in more detailed study of the features of pathogenic complexes 
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and mycotoxins formation in grain, and performance of risk assessment of the potential harm for animals and 

humans. Within this study, evaluation was performed for northern, central and southern parts of Ukraine. 

 

MATERIAL AND METHOD 

Ukrainian agricultural lands are located within three climatic regions: ï forest, forest - steppe and 

steppe. The forest - steppe and steppe regions of Ukraine can be characterized by unstable humidification 

and irregular precipitations and unstable temperature regime (Kharytonov et al, 2009). For the steppe region 

average annual precipitation rate is approximately 470 mm, but varies from one year to the other and has 

recorded minimums at rate of 350 mm and recorded maximums at rate of 550 mm.  

Those factors directly affect the development of pathogens and impact plant resistance to diseases. 

Technological measure provided during cereal crops growing play major role in morphogenesis and 

pathogenic complexes formation.  

In Ukraine the monitoring of mycotoxins in grain or the products of its processing has not been carried 

out. Determination of mycotoxins is sporadically conducted at some independent testing laboratories, which 

were accredited to ISO 17025. Another problem is the difference between norms of maximum allowable 

contents of mycotoxins in Ukraine and the EU (Table 1). For instance, the EC Regulation ˉ1881/2006 

determines the maximum level of aflatoxin B1 content 2.5 times lower, and the content of zearalenone 10 

times lowers than is allowable in Ukraine. 

 

Table 1 

Standards for levels of grain mycotoxins in Ukraine and the EU 

Mycotoxin Country Wheat Maize Barley 

Aflatoxin B1, microgram/kg 
Ukraine 5 5 5 

EU 2 5 2 

Ochratoxin A, 

microgram/kg 

Ukraine 5 - - 

EU 5 5 5 

Deoxynivalenol, 

microgram/kg 

Ukraine 500 1000 1000 

EU 1250 1750 1250 

Zearalenone, 

microgram/kg 

Ukraine 1000 1000 1000 

EU 100 200 100 

Fumonisins B1 + B2, microgram/kg  
Ukraine - - - 

EU - 2000 - 

T-2 toxin, 

microgram/kg 

Ukraine 100 100 100 

EU - - - 

*according to data of EC Regulation ˉ1881/2006 and national Ukrainian standards 

 

It is important to manage the risks associated with contamination of cereals and food products, to 

harmonize standards and to control safety along all food chain. Therefore, there is a strong need to establish 

a state organization, which would control food quality in accordance with world food safety systems (HACCP, 

GMT, GMA) in Ukraine. A detail  analysis of incidents of cereal crops on the incidence of their diseases and 

grain quality was conducted at the research stations of the Institute of Grain Farming of UAAS and at the 

other farms of Dnipropetrovsk region, which are located in the Northern part of the steppe zone of Ukraine. A 

study was carried out to determine the types, frequency of crop fungal deceases occurring, according to the 

generally accepted techniques (Kharytonov and Dudka, 2009).  

 

RESULTS 

Usually cereal disease etiology is divided into two big groups - infectious and non-parasitic. Main 

features of formation of a pathogenic complex for crops in the environment are presented in table 2. For 

maize, fungi represent larger part of plant microflora that for other crops for instance. For cereals, infection 

usually, starts in the field, during the ripening cobs, and may continue to develop during harvesting, handling 

and storage periods. Pathogenic and saprophytic mycoflora is an important factor, which have to be 

considered to achieve high quality of food, fodder and seed. Usually, when humidity is high, fungi initiate the 

process that can be noticed as discoloration and heating of grains, appearing of mold and finally decay and 

intoxication of grain. The epiphytic microflora of maize is different from other cereals and normally includes 

fungi, which was also common for samples obtained during this study. The study of samples of maize 
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seedlings from different regions proved that germinating seeds affected by mold, and shootings, stem and 

root rots, smut, fusariosis of the maize ear, should be monitored in all regions covered by this study. 

Additionally, for every zone there are specific types of maize diseases that should be even more carefully 

attended ï for Steppe zone ï ear bacteriosis, for Forest Steppe ï stem smut, for Western regions - leaf blight 

and red ear rots. 

Considering the grade of damage, caused by disease, it is also feasible to monitor such particular 

maize plant infections as nigrosporosis and mold on ears. The rate of development of harmful 

microorganisms can vary a lot from region to region and for different types of farms within the region. 

Basically in the same environment with same uncontrollable factors (weather and climatic conditions, 

pathogenic organisms presented in the environment) the difference in the pathogenic microflora 

development pathways was caused mainly by anthropogenic factors, for instance using of different quality 

seeds, seeding of sensitive hybrids, using of inappropriate agricultural techniques and deteriorated 

equipment. 

Indicators of development of malicious organisms may differ significantly not only within their range, 

but also within a specific region or sector. During all years when this research was held a phytopathological 

examination of the reaped grain always showed the presence of field and mold microflora (after storage). 

Twenty six species of fungi which belong to 18 orders were typically occurring in examined batches. 

Obligate parasites Ustilago maydis and Sorosporium reilianum were most frequently occurring harmful 

microorganisms found.  

 

Table 2 

Food chain and pathogenic fungi impacts on grain quality 

Components of 

pathological 

process 

Factors regulating 

the development of 

grain crops 

diseases 

Measures to control Target regulation 

Plant 

Genetic resistance Crops varieties genetic resistance 
Obligate parasites, 

facultative ï partially 

Acquired resistance 
Immunization of plants with physical, 

chemical and biological means 

Prevalence of parasites 

 

Viability 
Measures of resilience and 

compensatory ability of plants 

Facultative parasites 

 

Pathogen 

Virulence 
Selection of plant varieties with 

appropriate resistance genes 
Obligate parasites 

Infectious load 

The crop rotation. Elimination of 

contagious fundamentals of physical, 

chemical, biological methods 

All obligate and facultative 

parasites 

 

Environment 

Weather conditions 

Irrigation and other agricultural methods 

avoid plant stress to water and 

temperature limitations 

 

Soil 
Tillage, application of fertilizers, 

ameliorants 

Biotic 

The choice of the precursor, the use of 

antagonists and their metabolites. Pest 

control 

Nutrition regime 
Fertilization, irrigation, preventing the 

emergence of competing organisms 

Human and 

animal 

Analytical control 
Control of  toxin content in food 

products 

Technological 

Measures 

The technology of harvesting and 

storage of crops 

Physical, chemical and biological 

treatment of grain 

  

It was found that bubble smut damage of ears occurred for 5 ï 8 % of plants during years when study 

was held and up to 1 % had smut damage of stem (table 3), but has to be mention that their presence does 

not affect grain storage while Nigrospora ʦrʫzʘʝ and Rhizopus maydis can affect grain mold 
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resistance.That's why, they can be a source of contagious basis of appropriate types of seedlings and rot of 

ears. Fusarium fungi behave differently. They accompany the plant throughout the growing season of maize 

crop, causing rotting of sprouts, roots and stems of adult plants and cobs. The infection can penetrate inside 

the grains. The rot continues to develop during storage of grain. Infection rate can be significantly increased 

if during ripening of cobs it is raining a lot. The share of maize affected by these parasites can reach 100 %, 

and the incidence of grains with symptoms of internal infection is 7 ï 15 %. Fusarium root rot, and diseases 

of the cob were found to be the most frequently occuring in the steppe zone of Ukraine. The results of the 5 

year research in the northern part of Dnipropetrovsôk region steppe zone indicate that from 10 to 48.1% of 

the cob were infected. Contamination of winter wheat by Fusarium fungi results in reduction of grain yield 

and deterioration of its quality. Fusarium affected grain, made it to lose its shine and hardness, whitish, 

shriveled, wrinkled, with a deep groove, sometimes with a tinge of cobwebby mycelium of the fungus and 

non-viable embryo. In infected grains fungi break down protein, starch granules and other cells, accumulate 

mycotoxins. Protein yield losses for winter wheat from fungus disease were estimated at rate 17.6 - 38.3 %, 

maize ? of 11.9 - 22.3 %  (Kharytonov and Dudka, 2009; Leeps et al. 1999). For reducing such losses, it is 

necessary to consider hydrothermal conditions during all crop growing period, to prevent further losses 

during storage of harvest. 

 

Table 3 

Harmfulness of most spread diseases depending on the area of sowing of maize 

Disease Steppe zone 

Forest-Steppe zone 
Forest 

zone western 
central and 

eastern 

Musty seeds and seedlings +++ ++ ++ ++ 

Root rotof seedlings ++ ++ ++ + 

Stem rot +++ +++ +++ ++ 

Bubble smut +++ +++ +++ ++ 

Cephalosporin +    

Stem smut ++ +++ +++ + 

Helminthosporium leaf + +++ ++ ++ 

Blight  +   

Viruses diseases + + + + 

Fusarium cob +++ +++ +++ ++ 

Red rot of ears + +++ + + 

Nigrospora cobs rot ++ ++ ++ + 

Mouldy cobs ++ ++ ++ ++ 

Mouldy cobs ++ + + + 

Bacteriosis ears +++ ++ +++ ++ 

Damage of ears ++ ++ ++ + 

Note. +++ ï annual presence of foci exceeding the economic threshold of harmfulness; 

++ is the presence of foci exceeding economic thresholds of harmfulness in some years; 

+ ï excess of economic thresholds of harmfulness occasionally and only on some fields. 

 

Phytopathological evaluation shows that in the Steppe zone during storage of untreated crops  the 

remains of infectious of fungi from orders Fusarium, Penicillium and Cladosporium are present in most of 

cases. 

After six months of storage, the rate of infection occurring (depending on years of research) of 

Fusarium rot or Penicillinum cladosporiosis  varied from 10.3 to 55.3% of the grains.  

Overall share of other fungal diseases has not exceeded 1.3%. The pathogens caused the mold 

growth and rotting of infected crops after sowing of maize in a field and more noticeable before storage than 

after drying where  Fusarium fungi always dominating  (Fig.1).  
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Fig.1 - Maize grain infection in field and after drying 

 

The strong positive correlation (r = 0,873) was observed only between the growth of molds and 

sprouts for grains contaminated with two types of fungi: Cladosporium herbarum, Cladosporium. These 

pathogenic organisms compete for nutrients  but do not interfere other organisms growth. Moreover, it had a 

significant impact on the development of other diseases. As shown by statistical analysis, there is a close 

inverse relationship between the presence of Cladosporium herbarum in crop grains and appearing of 

Fusarium seedling rots (r = 0.985), and Penicillinum (r = 0.737), and other (r = 0.449) types of molding in the 

field. Mold growth in field conditions with Penicillium sp. (r =-0,472 respectively) was competitive with the 

other pathogens. At different stages of production and storage of seeds after sowing in the field can be 

traced the succession of the species composition of fungi. Immediately after harvest fusaria were present at 

most (88.7%) of grains of maize. 

After drying and sorting, the contamination of grains with microorganisms has decreased by 6.8 times 

and continued to decline during the five-year storage from 13.0% to 2.7%. The number of other epiphytes 

also dramatically decreased. As it was observed, after a year of storage, the rate of infection with Penicillium  

fungi had been significantly lower (Fig.2). 
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Fig. 2 - Maize grain occupation with two fungus, %  

Comments: I-in the field; II-before storage; III-after 1 year of storage; IV- after 5 year of storage. 

  

Intensive development of fungi and saprophytes happens when storage conditions are not supported 

on the required level, and particularly, with increase of humidity of the storage. The development of mildew 

contributes to cracks in the casings of grains, mechanical injury, Fusarium population, and other diseases. 
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Study of composition of the mycoflora species of the grain showed that among pathogen mold at various 

stages of storage there are fungi of the 7 genera: Penicillium, Cladosporium, Aspergillus, Alternaria, 

Trichothecʽum, Botrytis, Trichoderma. Dominance of a species of the fungus was visually determined by the 

color of the plaque on the weevil. In our conditions, the development of the following types of mold was 

founded more often: 

 - penicilina (Penicillium glaucum, P. martensis, etc.), plaque in the form of particles of bluish or 

greenish colors; 

 - cladosporiosis (Cladosporium herbarum), plaque dark brown-olive color; 

 - aspergilla (Aspergillus flavus), plaque light yellow; 

 - black (Alternaria tenius), patina black velvet oil; 

 - pink (Trichothecʽum roseum), felt pieces pink;  

 - gray (Botrytis cinerea), gray, dirty gray haze. 

 Proper storage suspends the development of seed microflora. In case of storage conditions violation 

fungi may restore their activity. At high humid environment, those fungi and other saprophytic microflora 

(bacteria, fungi of the genera of Mucor, Saccharomyces, etc.) lead to spontaneous heating and deterioration 

of the grain. Therefore, under the terms of epiphitoties development of maize smut disease, the presence of 

the teliospores maydis Ustilago and Sorosporium reilianum at the time of storage grain does not affect its 

properties. The seeds can be a source of contagious bases of these diseases. 

Phytopathological examination of selected samples of soft winter wheat showed that, depending on 

the species,  and other growing conditions, fungi (mainly of the genera Fusarium, Bipolaris, Alternaria) were 

inhabited from 36 to 100% grains. The occupancy rate of grain mycoflora correlated with rainfall during the 

growing season: earing ï harvesting. According to local weather stations of Dnipropetrovsôk region, in the 

south area (zone 1) during this period fell 93.0 mm, in the center (zone II) ï 195.7 mm, in the north (zone III) 

of 202.7 mm of rainfall. Accordingly, the low occupancy rate of grain mycoflora was in samples from farms in 

the first zone. In the grain samples, selected from seven fields in the south, increased to 54.0% was 

determined  only in two cases. The growing fungi were present in 78.5 to 100% of wheat grain samples from 

the other areas (Fig.3). 
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Fig. 3 - Winter wheat grain occupation by fungus, % 

Comments: rainfall zone I- 93.0 mm; II-195.7mm; III-202.7mm; 

 

Fungi of the genus Fusarium (F. graminearum, F. moniliforme, F. sporotrichʽella, F. culmorum, F. 

avenaceum) were identified 4.8-39.6% of grains. In the total complex of seed mycoflora, the proportion of 

fungi of the genus generally ranged from 5.8 to 25.7 %. Meanwhile, in the two samples its level was in the 

range of 55.3-87.0 %. The grain occupancy by fungi Fusarium graminearum was low (5.0%). The vomitoxin 

(desoxynivalenol) trace presence (500-1000 microgram/kg) was found in 60% of cases after analysis of 20 



INTERNATIONAL SYMPOSIUM
   

80 
 

samples of grain, which were taken on the basis of high grain occupancy by fungi (Leeps P.E. et al., 1999). 

According to the accepted standards in Ukraine, in soft wheat grain for ordinary food or grain for feed 

purpose mycotoxin presence cannot be more than 500 or 2000 microgram/kg respectively (Areshnykov, 

1992; Tsvilikhovskyi et al., 2012). It is necessary to admit that vomitoxin is the most commonly detected 

Fusarium mycotoxin in Ukrainian steppe zone.  

It is necessary to emphasize that the economic impacts of mycotoxins on animal production are  

generally considered to be mainly due to losses related to direct effects on animal health and trade 

losses related to grain rejection (Wu, 2007). Meantime, the indirect influence of mycotoxins on animal 

health, by enhancing other infectious diseases, should also be taken into account. These effects, as 

reviewed here, might occur even in case of low or moderate mycotoxin contamination levels of feed. 

Some publications showed that these effects can even occur at the contamination levels which are 

below the European standards, suggesting that the legislation may not cover all deleterious health 

effects of mycotoxins (Streit et al, 2013). In our case, analyzed 60% of grain samples are suitable for 

animal feeding. There is another suggestion for grain with 500-1000 microgram/kg toxin content:  it 

should be mixed with less polluted grain for reducing the micotoxin content to allowable levels before  

further transfer in food chain. 

Certain herbs, spices and essential oils contain naturally occurring antifungal substances that may 

exert a protective effect at normal usage levels. The mustard, green garlic, cinnamon bark and hops 

inhibit mould growth, whereas peppers, cloves, thyme and green tea inhibited only toxin production 

(Filtenborg et al, 1996). Other substances for example antifungal antibiotic natamycin (pimaricin) have 

strong antimycotic properties but are only permitted for limited use in USA. It was reported that 0.0005% 

(5ppm) natamycin delayed the growth of seven mycotoxinogenic species for 5 to 21 days ( Azzouz and 

Bullerman, 1982).  

Another way is usage of probiotics for the prevention or partial remediation of the damage grains 

induced by mycotoxins. It is known that certain probiotic strains can bind and remove mycotoxins from liquid 

media (Vinderola and Ritieni, 2015). Eukaryotic cell cultures showed that the complex probiotic-mycotoxin is 

less adhesive to enterocytes than the probiotic alone. It might favor the elimination of this complex from the 

gut through feces. Probiotics were also shown to be capable to restore some functions of the epithelial cells 

after mycotoxins exposure damage. 

 

CONCLUSIONS 

Using the tools of environment monitoring, the development of fungal diseases of maize and winter 

wheat has been assessed. The effect of weather conditions on phytosanitary status of grain crops was 

addressed. The analysis of special features of formation of pathogenic complexes in the crops was made. 

The results showed that in the conditions of unstable humidification the winter wheat  requires 

phytopathological control over the development of Fusarium head blight.That includes identification of the 

affected areas, separation of harvesting and storage of grain lots with those fields, the determination of the 

number of infected grains corresponding to the formation of their parts. Reduction of damage done by 

Fusarium to the head blight of wheat and the accumulation of toxins in grain  may be achived by timely 

cleaning of the fields from straw and other plant residues, the usage of healthy seeds, treatment of the crops 

at the beginning of flowering, drying of grain and other agro-technical and managment  activities that 

increase cereals resistance to fungal diseases. 
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ABSTRACT 

A connection between gas producer chamber design parameters and installation exploitation 

operational modes as well as fuel parameters, was studied. A multi-factor experiment that connects this 

parameters,was planed and installation tuning characteristics were built based on results. Using these 

results, under different fuel parameters, allows to gain maximum productivity under given conditions. Some 

recommended fuel parameters for effective gasification are substantiated also based on experimental data. 

 

REZUME 

ɼʦʩʣʽʜʞʝʥʦ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʤʝʨʠ ʛʘʟʦʫʪʚʦʨʝʥʥʷ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʝʞʠʤʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʘʣʠʚʘ, ʱʦ ʧʣʘʥʫʻʪʴʩʷ 

ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʧʣʘʥʦʚʘʥʠʡ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʷʢʠʡ ʧʦʚôʷʟʫʻ ʮʽ ʧʘʨʘʤʝʪʨʠ, ʟʘ 

ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʙʫʜʦʚʘʥʽ ʨʝʛʫʣʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʘʣʠʚʘ ʦʪʨʠʤʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʫ ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘʢʦʞ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʧʘʣʠʚʥʦʾ ʤʘʩʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʾʾ ʛʘʟʠʬʽʢʘʮʽʾ. 

 

INTRODUCTION 

The gas producing process and its stability depend greatly on technical and operational parameters of 

gas producer installation and physical and chemical characteristics of straw (Basu, 2013; Higman and van der 

Burgt, 2008; Knoef, 2012; Kollerov, 1950; Muller et al., 2016). That is why raw material preliminary preparation 

for gasifying (Golub et al., 2015; Kolerov, 1950; Mezin, 1948) and coordination between gas producer design 

parameters and gas blowing mode are topical questions (Kolerov, 1950;Mezin, 1941;Los et al., 

2014;Tsyvenkova and Golubenko, 2014). That will also allow us to gasify different types of biomass like corn 

stalks and cobs, sunflower chaff, Miscantus, wood etc. without big changes in design of the gas producer 

optimized for straw, gaining maximized heat productivity from equipment, depending on raw material. 

The analysis of written sources dedicated to improvement of the physical and mechanical properties of 

straw by processing it into pellets, briquettes, and fuel granules shows that this problem is enough explored. 

But these technological processes are energy cost and expensive (EU energy in figures, 2012; Geletuha and 

Zheleznaya, 2014; Melnichuk et al., 2011). A new method of straw preliminary preparation for gasifying was 

proposed ï making a poly-fractional mixture from it, which makes its further usage in thermotechnical 

equipment economically advantageous. 

There is a great variety of gas producer designs depending on way of receiving and appointment of 

producer gas, also by gas producer installation type, by degree of automatization and mechanization, by 

type of raw material (Mezin, 1948). In books (Basu, 2013; Knoef, 2012; Kolerov, 1950; Mezin, 1948; Pandey, 

2015) the main accent was on creating an ideal gas producer design for exact type of raw material and main 

method of reducing moisture content to the acceptable level when operation of the gas producer will be 

economically expedient.  

It was proposed a design of gas producer chamber where, depending on raw material initial moisture 

content, one can reduce energy expenditures on gasifying process and increase heat productivity of gas 

producer by changing tuyer circle diameter and appropriate gas blowing mode (Tsyvenkova and Golubenko, 

2014). Also this gas producer can produce energy of any type of biomass which calorific value is close to 

mailto:thyvenkova@yandex.ru
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straw`s, without any extra design changes, only changing position of moving tuyers along its axis. To ensure 

the effectiveness of this gas producer chamber design, an experiment on defining gas composition and gas 

producer heat productivity was made. 

 

MATERIAL AND METHOD 

Experiments on heat productivity of a downdraft gas producer working on straw where made on gas 

producer installation of ZhNAEU (fig.1) with laboratory measuring equipment of ZhNAEU and Institute of Gas 

NAS of Ukraine according to the accepted methods and branch standards. 

 

 
a) 

 
b) 

Fig.1 ï Basic scheme (a) and general view (b) of the experimental installation 

where Vgas is gas producer productivity by gas, HCVgas is higher calorific value of producer gas. 
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The installation consists of gas producer 1, electric air blower 2 with control, weights 3 for continuous 

registration of fuel consumption during operational cycle, thermocouples 4,5 and 8, for measuring fuel 

temperature in reaction zone, gas on the exit from gas producer and gas on the exit from cyclone scrubber 7 

and on exit from cooler respectively, module of gas sample selection 16, module of fine purification 12, with 

condensate drain tube 23, moisture extractor 15 for separation water steam from gas. Since whole system 

has essential aerodynamical resistance and also for imitating consumer there is a vacuum pump 14 on the 

exit line. For leveling gas composition before feeding a furnace there is a receiver 22. Calorimeter 13 for on-

line measuring and registering producer gas calorific value. For regulating gas supply installed throttling 

washer 17, and valve 18 for shutting off gas pipe. 

A ground wheat straw was used as fuel for gas producer. On its base there were made a poly-

fractional mixture: cylindrical stems ~ 35 mm long with nubs, wall thickness 0.5 ï 1.1 mm; cylindrical even 

stems 25 ï 35 mm long, wall thickness 0.2 ï 0.3 mm, outer diameter 2 ï 4 mm; squished stems 25 ï 40 mm 

long, wall thickness 0.3 ï 0.5 mm; bigger splintered stems 10 ï 30 mm long, wall thickness 0.15 ï 0.25 mm; 

small splintered stems ~ 8 mm long, wall thickness 0.15 mm; all other fractions content in all less than 3 %. 

Chemical composition of straw by dry mass N=0.52 %, ʉ=44.43 %, ʅ=5.86 %, ʆ=44.43 %, S=0.11 %, 

cinder content 6.5%. 

Finding connection between variable factors (Dt, Vair, Wʈ) and dependent (HP) ones, determination of 

the type of that connection and definition of the mathematical equation for expressing this connection is 

possible only by making a multifactor experiment. 

Exploration of the operating modes of gas producer in laboratory consisted of such steps: loading a 

ground straw with predetermined, according to the plan, moisture content into the gas producer bunker; 

tuning the air blower 2 and moving tuyers to the initial position, when tuyer circle diameter Dt equals the tuyer 

belt diameter DCh; tuning calorimeter 13 and installing gas sample selection module 16; making the 

experiments, and result analyzing. 

Air blower 2 productivity and tuyer circle diameter were changed during the experiment; control 

measurements of calorific value were registered by calorimeter 13. Gas sampling selection module consists 

of glass bulb 500 ml with two valves. Producer gas sampling was made by free-flow method. Producer gas 

chemical composition was determined with laboratory installation consisting of two channel chromatograph 

ñAgilent 6890 Nò, bulb with the carrier-gas ï argon, manometer and a PC for logging. Calorific value of 

producer gas was calculated by gas chemical composition according to GOST 22667-83, and gas 

composition ï by chromatography according to ISO 6974-1:2007. 

Factor variation intervals are: air supply for gasifying process Vair 34, 40 and 46 m3/h; straw moisture 

content Wʈ ï 10, 20 and 30 %; parameter Dt ï 272, 306, 340 mm. Factors encoding: Dt=X1, Wʈ=ʍ2, Vair=ʍ3. 

Variation levels of abovementioned factors are given in table 1. 

 

Table 1 

Variable factors and limits of their variation for definition of technological parameters of gasifying process. 

Factor variation level 
Tuyer circle diameter 

Dt, mm 

Straw moisture 

content Wʈ, % 

Air supply for gasifying 

Vair, m3/h. 

Upper level (+) 340 30 46 

Middle level (0) 306 20 40 

Lower level (ï) 272 10 34 

 

To reduce the number of experiments and obtain the regression equation, the mathematical method of 

the experiment planning based on Box-Behnken quadric plan (Melnikov et al., 1980) was used.  

Planning stage included the following steps: factor encoding, scheduling, randomization tests, 

implementation plan of the experiment, testing of reproducibility of the experiments, calculation of regression 

coefficients, assessment of the significance of regression coefficients and adequacy of the test model.  

The experiment consisted of 15 tests at threefold repetition in each of them. 

 

RESULTS 

As a result of laboratory experiments and statistical computation a heat productivity data array was 

got, given in table 2. 
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Table 2 

Planning matrix of a multifactor experiment for determining gas producer heat productivity HP 

ˉ 

Experiment planning 

method 
Experiments results Model adequacy check 

ʍ0 ʍ1 ʍ2 ʍ3
 HP1 HP2 HP3 HPmed HPmed.com 

(HPmed ï 

HPmed.com) 

(HPmed ï 

HPmed.com)2 

1 + + + 0 377.73 376.58 377.21 377.17 374.96 2.21 4.87 

2 + + ï 0 421.60 422.89 421.09 421.86 416.75 5.11 26.10 

3 + ï + 0 303.02 302.09 301.97 302.36 307.47 ï5.11 26.10 

4 + ï ï 0 337.88 338.00 337.97 337.95 340.16 ï2.21 4.87 

5 + 0 0 0 384.44 385.56 382.62 384.21 385.38 ï1.17 1.37 

6 + + 0 + 345.26 344.93 343.10 344.43 345.93 ï1.50 2.26 

7 + + 0 ï 301.22 301.14 299.88 300.75 306.68 ï5.93 35.12 

8 + ï 0 + 275.42 275.10 275.01 275.18 273.89 1.29 1.67 

9 + ï 0 ï 241.31 240.82 240.18 240.77 234.63 6.14 37.68 

10 + 0 0 0 385.18 386.65 384.94 385.59 385.38 0.21 0.04 

11 + 0 + + 298.73 297.69 297.56 297.99 296.85 1.15 1.31 

12 + 0 + ï 260.45 260.52 260.25 260.41 257.59 2.82 7.97 

13 + 0 ï + 333.34 332.93 333.17 333.15 334.08 ï0.93 0.87 

14 + 0 ï ï 291.53 292.01 291.83 291.79 294.83 ï3.04 9.21 

15 + 0 0 0 387.94 384.79 386.30 386.34 385.38 0.96 0.92 

 

Regression coefficients: b0=384.16; b1=35.99; b2=-18.35; b3=19.63; b12=-2.28; b13=2.32; b23=-0.95; 

b11=-14.94; b22=-9.39; b33=-78.94. 

Experiment results were processed using the software ñStatisticaò. Homogeneity of variances was 

tested by the Cochrane criterion. Since Gcom=0,176<Gtabl(0,05; 15;2)=0,4 the process is reproduced. When 

determining of confidence intervals for regression coefficients, the Student test was used, tabulated value of 

which level was at a 5 %  and the number of degrees of freedom of experiment variance reproducibility f1=2 

was t=4.3 (Melnikov et al., 1980). The significance of regression coefficients was tested according to the 

established confidence intervals and covariance. As a result, the regression equation acquired the form: 

HP=384.16+35.99Ŀʍ1ï18.35Ŀʍ2+19.63Ŀʍ3ï2.28Ŀʍ1Ŀʍ2+2.32Ŀʍ1Ŀʍ3ï0.95Ŀʍ2Ŀʍ3ï14.94Ŀʍ1
2ï9.39Ŀʍ2

2ï78.94Ŀʍ3
2     

(1) 

where: ʍ1 - encoded value of tuyer circle diameter; 

ʍ2 - encoded value of the moisture of ground straw; 

ʍ3 - encoded value of the air supply for gasifying. 

Adequacy test of hypotheses of obtained regression equation was performed by the Fisher criterion. 

The estimated value of this criterion in the dispersion of inadequacy S2
inadeq=1.17 and dispersion Sy

2=2.33 

reproducibility of the experiment was: Fcom=0.5. Tabular value of Fisherôs exact test adopted by the 5 % of 

significance, according to (Melnikov et al., 1980), was: Ftabl(0.05; f1; f2)=19.38, where f2=8 variance 

inadequacy degrees of freedom f1=2 ï variance experiment reproducibility degrees of freedom. Since, 

Fcom
.=0.5<Ftabl(0.05; f1; f2)=19.38, the hypothesis by the adequacy of the regression equation is confirmed. 

Final regression equation of the factors in the species acquired the form: 

( ) 22
·94.78·386.9·63.19·35.18·99.3516.384 air

ʈ

air

ʈ

t VWVWDHP --+-+=  (2) 

where: Dt ï tuyer circle diameter, 

Wʈ ï moisture content of a ground straw, 

Vair ï air supply for gasifying. 

Graphical representations of the abovementioned equation are given on fig.2-4. 
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a) b) 

 
c) 

Fig.2 ï gas producer heat productivity HP against straw moisture content Wp and air supply Vair 

a) - Dt=272 mm, b) - Dt=306 mm, c) - Dt=340 mm 

 

As we can see from fig.2 unless air supply Vair is rising from 34 m3/h till 41 m3/h gas producer heat 

productivity HP is also rising. Raising trend is present in all three cases (a), b), c)). However maximum 

numbers are reached between 39 ï 42 m3/h of air supply. These limits were accepted as rational gas 

blowing mode for this gas producer working on ground straw with moisture content 10 ï 30 %. 

The phenomenon of rising productivity is explained by fact that when air supply to the chamber 

working zone is rising, the amount of oxygen rises, which promotes intensification of fuel carbon oxidizing 

reaction. Since oxidizing reaction is endothermic, significant heat is released in active zone, which is needed 

for creating CO ï one of the main combustible components of the producer gas. This, in turn, leads to rising 

of producer gas calorific value, and, consequently, gas producer heat productivity. 

But further rising of air supply to more than 42 m3/h gas producer heat productivity lowers, since extra 

air, while going through fuel layer in reaction zone, cooling it, promoting creation more CO2 instead CO by 

blowing out fuel carbon with gas, which is taken away from gas producer. 

In fig.3 is seen that expanding tuyer circle diameter Dt from 272 to 340 mm makes gas producer heat 

productivity rise due to better conditions for aerodynamical processes in gasification chamber. However 

excessive expanding of the Dt leads to instability of the gas producing process. The phenomenon of 

gasification zone localization and appearance of zones where fuel is not burning in the middle of gasification 

chamber are observed. Tars content in gas rises as a result. For a ground straw with moisture content 

WP=30 % under normal conditions tars content was close to 3 g/m3, moisture ï 0.2 kg/m3. 

The other requirement which limits expanding or restricting Dt is providing proper Dt to dg (gas 

producer diameter) ratio that is needed for creating favorable conditions for tars cracking process. 

Restricting tuyer circle diameter Dt while air supply Vair and moisture content WP are constant will lead 

to localization of combustion zone in the middle of gasification chamber and creating zones where fuel is not 
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burned alongside the walls of gasification chamber, followed by lowering temperature in reaction zone and 

consequently to the gas producer heat productivity HP reducing. 

Therefore, changing regulated parameter, like tuyer circle diameter Dt, we can tune gas producer heat 

productivity depending on straw initial moisture content WP, while air supply Vair is constant. 

  
a) b) 

 
c) 

Fig.3 ï gas producer heat productivity HP against tuyer circle diameter Dt and air supply Vair 

a) - Wʨ=10 %, b) - Wʨ=20 %, c) - Wʨ=30 % 

 

Most preliminary preparation activities of raw material before using it in any thermotechnical 

equipment, converge to reducing moisture content to the level when technological process and equipment, 

that is used, are economically reasonable.  

For example, in our case lower limit of moisture content in straw is 8 %. This moisture is enough for 

formation of such combustible gas component as H2 and its drying expenditures are relatively low. 

In order to find the upper limit of moisture content next experiment was made. Ground straw with 

moisture content of 40 % was used as fuel for gas producer. Gas producer bunker was additionally equipped 

with condenser device, and grating design provides a rocking grating with blades inside another circular 

grating. Nonetheless satisfactory technological parameters of gas producer operation were not provided. 

Within the first hour of operation on straw with moisture content 40 % and ash content 6.5 % dry gas output 

reached vd=1.4 m3/kg with calorific value QL
pg=3.6 MJ/m3 instead of vd=2.14 m3/kg and QL

pg=6.14 MJ/m3 

when working on straw with moisture content 8 %. Fuel layer resistance rised from 8 Pa to 25 Pa because of 

intensive slag production, and gas producer heat productivity reduced from 394 MJ/h till 151 MJ/h till the end 

of fifth operational hour. Gas producing stability was broken. Starting from 3rd hour of operation was 

necessary to move rocking grating with blades periodically. Comparing our experimental data with data from 

(mezin I.S. 4) about producing gas from straw briquettes and peat (ash content 12 % moisture content 15 % 

with cinder melting point 1300 0ʉ), results show that slag producing from ground straw with moisture content 

40 % is a bit more (1.24 kg/h) than straw briquettes (1.13 kg/h) and less than peat (3.14 kg/h). Nonetheless, 

straw slag, compared to slag from peat has a viscous structure because of low softening temperature, and 

covers fuel surface, reducing its gas permeability. Slag when mixed with fuel reduces the possibility of its 
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pushing down into the lower part of chamber thus stopping operation. In this case using the poly-fractional 

composition from ground straw is much better than straw briquettes, since it has greater reaction surface and 

is more gas permeable when slaging. Therefore using ground straw with moisture content more than 30 % is 

inappropriate because of big heat productivity loses. 

Analyzing fuel moisture content influence on gas producer operational characteristics, we can see that 

gas producer firing time is about 20 min when moisture content is 8 % and 45 min when 30 %, because of 

energy expenses on straw drying directly in gas producer bunker. Lower calorific value of a dry producer gas 

from 30 % moisture straw is QL
pg=5.43 MJ/m3, that is 1.2 times lower than from 8 % moisture straw ï 

6.14 MJ/m3, and quantity of producer gas from one kilogram of ground straw reduced by 1.3 times to 

1.65 m3/kg. 

Graphical representation (fig.4) shows nature of the change of gas producer thermal mode depending 

on rising moisture content in fuel. Rising moisture content from 8 to 30% leads to rising heat expenses on 

evaporating moisture from fuel by almost 15%, and its further rising leads to reaction zone temperature sharp 

reducing, and gas producing process instability. So, moisture content interval of 8 ï 30% is rational, and all 

technological process of straw preparation for gas producing should provide limiting moisture content to the 

above mentioned limits. 

  

a) b) 

 
c) 

Fig.4 ï gas producer heat productivity HP against tuyer circle diameter Dt and straw moisture content WP 

a) - Vair=34 m3/h, b) - Vair=40 m3/h, c) - Vair=46 m3/h 

 

However, analysis of fig.4 shows that moisture content in fuel influences heat productivity lesser than 

Dt. Maximum productivity of the gas producer depends more on the current position of moving tuyers in the 

gas producer active zone. 
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CONCLUSIONS 

Summing all, we can say that: 

- gas producer heat productivity rises by 30 ï 35 % while air supply is rising from 34 to 41 m3/h, and drops 

again while air supply is rising further. So, between 39 and 42 m3/h gas producer heat productivity is 

maximized and is between 340 and 425 MJ/h for straw moisture content 8 %; 

- while rising Dt from 272 to 340 mm heat productivity rises by 22 ï 24 % with the fixed moisture content and 

Vair=34 ï 46 m3/h; 

- while rising WP from 10 to 30 % gas producer heat productivity drops by 12 ï 15 % with Vair=34 ï 46 m3/h. 

We should note that within moisture content 8 to 30 %, air supply 39 ï 42 m3/h and tuyer circle 

diameter between 272 ï 340 mm high calorific value of dry producer gas was reached 5.0 ï 6.6 MJ/m3, and 

maximum gas producer productivity of 425 MJ/h was reached at Vair=40 m3/h, Dt=340 mm and WP=8 %. 

Based on experimental results analysis we can do a conclusion that making a gas producer chamber 

with the variable tuyer circle diameter (with the tuyer that can moved along its axis during gas producer 

operation) is a real and effective design feature, providing appropriate gas blowing mode to fit moisture 

content that will let us gaining high heat productivity numbers. 

Further research will be aimed to study the influence of fine-grained vegetal waste distribution 

irregularity of the fire surface on fuel combustion completeness, hence gas producer productivity. 
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ABSTRACT 

The efficient use of energy is of prime importance to all sectors of the economy. For many firms, 

energy can be a major factor in industrial and commercial costs. As a nation, we must try to reduce these  

costs and improve our profitability and competitiveness. Cost is of more immediate interest to manager or 

engineer in the industry and energy is one of the contributory factors in the total financial cost of a product 

and there is a considerable goal for reducing energy consumption. This was the essence of this research 

work. Four years data (1995 - 1998) were collected on energy performance of the Carnaud Metal Box 

(CMB), Ikeja, Lagos. These data were analyzed  to know the total consumption of fuels, oil and electricity 

over the four years considered. Total energy consumed for each year was compared and normalized 

performance indicator (NPI) was calculated for each year. The treated floor area of the company was 

222,94,55 m2, the average annual energy consumption was 865204,505 GJ with fuel, oil and electricity 

making up 57.19%, 33.95% and 8.99% respectively. The average value of the normalized performance 

indicator (NPI) was 1.16.GJ /M2. This implies that the energy performance of the company can be rated as 

fair. The average value of the annual energy for hot water services was 23,875 GJ while the average value 

of the annual energy for heating was 561873,73 GJ.  

 

INTRODUCTION 

Industry is a large consumer of energy using 30 ï 40% of the total energy used in industrialized 

countries. The efficient use of energy is of prime importance to all sectors of the economy. For many firms, 

energy can be a major factor in industrial and commercial costs. As a nation, we must try to reduce these 

costs and improve our profitability and competiveness. The concept of energy is a measure of the 

efficiency of energy utilization in a manufacturing process based on the first and second laws of 

thermodynamics. The energy of any material depends on the materials temperature, pressure and 

chemical composition as well as on the respective properties of the environment. It remains true that in 

many manufacturing industries, the machines and operations directly used in the production process 

represent the largest consumers of energy. However, the ancillary operations may individually consume 

only small quantities of energy. Operations are called ñancillaryò when they do not contribute directly to 

the manufacture of the product under consideration. 

 

Energy consumption and costs 

The first step in identifying areas for potential savings is to establish the quantity and cost of the 

energy and utilities used on the site. This includes not only fuel oil, coal, gas and electricity but also water 

and on some sites, vehicle fuel usage. Management control is an essential element in any cost reduction 

programme. Information on energy consumption and costs can be obtained from:  

ü Utility invoices for fuel, electricity and water for at least one year  

ü Site energy records/ sub-metering 

ü Production information.  

The annual consumption for each energy type should be converted to a standard unit (e.g. gigajoules, 

GJ). The total annual energy use on a site can be used to calculate a performance index, to assess the 

energy performance and indicate whether there is likely to be a good opportunity for improvement.  

 

Energy conservation 

There is a real need to conserve conventional energy especially in industry and commerce in order to 

cut their costs and to remain competitive. Energy conservation is an important part of any country's energy 

tel:+234-7068154452
mailto:maadedeji@fptb.edu.ng
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strategy. Over half of the energy used by man is 'wasted and there is plenty of scope for improvement, 

though there are often practical difficulties (Gordon, 1977).  

 

Monitoring and targeting (M & T) 

 The relative cost of energy and the equipment to use it efficiently needs to be carefully monitored. 

Monitoring and targeting is a management approach that enables firms to manage energy as a controllable 

resource in the same way as manage other resources such as finance and manpower. Energy conservation 

program must be continuously monitored to manage fuel usage efficiently (Abubakar et al. 2015). 

 

Planning  

Planning is an essential feature of energy conservation program to ensure that activities are 

undertaken in a logical and efficient manner. To reduce costs to the minimum, managementôs energy 

conservation plan must involve every member of the organization. The most important tasks are monitoring 

or tracking energy consumption, keeping track of trends, and measuring performance. In planning, 

consideration should be given to how the process will be operated and by whom (Thomas, 1979). The first 

step in the planning process is setting objectives. Managementôs energy objectives usually focus on the 

quantity, cost, and effect of energy savings. Objectives should always be reviewed to ensure that they are 

specific, consistent and attainable (Thomas, 1979). The second step of the planning process involves 

outlining procedures. This process forms the framework for how the planôs objectives will be accomplished. 

Basically, it is a four-step process:  

1. Defining activities 

2. Establishing a time table 

3. Reviewing resources 

4. Determining locations 

The third step of the planning process is to assign responsibilities, that is, who has the skills to carry 

out each activity. 

 

Electrical energy 

The greatest proportion of all electricity used in industrial countries is derived from thermal 

generating techniques using Fossil fuels such as coal, oil and natural gas. The consumption of 

electricity is measured in the unit "kilowatt hour (kWh) and the conversion unit is 3.6 MJ/kWh (CIBS, 

1982). In terms of costs for energy used, a large percentage of electrical tariffs base their maximum 

demand charges on kVA and not kW in order to discourage the use of equipment with a low power 

factor. From an economic viewpoint it is desirable to keep the power factor of installed equipment as 

high as possible as this reduces the kVA for the same power consumption (CIBS, 1982). Reducing the 

kVA reduces the heat losses (I2 R) in the cables. The use of multiple meters can be used to monitor the 

power consumption in a building. 

Thus electrical bills can be reduced by up to 30% if: 

¶ Utility rate structure is known 

¶ The plant power factor is improved 

¶ Peak loads is reduced 

¶ Efficient use of lighting 

 

MATERIAL AND METHOD 

Design assessment 

At the design stage, the future energy requirement of a proposed building may be expressed as an 

average power per unit area of treated floor. This is termed energy demand for a building. Many of the 

variable values have to be assumed during design stage. The energy requirements of a particular building 

may be assessed based on the following parameters:  

, the heating thermal power requirement  

 , the hot water services thermal power requirement,  the recovered thermal power 

requirement.  

, the heating thermal requirement supplied by non-depleting sources.  

, the electrical power requirement. 
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The summation of these components gives the total average annual power requirement  (kW).  

Assuming that some aspect of the building is changed as an energy conserving measure then a 

revised estimate of the total average annual power requirement  may be made. If the total energy 

consumption for a given period is   . Then an estimate of the total energy consumption to be expected 

after the building and/or system changes would be equation (1):  
 

                   (1) 

 

The likely energy saving being  (CIBSE, 1982). Experience has shown that, in this 

country 1110st people are comfortable (when resting) in a room when ordinary mercury thermometer 

registers 18.330C to 21.110C. The outside design temperature (term "basic" design temperature") in 

general use for domestic dwellings of traditional design and construction in this country is  1.11°C 

(Barton, 1969). 

 

Reducing building energy losses 

Depending on the time of year, a heat loss or a heat gain of waste energy for example, a heat 

loss during the winter means wasted energy in heating the building. Similarly, during the summer 

months, a heat gain means wasted energy in cooling the building. Heat loss refers to heating loads 

while heat gain refers to cooling loads. The building construction affects the  heat loss and heat gain. By 

considering building materials and constructions, the associated heat loss and heat gain can be 

reduced. For example, when one surface of the air space is covered with aluminum roof, heat loss can 

be reduced. Heat from the sunôs rays increases heat gain of a building. When an engineer is specifying 

building materials, he or she should consider the following factors:  

¶ The angle of the sunôs rays 

¶ The colour and roughness of the surface 

¶ The reflectivity of the surface 

¶ The type of construction 

In estimating the relative heat gain through glass, Equation (2) formula can be used: 

 

         (2) 

where: 

= the total heat gain for each glass 

 = the conductance of the glass 

 the area of glass, the area used should include framing 

 inside temperature 

= the outside ambient temperature 

= the shading coefficient ;it  takes into account external shades 

 = the solar heat gain factor and takes into account direct and diffused radiator from the sun. 
 

Performance indicator 

Performance indicators arc values of energy consumption, which can be used to indicate whether the 

actual consumption is low or high. They are expressed as the total annual site energy consumption for a 

building (GJ) per unit of treated floor area (m2) in GJ/m2 (CIBS, 1982). [The performance indicators thus 

include energy derived both from fossil fuels and electricity. Normalized performance indicators (NPI) is also 

a useful parameter to assess the energy performance of a building.  

 

Data generation and analysis 

The case study for this project is Carnaud metal box, Ikeja, Lagos. The building type is the factory and 

the total area is 27868.192m. The treated floor area of the factory is 22294.5536m. The company carried out 

production from power supplied by its four (4) generating sets. They also have boiler that uses black oil (low 

petroleum fuel oil) as its source of energy and some other equipment/machines such as pumps, motors & 
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drives, compressors etc.) that use electricity as their source of  energy. Generators are in use 24 hours a 

day. The data generated include the followings: 

 

1. The amount of electricity consumed per month over a period of 4 years 

2. The amount of fuel consumed per month over a period of 4 years  

3. The amount of oil (black oil) consumed per month over a period of 4 years. 

4. The total production rate per month over a period of 4 years 

5. The number of working hours per day 

6. The number of occupancy (shift) per day 

7. The floor area of the factory in m2 

The data were recorded in tabular form Table 1 to 4, amount of electricity consumed monthly from 

1995 to 1998. From recommended table- óEnergy conservation factor conversion factors for energy units, we 

have: 1kwh = 3.6x106 J = 3.6MJ. 

1Mwh = 103kWh 

Therefore, 1800.0658MWh = 1800.0658x103kWh = 3.6x1800065.8x10-3G = 6480.2369GJ 

 

Table 1 

Amount of electricity consumed in 1995 

 

Month 
Amount in 

MWh 

Amount in  

kWh 

Amount in  

GJ 

Unit charge in 

N 
Cost in N 

January  1800.0658 1800065.8 6480.24 2.37 4266155.95 

February 1661.5992 1661599.2 5981.76 2.37 3937990.10 

March 1869.2991 1869299.1 6729.48 2.37 4430238.87 

April 1730.8325 1730832.5 6231.00 2.37 4102073.03 

May 1869.2991 1869299.1 6729.48 2.37 4430238.87 

June 1800.0658 1800065.8 6480.24 2.37 4266155.95 

July 1800.0658 1800065.8 6480.42 2.37 4266155.95 

August 1869.2991 1869299.1 6729.48 2.37 4430238.87 

September 1800.0658 1800065.8 6480.24 2.37 4266155.95 

October 1800.0658 1800065.8 6480.24 2.37 4266155.95 

November 1800.0658 1800065.8 6480.24 2.37 4266155.95 

December 1800.0658 1800065.8 6480.24 2.37 4266155.95 

Total 21600.79 21600790.0 77762.88  51193871.39 

 

 

Table 2 

Amount of electricity consumed in 1996 

Month 
Amount in  

MWh 

Amount in  

kWh 

Amount in 

GJ 

January 1740.6225 1740622.5 6266.24 

February 1611.6875 1611687.5 5802.08 

March 1676.1550 1676155.0 6034.16 

April 1676.1550 1676155.0 6034.16 

May 1740.6225 1740622.5 6266.24 

June 1611.6875 1611687.5 5802.08 

July 1740.6225 1740622.5 6266.24 

August 1740.6225 1740622.5 6266.24 

September 1611.6875 1611687.5 5802.08 

October  1740.6225 1740622.5 6266.24 

November  1676.1550 1676155.0 6034.16 

December 1676.1550 1676155.0 6034.16 

Total 20242.80 20242800 72874.08 
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Table 3 

Amount of electricity consumed in 1997 

Month Amount in MWh Amount in  kWh 
Amount 

in GJ 

January  1771.6698 1771669.8 6378.01 

February 1574.8176 1574817.6 5669.34 

March 1706.0524 1706052.4 6141.79 

April 1706.0524 1706052.4 6141.79 

May  1771.6698 1771669.8 6378.01 

June 1640.4350 1640435.0 5905.57 

July 1771.66981 1771669.8 6378.01 

August 1706.0524 1706052.4 6141.79 

September 1706.0524 1706052.4 6141.79 

October 1771.6698 1771669.8 6378.01 

November 1640.4350 1640435.0 5905.57 

December 1771.6698 1771669.8 6378.01 

Total 20538.25 20538250 7393.69 

 

 

Table 4 

Amount of electricity consumed in 1998 

Month 
Amount in  

MWh 

Amount in  

kWh 

Amount 

in GJ 

January 1979.0172 1979017.2 7124.46 

February 1759.1264 1759126.4 6332.86 

March 1905.7203 1905720.3 6860.59 

April 1905.7203 1905720.3 6860.59 

May 1905.7203 1905720.3 6860.59 

June. 1905.7203 1905720.3 6860.59 

July 1979.0172 1979017.2 7124.46 

August  1905.7203 1905720.3 6860.59 

September  1905.7203 1905720.3 6860.59 

October 1979.0172 1979017.2 7124.46 

November 1832.4225 1832422.5 6596.72 

December 1979.0172 1979017.2 7124.46 

Total 22941.94 22941939.5 82590.98 

 

Analysis  

Amount of fuel consumed in the generator and boiler. (From 1995 - 1998) is illustrated in Tables 5 to 

8. From the recommended table: (Heat supplied basis energy valued of fuels). 

1 Litre of fuel = 40.8 MJ  

 

Table 5 

Amount of fuel consumed in 1995-generator 

Month 
Amount in 

litre 
Amount in  

MJ 
Amount in  

GJ 
Price /litre N 

Cost in  
N 

January 445229.6667 18165370.40 18165.37 9.00 4007067.00 

February 410981.2308 16768034.22 16768.03 9.00 3698831.08 

March 462353.8846 18864038.49 18864.04 9.00 4161184.96 

April 428105.4487 17466702.31 17466.70 9.00 3852949.04 

May 462353.8846 18864038.49 18864.04 9.00 4161184.96 

June 445229.6667 18165370.40 18165.37 9.00 4007067.00 

July 445229.6667 18165370.40 18165.37 9.00 4007067.00 

August. 462353.8846 18864038.49 18864.04 9.00 4161184.96 

September 445229.6667 18165370.40 18165.37 9.00 4007067.00 

October 445229.6667 18165370.40 18165.37 9.00 4007067.00 

November 445229.6667 18165370.40 18165.37 9.00 4007067.00 

December  445229.6667 18165370.40 18165.37 9.00 4007067.00 

Total 5342756.0 217984444.8 217984.44  48084804.00 
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Table 6 

Amount of fuel consumed in 1996-generator 

Month Amount in litre Amount in MJ Amount in GJ Price /litre N Cost in N 

January  485399.0350 19804280.63 19804.28 9.00 4368591.32 

February 449443.5510 18337296.88 18337.30 9.00 4044991.96 

March 467421.2930 19070788.75 19070.79 9.00 4206791.64 

April 467421.2930 19070788.75 19070.79 9.00 4206791.64 

May 485399.0350 19804280.63 19804.28 9.00 4368591.32 

June 449443.5510 18337296.88 18337.30 9.00 4044991.96 

July 485399.0350 19804280.63 19804.28 9.00 4368591.32 

August  485399.0350 19804280.63 19804.28 9.00 4368591.32 

September  449443.5510 18337296.88 18337.30 9.00 4044991.96 

October 485399.0350 19804280.63 19804.28 9.00 4368591.32 

November 467421.2930 19070788.75 19070.79 9.00 4206791.64 

December 467421.2930 19070788.75 19070.79 9.00 4206791.64 

Total 5645011.00 230316448.8 230316.45  50805099.04 

 

 

Table 7 

Amount of fuel consumed in 1997-generator 

Month 
Amount in 

litre 

Amount in 

MJ 

Amount in 

GJ 
Price/litre N 

Cost in 

N 

January 455674.9457 18591537.78 18591.54 9.00 4101074.51 

February 405044.3962 16525811.37 16525.81 9.00 3645399.57 

March 438798.0958 17902962.31 17902.96 9.00 3949182.86 

April 438798.0958 17902962.31 17902.96 9.00 3949182.86 

May 455674.9457 17214386.84 17214.39 9.00 4101074.51 

June 421921.2460 17214386.84 17214.39 9.00 3797291.21 

July 455674.9457 18591537.78 18591.54 9.00 4101074.51 

August 438798.0958 17902962.31 17902.96 9.00 3949182.86 

September 438798.0958 17902962.31 17902.96 9.00 3949182.86 

October 455674.9457 18591537.78 18591.54 9.00 4101074.51 

November 455674.9457 18591537.78 18591.54 9.00 4101074.51 

December 421921.2469 17214386.84 17214.39 9.00 3797291.21 

Total 5282454.00 215524123.20 215524.12  47542085.98 

 

Table 8 

Amount of fuel consumed in 1998-generator 

Month 
Amount in 

litre 

Amount in 

MJ 

Amount in 

GJ 

Price/litre 

N 

Cost in 

N 

January  512152.9936 20895842.14 20895.84 9.00 4609376.94 

February 455247.1054 18574081.90 18574.08 9.00 4097223.95 

March 493184.3642 20121922.06 20121.92 9.00 4438659.28 

April 493184.3642 20121922.06 20121.92 9.00 4438659.28 

May 493184.3642 20121922.06 20121.92 9.00 4438659.28 

June 493184.3642 20121922.06 20121.92 9.00 4438659.28 

July. 512152.9936 20895842.14 20895.84 9.00 4609376.94 

August  493184.3642 20121922.06 20121.92 9.00 4438659.28 

September  493184.3642 20121922.06 20121.92 9.00 4438659.28 

October  512152.9936 20895842.14 20895.84 9.00 4609376.94 

November 474215.7348 19348001.98 19348.00 9.00 4267941.61 

December 512152.9936 20895842.14 20895.84 9.00 4609376.94 

Total 5937181 242236984.80 242236.98  53434629.00 
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Normalized Performance Indicator (NPI) 

NPI = (Total energy x hour of use factor) / Treated floor area. 

 

Calculation of NPI 

Length of the factory = 600 ft. (182.871m) 

Breath of the factory = 500 ft. (152.393m) 

Area = length x breath =182.871 x 52.393 = 27868.192m2 

Area = Letting Area (Treated floor area) x 1.25  

27868.192 = Treated Floor Area x 1.25 

Treated floor area = 27868.192/1.25 =22294.554m2 

Amount of energy going in to space heating = 80% of Fossil energy from a standard table: (Proportion 

of fuel used for space and hot water). 

 

Percentage of energy savings 

To know the percentage of energy saving for the four years program, take the total energy consumed 

for 1995 as a base line, equation (3): 

That is, 

 

     (3) 

 

Percentage cost of energy savings 

To know the saving for the four years program, take the total cost of energy consumed for 1995 as a 

base line. That is Equation (4):  

 

 (4) 

 

1995 

No. of working hours /Day = 24 hours 

No.of working days per year = 312 

No .of working hours / Year = 312 x 24 = 7488 hours 

Total fossil energy = 485306.04 + 292780.80 = 778086.84 GJ 

Space heating energy = 0.8 x 778086.84 = 622469.472 GJ 

Non heating energy = 855849.72 ï 622469.472 = 233380.248 GJ 

For single shift = (233380.248)/ 4 = 77793.42 GJ     

Standard working hours = 312 x 8 = 2496 hours 

 

Hours of used correction =    

NPI =                                                                                                                       5 

 

Assessment performance is fair, since the calculated NPI is within the fair range 1.0 ï 1.2 with floor 

area above 20,000 m2. 

 

RESULTS  

Table 9 shows total energy consumed by the company for the four years investigated: 
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Table 9  

Total energy consumed in (GJ) for four years 

Month 1995 1996 1997 1998 

January 71320.81 74540.92 73439.95 76490.7 

February 65834.59 69019.38 65279.95 67991.74 

March  74063.92 71780.15 70719.95 73657.71 

April  68577.7 71780.15 70719.95 73657.71 

May  74063.92 74540.92 73439.95 73657.71 

June  71320.81 69019.38 67999.96 73657.71 

July 71320.81 74540.92 73439.95 76490.7 

August 74063.92 74540.92 70719.95 73657.71 

September 71320.81 69019.38 70719.95 73657.71 

October 71320.81 74540.92 73439.95 76490.7 

November 71320.81 71780.15 67999.96 70824.72 

December 71320.81 71780.15 73439.95 76490.7 

Total 855849.72 866883.34 851359.42 886725.52 

 

From Table 9, the total energy consumed for each year was compared and the highest value 

(886725.56 GJ) was recorded in 1998. While the lowest value (851359.41GJ) was recorded in 1997. 

Variations during the year were due to change in load or efficiency. They could also be attributed to change 

in operating practice or lack of control. The consumption rate in 1998 was very high because of the fuel crisis 

and poor maintenance. The energy efficiency (Total energy consumed per unit of production) was calculated 

for each year and the average was 0.02475GJ/kg. This value will help the engineer or energy manager to 

track the energy consumed per unit product and also to keep track of the progress of the conservation 

program. From Figure 1, changes in energy efficiency can be easily seen, the highest energy efficiency value 

was recorded in 1998 which is 0.0254GJ/kg and the lowest energy efficiency value was in 1997. 

 

 
Fig. 1 - Energy efficiency 

 

Figure 2 shows the percentage of energy conserved or wasted for the 4years. Much energy was 

wasted in 1998 (- 0.02GJ) because the facilities were not fully utilized. Less energy was consumed in 1997 

(0.005GJ) because of good maintenance and control.  

 

 
Fig. 2 - Energy consumed or wasted 
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Percentages of energy savings were calculated and the savings through electricity gave the lowest 

value in 1998 to be -6.21 (Fig.3). This was due to the fact that certain inessential items and lighting system 

have not been switched off when not needed (Antonino et al, 2016). 

 

 
Fig. 3 - Percentages of energy savings 

 

Normalized performance indicator (NPI) was calculated for each year and the average value was 

found to be 1.16 GJ/M2. The assessment performance is fair since this value is within the range 1.0-1.2 as 

obtained from standard table: This means barely average performance in energy usage. For typical 

situations significant savings should be achievable (Xi Yang et al, 2014, Zexuan and Hongsheng, 2014).  

 

CONCLUSIONS  

The energy efficiency of the Carnaud Metal Box (CMB), Ikeja Lagos had been studied based on the 

analysis of 4 years data collected on energy performance of the company. The following conclusions were 

made at the end of this project work:  

1. The treated floor area of the company was 222.94.55 m2 

2. The average annual energy consumption was 865204.505 GJ with fuel, oil and electricity making up 

57.19%, 33.95% and 8.99% respectively. 

3. The average value of the normalized performance indicator (NPI) was 1.16.GJ / M2. This implies that the 

energy performance of the company can be rated as being fair. 

 

Recommendations  

1. The efficiency and economy of total energy systems could be improved by additional research into 

prime movers, heat exchangers and control systems. 

2. Energy flow diagrams indicating how and where energy is used in industry should be prepared. 

3. An evaluation should be made of processes which can convert waste materials of all types into fuels 

or energy suitable for use in industrial processes.   

4. To ensure the plant or machine is well maintained in line with the manufacturerôs recommendations. 

5. Repair of steam leaks without delay. 

6. Insulating process plant for cost saving and reduce the energy input. 

7. Managementós energy conservation plan must involve every member of the organization in order to 

reduce cost to minimum. 

8. Understanding energy use in industrial processes can be assisted by preparing an energy flow 

diagram as part of an audit based on examining current practices and patterns of use. In this way 

improvement in operation and the potential for energy saving project can be identified. 
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ABSTRACT 

Methods of irrigation have very significant influence on okra (Hibiscus esculentus) production.Okra is a 

common and popular vegetable crop used in Nigeria. A careful comparative assessment was carried out on 

okra performance under improved drip irrigation (IDI) and sprinkler irrigation (SI) systems which were 

subjected to the same conditions. An open field area of 27.0 m by 12.0 m was properly cleared, stumped, 

ploughed, harrowed and levelled. The experimental field was divided into two equal plots of 13.5 m by 6.0m, 

each for the two systems. High yielding and disease resistant okra variety seeds obtained from a research 

institute were carefully selected and planted at a regular interval of 0.6m. The results of statistical analysis 

(ANOVA, P ԇ0.05) revealed that there were significant differences on water application which reflected in 

increase in some agronomic parameters such as growth, weight, yield and vegetative development of the 

okra. These selected okra agronomic parameters showed that the okra performed better under IDI than SI. 

Maximum fruit yield of 95.43kgm-2 was obtained by using IDI system while 84.48kgm-2 was obtained from SI 

system. Based on the results obtained from the study and for maximum water utilization, IDI system is highly 

recommended. 

 

INTRODUCTION 

The available lands in the tropical regions need irrigation to improve economic returns for the 

production of crops especially during dry season. Irrigation practices are to complement or substitute the 

available water from natural sources such as rainfall, flood, dew and ground water. Irrigation is needed in 

most parts of West Africa where there may be a prolonged drought period and mostly where water from 

natural sources is inadequate (especially Northern part of Nigeria) for effective crop germination and 

production (Modupe et al., 2015; Fasina, 2008). 

Increased demand for okra has made many farmers to go into large scale production for the purpose 

of profitmaking (Pravukalyan et al., 2011). Okra (Hibiscus esculentus) is indigenous to tropics Africa but is 

grown throughout the tropics and in some parts of the sub-tropics (Philip and Poleman, 2006). The leaves 

are lobed and hairy. The plant produces dark yellow flowers that are about 5.0 cm in diameter. The plant is 

cultivated in tropical countries such as Nigeria, sub-tropical and warm temperature region around the world. 

(Modupe et al., 2015). Okra is a vegetable crop that belongs to the genus Abelmoschus, family Malvaceae. 

Okra is a crop which requires a long warm and humid growing season. Okra can be grown in all types of 

soils, but the soil should be friable. However, it grows best in light soils ranging from sandy loam to loam. 

Okra can tolerate slightly acidic soil condition (pH 6.8 to 6.0). Typical okra fruits and farm planted in a row 

are demonstrated in Figures 1a and 1b below, respectively. 

 

                   
Fig. 1a - Typical okra freshly harvested fruits                        Fig. 1b - Typical okra farm planted in a row 

 

Puneet and Arun (2015) reported that availability of water is very crucial as an inevitable input, 

especially in areas where vegetable production lacks this input due to scarcity and or irregular distribution of 

rainfall. Efficient use of water by irrigation is becoming increasingly important, and alternative water 

application methods such as drip and sprinkler, may contribute substantially to the best use of water for 

tel:+234-7068154452
mailto:maadedeji@fptb.edu.ng
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agriculture and improving irrigation efficiency. The trend in recent years has been towards conversion of 

surface to drip irrigation which is considered to be a more efficient delivery system. Irrigation water 

scheduling is very critical to making the most efficient use of drip irrigation system, as excessive irrigation 

reduces yield, while inadequate irrigation causes water stress and reduces production. On the other hand, 

the intensity of the operation requires that the soil water supply be kept at the optimal level to maximize 

returns to the farmer.  

High-frequency water management by drip irrigation minimizes soil as a storage reservoir for water, 

provides at least daily requirements of water to a portion of the root zone of each plant, and maintains a high 

soil metric potential in the rhizosphere to reduce plant water stress. Okra is an annual herb and vegetable 

crop grown throughout the tropical and subtropical parts of the world either as the sole crop or intercrop with 

maize or another (Abd El-Kader et al., 2010). IDI has considerable advantages over furrow or even SI in 

terms of water application efficiency and has created interest among the farmers because of less water 

requirement, increased production and better quality production (Abubaker et al., 2014). It is very important 

to carry out a study on the best irrigation system that is most suitable for the production of okra in Nigeria in 

order to maximize profit and at the same time reduce the cost of production. 

 

MATERIAL AND METHOD 

Location of the Experimental Field and Land Preparation 

The improvised drip and sprinkler irrigation field was located at the Processing Centre of Agricultural 

and Bio-Environmental Engineering Department, School of Engineering of the Federal Polytechnic, Ado Ekiti, 

Ekiti State, Nigeria. The plot has a flat topography and the area was chosen for its suitable soil structure, 

texture, water retention capacity, loamy fertile soil, nearness to water source (well) and availability of power 

supply to operate the electric water pump.Land preparation involved the use of tractor for ploughing and 

harrowing. The levelling was done manually by using hoes, spade and cutlass to make it suitable for 

undisturbed, unobstructed free flow of water and good crop management. If the field is not properly levelled, 

water may stagnate in the depressions whereas higher parts may lack necessary water. This may eventually 

results to uneven water distribution, uneven crop emergence and uneven early growth, uneven fertilizer 

distribution and possibly unwanted weeds. Total experimental plot of 27.0 m2 by 12.0 m2 was used. 

Irrigation Designs 

The purpose of irrigation layout is to transmit information from engineering plans to the irrigation field. 

This will locate the work and provide such lines and elevations as needed for the development of IDI and SI 

systems. Pictorial details of IDI andSI layouts are shown in Figures 2a and 2b below, respectively. 

 

  
Fig. 2a - IDI layout    Fig. 2b - SI layout 

 

Pump Design and Selection for Sprinkler Irrigation System 

Pump design and selection involved the design and selection of the most suitable pump for sprinkler 

irrigation field. The most suitable pump obtained was 2.20 hp and the details of pump design and selection 

calculation is as follows: 

Design calculations 

                                                                      (1) 

where: 

= required pump power (hp).   = total discharge (m3/s). 

 = acceleration due to gravity (m/s2).   

= total head losses (m)   

 (2) 
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Head losses 

Suction  

Foot valve 

 = =  = 0.07900m  =7.900 × 10-2m 

Elbow 

= =  = 0.01121 = 1.121 × 10-1 × 2 = 0.2242 m = 2.242 × 10-1m 

Union 

 = =  = 0.002039 = 2.039 × 10-3 m 

Socket 

 = =  = 0.01121 = 1.121 × 10-1 × 2= 0.2242 = 2.242 × 10-1m 

MAIN 

Elbow 

 = =  = 0.01121 = 1.121 × 10-1 m 

SUBMAIN 

T- Joint 

 = =  = 0.09174 × 4 = 3.670 × 10-1 m 

Socket  

= =  = 0.01121 × 4= 0.3363 = 3.363 × 10-1 m 

Stopper 

 = =  = 0.01121= 1.121 × 10-1 × 2=0.2242 = 2.242 × 10-1 m 

LATERAL 

Ball valve 

 = =  = 0.005139 =0.005139 × 3=0.01542 = 1.542 × 10-2 m 

T- Joint 

 = =  = 0.04625 =0.04625 × 9 = 0.4163 = 4.163 × 10-1 m 

 

 

 

Stopper 

 = =  = 0.05652 = 0.05652 × 3= 0.1696 = 1.696 × 10-1 m 

Riser 

 = =  = 0.03643 = 0.03643 ×9 = 0.3279 = 3.279 × 10-1 m 

Suction = 12.4 m 

Main = 5.3 m 

Sub-main = 15 m 

Lateral = 15 × 3 = 45 m 

Riser = 0.4 × 9 = 3.6 m 

 = 1.85 = 1.85= 0.4489 m 
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 = 1.85 = 1.85 =0.1920 m 

 = 1.85 = 1.85= 0.5429 m 

 = 1.85= 1.85= 2.870 m 

= 1.85= 1.85 = 12.48 m 

Other losses = 0.500 m 

Using equations 1.0 and 2.0 above; 

H = (0.007900 + 0.2242 + 0.002039 + 0.2242 + 0.112 + 0.3670 + 0.3363 + 0.2242 + 0.01542 + 0.4163 

+ 0.1696 + 0.3279 + 0.4489 + 0.1920 + 0.5429 + 2.870 + 12.48 + 0.500) m 

     =19.126698 m 

P = 1.7989 × 10-3 × 1000 × 9.81 × 19.126698    = 337.5478W    =  = 2.209168598 hp 

P = 2.2 hp 

Installation procedure 

Drip Irrigation and Sprinkler Irrigation System 

In drip irrigation system, the two drums were placed on the raised platform that serve as water 

reservoir, the main pipe, sub- main pipe, lateral (PVC) pipes were measured and cut into difference sizes 

with measuring tape and saw, respectively. The pipe was connected to the reservoir with the aids of a valve, 

the screen filter was attached, and then a quick coupling elbow was used in the coupling of the main line of 

the length 450.0 m. The lateral line of 210.0 m was fixed on the main line at equal interval from each other.  

In sprinkler irrigation system, the suction pipe, main pipe, sub-main pipe, lateral and risers were measured 

and cut into different sizes with measuring tape and saw, respectively. The pipes were proportionally 

positioned and buried at the predetermined depth in the soil. The water pump was well positioned and the 

suction line was immersed in the well and connected to the pump through the inlet point, while the main pipe 

was connected to the pump outlet at the other end. The riser was connected to the laterals at regular 

intervals. The layout of IDI and SI systems are clearly illustrated below in Figures 3a and 3b, respectively. 

 

          
Fig. 3a - Layout of the IDI system         Fig. 3b - Layout of SI system 

 

Planting of Okra and Data Collection 

Planting of Okra 

Before planting of the seeds, the irrigation system was tested by pre-irrigation in order to locate and 

correct any high or low spots which can lead to uneven water supply to the plants. The okra seeds were 

planted at 2.0 cm depth with 60.0 cm interval, the weeding was carried out manually on both plots. The same 

treatments and measurements were carried out on the IDI and SI systems and controlled at the same time 

on the same day to avoid predisposition of the results. The pesticide and NPK fertilizer were applied to 

control the diseases and increase the quality and quantity of okra yields from both systems. 

 

  
Fig. 4a - Testing of SI system           Fig. 4b - Testing of IDI system 
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Data collection and Analysis 

The moisture content and soil temperature were measured by means of soil moisture and soil 

thermometers, respectively from the day of planting to the maturity stage of the plants. The following 

agronomic parameters were measured and recorded: height, girth, number of leaves, flowers and buds, 

using digital weighing balance with accuracy of ± 0.01g. The consumptive water used of okra under IDI and 

SI systems were measured and recorded. These agronomic data collected were analysed using Completely 

Randomized Blocked Design (CRBD) ANOVA method. 

 

RESULTS 

The results are illustrated in the graphs below and show the performance of okra under IDI and SI 

systems. The data were collected between 25th of February and 18th of May, running through 99 days: 

 

 
Fig. 5 - Quantity of water (m³) against DAP 

 

From Figure 5 above the quality of water has linear relationship with DAP both for the IDI and SI 

systems. Statistical result shows that there is significant difference between the two systems of irrigation 

used. However, Saxena et al., (2013) justified this fact. 

 

 
Fig. 6 - Height of okra (cm) against DAP 

 

Figure 6 illustrates the results obtained for height of okra against DAP  and statistical analysis 

proved that there is significant difference in the methods used with respect to the height of okra for IDI, SI 

and the control (Okunade et al., 2009; Choudhary et al., 2012). 

 

 
 

Fig. 7 - Stem girth of okra against DAP 
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From Figure 7 results indicated that there is no significant difference in the methods used with respect 

to the Stem girth of okra against DAP. 

 
Fig. 8 - Number of leaves against DAP 

 

Figure 8 above demonstrates the relationship between number of leaves against DAP; from the results 

obtained there is significant differences at 0.05 percent. 

 

 
Fig. 9 - Okra canopy area against DAP 

 

There is linear increase in the canopy area of okra (Figure 9) as the DAP increases and the analysis 

disclosed that there is significant differences in the two systems used. Babar et al., (2008) obtained similar 

results in their study. 

 

 
Fig. 10 - Number of okra yield against DAP 

 

Based on the above results in Fig. 10, the analysis carried out proved that there is significant 

difference in the systems used with respect to the number of okra yield against DAP (Jayapiratha, et al., 

2010). 
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Figure 11 - Weight of okra (kgha-1) against day after harvest 

 

The Figure 11 above displayed the relationship between the weight of okra against day after harvest, 

the relationship is linear and there significant difference in the two systems (Danso et al., 2015). 

 

CONCLUSIONS  

Different irrigation systems play a noteworthy role in okra production. Therefore, for maximum land 

and water utilization as well as production of okra call for an effective irrigation system. This study clearly 

revealed better plant growth, high water use efficiency and enhancement in the yield under IDI system when 

compared to the SI system.  

 

Recommendations  

Based on the comparative assessment carried out, the following recommendations are suggested to 

enhance better performance of the system in future: 

1. Further study should be carried out using more standard IDI system and field for the production of 

other crops and vegetable. 

2. Comprehensive performance evaluation of IDI system using other types of irrigation systems. 

3. The same study could be carried out with different fertilizers with manure on different soil types. 

4. Same study but emphasis on the effect of the systems on the germination and growth processes on 

okra. 
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ABSTRACT  

 The influence of the moisture in the process of thermal-moisture treatment of oilseed material has 

been determined. The behaviour of the electronic system for adjustment of oilseed moisture has been 

investigated. For this purpose, experimental data on the current moisture values have been obtained in 

treatment period via grain sample method. The obtained experimental data have been statistically compared 

with the simulation results from a model, which describes the thermal-moisture process. 

 

ʈɽɿʖʄɽ 

 ʆʧʨʝʜʝʣʝʥʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʟʲʨʥʝʥʠʷ ʤʘʪʝʨʠʘʣ ʚ ʧʨʦʮʝʩʘ ʥʘ ʜʦʙʠʚʘʥʝ ʥʘ 

ʨʘʩʪʠʪʝʣʥʦ ʤʘʩʣʦ. ʀʟʩʣʝʜʚʘʥʦ ʝ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʝʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʟʘ ʨʝʛʫʣʠʨʘʥʝ ʚʣʘʞʥʦʩʪʪʘ 

ʥʘ ʟʲʨʥʝʥʠʷ ʤʘʪʝʨʠʘʣ. ɿʘ ʮʝʣʪʘ ʩʘ ʧʦʣʫʯʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʘʥʥʠ ʟʘ ʤʦʤʝʥʪʥʘʪʘ ʩʪʦʡʥʦʩʪ 

ʥʘ ʚʣʘʞʥʦʩʪʪʘ ʚ ʧʝʨʠʦʜʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʯʨʝʟ ʟʲʨʥʝʥʘ ʧʨʦʙʘ. ʊʝʟʠ ʜʘʥʥʠ ʩʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʩʲʧʦʩʪʘʚʝʥʠ ʩʲʩ ʩʠʤʫʣʘʮʠʦʥʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʨʘʟʨʘʙʦʪʝʥ ʤʦʜʝʣ, ʦʧʠʩʚʘʱ 

ʚʣʘʛʦʪʦʧʣʠʥʥʠʷ ʧʨʦʮʝʩ. 

 

INTRODUCTION 

 The first operation after harvesting the oilseeds involves grinding, and then heat and moisture 

treatment. Decortication or shelling separates the oil-bearing portion of the raw material and eliminates the 

parts that have little or no nutritional value. Small-scale mechanical shellers are available for kernels and 

nuts although manual cracking is still prevalent. Most oil seeds and nuts are heat-treated by roasting to 

liquify the oil in the plant cells and facilitate its release during extraction. To increase the surface area and 

maximize oil yield, the oil-bearing part of groundnuts, sunflower, sesame, coconut, palm kernel and sheanuts 

is reduced in size. Mechanical discattrition mills are commonly used in rural operations (Kabutey et al, 2011;  

 Kadirova S., Manukova A., 2009; Manukova A., Kadirova S., 2009; Sigalingging,  R. et al,  2014). 

 Moreover, mechanical pressing is most popular method in the world to separate oil from vegetable 

seeds crops. Thus, the impact of several variables on oil recovery, oil quality, rupture force of seeds, 

deformation, and energy cost for pressing is essential for an adequate design of equipment for pressing 

seeds crops (Sigalingging,  R.,  et al, 2014). Heat treatment before extrusion is necessary for improvement of 

the amount of recovered oil. Pre-treatment has a significant impact on the efficiency of pressing (Sayyar, S., 

et al 2009; Willems, P. et al, 2008; ʂʘʜʠʨʦʚʘ ʉ., ʄʘʥʫʢʦʚʘ ɸ., 2009; ʂʘʜʠʨʦʚʘ, ʉ. 2008; Kadirova S., 

Manukova A., 2009; Sigalingging,  R et al,  2014; Herák, D., et al 2013; Kabutey, A., et al, 2012.). 

 The main point of thermal-moisture processing of meal is accomplished in the simultaneous action of 

water vapour and heat to the cells of the milled mass. Oleaginous cells consist of two main parts - a 

hydrophilic, which is associated with the water (carbohydrates, proteins and other nitrogen-containing 

substances) and hydrophobic, which is not associated with the water (oil and other substances dissolved 

therein). During the heating of the meal, the water contained in the cells, is associated with the hydrophilic 

portion that swells and intersects - coagulate. It is thus a sharp demarcation between hydrophilic and 

hydrophobic phase. To suppress the hydrophilic phase it is necessary a precisely defined amount of water. If 

naturally the water content of meal is insufficient, then it has to be additionally moistened by water or by wet 

steam (Sigalingging,  R et al,  2014; Herák, D., et al, 2013; Kabutey, A., et al, 2012). 

 The dynamics of variation of meal moisture and temperature as a function of time depends on many 

interdependent factors. The main parameters are the temperature values of the heating fluid and the 


