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STUDY ON THE MECHANIZATION OF CARAWAY 
~OP PRODUCTION UNDER EGYPTIAN CONDffiONS 

Ali, M. M.A.* , M.A. Tawfik- , N. I. Bendary ._ 
ABSTRACT 

Field experiments were carried out to investigate some different 
mechanization systems for producing caraway crop under Egyptian 
conditions. Seed bed preparation was investigated using chisel plow. 
moldboard plow. rotary plow and land leveler. Planting was investigated 
using two types of seed drills (Colorado and Tye) machines comparing 
with the manual method. Threshing operation was investigated using · 
threshing machine at different drum speeds. and different seed moisture 
contents. The obtained data revealed that. selecting the proper method of 
seed bed preparation (chisel plow one pass +land leveler) gave the best 
soil properties. Mechanical planting by seed drill (Colorado) comparing 
with seed drill (Tye) and manual method is considered the proper system 
for producing caraway crop under Egyptian conditions as it recorded the 
highest productivity (865 kg/fed). On the other hand seed drill (TYE) 
required minimum cost(l03.75 L.E/Mg) .Drum speed of 12.56 mls (600 
r.p.m) and seed moisture content of (7. 72% )are considered th~ proper 
values for threshing caraway crop as they recorded maximum efficiency 
and minimum energy. 

INTRODUCTION 

Agricultural policy depends on the successful technology through 
mechanizing the agricultural processes of strategical crops. In 
Egypt the medicinal and aromatic crops have an important 

export value. And also come in the fifth order after cotton, rice, and 
potato. Caraway is considered to be one of the most important medicinal 
and aromatic crops in Egypt as they participate in the local consumption 
added to export value and different aspects. Increasing the quantity .and 
qualitY of any crop depends on improving the soil and plant conditions. 
Seed bed preparation, planting and threshing method, improving that. 
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Mechanization of these operations is of great importance to reduce time, 

labor and cost. Habib et al. (1991) mentioned that increasing of soil bulk 
density lead to increase the soil compaction. On the other hand soil bulk 

density decreases with increasing percentage of soil porosity. Soil bulk 

density is between (1.0 -1.6 gmlcm3) for plowing layers with clay, loamy 

and silt soil but it is between (1.2 -1.8 gm/cm3)with sandy soil. They also 

mentioned that soil bulk density increase with increasing working depth. 

Soil bulk is major factor to indicate soil properties. Morad and EI

Shazly (1994) studied the effect of some operating parameters (moisture 
content and operating depth) on soil penetration resistance of rotary 

plow. They found that increasing soil moisture content significantly 

decreased soil penetration resistance. They also found that increasing soil 

moisture content from (13 to 24%) measured at various operating depths 

of 10, 15and 20 em, decreased soil penetration resistance by 9,16and 

20%. They added that the moisture content of 21% is considered the 

proper moisture content for plowing in the experimental soil. Abd EI

Maksoud et al. (1994) indicated that, the seed-bed preparation by using 

the chisel plow (two times) followed by rotary tiller and mechanical 

leveling can be considered the suitable recommended method to obtain 

the best soil physical properties. Some times it is not preferable to use 

heavy implements in some soils due to their undesirable effect on its 
physical properties .Abd-El-Aal (1998) found that the soil bulk density 

was decreased after tillage operation. The reduction was more when the 

plowing depth was (25cm) and less reduction at (20cm) at forward 

speeds (2.4, 2.08 and 1.25cmlh) produced the maximum increase in soil 

porosity. Abo El-Ees (1985) showed that method of seed drilling is very 

effective due to its effect on uniformity of depth and spacing it is well 

known that mechanical seed drilling leads to more uniform spacing and 

sowing depth resulting in higher yield than the traditional hand method of 

sowing. Dickey and Jasa (1989) stated that it is necessary in case of 

automatic seed drills to calibrate them before sowing to know. the exact 
seed rate it will drop. The seed drills are to be calibrated for each type of 

crop separately because of differences in shape, size and weight of 
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different seeds. Proper care has to be taken in choosing the soil working 

part such as the tine. Ibrahim et Ill. (2008) developed seed drill feeding 

device to be suitable for black seed planting. They also optimized some 

operating parameters affecting the performance of the developed 

machine. Tsujlmoto et Ill. (2006) indicated that result of the earlier 

performance test of the TurkiSh thresher showed that more than 900/o of 

the straw was cut into small pieces of less that 1 Ocm and was therefore 

of no value for feed. However, the results of the improved screw type

threshing drum showed a rate of straw ~oss of only 9.00/o for 

"Men:houch" wheat and 10.3% for "Beldi" barley of straw for feed. The 

objective of their study was to develop and evaluate .The performance of 

the local thresher to be suitable for caraway crop threshing. Radwan et 

Ill. (2009) developed local cereal thn=shing machine for threshing caraway 

crop and tested at difl'aent operating conditions, at rotor speeds of (SOO, 
560, 630 and 700 r.p.m), moisture contents of caraway straw of (1 0.36 , 

11.84 and 13.72%). Air speeds on siew& of(4.8, S.1 and 6.8 m/s) wa-c also 

tested some of 18ctors wa-c fixed such as, hole diameter of sieves was (3 

~) , feed rate was (S40 kg/h) and concave clearance was (1S mm) seed 

moistme content of{11.84 %), drum speed of (SOO r.p.m) and air speed of 
•' 

(4.8 m/s) resulting seed losses of(2.2%) threshing efficiency of73.7% and 

criterion energy consumed 29.04 kW .b/ton. The objective of this woke are: 

• Selecting the proper seed bed preparation and methods of 

planting for producing maximum productivity of caraway crop. 

• Optimizing both seed moisture contents and drum speed for 

threshing caraway to maximize threshing effie~~, 

MA'fEJRALS AND METHODS 
The main experiments were carried out during the agricultural season of 
2009/2010 at Kafer Awald Wafy, Sharkia Goyemorate to investigate 
some different mechanization systems for producing caraway (Egyptian 
variety) under Egyptian conditions. 
The experimental area was about (l.S) fed~ divided into (27) equal 
plots having dimensions of (66.6 x 3.S m) per eaCh. Mechanical analysis 
of the experimental soil was classified as clay soil (48.71% clay). 
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Materials: 
The following equipments were used to accomplish the present research: 

- Tractors: 
1. New-Holland "Fait" of75 hp (55.93 k.W) engine power. 
2. Kubota "L 285" of30 hp (22.37 k.W) engine power. 
3.Nasr "M 34/ T" of60 hp(44.1 k.W)engine power. 
4. Lamborjuni "Italy" of 85 hp (62.5 k.W) engine power. 

- Seed bed preparation equipments: 
1- Chisel plow 9 tines, with worting width of 225 em. 
2- Mould-board plow 3 boards, with working width of 125 em. 
3- Rotary plow with 125 em working width, and 42 rotating cutters. 
4- Land leveler, with working width of305 em. 

-Planting machines: 
1. Seed drill21 rows, model Colorado with working width 240 em. 
2. Seed drill 20 rows, model Tye with working width 300 em. 

-Hanesting: 
The harvesting operation was carried out using the conventional method. 

- Turkish Thresher: 
The machine consists of two components; threshing and winnowing 
units. The threshing drum is 120 em length, 73 em diameter and number 
of finger is 40. The winnowing unit consists of a fan, vibmting screen 

and air. 
Methods: 
The experimental treatments: 
Nine treatments, namely A, B, C, D, E, F, G, Hand I were carried out 
and replicated three times in a completely randomized block design. 
A: Chisel plow one pass + land leveler+ manual planting+ threshing by 

threshing machine. 
B: Chisel plow one pass + land leveler + seed drill (Colorado) + 

threshing by threshing ma~hine. . 
C: Chisel plow one pass + land leveler+ seed drill (Tye) + threshing by 

threshing machine. 
D: Chisel plow two passes + land leveler+ manual planting + threshing 

by threshing machine. · 
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E: Chisel plow two passes + land leveler + seed drill (Colorado) + 
threshing by threshing machine. 

F: Chisel plow two .passes+ land leveler+ seed drill (Tye) +threshing 
by threshing machine. 

G: Mould board plow + rotary plow + land leveler + manual planting + 
threshing by threshing machine. 

H: Mould board plow + rotary plow + land leveler + seed drill 
(Colorado) + threshing by threshing machine. 

I: Mould board plow+ rotary plow+ land leveler+ seed drill (Tye) + 
threshing machine. 

Manual harvesting was carried out for all treatments during the 
experiment. The depth of the tillage was (20 em). For both manual and 
mechanical planting methods, the row spacing is (45 em) and the spacing 
between two seeds in the same row was (30 em). Manual planting was 
required about ( 5 kg/fed) of seeds while seed drill was required about (3 
kg/fed) of seeds. Plant depth was adNsted (2 em) at forward speed (5 
kmlh) for two seed drills. Fertilizing, irrigation and weed control were 
the same in all treatments according to the technical recommendations. 
The threshing operation was conducted under three different drum speeds 
of(550, 600 and 650 r.p.m (11.51, 12.56 and 13.60 mls) at four moisture 
contents of(9.73, 8.54, 7.72 and 6.85%). ·' 
Measurementsl 
Soil bulk density and some plant characteristics as well as crop yield 
were measured as indicators for the planting operation. Unthreshed seeds, 
mechanical seed damage, threshing losses threshing efficiency and 
cleaning efficiency were calculat~ as an indicators for the threshing 
operation. 

• Soil Bulk density: 

The bulk density was calculated by using the following equation: 

Pb = mb!Vb, ••••••• (1) 

Where: 

Pb =Soil bulk density, gm/cm3
• 

mb =Dry weight of the soil in the container, gm. 

Vb =Volume container, cm3
• 
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•FUld CllpiiClty: 

Actual field capacity was the actual average time consumed during the 
operation (lost time+ productive time). It can be determined from the 
following equation: 

60 F.c. = , {fed I h) ......... (2) 
7U+7i 

Where: 

F.c.- Actual field capacity of the cutting machine. 

T. - Utilization time per fcddan in minutes. 

1i - Summation of lost time per fcddan in minutes. 

• Flel4 ejJiclency: 

Field efficiency is calculated by using the values of the theoretical field 

capacity and effective field capacity rates as: 

. 11
1 

= F.C., x100, (%) ............ .(3) 
F.C, 

Where: 

'II - Field efficiency, %. 

• BliND CDIU,.,ed: •' 

To estimate the engine power during threshing process, the decrease in 
fuel level accurately measuring immediately after each treatment. The 

foliowing formula was used to estimate the engine power. Bunt (1983). 

EP = [f .&.(J/3600)PExL.CY.x427xq,. xq, x1/7Sx1/1.36l k'W •• (4) 

Whcrc:-

f.c. • Fuel consumption. (1/h). 

PE-= Density of fuel, (kg/1 }, (for gas oil- 0.8S and ~e- 0.72). 
L.C. Y. - Lower calorific value of fuel, (11.000 k.callkg). 

'ltlrb"" Thermal efficiency of the engine (3S and 2S%) for Diesel and 

Otto). 
427 - Thermo-mechanical equivalent, (Kg. m/k.cal). 

· TJ, • Mechanical efficiency of the engine (83 % for diesel). 

Hence, the specific energy consumed can be calculated as follows:-
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C ------~- Enginepower,(kW) kW.' Lffi~.~ 
Or0ur~nergy= 'd , .r1 ~ ••• (5) 

Actual fie/, capacity{fodj h) 

• cost analysis: 
Machine cost was determined by using the following equation (Awady 

1978): 

C= p (.!.+!.+t+r)+(0.9 W .S.F)+~ ............................ (6) 
h a 2 144 

Where:-
C = Hourly cost, L.FJh. 
h = Yearly working hours, hlyear. 
i = Interest ratt'/year. 

P = Price of machine, L.E. 
a = Life expectancy of the machine, h. 
F = Fuel price, L.FJI. 

t = Taxes, over heads ratio. r = Repairs and maintenance ratio. 
m = Monthly average wage, L.E 0.9 =Factor accounting for lubrications. 
W = Engine power, hp~ S = Specific fuel consumption, 1/hp.h. 
144 = Reasonable estimation of monthly working hours. 

BESULTS AND DIScusSION 
Results and discussion will present under the following items: 
Field capacity and field efficiency for different seed bed preparation 
systems: 
Fig. (1) show that the field capacity values were 1.697, 2.196, 0.888, 
0.897 and 2.277 fedlh for chiseling 1st, chiseling 2nd, mould board plow, 
rotary plow and land leveler ,respectively. And the field efficiency values 
were 79.29, 82.22, 74.62, 75.37 and 78.51% under the same machine, 
respectively. 
Field capacity and field efficiency of different planting systems: 
Fig. (2) show that field Capacity of manual planting was 0.0501 fedlh 
while it reached to 1.86 and 2.604 fedlh at mechanical planting(seed 
drill(CQlorado)and seed drill (fye), ;respectively and field effici~cy 
values were 58.93, 81.57% and. 91.05% under the same previous 
conditions. 
Effect of seedbed preparation treatments on soil bulk density: 
Soil bulk density generally decreased due to tillage and other treatments 
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considered. Fig. {3) show that the reduction for soil bulk density,(%). 
C8ll be ~a.escending order as follows: F, C, E, I, B, D, H, A and 
G. It is clear that tAe treatment (F): (Chisel plow two passes + land 
leveler+ seed drill (fye) + threshing by threshing machine) recorded the 
highest value of reduction in soil bulk density (17.78 %) this can be 
explained by the fact that the density decreased by increasing the number 

t 

of tillage passes or tillage procedures involved in the treatment., while 
treatment( G): (Mould board plow + rotary plow+ land leveler+ manual 
planting+ threshing by threshing machine) recorded the lowest value of 
reduction in soil bulk density (11.02 %) due to eliminating mould board 
plow, rotary plow and land leveler. 

I • klual tilld capdr""'" o Fllld llliclency% 

u~------------------~u 

0 .... .....~.-...... L.I-..... IL..L....,..JIL..I._,--'-+70 

....... \I\_...~"""",... ,.,,..,. -~ 
seedbed prepation machines 

0 

tO~ 

t
ao ,; 

70 ~ 
:!! 
J! 

so ... 

Fig. (1): The actual field capacity and Fig. (l):The actual field capacity and 
field efficiency for seedbed field efficiency for planting 
preparation machines. methods. 

t lO 
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Fig (3) Effect of seedbed preparation treatments on soil bulk density 
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Effect of different planting methods on some plant characteristics 
a~;~d crop yield: 
Results in Table (1) shows that the complete emergence of plants was 
noticed after IO days using seed drill (Colorado) and after I2 days using 
seed drill (Tye), while the period increased to I4 days using manual 
planting. This is due to the fact that the depth of planting could not be 
thoroughly adjusted. Table (I) shows that the maximum germination 
ratio of 96% was remarked under the manual method. The germination 
ratio decreased to 94%, 93% under seed drill (Colorado and Tye), 
respectively. That is due to the feeder under seed drill machine resulting 
in cracked seeds. Table (I) shows that uniformity of distribution values 
were 21.9, IS.8 and I7.2 % using manual planting and mechanical 
planting, respectively. That is due to the control in the seeds spacing 
under mechanical planting comparing with manual. Table (I) shows that 
the highest plant population of I8.6 plant/m2 was noticed under manual 
planting. While it decreased to IS.~, I4.S plant/m2 under seed drill 
(Colorado and Tye), respectively. This is due to the high germination 
ratio of manual planting comparing with mechanical planting. It was 
observed from table (I) that the maximum stem length of I4S em was 

noticed under manual planting lead to increase plant lengtll.. While it 
decreased to I20, liS em under seed drill (Colorado and Tye), 
respectively. Table (I) shows that the average weight of 1000 grains 
were I6.67, I6.80 and16.S3 gm under manual planting and seed drill 
(Colorado and Tye), respectively. Also table (1) shows that the average 
values of yield obtained were 0.822, 0.86S and 0.841 Mgffed under 
manual planting and seed drill (Colorado and Tye), respectively. So, 
mechanical planting using seed drill (Colorado) type is the advisable 
method for planting caraway crop because of its high resulting caraway 
crop because of its high resulting yield comparing the other type seed 
drill (TYE). 
Caraway Crop Threshing 
Un threshed seeds 
Fig. (4) show the relationship between un threshed seeds and different 
drum speeds at different seed moisture contents. The obtained results 
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Table (1): Effect of different planting methods on some plant 
dtaraeteristks aad crop yield. 

Cl 
:;; i.r !i &. tl()fi'J !i !"" btJ i !1 w;g li ~~~"" =-~ .li 'ot; !I m~ ft ~~ tc:s .!::st.. D. ,!I s- ,:SD. - ~ -a.c ~,~~ .. 

~a ~f =.e u ' 

·~1 ~E:!. Q}i Vi e ... .. tJ :a it 

Manual 14 96 21.9 18.6 145 16.67 0.822 

Seed drill 
10 94 15.8 15.8 120 16.80 0.865 

(Colorado) 

Seed drill 12 93 17.2 14.5 115 16.53 0.841 
(Tye) 

Show that drum speed and seed moisture content affect deeply on the 
percentage of un threshed seeds. The highest value of un threshed seeds 
of10.14%, was observed under the high level ofseedmoisturecontent of 
9.73 %, and low drum speed of SSO r.p.m, while the lowest value of 
0.78%, was observed under low seed moisture content of 6.85% and high 
drum speed of 650 r.p.m. ·' 
Mechanical seed damage 
Fig. (5) show the relationship between damaged seeds and different seed 
moisture contents at different drum speeds. It is noticed that minimum 
value of mechanical seed damage was 0.94% recorded at low drum speed 
of 550 r.p.m and high seed moisture content of9.73%. 
Threshing losses 
Fig. (6) show the relationship between total losses (including un threshed 
seeds and damaged seeds together) and different drum 'Sp~ds at different 
seed moisture contents. It is noticed that minimum value of threshing 
losses was 5.80 % recorded at drum speed of 600 r.p.m and seed 
moisture content of7.72 %. 
Threshing efficiency 
Threshing efficiency was affected by many variables such as drum speed 
and seed moisture content. Results obtained in Fig (7) indicated that the 
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Fig. (7): Effect of drum speed and 
seed moisture content on 
threshing efficiency. · 
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threshing efficiency increased with the increase in drum speed. On the 
other hand, threshing efficiency decreased by increasing seed moisture 
content, where the seeds can not be separated easily and as a result, the 
percentage ofun threshed grains increased. 
Clet~~tlng eff~elency 

Fig (8) show that the relation between cleaning efficiencr and different 
drum speeds at different seeds moisture contents. The cleaning efficiency 
increased from 90.1 to 93.50, from 91.90 to 95.00 from 94.00 to 96.45 
and from 95.60 to 97.80% at different seed moisture contents of 9.73, 
8.54, 7. 72 and 6.85%, respectively by increasing drum speed from 550 to 
650r.p.m. 
From the above data of the threshing process, it can be concluded that: 
the seed moisture content of 7.72% and drum speed of 600 r.p.m are 
considered the optimum conditions through which losses percentage is 
minimum. 

I---M.CS.73% ---M.C.8.54% ----M.C.7.7l% -----M.C.6.85%1 

100~----------------------------------------~ 
"$. 98 

I: 
f: 

18 

~--------------~ ------ __ ... 
·--------==-----·----------------- _____ ,, __ __ 
... ---- ______ ,_ -----· 

----------- -----------.. --- --~ 
_____ , __ , 

... ----

u+-------------~------------~------------~ 
11.51 (550) 12.!6(600) 13.60(650) 

Dnun speed m/s (r.p.m) 

Fig. (8}: Effect of drum speed and ·seed moisture content on eleaning 
effideney. 
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Energy Requirements for Different Caraway Crop Mechanization 
Systems. 
Fig (9)show that the total energy requirements to produce one Mg of 
caraway crop can be arranged in descending order as follows: H, I, G, B, 
C, E, F, A and D. It is clear that the treatment (H): (Mould board plow+ 
rotary plow + land leveler + seed drill (Colorado) + threshing by 
threshing machine) required the highest value of energy (135.27 k.W.h/ 
Mg), while treatment (D): ( Chisel plow two passes + land leveler + 
manual planting+ threshing by threshing machine) required the lowest 
value ofenergy(62.26 k.W.h! Mg), 

Cost Analysis for Caraway Production 
Fig. (1 0) show that the cost per unit of production for the different 
treatments. The cost of production per Mg of yield can be arranged in 
descending order of treatments as follows: G, D, H, I, A, E, F, B and C. It 
is clear that the treatment (G): (Moul~ board plow+ rotary plow+ land 
leveler+ manual planting+ threshing by threshing machine) required the 
highest value of energy (250.57 L. E./ Mg), while treatment (C): (Chisel 
plow one pass+ land leveler+ seed drill (fye) +threshing by threshing 
machine) required the lowest value of energy (1 03.75 L. E./ Mg). ·" 

CONCLUSION 
The field experiments aim to evaluate some different mechanization 
systems for producing caraway crop. Results showed that: 

1. Treatment C: (Chisel plow one pass + land leveler+ seed drill (fye) + 
threshing by threshing machine) is recommended for caraway 
production under Egyptian conditions as it required minimum cost 
(103.75 L.E/Mg) comparing with the other treatments. 

2. Drum speed of 12.56m/s (600 r.p.m) and seed moisture content of 
7.72% are recommended for threshing caraway crop as it recorded 
both minimum losses and energy (5.80 % and 27.46 kw.h/fed), 
respectively. 
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Fig. (9) Energy requirements to produce one Mg of caraway crop 
under different treatments. 
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Fig. (10): Cost requirements to produce one Mg of caraway crop 
under different treatments. ·' 
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