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Abstract

The performance of various types of planters generally used in
planting sugar beet in Egypt were evaluated. These planters were
locally fabricated planters, imported planters (type of Gaspardo), and
pneumatic planters {type of Gamma 90). The influence of various
planters on effective field capacity(Fed/h) field efficiency
(%),germination ratio(%),uniformity of plant distribution through the
row (%),and root yield(Mg/Fed)were investigated. Also, total energy
consumed {kW.h/Fed) and operating cost (L.E/Fed) were estimated.
All planters were evaluated and tested at three levels of seed bed
preparation were chisel plowing two pass followed by land leveler
denoted as treatment A, chisel plowing two pass followed by rotary
and land leveler denoted as treatment B, and chisel plowing two
pass followed by disk harrow and land leveler dencted as treatment
C, four forward speeds of 2.5, 3.6, 5.4 and 7.2 Km/h and three
planting depths of 1, 2, and 3 cm. The obtained results showed that,
Mechanical planting by pneumatic planter gave the best resulis
while, local planter was better than imported planter at all
combination of experiment levels. Where, using pneumatic planters
recorded the maximum effective field capacity of 3.15 Fed/h and
field efficiency of 96%,when using forward speed of 7.2 km/h and
planting depth of 1 cm. as well as maximum germination ratio and
root yield of 91% and 28.6 Mg/fed when using forward speed of 2.5
km/h and planting depth of 1 cm. Also, maximum distribution
uniformity of 88.5% recorded with pneumatic planter at treatment
C, forward speed of 2.5 km/h and planting depth of 3 cm .on the
other hand , imported planter recorded minimum energy consumed
of 29.15 kW.h/Fed were recorded with treatment C, forward speed
of 2.5 km/h and planting depth of 1 cm. While, minimum operating
cost of 16.41 LE/Fed were recorded with treatment C, forward
speed of 7.2 km/h and planting depth of 1 cm, respectively,

INTRODUCTION

Sugar beet is a strategic crop where it has double advantages (sugar production and
animal feeding). In Egypt the cultivated area of sugar beet is about 257667 feddans /
year annually produce about 19,919 ton / fed. Equal 5132589 tones.(Agricultural
statistics, 2008 ). The general trend for field area and delivering vield of sugar beet
crop tends to increase yearly. The mechanization process is one of the most important
factors affecting sugar beet production. Up till now, sugar beet sowing is mostly done
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manually in Egypt. It is known that mechanical sowing ensures uniform seed spacing,
straight furrows and application of the proper seed quantity, saving hand labor,
improving production and allowing further mechanization. £rof (7971) reported that
seed distribution in the horizontal plane depend on the transverse and longitudinal
patterns generated by the delivery mechanism. Klenin et. al. (1985) reported that for
high quality sowing each cell should packe single seed so that it may be ejected by
the plate. Seed packing is greatly affected by the relationship between the cell size
and the seed thickness. This ratio has an optimal value which is achieved by earlier
grading of seeds. Wanjura (19580) studied the effect of inter row plant spacing
uniformity. During four years of study the general trend was vield increased as plant
spacing uniformity increased. E/—zaWahry (1994) studied the effect of two types of
planters and forward speed on sugar beet yield. He found that, the increase of planter
forward speed lead to decrease the depth of seeds in the soil and increase the seed
scattering around the furrow center line. Srivastava (1975} developed the hand
planter with nylon brush type agitator. He showed that, the performance of this
planter was satisfactory with the field capacity 0.1ha/h and walking speed of 2.5 km/h .
for sowing unpolished sugar beet seeds.El-Nakib (1975) investigated the improvement
and uniformity of monogerm sugar beet seed emergence in the field. The seed
damage or ground up in passing through the planter was screened out and seed
taboratory germination test was run an the remaining portion of the seed, The result
of the germination test was expressed as the number of normal sprouts per grain of
cleaned seed. The planter which led the vertical plate metering devices was more
uniform distribution than the others, He added that the uniform distribution was
achieved with the row spacing and depth. On the other hand, the speed gave
minimum seed damage and the most uniformity of single seed. Chhinnan et al. (1975)
tested the effect of planting speed on metering and seed accuracy. They reported that
higher planting speed resulted in more skips, higher speed placement errors and
higher average spacing. Bahnasawy (1992) found that the grain yield decreased with
increasing forward speed, where the highest '{/iela of grain was recorded at a speed of
3 km/h. but, the lowest yield was recorded at a speed of 8 km/h., these results may
be due to the increase in velocity causing disturbance in seed depth and seed
spacing; slip percent increases with speed which affects plant population and grain
yield. Jaggard (1990) reported that uniform seed spacing has been demonstrated to
be a significant factor in quality and vield for some crops such as sugar beet with
uniform spacing, the roots can grow to a uniform size, Molin (2002) indicated that
punch planting is one of the pessibilities, but is limited on seed spacing adjustment, A
prototype was developed based on previous works and consists on a punch wheel
that has the ability to adjust its diameter so the tips will change the distance,
producing seed spacing that may vary from 0.16 to 0.21 m. Test shown it is feasibie
as the accessories and seed meter are implemented. Panning et al. (2000) evaluated
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five planters for seed spacing uniformity at three field speeds using a seed location
method in the field and a laboratory method involving a pto-electronic sensor system.
Planter seed spacing uniformity was described using the coefficient of precision (¢p)
measure. Results showed that (¢p) measures determined using the laboratory test
method were significantly different from those determined using the field test method.
Griepentrog et al. (2003) studied that a planter type RTKGPS was successfuily
retrofitted on to a precision seeder to map seeds as they were planted .the average
error between the seed map produced by the seeder and the actual plant map was
about 32mm to 59 mm,

The current study is devoted to:

1- Evaluate the performance and compare sugar beet growth and.yield quality of
three main types of planters,

2- Adapt and apply the locally fabricated precision planter for sugar beet sowing,

3- Determine energy consumed and operating cost for these planters.

MATERIALS AND METHODS

The main experiments were carried out at the experimental farm of Sakha
Agricultural Research Station in season 2007/2008 on an experiment area of two
feddans for sowing sugar beet ( Beta poly variety) , to investigate the performance
and compare between three different types of sugar beet planters namely: the local
precision planter(Abd el-tawwab,2004), imported mechanical planter(type of
Gaspardo) and pneumatic planter(type of Gamma 90).Tablel summarizes the
technical specifications of the three planters which are shown in Fig. 1.

Table 1: The technical specifications of the different planters used.

Characteristics

Local fabricated

Imported planter

Pneumatic planter

planter __{ Gaspardo) {Gamma 90)
type mounted mounted mounted )
Manufacture country Egypt Ttaly Italy
No. of rows 4 4 4

Distance between rows,
cm

60 (Adjustable)

60 (Adjustable}

60 (Adjustable)

Working width, cm 200 200 L 200

Metering device Horizontal cell plate h@rizontal cell plate Air metering device
| (mechanical) {mechanical}

Distance between hills 18.5 18.5 18.5
rin row, cm

Furrow openers Shoe Runner Runner

Covering device Paddles Knives Knives

Soil pressing wheel Hard rubber wheel Iron wheel Double inclined iron

wheel

Transport and drive
| wheel

Carrying wheels

Iron wheel( press
wheel)

Carrying wheel
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Experimental procedure:

Experimental area divided into three equal plots. Every one was planted by a type of
planter. Planting operation was conducted under four forward speeds and three
planting depths. During the entire experiments, effective field capacity was
determined by accurately measuring the time consumed during planting operation,
the required power was calculated by evaluation fuel consumption then energy
requirements was calculated. Also, distribution uniformity, germination ratio and root
yield were estimated. On the other hand, mechanical analysis for the surface soil layer
of the experimental field indicated that, the soil texture is clay. The soil fraction is
30.96 % silt, 13.8 % sand, 52.96 % clay and 2.28 % caco3. The soil moisture content
wasl12.12 % and the average soil bulk density was 1.17 g/cm3.

Investigated variables:
The present study was carried out to evaluate the effect of seed bed preparation
quantity, planter type, forward speed and planting depth on the growth and yield
quality of sugar beet. The following procedures were taken for evaluation test:
1- Seed bed preparation : Three levels of seed bed preparation were used in this
study as follows
a)Treatment (A): chisel plowing two pass followed by land leveler.
b) Treatment (B): chisel plowing two pass followed by rotary and land leveler.
¢) Treatment (C): chisel plowing two pass followed by disk harrow and land
leveler
2- Planter type: Three types of planter machines were used in this study which one
locally fabricated planter, imported mechanical planter and pneumatic planter,
3- Planter type: Three types of planter machines were used in this study which one
locally fabricated planter, imported mechanical planter and pneumatic planter.

4- Forward speed: Four forward speeds of 2.5, 3.6, 5.4 and 7.2 km/h were used in

this study.
5- Planting depth: Three planting depths were used, which were: 1, 2 and
3 cm depth.
Measurements:

1- Effective field capacity (E.F.C.): The effective field capacity was calculated as
follows:
E.F.C = 1 , fed./h.....1

Total operation time, h/fed.
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Where: total operation time {T) = TL1+T2+T3+T4 i 2

T1 = planting time;
T2 = turning time;
T3 =repairing and adjustment time; and
T4 = feeding time.

2- Field efficiency (F.E.): The field efficiency was calculated fromethe following

equation:

nf = E.F.C % 100,%....c0cceiernn3

ThF.C
Where:
nf = Field
efficiency, %;

E.F.C = Effective field capacity, fed/h; and
Th.F.C =~ Theoretical field capacity, fed/h.

3- Germination ratio, %: The number of plants per 10 square meters was
determined under different treatments. It was estimated according to the following
formula (Taieb, 1997):

Germination, % = (p/s) X 100 e 4

Where: p = Number of plants per 10 meter square.

S = Number of delivered seeds per 10 meter square.
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a) Locally fabricated planter.

b) Imported mechanical planter.

c) Pneumatic planter.

Fig. 1: The various sugar beet planters used.
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4- Distribution uniformity: high seed spacing uniformity value mean the pianter
metering system is doing well, seed precision picking and dropping it uniformity. The
theoretical seed spaces was designed to be 18.5 cm according to the recommended
{sugar beet extension bulletin No.209). The quality of uniformity spacing index was
the proportion of spacing between 0.5 to 1.5 X ref. the muitiple indexes was the
proportion of spacing equal to or less than 0.5 X ref and the miss index represented
the percentage of spacing greater than 1.5 X ref as indicated by Kachman and smith
(1995).

5- Root yield: The yield of sugar beet roots (Mg/fed) was determined by weighting
the lifted roots by a manual shovel,

6-Energy consumed: Energy consumed can be calculated by using the following
formula as reported by (Imbabi, 1997).

CE=F.Cx1/3600 x px LCV. x 427 x 1/75 x 0.746 x 1/EFC, kw.h/fed...6
Where:

C.E = Energy consumed, kw h/fed;

F.C = The fuel consumption, I/h;

p = Density of the fuel, kg/! (for solar fuel is 1000 kcal/kg);

L.C.V= Lower calorific value of fuel {for solar fuel is 1000 kcal/kg);

427 = Constant (thermal- mechanical equivalent, w/kcal.); and

EFC = Effective field capacity, fed/h.

7- Operating cost: The total cost needed for operation was estimated by the following
formula according to (Awady, 1982):
Machine cost ,L.E/h
Operating cost =  Yield output, ton/h , LEfton..... 7

Where, machine cost was determined by the following formula (Awady, 1978)

C=phm(la+if2+t+r)+(09ws.f)+m/l44. .............. 8
Where: _
€ = Hourly cost, L.E/h. 0.9 = Factor accounting for
lubrication
Price of machine , L.E. w = Engine power,hp
h Yearly working hours, h/year. 5 = Specific fuel consumption,

I/hp.h.
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a = Life expectancy of the machine f = Fuel price , L.E/|
.h.
i = Interest rate/year. m = Monthly average wage ,L.E.
t = Taxes ratio 144 = Reasonable estimation of
r = Repairs and maintenance ratio manthly working hours.

RESULTS AND DISCUSSION

Performance evaluation of the three planters:

1- Effective fleld capacity:

The obtained data revealed that seedbed preparation, planter type, forward speed
and planting depth affected extremely effective held capacity as shown in Fig. 2.
Where, effective field capacity increased with increasing forward speed and with
decreasing planting depth. Also, it can be noticed that the highest value of effective
field capacity was recorded with planting treatment (C) and pneumatic planter usage
at all experimental levels, Using pneumatic planter and increasing forward speed from
2.5 to 7.2 km/h with planting depth of 1 cm , the effective field capacity increased
from 0.9 to 2.94 Fed/h (+226.6%) , from 0.95 to 3.10 Fed/h (+226.3%) and from
1.03 to 3.15 Fed/h(+205.8%) with treatments A,B and C ,respectively. The highest
value of effective field capacity was 3.15 fed/h recorded at planting treatment (C) by
pneumatic planter at forward speed of 7.2 km/h and planting depth of 1 cm on the
other hand, local planter was better than imported planter. On the other hand, there
were no significant differences (p<0.05) in the bed preparation. Althcugh significant
differences (p>0.05) were observed with planter type, forward speed and planting
depth.

2- Fieild efficiency:

Field efficiency is determined as a percentage between theoretical field capacity and
effective field capacity. According to field dimensions, the theoretical field capacity at
forward speed of 2.5, 3.6, 5.4 and 7.2 km/h equaled 1.1, 1.70, 2.53 and 3.42 Fed/h,
respectively. Fig .3 illustrate the effect of forward speed and planting depth on field
efficiency, % at different seed bed preparation levels and different planter types, in
which it increased by increasing forward speed and with decreasing planting depth.
Also, planting treatment {C) by means of pneumatic pianter recorded high value of
field efficiency. whereas, it increased from 86 to 96%(+10.41%) by increasing
forward speed from 2.5 to 7.2 km/h with planting depth 1 cm. While , it was
increased from 82 to 94%(+12.76%) and from 75 to 80%(+6.25%) when using local
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and imported planters with the previous planters, respectively. While, it decreased
from 86 to 71%(-17.44%),75 to 64%(-14.66%), and 82to 69%(-15.85%) by
increasing planting depth from 1 to 3 ¢cm and forward speed of 2.5 km/h with the
same planter, respectively. The differences between variables were all significant at
p>0.1 % level.

3- Germination ratio:

Data shown in Fig.4 indicated that seed bed preparation, planter type and planting
depth under study gave little effect on germination ratio. While, forward speed was
very important effecting factor. Results observed too that, pneumatic planter and
treatment (C) gave high value of germination ratio. Otherwise, local fabricated planter
was better than imported planter for all parameters. Considering , planting treatment
(C) as shown in Fig.4 by increasing forward speed from 2.5 to 7.2 km/h at planting
depth 1 cm, germination ratio decreased from 89 to 77% (-13.48%),from 81 to 67%
(-17.28%) and from 91 to 79%(-13.18%) by using local planter, imported planter and
pneumatic planter, respectively. While, it decreased from 89 to 84 %{-5.62%), from
81 to 76%(-6.17%) and from 91 to 86 %(-5.49%) by increasing planting depth from
1 to 3 cm, forward speed of 2.5 km/h and the same previous planter respectively.
Generally, this variation in germination ratio may be attributed to increase of the
slippage of machine wheel, increase of hill missing, disturbance in seed depth and
seed spacing, decrease the cell filling in metering device and increase of mechanical
damage by using a higher speed compared with the lower one . Also, static analysis
illustrated that variables were significant at p>0.1% level while, planter type was
significant at p>0.5%level.
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4- Distribution uniformity:

The examining planters were adjusted and cailbrated on 18.5 cm distance between
hills in the same row. But, there were high differences in seed spacing uniformity
because of differences among seed bed preparation treatments, planter’s types,
forward speed and planting depth. Data showed that, distribution uniformity
decreased with increasing forward speed and vice versa with planting depth. Results
illustrated that the highest distribution uniformity was obtained at the lowest forward
speed 2.5 km/h under different planters. Meanwhile, the lowest value of uniformity
was recorded at 7.2 km/h .This may be due to the increase of forward speed lead to
increase in seed spacing as affected by planter wheels slip. In addition to, planter
vibration increase by increasing forward speed. Conseguently, reducing the filling
efficiency of the seed metering device. Pneumatic planter provided the largest
distribution uniformity; however, local planter provided uniformity iarger than the
imported one . From Fig.5 with planting treatment (C) , increasing forward speed from
2.5 to 7.2 km/h at planting depth of 1 ¢m , distribution uniformity decreased from 79
to 67 %(~15.19%) , from 75 to 66.5 %( -11.33%) and from 85 to 78%(-8.23%) at
using local planter, imported planter and pneumatic planter respectively. While it was
increased from 79 to 84 %( +6.33%), from 75 to B0%(+6.66%) and from 82 to
88.5% (+7.92%) at increasing planting depth from 1to 3 cm and using forward speed
of 2.5 km/h and the same previous planters respectively. Also, there were all variables
were significant at p>0.5% leve! while seed bed preparation treatment was significant
at p>0.1% level.

5- Root yield:

Data in Fig.6 show the effect of forward speed and planting depth with different
planter’s types and seed bed preparation treatment on root yield Mg/Fed. The results
indicated that root yield decreased by increasing both planting machine forward speed
and planting depth. While, it gave very high value using pneumatic planter and
treatment (C). Root yield decreased from 27.1 to 23.3 Mg/Fed (-14.02%), from 26.2
to 21.9 Mg/Fed (-16.4%) and from 28.6 to 26.5 Mg/Fed (-7.34%) at planting
treatment ¢ with increasing forward speed from 2.5 to 7.2 km/h, constant planting
depth on 1 cm and using local fabricated planter, imported planter and pneumatic
planter respectively. Also, root yield decreased from 27.1 to 25.7 Mg/Fed (-5.16%)
Jfrom 26.2 to 25.1 Mg/Fed (-4.19%) and from 28.6 to 27.3 Mg/Fed (-4.54%) at
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pianting with the same previous treatment and planters type respectively with
increasing planting depth from 1 to 3 cm , constant forward speed on 2.5 km/h . on
ancther hand , low value of root yield recorded using imported planter at planting
treatment {A) where this treatment have little seed bed preparation and little

germination ratio. On the other hand all variables were significant at p>0.5% level.

6- Energy consumed:

Data shown in Fig .7 that energy consumed decreased with increasing seed bed
preparation. So, planting treatment (C) had little amount of energy requirements. But,
it was increased with increasing pianting depth. Also, results noticed that the large
amount of energy consumed recorded at using pneumatic planter where, it needed
additional energy for including suction fan consurning large amount of energy. Data in
Fig.7 Showed that energy consumed increased from 31.27 to 36.12
kW.h/h(+15.51%), from 29.15 to 33.72 kW.h/h (+15.67%) and from 35.61 to 40.52
kW.h/h (+13.78%) at planting treatment (C) by increasing forward speed from 2.5 to
7.2 km/h , constant planting depth on 1 cm and using planter type { local, imported
and pneumatic respectively), While it increased with increasing planting depth where,
it increased from 31.27 to 34.64 kW.h/h (+10.77%), from 29.15 to 31.41 kW.h/h
(+7.75%) and from 35.61 to 37.72 kW.h/h (+5.92%) for the same previous
treatment and planters type respectively when using forward speed of 2.5 km/h and

increasing planting depth from 1 to 3 cm.

7~ Operating cost:

From results in Fig. 8 . It was illustrated that planting treatment (A) caused high
value of operating cost. While, planting treatment (C) produced low operating cost.
Also, local planter gave low vaiue of operating cost compared with other planters. It

was observed too that, operating cost decreased with increasing forward speed while,
it increased with increasing planting depth .This may be because of increasing actual

field capacity with increasing forward speed and decreasing it with increasing planting
depth. The lowest value of operating cost of 16.41 L.E/Fed recorded at planting
treatment (C) by imported planter with forward speed of 7.2 km/h and planting depth
of 1 cm. While, the highest value of 62.17 L.E/Fed recorded at planting treatment (A)
by using pneumatic planter with forward speed of 2.5 km/h and planting depth of 3

cm.
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Table 2 : Effect of different forward speed and planting depth on operating cost,
L.E/Fed.
Planting Ptanting Operating cost, L.E/Fed.
type epth, cm
Treatment A Treatment B Treatment C
Forwar:
speed' i 2 3 1 2 3 1 2 3
km/h
Local 2.5 40.42 43.42_ 47.40 | 37.49 | 39.97 | 43.17 | 34.89 [ 36.12 | 39.46
planter 3.6 3261 | 36.80 | 39.93 | 26,57 | 2845 [ 31.27 | 27.94 | 29.88 | 31.37
5.4 25.00 | 27.13 | 2938 | 21.11 | 23.36 | 25.50 | 21,58 | 23.15 | 24.04
7.2 22.67 | 24.98 | 26.48 | 19.62 | 21.51 | 22.43 | 18.81 | 19.65 | 2040
Imported 2.5 40.68 | 43.89 | 45.42 | 3461 | 37.07 | 4049 | 30.25 | 33.39 | 36.41
planter 3.6 29.05 ) 3123 | 3394 | 24.12 | 2685 j 2998 | 21.06 | 23.76 | 25.11
5.4 24.26 | 2555 | 2745 | 20.79 | 2154 | 23.48 | 1856 | 19.75 | 21.36
7.2 18.91 | 2040 | 21.76 | 18.39 | 19.79 | 20.80 | 1641 | 17.55 | 18.98
Prneumatic 2.5 55.46 | 57.67 | 60.17 { 46.26 | 49.00 | 52.11 [ 40.82 | 42.09 | 46.83
planter 3.6 41.91 | 46.69 | 51.00 | 35.76 | 38.98 | 43.77 | 32.56 | 34.52 | 37.99
5.4 25.45 | 2844 | 31,28 | 27.62 | 29.69 | 32.63 | 23.23 | 2442 | 25.92
7.2 2004 | 2297 | 2439 [ 2273 | 24.23 : 2543 | 2057 [ 21.78 | 23.44
——1CH M —i— XN PLANTNG DEPTHCM [ ( ——10N XM +3MH.ANTMDEPTH‘CDL‘
LOCAL FABRECATED PLANTER GASPARDO PLANTER
0+ : K )
| L
4y ja
: 3
3 5
2 = 1 T\\\Q
: SN :
g 5
¢ "1
10 ) 2 3 54 1
25 36 54 72 FORWARD SPEED.M B
PANEUMATIC PLANTER
y 40 =
4
:,5
g il N
3
5w
o
1 \
24 35 54 11
— FOPWARD SPEEDKHTH

Fig 8 : effect of forward speed and planting depth on cost analysis ,L.E/Fed for the

different types of planters used with seedbed preparation method C.
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CONCLUSION

The conclusions of this study can be summarized as follows:

1- Effective field capacity and field efficiency increased with increasing forward speed
and seed bed preparation. While, they decreased with increasing planting depth.
The maximum value were 3.25 fed/h and 96% respectively wﬁich were recorded
at planting treatment C using pneumatic planter with forward speed of 7.2 km/h
and lcm planting depth.

2- Germination ratio decreased with increasing forward speed and planting depth
.while it was increased with the increase in seed bed preparation. Local fabricated
planter recorded high rate of germination.

3- Distribution uniformity decreased with increasing forward speed .while; it increased
with increasing planting depth and increase of seed bed preparation. Where, the
maximum ratio was 88.5% recorded at planting treatment c using pneumatic
planter with forward speed of 2.5 km/h and planting depth of 3 cm.

4- Roat yield decreased with increasing both forward speed and planting depth .while,
it was increased with increasing seed bhed preparation. Pneumatic planter
recorded high value of root yield at all experimental levels. Also, local fabricated
planter was better than imported planter generally.

5- Local fabricated planter and imported planter used energy lower than pneumatic
planter. Generally, energy consumed increased with increasing forward speed and
planting depth. While, it decreased with increasing seed bed preparation.

6- Operating cost was high when using low forward speed and vice versa. Increasing
forward speed to 5.4 km/h was suitable for decreasing operating cost. Generally,
it decreased with increasing forward speed and with increasing seed bed
preparation. While it increased with increasing planting depth.local and imported
planter had low operating cost compared with pneumatic planter in view of
increasing principal price.

Finally, local fabricated planter had convenient results because of its low price,

decreasing operating cost and its superiority compared to imported planter.
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