Misr J.Ag Eng. 19 (2) : 32 7-339
| Soybean Response to Mechanical - Planting
methods in a Clay-loam Soil
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ABSTRACT

The experiments were performed at El-Gemmeiza Research
Station during 1999 season to investigate factors relevant to
cultivate soybean mechanically planting . The experiments were
conducted on clay loam scil. Two types of pneumatic and
mechanical planters, were used . Four forward speeds namely:
3.6, 47, £/ and 8.9Km/h, three levels of soil moisture contents
34.22, 28.60, and 22.30 % were investigated .

Manual planting was studied for comparison. Soybean crop
(variety of Giza 111) was planted. Some technical indicators were
determired as the germination ratio,%; uniformity of seed
distribution in row.%; field efficiency,%; power requirement, kW,
tractor wheel slip, %; and total yield, Mg/fed.

The field experiments showed that the proper planting
method producing the optimum germination ratio and uniformity of
seed distribution, adequate depth planting and the highest
productivity was pneurnatic planter use. The optimum soil moisture
content and foreword speed which gave the highest germination
ratio, uniformity of seed distributit_ﬁn and the total yield were 34.60%
and 3.6km/h, respectively. The mechanical pianting of soybean
saved 22% of seeds rate compared with the manual planting.
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INTRODUCTION

Soybean is considered one of the most important industrial
and nutrient product. Its seeds contain high percentage of both
protein (40%) and oil {(about 20%) [Ministry of Agricuiture
Bulletin, 1980]. '

The planted area with soybean crop reached about 36349
feddan in 1997. Most of theses areas were manually planted.
Meanwhile, the mechanical methads used in planting this crop
were rarely compared with the other important seeds and grain

crops.

Srivastava (1993) showed that planting mechanism and
machine have been developed and carryout any planting method.
He mentioned that, in the pressure-disk planters, the positive
pressure i the seed reservoir is used to hold seeds in the prockets
of the rotating seed plate. The pressure-disk planter has a
separate seed reservoir and platé for each row. Gravity moves the
seeds from the hopper to the metering unit, where differential
pressure holds a seed in each cell. While each cell is closed to the
drop tube, a soft brush cuts off the air supply to the cell and the
seed falls into the tube by gravity.

El-Shal (1987) concluded that the pneumatic planter is too
effective for all seeds and grains of different sizes and shapes
under special suction pressure and feed plate speed to produce
high uniformity of seeds distribution and high filling percentage. As
well as, Insbabi (1996) indicated that the planting by machine in
flate soil surprised the planting ln furrow soil in all the mechanical

criteria evaluation.
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Wahby ( 1978) found that the area per seed affects the
yield. To increase the yield, it is required to have a uniformity in
seed horizonta! distribution and a constant depth of planting. The
suitable shape of area for each seed was found to be an
equilateral stated that the emergence and stand pattern for cotton
is more urniform at higher forward speeds. Therefore, the yield is
greater at higher forward s;}eeds, ie., at higher rate of
performance. in other words, the seed drill should be operated at
the highest pratical forward speed in order to minimize the costs
and increase the yield.

Frisby and Summers (1979) found that the fuel consumption
rate increased by increasing forward speed and tractor power had
an important effect on the work time and fuel requirements per unit
of agricultural area. Moreover, Lando (1990) studied the interaction
of soil moisture content (m.c.) and ploughing depth. They were 10,
15, 20, 25 and 30% at ploughing depth of 10 , 15 , and 20 cm
using 4 wneel drive and 33.75 kW {45 hp) tractor. Slip was
lowest (15%) and highest at 25 cm depth and 30% soil moisture
content. At 20 cm depth, slip did not differ significantly at 10, 15,
and 20% moisture content while it was less at 15 than at 10% m.c.
this is may be due to lower draught resistance.

Mousafa (1993) mentioned that the high'est number of
vegetative branches and the highest yield were obtained under
pneumatic planter. Mechanical planting (pneumatic planter and
seed drill) saved about 67.6 and 31.6%, respectively of seeds per
feddan compared by manual planting. He also added that the
mechanical planting treatments produced heavy grains. The
objective of the present work of this work is mainly concentrated on
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~ the machine performance. The field tests was carfied out by using
two types of planters to evaluate the factors affecting the total yield
of soybean. Manual planting of soybean was studied for
comparison.

MATERIALS AND METHODS

Field studies were conducted in 1999 season at El-
Gemmeiza Research Station, Gharbia Governorate (clayey - loamy
soil texture) to evaluate the factors affecting the total yield of
soybean. The experimental design was spiit-split plot with three
main strips. The plot area was 120m? (2.4 m x 30 m) which
contained a soil moisture content, (d.b. %), a planting methods
and a four forward speeds. The plots was replicated three times.
Preliminary experiments were carried cut to measure soil moisture
content. the soil was irrigated to its field capacity for each plot. Sail
samples were taken to check soil moisture content before planting
immediately. Two different planters were used. One of them was a
foiur units pneumatic planter made in Germany. The seeds are
' sucked on the disk side by means of a fan, powered from the PTO
shaft, and leave it at non-suction zone. The other was a four units
mechanical (traditional) planter (Italy made).

The Nasr tractor 37.5 kW (50 hp) was used for operating the
two planting machines. Manual pianting and the other farming
practices were conducted according to the agricultural
recommendations followed in the experimental zone.

MEASUREMENTS
A) Soil Measurements:
1- Soil mechanical analysis was determined according to the

hydrometer method.
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2- Soil moisture content (M.C.) based on the dry weight is used as
the fcllowing equation:
M.C = weight wet sample - dry sample weight / dry sample weight. ...(1)
B) Field work performance:
1 - Field efficiency for each operation was calculated as follows:
f=EFC/TFC X 100, (%). ... (2)
where ;| AFC = Effective field capacity
EFC = 1/ Teff, Teff = Effective total time
2 - Power requirement (RR) was calculated by the following
formula :
PR=(Fc. 1/3600) . Py.LCV . 4270 . jun. pm . 1/1000, kW ... (3)
3 - Wheet slip percentage (S) was calculated according to the
following formula:
S=[(bi-L2)/ L}, % ... (4)
Where
L1 = distance of 10 revolution for tractor wheel on farm road , m
L2 =Distance of 10 revolutions for tractor wheel on the field , m .
C} Planting Measurement: |
Total prain yield: A frame of (x) m? for measuring the vield was

used. The average -grain yield and straw yield were calculated in all
tremments in Kg/feddan. And the uniformity of seed distribution in row
(UH) in percent.

The factor governing the uniform along the rotors can be
expressed in form of the coefficient of variation{(C.V), ¢10].

CV=c/M..(5

Where:
o = The standard deviation,
M = The average of the math. mean of seed spacing.
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RESULTS AND DISCUSSION
1- Agro - technical aspects:

Data demonstrated in Figs. | 2, b, 2 a, b and s a, b show
the effect of planting machines performance at different moisture
contents and forward speeds on-the germination ratio, (GR)%, the
uniformity of seed distribution in row%, and total yield, tonffed. The
results indicated that the germination ratio, uniformity and total
yield decreased by increasing forward speed. Meanwhile
increasing moisture contents, tends to increase germination ratio
uniformity and yield. When moisture content decreased from 34.22
to 22.3% at forward speed of 3.6, 4.6, 56 and 6.9km/h, the
following points can be seen: germination ratio by using pneumatic
planter is bigger than that by using mechanical planter. These
ratios were 1.96, 2.52, 2.56 and 3.27% , respectively (Fig. 1 a, b).
Moreover, the statistical analysis indicated that, each of moisture
content and types of planter and forward speed had highly
significant effect on germination ratic. As well as the effect of
interaction between each of moisture content and forward speed
-and planter types had highly significant effect on germination ratio.
Uniformity of seed distribution resulted from the pneumatic planter
is bigger than for mechanical planter 2.87, 3.62, 3.71 and 3.27%,
respectively (Fig. 2 a, b).The analysis of variance showed that
each of moisture content, planter types and forward speed gavé
highly significant effect on uniformity. Also the effect of interaction
between each of moisture content-énd planter types and forward
speed was highly significant. The combination of the moisture
content, planter types and forward speed had a low significant
effect on the uniformity of seed distribution. And the pneumatic
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planier gave total yield more than the mechanical pianter by '7..12,
6.85, 22.24 and 17.4% (Fig. 3 a, b) respectively. The analysis of
variance showed that each of moisture content planter types and
forward speed gave highly significant effect on the total yield.
Moreover the interaction between forward speed and each of
moisture content and planter types showed highly significant effect
on the total yield. The mechanical planting methods at 3.6 and
4.7Kkm/h had a higher total yield compared with the manual
planting for all moisture contents, but at forward speed 5.6 and 6.9
Km/h manual planting gave a higher total yield compared with the
planters. This can be attributed to the fact at high speeds plate cell
of feeders filling percent decreased, the in sufficient depth recovery
of seeds or seed damage. The total yield 1.373, 1.439 and 1.101
tonffed. achieved by manual planting method soil moisture
content 34.22, 28.60 and 22.30%.

2-Technical aspects.

Figs. (4a, b), (5 a, b) and (6 a, b) showed the effect of
forward speed and soil moisture content on field efficieney, the
power reguipement (KW) and tractor wheel slip (%) for both
pneumatic and mechanical planters. From the obtained data, it is
seen that. For both planting machines the field efficiency deceased
with increasing the forward speed. This may be due to the
increasing rate of the actual field capacity was smaller than the
increasing rate of the theoretical field capacity. The results
ilndicated that when forward speed increased from 3.6 to 6.9Km/h
tended to decrease the field efficiency from 77.78 to 66.18%,
from 78.76 to 67.46% and from 80.21 to 68.73% at soil moisture
content 34.22, 28.60 and 22.30% respectively with total average
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from 78.92 to 67.46% for pneumatic planter. While for mechanical
planter the change in the forward speed reniited. In the change in
field efficiency from 74.87 to 57.83%, from 76.81 to 58.33% and
from 77.78 to 39.09% at soil moisture content of 34.22, 28.60 and
22.30% respectively with total ranyed from 76.49 to 58.42 %.
Analysis of variance indicated that forward speed and soil moisture
content had highly significant effect of field efficiency. The power
requirement for both planting machhines increased by increasing
forward speed and decreased by increasing moisture content. For
pneumatic planter when forward speed increased from 3.6 to
6.9Km/h the power reguirement increased from 16.87 to 21.71,
from 16.51 to 21.35 and from 16.13 to 20.97(ka) soil moisture
content 34.22, 2860 and 22.30% respectively. Mean while for
mechanicai planter the power requirement increased from 15.32 to
20.49, from 14.97 to 20.06 and from 14.51 to 19.68 ( kw) at soil
moisture content 34.22, 28.60 and 22.30% respectively. The power
required by preumatic planter is more than the power required by
mechanical planter. Analyses of variance intrated that planter types
and forward speed had a highly significant effect on the required
power (KW), and the interaction between them is also a significant
effect. For both planters and for all soil moisture content tractor
wheel slip increased as the forward speed increased. For ail
forward speed the tractor wheel slip with preumatic planter was
higher than tractor wheel slip with mechanical planter. This may be
duets heavy man of pneumnatic machine. However it is obvious that
the differente between the slip for the machines was small.
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CONCLUSION

Fram the previous results it can he concluded to :

1-

the proper planting methods producing the optimum
germination ratio, un uniformity seed distribution, correct
depth planting and highest yield can be obtained with
pneumatic planter .

Increasing planter forward speed, the germination ratio and
the uniformity decreased while increasing moisture content (
from 22.30 to 34.22% ) the germination ratio, uniformity and
total yield increased .

Field efficiency increased as the for ward speed from 6.9 to
3.6 Km/h and soil moisture content decreased from 34. 22
to 22.30 % for two tested machines.

The Power required by pneumatic planter is more than the
power required by mechanical planter.

Increasing planter forward speed from 3.6 to 6.9 km/h and
soil moisture content from 22.30 % 34.22 % to 34.22 %, the

tractor wheel slip increased.
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