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ABSTRACT-In conventional agriculture, a large amount of energy is consumed in fuel
consumption and depreciation of farm tractors and any other farm equipment mostly in
tillage and planting operations. The main purpose of this research was to evaluate a tillplanting unit equipped with three jointers. This unit was expected to act as conventional
furrow openers such as shovel openers tilling the soil and plant simultaneously, which
could reduce farm traffic and farming costs. The unit performance was compared to that
of a grain drill. The control experiment was conducted on a moldboard plowed soil,
disked by a tandem disk harrow and planted by a pneumatic grain drill. The experimental
site was also covered with previous wheat crop residue and the soil was clay with loam at
15.2% d.b. moisture content. The working depth was 6 and 20 cm for direct planting and
conventional system, respectively. The experiments were performed at three tractor
forward speeds (4, 6 and 8 km h-1) in triplicate in the Experiment Site of Shiraz
University, Shiraz, Iran. Results indicated that the direct planting system reduced the
operation time, fuel consumption, draft and specific drawbar energy 65, 60, 75 and 80%,
respectively as compared to the conventional practice. However, values of the mean
weight diameter and seedling growth rate did not show any significant difference in the
two cases at 5% level. Furthermore, moisture retention in direct planting system
increased 1.87% per 10 days as compared with the conventional farming system.

INTRODUCTION
Minimum tillage can be defined as "the least amount
possible of cultivation or soil disturbance done to
prepare a suitable seedbed". This means that the soil is
physically minimum inverted. Benefits of min-till
systems are reducing production costs, keeping a
portion of previous residue on the soil, improving soil
structure, eliminating adverse environmental effects
(soil erosion and …), reducing surface evaporation and
reducing energy consumption (Tebrugge and Bohrnsen
2001; Davies and Finney 2002; Coughenour 2003).
Agricultural machinery engineers believe that soil
compaction increases soil mechanical resistance and in
turn, by increasing the draft, fuel consumption,
operation time and the wear of agricultural machinery
will increase (Spoor and Godwin, 1978).
Research has shown that about 60% of the
mechanical energy used in farm operations is spent for
tillage and seedbed preparation. Direct planting in
reduced tillage systems is able to cut virgin soil, pass
the residues by furrow openers and provide proper
contact between the soil and seeds (Graham and Ellis,
1980). Peruzzi et al. (1996) compared different tillage
methods including conventional tillage, min-till and notill in wheat and maize plantings. They used a direct
planting machine in min-till method. Results indicated
that the average time required to perform min-tillage

and no-till systems was 80% less than the conventional
tillage. Four wheat cultivation methods were compared
in another research whose results indicated that direct
planting machines reduced the total time spent about
76% and fuel consumption about 53% as compared to
grain drill planting after four times disking operations
by a tandem disk (Taki, 1996).
Conservation tillage eliminates almost all soil
erosions and reduces soil losses by preserving soil
residue on soil surface (Subbulakshmi et al., 2009).
Certain conservation tillage practices can increase soil
organic matter, break soil impermeable layer and
improve water infiltration (Stroosnijder, 2009).
Chen et al. (2009) reported that mean weight
diameter (MWD) at depths of 0–15 cm and 15–30 cm
was significantly higher in surface tillage (shallow
tillage, 5 cm depth) than in the conventional tillage
(moldboard plowing, 15–20 cm depth) system. They
also observed that MWD decreased with increasing
operation depth in all tillage systems.
The purpose of this study was to evaluate the
performance of a direct planting system as compared to
the conventional wheat cropping system.
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MATERIALS AND METHODS
Tests were performed using two different tillage- planting
systems, direct planting and a conventional system.

gauge wheel, land wheel and press wheels. Also, the
characteristics of moldboard plow (Khorasan Miner
Construction Industry, Mashhad, Iran) and the jointer
are presented in Table 1.

Development of Direct Planter
In grain drill planting, the seeds should be placed in 1012 cm furrow depth and then, they should be covered by
soil. Jointers function is plowing up and throwing on the
furrow bottom a certain part of upper layer soil. It could
be the best part of direct planting system which is
composed of two main units, tillage and planting
systems. The tillage unit consists of three jointers which
are similar to the moldboard plow, but in smaller
dimensions suitable for shallow plowing (Fig. 1). While
the width of the common moldboard in bottom
conventional system is 30 cm, that of tillage of the
jointer may vary in the range of 0.3-0.7 in relation to the
width of tillage of the bottom (Bernacki et al., 1972).
So, we chose the jointer width bottom of 21 cmon the
assumption that the width of cropping lines is a function
of jointer shared width and varies in the range of 0.30.7 of the width of the jointer; therefore, the row
spacing can be chosen as 12 cm.

Fig. 2. Jointer: 1- share; 2- moldboard; 3- shank; 4- yoke; 5drill seed tube holder (all measuring in mm).

Field Experiments

Fig. 1. Layout of the direct planting system used in this study.

In this study, the tillage depth of the bottom was 20
cm. According to Bernacki et al. (1972), the maximum
tillage depth of the jointer may vary in the range of 0.30.5 of the depth of tillage of the bottom. Hence, the
tillage depth was chosen as 6 cm. Steepness of
moldboard can be expressed by the relation L/H, where
H is the height of the moldboard and L is the slope of
the moldboard (Fig. 2).
A total of three jointers were designed and built to
open the slot in the soil, throw the seeds in the slot,
invert the soil and finally cover the seeds.
An excessive surface residue causes two problems
during planting; 1) it can cause congestion in jointers or
2) it can cause lack of proper soil seed contacts. To
tackle these problems, it was decided to install fluted
rolling coulters on the unit to cut the residues and loosen
the soil. Other elements of this system are seed box,

The conventional system is worked by moldboard plow
followed by tandem disk harrow and then planted by
pneumatic grain drill. A John Deere trailed type offset
disk harrow with 24 disks, 15 cm disk spacing and 45
cm disk diameter with a typical pneumatic grain drill
was used (Barzegar Machine Co, Hamedan, Iran). The
specification of grain drill was: 12.5 cm the inter row
spacing, 21 rows and 0.75 cm3 volume of the hopper.
Field tests were conducted at three forward speeds (4, 6
and 8 km h-1) and three replications in the research field
located in the school of agriculture, Shiraz University.
Draft, fuel consumption, specific drawbar energy (SDE),
specific fuel consumption (SFC), mean weight diameter
(MWD) and relative growth rate (RGR) were measured
and compared to parameters obtained from the
conventional system. The percentage of surface previous
residues retained on the soil was determined using the
method proposed by Papendick (2002). The percentage of
crop residue on the field was 45. Dimensions of the
experimental plots were selected as 4 m  40 m. Soil was
sampled at the depth of 0-25 cm to measure the soil
moisture content (m. c.), which was 15.2% on dry weight
basis. Soil texture was clay loam with 35% sand, 30% silt
and 35% clay.
The experiment was conducted in split plots based
on randomized block design with three replications. The
means were compared using Duncan Multiple Range
Test.
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Table 1. Specifications of moldboard plow and jointer
Mounted Number of Cutting width Width
Implements bottom
(cm)
(cm)
Moldboard
plow
Jointer

L
(cm)

H
(cm)

3

51

30

36

38

0.9

Standard

3

21

12

32

25

1.3

Inclined

Field Evaluation
After tillage operation, soil samples were collected from
a depth of 0–15 cm with special care to avoid soil clods
break-up. A 50 cm × 50 cm frame was used to surround
the soil samples which were then air dried for 24 hours.
Dried soil samples were subsequently passed without
vibration through 6 rotary sieves with 0.625, 1.25, 2.5,
5, 7.5 and 10 cm mesh openings (Kemper and Chepil,
1995). The soil retained on each sieve was weighed and
its MWD was calculated for each soil sample according
to Eq. (1).
MWD = ∑ (X × W )
(1)

where Xi is the mean diameter of the holes of the ith
sieve and the upper sieve, Wi is the clod weight fraction
of clod remaining on the ith sieve as a proportion of the
total dry weight of the sample.
In order to measure the tractor fuel consumption,
two turbine flow meters (VISION-1000, Remag,
Switzerland) were used to measure fuel flow from fuel
pump to injectors and also to measure the excess of fuel
returned. To determine the net fuel consumption for a
particular treatment, fuel flow rates measured by sensors
were subtracted. Draft force was measured according to
the standards set by RNAM. For this purpose, an S
shape loadcell (DEE-5 ton, Keli, China) was installed
between two ITM-399 tractors, one of which pulling the
second tractor and the mounted equipment. Tests were
carried out both with the equipment in the soil and not
engaged in the soil. The force readings were used to
calculate the net draft by the equipment in working
conditions. The drawbar power was calculated by
multiplying the drawbar draft and the tractor speed
which was measured by two shaft encoders (ES0S8500-3-N-24, Atonics’, South Korea). The values of
specific fuel consumption (SFC) and specific drawbar
energy (SDE) were calculated by known drawbar power
and fuel consumption using equations (3) (Liljedahl et
al., 1989), (Jenane et al., 1996) and (2) respectively:
SFC =

SDE =

Characteristics
Type of
L/H
moldboard

(2)
(3)

where Vfc is the mean fuel consumption rate and Pd is
the drawbar power.
When wheat seedlings were one month old, the dry
weights of plant seedling samples were measured at two

Shape of
moldboard
Semicylindrical&
semi complex
Helical

Share angles (Degree)
SettingLoadCutting
44

20

50

40

20

30

time intervals of 12 days. In each interval, the samples
were exposed to free air for 5 days in order to reduce
their primary moisture. Then, they were placed in an
oven at 70° C for 24 hours. Therefore, the relative
growth rate (RGR) was calculated from Eq.4 (Noggle
and Firtz, 1976);

RGR 

Ln W2  LnW1
t

(4)

where W2 is seedling weight after the second 12 days,
W1 is seedling weight after the first 12 days and Δt is
the time interval between the two tests.
During 10 days, the soil moisture content was
measured daily for the two planting methods. The
sampling depth was 0-25 cm. The samples were
weighed and instantly placed in an oven dryer for 24
hours at a temperature of 105 ° C. After the drying
period, they were weighed again and their moisture
content was calculated using Eq. 8 (Ward and Robinson,
1990);
m. c. (db)% =
(5)
where Ww is the initial weight and Wd is dry weight of
soil.

RESULTS AND DISCUSSION
Table 2 shows the results of the analysis of variance in
mean of sum squares for the factors included in the
experiment. Also, the comparison of the mean values of
the experiment variables is given in Table 3.

Operation Time
Regarding direct planting system, there was a
significantly (P<0.05) lower operating time as compared
to the conventional farming system (Table 2). The
operation time ratio of direct planting system compared
to conventional farming systems was 0.33 for equal
hectares. Results indicated that as the speed increased,
the operating time reduced for both systems, which is
consistent with the results of peruzzi et al. (1996). The
average time for reduced tillage and no-till system
operations was less than that of the conventional tillage
by about 68% (Fig. 3 and Table 3).
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Table 2. Summary of analysis of variance of the measured variables
Mean Squares
Time
Fuel
Draft
of operations consumption
(kN)
(s)
(L)
ns
ns
19.31
0.00007
8.7419**
17496.03*** 0.04084*** 1146.9***
2091.75*** 0.00171***
9.4838**
519.11***
0.00008ns
6.8633**
11.083
0.00003
0.00003
5.454
4.663
4.663

Degree
of
freedom

Source of
variation
Block (r)
System (a)
Speed (b)
System×Speed
Error
CV (%)

2
1
2
2
8

SFC
(L kw-1 h-1)
0.0059ns
4.9929***
0.1895***
0.0978***
0.00488
9.003

SDE
(kw h L-1)
0.3356***
50.743***
1.4965***
0.6172**
0.03806
7.879

MWD
(mm)

RGR
(g day-1)

0.0811ns
4.5095ns
45.293*
3.2672ns
3.939
15.14

0.00009ns
0.00011ns
0.00008ns
0.00009ns
0.00008
9.012

*, ** and *** significant at 5, 1 and 0.1% respectively, ns indicates no significant difference.
Table 3. Comparison of the mean values of experiment variables
Planting Speeds
Timeof
Fuel
Draft
(km h-1)
operations(s) Consumption(L)
(kN)
4
40.54d
0.08d
4.78d
6
26.81de
0.05de
4.87d
e
e
8
22.23
0.05
5.18d
4
121.73a
0.17a
18.41bc
6
88.68b
0.16ab
21.29abc
8
66.23c
0.14c
23.01a

Treatment
Direct
planting
system
Conventional
planting
system

140

Direct planting system
Conventional planting system

a

b

100

Fuel Consumption (L)

Time operation(s)

120

80

c

60
40

d

d

20

e

0

4

6

0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

SFC
SED
(L kw-1 h-1) (kw h L-1)
1.63a
0.61d
1.25b
0.79d
bc
1.02
0.97d
0.30c
3.30c
c
0.23
4.22b
0.20c
4.93a

a

a

c

b

c
4

8

d
6

8

Speed (km h-1)

Fig. 4. Effect of cropping systems and speed on the average
fuel consumption
The same letters in columns show no significant differences
based on Duncan test (p < 0.05)
Direct planting system

Fuel Consumptionand Draft Requirement

30000
25000
20000
Draft (N)

Analysis of variance of measured variables showed that
the effects of cropping system and speed on the fuel
consumption and draft were significant (P<0/01), but
the interaction effect of system and speed on the fuel
consumption was not significant at 5% confidence level
while it had a significant effect on the draft force (P<
0/01) (Table 2). For the two systems, by increasing the
speed, the draft increased significantly.
In the direct planting system, there was no
significant change in drawbar force by increasing the
speed. For direct planting system, the numerical values
of fuel consumption and drawbar force reduced by 60%
and 75%, respectively compared with the conventional
farming system (Table 3; Fig. 4 and Fig. 5).

RGR
(g day-1)
73.02
74.6
77.68
69.24
76.02
75.27

Direct planting system
Conventional planting system

Speed (km h-1)
Fig. 3. Effect of cropping systems and speed on the average
values of operations time
The same letters in columns show no significant differences
based on Duncan test (p < 0.05)

MWD
(mm)
14.99a
11.72b
11.12b
17.32a
12.97ab
10.53b

15000

c

a

b

10000
5000
0

d
4

d

d
6

8

Speed (km h-1)
Fig. 5. Effect of cropping system and speed on the average
draft force
The same letters in columns show no significant differences
based on Duncan test (p < 0.05)
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Specific Drawbar Energy (SDE) and Specific Fuel
Consumption (SFC)

SDE (kw h L-1)

The drawbar work per unit volume of fuel consumed
means SDE and the mass of fuel consumed per unit of
work means SFC (reciprocal value to SDE). (OECD
Standards, 2012). Accordingly, the greater value of SFC
is more favorable but not for the SDE. Having speed,
fuel consumption and draft force data of the SDE and
SFC were calculated using equations 2 and 3 (Liljedahl
et al., 1989; Jenane et al., 1996). The type of planting
system had a significant effect on SDE and SFC at a
confidence level of 1% (Table 2).
The interaction effect of direct planting system and
speed on the SDE was not significant at 5% of
confidence level while it had a significant effect on the
SFC (P < 0/01). On the other hand, the interaction effect
of conventional planting systems and the speed on the
SDE were significant at the confidence level of 1%, but
they showed no significant effect on the SFC at the
confidence level of 5% (Table 2). Generally, by
increasing the speed of the two systems, the values of
SDE and SFC increased respectively and decreased
significantly. The numerical value of SDE in the direct
planting system was reduced about an average of 78%
compared with the conventional system while the values
of SFC in the direct seedling system increased about an
average of 82% compared with the conventional system
(Table 2; Fig. 6 and Fig. 7).
6

Direct planting system

5

a

4
3

b

2
0

d
4

1.6

a

1.4

b

1.2

c

1
0.8
0.6
0.4
0.2

d

0

d

4

d
6

Direct planting system
Conventional planting system
Speed (km h-1)

8

Fig. 7. Effect of cropping systems and speed on SFC
The same letters in columns show no significant differences
based on Duncan test (p < 0.05)

Clod Mean Weight Diameter (MWD)
Tillage system did not show any significant effect on
the clod MWD at confidence level of 5% (Table 2).
This means that despite considerable differences
between the two tillage systems, clod mean weight
diameters was not significantly affected by the type of
the farming system. The working depth of moldboard
plow in the conventional system was greater than that of
the direct planting system (20-25 cm compared to 6-7
cm). Therefore, the diameter of clods produced in the
conventional system was more than that of the direct
planting system. In the direct planting system, the work
of the jointer is to plow up and throw a certain part of
the upper layer of the soil on the furrow bottom. The
clod MWD in the conventional tillage system after
plowing and consequent disking was equal to clod
MWD of conservation tillage with direct planting
system. According to Fig. 8, for higher speeds, the clod
MWDs are smaller. Therefore, there is an indirect
relationship between clod MWD and plowing speed
similar to the findings obtained by Kabiri and Zarean
(2002).
Relative Growth Rate (RGR)

c

1

1.8

SFC (L kw-1 h-1)

This part of the study mainly aimed at assessing the
percentage of reduction of fuel consumption rate and
draft force in direct planting systems. The importance of
these results in addition to stem growth rate increment,
organic materials on the top soil, and the increase of soil
moisture were the integral parts of this section. A
significant reduction of the above-mentioned items
could be due to the decline in the planting depth and the
systems traffic in the direct planting system, which is in
agreement with the results obtained by YounesiAlamouti
and Sharifi (2011), Matthes et al. (1988), and Maleki
(2002).

d

d
6

Speed (km h-1)

8

Fig. 6. Effect of cropping systems and speed on SDE.
The same letters in columns show no significant differences
based on Duncan test (p < 0.05)

The system type and speed had not a significant effect
on RGR at confidence level of 5% (Table 2). After a
month from sowing wheat, the length and mass of roots
and shoots of seedlings were measured. According to
Table 4, the mean values of length and mass of root
samples for the direct planting system were less than
those in the conventional farming system while the
length and mass of shoot were higher in one experiment.
In botany, shoots consist of stems including their
appendages, the leaves and lateral buds, flowering stems
and flower buds.
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MWD (mm)

Direct planting system
20
18
16
14
12
10
8
6
4
2
0

a

a

Conventional planting system

a

a

4

a

6

a

8
h-1)

Speed (km
Fig. 8.Effect of cropping systems and speed on the MWD.
The same letters in columns show no significant differences
based on Duncan test (p < 0.05)
Table 4. Comparison of the mean values of length and weight
of root and shoot in an experiment.
Shoot
Root length
Root
Shoot
Treatment
length
(mm)
weight (g) weight (g)
(mm)
Direct
planting
93b
265a
0.054b
0.385a
system
Conventional
planting
102a
246b
0.066a
0.312b
system
The same letters in columns show no significant differences
based on Duncan test (p < 0.05)

Since plants have a high composition of water and
the level of water in a plant will depend on the amount
of water in its environment, using dry weight as a
measure of plant growth tends to be more reliable. We
could only capture this data as shoot weight once a final
measure was mode at the conclusion of our experiment.
We used dry root weight per plant (RW) and root
length per plant (RL) as parameters for root mass which
is recommended as a final measurement as the plant
must be removed from its growing medium in order to
capture accurate data.
In the direct planting system, the root penetration
was less than that of the conventional system because
the depth of soft soil layer was shallow. On the other
hand, due to presence of surface residues, higher
moisture and increase of soil organic matter, the shoot
growth was better. Overall, the two factors neutralized
the effect of each other and the results were similar to
the conventional system. So, RGR values were not
significantly different in the two planting systems.

Moisture Content
One way to increase the water storage of the soil is to
increase the water infiltration into the soil. Conservation
tillage and cropping practices decrease runoff and
increase water infiltration into the soil, which in turn
protects the land from erosion.
In general, the properties of soil surface are the main
factors affecting the water infiltration into the soil.
Table 5 shows the average of soil moisture contents of
10 days after irrigation for two systems. The type of
tillage system had a significant effect on soil moisture
content (p<0.05). In the direct planting system, the
moisture conservation increased at a rate of 1.87%
compared to the conventional one.
Table 5. Comparison of the mean values of moisture content.
Treatment
Direct planting system
Conventional planting system

Moisture content (%)
13.52a
11.65b

The same letters in columns show no significant differences
based on Duncan test (p < 0.05)

CONCLUSIONS
Conservation tillage and direct planting resulted in
reduced soil operations and planting times, SDE, fuel
consumption and drawbar draft without any significant
effect on stem growth increment. With a direct planting
system, the wheel track area is untilled, which reduces
energy requirements and increases field efficiency.
Also, the soil which is worked requires less energy
because it has not been compacted by wheel traffic. In
addition, RGR was not significantly different for the
two planting systems. Although, in direct planting
system, the loose soil depth was less but the presence of
surface residues, higher moisture content and the
increase of soil organic matter with 68% decrease in the
average time of operations were sufficient to
recommended the direct planting system. MWD in
conservation tillage was not significantly different
compared to the conventional tillage system. Also, it
was expected to reduce surface evaporation and increase
water infiltration and absorption due to surface residues.
The use of target direct seeding machine is
recommended because it is more economical, and leads
to energy conservation and saving of time.
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ارزﯾﺎﺑﯽ ﻣﺰرﻋﻪاي ﺧﻄﯽﮐﺎر ﻣﺠﻬﺰ ﺑﻪ ﭘﯿﺶﺧﯿﺶ ﺑﻪ ﻣﻨﻈﻮر ﮐﺸﺖ
ﻣﺴﺘﻘﯿﻢ در ﺑﻘﺎﯾﺎي ﮔﯿﺎﻫﯽ ﮔﻨﺪم

ﺳﻮران ﻋﺒﺪاﻟﻪ ﭘﻮر ،ﺳﯿﺪﻣﺤﻤﺪ ﺣﺴﯿﻦ ﮐﺎرﭘﺮورﻓﺮد

*

ﮔﺮوه ﻣﻬﻨﺪﺳﯽ ﺑﯿﻮﺳﯿﺴﺘﻢ ،داﻧﺸﮑﺪه ﮐﺸﺎورزي ،داﻧﺸﮕﺎه ﺷﯿﺮاز ،ﺷﯿﺮاز ،ج .ا .اﯾﺮان.
*ﻧﻮﯾﺴﻨﺪه ﻣﺴﺌﻮل

اﻃﻼﻋﺎت ﻣﻘﺎﻟﻪ
ﺗﺎرﯾﺨﭽﻪ ﻣﻘﺎﻟﻪ:
ﺗﺎرﯾﺦ درﯾﺎﻓﺖ1394/4/14 :
ﺗﺎرﯾﺦ ﭘﺬﯾﺮش1395/5/6 :
ﺗﺎرﯾﺦ دﺳﺘﺮﺳﯽ1396/4/21 :

واژه ﻫﺎي ﮐﻠﯿﺪي:
ﻣﺎﺷﯿﻦﮐﺸﺖﻣﺴﺘﻘﯿﻢ
ﻣﺼﺮف ﺳﻮﺧﺖ
ﭘﯿﺶﺧﯿﺶ
زﻣﺎن ﮐﺸﺖ
اﻧﺮژي وﯾﮋه ﻣﺎﻟﺒﻨﺪي

ﭼﮑﯿﺪه -ﺑﺨﺶ اﻋﻈﻢ اﻧﺮژي ﻣﺼﺮﻓﯽ در ﮐﺸﺎورزي ﺳﻨﺘﯽ ﻣﺸﺘﻤﻞ ﺑﺮ ﻣﺼﺮف ﺳﻮﺧﺖ و اﺳﺘﻬﻼك ﺗﺮاﮐﺘﻮر
و ﺳﺎﯾﺮ ادوات ﻣﺰرﻋﻪاي اﻋﻢ از ﺧﺎك ورز و ﮐﺎرﻧﺪهﻫﺎﻣﯽﺑﺎﺷﺪ .ﻫﺪف اﺻﻠﯽ از اﯾﻦ ﭘﮋوﻫﺶ ﻃﺮاﺣﯽ و ارزﯾﺎﺑﯽ
ﯾﮏ واﺣﺪ ﺧﺎﮐﻮرز -ﮐﺎرﻧﺪه ﺳﻪ ﭘﯿﺶﺧﯿﺸﯽ اﺳﺖ .ﭘﯿﺶ ﺧﯿﺶﻫﺎ ﻫﻤﺎﻧﻨﺪ ﺷﯿﺎر ﺑﺎزﮐﻦ ﻫﺎي ﻣﻌﻤﻮﻟﯽ ﺑﻪ ﮐﺎر
ﮔﺮﻓﺘﻪ ﺷﺪهاﻧﺪ .ﻋﻤﻠﮑﺮد اﯾﻦ واﺣﺪ در ﻣﻘﺎﯾﺴﻪ ﺑﺎ ﺑﺬرﮐﺎرﻫﺎي ﻣﺮﺳﻮم ارزﯾﺎﺑﯽ ﮔﺮدﯾﺪ .ﮔﺎو آﻫﻨﺒﺮﮔﺮاندار ﺑﻪ
ﻫﻤﺮاه دﯾﺴﮏ ﮐﻠﻮﺧﻪ ﺷﮑﻦ ﭼﻬﺎرﺷﺎﺧﻪاي ﺟﻬﺖ ﺧﺎك ورزي ﻣﺮﺳﻮم وﺧﻄﯽﮐﺎرﭘﻨﻮﻣﺎﺗﯿﮏ ﮔﻨﺪم ﺑﻪ ﻋﻨﻮان
ﮐﺎرﻧﺪه ﺷﺎﻫﺪ اﺳﺘﻔﺎده ﺷﺪ .زﻣﯿﻦ آزﻣﺎﯾﺶ ﺑﺎ ﭘﻮﺷﺶ ﮔﯿﺎﻫﯽ ﮔﻨﺪم و ﺑﺎ ﺑﺎﻓﺖ رﺳﯽ-ﻟﻮﻣﯽ در ﺗﺤﺖ ﺷﺮاﯾﻂ
 15/2درﺻﺪ ﻣﺤﺘﻮاي رﻃﻮﺑﺖ )ﺑﺮﻣﺒﻨﺎي وزن ﺧﺸﮏ( ﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار ﮔﺮﻓﺖ .ﻋﻤﻖ ﮐﺎر ﺑﺮاي واﺣﺪﻫﺎي
ﺧﺎﮐﻮرز -ﮐﺎرﻧﺪه ﮐﺸﺖ ﻣﺴﺘﻘﯿﻢ و ﮐﺎرﻧﺪه ﻣﻌﻤﻮﻟﯽ ﺑﻪ ﺗﺮﺗﯿﺐ  6ﺳﺎﻧﺘﯿﻤﺘﺮ و  20ﺳﺎﻧﺘﯿﻤﺘﺮ در ﻧﻈﺮ ﮔﺮﻓﺘﻪ
ﺷﺪ .ﻋﻤﻠﯿﺎت در ﺳﻪ ﺳﻄﺢ ﺳﺮﻋﺖ )6 ،4و  8ﮐﯿﻠﻮﻣﺘﺮ ﺑﺮ ﺳﺎﻋﺖ( ﺑﻪ ﻫﻤﺮاه ﺳﻪ ﺗﮑﺮار در ﻣﺰرﻋﻪي آزﻣﺎﯾﺸﯽ
داﻧﺸﮕﺎه ﺷﯿﺮاز اﺟﺮا ﮔﺮدﯾﺪ .ﻧﺘﺎﯾﺞ ﻧﺸﺎن دادﻧﺪ ﮐﻪ زﻣﺎن ﮐﺸﺖ ،ﻣﯿﺰان ﻣﺼﺮف ﺳﻮﺧﺖ ،ﻣﻘﺪار ﻣﻘﺎوﻣﺖ
ﮐﺸﺸﯽ وﯾﮋه و اﻧﺮژي وﯾﮋه ﻣﺎﻟﺒﻨﺪي ﺑﻪ ﺗﺮﺗﯿﺐ  %75 ،%60 ،%65و  %80در ﻣﻘﺎﯾﺴﻪ ﺑﺎ ﮐﺎرﻧﺪه ﺷﺎﻫﺪ
ﮐﺎﻫﺶ ﭘﯿﺪا ﮐﺮده اﺳﺖ .ﻣﻘﺎدﯾﺮ ﻋﺪدي ﻣﺮﺑﻮط ﺑﻪ ﻗﻄﺮ ﻣﺘﻮﺳﻂ وزﻧﯽ ﮐﻠﻮﺧﻪ ﻫﺎ و ﻧﺮخ رﺷﺪ ﺑﺬور در ﺳﻄﺢ
اﺣﺘﻤﺎل  %5ﺗﻔﺎوت ﻣﻌﻨﯽداري ﺑﺮاي دو ﻧﻤﻮﻧﻪ ﮐﺎرﻧﺪه ﻧﺸﺎن ﻧﺪاد .ﺑﺎاﻧﺪازهﮔﯿﺮي ﻣﺤﺘﻮاي رﻃﻮﺑﺘﯽ ﺧﺎك
ﭘﺲ از ده روز ﻣﯿﺰان ذﺧﯿﺮه رﻃﻮﺑﺘﯽ در ﮐﺸﺖ ﻣﺴﺘﻘﯿﻢ ﻧﺴﺒﺖ ﺑﻪ ﮐﺸﺖ ﻣﺮﺳﻮم  %1/87اﻓﺰاﯾﺶ داﺷﺖ.

