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ABSTRACT 

A study was conducted to determine the appropriate number of working days in mechanized planting and semi-mechanized har-

vesting of sugar beet in Nahavand city, Iran in 2010. The most important limiting factor for agricultural operations in agricultural 

calendar is the time of operation which is a function of soil moisture for some operations such as ploughing. To determine the 

number of working days, the parameters considered in this study included determination of the proper threshold for the most ef-

fective limiting factor in mechanized planting and semi-mechanized harvesting of sugar beet, determination of the factors affecting 

the limiting factor and also to determine the probability of the number of days appropriate for mechanized planting and semi-

mechanized harvesting of sugar beet. The allowed limit of soil moisture in clay-loam texture, for having the capability of running 

field operations was determined to be 14.5% of the weight. In this limit, soil has acceptability of 6.34 mm of water (rainfall) for 

sowing and 10.62 mm for harvesting at the depth of operation in each turn of rainfall or irrigation. Factors influencing the soil mois-

ture changes are the amount and intensity of rainfall, soil drainage, moisture content percentage in air, evapotranspiration, soil 

surface runoff, the rate and intensity of solar radiation (day and night length), ambient temperature, the rate of crop cover, and the 

soil profile. At sowing and harvesting times, 19.3% and 7.5% of the rainfall is converted to runoff. Therefore, the maximum allowa-

ble rainfall in a situation that doesn’t change the soil condition from the proper situation for mechanized sowing and harvesting 

operation is 7.6 and 11.41 mm, respectively, in each rainfall turn. For the drainage of excess moisture after rainfall, in sowing and 

harvesting operations, five and seven days are required, respectively. The number of working days for mechanized planting was 

estimated about 20 days, and for semi-mechanized harvesting was about 23 days with 99% confidence. 

Keywords: drainage, proper working days, runoff, soil profile, tillage 
 

 

INTRODUCTION 

he most uncontrollable variable in agricultural 

operations is the number of proper working 

days in a cropping year. A method for determining 

the appropriate working days is to obtain a rea-

sonable relationship based on the previous year’s 

temperature and rainfall. This method of probabil-

ity distribution clarifies the appropriate dates for 

each key activity throughout a year. Field capacity 

and climate conditions are the main factors for 

determining the appropriate time for agricultural 

operations during the year. The required time for 

working with field machinery depends on the ma-

chine capacity and the number of appropriate 

working days. Each region of the country has its 

own climate pattern. Working days of the field is 

determined by two factors. First, the soil moisture 

content should not exceed the plasticity limit; se-

cond, the rainfall on that day should not be great-

er than 10 mm. The effect of other climate 

conditions such as freezing occurrence probability 

or snowing are not included in the analysis of soil 

working days (Witney 1988). In West Islamabad, 

the number of working days for mechanized plant-
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ing of sugar beet is less obtained in heavy soil tex-

ture compared with light soil texture (Bazyar 

2004). Also, the proper time for tillage operation 

in clay soil was reported in 14-16% moisture con-

tent (Zarin Kafsh 1998). Lack of timely field opera-

tions will result in the loss of quality and quantity 

of the product (Almassi et al. 2009). The number 

of proper working days for mechanized spraying 

of wheat crop in Qazvin province as a weekly 

check for pests, diseases and key weeds, and also 

for land spraying in order to control wheat mater-

nal Sunn (Eurygaster integriceps), nymph, and 

wheat rust, with 98% probability were estimated 

to be 14.75, 13.67 and 24.96 days, respectively 

and in aerial spraying were found to be 5.320, 

5.87 and 9.98 days, respectively. Also, in land 

spraying, the number of proper working days for 

broadleaf weed control, thin leaf aphid and Rus-

sian aphid were estimated to be 25.73, 24.7 and 

13.42 days, respectively (Usofi 2001).  

Knowing the number of working days for plan-

ning the timely field operation is important, espe-

cially for sugar beet in which timely sowing and 

harvesting has significant effect on crop yield 

(khodabandeh 1994).  

Based on agricultural statistics, the studied city 

produces a remarkable rate of sugar beet in Ha-

medan province so that the investigations which 

may affect the operation management of this crop 

can be quite cost-effective (Anonymous 2012).  

MATERIALS AND METHODS 

Nahavand city is located in the southwest of 

the Hamedan province (34o12´N and Longitude 48 

o
22´E). It is a semi-arid region with cold climate. 

The average annual rainfall is about 400 mm. Ac-

cording to the semi-detailed soil test report, the 

total area of the fields in the city is 23000 hectares 

and about 94% of the land (excluding rock sam-

ples and fen) has relatively heavy to very heavy 

textured soil. The results of the soil samples from 

three areas of the Kian region as a main producer 

of sugar beet, is presented in Table 1. This area 

has heavy soil texture (clay-loam). Therefore, fur-

ther work to determine the proper working days 

were done on heavy soil texture (clay loam) 

(Khosh Fetrat 1977).  

A significant part of the annual rainfall occurs 

in spring during sugar beet sowing and the sowing 

date has a significant influence on final yield and 

in case of delay in operation, the farmers face the 

extra costs as a result of not performing opera-

tions in a timely manner. Since sugar beet is sown 

in this city in spring, during the harvest time, as 

the region has cold autumn, sugar beet may be 

exposed to early freezing which may reduce the 

crop yield. Therefore, it is very important for 

farmers to be aware of the number of the days in 

which mechanized sowing and harvesting can be 

planned. The most important factor which limits 

the time of sugar beet sowing and harvesting, in 

farming calendar, is the soil moisture (Bazyar 

2004). To determine the number of appropriate 

working days for sugar beet sowing and harvesting 

in Nahavand city, the following parameters were 

evaluated: 

1. determination of the threshold for allowable 

limiting factor (soil moisture) in sugar beet 

sowing and harvesting  

2. determination of the effective parameters 

which may change the limiting factor  

3. determination of the appropriate number of 

working days for sugar beet sowing and har-

vesting according to limiting factor. 

Allowable extent for limiting factor 

The following equation calculates the maxi-

mum soil moisture capacity: 

( )

100

dzPwpFC
W

××−
=  (1) 

where: 

W=the height of the water maintained to a z 

depth (cm) 

FC=the weight of the soil moisture storage ca-

pacity (field capacity) 

Pwp=the weight of the soil moisture at wilting 

point (permanent wilting point) 

Z=soil depth (cm) 

d=soil bulk density (bulk density) (g/cm
3
)  

Table 1. Results of analysis on some physicochemical properties of the soil in the studied area 

Depth of 

sampling 

Region 

number 

Electrical 

conductivity 

(milimos/cm) 

Soil 

reaction 

Neutralizing 

materials (%) 

Organic 

carbon (%) 

Absorbable 

phosphate 

(mg/kg) 

Absorbable 

potassium 

(mg/kg) 

Sand 

(%) 

Loam 

(%) 

Clay 

(%) 

Soil class 

(clay-loam) 

0-30 

0-30 

0-30 

3 

2 

1 

1.20 

2.95 

0.67 

7.80 

7.51 

7.85 

13.50 

19.35 

14.40 

1.34 

1.11 

1.30 

46.0 

48.4 

57.0 

490 

556 

367 

27.7 

22.4 

27.7 

39.0 

46.1 

39.0 

33.3 

31.5 

33.3 

CL 

CL 

CL 
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Equation (1) calculates the soil capacity to ac-

cept moisture up to field capacity (FC) in a speci-

fied depth, while in this capacity, soil has high 

moisture content and as a result machine opera-

tion is not feasible. Therefore, the above equation 

should be modified in some way to determine the 

appropriate mode of soil moisture for farm opera-

tion. Thus, equation (2) which was obtained from 

equation (1), calculates capacity of the soil to ac-

cept moisture without change of the proper mode 

for field operation. 

( )

100

dzpwpc
W

××−
=  (2) 

where: 

W=height of water (cm) until Z cm of the soil 

depth. i.e.  the soil capacity to accept moisture 

in the appropriate mode of operation. 

C=soil moisture in appropriate mode for ma-

chine operation which was estimated between 

14 to 16% for heavy textured soil (Bakhtiari 

1997). 

Pwp=weight of soil moisture at permanent 

wilting point which was considered 10.2% in 

this study (Zarin Kafsh 1998). 

 

In this study the soil moisture based on dry 

weight was obtained in an appropriate situation 

for operation. To determine the bulk density of 

the soil, samples were taken from a depth of 0-20 

cm (the depth in which sowing and harvesting 

machines work) by sampling cylinders during 

planting and harvesting of the sugar beet from 

major areas of the study fields and through the 

equation (3) the soil bulk density was calculated. 

The average bulk density for sowing was equal to 

1.23 g/cm
3
 and the average bulk density estimat-

ed for harvesting was 1.3 g/cm3. The soil bulk den-

sity was measured in a clay-loam texture. 

LD

M

V

M
d

2

4

π

==  (3) 

where:  

d=soil bulk density (g/cm3) 

M=weight of dry soil in the sampling loop (g) 

V=volume of the cylinder containing the sam-

ple (cm3) 

L= height of the sampling loop (cm) 

D= diameter of the sampling cylinder (cm) 

Z= the maximum depth of the soil in which the 

machine can penetrate. This depth is measured 

based on the sowing and harvesting machines 

in the field during operation.  

 

In this research, for planting, the soil depth was 

considered equal to the depth of furrower pene-

tration of pneumatic seed drilling machine of sug-

ar beet. The depth to which the seed was placed 

by seed driller was 3 cm, the depth of the tractor 

wheel penetration was 6 cm, and the depth of the 

furrower penetration was 12 cm. For this reason, 

this depth is the maximum penetration depth of 

the planter and the tractor and thus, the soil mois-

ture should be in a good condition to prevent soil 

adherence to the machine’s wheel. For harvesting 

operation, this depth is equal to the depth of pen-

etration of beet digger blades. Sugar beet harvest-

ing is done in semi-mechanized condition. The 

roots are primarily taken out by sugar beet har-

vester and then crop collection and crown remov-

ing is carried out by hand. Triangle-shaped, two-

blade harvesting machine is mainly used for sugar 

beet harvesting in the region. For this reason, the 

depth was considered equal to the depth that tri-

angle blades penetrate. This depth was practically 

measured in the field and estimated to be approx-

imately 19 cm. 

Some effective parameters on soil moisture 

variation 

Some effective factors on changing the rate of 

soil moisture are rainfall, soil drainage condition, 

evapotranspiration, and runoff. Rainfall is the 

most important factor in soil moisture changes 

which removes the soil from its proper condition 

for machine operations. To estimate the number 

of appropriate working days for sowing and har-

vesting, 18 years (1994-2011) and 19 years (1993-

2011) statistics were used, respectively. Nahavand 

weather station was launched in July 1991 so the 

rainfall statistics which were available for all years 

were collected and analysed. In the studied soil 

(clay-loam), the penetration rate was measured 

between 0.25-1.5 (average 0.8) cm per hour (Hus-

seini 1997). The soil surface temperature fluctua-

tion is so high in nature. The soil surface 

temperature is high in summer and is low in win-

ter. In the soil depths, temperature fluctuation is 

lower than soil surface. Similarly, a stream of wa-

ter in vapour shape moves from the depth to the 

top, and a steady stream of water from the soil 

surface to the depths are established in winter 

(Alizadeh 2006). Factors that influence the rate of 

water evaporation from the soil surface are solar 

radiation, wind, relative humidity and tempera-
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ture (Alizadeh 2009). Therefore, it is concluded 

that vapour always moves from cold to warm 

place and from wet to dry area, and since the soil 

surface is warmer during sugar beet sowing (April) 

than harvest time (November), vapour moves up-

ward and rapidly leaves the soil which makes the 

soil suitable for operation. At harvest time (No-

vember), because the soil surface remains cold for 

a longer period than sowing time and it has more 

moisture than the depth, water and vapour 

movement toward down is lower than sowing 

time and consequently soil moisture reduction is 

slower than sowing season. In general, the needed 

time for water drainage after raining (more than 

filed capacity), evapotranspiration, and the soil 

reaching to proper limit for machine operation 

depends on season (day length, sunshine hours, 

solar radiation intensity, relative humidity, wind 

and etc.) which is between 4 to 8 days based on 

the report of researchers from  Hamedan Agricul-

tural Research Centre. According to the descrip-

tion given in this study, required time for excess 

water drainage after rainfall more than field ca-

pacity and reaching to the proper limit for ma-

chine operation is 5 days and for harvesting it is 

considered 7 days. 

Surface runoff 

Using the method proposed by the Soil Con-

servation Service (SCS), runoff rate was calculated 

based on equation 5 description: 

( )

10
1000

80

20
2

−=

×+

×−
=

CN
S

SP

SP
W

.

.

 (5) 

where: 

P=rainfall height (inch) 

Q=runoff height (inch) 

S=surface storage coefficient 

CN=curve number method 

 

To estimate the runoff, first, the soil penetra-

tion was determined according to the soil group 

penetration table (for clay-loam texture, soil per-

meability is 0.8 cm/ha). Then, the CN number of 

the group was determined based on the charac-

teristics of the basin coverage. Since sugar beet is 

considered as a raw crop, CN for this crop was de-

termined in two situations of medium coverage 

for planting and good coverage for harvesting and 

the surface storage coefficient was obtained 

through its contribution (Alizadeh 2009). To esti-

mate the rainfall height (P), the average rainfall 

information which was available for different 

years during planting (April) and harvesting (July) 

in the region was considered.  

Using equation 5, runoff rate during planting 

and harvesting was estimated and through equa-

tion 6 allowable rainfalls during planting and har-

vesting was estimated: 

( )RWWM ×+=  (6) 

where: 

M=rainfall allowed so that the soil does not 

leave the appropriate mode of machine opera-

tion (mm) 

W=allowable capacity of the soil to accept wa-

ter so that the soil doesn’t leave the appropri-

ate mode of machine operation (mm) 

R=rate of runoff from rainfall (%) 

 

To determine the proper working days, first, 

the agronomical calendar for planting (April) and 

harvesting (July) in this city was divided into five 

days categories and for each category, the proper 

working days were estimated. The rainfall statis-

tics was taken from weather station for different 

years and for each categories, the number of days 

in which the rainfall rate was higher than the al-

lowable limit differed from the number of days in 

that category but the remained days are definitely 

not the proper days because after excess rainfall, 

some time is required for excess water drainage 

and this time for sowing is 5 days and for harvest-

ing is 7 days and also this time should differ from 

the number of days in calendar after excess rain-

fall (Bazyar 2004). Finally, mean, standard devia-

tion and confidence interval of mean (99%) were 

estimated.  

The mean of each category was calculated by 

the following equation: 

∑=
n

x
x i  

RESULTS AND DISCUSSION 

The results of the physicochemical analysis of 

soil properties are given in Table 1. 

Based on the results of soil analysis, the follow-

ing estimates were done: 

• Soil moisture in the appropriate mode for ma-

chine operation in clay-loam profile: 

%.
.

.
514100

6446

644350
=×

−
=C  
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• Soil moisture at permanent wilting point in 

clay-loam profile equals to 10.2% (Zarin Kafsh 

1998). 

• The maximum depth that sugar beet seed drill-

ing machine penetrates equals to the depth of 

the furrower penetration which was 12 cm. 

• The maximum depth that the harvesting ma-

chine penetrates equals to the harvester plows 

and the depth was 19 cm. 

Runoff estimation during crop planting 

Average rainfall during planting was 60.17 mm 

(2.36 inches) and according to the permeability of 

the studied texture (0.8 cm/hour) and tables 

(Alizadeh 2009), this profile was placed in group A 

and estimated CN for this crop was 72 during 

planting (Alizadeh 2009). Therefore, the rate of 

runoff from rainfall during planting equals to 

11.63 mm. 

mmInQ

S

6311450
88380362

88320362

88310
72

1000

2

..
...

)...(

.

==
×+

×−
=

⇒=−=

 

Accordingly, 19.3% of the total rainfall changed 

to runoff during planting.  

Runoff estimation at harvest 

Average rainfall at harvest was 48.03 mm (1.89 

inch). As explained before, the studied soil was 

placed in group A and with respect to this subject 

the estimated CN of this crop for runoff estima-

tion was 67 (Alizadeh 2009). Thus, the rate of run-

off from rainfall at harvest time was 3.58 mm: 

mmInQ

S

583140
9480891

9420891

9410
67

1000

2

..
...

)...(

.

==
×+

×−
=

⇒=−=

 

The rate of runoff at harvest time was 7.5% of 

the rainfall. 

- Estimation of the maximum soil capacity for 

moisture acceptance so that the soil didn’t leave 

the appropriate mode for mechanized planting 

operation: 

( )

mmm

dzpwpc
W

6.34c0.634
100

1.2312)10.214.5(
==

××−
=

=
××−

=
100  

The maximum allowable rainfall 

At harvest, 19.3% of the rainfall changed to 

runoff so the maximum allowable rain which did 

not change the soil proper situation for planting 

was: 

mmmm

Rww

 7.6   7.56  19.3%) (6.346.34

)(

≈=×+=

×+
 

- To estimate the maximum soil capacity for 

moisture acceptance so that the soil didn’t leave 

the appropriate mode for operation, following 

equation was calculated: 

mmcm

dzpwpC
w

 10.62 1.062 

100

1.23  19  10.2)-(14.5

100

)(

==

××
=

××−
=

 

Since 7.5% of the total rainfall changed to run-

off at harvest, the maximum allowable rainfall 

that did not change the soil appropriate mode for 

harvest was equal to: 

mmRWW 41115762106210 .%)..(.)( =×+=×+  

Number of appropriate working days for planting 

machine   

According to Table 4, sowing calendar of sugar 

beet (April) was divided into 5 days groups, and in 

each group, number of the days in which rainfall 

was more than 7.6 mm (allowable rainfall) in addi-

tion to 5 days needed for field capacity differed in 

the number of the days in that group. The re-

mained days were working days and in the same 

way, working days were calculated for different 

years. Then, the statistical parameters were esti-

mated for each group. Since the t value for confi-

dence level of 1% and degree of freedom of 17 

(number of years minus one) were obtained from 

Table t, appropriate working days for each group 

were placed between the high and low levels 

(p<0.01). Therefore, average sum of the two cate-

gories thresholds was determined in calendar 

(p<0.01). In this study, estimated number of these 

days was 19.69 days (Table 2). 

Proper working days for harvesting machine 

According to Table 3, number of the days in 

which rainfall was higher than 11.41 mm (allowa-

ble rainfall) at harvest (November) plus seven days 

for soil moisture to reach the appropriate mode of 

operation differed from the number of days in 

each group and remained days were considered as 
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a working days for that group. Number of working 

days for each year took the same way. Then, 

mean and standard deviation for appropriate 

working days in each category were obtained and 

t value with 1% probability and 18 degrees of 

freedom were obtained from Table t and upper 

and lower limits of each category were deter-

mined. Appropriate working days are between 

these two limits (p<0.01). Therefore, considering 

the grand mean of the two categories thresholds, 

with 99% probability, proper working days for ma-

chine will be determined in farming calendar. 

Based on Table 3, number of these days was 

23.22. Estimated t value at 1% probability and 18 

degrees of freedom was equal to 1.33.  

Number of working days for mechanized plant-

ing and semi-mechanized harvesting operations in 

Nahavand region in Hamedan province were 

19.69 and 23.22, respectively, with 99% probabil-

ity in clay-loam soil. To predict the number of ma-

chines in order to timely complete the operation 

and prevent the costs due to failure in timely op-

eration, it is essential to be  aware of the planting 

acreage and the machine working capacity as well 

as the number of proper working days. 

REFERENCES 

Alizadeh A. Principles of applied hydrology. Twenty-four edi-

tion. Imam Reza University Publication. 2009. (in Per-

sian) 

Almassi M, Kiani S, loveimi N. Principles of agricultural mech-

anization. Jungle Publications. 2009. (in Persian) 

Azari A, Akbarlou H, Bakhtiarian H, Heidarpour R, Mirzaian 

AM, Varshosaz Gh. Crop production. Ministry of Educa-

tion. 2008. (in Persian) 
Alizadeh A. Soil water-plant relationship. Fifth edition. Imam 

Reza University Publication. 2006. (in Persian)  

Anonymous. A. Statistical agriculture crops. Crop year 2010-

2011. Ministry of Jihad-e-Agriculture. 2012. (in Persian)  

Bakhtiari MR. Investigation and selection of the most suitable 

combination of common tractors and moldboard plows. 

Thesis, Master of Science, Mechanics of Agricultural 

Machinery in Shiraz. 1997. (in Persian) 
Bazyar K. Determination on number of working days of 

mechanized planting of sugar beet in Islam Abadegharb. 

Thesis, Master of Science, Islamic Azad University Sci-

ence and Research Campus in Tehran. 2004. (in Persian) 

Behrouzi-Lar M. Farm power and machinery management, 

laboratory manual and work. 2
nd

 edition. Tehran Univer-

sity Publication. 2011. (in Persian) 

Bybordi M. Water in relation to soils and plants, principles of 

irrigation engineering. Tehran University Publication. 

2005. (in Persian) 

Elyas Azar Kh. Soil science (public and private). Ourumieh 

University Publication. 2001. (in Persian)  
Ebrahimi-Koulaie H. Determination of favourite date of three 

sugar beet varieties in Hamedan. Journal of Sugar Beet. 

Table 2. Number of appropriate working days in a calendar for mechanized sugar beet sowing in Nahavand region 

  
Number of working days 

in mid-April in 5-day groups 

 Number of working days 

in second late-April in 5-day groups 

 Symbol 16-20 21-25 26-31  1-5 6-10 11-15 

Average X  
00-4.11 -003.27 0-03.16  -002.77 -002.83 -003.55 

Correction factor Cf -304.22 -193.38 -180.5  -138.88 -144.5 -227.55 

Sum of squares SS -045.78 -077.62 -098.5  -067.12 -074.5 -062.45 

Degree of freedom DF -017 -017 -017  -017 -017 -017 

Variance S
2 

-002.69 -004.56 -005.79  -003.94 -004.38 -003.67 

Standard deviation S -001.64 00-2.13 -002.4  -001.98 0-02.09 -001.91 

Higher threshold L -008.86 0-09.44 -010.11  -008.5 -008.88 -009.08 

Lower threshold L  
00-0.64 00-2.9 00-3.79  00-2.96 00-3.22 00-1.98 

Number of working days for each group Medium -004.11 -003.27 -003.16  -002.77 -002.83 -003.55 

 

Table 3. Number of proper working days in agronomical calendar for semi-mechanized sugar beet harvesting in Nahavand 

region 

  Average number of working days in 5- day groups in November 

 Symbol 1-5 6-10 11-15 16-20 21-25 26-30 

Average X  005 -004.69 -003.69 -0v3.23 -003.15 -003.46 

Correction factor Cf 407.57 -320.21 -222.36 -183.21 -236.26 -195.84 

Sum of squares SS 026.43 -051.79 -088.64 -089.79 -072.74 -073.16 

Degree of freedom DF 018 -018 -018 -018 -018 -018 

Variance S
2 

001.46 -002.87 0-04.92 -004.98 -004.04 -004.06 

Standard deviation S 001.19 -001.69 -002.21 -002.23 -002 -002.01 

Higher threshold L 008.42 -009.55 -0010.05 -009.64 -008.9 -009.24 

Lower threshold L  001.57 00-0.17 00-2.67 00-3.18 00-2.6 00-2.32 

Number of working days for each group Medium 005 -004.69 -003.69 -003.23 -003.15 -003.21 

 



 Heidari M, Barghaei AM / Determination of the number of working days for mechanized ... 51 
 

2003; 18(2);131-142.(in Persian, abstract in English)   

Ghadimi N, Naderi J, Ahmadimoghim A. Geography of Hame-

dan province. Fourth edition. Ministry of Education. 

2004. (in Persian) 
Husseini SM. Irrigation principles and practices. Astan Ghods 

publications. 1997. (in Persian) 

Heidari M. Assessment and determination of the number of 

working days for mechanized planting and semi-

mechanized harvesting of sugar beet in Nahavand re-

gion. Thesis, Master of Science, Islamic Azad University 

Science and Research Campus in Tehran. 2006. (in Per-

sian) 

Haghnia Gh. Soils, an introduction. Ferdowsi University Publi-

cations. 1997.(in Persian) 
Khajepur MR. Production of industrial crops. Isfahan Industri-

al University. 1999. (in Persian)  
Khodabandeh N. Agricultural and industrial crops. Tehran 

University Publications. 1994. (in Persian) 
Khoshfetrat GhR. Semi-detailed soil science report in Naha-

vand Region. Ministry of Agriculture and Rural Construc-

tion. No. 511. 1977. (in Persian)  

Khan AS, Tabassum MA, Farooq M. Effort to mechanize seed-

ing and planting operations in Pakistan. Agricultural 

Mechanization in Asia, Africa and Latin America. 1992. 

23 (3): 15-20.    

Mahdavi M. Applied hydrology. Tehran University Publica-

tions. Vol. 2. 1993. (in Persian)  
Mahmoudi Sh. Hakimian M. Fundamentals of soil science. 

English edition. Tehran University Publications. 2008. (in 

Persian) 
Mahboubi AA, Naderi AA. Applied soil physics: soil water and 

temperature applications. Bu-Ali Sina University Publica-

tions. 2002. (in Persian)  
Mansouri-rad D. Farm machinery and tractors. Bu-Ali Sina 

University Publications. 2007. Vol. 2. (in Persian) 
Rezai A. Concepts of Probability and Statistics. Mashhad Pub-

lishing Co. 2008. (in Persian)  
Shafyi A. Principles of farm machinery. Tehran University 

publication. 2006. Vol. 1.   
SAE D. Agricultural machinery management data ASAE Stand-

ard 1998. No 4 

Usofi R. Working days of mechanized spraying in Ghazvin 

Province. Thesis, Master of Science and Research Cam-

pus in Tehran. 2001. (in Persian) 

William E, Boehlje M. Machinery selection considering time-

lines losses, transaction of the ASAE. 1980. 

Witney B. Choosing and using farm machines, Longman Sci-

entific and Technical. New York. 1988. 

Zarin Kafsh M. Fundamentals of soil science and environment 

in relation to plant. First edition. Islamic Azad University 

Publication 1998.  Vol. 1. 


