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TABLE I 
ANALYSIS OF VARIANCE RESULTS FOR EFFECTS OF VELOCITY, DEPTH AND 

KIND OF PLOWS BY CONSIDERING MWD 
F Mean 

square 
Sum of 
squares 

Degrees of 
freedom Source of variation 

279.21** 109.9 219.9 2 Speed (km/h) 
33.4** 13.15 26.3 2 Depth (cm) 

8110.6** 3193.5 3193.5 1 Plow 
0.7 ns 0.27 1.09 4 Speed × Depth 

205.17** 80.9 161.6 2 Speed × Plow 
38.05** 14.9 29.9 2 Depth × Plow 
1.18** 0.4 1.8 4 Depth × Plow × Speed 

** Significant in statistic level of 1 %, and ns not significant. 
 
According to Table I interactions between velocity and 

plow were meaningful so comparison tests of different levels 
effects of each factor were done for MWD and results are 
shown in Table II. 

 
TABLE II 

COMPARISON TESTS OF DIFFERENT LEVELS OF VELOCITY AND TYPE OF PLOW 
ON MWD 

Plows    
2  1  Speed(km/h)  

46.6 Ac  34.9 Ba 2.2  
49.6 Ab  35.2 Ba  3.5  
55.6 Aa  35.6 Ba  6.1  

* Same capital letters in each raw and same small letters in each column    
show not significant different (LSD1%). 

 
According to Table II in each velocity the effects of plow 

type is meaningful but in plow 1 (vertical axis rotavator) 
different velocity levels have no effect on MWD, but in plow 
2 (horizontal axis rotavator) different levels of velocity is 
effective on MWD. This is because soil is picked up as a 
whole piece and create hunk in horizontal axis rotavator. This 
kind of tiller in lower velocity has much time to cut down the 
hunks. Vertical axis rotavator never creates hunk and mixes 
soil, therefor velocity has no effects on it. Also it was 
observed that maximum MWD in 6.1 km/h and horizontal axis 
rotavator was 55.6mm. Minimum MWD in 2.2 km/h and 
vertical axis rotavator was 34.9mm. 

Fig. 4 shows velocity changes with MWD in two different 
plows. 

 

 
Fig. 4 Comparison of MWD changes because of effects of tillage 
with two different type rotavator (horizontal and vertical axis) in 

different velocity 
 

According to Fig. 4 in vertical axis rotavator by increase in 
velocity the MWD remain almost fixed but in horizontal axis 
rotavator MWD increases with increase in velocity. Also in 
each velocity MWD for vertical type is less than horizontal 
one. 

As it is shown in Table I the interactions of depth and plow 
is significant so results are shown in Table III. 

 
TABLE III 

COMPARISON TESTS OF DIFFERENT LEVELS OF DEPTH AND PLOW TYPE ON 
MWD 

Plows    
2  1  Depth(cm)  

49.0Aa  35.1 Ba 5  
50.4 Ab  35.1 Ba  10  
52.5 Aa  35.2 Ba  15  

* Same capital letters in each raw and same small letters in each column    
show not significant different (LSD1%). 

 
According to Table III in each depth level the effects of 

plow type is significant, but type of plow on different depth 
levels have no effect on MWD. It means that in same depth, 
vertical axis rotavator cut down soil more than horizontal one 
but in both of them the amount of soil pulverization in 
different depth is the same. Because in horizontal axis soil 
picks up as a whole piece and create hunk and these hunks are 
thrown back during axis rotation and on impact with the back 
plate may not shatter, but in vertical axis rotavator soil is 
mixed and uniformly cut down. Also it was observed that 
maximum MWD in 15cm and horizontal axis rotavator was 
52.5mm. Minimum MWD in 5cm and vertical axis rotavator 
was 35.1mm. 

In Fig. 5 depth changes effects on MWD in two different 
plow is plotted. 

 

 
Fig. 5 Comparison of MWD changes because of tillage with two 

different rotavator in different depth 
 
According to Fig. 5 in vertical axis rotavator MWD remain 

almost fixed with increases of depth but in horizontal one 
MWD increases with increases in depth. Also in each level of 
depth the MWD for vertical axis was much less than 
horizontal one. 

B. Cone Index Measurement 
In this test the effects of two different type rotavator in 
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different velocity and depth on soil cone index were 
statistically analyzed. Variance analysis for cone index is 
presented in Table IV. 

 
TABLE IV 

VARIANCE ANALYSIS RESULTS OF VELOCITY, DEPTH AND PLOW TYPE 
EFFECTS ON SOIL RESISTANCE 

F Mean 
square 

Sum of 
squares 

Degrees of 
freedom Source of variation 

0.09 ns 40551.2 81102.4 2 Speed(km/h) 
59.39**  27820304.2 55640608.3 2 Depth(cm) 

6.6* 3089722.5 3089722.5 1 Plow 
0.81 ns  377555.5 1510221.87 4 Speed × Depth 
1.11 ns 518621.52 1037243.1 2 Speed × Plow 
1.31 ns 6158221.2 1231644.4 2 Depth × Plow 

0.84 ns 394906.4 1579625.6 4 Depth × Plow× 
Speed 

** and *Significant in statistic level of 1 and 5%, and ns not significant. 
 
As Table IV shows the effects of depth and plow type on 

soil resistance in 1 and 5% level is significant respectively, but 
none of the factors have no significant. The effects of depth 
and plow type on soil resistance in all experiment are shown in 
Figs. 6 and 7 separately. 

 

 
Fig. 6 Comparison of soil cone index according to depth because of 

tillage with two different rotavator 
 
As it clear in Fig. 6, cone index increases with increase in 

depth. This is because that, according to Table III MWD 
increases with depth in both plows so in deeper depth more 
force is needed. Values of 738.1, 2389 and 3173 kPa for 5, 10 
and 15cm are shown, respectively. According to Fig. 7 soil 
resistance in vertical axis rotavator is less than horizontal axis 
rotavator. This is because  that, according to Fig. 5 the result is 
that MWD of horizontal axis rotavator is much more than 
vertical one, so tillage with this plow creates more resistant 
soil.  Values of 1861.1 and 2339.5 kPa for vertical axis 
rotavator and horizontal axis rotavator are shown, 
respectively. 

 
Fig. 7 Comparison of soil cone indexes according to rotavator type 

C. Soil disturbed determination 
In this experiment the effects of two different rotavator 

(horizontal and vertical axis) on soil disturbed in different 
velocity and depth were statistically analyzed. Table V shows 
analysis of variance for MWD. 

 
TABLE V 

VARIANCE ANALYSIS RESULTS OF VELOCITY AND PLOW TYPE EFFECTS ON 
SOIL DISTURBED 

F Mean 
square 

Sum of 
squares 

Degrees of 
freedom Source of variation 

10.2** 99397.4 198794.8 2 Speed(km/h) 
16.7** 162070.2 162070.2 1 Plow 
2.89 ns 28153.7 56307.4 2 Speed × Plow 

** Significant in statistic level of 1 %, and ns not significant. 
 
As Table V shows effects of velocity and plow on soil 

disturbed in 1% level is significant but their interaction is not 
significant. Figs. 8 and 9 shows velocity and type of plow 
effect on soil disturbed in all experiment. 

 

 
Fig. 8 Comparison of soil disturbed for tillage with two different 

plow (horizontal and vertical axis) in different velocity 
 
According to Fig. 8 soil disturbed decreases with increase in 

velocity. This is because at lower speeds the blades are in real 
depth and create uniformity in plow depth. Values of 706.6, 
616.8 and 452.8 cm2 for 2.2, 3.5 and 6.1 km/h are shown, 
respectively. As Fig. 9 show soil disturbed in vertical axis 
rotavator is much more than horizontal one. This is mostly due 
to the higher working depth. Values of 687 and 497.2 cm2 for 
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vertical axis rotavator and horizontal axis rotavator are shown, 
respectively. 

 

 
Fig. 9 Soil disturbed comparison with two different axis rotary plow 

(horizontal and vertical) 

IV. CONCLUSION 
Considering the speed increase will lead to increased farm 

efficiency, in rotavator with vertical axis increasing farm 
efficiency and more pulverization are simultaneously. While 
in rotavator with horizontal axis increasing farm efficiency 
leads to less pulverization. There is plowing depth uniformity 
in both types of rotavator, while in rotavator with vertical axis 
most hunks are crushed at different depths. Also, soil 
resistance in vertical axis rotavator is less than horizontal axis 
rotavator and soil disturbed in vertical axis rotavator is much 
more than horizontal one. Thus, regardless of other factors and 
according to the results, use of rotavator with vertical blade 
more appropriate than rotavator with horizontal blades. 
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