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ABSTRACT 
 

The present study was conducted at Agricultural and Veterinary Training and Research Station of King 
Faisal University to evaluate the adaption of different tillage systems on compaction of sandy soil and 
productivity of barely. The compared tillage systems were: (1) chisel plowing (CPT), (2) moldboard plowing 
(MPT), (3) disc plowing (DPT)  and each one was followed by on pass of  a tooth harrow. For detecting the soil 
compaction, bulk density and penetration resistance were measured in the cultivated area and in tractor wheel 
passage. Plant measurements included plant germination, length at diffident dates and   yield at mature stage. In 
all tillage systems, the bulk density and penetration resistance increased with depth. On average of the two 
places, results showed that  the lowest bulk density (1.31 gm/cm3) through the depth profile was measured with 
MPT system, even though the CHT system gave almost the same value. The lowest penetration resistance (1430 
kPa) of all measurements was observed also at MPT system. Irrespective of the tillage system used, significant 
increase of 11% in soil density and 30% in penetration resistance were observed as a result of wheel passage. 
Results showed  a significant difference  between penetration resistance values through soil layers  and  wheel 
passage increased  soil penetration resistance 100%, 51% and 15% at the first, second and third  layer, 
respectively. Using MPT system gave penetration resistance in the wheel passage 27% and 29% at the first 
depth and 25% and 18% at the second depth lower than those achieved by CHT system and DPT system, 
respectively.  In the cultivated area, MPT system gave an increase of plant germination about 30% and 46% 
more than CHT and DPT systems, respectively, at the third date of seeding. Also, it gave an increase of plant 
length about 18% and 28% more than CHT and DPT systems, respectively, at forth date from seeding. In 
addition, wheel passage reduced both plant germination and plant height significantly compared to those on the 
cultivated area regardless of plow used. MPT system resulted in the highest plant length (78cm), straw weight 
(10.05Mg/ha) and seed yield (2.95Mg/ha) providing a significant increase of 57% in straw weight and 62% in 
seed yield compared with DPT system. High significant reduction in plant length (18%), straw weight (88%) 
and seed yield (81%) were observed because of wheel passage irrespective with the plow used. A high 
correlations was observed between crop yield and soil penetration resistance (R2=0.90). The study has shown 
that using MPT system could be useful land preparation tool for less soil compaction and enhance yield of 
barely under the condition of study region.  
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Introduction 

 
Soil tillage is a prosses to modify the condition of soil to provide favorable environment to crop growth.  

Different tillage operations have different effects on the plant growth and yield. This may be referred to soil 
changes in the physical and mechanical properties brought about by tillage application. Soil tillage has a major 
effect on water intake, storage, and evaporation of water from the soil by plant root and microbial activity which 
influences soil aeration, moisture and temperature. These factors in turn contribute to the quantity and the 
quality of the crop grown and the yield. Soil can be treated by using appropriate farm implements to achieve a 
suitable environment for seedling and plant growth. The favorable method of soil tillage may be assessed in 
several ways in which different soil properties, plant development and crop yield are determined. Previous 
investigations showed that different applications of tillage systems affected positively soil properties, plant 
growth characteristics and yield components (Kruger, 1996; Hussain et al., 1999; Abu-Hamdeh and Al-Widyan, 
2000; Al-Hashem et al. 2001; Filipovic et al., 2006; Alvarez and Steibach, 2009). Soil strength is one of the 
mechanical soil properties which can be reduced by tillage operation due to soil loosening and breaking up the 
compacted soil layers. El-Banna, (1990) compared the effect of different tillage systems on clay soil and found 
that the moldboard plow resulted in the lowest cone index value down to the depth of plowing. Aleixo et al. 
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(1993) examined the effect of three tillage systems on soil physical properties and crop productivity. It was 
found that the 25cm topsoil moldboard plowing treatments induced less compaction and led to higher yields. 
The influence of tillage methods on soil properties and plant productivity was studied by Gomaa and Al-Naggar 
(1995). They found that moldboard plowing operating at depth of 30cm and chisel plowing operating at depth 
of 20cm reduced soil density and salinity and increased soil porosity and the highest seed yield/ha was obtained 
with moldboard plowing. Other studies applied different methods of land preparation for plant production 
reported that yield attributes were significantly superior in the treatment of moldboard plowing compared with 
all other tillage treatments (Pratibha et al., 1995; Hussain et al., 1999; Kosutic et al., 2001;  Filipovic et al., 
2006).  

However, the development of modern agriculture has resulted in an increase in farm power unit and larger 
equipment have been used applying higher loads, higher pressures and greater soil-working forces to the soil 
they working on. In field, weight of tractor and agricultural machinery during soil cultivation can cause 
detrimental environmental effects ie. soil compaction under wheels in particular. Soil compaction affects the 
structure of arable soils negatively and has important consequences on crop production (Butorac et al., 1992; 
Soane and van Ouwerkerk, 1995). The direct consequences of increased soil compaction for the crop are 
impaired root growth and root function caused by diminished soil aeration and increased deterioration of soil 
structure and mechanical resistance in the soil. This results in deeper stress penetration and subsoil compaction 
(Van den Akker and Stuiver, 1989; Tardieu, 1994). Proper quantification of soil compaction effects is essential 
to develop management strategies that minimize the harmful compactive effect.  

Many studies have observed that machinery traffic and adoption of different tillage systems greatly affect 
several soil properties under different plant growth systems (Gerik et al., 1987; Abo-Abda and Hussain, 1990; 
Lowery and Schuler, 1994; Boone and Veen, 1994; Gupta and Raper, 1994; Kooistra and Tovy, 1994; 
Stepniewski, et al., 1994, Alakukku, et al., 2003). It is not easy to measure soil compaction directly, however, 
the usual mode is to estimate the change in a parameter or a set of parameters as a cause of compacting effect. 
Several methods of estimating soil compaction effect are reviewed by Soane (1970); Barnes et al.  (1971); 
Raghavan et al. (1976); Soane and van Ouwerkerk (1994). The appropriate one has to be chosen to provide the 
most efficient results for a particular task. 

Soil bulk density is the most widely used property to assess the changes in soil compactness resulting from 
the power device loads and other equipments.  Various methods of measuring soil bulk density are available 
either direct or indirect  (Campbell and Heshall, 1991). Soane et al. (1982) stated that when a compaction force 
is applied by wheel traffic, the bulk density and consequent soil compaction will increases to a value based on 
factors such as soil moisture and wheel load. Increasing dynamic load was shown to result in more soil stress 
and higher bulk density at shallow depths (Bailey et al., 1993 and Meek et al. 1992).  

Soil strength measurements, such as penetration resistance, shear strength, aggregate strength and 
precompression stress, are widely used to assess soil structure following compaction (Guerif, 1994; Horn and 
Rostek, 2000). Soil penetration resistance is usually measured using the cone penetrometer. It is a simple, quick  
and highly convenient method  and applicable to a wide range of soil types and  permits large number of trials 
and consequently a sufficient amount of data can be collected in reasonable time (ASAE, 1993).  Penetration 
resistance is most frequently used to assess soil compaction for correlation with root growth, draft requirements 
and soil structure (Lowery and Morrison, 2002). Campbell and O’Sullivan (1991) indicate that cone resistance 
effects due to wheeling should be evaluated as soon as possible after the passage of wheels, because changes in 
matric potential and hydraulic conductivity will change water content below the wheel track. In the modeling 
work of Stenitzer (1988), the critical values of cone resistance that cause the beginning of reduction of root 
growth ranged from 1 to 1.7 MPa and those stopping root growth ranged from 3 to 4 MPa, depending on soil 
type and pore size distribution. Bauder et al. (1985) found that tillage system had no effect on porosity and 
gravimetric water content while both tillage and traffic had significant effects on bulk density and penetration 
resistance down to a depth of 22cm. Another study reported that moldboard ploughing loosens soil more than 
chiseling (Erbach et al., 1992). Ngunjiri and Siemens (1995) investigated the effects of different wheel traffic 
patterns during ploughing and reported that wheel traffic was found to increase soil bulk density and cone index 
to a depth of 30cm with the most important impacts in the 0-15 cm depth on a silt loam soil.  It is generally 
accepted that nearly 80% of the compaction caused by wheeled traffic occurs on the first pass suggesting the 
same track be used for repeated passes (Hill and Meza-Mo 1990 and Bicki and Siemens, 1991). In addition, 
cone penetration resistance profile greatly  influenced by soil condition i.e., bulk density and the  effect of 
compaction on the distribution with depth of cone penetration resistance, generally follows a pattern similar to 
that in profiles of bulk density (Blackwell et al.1986).   

Al-Hassa Oasis is one of the agricultural regions in Saudi Arabia, where many farmers perform tillage 
operations without knowledge or regard for effects on soil properties and crop responses. Waste of energy and 
soil degradation by erosion and compaction are recognized problems caused by using uneducated foreigner 
labors and inadequate tillage management. Studies evaluating the effects of wheel traffic on soil properties in Al 
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Hassa oasis have been limited. The main objectives of this study were (1) to evaluate and compare the most 
suitable mechanical tillage system for best adaptation of soil cultivation and (2) to assess the effect of 
subsequent compaction occurs due to tractor wheel passage plant productivity and (3) to provide simple 
recommendation for those farmers to improve their crop productions under the condition of AL-Hasa  

 
Materials And Methods 

 
2.1. Site, soil and experimental design: 

  
Field experiments were carried out at the agricultural and veterinary training and research station of  King 

Faisal University, 20km east of Alhasa oasis, Saudi Arabia. The field  has a sandy soil texture of 93% sand, 
3.2% silt and 3.8% clay, with calcium carbonate of 3.4% and  soil pH averaged 7.3. This type of soil   
represents the most common soil in Al-Hasa Oasis. Tillage systems and implements   were chosen according to 
the most ones used in land preparation by farmers of this region (Al-Hashem and AL-Madini, 2007). The 
experiment was a fully randomized block design with three replications. The field area was divided to plots, 
each one  had  a dimension of 320 m.  

 
2.2. Field equipment and land preparation and planting: 

 
A 75.2 kW, four wheel drive tractor weighed to 39.4kN was used for the experiments. The rear axle was 

fitted with 13.6/38 biasply single tires, inflated to 35psi while the front axle was fitted with 11.2/24 bias-ply 
single tires, inflated to 30psi. Three tillage systems were performed in this study as mentioned below: 

1. Chisel + tooth harrow (chiseling to a depth of 30 cm followed by one pass of a tooth harrow to a depth 
of 10 cm) (CHT); 

2. Mouldboard plough + tooth harrow (ploughing to a depth of 30 cm followed by one pass of a tooth 
harrow a depth of 15 cm) (MPT); 

3. Disc plough + tooth harrow (Discing to a depth of 30 cm followed by one pass of a tooth harrow a 
depth of 10 cm) (DPT). 

Land was prepared at soil moisture content near the field capacity (Al-Hashem and  AL-Madini, 2007).  
Firstly, the primary tillage operations i.e. CHT, MPT and  DPT on each block according to the experimental 
design. Then, they were followed by a levelling blade in the different assigned plots. Seeding with barley crop  
(Gesto species) was made manually. Irrigation was applied regularly through the experiment duration, chemical 
fertilizers (super phosphate plus urea) and plant protection applications were given according to the 
recommendation of  the Ministry of Agriculture and Water (Ministry of Agriculture and Water, 2005). All 
measurements of soil properties, plant growth and harvested crop were done in two places: 

 in the cultivated area (unwheeled, UW) and, 
 in the tractor wheel passage i.e. the compacted area (wheeled, WD), because tractor wheel passages 

sometimes represent  up to 30% of the total cultivated area of the field which effects plant growth and crop 
productivity.    

Measurements were concerned in the middle of each plot to avoid the effect of tractor speed variation at 
start and end points. 

 
2.3. Soil measurements: 

 
Two soil properties included soil bulk density and cone penetration resistance were measured. Soil bulk 

density was determined by following the core sample standard method (Campbell Henshell, 1991). Soil samples 
were collected by driving an iron cylinder with open ends into the soil. Three samples were taken at  depths of 
10, 20 and 30 cm, then weighed and directly dried to the constant mass to calculate soil density. Soil penetration 
resistance was measured with  an advance computerized cone penetrometer following the procedure in the 
standard S313.2 (ASAE, 1993). The cone was pushed vertically into the ground at a low uniform rate and 
penetration  values were recorded automatically  at each 1.5 cm depth interval down to 45cm. Five replicates of 
15 separate measurements were determined for each treatment.  

 
2.4. Plant measurement and harvesting: 

 
Firstly, the number of plants  was counted at 7 days (germination time), 14days and 21 days  from seeding. 

Plant length was measured at 2 weeks, 6 weeks and 10 weeks from seeding. Secondly, at full mature stage 
(harvesting time), measurements were taken included: plant length, straw weight and seed weight. All  
measurements were carried out in area of  squared meter and then calculated on the basis of kg per hectare. 
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2.5. Statistical analysis: 
 
Collected data were subjected to the proper statistical analysis procedures as the technique of Analysis of 

Variance for the randomized complete block design as mentioned by Gomez and Gomez (1984). Treatments 
were compared using the least significant difference LSD at 5% level of probability. 

 
Results And Discussion 

 
3.1. Bulk density and penetration resistance: 

 
Table (1) represents  the average  soil  bulk density and cone penetration resistance at three soil depths of 

10, 20 and 30cm as affected by the different tillage systems and tractor wheel passages. In all tillage systems, 
the bulk density and penetration resistance increased with depth and the greatest was always measured in 
deepest layer.  

On average of the two places (cultivated and wheeled), the lowest bulk density (1.31 gm/cm3) through  the 
depth profile was measured with  MPT system, even though the CHT system gave almost the same soil  density.  
MPT system also  resulted in the lowest penetration resistance (1430 kPa) among the other systems  providing 
more soil loosening. This observation is similar to that of El-Banna, (1990) and Aleixo et al. (1993). Moldboard 
plows  have the capability to pulverize the treated soil and invert large clods so the soil volume increase  leading 
to a decrease in soil density and a reduction in soil strength. Irrespective of the tillage system used, wheel 
passage resulted in a  significant increase in soil density of 11% in  the wheeled  area and penetration resistance 
was also significantly increased  by  30%. These results agrees with (Moreno et al. 1997; Al-Hashem et al. 
2001 and Yavuzcan H. G.  2000) 
 
Table 1: Mean comparisons of dry bulk density and cone penetration resistance as affected by plow type and wheel passage within the 0-30  
             cm depth  

Treatments Density (gm/cm3) Cone index (kPa) 
A:  Plow type 
CHT 
MPT 
DPT 
LSD at 5% 

1.32 
1.31 
1.39 
0.05 

1493 
1430 
1574 
59.9 

B: Depth (cm) 
10 
20 
30 
LSD at 5% 

1.23 
1.35 
1.45 
0.05 

376 
1353 
2768 
59.9 

C: Wheel passage  
UW 
WD 
F-test 

1.27 
1.41 
** 

1300 
1698 
** 

 
Table (2) represents effect of interaction between tillage and wheel passage  and depth  on bulk density and 

penetration resistance. Results don’t show any significant difference between soil density values either in the 
cultivated area nor  in wheel passage area at the three soil depths. However, a significant difference  between 
the values of penetration resistance was observed  which presents  the  reverse effect of the tractor wheel weight 
regardless of the type of the plow used. These results are in agreement with those reported by Hill and Meza-
Montalvo (1990) that soil strength is a more sensitive indicator of wheel traffic effects than bulk density. The 
highest impact of wheel passage on soil penetration resistance was obtained in the first layer (100%), then  
(51%) at the second layer and (15%) at the third  one. The first two layers are normally  critical for plant growth 
which probably represent the most root distribution zone for the plant under the current study. 

 
Table 2: Mean comparisons of bulk density and penetration resistance as affected by the interaction between tillage (UW) , wheel passage  
             (WD)  and depth.  

 Bulk density (gm/cm3) Penetration resistance (kPa) 
Depth (cm) UW WD UW WD 
10 
20 
30 

1.14 
1.28 
1.38 

1.31 
1.42 
1.51 

250 
1075 
2576 

501 
1632 
2960 

LSD at 5% NS 84.7 
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Table (3) represents the  effect of interaction between the type of  plow, depth  and wheel passage on soil 
density and penetration resistance. Significant differences between soil density values  were not observed either 
in the cultivated area or in wheel passage area at the three soil depths using any type of plows, even though, 
CHT system  has the lowest soil density in the first layer while  MPT system always  has the lowest soil density 
in the other two layers. Again a significant difference between the values of penetration resistance was 
observed. MPT system resulted in the lowest penetration resistance particularly at the  first two depths. Results 
showed  that using mold board  plow gave  penetration resistance in the wheeled area 27%  and 29% at  the first 
layer and 25%  and 18% at the second layer lower than those achieved by using chisel plow and disk  plow, 
respectively.  

 
Table 3: Mean comparisons of dry bulk density and cone penetration resistance as affected by the interaction between the plows and wheel  
              passage  and depth  

 B: Depth (cm) 
Density (gm/cm3) Cone index (kPa) 

 10 20 30 10 20 30 
C: Wheel passage  UW WD UW WD UW WD UW WD UW WD UW WD 
A: Plow 
CHT 
MPT 
DPT  

 
1.09 
1.13 
1.22 

 
1.21 
1.37 
1.34 

 
1.26 
1.22 
1.35 

 
1.40 
1.40 
1.46 

 
1.42 
1.28 
1.44 

 
1.53 
1.47 
1.53 

 
228 
187 
336 

 
544 
397 
560 

 
1044 
898 
1282 

 
1839 
1375 
1682 

 
2535 
2576 
2617 

 
2766 
3145 
2967 

LSD at 5% NS 146.7 

 
Figure (1) showed the effect of the different tillage systems on penetration resistance at the cultivated area. 

As can be seen, the penetration resistance values were significantly lower under the  three  tested  systems than 
under no tillage through the all soil profile (El-Banna, 1990; Abu-Hamdeh, 2003; Filipovic et al., 2006; Al-
Hashem and AL-Madini, 2007). Primary tillage operations normally reduce soil strength and rearrange soil 
aggregates and  the following secondary tillage operations are intend to create refined soil conditions (Kepner et 
al. 1978). MPT system CHT system  resulted in the lowest penetration resistance values down to the depth of 
plowing providing more loosening to the soil particularly at the layer of 0-25 cm. This layer probably represents 
the most root distribution zone for the plant under the current study. Penetration resistance readings for the DPT 
system were relatively higher than those of the other two systems at top layer, however, the values became more 
higher as the depth increased. This result supported results found in table (3). 

 

 
Fig. 1: Soil penetration resistance as affected by different tillage systems       
 
3.2. Plant germination and vegetative growth: 

 
The average plant numbers and length at different tillage systems and wheel passage during different 

growing  dates from seeding  are shown in Table (4). In all tillage systems plant numbers  and length  increased 
with time and the greatest values were always measured in the last date. On average of the two places 
(cultivated and wheeled), the great effect was induced by the MPT system  providing   the  most plants in a unit 
of area  at the three dates with  remarkable significant differences in comparison to the other systems. However 
in the cultivated area, at the third date of seeding,  MPT system gave an increase of plant germination  about  
30% and 46% more than CHT and DPT systems, respectively. Also, MPT system gave an increase of plant 
length about 18% and 28% more than CHT and DPT systems, respectively, at forth date from seeding.  
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Regardless of the  tillage system used, wheel passage significantly  reduced plant numbers  65% at third date  
and reduced  plant height  18% at fourth date compared to  those  on the cultivated areas.   

Figure (2) represented plant length development  through the growth season in  the cultivated area. Results 
showed that plant length with  CHT and MPT systems was  almost the same till week 7, but  better than that with 
DPT system. Then, MPT system gave higher plant length till harvesting date (week 20) in comparison to the other 
systems. Figure (3) represented plant length development  through the growth season in wheel passage. Results 
showed that plant length with  CHT and MPT systems was almost the same through all growth season, but  higher  
than that with DPT system. Comparison of plant height development in cultivated area and in wheel passage 
regardless of plow used  was plotted  in figure (4). Results showed that plant length was influenced negatively  by 
wheel passage resulting in a reduction in plant height through all growth season till harvesting date in the place of 
wheel passage (Boone and Veen 1994, Voorhees  1986; Barbosa et al. 1989, Ibrahim et al. 2004 and Johan, 
1999). 

 
Table 4: Mean comparisons of germination  in (40*40 cm sq.)  and length of plant as affected by the tillage and wheel passage  at different   
              dates from seeding  

Characters No.  of plant  germination  Plant length (cm) 
Treatments Date 1 Date 2 Date 3 Date 1 Date 2 Date 3 Date 4 
A: Plow     
CHT 
MPT 
DPT 
LSD at 5% 

28.0 
37.2 
19.2 
4.4 

36.8 
46.0 
31.2 
4.0 

40,0 
50.0 
32.8 
3.2 

5.2 
4.7 
3.7 
0.7 

38.5 
34.2 
27.8 
3.4 

61.8 
65.2 
43.8 
2.2 

68.2 
78.0 
57.8 
 4.5 

B: Wheel     
UW 
WD 
F-test 

45.6 
10.8 
** 

56.8 
19,2 
** 

60.8 
20.8 
** 

5.4 
3.6 
** 

39.7 
27.4 
** 

61.0 
52.9 
** 

74.8 
61.3 
** 

C: Interaction     
CHT 
 

UW 
WD 

45.2 
10.8 

52.0 
21.0 

57.2 
22.8 

5.7 
4.7 

44.0 
33.0 

65.3 
58.3 

72.3 
64.2 

MPT 
 

UW 
WD 

65.2 
9.2 

76.0 
16.0 

81.2 
18.8 

6.2 
3.2 

43.0 
25.5 

71.3 
59.0 

88.3 
67.7 

DPT 
 

UW 
WD 

26.8 
12.0 

42.8 
20.0 

44.0 
21.2 

4.3 
3.0 

32.0 
23.7 

46.3 
41.3 

63.7 
52.0 

LSD at 5% 6.4 6.0 4.4 1.0 3.4 3.1 6.3 

 

 
Fig. 2: Plant height development in response to tillage systems (in cultivated area) 

 

 
Fig. 3: Plant height development in response to tillage systems (in wheel passage)  
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Fig. 4: Comparison of plant height development in cultivated  area(UW) and in  wheel passage (WD) 
 

3.3. Crop yield characteristics: 
 
The yield characteristics of barley grown in the different soil cultivation systems are represented in figure 

(5). On average of the combination of unwheeled and wheeled areas, the highest yield characteristics was 
achieved with MPT system. There was a slightly lower yield  values with CHT system but difference was not 
significant. MPT system  resulted in the highest straw weight (10.05Mg/ha) and  seed yield (2.95Mg/ha). MPT 
system provided a significant increase of 57% in the straw weight and 62% in the seed yield compared with 
DPT system. The improvement in plant vegetative growth has shown a positive response towards the 
enhancement of the barley seed yield (Table 4). Manipulating the soil by this type of cultivation produced better 
soil bed and optimum soil tilth which resulted in bigger root growth. Consequently, a favorable plant growth 
and an increase in the final crop yield  were gained. This results are in correspondence with the finding of other 
studies (Angelini et al., 1995; Moreno et al., 1997; Lipiec and  Hatano, 2003 and  Filipovic et al. 2006).  Figure 
(6) showed that there are a high significant reduction in straw weight (88%) and seed yield (81%) occurred 
because of tractor wheel passage irrespective with the plow used.  As far as  the plow  type  is concern,  the 
MPT system in general has the highest  values of yield characteristics either in the cultivated  areas  or in  wheel 
passage ones as shown in table (5). Yields are often compared through different tillage systems and authors 
often report that a higher yield can be achieved with a conventional tillage (moldboard ploughing and additional 
secondary tillage) in comparison to others tillage systems (Aleixo et al., 1993; Borin and Sartori, 1995; Zimmer 
et al., 1997; Lyon et al., 1998; Kosutic et al., 2001 and  Filipovic et al. 2006). According to Sartori and Peruzzi 
(1994), corn cultivated based on moldboard ploughing  produced around 20–25% more  than with those based 
on other methods. Alvarez and Steinbach (2009), reported that wheat and corn yields were 10–14% higher with 
moldboard tillage than that yields under other tillage treatments as a mean. 

 

 
 
Fig. 5: Yield characteristics of barley in response to tillage systems. 
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Fig. 6: Comparison of yield characteristics of barley in cultivated  area and in  wheel passage.  

 
Table 5: Mean comparisons of  yield characteristics as affected by the tillage system and wheel passage   

Treatments Total crop weight (Mg/ha) Straw weight 
(Mg/ha) 

Grains weight 
(Mg/ha) 

CHT UW 
WD 

22.83 
2.50 

18.15 
1.56 

4.68 
0.94 

MPT UW 
WD 

23.33 
2.68 

18.35 
1.77 

4.98 
0.91 

DPT UW 
WD 

8.70 
2.20 

6.85 
1.80 

1.85 
0.40 

LSD at 5% 1.55 1.43 0.39 

 
3.4Relationship between crop yield  and soil strength:   

 
 A regression analysis was done to find out the correlation between crop yield and soil strength ie 

penetration resistance  measured for assessing the effect of soil compaction  on yield production in this study. It 
was observed that there was a high correlation  between soil penetration resistance  at an average depth of 0-
30cm and yield production of barley giving  coefficient of determination of R2 =0.90 with linear correlation  as 
shown in figure (7). The relatively  high value of R2 indicated that yield production can be influenced by soil 
penetration resistance  and reduced significantly as penetration resistance  increased by tractor wheel weight or 
any other farm equipment. This result points out that the beggar soil strength, the worse effect on yield 
production.   

 

 
Fig. 7: Relationship between crop yield and soil penetration resistance 

 
Many studies and reviews has shown the evidences of the harmful effect of soil compaction on seedling 

emergence, plant growth, development and yield (Voorees, W.B., 1970; Soane et al., 1982; Soane and van 
Ouwerkerk, 1994). Although there are a number of researches trying to  link between the soil compaction effect 
and final crop yield, however, most of the information is in the form of a relative effect i.e. descriptive  so the 
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plant responses to soil compaction is not quantified in a distinct manner. This is  due to the wide variation in 
crop sensitivity to the compactive effect and formation applies to a particular type of soil studied which differs 
everywhere and the other factors of crop growth are not similar. Therefore,  there is a need of greater attention 
to be paid to specify under which site conditions various levels of soil compaction will have a negative or 
favourable effect on crop production.  

 
Conclusion: 

 
From the results obtained in the current study, for evaluating  the effects of different tillage systems on 

compaction of sandy soil and productivity of barely,  the  following conclusions could be drawn: 
 

1. In all tillage systems, the bulk density and penetration resistance increased with depth and the greatest 
was always measured in deepest layer.  

2. MPT system was superior in  producing the lowest values of  soil density and the less soil penetration 
resistance through the layer of the plowing.  

3.  MPT system resulted in  the highest  germination and plant length either in the cultivated area or in the 
wheel passage place  with  remarkable  significant  differences in comparison to the other treatments.  

4. Irrespective with the tillage system,  tractor wheel passage resulted in a high significant  increase in 
bulk density and penetration resistance and a high  significant  reduction in plant growth and final  crop yield.  

5. A relative high correlations was observed between between crop yield and soil penetration resistance  
giving coefficient of determination of (R2 = 0.90). 

6. It possibly be to recommend  that mouldboard plough + tooth harrow combination (MPT system) could 
be  useful land preparation tool for less soil compaction and enhancing  the yield of barely  under the condition 
of the study region.   
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