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Abstract         To quantify the effects achieved by the maintenance the 
mowed sod strips system between tree rows in a high density apple orchard, 
located on a sloping land, in the period 1978 – 2004, some studies were 
carried out. It was organized an experience with the following three factors: 
Factor A = soil type, with 3 graduations, Factor B = the year since trees 
planting where, the investigations were made with two graduations and Factor 
C = technological traffic with three graduations.  
On average, on the three soil types and the two periods of time since trees 
planting, except the depth of 5-10 cm, in the other three soil depths analyzed, 
CI1 and CI3, versus CI2, related to BD and RP, generally showed significantly 
higher values. Under the same conditions, the above indices related to Ksat 
generally showed significantly lower values. On average, on the three soil  
types over 4 year period since  trees planting compared to 20 year period 
since their planting, on depth of 5-10 cm, value of the three compaction 
indices related to BD was significantly higher by 10%, and those related to 
RP, by 74%. Instead, under the same conditions, on the depth of 55-60 cm, 
the value of the three compaction indices related to BD was significantly 
reduced by 9%, and those linked to RP, by 71%. In line with the above 
presented, on average on the three soil types, in 20 years period since trees 
planting compared to 4 year period since their planting, at 15-20 cm depth, 
the value of the three compaction indices related to Ksat was significantly 
greater with 326%. 
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The execution of technological traffic required 

by the maintenance of high density apple orchard 

causes a differential soil compaction on the intervals 

between rows. The studies conducted in this regard 

have shown the disposition mode and the intensity with 

which this process is done in relatively short periods of 

time since trees planting, both in orchards located on 

flat terrains (Gras, 1965, Iancu and Neamtu, 1979), and 

those located on sloping lands (Iancu, 2001). In this 

paper we intended to highlight the differential 

manifestation of this process on two moments located 

within a relatively long period of time from trees 

planting (20 years). To do this, during 1978 – 2004, 

some investigations were carried out at the Research - 

Institute for Fruit Growing Pitesti - Mărăcineni. 

 

Material and Method 

 
The investigations were carried out in a high 

density apple orchard established in 1984 on a hillside 

with a length of 200 m and a slope of 6-12% in the 

studied area. The tree rows were placed on the general 

direction of the contour lines, with the distance 

between them of 3.6 m and between trees along the 

row of 1.5 m. The tractor used for works had a total 

weight of 2.1 t. The distance between the external 

edges of the rear motor wheels was 1.72 m, while that 

of the front wheels was 1.63 m. When performing plant 

sanitary treatments, it was used a carried spraying 

machine with a total weight of about 1.5 t. Soil from 

the intervals between tree rows were maintained as 2.4 

– 2.6 m wide, mowed sod strips, performed by sowing 

of Lollium perenne. On the tree row direction, the soil 

was worked mechanically on a 0,8 – 1 m band width. 

It was organized the following experimental 

scheme: A factor – soil type, with graduations: a1 = 

eutricombosol with coluvic character (ECC); a2 =, 

slightly eroded eutricombosol (SEE); a3 = tipic 

eutricombosol (TE); B factor - period (years) after tree 

planting, with graduations: b1 = 4 (1978), b2 = 20 

(2004); Factor C -technological traffic. Within the 

interval between two tree rows, as a result of 

technological traffic, four different zones of 

compaction were achieved (fig. 1). To highlight the 

developments in the state of soil compaction on these 
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zones, the compaction index was calculated. It is the 

ratio of the three compaction zones located on the 

interval between tree rows and compaction zone 

situated on the tree row axis. Thus the following 

graduations of experimental C factor were established:

 

 

 

 

 

 

 

 

 

 

A- Interval between two tree rows. 

1. Weakly compacted zone (tree row); 

2. Strongly compacted zone (wheel trace placed in the lower part of the interval between two tree rows) 

3. Strongly compacted zone placed in the upper part of the interval between two tree rows; 

4. Medium compacted zone (middle distance of the interval between two tree rows; 

 

Fig. 1. Location of the four soil compaction zones between two tree rows 

c1 = the ratio between strongly compacted 

zone situated on the wheel trace located downstream of 

the interval between tree rows and weakly compacted 

zone located on the tree row axis – compaction index 1 

(CI1);  

c2 = the ratio between medium compacted 

zone located in mid-interval between tree rows and 

weakly compacted zone situated on the tree row axis - 

compaction index 2 (CI2); 

 c3 = the ratio between strongly compacted 

zone situated on the trace located upstream of the 

interval between tree rows and weakly compacted zone 

located on the tree row axis – compaction index 3 

(CI3). These three indices were calculated for each of 

the three physical properties analyzed. Therefore, to 

identify them, physical property short name was 

attached to each of them. 

Soil samples were taken, in 4 replications, from 

profiles located on each compaction zone indicated in 

Fig. 1. Samples unchanged in structure, were collected 

on depths of 5-10 cm, 15-20 cm, 35-40 cm and 55-60 

cm. It was determined the bulk density (BD), the 

saturated hydraulic conductivity (Ksat) and resistance to 

penetration (RP). 

 

 

Results and Discussion 

 
 Influence of experimental factors on 

the value of ratios between the technological 

traffic zones concerning the physical properties 

analyzed 

 

On average, on the 2 periods of time from trees 

planting, the average of the 3 compaction indices (CI1, 

CI2 and CI3) of bulk density (BD) on the SEE  and ET 

soils versus ECC soil, were significantly higher by 6-

8% on depths of 15-20 cm and 35-40 cm and non 

significant on 55-60 cm depth. Instead, on the depth of 

5-10 cm, ECC - SEE soils , versus TE soil, the average 

of the same three compaction indices of bulk density 

were significantly higher by 10%. Under the same 

conditions, the value of the three compaction indices of 

saturated hydraulic conductivity (Ksat), on the ET soil, 

versus SEE soil was three times significantly higher at 

the depth of 5-10 cm and 1.75 times at the depth of 15-

20 cm. Also, on the depth of 15-20 cm, on ECC soil 

versus the SEE soil, the value of the three compaction 

indices of Ksat was seven times significantly higher. 

Compared to the value of the three compaction indices 

related to BD and Ksat, the same indices value related 

to resistance to penetration (RP) not significantly 

differentiated the three soil types at any of the four soil 

depths analyzed. 

On average, on the three soil types, in 4th year 

after trees planting versus 20th year, on the depth of 5-

10 cm, the value of the three compaction indices 

related to BD was significantly higher by 10% and the 

three compaction indices related to RP by 74%. 

Instead, under the same conditions, on the depth of 55-
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60 cm, the three compaction indices related to BD was 

significantly reduced by 9%, and those related to RP, 

by 71%. The values of compaction indices related to 

Ksat have registered in line with those presented above, 

respectively the compaction indices related to the bulk 

density. Thus, on the 15-20 cm depth, the value of 

three compaction indices related to Ksat was 

significantly greater with 326% at 20 years since trees 

planting compared to the 4 year period since their 

planting. 

On average, on the three soil types and the two 

periods of time from trees planting, except the depth of 

5-10 cm, on the other three soil depths analyzed CI1 

and CI3, versus CI2, related to the BD and PR recorded 

generally significantly higher values and respectively 

lower concerning Ksat. 

 

 
Table 1 

Influence of technological traffic on the soil compaction state in a high density apple orchard 

 

Soil depth 

(cm) 

Reported 

soil 

physical 

property 

A Factor graduastions 
B Factor 

graduastions 
C Factor graduastions 

a1 a2 a3 
LSD5

% 
b1 b2 

LSD5

% 
c1 c2 c3 LSD% 

5-10 1 1,22 1,21 1,10 0,065 1,23 1,12 0,071 1,18 1,15 1,19 NS 

2 0,46 0,40 1,20 0,545 0,65 0,72 NS 0,58 0,80 0,69 NS 

3 4,40 3,19 2,74 NS 4,38 2,51 0,798 3,88 2,89 3,56 0,564 

15-20 1 1,03 1,12 1,10 0,051 1,11 1,06 NS 1,11 1,07 1,06 0,04 

2 4,71 0,67 1,17 2,84 0,83 3,54 1,97 2,13 2,35 2,07 NS 

3 2,36 2,25 2,56 NS 2,76 2,02 NS 2,68 2,24 2,25 NS 

35-40 1 1,05 1,12 1,10 0,057 1,06 1,12 NS 1,07 1,07 1,12 0,037 

2 1,05 0,55 1,16 NS 0,92 0,92 NS 0,82 1,28 0,66 0,375 

3 2,07 2,34 2,04 NS 1,77 2,52 0,295 2,05 1,85 2,54 0,341 

55-60 1 1,06 1,12 1,11 NS 1,05 1,14 0,075 1,12 1,11 1,06 0,034 

2 0,98 0,44 0,68 NS 0,91 0,50 NS 0,79 0,78 0,54 NS 

3 1,51 1,94 2,19 NS 1,39 2,37 0,407 2,14 1,62 1,90 0,315 
 

Soil physical property: 1= bulk density; 2= Saturated hydraulic conductivity; 3= resistance to penetration 

The significance of A, B, C experimental factor graduations is presented in chapter „Material and Method” 

 
 Influence of soil type on the value of 

ratios between the technological traffic 

zones concerning the physical properties 

analyzed. (Interaction of experimental 

factors A/C) 

 

For the three soil  physical properties 

investigated and four soil depths analyzed, the number 

of cases in which the three compaction indices were 

significantly different between them was the highest on 

ECC soil (30.6% of cases analyzed ) followed by TE 

soil (25%), and SEE soil was located on the last place 

(19%). For the three soils and four depths analyzed, the 

number of cases in which the three compaction indices 

were significantly different was the highest (28% of 

cases analyzed) for BD, followed by RP (25%) and Ksat 

was on the last place (22%). For the three soil types 

and the three physical properties analyzed, the number 

of cases in which the three compaction indices were 

significant different was equal at 35-40 cm and 55-60 

cm depths (30% of cases analyzed ) followed by 5-10 

cm depth (26%), and 15-20 cm depth was located on 

the last place (15%) - Table 2 

For the three soil physical properties studied and 

the four soil depths, compaction index 2 recorded the 

highest number of cases in which it was significantly 

different between the three soil types examined (17% 

of the total number of cases). Under the same 

conditions, the compaction indices 2 and 3 registered 

an equal number of cases that have significant 

differences, only 11%. 

For the four soil depths analyzed, the number of 

cases in which the three indices of compaction were 

significantly different between the three soil types was 

recorded for BD (31% of the total number of cases) 

followed by Ksat (8%). Under the same conditions, the 

compaction indices related to RP were not significantly 

different in any case (Table 2). 

For the three physical properties studied, the 

number of cases where the compaction indices were 

significantly different between the three soil types 

occurred at the 5-10 cm shallow depth (22% of cases 

examined). On the depths of 15-20 cm and 35-40 cm, 

this number was similar, representing 15% of the total 

number of calculated cases. At 55-60 cm depth, there 

was no case of significant differentiation of the three 

compaction indices (Table 2). 
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Table 2 

The influence of soil type on the values of ratios between technological traffic zones  

concerning studied physical properties 

 

Soil 

depth 

(cm) 

Reported 

soil 

physical 

property 

a1 a2 a3 LSD 5% 

c1 c2 c3 c1 c2 c3 c1 c2 c3 e f 

5-10 1 1,26 1,13 1,25 1,23 1,18 1,21 1,05 1,15 1,10 0,064 0,113 

2 0,44 0,48 0,47 0,56 0,45 0,19 0,73 1,46 1,41 0,461 0,945 

3 5,26 3,51 4,43 3,34 2,70 3,55 3,05 2,46 2,69 0,977 NS 

15-20 1 1,08 1,01 1,00 1,15 1,10 1,09 1,11 1,10 1,09 0,062 0,089 

2 5,16 4,66 4,32 0,45 0,78 0,79 0,78 1,62 1,11 NS NS 

3 2,33 2,48 2,27 2,48 1,94 2,33 3,23 2,28 2,16 0,800 NS 

35-40 1 1,00 1,01 1,14 1,11 1,11 1,13 1,11 1,10 1,09 0,065 0,099 

2 0,93 1,57 0,66 0,79 0,54 0,33 0,76 1,72 0,99 0,649 NS 

3 2,14 1,85 2,21 2,38 1,60 3,03 1,64 2,11 2,36 0,590 NS 

55-60 1 1,08 1,08 1,02 1,13 1,13 1,09 1,14 1,12 1,08 0,059 NS 

2 1,06 1,24 0,64 0,57 0,40 0,35 0,74 0,69 0,62 0,545 NS 

3 1,80 1,27 1,48 1,70 1,70 2,44 2,92 1,88 1,77 0,545 NS 
 

Reported soil physical property: 1 = bulk density; 2 = saturated hydraulic conductivity; 3 = resistance to penetration 

LSD 5%: e= constant a, c different; f = constant c,  
 

 

 Influence of period of time from trees 

planting on the value of ratios between the 

technological traffic zones concerning the 

physical properties analyzed.(Interaction of 

experimental factors B/C) 

 

For the three physical properties under study and 

four soil depths analyzed, the number of cases in which 

the three compaction indices were significantly 

different between them was at 20 years from trees 

planting (33% of total analyzed cases) compared to the 

period of time located at 4 years of their planting 

(25%). For the two periods from trees planting and four 

soil depths analyzed, the number of cases in which the 

three compaction indices were significantly different 

between them was highest for RP (33% of all cases 

analyzed ), followed by BD (25%), and Ksat was on the 

last place (21%). For the two periods from trees 

planting and the three physical properties in the study, 

the number of cases in which the three compaction 

indices were significantly different between them, was 

similar to the depths of 5-10 cm and 35-40 cm (33 % of 

the total number of analyzed cases), the 55-60 cm soil 

depth was ranked second (22%) and 15-20 cm soil 

depth, was situated on the last place (17%). 

For the three soil physical properties studied and 

the four soil depths analyzed, compaction index 1 

recorded the highest number of cases in which it was 

significantly different between the two periods from 

the trees planting (33% of the total number of cases). 

For the compaction index 3, this number was 25% and 

for compaction index 2, there was no case of 

significant difference. 

For the four soil depths analyzed, the number of 

cases in which the three compaction indices were 

significantly different between the two periods since 

trees planting was highest for RP (42% of the total 

number of cases). For the two other soil physical 

properties (Ksat and BD), this number was similar (8%). 

For the three soil physical properties under 

study, the number of cases in which the three 

compaction indices significantly differed between the 

two periods since trees planting was highest on 5-10 

cm depth (33% of the analyzed cases). The 35-40 cm 

soil depth was ranked secondly (16%), the 55-60 cm 

soil depth was situated on 3
rd

 place, and the depth of 15 

to 20 cm, on the last place, where there was no case of 

significant differentiation. 
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Table 3 

Influence of time period since m trees planting on the values of ratios between  

technological traffic zones concerning the studied physical properties 

 

Soil 

depth 

(cm) 

Reported 

soil 

physical 

property 

b1 b2 LSD5% 

c1 c2 c3 c1 c2 c3 e f 

5-10 1 1,25 1,21 1,23 1,11 1,10 1,14  0,122 

2 0,74 0,82 0,38 0,41 0,78 0,99 0,377 0,476 

3 5,28 3,25 4,60 2,49 2,52 2,51 0,798 1,382 

15-20 1 1,12 1,11 1,10 1,11 1,03 1,02 0,051 NS 

2 0,50 1,11 0,89 3,75 3,60 3,26 NS NS 

3 3,17 2,33 2,79 2,19 2,14 1,72 0,653 NS 

35-40 1 1,03 1,07 1,09 1,12 1,08 1,15 0,053 NS 

2 0,88 1,07 0,79 0,77 1,48 0,53 0,530 NS 

3 1,64 1,50 2,17 2,46 2,21 2,90 0,482 0,511 

55-60 1 1,06 1,06 1,03 1,17 1,17 1,10 0,049 NS 

2 1,16 0,80 0,76 0,42 0,75 0,32 NS NS 

3 1,64 1,31 1,23 2,64 1,92 2,56 0,445 0,705 

 
Reported soil physical property: 1 = bulk density; 2 = saturated hydraulic conductivity; 3 = resistance to penetration 

LSD 5%  e = constant b, c different; f = constant c, b different 

 
In the present study and other previous works 

(Iancu, 2001, Iancu and Tebeica, 2010), to highlight 

the evolution of soil compaction under the influence of 

technological traffic some indices of compaction state 

have used. They represented the ratios between the 

compaction zones caused by the technological traffic, 

concerning the soil physical properties analyzed. 

Data presented in tables 1-3, showed firstly that, 

on the traces left by the wheels of agricultural 

equipment during the technological traffic, compared 

to the zone located on the tree row axis and even on the 

zone located in mid-interval between trees rows, it has 

been registered a worsening of soil physical condition. 

This process of deterioration on the more superficial 

soil layers (5-10 cm, 15-20 cm) was more evident in 4 

years since trees planting compared to the period of 20 

years since their planting. This improvement in time of 

soil physical state in the superficial layers can be 

explained by the ameliorative effect of herbs within the 

soil moved strip system between tree rows. In contrast, 

in the analyzed soil layers located deeper (35-40 cm 

and 55-60 cm), the degree of soil compaction was 

higher at 20 years from trees planting compared to the 

period of 4 years since their planting. Therefore these 

findings show that, the technological traffic in high 

density apple orchards, produces an increase of soil 

compaction state over time. However, at the top of the 

soil, this process of physical deterioration is reduced by 

herbs within the soil mowed sod strips system. Of the 

three physical properties determined, RP was 

significantly different in most cases, in the issues listed 

above. It was followed by BD, and Ksat was situated on 

the last place. 

Conclusions 

 
1. On average, on the three soil types and the 

two periods of time from trees planting, except the 

depth of 5-10 cm, in the other three soil depths 

analyzed, CI1 and CI3, versus CI2, related to BD and 

RP, generally showed significantly higher values. 

Under the same conditions, the above indices related to 

Ksat generally showed significantly lower values. 

2. On average, on the three soil types, over the 

period of 4 years since trees planting compared to the 

period over of 20 years since their planting, on depths 

of 5-10 cm, value of the three compaction indices 

related to BD was significantly higher by 10%, and 

those related to RP, by 74%. Instead, under the same 

conditions, on the depth of 55-60 cm, the value of the 

three compaction indices related to BD was 

significantly reduced by 9%, and those linked to RP, 

by 71%.  

3. In line with the above presented, on average 

on the three soil types, in the period over 20 year since 

trees planting compared to the 4 year period since their 

planting, at 15-20 cm depth, the value of the three 

compaction indices related to Ksat was significantly 

greater with 326%. 
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