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Abstract         Knowing the soil physical condition and its changes by 
terracing works has a great importance for achieving profitable plantations on 
hilly terrains. To this purpose, in two time periods 4 years and 20 years after 
tree planting, it was determined the effects of the following experimental 
factors: A factor – soil type, with three graduations; B factor - position within 
the terrace platform with three graduations. The investigations were 
conducted in a high density apple orchard located on a hillside with an initial 
slope between 8-18%, arranged by mechanical works in terraces with a width 
of about 25 m. 
On slightly eroded eutricombosoil versus the typical one or with coluvial 
structure, less favorable values of the three physical soil properties for tree 
growth and fructification have been registered. In case of position located 
upstream of the terrace platform compared to the positions located 
downstream or the middle of terrace platform, values of the three physical 
properties were less appropriate for the trees behavior. Influence of the three 
soil types and the 3 positions of platform terraces, on the physical properties 
analyzed was much higher, obviously in the 20 year period versus 4 year 
period after tree planting. 
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To reduce soil erosion and to create the 

possibilities for mechanized work in high density apple 

orchards located on land with a slope greater than 12-

14%, it was recommended their arrangement in 

terraces (Motoc, 1963; Iancu et all 1992). 

Among disadvantages of this method, it was 

also mentioned irregular arrangement of soil layers 

involved on the terraces platforms, due to pushing land 

from upstream to their downstream. Data to support 

these explanations were presented as a result of the 

investigations carried out on terraces with a relatively 

small width of the platform (3-5 m), performed by 

manual digging (Popa, 1963, Iancu, 1967). Some data 

relating on these changes on the terraces with a greater 

width of the platform, made by mechanical work, had 

been presented in few works (Iancu et all, 1997). 

 To bring some additional data in order to 

complete these shortcomings and to pursue a longer 

period of time the effects of these changes, between 

1988 -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 

which makes the translation between the second and 

the third terrace of the River „Doamnei” in the city 

Colibasi, Arges district . The hillside has a length of 

200 m and a slope of 8-18% in the studied zone. It was 

made a slight leveling of the land before making the 

terraces. For a more uniform arrangement of more 

fertile top soil layer on the future terraces platforms, it 

was collected by bulldozer blade and stored in piles. 

Then terracing itself was done by pushing the earth 

from part of the upper platform of terrace to its down 

part in order to achieve a 5-8% cross slope platform. 

Above ground modeled this way, it was distributed, by 

the bulldozer pushing, the fertile soil collected in piles. 

So, there have been done 5 terraces with platform 

width of approximately 25 m. Soil from such arranged 

terraces was then mechanically dug at 45 to 50 cm. 

Tree rows were placed on the general direction of the 

contour lines. First row was located at about. 1.2 m 

from the edge of the terrace platform. The distance 

between rows was 3.6 m and between trees along the 

row of 1.5 m. Seven rows of trees were placed on each 
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terrace. To characterize the soil physical properties in 

different positions on the slope, corresponding to 

different degrees of soil erosion and within the terrace 

platform, the following experimental scheme was 

organized:  

A factor – soil type, with graduations: a1 = 

eutricombosol with coluvic character (ECC); a2 =, 

slightly eroded eutricombosol (SEE); a3 = tipic 

eutricombosol (TE); 

B factor - position within the terrace platform 

with three graduations: b1 = downstream platform 

located on the first tree row axis, b2 = mid-platform 

located on the third tree row axis, b3 = upstream 

platform located on the seventh tree row axis. 

Soil samples were collected in four replications, 

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

cm. Within each depth, samples were collected in four 

metal cylinders. 

It was determined the bulk density (BD), the 

saturated hydraulic conductivity (Ksat) and resistance to 

penetration (RP). Measurements were made both at 4 

years from trees planting (1978) and at 20 years since 

their planting (2004). A partial presentation of results 

achieved in 1978 was made in a previous paper (Iancu, 

et all, 1997). 

 

Results and Discussions 

 
 Influence of experimental factors in two 

periods since trees planting on the value of 

soil physical properties (average values of 

experimental factors graduations) 

 Determinations made at 4 years from 

trees planting  

On average, on the 3 positions within the terrace 

platform, in case of SEE soil compared to TE one, on 

the depth of 5-10 cm, the bulk density value was 

significantly reduced by 12%. Instead, on the depth of 

55-60 cm, the value of this property was significantly 

higher by 8%. Under the same conditions, in three of 

the four soil depths investigated, the saturated 

hydraulic conductivity (Ksat) was significantly reduced 

from 61 to 202%. Similarly, in the depth of 5-10 cm, 

on SEE soil compared to the TE soil, resistance to 

penetration value (RP) was significantly higher by 

22%. 

On average, on the three soil types, generally, in 

case of position located upstream of the terrace 

platform (b3) compared to the positions located 

downstream or on the middle of terrace platform (b1 

and b2), the values of the three physical properties 

analyzed showed a significantly higher degree of 

compaction. (Table 1). 

 Determinations made at 20 years since 

trees planting  

On average, on the 3 positions within the terrace 

platform, in case of SEE soil compared to the other two 

soil types studied (a1 and a3) in the 4 soil depths 

analyzed, the BD values were significantly higher from 

2.3% to 17%. Similarly, on the same soil type 

compared to the other two soils, in the first two soil 

depths studied (5-10 and 15-20 cm), the values of 

resistance to penetration were significantly increased 

by 71-90%. A higher degree of compaction on SEE 

soil versus the other two soil types was also shown by 

Ksat value, which recorded significantly lower values of 

78% to 256% on that soil. 

On average, on the three soil types, generally, in 

case of position located on the upstream of the terrace 

platform compared to the positions located downstream 

or on the middle of terrace platform, the values of the 

three physical properties analyzed showed a 

significantly higher degree of compaction, especially 

on investigated soil depths located deeper (35-40 cm 

and 55-60 cm). 

 

 The influence of position on the terraces 

platform within each of the 3 studied soils 

on the values of physical properties. 

 Determinations made at four years 

since trees planting (1988) 

For the three soil properties analyzed on the four 

soil depths, the highest significant difference between 

the three positions of the terraces platform was in the 

case of TE (10 significant cases of 36 calculated), 

followed by SEE soil with seven significant cases of 36 

calculated, and on the last place was situated the ECC 

soil, with two significant cases. The three soil types 

were in the same order also in terms of average 

differentiation (%) of the three positions on terraces 

platform concerning the values of soil physical 

properties analyzed.  

On average, on the four depths and three soils 

studied, the highest number of cases where it has 

established a significant differentiation between the 

three positions on terraces platform were recorded for 

BD (8 significant cases of the 36 cases calculated), 

followed by Ksat (7 cases), and on the last place was 

situated the RP with 5 significant cases of 36 

calculated. The value of differentiating between the 

three positions on the terraces platform, however, was 

highest for Ksat followed by RP and on the last place 

BD was situated.  

For the three soils and three physical 

properties analyzed, the number of cases in which the 

three positions on the terraces platform was 

significantly different was the highest on the depth of 

5-10 cm ( 7 significant cases of 27 calculated). On the 

depth of 55-60 cm were recorded 6 significant cases 

out of 27 calculated, followed by 15-20 cm depth, with 

5 significant cases and on last place was situated the 

depth of 35-40 cm, with only two significant cases. 

(Table 2). 
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Table 1 

 

Influence of experimental factors at two periods since trees planting on the value of soil physical properties 

(average values of experimental factors graduations A, B) 

 

1. Determinations made at 4 years since trees planting  

Soil 

depth 

cm 

Soil 

physical 

property 

A FACTOR GRADUATIONS B FACTOR GRADUATIONS  

a1 a2 a3 
LSD 

5% 
b1 b2 b3 

LSD 

5% 

5-10 

1 1,28 1,23 1,38 0,067 1,24 1,27 1,31 N.S 

2 8,0 7,5 12,1 2,57 7,1 7,5 13,0 2,49 

3 18,9 17,9 14,7 3,06 15,8 16,7 19,0 N.S 

15-20 

1 1,41 1,42 1,39 N.S 1,36 1,42 1,45 0,079 

2 7,1 8,3 14,9 5,88 7,66 10,3 9,31 3,99 

3 28,8 25,9 28,1 N.S 22,4 26,1 34,2 7,60 

35-40 

1 1,53 1,48 1,47 N.S 1,49 1,48 1,51 N.S 

2 4,2 6,0 8,0 N.S 6,21 7,44 4,59 2,24 

3 39,0 33,2 33,2 5,22 41,6 29,8 34,0 10,30 

55-60 

1 1,55 1,62 1,50 0,049 1,52 1,55 1,59 0,054 

2 2,78 1,62 4,90 2,96 3,24 3,27 2,85 N.S 

3 45,4 52,4 41,1 N.S 53,3 45,5 40,1 12,18 

 
2. Determinations made at 20 years since trees planting  

5-10 

1 1,15 1,40 1,25 0,103 1,26 1,27 1,88 N.S 

2 58,4 26,6 36,2 10,1 61,2 26,2 33,8 12,6 

3 19,3 55,4 38,9 15,1 32,8 43,8 37,0 14,3 

15-20 

1 1,21 1,54 1,42 0,098 1,40 1,37 1,40 N.S 

2 41,8 11,5 40,1 16,4 46,2 28,0 19,2 9,4 

3 34,4 70,6 47,9 20,2 45,2 45,1 62,3 N.S 

35-40 

1 1,39 1,54 1,43 0,091 1,45 1,42 1,50 0,050 

2 29,2 11,7 23,3 14,7 21,3 25,5 17,4 8,0 

3 61,5 62,4 60,4 N.S 59,8 50,8 73,8 18,26 

55-60 

1 1,48 1,54 1,53 0,056 1,48 1,46 1,61 0,070 

2 12,3 13,4 11,5 N.S 13,7 15,4 8,2 3,8 

3 94,2 65,1 70,0 22,4 66,8 66,8 95,8 N.S 
  

Soil physical property: 1 = bulk density 

(g/cm³); 2 = saturated hydraulic conductivity (Ksat); 3 = 

resistance to penetration (RP) kg.f./cm². The 

significance of A and B experimental factors 

graduations is presented in chapter. „Material and 

Method”. 
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Table 2 

 

The influence of position on the terraces platform within each of the 3 studied soils on the values of physical 

properties 

 

1. Determinations made at four years since trees planting (1988) 

Soil 

depth 

cm 

Soil 

physical 

property 

a1 a2 a3 LSD 5% 

b1 b2 b3 b1 b2 b3 b1 b2 b3 c d 

5-10 

1 1,28 1,23 1,38 1,18 1,31 1,33 1,25 1,27 1,23 0,142 0,116 

2 7,74 9,94 6,32 5,93 4,39 12,1 7,59 8,26  20,5 4,31 4,45 

3 18,5 14,5 23,8 14,5 21,1 18,0 14,5 14,6 15,0 7,84 5,29 

15-20 

1 1,37 1,46 1,41 1,30 1,48 1,48 1,42 1,31 1,46 0,137 N.S 

2 5,80 9,05 6,34 9,80 5,90 9,28 7,36 16,1 12,3 6,92 10,2 

3 23,7 32,8 29,9 17,6 30,4 29,9 26,1 15,2 43,0 13,2 13,2 

35-40 

1 1,50 1,54 1,56 1,50 1,50 1,44 1,48 1,42 1,52 N.S 0,105 

2 4,62 5,12 2,86 7,40 4,70 6,02 6,62 12,5 4,88 3,87 7,38 

3 46,2 30,2 40,6 41,8 33,4 24,5 37,0 25,6 37,0 N.S 9,0 

55-60 

1 1,55 1,56 1,52 1,56 1,62 1,66 1,48 1,46 1,58 0,093 0,085 

2 4,49 2,16 1,69 2,07 1,65 1,29 3,15 5,98 5,58 N.S N.S 

3 43,7 56,2 36,2 73,6 51,5 32,6 42,4 29,3 51,6 21,1 N.S 

2. Determinations made at 20 years since trees planting (2004) 

5-10 

1 1,14 1,13 1,19 1,38 1,45 1,37 1,24 1,24 1,27 N.S 0,179 

2 99,9 40,0 35,3 31,9 9,8 38,3 52,0 28,8 27,6 21,8 17,5 

3 20,0 14,0 24,0 37,5 72,2 56,5 41,0 45,2 30,5 24,7 35,0 

15-20 

1 1,24 1,19 1,22 1,56 1,52 1,53 1,40 1,41 1,46 N.S 0,169 

2 51,3 48,4 25,8 23,2 3,3 7,9 64,1 32,3 24,0 16,3 28,5 

3 29,0 17,8 56,5 60,0 71,0 80,2 46,8 46,5 50,5 33,4 35,0 

35-40 

1 1,36 1,41 1,39 1,57 1,51 1,55 1,41 1,33 1,55 0,086 0,157 

2 24,0 26,7 37,1 13,8 7,98 13,4 26,2 41,9 1,7 13,9 25,5 

3 54,8 65,5 64,2 76,0 55,0 56,2 48,5 31,8 101,0 31,6 47,3 

55-60 

1 1,46 1,40 1,57 1,50 1,54 1,59 1,46 1,46 1,67 0,121 0,097 

2 12,8 21,3 2,9 9,4 9,7 21,2 18,8 15,2 0,4 6,5 12,5 

3 95,2 68,8 118,5 42,2 76,5 73,5 59,8 55,0 95,2 N.S 38,9 
 

Soil physical property: 1 = bulk density (g/cm³); 2 = 

saturated hydraulic conductivity ; 3 = resistance to 

penetration kg f/cm² 

The significance of A,B experimental factors 

graduations is presented  in chapter„Material and 

Method”. 

LSD 5%: C = constant a, b different; d = constant b, a 

different 

 
 Determinations made at 20 years since 

trees planting  

 

For the three properties analyzed on the four 

soil depths, the highest number of cases where it was 

noticed a significant difference between the three 

positions of the terraces platform was in case of TE (16 

significant cases of 36 calculated), followed by ECC 

soil with nine significant cases and on the last place 

was situated the SEE soil with six significant cases of 

36 calculated. The highest value of the difference 

between the three positions of terraces platform 

concerning the values of the soil physical properties 

has also been recorded for TE. For the other two soil 

types, the value of this difference was almost similar. 

On average on the four depths and the three 

soils studied, the highest number of cases where it was 

established a significant differentiation between the 

three positions of terraces platform were recorded for 

Ksat  (22 significant cases of the 36 calculated), 

followed by BD with five cases, and on the last place 

was situated the RP with  four cases. The value of 

differentiation between the three positions on the 

terraces platform, however, was highest for Ksat 

followed by RP and on the last place BD was situated. 

For the three soils studied and the three 

physical properties analyzed, the number of cases in 

which the three positions of the terraces platform was 

significantly different with 11 cases of all 27 calculated 

was in case of the  55-60 cm depth, followed by depths 

of 5-10 cm and 35-40 cm, with an equal number of 
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significant cases (7) and on the last place the depth of 

15-20 cm with only 6 significant cases of all 27 

calculated was situated. 

        Data presented in Table 1 showed that, on SEE 

soil versus the other two soil types, the physical 

properties analyzed showed a less adequate physical 

condition. This differentiation was more evident in 

case of the 20-year period since trees planting versus 

the only 4 years period since their planting. Data from 

the same table showed also that on the position located 

upstream on the terrace platform versus the other two 

positions analyzed, the three soil physical properties 

studied showed values less favorable for tree growth 

and fructification. Comparing differentiation of soil 

physical state on the position located upstream on the 

terraces platform versus the downstream positions and 

their mid, registered in this paper with distinction 

presented by Iancu (1967) for terraces with much 

smaller width, achieved by manual digging, it appears 

that the difference is much smaller in this case. This 

can be explained by the fact that, in the case of terraces 

made by manual digging, achieving a lower slope of 

terrace platform took place once the work of digging 

by throwing mobilized soil from upstream to 

downstream terraces platform. Unlike this kind of 

work, in case of terraces mechanically made, presented 

in this paper, reducing the slope of terraces platform 

land was made before digging the land. In the latter 

case, layers of soil mobilized by mechanical digging 

thus remained in the same position. This approach has 

not led to an excessive differentiation between the 3 

positions on terraces platform regarding the soil 

physical condition (Table 2). 

Related to data presented above, it is also 

worth revealed that in case of determination of physical 

properties, in the 20 years period since tree planting 

versus the one of 4 years since their planting, it is 

succeeded to highlight more clearly both the 

differentiation between the 3 studied soils and the three 

positions on the terraces platform. This differentiation 

is supported by the highest number of cases where the 

differences between the graduations of experimental 

factors were significant and  by the highest values of 

these differences. This behavior could be explained in 

time by a more pronounced stabilization of the physical 

properties analyzed. 

 

Conclusions 

 
1. On slightly eroded eutricombosoil versus 

the typical one or with coluvial structure, there have 

been registered less favorable values of the three 

physical soil properties for tree growth and 

fructification. 

2. In case of position located upstream of the 

terrace platform compared to the positions located 

downstream or the middle of terrace platform, values 

of the three physical properties were less appropriate 

for the trees behavior. 

3. Influence of the three soil types and the 3 

positions of platform terraces, on the physical 

properties analyzed was much higher, obviously in 

period of their 20 years determination versus that of 4 

years since tree planting. 
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