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	 Abstract 
Soil infiltration rate (IR) is an important parameter and a good indicator of soil quality and fertility. The most influential factors for all conditions where the best performance in infiltration surveys are achieved are soil properties and land use type. Therefore, a detailed understanding of infiltration is required for different land use complexes. In this study, the effect of soil properties under different land uses on infiltration was investigated. Soil samples were taken from 30 points determined by GPS from 3 different regions (grassland, fallow and orchard) within the border of Çubuk district of Ankara province in Turkey. IR (with Minidisc infiltrometer) and bulk density were measured in undisturbed soil samples and hydraulic conductivity and sorptivity values were obtained from infiltration measurements. Basic parametric soil analyses and morphological descriptions were made in disturbed soil samples. In order to digitize the morphological properties, the coding system created with the help of soil identification cards. The highest IR values were recorded from orchard and the lowest were recorded from grassland samples. Correlation analysis, one-way ANOVA and factor analyses were used to evaluate the relationships between soil variables and IR. IR showed the highest correlation with sorptivity (0.72), sand (0.69), and hydraulic conductivity (0.86) in grassland, fallow and orchard, respectively. IR in different land uses were loaded on the same factors with different soil variables. Due to different land management practices, such additional measurements need to be made for accurately assess the potential impact of land use and management changes on agricultural activities.
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1. Introduction  
Infiltration is by definition the initial stages of infiltration into a relatively dry soil profile in which gravity plays only a minor role [1] (Equation 1). Infiltration can be measured in many ways, including cumulative infiltration and infiltration rate. Cumulative infiltration is the total amount of water that infiltrates into the soil over a period of time [2].
I=St0.5+At                                                                                                                                                              (1)
Where I: cumulative infiltration (cm s-1), S: sorptivity (cm s-1/2), t: time (min), for one-dimensional vertical infiltration, A is proportional to the saturated hydraulic conductivity (Ks) of the soil. 
The infiltration rate of a soil depends on various factors such as the initial conditions of the soil surface, the structure and mechanical behavior of the soil, the type of soil, its density, texture, and temperature [3]. In short, soil properties are one of the important parameters governing the infiltration rate [4]. Another factor that has remarkable effects on soil infiltration due to the dynamics of soil properties is land use [5].  It has been noted in many previous studies that soil infiltration capacity is controlled by vegetation and soil physical properties [6] and the land use type caused a significant change in the physical properties of the soil and thus affected the soil infiltration rate [7]. Although the land use pattern is considered as one of the main factors affecting infiltration, the differences in the infiltration capacity of the soil are not very clear [8]. However, it is important to reach the necessary information about soil management after the land is transformed into different land uses. Adequate knowledge of a soil's infiltration rate is essential for reliable prediction and control of soil and water-related environmental hazards [4]. The aim of this study is to evaluate the relationships between the infiltration rates of soils under different land uses (grassland, fallow, and orchard) and some physical, chemical, and morphological soil properties. 

2. Materials and Methods
This study was carried out under 3 different land use soils in the Çubuk district in Ankara province, Turkey (Figure 1). Grassland soils are less calcareous, have high organic matter, neutral pH, unsalted, and generally clayey. Fallow soils are slightly alkaline and calcareous, medium organic matter, unsalted and clayey.  Orchard soils are slightly calcareous and alkaline, generally weak organic matter, unsalted and clayey. Traditional methods have been applied for soil tillage. For soil samples, a total of 30 sample points were determined by GPS (Global Positioning System), 10 randomly from each area (Figure 1). Undisturbed soil samples were taken with a sampling cylinder (100 cm3) after the topsoil was cleaned for infiltration measurements and bulk density from grassland, fallow, and orchard areas. Disturbed soil samples were taken from the same points at a depth of 0-10 cm for basic soil analysis.
Infiltration measurement of soil samples was made on samples taken with sampling cylinders (100 cm3) and using a minidisc infiltrometer (MDI) at an emmer ratio of 2 cm [9].  MDI has proven to be a practical alternative to the classical tension infiltrometer for estimating hydrodynamic properties in some studies [10]. MDI does not disturb the soil surface [11] and prevents macropore flow due to the negative potential applied during infiltration measurements [12].  Fine-grained sand was used to fully contact the infiltrometer with the soil prior to measurement. For the calculation of infiltration values, the simple method commonly used in dry soils suggested by [13] was used (Equation 2 and 3).
 I=C1 t+C2√t	                                                                                                                                                    (2)
Where C1 (m min-1) and C2 (m min-1/2) are the parameters. C1 relates to the hydraulic conductivity (k) and C2 corresponds to the soil sorptivity value.
k=C1/A	                                                                                                                                                                 (3)
Where k is hydraulic conductivity, C1 is the slope of the cumulative infiltration curve versus the square root of time. A is a value that relates van Genuchten parameters to the suction velocity and radius of the infiltrometer disc for a given soil type [9].
The cumulative infiltration (I) was plotted as a function of the square root of time according to the [1] equation. The sorptivity values were obtained from the slope of the regression equations of these graphs for each sample [14]. In order to create more meaningful and independent factors by reducing the number of variables, factor analysis (principal components) [15] was used. For reducing the number of variables loaded on more than 1 factor varimax rotation was applied in the analysis.
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Figure 1. Study areas and soil sampling points (G: Grassland, F: Fallow, O: Orchard)
3.   Results and Discussion
According to descriptive statistics for soil samples, IR, Ks, soil structure type, and root properties were included in very variable classes in all land-use [16]. The highest average infiltration value is in orchard and the smallest is in pasture soil samples. IR classes are in very low class in all land-use [17]. Infiltration values have positive kurtosis in all applications but it showed high kurtosis (5.6) in fallow soils [18].
3.1. Infiltration rates of soil samples
IR graphs were created using cumulative infiltration values versus time [13] (Figure 2). One-way analysis of variance was performed for the significance of the differences between the average IR and average sorptivity values in land-use (Table 1). Method indicated the soil IR and sorptivity properties among the land-use were statistically significant at 0.05 level (p ≤ 0.05).

   
   
   
   
   
   
   


Figure 2. IR graphs of pasture (P), fallow (F) and orchard (O) samples

Table 1. One-way analysis of variance of average IR and sorptivity for land-use
	Land-use 
	Average infiltration rate 
	Average sorptivity 

	Pasture
	0.0045a
	0.035a

	Fallow
	0.0136b
	0.127b

	Orchard
	0.0323c
	0.096c


 Means indicated with different letters in the same column are different at the level of 0.05

3.2 Factor analysis of soil variables

The definitions of factors for the soil variables are given based on the dominant soil properties in each factor (Table 2).

Table 2. The number of factors and definitions of the study area soil variables
	Pasture
	Fallow
	Orchard

	FN
	Factor definition
	FN
	Factor definition
	FN
	Factor definition

	1
	Morphology and EC 
	1
	Morphology and chemistry
	1
	Soil physics

	2
	Texture and morphology
	2
	Texture and soil water
	2
	Soil water and EC

	3
	Soil water
	3
	Bulk density and pH
	3
	Bulk density and soil mechanics 

	4
	Parametric and plasticity 
	4
	Morphology
	4
	Root and structure

	5
	Soil water and OM
	5
	Resistance and saturation
	5
	Structure and pore

	6
	Color and consistency
	6
	Conductivity
	6
	Organic matter

	7
	Pores
	7
	Consistency and organic matter
	7
	Pore and pH 

	
	
	8
	Stability
	8
	Stability and structure


FN: Factor number, OM; Organic matter, EC: Electrical conductivity

[19] studied on hydrological properties including infiltration capacity in different land-use in central Portugal.  They noted that infiltration capacity increased with sand content in both surfacesoil (r = 0.228) and subsurfacesoil (r = 0.201)  soil, but decreased with clay fractions (r = −0.140). [19] stated that in the pasture, infiltration capacity increased due to water flow through macropores. However, our study showed the opposite result. Pasture samples have higher organic matter and penetration resistance and lower average IR, pore size, and clay and sand content than fallow and orchard samples. Although the lowest clay and the highest organic matter content, the lowest average IR value was found in pasture samples. This result is also inconsistent with the finding of the lowest average sand content in the pasture samples. Therefore, we attributed the lowest IR finding in the pasture to soil compaction. We can say that soil compaction suppresses the low moisture (5.81, 8.04 %, 8.33 % in pasture, fallow, and orchard, respectively) and high organic matter content, therefore causing low IR.
On the other hand, besides the low clay and sand content, therefore the number of macropores is also low in the pasture. These macropores that are few may have been destructed by soil compaction. This might be because the pasture area is used as a promenade and for overgrazing purposes. Human activity and machines have had an effect on compacting the pasture soils.  This result is consistent with previous findings regarding the effects of soil compaction on infiltration capacity. [20] studied the infiltration rates of agricultural soils and reported that the movement of heavy machines and excessive grazing reduced the infiltration rate. Soil compaction causes a decrease in soil macropores, and an increase in soil dry bulk weight and penetration resistance, and thus has the effect of reducing the rate of water infiltration.
In addition, [21] reported that root systems abundant in grasslands improved the infiltration capacity of the soils. However, the fact that there are mostly small diameter roots that have the effect of increasing the water flow in the soil may be due to overgrazing in the studied pasture area. Moreover, roots in pasture may have clogged the pores in soil due to the compaction effect and thus they may have decreased the soil infiltration rate. [22] reported that there is a relative effect of roots that is not fully understood with different diameters in the infiltration stages. Considering that small roots can also block the pores, this may explain the lower infiltration rate in the weak roots pasture samples compared to the other land-use.
[23] evaluated PR as an indicator of soil compaction and noted that animal trampling increased soil compaction and soil degradation in pastures. As a matter of fact, measuring the average penetration resistance (PR) value in the pasture area (560 kPa) is about twice as much as in fallow (289 kPa) and orchard (172 kPa) can be considered an indicator of compaction. [27] and [25] emphasized the impact of animal trampling, especially after rainy weather, and indicated that increasing the plasticity and susceptibility to compaction can significantly increase soil PR in wet soils. In general, it can consider that the reason for low IR in pasture soils is the compaction effect by animals, vehicles, and people.
In fallow, sand content, bulk density, root quantity, and size were found to be the highest compared to other land-use samples. The fact that fallow area has higher IR values due to having a higher sand content than the pasture s is consistent with the result of [26] and [27]. [28] measured soil infiltration of 15 sites in Jaisalmer, India, and reported that higher sand content results in higher steady-state IR in contrast to the clay content. Higher IR measurement in the fallow compared to pasture samples was attributed to higher sand content and bulk density values, and lower clay content.
In orchard, clay and water content and pore size were found to be the highest, and bulk density, organic matter, PR were found to be the lowest compared to other land-use. According to these measurements, only the high clay content and the low bulk density complement each other. Contrary to expectation, although low organic matter and PR, and high clay content were measured, the IR value was found to be the highest in orchard samples in all land-use. The contrasts determined in relation to IR and soil properties in pasture were also seen in the orchard. Therefore, different factors that lead to higher IR in the orchard were evaluated. [29] noted that roots increase organic matter content of soil and help to form soil pores, therefore changing the earthworms' burrowing activity and biomass, and affecting the infiltration capacity of Soils. However, since the trees in the orchard (including the trees of apples, pears, plums, cherries, sour cherries, apricots, and peaches) have deeper roots and there is no graze cover among these trees, roots were not found in soil samples. Therefore, we can say that it increases the IR due to the gaps created by the activities of soil creatures that live in orchard. Observed earthworms in the orchard have contributed in this way to the increase in infiltration. These findings are consistent with studies [29] which reported that burrowing activity and biomass of earthworms effects IR.
In this study, we used soil morphological variables as a different factor that affects IR as well as using soil physical and chemical variables. The loading of morphological variables on the first 3 factors of pasture and fallow shows that soil morphologic variables such as structure, pores, and roots are effective on IR. Therefore, especially increase in studies that investigate the relationships between soil infiltration and structural properties under different landuse will be beneficial in terms of obtaining more accurate results.
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5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.8	1.0599999999999521	1.3000000000000003	1.3800000000000003	1.4400000000000004	1.520000000000002	1.5800000000000021	1.6400000000000003	1.6999999999999778	1.7400000000000002	1.7800000000000007	1.8200000000000021	1.8599999999999572	1.8999999999999613	1.9400000000000241	1.9800000000000377	2.0200000000000009	2.1800000000000002	2.2599999999999985	2.3399999999999967	2.4200000000000004	2.4999999999999987	2.5799999999999987	2.6599999999999979	2.6599999999999979	t(sn)

Ic (cm)

F3

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	1.2000000000000002	1.3599999999999581	1.5000000000000002	1.5800000000000003	1.6400000000000003	1.6999999999999778	1.7400000000000002	1.7800000000000007	1.7999999999999508	1.84	1.8800000000000021	1.9400000000000241	1.9800000000000377	2.0199999999999987	2.06	2.0999999999999988	2.1399999999999997	2.2599999999999998	2.38	2.4599999999999977	2.5399999999999987	2.5999999999999988	2.6599999999999997	2.7199999999999993	2.7199999999999993	t (sn)

Ic (cm)

F4

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.60000000000000064	0.90000000000000013	1.2000000000000002	1.2800000000000002	1.3400000000000003	1.5400000000000003	1.7400000000000002	1.9400000000000241	2.14	2.2400000000000002	2.3400000000000003	2.6400000000000006	2.8400000000000007	3.0400000000000009	3.2400000000000011	3.4400000000000013	3.6400000000000015	4.240000000000002	4.740000000000002	5.240000000000002	5.6400000000000015	5.9400000000000022	6.280000000000002	6.5200000000000005	6.5200000000000005	t (sn)

Ic (cm)

F5

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	1.1000000000000001	1.4	1.7000000000000002	1.7800000000000002	1.8400000000000003	1.9400000000000241	2.0400000000000005	2.1400000000000006	2.2400000000000011	2.3599999999999977	2.4599999999999977	2.7400000000000011	2.9400000000000008	3.140000000000001	3.3400000000000007	3.4800000000000018	3.6800000000000019	4.2400000000000011	4.780000000000002	5.3800000000000026	5.740000000000002	6.1400000000000015	6.4400000000000022	6.740000000000002	6.740000000000002	t (sn)

Ic (cm)

F6

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.4	0.70000000000000062	1	1.08	1.1400000000000001	1.2999999999999508	1.4400000000000002	1.5999999999999568	1.7400000000000002	1.7800000000000007	1.8599999999999572	1.9999999999999996	2.1800000000000006	2.34	2.44	2.5800000000000005	2.7399999999999998	2.9800000000000004	3.1800000000000006	3.3800000000000008	3.54	3.5999999999999988	3.6599999999999993	3.74	3.74	t (sn)

Ic (cm)

F7

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.90000000000000013	1.2000000000000002	1.5000000000000002	1.5800000000000003	1.6400000000000003	1.7400000000000004	1.82	1.9200000000000021	1.9999999999999998	2.0600000000000005	2.14	2.2400000000000002	2.3800000000000008	2.5600000000000005	2.64	2.7600000000000002	2.84	3.1399999999999997	3.3800000000000003	3.6199999999999997	3.7800000000000011	3.9800000000000009	4.1800000000000006	4.3	4.3	t (sn)

Ic (cm)

F8

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.36000000000000032	0.60000000000000064	0.8	0.88000000000000012	0.94000000000000061	1.1999999999999778	1.4400000000000004	1.6400000000000003	1.8400000000000003	1.9999999999999998	2.1400000000000006	2.4400000000000004	2.74	3.04	3.24	3.54	3.74	4.4400000000000004	5.1199999999999966	5.7800000000000011	6.4	7.0400000000000009	7.6800000000000015	8.3600000000000048	8.3600000000000048	t (sn)

Ic (cm)

F9

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.8	1	1.2	1.28	1.34	1.54	1.74	1.8999999999999613	2.04	2.1599999999999988	2.2599999999999989	2.44	2.64	2.8400000000000003	2.9999999999999987	3.1599999999999988	3.2999999999999994	3.6800000000000006	4.1399999999999997	4.4599999999999982	4.78	4.9999999999999991	5.2399999999999993	5.44	5.44	t (sn)

Ic (cm)

F10

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.70000000000000062	0.95999999999999963	1.3400000000000007	1.4200000000000008	1.4800000000000009	1.7200000000000015	1.9400000000000241	2.1200000000000014	2.2800000000000011	2.4600000000000017	2.620000000000001	2.8999999999999977	3.0800000000000005	3.3200000000000007	3.54	3.6999999999999993	3.8800000000000003	4.3800000000000008	4.8	5.0200000000000005	5.1999999999999975	5.3800000000000008	5.5000000000000009	5.6199999999999966	5.6199999999999966	t (sn)

Ic (cm)

O1

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.5	0.78000000000000114	1.0400000000000005	1.1200000000000021	1.1800000000000141	1.4000000000000024	1.6200000000000021	1.8200000000000021	2.0000000000000022	2.2000000000000042	2.4000000000000026	2.7200000000000015	3.0600000000000032	3.3800000000000008	3.7600000000000042	4.1199999999999966	4.3800000000000017	5.3599999999999985	6.3199999999999985	7.3599999999999985	8.3200000000000021	9.4200000000000017	10.420000000000002	11.520000000000001	11.520000000000001	t (sn)

Ic (cm)

O2

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.76000000000001899	1.0599999999999521	1.3599999999999581	1.439999999999932	1.4999999999999425	1.7199999999999358	1.9199999999999626	2.1599999999999993	2.4	2.6	2.8000000000000003	3.1599999999999997	3.5400000000000009	3.9199999999999977	4.2400000000000011	4.419999999999999	4.9200000000000008	5.9200000000000008	6.7200000000000006	7.3599999999999985	8.14	8.8000000000000007	9.4400000000000013	10.06	10.06	t (sn)

Ic (cm)

O3

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	5.9999999999999533E-2	0.16000000000000003	0.24000000000000071	0.32000000000001011	0.38000000000000977	0.48000000000000081	0.55999999999999894	0.66000000000002079	0.74000000000000365	0.84000000000000064	0.94000000000000061	1.04	1.1800000000000141	1.34	1.4599999999999334	1.5599999999999512	1.7400000000000002	2.0599999999999987	2.3599999999999977	2.7	2.9800000000000013	3.2800000000000011	3.580000000000001	3.8400000000000003	3.8400000000000003	t (sn)

Ic (cm)

O4

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.4	0.60000000000000064	0.81999999999999895	0.89999999999999902	0.95999999999999963	1.1199999999999581	1.299999999999951	1.4199999999999287	1.5599999999999514	1.7199999999999358	1.8599999999999575	2.1399999999999975	2.4199999999999977	2.6399999999999975	2.9799999999999978	3.1799999999999984	3.4599999999999977	4.0799999999999983	4.6399999999999988	5.1599999999999975	5.5799999999999983	5.94	6.2999999999999989	6.6199999999999966	6.6199999999999966	t (sn)

Ic (cm)

O5

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.88000000000000123	1.2200000000000017	1.5400000000000007	1.6200000000000021	1.6800000000000141	1.9599999999999898	2.2400000000000002	2.4800000000000009	2.6999999999999997	3.0599999999999987	3.1999999999999997	3.680000000000001	3.9200000000000017	4.2800000000000011	4.4800000000000013	4.9400000000000004	5.24	6.1	6.8800000000000008	7.5	8.1	8.64	9.1800000000000015	9.6800000000000015	9.6800000000000015	t (sn)

Ic (cm)

O6

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.4	0.66000000000002124	0.9	0.98	1.04	1.2999999999999505	1.54	1.7599999999999434	1.980000000000038	2.1800000000000006	2.3800000000000008	2.7200000000000015	2.9800000000000009	3.24	3.4400000000000004	3.580000000000001	3.6999999999999997	3.8800000000000008	4.080000000000001	4.24	4.34	4.46	4.6399999999999997	4.7399999999999993	4.7399999999999993	t (sn)

Ic (cm)

O7

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.26	0.38000000000001027	0.5	0.58000000000000007	0.64000000000002	0.74000000000000365	0.84000000000000064	0.94000000000000061	1.04	1.1400000000000001	1.2400000000000002	1.4800000000000009	1.7599999999999436	1.9200000000000021	2.180000000000001	2.2800000000000011	2.4800000000000013	3.0599999999999987	3.6	4.0599999999999996	4.4400000000000004	4.8	5.0999999999999996	5.3800000000000008	5.3800000000000008	t (sn)

Ic (cm)

O8

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.62000000000000965	0.76000000000001899	0.91999999999999904	0.99999999999999911	1.0599999999999514	1.1599999999999624	1.2599999999999436	1.3799999999999575	1.4999999999999425	1.6199999999999581	1.7199999999999358	2.1400000000000006	2.2599999999999993	2.4400000000000004	2.6199999999999988	2.8599999999999977	3.0599999999999987	3.7199999999999989	4.26	4.8199999999999985	5.3000000000000007	5.8599999999999985	6.42	6.9000000000000012	6.9000000000000012	t (sn)

Ic (cm)

O9

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.74000000000000365	1.019999999999945	1.3	1.3800000000000001	1.4400000000000002	1.6400000000000001	1.84	2.04	2.2400000000000002	2.3999999999999977	2.5800000000000005	2.8800000000000008	3.1800000000000006	3.4999999999999987	3.7800000000000011	4.0599999999999987	4.2999999999999989	5.1999999999999975	6.04	6.84	7.58	8.3800000000000008	9.14	9.9	9.9	t (sn)

Ic (cm)

O10

5	10	15	20	25	30	35	40	45	50	55	60	70	80	90	100	110	120	150	180	210	240	270	300	330	0.44000000000000061	0.70000000000000062	0.94000000000000061	1.0200000000000007	1.0800000000000007	1.2800000000000007	1.499999999999942	1.6999999999999778	1.8800000000000021	2.080000000000001	2.2800000000000011	2.6200000000000019	2.8800000000000008	3.1800000000000015	3.4200000000000021	3.7200000000000042	3.9200000000000026	4.6800000000000015	5.3400000000000016	5.8800000000000026	6.3199999999999985	6.780000000000002	7.2200000000000015	7.6400000000000015	7.6400000000000015	t (sn)

Ic
(cm)

1



image1.gif




image2.png
Grassland,

HallSrvginy
DévleHast





