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EFFECTS OF LAND-USE MANAGEMENT
ON SURFACE SOIL PROPERTIES, EROSION INDICES
AND GREEN TEA YIELD IN HUMID BLACKSEA REGION

Turan Yiiksek'"

1 Faculty of Forestry, Artvin Coruh University, 08000 Artvin, Turkey.

ABSTRACT

INTRODUCTION

Many basins with forest eco-systems in the north-east
of Turkey have been converted to agricultural catchments,
to which varying quantities and types of manure have been
applied. The objectives of this study were to investigate the
effects of land-use on surface soil properties in four adja-
cent management types: Alder coppice (control), and three
types of tea cultivation management (at the first: compound
fertilizer and stable manure, besides. mulching; at the sec-
ond, compound fertilizer and stable manure; and at the last
one, only compound fertilizer) were applied to assess the
impact of long-term cultivation and mulching on green tea
yield.

A total of 80 soil samples (4 replications x 4 treatments
x 5 soil sample points) were collected from 0-10 cm soil
depth for laboratory analyses. Results according to land
conversion and land-use types showed that the plant-
available water (PAW), saturated hydraulic conductivity
(Ksat), wet stable aggregates (WSA), soil organic matter
(SOM), soil organic carbon (SOC) and green tea yield de-
creased significantly, while clay, permanent wilting point
(PWP), bulk density (Db) and soil penetration resistance in-
creased significantly. The highest soil degradation was de-
termined in TC-III (only compound fertilizer). The results
indicate that an accurate planning and land management
model is required. This would consider the characteristics
of existing land areas, help to conserve soils in tea plan-
tations, and ensure that tea cultivation is carried out sus-
tainably.

KEYWORDS: Land-cover change; alder coppice; tea cultivation;
soil properties; green tea yield

Land-use change is one of the most important environ-
mental problems in the north-eastern part of Turkey, as in
other parts of the world. In this region, forestry lands be-
tween 0-600 m elevation were converted to agricultural uses
(particularly tea and nuts), resulting in subsequent envi-
ronmental damage. The causes of land conversion are broad-
ly categorized as related to population, personal preferences,
policies and economic considerations, which result in im-
pacts, such as environmental degradation. Much of the pres-
sure to convert forests to agricultural uses comes from in-
creasing population growth and demands for development.

The eastern part of Black Sea region is mountainous,
with land divided into both large and small parcels. There-
fore, the land which is suitable for agriculture is very lim-
ited and, within the east Black Sea region, only 2 % of the
total land area is suitable for this purpose. Much of the
productive lands, which are located on coastal area, have
been converted to urban settlements, industry and an airport
[1]. Tea is an important cash crop in the northern Black Sea
region and, because of its economic value, many farmers
have replaced their traditional annual as well as food crops
with tea. Moreover, since 1950, many of the farmers have
converted their private coppice forest to tea cultivation.
While there was 2,800 ha of tea plantation in Rize in 1951,
the area under tea cultivation is presently 49,968 ha, which
represents 12.74 % of land area in Rize [2]. Of this, 9,255 ha
of tea plantations are on land suitable for land-use classes
between I-IV [3], while the other parts of the tea cultiva-
tion area (40,713 ha) are maintained on unsuitable land.

The available experience shows that human activity is
the main cause of the degradation of soil, and the soil cover
as a whole. Increased anthropogenic influence on soil leads,
at first, to its degradation (i.e. deformation and destruction
of micro-macro aggregates). By soil tillage, structural ag-
gregates are exposed to fragmentation during rapid and fast
wetting due to the impact of rain drops and the direct in-
fluence of agricultural machines [4]. Soil structure varies
in time and between locations as a function of soil proper-
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ties, climatic conditions and land management practices [5].
Forest vegetation generally improves the soil structure while
long-term cultivation often results in structural degrada-
tion, mainly as a result of a loss of ground cover, the loss of
organic inputs from forest vegetation, and due to soil dis-
turbance from tillage [6]. It has been reported by some re-
searchers that, as a result of the damaging of the forest vege-
tation and conversion to agricultural land, the texture [7} and
structure, especially of topsoil, is degraded, due to the dense
cultivation; while the volume weight [8-11] of the topsoil
increases, pore volume (St) [10, 11], wet stable aggregate
(WSA), saturated hydraulic conductivity (Ksat) and cumu-
lative infiltration (Ic) were significantly changed [12, 13].
In addition, as a result of the conversion of forest land to
agricultural uses, rain drops directly contact the soil sur-
face and degrade the aggregate structure of the topsoil.
Many researchers have reported that this increases the ten-
dency of erosion and excessive water in the soil surface and
may cause surface flow [14-17].

Tea (Camellia sinensis L.) is a globally important crop, -

and is unusual because it both requires an acid soil and
also acidifies soil. Tea stands tend to be extremely heavily
fertilized in order to improve yield and quality, resulting in
a great potential for diffuse pollution [18]. Assessing land
use-induced changes in soil systems is, therefore, essential
for addressing the problem of agro-ecosystem transforma-
tion and sustainable land productivity [19]. Soil structure,
organic matter content and nutrient concentrations are
related to root distribution [20]. Surface application of the
mulched plant material can provide protection from erosion,
conserve moisture [21] and moderate soil temperature. How-
ever, little of the mulched material is initially incorporated
into the soil and potential for soil compaction exists. In-

corporating the mulched material by tilling the soil can en- |

hance soil structure and loosen the soil, permitting improved
air and water infiltration. However, the soil will be exposed,
and oxidation of soil organic matter (SOM) will be more
rapid than on sites where the mulch remains on the surface.
Another consideration is that many mulched plant materi-
als have a high C:N ratio and will tie up large amounts of
nitrogen during decomposition, thus reducing nutrient avail-
ability for the new vegetation. Incorporating fertilizer ap-
plication in the site preparation may provide sufficient nu-
trients to replace those tied up in the mulch [22]. Mulching
drastically reduces the rate of evaporation. The protective
effect of mulch in reducing runoff is generally related to the
quantity of mulch. The infiltration rate normally increases
with increasing levels of mulch applications. Lal [23] re-
ported that mulching improves water conservation in two
ways. It reduces water runoff, and decreases water loss due
to evaporation from soil surface. Improvement in soil struc-
ture caused by mulching is partly due to prevention of sur-
face crusting by checking raindrop impact, and partly due to
enhancement of soil fauna activity, notably that of earth-
worms [24].

The aim of the present study is to determine the long-
term effects of different land management strategies on a

range of physical, hydrological and chemical soil proper-
ties, and the impact of mulching on topsoil properties and
green tea yield. The trends in the changes observed were
used to evaluate: the impacts of ‘the tea cultivation man-
agement on soil-attributes, and as indicators of the sustain-
ability of the tea cultivation management. For this purpose,
a small agricultural catchment located at Pazar watershed in
Rize, Turkey was chosen as study area.

MATERIALS AND METHODS

Site description and history

The study area is located in the Pazar river basin, north-
eastern part of Turkey (lat. 41° 08' 31"-41° 08' 31 " N and
long. 40°53'49"-40°53'52" E). The area has a humid Black
Sea climate: average annual precipitation is 2,019 mm, with
a minimum in spring (260 mm) and maximum in autumn
(758 mm), and the mean annual temperature is 14 "C (data
from the Pazar Meteorological station, located 3 km distant
at a similar altitude) [25]. The altitude of the study sites
ranges between 70-180 m, and the mean slope of the study
area is moderate (182 %). The soil types of the area were
classified as yellow-red podsol according to the Interna-
tional Soil Classification System (ISCS) [26]. The rock mass
is extensively volcanically disrupted, and the parent material
is andesite [15]. The sand and silt content of soils varies be-
tween 40-74 % and 15-40 %, respectively. The clay con-
tent of soils varies between 8-34 %. All soil profiles in the
study area had higher sand than silt and clay content. The
pH values of the soils vary from 4 to 6 [16]. The organic
carbon and total nitrogen values vary from 0.20 to 5.51 %
and 0.04 to 0.32 %, respectively. C:N values vary between
4.4-21.8. These soils do not have any CaCO; content due to
the non-calcareous parent material and high precipitation
in the region [26]. The area adjacent to that of tea planta-
tions mainly comprises stands of alder (Alnus glutinosa L.
Gaertner subsp. barbata) with lesser proportions of Rubus
platyphyllos, Urtica sp., Frangula alnus Miller., and annual
forage plants [15, 16]. Between 1950-1980, 4-5 ha of alder
coppice forest was clear-cut annually and, in total, 120-
150 ha of forestland has been converted to tea plantation in
Pazar river basin. The terraces on which the tea is culti-
vated range between 40-60 m in length and 0.4-0.6 m width,
and the soils of the terraces were tilled to a depth of 0.6 m.

Experimental design and soil sampling -

A preliminary study was carried out in May 2006 with
the purpose of determining the tea plantations in which
various procedures (mulching, organic or artificial manure,
trimming) are applied. For this purpose, a public survey
and visual observation was carried out in 2006. In the pre-
sent study, research sites were categorized according to
these visual observation and public survey. Four manage-
ment types were identified (Table 1).

Four sample plots (20 m x 30 m) were established per
management area for the purpose of data collection. Soil
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TABLE 1 - The application on tea plantations (mulching, organic or artificial manure).

g)tc:;enmental gzePlantanon Mulching Mulching + organic manure Artificial manure
Between 1974-1980, mulch was Between 1980-1990, low quanti- | Until the years 1990-2000, 50 kg
applied in tea terraces using the ties of mulch and organic animal - |ammonium sulfate manure was used in
TC- (Site-]) leaves col‘lectefi from beneath manure were used. App{ox. 50 kg - 10.1 hectares. Between the years 2000~
(Tea cultivation) 1974 alders. With this method, ‘approxi-- | mulching and 250 kg animal 2008, an average of 50 kg N-P-K
mately 200 kg leaves were spread | manure, kept for 1 year, were (2:1:1) manure mixturess were used in
over 0.1 hectares of tea terrace. applied to 0.1 hectares of land. 0.1 hectares, Manure application was
made in March each year.
Using the leaves collected under  |Between 1980-1985 approximately {Until the' years-1990-2000, 50 kg am-
alders between 1978-1980 mulch- {250 kg animal manure which was - |monium sulfate manure was used in 0.1
TC-II (Site-ID) ing was applied in tea terraces. kept for one year was spread over |hectares: Between the years 2000-2008,
(Tea cultivation) 1978 With this method, approximately 0.1 hectares of land. an average of 50 kg N-P-K (2:1:1)
200 kg leaves were spread over manure mixtares ‘were used in 0.1 hec-
0.1 hectares of tea terrace. tares, Manure application was made in
March each year.
Unitil the years 1980-2000, 50 kg
ammonium sulfate manure was used in
. . . ; 0.1 hectares. Between the years 2000-
?’I‘Ce :Iclu(lil‘t;gég) 1979 Mulching is not applied I;g;l;l::éng or.organic manure 1s not 2008, an average of 50 kg N-P-K
(2:1:1) manure mixtures were used in
0.1 hectares. Manure application was
made in March each year.

samples were collected during spring from the experimen-
tal sites having the same physiographic unit, soil conditions
and slope aspects. Soil samples were taken randomly at a
soil depth of 0-10 cm in each plot of the study area, com-
prising five samples where the soil had been disturbed, and
five undisturbed samples. The undisturbed soil samgles were
obtained using a steel core sampler of a 98.16 cm” volume
(5 cm in diameter and 5 cm in height). Prior to analysis of
physical and chemical soil characteristics, all samples were
air-dried at room temperature and passed through a 2 mm
soil sieve.

Laboratory analysis

The particle size distribution was determined by the
Bouyoucos hydrometer method using disturbed soil sam-
ples sieved through a 2-mm mesh-sized sieve [27]. Dis-
persion ratio (DR) was determined according to the meth-
ods described by Middleton [28]. The clay and silt fractions
obtained by chemical dispersion were taken as Tec and Ts,
while water-dispersible clay and silt (WDCS) was obtained
as described above, except that no chemical dispersant was
used. Colloid moisture equivalent ratio (C-MER) and ero-
sion ratio (ER) were determined according to the methods
described by Balc1 [29]. The field capacity (FC) was meas-
ured by subjecting saturated soil samples <2 mm to ten-
sions of 1/3 bars. The permanent wilting point (PWP) was
measured at 15 bar until equilibrated in pressure membrane
and pressure plate extractors. The plant-available water
(PAW) content was calculated from the difference between
the field capacity and the permanent wilting point [30]. The
bulk density, total porosity, and saturated hydraulic con-
ductivity were determined with the undisturbed soil sam-
ples. The dry bulk density (Db) was determined by the core
method [31]. Particle density (Dp) was determined by the
pycnometer method. Total porosity (St) was calculated from
the following equation: [St (%) = (1-Dy/Dp) x 100], where
St is total pore space, Dy, is bulk density and D, is soil par-

ticle density [32]. A wet sieving method was used to de-
termine the water stable aggregates (WSA) [33]. The satu-
rated hydraulic conductivity (Ksat) was measured by the
falling-head method according to Klute and Dirksen [34].
The samples were used for saturation and consecutively
oven-dried at 105x 2 °C to determine bulk density. The soil
penetration resistance (SPR) [35] was measured as 0-40 cm
depth. 20 measurements were recorded for each plot, at
depth intervals of 5 cm, using a manual (hand-pushed)
13-mm diameter cone (30°) penetrometer. Cumulative in-
filtration (Ic) in the field was determined using a single ring
infiltrometer [36] having a cylinder of 20 cm diameter and
height, and 4 measurements were done on a leveled surface
at each plot. The site was prepared by removing all resi-
dues and any large clods (in tilled soils) that would inter-
fere with achieving a levelled surface. The cylinder was in-
serted into the surface to a depth of approximately 5 cm.
The change in water depth of the cylinder was measured at
time intervals of 5, 10, 15, 20, 30, 40, 60, 73, 90, 105 and
120 min. Soil pH was determined in a 1:2.5 soil/water mix-
ture [371. Electrical conductivity (EC) (of the saturation)
was determined according to the method described by
Rhoades [38]. Lime (CaCO;) was determined according to
the method described by Richard and Donald {39]. The con-
centrations of soil organic matter (SOM) and soil organic
carbon (SOC) were determined using the Walkley-Black
method-[40]. Total Nitrogen (TN) was determined using the
Kjeldahl method [41]. The C:N ratio was calculated from
the following equation:

[C:N = (SOC/ Total N)] n
Where C is carbon, N is total nitrogen, SOC is soil
organic carbon, and Total N is total nitrogen.

Estimation of green tea yield

Green tea yield in the tea plantations, between the
years 1975-2005, was calculated based on the sales of the
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producers from the tea gardens in which related test sites
were created and the values which were registered to the tea
account book. By adding the value of all green tea sold
from the related test sites, the total annual green tea yield
was calculated.

Statistical analysis

Statistical analysis was performed using of variance

(ANOVA), and the means were subjected to Duncan test -

(P <0.05) to identify the main differences between the
treatments (sites). The data were also .examined for corre-
lation using SPSS software package. Mean values found
for all properties are shown in relevant tables.

RESULTS AND DISCUSSION

Soil texture and water characteristics

The soil types of the study area were sandy loam (in
control site), sandy clay loam (in TC-I and TC-II sites),
and light clay (in TC-1I1 site) (Table 2).

The mean value for sand content was the highest in
control site, followed by the TC-1, TC-II and the TC-III
sites. Compared to control site, sand ratio was significant-
ly lower (p<0.012), while the clay ratio was significantly
higher (p<0.008) in TC-I, TC-II and TC-III sites (Table 2).

FEB

The FC decreased from control site to TC-I, TC-II, and then
TC-IIT site. The PAW was significantly lower (p<0.021),
while PWP was significantly higher (p<0.038) in the TC-],
TC-11 and the TC-III'than in control site. Under normal
conditions, a change of land usage would not be expected
to cause a large change in the sand and clay ratios. How-
ever, with field transformation in the research area, terraces
at an approximate width of 60-90 cm were formed, stones in
the terraces larger than 10 cm were removed and tea seed-
lings were set after discombobulating the soil. Also, beans
and other crops were seeded in the newly set tea terraces
and the soil was hoed. It can be said that these operations
caused displacement of the existing topsoil and, as a result
of this, the texture and the structure of the soil changed.
Numerous previous studies have reported that discombobu-
lating changes the soil's structure, especially in the upper
part of the soil profile [7]. Brye et al. [42] reported that
land leveling significantly altered soil particle-size frac-
tions, although the soil textural class remained a silt loam.
In the forest areas transformed to tea cultivation, there is
less protection of the soil and, as a result of this, in terraces
were tea cultivations are present, some of the topsoil had
been removed by surface flow. This can be shown as an-
other effect causing the soil's texture to change.

In the tea cultivation sites, due to heavy field traffic
and hoeing, the volume weights and penetration values of

TABLE 2 - Investigated soil properties in 0~10 cm soil depth (mean= Std Dev),

Soil Characteristics Land-use type
Control Site Tea cultivation (TC) F P
(Alder coppice) TC-1 TC-1II TC- 111 ratio
Sand (%) 70.70+(6.75)° 61.50+(5.88)° 58.90+(5.61)° 54.102(5.13)° 435 0.012
Clay (%) 12.25+(1.30)° 20.55:+(2.60)° 21.882(2.80)° 25.67+(3.12¢° 8.24 0.008
Silt (%) 17.05+(2.21)° 17.95+(2.23)* 19.22:+(2.54) 20.23+(2.88) 0.56 0.755
FC (% vol.) 33.16x(3.11) 32.54:+(3.38)° 31.78%(3.51)° 30.34+(3.77)" 0.44 0.815
PWP (% vol.) 14.18+(1.52)° 16.34£(2.11)° 17.90£(2.29)° 20.40:(2.58) 3.77 0.038
PAW (% vol) 18.98+(1.22)° 16.20+(2.06)° 13.88%(1.33)° 9.94:4(1.04)° 4.15 0.021
Dp(gem™) 2.32+(0.25)° 2.29+(0.33)° 2.30+(0.34)° 2.14£(0.25)° 279 0.042
Db (gem™) 0.98:+(0.12)° 1.09+(0.17)° 1.11x(0.17)° 1.18+(0.22)* 4.67 0.004
St (%) 57.75(5.88)" 52.40(4.45)° 51.74+(4.40)° 44.86+(4.12)° 10.92 0.001
WSA (%) 72.50£(6.22)° 66.50+(5.77)° 64.80:(5.71)° 59.20+(5.24)° 3.88 0.023
Ksat (mmh™) 44.56::(4.88)° 28.55+(2.50)° 21.70(1.98)° 12.87+(1.12)° 10.65 0.002
Ic (mmh?) 452+(12.98)° 320+(12.10)° 283+(11.57)° 118+(10.79)° 14.99 0.000
SPR (MPa) 0.315+(0.11)F 0.361(0.13)° 0.374+(0.13)° 0.576£(0.17)° 5.12 0.008
DR (%) 10.462 (1.09)° 18.77+ (1.55F° 28.25+ (3.75)° 55.79x (5.75)° 10.96 0.001
C/MER 0.37+(0.10)° 0.656+(0.14)° 0.688x(0.19)° 0.789:(0.24° 7.92 0.003
ER (%) 28.27+(2.16) 28.63+(2.80)° 41.06x(4.15)° 70.71+(8.89) 16.78 0.000
pH (1/2.5 H,0) 4.55+(0.45)° 4.13(0.20)° 3.99:+(0.19)° 3.53+(0.17)° 2.92 0.039
E.C (dS.m™) 0.27+(0.06)° 0.31:(0.06)° 0.33:(0.06)° 0.41=(0.097 3.52 0.034
CaCO; (%) 0.43+(0.11)° 0.54+(0.12) 0.55+(0.12)° 0.57%(0.15) 4.56 0.025
SOM (%) 5.88+(0.96)° 4.50+(0.89)° 4.01(0.89)° 2.65+(0.71)° 4.90 0.019
S0C (%) 3.57+(0.65)" 2.54+(0.45)° 2.41(0.40° 2.05x(0.35)¢ 7.35 0.007
Total N (%) 0.25+(0.05)° 0.22+(0.03)° 0.21+(0.03)° 0.16::(0.03)° 2.91 0.040
C: N Ratio (%) 14.28+(1.95)° 11.54x(1.86)° 11.48+(1.86)° 12.81(1.98)° 2.88 0.041
STC SL SCL SCL LC - -

FC: Field Capacity, PWP: Permanent wilting point, PAW: Plant-available water, Dp: Particle density, Db: Bulk density, St: Total porosity, WSA: Water-stable
aggregate, Ksat: Saturated hydraulic conductivity, Ie: Cumulative infiltration (mm h™), E.C: Electrical conductivity, SOM: Soil organic matter, SOC: Soil
organic carbon, STC: Soil texture class, DR: Dispersion ratio, ER: Erosion ratio,: Colloid-moisture equivalent ratio, P: Significance Level. Values are means,
and Significance levels are: NS represents non-significant, * 0.05-0.01, ** 0.01-0.001 and *** 0.001; values within columns followed by the same letter are
not statistically different at 0.03 significance level.. *: According to international soil texture class, SCL: Sandy Clay Loam; SL: Sandy Loam; LC: Light clay.
SPR: Soil penetration resistance.
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the soil increased (TC-IIT> TC-II> TC-T) by ‘a significant
amount, and the total pore volume and the net structure of
the pores were destroyed. Resulting from this, the penetra-
tion of water into the soil was slower and the FC and PAW
values of the soil decreased. The decrease in the amount of
organic matter can be seen as one reason for the decrease of
the field capacity and plant-available water content in the
tea and forest soils, with increasing depth. As the amount
of organic matter decreases, the water holding and avail-
able water capacities of the soil decrease {7, 43]. Terracing
with human power and, applying high levels of organic
fertilizers (in the first six years) and mulching (in the first
10 years) following the tea setting help to increase the
plant-available water capacity of the soil in the TC-I area.
The use of organic inputs in the terraces formed by human
power increases the water-resistant aggregate stability of
the soil. In these terraces, the volume weight of the soil
* decreases when compared to terraces in which no organic
input is used, whereas the water holding capacity, plant-
available water and hydraulic conductivity increase [7].
Under normal conditions, the water holding capacity and
PAW content in the forest soils can be expected to be higher
than the cultivated tea soils. However, in the research
region, the dry leaves of the alders are collected and used
in the tea terraces for compost or other purposes (such as
animal bedding in stables). Also, the herbaceous plants
growing under the alders are being harvested and used as
animal food or animal bedding in stables. These operations
cause a loss of minerals in the forest ecosystem and have
negative effects on the soil properties. Le Bissonnais [44]
mentioned that the aggregate stability of the soil increases
with the increase of organic materials in the soil. Yiksek
[15] found that the water holding capacity of the soils de-
creases, and the surface run-off increases in heavy rain
conditions, as a result of using the organic wastes that are
presently collected from the forest for different purposes.

Bulk density (Db), total porosity (St), water-stable
aggregates (WSA), and soil penetration resistance (SPR)

The highest Db (1.18 g.cm™) and the lowest St
(44.86%) were determined in TC-III, while the lowest Db
(0.98 g.cm™) and highest St (57.75%) were determined for
the control site (Table 2). According to mean values, Db
content followed the sequence TC-III>TC-II>TC-I> Con-
trol; and mean St followed the sequence Control>TC-I>
TC-II>TC-11I. The mean WSA content was determined to
be 59.20-66.50 %. The highest WSA (72.50%) was found
in the control site, while the lowest WSA (59.20%) was
determined in the TC-III (Table 2).

It can be stated that the dense cultivation and trampling
of soil in the tea plantations decreased the pore volume,
especially in the topsoil, and caused bulk weight increase.
Under normal conditions, as a result of the dense planta-
tion traffic and cultivation, total porosity can be expected
to be lower and bulk weight is expected to be higher, Or-
ganic wastes applied to the tea terraces improve the struc-
ture of the topsoil to a certain degree. This prevents the
further decréase of pore volume and a further increase in
bulk weight. Many researchers have reported that compost
and animal manure applied to the topsoil decreased bulk
weight [10, 45, 46], but increased WSA and total porosity
value [5, 47-49)].

The effect of soil moisture content is quite important
in the increase of soil penetration resistance. However, the
humidity levels held at critical tensions at the tea and forest
soils are close to each other. Statistically, the penetration
values in both of the land-use types are significantly dif-
ferent. It can be said that this is due to the field traffic
present in the tea soils. Many researchers reported that the
SPR increases as a result of the increase in the topsoil
traffic density [43].

—&— Control —— TC-| —— TC-lIl —g&— TC-Il ]

Cumuilative infiltration (mm)

60

80 140

Time (min)

FIGURE 1 - Cumulative infiltration on control, TC-I, TC-II and TC-III sites.
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Saturated hydraulic conductivity (Ksat) and cumulative infil-
tration (ic)

The highest Ksat and Ic values were determined in
control sites, and the lowest Ksat and Ic were determined
in TC-II (Table 2, Fig. 1). Average permeability values
were 44.56 mmh in control site and 12.87-28.55 mmh!
in tea plantations.

As seen in Fig. 1, the mean Ic contents in TC-I and
TC-II were lower than the control site but was higher than
that of TC-III.

Soil hydraulic properties, including soil hydraulic con-
ductivity function and water retention characteristics, are
affected by soil texture, bulk density, soil structure, and
organic carbon content, many of which are strongly influ-
enced by land-use and management, even though the soil
classification may be the same. Due to the procedures ap-
plied to soils in tea plantations, with the degradation of
texture and soil structure, the macro-pores and pore struc-
ture of the soil were damaged. Surface pressure from tram-
pling and the increase in soil bulk weight caused Ksat and
Ic values to decrease. The fact that root structure and the
total root density were lower when compared to the forest
soils had an effect on the low Ksat and Ic values. The tem-
poral change of land-use and management, or natural dis-
turbances and cycles, such as diurnal and seasonal changes,
can affect soil hydraulic properties. Soil compaction, caused
by human trampling, wheeled traffic or animal grazing, can
immensely destroy the large-pore structure and, therefore,
reduce saturated or near-saturated hydraulic conductivity
[50]. Tilling can create more large pores for surface soil but
may also disrupt pore network connectivity, especially for
subsurface flow [51]. Other factors, such as soil organism
activity, root dynamics, and formation of cracks at the
surface during dry periods, all contribute to the dynamic
nature of soil hydraulic properties in different soils [8].

Dispersion ratio (DR), Colloid/Moisture equivalent ratio (C-
MER), and Erosion ratio (ER)

The highest DR, C-MER and ER values were deter-
mined in TC-III, while the lowest ones were found in the
control site. According to mean values, DR and C-MER
were significantly higher in tea cultivation sites, with re-
gard to control site, while mean ER was significantly higher
in TC-II and TC-III compared to control and TC-I (see
Table 2). The vegetation in the control site enriched the soil
in terms of organic matter, and prevented rainfall from im-
pacting the soil surface and eroding the soil by dislodging
soil particles. In addition, mulching and the application of
organic manure to the soil similarly improved soil proper-
ties and protected the soil against the direct effect of rain
drops. For this reason, DR, C-MER and ER values of the
soils in control sites and long-term mulching/organic ma-
nure sites were found to be significantly lower than those of
the other sites (TC-II and TC-TIT). Many researchers reported
that mulching protects the topsoil from the direct effect of
rain drops and improves soil properties [21, 23, 24]. An-
other reason for higher DR, C-MER and ER contents in

tea plantations is probably that the aggregate structure of
topsoil in these sites is degraded due to the cultivation of
these soils along the terrace in certain intervals. Many pre-
vious studies based in different regions [14, 16, 17] have
reported the DR, C-MER and ER contents in cultivated
soils to be higher than those in forest soils.

Values of pH and EC

The highest pH and the lowest EC values were de-
termined in control site, while lowest pH and highest EC
were determined in TC-III (Table 2). Different types of
mulching ‘and manure use were applied in tea plantations.
With the mulching applied in the earlier period, the acidi-
fication of tea soils was prevented to some degree. How-
ever, as result of excessive use of chemical fertilizers and
washing out, the acidity values of tea soils have been in-
creased. It was reported that generally there is a strong
positive relationship between the clay content in the soils
and EC [52]. In addition, it was reported that the applica-
tion of mulch on the soil surface has an effect on the in-
crease in EC values [46]. In the present study, clay content
and EC values in test sites followed the sequence: TC-III>
TC-II>TC-I>Control. In other words, there is a positive
correlation between clay content and EC value,

The movement of electrons through bulk soil is com-
plex. Electrons may travel through soil water in macro-
pores, along the surfaces of soil minerals (i.e. exchange-
able ions), and through alternating layers of particles and
solutions [52]. Therefore, multiple factors contribute to the
variability of soil EC, including factors that affect the amount
and connectivity of soil water (e.g. bulk density, structure,
water potential, precipitation, timing of measurement), soil
aggregation (e.g. cementing agents, such as clay and or-
ganic matter, soil structure), electrolytes in soil water (e.g.
salinity, exchangeable ions, soil water content, soil tem-
perature), and the conductivity of the mineral phase (e.g.
types and quantity of minerals, degree of isomorphic sub-
stitution, exchangeable ions) [53].

Soil organic matter (SOM) and soil organic carbon (SOC),
Total N, C:N ratio and lime

While the average value for organic matter content var-
ied between 2.65-4.50% in tea soils, this value reached
5.88% in the control site. The highest SOM, SOC, total N
and C:N contents were determined in the control site, while
the lowest SOM, SOC and total N were found in TC-IIL
According to the test sites, the change in SOM and SOC
values are statistically significant (Table 2).

It can be stated that the land-use change and the culti-
vation in tea terraces caused a decrease in the organic mat-
ter content of the soils. However, it can also be stated that
the organic matter contents in tea topsoils are not particu-
larly low. Mulching and organic manure were applied to
tea topsoil during a certain period of time, preventing a
decrease of organic matter in tea topsoil. Land-use change
and long-term cultivation may lead to changes in SOM
quantity and quality [54]. Soil carbon loss first occurs pre-
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FIGURE 2 - Green tea yield in experimental sites (TC-I, TC-II, and TC-III).

dominately by mineralization after conversion of virgin land
into cultivated land, followed by soil erosion as the domi-
nating process of soil carbon loss in later years [55]. It can
be suggested that the application of organic wastes, col-
lected from the forest and stable manure to tea terraces,
caused the total nitrogen amount in the tea topsoil o be
higher than tea soils that did not have organic inputs. In
addition, thanks to the organic wastes and the spread dry
tea leaves, the carriage of N and P by surface flow was
prevented to some extent. This may have caused the rela-
tively high N value. However, due to the fact that the study
area is located in a humid region (annual average precipi-
tation approximately 2,000 mm) and, in addition, due to the
topsoil cultivation in the terraces, a certain amount of N
may have been leached from the soil. Leaching losses are
influenced by soil texture, N management, and irrigation
practices [56]. :

Green tea yield (Kg/ha)

Total annual yield (1976-2006) of tea plantation in
hectares is shown in Fig. 2. Generally, tea yield decreased
in TC-I (7.14-14.42%), TC-1I (7.31-15.32%) and TC-III
(10.28-19.49%) in given ratios. The values indicate that
the greatest decrease in tea yield occurred at TC-III site, in
which mulching + organic manure was not applied (Fig. 2).

As Fig. 2 shows, although mulching and organic ma-
nure was applied for a certain period, tea yield still de-
creased. However, this decrease was lower than the one
observed in the test site in which only chemical fertilizer
was applied. The application of mulch + organic manure
in tea terraces increases the crop yield when compared with
the test site, in which only chemical fertilizer was applied.
Forest soils, in general, have higher organic matter con-

tent than agricultural soils. This probably has an effect on
the relatively high yield in the new tea plantations. Degra-
dation of soil properties in the following years (for exam-
ple, decrease in organic matter, pressure, decrease in per-
meability etc) has probably caused loss of yield in tea plan-
tations [9]. The aging of tea cuttings causes tea yieid to
decrease. In addition, while, in the first years after estab-
lishing the plantation, tea cuttings were young having a
positive effect on the yield; aging may have a negative
effect on the yield of the tea cuttings. In addition, the change
in climate (10% increase in total precipitation amount, espe-
cially in the last 10 years) may have caused more plant
nutrients to be leached with surface flow or the displace-
ment of the topsoil with erosion, which may have contrib-
uted to the reduced yield of the soils in which tea planta-
tions were established.

CONCLUSIONS

As a result of the degradation of alder coppice and their
conversion to tea plantations, their 10 physical (sand, clay,
PWP, Dy, Dp, St, WSA, DR, C-MER, and ER), 2 hy-
dro-physical (Ksat and Ic) and 6 chemical (pH, EC,
CaCOs;, SOM, SOC, and total N) properties changed
significantly. As a result of forest degradation, the erodi-
bility values of the soils increased and green tea yields
decreased. With the mulching application, soil properties
were protected to some extent, and further reduction of
yield was prevented. There is insufficient availability of
land in the Pazar area that is suitable for agriculture. For
this reason, the introduction of agriculture on ill-suited
land involves a high level of risk of declining crop yields
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and environmental damage. For the protection of soils in
these areas and to enable more sustainable forms of agri-
culture, an accurate planning and land management model
should be prepared by considering the properties of the
existing soils. In tea plantations, in order to protect soils
and increase yields, mulching applications should continue,
and the effects of mulching applications on soil protection
and tea yield should be investigated. This strategy can
help land managers to utilize the soils more effectively
and productively.
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