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Research data were obtained on sandy loam Eutric Albeluvisols at the
Kaltinénai Research Station of the Lithuanian Institute of Agriculture
on the undulating hilly topography of the Zemaiciai Upland of Western
Lithuania. A combination of perennial grass species and selected crop
rotations can help prevent soil erosion in upland regions and minimize
the risk of soil erosion and associated water pollution. The aim was to
identity crop and crop rotations as different land use systems that would
minimize soil erosion during a long-term period. The measured water
erosion rates according to 18 years of field experiments were: 3.17—
8.6 m* ha! yr! under winter rye, 9.01-27.09 m?® ha! yr! under spring
barley and 24.2-87.12m’*ha™! yr!' under potatoes. Perennial grasses
completely prevented water erosion. The erosion-preventive grass—grain
crop rotations (66.7% of grass) decreased soil losses on arable slopes of
2-5°, 5-10° and 10-14° by 74.7-79.5%, while the grain-grass crop rota-
tion (33.3% of grass) decreased the rates by 22.7-24.2% compared with
the field crop rotation. The main attributes of the proposed land con-
servation and sustainable land-use system were careful selection of op-
timum erosion-preventive ecosystems (sod-forming perennial grasses or
erosion-preventive crop rotations) with high erosion-resisting capabili-
ties. These systems would vary in response to slope and soil conditions.
Such ecosystems assist erosion control and thus the ecological stability
of the undulating topography. These results may have a wider applica-
bility on the undulating landscapes of the temperate climate zone.

Key words: undulating hilly topography, water erosion rates, erosion-
preventive crop rotations, temperate climate

INTRODUCTION

and wind erosion [10]. Soil erosion is one of the
world’s most serious environmental problems, cau-

Water erosion is the main soil degradation factor in
agricultural areas, which endangers 56% of the
world’s available arable land and has already elimi-
nated an estimated 430 million ha from agricultural
production, or 30% of the total available arable land
[6]. The major causes of water and wind erosion
include deforestation, overgrazing and mismanage-
ment of arable land. About 1028 million ha of global
soils are moderately to excessively affected by water

sing extensive losses of cultivated and potentially
productive soil and an enormous annual loss of crop
yields. Highly eroded soils tend to have a reduced
productivity, degraded soil structure, lower organic
matter and a poor environment for root growth [15].
Soil erosion is not always due to hostile climate, but
it can result from land mismanagement and inap-
propriate policies. For example, erosion on agricul-
tural land in Britain has increased over the last 20



2 Benediktas Jankauskas, Genovaité Jankauskiené

years, with no evidence of significant climatic changes
[2]. Soil erosion has considerably worsened in the
Middleveld of Swaziland over the last 20 years [3].
During the last 50 years, erosion has increased about
30-fold in Russia and crop production on these soils
has decreased by 50-60% [1]. Annual erosion rates
on cultivated land vary from 0.1-20 Mg ha™ in the
U. K. to 150-200 Mg ha™ in China [15]. The limited
availability of soil resources for food production and
renewable biotic resources, caused by steady popu-
lation growth and accelerated soil degradation, may
have greater negative impacts on global living con-
ditions than the human-induced greenhouse effect
[7]. Average values of soil erosion rates over large
areas, for both practical and theoretical reasons,
should be treated cautiously. The rate of erosion in
Europe of 17 Mg ha'yr! or 10-25 Mgha yr,
referred to by several authors, was based on misin-
terpretation and uncritical use of original field data
[2].

About 17% of Lithuania’s agricultural land is
eroded, this percentage increasing to 43-58% in the
hilly regions. Water and wind erosion occurs mostly
on arable soils and wind erosion occurs on the Bal-
tic coast. Soil erosion severity on the uplands of
western Lithuania was due to the combined action
of natural (geological) and accelerated soil erosion.
Soil erosion rates increased with slope steepness and
changed soil physical and chemical properties. The-
refore, natural soil fertility decreased by 22, 40 and
62% on slopes of 2-5°, 5-10° and 10-14°, respecti-
vely [11].

These results demonstrate the need for soil con-
servation measures on arable undulating land in Li-
thuania. Therefore, the main aims of the current
investigation were: 1) to evaluate the degree of water
erosion on undulating slopes under different crop
rotations as land use systems, 2) to prepare sugges-
tions for stabilization of soil erosion and for im-
proving the ecological conditions in the vulnerable
Baltic coastal zone; 3) to evaluate the potential for
soil conservation on eroded undulating land and to
advise policies for rural development in relation to
environmental protection. The long-term goal of this
research is to distribute results of investigations for
possible implementation in
other temperate climatic zo-

MATERIALS AND METHODS

Study sites. Investigations were conducted on the
Zemaiciai Upland. Data were obtained from the Kal-
tinénai Research Station of the Lithuanian Institute
of Agriculture during 1983-2000. The station is lo-
cated on the southern-central Zemaiéiai Upland
(55°34’N, 22°29’E). Study sites A, B and C are on
slopes of 2-5°, 5-10° and 10-14°, respectively. Field
trial plot width was 3.6 m and length was 90 m on
sites A and C (slopes 2-5° and 10-14°) and 40 m
on site B (slope 5-10°). The field experiments are
part of the Core Research Programme of the Glo-
bal Change and Terrestrial Ecosystem (GCTE) Pro-
ject, a component of the International Geosphere
Biosphere Programme (IGBP).

Field experiments were performed on eroded
Eutric Albeluvisol sandy loams [3]. Soil was diffe-
rentially eroded along the slopes, being slightly
eroded on 2-5° slopes, moderately eroded on 5-10°
slopes and strongly eroded on 10-14° slopes, with
colluvial deposits on basal slopes. Soil erosion was
mainly caused by tillage and water erosion under
continuous intensive cropping. The average agro-che-
mical properties of Ap horizons (0-20 cm) before
field experiments show the topsoil to be slightly acid,
P-deficient, medium rich in K and contained vary-
ing soil organic matter (SOM) contents (Table 1).
The percentage of SOM was highest on the less
eroded 2-5° slope and the lowest on the 10-14° slope.

In Lithuania, water erosion occurs mostly on arab-
le slopes, as natural vegetation (woods, shrubs or gras-
slands) effectively protects soil from erosion [12]. Me-
an annual precipitation in Lithuania is 626 mm, with
(858 mm on the central Zemai¢iai Upland and 750-
800 mm on the Upland fringe. Annual precipitation
during the study period was 635-1075 mm.

General methodological framework. Long-term
field experiments were conducted on 2-5°, 5-10° and
10-14° slopes since 1982. Four six-course crop rota-
tions were compared. These were:

I. The field crop rotation: 1: winter rye (Secale
cereale L.), 2: potatoes (Solanum tuberosum L.), 3—
4: spring barley, 5-6: clover-timothy mixture (CT)
(Trifolium pratense L. — Phelum pratense L.);

n.es and to promo@ Interna- Table 1. Mean agrochemical soil properties of the arable layer (0-20 cm) before
tional co-operation in the de-  |gaq experiments in 1981

velopment of erosion-resisting : :
agro-environmental systems. Hyd.ro.lytlc Exchangable Available 1 .
Results from the first and se- Steepness of | pH,, acidity bases elements, mg kg™ | Organic
cond crop rotations (1983- slope cmol(+)kg™ P K e
1994) have been reported [12, T, 5.8 20.1 119 498 1461 2.85
13]. This paper presents soil

erosion data from three crop 5-10° 53 24.5 94 18.3 127.0 2.20
rotations (1983-2000). 10-14° 5.8 16.7 96 297 1312 2.08
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II. The grain—grass crop rotation: 1: winter rye,
2-4: spring barley, 5-6: CT;

III. The grass—grain I crop rotation: 1: winter
rye, 2: spring barley, 3-6: CT;

IV. The grass—grain II crop rotation: 1 winter
rye, 2: spring barley, 3-6: orchard grass-red fescue
(OF) (Dactylis glomerata L. — Festuca rubra L.) mix-
ture.

A multi-species mixture of perennial grasses for
long-term use (sod-forming grasses: V) were grown
on 10-14° slopes, instead of the field crop rotation,
as tillage crops are not recommended in Lithuania
on slopes >10°. The grass mixture consisted of 20%
each of common timothy, red fescue, white clover
(Trifolium repens L.), Kentucky bluegrass (Poa pra-
tensis L.) and birdsfoot trefoil (Lotus corniculatus
L). The grain—grass crop rotation contained 33.3%
of grass, when the grass—grain crop rotation con-
tained 66.7% of grass.

Field experiments were not widely dispersed, due
to the limited availability of homogenous soils. The-
re were only two blocks of the above-mentioned
crop rotations (Table 2) in four replications on stu-
dy sites A and B or three comparable replications
on study site C. Thus, over 6 years, data for one
particular course in one particular rotation were ob-
tained twice: once from Block 1 and once from
Block 2. Locating the field experiments on two
blocks of all investigated crop rotations enabled com-
pletion of six tests of every crop during 18 years.
Only winter rye and spring barley were included in
all crop rotations. A clover-timothy mixture was
grown in three crop rotations (field, grain—grass and
grass—grain I). Potatoes were grown only in the field
crop rotation, while the orchard grass-red fescue
mixture was grown only in the grass—grain II crop
rotation.

Soil management. Optimum soil management and
fertilizer treatments were applied in accordance with

the measured soil properties and standard regional
agricultural practice. Before field experiments, soils
were limed with one CaCO, application (according
to hydrolytic acidity). Subsequent liming before each
crop rotation enabled pH standardisation on all stu-
dy slopes. Chemical fertilizer doses (ammonium nit-
rate, granulated superphosphate and potassium chlo-
ride) varied according to plant requirements and soil
properties. The following rates of mineral nutrients
(N, P K) were applied: N_P, K. under winter rye

607 267750
and spring barley; N, P, K - under potato; P, K,

under C-T of year 1;)(1)\113:0P122(i(75 under C-T of year
2 and 3; NP, K under O-F of year 1 to 3, and
N, P,K. under C-T and O-F in the year of plough-
ing; and 60 Mg ha! of farmyard manure under
winter rye. Therefore, mean annual rates of applied
fertilisers were: N P, K (field crops), NP, K.
(grain—grass crops), N P, K . (grass—grain I crops)
and N, P, K. (grass—grain II crops).

The main tillage, sowing—planting and harvesting
directions were up-and-down slope to decrease soil
losses during intense rainfalls, as recommended for
the region. Contour cultivation on steep slopes can
increase erosion rates during intense rainfalls, due
to breaking of ridges by runoff and subsequent cas-
cading [12].

Water erosion assessment. Water erosion rates
were assessed by measuring the length and cross-
sectional area of rills to calculate soil loss volume
[6]. Lost soil volume was calculated using the for-

mula:

x=[Zp + Zp, + ... 2Zlp) :n]:y, 1)

where x = volume of erosion rills (m* ha™); [, [, ...
[ = rill depth (cm); p, p,, ... p,. rill width (cm); n:
number of rills on the measured plot width; y: mea-
sured plot width (m), and X: sum of 9 measure-
ments from 1 m segments located at equal distances

Table 2. Layout of crops in the field experiments (study sites A, B, C) during the third crop rotation*

Year of Block 1 of crop rotations: Block 2 of crop rotations:
investigation | = fic|q grain-grass | grass-grainl | grass-grainII | field | grain-grass | grass-grainI| grass-grain II
1995 1.R 1.R 1.R 1.R 4.B 4.B 4.C-T 4.0-F
1996 2. Pt 2.B 2.B 2.B 5.C-T 5.C-T 5.C-T 5.0-F
1997 3.B 3.B 3.C-T 3.0-F 6. C-T 6. C-T 6. C-T 6.0-F
1998 4.B 4.B 4.C-T 4. O-F 1.R 1.R 1.R 1.R
1999 5.C-T 5.C-T 5.C-T 5.0-F 2.P 2.B 2.B 2.B
2000 6. C-T 6. C-T 6. C-T 6. O-F 3.B 3.B 3.C-T 3.0-F

slopes.

* The same crop layout was used during the first and second crop rotations.
1-6: numbers of crop rotation course. R: winter rye, Pt: potatoes, B: barley, C-T: clover-timothy mixture, O-F: orchard
grass — red fescue mixture. The sod-forming perennial grass mixture was grown instead of field crop rotation on 10-14°
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on the experimental plot. Data were transfor-
med from m® ha' to Mg ha™ using soil bulk
density data. The rill erosion rates form com-
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sion.

Equations relating soil loss to slope gra-
dient were obtained from the mean annual
data of 18 years using the Microsoft Graph
97 Chart, Trendline Polynomial. The signifi-
cance of differences between treatment me-
ans was determined using Fisher’s LSD , [18].
Mean errors for investigations lasting over
three years were calculated using the formula:

2 2 2
:i\/SXl +gl ot ’ 2
m

where S 8, S, are individual errors of a single

. n, . . .
(one-year) investigation and m is the number of in-
vestigations.

Sx

RESULTS AND DISCUSSION

Only spring barley and perennial grasses were grown
every year. There was a considerable annual soil loss
variability under spring barley on the 5-10° slope
(Fig. 1). This included low values of 0.5-5.2 m* ha™'in
1992, 1995, 1996, 1997, 1998 and 2000, moderate va-
lues of 7.2-12.6 m® ha™'in

1984, 1987, 1988, 1990,

Y&ar's 6f inVestidatiods "19°%.
83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 .00

|I:IA B ===1C —e—P |

Fig. 1. Soil losses (m® ha™) from slopes of different gradient
(columns) under spring barley and total precipitation (line)
Columns: slopes of A: 2-5°, B: 5-10° and C: 10-14°. P: total
precipitation (mm)

of soil was lost. The largest soil losses were from
the field crop rotation and the least under grass—
grain crop rotations; soil losses increased with inc-
reasing slope steepness.

The erosion-protection capability of different crops
varied. Mean soil losses (1983-2000) under winter rye
were 3.17, 6.70 and 8.60 m*ha~'yr! and under spring
barley 9.01, 19.11 and 27.09 m*ha! yr! from slopes of
2-5°,5-10° and 10-14°, respectively. Perennial grasses
prevented erosion almost completely. There was only
a small soil loss from the fields of grass—grain I crop
rotation due to a poor red clover cover in 1992. Po-
tatoes showed the least erosion-protective capability,
with soil losses from slopes of 2-5° and 5-10° being
8.7 times higher than under winter rye and 3.1 times

tlegsgi)’? I;czlélzggznish f:f; Table 3. Influence of plant cover and slope steepness on water erosion rates
1983, 1985, 1986, 1989, Slope Soil loss (m* ha') when growing:
1991 and 1994. steepness | perennial grasses | winter rye spring barley potato

Water erosion rates un-
der different crops during 1st crop rotation, 1983-1988
the second crop rotation |2-5° 0 250 + 0400 1240 = 1770  38.80 = 9.610
are presented in Table 3. |5-10° 0 1060 + 1390 3270 + 2.840  99.0 * 17.520
These Crops were grown 10-14° 0 1420 = 2.620 52.10 = 7.050 '157.73 =+ 21.360
twice during six courses of 2nd crop rotation, 1989-1994
crop rotation: the first in- 2-5° 0 439 = 0.175 10.98 = 0.286 18.67 + 1.172
dicated year corresponds 5-10° 0 6.00 = 0.173 20.14 = 0.516 65.67 = 3.385
to Block 1 and the second | 10-14° 0,11 737 £ 0237 2395 + 0.984 78.09 = 3.208
to Block 2. The high 3rd crop rotation, 1995-2000
LSD,; values indicate a |5 5o 0 261 * 0104 365 = 0084 1513 = 0950
considerable soil loss va- |5 100 0 350 = 0.101 449 + 0115  22.00 + 1.134
riability, which is charac- |4 440 0 427 + 0137 521 + 0214 2553 + 1.049
it ot il i

) . . 2-5° 0 3.17 = 0.259 9.01 = 1.036 2420 = 5.590
was the mqst effective soil 5-10° 0 6.70 = 0.853 19.11 = 1.668 6222 * 10.323
conservation measure, e T e -
with only one notable ero- 10-14° 0.04%0.001 8.60 = 1.521 27.09 + 4112 '87.12 = 12.485
Sl.o n episode under. peren- " On the 10-14° slope potatoes were not grown. The data were calculated by the
nial grass (clover—timothy) |, g 0q of group comparison.
in 1992 when 0.7 m® ha
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higher than under spring barley (Table 3). The high-
est soil losses were during the first crop rotation (1983—
1988) and the least during the third crop rotation
(1995-2000). Erosion largely depended on rainfall in-
tensity when cultivated soil was not covered with
plants.

The soil losses (6.43-20.5 m?ha™ yr') were lar-
gest under the field crop rotation (Table 4). Lesser
losses (4.88-15.88 m* ha™! yr') were under the grain—
grass crop rotation and least (1.62-4.65 m? ha™! yr')
under the grass—grain crop rotations that contained
four fields of perennial grasses. There was no sig-
nificant differences in soil losses between the grass—
grain I and II crop rotations.

The mean soil losses (11.42 m?® ha™ yr') were
largest from the 10-14° slopes, and they decreased
with decreasing slope steepness, losing a mean of
7.91 m?® ha yr! from the 5-10° slope and 3.64 m?
ha! yr! from the 2-5° slope.

Agroecosystems play a key role in promoting bio-
diversity [19], therefore, the multi-species agroeco-
systems (sod-forming perennial grasses and grass—
grain crop rotations) are potential components for
both soil conservation and biodiversity strategies.
Therefore, the long-term information from this stu-
dy well assists the design of conservation cropping
systems for the hilly undulating topography of Li-
thuania [12]. Annual soil losses were extremely va-
riable during the 18-year investigation period (see
Fig. 1). It terms of causality, the correlation bet-

ween total precipitation and soil loss was insignifi-
cant (» = 0.21-0.40, n = 12, P > 0.05). Soil ero-
sion rates depended mostly on rainfall amount and
intensity during the periods when soil was unpro-
tected by a plant cover, or during snowmelt from
non-frozen slopes [14]. This accords with results
from plot studies in the U. K., where prolonged,
low intensity rainfall events caused a relatively little
erosion and most was accomplished by short, inten-
se (>10 mm h™') convective rainstorms [9].

Different plant covers afford different degrees
of protection so that the human impact, by deter-
mining land use, can exert much influence on ero-
sion rates [15]. Field experiments at the Kaltinénai
Research Station showed that perennial grasses
completely prevented water erosion, even on slopes
of 10-14° [13], which agrees with the results from
plot studies in the U. K. [8]. Other recommenda-
tions include establishing stiff grass hedges as an
alternative technique to prevent ephemeral gully
development [17]. Mean annual rates of water ero-
sion under winter rye, spring barley and potatoes
were 5.4-29.6, 18.0-59.7 and 44.4-196.2 Mg ha’,
on 2-5° 5-10° and 10-14° slopes, respectively [13].
These results agree with the notion that erosion ra-
tes increase with both slope steepness and length,
due to an increase in runoff velocity and volume
[15]. Erosion of clay loams in the Baltic Uplands of
Eastern Lithuania varied from 4.5 Mg ha!yr! un-
der annual crops to 46.6 Mg ha™ yr' under bare
fallow [4].

The erosion-protective

Table 4. Influence of different crop rotations on water erosion rates capabilities of different crop
il o rotations and land use sys-

Crop rotations Ooff fosses, m™ha tems varied widely (Fig. 2).
(treatments) I crop rotation, | II crop rotation,| ITI crop rotation,| Mean, According to the mean da-
1983-1988 1988-1994 1994-2000 1983-2000| ta of 36 experiments (18

2-5° slope years of investigation on two

Field 7.99 8.45 2.73 6.43 blocks), the mean annual
Grain—grass 6.81 5.62 2.16 488 erosion rates under erosion-
. preventive grass—grain rota-
Grass—gra¥n1 1.39 2.36 1.08 1.61 tions decreased by 74.7-
Grass—grain II 1.35 232 1.20 1.63 79.5% compared with the
LSD, 1.34 1.03 0.19 7 field crop rotation, while
5-10° slope under the grain-grass crop

Field 24.13 14.91 4.16 14.53 rotation it decreased by
Grain—grass 19.84 10.8 2.57 11.16 22.7-24.2%. However, even
Grass—grain I 5.82 1.8 1.17 3.03 grass—grain crop rotations
Grass—grain II 5.49 1.86 1.15 2.93 could not completely pre-
LSD,, 2.84 2.13 0.35 1.18 vent water erosion, with me-
10-14° slope an annual rates of 7.2-7.4

Sod-forming grasses 0 0 0 0 Mg ha_l. on the 10-14° slo-
Grain-grass 29.56 14.78 3.07 1588 | pes, which are not tolerable
Grass—grain I 8.08 3.98 152 4.61 [9]. Therefore, it was re-
Grass—grain 11 8.71 3.62 1.49 4.69 Colmjngnded tl:iat Zlc’pes
LSD,, 250 137 0.41 0.92 >10° be grassed and ero-
sion-protective crop rota-
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Fig. 2. Annual water erosion rates under different crop
rotations

The heights of columns represent the mean data of 1983—
2000 on slopes: A. 2-5°, B. 5-10°, C. 10-14°. Crop rota-
tions: I. Field. II. Grain—grass. III. Grass-grain I. IV. Grass-
grain II. *On the 10-14° slope potatoes were not grown.
The data were calculated by the method of group com-
parison

tions, erosion-protective tillage and fertiliser-liming
treatments be used on 2-10° slopes [12].

The erosion-preventive capability of crop rota-
tions depended on the erosion-protective properties
of constituent crops, and the need for these measu-
res increases with the slope gradient. The research
data enabled to design appropriate erosion-resisting
crop rotations [13]. There was no background for
changing these crop rotations after the 3rd crop ro-
tation, and these rotations are recommended for ero-
dible soils on 2-10° slopes. Long-term perennial
grasses should be grown on slopes over 10°. Thus,
sod-forming perennial grasses and erosion-protecti-
ve crop rotations could assist both erosion control
and the ecological stability of the vulnerable Baltic
coastal zone.

CONCLUSIONS

Investigations of water erosion on sandy loam Eutric
Albeluvisols on the hilly undulating topography of
Western Lithuania showed that:

1. Water erosion rates were highest under pota-
toes less under spring barley and winter rye and
zero under perennial grasses.

2. The erosion-protective grass—grain crop rota-
tion and sod-forming perennial grasses significantly
decreased water erosion rates compared to the other
rotations on each slope position. The mean annual
erosion rates under erosion-preventive grass—grain
crop rotations decreased by 74.7-79.5% compared with
the field crop rotation, while sod-forming perennial
grasses completely ststabilised soil erosion.

3. The erosion-preventive capability of rotations
depended on the erosion-resisting properties of cons-
tituent crops and the need for these measures in-

creases with the slope gradient. Sod-forming peren-
nial grasses and erosion-preventive crop rotations
assist both erosion control and the ecological stabi-
lity of the landscape.

4. In the immediate future, Lithuania could ex-
port food at economically competitive rates, and this
production should be provided in an environmen-
tally friendly and sustainable way. Therefore, re-
search data and experience in soil conservation
practices on the undulating relief of the Republic is
very important for sustainable agricultural develop-
ment. The multi-species agroecosystems (sod-forming
perennial grasses and grass—grain crop rotations) are
potential components of a soil conservation strate-
gy. It is imperative that the soil resource base is
conserved for future generations.

Gauta
2004 03 04
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SLAITU DIRVOZEMIO VANDENINES EROZIJOS
PRIKLAUSOMYBE NUO ZEMDIRBYSTES SISTEMU

Santrauka

Analizuojami Zemaiciy aukstumos kalvoto reljefo lengvo
priemolio pasotintame balk$vazemyje (Eutric Albeluvisol)
Lietuvos Zemdirbystes instituto Kaltinény bandymy stoty-
je gauti duomenys. Zinota, kad suderinus daugiameéiy Zo-
liy miSinius su sumaniai parinktomis séjomainomis gali
sumazéti kalvoto reljefo dirvoZzemiy ardymas ir su tuo su-
sijes pavirSiniy vandeny terSimas. Tyrimy tikslas buvo su-
rasti geriausiai dirvoZemio ardyma mazinancius augalus ir
ju derinius séjomainose, jgalinancius ilga laika minimali-
zuoti dirvozemio ardyma. Lauko bandymais per 18 mety
nustatytas toks dirvozemio vandeninés erozijos intensyvu-
mas: 3,17-8,6 m® ha™! m.™ auginant Zieminius rugius, 9,01
27,09 m* ha? m.” auginant vasarinius miezius, 24,2-
87,12 m* ha™! m.” auginant bulves. Daugiametés zolés vi-
siSkai sulaike dirvozemio ardyma vandeniu. Antierozinés
Zoliy ir javy sé¢jomainos (su 66,7% Zoliy) sumazino dirvo-
Zemio nuostolius nuo periodiSkai dirbamy 2-5°, 5-10° ir

10-14° statumo S$laity 74,7-79,5%, o javy ir zoliy séjomai-
nos (su 33,3% zoliy) 22,7-24,2%, palyginti su dirvozemio
nuostoliais nuo lauko séjomainos augalais uzimty Slaity.
Pagrindiné pasiiilytos stabilios dirvosaugineés zemdirbystés
sistemos kalvose priemoné liko didelés antierozinés galios
ekosistemos (veléna formuojancios daugiametés zolés ar
antierozines s¢jomainos), kruopsciai parinktos atsizvelgiant
i Slaito ir dirvoZzemio savybes. Tokios ekosistemos jgalina
stabilizuoti dirvozemio ardyma ir uztikrinti kalvoto reljefo
ekologinj stabiluma. Tyrimy rezultatai gali biti taikomi
placios vidutinés klimato zonos kalvotam kraStovaizdziui.

Raktazodziai: banguotas-kalvotas reljefas, vandeninés
erozijos intensyvumas, antierozinés séjomainos, vidutinis
klimatas
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UHTEHCUBHOCTH BOJ/IHOM 2PO3WM HA
CKJ/IOHAX ITOJ B/IIMSAHUEM PA3HBIX
CUCTEM 3EMIJIEJEJINSA

Pesowme

HccnenoBaHus NpoBOAWIUCH HA JEPHOBO-IOA30IUCTON
(Eutric Albeluvisol) nerxkocyrnunauctoit mouse KambTh-
HEHCKOW ONBITHON cTaHuuu JIMTOBCKOTO MHCTUTYTA
3eMJICJIeTINS] Ha CKJIOHAX XOJIMHCTO-BOJIHHCTOTO peibeda
Ksamaiitckoil Bo3BbeIIeHHOCTH 3anagHoil JIuTsel. Beuio
U3BECTHO, UYTO YMEJIO€ COYeTAaHHE MHOTOJIETHHX TPaB U
MPOTHUBO3PO3NOHHBIX CEBOOOOPOTOB MOXKET CTAOMIN3HU-
pOBaTh 3pPO3UI0 IOYB XOJIMHCTBIX PETHOHOB M MUHH-
MHU3UPOBATh PUCK COOTBETCTBYIOIIErO 3arpsS3HEHHS I10-
BEPXHOCTHBIX BOJA. [lo3TOMy Ienpi0 HCCIEHOBAHUIA
SIBUJIOCH OTIpeNlelIeHHe HAMTYYIIUX KYIbTYP M CEBOOOO-
pOTOB, CIOCOOCTBYIOIIMX MHUHUMU3AIUU IOYBEHHOM
3pO3UU Ha JOJrocpoyHblii nepuon. [loneBbiMu uccneno-
BaHUSAMHU 18-M JIET yCTaHOBIECHBI CIETYIOUINE MOTEPH
MOYBBI OT BOAHOW 3posun: 3,17-8,6 m® ra? r.? moxg
03UMYH0 poxkb, 9,01-27,09 m® ra™ .7 moj stpoByto mire-
Huny u 24,2-87,12 m® ra™ r.”! mox kaprodenb. MHoro-
JIETHHE TPaBbl CIOCOOCTBOBAIM IOJTHON CTAOMIM3aLUU
BOJHOHN 3po3uu. IIpoTMBO3pO3UOHHBIE TpaBIHO-3€p-
HOBBIE Ce€BOOOOPOTHl (66,7% TpaB) CHU3UIU MOTEPU
MOYB HAa MAaXOTHBIX CKJIIOHaX KpyTusHoit 2-5°, 5-10° u
10-14° na 74,7-79,5%, a 3epHOBO-TpaBsSHBIE CEBO-
ob6oportsl (33% TpaB) — Ha 22,7-24,2% 10 CpaBHEHUIO
C TIOTepSIMH TOYBBI MOJIEBOTO ceBooOopoTa. OCHOBHBIM
TpeboBaHNEM CTAOMIBHONW IMOYBO3AIIMTHON CHUCTEMBI
3eMITeIeTIs XOJIMUCTOTO penbeda cTal yMenblid Tog0op
ONTHUMAJIBHON 3KOCHUCTEMBI (AE€PHHUHY (hopMUpyIoIne
MHOTOJIETHHE TPAaBBl MM MPOTUBOIPO3UOHHBIE CEBO-
000pOTEI), 00JIaJaIONIeif BRICOKOI MPOTHBOIPO3NOHHOM
crioco6HoCcThI0. CocTaB TaKol 3KOCHCTEMBI JOJDKEH Me-
HATBCS B 3aBUCHMOCTH OT CBOWCTB CKJIOHA M ITOYBBHI.
I[TogoOHBIE 3KOCHUCTEMBI CIOCOOCTBYIOT yMEHBIICHHIO
MOYBEHHON 3pO3MM M MPHIAIOT 3KOJOTHYECKYIO CTa-
OMIIBHOCTH XOJIMHUCTOMY pelibedy B IeNoM. Pe3ynbTaTe
HCCIIeTOBaHUN PUMEHUMBI Ha OOUIMPHBIX TEPPUTOPHUSIX
XOJIMUCTOTO penbeha yMEPEeHHON KIMMATHYECKOH 30HBI.

KiroueBble cioBa: XOJIMUCTO-BOJHHUCTBIA peibed,
WHTEHCHBHOCTh BOJHOI 3pO3WH, MPOTHUBOIPO3UOHHEIE
CceBOOOOPOTHI, YMEPEHHBI KIMMAT



