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Chapter 1V/12: CONSERVATION AGRICULTURE, SUSTAINABLE LANDSCAPE USE AND
LANDSCAPE PROTECTION
I'naBa 1V/12: PecypcocGeperaioiee cesibCKoe X035IiCTBO, YCTOIYMBOE HCIIOJb30BaHHE U OXPaHa
Ja”HamapToB

Adam Kertész*; Balazs Madarasz
DOI 10.25680/6888.2018.70.59.277
* Email: kertesza@iif.hu

Research Center for Astronomy and Earth Sciences, Hungarian Academy of Sciences, Budaorsi ut 45, 1112
Budapest, Hungary.

ABSTRACT. Because of population growth the global demand for food is rapidly increasing. As a
result agriculture is expanding and becoming more intensive therefore it is very important that
farming activities are sustainable for the landscape and environment friendly. The aim of this paper is
to present the positive role of conservation agriculture in sustainable landscape use and landscape
protection. Conservation agriculture is beneficial for the soil, preserves SOM, soil structure, soil
moisture and it is an effective tool against soil erosion. It seeks to preserve biodiversity in terms of
both flora and fauna. Activities such as Integrated Crop, Weed, and Pest Management form part of
Conservation Agriculture. Results of a case study near Lake Balaton, Hungary highlight the main
advantages of CA for the soil, for biodiversity and for the landscape as a whole.

Pe3tome. BceienctBue pocra HaceneHus TioOanbHas MOTPEOHOCTh B IPOJOBOJIBCTBUH OBICTPO
pacteT. OTO NPUBOAUT K PACIIMPEHUIO U UHTCHCU(HUKALNN CENbCKOXO35MCTBEHHOTO MPOU3BOACTBA,
MO3TOMY Ba)XHO, 4YTOOBI TEXHOJOTWM OOeCIeYMBaIM YCTOHYMBOCTh JaHgmadpTa U ObUTH
ONaronpuATHBIMHU UL OKpy»Karoled cpensl. Llenb 3TOH T1aBbl — MpPEACTaBUTH MOJOKHTEIBHYIO
pOJIb pecypcocOeperaromero CelbCKOro X03sMcTBa B YCTOMYMBOM MCIOJIB30BAaHMM JIAHAMA(TOB U
oxpane naHnmagdTos. PecypcocOeperatoiiee celbCKOEe XO3SHCTBO ABISIETCS MOJE3HBIM TSl TIOUBBI,
COXpaHsieT OPraHMYeCKOe BEIIECTBO, CTPYKTYPY ITOYBHI, TOYBEHHYIO BIary 1 3G ()eKTUBHO 3aIlUIIaeT
oT 3po3uu 1mouBbl. OHO CTaBHT IIEJbIO COXpaHeHHe OMopasHooOpasust ¢iopbl W Qaynbl. Takue
MOJAXOMbl, KaK HHTETPHUPOBAHHOE DPACTCHUEBOJCTBO M 3aIlUTa CEIbCKOXO3SHCTBEHHBIX KYIBTYP,
SBIISIIOTCS YacThIO PECypcocOeperamomero CceiabCcKoro xo3siictBa. PesymbraTel HMcciaeqoBaHusl B
OKpecTHOCTsIX o3epa bamaton, BeHrpus, moka3plBaloT TIJIaBHBIC MOJNOXKHUTENbHBIE 3()(EKTHI
pecypcocOeperaromero ceabCKOro Xo3siicTBa Ui 04Bbl, 0MopazHooOpasus U JanamagdTa B LEJIOM.

KEYWORDS: landscape protection, conservation agriculture, soil erosion, biodiversity
KiroueBsble ci1oBa: oxpana nanamadTa, pecypcocoOeperaroliee celbCkoe X03aHCTBO, IPO3Us MOYB,
ounopazHoobpasue

INTRODUCTION
The requirement for sustainable land use and an increasing need of landscape protection are burning
issues of the near future because of the growing importance of global processes including global
warming, land use and land cover change, population growth, land degradation etc.
According to worldometers.info [7] world population will reach 7,6 billion in 2018 and the forecast for
2050 is 9,8 billion. Only 14,6 % is the population share of Europe and Northern America, 85,4 % live in
on the other continents representing the third world with a very high population growth. The demand for
food will rise with population increase. World agriculture will have to produce more and more food. New
areas will be used for agriculture by changing the present use of land and as it is well known land use
change means in most cases deforestation leading to enhanced land degradation risk. The already existing
agricultural areas will be used more intensively. The possible impact of intensified and expanded
agricultural activities on the soils and landscapes has to be addressed properly. At least the present quality
of soils should be preserved and the landscapes be protected.
As mentioned above, food supply will be extremely important in the near future. Malthus and Ricardo
overemphasized the role of population increase and took no notice of technological development [4].
Food supply risk is not a real problem if technological changes as part of a state-of-the art, complex and
dynamic socio-economic environment are taken into account.
Presently 11 % (1.5 billion ha) of the Earth's land surface (13.4 billion ha) are used for crop production
(arable land and land under permanent crops), representing 36 % of the estimated land area suitable for
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crop production. [1]. Suitable land may not mean a piece of land with ideal conditions. On the contrary,
the territories not yet used for agriculture dispose in most cases of modest capabilities that is the reason
why they have not been used yet. As mentioned above, the solution can be either to use areas with bad
endowments or to change land use, e.g. by deforestation. Another possibility is to use existing arable land
more intensively. All the three solutions are unfavourable for the environment. Reserves of good quality
cultivable land diminish very quickly.

The objective of this paper is to demonstrate how conservation agriculture contributes to sustainable
landscape use and landscape protection also by supporting biodiversity.

THE EFFECTS OF AGRICULTURE ON LANDSCAPE DEVELOPMENT

Human society is a major landscape forming agent and the landscapes of the developed world are
transformed by human activities. The effects of industry plants, urban areas, transport lines are much
more evident because they alter the landscape radically, replace green areas with concrete and the change
can be irritating. One is inclined to forget that agriculture and even forestry reverse and transform the
original natural conditions of landscapes. The alteration caused by agriculture and forestry is less eye
striking than that of the above mentioned human activities, as the landscape remains green, covered by
vegetation for.

Table 1 — Agriculture in Hungary, in Europe and in the World [6]

Area Agricultural land (% of land area) | Agricultural employment (% of total employment)

1961 2014 1992 2014
Hungary 78.7 59.1 11.3 4.7
EU 54.7 43.8 5.2 4.7

World 36.0 375 34.7" 29.4?

!Data from 2005, no data available from 1992
2Data from 2010, no data available from 2014

The effects of agriculture on landscape development and functioning are at least as important as the
effects of other human activities. In addition to that it has to be emphasized that the percentage of
agricultural areas is much higher than that of other land use categories and so the effect is manifested on a
very large territory (Table 1). In Europe including Hungary the agricultural area diminished considerably
during the last 50 years. In the world the area used for agriculture has increased in the same period and
the explanation for that is simply the growing demand for food in the third world. The trends shown in
Table 1 on the percentage of people employed in agriculture are more or less similar in the EU and in the
world, i.e. a decrease in Europe and in the world. In Hungary, however, a slow increase started lately. In
2016 5.0 % were employed in agriculture [5].

CONSERVATION AGRICULTURE

According to the FAO definition ,,Conservation Agriculture (CA) is an approach to managing agro-
ecosystems for improved and sustained productivity, increased profits and food security while preserving
and enhancing the resource base and the environment. CA is characterized by three linked principles,
namely: (1) continuous minimum mechanical soil disturbance, (2) permanent organic soil cover, (3)
diversification of crop species grown in sequences and/or associations.”[1]. CA combines profitable
agricultural production with environmental benefits and so it is a well applicable tool for Sustainable
Land Management (SLM).

The initial development of conservation agriculture was a response to severe land degradation problems
in the first half of the twentieth century in the Americas. The introduction of reduced tillage was a real
bottom-up story. It started on agricultural fields and it spread from the land managers to the
administrative and scientific levels [3]. As it is well known the Soil Conservation Service of the United
States was founded in 1935 because of the damage caused be dust blows in the western central area of the
USA.
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Conservation Agriculture (CA) is practised over 100 million ha (in 2011 the estimation is 125 million ha,
9 % of cropland) around the world [3] under various ecological conditions. The estimated value of 2004
was only 45 million ha. The greatest extension and percentage values are in North and South America,
South Africa, Australia and New Zealand. More than half the area where CA is practised is located in the
developing world. The area of CA has been increasing at an annual rate of 7 M ha during the last ten
years.

CA is an important land management strategy, particularly in regions where soil erosion is a major
problem and where the retention of soil moisture is an important goal. Retaining water in the soil is
important for agricultural production, but equally so in mitigating floods and drought.

There is an increase in the application of CA in Europe although it has developed slower and its extension
is not as large as in other parts of the world. According to FAO [1] data CA fields cover an area of
1311 900 ha in Europe, just a bit more than 1 % of arable land.

CASE STUDY: THE SOWAP PROJECT

The SOWAP (SOil and WAter Protection) project, co-funded (50-50%) by EU LIFE and Syngenta
involved several partners from the EU' (2003-2006). After 2006 the project has continued on the
Hungarian project site and will continue further. The objective is to assess the viability of conservation
agriculture and to compare it with conventional arable farming systems. The use of appropriate chemicals
is tested, and their potential for off-site contamination assessed, to ensure that any suggested approaches
are environmentally sound.

The main study topics of the project include (1) Soil erosion, (2) Aquatic Ecology, (3) Biodiversity —
Birds and Terrestrial Ecology, (4) Soil Microbiology, (5) Agronomy, (6) Economics. The two
experimental sites are near Lake Balaton (Figure 1). Szentgyorgyvar is for soil erosion studies with four
large plots (120 m? each) on a 2 ha farm with a slope gradient of 9-10%, on a luvisol (sandy loess).
Meteorological and runoff data will be transferred by a mobile phone and put on the internet once every
day. Soil loss is measured manually. Dioskal (107 ha) is for the farm scale demonstration and for
ecological studies [4].

a) Erosion plots. Runoff and soil loss amount are determined after each event and samples are taken
undergoing the following analyses. Runoff: pH, soluted N, P, K, total suspended sediment, TOC, total salt
content, herbicide content; eroded soil: dry mass, particle size distribution, N, P, K and organic matter
content. Crop quality, quantity and biomass are also investigated. Economic viability of the practices
employed (e.g. production costs) will be calculated whenever applicable.

b) Ecological plots. For the terrestrial ecology survey 12 conventionally tilled and 12 CA plots were
established. The experiment includes the survey of weeds, soil micro-organisms, birds and earthworms-
insects-seeds as important food sources for birds.

¢) The results point to less runoff and soil loss on the CA plots: average runoff under CA was only 33.2%
of that on conventional plots and the percentage of soil loss was only 1.7%. The average soil loss per year
was 2.44 t ha® versus 0.08 t ha™, based on measurements between 2004-2006 [4]. Gravimetric soil
moisture measurements at Dioskal show that the upper 20 cm of the CA plots had higher soil moisture
content values (8.8% on the average). TOC, nitrogen, phosphorus and potassium concentrations of
sediments were higher on CA plots, presumably due to the higher humus and nutrient content on the CA
plots [4].

d) Ecological survey. CA offers better conditions for the activity of earthworms. The number of
earthworms on the CA plots was significantly higher than on the traditional plots. Altogether 37 bird
species were registered during two winter seasons including 28 protected species (76% of total). One
third of these species are significant from European perspective indicating that agricultural areas are also
important from the aspect of nature conservation. CA fields proved to be more favourable for birds, first
of all for small warblers like skylark (Alauda arvensis), goldfinch (Carduelis carduelis), yellowhammer
(Emberiza citrinella), greenfinch (Carduelis chloris) and tree sparrow (Passer montanus), than traditional

Agronomica, U.K.; Cwi Technical Ltd, U.K.; FWAG, U.K.; Harper Adams University College, U.K.;
Geographical Research Institute of Hungarian Academy of Sciences, HU; National Trust, U.K.; Cranfield
University — NSRI, U.K.; RSPB, U.K.; Syngenta, U.K./HU; The Allerton Trust, U.K.; The Ponds
Conservation Trust, U.K.; University of Leuven, Belgium; Vaderstad, U.K./HU; WOCAT, The
Netherlands; Yara (UK) Ltd, U.K.
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plots did in both of the winter seasons investigated. Conservation agriculture provides a better food
supply and improves winter survival reducing the negative effect of agriculture on bird fauna [4].

e) Crop yield and production costs on the Dioskal plots were practically the same under the different
tillage systems [4].
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Figure 1 — Location and plan of the conservation agriculture experimental plots in Zala County,
Hungary.

CONCLUSIONS

1. Because of the impact of agriculture on landscape development it is important to find sustainable
solutions. Conservation agriculture is a sustainable way of farming with a landscape protecting effects
on the landscape.

2. The results of the SOWAP project support the above statement. CA techniques have reduced soil loss

and water runoff from fields compared to conventional farming. Under CA runoff was reduced by

66.8%, soil loss by 98.3%, TOC loss by 94.1%, nitrogen loss by 86.8%, phosphorus loss by 95.6% and

potassium loss by 78.8% relative to quantities measured on the conventional plots. Soil moisture

conditions were better in the upper 20 cm under conservation tillage.

Biodiversity conditions were also much more adequate on the conservation plots.

4. On one hand conservation agriculture is beneficial for the soil itself and the environment, on the other
hand it promotes a healthy functioning of the landscape as a whole.

w
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Taaea |\VV/13: MPUHIANBI CBEPETAIOIIEIO 3EMJIEJIEJINS B IEHTPAJIBHOM A3ZHUA
Chapter 1V/13: Principles of Conservation Agriculture in Central Asia
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PE3IOME. [Tpunmumns! cOeperaroniero 3eMieeNIis MEHSIOTCS. B 3aBHCHMOCTH OT MIOYBEHHO-
KIMMAaTHYECKHUX yCIOBUH. B HEopomraeMoM 3eMile eIy TJIaBHBIM ITPUHITUIIOM SIBIISIETCS
MaKCHUMAaJIbHOE HAKOILICHUE CHETa, OCHOBHOI'O MCTOYHMKA MOIOJIHEHHS BIary B mmo4se. [{J1s a3Toro
JIEAa0TCs KyJIHChl U3 BEICOKOU cTepHU. BTopoe, 3To co3nanne onTUMallbHOM TNIOTHOCTH MOYBBI JISI
MaKCUMAaJIbHOH BOJONPOHUIIAEMOCTH MPH TassHUU cHera. /[t 3Toro B OONBIIMHCTBE C1y4acB
Heo0X0[MMa MUHUMAITbHAsT 00pabO0TKa IMOYBHEI OCEHBIO. B oporraeMoM 3emMiteieTni MPUMEHSIETCS
HyJIeBasi TEXHOJIOTHUS TI0Cie YOOPKH 03UMOM TIIICHUIIBI, a TIPU MIOCEBE O3UMOH MIITEHUIIBI TOCITe
XJIOMMYATHUKA, YTO SBISETCS OOBIYHON TPAKTHKOH, TpedyeTcs: 00paboTKa MouBkl. TpeTuil MpUHIHII -
ATO MaKCUMAaJIbHOE MOKPBITHE MTOYBBI PACTCHHUSIMH. [[J151 3TOTO B HEOPOIIAEMOM 3eMIICICITIH 13
CEBOOOOPOTOB UCKITIOYAIOTCS YUCTHIE Mapbl. OHU 3aMEHSIOTCS TIOCEBAMU 3€PHOO00OBBIX KYIBTYP
WU IOHHWKA Ha cujepat. Ha opormraeMbIx 3eMIISIX BEICEBAIOTCS MIPOMEXKYTOUHBIE KYJIbTYPHI Cpaszy
ocJie YOOPKH 03MMOH MIIEHUIIBI. AJaNTHBHO-TaHAMIAPTHOE 3eMIIC/ICIIUE TIO3BOJISCT MPUMEHSTh
00JIee TOYHO COOTBETCTBYIOIINE MMPUEMBI 3€MIICIIENTNSI B COOTBETCTBUU C OCOOCHHOCTIMHU
nmaamadTa.

Abstract. Principles of conservation agriculture change depending on soil climatic conditions. In
rain-fed agriculture, main principle is maximum accumulation of snow as main source of soil
moisture. Establishment of tall stubble barriers does it. Secondly, this is establishment of adequate
soil density for maximum water permeability under snow thawing. For this in most cases minimum
tillage in the fall is a need. In irrigated agriculture. No Till is used after harvest of winter wheat
whereas for planting winter wheat after cotton, which is normal practice, tillage is necessary. Third
principle is maximum soil coverage by plants. To do this in rain-fed agriculture elimination of
summer fallow from crop rotations is necessary. Pulses or sweet clover as green manure replaces it.
In irrigated agriculture, intermediate crops are planted right after harvest of winter wheat. Landscape-
adapted farming allows do more precisely farming practices in accordance with peculiarities of
landscape.

KJIFOUEBBIE CJIOBA: crephs, 06paboTka IO4BbI, CEBOOOOPOT, TaHAA(T, YUCTHII map
Keywords: stubble, tillage, crop rotation, landscape, summer fallow

BBEJIEHUE

DJieMeHTHI cOeperaroliero 3eMyeaeus Hadaiu npuMeHsaThest B LleHTpanbHol A3uu B cepeanne 1950-x
rojoB. Oto ObLT peruoH ceBepHoro Kazaxcrana, rne B mepuwox 1954-1956 rr. Obuim pacraxaHbl
OTPOMHBIE MAacCHBBI LEIMHHBIX 3eMenb. UTo Kacaercss Bompoca oOpaOOTKHM MOYBBI, TO BHavaje OH
pemancs B moss3y Oe3orBanbHOi mo meroxy T.C. Mambuesa [1]. Ho mocne toro xak A.M. Bapaes
03HAKOMMUJICS C 3eMJIeJICTIeM B IPOBHHIMSIX Tpepuii Kanaspl, OH npuien K BBIBOLY, YTO Il OOIIUPHBIX
crerieli Kazaxcrana Oosiee MOAXOAAT MpPHEMBI KaHAJCKOTO 3EMJICJENUSl, OCHOBHBIMH DJIEMEHTaMH
KOTOPOro OBUIM 3EpHOIMAPOBOIl CEBOOOOPOT M IUIOCKOpe3Has obpaborka moussl [2]. IlinockopesHas
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