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THE COMPARISON OF SUSTAINABILITY OF AGRICULTURAL PR ODUCTION OF
ORGANIC AND CONVENTIONAL FARMS USING THE RISE MODEL

Summary

The results of the evaluation of the sustainabibityagricultural production in two selected farnm@ganic and conven-
tional, using RISE model, were presented in theepaphe RISE model (tiResponsdnducingSustainability Evaluation)
is a tool (computer program) for easy and holisigsessment of agricultural production sustainapidit a farm level in
ecological, economic, and social aspects and ersathle initiation of measures to improve the susthility. The analysis
showed that only the organic farm was sustainatladcordance with the RISE methodology, as it aé@ipositive values
of all the 12 indicators which were used in the lgsis. The conventional farm had problems with nggamg fertilizers and
maintaining biodiversity. The values of the indaratof “Nitrogen and phosphorus emission potentialid ,Biodiversity”
were negative, which did not allow for considerthgm sustainable. The RISE model can be a usefufdpthe assess-
ment and comparison of the degree of sustainalufigyifferent types of farms.
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POROWNANIE ZROWNOWA ZENIA PRODUCKJI ROLNEJ W GOSPODARSTWIE
EKOLOGICZNYM | KONWENCJONALNYM Z WYKORZYSTANIEM MOD ELU RISE

Streszczenie

W pracy przedstawiono wyniki oceny stopnia zrowrewa produkcji rolniczej w dwdch wybranych gospatiaach:
ekologicznym i konwencjonalnym, z wykorzystanieaetadRISE. Model RISE (tfResponsdnducingSustainabilityEva-
luation) jest naredziem (programem komputerowym) ufivaajgcym przeprowadzenie prostej, a zarazem stabove]
oceny stopnia zréwnownia produkcji rolnej na poziomie gospodarstwa wpexie ekologicznym, ekonomicznym
i spotecznym oraz daje dlisvos¢ zaproponowania dziatapoprawiapcych sytuagj. Przeprowadzona analiza wykazada,
tylko gospodarstwo ekologiczne byto zréwnéome zgodnie z metodyKRISE, poniewa osigalo pozytywne wartgi
wszystkich 12 wskaikdw uwzgtdnianych w analizie. Testowane gospodarstwo konjeealme wykazywato problemy
z gospodark nawozow oraz dbaldcig o bior&norodng¢. Wartaici wskanikow ,Potencjat emisyjny azotu i fosforu”
oraz ,Bioréznorodndi¢” byly ujemne, co wskazuje na brak zrownéerda gospodarstwa. Model RISE fady przydat-
nym narzdziem do oceny i poréwnywania stopnia zrownmma r&nych typow gospodarstw.

Stowa kluczowewskaniki zrownowaenia, model RISE, gospodarstwo ekologiczne, gosptvaa konwencjonalne

1. Introduction The aim of the studies was to evaluate and conpare
degree of sustainability of two types of farms:anig and
A sustainable agricultural production is underdt@s a conventional ones, using the RISE model. The studiere
simultaneous realization of production, economénlegi- constructed in the form of case studies.
cal, and social objectives [10]. Depending on thgrde of
sustainability assessment (global, national, regioivode- 2. Material and methods
ship, farm) different methods are used [7, 17, T8 re-
view of the literature has shown that there are fiesthods The RISE model (the Response-Inducing Sustaigbili
which allow for a broad assessment of the sustdéndé-  Evaluation) is a tool (computer program) for hatist
velopment at a farm level, and what is more, sofrthe@se evaluation of agricultural production sustainapit a farm
methods cover only selected aspects of sustaihaHili11, level [8]. It is based on the DSR framework (DriyiRorce-
12, 13, 19]. One of the tool for easy and holiaisessment State-Response), developed by OECD for environrhenta
of agricultural production sustainability on farmavél is indicators [18]. The model covers ecological, ecuiual,
RISE model (th&ResponsdnducingSustainabilityEvalua- and social aspects by defining 12 indicators foergg,
tion) [3, 8, 9]. This computer program is a tooligthnot  Water, Soil, Biodiversity, N&P Emission Potenti&]ant
only aims at diagnosis, but also at the initiatidrmeasures Protection, Waste, Economic Stability, Economic i-Eff
to improve sustainability of agricultural produetiand op- ciency, Local Economy, Working Conditions, and &bci
timization of agricultural practices. It has beewreessfully  Security. For each indicator a “State” (S) and aividg
tested on very different farm types under variatdadi- force” (D) are determined from more than 60 paransej4,
tions in Brazil, China, Switzerland, India, Canadhal other 8, 9]. The Degree of Sustainability (DS) is caltedhas dif-
[8, 9]. In Poland, the RISE model was used to evaluate thierence (DS=S-D) and yields values between -100 and
degree of sustainability of a pilot group of farimsthe +100 [8]. The output of the RISE model is desigirec
Lubelskie voivodeship [5, 6]. way that a farmer can easily determine where proslex-
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ist and what interventions might lead to improvetaem-
dividual indicators are considered sustainablénéf degree
of sustainability is above +10, the whole farmasnsidered
sustainable if no indicator has a degree of suetdity be-
low -10. The most optimal situation is when DS ealwof
all the indicators are arranged regularly in anropim area.

The research included two types of farms: orgaamic]
conventional with a mixed type of production (pkmnd
animals). The interviews with farmers were perfounoss-
ing a special comprehensive RISE questionnaire. dita
of the 2011 year were collected.

3. Results and discussion
3.1.Characteristics of the studied farms

The characteristics of the analysed farms wersemted
in Table 1. The farms differed with the size, irsiy of
farming and type of agricultural production. In ertdied
organic farm with 27.0 hectares of agriculturaldai0.3

rearing and fish breeding. The farm sold fish, akrefruits,
beef, and potatoes. However, the farmer obtaingudlice
premium for organic quality of products only foretkales
of fish and potatoes. Agritourism constituted angigant
part of the farm income. A part of crops was usedtfie
needs of the farmer’ family and tourists.

In accordance with the principles of organic farg)i
the farm used only natural fertilizers which werequced
on the farm. Catch crops were ploughed to be used a
"green manure" (constituting 60% surface coveragaro
able land in the autumn and winter). Weeds wereoveth
mechanically. On the farm area, there were numetrees
and bushes which could serve as biodiversity refugech
as: hedgerows, mature linden trees, reedbeds, qupatb
meadows and pastures with orchids of high bioditygra
pond with a buffer zone overgrown with plants (Fiy.

The analyzed conventional farm conducted an iivens
plant production, using large amounts of minendllifeers and

hectares were taken by meadows and pastures whktgd w chemical plant protection products. It had a higiencentage

covered byAgri-environment program 2007-201&xten-
sive permanent grassland" package. In additiormaeent
crops (hazelnut, and apple orchard) occupied lareaif
the area. Apart from crop production, the farm cartle

Tab. 1. The main characteristics of tested farms

of arable land per agricultural land area and &drigercent-
age of cereals and commercial crops than the dcaldgrm
as presented in Table 1. The main crops were:gspéanley,
winter wheat, triticale, rape, and sugar beet (Eig.

Tab. 1. Najwaniejsze charakterystyki testowanych gospodarstw

Profile of production Organic farm mixed| Conventional farm mixed
Agricultural lands (AL) (ha): 27.0 34.9

arable lands (ha) 10.4 (39%) 34.0
grasslands (ha) 15.6 (58%) 0.9
permanent crops(ha) 1.0 (3%) -

Cropping patern (%):

cereals 46.2 68.2
industrial crops (sugar beet, rape) - 24.4

mixture of cereals and legumes 29.8 -

mixture of legumes and grass 154 -

fodder crops on arable lands - 7.1

remaining crops 8.6 0.3

Livestock load (LU-ha AL) 0.3 0.4

N balance (kg-h®AL) -5 41

P balance (kg-R&L) -2 38

Plant protection products (kg/l a.s*ha 0 1.05
Employment (full-employment person due to RISE mdthba™) 0,05 (employed) 0,05 (self-employed)
Gross margin (thous. PLN) 96.7 95.7

Net profit of farm (thous. PLN) 44.3 49.2

The share of direct and agri-environment paymenggaoss margin 53 15

* according to RISE methodology (self-employed =@0gr?, employment = 2304-fr%)

Source own work/zrodto: opracowanie wtasne

Source own work/zrodto: opracowanie wtasne

Fig. 1. Organic farm: on the left — pond with bufg®ne, on the right — other biodiversity refugafarm
Rys. 1. Gospodarstwo ekologiczne: po lewej — seasiref; buforow;, po prawej — inne ostoje biahdorodnaci
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Source own work/Zrodto: opracowanie wiasne

Fig. 2. Conventional farm: on the left — winter esgnd sugar beet, on the right — silo for cereaihgr
Rys. 2. Gospodarstwo konwencjonalne: po lewej awanzepaku i buraka cukrowego, po prawej — sildsgowe

3.2.The assessment of the degree of sustainability af a
ecological farm

The assessment of the degree of sustainabilignafr-
ganic farm using the RISE methodology is showniq E.
All of the 12 indicators constituting the assesstranthe
degree of sustainability of this farm had posithadues, so
the farm could be considered sustainable.

The tested farm attached great importance to ithieq-
tion of biodiversity, preserving a number of natuyeass-
land and plant refuges. Natural values and theesysif
organic farming itself affected a positive value"8fiodi-
versity" indicator. The positive assessment couddalso
attributed to using a mechanical method of weedilegigpn
and not applying chemical plant protection prepanat
Literature data confirm a positive impact of orgaagricul-
tural production on biodiversity of flora and fauja 16].
On the other hand, biodiversity is negatively affecby an
intensive use of agricultural land, and the usa glough-
ing tillage instead of conservation tillage.

Nitrogen and phosphorus balances were evaluatsid pociency"

tively from the environmental point of view. Therifa did
not present a risk of polluting waters and soilshvthese

nutrients, but at the same time, the applied nbtertlizers
and ploughed crops did not satisfy the requiremerits
plants for nutrients (N input/output = 0.85). Moveo, the
farm sold cereal straw. A total N and P balancelpba of
the fertilized agricultural land amounted to -7 hay/AL.
The deficits were not large and they were posdibksdjust.
Organic farms experience nutrient deficits quitgfrently,
which causes the need for periodical controls dfadmun-
dance in nutrients and soil pH [14]. The farmsto$ type
require a proper nutrient management through tberpo-
ration of legumes to crop rotations, the use ofltatrops
for green fodder, and the application of natural arganic
fertilizers, and minerals [15].

The RISE model positively assessed the farm imger
of the management of energy, water and waste hieaed
a high value of "Plant protection" indicator (7&)ptwhich
resulted from not using chemical pesticides. “Sailiica-
tor had a relatively low value (31 pts), due to thsks of
erosion and acidification on some agricultural ptac

The farm received a high value of "Economic effi-
(95 pts) (Fig. 3). Direct payments, agri-
environment program payments, and agritourism hsigj-a
nificant share in the farm income.

O State

Pressure
Degree of sustainability

positive
border area
negative

Source own work/zrodto: opracowanie wtasne

Fig. 3. The evaluation of the degree of sustaiftgt@F organic farm
Rys. 3. Ocena stopnia zrownawaia gospodarstwa ekologicznego
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Source own work/Zrodto: opracowanie wlasne

Fig. 4. The evaluation of the degree of sustaiitghof conventional farm
Rys. 4. Ocena stopnia zréwnawaia gospodarstwa konwencjonalnego

Taking into account low direct costs incurred bg farm,
the calculated net profit amounted to 44 thousdrd. A he
values of "Economic stability" (44 pts) and "Locadon-
omy" (13 pts) indicators were much lower. Thesereso
were determined by a low productivity, associateithw
lower yields than in conventional farms. The fastahich
were taken into account included: a low farm incqmee 1
ha, a lack of new investments of the farm, andlatively
low income of the persons employed on a full tinasib in
relation to the average income in the region, acein
other sectors of the economy (income parity).

3.3.The assessment of the degree of the sustainabiliy
a conventional farm

The assessment of the degree of the sustainabflity

such treatments are considered to be the pressubeofli-
versity. Moreover, the farm did not use any nonreical
plant protection methods. On the farm, there werbailks,
valuable natural areas, or any other wildlife refsigwhich
could be a habitat and feeding area for differg@eicges of
microorganisms, insects, or birds. Such functioesevwper-
formed only by permanent grasslands, but they @atet
no more than 2% of the farm area.

Intensive agricultural production had an impacttbe
assessment of the degree of sustainability in terfrsoil
and plant protection. These indicators reached/ahges of
respectively, 37, and 39 points (Figure 4). Theapeters
of the "Soil" indicator take into account the thred ero-
sion, which was visible on some parcels of 5-1566 &5-
30% slopes. No anti-erosion treatments were appied
these fields. Ploughing was the primary way of saltiva-

conventional farmis presented in Fig. 4. Most indicators tion in this farm, which, according to the RISE hwol-

used in the assessment of the degree of the saisiiétin of
this farm achieved positive values. It resultednfrohe
proper management of energy, water, and wastgroyper
protection of soils and waters, good working caodi
which did not pose a threat for the employed pessand
satisfactory farm income. Negative values were nded
only for two indicators, such as “Nitrogen and Rstam
emission potential” (-14 pts) and “Biodiversity"58 pts)
(Fig. 4), so they cannot be considered sustainabéecor-
dance with the RISE methodology.

In the case of ,N&P emission potential”, besides itfal-
ance of nitrogen and phosphorus, the assessmestiedoaiso
the method of the use and storage of manure ofathe A
part of manure was stored on a loose ground, winsled a
threat of soil and water pollution. Moreover, afveing trans-
ported onto the field, the manure was not dirguityighed or
mixed with the soil, which generated the lossasitobgen and
caused environmental threats. The negative valdeifndi-
cator might have been caused by N and P balanpaisiya
total surplus for N and P - 80 kg/ha AL).

In the assessment of the degree of the biodiyeddit
this farm, the lowest value among all the indicateBs re-
corded for the “Biodiversity” one. It was caused Uing
the production methods which were typical for isiga
agriculture, with a high amount of chemical plardtpction
products (the use of an active substance of 1,@b/lka).
Chemical plant protection was performed on almbst t
whole area of the farm, which reduced the bioditersf
useful animals and segetal flora. In the RISE nrahayy,
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ogy, is considered an intensive treatment whicheiase the
threats of erosion and of other soil degrading @sses.

As for "Plant Protection” indicator, the methodspef-
forming the treatments were positively evaluatedinting
of a farmer, maintaining waiting periods, and progr-
age of plant protection products, despite the fhat the
equipment used did not have the current certificBtevi-
ronmental and toxicological risks to humans from &lctive
substances contained in the used preparations reée
tively small. The factors which exerted an enviremtal
pressure in terms of "Plant Protection” were: ajppygyplant
protection products on a large surface area (98heofitil-
ized agricultural area), and not using prophylacgither
agri-technical or mechanical, plant protection et
Waste management was a problematic issue on the far
The model negatively assessed a too low amouneayf-r
cled waste. Also, removing dead animals was not per
formed in a proper, professional way.

Economic performance of this farm was assessdxt to
positive. The indicator of "Economic Stability" c¥ed 60
points. This evaluation was affected by a satisfgcttate
of the machinery and buildings, a small debt, ad a®
cost-effective, secure investments of the farm. ifideator
of ,Economic Efficiency” achieved a maximum 100-pii
value for this farm. Such a good financial resultswhe ef-
fect of relatively high income (gross margin ofstfarm
amounted to 96 thousand PLN, net profit reducedHay
labour cost, and potentially stranded costs froterests
from the capital employed — 49 thousand PLN) “Local
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Economy” indicator scored much lower (44 pts) ie Hs-
sessment of the sustainability of the farm. “SoS8eturity”
however, attained quite a high value (77 pts), Wwhie-
sulted from the fact that all the family membersreven-
sured, and the farmer had an additional insurance.

3.4.The comparison of sustainability indicators of or-
ganic and conventional farms

In the assessment of the degree of sustainaiiitythe
use of the RISE model, the organic farm achievéigher
total score than the conventional one (Table 2)s Bhore

2. The assessment indicated that the tested caomaht
farm had problems with managing fertilizers (nigagand
phosphorus balance) and maintaining biodiversihe Val-

ues of “Nitrogen and Phosphorus Emission Potentali

"Biodiversity" were negative (respectively, - 14dan 58

pts), making it impossible for this farm to achievpositive
score of the degree of sustainability.

3. A comparison analysis of the two farms whicHedéd

in terms of the system of production showed thatRhSE

model was a valuable tool for the assessment anghag-

son of the degree of sustainability of differenpeg of
farms in terms of ecological, economic, and scasglects.

resulted from very high values of the environmerasai
sessment of the organic farm. The conventional farm
achieved higher values of economic and social atdis. A
unilateral shift to the left on the polygon of thestainabil-
ity of the conventional farm indicates that thisnfapriori-
tized its economic goals over the ecological ofég. 3, 4). 2]
The income and profit of the farm were largelyede

mined by agri-environmental subsidies and the ireoms
from agritourism (Table 1). However, as our pregiatud-
ies had shown, organic and extensive farms may pee
lems with a low profitability [6]. It was confirmely the
results of the assessments performed with the figheo
RISE model in other countries [8, 9]. Organic farmere
more interested in maintaining biodiversity andning a
more rational nutrient management compared to aonve
tional, intensive ones [14].

(1]

(4
5]

(6]

(7]
Tab. 2. The list of indicators determining the degof the

sustainability of farms (pts)
Tab. 2. Zestawienie wskakOw charakteryzuicych stopig
zréwnowaenia gospodarstw (pkt)

(8]

9

Indicators of the assessmen
of the degree of sustainability
ecological
economic

Type of the farm
organic conventiona
333 125
152 204
social 101 134
Total of all the indicators 586 463
Source own work/zrodto: opracowanie wlasne

(10]

(11]

12
The tested organic farm, which ran a combined tplan[ ]
and animal production, achieved positive valuesalbthe
12 indicators of sustainability, so it can be cdeséd sus-
tainable in accordance with the RISE methodologyis T
assessment confirmed the positive qualities of phisluc-
tion system which should be characterized by sedaycle
of matter and energy. It allowed for producing higlality
food, and at the same time for protecting the emvirent
[15]. As for the studied conventional farm, whidkaaran a
mixed production, it did not meet all the critettabe con-
sidered sustainable, as according to the RISE mdudel
cause of obtained negative values of ,Biodiversigrid
,N&P emission potential”.

(13]
(14]
(15]
(16]

(17]

4, Conclusions

1. The assessment of the level of sustainabiliteated [18]
that only organic farm could be considered susl@ans it
attained positive values for all the 12 indicatofshe RISE

methodology.

(19]
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