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Energy analysis in peach orchards is useful to decide best management strategies. The objectives of this
study were to evaluate (a) the energy flow among conventional, integrated and organic farming systems
and (b) the effect of farming system to greenhouse gas-emissions. Sixteen farms (four conventional, nine
integrated, three organic) at six locations in northern Greece were selected randomly during the years
2008 and 2009. Multidimensional data analyses were used to detect (a) clusters of farming systems and
(b) associations between farming systems and production coefficients variables. Three groups of farming
systems and three groups of variables were revealed. Farming systems in the same group respond more or
less similarly to the production coefficients variables. Non-parametric tests concerning external variables
(outputs, energy efficiency, fruit production, CO,, CH4 and N,0) showed that the variables in organic
farming cluster were at average significantly lower. Similarities and/or dissimilarities among farming
systems, can probably be related to farm topography, production coefficients and local farming practices.
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The results showed that organic farming could reduce inputs and gas-emissions.
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1. Introduction

Energy use in agriculture has been increasing in response to
population growth, to diminishing of arable land and a desire
for higher standards of living. Continuous demand in increasing
food production resulted in intensification, a threat to the environ-
ment worldwide. Intensification has also led to growing concern
about conserving biodiversity and its role in maintaining functional
biosphere (Tilman et al., 2002). It can have negative local conse-
quences, such as increased erosion, lower soil fertility, and reduced
biodiversity as well as negative regional consequences, such as pol-
lution of ground water and eutrophication of rivers and lakes; and
negative global consequences, including impacts on atmospheric
constituents and climate (Raviv, 2009; Miiller et al., 2006). The risk
of adverse environmental effects is lower with less intensive farm-
ing methods (Tilman et al., 2002; Dantsis et al., 2010; Sattler et al.,
2010). Low intensity agriculture, such as integrated and organic
farming, may contribute to biodiversity maintenance (Hole et al.,
2005; Gibson et al., 2007) in agricultural land besides the economic
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benefits. Generally, efficient use of energy will minimize environ-
mental problems and prevent degradation of natural resources.

Energy use for crop production is generally correlated with
greenhouse gas emissions and depletion of natural resources. In
order to reduce both, potentials for energy saving in farming activi-
ties have to be identified (Bechini and Castoldi, 2009). This may lead
to site specific optimised energy intensities in production. Fossil
energy in agricultural sector must be used in a sustainable man-
ner (Brown et al., 1998) considering that fossil fuels are a limited
source of energy and a source of CO, emissions in the atmosphere
(IPCC, 1997). An environmental and energy analysis combination
of a production system may be more useful for the application of
best management practices (Kaltsas et al., 2007; Franzese et al.,
2009; Kavargiris et al., 2009; Liu et al., 2010a). Development of
agricultural systems with low inputs of energy could lead to reduc-
tion of agricultural CO, emissions (Pimentel and Pimentel, 1996;
Dalgaard et al., 2001; Smith et al., 2008; Muller, 2009; Schneider
and Smith, 2009). On a global basis the agricultural sector con-
sumes about 5% of the total fossil energy used (Pinstrup-Andersen,
1999). To reduce environmental impacts of agriculture, methods to
understand and assess the impact on nature need to be employed
(Cuadra and Bjorklund, 2007). One of the methods suggested is
the Life Cycle Assessment (LCA) method (SETAC, 1993; ISO, 1997,
1998).
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Greece has a suitable climate for growing many crops, vegeta-
bles and fruits. Among fruits, peach is important for the Greek
economy (Minagric, 2011).In 2009, peach (Prunus persica L. Batsch)
was grown in Europe in an estimated area of 282,482 ha and pro-
duced 22.1% of the total world production, mainly in Italy, Spain,
and Greece (FAO, 2011). In Greece, peach was cultivated in a
total area of 36,900 ha, with a production of 734,000 Mg year~!
in 2009 (FAO, 2011). It is well suited for conventional, integrated
and organic production in Greece, especially in Prefecture of Pella,
northern Greece, where there is a long tradition in peach produc-
tion (Minagric, 2011). The development of energy efficient farming
systems should help to reduce the greenhouse gas emissions of
agricultural production (Dalgaard et al., 2001).

The objectives of this study were to evaluate, by selecting con-
ventionally, integrated and organically cultivated peach areas in
northern Greece, (a) the differences and similarities in energy
flow among conventional, integrated and organic farming sys-
tems, and (b) the effect of farming system on greenhouse gas
(CO;, CH4 and N,0) emissions based on the used fossil energy
and fertilizers. This study also focuses on the possibility of some
feasibility agri-environmental indicators being used in compar-
isons.

2. Materials and methods

Four conventional, nine integrated, and three organic peach
orchards were selected randomly in six areas in the Prefecture of
Pella, northern Greece (see Appendix A) during the years 2008 and
2009. The canning peach variety “Andross” was grown in all farms.
The size of all studied peach orchards was about 0.8 ha. All orchards
were previously cultivated with chestnut, sweet cherry and apple
trees. The age of the cultivated peach orchards in the selected
areas was about 12 years for all farming systems. Mean annual
temperature, precipitation and relative humidity (means+1 SD;
n=13 years) were 15+4°C, 600+51 mm and 704 15%, respec-
tively for Loutrochori, Mavrovounio, and Sevastiana and 13 +4°C,
805+ 37 mm and 65 + 15%, respectively for Arnisa, Xanthogia, and
Zervi.

Agricultural practices in conventional, integrated and organic
peach orchards during the study period are presented in Table 1.
The calculation of the energy sequestered by the crop was based
on the farmers’ work schedule, the time required for each oper-
ation, the number of laborers and machines, all inputs used as
field operations (fertilizer application, irrigation, harvesting, etc.)
and production coefficients (fertilizers, plant protection products,
etc.). To calculate this energy, material and fuel consumption
used, as well as time needed to complete each operation, were
recorded. Using the conversion factors of Table 2, the embod-
ied energy of machinery and human labor was determined. Total
energy embodied in machinery equaled 142.7 MJkg~! (Pimentel
et al., 1973; Fluck, 1985). This included energy for manufacturing
(86.38 M]kg~! of mass; Pimentel et al., 1973), energy for repairs
and maintenance (0.55 times the energy for manufacturing; Fluck,
1985) and energy for transportation (8.8 MJkg~!; Bridges and
Smith, 1979). Total energy embodied in machinery was adapted
according to machinery life spans (15-20 years), weight and the
technology as used in Greece. The energy required for each oper-
ation was estimated by summing up the embodied energy, which
was calculated as mentioned above, plus the energy of fuel used by
machinery and human labor.

The amount of fossil energy used was estimated by the litres of
diesel needed to refill the reservoir. The greenhouse gas emissions
(CO,, CH4, N;O) were computed for soils according to Kiistermann
et al. (2008), for fuel according to the CO,-equivalent factors by
IPCC (1997, 2006) and for fertilizers according to IPCC (1997) and
EMEP/EEA (2009).

Principal component analysis (PCA) was initially used as a biplot
graphing tool (Gabriel, 1971; Jacoby, 1998) to visualize (a) gen-
eral grouping patterns among farming systems, (b) relationships
among production coefficients variables, and interactions between
farming systems and production coefficients. In this study, instead
of one biplot, two separate but comparable plots were drawn for
better interpretation of the graphical outputs. In order to con-
firm the groupings of the farming systems, hierarchical cluster
analysis (HCA) was applied on the corresponding of the produc-
tion coefficients variables (Mojena, 1977; Sharma, 1996). Cluster
formation was based on the Ward’s minimum variance criterion
(Ward, 1963) while the Euclidian distance was used as a dissim-
ilarity index (Sharma, 1996) between the farming systems. The
statistical significance of the resulted cluster solution was tested
with the upper tailed rule (Mojena and Wishart, 1980). The con-
tribution of each variable in cluster formation was assessed by
examining the magnitude and the statistical significance of the
corresponding coefficients of determination R? computed from
a series of one-way ANOVAs; cluster membership was used as
the independent variable and production coefficients variables
as the dependents. The value of R? indicates the percentage of
variance of the examined variable accounted by the differences
between the clusters (Sharma, 1996). In the frame of one-way
ANOVA, R? is computationally and conceptually equivalent with
the statistic “eta squared”, a measure of the independent’s vari-
able, the cluster membership in our case, effect size (Cortina and
Nouri, 2000). Eta squared is computed by the formulae 72 = R? =
(SSBetween groups/SStotar)» Where SS denotes the corresponding sum
of squares. Prior to PCA and HCA variable values (X) were trans-
formed according to the transformation log(X+1) in order (a) to
smooth and homogenize the heavily skewed distributions of some
variables containing many zero values (Mucha et al., 2008) and (b)
to validate the significance testing of the coefficients of determina-
tions R% through ANOVA. PCA and HCA were used for revealing
latent structures among variables and farming systems without
making any a priori assumptions about the mechanism (the type
of farming system in this study) by which the data were gener-
ated (Lebart et al., 1984; Benzécri, 1992). Finally, a series of non
parametric Mann-Whitney (M-W) tests were performed for test-
ing the differences between the resulted clusters concerning the
untransformed production coefficients variables and six external
variables notincluded in the cluster analysis. The external variables
were energy outputs, efficiency, fruit production, and CO,, CH4 and
N,O-emissions. The observed significance levels (P-values) of all
M-W tests were computed by the Monte-Carlo simulation method
(Mehta and Patel, 1996) utilizing 10,000 random samples in each
testing.

PCA were performed by means of the SPSS ver. 15.0 software
package enhanced with the module Exact Tests. HCA was per-
formed using SPSS, Clustan ver. 5.27, and XLSTAT ver. 7.5.3. The
input order stability and validity of the resulted cluster solution
was checked and verified by applying the bootstrap methodology
(Spaans and Van der Kloot, 2004) implemented in the PermuCLUS-
TER v.1.0 software (an addin of SPSS). The significance level of
all statistical hypotheses testing procedures was predetermined at
P<0.05.

3. Results

PCA plots are illustrated in Figs. 1 and 2. A clear separation of
three groups for farming systems and production coefficients was
observed. The first principal component (Dimension 1) explained
38.21% of the total variance and the second (Dimension 2) 21.69%.
Consequently, a significant portion (59.90%) of total variability is
depicted on the presented factorial planes 1 x 2 (Figs. 1 and 2).
The first group (Group 1) was consisted of seven farming systems
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Table 1
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Agricultural practices for conventional, integrated and organic peach farms in the study locations.

Agricultural practices

Frequency - comments

Conventional

Integrated

Organic

Fertilizer application

Weed control

Fungicides

Insecticides

Insect traps
Pruning
Irrigation

Fruit thinning
Harvesting

Applications of synthetic fertilizers
(11%N, 15% P,0s5, 15% K, 0;
0.9Mgha' £0.1 or 20% N, 20% P,0s,
20%K,0; 1.4Mgha~! or 21% N
0.7+0.1 Mgha~1). The fertilizers are
applied 1 or 2 times/year.

Farmers are cutting weeds (5-10
times/year) by using machinery (lawn
mower).

Farmers apply (2-7 times/year)
quantities of S, Captan, Myclobutanil,
which range from 10 to 16 kgha!
totally.

Farmers apply at the end of May (2-3
times/year) quantities of
lambda-cyhalotrin, Bifenthrin,
Imidacloprid, which range from 1.0 to
1.5kgha! totally

Not applied

One time/year from late November
until February with aero-scissors.
From June to September 4-10 times
with sprinkler heads functioning.
From May to June by hand

3-4 times during the August by hand.

Applications of synthetic fertilizers
(11% N, 15% P,0s5, 15% K2 0;
0.9Mgha~! +0.1 or 20% N, 20% P,0s,
20%K,0; 0.1 Mgha~! or 21% N
0.5+0.1Mgha ! or 34.5% N

0.1 Mgha~1). Applications same with
conventional.

Farmers are cutting weeds (5-10
times/year) by using machinery (lawn
mower). Also, some farmers use
herbicides 1-2 times/year (Glyphosate,
Glufosinate-ammonium). The used
quantities range from 0.9 to 4kgha!
totally.

Farmers apply (2-7 times/year)
quantities of S, Cu, Captan,
Myclobutanil, which range from 5 to
10kgha~! totally.

Farmers apply at the end of May (2-3
times/year) quantities of Karate,
Bifenthrin, Imidacloprid, which range
from 1.0 to 1.5kgha! totally.

Not applied

One time/year from late December
until March with aero-scissors.
Same practices.

Same practices
3-4 times from August to September
by hand.

Agrobiosol (8% N, 0.5% P,0s5, 0.5% K, 0;
0.7 +0.1 Mgha1), Poultry manure
(1.4%N, 1.1% P,05, 0.6% K, 0;

0.8 Mgha1) sheep and goats manure
(0.8% N, 0.23% P,05, 0.7% K, 0;
0.95Mgha~'). Applications 1
time/year.

Farmers are cutting weeds (1-5 times
per year) by using machinery (lawn
mower) or by hand.

Farmers apply (6-11 times/year)
quantities of Copper hydroxide, S,
which range from 1.5 to 30.0 kgha!
totally

Farmers apply at the end of March
until May (3-8 times/year) quantities
of pyrethrum, S, Bacillus thurigiensis,
which range from 0.5 to 3.0 kg ha~!
totally.

Farmers use pheromone traps;

40 trapsha~'.

One or two times/year from late
February until May with aero-scissors.
Same practices.

Same practices
3-4 times from mid July to September
by hand.

(C1, C2, C3, ¢4, 11, 12 and I3), the second (Group 2) contained
six farming systems (14, I5, 16, 17, 18 and 19), and the third one
(Group 3) had three members, namely farming systems O1, 02,
and 03. Farming systems in the same group responded more or

less similarly to the production coefficients variables. These three
groups are clearly distinct, taking into account the quality of the
representation in Fig. 1 (59.9% of total variance). Specifically, the
first dimension, with the greatest variability, separates Group 2

Table 2
Energy content of inputs.

Item Unit Content energy (M]/Unit) Mass (kg) Life (h) References

Fertilizer
Nitrogen kg 74.2 Lockeretz (1980), Tsatsarelis (1993)
Phosphorus kg 13.7 Lockeretz (1980), Tsatsarelis (1993)
Potassium kg 9.7 Lockeretz (1980), Tsatsarelis (1993)
Agrobiosol kg 6.5 Kavargiris et al. (2009)
Poultry manure kg 8.4 White and Taiganides (1971)
Sheep and goat manure kg 235 Makhijani and Poole (1975)

Insecticides kg 363.6 Kaltsas et al. (2007)

Fungicides kg 99.0 Kaltsas et al. (2007)

Herbicides kg 418 Kavargiris et al. (2009)

Petroleum (diesel )? 1 473 Cervinka (1980)

Electric energy kWh 121 Jarach (1985)

Machinery
Tractor 48 kW h 41.4 4350 15,000 Tsatsarelis (1992) adapted
Pump h 24 200 12,000 Tsatsarelis (1992) adapted
Irrigation system hm 0.092 - 15,000 Tsatsarelis (1992) adapted
Field cultivator h 171 300 2500 Tsatsarelis (1991) adapted
Rotary tiller h 17.7 310 2500 Tsatsarelis and Koundouras (1994) adapted
Tank h 238 250 1500 Tsatsarelis (1992) adapted
Sprayer h 19.1 200 1500 Tsatsarelis and Koundouras (1994) adapted
Lawn mower h 1 10 1500 Tsatsarelis (1993) adapted
Transportation h 48.9 1500 15,000 Genitsariotis et al. (1996) adapted
Platform h 57.1 1000 15,000 Tsatsarelis (1992) adapted
Aero-scissors h 0.035 Genitsariotis et al. (1996) adapted
Insect traps h 0.002 0.3 18,000 Tsatsarelis (1993) adapted

Labor h 2.2 Pimentel and Pimentel (1996)

Peach fruit Mg 1588.4 Pimentel (1980) adapted

Shoots Mg 184 Pimentel (1980) adapted

2 Energy content + energy for production.
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Fig. 2. PCA factorial plane 1x2 based on production coefficients components’
scores.

from Group 3 and the second dimension separates Group 1 from
the other two.

Three groups containing more or less inter-correlated produc-
tion coefficients variables were apparent in Fig. 2. Group V1 was
structured by the variables weed control, insecticides and fungi-
cides. Group V2 contained the variables N, P, K, irrigation and
diesel. Group V3 was consisted of the variables labor and machines.
Dimension 1 was structured mainly by the V2 and V3 variables.
Dimension 2 was mainly correlated with the V1 variables. Consider-
ing the relative positions of farming systems and variables’ groups
by superimposing Fig. 2 onto Fig. 1 it is concluded that variability
in Group 1 is related mainly to the values of V1 variables, variabil-
ity in Group 2 is related mainly to the values of V2 variables and
variability in Group 3 is related mainly to the values of V3 variables.

Hierarchical cluster analysis revealed the same three main
groups of farming systems (Fig. 3) and confirmed, to a high
degree, the results extracted from the previous PCA. The upper

tail rule showed that the solution with three clusters is significant
(¢(14)=4.24, P<0.001) and the relatively high value of cophenetic
correlation coefficient (r. =0.75, P<0.001) indicates that the den-
drogram illustrated in Fig. 3 preserves in an adequate degree the
exact pairwise distances between the original unmodeled vari-
ables. Table 3 presents the centroids (mean values) of the three
groups of farming systems relative to the production coefficients
variables, and the corresponding R? values. Fertilizers (N, P, K),
fungicides, weed control, diesel, labor and irrigation have the great-
est contribution on cluster formation. This is evident from their
high (minimum R2 >0.496) and statistically significant (P<0.05)
R? values. Mean values for production coefficients N, P, K, diesel
and irrigation for the Group 3 were statistically significantly lower
(Table 3). Mean values for labor were significantly higher for the
Group 3, intermediate for the Group 1 and lower for the Group
2. For the machinery-tools mean values were statistically signifi-
cantly lower (Table 3). Finally, mean values for fungicides and weed
control were statistically significantly higher for the Group 1.

The dissimilarity indices (di) between the 16 peach orchards are
shownin Appendix B. These indices ranged from 0.3 to 1.6 for Group
1, from 0.7 to 2.0 for Group 2, and from 1.1 to 2.9 for Group 3. Peach
orchards (I1, 12) and (12, I3) were the most similar (di=0.3) while
C3 and O3 were the most dissimilar (di =2.9). Group 3 (Fig. 3) com-
pared to the other two groups, seems to be the most homogeneous
cluster of farming systems since it shows the smallest cluster link-
age distance (1.16). On the contrary, Group 1 shows the greatest
variability between its members (linkage distance=2.12). Group
1 is consisted of two sub-clusters (first sub-cluster includes farm-
ing systems C1, C2, C3 and C4 and the second I1, 12 and 13) both
showing great homogeneity among their members, with the sec-
ond sub-cluster containing the most homogeneous peach orchards
(linkage distance=0.10). These two sub-clusters are combined at
next clustering stage to form Group 1. Group 2 is consisted of two
sub-clusters too (first sub-cluster includes farming systems 14, 15
and 16 and the second 17, I8 and 19) with the second sub-cluster
showing high degree of homogeneity among its members (linkage
distance=0.34). Groups 1 and 2 are combined at linkage distance
3.86 to form a bigger separate cluster as regards Group 3. Group
3 joints the other two groups at a relative distant stage (linkage
distance=7.04).

Taking into account the six external variables, namely outputs,
energy efficiency, fruit production, CO,, CHg, and N,O it can be
noted that the three groups are statistically different at P<0.05
(Table 4). All variables of Group 3 were at average significantly
lower.

Means averaged over all orchards (n=16) for production coef-
ficients, energy outputs, energy efficiency, fruit production and
gas emissions with the accompanying descriptive statistics (maxi-
mum, minimum and standard deviations) are shown in Appendix
C. Detailed values for every individual orchard, for energy inputs,
energy outputs, energy efficiency, fruit production and gas emis-
sions are provided in Appendix D.

4. Discussion

The ranking order of means averaging from all farming systems
of most important production coefficients was machinery-tools
(33.4%), irrigation (27.5%), fuels (23.5%), fertilizers (8.8%), plant pro-
tection products (4.0%) and labor (2.9%). Machinery-tools, fuels,
irrigation and fertilizer in conventional (29.2, 25.2, 23.7 and 14.0%,
respectively) in integrated (18.8, 28.8, 39.9 and 8.8% respectively)
and in organic peach orchards (52.1, 16.4, 18.8 and 3.6%, respec-
tively) were the highest energy inputs. In other crops, fuels were
the main energy input ranging from 22 to 71%, second in order
was electric energy (42-44%), followed by fertilization (15-45%)
and machinery (21-25%) (Tsatsarelis, 1991, 1992, 1993; Tsatsarelis
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Fig. 3. Dendrogram of HCA. Numbers indicate the rescaled cluster linkage distance.

Table 3

Group centroids (untransformed mean values) relative to production coefficients and respective R? coefficients from transformed data.
Production coefficients Group 1 (MJha1) Group 2 (MJha1) Group 3 (MJha1) R? P
N 13,098.4" 9101.9? 2572.3b 0.664" 0.001
P 1548.67 1578.82 230.2° 0.598 0.003
K 1096.42 1152.82 122.9° 0.663 0.001
Fungicides 4821.42 1010.8° 1217.1° 0.524 0.008
Insecticides 1811.22 1340.12 1633.42 0.144 0.363
Weed control 11,733.42 3889.9" 5757.2P 0.568 0.004
Diesel 29,926.42 33,210.6% 11,430.8° 0.496 0.012
Labor 2401.4° 993.8¢ 4551.62 0.571 0.004
Irrigation 48,817.12 41,776.22 15,316.0° 0.496 0.012
Machinery 34,284.0? 17,546.7° 38,585.32 0.334 0.071

" Means in the same row followed by different exponential letters are statistically significant different at significance level P<0.05 according to as series of Mann-Whitney
tests.
™ Statistically significant R2 (P<0.05) are boldfaced.
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Table 4

Comparison of three groups of farming systems relative to the mean values of energy outputs, efficiency, fruit production and CO;, CH4 and N,O-emissions.

Outputs (MJha') Energy efficiency

Fruit production (Mgha~')

CO, (Mgha™') CH4 (kgha™!) N,O0 (kgha™')

Group 1 51,738.1%" 0.352 32.56°
Group 2 76,250.72 0.842 47.992
Group 3 17,943.0° 0.252 11.30°

4.98? 1.052 0.062
4.732 0.992 0.06*
1.78P 0.37° 0.02°

" Mean values in the same column followed by different exponential letters are statistically significant different at significance level P<0.05 according to as series of

Mann-Whitney tests.

and Koundouras, 1994, Strapatsa et al., 2006; Kaltsas et al., 2007,
Kavargiris et al., 2009).

Farming systems formed three groups. Group 1, which consisted
of the four conventional and three of the integrated farms (C1,
C2, C3, (4, 11, 12, 13), was associated mainly with high values of
the production coefficients of weed control, insecticides and fungi-
cides. Group 2, which contained the rest six integrated farms (14,
15, 16, 17, 18, 19), was characterized mainly by medium to high val-
ues of the production coefficients of irrigation, diesel, N P and K.
Group 3, which consisted of the three organic farms (01, 02, 03),
was highly responded to the productions coefficients of labor and
machinery. These three groups of farming systems were clearly dis-
tinct. Group 1 was consisted of two sub-clusters. First sub-cluster
included all the conventional peach orchards while the second
sub-cluster included the integrated peach orchards. Group 2 was
consisted of two sub-clusters. In Group 3 the variability between
its members, can be possibly related with the different types of
fertilizers, plant protection products and machinery-tools used by
farmers. Moreover in Group 3, fertilizers, plant protection products
were applied at different quantities and times per year and the used
fuel and labor were diverse. The results showed that farming sys-
tems varied. Farming systems (I1, 12) and (12, I3) were the most
similar, while C3 and O3 were the most dissimilar. These similari-
ties and/or dissimilarities among farming systems can probably be
related to farm topography, production coefficients and local farm-
ing practices. Similar results for other crops have been reported
by other researchers (Tsatsarelis, 1991, 1992, 1993; Tsatsarelis
and Koundouras, 1994; Reganold et al., 2001; Kaltsas et al., 2007,
Kavargiris et al., 2009). In Group 3 energy outputs, energy efficiency
and fruit production were statistically lower than in the other two
groups. Analogous results have been reported from surveys carried
out at farms located in Spain (Alonso and Guzman, 2010).

The CO,, CHy4, and N,O-emissions of Group 3 (three organic)
were at average significantly lower than those of the other two
groups. The different use of fossil energy and fertilizers led to
lower CO,, CH4 and N, O-emissions in organic than in other farming
systems. Kavargiris et al. (2009) found similar results compar-
ing conventional and organic vineyards. Also, organic olive groves
in Thasos island tended to have lower CO,-emmisions than the
conventional ones (Kaltsas et al.,, 2007). Organic farming can
significantly reduce greenhouse gas emissions, since it uses sig-
nificantly less fuel than conventional agriculture (Kotschi and
Miiller-Sdmann, 2004; Kaltsas et al., 2007; Kavargiris et al., 2009;
Raviv, 2009; Liu et al., 2010b). Farming management is in many
respects different in organic systems, and this affects both soil car-
bon storage and gas emissions (CO,, CH4 and N,O) (IFOAM, 2009;
Scialabba and Miiller-Lindenlauf, 2010). When losses and gains of
soil carbon deposits (mineralization or sequestration) are embod-
ied in the calculations, the global warming potential is considerably
reduced for organic farming (Kiistermann et al., 2008). Organic
farming could be included as a high-benefit/low-cost CO, reduction
system in the future climate agreement.

5. Conclusions

Different management practices in peach cultivation formed
three groups of farming systems and three groups of production

coefficients. Organic peach orchards were well distinguished from
the others, while integrated peach orchards were scattered (or
spilled) in two groups. One group consisted of the three inte-
grated peach orchards along with the conventional ones and the
other group with the rest of integrated. Farming systems in the
same group responded more or less similarly to the production
coefficients variables. There were similarities and/or dissimilar-
ities among farming systems, which can probably be related to
farm topography, production coefficients and local farming prac-
tices. Non-parametric tests concerning external variables (outputs,
energy efficiency, fruit production, CO,, CHy4, N,O) showed that the
variables in organic farming cluster were at average statistically
significantly lower. Organic farming holds an especially favourable
position, in reducing energy inputs and greenhouse gas-emissions
in an efficient way.

Acknowledgements

We would like to thank, A. Gatzianas emeritus professor, of Aris-
totle University (Greece), for his critical comments to an earlier
manuscript. We also thank the agronomists working in the Office
of Agricultural Development of the Prefecture of Pella and farmers
that participated in this research work.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ecolind.2011.05.002.

References

Alonso, A.M., Guzman, G.J., 2010. Comparison of the efficiency and use of energy
in organic and conventional farming in Spanish agricultural systems. J. Sustain.
Agric. 34,312-338.

Benzécri, J.P., 1992. Correspondence Analysis Handbook. Marcel Dekker, Inc., New
York.

Bechini, L., Castoldi, N., 2009. On-farm monitoring of economic and environmental
performances of cropping systems: results of a 2-year study at the field scale in
northern Italy. Ecol. Indicat. 9, 1096-1113.

Bridges, T.C., Smith, E.M., 1979. A method for determining the total energy input for
agricultural practices. Trans. ASAE 22, 781-784.

Brown, L.R,, Flavin, C.F., French, H., 1998. State of the World. W.W. Norton, New York.

Cervinka, V., 1980. Fuel and energy efficiency. In: Pimentel, D. (Ed.), Handbook of
Energy Utilization in Agriculture. CRC Press, Boca Raton, FL, pp. 15-21.

Cortina, J., Nouri, H., 2000. Effect Size for ANOVA Designs. Sage Publications, Inc.,
Thousand Oaks.

Cuadra, M., Bjorklund, J., 2007. Assessment of economic and ecological carrying
capacity of agricultural crops in Nicaragua. Ecol. Indicat. 7, 133-149.

Dalgaard, T., Halberg, N., Porter, J.R.,, 2001. A model for fossil energy use in Danish
agriculture used to compare organic and conventional farming. Agric. Ecosyst.
Environ. 87, 51-65.

Dantsis, T., Douma, C., Giourga, C., Loumou, A., Polychronaki, E.A., 2010. A method-
ological approach to assess and compare the sustainability level of agricultural
plant production systems. Ecol. Indicat. 10, 256-263.

EMEP/EEA, 2009. Air Pollutant Emission Inventory Guidebook. Technical Report No.
9. European Environment Agency, Copenhagen.

FAO, 2011. Food Agriculture Organization. Faostat. Available at
<http://faostat.fao.org/site/567/DesktopDefault.aspx?PagelD=567> (accessed
28 February, 2011).

Fluck, R.C., 1985. Energy sequestered in repairs and maintenance of agricultural
machinery. Trans. ASAE 28, 738-744.

Franzese, P.P., Rydberg, T., Russo, G.F., Ulgiati, S., 2009. Sustainable biomass produc-
tion: a comparison between Gross Energy Requirement and Energy Synthesis
methods. Ecol. Indicat. 9, 959-970.


http://dx.doi.org/10.1016/j.ecolind.2011.05.002
http://faostat.fao.org/site/567/DesktopDefault.aspx%3FPageID=567

28 M.C. Michos et al. / Ecological Indicators 13 (2012) 22-28

Gabriel, R., 1971. The biplot-graphic display of matrices with application to principal
component analysis. Biometrika 58, 453-467.

Genitsariotis, M., Stougioti, O., Tsarouhas, B., Chlioumis, G., 1996. Alternative Farm-
ing Practices in Integrated Olive Groves. Aristotle University of Thessaloniki,
Greece (in Greek).

Gibson, R.H., Pearce, S., Morris, RJ., Symondson, W.0.C., Memmott, ]., 2007. Plant
diversity and land use under organic and conventional agriculture: a whole-farm
approach. J. Appl. Ecol. 44, 792-803.

Hole, D.G., Perkins, A.J., Wilson, ].D., Alexander, L.H., Grice, P.V., Evans, A.D., 2005.
Does organic farming benefit biodiversity? Biol. Conserv. 122, 113-130.

IFOAM, 2009. High Sequestration, Low Emission, Food Secure Farming. Organic Agri-
culture: A Guide to Climate Change and Food Security. International Federation
of Organic Agriculture Movements, Bonn.

IPCC, 1997. Greenhouse Gas Inventory Reference Manual, three volumes, Intergov-
ernmental Panel on Climate Change. IPCC Technical Support Unit, London.
IPCC, 2006. Software for National Gas Inventories, Intergovernmental Panel on
Climate Change. Available at <http://ipcc2006.air.sk/> (accessed 28 February,

2011).

1SO, 1997. Environmental Management - Life Cycle Assessment — Principles and
Framework. ISONorm 14040:1997, International Standardization Organization.
European Committee for Standardization, Brussels, Belgium.

I1SO, 1998. Environmental Management - Life Cycle Assessment - Goal and Scope
Definition and Inventory Analysis, International Standardization Organization.
ISO-Norm 14041:1998. European Committee for Standardization, Brussels,
Belgium.

Jacoby, W., 1998. Statistical Graphics for Visualizing Multivariate Data. Sage Publi-
cations, Thousands Oakes.

Jarach, M., 1985. Sui valori di equivalenza per I'analysi e il bilancio energetici in
agricoltura. Riv. Ing. Agrar. 2, 102-114.

Kaltsas, A.M.,Mamolos, A.P., Tsatsarelis, C.A.,Nanos, G.D., Kalburtji, K.L.,2007. Energy
budget in organic and conventional olive groves. Agric. Ecosyst. Environ. 122,
243-251.

Kavargiris, S.E., Mamolos, A.P., Tsatsarelis, C.A., Nikolaidou, A.E., Kalburtji, K.L., 2009.
Energy resources’ utilization in organic and conventional vineyards: energy
flow, greenhouse gas emissions and biofuel production. Biomass Bioenergy 33,
1239-1250.

Kotschi, J., Miiller-Simann, K., 2004. The Role of Organic Agriculture in Mitigat-
ing Climate Change. International Federation of Organic Agriculture Movements
(IFOAM), Bonn.

Kiistermann, B., Kainz, M., Hiilsbergen, K.J., 2008. Modelling carbon cycles and esti-
mation of greenhouse gas emissions from organic and conventional farming
systems. Renew. Agric. Food Syst. 23, 1-16.

Lebart, L., Morineau, A., Warwick, K.M., 1984. Multivariate Descriptive Statistical
Analysis: Correspondence Analysis and Related Techniques for Large Matrices.
John Wiley, Inc., New York.

Liu, Y., Langer, V., Hegh-Jensen, H., Egelyng, H., 2010a. Energy use in organic, green
and conventional pear producing systems—cases from China. ]. Sustain. Agric.
34, 630-646.

Liu, Y., Langer, V., Hogh-Jensen, H., Egelyng, H., 2010b. Life Cycle Assessment of fossil
energy use and greenhouse gas emissions in Chinese pear production. J. Clean
Prod. 18, 1423-1430.

Lockeretz, W., 1980. Energy inputs for nitrogen, phosphorus and potash fertilizers.
In: Pimentel, D. (Ed.), Handbook of Energy Utilization in Agriculture. CRC Press,
Boca Raton, FL, pp. 15-21.

Makhijani, A., Poole, A., 1975. Energy and Agriculture in the Third World. Ballinger
Publishing Company, Cambridge.

Mehta, C., Patel, R., 1996. SPSS Exact Tests 7.0 for Windows. SPSS Inc., Chicago.

Minagric, 2011. Agricultural Statistic Data. Available at <http://www.minagric.gr/
en/agro_pol/Frontpage_en.htm> (accessed 28 February, 2011).

Mojena, R., 1977. Hierarchical grouping methods and stopping rules: an evaluation.
Comput. J. 20, 353-363.

Mojena, R., Wishart, D., 1980. Stopping Rules for Ward’s Clustering Method, COMP-
STAT. Proceedings, Physica-Verlag, pp. 426-432.

Mucha, HJ., Bartel, H.G., Dolata, J., 2008. Effects of data transformation on cluster
analysis of archaeometric data. Data Anal. Mach. Learn. Appl. XI, 681-688.

Muller, A., 2009. Sustainable agriculture and the production of biomass for energy
use. Clim. Change 94, 319-331.

Miiller, F., Schrautzer, J., Reiche, E.W., Rinker, A., 2006. Ecosystem based indicators
in retrogressive successions of an agricultural landscape. Ecol. Indicat. 6, 63-82.

Pimentel, D., 1980. Handbook of Energy Utilization in Agriculture. CRC Press, Boca
Raton, FL.

Pimentel, D., Pimentel, M., 1996. Food, Energy and Society. Colorado Press, Niwet.

Pimentel, D.L., Hurd, E., Belloti, A.L., Forster, M.J., Oka, J.N., Sholes, 0.D., Whitman,
RJ., 1973. Food production and the energy crisis. Science 182, 443-449.

Pinstrup-Andersen, P., 1999. Towards Ecologically Sustainable World Food Produc-
tion, vol. 22. UNEP Industry and Environment, United Nations Environment
Programme, Paris.

Raviv, M., 2009. Sustainability of organic horticulture. Hortic. Rev. 36, 289-333.

Reganold, ].P., Glover, ].D., Andrews, P.K., Hinman, H.R., 2001. Sustainability of three
apple production systems. Nature 410, 926-930.

Sattler, C., Nagel, U.J., Werner, A., Zander, P., 2010. Integrated assessment of agricul-
tural production practices to enhance sustainable development in agricultural
landscapes. Ecol. Indicat. 10, 49-61.

Scialabba, N., Miiller-Lindenlauf, M., 2010. Organic agriculture and climate change.
Renew. Agric. Food Syst. 25, 158-169.

Schneider, U.A., Smith, P., 2009. Energy intensities and greenhouse gas emission
mitigation in global agriculture. Energy Efficien. 2, 195-206.

SETAC, 1993. Guidelines for Life-Cycle Assessment: A Code of Practice. Society of
Environmental Toxicology and Chemistry, Brussels, Belgium.

Sharma, S., 1996. Applied Multivariate Techniques. John Willey and Sons, Inc., New
York.

Smith, P., Martino, D., Cai, Z., et al., 2008. Greenhouse gas mitigation in agriculture.
Philos. Trans. R. Soc. B 363, 789-813.

Spaans, A., Van der Kloot, W., 2004. Permucluster 1.0 User’s Guide. Leiden University,
Leiden.

Strapatsa, A.V., Nanos, G.D., Tsatsarelis, C.A., 2006. Energy flow for integrated apple
production in Greece. Agric. Ecosyst. Environ. 116, 176-180.

Tilman, D., Cassman, K.G., Matson, P.A., Naylor, R., Polasky, S., 2002. Agricultural
sustainability and intensive production practices. Nature 48, 671-677.

Tsatsarelis, C.A., 1991. Energy requirements for cotton production in central Greece.
J. Agric. Eng. Res. 50, 239-246.

Tsatsarelis, C.A., 1992. Energy flow in sugar-beet production in Greece. Appl. Eng.
Agric. ASAE 8, 585-589.

Tsatsarelis, C.A., 1993. Energy inputs and outputs for soft winter wheat production
in Greece. Agric. Ecosyst. Environ. 43, 109-118.

Tsatsarelis, C.A., Koundouras, D.S., 1994. Energetics of baled alfalfa hay production
in northern Greece. Agric. Ecosyst. Environ. 49, 123-130.

Ward, J., 1963. Hierarchical grouping to optimize an objective function. J. Am. Stat.
Assoc. 58, 236-244.

White, RK., Taiganides, E.P., 1971. Pyrolysis of livestock manure, livestock manure
management. In: Proceedings of the 2nd International Symposium on Livestock
Manure, ASAE,. St. Joseph, MI, pp. 190-191, 194.


http://ipcc2006.air.sk/
http://www.minagric.gr/en/agro_pol/Frontpage_en.htm

	Energy inputs, outputs and greenhouse gas emissions in organic, integrated and conventional peach orchards
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data


