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Figure 1- Emergy flow diagram of potato production systems in Fariman region
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2- Non-renewable environmental inputs
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Table 1- Specifications and formulae of the emergy-based indices used in the evaluation production systems
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Indices Formula Specifications
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Renewable environmental inputs Renewable flows from free local resources
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Non-renewable environmental inputs Local potentially renewable flows from free local resources that are being

used in a non-renewable manner

R BB w5l slasdgy Fe oad (55l > wlie 5l pdvyaas slagl >

Renewable purchased inputs Renewable flows from purchased resources
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Non-renewable purchased inputs Non-renewable flows from purchased resources
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Economic yield Tuber yield.

5l 53958 S U = R+ N+Fa+Fy 35 s 3l Colo sl 5ls 2550 (535 e JS

Total emergy input Total emergy resources required to support the production system
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Total emergy output Total emergy of system products
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Unit emergy value for economic yield Amount of emergy required to produce an economic output in joules, a

measure of system efficiency.
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Specific emergy Amount of emergy required to produce an output unit measured in grams. W
is the accessible weight of the product.
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Emergy renewability Percentage of renewable emergy used by the system
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Emergy yield ratio Ability of a process to use local renewable and non-renewable resources when
economic resources from outside are invested in the system as a capital input.
Sl piaass gleoolys 4 oolaiwl 0,50 pdbagass g ool (g )l 5 (650l o

b o oadg 6,080 6l solre el ) o lase jo Jolae algi adlais

shemate) b o ELR = (N+Fg+Fy) /R ROMpES
Environmental loading ratio The ratio of purchased and non-renewable emergy used to the renewable
inputs from an equivalent production area in the local environment. This index

is a measure of production loading on the local environment.

ELR* s ;o ooliiwl 850 pdyayass sl 4 pdibosass slags,l cons
oad 23lol oo b Comd ELR* = (N+Fy) / ol s 5l osSine Lne

Modified environmental loading ratio (R+Fz) The ratio of non-renewable emergy to renewable emergy used by the system.
ELR* is an inverse measure of the sustainability of the system.
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Emergy sustainability ratio - The ratio of system yield per unit of purchased input to the total loading on

the local system. Systems with higher yields and lower loadings are more

sustainable.
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Modified emergy sustainability ratio This index shows the system yield in relation to an inverse measure of system

sustainability, ELR*. A system with a higher ESI* is more sustainable.
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Emergy investment ratio (FntFgr) / (R+N)  The ratio of purchased to free emergy indicates the intensity of economic
investment and its matching to the free renewable and non-renewable

resources of the local environment.
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Modified emergy investment ratio The ratio of purchased resources to renewable environmental resources, alone.
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5- Environmental Loading Ratio
6- Emergy Sustainability Index
7- Renewable fraction
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1- Emergy density
2- Transformity

3- Emergy yield ratio
4- Emergy Investment Ratio
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Table 2- Natural and economic flows of the potato at different production systems (units ha™). The unit and the renewability factor
(fraction renewable energy) and the symbols keying the values in this table to Figure 1 are also given.

Unit SpMN A g Szef plie lwgio i S obde
renewability factor Small-scale medium-scale Large-scale
2R et s slasg)
Renewable Environmental Input
- . |
Ee=0y> S5p J 1 441E+13 441E+13 4.41E+13
Solar energy
s . l .
ez sl J 1 4.89E+10 4.08E+10 4.08E+10
Wind, kinetic energy
G’L ‘Q?’l* J 1 2.47E+10 2.47E+10 2.47E+10
Rain, chemical
Sl <Lt 3 1 5.40E+07 5.40E+07 5.40E+07
Rain, geopotential
230 wass e ) slasdg s
Non-renewable Environmental Input
“_”L““;‘ 1 3.87E+10 3.07E+10 2.87E+10
Irrigation
S T oole , jiuals
Sloste 2a J 0 5.65E+10 6.65E+10 7.65E+10
SOM reduction
S ol
> o g 0 2.35E+06 2.35E+06 2.35E+06
Soil erosion
oads (gl > slassg
Purchased inputs
RN
J 0.1 4.76E+08 4.34E+08 3.84E+08
Human labour
ol g 4.12E+03 5.21E+03 5.71E+03
Machinery
SLlE
=) °’_5 _ g 0.8 1.25E+06 2.50E+06 2.00E+06
Orhanic Fertilizer
O3er e g 0 6.98E+04 1.01E+05 1.35E+05
Nitrogen fertilizer
ke d - g 0 1.50E+05 1.50E+05 1.75E+05
Phosphorus fertilizer
ool 058
F g 0 1.00E+05 2.25E+05 2.25E+05
Potash fertilizer
Pk gorLi 0 1.00E+04 4.00E+04 5.00E+04
Micro fertilizer
. gorlLi 0 3.00E+03 4.50E+03 8.00E+03
Pesticide
Sl gorLi 0 2.00E+03 1.00E+03 3.00E+03
Herbicide
Sr J 0.01 5.70E+03 5.00E+03 5.10E+03
Electricity
I IRR 043 2.50E+07 2.00E+07 2.00E+07
Seed
Lol o as
S e IRR 0 0.00E+00 5.00E+06 5.00E+06
Installation of irrigation system
250l 5 honed S5 g 0 9.34E+09 3.83E+09 1.87E+10
Fossil fuel and lubricant
ST
Output
Lazdl oo 3L
$Iha 03k gr 2.95E+07 2.99E+07 4.87E+07
Economic yield
La.dl 003L
A en)R J 7.77E+12 7.89E+12 1.29E+13

Economic yield
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Table 3- Emergy synthesis and input structure of the potato at different production systems (sej ha™)
a>ly e e b S2s8 wlio Lo yoludio Sy obde
Unit Syl Small-scale medium-scale Large-scale
Transformity - % - % - %
Renewable $L©959
Environmental —(sbuocu )
Input JYRVRVRC S
Solarenergy &by @Al g 1.00E+00 4.41E+13  0.10% 441E+13  0.08% 441E+13  0.08%
Wind, kinetic .. .l
energy iz @50 el J 1.25E+03 6.11E+13  0.15% 5.10E+13  0.10% 5.10E+13  0.09%
Rain, chemical b 0Lk J 2.25E+04 555E+14  1.32% 5.55E+14  1.05% 5.55E+14  0.96%
Rain, geopotential J=tusss oLk ] 1.34E+04 7.24E+11  0.00% 7.24E+11  0.00% 7.24E+11  0.00%
Subtotal P e 5.99E+14  1.42% 5.99E+14  1.13% 599E+14  1.04%
Non-renewable ~ $¥&°99
Environmental — buocu j
Input PYRYI VAT
Irrigation 3 1.92E+05 7.43E+15 17.64% 0.00E+00  0.00% 551E+15 9.53%
Sl osle Lzals
SOM reduction Sl J 9.36E+04 5.29E+15 12.55% 6.22E+15 11.73% 7.16E+15 12.39%
Soil erosion ~ S& smle) g 1.27E+09 2.99E+15  7.09% 2.99E+15 5.63% 2.99E+15 5.16%
Subtotal P e 1.57E+16 37.27% 9.21E+15 17.35% 157E+16 27.08%
Purchased 2959
inputs ol 5yl >
Human labour Skl J 2.22E+06 1.06E+15  2.51% 9.63E+14  1.81% 8.52E+14  1.47%
Machinery ol g 1.01E+10 416E+13  0.10% 5.26E+13  0.10% 5.77E+13  0.10%
Orhanic Fertilizer <51 255 g 2.96E+08 1.26E+16  29.97% 253E+16  47.58% 2.02E+16  34.95%
Nitrogen fertilizer 0395 5sS g 3.09E+10 2.16E+15 5.12% 3.13E+15  5.90% 417E+15  7.22%
Phosphorus -
fertilizer Shd 355 g 2.82E+10 4.23E+15 10.04% 423E+15  7.97% 494E+15  8.54%
1z
Potash fertilizer o=l os5 g 2.23E+09 2.82E+15  6.69% 6.35E+15 11.96% 6.35E+15  10.98%
Micro fertilizer 9,50 355 gorlLi 2.96E+08 2.82E+14  0.67% 1.13E+15 2.13% 141E+15 2.44%
Pesticide AR gorLi 1.90E+10 8.46E+13  0.20% 1.27E+14  0.24% 2.26E+14  0.39%
Herbicide o#Sdle gorli 1.90E+10 3.80E+13  0.09% 1.90E+13  0.04% 570E+13  0.10%
Electricity & J 2.31E+05 1.32E+09  0.00% 1.16E+09  0.00% 1.18E+09  0.00%
Seed BN IRR 6.76E+07 1.69E+15 4.01% 1.35E+15  2.55% 1.35E+15  2.34%
Installation of o a2l
o - IRR 2.50E+08 0.00E+00  0.00% 3.38E+14  0.64% 3.38E+14  0.58%
irrigation system skt
Fossil fueland 3 skewd SS9
. g 8.60E+04 8.03E+14  1.91% 3.29E+14  0.62% 1.61E+15 2.78%
lubricant oaiiS ol
Renewaple o slmoslys
purchased inputs . o 4.44E+14  1.05% 3.67E+14  0.69% 3.56E+14  0.62%
BERVRVRC L1
(FR)
Non-renewable € S@osl
purchased inputs ol 254E+16 60.25% 4.29E+16  80.83% 412E+16  71.27%
(FN) BERVLACEES)
Subtotal o 2.58E+16 61.30% 4.33E+16  81.52% 4.16E+16  71.88%
Total I o 4.21E+16  100% 5.31E+16  100% 5.78E+16 100%
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Table 4- Emergy indices for potato production systems in small, medium and large farms

S8 wlide buwgio o S oldie
Small-scale medium-scale Large-scale
N ahaat 5.42E+03 6.73E+03 4.50E+03
Transformity
°5t5 539 1.43E+09 1.78E+09 1.19E+09
Specific emergy
S5l G s S 2.48% 1.82% 1.65%
R%
S5l 9 8kes Cad 0.613 0.815 0.719
EYR
s 6)IAES|;LQ)M) . 1.58E+00 4.41E+00 2.56E+00
osd Lo ‘55"’;5;'”“*“” S 431E+01 7.22E+01 6.93E+01
shemecuns b o 6.93E+01 8.76E+01 9.55E+01
ELR
o ol aezmacans; b Cued 2 54E-02 1.85E-02 1.68E-02
ELR*
3 sl M;ME..SI Solul asls 8.85E-03 9.31E-03 7.53E-03
oss 3Ll MJEMS"I* Slnl el 2 426401 4.40E+01 4.28E+01
58 3dgi anld 5enls ol psede a3 5YL o 650l b J ] o g 3 SNos

C—ul (GYsb Glej sloeyge o golaiBl culs, o L
.(Odum, 1996)
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Abstract

Introduction: There is a close relationship between population growth and rapid economic
development and overuse of natural resources. Recently, one of the main problems of human societies
is the management of energy consumption. In agricultural ecosystems, there is a strong dependence
on non-free inputs and free environmental inputs. In different production systems, different methods
are used to increase stability. Various methods have been utilized to investigate the sustainability of
agricultural systems such as emergy analysis. Emergy analysis is an ecological approach that
measures all the inputs from natural resources and human activities that are directly and indirectly
used to obtain a particular product. This method estimates all the resources, including energy,
consumed environmental resources, and financial and human costs based on solar energy units. By
considering both economic and ecological factors, emergy analysis helps identify ways to achieve
maximum crop yield while supporting resource efficiency in agricultural production. Emergy analysis
is a method used for sustainability assessment of agroecosystems, including potato production. It
determines the most important indicators related to efficiency, renewability, environmental pressure,
and sustainability of potato agroecosystems. Although the sustainable production of crops has been
analyzed by some researchers, the effects of farm size have not been considered so far. Hence, in the
current study, the effect of farm size on sustainability of potato production was studied using the
emergy methodology.

Materials and Methods: In order to evaluate the effect of farm size on the sustainability of potato
production, a study using emergy analysis was conducted in Fariman county in 2018-19. Information
was collected in different potato production systems in terms of farm size including small, medium
and large (Based on Cochran's formula, 30, 15 and 5 farms respectively) using questionnaires
completed by farmers. The inputs were divided into four types to examine the sustainability of
agroecosystems and calculate the emergy indices: Free renewable environmental inputs (R) include
sun, wind and rain; non-renewable environmental inputs (N) include groundwater, soil erosion, and
soil organic matter losses; non-free (purchased) renewable inputs (FR) include seeds and organic
fertilizer; and purchased non-renewable inputs (FN) include machinery, chemical fertilizer,
pesticides, fuel, and electricity. To obtain the emergy value of each input, the raw information of each
input is multiplied by the conversion coefficients in terms of joules, grams, or Rials. The total emergy
is the sum of all emergies of all independent inputs. Finally, emergy indices are calculated and
interpreted to evaluate different production systems.

Results and Discussion: The results of this research showed that different potato production systems
have different effects on the contribution of different sources of total energy. By increasing the size
of the farm, the share of renewable natural resources decreased and the share of purchased resources
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increased. Among the renewable environmental inputs in all three emergency systems, rain had the
highest amount. The amount of renewable environmental inputs for production systems in small,
medium and large farms was 1.42, 1.13 and 1.04% of the total inputs, respectively. Cultivation in
small farms required the least amount of emergy for crop production in contrast to large farms. In
addition, cultivation on large farms was more similar to cultivation on medium farms in terms of
purchased resources. On the other hand, large farms had high sustainability compared to small farms
based on the ELR index. In addition, large farms were not significantly different from medium farms.
Since the economic yield of large farms was much higher than the economic yield of medium and
small farms, other indicators of emergy except renewable energy were also higher in large farms than
in medium and small farms.

Conclusion: In this area, cultivation in large fields with the use of more mechanization has improved
the yield along with maintaining the stability of the production system.
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