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Fig. 1- Emergy flow diagram of potato agricultural ecosystems in Gorgan County
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Table 1- Average climatic and edaphic variables over a long run in Gorgan County
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Table 2- Specifications and formula of emergy-based indices for evaluation of potato farming ecosystems
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Table 3- Natural and economic flow, renewabilities, transformities and solar emergy for autumn potato

Sy b o> Cupd J g . 37 S
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Raw annual ~ Renewability Solar transformity  pa'l yr? Solar emergy  transformity
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Rdgaasd e (5 639,9
Renewable environmental inputs
;:r)]ﬁgﬁt‘ J 1.36E+11 1 1 1.36E+11 0 Odum (1996)
" ;:ﬁan J 2.47E+10 1 2.30E+04 5.68E+14 3.32 Odum (1996)
Wibn | 3 9.95E+10 1 1.86E+03 1.85E+14 0 Odum (1996)
Su%‘t: . 5.68E+14 3.32
rilnsed Jaso 53959
Non-renewable environmental inputs
J:oﬁ:';;);;“ J 5.76E+09 0 9.42E+04 5.43E+14 3.18 Gh?é%ylg; al.
. ﬁgﬁer J 2.13E+10 0 1.92E+05 4.09E+15 23.92 C“ad'?z‘g‘ogg’dberg
s éb"t: . 4.63E+15 27.10
u
Sk sg9 )9
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it (;;g;‘;;r’j rer g 2.03E+05 0 4.84E+09 9.83E+14 5.75 Gh'sfz'gﬂ)et al.
Phosph);‘:;i e g 1.26E+405 0 4.97E+09 6.26E+14 3.66 Gh'sfz'gﬂ)et al.
Pota:;t:ezig rer g 8.47E+04 0 1.40E+09 1.19E+14 0.80 Gh'sfz'gﬂ)et al.
Sulp;)j ff;fmzer g 4.11E+04 0 6.94E+07 2.85E412 0.02 Ma(r?fg‘ogt) al.
o L;‘;'*f;iilizer g 1.30E+407 0.80 1.62E+408 2.11E415 12.34 Gh?é%ylg; al.
H;“fb:ie g 1.02E+03 0 1.13E+10 1.15E+13 0.07 Bas“(az%oonl')et al.
In;if: t:‘;’de g 2.12E+02 0 1.13E+10 2.40E+12 0.02 Bas“(az%oonl')et al.
FJ;; |Cc)|i|e g 8.69E+02 0 1.13E+10 9.826+12 0.06 Bas“(az%oonl')et al.
N‘I‘;ml:y g 1.29E+403 0 1.01E+10 1.30E+13 0.08 Cam(pz%eéé)et al.
s:e: | g 4.31E+06 0.37 9.20E+08 3.97E+15 2322  Zhaietal. (2017)
9y 9 (b CS 5w Brandt-Wiliams
AN J 1.86E+10 0 8.48E+04 1.58E+15 9.24 (2002)
Hir)nséi ;;;:u ] J 7.30E+08 0.10 2.22E+06 1.62E+15 9.47 Lu et al. (2009)
E“I;;rfliﬂy J 2.29E+09 0.02 3.62E+05 8.20E+14 4.85 Odum (1996)
S %:?t | 1.19E+16 69.58
uptotal
J_sr ét"I’ 1.71E+16 100.00
otal
048 3 Slas. J 1.14E+11 1.50E+05 1.71E+16 Calculated
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Table 4- Natural and economic flow, renewabilities, transformities and solar emergy for spring potato
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b
ooz J 2.47E+10 1 2.30E+04 5.68E+14 3.23 Odum (1996)
Rainfall
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Sl g ol J 5.76E+09 0 9.42E+04 5.43E+14 3.09 Ghaley et al.
Soil erosion (2018)
R J 4.15E+10 0 1.92E+05 7.97E+15 4528  Cuadra & Rydberg
Groundwater (2006)
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Sk 599
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| oha S g 220E+05 0 4.84E+09 111E415 6.31 Ghisellini et al.
Nitrogen fertilizer (2014)
Somud 35 - g 1.10E+05 0 4.97E+09 5. 47E+14 311 Ghisellini et al.
Phosphorus fertilizer (2014)
5 T
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Potash fertilizer (2014)
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|
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Manure fertilizer (2018)
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DS oy Bastianoni et al.
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e s
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Human labour
o S
S J 0.00 0.02 3.62E+05 0.00 0.00 Odum (1996)
Electricity
&> 8.54E+15 48.40
Subtotal
& e 1.76E+16 100.00
Total
283 Slos J 6.94E+10 2.54E+05 1.76E+16 Calculated
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T =9 o0 pliiey: o)l pliey: Probability > ]
Index Unit Cool season ecosystem Warm season ecosystem
i “”‘” sej.j* 1.50E+05 2.54E+05 fold
Transformity
LS;)‘" d)‘-\i-”-*’“ % 2285 12.78 *k
Renewability
el 38lae Cur - 1.44 2.06 xox
Emergy yield ratio
LS;)"" LS)‘K‘HL")“’ LV _ 299 0.94 *k
Emergy investment rario
(e Sk i 29.10 30.02 *
Environmental loading ratio
LS;)‘" ©ok ubu’ - 0.05 0.07 **

Emergy sustainability index

Loy S g gl Jlein e p (g)h e il
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*and™*: Significant at 5 and 1% probability level, respectively
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Introduction

Agricultural intensification has had negative effects on the environment. The sustainability in the agricultural
systems that provides sufficient food on the one hand and maintains the quality of the environment on the other
hand, is very important. In assessing the sustainability of agricultural systems, the contribution of both
environmental and economic resources must be taken into account. Emergy analysis has many indices in which
the efficiency, renewability, environmental burden, and sustainability of a system can be assessed in terms of
environmental and economic. The purpose of this study was to evaluate and compare the resource use efficiency
and sustainability indices for two autumn and spring potato systems and provide suggestions for optimum and
sustainable management of the crop.

Materials and Methods

In this study, two production systems of potato were evaluated using emergy sustainability indices in Gorgan
County, Iran during the period of 2017-2018. To this end, 100 and 60 farms were selected for autumn and spring
potato, respectively. To analyze the production systems, the spatial and temporal boundaries of the system were
defined and resources were divided into four categories: renewable environmental sources (R), nonrenewable
environmental resources (Ng), purchased renewable resources (Fg), purchased nonrenewable resources (Fy).
Emergy flow for each item was multiplied by their transformities in joules and grams. In this study, emergy
indices were calculated and compared by t-test between warm and cool production systems.

Results and Discussion

Total emergy inputs for the autumn and spring potato production were estimated as 1.71E+16 and 1.76E+16
sej ha™ year™, respectively. In autumn potato production, dependence on purchased inputs was higher than
environmental inputs, while in spring potato production, the dependence of environmental inputs was higher
than purchased inputs. Groundwater emergy was the largest emergy inputs of the total in both autumn and spring
potato production systems with a share of 23.92% and 45.28%, respectively. In autumn and spring potato
production system, transformities were 1.50E+05 and 2.54E+05 sej j*; emergy renewabilities were 22.85% and
12.78%; emergy yield ratios were 1.44 and 2.06; emergy investment ratios were 2.29 and 0.94; environmental
loading ratios were 29.10 and 30.02; and emergy sustainability indices were 0.05 and 0.07, respectively. There is
a significant difference between the emergy indices of the autumn and spring potato production systems. Despite
the higher contribution of environmental resources in the spring potato production system, the high consumption
of groundwater as a non-renewable input led to an increase in environmental burden. The use of new irrigation
methods will improve water consumption and, as a result, reduce environmental pressure on ecosystems. The
autumn production system was more favorable in terms of yield and resources use efficiency, renewability and
environmental sustainability than the spring production system. The economic sustainability of the autumn
potato production system was slightly lower than that of the spring potato production system, largely due to the
unreasonable use of purchased inputs such as seed and fossil fuels. Optimum management of inputs such as seed
and fossil fuels will increase economic sustainability in the autumn potato production system. The optimization
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of economic inputs will increase economic sustainability in production systems (Kohkan et al., 2017).

Conclusion

Two autumn and spring potato production systems in Gorgan had significant differences in terms of
resources use efficiency, input renewability, environmental burden and ecological sustainability. The autumn
potato production system was more favorable in terms of resources use efficiency and environmental
sustainability. The economic sustainability of the autumn potato production system was slightly lower than that
of the spring potato production system. Optimizing inputs through the use of appropriate seeds (size and
recommended amount), the use of soil tillage and modernization of machinery and diesel engines of the well will
increase the economic sustainability of the autumn ecosystem.
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