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Introduction

Potato, as the fourth most important food crop in the world after rice, wheat and maize, play a crucial role in global food
security. Monoculture of potato is an important obstacle for achieving high tuber yield. In other words, when potato is
successively planted, continuous cropping is occurred, resulting in poor growth and development and low tuber yield
and quality. Crop rotation, defining as growing a series of unrelated crops sequentially over time on the same land, is an
agronomical method for increasing yield. For achieving positive effects of crop rotation, crops involved in rotation must
be carefully selected. Impacts of crop rotation on potato yield and quality may be a function of the rotational crops. To
increase the yield of potato tuber, plants including oat, fava bean, barley, potato, maize, canola, alfalfa and wheat have
been suggested to be in crop rotation with potato. However, in the arrangement of these plants in crop rotations, only
the increase in tuber production has been considered and the environmental impacts of these plants have not been taken
into account. Therefore, in this study it has been tried to find out and suggest the best plants (among the eight plants
whose positive effects on the yield of potato tubers have been confirmed) for crop rotation with potato (in a four-year
period) based on their impacts on human health, ecosystems, and environmental resources.

Materials and Methods

Impact analysis of crops on human health, ecosystems and resources was carried out using SimaPro vr 9.5.0. Method
used for comparison was ReCiPe 2016 endpoint (H) V1.08/world (2010) H/A/characterization. The environmental
damage data of plants was calculated based on the production of one kg of plants.

Results and Discussion

Regarding human health, canola caused the greatest damage followed by wheat and fava bean. The lowest damaged
belonged to alfalfa which was 93.18% lower than that of canola. Canola also had highest negative impact on
ecosystems followed by fava bean and oat. The results revealed that the impact of all eight crops on resources was
negligible (lower than 1.0 mPt). However, canola damage to resources was higher than that of the rest crops. In general,
regarding all three damage categories, canola is the most unsuitable plant for crop rotation with potatoes, while the
lowest damage belonged to alfalfa, oats and potato. Therefore, a four-year crop rotation based on the lowest damage to
human health, ecosystems and environmental resources can be suggested as follow: Potato- alfalfa- potato- oat.
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Conclusion
Therefore, a four-year crop rotation based on the lowest damage to human health, ecosystems and environmental
resources can be suggested as follow: Potato- alfalfa- potato- oat.
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Table 1: The impact of crop species on different category of environmental health

Impact category Unit Crops
Potato Barley Fava bean Maize Oat Wheat Alfalfa Canola

1 hGe'gltt’ﬁ' warming, - human ;. 3.26E-7 3.67E-7 7.38E-7 4.9E-7 7.1E-7 4.42E-7 1.17E-7 1.51E-6
o Global warming, terrestrial oo v ggaE-10  1.11E-9 2.22E-9 1.48E-9 2.14E-9 1.33E-9 352E-10  4.56E-9

ecosystems
3 ggst’;;te"n‘gm'”g' freshwater o ocies. Yr -~ 2.69E-14  3.02E-14 6.08E-14 4.03E-14 5.85E-14 3.64E-14  9.6E-15 1.25E-13
4 géﬁg‘?‘gge“c 0Z0M€  yaily 1.43E-9 3.88E-9 9.2E-9 471E-9 7.2E-9 4.87E-9 9.29E-10  1.57E-8

lonizing radiation daily 5.8E-11 3.49E-11 6.5E-11 485E-11  9.68E-11 4.5E-11 1.956-11  5.63E-10
6 ﬁ)eza‘:?ﬁ formation, human 1.4E-9 1.61E-9 2.71E-9 1.56E-9 2.37E-9 1.82E-9 474E-10  4.73E-9
7 fine  partiouate matter g, 563E-7  1.15E-6 1.34E-6 1.19E-6 12E-6 145E-6  303E7  277E6
8 gzzc;;itefr%ma“o”’ terrestrial o ocies. Yr 2.04E-10  2.34E-10 3.92E-10 2.26E-10 3.44E-10 264E-10  6.99E-11  6.95E-10
9 Terrestrial acidification species. Yr 9.47E-10 2.53E-9 2.6E-9 2.44E-9 2.24E-9 3.24E-9 6.27E-10 5.71E-9
10 Freshwater eutrophication species. Yr 1.63E-10 1.09E-10 1.39E-10 1.03E-10 3.89E-10 1.2E-10 4.55E-11 3.51E-10
11 Marine eutrophication species. Yr  1.6E-12 8.67E-12 7.35E-12  4.85E-12  2.21E-11 1.02E-11  145E-13  2.04E-11
12 Terrestrial eco-toxicity species. Yr  3.14E-11  1.09E-11 1.95E-11 1.08E-11  2.16E-11 128E-11  533E-12  6.01E-11
13 Freshwater eco-toxicity species. Yr  2.29E-11  7.03E-12 1.07E-11 7.22E-12  2.81E-11 956E-12  2.73E-12  3.96E-11
14 Marine eco-toxicity species. Yr  2.79E-12  1.42E-12 2.17E-12 146E-12  5.68E-12 1.89E-12  562E-13  7.61E-12
15  Human carcinogenic toxicity  daily 6.31E-8 5.93E-8 8.92E-8 6.64E-8 9.26E-8 6.92E-8 2.57E-8 2.22E-7
16 g‘i‘:‘;i‘g/ NON-CArcinogenic  yaity 2.19E-7 1.12E-6 6.91E-7 6.81E-7 -4.48E-7 1.55E-6 -2.18E-8 1.71E-6
17 Land use species. Yr 3.92E-9 1.7E-8 2.79E-8 1.43E-8 2.68E-8 1.71E-8 4.07E-9 2.25E-8
18 Mineral resource scarcity USD 0.000518  0.000268 0.000386  0.000231  0.00067 0.000306  0.000183  0.0014
19 Fossil resource scarcity uUshD 0.0254 0.0212 0.0325 0.0192 0.0322 0.0239 0.00808 0.0896
20 x‘ég}g consumption, human ..\ 1.28E-7 5.71E-10 6.98E-10 -1.14E-8 3.91E-8 -2.74E-8 5.1E-10 1.05E-8
o1 \Water CONSUMPUON,  pecies. yr  8.31E-10  4.63E-12  695E-12 192611  2.44E-10 374E-11  351E-12  1.23E-10

terrestrial ecosystem
gp ~ Water consumption, aqualtic oo ies vy 105E-13  6.8E-16 2.04E-15 6.44E-14 4.83E-14 148E-13  2.82E-16  8.2E-15

ecosystems

Comparing processes; Method: ReCiPe 2016 Endpoint (H) v1.08/Characterization
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Fig. 1: Effect of eight proposed crop on resources, ecosystems and human health
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