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Table 3- Environmental impacts for production of one ton hybrid corn with three different harvesting methods

1 gloyise oy G oS Seln Su
Impact Categories Unit Manually Combine  Piker husker
S olle)S Jeily .

LSl lxo
Global warming potential Sl 008 Bl eSS g75p 158 527298 5187.97
Kg CO; eq.
Sl glasl " ¢
ophicati Sland Plaa £S5k 8.869 9.477 10.370
Eutrophication Kg PO, eq.
Sl Cupoganne Jouiliy VA 52 58 (6 Joloe p S5k
Human toxicity potential Kg 1.4- DB eq. 1871.416 2044.77 2111.726
O (sl Jomiliy ST (633,555 Polee p 55
Acidification potential Kg SO; eq. 36.825 39.488 43.121
osil g laii 1= 058 9595k 9IS Jolao pS5kS
Ozone layer depletion Kg CFC-11 eq. 0.00048 0.00051 0.00052
Abiotic depletion Gy Joleo p,SolS
I et polie i Kg Sb eq. 27.587 30.621 30.011
losdd Gl olsl Jles p)Soks
Photochemical oxidation Kg C,H,eq. 1.293 1.401 1.535
SB Coogame Jrilsy VA= 5 58 5 Jolaa p kS
Terrestrial ecotoxicity Kg 1.4-DB eq. 19.611 21.311 23.326
s Slacl Cusgane VA 52 58 (6 Joloa p S5k
Freshwater aquatic ecotoxicity potential Kg 1.4-DB eq. 71.038 76.576 71.700
A3 Slac] Congoms VA= oy52 5J8 (6 Joloa p S5k
Marine aquatic ecotoxicity potential Kg 1.4-DB eq. 339132.400 368621.100  384660.100

= Irrigation {PH}| market for | Alloc Def,
S
® Electricity (natural gas)

.'Natural gas, low pressure {CH}| market
for | Alloc Def, S
= Diesel (kg)

®_57 Machinery and equipment n.e.c.,
DK

& Agricultural machinery, unspecified
{GLO}| market for | Alloc Def, S

+Pesticide, unspecified {GLO}| market
for | Alloc Def, S

& Sulfuryl chloride {GLO}| market for |
Alloc Def, S

< Phosphate fertiliser, as P205 {GLO}|
market for | Alloc Def, S

4 Ammonium nitrate, as N {GLO}| market
for | Alloc Def, S

11Maize seed, organic, for sowing {GLO}|
market for | Alloc Def, S

-:Corn hybrids (Direct emmissions-
manually)

100%

80%

60%

40%

20%

0%

X
&

oM

ljl_l

WD Cll g gy 4 (et O3 Mg 3 (el 5 ST Sy g1 (B pae SWodld 5 S g prw =3 JSW
Fig. 3- Contribution of inputs to environmental impact categories in hybrid corn production by manual harvesting method
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Fig. 4- Contribution of inputs to environmental impact categories in hybrid corn production by combine harvesting method

i padLd saumlie ilise (slagyby) LS SKes Silite
45 Spgmoind S (o0 il |y (Jloy) g pe Jlde SO L
mJle il ol 095 (oo e @2 p0 ke Sy S iy o
s (Khoshnevisan et al., 2013¢) 543 o 010l (g5l
ol gy dw sl s 050 oF S cuiS ) ile oy
aS job len cowl od aoMs T 56 & cla IS > il
Jiwils olil sl ol cuogee 3l slaisy 395 o odnlie
bowiy @ Sl phale)S Jowily § SB Cugone (8 (gl
" 2/14% 1078 5/49%107® 1/06%107 JL_p ol i
8 5188107 1/16%1077 (s cutloy Lbe, > 1/88%10
Ty a8 L e iy gy 5 2006%107° 4 2/32%10
obey o 2009%10° 4 2/54%10°° 6/43%10° 1/21x10
sl b (e b oyt gl Susle S b el
Sldes gy (o Byae cle 4 aib o b pud ©)d Wy
Ll Gogy o S50 o9 g (Byme a1 )l
3 B lapisy olod goud Jlogi palie Sl Sy
OtaleS iy 5 (aw glac] Cosgane (JI it plio Julis

Al o e Cabldy JK00 () 80 4 s Slea

Alg—o ol Lo (ljen e yglate 4 (g22) ClasioS ploxl
load 395 calio jlade (s g A3 il Jolye ) (2lie
B 5l o) a5 5 SB el 3l eolil L S 5L 5 )0

daled 03las ol (ae s j @3 I (Ll )5 a2
4w 395 gt o Jlg SO, clagS I oolitl .cusls

posde 85 aibign plios G355 iy oo (23S lsis
35y o o ST o pland (slodsS ljze 208

laosi ¥l ials pgaio 4y 2 aalss SialS g BB o o

P 2gdie dpogs Jd Cogw Bpae 4 bgye (ool

ol 9998 S ol> ds)ze 53 aile s I i 335 51 ISl s

yio <ly; @ lisee Olles )0 eligeS jl ealaiwl 5,k K

RPYINTAPES

Q3OS g asaeli ) glagadld (e duulis
Sl 3 Blie (g5 A by (33 pasa
ihaie ) o) Bl sl el dwlie jghats
35l Gl 2ty Ly Lo pas Lt (alod coul 3 adlllae 350
st (8ol slassly sl 51 ala i 5l plS o 155 ,5
51 GLa i Coonl Aulie 45 35500 congo yol pl A3l so



= Irrigation {PH}| market for | Alloc 100%

Def, S % %
® Electricity (natural gas) 90% § %
80% -
» Natural gas, low pressure {CH}| 70% - § §
market for | Alloc Def, S 0 § g
- Diesel (kg) 60% - §
50% | A\
#®_57 Machinery and equipment n.e.c., §
40% | WY
DK §
i+ Agricultural machinery, unspecified 30% - %
{GLO}| market for | Alloc Def, S 20% -
v« Pesticide, unspecified {GLO}| market 0
for | Alloc Def, S 10% -
s Sulfuryl chloride {GLO} market for| 0% -
Alloc Def, S )
% Phosphate fertiliser, as P205 {GLO}| NS
market for | Alloc Def, S ¥
& Ammonium nitrate, as N {GLO}| . O'\\c’
market for | Alloc Def, S ?10\

= Maize seed, organic, for sowing
{GLO}| market for | Alloc Def, S

o
& Corn hybrids (Direct emmissions- &
pickerhusker)

&7
7

V7%
sralmmmmme77#

BN Z22%

W /777777

K000

213

Sl Sy b Cudld gy 4 (5w O3 Mgi )3 (e Comnj 1 (SIS 2 (B s (SLo3d I S 2 phews =D JSUd
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Fig. 6- The normalization of impact categories for production of one ton hybrid corn in manual harvesting method
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Fig. 7- The normalization of impact categories for production of one ton hybrid corn in combine harvesting method
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Introduction

Agriculture itself serves a dual role as an energy user and also energy supplier in the form of bio-energy.
Recently, the energy use in agriculture has been intensified in response to the rising population, the increasing of
standards of living and the limitation sources of energy. Efficient use of energy is a possible pathway for
reducing the environmental impacts of energy inputs in agriculture, and providing sustainable agricultural
production, since it brings financial savings, fossil resources preservation and air pollution reduction. Life cycle

assessment (LCA) is defined as the compilation and evaluation of the inputs, outputs and potential
environmental impacts of a product system throughout its life cycle. Hybrid seed in agriculture is produced
by cross-pollinated plants. Hybrid seed production is one of the main contributors to the dramatic rise in
agricultural output during the last half of the 20™ century. The alternatives to hybridization are open
pollination and cloonal propagation. All of the hybrid seeds planted by the farmer will produce similar plants
while the seeds of the next generation from those hybrids will not consistently have the desired characteristics.
Controlled hybrids provide very uniform characteristics because they are produced by crossing
two inbred strains.

Materials and Methods

The purpose of this study was to compare the energy consumption pattern and environmental consequences
caused by the use of agricultural inputs in the production of seed corn harvested by hand, combine and picker
husker. Information required was prepared by the questionnaire method in Alborz Province using census the
total producers of hybrid corn in the Province. The investigated inputs were labor, agricultural machinery, diesel
fuel, chemical pesticides, fertilizers, gas, electricity, water and seed. The energy of each input was calculated by
multiplying the amount of that input with its energy equivalent. The ten environmental indicators including
eutrophication potential (EP), global warming potential (GWP), acidification potential (AP), ozone layer
depletion (OD), abiotic depletion (AD), photochemical oxidation (PO), human toxicity (HT), terrestrial
ecotoxicity (TE), marine aquatic ecotoxicity (MAE) and fresh water aquatic ecotoxicity (FAE) were
investigated. LCA was conducted using Sima Pro software from cradle to grave, i.e., from the production of raw
materials to the production of hybrid corn considering the both farming and processing stages. One ton of
produced hybrid corn was chosen as the functional unit in this study.

Results and Discussion

Total energy input to produce hybrid corn harvested by hand, combine and picker husker methods were
calculated as 118711, 111335 and 120403 MJ ha™*, respectively. Electricity and nitrate fertilizer were the most
important energy inputs for their investigated harvesting methods. The results of life cycle assessment revealed
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that electricity and diesel fuel used for irrigation had the most environmental impact in production of hybrid corn
in the farm, while the consumption of fungicides had the largest environmental impacts in the processing stage.
On the other hand, in harvesting method by picker husker, environmental indicators such as GWP, EU, HT, AP,
AD and PO were higher than other harvesting methods. The different harvesting methods had no significant
effect on OD and TE. MAE and FAE were higher than those of other harvesting methods because of the high
consumption of diesel fuel and electricity in hand harvesting method,. Combine harvesting method had less
environmental damage than other methods.

Conclusion

The combine harvesting method was recognized as the best harvesting method from environmental
viewpoint. Electricity and diesel fuel consumption for supplying irrigation alter had the most environmental
burdens in the agricultural stage. The right application of inputs such as herbicides and chemical fertilizers,
substitution of non-renewable energy resources with renewable ones and green manure application can reduce
the environmental burdens in hybrid corn production.
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