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Introduction

So far, many studies have been conducted to evaluate the impact of input consumption patterns on energy,
economic, and environmental indicators on horticultural and greenhouse crops in Iran. A review of these studies
shows that the causes of the current situation in the systems have not been investigated. These studies are mostly
reporting the current situation and the interventions and their effect on improving the input consumption pattern
in the sustainability of the system have not been considered by researchers. Also, studies showed that the study
location and products do not fit well with the volume of production in the horticultural and greenhouse sector of
Iran. Therefore, in order to increase the effectiveness and future direction of studies in this field, this review
study was conducted. In this article, Iranian horticultural and greenhouse production systems were reviewed and
analyzed by reviewing the published articles between 2008 and 2018, using the PRISMA method. The PRISMA
method is a well-known method for conducting systematic review studies. The PRISMA method includes the
following sections: background; objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results; limitations; conclusions, and implications of key
findings. In this article, 16 types of garden products and 6 types of greenhouse products were studied.

Material and Methods

In this study, the methods used to determine the status of energy consumption, economic and environmental
patterns for horticultural and greenhouse crops were analyzed. For this purpose, the indicators of total energy
consumption (TEI), energy efficiency (EUE), net energy (NE), and energy efficiency (EP) were examined in the
section of energy. The issue of sensitivity analysis of energy inputs was also examined and the highest values of
t-statistic and MPP were reported for products. In some articles, the data envelopment analysis method was used
in systems performance analysis. The indicators used included technical efficiency (TE), pure technical
efficiency (PTE), scale efficiency (SE), and energy-saving target ratio (ESTR). The results of them were
summarized and reported. In some studies, the method of artificial neural networks and the Adaptive Neuro-
Fuzzy Inference System were used. In general, in the present article, the challenges and risks in the methods used
in previous studies were considered. The issue of sampling in the analysis of agricultural systems was discussed
in detail and a new sampling procedure was proposed. To draw a general picture of energy and environmental
indicators of orchard and greenhouse systems in Iran, the results published in the articles were reviewed. Not all
researchers use the same equivalents in calculating the indices, and this makes the results of the studies slightly
different from each other. The existence of such differences causes some deviations in comparing the results of
similar articles in the same products. However, to adjust for these differences, averaging was used in the index
report.

Results and Discussion

The study of the share of inputs in the total energy consumption shows that for horticultural products, the
share of fertilizer and electricity inputs is very significant. In the case of greenhouse products, fuel input, which
is mainly diesel, has the largest share of energy consumption. Walnuts have the lowest energy consumption and
strawberries have the highest energy consumption among orchard products. Grapes, apples, and walnuts also
have positive net energy, so they have the highest energy efficiency compared to other products. The most
important inputs that have the greatest potential for energy savings in most products are diesel fuel and
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electricity. Among greenhouse crops in cucumber production, diesel fuel has great potential for energy savings
that need to be reduced in future research. In the case of strawberry and rose products, electricity input has the
greatest potential for energy savings. Knowing the potential of inputs that can be saved can be effective in
changing the behavior of producers.

Conclusion

To increase the effectiveness of research in this area, such studies should be done dynamically and for at least
two or more years. In the first year, the input consumption pattern should be extracted and after performing the
consumption pattern modifying interventions, the effect of these actions should be evaluated in the following
years. Data envelopment analysis methods and multi-objective genetic algorithm can be well used to develop
solutions to improve input consumption patterns. The review of articles showed that the study of the effect of
social factors on the behavior of various production systems has been neglected. Since the pattern of energy
consumption in the agricultural sector is significantly dependent on the behavior of users and the characteristics
of systems and methods of production, it seems necessary to pay attention to this factor to prepare and design
any process improvement strategy in the system. In this study, a new procedure including three stages of
analysis, redesign, and evaluation was proposed to complete the studies related to the analysis of agricultural
systems.

Keywords: Crop production systems, Economic indicators, Energy consumption pattern, Environmental
emissions, Sustainable agriculture
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2- Dynamic sampling method

3- Probability random sample

4- Non-probability sampling method
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Table 1- The sample size required in statistical population using Cochran's method
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Table 2- Characteristics of the statistical population and sample size in some studies
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Table 3- Energy equivalents
ooy ol 531 Sl -
: Energy equivalent
Input Unit (MJ.Unit") Ref.
(Human labor) gl gg,s (h) el 22 (Asakereh et al., 2010)
(Human labor) gl sg,s (h) celss 1.96 (Banaeian et al., 2010)
(Machinery) :y.ils (h) celos 13.06 (Mohammadi and Omid, 2010)
(Machinery (Tractor)) (,5:51,5) cyilo (Kg) p,5oks 138 (Salami et al., 2010)
(Machinery (Plow)) (sses) opeisle (Kg) p,3sks 180 (Salami et al., 2010)
(Machinery (Disk)) (<) cyile (Kg) p,5sks 149 (Salami et al., 2010)
(Fuel (Diesel)) (J3») cdgu (L) 56.31 (Mohammadi and Omid, 2010)
(Fuel (CNG)) (as> ;55) e gm0 (M?) xS o 49.5 (Khoshnevisan et al., 2013a)
(Herbicide) zSdile (Kg) ¢,55Ls 85 (Khoshnevisan et al., 2014a)
(Fungicide) Sz, (Kg) p,5sks 295 (Khoshnevisan et al., 2014a)
(Insecticide) _ss'cél (Kg) p,5sks 115 (Khoshnevisan et al., 2014a)
(Compost) cusgyas (kg) p,5oks 5.08 (Salehi et al., 2014)
(Manure) _ls 555 (Kg) p,5ols 0.3 (Taghavifar and Mardani, 2015)
(Electricity) axu oS (KWh) cels clggls 625.84 (Mardani and Taghavifar, 2016)
(Nitrogen) 59,55 (Kg) p,5sks 66.14 (Pahlavan et al., 2012d)
(Phosphate) jawés-claws (Kg) p,5ols 12.44 (Houshyar et al., 2017)
(Potassium) .l (Kg) p,5ols 11.15 (Banaeian and Zangeneh, 2011b)
(Sulfur) 4 gus (Kg) p,5sks 1.12 (Nabavi-Pelesaraei et al., 2016)
(Zinc) s, (Kg) ¢,55Ls 8.40 (Banaeian and Zangeneh, 2011b)
Zinc sulfate) g, ol kg) p,5 5L 20.9 Houshyar et al., 2017
9y Olégu 33
(Water) (M%) oo 1.02 (Farashah et al., 2013)
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al., 2013)
Energy Use Ef ficiency
_ Energy Output (M] ha™) (¥)
"~ Energy Input (M] ha=1)
Energy Productivity
_ Output (kg ha™) (%)
"~ Energy Input (MJha=?)
Specific Energy
_ Energylnput (M] ha™1) (®)
"~ Output (kg ha™Y)
Net Energy
= Energy Output (M] ha™*) )

— Energy Input (M] ha™?)
Energy Intensivenss
_ Energy Input (M] ha™") (v)

" Cost of Cultivation($ha=1)
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Table 4- Highest t-ratio and MPP of orchard and greenhouse crops

Jgpace 2 (S50 (5190 et P tratio o yudy &
Product Highest MPP Highest t-ratio Ref.

(Almond) #lsL (Water) 1 (Manure) _els 38 (Salehi et al., 2016)
(Apple) o (Water) (Electricity) axuw xS (Rafiee et al., 2010)
(Basil) s>, (Human labor) bl g (Human labor) bl g5, (Pahlavan et al., 2012a)

(Cucumber) ,Ls (Human labor) bl g (Diesel) Js4;5 (Pishgar-Komleh et al., 2013)
(Cucumber) ,Ls - (Human labor) bl gg,s (Pahlavan et al., 2012b)

(Grape) 5l (Chemicals) _,lows pyow (Chemicals) less pyow (Rajabi Hamedani et al., 2011)
(Kiwi) 58 (Potassium) b 545 (Potassium) b 545 (Nikkhah et al., 2016)
(Kiwi) go.8 - (Machinery) (¢;,5laS (sl oyl (Soltanali et al., 2017)

(Mandarin) 5,L (Human labor) jlus! ¢gs (Water) i (Namdari et al., 2011a)
(Mushrooms) g, (Human labor) bl (¢g (Compost) cusgueS (Salehi et al., 2014)
(Peach) sl» (Human labor) bl (¢g (Human labor) bl sg,s (Royan et al., 2012)
(Peach) sl» (Machinery) (¢;,5LiS (sloopile (Fertilizers) »¢8 (Ghatrehsamani et al., 2016)
(Pear) M5 (Diesel) Js4;5 (Diesel) Js4;5 (Tabatabaie et al., 2013b)
(Plum) i (Human labor) glusl g4, (Human labor) glusl sg (Tabatabaie et al., 2012)
(Pomegranate) ,ul (Diesel) Js4;5 (Electricity) . xSl (Tabatabaie et al., 2013a)
(Mandarin) %, (Water) (Fertilizers) »¢5 (Mohammadshirazi et al., 2012)
(Tomato) 445 (Human labor) bl g (Human labor) bl gg,s (Taki et al., 2013)
(Walnut) 3,5 (Human labor) bl g (Human labor) bl gg,s (Banaeian and Zangeneh, 2011a)

S (£h OV game g il Julos ) edlatul 550 (JueSS glaig, —0 Jgan
Table 5- Complementary methods used in the analysis of orchard and greenhouse production systems

O¥95 Sad &
Method Obijectives Ref.
(DEA) "laosls pidgy Julos OB S a5 ol 4 033l g (8 033l (w2 Mousavi-Avval et al., )
Data Envelopment Analysis Investigation of technical efficiency and returns to (2012
(DEA) the scale of farmers

(ANN) Lesune ac (cloasi
Atrtificial Neural Networks
(ANN)

;Q.u-‘a—\ S Rl ~56 EL&'.:L»I alolw
(ANFIS)

Adaptive Neuro-Fuzzy
Inference System

sbrodles jl edlaiwl b Jaaze adg e (dm i 9 jlw e
Bras
Modeling and forecasting the amount of product
production using inputs

S pas slbodly 51 oslawl b Jeame Mg e (g5lw S0
Modeling the amount of product production using
inputs

Khoshnevisan et al., )
(2013b

(Khoshnevisan et al., 2013a)

1- Data Envelopment Analysis
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1- Technical efficiency

2- Pure technical efficiency
3- Scale efficiency

4- Energy saving target ratio
5- Tobit Model

6- Total Energy Saving



1) 5l o o los O alo> ((5559LaS sbocmitlo 4y pis ¥Y e

45

40

35

30

25

20

TES(%) DEA results
OTE OPTE OScale Efficiency
1 o —
08 [ | — -
0.6
04
02
Apple Carnation Cucumber Mushroom  Orange Rose Strawberry 0
(White Apple  Camation Cucumber Grape Mushroom Orange Rose  Strawberry
button) (White

button)

SIS 5 2L OV gaxe 3 DEA b9, 295 slaasls -4 S
Fig.9. Output indicators of DEA method for greenhouse and orchard crops

100%
90% -
80%
70%
60%
50%
40%
30%
20%
10%
0%
Apple Cucumber Grape Mushroom Orange Rose Strawberry
(White button)
m fertilizer mchemicals = manure mwater ®electricity =human labour mfuel mmachinery mseed
ool pigy Jelow gy 5l oolitul b (653l 0585 &5 55 Wwodles 51 S o o =V o+ JSW0
Fig.10. Share of each input in ESTR via DEA method
So9pe ilple sl oSS Jo3l8e YEIAY (laldS cuis’ alolaw 93 ol > Jgazme adg jlado obj jluws Cglds Jd> 4
sl )3 o3y (5551 LialS sl (6550 (ol Clelidl el PSS 2 o) e Cpgots & 0y (455l paSLS dulie o5

1 O Ygane 35 13l 5 (Shb Jla Jsase lals 1)gs VIYA b S o o5l e 3l JUd 4 (5 38 guls ol



FPY o oy cailob (ot j ol 51 g golasdl (6550 (b aslis b3yl 5 Julxi (o Lily g a5

Lagl (Pishgar-Komleh et al., 2013) a5l )|, 5 alio
25,1 2629 35 (6,500 Yo S olwlid |y jb xe slacgles
b 3 L;.LJ93 sslobs 5 \) uhouw) CJ)L.&IJI O\)'.yo &S

Slools 148 duolds 550 (WS diw lae g (EL) U
A0, a sl Sy 5 Al gl eSS sl adilol w
049, 1 oyl slym Lagl (Khoshnevisan et al., 2014b)
105 aalsba sy sl |, (LCA) Lo 452 )
Y gamme dy5 0y aecoi; olylisl bl S ces
Hlisl o Laedlgs woew & Jods 20005148 oolaiwldygo (slaslsdS
SlobdS 5 £l Y same o aljlis] ol 5 S i
9 sy slais )LJ;;'JI ol)’fp 0 l.mo:l.eé e AR o uL*‘ \)
5 Jse 0 S g el OV game (o Cllil lise picren

sl 02581

dadllass 9o J graans 9 (lse AT 0 g0 (oo 3
s 0jg=> ol Olallas (90 Lise e cunle JW> 4
$9) Jl rlie pgas Slgi e odplnl Clidos oldle i1y,
2 plmgiy SLoli Jbls & g b S dbyl e waw 3
s e5jygltS slaalels Julos ojg> Clisios cunle § )98
B g c jeml sl ol dbos ol 5l aee 5 J 0B
won G &Sl o 5]l onpln] A5 i IS claasl Ll
Slalllas ploul Canl yigy canl (5558 (sladilobs dgus pdizee
il )5S a3 Gunlio (2llan mjs LIy gl 425
aalllas )50 dilalo 5 Jpamo Coadl i b ob (sl (pien
90 ool coley piliie ojen (pl o Cldllas sy Bl AL asl
coLe(é_.ol dl_mot’.wl 2 ey Slalllao ol Oy i L] by
B Loy oldllas oyl sl sddplosl 5hniile 5 ols S
Sl I jo cplcasl ooy olaidl o & ) Ve S duo)d
oLl g o)l st Lmll ey e oluisle (sla il &
Y game Ay Gliwe p 1ol Lapbil cp Sate G e (B8
929 phs g Lahagiy (1995 Hoelsls Jds 4 it (2L
pis «5)ygldS (At )3 g Canidg Il (IS S LS
g gyl o sndplool cladllas dluss 5 W li] Cua] oy ol

2- Life Cycle Assessment
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Total Production Value = (V+)
Crop Yield (kg ha™Y) x Crop Price ($ kg™1)
Gross Return = (W)
Total Production Value($ ha™') —
Variable Cost($ ha™1)
Net Return (YY)

= TotalProduction Value($ ha™?)

— Total Production Cost($ ha™?!)

Benefit to Cost Ratio (\Y)
_ Total Production Value($ ha™)

" Total Production Cost($ ha=1)
Productivity (V¥)
3 Crop Yield (kg ha™')

" Total Production Cost($ ha=1)

Sl g sLadiloba dasaociows y ol ,Laianl Jalas
YO Jlw jl guyisan Jaswecu; olylis! (ials gebge
Byns (65lwd gy )...:L Olixe 3y ab 0je> oyl &YlEe )l
A )ld g 1) oS Sl JLisl gals e 2 535
Khoshnevisan et al., ) asals ), 8 aallles 3)50 slSlS 35,
Sl pnle)S il ol «ladllas 3l 05,5 oyl 45 .(2013a
iy sLaorleg den sl aallln 3,0 Jpae 155 (GWP)
3y50 slrodles (sl GWP 15 odlitwl 350 doly sl i yi)l55
Gl LS 53 (058 Sl p)S 9 ST Jolae gy
3550 GWP 50 Jas 511y Calises (g )b o e slaplles Y lie

1- Global Warming Potential (GWP)
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Table 6- The share of inputs in greenhouse gas emissions and the amount of emissions in horticultural and greenhouse

products
Sl a5 7 SIS o5 S > adks & 5
GHG Inputs ratio in total GHG%
ol ol e (el oo Chgw S O egom 555 .
ot Sl Manure Machinery Fuel Electricity Water 5 Fertilizer
Jyae om; o Sl s ond &
Crop kgCOzsha  kgCO,/t ~ Human Chemicals Ref.
(land (mass
base) base)
Isb
AIP : d 4047.43 - - - 6.4 79.99 441 - 171 7.49 (Salehi et al., 2016)
mon
ALMI) 1195.79 - - - 17 38 4 - 31 10 (Teghavify aos Marcant
pple
(Bolandnazar et al., 2014;
Ls Khoshnevisan et al.,
I= 46835.45 244.93 - 14 2.22 56.91 28.93 2.79 3.46 2013a; Khoshnevisan et
Cucumber al., 2014e; Pishgar-
Komleh et al., 2013)
g5l . .
G) 954 858.62 _ _ 0 13 42 R 2 43 (Mardani and Taghavifar,
rape
9‘5 (Nabavi-Pelesaraei et al.,
9 2016; Nikkhah et al.,
Kiwifruit 2914.49 152.18 - 0.31 9.20 12.32 8.66 - 0.57 19.49 2015: Nikkhah et al..
IwWItTrul 2016)
OJ P 801 _ _ _ 0.20 0.32 0.04 R 0.02 0.38 (Nabavi-Pelesaraei et al.,
range
laods Jals
el Jalb s ; - . 0.2 84.7 14.4 ; . 07 (Yousefi, 2013)
Bell Pepper
bl
J 6513.98 - 12.24 5.59 0.57 6.76 - 2.76 66.24 7.13 (Houshyar et al., 2017)
Pomegranate
S ope (Khoshnevisan et al.,
s 1794345 640 - - 5.1 25.3 31.85 - 1255 252 2014; c; Khoshnevisan et
Strawberry al., 2014d)

. _ (Khoshnevisan et al.,
FUS A -
NARF 879 - - - 281 3183 878 - 0.58 6.32 2014e; Khoshnevisan et
T t al., 2015; Takiet al.,

omato 2013)
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