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Evaluation of Sustainability in Wheat, Onion and Garlic Cropping Systems by Joint Use of
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Abstract
Background and objective: Sistan is one of the largest wheat producing region in Iran, but wheat production
has given way to the production of wheat during the past years.

Materials & Methods: In order to analysis the reason behind this conversion, the productivity and
sustainability of wheat, onion and garlic systems was examined using emergy and economy evaluation in 2019.
In order to research site to have similar conditions, the data required for this study were collected in two
villages of Karim Koshteh and Safarzaei, Zabol.

Results: Total emergy supporting the systems was estimated to 2.45E+16, 3.12E+16 and 4.73E+16 sej.ha?
for the wheat, onion and garlic production systems, respectively. The purchased resource accounts for 55.9,
53.4 and 65.4 percent of total emergy flow for the wheat, onion and garlic production, respectively. This shows
that the studied both systems are an extremely open system influenced strongly by the input from purchased
inputs. The composition of emergy input to these production systems largely was different. The emergy yield
ratio was 1.27, 1.15 and 1.90 for wheat, onion and garlic production, respectively. The values are low,
indicating that the many process of the two systems converts natural resources from local into product. The
environmental loading ratio of garlic systems was, a little bit higher than the wheat and onion systems, and
correspondingly the sustainable index is lower than that of wheat and onion. Economic analysis indicated that
output/input ratio and the benefit of the garlic production were greater than that of wheat and onion.

Conclusion: As a general outcome, these analyses showed that the better environmental performance of the
system accmparied by the worse its economic performance.

Keywords: Environmental Sustainability, Organic Fertilizer, Natural Resources, Soil Loss, System Analysis

Sl S Glay (ue)p) ol saiul douds

slas S 5 liSesdl dhny & (Sall S 55500 oo ol Sl slagilly b walse sl

8 S ad a S 5 hen) o8 (8 S Bl ol
s505LaS slaallss ST a5 cual (Sas oS ol (o)
s So (Yoo olKan 5 Jla) was 513 580 cas |,
Lo goosliS glaalls Jams oo goluly sala
sl Jlse g 50 Lasalgs 0 )lS s o8I 4 e s
ebo oS a3l gl sl WS, S onlnly
Gosre sl olalll slaga s,y o (hane o)

(VY Sl 5 Sig) sl

cul o sl iosldS Wl s slagis, dlas)
(Y’\\ u‘_)lSAA K) u"Js AERN] u“)ls.a.& K) U,A.‘:\:)
Al el gl Bolate i, slasS slasian
b lie 51 guls) saalie Sl esliinl @ w5 Gl
il oo Sie Gaia glag3 3 B o elial LG Hue
J‘}o J‘ a.;‘,...":a.é salail GLA.\AL:Q (\" \o O‘J&A 39 L.'Lu)

o owad wlas fold e glassly 5 (oliad


mailto:m_asgharipour@uoz.ac.ir

YV laddl g (550l Al Jlow b s paS g 5l a5 sl pllss (g)luL (L))

ool sl clie olol (Yer agl) sl
o Leolg Ciaan 5 G st aoln slaesls
ook 4 S ol (asas 5dBaaad 5 pdaaas oleas
A S ok e "o ess olse 4 Jsers
(Yeee oS 5 0 glm) W s oo
ook 4 S cnal pwiis 5o 55 (54!
Soge e LYK Sl 8 sl alliens 12 5 allins
OIS o big5 el dalad 5o (Yoo o gal) el 5l
oo Joad cul a5 alse 5 350 QLo ¢l
Jod pl) dolae aaly slse 5 1, Lagl Olsiee
(VY OlKan 5 55) S oo (58] L sandssa
s olsie © olEiae (A s 55 55 5e) alas 0l sl
O) ol sud slgidig oLaiBl 5 pulid o gs (310 oy lie
500l Jala3 GaX das o Jgbo 5o (Y00 Y G0
osk & bihe glacais 5 lageals b S5 s
s slapiunn @olul sl o ¢ sasis
soliil o) g0 Alis slagulide 5 plsl 5o (s5olas
o ¥4 OlKea 5 Gusol (s9) ol G5 S )3
WJla 5ol G(Yoa GLKaa 5 gomal YVA oK
L 5508 golaidl obo,l s (5 5e) dlas lie LLS))
(YN OhlKaa 5 o) ol sudd i, JolS b
i)y daane o Slae K wileoly las iy olallas
8l yat yiaS (gulaidl (guies gou s (gaud 55 Al Sy Sigs
oo @B (Yot GLlea 5 el s9) ol
gobe Boas oo (YY) OLSer 5 s
Jalas 5 soliied b Loyl adgs oo Lasules 31 calias
Gl slaallss 4a S ol olas golaBil 4 (530
olail sp b als Giie olad glagasos
Lo b el o golul maw Ll ol SYG
Sl allss 51 38 pilbasasd slagssos 9K
ool b ool 58 (YVA) OblSes 5 (sodan cal
ot 5 oo @ slaldl 5 (5550l Jalas (555
Joane 5l oad 558 HaiS olels Lo ol w5,

e O (S O 9 K3l I eane auS
Gosbe 30 slad 4 Gl 5 s Lo el plals
i8S Bl glaguey JS s o0 51 Gl dl ja <<
dpdige saly palaial au mel)) @ HeaS o
A€ S o el JS(Y VU GSa 5 550 53
Jolas AYAE-90 ely) Jlo o Obicsc 4dlaie Lo
olilks (il slga Glosl) ug LKA £4Yo0-
08 pa i3S ) ma paal gladla Ho(pend
Slla o el Gty GEAIS dem s VY s 4iliie
Alium cepa ) 5Ly i, slag i @uiS ) o
6o adia oil3dl (Allium sativum L) e 5 (L.
Olnsb 5 Ol bl Glislel) cal 80 S
o2l (Slan i b anil€ Jmne 03Sls Jalo (Y200
iosse ) ela SYL ulaBl (blye a5 Sl
el gy T
ne glassly © Houlis gt I
bl 0 S (Sl olhaead (G i e ke O,
hase slagasss 9 GFrie oY pane pla 5 LGS
AT alse 5ok SO wadpn H 5 anle S,
Godal YNV Sas 5 Sin) widl e Gl Sla
e Jelas 505 Wl Gl b (YN lolSea 5 50
oY geaas b Lagu s, (s @ gooslas slaalls
OoKan 5 Gusol (59) wuS e SIS 5l ae K1,
olie 4 o lasas sy slasalgs ias SI(Y- -4
S saie slags 3 il w gl G5 8 S 0 oS (gulas]
58S aalgd alasl (a8l gladlas 5 4 5a3 Gulal
Ol (5,5LaS lagianns 5l plie gy anads
Bcaly gl 53 (VoY sl s (Slaadsl) o aalsas ol
OSSR (Sidaden slagiss 5 esliial
Lo 35 dalad 5 wiad aule (Saelinse 3
S 5a b ol doa Lol s 3l dalas (5,8
o2 el plls 5o asas mlosd o Lasaled pguw 38 S
VoV OLea 5 ) sl o wide Julas aaly sl

b 5 8l dan 5 (5 000 (Lol cdlaa ciney (ol 5o



WAR Jlo 1Y lasd ¥+ sl £l 255 5 (s3oleS il 43

S el yVY

9 a8 g5 5 alll slagsaiy diibs Al L s
s VY ¥l glos Sk sl e Saa
A5 5 e s VA o8 o o gl :Ske col Sl
Sy daulae BlAL (slaligs ulesl s 0 81l 3525
hee OV B(Ye e g 5 L) SR e €147
G ol oS e, VY slaal e sud dnlas 3o
Jlads g b dilaie (g5 g0y (53 e ld (lsie
Yo U cdigua,) Vo 5l asdi oo ol G osiaose
5 adly JolS Lalud 555 \TY ()8 Sae 4 50 54h
wla o Ly cils 5 caw 1) ol Sl 8wy
L BI5 Ol elb) oY pemne @S 55 2l
o5 e aiiS Jalit Biac oS sl o, VYEY s
ldsle @l dals wla A G Oly sl
aibe GlOLE oY pmns 5 Glanw (8L S
(Yovo ollSan o Sl sl)
a8 Al s bl sl GRassy ol
Sl sl i ol Glesses dBlie Shy 5 s
098 Sad (ST GlaglKe a5 b ol
Vooos Poke 5 AiaS S by, g0 20
9 @ooslaS Gl S bl sl 3od steslS
Ol dww s oAl v Gl ddlie (g lasls
Sl o ore @ui€ allsd 4 5l Al e (gl (SlREsS
slapllss o pnae sy (She ouls plis 6l
HEe A 3 Sa sladises ad st dallhe o ge
15 WWAA Jlew 5 \YAY Jlaw sbo s ol sl Lo 3lEskas
o8 o8l adly (T e S et s b))
oo 58 i S Hlga 5 e o S sladsal ()86
S S gl sad il Sl S 5l sulii b
S oy S slads sad ol G ad (555 S e Dsad
BB sladiy, 5 S olakd Bia 5 gHle salel
s Jloe O s osad Saa lsa (asme o saalin
LS slad g JT o S wud suls 5 gae (5550 Lo
s3I0l (VAAE (aaSh55) Sb g (Sl Gy 5 saliinl

9 (5.)[.4.433‘ J\s.‘m.a J‘)S.LA.C u:u%.a.& A (5‘);5

G Llod Sl olel juas o glhlael o580 saac wls
Sl ol 3 Jeole i (solail o e iy
ol 3 (Sla is3el Jilad il €l el iy
Bresily 53 Lsd & S Gy wl e S
callas opl Lo 550 GByan sull (uinas ol
oy peis & e 1 Lo A allid 2 g Sidis saa LIS
o0 03 (Yo 570 LKaa 5 gomel uls olas
GIOIS D (gola 5 (Adure adl g alllh g0 (55, 955
IS a5 atenis (Jasas o (50l Ol o0 B0S
S soSsla s SB T subs ssagn Goob 3115 solas
obd wlg Al Dl e Gl OT GB5 ow
gha oo @Ol plaedls 5 Jil (Siaa S
S 500l slageals Sl soliinl b i b 0
Oioo) s plas il 5 el danlie (oluly Ll
sallss 50 (UEVE) gulail J snns (53550 aaly
9058 EoRel) 3ss (oS 5 Gaotdin LA 5 Glaealy
Ol w53 ol cas dalllas ol o (V0T ),
ilaay wsd e (bl e s Sl @u Al 4
Sose pllis 5o wwwlle 5 Lol @l 50l Jalas
Jalad s 33 Gl s 08 auS e L8 euliil
JolS (553 505 a5 (5] 3 it & guo 45 (guliadl
g2 s (b o0 5o ALl slaslCus &I,) Gaob 51 53

OV P a&@g

Lagdiyy 9 9l
dalllos 5l ya dilsie Ciuio g3

e slS VOVAY (58 iy b Ly allaie
R R LA RIS RZRITS JRCIRC- N S8
Voosdane N Jlad gligs 4REs Y 5 dana T
Ol o) (S s gl) jo dids 0 g da 0 Y B odass
sad aBly Ol 5l 5 Olwss (bl Yl 5o 4als
G osia Ol qsia Olalya bl « Jlad 31 5 ol
L oot Ol Olsladl 55 & God ) Bl (Sou
aSla il (VARY B3 pleas) el 8 gane (Lo S s S



yvy laddl g (550l Al Jlow b s paS g 5l a5 sl pllss (g)luL (L))

S siosliS slaallss S jae slasoles oo oo Slulad
w slasaly 5 as glasalg i, o o las e 99
I alss gladse Gl dian 550 5 sael cus
b gy (JSE o S Ho was e pls
class gy (JSE (YL cad o tel sud sals LS
Sl y e 5o culgd 5o ol sad cuw gl L0
ol st sols L s 35 (slaallsd i o Slee St
Gulae 5 ol lapiann Blad 5 G @l
podl) Bad ands £ len 4 Ligus,y apaals
wile (R) sodpaaad aae QK15 slasalgs oY -
230wasS e GIS1 slasale b 5 OLL (ol
Sl soliind syse mlie 5 S Gtaluys wibe (N)
2af sedaand glasale (S Sl 5 cale wl
Pl 3 S M ag b ol wile (FR) oK,
2t oadbasaas slasalys 5 lsad (gola A pleu
oA goo YT aiile o i edl S sy (FN) &,
sales Olsie 0 S 1T ol go il andlias 2l oG s

adoaas S Ll o N

slaas a8 aplal SlEEAT IKe 4 e S5 el s
Oloae Gmand (gl dadllas ul o (golass Gsad olads
ool b s SIS Jla Job 5o SIE T ol se obla g
S T sule ol 5 s ks g€ 831l ol Jla
09 iaad aas oo ol 1) el Jla ok o
G Ol 5 ST Sl G)lse g uSe )l
AT ol (250800 323 (liae Cmas ISl S5 5 £l
Oose dalas o Wlg oo Jolse Gl aslas seas
Sl ok ald T Sl 5 (5350
500 Jalad 5 axyas

ool olallhe sl 5 350l Jaad anlse
sad sulgs Ly @bY- ) Sladsl 5 Gl 5 (Y2+ )
sagdas ayal (g5l Jalad (sl a8 algl ol
slaolad (5500 al Sbo a3 5 allss Sl 5 Sl
oz (Yoor) pool s s sud Buo 55 5530 Ol
Sloa dagl Lol i Lol sladdl so pasdiis
Al 8L\ Ul (goliaiil (glassles 5 lse 5 555!

Iy e g Sl aas€ allss duw (sl (55000 Gl (s2aas



WAR Jlo 1Y lasd ¥+ sl £l 255 5 (s3oleS il 43

s gl oty glealls /

Olieses dlaia 53 Sly g saes (@S wal 93 (SLaalls (55500 Gl ol Slaa -) s

9 s sbobse s wulas 51w

o0le Cpl sl 55 allss 5 (5l ulse 5 353 2o
@S0l aaly 4 b g ol s 3 GO S e Gaob )
350 b (sl Jauss Culis Cnl sl e Jaass (S€))
5 pod)) ol sk Ll S oladlles 5 Jsene
508t Y Gl 5 Y asal A48T G
5 otaa X0 glKas 5 aS (Yot Shadgl
5 oss Goheal X0 58an 5 spmel T+ VA o,(San
293050 58 gl Alds bas (ol s (V0N ol
S S s s ool sud dnalas il mbis
sl dallhe Lbyd U o€ ab Olnl slalls

03l 5 Shalyl) Gy olallles b Golls o
S am,e A (YN LKaa 5 L il (Ye0Y
9 9sdee ala waad LB sue plie 51 S (5550
b plie Slamu Ve aSlla Hu w8 e HIEN o
b plis sl e R 5 wloe crus 4 5ady wass
Slesssa Wi 0o b (OLL 5 ok sl ) dgaass
Bl o g o) Sww) Syide Jgans
L cdelas Giolad 3 @oSsla 6l lnls
s a3 S 5o ROUS w5500 sl Dhase 0850
(Xee asd)



YV laddl g (550l Al Jlow b s paS g 5l a5 sl pllss (g)luL (L))

s (ESI) "35e) soluly peala 5 (ELRY s
Olsie 4 (sl 003l o 40 4S (WR) (s nyaans 5
3ol ool @l Lgeald a5 olael LG
(VA oKas 5 Sip) sl ald wlr S
GBS LIS 4 Sy b o eaS Al d anlie (6l
Gl S Lpaald Gl wlas (B, 5 Joesd ad
o3 A, LIS 4 dalllas )0 slaalls 8, oL5))

NLIVPH POV YOS B PN

@ e oo olida 20 1 calud o ik,
ROV PNV R Y ) R PV UV VRS ) F YO PR PR Y
@l guanie 550l s e slageals
Laallss (guliatdl 5 (56l S ¢ lasme cnna g (L3
(Vo8 Sbadgl 505l Feoe agal) ol G35, LS @
Joass s (ED) (53,500 JSs caalllan ol 5o
cues (EYR) g550) s Slae e (Tr) Vs34
ML e (EIRf 356 oIS wlow

o 9l auaS aad o slaallas byl ) g dadllas jo culdieul o) 90 SLAGRALD J g0 S g Oladdis —) Jgua

©ladiiie Jse oasls
N SRE Y O VR FRPRE- JETIAVEEN R il aase K15 slasales
Ol (oo lie Sl sadilianand slagkse N 2abaanl dains K15 slasalys
Ol st plie 3l sadiaans slagl e FR Sedaans oKl e slasalg
Ol sak plie 5l uilwans slaglisa FN ibanans &) e slasalgs
ad 5 allss Sl (1 50 0 3000 lie S E:lej:';l\l suldial a5 (g 55el US
allss oY pimns (5550l pgane Y 9~ 504!
s a5 3 20k (51 o pen (5353 Bkl 5 2l K 3l calen sl LS 005 530 S obe ED=Ularea 5ol S
23 @3 AR Al (55 oot b o3 s 52 aoon waly S al s sl S8 suse 5300 Ll Tr=U/AE Joass cn
sl J pmans Gusiens
el J gemns Gusiens 53 5353 PW o S a5 i 503 aal s G a5 (10 5L 0550 (5550 late SE= U/PW 8315 554!

Al suliieul usse pliaanl 55 wmye  YOR=(R+N)/

Ll polie ey s asms 30003 BB e spisanand gbio 5l sl (sl 8 S U5 EYRSY/RN

il e 4 padld Gol 1S e, cal gom plie 3 e Jlsial oWWA) g, o3l ELR ELR=(N+FN)

5 yal RYRTREN
(FRAEN) &350 Eordyuand Hus

EIR=(FR+FN)

550 I8 Lls SV
/(R+N) sorrl s 2o s s

e oL
/(R+FR) gs"“:““’“‘“f)). e

) iy auas (gl s 1S

YL ol YL EST L allss cad 5l 3 5 31 50 sad sl 8 s Lt sias oLt edls ool ESISEYR/ELR

buas oluly peals

aols

laga a5 asasos b G S Ll 5o slaaiin
Sl oL it ol Gl JS & Lo ol 5
oo LDL glaciasd slias 5o Laa soa 5 Laga sy
eolaiil slaganls 31 i calllas 550 4ilais

SEmergy Sustainability Index
7Renewable Fraction

$alaisl slagadld Julald g dajal
@Sl glaallss glaa a5 lagass
@olaidl Julas slagis, ) soliiad b Sly 5 e
© .28 S 3 Lol asse Plase oliEad 51 sl

2351 51 e el ol sie 0 Sl S5 4l b

'Emergy Density
2Transformity

3Emergy Yield Ratio

4Emergy Investment Ratio
SEnvironmental Loading Ratio



WAR Jlo 1Y lasd ¥+ sl £l 255 5 (s3oleS il 43

dol cras 4 polio 51 4S i 80y (yxed3 o gs yo casl e
3052 ol YA lKan 5 sl glacs YoV - 5 50)
5 soliienl b Laa 55a 5300 (slsime (Y- o)5S0n
b g (ISO, 1928) VaYA g3l sudi (dum g (hs,
s Guaad (g 5Ras IS s o Gl g

Jle Job 5o a0k 58 5 eolel sa Jlis &
b oS a3kl O a3 sassa O Glay Llae
Olso dlad Sbgus ol Glaluyd Sl Guas gl
o Juad b 5o catie slacdly 3 e soa ol ol
RS P S S KT IS EO R PEY]
Sl e on e aalsd 5o T Gl 03 s sad byl
A Al e Gad suls GISE 488y 0 Gl sas A a )
solealan §Y Gaily (g22(€ 308 5 suliinl b 3lae ol 5o
sles Lo ce bl Y\ cide 44 sad Al SIS fyual gl
i Sl ol &l da0 40

S g i
300 slacalgs jhalu g 550 Jalas

aaal b 5150 slasalgs 5 oanb mlie Gl
sad I Y Jgaa 5o s g Sl @aiS slaallss (ol
Gaob ) Jsan ool 5o sad Sl slagga g, alad ool
Bl gardosa @50l 4 by wlia o o
Gy waad Ll a5 gu s, sLasalgs Bal
2aa3 BB 5 5 ol wasd slasulg Gias g0 o
el asa 5 g0 G500 sl ad auds
Jolas 4 s JoalS Yl 5o S8 o guadis 5o 5 !
30l US wdloe sl sl g3l Ol S
25530 Sy g saes @aaiS a5 slaallss suiiS cylea
Gadinsa Ja3al £/VYXY M G Y/AYx) Y Eoxy
Al glaallss 5o i3 Cpas o Jle 5o S o
5 ol slaallss 5l il s o 4 LusS s
S an 55500 Sly a5 glaalls 5 b ws 0o

JJGJJA|MJWJAJ§5AL}°|JLJ|M|QM

welye il Gallal (o5, (allal welye Jols
S8 9 i 4 3 se a8 sladuia S palla
oaal) ad drslae Shy 5 e 20wl 5 5 50

(Y=Y oLKaa 5 5

NR = GVP —TCP (V)
GVP = CY X CP (Y)
TCP =VCP — FCP (¥)
GVP
BtoC =~ (¢)
Productivity = ﬂ )
TCP

(LS Lo by Li3a) oalla wei,s NR o
(OBSa L Jby Llxe) wls pallal Gyl GVP
CY (LEa 5o Jb, Llxa) wls sladusa TCP
el CP (LS8 [0 o SIS) celys Jsemne o Slae
L oy st B 10 C (LS 5o YL, Isa) Jsans
el (555 854 Productivity o «ua
PS TR PN

5 Loy Dt 4 by oledbsl als
saldinl s Sy 5 s i€ a5 slaallss glaa 555
00 OB g olaaline 5 Slae slagSeslal 3l
slasaly . 55510, \WAA 5 VYAV sladle Job
wrdosn ol daa S pdinans b ple Bl
Yo o pdly Ko elidlga sl 31wl s bl
e el s 4 dalllas 3)e (slaallss (g 5ie sl
326l ss @ (Yo0)) o O pbasd slaa S S5
Al ol (55 o5l alins b 4 T 0 S Halic
oo soliin) uyee olge 5 YT Cuale daglail
e Ol yae Job pulad 5y GYlw Glsa 4 Latin
sdle Vs oY rile yae Jsb iud bas 9 sA sud
OLSan 5 Hs gsaal) Jle 0 Lapladle @l

oubal s Lasolgs (635,500 Jolas ol 80 (paad (Y14

TEmpower density



yvy

laddl g (550l Al Jlow b s paS g 5l a5 sl pllss (g)luL (L))

(R) ipassas asne (ISl slaoules
pllas 4o 58 piynans aiae (slasales lie 5o
Gl e Dl 1 Dhde fp il ol pdiia (550
38 GLa) & ol (635 cieliae Gtlad ) Gl
@50l JS Olsie 4 ST 58 5o soliial o) 50 a5
BIN PNV L § S S ISR TR TRTREN S NeO] L B
@S a9 slaallss (6l s smdpmans Jaas slasales
S amyu VAN 5 6V 8/E0 S8 e 5 Sl

(Y Jsaa) wss 800 slagse!

Olieutey dlais pacu g jlas audS aad g3 (slaallds jo Lyl

Srae (Slasl oo & Side L e sl pls

s Ll gl 0l 350 g T slas S i
o puiS 5 5l a8 slaalls & s

3 ome @i wal 3 (slaallss 5o (55500 slasules

R) mnipans ams oK, slasalys 0 Dly

slasales (N) nilaass Jase oK1, slasule

22t nibasaal glasales 5 (FR) 015 a2 sadpasans

Sad saly paed (FN) o180,

Joasl il s g G801y kg ISl saa g9 - Jgua

(sej unit™) o culpo o 5 pas  asly 500 s
Ao e (K1) glresls
| AV T P T vy T ] Sl s 2 655
y/voxy." Vv T Aeyxy Y] ol otz (551
Y/voxy.* SV Y gAY bl el 551
Y/IAAXY - 7A ST AR YL S PR JLV-PL PRSI bl sl (e Jemdly (555
IZALTARE VAN YYoxy Y Yeexy Y] oy, o
Y/AAXY - VAAY Y N ooy yexy ] alsg) Of 3,05 5 s
Adbagas e (015 ool
V/AYxY -2 §AVAY Y Ava Y ke ) ooy <!
YIMXY - £ YAE-Y eyt e ISR NI PR
q/vxy - ¢ VoexN Y AfesxYY ofVexy J S JTeols wlals
\/Yvxy st ATAACATRNNNE V2SS VF2 SL g S Gl
Aexy - Yvxyet YTt FAYKY Y Oy e ool
AT YIYVEY NNV yvexyh ] Sl S
y/oaxy. Y Y/EYXY .S Y/AYXYN .S Y/AAXYC g YT el
YIAYXY - g/voxy.f glooxyet /Yoyt @ 0395 255
Y/YYxy -t Vioex\+f  yjoexyet o p/yexy.t g JENLIY
v/arxy st Y/eox\et  yfoexyt ¥oexy.t 0 ol 055
v/atxy A feexes eexes N/eexyeT g 9,500 sloogS
y/atxy A A oexyeY A xS X g Sloss
Yexye Y feexes eexes V/Yoxy. T g oS ale
UrFexye Y e exes eexes of+oxy." g oS B
Yexye . feexes eexes Y/oexy-¥ g DS 0y
YAV -C YIVoxVA Y fevxy A e J W 2SI
Y/o.xy.A ofo-x)-Y  Y/sexy Tt vyxyt JUR TR
Aexy -t AR XN 71X PLPRNNNR J/N ST PRR b S g
9>
$/yoxy $/oxy .t Y/A-xy g olatdl o Slee
xSt vEexy st v exysY J oladl s Slos
A7ARE AR/ SulS 5 ol5 5 Sloe
YIAVXY -V J LS g olS o Slas




WAR Jlo 1Y lasd ¥+ sl £l 255 5 (s3oleS il 43

S el YVA

(sej ha’l) Olicuicy dilaiio yiew § jlay aadS aul o3 (slaallds (5 pof Jalad malis —¥ Jgaa

o 3k pos &5l s
J55laeys sejhat) gl U5 slaeys  sejhat) g5l 5 slaeye  sefhat) @il pliaand dame GBSl seols
RN \Z23R <Y TIEVx) T AN YIVY T Sy il g5l
YIAY VY Ex) 0 FIYO (TARE IR A7AR Vefx) 8 ob iz (55,
Y/ 0 ¥ ex)f AZAR Uy exy-* YIAE 4/F 1) T ol ol 55,1
ol VY AxY T ol VY AT ol VA Ex) Y Ohl owlids ey Sl (55,51
YNV Ve¥x) e VYA AT T \/Af 4/ ¥x)F alsog, O
(AN O/F1x) T VYA FXTRY T Q¥ FIVOxY T alog, Of 5,0 g e
Y/ VPV e five VYExy e A VA ror
2dbaas Jasme (K0, sboosly
\/54 Ay F Y/FA VIorxy e ol feexes VSR
AV MEYx) Y IYA AIVYxy T ol e exee JEEVUS SIS S I 0% SNES
ARIINY UV -0 \\at Y/aax) YAIVA OIFEx) 18 S JToole wlals
A FIVEx) 0 \Y/AY FVE) 0 \YIVY FFEx) 0 S iolo
YVIPY Voexy e FYIVY ARTARN Y. UsAc) -1 [>s
OBy e ooy
V170 O/ Fx) .0 a/-f YIAYxY 8 YNy OIYYxy - F Sl (5950
VOIAY I EARR YA/AY /e ¥x) -8 YVIOA UF I -0 T piibe
/oY VY ox) o0 \TAN VY AxY 8 RIS Y/0%x) - 05955 095
ALY VEYx) T - [of VBV T AR YN Ex) T JERK
AR VAN T <Y UYAXY T AR YA T ol 055
! ofeex e ofeex e Y/agxy - 5,500 slassS
IV Y/agx) -8 /a4 YY) 8 e e exes S oss
/ o[ ex ol ol ex -IYY YIAAXY <Y S dale
/ o[ ex ol “feex ny YNAOx) T oS g8
! ofeex e ofeex I-5 VIOAY T S ot
AN FIVEx) T AR OIAYx) Y ol e exee FCWRL]
Ya/-v VYAxY P V/AY Floexyef Y/ A Vioox) - oo Y
YA VVAxY T <A A PR TAns AR bt g
FOIt8 ATART I OY/fY VIEVx) <P on/af AR EIEN poes
Veofos FIVYx) P Vool YY) Veolos Y/fox) - JS ez
[Tt e
VA ExY - AR AYVEx) -1 (@) solazdl s Slee
YY) ? AARTARN FIVYx) - ) solazdl s Slee
\ZLAFA R (@) SIS 5 ol5 o Slos
FIFYx) A () G5 g o5 0 Shee

ol S Giolas Gk o) sad (b g5l e
o8 sadinea Jo3 al VYN LW by dabie
(Vo) OloSea 5 oiole 5 o)y (aedS Yl Lo,
22t 65500 Slisa Kasel Gl BIS 5o 53 de 30 S o
o8 @adinsa Jo5 al YAV dasss waaas B8
shans slasalg g w0 S (OIS Jlw 5o ,8a
o S Glalasd Glhee Gag YU 531 5o il waas

(N) igliassas asas (18315 sLaoales
3085 5 oS ued ) ol mlie s
59 o SE M ulge Sl 5 Grolayd (e ) slac]
Wals JoSis 1 sudsbasaas K1, glasalg Lol eia
slaallss sl susos sl IS 5 g] ages <
YA 5 £Y/YY ¥4/0 33 s s 9 Sy el al 5
(Y+o)) Oblsar 5 (Sailiusls (¥ Jsun) ase semss



YVa laddl g (550l Al Jlow b s paS g 5l a5 sl pllss (g)luL (L))

35S (am,s A7) Sl gum o O oy 5 aum o
V) 5l g (w8 £1) 535038 9 S (aemsa V) T
e a3 allay o WA T, s YL (ws o
5 odla |y agen Cpsidu (o YA/Y) ol 4g s
bl s 558 amsu Vo/a) YT faale o ) G
Y/0) O55555 5 (amss VY) AT 0sS (amo V4/V)
iy 968 O led 0 oS AN | ag (i (aes o
e a0 ds 58 50 i SIS 9 o pans <5 Se slau S
Sl AeS) aiils (g 55e) slasolg Gle 5o (532l Sl
NEVPRR
S50 2 SHise sLagadld Jalad g dajal

Al allls o G @50l slagaals wwlis
LT oS il alaliss 5o 5155 g0 s 5 Sy S
latdl bl e Hu S aal 3 5 (asae @556 o 5l
=S o S olilee (n i (aad 51 (iges
Lagadls ol adl dies g Hlaly (55558 e 4
ERVPNEY] JCVRTIPR NEORRING S B R PR
Lo sad (i Gl Ginas 5 (S35 ST sulal
G liws gl O s Ol @aiS ad B (gl (s nas
e slageals Huulie .l Hluly 5o5lasS Gaa
08 x5 Ol ea w8 glaallss ol (5560

ol sad B0 E Jgan

sl ol pud g 9 Slas
Sy @€ o Slac sadi 5551 0K oledbl 5l
ook 4 55 4 dilaie (pl 5o (ssxe 835 (0) saes
Lol S8 jua SelS Vo g0 FA- - (Sl
lsine 5o ol 58 0559 slasales (55 0) US pads
was @S s 3 b U5 s 5 Lasolgs (503
4 (58] 0) Jemne 58 8335 530l s (56].07) Lo
adgs lae el wl g wwl 58 LTS ) g)kas
potde & YL o5 50l b e s lits
$obatil cals ;) 5 baso o w55 T8 5 by o1,

(VAT agal) el S 5l Sbe)y slas, ga 0

Lasolgs cpl ubs) ages a0 YL S Sl lie lals
5 e ssse slaallss suii€n cuale suias olis
€)Y pmns B S buss g sladia

el s wle 51l St 3hlia Lo

FR) 0l8a1) ;¢ jigliassad g padasssad slacales
(FN s

e 2ot O et e Al 4 a0
©) wuls palaial ssa 4 50 slasales US 1,
allsd 4w (lyn s o No/ET 5 OY/EY 00/AE i S
Ol ol ol rines (a5 Sy U s
et slasaled ) suliienl 5o e s Sy aaiS laallss
WU LS8 a al s glaallss sl € s oK,
S s dia s A0 5 an€ wl S glaalls ) i
Olis @l Gl (Y Jsan) v Oly als slaalls
e a5 Al s Lasslgd Gipems YL el suiag
o3 1Y pans €€ IS5 5t slasoled by pipas e
alsd s 5o S aas e plas wpdie u)ly allss
sad a4 sl b laala dallaes s s
A bkl Sl sad oluoa slagasss LS6
5,8 s

500 b s G, 2 slasalys S5
G 53 4 s g Ol @aiS w98 glaallss 5o ndywass
Ad/0 5uabasaad g5 5 we e VE/A 5 VE/ /0
LSl pe Il g ams AS/N 5 AV
L3 el O s Sl alld 4w 58 0 53Laaas
6132 Ol sk (5,5e) (slaeulgd S 3 0 5 sadyanans
ol aa b gub) aa B a5 by uS Al <
Al Al Lo sud o lusn slasaled o bl
O s o 1 (YY) ages G st T fputile (€
(a8 YV) 53 (a0 V1) 35550 958 ol 3
(wms8 VT) cdsa 5 (28 YY) Sladl g0
Ozt 5 Shy a8 allas 50 wBEIS 1) agees G e

YAR) o1 aile 4 bgse ome 50l age



WAR Jlo 1Y lasd ¥+ sl £l 255 5 (s3oleS il 43

Ol dilais yies 9 jlag @S wul 93 slapllil 55400 1 s slagadld -F Jgua

e S pxS saals
VAExy UVAxXY - ANVEXY UEVE (sej. g7)
VYYD £/1axy UVYxY A UEVE = UE (sej. JY)

Y/ xy Y UEVs (sej. g%
Y/AVXY Y UEVs (sej. JY)

VY/FY VA /oY /A R (%)

V/or V/AY VY4 EYR

/4. V/V0 VALY EIR

YY/PY Y1/ar YA /Y ELR

(/ed ./eA /oA ESI

EIN oS5 O Kos oolie 4o ws 0 VY0 5 VYV
C.sLm J‘ &S50 L;LAQJLQ_" JS J‘ s y0 VYo 5 VA
© a5 5y a8 Al ool e s 4 pliaass
ool sl I slansS ol sualie e Jals
99 O s 5dbaass 550l slasulg 4 s A8
ool s SOILLL plwaad 556 slassle
sl Blg ee GlhosldS b Soluly lasess
S0k ORldl adas ssae 1) pless Ous

S 3 ‘1[;31 ol b,

(EYR) 5000 ayslas cases
L 500l 9 Slae JS o Sl 4 paall oyl
sk s asd pe el 5L Sl ead (ol A (554
S (2B Ol Gl 5l solne lsie 4 (slouius
2aaS BB a5 pihimaas ol Cda gl il
solitl golalil b g5, 61 Cloy L las
AL o GYLEYR (gl (Y00 a ) 05 e
p99) S oo soliiaal w58 Hu (63500 I, e 3
BB lade Jolaa (Yoof Sbadsl 5 ool (¥
Db ages saias ol oS sl o SEYR las
gle & JolS IS 5wl i 5o Jae mbe
ww ¢l EYR aala ojls S0 ) sad solusa
daealas V/OY 5 VAV AV i s Sl ani€ ol 5 allas

5ok oS alls a5l bass o sus Jolas

al VIAYXN T 5 /80 T VYN LS 3 G e
et caal Jgemn 53530 Js3 03 sandosn g3
G55 e s 5k e Al w gl 8305 504
Gadnea Jo3 al WVEXY Y 5 UVAXY Y A/ VEXY Y
L saes aal 58 allss 5 s (0TS g Jmns a S 50
Sy s S wds Al 4 s Soml bas el
RHSXEXV{JOWERTIYIREJUNVENSVNI ST PR &
2SS 5 (5l el s 0 palie 4 s dallles
09 gasdinsa Jo5 al VAV ) NG WG Sl o
Jal wile (Sla e w55 slapllis 51 53 Gy 5 (U5
53 5 Saen Ll (558 4a S salS i K (gl
/AN B AJAEXY Y 1) I pal T, ol8 Lo G
Obea » Aelinl) Js5 oo asdoss o5 al

J&_}]Oﬁl:‘s (\'"\' ‘zl.:a.‘:s\g—c_s._\l):s AR

(YOR) 55500 6 iidgasaas puss
Rl wand ooy pbe gl 51 HuS Gl
Ssdipe elae waas BB e glagias 4 g5
S ok (Yot Sladsl 5 Gl Y

ol 5100 i b pladl i L sud 8 slaallss

pss)

sy 5o Sk Ylaal ndy wasS (55
wua3 Bl e ol 51 S olag] 4 cus ol
9 0uls) ilipe S3se WS e suliinl (550
5 ol @aS a5 Al s (Siewly (Voo Shadsl

EIN G55 0 miaand glagl el slasale 0 saw



YA\ laddl g (550l Al Jlow b s paS g 5l a5 sl pllss (g)luL (L))

_)34@.;: Liols o YR _)\:g ‘{.\.A.S A:\JJS L;L&(.\Ua.' 6‘.):‘
9 Y/V @_}4 A/Y “.\A.S 6‘.):' ua;l...‘b u:" s uI-_,‘_S

(ELR) (hoano ey Hls caneady

350l polis alad 3l (350l s ELR (adla
OLs 15 5oy wsans aslie alad 5 (6550l 4 sudylasaas
lacllad Juls 4 asae 5L 51 aa Ll (pl aas oo
oLad Sl sobias plgie 4 Bl oo g sl (suliaiBl w5
o9 GBIk bune 0 w8 S 5l il Alusl 5 il
ooa b Gl YL saalie (Yer v agal) s 3 S
slae slapiamna 1 o Sidiy (Jasae HLid sias olis
asdl) el wuad BB e mbie 31 suliial ol o
sLasslgs Ol ol A, © ELR 4 gede (VA1
Ol s oo GLES 15 ady waanS 5 waaas LB e
JoeSS 1 S8 5uads o s sad ) ol ) Wl 55 oo
(Yoot Sladol 5 osloe ¥ e e agal) uS

oF 5 0N hhla LSS s al g slaalls
5 paS g allss b anlie 5o oot ELR ws s
slasalgs Sidis Lsums daais Hu al s ol B s Sl
3 @ Sl (5958 o et 4 nibasaad 554!
L awlie 5o Laallss ool Lo S T slge ol
ELR (ails ulis s Sy 5 i€ a5 slaalls
23 OS5 L ey s wls slaalls ol
sl GEIRY/Y 56/ AT A G s ol S
el s 4 uolie 3 JieS Sl aS (Y- -4 o), K
YL ol ue sl dallhas ju eala ol
solie Giyme Blo & dallbs o) o ELR eals
slasales BN51 5 38 wod abh uda 5 JTa S uby
plbe o obad glasalg wile pilbaass 5,4
ol LLs Jlael e €€ ol ame o0
2ibaaals glasaly Lsas sl cun) s
OLiolie € Wil o J53 BB (S) s 5o LS 555!
Al o sadiasaal ple 4 a3

JSBJTJ‘&JQ}Q@J&JQ&ZJJQ&&M
A3l st Lol il o o 5n S SK il i
Al s ol Galy (Sl s Sl W s g0 (sl dins
ol slasulg S Gyms Jido 0 anK 5 by
380 oo LS p s o Cpl aials 550 EYR lase
sl usis o olie Bl allsy S (g5l g Loy
:EQ‘J o9 ..\A'.ll..s ‘AUa.A GMTJLS Jisl._.}.s ._\.:‘\93 L;A; BN
GLA‘;M.&“ (s L;Lh‘slmf.u L; Mfllo BE
Sl e sl s QLIS e ooslas
355 505 oot b Ysans Lol wipls o 8015 ol

uSalls 5 oS

(EIR) 350 5 )38 dale s oy

Goob 5 QI sad (IS Glosuu (53500 40 (L,
Q) s baae b panls mlie S ol g
Sl g da s saias Glas Gedld ol s o )le
JLAZB\MJ:CJ@JJQJA:‘JJQP.AM(_;J)JLLS‘:UQJ
K) EIR ua&‘.aln KE) u.\“‘).uh.\ .(Y*‘“ ‘AJJ‘) JJ‘J
s Olaee € wab e wlie slag=alaEYR
ole Abiae slagis, © L oKl pble 5 ol
[ Y- X uLlu EIR ‘)S.AS J‘J:\.A EREX) u:“ L} ._\.usu_o
B phe s hse plie 4 sl wad (Sl
OLKaa 5 o (Yoot agyl) ool solaisl sladi e
(Y- ¥

olas o€ el cius 4 V/A+ 5 VN ATV LSS
ATV 55 4 alls 50 sl OS5 5at polie aas e
Wleads (3 yms Q\g:abxi‘.(sub..s‘.@ij:\\/c\' EATAL
G Siwly siaw e Sl wel s o olis
paiS g Sl wl g allss o (L0 I, sue slasuly
e O e wds lapllss Sii ol g
aalllas ool 5o snel crws © EIR puulae el &0,



WAR Jlo 1Y lasd ¥+ sl £l 255 5 (s3oleS il 43

S el VAY

OoKes § SI5) WS oo Jlael ol Jaas L3
95k @S sl e SO ESE padls jlaae (VoY
s om0 550l (1ol allss ales oS uls L s
il sekbaasd mbie @l Y Gaws glals
553 Sl dadlae oyl 5o sae] cis 0 ESI aolss
&l (Y+02) OLKaa 5 of b sads (i, R psulie
ESI paala s 1S 5 (aels S0 il slapllss
el am oluly ) olae Glaie & WisS e
5 SlSee peald opl sd sl g),slaS
Lo € A € el slaplann Sl lubis
slae sadyasand mlie 4wl 55 (glos 5 sl LS )

S S W il

$olaisl Jalas
Yl pile sladiyia an€ wl g slaalls o
G0 e Sl a8 glaalls o 5 od ses 5 L
e 2l 55 slaallss 5o 5 s KN 5 (o S Sl
Son Ll uda G il (elau S g (Sl o Oh
GLadu’a fgans 0 Joua 4 a5 b siuls palaial
a2 Jbs Osalae VY/0V auiS U S (gl sud alal
WY Loplys sael cows 0 wls (Al (35,
L ool ealls ael o 4o 5o S ud L) Gl
5 a8 49 s el s 4 by Osalie 00/VA
L olos w5 4 50 adi S a6l sus oo
o9 el s 4 b LI pSslS VY 5 g/ee
Velot Jalao w55 sladissa JS Hly a5 slapiow
OUSa A (gl a5 GallAl (3550 5 ass Jby Gsale
dol 0 dau Lo el s © JUy Gsebie VEE/V0 Ly
Oy wle Jbs sale WY/ L sl palls
1o a8 4 9 e o Sy BSA 5 sl il s
o9 b dslae /N0 Julae 55 (o5 008 5 YIVY L
s sad aladl (ladiu i g sene s w55 slapllss
Al 55 Gallab (3500 s Jby Gualee VI/EY HUSA S
S ad Jbs paele £0Y/00 Ll saal cias 4

S ol Olsie 4 Sl pe 5 ol b e sadasans
o8 A;\Jj:‘):l“)d ‘AUAJ “.\J.'_)AQ.A.A.Z: JLA.C‘U.LfM_)Lﬁns
oldd i (VA sl 5 (Slalsl) ssd s S sk
Wl 55 e 4l 0 gl a Jlae) () dilaie o o Lo g
o Lyl O pbe € 65 g S slagulds
SSELR Luolie ( K el 00 g Jlael wl o cocan
83 5w G pa0lie (2SS aase HLES suias LS g0 )
JLL&ELR xd&j@ﬂs&Nmemaouﬁ
9 UJ‘)") dA8 0 QLJ.-.» ‘) Jlﬂ; u.la*m )L.ié X} J‘
s & e e oy L (Yot bl
oslide 5o dbaass glasolyd ub) olle s
S 355 15 Ghotl S5 S LAl SaS Sl

(Y' -1 ublSA.A 39 C.\-“Jls)

(ESI) asae ¢ ylusly pad L
O wslpe s 4 ELR 4 EYR oals annss
c@b‘JJJW&ibMTQ&uAMGE\‘yU&Lﬁ
L (VY Sladyl 5 sls) S oS e3ll
sladi 3 4 s allal s e (adld ol s ol
6 s g9 58 ESI padla pl by st o 15 o
JSY‘.JJ‘._\:QA .JJ_SL;AJB‘)J ‘)QAJA&JLPJJL&A:;‘
doge alld i oluly saias olis Leals ol
223le (VARA) 05l 5 (Slaad sl Gubead s 0 o uis
Y O sealie las Jilaa b ol slaallas Ve 51 G
OL‘:ZI;\ :)‘J:\.ASJ:M.\E.A 4S:\JL}JJ “T’J'.; J:\"'“;BT:‘ \- 9
GO B Gl s a0l ub) aaas IS0 5 sa S
.JJ‘..\ 63)3‘ Jl:b:) JJ.A.A.A

ol alls g0 58 ESI jsolie aallas ol o
O was e OLES 4S s /N D) SRS 5 s 4 4
9 et Hlassas pollke oluly plae 51 Laalls



YAY laddl g (550l Al Jlow b s paS g 5l a5 sl pllss (g)luL (L))

G palla wel o bl el 4o s b ael s 4 b,
5 o€ w5l /8 s HUSA 58 (gl sael s

393 Sl al s 5l V/A

0 Lo Gsales YWY b sl pealls ol 50 4o
28 Sl 6o o 5 DA © s Saud sl s

58 53 p SELS /o S EE L salos S5 4 55 s

Oleates i 9 Jly puiS aad 53 slapllils gulaldl Julad g auja3 -0 Jgaa

e Sl puS Sl
YN §1o- YA« (LESA Hu p S LS) subail s Slae
- - - (LS o ‘,;\,.L»S) Ss550sm o Slae
Vo (pSSLS I3 by L158) olatl J pmne (B il

won Ae (p S35 131 s s S158) il Jpmma gsh o

¢-Y/oo Vee/No AA/Yo
VV/EY Y-/ot \Y/eV
YYV/AY MY/ 00/VA
¢Me Y/VY e/ee
</ /\e AL

(B2 Lo Jby salee) wid s pallals (5501
(O5Sa 5 b salae) a5 sladiysa US
(LS 5o b selie) palla wel Hu
(OB 5u by Osalee) 38 4 8 pes aned

(JLs L1325 p SbS) sobail o Slae (559 8542

LYo B S0 S8 L4 e goluly padla
S ssel s 4 b oS sla) goliaZdl — lasas
pragds |y (2003 0 s, ol glacas

2ol oL golamil sladlal 5 e3as ol
Al 53 08000 5 s 4 wel o e o S SN uliad
a5 allss 51 g Palie LA s ald 5 Al alla
ola Glas 350l dala3 (Jla (ol b ol 2K L 5Ly
Lis gl Sl ams dlase 5o g adiS Wl slaallss
Grlie WX sue Yok slas,su 5o solub
6l oAl B S s sy o0 S 4 s
B8 LS o goball bulad 4 s (5500 JalaS
09 S s 2ol He daae G slasalg ag
Gl e GBS LI 5 K, golaTsl slafulas
lie s 5 Sl aaiS a8 Al s 58 Sos oobe
Sl sd S 1T suls (1S U 1 s pisbasass
sl Lol cials (2alS OT gy oo Seme g ol T
gl Sl CuuaS dals 0 sae wil s Al gulal
9

oSS olag) «s500) 5 gulalll sla b))
ASE 550l Jalad oS gl Gl b il oo pa su0S

$alail § (5550 Jalad alis 3408
6l S sao8 (e aee (IS sk
o 5 Js oS (h,oslas glaalls o lacullad
3laiBl sladalas (ol ol ol w95 Wil )3 50 38 50
5 oosliS slaalls as sse (lhae daalae sl
salanl 6\@_\}...;5 )Jjo “ UT u.L.a‘ (5‘);‘ salil
03 huse OIS, slasalg agen (Jls cpl b s g o
138wl 5 (51 auliens 5ad 5 paliene ok 0 oS 0 uk
a8 S sk o gubaidl glafalas I 5o ol Sha
3ol S cul€ (EalS 5 CopAT el 5o 0 gl gl
89S gy 4elol (5058 6l (Sla (S55lom ol
sl go,8laS Slad 55 sl ot lacussaas
Lol Sla gl GAadgs & sdoel dalas s o
GRS LIS oy oSy Jalad i, S 5 saldial
sl OS5 5dlaand 5 slywasd slasales pge
6500 sladalas ¥ gare ()l (0SS oo 5y (Lol Lo
slagaals sl Jlos © oline sl gulaisl

9 sl o)LL cud (g35e) OIS Gl s



WAR Jlo 1Y lasd ¥+ sl £l 255 5 (s3oleS il 43

salal8l 5 (3530 (300l sos s el s lad
aols

9 6500 JalaS s g0 4S s LS dalllas ol
olboa Ol pa JoSe 4a S calite olids (gulasl
WioSioe B Lo 1) alls 4 gugns slasule
5 e gen 5 S e suliind Lihie Lus gla, gSG
Sl 30 Jalas wias o maly 1 aline sla SIS
3 950 o el Sl 5 S slacsaols
al sl gaaly L1, uladl o canb slasoly agu
Soxe OBl B S e Claa | sundinsa U5
52 35583 s eda3 ol sl guliall 5 asas g5l
soliicu) e 4 daw gl HulE (550 slatsl
@obaidl Julas oS cnlaa | olaS 550 51 Saals
$ulaT8l a g5a 05 9 sobaisl sladu e (2alS s
Gos sok S 08 plE Saa 5 ol Koaie
595 S5 sl acal (895,55 s 5 5) (salua
e g1s 5 ol Wl 55 o Lol 5o (s 3 S5 00 GBS
s Lalune an @l cupae S5 slagsS
Lol 5 sy e gl Dluly S (g5
(IS B S Olsie 4 aas LA 4o sane S (lsie
09 sislhe Jasas o Slae oS oy Glas ladadas oyl
shuas slasalgs Sl saliial 5 i sla 5S4l
el o) 308 JShias gulaill o Slae U o giimn g

5 3ls Lo e mlie (RS Gad i, e st
el o3 S upls wl gl slaallss Jass ooy ol )
6\.&&.‘;3 o8 ‘le.“A BE Jyjagal &;)EJJ _)‘_}L.'

o |
S daas
S pllsd 4 xSl g5 aSuls ol (53 5e) (L))
Shy v o s 4 cad ol 4 (lies Gl
o1 L e Ll gulaiil Julad Jla ol b sl
Rl o2 5l ass SosTa s saw wal g alls T Lo
slacusa 5 Y6 ESE glols 5y 5 aui€ a8 allss
il s e wlg glaals o caws (g AS
sle Oges Laoslg Wl Jaas oo sladuia
asd Bl clulbae o ST ol 5 S Cujas
s slapiann cib wald (BalS s gosls g
S @50l bl al s co 1ol o (ad s5oslas
Geob O sad Galal Colad ) Gus e Baob
e 5y SBhaas 4 aiae cin ) (s5,5LES slas s
(bt LS 5 sosese e () e esdle
€O eioslES 5o Ol GByae 5 SIA ol Lrals

©00laS las sk (o5l dugs (slye b s

ouldiyl 990 c..tllm

Amiri Z, Asgharipour MR, Campbell DE and Aghapoor Sabaghi M. 2020. Comparison of the sustainability
of mechanized and traditional rapeseed production systems using an emergy-based production function:
A case study in Lorestan Province, Iran. Journal of Cleaner Production, 258, 120891

Amiri Z, Asgharipour MR, Campbell DE and Armin M.,2019. A sustainability analysis of two rapeseed
farming ecosystems in Khorramabad, Iran, based on emergy and economic analyses. Journal of Cleaner

Production, 226: 1051-1066.

Asgharipour MR, Amiri Z, Asgharipour MR and Campbell DE. 2020. Evaluation of the sustainability of four
greenhouse vegetable production ecosystems based on an analysis of emergy and social characteristics.

Ecological Modelling, 424: 109021.

Asgharipour MR, Mondani F and Riahinia Sh. 2012. Energy use efficiency and economic analysis of sugar
beet production system in Iran: A case study in Khorasan Razavi province. Energy, 44: 1078-1084.


https://www.sciencedirect.com/science/journal/09596526

YAD laddl g (550l Al Jlow b s paS g 5l a5 sl pllss (g)luL (L))

Asgharipour MR, Salehi F and Ahmadpour M. 2016. Energy Consumption Pattern and Sensitivity Analysis of
Irrigated Wheat Production Farms in Kermanshah. Environmental Sciences, 14(1): 9-18. (in Persian).

Asgharipour MR, Shahgholi H, Campbell DE, Khamari | and Ghadiri A. 2019. Comparison of the
sustainability of bean production systems based on emergy and economic analyses. Environmental
Monitoring and Assessment, 191(1): 2.

Bastianoni S, Marchettini N, Panzieri M and Tiezzi E. 2001. Sustainability assessment of a farm in the Chianti
area (Italy). Journal of Cleaner Production, 9: 365-373.

Brandt-Williams SL. 2002. Handbook of Emergy Evaluation: Folio #4—Emergy of Florida Agriculture.
Center for Environmental Policy, University of Florida, Gainesville, FL, USA.

Brown MT and Ulgiati S. 2004a. Energy quality, emergy, and transformity: H.T. Odum’s contributions to
guantifying and understanding systems. Ecological Modelling, 178: 201-213.

Brown MT and Ulgiati S. 2004b. Emergy analysis and environmental accounting. Encyclopedia Energy 2,
329-354.

Brown MT, Brandt-Williams S, Tilley D and Ulgiati S. 2000. Emergy synthesis: an introduction. In: Brown
M.T. (Ed.), Emergy Synthesis: Theory and Applications of the Emergy Methodology, Proceedings from
the First Biennial Emergy Analysis Research Conference. Centre for Environmental Policy, Gainesville,
FL, pp. 1-14.

Cavalett O, Queiroz JF and Ortega E. 2006. Emergy assessment of integrated production systems of grains,
pig and fish in small farms in the South Brazil. Ecological Modelling, 193, 205-224.

Chen F. 2011. Agricultural Ecology, second ed. China Agricultural University Press, Beijing.

Cheng H, Chen C, Wu S, Mirza ZA and Liu Z. 2017. Emergy evaluation of cropping, poultry rearing, and fish
raising systems in the drawdown zone of Three Gorges Reservoir of China. Journal of Cleaner Production,
144: 559-571.

Cohen MJ, Brown MT and Shepherd KD. 2006. Estimating the environmental costs of soil erosion at multiple
scales in Kenya using emergy synthesis. Agriculture, Ecosystem and Environment, 114: 249-269.

Cuadra M and Rydberg T. 2006. Emergy evaluation on the production, processing and export of coffee in
Nicaragua. Ecological Modelling, 196: 421-433.

de Barros JM, Blazy GS, Rodrigues R and Tournebize JP. 2009. Emergy evaluation and economic performance
of banana cropping systems in Guadeloupe (French West Indies). Agriculture, Ecosystems and
Environment, 129: 437-449.

Foley JA, Ramankutty N, Brauman KA, Cassidy ES, Gerber JS, Johnston M, Mueller ND, O’Connell C, Ray
DK, West PC, Balzer C, Bennett EM, Carpenter SR, Hill J, Monfreda C, Polasky S, Rockstrom J, Sheehan
J, Siebert S, Tilman D and Zaks DPM. 2011. Solutions for a cultivated planet. Nature, 478: 337-342.

Hole DG, Perkins AJ, Wilson JD, Alexander IH, Grice PV and Evans AD. 2005. Does organic farming benefit
biodiversity? Biological Conservation, 122: 113-130.

ISO, 1928, 1995. Solid mineral fuels. Determination of gross calorific value by the bomb calorimetric method,
and calculation of net calorific value. International Organization for Standardization.

Jafari M, Asgharipour MR, Ramroudi M, Galavi M and Hadarbadi G. 2018. Sustainability assessment of date
and pistachio agricultural systems using energy, emergy and economic approaches. Journal of Cleaner
Production, 193: 642-651.

Lan SF, Qin P and Lu HF. 2002. Emergy Assessment of Ecological Systems. Chemical Industry Press, Beijing,
China, 75, 76, 406, 412.

Lavasani A, Ghanbari A and Asgharipour MR. 2015. Quantifying of Ecological Sustainability of Greenhouse
Production Systems in Sistan. Agricultural Sciences and Sustainable Production, 25(3): 31-41. (in
Persian).



WAR Jlo 1Y lasd ¥+ sl £l 255 5 (s3oleS il 43 5258 sl YA

Lu H, Bai Y, Ren H, Campbell DE. 2010. Integrated emergy, energy and economic evaluation of rice and
vegetable production systems in alluvial paddy fields: implications for agricultural policy in China.
Journal of Environmental Management, 91: 2727-2735.

Lu HF, Kang WL, Campbell DE, Ren H, Tan YW, Feng RX, Luo JT and Chen FP. 2009. Emergy and economic
evaluations of four fruit production systems on reclaimed wetlands surrounding the Pearl River Estuary,
China. Ecological Engineering, 35: 1743-1757.

Martin JF, Diemont SAW, Powell E, Stanton M and Levy-Tacher S. 2006. Emergy evaluation of the
performance and sustainability of three agricultural systems with different scales and management.
Agriculture, Ecosystem and Environment, 115: 128-140.

Moore SR. 2010. Energy efficiency in small-scale biointensive organic onion production in Pennsylvania,
USA. Renewable Agriculture and Food Systems, 25(3): 181-188.

Negaresh H and Khosravi M. 2000. Agricultural Climate Survey of Sistan and Baluchestan Province. Vice
chancellor for research, Sistan and Baluchestan University. Zahedan. (in Persian).

Odum HT and Peterson N. 1996. Simulation and evaluation with energy systems blocks. Ecological Modelling,
93: 155-173.

Odum HT. 1996. Environmental accounting: emergy and environmental decision making. New York, NY,
USA: Wiley.

Odum HT. 2000. Handbook of Emergy Evaluation. A Compendium of Data for Emergy Computation. Folio
#2 Emergy global processes. Center of Environmental Policy, University of Florida, Gainesville.

Publisher: Statistical Centre of Iran, p. 355 (in Persian).

Samavatean N, Rafiee S, Mobli H and Mohammadi A. 2011. An analysis of energy use and relation between
energy inputs and yield, costs and income of garlic production in Iran. Renewable Energy, 36: 1808-1813.

Sha Z, Guan F, Wang J, Zhang Y and Liu H. 2015. Evaluation of raising geese in cornfields based on emergy
analysis: A case study in southeastern Tibet, China. Ecological Engineering, 84: 485-491.

Siatan and Baluchistan Province Statistical Yearbook 1394 (Iranian Year) [2015-2016], 2016.

Tilman D, Balzer C, Hill J and Befort BL. 2011. Global food demand and the sustainable intensification of
agriculture. Proceedings of the National Academy of Sciences of the United States of America, 108:
20260-20264.

Ulgiati S and Brown MT. 1998. Monitoring patterns of sustainability in natural and man-made ecosystems.
Ecological Modelling, 108: 23-36.

Ulgiati S and Brown MT. 2002. Quantifying the environmental support for dilution and abatement of process
emissions. The case of electricity production. Journal of Cleaner Production, 10: 335-348.

Wu XH, Wu FQ, Tong XG and Jiang B. 2013. Emergy-based sustainability assessment of an integrated
production system of cattle, biogas, and greenhouse vegetables: Insight into the comprehensive utilization
of wastes on a large-scale farm in Northwest China. Ecological Engineering, 61,: 335-344.

Zarrinkafsh M. 1994. Applied Soil Evaluation and Quantitative Analysis of Soil-Water-Plant. Tehran
University Press. 342 pages (In Persian).

Zia-Tavana MH. 1992. Characteristics of the natural environment of Sistan basin. Geographical Articles Letter
from Dr. Mohammad Hassan Ganji. Tehran. Geological Publishing. (In Persian).

Appendix:

Garlic systems

1- Solar energy (J): (area, 1 ha) x (10,000 m? ha*) x (during growth season, 4.58E+09 J m?) x (1-albedo, 0.8) = 3.66E+13
Jhat

2- Wind, kinetic energy (J): (area, 1 ha) x (10,000 m? ha') x (air density, 1.3 kg m™) x (drag coefficient, 0.002) x (wind
velocity, 11.22 m s1)3 x (growth season, 2.91E+7 s) = 1.07E+12 J ha*
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3- Rain, chemical potential energy (J ha): (area, 1 ha) x (10,000 m? ha't) x (evapotranspiration, 0.910 m yr?) (density,
1,000 kg m™®) (Gibbs free energy, 4,740 J kg') = 4.31E+10 J ha*

4- Rain, geopotential energy (J): (area, 1 ha) x (10,000 m? hat) x (rainfall, 0.032 m) x (runoff rate, 0.028) x(average
elevation, 480 m) x (density, 1000 kgm®) x (gravity, 9.8 m s) = 4.21E+07 Jha

7- River water energy (J): (area, 1 ha) x (10,000 m? hal) x (average quantity, 0.580 m) x (conversion, 1000 kg m-3) x
(Gibbs free energy, 4900 J kg!) = 2.84E+10 J ha!

6- River water evapotranspiration energy (J): (area, 1 ha) x (10,000 m? ha) x (transpiration, 0.397 m yr) x (density,
1,000 kg m™3) x (Gibbs free energy, 4,740 J kg™*) = 1.88E+10 J ha™*

7- Groundwater energy (J): (area, 1 ha) x (10,000 m? ha) x (average quantity, 0.085 m) x (conversion, 1000 kg m-)
x (Gibbs free energy, 4900 J kg) = 4.17E+09 J ha't

8- Groundwater evapotranspiration energy (J): (area, 1 ha) x (10,000 m? ha') x (transpiration, 0.062 m yr*) x (density,
1,000 kg m™3) x (Gibbs free energy, 4,740 J kg*) = 2.94E+09 J ha™*

9- SOM change: -0.11%

SOM reduction weight = (area, 1 ha) x (10,000 m? ha') x (0.3 m, soil layer) x (1400 kg.m3, Soil bulk density) x (0.11%)
= 4620 kg

SOM reduction energy: (4620 kg hat, SOM reduction weight) x (5400 kcal kg) x (4186 J kcal™) = 1.04E+11 J ha'!

10- Soil erosion (gr hat):

Average soil loss from water erosion calculated by USLE model (Vaezi et al., 2008; Ostovari et al., 2016) to be 3.42
E+06 gr ha'

11- Agricultural Machinery steel (gr ha*): 3.42E+06 gr (tractor) + 7.0E+05 gr (mouldboard plow) + 6.0E+05 gr (disc
plow) + 8.0E+05 gr (leveler) = 5.53E+06 gr ha™*

Assume an economic life of 25 years, yearly work hours 540 h and hours ha* of 5 h.

Agricultural Machinery (g) = X (steel/economic life/yearly work hours) x hours ha = 2.43E+05 gr ha!

12- Fuel for machinery (J): (area, 1 ha) x (average quantity, 44.4 kg ha) x (conversion, 4.67E+07 J kg*) = 2.07E+09

J

13- Garlic cloves (IR Rials ha''): (garlic cloves quantity: 500 kg ha) x (garlic cloves price, 1.10E+05) = 5.50E+07 IR
Rials hat

14- Human labor (J ha): (human labour working hour, 1160 h ha') x (energy equivalent, 1.96E+06 J h') = 2.27E+09
sej hat

15- Electricity (J ha*): (average quantity, 75 kwWh ha) x (conversion, 3.6E+06 J kWh) = 2.70E+08 J ha!

Onion systems

1- Solar energy (J): (area, 1 ha) x (10,000 m? ha*) x (during growth season, 4.52E+09 J m?) x (1-albedo, 0.8) = 3.62E+13
Jhat

2- Wind, kinetic energy (J): (area, 1 ha) x (10,000 m? ha*) x (air density, 1.3 kg m3) x (drag coefficient, 0.002) x (wind
velocity, 11.21 m s1)3 x (growth season, 2.89E+7 s) = 1.06E+12 J ha*

3- Rain, chemical potential energy (J ha): (area, 1 ha) x (10,000 m? ha't) x (evapotranspiration, 0.910 m yr?) (density,
1,000 kg m™3) (Gibbs free energy, 4,740 J kg) = 4.31E+10 J ha*

4- Rain, geopotential energy (J)= (area, 1 ha) x (10,000 m? ha*) x (rainfall, 0.032 m) x (runoff rate, 0.028) x(average
elevation, 480 m) x (density, 1000 kgm?) x (gravity, 9.8 m s?) = 4.21E+07 J ha™*

5- River water energy (J): (area, 1 ha) x (10,000 m? hal) x (average quantity, 0.460 m) x (conversion, 1000 kg m-%) x
(Gibbs free energy, 4900 J kg!) = 2.25E+10 J ha!

6- River evapotranspiration energy (J): (area, 1 ha) x (10,000 m? ha't) x (transpiration, 0.317 m yr*) x (density, 1,000
kg m3) x (Gibbs free energy, 4,740 J kg*) = 1.50E+10 J ha*

7- Groundwater energy (J): (area, 1 ha) x (10,000 m? ha') x (average quantity, 0.080 m) x (conversion, 1000 kg m®)
x (Gibbs free energy, 4900 J kg) = 3.92E+09 J ha'!

8- Groundwater evapotranspiration energy (J): (area, 1 ha) x (10,000 m? ha') x (transpiration, 0.064 m yr-) x (density,
1,000 kg m™3) x (Gibbs free energy, 4,740 J kg*) = 3.03E+09 J ha™*

8- SOM change: -0.09%

SOM reduction weight = (area, 1 ha) x (10,000 m? ha) x (0.3 m, soil layer) x (1400 kg.m3, Soil bulk density) x (0.09%)
= 3,780 kg

SOM reduction energy: (3780 kg hat, SOM reduction weight) x (5400 kcal kg™) x (4186 J kcal™?) = 8.54E+10 J ha™*

9- Soil erosion (J):

Average soil loss from water erosion calculated by USLE model (Vaezi et al., 2008; Ostovari et al., 2016) to be 3.42
E+06 gr ha'

10- Agricultural Machinery steel (gr ha): 3.42E+06 gr (tractor) + 7.0E+05 gr (mouldboard plow) + 6.0E+05 gr (disc
plow) + 8.0E+05 gr (leveler) + 1.1E+06 (drill planter) = 6.63E+06 gr ha™*

Assume an economic life of 25 years, yearly work hours 540 h and hours ha* of 5 h.

Agricultural Machinery (gr) = X (steel/economic life/yearly work hours) x hours hal = 2.92E+05 gr ha*
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11- Fuel for machinery (J): (area, 1 ha) x (average quantity, 62.6 kg ha) x (conversion, 4.67E+07 J kg*) = 2.92E+09
Jhal

12- Onion seeds (gr hal): (Seed quantity: 2.0 kg ha') x (seed price, 1.20E+06) = 2.40E+06 IR Rials ha*

13- Human labor (J ha): (human labour working hour, 650 h 1000 m2) x (energy equivalent, 1.96E+06 J hl) =
1.27E+09 J hat

14- Electricity (J ha): (area, 13.5 ha) x (average quantity, 70 kWh ha™*) x (conversion, 3.6E+06 J kwh?) = 2.52E+08
Jhat

Wheat system

1- Solar energy (J): (area, 1 ha) x (10,000 m? ha*) x (during growth season, 3.46E+09 J m?) x (1-albedo, 0.8) = 2.77E+13
Jhal

2- Wind, kinetic energy (J): (area, 1 ha) x (10,000 m? ha'?) x (air density, 1.3 kg m®) x (drag coefficient, 0.002) x (12.83
m s1)3 x (growth season, 1.55E+7s) = 8.51E+11 J ha!

3- Rain, chemical potential energy (J ha): (area, 1 ha) x (10,000 m? ha't) x (evapotranspiration, 0.882 m yr?) (density,
1,000 kg m™3) (Gibbs free energy, 4,740 J kg') = 4.18E+10 J ha*

4- Rain, geopotential energy (J)= (area, 1 ha) x (10,000 m? ha*) x (rainfall, 0.03 m) x (runoff rate, 0.028) x (average
elevation, 480 m) x (density, 1000 kgm?) x (gravity, 9.8 m s?) = 3.95E+07 J ha™*

6- River water energy (J): (area, 1 ha) x (10,000 m? ha*) x (average quantity, 0.51 m) x (conversion, 1000 kg m-) x
(Gibbs free energy, 4900 J kg) = 2.50E+10 J ha!

5- River water evapotranspiration energy (J): (area, 1 ha) x (10,000 m? ha) x (transpiration, 0.349 m yr) x (density,
1,000 kg m™3) x (Gibbs free energy, 4,740 J kg™*) = 1.65E+10 J ha™*

7- SOM change: -0.06%

SOM reduction weight = (area, 1 ha) x (10,000 m? ha') x (0.3 m, soil layer) x (1400 kg.m3, Soil bulk density) x (0.06%)
= 2,520 kg ha!

SOM reduction energy: (2520 kg hat, SOM reduction weight) x (5400 kcal kg™) x (4186 J kcal™*) = 5.70E+10 J ha™*

8- Soil erosion (J):

Average soil loss from water erosion calculated by USLE model (Vaezi et al., 2008; Ostovari et al., 2016) to be 3.42
E+06 gr ha'

9- Agricultural Machinery steel (gr ha): 3.42E+06 gr (tractor) + 7.0E+05 gr (mouldboard plow) + 6.0E+05 gr (disc
plow) + 8.0E+05 gr (leveler) + 1.1E+06 (drill planter) + 5.0E+05 gr (harrow) + 4.2E+06 gr (combine harvester) =
1.13E+07 gr ha'*

Assume an economic life of 25 years, yearly work hours 540 h and hours ha* of 5 h.

Agricultural Machinery (g) = (area, 1 ha) x T (steel/economic life/yearly work hours) x hours ha™* = 2.98E+05 gr ha*

10- Human labor (J ha): (human labour working hour, 120 h 1000 m2) x (energy equivalent, 1.96E+06 J h') =
2.35E+08 J hat

11- Fuel for machinery (J): (area, 1 ha) x (average quantity, 82.0 kg ha) x (conversion, 4.67E+07 J kg*) = 3.83E+09
Jhat



