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Extended Abstract

Introduction: Saffron (Crocus sativus L.) is one of the. most significant medicinal plants with
high economic value in the agriculture of Herat Province, Afghanistan. Over the past two
decades, saffron cultivation has expanded.in Herat, with the Afghan government promoting it as
an alternative crop to opium poppy (Papaver somniferum L.) and encouraging farmers to grow
this valuable product. Saffron is among..the. most valuable agricultural products that can
contribute to job creation. Key reasons for investing in this sector in Afghanistan include
achieving food security, ensuring sustainable income, facilitating product exports, and improving
the livelihoods of rural households. Analyzing energy consumption in agricultural ecosystems
plays a crucial role in enhaneing managerial perspectives and improving the quality of planning
and decision-making in agricultural management and development. Consequently, energy
management has been introduced as a strategy for maximizing the utilization of energy
resources. Additionally, energy indicators serve as suitable metrics for assessing performance
and efficiency in agricultural ecosystems. Examining the trends of energy inputs and outputs in
agricultural systems aims. to optimize energy consumption and reduce production costs by
minimizing energy expenses. To date, no information has been published regarding the energy
balance of agricultural products in Afghanistan, making this study the first of its kind focusing
on the energy balancein saffron cultivation within the country. Therefore, there is a necessity to
conduct research examining the saffron agricultural ecosystem with a focus on energy efficiency
in Herat.Province, considering the traditional agricultural system prevalent there.

Materials and Methods

To study the saffron agricultural ecosystem and energy consumption indicators in farms over a
six-year period, data were collected through questionnaires and analyzed accordingly. Each
questionnaire contained questions regarding input and output energy in saffron cultivation. A
total of 50 questionnaires were completed through face-to-face interviews with farmers.

Results and Discussion
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The results indicated that in 2023, Herat Province had an area under saffron cultivation of 7,952
hectares, yielding 22,240 kilograms, which accounted for 95.6% of the total saffron production
in the country. The highest energy consumption during the first year of saffron cultivation was
attributed to corms (33.57% of total energy input). Over six years of saffron cultivation, the
energy consumption was distributed among chemical fertilizers, irrigation water, organic
fertilizers, human labor, electricity, and fuel, accounting for 24.4%, 17.04%, 15.04%, 6.88%,
1.00%, and 1.57% of total energy input, respectively. The energy efficiency of saffron based on
stigmas was calculated at 0.001, with an energy productivity of 0.00007 kilograms per megajoule
consumed. The specific energy and net energy values for saffron production in Afghanistan were
determined to be 14,969 megajoules per kilogram and -132,577 megajoules per hectare,
respectively. Saffron cultivation in Afghanistan is traditionally practiced on small plots‘of land,
with all operations such as plowing, land preparation, transporting and.distributing chemical ‘and
organic fertilizers, planting corms, maintenance, harvesting flowers and stigmas, and.collecting
corms in the final year being carried out manually. Due to the high costs offuel and electricity in
Afghanistan, their share in saffron production has decreased to minimal levels (1.57% and 1% of
total energy input). Therefore, the lower proportion of direct energy inputs (26.49% of total
energy input) in the saffron agricultural ecosystem can be attributed to the low share of fuel and
electricity consumption. Conversely, the higher share of renewable energy (57.49% of total
energy input) indicates the relative sustainability of the 'saffron agricultural system in Herat
Province.

Conclusion

The significance of saffron cultivation in Afghanistan arises from various aspects such as low
water requirements, higher income generation compared to other crops, family-based farming
practices, job creation for rural communities;reduced reliance on machinery, prevention of
migration, serving as an alternative.crop to. opium poppy, and its potential for foreign exchange
earnings and non-oil export development. Although the ratio of produced to consumed energy in
saffron agriculture is low, this research demonstrates that saffron is cultivated ecologically on
small plots of land in Herat using traditional methods. Given its economic value, saffron plays a
more significant role than other crops in the region's agricultural pattern, contributing to job
creation and improving the livelihoods of rural residents.

Keywords: Ecological agriculture, Renewable energy, Energy use efficiency, Energy
productivity, Net energy



- Ol lowl jo olyie ) olS 1S o pow 9 655 (2HE b e ls gl Cansg 2L,
wa’él

T2 ey ey g Mo (5 i (shdpn * o I (ool
lslidl — Sl olSils o s53LaS 20K ¢ sagig, ST 09, jlutils =)
ORCID: 0000-0001-8968-2359
Sgpen (guogd 5 oSS (.55 )5LaS 0aSLtils ¢ 355359, 05,8 sliwl  -¥
ORCID: 0000-0003-0357-1733
Ao (g3 olSLld ((5,5LaS aSLasls (63905359 ,8T 098 leilon =T

ORCID: 0000000329954898

Email: khorramdel@ um.ac.ir : Jgtuw odsums gk

ouS

g o0 S guo Lmilidl Wl pp yluwl cslyy 3o YU golaudl (o ishb 28yl HLS ¢ youes jI Sy (Crocus sativus L.) olyis)
Sk 5l b gloygd (b 50 plrie) £)l0 50 Pl ran gl psll adlln g Wyl Cordy (owyp Sua b adlllas
YAAY clis p o b (VFY) YoFY Jlo 50 Oly lowl asiols (Lid @b .cd,F 41,8 Jdxi g a4 35 580 g 6)5Té°‘? aoliiow
O iy | 0318 plais] dast LendB8) S o 1) ol sie j auded S 31 o ;0 AD/F (Sis ylyae ) 0,50l YYYF. wdgi g LS
ot (b (B rae )l (n b &5 > 53092 (89959 551 IS 3w yd YYTBY) (550l 4l 4 bgrpe Jol Jlw 50 (S pas 655
VOV FIAN ABIF AVIoF FFIF U aisig iy g ¢ Slasl 59 35 c(s0ld 395 16 yLaT T ¢ oz Lo (co3sS 41 bgy o i y7 & Jluw
Spao lil & p SgksS feeeeV G551 Gr90 el o0) AW wlul 2 G55l Spao 2 09 53959 SGIHN IS 5 wweyd Ve g
Wl dlomo HUSS  Ja3lRe -INYAVY/Y 9 oSk 5 Joie VFAPANN b plp i 1 b (AL (5551 9 pgase (55550 (J95a 2
45 0l i Gk ol ol (I, sl Gl Lind Lnilidl 595 55 ik el 90 By 41 Sy (31 Lo 42 5]
O (53135 Sl 41 09290 b 3gud g0 oS (im0 g 41 9 oF Celiano b S pme) 50 S 3eST @ jgu0 4y Wlyd bl 5o ol yhe
D0 )5 o0 o biwgy Culioro dgabe g ()5 L] Gl g ailols ddlain CliS 591 50 lalS 500 A Cand 5V golasdl

A 85516351 6390 52 «§5 ! S pan (55 pdyusaad (6551« S 39095T (659l 1 guuls slaoly

doddlo
Khorramdel et al., ) o35 So59651 asloisl glylo g Lo (5,1 b g 2yl HlS o yiege 51 (o (Crocus sativus L.) ) jac
b 3l g Vb eoladl 51 oy (Jy w0 (2l sloollinny (S5 sgaoma lal ) (ljaey coiS a4z ST .ol (2022
,o (Mathew, 1999) el a8l 5,8 lez 3blie 5 (s kes 5o o] 2ot (b baass T 5o wioman 5 (conll i

Papaver ) ilriz il ciS glam |, o Glusldl cdgo g ably azwed Sl bl o liacy cuis o) ams g0

5 (Nazarian et al., 2018) cwl 08403 ()l b Jgpamme opl 0dgs 4 g3 |, Ll 9 Byme ol5,0liS 4 (samniferum L.



5 Jyame Slpolo Sl ol selje ( olde cosal (el 4 olgs oo lasladl Jo ol cpl (g9, 6 108wl Lol Yo
g 009 !l 4y gy laz o olyae; w5 gl Lol (Shwoban et al., 2020) sges o,lil oliwg, sl leils Cuiins Sgups
Jyame 95 e ool J& 3 Jom g Yb 6,80l « olj sl cday fuizad )10 ol jon 4 1) 295 (5,915,0 ] @ljolo
B9 o0 ge 5zl 5 (solatdl e

39S ol o dxd golamdl Loyl ) dgi b g wigd oo o e s Sl g, a0 el liislidl anS o ely) slapllaipg
3o YU goladl 55,1 daoslys o Bpan b olyae s .Jami et al., 2025) aiiis ooleinS slapllss o ol 4 ,l>U o5 ,slas
Sl wiile giblie jo b (55,5leS <l sl (g9 al) slaaist 51 (o «Sis slaplil b 6,5k wollBiy 0l
5 0lies adgi 3550 585 il 5o el plisl (Klues 50 oLdlax L 51 Glesldl Sl Ll sbife Cgmme
Ol g w0 A ) i a5 50k 095800 e (LWl o plihe s wdgs 35 e (0S5 58 bl Galals 18 LSs
g odd By jo bplinl ple 4y flhaes ol sle Jls jo Jg «(Nazarian et al., 2024) cwolools, plais| sg> 4 1) jaiS
Olyie; 0aS jolo g oS odgi odes giS 0 sj> liwsldl ax ST .Jami et al.;2024) wool 4l axwgs ] cuiS
Sl ool Sl 13T con ol l andl a5 aaliE 3 T Yl adgi lade el s Jg s oe wgmane
3 smler g oole axwgy ool by (Khorramdel, 2024; Khorramdel & Mirzagian, 2025) cowl o0g (5l pss (og5xiws
AL Gl HgliS Cudome g S jlazme (g ll (18 ol dgagr sLl, )8 g (S Wil e Dlia o ) jhe s el

By el S5k il (65,9laS 9z alise slagicn 3 ianngiglaosle 5wy Jelse (n e ) (S 55
3,15 (65,8liS Y game Ol jolo g mhaw axly 10 0 Sl iol38l e slotrs Cael adgs (gl 5L 050 (55,0 Oyl 5 pielae
B dangd 10 cote LB (6),5liS slapllaips jo Brasgidl o g 4o (wlal ol 5 (Hashemi et al., 2025)
Rathke & Diepenbrock, 2006; Guzman & de ) 548 cstdrwsd s Capde 1 Si,4ebpn S Gl )| coge g alils ol now
Kaab et ) ol oals 3,50 (65, mlinl g iS5 lax (g4l o sl 60 2l (lgie 4 (65, Co o ol by .(Molina, 2015
.(l., 2023

e SGskh wibioe )5 slepliies 8l Consy 2Ll Gl eebe Sl 6551 SRy GKs Sb
G2l g 55l Gras silaane Sez 3wk 6B Glye a2l lapllies: )3 (295 5 9959 e W)
&> Jsol ply (Nassiri & Singh, 2009) cl ouls Byae 555 Brae sbranie ol &b sl adg slag e
Solnly 5o oulal (28 (65,5leST A5 50 6551 5l Sge eoliinl g oud saizmin 655 2L al » ads lade «s3slaS
Rahimizadeh ) atdls loecuw; slo Sogll jials 5 Lowd slacdgw 53 Lias olliipg golall gjluags wls
5 elond olas daosS 51 g eolaul ( slide slgs sl pyloe Lol 158l (Rahimizadeh et al., 2007) o4 salgs>
L g bl cidle lp MSin 590 el a5 Wlai oo waid |, b plie p jlid g ools 2ol38l |, oY il
(Hashemi et al., 2025) cwl o0l s

oeiin johay (Sogll 36 ol odle 0gi 0 IS lajlE JLasl 5 o slean e wass Eel g5, Byan il
Sy g 69L¢....>| U"i"“" g_ngé\.u).b JM u.cla aS ools )‘)3 ).uL Cod ‘) r:Ua.'r:}' (_g‘).‘>‘ )JLMJ 9 LQUL.M.:‘ (SOFE S
.o)lo o)Lqu u:.u.'a aQ r:‘).o‘ 9 L;L..A.b (':>Luo )‘ ij (_g)‘o).s 0y A )L\JL 4.!.»:9.: u,u)iv (Kaab et al., 2023) QQ;GA GL:...?LA
SS9l 5 a5 el 5 05l ()55 T 1) G Janzms (r oL 0,5 518 4z g 050 Sl g8 b (610 050 00l 50



S el ISl 4Ly S 0,51 1y b o 35 5 &5 o5 058 oolisol (slaisS 4 sl lie Sl oS ol 5o 05
lroslys S 4y (655 Bran 4 S Mals S5 Jglaie cly; slaplls (Rezadoust, 2001) 54 elyd 55 eoi] Juus
iz O 1l 50 o et 4 5 aiBlice pdy el ameeny o (elez (ool slaaix o5 s lise
g 13 el coles 5o 9 SU5elsST sladl s § Jamo 5l cblax daoslys Brae oIS ioliél LB o saos sleolSaus
Su5dsST 65,5LES ol (65p5leS alax 5 cilise (pslie cow glaplss Lial, cpl s sl 0ad pilae gl Catal
sl Oldlas & 5 gl (Koocheki, 1994) oy 3 8 ee odigd wuud (55,5laS 5 SIS, (65,5Lis conlys o5 (53 5LaS
@a5s g golaidl g 65,8 Bl arls p suie Sl Wl s oliae; aile Solgils g oolginS slaallas aShosls lis
ey Ol 3l al a5 (Khorramdel et al., 2020) ol ails oolys p sbopllas b annlin ;o Jaxecasiislboosl,

(Khorramdel et al., 2022) cuul 438,513 5.5 e o3Il 50 cow ylyae s ados plls
oS yacn (Bras 550 JS 5l e, OFNY) s as ols (lis 55 ol jo olhdes g sl e ! ;9),4.@ 55! asdllas
&35 el (nyien (Brae 551 S 5l 90y 1)) G g (Brae 551 U5 5l 2o 3YIBN)gals 25Tl 5l an g ool
Gras ol 5 od 0590 yiin pdlasass a4 pdaass slag) sl Cons @alllas ol 80000 olaisl 0g3 4 1) b as
A 5519 Joile 52 0 T9kS FIA 039 6551 J9ilKe 22 @S slS o /e 0 oV (6551 50 0 0] o ¥ A (39 (bl 2 6551
Ol celys 1o 65,5 o duslie g9, sladllae o (Khobbakht et al., 2024) aal cawss VYA TV NS ulul o adgs
BAIFF) (Bras ai & bgipe cod i @ (6551 Brae Olime g GlalB Sl o (ol 5 mae Jgame 9 plgae 4 pui
VAIFE) G0 5 (2uoyd YOIAR) 1y3s s 355 aoiS sl o a8 By w2osls (oLl (aoys VYIVA) (s, 55 5 (o)
0 dsloe (YVIPY 5 o]+ o T0) i 5 & poiF 5 e Sy 63yl dipas (590,00 oAl gy brosles )3 ey (9o
s 45 08 51 Sl dilate o gladsle poS s CBh e 65,5l Gras S ), 4o (Sahabi et al., 2016)
JB936 9 (Us3le BOFFI) (oot laosS ((Jgilie YW+ M) ity 58Ul @0 i @0 S8 500 i) &0 (609,955

i 4 pdlnaes g pd oo el S50 4 (6995 Sl e 5 Sl pelatsl (g3l OYYFY)

OB 0 paiS adg yo 65,80 ob)l st (Fartout Enayat et al., 2017) ol awlxs duoyo YA o YY (VY YA L Ll
699)9 S5 JS 5l ey TXIO 5 FOA L o it S gm 5 (lond sladgS @ 3late (6399 (5551 (n yiian a5 Sls ol

dloe Jo5S 0 o8 IV g e JoSREF FIV Ll i 4 551 oseste 5 os 5l esiAl @D awgie 5 0
Oy 45 039y, 5o JosBe VAAYY b ol 45 5 j0 oo, KlsT odgs sl (8 yae (55, JS (Rajaby etal., 2012) o
55 (Uzunozeet al.{2008) cosls (olaisl (0o s YA 5 OVIY L oo 5 ) (od g 5 oloond (sloosS B yne s oo
351 S5 a5 el alaadle Gledal il o wiBjuisa 5 (e ion S slaplla )5 (59050 5 55 2B s, sladdlas
FYIY s Sl s3] s 2y OFIF) LS 1o Jo3l8e AFEYY Ll e s oudsi pllas 1o 5me slooolys 5 alse
39 9 (s bagasd (el 65 5l g duo )0 PPN g pisanas slas) sl a4 bgy e duoyo YV (ouiins yue slos5 5l (sl as o
eyl 4 by as,o YYF (it ol Glp aw,o £PIF) LLSe o ol PYAPY ol a8 aiss ader pllas
Ot ogdlay A dule (pdbasaad slasspl sl woyd YPIA 5 ndiasass Slass il mhe 003 YIIY (opdiins s
Vo0 g YYIV L ey ) Judgil (hond g SBrae @ Blaiie widjaiszr 5 oy 39 lapllss )0 00l B pae (655
Zahedi et al., ) 0g (0uo,0 VO 5 VFIN b S5 a) (395 355 5 (S, VEIF g VBV L cws ) g,lal o (oo

b Ol 58S 50 (23 5 e wor S Jald) (o SN wlg )0 555l slaasla ansle 5 B pae W) (o) (2015



b bt sloosS (e a5 5 sk 139 Woslys oled jI b b pme g5 il ,Sile (VFVA-03) alls Yo 050 5
(Hashemi et al., 2025) sls plaizl sg5 a5 |y (639,9 g5l JS 51 e (i 0,99 oyl (b auoj0 YAIY iolidl

@ Somd o5l 3k Bpae o @i (layelS o (el)) SVgame adg jlade oS Cnl cdlae Gl Sy lidos
5 S5 Brae Rl (Se3leS| Jgol p G (2l slaplliipg (sles jo &S Il ps il i allianag layglS
QL8] 53 (65)glaS” pians 35800 Cgme (oull 5 (ol Blaal alex 5l (551 LI (lB) 5 leosles 4 (Sl
Ol 50 65,9leS Y game a5 jlade (10 (bl 9925k sl adgi slaesles 5 6551 Blam Bpae e (S Oy
052y 5 2lrord Olge 5 pyan P ST 2alS LIS 4 4S5 a8l dgge oad wdgi DY game codiS blie jo ¢ )5iS
lyolo bonds el So390s515,51 Jool cale, b odss 0o Bib jols Jlis & 55 1) (65068 (armeany las (olis
~0m ol 5l (cnlis g Olarg0l g gl HlalS (i slooges g Jux T lyie; Bl (SVgame diee) )3 905
SYgame (g5 (M 9,90 50 4 Cunsl S5 4y p3Y Wigd Cgaime 1585 (6l 6515 e g iaime plaslvg | (Lol
mha Condy dime) o 45 Casl glanllle atess ol 5 oot pitie Sledlbl digSonn Geb bl o g5,elas
058 0 ol Coeal a4y azgi b liwl) (e 50 058 oo planil y5iS al Hanliae s el 3 655 (e g Al niS 5
o s9hke 4 Gl 0l b ol el D98 cal s 3 Jgame ol st ol bl ISy plie 4 Gl
35 Syge Slia bl )3 i) adgs slaplbips: )3 (6550 slagasld's wlgs o Sles (S ) whaw Conly

B b9y 9 9lge

35 & gk BOMA Colue b Ladlidl 508 50 joligg loul (raegs i yo taalllan 3590 alliin Cumdg g St
Ol 4 o e matol g 558 lagtinl 4 338 5l (GBuieS 55685 4 Jlod 5l a5 abl oo 85 gale dw 290> Coxox
O J5K8) canl gazs o pl jeiS 4 ye 5l g0l )3

Turkmenistan

Iran

— ]

obe [ chishushart/

s 5928 50 &y oyl (LSl i CpmBigo —) S
Fig 1-The geographical location of Herat province in Afghanistan-



Sade lawgie el 28,5 13 3.5 Job aido Ve gax 0 f) 5 Jlod asB0 VY g ax o VT LL8las oo 0 alpp Ll
0392 9729 S Sllagi b (Sl Jladie (ool Ot 590 b Lol o (215 jo (oo Yo v 090> bl cnl yo (Sw)b
g (S ;o 3 Y B Y ) ooy Slous 995 g 00,5 5Ll olo ols e 0 1) ey (gilweslel Sllae Slpa yliwl jo o5 ,5Las
CiS oy gadand 5l o e S oo bglie S dav Y L g ddlol ey 4 | (LS 10 0,59l Ve ¢) awiland o8
ClS Sz 2,5 A iy Blos b laas 0ad oo plonl el YO (s, alolb b e oy 4y 00 o515 L (5 0l slaas
50 o i B Vgess A 0gb co kS Ay ol Jlo ;o LS jo 5 ez sgas ol pln s 5 e jlewd Sz Bl 5 ol
Olgl gdse Nl Gane S 4y Ces S Slikee plosl jlan wleioe Gliies 5 5 ol Alle aen 5 oallef Sk e
)I ses) an dw U 9o u|).gc) dbﬁ 0]5‘59 Y wlo UL'] .‘a‘ub‘ L By ).‘>|9‘ :Ysm ‘@lﬂjs Sy A f..ula B 6)L.JT
S5 Gl 4z 3 YV BV e 2alS gz 55, lid Ol a2 )0 (n fonlio igh o palls Tsa a5 Lidolas L]
Ve lake a4y 0yl 995 208 5l o bl co Job 45 azan 4w U g0 0gu>  »ulS .(Koochaki et.al., 2010) el ool (3,155
d)lﬁiwjocpg{.@d@Lé)Lsm,.'bg_é}.a.a}:.;..;j;;éjLm;?ﬁm))o@rdc,.eq-;fﬂ@)w)t&m)omfy.,,fa‘ G
sML.: )Lu R A)L.u 9 099 Bolas :bLM) 6[9‘;A:)L: JJ‘JJ l.) S| ui.o.a ﬁ)LP 9 P 6[.%(5)@] ..)9,“:‘50 ‘DLXB‘ (ui C‘))
Oy g g 095, Al e 5l LB 5 IaS p ad 0,5 b plojen ole oyl bl b 0noyg 3 Sl 5o syl T s
S99 IS gilulaz ( J5 sy ecainls «ilS « e gylweslel Ca (55,555 Sllas adS ol o (5,900 o) yae;
sloas cils g Jol Jlo ,o 0k laan cils § o) (3lwedlel Slloe jou adl 098 oo plol Sludl (g5, L a0
SO a Y 0sd oo HST (e gy b plp) pid U pgd oyl als aes Sldae plo il Jlo 3l am ol g
5 &kl ey @lsg dawgs sl alyl Lol 5l ,aS jo iy adgi Jlobe g ClS 5 phae Curdg (ow)p G A4S Sl
(ASYB, 2024) o solarul skl g 0l

Wl il 090 S b ol gl jo Glyae; celyy 8065 50 sl arls cw)p jskaie 4 165 0l e s awlxo
395 SleMbl ok 03ls sl Joame (ul Sely5 )0 (295 5 63959 o Al 0)9e 0 SVl 4 p e 0 g w3
(Cochran, 1977) o colaiu! (V aolee) ()],56S alolas 51 (N) diged dlows (psd Sy 09 rhaw axlg j0 0 Sloe )l

diged Glgmedg olhacy ciS Cou a5 Dl alide gble 5l Bolal Ojga achie Ve oolaws lail jo jelaie ol sl
e= 01) U S0 50 \- u,u)m.\) 9 (25%: 196) o0 AYA ul.u..o.b‘ l.: B adb) KW A.le.?bo l.&ébﬁ.o_v O (SZ) u.....sl.:)‘s 9 g.)l?u_v‘
sl hwge johay addllas 5)50 e £)l50 00,5 o basliien, jo Ole alize bl )0 4c)50 O olae) cuts
shoslital b eJgame cnl cael)y @il B Jol sladle (b oliie) lp (295 5 9959 Slibee 5 Laosles 6551 ol

A dwlze Vg 50 oo &) (65 51 sla Jolee



Olrie) adgi pllii )5 (29,5 9 69959 GLG3H ol =) Jgaa
Table 1 — Equivalent input and output energies for saffron production

>, 5 Losd9) &5 Jolea
Inputs and Outputs A=l Energy &
o (539,5 —ll Unit equivalent Reference
A) Inputs (MJ. unit™)
sl 9,0 el 1.96 (Mohammadi et al., 2008; Ozkan et al., 2004,
Human labor hr ' Yilmaz et al., 2005; Singh et al., 2002)
& —‘ Lo - .
Y “_’*“L" —— 62.70 (Erdal et al., 2007; Singh,2002)
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CS g i 56.31 (Mohammadi et al., 2008; Erdal et al., 2007;
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ol 558 o 0.30 (Demircanet al.,.2006; Ozkan et al., 2004; Singh
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Chemical fertilizers:
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Water m3
= ke 20.10 (Mohammadi et al., 2008; Ozkan et al., 2004)
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B) Outputs
ag o Slee P oS 14.97 (Feizi et al., 2015; Sahabi et al., 2016)




Corm vyield kg

S o‘. ke 17.4 (Feizi et al., 2015; Sahabi et al., 2016)

Leaf yield kg
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Table 2. Energy equivalents of different saffron plant organs, determined using a bomb calorimeter

Y s . 5,5 S 55 Jolae
Stigma Sepal Stamen Petal Dilé?mer eqi??/;?gm
4651.3 3763.2 3986.9 3504.4 3442.9 Kcal oLl ,

19.8 15.75 16.68 17.4 14.97 MJ ol
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1- Specific energy

2- Net energy

3- Energy use efficiency
4- Energy productivity



Salgi g Sl ) e Ol i’ (2L 5,

oo & e an (5 e 4 ol 5l o prles CtSb b Slee g o)l s (esd Ll s olae) conS 4z S
aile 5a8 51 lilewl laan 55 (> )5 (5o 5é sl lojle e b el wing Jyide 65,9LaS 4 Ll 50 g 004
5 9 o5 Sl aFlh anlis (ow)p @l Wsld JIE Gl50laS ple o yiwd ;5 oS (nl CiS Arugd Sy g W3ge 3l
4 Cond plibl glaaty jo wig eli)] (yog ZeS 3925 L oS el Gl W (i) olill 5 Jlnl GlacdsST o IS
Srl E9 4 Cond W 3gr 5 00lidl 5 55k oLill la diged ;5 ma & S (ke SLS 2 655 )LB ) (ST slaas
X IV S e sty s o T o iz g5 (6,0l Sloogas 55 51y« (hipon ity yialiss
AN o g Jlase Ll 5l Gl sleas a5 Jl> o g olilewl loan 4y e (YA/AN) JUj8ke 5 (YY) (g ,S 9,500
(Nazarian et al., 2018) azils g5 (e ppyS N FF) S

Yoy Jlo b ol slal as ol las ansdd Jlo Ve b lesldl jo olaesade lade s cilS ) adaw Ol s cwy
rosi 355 il 8 150 Sl 4y BT Ay 5 CuBS s 39 158 ol Siie S a5 ol 5 (1YAY)
Olyie; Sad S adys e o ,USe YAOY iS5 mhe b OF- V) VXY Jlo o Slha sl gzl b il
(Y Jgaz) ols plaisl agsu 1) lmsldl jou5 o lhac adey IS 5l ae 0 A0/F 0 ,SolS YYYS-

OLuiladl jo Wl luwl yo ol Jlo Ve (bl yae; adgh jlado 9 CliS ) gl Ol el — ¥ Jgor
Table 3 — Changes in saffron cultivation area and. production over the last 20 years in Herat — Afghanistan

Js Sl bl

Jls Total Herat Provinces
Year St 5 b s o g3 IS5l g e

Area (ha) Production (kg) Area (ha) Production (kg)  Percentage (%)
2004 16 60 16 60 100
2005 40 150 40 150 100
2006 83 240 83 240 100
2007 161 400 161 400 100
2008 260 900 260 900 100
2009 305 1500 305 1500 100
2010 400 1700 400 1700 100
2011 560 1800 560 1800 100
2012 650 2700 650 2700 100
2013 700 3000 700 3000 100
2014 850 3145 800 3050 96.9
2015 1020 3500 950 3300 94.3
2016 2811 6200 2500 5620 90.6
2018 6246.8 12955 5926.05 11804 91.1
2019 7558 19650 7000.3 18200.8 92.6
2020 7716 19800 7311 18935.5 96.4
2021 8409 10903 8076 10178 93.4
2022 8081 22919 7703 21780 95

2023 8304 23249 7952 22240 95.6
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Table 4 - Type of operations performed, type of inputs, and amount of energy consumed in saffron cultivation
in the first year in Herat Province, Afghanistan

$99,9 551 IS 5l ey

S 5 ae (53,3 odd B pan (65
s Hu)maﬁ:;)or LS Ene;;/ eqi;jalent tJZej;a;e:;; Percentage of the
Operation ) Repetition* - i total input energy
P (h. ha'®) P (MJ. Unit?) (MJ. ha'?) %)
Sl (5955
Human labor
s 800 1 1.96 1568 0.87
Tillage
oIS 055 iy
Distributing of cow 100 1 1.96 196 0.11
manure
JE 5 Jo> 18 1 1.96 35.28 0.02
Transportation
cusls
. 160 1 1.96 313.6 0.17
Planting
o Slale s 200 1 1.96 392 0.22
Weeding
d)l-:-."‘
o 8 5 1.96 78.4 0.04
Irrigation
L;J.»AA OQLQ) AJI).»M )‘u\.s.ao
Inputs Consumption
= 3000 kg.hat 1 20.10 60300 33.56
Corm
o 50 555 1
. 50 kg.ha 1 66.14 3307 1.84
Urea fertilizer
peigel Slind 555 100'kg.ha 1 12.44 1244 0.69
DAP fertilizer
Cied 15000 kg.ha* 1 0.30 4500 251
Manure
el 5 kg.hat 1 181.90 909.5 0.51
Fungicide
sl 1000 m3.ha't 5 1.02 5100 2.84
Irrigation water
=5 50 lit 1 56.31 2815.5 157

Fuel

b e 5 5 50 Dldeas ploul Slads slass jglate : )| SIF
*Repetition: This refers to the number of times the desired operation is performed.
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Table 5 - Type of operations performed, type of inputs, and amount of energy consumed and produced in
saffron cultivation in the second to sixth year in Herat Province, Afghanistan

uu—«c < . Jobes 5, s NFECSE 3 S3Al IS 3l
operations Hu)maﬁ:;)or O Energy eqi;\ialent Usedj:r:e:;); Percentage of the
L ~ ition* total input ener
el 0 (h.ha) Repetition™ " 23 Unit) (MJ. ha') PP
Human labor )
poed Slilee 40 5 1.96 392 0.22
Plowing
s 555 A 100 5 1.96 980 0.55
Spreading manure
S 5 Jo> 18 5 1.96 176.4 0.09
Transportation
olyie) J5 mdlo 300 5 1.96 2940 1.64
Picking flowers
D oo, b 300 5 1.96 2940 1.64
Separating stigmas
8 _w?j 200 5 1.96 1960 1.09
Weeding
sl 40 5 1.96 392 0.22
Irrigation
(P e o3l S yae Ol
Type of inputs Consumption
223l 355 100 kg.ha® 5 66.14 33070 18.41
Urea fertilizer
Saol Clawsd
reigel Sl 255 100'kg.ha! 5 12.44 6220 3.46
DAP fertilizer
|
Ced 15000 kg.ha 5 0.30 22500 12.53
Manure
el 5000 m? 5 1.02 25500 14.19
Irrigation water
Koy S 100 kWha't 5 3.60 1800 1.00
Electricity.
s oolys SES 59 S oole (55 85 55
T é of outputs Dry matter Energy of dry Total Energy
yp P (kg. hat) matter (MJ) (MJ. ha't)
= 1500 1 14.97 22455
Corm
s 1400 1 17.4 24360

Leaf



IS
Stigma

12 1 19.8 237.6

il o s Jlo LG B 15 050 Sllas alosil Slads sl jglaie 1)l SG*
*Repetition: This refers to the number of times the desired operation is performed until the end of the sixth year.
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Table 6- Energy indices and types (per ha) in saffron production systems in Herat Province, Afghanistan
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Total inputs energy MJ. hat
g L | . | &
Jf STIrTSLr )L’S'a’ xr J?)li" 470526 _
Total outputs energy MJ. hat
3 i 535 (R {59
ol 2 S 2 Js5 47579.18 26.49
Direct energy* MJ. hat
s S5 A5 2 sl 135050.52 73.51
Indirect energy MJ. hat
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R S5 52 2 IS 10396368 57.49
Renewable energy** MJ. hat
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Non-renewable energy MJ. hat
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Energy use efficiency (based on stigma+ leaf+ corm)

Energy use efficiency (based on stigma)
(NS wlsl 1) (55531 (5590 42 J93 2 p,5 kS 0.00007 )
Energy productivity (based on stigma) Kg. MJ?
Specific energy (based on stigma) MJ. kg
Net energy MJ. kg
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*Indirect energy included energy embodied in grains, chemical fertilizers, herbicide, pesticide, fungicide and
machinery while direct energy covered human labor, diesel, electricity and water used in the production systems.

**Non-renewable energy includes diesel, electricity, herbicide, pesticide, fungicide, chemical fertilizers and
machinery, and renewable energy consists of human labor, grains and water.
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