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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 enhancing 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 balance in 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 gquestions
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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: 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 of fuel 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.
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(39D O30y - £S5 5kS 66.14 (Mohammadi et al., 2008; Esengun et al., 2007;
1) Nitrogen (Urea) kg ' Yilmaz et al., 2005)
(P20s) wlaws =Y PSS oS 12.44 (Mohammadi et al., 2008; Esengun et al., 2007
2) Phosphate (P2Os) kg ' Yilmaz et al., 2005)
(K20) gl -V £, slS 1115 (Esengun et al., 2007; Shrestha, 1998; Yilmaz et
3) Potassium (K;0) kg ' al., 2005)
t gl dlge
Chemicals:
SSale =) sl e 5 LS 938,32 (Mohammadi et al., 2008; Feizi et al., 2015;
1) Herbicide kg/lit ' Sahabi et al., 2016)
ssesl =Y ol 280,44 (Mohammadi et al., 2008; Feizi et al., 2015;
2) Pesticide lit ' Sahabi et al., 2016)
AT £S5 slS 181.90 (Mohammadi et al., 2008; Feizi et al., 2015;
3) Fungicide kg ' Sahabi et al., 2016)
ws piSJI Olggls 3.60 (Mohammadi et aI._, 2008; Feizi et al., 2015;
Electricity kw Sahabi et al., 2016)
=! e e 1.02 (Acaroglu & Aksoy, 2005)
Water m3
= Edad 20.10 (Mohammadi et al., 2008; Ozkan et al., 2004)
Corm kg
b >s,> -
B) Outputs
Az 2Kkee e 14.97 (Feizi et al., 2015; Sahabi et al., 2016)
Corm vyield kg
S 35k P oS 17.4 (Feizi et al., 2015; Sahabi et al., 2016)
Leaf yield kg
D o Slee e 19.8 (Feizi et al., 2015; Sahabi et al., 2016)

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

s als e 55 SFE R 571 Jolae
Stigma Sepal Stamen Petal Dilé?mer eqiqsg?gnt
4651.3 3763.2 3986.9 3504.4 3442.9 Kcal ol »

19.8 15.75 16.68 174 14.97 MJ olal 5
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(2018
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et al., 2006

Sp.E =Input energy / output Crop M)
Net E = Output energy — Input energy (V)
EUE = Output energy / Input energy (%)
E.P = Output Crop / Input energy (®)
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1- Specific energy

2- Net energy

3- Energy use efficiency
4- Energy productivity
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Table 3. Saffron cultivation area variations and production over the last 20 years in Herat —
Afghanistan

5 A JPSRNCO
Total Herat Provinces

Ju .
Year i gl 5 i 5 BRSOV

Area (ha) Production S Production Percentage (%)

(kg) Area (ha) (kg)

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

93,9 551 JS 5l a0

Y ' Lo (55,1 oy & 55l
-~ Hu)ma‘risll:bor o Enerj:/ eqixalent G;ej;a;efé; Percentage of the
i ition* total input ener
Operation (h. ha'd) Repetition (MJ. Unit?) (MJ. ha) l()%) ay
Sl 955
Human labor
o 800 1 1.96 1568 0.87
Tillage
elo 255 iy
Distributing of 100 1 1.96 196 0.11
COw manure
S5 o> 18 1 1.96 35.28 0.02
Transportation
cusls
. 160 1 1.96 313.6 0.17
Planting
. lacale -
B EREE o7 200 1 1.96 392 0.22
Weeding
G)L:-.’-‘
- 8 5 1.96 78.4 0.04
Irrigation
Eran o3l Spas jlade
Inputs Consumption
= 3000 kg. hat 1 20.10 60300 33.56
Corm
oyl
”? d’.s. 50 kg. hat 1 66.14 3307 1.84
Urea fertilizer
a0l iliwd
e _°55 100 kg. ha? 1 12.44 1244 0.69
DAP fertilizer
1
sl 255 15000 kg. ha! 1 0.30 4500 251
Manure
"S.C). 5 kg. ha? 1 181.90 909.5 0.51
Fungicide
(|
ST 1000 m3, hat 5 1.02 5100 2.84
Irrigation water
o 50 lit 1 56.31 2815.5 1.57

Fuel

a5l g S 550 Sliles plowl Slads slass jslae 1,S5°
*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

Sldes
) - P Fy ‘ ‘
Operations S o . Jolee (5351 o e 55, $2955 S35 U5 5l ae s
sl g Human labor B Energy Used ener Percentage of the
Hu:an Iabér (h. ha) Repetition* equivalent (MJ ha‘lg)ly total input energy
' (MJ. Unit?) ' o)
i Sldes
Blowing 40 5 1.96 392 0.22
olo 255 iy
Spreading 100 5 1.96 980 0.55
manure
o J&}_ 18 5 1.96 176.4 0.09
Transportation
Cf‘)és_} I 300 5 1.96 2940 1.64
Picking flowers
AN 40,8 o
Separating 300 5 1.96 2940 1.64
stigmas
)CVeedfﬁg ’ 200 5 1.96 1960 1.09
LT
Irr;;)a¥ion 40 S 1.96 392 0.22
(B ran o3l S ras (e
Type of inputs  Consumption
oy
Urea)lfe::;izer 100 kg. ha* S 66.14 33070 18.41
Jg0] lawd
el S0 60 kg, hat 5 12.44 6220 3.46
DAP fertilizer
|
I\‘jl‘a‘;]:i 15000 kg. ha! 5 0.30 22500 12.53
LT ol
ST 5000 m? 5 1.02 25500 14.19
Irrigation water
EIOWAY | 1
Electricity 00 KWha 5 3.60 1800 1.00
79> ool S (59 Sz oole (5551 Js @il
Type of Dry matter Energy of dry  Total Energy
outputs (Kg. ha1) matter (MJ) (MJ. ha'?)
Cod:;n 1500 1 14.97 22455
Sy
Leaf 1400 1 17.4 24360
Sti‘:]yr;a 12 1 19.8 237.6

il wid Jlo 0l B 550 Slilas plosl olads slass jslae « ) S5*
*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
&l g5 ) e 998 G541 S 5l ae e
Energy Type Unit Quantity Percentage of the
total energy (%)
Jf_gsom &35 LSe  JsslRe 179629.7 i
Total inputs energy MJ. ha't
JS ST S» J d Jﬁ) 470526 _
Total outputs energy MJ. ha't
o 53l Foes 55e
T S0 S22 5y 47579.18 26.49
Direct energy* MJ. ha't
. =l Sa A€,
et S35 S22 5y 132050.52 73.51
Indirect energy MJ. ha't
PR 5 ¢yl (R 5K
AR S5 A2 2 oS 103263.68 57.49
Renewable energy** MJ. hat
basass (g5, Foes 350
b 555 52 2 J5) 76366.02 42,51
Non-renewable energy MJ. ha!
(4t S adS bl ) (655 Brae oI5 i 0.26 i
Energy use efficiency (based on stigma+ leaf+ corm) '
Energy use efficiency (based on stigma) '
(A bl ) (5550 (5590 e Jsile 2 p55ks 0.00007 i
Energy productivity (based on stigma) Kg. MJ! '
(@ ol ) ogase 535 PRS2 Joile 14969.1 i
Specific energy (based on stigma) MJ. kgt '
BRSS! § 3o
Ua'] SHr P)SBL‘S x Jﬁ) _132577.1 _
Net energy MJ. kg

@551 5 YT elo liond slo 1578 5 o 1S ble  ploand gloosS dy o atigd (6531 ol podits 1o (555 Al pllas o™
5l oo ol g e SIS g il (59505 Sl s od
5 VT ile 5 oleond sloosS  liowds slo S )6 5 o zS el do S ale iy 2SI g Jolds dyaos bl i (o550 e
il oo ol g 5 Sl 95 ol a5 BB (55
*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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