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Extended Abstract

Introduction: Saffron (Crocus sativus L.), recognized as the world’s most expensive
agricultural and medicinal crop, holds a pivotal role in Iran’s agricultural economy,
particularly in arid and semi-arid regions such as Torbat Heydarieh and Zaveh. After
saffron harvest, the fields are typically utilized for subsequent crops like cumin
(Cuminum cyminum L.) and sesame (Sesamum indicum L.), offering opportunities for
crop diversification and income enhancement. This study addresses the economic
challenges faced by farmers in saffron-producing regions of Iran, where soil fertility
decline and water scarcity necessitate sustainable crop rotation strategies. Cumin, a
drought-tolerant medicinal plant with significant export value, and sesame, a resilient
oilseed crop, are promising candidates for post-saffron cultivation. The research aims to
compare the quantitative and qualitative performance of these crops under varying land-
use histories (saffron fields vs. fallow lands), providing insights into optimizing
agricultural management and boosting farmers’ livelihoods. Understanding the influence
of saffron residues, potential allelopathic effects, and soil conditions on subsequent crops
is critical for developing effective farming practices in these regions.

Materials and Methods: The experiment was conducted during the 2022-2023 growing
season in Torbat Heydarieh and Zaveh, two key saffron-producing areas in Khorasan
Razavi Province, Iran. A split-plot design within a randomized complete block
arrangement with three replications was employed. Main plots consisted of two prior
land-use types: fields with a 5-year fallow period and fields previously cultivated with
saffron (corms removed post-harvest). Subplots included two plant species: cumin and
sesame. Cumin was sown at 18 kg/ha and sesame at 6 kg/ha, with seeds sourced from the
Khorasan Razavi Agricultural Jihad Organization. Fertilization involved urea (400
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g/plot), triple superphosphate (300 g/plot), and potassium sulfate (300 g/plot), applied in
stages tailored to each crop’s growth phases. Plots measured 10 m2, with 1 m spacing
between subplots and 2 m between main plots. Evaluated traits included soil physical
and chemical properties (e.g., pH, EC, N, P, K) before and after cultivation, yield
components (e.g., seed yield, biological yield), plant growth parameters (e.g., height,
seed number), and economic performance. Soil samples were analyzed for texture,
organic carbon, and nutrient content. Data were statistically analyzed using SAS (version
12), with means compared via Duncan’s multiple range test at a 5% significance level.

Results and Discussion: Results revealed that fields previously cultivated with saffron
significantly outperformed 5-year fallow lands in terms of seed yield, biological yield,
and economic returns for both cumin and sesame. In saffron fields, cumin exhibited a
15.75% increase in seed yield and an 18.71% rise in biological yield compared to fallow
fields, while sesame showed a 33.26% and 23.87% increase, respectively. These
improvements are likely due to enhanced soil organic matter from saffron corm residues,
despite potential allelopathic effects reported in prior studies. Zaveh outperformed
Torbat Heydarieh across most traits, with cumin seed yield 27.25% higher and sesame
24.94% higher, possibly due to Zaveh’s more favorable soil conditions (lower salinity,
moderate alkalinity). Sesame displayed a higher harvest index (20.72% in saffron fields)
than cumin (36.79%), indicating greater efficiency in converting biomass to seed.
However, cumin’s economic yield was nearly three times that of sesame (93.26 million
IRR vs. 32.57 million IRR), driven by higher market value and yield stability. Soil
analysis showed no significant post-cultivation changes, suggesting sustained fertility in
saffron fields. These findings underscore the economic superiority of cumin and the
positive legacy effects of saffron cultivation on subsequent crops.

Conclusion: This study demonstrates that cultivating cumin and sesame after saffron
harvest is a viable strategy for enhancing farmer income and agricultural sustainability
in Iran’s saffron regions. Cumin emerges as the more economically advantageous option
due to its higher yield, income potential, and adaptability to local conditions, making it
the recommended choice for post-saffron cultivation. Sesame, while less profitable,
offers resilience and a higher harvest index, serving as a complementary crop in rotation
systems. Saffron fields provide a superior starting point compared to fallow lands,
highlighting the benefits of saffron residues for soil health. These results offer practical
guidance for farmers and a foundation for future research into optimizing crop rotations
in arid environments.
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Table 1. Analysis of soil composition before and after cultivation in both cities of Torbat-Heydarieh and
Zaveh and Saffron and Fallow

SPRWON el 5l s olyies il ax AR
Torbat-Heydariyeh Before planting After saffron After fallow
@ gy ool o> ol ol S 025 S S 025 RESy
Analysis type Optimal Saffron Fallow Cumin Sesame Cumin Sesame
ECs 5% <2 3.22 5.19 4.01 4.16 5.01 4.86
o] 5 PESRVON 6-7.5 7.9 7.8 7.9 7.8 7.9 7.8
T.N.V (%)Sal <10 21.25 22.25 22.25 23.75 22.25 23.15
Clay (%) -, 20 18 17 18 18 17 17
Silt (%) et 40 48 56 47 49 55 57
Sand (%) .5 40 34 27 35 33 28 26
Saturation (%) ws,e 40 37.8 37.3 38 374 38 375
gkl
Texture (%)<sl Loam, Clay Loam Loam Loam Loam Loam Loam
loam
OC (%) JT o5 >15 0.282 0.197 0.269 0.249 0.209 0.199
N (%) JS o)59,50 >0.15 0.025 0.016 0.023 0.025 0.016 0.014
P (ppm) ,ad 15 16 105 155 15 9 105
K (ppm) ety 300 321 227 321 319 222 225
SAR 0w ©dz S <13 7.1 10.13 9.8 104 10.8 114
osl; ks 5l g olye; 5l ax ol 3l o
Zaveh Before planting After saffron After fallow
L gy ool o> ol ol S 025 S S 025 RESLY
Analysis type Optimal Saffron Fallow Cumin Sesame Cumin Sesame
ECs 50 <2 1.25 1.43 2.03 2.72 1.46 2.05
8] o PERRVON 6-7.5 7.8 7.9 7.8 7.9 7.9 7.9
T.N.V (%)Sai <10 20.25 16 18.75 19 16.5 15.75
Clay (%) », 20 16 8 16 16 8 8
Silt (%)l 40 55 42 56 54 43 41
Sand (%) . 40 29 50 28 30 49 51
Saturation (%) ws,s 40 374 38.3 383 384 37.8 38
gl
Texture (%) sl Loam, Clay Loam Loam Loam Loam Loam Loam
loam
OC (%) JI o5 >15 0.269 0.182 0.244 0.248 0.191 0.185
N (%) S 59,50 >0.15 0.023 0.015 0.021 0.022 0.014 0.013
P (ppm) ,ind 15 155 9 155 13 9 8.5
K (ppm) peilsy 300 220 180 220 2175 178 180

SAR o Ciz s <13 6.46 4.8 4.9 4.7 3.52 4.18
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Table 2- Mean squares of various morphological and physiological parameters in cumin

S i pilin FESL] e gl 35y ol g2 adls 2la 32 &l slasd adls 3 pSles 2 pSder uesls St 35ler Sy Sl s S s
5.0V shidf Plant e = s Seed PSP Sy 3Slkas sl gl Plant P oasls
Height  Number Number Number yield Biological  Harvest Yield Economic height 3ySles cudlyy
of of Seeds  of Seeds yield Index variation yield variation  Bjplogical Harvest
Umbels per per plant yieid index
perplant  umbel variation  variation
Block 2 13.08 4.083 25.08 39315 110440 404713 0.055 771.5 43203 452.7 791.6 04211
Sk
City 1 52.082 6.750 300.0= 151425 230984 1421408 2.201 3353.1 L8815 1802. 1= 2780.4 16.72
oS
E. 2 3,583 0.250 20.25 4901 7912 64736 0.024 110.5 620.27 123.99 126.63 0.188
et
oS ab 1 52.08 2.083 147.0 59361 88924 880208 2.594 12424 6971.6 1802.1 1721.8 19.71
History
ol s dile 1 6.75 0.750%= 3.000m 3267™ 6211m 59080 0.108 86.8m 486.92m 2335 115.5m 0.822
CityHistory
Eplas 4 0.167 0.166 16.50 3460 4704 31699 0.011 262.9 368.77 5.77 62.01 0.084
S5 e g NS /0N e u 5l e efeBplas 3l e
Significant at the 0.05 level, significant at the 0.01 level, ns not significant.
o 0305 S Selo o y0 Sl 1 el 5 48550 58 03l I -Y Jgaz
Table 3- Simple effects of field and city type on morpho-physiological traits of cumin
05 CuLS a8 )50 £95 S
Cumin Field type of culture City of planting
b sl eSS Ole; de )50 ohael e o33 e Cop
Parameters Units Saffron field Fallow field Zaveh Torbat-Heydarieh
i L b - -
Plant height S sl 24.5% 20.33
4 el
gy, iz olass dae 122 11.16° 12.332 10.83°
Number of Umbels
per plant
oy als olasy Sae 77.162 70.16° - -
Number of Seeds per
umbel
W, ails olaws sae 930.52 789.83° 972.52 747.83°
Number of Seeds per
plant
Seed yield JEC SR N 1265.16° 1093 1320.5° 1037.66°
als o ,Sles
Biological yield e 4 0 55LS 3435.332 2893.66" 3508.66° 2820.33
Slg 0 ,Slee
Harvest Index W 36.79° 37.722 37.682 36.82°
il gl
Yield variation aoyd 49.540 29.19° 56.08° 22.65
5 Slos ol yuss
Economic yield RSN 117.362 69.16° 132.862 53.66°
wolaidl o Slos
elas )l ol s KPS 44110 19.6° - -
Plant height variation
o, Shae (Sojslam ol pais RO 51.932 27.98° 55.182 24.73b
Biological yield
variation
sy asls ol s o 1.4° 3.96° 3.86° 1.5b

Harvest index
variation

2,5 5l e Dglis (Lol i 51 SIs (g3l el 2 PROLOS o Gl By, b g 52 50 (Sl
The means in each column with the same letters do not have statistically significant differences according to the

Duncan test at (p < 0.05).
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Table 4- Interaction effects of field and city type on morpho-physiological traits of cumin

o el )b oo Zaveh city  Torbat-heydarieh ~ Zaveh city x ~ Torbat-heydarieh x

Parameters Units x saffron  cityxsaffron field  fallow field fallow field
field

a5g glis)l JEOET I 27.332 21.66° 21.66° 19¢

Plant height

oblsp sl RSN 37.12¢ 36.45¢ 38.242 37.19°

Harvest Index

el ) ol peis RSN 60.782 27.45° 27.45° 11.76

Plant height variation

cusls p pasls Ol s KW 2.32° 0.48¢ 5.412 2.520

Harvest index

variation

B, (gl pre gl &olel s 5 o SSlo yge3] bl o p<0.05 30 OleSs By, b gt 50 50 Sk
The means in each column with the same letters do not have statistically significant differences according to the
Duncan test at (p < 0.05).

EW ) 5o ey )5 ale g el (o yloline lie
Elro Logly yo sae ) FYHAT [il58) w0y 4y
5 obiey bl oS5 b samoplas (olyhe;
OHSas g Lbiwg )5 slaassl b oS el Jases Loyl

(Gresta et al., 2016)
Ogmpa yO ‘51.»3 uYsM u,u.o.b Syg0 4O (Y‘\?) .
A el Sew (o F59Y) e g0 b a4y jo>
ooyl alics o 00ld Cannd oyl a5 Wijfo <l 3!
pac (Hosseini et al., 2004) . Sen 5 o
ac 50 (6,5 Al o oS Slas o lolias Dglas
Lulps 4 olS cnl yiier @ Bl saiaolas b
Najeeb et ) ), 5en 5 oz ol b a5 wewl g5ike
Al S 4 amuS Joss 9,50 50 @l 2012
O,fles Olyoss j0 (oo, VY/YE el )| Ol s
ol Slpess j0 gae,e VMDD 5 (S5edem
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Wor o 0 D sl 0 e, WA Jemen
o, YA (D ja 0 ails olaws jo due o VT/T)

@ild 0, Slos ;0 o, YE/AY g 12 0 ails olaw o

BRIWSR RYA/AATPIRE WEIN PUVECSL UORRSR WIS B g7
5 olaidl o Sloe ;0 o ,0 VA O/FA o Sleae &l s
oaslice Sojelem o Sles Ol jo ao o OY/AY
Sl il 4255 BB 5 sasmo s gl cpl
9 o8ee p plond bSlir CuaBse g a5

el (2LS sla S

w1y glolise slacsglas 55 amuS oS (pl o oogdle
2,0 Al slass i o 0 O slaws Juld Slas
h))S.Lo.C Q‘M st_;{)sl}t.‘: Q)S.LQ.C 64.;‘») O)S.Lo& 6435.3
a5 Wog (S5e0am 0, les Ol s g (golaidl o Sles
Sloreh bz 5 ame bylpd b cos Sea
rhw o B o 0wl slawsad $ 18 Gl
s wog lolixs of¢ ) maw o Dlas sl g /-0
Solas Slaw solod (g)li0 10 0abelS wouS annlie
olawy g BME o 0 aslo slaws 4 wols Lis (5 lolirs
rhw o Slae plo g ofo) mhaw 0 ag o 50 dl
Slas 51 S gl (b pl b aisgs jlobse <10
A 94050 )5 able (o (6 loline Dol oS

O Jguz) s ovalive
Semad 095 Gl e )3 OIS g s 0225 3 Shos (55
ol 5 (S Lls 4 Vsl e cop w
Yangetal.,) ;,5en g b el bogsyo ¢ 5 Jolaio
3 Gldlhie slaogles a5 ws, s 55 (2024
A3 3l co g BB jsbar el osls
oy ails 0,Sles (gao,d YYHYO olidl b as cua
S Slgen ogly ;o amiS gae s YHAY 4 5w
A Sl S a0 Lo 0 S YL )80
5 > a5 jsblen @il 00,5 sgue | LS
o a5 wals oles (Khalil et al., 2015) ., SKea
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Table 5- ANOVA analysis of various morphological and physiological parameters in sesame

s ple s Smpls) OMisle pabdis psabalis whaSle 350 esls i 2p5ks oligyl i s el
S.0V &l Plant P pEATES g Seed G il 35es g3bladl Plant . el
df Height  Number Number  Number yield Biological  Harvest Yield Economic h?igl_lt Fytues il
ofpods  ofseeds  ofseeds yield Index wvariation yield variation Biological ~ Harvest
per plant  per pod per plant yield index
variation variation
Blockssl 2 52.58 20.333 14.58 209528 22054 710091 0.1119 3499 165.85 78.20 395.92 3.26
City s 1 300.0== 126.7 168.75 1989416 210145 1527960 11.480s 3202.9 1518.3 446.16m 851.93 334,87
Eallas 2 42.25 1.00 1.75 5469 940 14540 0.814 14.3 6.7939 62.83 23.73 0.188
Cof adils 1 1452.0 216.7 352.08 3645416 347480 4775408 5.713 5296.1 2510.5 21594 166.57 19.71
History
Sl 0 ails 1 21.33=  30.083m 24.08m= 494508 43200 187000== 2,669 658.4m= 312,120 31.73m= 77.830s 0.8228s
CityHistory
Epllas 4 93.42 13.667 13.83 164437 17473 361241 0.495 266.3 126.24 138.93 14.44 0.084

S e i DS wefo) a3 4l s wefedpan 5l e
Significant at the 0.05 level, significant at the 0.01 level, ns not significant.
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Table 6. Simple effects of field and city type on morpho-physiological traits of sesame

xS’ )50 & ol
Sesame Field type of culture City of culture
b el s Ol 4,50 il 450 o3l b e 0> o g e
Parameters Saffron field Fallow field Zaveh city Torbat-Heydarieh city
Plant heightass, glis )| 115.32 93.33° - -
W 0 B slaw 57.16° 48.66° 56.16° 49.66°
Number of pods per plant
e o wls slass 65.5° 54.6° 63.83? 56.33°
Number of seeds per pod
g, Als slasws 3775.16° 2672.83° 3631.16° 2816.83°
Number of seeds per plant
Seed yieldals s Slee 1363.332 1023° 1325.52 1060.83°
So5lgm o ,Shoe 6546.332 5284.33° 62722 5558.33°
Biological yield
Harvest indexccsls ,y jasls 20.72° 19.342 37.68° 36.82°
3 Shee &l s 48.312 26.29° 63.642 30.96°
Yield variations
olamil s Slee 47.03? 18.105° 43.81° 21.32°
Economic yield
syl Sl i 40.65 13.82° - -
Height variations
o Slas (Sujglsm Ol pais 54.562 24.77° 48.09° 31.24°
Biological yield variations
caslsp pasls ol s 11.872 4.42° 3.86° 1.5°

Harvest index variations

8,005 5o ire ciglar gLl Lk 5l Sl el uleol P<0.05 ,o (L Gy b fygim 5o 48 Siles

to the Duncan test at (p < 0.05).

The means in each column with the same letters do not have statistically significant differences according

E150 33w 0,35 9 xS o 33 g8 ;Ko il ki Wluo S o 4325 31 ol (uSilie sl Y Jgu

Ol 98 0 ul g (ylyae)
Table 7. Comparison of the mean values obtained from the combined analysis of traits related to yield and
income variations of sesame and green cumin in saffron fields and fallow lands at two locations

5, Slos Ol yuss STy e ialsdl el )l ol yss Sielem o, Slas Ol sy ol Ol s
o551 als solazdl Height Biological yield s
Factors Yield Increase in variations variations Harvest index
variation economic income variations
KW obegs RV KW KWK
Percentage Income Percentage Percentage Percentage
Plant type .als 455 ¢4
Sesame wous 47.30? 32569167° 27.23° 39.672 8.15%
Cumin;ew o 5 39.37° 932633332 31.862 39.962 2.68°
City .5
Zaveh o5 55.072 421798332 27.382 52.89? 9.982
Torbat-Heydarieh « o> <o s 39.73° 21356833° 18.88P 38.540 8.742
History e, cis aile
Saffron . ,ac; 73.872 438925002 36.592 73.812 11.132
Fallow 1 20.92° 196441670 9.68° 17.61P 7.582

25 Ol By b gt 5 5 (Sl <0.050 s (5 1o stme glis gLl S 51 Sils (yg031 ubl

to the Duncan test at (p < 0.05).

The means in each column with the same letters do not have statistically significant differences according
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