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Extended abstract

Introduction

Medicinal and aromatic plants, especially cumin (Cuminum cyminum L.), face significant productivity
challenges due to increasing drought stress in arid.regions. Watet scarcity, particularly during critical
growth stages, disrupts photosynthesis and pigment synthesis, leading to substantial yield losses. While
irrigation management is essential, integrating agro-technical strategies such as seed priming and foliar
applications has emerged as a promising way to enhance stress tolerance. Seed priming with osmotic
agents like polyethylene glycol.(PEG) and the foliar application of micronutrients or plant growth
regulators (e.g., putrescine) can mitigate drought<impacts by maintaining metabolic functions and
nutrient uptake. However, the combined effects of different irrigation regimes, seed priming methods,
and foliar treatments on the physiological and yield components of cumin remain poorly understood.
Therefore, this study aimed to evaluate the interaction between irrigation timing, seed priming, and
foliar application of.-nano-chelated iron, zinc, and putrescine on the physiological traits and yield of
cumin in Jiroft, southerndran.

Materials and methods

A twe-year study (2022—2023) in Jiroft, southern Iran, explored strategies to mitigate drought impacts
on cumin by.evaluating the effects of seed priming and foliar nutrient application. The experiment
utilized a ‘split factorial design within a randomized complete block framework, testing three irrigation
regimes (full irrigation, irrigation termination after flowering, and irrigation termination after seed
formation), three seed priming methods (control, distilled water, polyethylene glycol), and four foliar
nutrient treatments (control, nano-chelated iron, nano-chelated zinc, putrescine).

Results and discussion

Increased rainfall in the second year improved key physiological and yield parameters, including a 5.5%
rise in relative water content (RWC), a 27.7% increase in chlorophyll *a*, 17.8% more umbels per plant,
and a 6.6% boost in seed yield compared to the first year. However, drought stress induced by early
irrigation termination severely reduced performance. Terminating irrigation after flowering caused the
most significant declines: a 44% drop in RWC, 20% and 28% reductions in chlorophyll *a* and *b*,
respectively, and a 277.7% decrease in carotenoids. Yield-related traits were equally affected, with 18.4%
fewer umbels per plant, 24% fewer seeds per umbel, 22.6% lower thousand-seed weight, and a 37%
reduction in seed yield compared to fully irrigated plants. Irrigation cessation after seed formation also
impaired yields but to a lesser extent, underscoring the critical sensitivity of the flowering stage to water
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scarcity. Seed priming and foliar nutrient applications emerged as effective countermeasures.
Polyethylene glycol (PEG) priming outperformed distilled water, increasing chlorophyll *a* by 17%,
umbels per plant by 23%, and seed yield by 2% compared to non-primed controls. Foliar sprays of nano-
chelated iron, zinc, or putrescine further enhanced resilience, elevating chlorophyll *a* by 40%, RWC
by 14.5%, and seed yield by 10%. Nano-chelated micronutrients demonstrated particular efficacy, likely
due to improved nutrient absorption under stress. These interventions also boosted biological yield (10—
20%) and stabilized plant water status, essential for maintaining metabolic functions during drought.

Conclusion

The findings emphasize the necessity of maintaining irrigation during flowering, the most drought-
sensitive growth stage for cumin, as water scarcity at this phase disrupts photosynthesis, pigment
synthesis, and seed development, leading to irreversible yield losses. Integrating agro-technical
strategies such as PEG-based seed priming and foliar application of nano-micronutrients or putrescine
can mitigate these effects. PEG priming enhances seed vigor and stress tolerance; while foliar nutrients
compensate for reduced root uptake under drought, directly supporting,chlerophyll synthesis and
osmotic regulation. For farmers in arid regions like Jiroft, the study recommends prioritizing irrigation
during flowering to safeguard yield potential, adopting seed priming (preferably with PEG) to improve
drought resilience, and applying foliar sprays of nano-chelated iron/zinc or putrescine during critical
growth stages to enhance physiological efficiency. These strategies.not.only address immediate drought
challenges but also contribute to long-term agricultural resilience, aligning with global demands for
sustainable production of medicinal plants. By combining moisture conservation, seed priming, and
targeted nutrient management, cumin productivity canibe stabilized even in water-limited environments,
ensuring a reliable supply of this high-value crop.

Keywords: Chlorophyll, Polyethyleneglycol;. Putrescine, Relative water content, Thousand grain
weight
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Table 1. Some climatic characteristics during the plant growth period.in the years 2023-2024

Min Relative  Max Relative Sunlight
Min Max Humidity. Humidity Rainfall Hours
sleolo Months  Temperature  Temperature Cagh) ameS o Caogby Auday e olelw
°C % mm
4T November 10.7 29.9 15 59 0.9 268.2
431 December 7.9 234 28 79 1.6 218.6
&® January 1.9 20.6 15 66 14.5 267.5
oot February 6.0 25.6 14 64 0 267
20> Sum 26.5 99.5 72 268 17 1021.3
Rl Mean 6.6 24.8 18 67 - 255.3
sleolo Months
1Y le 2024
ob1.  November 13.0 28.4 20 64 1.2 252.6
591, “Decémber 8.1 24.3 24 75 20.1 244.7
&S | January 8.5 20.2 40 92 27.8 181.1
oot | February 7.2 22.5 24 87 0 248
&0 Sum 36.8 95.4 108 318 49.1 926.4
OeSSleo Mean 9.2 23.85 27 79.5 - 231.6
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Table 2. Some physicochemical properties of soil before treatment applications

Electrical Available Available
Soil Conijuctlwty Organic PhosPhQrus Potass[um Available Available
Soil Depth  Texture <ol pH Carbon oS Ly Fe Zn
S Gos S sl gt avoaw! (I oy oolaiwl B eolaiwl B Ry S9)
cm ds:m! mg-kg ! -----mee e Ppm---------
0-30 Loam 1.77 7.80 0.35 8.5 240 8.3 1.5
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Table 3. Combined analysis of variance for irrigation levels, seed pre-treatment,and foliar application of nutrients
on physiological traits and yield of cumin during the years 2023-2024

Ol i ibo g0l31 4z 0 SV PrYCE N a Jsdg,ls b Judg s Sigidg,ls
S.0.vV df Relative Water Content  Chlorophylla  Chlorophyll b Carotenoid
) b 1 625™ 1621.4" 2609.4"  4817.6™
Year (Y)
o dleals 4 34.2 214.4 10 85.4
Replication x Year
o Det 2 868.8" 1638.5™ 2756.8% 13108
Irrigation (1)
IxY 2 33" 8.2" 113" 293.5™
_ bl sl 8 27.3 7.2 37.4 7
Main Error
(P) )LM M *k ke ok ok
Pre-treatment (P) 2 662.8 247.8 378.7 2033
PxY 2 5.4" 54" 10ms 29"
- Al 3 844.2" 666 2189™ 1984
Foliar Application (F)
FxY 3 0.31" 1.8" 127.8" 150.2™
Pxl 4 40.2" 1.4" 13" 25.6"
PxIxY 4 1.6" 4.4" 7 29"
Fxl 6 21" 13.6" 120.2™ 52.3
FxIxY 6 2" 1" 3.7 17"
FxP 6 2.7° 0.4 4.7" 44"
FxPxY 6 0.56" 5" 1.2* 11"
FxPxl 12 0.85" 1.7° 1.7" 2.2"
PxFxIxY 12 0.84" 3.4 0.8" 4.2"
TV 37.4 15.2 105 245
Error
(I)CV Ol pards s i 9.6 17 13.7 9.4
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*,** and " indicate significance at the 5% and 1% probability levels and non-significance, respectively.

Ol (omd (550 v 5 45 o, YEIO 5 FF daasls o
oealS 5w o lis |y i 4 oo j0 ol suailys

Ol o S5 6kl ok (naSile dunlio gl
Jols 6)LH])Q RWC jlade oy yiin aS ol lis 55 Sy

25 @M Al e 5l G g)kal kb LS wel cess o



=) pole ) (e slais

(@l G Bl 0 gl pgyls kS Fee e JsSONS
Slesd Gy 4 g e 60 See 5 608 sla S G it
(Malekzadeh and Fallah., 2016) ss PEG U s,
(Arasteh et al., 2020) ) Keo g atul,] jagh o
2SS ez oS Sy ol e s Sl
b S Vsashe 33 S b gy S Jslne
Asl Mohammadi et) | Kea 5 gaeme Jool (pizoan

LJ’“'"’SI oL; 3o 51) s_A—l Gu..u Ko L)“""J‘B‘ (al, 2021
35 )15 ool g 59y eBbdslme 08 LTy (EL

lodsiis) 9b g2 Ldg 5
Jlo 5o aslie alsmoc] Lulis oo Sile agliie 3llas
JLis 4 1 wao,s YVIY @ b lS sime bl pgo
S kel zaha (aSleo aylie gl
Jole 5l am ylel old jo @ Jdg IS (ssime alS Sl
O Camd oy Ve wglay ety ally ol g g 208

) Sl

Jgoz mls el » 09580 ( ) bl G5 e e

A Je35,5" (soione d5ute s sdie polie LolS (AL Joloe
A J8g 05 ggizme 0yl Jloo@ sals b awslas ol
o 5l o 00 )3 VY G 0 5l Lo g Lo
ARORCEPLERRIFETAEL N SN E
220 golidlsals b awslie o l,a L8y IS seize wus o

30 1
25 1

a
b
b

20 A
15 A
10 A
5 m
0

11 12 13

bl ok
Irrigation levels
Goy A Judg kS )bl Zobws (il dmulio Y S
O oS gldd pus owidoylid 09,8 » 0 Iy
ol 2o 30 gy Jloso | o 50 L uileo
Fig. 2. Comparison of the mean levels of irrigation on
chlorophyll a. Common letters within each group

indicate no significant differences among means at the
5% probability level.
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Fig. 1. Comparison of the mean irrigation levels on leaf
relative water content. I1, 12, and I3: Represent control
irrigation, irrigation cutoff after the flowering stage, and
seed formation, respectively. Common letters within
each group indicate no significant differences among
means at the 5% probability level.
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Table 4. Combined analysis of variance for irrigation levels, seed pre-treatment, and foliar application of nutrients on
physiological traits and yield of cumin during the years 2023-2024

d'?"i &gy yiz olaxy I 0 Al slaxy Gl 5158 059 S O ySlos >
Ol gl (03 Number of Number of Seeds  Thousand- Biological ails
S.0.V df  Umbels per Plant per Umbel Seed Weight Yield Grain Yield
e 305™ 5749.4" 10 4451016~  15875™
Year (Y)
o Jeels oy 4 13 0.0L5 156265 22265
Replication x Year
o el 203" 34164.7" 3.0 3142252" 179551
Irrigation (1)
I x Y 2 8.7" 36,7 0.11" 31024 68.3"
_ shelgles g 6.4 5.2 0.008 3953.2 376.3
Main error
Probs de 286.6 3462.3" 1.3 1175005  79268.8"™
Pre-treatment (P)
PxY 2 48" 150" 0.2" 230" 103"
- Phdsle g 137" 2323 18" 325034"  57977"
Foliar application (F)
ExY 3 4 23" 0.0008" 3145.7" 65"
PxI 4 3" 116.4™ 0.05™ 5282 448.6"
PxIxY 4 e 13.8" 0.09™ 5436 74.2"
Fxl 6 2" 142.4™ 0.04™ 1079.5" 419.2°
FxIxY 6 0.63" 6.7" 0.09" 106.2" 7.8
Fxp 6 3.6" 18.6" 0.09" 680" 793.3"
FxPxY 6 0.2" 28" 0.008" 25,2 149"
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PxExIxY 12 0.73" 5" 0.04™ 650.6" 43.8°
b= 130 5.7 15.3 0.009 8469.8 483.6
Error
(DVCV Ol ykd a5 23 6 2.6 126 2/10
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*,**, and ® indicate'significance at the 5% and 1% probability levels and non-significance, respectively.
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Table 5. Comparison of the means of experimental years, pre-treatment, and foliar application on the studied traits

in cumin
O (o g0 3 Sdos 3 S dos
Sy a Jdg s g y0 o olaw ) ails
L Leaf relative  Chlorophyll Number of Biological Grain
Experimental years ol gJl  \water content a umbels per plant yield yield
% mgg!' e kg-ha! ----------
2022 ¥4 61.8° 2.20° 140 2654.7° 752.8°
2023 \F-¥ 65.22 25.72 16.52 2831.5% 802.72
Pre-treatment levels showd e ol
Control aali 60° 21° 13¢ 2533.6° 812.0°
Osmopriming Soceos | 33 grommn| 64.3% 23.32 162 2767.8% 832.02
Hydropriming Sooos |19 00 66.0° 24.6° 14.7° 2652.7° 825.0%
Foliar application levels
sl ol
Control aali 57.6° 17.7° 13° 2354.2¢ 752.0°
Nano iron chelate opl S g 65.02 24.82 15.82 2566.8" 827.5°
Nano zinc chelate 3y S ¢ 65.22 24.6° 16.22 2594.3° 830.4?
Putrescine RS 66.02 24.82 162 2819.6% 831.62
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Common letters within each culoumn indicate no significant differences among means at the 5% probability level.
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Fig. 4. Comparison of the mean levels of pre-treatment
on carotenoid. P1, P2, and P3: Representing control
irrigation, pre-treatment with distilled water, and PEG.
Common letters within each group indicate no
significant differences among means at the 5%
probability level.
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distilled water, and PEG. Common letters within each
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Fig. 7. Interaction of year X irrigation levels on
chlorophyll b. F1, F2, F3, and F4: Representing control,
nano iron chelate, nano zinc chelate, and putrescine.
1401= 2022, 1402 = 2023. Common letters within each
group indicate no significant differences among means at
the 5% probability level.
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Fig. 5. Interaction of year x irrigation levels on
chlorophyll b. I1, 12, and I3: Representing control
irrigation, irrigation cutoff after the flowering stage, and
seed formation, respectively. 1401= 2022, 1402 = 2023.
Common “letters within each group indicate no

significant differences among means at the 5%
probability level
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Fig. 6. Interaction of year X irrigation levels on
carotenoid. I1, I2, and I3: Representing control
irrigation, irrigation cutoff after the flowering stage, and
seed formation, respectively; 1401= 2022, 1402 = 2023.
Common letters within each group indicate no
significant differences among means at the 5%
probability level.
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Fig. 10. Interaction of irrigation levels x foliar
application on carotenoid. I1, 12, and I3: Representing
control irrigation, irrigation cutoff after the flowering
stage, and seed formation, respectively; F1, F2, E3, and
F4: Representing control, nano iron chelate, nano zinc
chelate, and putrescine. Common letters within each

group indicate no significant differences among meansat
the 5% probability level.
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Fig. 8. Imteraction of Year x Irrigation Levels on
Carotenoid. F1, E2, F3, and F4: Representing control,
nano iron chelate, nano zinc chelate, and putrescine.
1401= 2022, 1402 = 2023. Common letters within each
group indicate no significant differences among means at
the 5% probability level.
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seed formation, respectively; F1, F2, F3, and F4:
Representing control, nano iron chelate, nano zinc
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group indicate no significant differences among means at
the 5% probability level.
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Fig. 12. Interaction of year X foliar application on the
number of seeds. P1, P2, and P3: Representing control
irrigation, pre-treatment with distilled water, and PEG.
1401= 2022, 1402 = 2023. Common letters within each
group indicate no significant differences among means at
the 5% probability level .
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Fig. 11. Comparison of thé. mean levels of irrigation on
the number of umbels per plant. I1, 12, and 13:
Representing control irrigation, irrigation cutoff after
the flowering stage, and seed formation, respectively;
Common letters indicate no significant differences
among means at the 5% probability level.
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Fig. 13. Interaction of irrigation levels x pre-treatment on the number of seeds. 11, 12, and 13:
Representing control irrigation, irrigation cutoff after the flowering stage, and-seed formation; P1, P2,

and P3: Representing control irrigation, pre-treatment with distilled water, and PEG. Common letters
within each group indicate no significant differences among means.at the 5% probability level.
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Fig. 14. Interaction of irrigation levels x foliar application on the number of seeds. 11, 12, and 13:
Representing control irrigation, irrigation cutoff after the flowering stage, and seed formation,
respectively; F1, F2, F3, and F4: Representing control, nano iron chelate, nano zinc chelate, and
putrescine. Common letters within each group indicate no significant differences among means at the
5% probability level.
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Fig. 15. Interaction of year x irrigation levels x pre-treatment x foliar application on thousand-seed weight. 11, 12, and
13: Representing control irrigation, irrigation cutoff after the flowering stage, and seed formation; P1, P2, and P3:
Representing control irrigation, pre-treatment with.distilled water, and PEG; F2, F3, and F4: Representing control,
nano iron chelate, nano zinc chelate, and putrescine. 1401= 2022, 1402 = 2023. Common letters within each group
indicate no significant differences among means at the 5% probability level.
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Fig. 17. Comparison of the. Mean Levels of Irrigation on
Grain Yield. 11, 12, .and 13: "Representing control
irrigation, irrigation cutoff after the flowering stage, and
seed formation; Common letters within each group
indicate no significant differences among means at the
5% probability level.
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Fig. 16. Comparison of the mean levels of irrigation on
biological yield. 11, 12, and 13: Representing control
irrigation, irrigation cutoff after the flowering stage, and
seed formation; Common letters within each group
indicate no significant differences among means at the
5% probability level.
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Fig. 18. Principal Component Analysis Related to Studied Traits of Cumin. 11: Control irrigation; 12: Irrigation cutoff
after flowering stage; 13: Irrigation cutoff after seed filling stage. P1: Control; P2: Pre-treatment with polyethylene
glycol (PEG); P3: Pre-treatment with distilled water. F1: Control; F2: Nano iron chelate; F3: Nano zinc chelate; F4:
Putrescine). Grain yield (GY), biological yield (BY), thousand-seed weight (TGW), number of umbels per plant (No.
U), number of seeds per umbel (No. G), chlorophyll a (Chlo. a), chlorophyll b (Chlo. b), carotenoid (Car), and relative
water content (RWC).
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