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Randomized factorial design was implemented in four replications to determine optimal
methods of Ajwain (Carum capticum) standard seeds germination in SPCRI. Ajwain seeds
were placed top and between paper and sand exposed to two potassium nitrate (two grams
per 1000 ml distilled water) and pre-chilling (seven days under 7-10°C) pre-treatments
which were under six temperatures (10, 15, 20, 25, 20-30, and 35°C) in germinator for 25
days so as to germination indices were assessed. Ajwain seeds viability was estimated 75%
after tetrazolium test. The highest final and normal seedling percentages were found under
15 and 20°C in pre-chilling treatment and also 20°C in potassium nitrate and control. No
germination was observed under 35°C in potassium nitrate and control, however, pre-
chilling led to >26% germination. The higher germination potential was shown in top and
between papers compared with sand. The lowest germination rate was recorded in control
and potassium nitrate and the highest one in pre-chilling. The maximum of seedling weight
vigor was suggested in top and between paper when seeds were put under 10, 15, and 20°C.
In order to evaluate optimal standard germination of Ajwain seeds, it was resulted that
applying of two potassium nitrate and pre-chilling treatments placed top and between papers
under 15 and 20°C caused maximum of germination potential and seedling weight vigor.
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EXTENDED ABSTRACT

Introduction

The use of medicinal plants has been expanding from the
past to the present, attracting significant global attention.
The excessive harvesting of these plants in their natural
habitats has led many important species to the brink of
extinction. Therefore, the restoration of these areas and the
sustainable use of these plants, along with efforts to
domesticate and cultivate them, are of paramount
importance. One such important plant is Ajwain (Carum
capticum), which has various applications in the medical
and pharmaceutical industries. This plant, belonging to the
Apiaceae family, is recognized as a significant medicinal
herb and grows in arid and semi-arid regions of Central
Europe, Asia, India, and Iran, as well as in Irag, Afghanistan,
and Pakistan. To date, no standard germination test
guidelines for Ajwain seeds have been reported by the
International Seed Testing Association (ISTA). This study
evaluated the germination of Ajwain seeds in a temperature
range of 10 to 35 °C across different germination substrates,
as well as various pre-treatments, given that most species in
the Apiaceae family respond positively to cold stratification
and potassium nitrate treatments to enhance germination
and alleviate dormancy. The aim was to provide a
comprehensive guideline for ISTA, enabling other
researchers to assess Ajwain seed germination based on
these recommendations.

Materials and Methods

This factorial study was conducted as a completely
randomized design with four replications at the Seed and
Plant Registration and Certification Research Institute in
Karaj. Ajwain seeds were subjected to two treatments of
potassium nitrate (at a concentration of 2 grams per liter of
distilled water) and cold stratification (for 7 days at 7 to 10
°C). Additionally, seeds were placed in three types of
substrates: top paper, between paper, and sand, at various
temperatures (10, 15, 20, 25, 20-30, and 35 °C) for 25 days.
This study examined the effects of these factors on seed
germination and related indices, such as final germination
percentage, number of normal seedlings, non-viable seeds,
seedling vigor index, and germination rate.

Results and Discussion

The results showed that seed viability after the tetrazolium
test was 75%. The highest final germination percentage
and number of normal seedlings were recorded at
temperatures of 20 and 15 °C under cold stratification and
at 20 °C with potassium nitrate treatment. Some studies
have indicated that potassium nitrate treatment can reduce
or eliminate seed dormancy and enhance germination; in
seeds of the Apiaceae family, which often exhibit
dormancy due to the embryo, this treatment can accelerate
the differentiation of essential tissues. At 35 °C, no
germination was observed after either the control or
potassium nitrate treatments; however, over 26%
germination was recorded following cold stratification.
Furthermore, germination potential was higher at top paper
and between-paper substrates compared to sand. A
comparison of non-viable seeds across different treatments
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revealed the highest rates at 35 °C in both control and
potassium nitrate treatments, with the highest percentage
of non-viable seeds in sand substrate across all
temperatures. This finding aligns with results from other
researchers. The highest non-viable seed percentages were
observed sequentially at temperatures of 10, 25, 15, 20,
and 20-30 °C in the sand substrate, with the lowest
percentages recorded at 10, 15, and 20 °C in the between-
paper substrate. Germination rate was higher in the
control, potassium nitrate, and cold stratification
treatments in the top paper and between-paper substrates
compared to sand. The highest germination rate for both
the control and potassium nitrate treatments was observed
in the top paper and between-paper substrates at 20 and 20-
30 °C. It has been demonstrated that potassium nitrate can
significantly reduce germination time and improve
seedling vigor and uniformity in germination. Various
studies on the Apiaceae family have indicated that seeds
require a cold stratification period of several weeks to
months for maximum germination. The lowest
germination rate (after 35 °C) was observed at 10 and 25
°C in the sand substrate under both control and potassium
nitrate treatments. Under cold stratification, the highest
germination rate was recorded in the three treatments at 15,
20, and 25 °C in top paper and between-paper substrates.
In all cold stratification treatments, germination rate
exceeded that of potassium nitrate and control treatments.
The seedling vigor index was similar across all control and
potassium nitrate treatments, following an almost identical
pattern. In the control and potassium nitrate treatments, the
highest seedling vigor index for Ajwain was observed in
top paper and between-paper substrates at temperatures of
10, 15, and 20 °C, although it was zero in both treatments
at 10 °C. The highest seedling vigor index was consistently
observed in both control and potassium nitrate treatments
across all temperatures in top paper and between-paper
substrates, with the lowest at 35 °C. A different pattern was
observed for the pre-cold stratification treatment compared
to potassium nitrate and control treatments. In the cold
stratification treatment at 15 and 25 °C in the paper
substrate, the highest seedling vigor index for Ajwain was
recorded. After comparing all temperature treatments,
substrates, and the three treatments (control, potassium
nitrate, and cold stratification), the highest seedling vigor
index was noted at 10 and 20 °C in the paper substrate with
potassium nitrate.

Conclusion

The findings of this study can serve as a foundation for
future research aimed at optimizing cultivation methods
for Ajwain. Additionally, this study underscores the
importance of environmental management and pre-
treatments in improving seed germination. Based on the
results obtained, it is recommended that the use of
potassium nitrate and cold stratification at temperatures
of 15 and 20 °C in top paper and between-paper
substrates can maximize germination potential and seed
vigor of Ajwain seeds, providing the best guidelines for
evaluating the standard germination tests for Ajwain
seeds in Iran under laboratory condition.
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Sl 535 dald 5 ealty Ol 5 ke 55 51 SV seda
@edald g jo il edalin M)-"sgicl‘-"')’ Sl e
2051 byl 55 ssle azalS Ay oy VLS 5
Lo pgepvon oSS (LR CRPE DI KRN 1 =R v S
S s ety OLRS led 3t edalle A 0,
Yoo a¥eoYe O 000 gl s osle amalS s o 5L
sdalive GAE 1w 5 ST (55 fam 53 8 53 o s a2 5>
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Dslize slajle 5SS e cles 3 0L 5 il sla sl (Slay e o S0Le) ilsls 4 =) s

Table 1- Analysis of variance (mean squared) of Ajwain seed germination indices under different temperatures,
substrates and treatments.

Q\J::AJ C.A “?)3— G-LG‘ @JIM}? oole Agw\:f a.U)'}:.'c le—h)-b, @54"‘)? [ A @j} u.asl.;
157 i inati i i
S0V sl Fl_nal_ Normal seedling Dead seeds Germ!natlon rate Wel_ght vigor
D.F. germination index index
s
o 2 5677.54 ** 5785.01 ** 5474.67 ** 1725.29 ** 47171.84 **
Treatment (T)
- 2 9832.29 ** 9673.29 ** 9676.03 ** 1376.79 ** 296746.20 **
Substrate (S)
L
’ 5 12072.30 ** 12009.88 ** 12341.16 ** 1330.69 ** 321639.88 **
Temperature (Temp)
s Xyl
T 4 197.58 ** 184.9 ** 204.16 ** 111.10 ** 7401.08 **
(T x Temp)
Ly x s
o 10 1233.04 ** 1239.79 ** 1162.06 ** 186.52 ** 21962.17 **
(T x Temp)
- X Lo
o 10 1428.85 ** 1438.52 ** 1442.15 ** 45.48 ** 78765.92 **
(Temp x S)
o X Lo X Hles
s o 20 197.18 ** 192.60 ** 177.31 ** 12.75 ** 7225.06 **
(T x Temp x S)
s
162 453 44.99 46.47 2.07 3799.9
Error
Ok o i
f(?v a - 14.14 14.13 12.98 13.73 26.46

.,\;@Mo,w(.»,w,;@‘ggclw,:,u@”\;,w%;;Afns‘*‘**

** *significant at 1 and 5 percent levels of probability and non-significant, respectively.
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O3 o ol 38l o ss rsled 5 ST e e Jlize S 1 S0be Ay lie Y U
(S) 4wl «(BP) (125" 1w o TP) 25 55, :(SUD) S s

Table 2- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Ajwain seeds final
germination percentage. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

(Final germination percentage) ,lg g4l 4w ys

Les o
(Temp) (S) (No treatment) L 054 (KNO3) ke o 25 (Pre-chilling) ast o

TP 62.75 a-g 67.00 a-e

10 BP 68.25 a-d 65.50 a-e
S 11.75 op 0.00 p
TP 65.50 a-e 70.50 abc 66.75 a-e

15 BP 68.25 a-d 71.75ab 72.00 ab
S 44.75i-1 56.00 d-i 61.00 a-h
TP 65.75 a-e 62.25 a-g 65.50 a-e

20 BP 60.75 b-h 63.75 a-f 73.25a
S 45.25 i-l 45.75i-1 67.75 a-d
TP 34.75Im 35.75Im 63.25 a-g

25 BP 4275kl 49.75 h-k 60.75 b-h
S 17.25 no 15.75 no 66.00 a-e
TP 61.25 a-h 64.75 a-f 61.00 a-h

20-30 BP 55.25 e-j 63.25 a-g 60.00 b-h

S 51.00 g-k 42.25kl 53.00 f-k
TP 0.00 p 0.00 p 43.50 jki

35 BP 0.00p 0.00p 58.25 c-h
S 0.00 p 0.00 p 26.25 mn

LSD 0.01 12.40

.upgw)a&ch_ﬂ)a LSD 0g05T L s ine CoBastl s cizan 57 e (3 o 5 gols ol O g 2 53 457 (518 S0l
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.

O o oole el s sl 5 S s oy bline S 1 Sk dslie ¥ J g
(S) aele (BP) 215 1 o TP) 21 (o5, :(SUD) i s

Table 3- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Ajwain normal seedling
percentage. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

(Normal seedling percentage) ssle alS 4o )s

Les S
(Temp) (S) (No treatment) ,Ls 54 (KNO3) ponley o 25 (Pre-chilling) st o 2

TP 62.75a-g 67.00 a-e

10 BP 68.25 a-d 65.50 a-e
S 11.75 op 0.00 p
TP 65.50 a-e 70.50 abc 66.75 a-e

15 BP 68.25 a-d 71.75ab 72.00 ab
S 44.75i-1 56.00 d-i 61.00 a-h
TP 64.50 a-f 61.75 a-g 65.50 a-e

20 BP 60.50 b-h 63.75 a-f 73.25a
S 45.25 i- 45,75 i-1 67.75 a-d
TP 34.00 Im 34.75 Im 63.25 a-f

25 BP 42.75 Kkl 48.75 h-k 60.75 b-h
S 17.25 no 15.75 no 66.00 a-e
TP 60.50 b-h 64.00 a-f 60.50 b-h

20-30 BP 55.25 e-j 63.00 a-g 59.75 b-h

S 50.75 g-k 42.25 ki 53.00 f-k
TP 0.00p 0.00p 43.50 jki

35 BP 0.00p 0.00p 58.25 c-h
S 0.00 p 0.00p 26.25 mn

LSD 0.01 12.36

bl gn 53 &G o 55 LD 050 3T 1 s sime oMt i (i &5 2 3 G sl il O 2 53 ST sla S0l
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.

Iranian Journal of Seed Science and Technology Ol ok 65 5 psle 4,2
Vol.: 13, No.: 1, Spring 2024 VRO Sle o) osled Y




4 0L Ses 5 301
0L o3 slasls doys  slass 5 ST S clos olie Sl 31 80l d i —F Uil
(S) aule « BP) 1615 -y o TP) 6 (55, :(SUD) 28 s
Table 4- Mean comparison of interaction effects (Temperature x Substrate x Treatment)
on Ajwain dead seeds percentage. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).
s e (Dead seeds percentage) o & sl Lo s
(Temp) (S) (No treatment) ,les s (KNO3) poley & 25 (Pre-chilling) aste 2o
TP 37.25j-p 33.00 m-p
10 BP 31.75 nop 34.50 k-p
S 88.25 ab 100.00 a
TP 34.50 k-p 29.50 op 33.25 m-p
15 BP 31.75 nop 28.250p 28.00 op
S 55.25 e-h 44.00 h-n 39.00 i-p
TP 34.251p 37.75i-p 34.50 k-p
20 BP 34.25i-p 36.25 k-p 26.75p
S 54.75 e-h 54.25 e-h 32.25 m-p
TP 65.25 de 64.25 de 36.75j-p
25 BP 57.25 efg 50.25 f-i 39.25i-p
S 82.75 hc 84.25 bc 34.00 m-p
P 38.75i-p 35.25 k-p 39.00 i-p
20-30 BP 44.75 g-m 36.75 j-p 40.00 i-0
S 49.00 f- 57.75 ef 47.00 f-k
TP 100.00 a 100.00 a 56.50 e-h
35 BP 100.00 a 100.00 a 46.75 f-|
S 100.00 a 100.00 a 73.75 cd
LSD 0.01 12.56

.ug@.\.p)mgcu,; LSD 0 g03T L s ine (oDl JBb ciman 57 280 3 o 5 gols ol O gon 53 457 (5la 5, S0
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.

4 Fi9 e le
by S dald Glajles (poled 3 4 (G e L
Slo sl 5 533503 65 m alia by 85 6 S S 51555 b
St 3392 065 4 (955 el 0 VL ey Dl 5 5 el
s a2 53 Y0 A N (gles an j3 (IS w5 28 (6,
);r,__.ﬁL-iQ\,-.;,.uu)u.;,;w,.:ﬁ%ﬁuua.uu“
olsen oy ol S5 serld e pdw ay3 )l
,.U;m#tiu;:stuJai\,:J;@@j,u»ud;\ﬂ{
03 o ieS s les aled 45 (IS w5 B2 (55, oS
o obed Ll 5 g S edaline s 4 3 YO (gles
muu,u,u}wga\,«g,u::,;p_;}u;ﬁdﬁlguuﬂ
a3 Y0 510 (glos 93 55 sl Jled Lol 5y s
0L 4 G35 el op VL B (9) jmw 55 osmuds
S8 e gles (slasles oS gl Sl g 3 S oalis
ubud;\n{‘@mﬂ}ﬁ_wguﬁmau,uﬁ:u)
G (555 fm 93 o grmedos az 53 Yo 5 V0 glod y3 4 G5

.(9d5~\>.-)-\.1.ajf¢.;r_.wb__¢|j.:");
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(Carum capticum) oL (g s (sbes 5 3 kil S3al s O 305T Ll o o g opons V.

O3 5y G581 o p e 5 ST e clos lize ST 80k gl =0 s
(S) aule «(BP) (168 -y (TP) 128 (55, :(SUD) S

Table 6- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Ajwain seeds germination
rate. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

(A/d Germination rate) ;«l e s

L st
(Temp) (S) (No treatment) ,les s (KNO3) poley & 25 (Pre-chilling) aste 2o
TP 4.048 rs 4.081rs
10 BP 4.169 rs 4.106 rs
S 0.532tu 0.000u
TP 8.969 m-p 9.600 mn 15.399 f-i
15 BP 9.359 mno 10.004 Imn 16.161 e-h
S 4123 rs 5.206 grs 6.46 pqr
TP 18.290 e 15.021 g-j 28.611c
20 BP 16.034 e-h 15.526 f-i 30.875 be
S 8.292 m-p 7.978 nop 14.411 hij
TP 9.379 mno 9.211 mno 33.829 a
25 BP 10.700 klm 12.499 ijk 32.050 ab
S 3.349s 2.846 st 15.454 f-i
TP 16.793 e-h 17.079 efg 22.275d
20-30 BP 15.385 f-i 16.768 e-h 22.340d
S 8.932 m-p 6.917 opq 9.022 m-p
TP 0.000u 0.000u 12.922 ijk
35 BP 0.000u 0.000u 17.990 ef
S 0.000u 0.000u 3.661s
LSD 0.01 2.65

..u,:pdﬁ.u);&ch_ﬂ); LSD 0g05T L s ime CoBastl Bl cizan 57 e (3 o 5 gyls ol O g o 53 457 (5o S0l
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.

O3 4 G55 pasls ol 5 S8 s cles flite SIS o Kibe dlie =5 sl
(S) eule (BP) 615" 1 (TP) 1elS” 55, «SUD) i

Table 6- Mean comparison of interaction effects (Temperature x Substrate x Treatment) on Ajwain seedling weight
vigor. Substrate (Sub): Top paper (TP), Between paper (BP), Sand (S).

(Weight vigor index) <z 55 el

Les g
(Temp) (S) (No treatment) ,Ls s (KNO3) ke o 25 (Pre-chilling) aste 2

TP 360.00 a-f 419.25a

10 BP 374.50 abc 395.00 ab
S 0.00 0 0.00 o
TP 343.75 a-g 319.50 a-i 318.00 a-i

15 BP 341.25 a-g 358.75 a-f 268.75 c-k
S 236.75 g-l 224.25 h-l 275.25 c-k
TP 370.50 a-d 419.75 a 363.00 a-e

20 BP 260.00 d-I 322.00 a-h 293.00 b-j
S 222.50 h-l 287.75 b-k 372.75 a-d
TP 240.50 g-I 249.75 e- 332.25a-h

25 BP 24475 g-l 241.75 g-l 243.00 g-I
S 185.00 j-m 83.75 mno 263.50 c-k
TP 242.50 g-l 288.25 b-k 287.25 b-k

20-30 BP 207.50 i-l 189.00 j-m 239.00 g-I

S 279.25 c-k 146.75 Imn 241.25 g-l
TP 0.00 0 0.00 0 176.00 k-n

35 BP 0.00 0 0.00 0 246.75 f-1
S 0.00 0 0.00 o 70.25 no

LSD 0.01 113.61

..upd..w);&iéw);LSD 05037 L la gan Dt 306 ez &5 e (0 S5 (6l Bl O p 55 oS (gl Sl
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.

Iranian Journal of Seed Science and Technology Ol ok 65 5 psle 4,2
Vol.: 13, No.: 1, Spring 2024 VRO Sle o) osled Y




O 5 pobls

Cs s 0] gad i odaldin o) 8 (Sla s s p5 s 2aS
B ol b e oled 4 S bajled (poled )3 (G54l
\K 6u;¢aawt¢¢\;:s)u::ﬁ@@;3ubu_bsw
3 8 odalin GBS (S35 jms 53 5 L smedr 455 Y1
23 ey S b lasdy (bl i oS Couleas 518
(Ali et al., 2020) 3,15 ol [2E5 4al 4t 5 il
AL Ll r ey D 25 45T Ll ol jateiie s
SIS 5 amalS a 5o 1y ol A ¢ Giailer 0l s
Abdel-Baki et al., 2018 & ) Lla Lal Sjasl g Ol )
S35 g o planil el Slalls 55 .(Moaaz et al., 2020
Jam (5l b ydy &7 Sl o abdn O i 05 il (gla
S (23l e ols i U i i sl 90 4 Gl S M
Afzali Group et al., 2018; Baskin & Baskin, 2014; ) . l»
b —w .(Nowruzian et al., (2017; Zhang et al., 2019
S8l oS (oS (la O g0y 50 O35 R L A5 0 b e
R B T | e )
M 56 ol jon s Slaztln 5 o s 5 ok cait )
e il 5l sb e a3k (Chenetal., 2015) 1l
SRS 6T S50 el 5 Sa)s sla e
Sladal 5 Jslome (Glad 213l iomen 5 badkecd 5 a5 5
O35 53 i (Bewley et al., 2013) 53,8 o 4T
b ods 53 b e (sl (b (Gialsz 03 J5s el n
3l S g 53 s 05 0k S e 4
(Aihua et al., 2018) Cul o 0303 Loy dasl & jT
2k Sl 2T 53 058 I 1 o (23l
Slse o 43l g0 g0l i O3S 5L el s 50l
aly ailsn g osls i 1 5 05 ediylasl 5 oS S o

dad o i oS ESU et 3lge L tul 53l
.(Keshtkar et al., 2008)

Ol 5 dold Hlad Cos a5 al 0 50 0L slasds

Lol LBl o g a3 53 YO (Glos 55 554l g2 s s V"*‘“‘L*‘v

Olen s Los ol 55 T S5l g ¢ a5l s slas Jlasl 51 s

(el il s S Ll Al g5l sae

uu}:_ml_.n a3 Y0 gles j3 4y Sis ubu)@k;«a..a\:f

Iranian Journal of Seed Science and Technology

e
slaslas 53 0L Hdy (G5 4l ol DL aalllas ol s
ijQ|kj6u)w&)wH¢$uD%
3 Fosllae anle 4 i BT 1 5 ) CBST s 3 (A0l e
3 Sl S o3le ol (Sl Sialr s
GFoml edi) b Glayds do sy VLA Sis el
sals byl 5 55 0L5 Hdy (G5al e el ¢ gamme 5o Al
Jlest b el i by o5 gy o ey S sl Jlos
3 wbe 5l (03 3 Sslize gl 5 (A3l e
Bo ks Al e IS o el S e o el o
o3 il (slady 53 535 8 3l (Bl s bk sl ol
338 or odaltin i ) B Ol )l e 4500 2
P50 805 =0 SLIIL plad Anl B s m e o il 5 o0
.(Rahimi et al., 2017) 55 §

S5 e ks glabes )5 0L slayds G54l uly
O35 oy 581 6 S 53 plin Slagaly 4 (5 g 4
jﬂﬁjl@léw}:_ml_»«?):\“ 30N lales y3 05 g
4S5 A OLE 1 gad ey L)l odaliie (iST f  5led
oz a3 035 slasdy 313 DL s (dgpltie s 5l
doys 5 63le amalS ( olg Sialr A, Sl S
alllan ol gl s sy ol L5 055 8 sl s
3 o3> gl en Rezazadeh & Koocheki (2006) ;= L
23 S8 5 s dm 53 0 (Glos 3 a0 4SS et i
a3 Yo BN las o |y Sialer o e s i als | YO,
OLLE (sl 3 (gl Lisls DLt (Vs b 90) o g ad s
S g a3 Y BV les 6t 53 OL i ool g
b i layds a4 Ol oo ez 1 aST a6 g
Zhang ) s sedew 4,5 Y+ =V + (gles 55 (Angelica keiskei)
> (Eryngium maritimum L) oL ;s zh s Cet al., 2019
(Cortes-Fernandez et al., 2021) v geudow 455 Y+ =10 (glos
Ol Hles 93 8 53 s Yo 530 (slos 93 55 05 S o lal
03 8 S50l Gl atLE 35 o 3l 5 ey
(CiS 6 s paled 53 CAEl g ales ol 53 a5 (g g 4

4 S setld 5 oole amalS (Llg il op YL

Ol ok 65 5 psle 4,2

Vol.: 13, No.: 1, Spring 2024

VO e o) opled O



(Carum capticum) ol b slaes 5 3 lbill S5al s 05057 Lol 3 o g cpund \Y

(s3le 2alS ( olg S50l S s e Wl
Sk o s op Sy (G3ale Lo g 4 G5y et Ll
e 33 3l eslinal 33 8 aslg by 55 onl 5135 8 el
as=;3Ye 510 §b>33)3@:uﬂjﬁ~wb¢¢;\f.§)u§
FS Mo Ll g o BT 1 5 BT (555 i 93 53 o genedns
i 9 odalia |, OL5 slayds a5 (G54l Jomily
o bl G4l OsasT atg (2Ll p Sl siws
s ot 5 Al A laT Lyl s 55 0l 40 55 550 OGS
oDl > e Loyl L STl Loyl 55 05057 5l e
(soled 53 3, lll 050 5T Ol 5o 4 Ll 5 (n 555 5 (e S sbo)

.ba_}fg‘;wha_‘fi

Sl Rl
hs 30 3 (65 30 el ) (S35 5 ok Liglan 51 OE W,
ol 3 e Calem sl Il 5 5y (A5 5 o Sliios
VYFoAmtAns AQACYEo e VY o35 elad U Ltasy

il e 13,08 5 S

b oW
)zg‘stﬁu,z)wAsjféggw‘;@p&;wuﬁ@u.u_ﬁ;
S WG Ly g 3,5 L bl

References

Abdel-Baki, G. K., Shaddad, M., Mostafa, D., &
Rafat, A. S. (2018). The effect of seed presoaking with
KNO3 on seed germination, proline, protein pattern, -
amylase, and mineral composition of two faba bean
cultivars treated with NaCl. Egyptian Journal of Botany,
58, 445-461.
https://doi.org/10.21608/ejb0.2018.3423.1166

Afzali Group, S., Mehdinejad, N., Azad Ghojeh
Biglou, H., & Salarnia, N. (2018). The effect of chilling
and leaching on removing dormancy from the seeds of
Lovage (Levisticum officinale KOCH). Journal of Seed
Research, 8, 60-68. [In Persian]

Aihua, L., Shunyuan, J., Guang, Y., Ying, L., Na, G.,
Tong, C., Liping, K., & Lugqi, H. (2018). Molecular
mechanism of seed dormancy release induced by
fluridone compared with cold stratification in
Notopterygium incisum. BMC Plant Biology, 18, 1-
16. https://doi.org/10.1186/s12870-018-1333-2

Iranian Journal of Seed Science and Technology

S 4 St 8 0 S a3 5 sled 4 a3
YL@l alS 5 ol S50l e o 2l
AV a5 s S el 5 el Sl e 53 4 S
J§i° andllas 53 s odalin Loy opl )30l 8 sla,ds dm s
aS” 43 odal i Corchorus olitorius L. ¢la,ds 59, »
Lsly gial e = oo semdo dm 53 YO (glos s dali sl
5oV Sl sy opl 53 6,813 51 S 45 Sy 53 Ll
Col BV B S50l sy sl asle
.(Nkomo & Kambizi, 2009)
Yoo sles 95 53 asle  sled 53 giale S o YL
dald el O lasledd 53 g v gedon 453 Y0
948 (g s 53 a 55 gk a3 YO 5 Y (gles 55 5>
2305 slaods s s (slos s S odal e (1SS
o S 3 8 GNE 585 S bl 3, s sledllls
Sg e o b g a3 Yo glas 3 Sl e
sl 53 $54l s> e (Rezazadeh & Koocheki, 2006)
O,:...jLgiblngjJébM):@:uﬂjwbiQ\fchu
sl Hds Giailer S w3 awlae 1 5YL cdelS
ole L S 4 (5,5 )13 31 es (Smyrnium cordifolium)
S gk 423 Yo Slos & JUasil 5 ole o Hlad 5o
Gholami et ) 55 Ssey9n layles w3l 3YL ¢ gial g
Ol Sl op S g Siadle e o SYL Ll 2019
Sl o sk Gialr ST e ¢l 5 5,
3907 e as a3l el i ,les (Carum carvi L.)

.(Hammami et al., 2018) & sdalive

L RCPT e
4 0L o bl Goadl e g 2ol oo adllle ) S

3353 055 la s il o Al ke Ll g5 g0 (63L5 Ol e
OLEs 1) 0L oy Joslty (6 20 g2 4 dE 5 95 e
Yo 510 slos 53 53 by Sl e iy 3l o3l a3 oo
5 @3le el (g il S e b
(33,8 o0 03k Slady o y3 o S 5 4y S5 el

Jﬁbguaj:):k@suﬂ)wgﬂidwlw

Ol ok 65 5 psle 4,2

Vol.: 13, No.: 1, Spring 2024

VO e o) opled O


https://doi.org/10.21608/ejbo.2018.3423.1166
https://doi.org/10.1186/s12870-018-1333-2

O 5 pobls

Ali, M. M., Javed, T., Mauro, R. P., Shabbir, R,
Afzal, I., & Yousef, A. F. (2020). Effect of seed priming
with potassium nitrate on the performance of
tomato. Agriculture, 10(11), 1-10.
https://doi.org/10.3390/agriculture10110498

Alizadeh, M. A., Hosienpoor Ghazvini, A. A., Jafari,
A., & Daneshian, J. (2017). Effect of different
treatments on removing seed dormancy to induce seed
emergence and vigor in some populations of four species
of savory (Satureja spp.). Iranian Journal of Seed
Science and Technology, 5, 223-233.
https://doi.org/10.22034/ijsst.2017.108295 [In Persian]

Anonymous. (2022). ISTA: International Rules for Seed
Testing. International Seed Testing Association.

Anonymous. (1983). Seed vigor testing handbook.
Contribution No. 32 to the handbook on Seed Testing.
Association of Official Seed Analysis (AOSA).

Baskin, C. C., & Baskin, J. M. (2014). Seeds: Ecology,
biogeography, and evolution of dormancy and
germination (2nd ed.). Elsevier/Academic Press.

Bewley, J. D., Bradford, K. J., Hilhorst, H. W. M., &
Nonagaki, H. (2013). Seeds: Physiology of development,
germination and dormancy (3rd ed.). Springer.

Boskabady, M. H., Alitaneh, S., & Alavinezhad, A.
(2014). Carum copticum L.: A herbal medicine with
various pharmacological effects. BioMed Research
International, 2014, 569087.
https://doi.org/10.1155/2014/569087

Chen, S. Y., Chou, S. H., Tsai, C. C., Hsu, W. Y.,
Baskin, C. C., Baskin, J. M., & Kuo-Huang, L. L.
(2015). Effects of moist cold stratification on
germination, plant growth regulators, metabolites, and
embryo ultrastructure in seeds of Acer morrisonense
(Sapindaceae). Plant Physiology and Biochemistry, 94,
165-173. https://doi.org/10.1016/j.plaphy.2015.06.004

Cortés-Fernandez, 1., Cerrato, M. D., & Ribas-Serra,
A. (2021). Evidence of interpopulation variation in the
germination of Eryngium maritimum L.
(Apiaceae). Plant Ecology, 222, 1101-
1112. https://doi.org/10.1007/s11258-021-01164-y

Ghaderi-Far, F., & Soltani, A. (2014). Seed testing and
control. Publications of University of Mashhad,
Mashhad, Iran. [In Persian]

Ghavam, M., Soleimani Nejad, Z., & Tavili, A. (2018).
Dormancy breaking of Ducrosia anethifolia Boiss seed
under the influence of different treatments. New Cellular
and Molecular Biotechnology Journal, 8, 35-44.
https://doi.org/20.1001.1.22285458.1397.8.30.4.9  [In
Persian]

Iranian Journal of Seed Science and Technology

Gholami, M., Danesh Shahraki, A., Asadi, E.
Tahmasbi, P., & Shirmardi, H. (2019). The effects of
pre-chilling and gibberellic acid on seed dormancy break,
germination, and plant growth indices of Smyrnium
cordifolium BOISS. Journal of Rangeland, 13(4), 571-
583. https://doi.org/20.1001.1.20080891.1398.13.4.4.1 [
In Persian]

Hammami, H., Saadatian, B., & Aliverdi, A. (2018).
Geographical variation in breaking the seed dormancy of
Persian cumin (Carum carvi L.) ecotypes and their
physiological responses to salinity and drought
stresses. Industrial Crops and Products, 124, 600-
606. https://doi.org/10.1016/j.indcrop.2018.08.040

Kamali, N., & Sadeghipour, A. (2016). Investigation of
some dormancy breaking treatments on germination
percentage and rate of seeds of Bunium
persicum. Watershed Management Research, 29, 24-
32. https://doi.org/10.22092/WMEJ.2016.112318

Keshtkar, H. R., Azarnivand, H., Etemad, V., &
Moosavi, S. S. (2008). Seed dormancy-breaking and
germination requirements of Ferula ovina and Ferula
gummosa. Desert, 13(1), 45-
51. https://doi.org/10.22059/JDESERT.2008.27174

Moaaz Ali, M., Javed, T., Mauro, R. P., Shabbir, R.,
Afzal, I., & Yousef, A. F. (2020). Effect of seed priming
with potassium nitrate on the performance of
tomato. Agriculture, 10(11), 498.
https://doi.org/10.3390/agriculture10110498

Nkomo, M., & Kambizi, L. (2009). Effects of pre-
chilling and temperature on seed germination
of Corchorus olitorius L. (Tiliaceae) (Jew’s Mallow), a
wild leafy vegetable. African Journal of Biotechnology,
8(6), 1078-1081.

Nowruzian, A., Masoumian, M., Ebrahimi, M. A., &
Bakhshi Khaniki, G. A. (2017). Effect of breaking
dormancy treatments on germination of Ferula assa
foetida L. seed. Iranian Journal of Seed Research, 2, 155-
169. https://doi.org/10.29252/yujs.3.2.155 [In Persian]

Nurulla, M., Baskin, C. C,, Lu, J. J.,, Tan, D. Y., &
Baskin, J. M. (2014). Intermediate morpho-
physiological dormancy allows for life-cycle diversity in
the annual weed, Turgenia
latifolia (Apiaceae). Australian Journal of Botany, 62,
630-637. https://doi.org/10.1071/BT14281

Orchard, T. (1977). Estimating the parameters of plant
seedling emergence. Seed Science and Technology, 5, 61-69.

Rahimi, H., Torabi, B., Soltani, E., & Ghaderi-Far, F.
(2017). Investigation of the process of seed germination
of wild mustard (Sinapis arvensis) during dormancy
elimination. Weed Research Journal, 2, 15-30.
[In Persian]

Ol ok 65 5 psle 4,2

Vol.: 13, No.: 1, Spring 2024

VO e o) opled O


https://doi.org/10.3390/agriculture10110498
https://doi.org/10.22034/ijsst.2017.108295
https://doi.org/10.1155/2014/569087
https://doi.org/10.1016/j.plaphy.2015.06.004
https://doi.org/10.1007/s11258-021-01164-y
https://doi.org/20.1001.1.22285458.1397.8.30.4.9
https://doi.org/20.1001.1.20080891.1398.13.4.4.1
https://doi.org/10.1016/j.indcrop.2018.08.040
https://doi.org/10.22092/WMEJ.2016.112318
https://doi.org/10.22059/JDESERT.2008.27174
https://doi.org/10.3390/agriculture10110498
https://doi.org/10.29252/yujs.3.2.155
https://doi.org/10.1071/BT14281

(Carum capticum) ol b slaes 5 3 lbill S5al s 05057 Lol 3 o g cpund \F

Raisi, A., Kalat, S. N., & Darban, A. S. (2013). The
effects of stratification, temperature, and potassium
nitrate on seed dormancy breaking in Ferula assa
foetida. World Applied Sciences Journal, 23, 379-
383. https://doi.org/10.5829/idosi.wasj.2013.21.3.2785

Rezazadeh, Z. B., & Koocheki, A. (2006). Evaluation
of cardinal temperatures for three species of medicinal
plants, Ajowan (Trachyspermum ammi), fennel
(Foeniculum  vulgare), and dill (Anethum
graveolens). Desert Journal, 11(2), 11-
16. https://doi.org/10.22059/JDESERT.2006.31870

Sasani, S., Tavakol-Afshari, R., Postini, K., &
Sharifzadeh, F. (2006). Evaluation of the effect of
moist-chilling, hormonal treatments, and storage period
on dormancy breaking and induction of Bunium
persicum (Boiss.) B. Fedtsch seed germination
[Abstract]. In Proceedings of the 9th Iranian Congress of
Plant Science and Plant Breeding. 27 August 2006,
Tehran, Iran. [In Persian]

Iranian Journal of Seed Science and Technology

Zahin, M., Ahmad, I., & Aqil, F. (2010). Antioxidant
and antimutagenic activity of Carum copticum fruit
extracts. Toxicology  in  Vitro,  24(4), 1243-
1249. https://doi.org/10.1016/j.tiv.2010.02.004

Zardari, S., Ghaderi-Far, F., Sadeghipour, H. R.,
Zeinali, E., Soltani, E., & Baskin, C. C. (2019). Deep
and intermediate complex morpho-physiological
dormancy in seeds of Ferula gummosa (Apiaceae). Plant
Species Biology, 34, 85-
94, https://doi.org/10.1111/1442-1984.12238

Zhang, K., Zhang, Y., Walck, J. L., & Tao, J. (2019).
Non-deep simple morpho-physiological dormancy in
seeds of Angelica keiskei (Apiaceae). Scientia
Horticulturae, 255, 202-
208. https://doi.org/10.1016/j.scienta.2019.05.039

Ol ok 65 5 psle 4,2

Vol.: 13, No.: 1, Spring 2024

VO e o) opled O


https://doi.org/10.5829/idosi.wasj.2013.21.3.2785
https://doi.org/10.22059/JDESERT.2006.31870
https://doi.org/10.1016/j.tiv.2010.02.004
https://doi.org/10.1111/1442-1984.12238
https://doi.org/10.1016/j.scienta.2019.05.039

