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

s - “?Ji sl Sl ol w\f o5 slayd Sohl g Sy s Sy el
157 i inati i i
S0V sl Fl'nal _ Normal seedling Dead seeds Germl_natlon rate Wel_ght vigor
D.F. germination index index
[
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)
X s
T 4 197.58 ** 184.9 ** 204.16 ** 111.10 ** 7401.08 **
(T x Temp)
Ly x Hles
o 10 1233.04 ** 1239.79 ** 1162.06 ** 186.52 ** 21962.17 **
(T x Temp)
T X Lo
7 10 1428.85 ** 1438.52 ** 1442.15 ** 45.48 ** 78765.92 **
(Temp x S)
o X Lo X yles
ST 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
Ol s o 2
’:V ad - 14.14 14.13 12.98 13.73 26.46

Sls e Dl pde 5 Ao s g (G b 3 e D5l o 4 NS K

** *significant at 1 and 5 percent levels of probability and non-significant, respectively.
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(Carum capticum) ol b slaes 5 3 ldilul S5al s 05057 Lol & o g cpund A

O3 5k 2l S50 o3 e 5SS e dlas filie DI ke aglie =Y S
(8) 4wk (BP) ielS” o o TP) dels (5, :(SUD) 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) .l ;4! 4w ys

Les o
(Temp) S) (No treatment) ;s 054 (KNO3) el Ol s (Pre-chilling) ast o 2

TP 62.75 a-g 67.00 a-e

10 BP 68.25 a-d 65.50 a-e
S 11.750p 0.00 p
TP 65.50 a-e 70.50 abc 66.75 a-e

15 BP 68.25 a-d 71.75 ab 72.00 ab
S 4475 i-l 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 45.25i-l 45.75 i 67.75 a-d
TP 34.75Im 35.75Im 63.25 a-g

25 BP 42.75 ki 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 42.25 kl 53.00 f-k
TP 0.00 p 0.00 p 43.50 jkl

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

LSD 0.01 12.40

..c_zpdw)a&chd)gLSD 05037 L 513 gnn sl 35 (s &5 e (3 S5 (gl JBlo s a5 S (gl Kol
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.

OB sy ol 4l o ys e 5 S e dles lise S 1 ke i ¥ Ut
(S) 4ubs (BP) 565" - (TP) (28 (55, :(SUD) 8™ 2w

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) ste 48 s s

Les s
(Temp) (S) (No treatment) ,les o5 (KNOg) poley ol 2 (Pre-chilling) aste . i
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 4475 i-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-1 45.75 i-l 67.75 a-d
TP 34.00 Im 34.751Im 63.25 a-f
25 BP 42,75kl 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 Kkl 53.00 f-k
TP 0.00 p 0.00 p 43.50 jkl
35 BP 0.00 p 0.00 p 58.25 c-h
S 0.00 p 0.00 p 26.25 mn
LSD 0.01 12.36

Al o 053 &S el 53 LSD 0 5a5T L s e LoDt dBlb ctizos & 20 U3 S5 (1ol Jollm D55 pp 93 oS (sla o SiLs
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.
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4 OLSas 5 3oL
0L 03t glasds doys  slass 5 ST i clos olie Sl 51 80k d e —F gl
(S) aule ( BP) 165 o (TP) 28 (53, :(SUD) 228 1oy
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.; & sla,ds o ys
(Temp) (S) (No treatment) ,Ls o4 (KNO3) puly &l 125 (Pre-chilling) _asb o i
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 28.25 0p 28.00 op
S 55.25 e-h 44.00 h-n 39.00 i-p
TP 34.251-p 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 bc 84.25 bc 34.00 m-p
TP 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-j 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

..u«p‘;w);&ichﬂ); LSD 05037 Ll gmn oMl d3b s 57 280 3 o G (slls ol O g p 53 687 (5o S0l
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.
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(Carum capticum) oL g s (sbes 5 3 kil S3al s O 305T Ll o o g cpons V.

05 s 38 g Sy sl 5 S s o it S S0 ey lie =0 Ul
(S) asle (BP) 3515 1 o TP) b8 (55, :(SUD) 28 1o

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).

(1/d Germination rate) ;i e s

Les s
(Temp) (S) (No treatment) ,Ls o4 (KNO3) puly &l 25 (Pre-chilling) _asb o i
TP 4.048 s 4.081rs
10 BP 4.169 rs 4.106 rs
S 0.532 tu 0.000 u
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 qrs 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 bc
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 0.000 u 0.000 u 12.922 ijk
35 BP 0.000u 0.000u 17.990 ef
S 0.000u 0.000u 3.661s
LSD 0.01 2.65

..c_zpdw)a&cb);LSD 05037 L 513 gnn sl 36 (i &5 e (3 S5 (gl JBlo O a5 S (gl Kol
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.

OB 4y G5 patle e 5 S e cles blise ST Sike i - Ut
(S) 4uls (BP) 565 - (TP) 528 (55, :(SUD) 8™ 2w

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) az s el

L S
(Temp) (S) (No treatment) jls o5t (KNO3) posly &l 125 (Pre-chilling) _asb o i

TP 360.00 a-f 419.25a

10 BP 374.50 abc 395.00 ab
S 0.000 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- 332.25 a-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

..u,:pd..w);&iéw); LSD 0 g5T Ll sine CoMastl s s 57 e (3 > G (glls Pl O g o 53 657 (5l S0
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.
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