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Abstract

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.

Keywords: Ajwain, Environmental condition, Seed germination, Seedling vigor.
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Figure 1- Ajwain seeds tetrazolium test.
Above, all or part of the seeds are not well
colored (non-viable seeds), at the bottom, all
the internal parts of the seeds, including the

embryo and endosperm, are well colored
(viable seeds).
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Table 1- Analysis of variance (mean squared) of Ajwain seed germination indices under different
temperatures, substrates and treatments.
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Treatment (T)
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Substrate (S)
L
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(Temp)
A X olad
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(T x Temp)
Lo X Hles
) 10 1233.04 ** 1239.79 ** 1162.06 ** 186.52 ** 21962.17 **
(T x Temp)
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(Temp x S)
S X o3 xX led
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(T x Temp * S)
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** * significant at 1 and 5 percent levels of probability and non-significant, respectively.
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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) g ool s Ao s>

Les g
(Temp) S) (No treatment) ;L3 o4 (KNO3) oy ol 25 (Pre-chilling) st o 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 71.75 ab 72.00 ab
S 44.75 i-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-1 45.75 i-1 67.75 a-d
TP 3475 Im 35.75 Im 63.25 a-g
25 BP 42.75 kl 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 55.25e-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 jkl
35 BP 0.00 p 0.00 p 58.25c-h
S 0.00 p 0.00 p 26.25 mn
LSD 0.01 12.40
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Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.
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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) sl «=als 4o s

Les s
(Temp) S) (No treatment) jles o5 (KNO3) (el S (Pre-chilling) sl o i
TP 62.75 a-g 67.00 a-e
10 BP 68.25 a-d 65.50 a-¢
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 71.75 ab 72.00 ab
S 44.75 i-1 56.00 d-i 61.00 a-h
TP 64.50 a-f 61.75 a-g 65.50 a-¢
20 BP 60.50 b-h 63.75 a-f 73.25a
S 45.251-1 45.75 1-1 67.75 a-d
TP 34.00 Im 34.75 Im 63.25 a-f
25 BP 42.75 kl 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 63.00 a-g 59.75 b-h
S 50.75 g-k 42.25kl 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
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Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.
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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).

(Dead seeds percentage) o & sls b dus s

L e
(Temp) S) (No treatment) ;L5 o4 (KNO3) oty =l 25 (Pre-chilling) asbe o 2
TP 37.25jp 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 mp
15 BP 31.75 nop 28.25 op 28.00 op
S 55.25e-h 44.00 h-n 39.00 i-p
TP 34.251p 37.75i-p 34.50 k-p
20 BP 34.251i-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 36.75jp
25 BP 57.25 efg 50.25 f-i 39.25ip
S 82.75 be 84.25 be 34.00 m-p
TP 38.75ip 35.25k-p 39.00 i-p
20-30 BP 4475 g-m 36.75 jp 40.00 i-o
S 49.00 £+ 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 f1
S 100.00 a 100.00 a 73.75 cd
LSD 0.01 12.56

L —Laj.\éﬁzc]a_u):LSD by}Tlg,\:@uJ)’ta‘-\—G& TP g Jf«_‘fggl)b‘ﬁl—b ()):w,ajéaf‘sba&;\ily
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.

O oy G380 ey e 5 CtS e clos blie S5 ks dlin —0 sl
(S) ale (BP) (4 -y ((TP) 18" (55, :(Sub) 28 1y

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).

s . (1/d Germination rate) ;<! s Cs
(Temp) S) (No treatment) ;L5 o4 (KNO3) oty =l 25 (Pre-chilling) asbe o 2
TP 4.048 rs 4.081 rs
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 4.123 15 5.206 grs 6.46 pqr
TP 18.290 e 15.021 g-j 28.611 ¢
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 33.829a
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 0.000 u 0.000 u 17.990 ef
S 0.000 u 0.000 u 3.661 s
LSD 0.01 2.65

L —Laj.\éﬁzc]a_u):LSD by}Tlg,\:@uJ)’ta‘-\—G& RIS Jf«_‘fggl)b‘ﬁl—b ()):w,ajéaf‘sba&;\ily
Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.
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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) 4 js esls

L e
(Temp) S) (No treatment) ;L5 st KNO3) oy o1z (Pre-chilling) asb o 2
TP 360.00 a-f 419.25a
10 BP 374.50 abc 395.00 ab
S 0.00 o 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-1 224.25 h-1 275.25 c-k
TP 370.50 a-d 419.75a 363.00 a-e
20 BP 260.00 d-1 322.00 a-h 293.00 b-j
S 222.50 h-1 287.75 b-k 372.75 a-d
TP 240.50 g-1 249.75 e-l 332.25 a-h
25 BP 24475 g-1 241.75 g-1 243.00 g-1
S 185.00 j-m 83.75 mno 263.50 c-k
TP 242.50 g-1 288.25 b-k 287.25 b-k
20-30 BP 207.50 i-1 189.00 j-m 239.00 g-1
S 279.25 c-k 146.75 Imn 241.25 g-1
TP 0.00 o 0.00 o 176.00 k-n
35 BP 0.00 o 0.00 o 246.75 f-1
S 0.00 o 0.00 o 70.25 no
LSD 0.01 113.61

..\;.':lid.Lapdﬁ:cla_.«):LSDQ,A)'Tlg)\:@u;b)'ca‘-\éléswdquféfg5!)!>J§!J>Q,;~,AJ:4§‘51A¢§QL‘«

Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.
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