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Many farmers use the harvested seeds for the next harvest season. Knowing the optimal
storage conditions can help prevent seed deterioration during storage and prevent loss of
money and resources. In the present study, the effect of short-term storage conditions in one
season on the seed germination characteristics of 3 species of Nepeta haussknechtii, N.
pogonosperma and N. glomerulosa subsp. staffina was studied. A factorial experiment was
performed in the form of a completely randomized design with three replications.
Treatments included 1) Storage period (in five levels 0, 1, 2, 3 and 4 months), 2) storage
temperature (at three levels of the laboratory environment, cold storage +4 and -18 °C), and
3) germination treatment (at two levels of control and gibberellin 250 ppm). The examined
characteristics included germination percentage, germination rate, seed vigor index, radicle
and shoot length and radicle to shoot length ratio. The results showed that the germination
characteristics of different species are different at harvest time, So that, N. glomerulosa
subsp. staffina with 29% showed lower germination compared to the other two species, N.
haussknechtii and N. pogonosperma, with 73 and 89% germination respectively. Storage for
3 to 4 months increased the germination percentage of N. glomerulosa subsp. staffina about
53% and N. haussknechtii and N. pogonosperma 19 and 10%, respectively. It can be
concluded that N. glomerulosa subsp. staffina has a major primary dormancy period and a
storage period of 4 months meets the post-harvest requirements for this species. While the
species N. haussknechtii and N. pogonosperma were lack of primary dormancy. Hence, it is
important to pay attention to the existence of primary dormancy in seed trade. The study of
seed storage at +25, +4 and -18 °C revealed the optimal temperature for short-term seed
storage, until the next growing season, for N. glomerulosa subsp. staffina is +4 °C and -18
°C for N. haussknechtii and N. pogonosperma. The germination behavior of N. glomerulosa
subsp. staffina was different from N. haussknechtii and N. pogonosperma.
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EXTENDED ABSTRACT

Introduction

Many farmers use the harvested seeds for the next harvest
season. Improper traditional methods of seed storage
decrease the seed viability. Knowing the optimal storage
conditions can help prevent seed deterioration during
storage and prevent loss of money and resources. Thus,
the issues of storage conditions standardization is a
prerequisite for food security and species protection
programs. In the present study, the effect of short-term
storage conditions in one season on the seed germination
characteristics of three species of Nepeta haussknechtii,
N. pogonosperma and N. glomerulosa subsp.staffina was
studied.

Materials and Methods

The seeds of three species of Nepeta (Nepeta
haussknechtii, N. pogonosperma and N. glomerulosa
subsp. staffina) were planted and harvested in the
research farm of Iran Natural Resources Gene Bank
located in Alborz Research Complex in 2021. The seeds
dried in shade and stored in paper bags. A factorial
experiment was performed in the form of a completely
randomized design with three replications. Treatments
included 1) Storage period (in five levels 0, 1, 2, 3 and 4
months), 2) storage temperature (at three levels of the
laboratory environment, cold storage +4 and -18 °C), and
3) germination treatment (at two levels of control and
gibberellin 250 ppm). The examined characteristics
included germination percentage, germination rate, seed
vigor index, radicle and shoot length and radicle to shoot
length ratio.
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Results and Discussion

The results showed that the germination characteristics of
the three species are different at harvest time, so that, N.
glomerulosa subsp. staffina with 29% showed lower
germination compared to the other two species, N.
haussknechtii and N. pogonosperma, with 73 and 89%
germination, respectively. Storage for three to four
months increased the germination percentage of N.
glomerulosa subsp. staffina about 53% and N.
haussknechtii and N. pogonosperma 19 and 10%,
respectively. The low germination percentage after
harvesting N. glomerulosa subsp. staffina compared to
the other two species can be discussed by early dormancy
in this species. Reports have shown that different species
of Nepeta have secondary dormancy, however, there was
no report on the amount of after harvesting germination
and the presence of early dormancy in the Nepeta species.

Conclusion

It can be concluded that N. glomerulosa subsp. staffina
has a major primary dormancy period and a storage
period of four months meets the post-harvest
requirements for this species. While the species N.
haussknechtii and N. pogonosperma were lack of primary
dormancy. Hence, it is important to pay attention to the
existence of primary dormancy in seed trade. The study
of seed storage at +25, +4 and -18 °C revealed the optimal
temperature for short-term seed storage, until the next
growing season, for N. glomerulosa subsp. staffina is +4
°Cand -18 °C for N. haussknechtii and N. pogonosperma.
The germination behavior of N. glomerulosa subsp.
staffina was different from N. haussknechtii and N.
pogonosperma.
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4 826 ae 602 ac 369 fg 365 fh 271 dg 171 cf 442 ef 162 fj
0 773 df 463 df 569 a 38 dg 396 ac 102 gh 499 bf 38 ab
1 — 76 df 483 cf 420 cof 430 cf 433 a 134 dh 567 ac 323 ac
2 3 £ 773 of 441 ef 48 bc 162 | 122 h 0873 h 21 | 143 hij
3 © 626 gh 415 f 404 eg 292 gi 343 af 123 dh 466 dg 279 be
“ 4 853 ae 516 b-f 478 b-d 4636 ad 25667 e-g 3 a 556 ad 087 ij
0 586 h 515 b-f 378 fg 30773 gi 36333 ad 16 <c-g 523 ae 272 cf
1 g 893 ad 616 ab 385 eg 54997 a 35533 ae 259 ab 614 a 136 hj
2 f})g 866 ae 589 ad 432 cf 2848 gi 116 h 216 bc 332 i 055 j
3 ® 893 ad 599 ac 397 eg 51133 ac 4.1333 ab 16 «c¢g 573 ac 260 c-g
4 933 ab 696 a 407 eg 45933 b-e 31333 b-g 18 cd 493 bf 192 e
0 773 df 463 df 569 a 38352 d-g 39667 ac 102 gh 499 b-f 386 ab
1 — 68 Fh 434 ef 415 dg 31613 gh 37 ad 093 h 463 dg 397 a
2 3 £ 826 ae 535 bf 4179 d-g 1824 | 10067 h 119 dh 22 | 084 ]
3 © 83 ae 542 bf 432 cf 32789 gh 26733 dg 116 d-h 383 gi 232 ch
1 4 853 ae 470 df 501 b 30965 gh 25333 eg 11 fh 362 hi 233 c-h
0 586 h 515 b-f 378 fg 30773 gi 36333 ad 16 <c-g 523 ae 272 cf
1 £ 773 df 579 ad 352 g 316 gh 3 cg L1 fh 41 fi 272 cf
2 })E 746 ef 537 bf 374 fg 31837 gh 24333 fg 179 cd 422 fi 141 he
3 G 946 a 639 ab 399 eg 42504 cf 27333 dg 175 ce 448 ef 156 g
4 946 a 607 ac 449 b-e 46853 ad 28133 d-g 212 bc 493 b-f 132 hi
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Table 3- Analysis of variance results of the storage conditions, germination treatment and their interaction effects on
germination on germination traits of N. pogonosperma seeds

< 2
3 < 3
a <
Ol s Gt” E — ’? 'g j .§
=, © N s b ©
S.0vV ‘59 33'\ = ':3." E
YhE W
o 0]
<
’_;“ _ 2 9.24 0.037
Replication
146 sle
SN s 2 58.84  3.89"
Storage temperature (T)
540 g ke
et 1 34417"  30.79™
Germination treatment (G)
14 &
SIS e 4 347.73% 172"
Storage period (P)
T*G 2 145.24™  3.18™
T*P 8 89.73" 3.51™
G*P 4 141.95™  2.05™
T*G*P 8 143.02" 4.20™
ot
58 30.945 0.421
Error
S e e 594  7.63

CV%

[5) .

3 E ; S
g, B x - ) o
Y8 1E 1% 48 aF 22
) 8 (i) - oo 25 - 2 RS
2E 48 Jw 2= w2 8
3 E  ¥3 1S T8 1= b3
& g ¥E e 8 T3
38 3 = I -
n D .

b S L4
012 0175 0504 0017 0356  1.063"
0927 217 258 0053 332" 064"
401" 721 155" 1278” 541"  68.73"
0215 1031 887" 0477 1242 753"
044" 025" 2.9 0.06™ 25" 099"
0279°  152° 101 003" 133" 081"
039" 1627 263~ 093" 1497 11.207
044™ 015  086™ = 003" 108" 063
012 015983 0.155598 0.011325 017  0.192
1097 1067 1428 852 1034  17.22

*, **: Significant at 5 and 1 percent and non-significant, respectively.

5 om) sl G54l ol o5 ) F J a3 B
L 4S5 5 ds s VF/7% N. pogonosperma Coses (Ciils
s ke 4 .28l Sl A s AT 4 o el
Losls ol s 53 \F Ol sy ad sl gial e o e Hles
> S Sl a5 VA 5 +F YO Lss 3 55d (5,106
PR F R R AR ¥ ISP PR P JESR RS
308 b s a5 WA eSS s 3 oy a3 el s

(F Jsie) 3 8 Jole oo oo g0 50

N. glomerulosa subsp. staffina

vjjd‘ﬁ-w)j-’);ﬁ;)ué‘j&‘i)‘)“iﬁd@w

0 Jsd> 45 N. glomerulosa subsp. staffina &—aes
4 M5 slos ol 314 sl Ot gl ol ok s

Bl 5 od Dlo yas ple Gl S olinal
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Table 4- Mean comparison results of storage conditions, germination treatment and their interaction effects on the
germination traits of N. pogonospermaseeds.

° g 3
5 = RS ) N
\ © y ] —‘2
T8 %z 1z |
Yy £ 38 2= 3
—~ Q Y o R © =
o 3 3 e 9E Y
(-] z 2 £
8 g 5
2 5 o
] wn
0 74.66
1 _ 8
(=]
2 32 10
3 © 066
4 92
+25
0 89.33
1 £ 100
2 L2 100
58
3 & 100
4 100
0 74.66
1 _ 8933
(=]
2 3 E 9066
3 100
4 100
+4
0 89.33
1 £ 100
2 L2 100
8
3 5
4 100
0 74.66
1 _ 8533
(=]
2 3 2 9066
o
3 100
4 9
-18
0 89.33
1 £ 9333
2 £ 2 7866
S8
3 & 100
4 100
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Germination %

bc

ab
ab
ab

Z.

(Gay 53 al®) G54l S

Germination rate (seedling/day)

8.35
8.41
791
7.65
8.90
10.51
9.39
8.76
9.76

7.43
6.79
7.73
7.25
8.90
8.36
8.75
7.08
10.53

7.91
9.73
9.23
7.68
8.90
9.11
7.04
11.32
9.01

c-f
d-g
c-f
hi
ab

e-h
be
cd
f-h

c-f

c-e

Z.

(G30) 3l Ol Ske 0L
Mean germination time (day)

3.35
3.48
3.26
3.24
3.15
3.13
2.52
2.86
3.42
2.68
3.35
3.31
3.92
3.52
4.25
3.13
3.08
2.96
3.37
2.52
3.35
2.98
2.49
3.02
3.59
3.13
2.87
3.17
2.38

e-g
b-e
b-e
ab
b-d

c-f
c-f
c-g
b-d
fg
b-e
c-g
fg

bc

c-f

3 —xg € 3 }g”
4 3 i G 38 = Y
(= A 3£ v B B

IS 12 2 D c 8
- D . @ - = 3 2 1 2
g r2 s > rZ
o —~ o -~ = = g D
33 E G E 5 E = 5

3 S 35 S 9 R = 3 5

(%} o] %) 3 ? D

o wn [
119 i 08 j 0753 gh 160 k 114 jk

4,53 a-c 4.3 a 0.853 fg 5.15 a 5.04 a

326 fh 267 c-i 0.586 h 3.26 ij 4.55 ab
370 dg 316 bf 092 fg 408 d-h 348 ce
2.79 h 22 hi 0.84 fg  3.04 j 262 eh
4.44 a-d 3.11 b-g 1.92 ab 5.03 ab 1.62 i-k

4.75 ab 2.78 c-i 1.96 ab 475 ad 141 i-k
1.80 i 0.88 j 0.92 fg = 1.80 k 0.96 jk
4.16 a-e 2.63 d-i 1.52 c 4.16 c-g 1.77 h-k
4.02 b-f 212 hi 1.90 ab | 4.02 e-i 1.10 jk
1.19 i 0.85 j 0.753 gh 160 k 1.14 jk

328 fh 302 bg 0626 h 364 fj 495 a

299 gh 233 gi 0953 fg 328 hj 253 fh
341 eh 244 ei 0973 ef 341 gj 256 fh
366 dg 27 ci 0966 ef 366 fj 280 df
444 ad 311 bg 192 ab 503 ab 162 ik

456 ac 274 ci 182 ab 456 ae 150 ik
359  eg 244 ei 114 de 359 ff 213 i
334 fh 236 fi 126 d 363 fj 18  gij
38  cof 203 i 176 b 38 ej 115 jk
119 i 08 j 0753 gh 160 k 114 jk
367 dg 346 bc 0853 fg 432 b-f 407 e
157 i 083 ] 09 fg 173 k 094 Kk

4.83 a 3.6 ab 1.23 d 4.83 a-d 2.92 d-f
3.93 c-f 3.2 b-e 0.906 fg 4.10 c-g 35 cd
4.44 a-d 3.11 b-g 1.92 ab 5.03 ab 1.62 i-k
457 ac 292 b-h 1.98 a 490 ac 147 i-k
3.72 d-g 3.46 bc 1.26 d 4.73 a-d 2.73 d-g
4.56 a-c 3.33 c-d 1.23 d 4.56 a-e 2.72 d-g
418 ae 236 f-i 1.81 ab 418 cg 131 i-k
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Table 5- Analysis of variance results of the storage conditions, germination treatment and their interaction effects on
germination traits of N. glomerulosa subsp. staffina seeds

© 2
2 2 L e
a o
Sl e L 3 '% ) é
I © 4\ c ﬁ‘ <
S.0.v a 3 E 3 £
9 2= 2 E
L) Y5
© [}
| <5
J_’g” i 2 6.93 0.309
Replication
155 cles
SN s 2 523.2* 0.22
Storage temperature (T)
540 o e
i 1 51.37 4.09%*
Germination treatment (G)
14685 &
(SN ke 4 42184%  8.90**
Storage period (P)
T*G 2 337.21** 6.30**
T*P 8 411.86** 1.15**
G*P 4 2618.04** 8.21**
T*G*P 8 1134.4** 2.956**
et
58 126.1 0.342
Error
Ol ks o 2 5
A et 15.98 18.84

CV %

*, **: Significant at 5 and 1 percent and non-significant, respectively.

WS Doy S L oS 5 8 adalie Cils 3l ey O
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ol ¥ 5w (V/AY) Sl asy et lb 5 (Gay 4o il B 550>)
23 4 flize S o Sle d i el Cmsay (5,150
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K3 skear (8L GBI A ops FINF 4 o e e b
SR b i 3 5gs o3 YF 1) 54l o o Jles
Sl 540 Aoy o S Sl a3 YO Lases 53 s
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Sles Lol S e a5 Y0 53 ol (6,16 ok ok okalie
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g S = \

SE g 18 13 3£ ig
S - b5 ve 3 ¥ 3

=
0.614 0.099 0.177 0.003 0.184 1.146
3.32** 1.21%* 0.47** 0.50** 1.94** 0.794
34.22** 0.321 2.40** 1.95** 0.023 42.12%*
2.04** 2.68** 1.18** 0.21** 1.36** 17.26**
6.21** 1.13** 1.18** 0.70** 2.82** 3.20**
2.54** 1.32** 1.13** 0.16** 2.73** 0.98*
144 267 LGL** 046  0.60%%  27.30%*
2.745%* 0.973** 0.560** 0.277** 0.527** 8.22**
0332  0.169 0.09 0022 0143 0409
8.97 17.7 18.87 17.61 17.97 19.2
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Table 6- Mean comparison results of storage conditions, germination treatment and their interaction effects on the
germination traits of N. glomerulosa subsp. staffina seeds.

(° C) e sles
Storage temperature (° C)
ESTUEC SN
Germination treatment
Sl Aoy
Germination %

(ole) 1SS ok

Storage period (months)

17.3
70.6
74.6
82.6
84
41.3
54.6
813
68
80
17.3
46.6
76
84
76
41.3
72
72
97.1
74.6
17.3
44
65.3
90.6
88
41.3
52
813
97.8
92

dals
Control

+25

A
Gibberellin

dals
Control

+4

A
Gibberellin

aals
Control

-18

> w N - o B w N [l o B w N [l o B w N [l o B w N - o B w N - o
qu"'
Gibberellin

a-d

. ra oo o -
G, 03 0pal®) Sial e o

0.76
321
2.85
4.07
3.29
2.14
2.63
3.23
3.40
443
0.76
1.78
291
29
2.81
2.14
3.28
3.51
4.55
3.60
0.76
1.310
2.35
3.82
3.01
2.14
2.01
3.43
5.20
4.00

Germination rate (seedling/day)

/‘l:;.

G0 S50 Olay Ska o)

6.03
6.00
6.92
6.37
7.44
5.62
541
6.88
5.39
474
6.03
6.84
6.84
7.71
7.55
5.62
577
5.53
6.19
5.99
6.03
8.80
7.45
6.59
8.30
5.62
6.96
6.34
4.85
6.15

Mean germination time (day)

e-h
e-h
c-f
d-h
b-d
g-i
hi
c-f
hi

e-h
c-f
c-f
bc
bc
g-i
f-i
g-i
e-h
e-h
e-h

b-d
c-g
ab
g-i
c-e
d-h

e-h

Iranian Journal of Seed Science and Technology

€ — £ =
x 5 )
4 3 38 2 B 4 S k-
c - D~ D < =2
A= N S 3 S \ = b=
Qj:_ 3:@ 3 5 \_';g N ©
‘S‘IS 5} —~ = = g
3 —_ o - ~ g )
1g E S § 8 § = ie
3 S g = £ v% _;i-g
o D b

0.28 h 089 «cd 0.7467 eh 164 dg 134 de
126 d-g 12 cd 0.62 gj 18 cg 183 c-e
126 d-g 124 cd 044 ij 168 dg 281 hc
213 ac 226 a 0.35 j 261 ab 6.8 a
192 ad 132 cd 0.95 b-f 228 ae 141 de
0.75 gh 092 «cd 1.18 ab 211 b-f 0.76 e
128 d-g 11 c-d 1.28 a 238 ad 0.86 e
191 ad 106 cd 1.28 a 235 ad 083 e
129 dg 146 bc 0.44 ij 191 b-g 334 b
178 ad 123 cd 0.97 b-e 220 b-e 126 de
0.28 h 089 «cd 0.7467 eh 164 dg 134 de
098 eh 106 cd 1.03 ad 21 bf 102 e
176 ae 131 cd 0.98 b-e 23 ae 133 de
193 ad 126 cd 1.04 a-d 230 ae 120 de
2.26 ab 2.1 a 0.88 c-g 298 a 240 b
0.75 gh 092 «cd 1.18 ab 211  b-f 076 e
159 b-f 117 cd 1.02 a-e 219 be 118 de
143 c¢g 093 cd 1.05 a-c 198 bf 091 e
241 a 130 cd 1.18 ab 248 ac 110 de
191 ad 145 bc 1.12 ac 258 ac 131 de
0.28 h 089 «cd 0.7467 eh 164 dg 134 de
073 gh 090 «cd 0.76 dh 167 dg 120 de
078 gh 078 d 0.43 ij 121 g 178 ce
131 dg 089 «cd 0.52 h-j 1.42 fg 1.70 c-e
228 ab 158 b 1.02 a-e 2.6 ab 163 c-e
0.75 gh 092 «cd 1.18 ab 211  b-f 076 e
084 fh 093 cd 0.7 fi 163 dg 136 de
134 cg 11  cd 0.58 hj 168 dg 188 c-e
150 b-g 086 cd 0.69 f-i 155 eg 127 de
181 ad 103 cd 1.03 a-d 206 b-f 099 e
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