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Table 2. Analysis of variance the effect of salicylic acid and priming time on percentage and Catharanthus seed
germination indices

Mean squares ola o oSk

o a0 o . Ol oSl ESEHIC I .
Syt galie L Sl aeyy Giailer Loy o . Sidler )
ol Sl b3,
Sources of variation daf Germination  Germination Mea;lft tme Mean of daily =~ Germination
percentage rate germination germination value
Sl |
S l l Md 4 1281%* 90.26%* 3.07** 15.82%%* 10867**
alicylic aci
P) “’Mt" ’ 4 1124%* 120.71%* 3.52%* 13.87%* 12344%*
riming time
o Gy Glox Sl s
Salicylic xPriming time 16 130.58™ 8.98%* 0.28** 1.61™ 1342%*
acid
Uas
E 50 78.77 2.10 0.04 0.97 420.51
rror
(1) Sl poeis g 2
Coefficient of variation - 11.90 12.39 5.12 11.89 22.21

(%)

oy ) Jleisl e 5o o s g lo Jxe jué o 3 4y s 5 1S
ns, and ** non-significant, Significant at 1% probability level, respectively

Y Jgus aslol
Table 2. Continued
Mean squares ol o (Kb
az e
&l s s . s e 039 . L
e e N P e T U PR S
ol ZalS Ses
aelS Azl arad, e 4 ' azail. arady,
Sources of Seedling  Shoot Radicle Sged Seed length Scedling Shoot Radicle
variation df length length  length weight vigor index dry dry dry
vigor index weight weight weight
Sl Jlo | . .
M 4 1.26*%*  0.07™ 0.4 3824%* 31156** 0.16** 0.071%* 0.03**
Salicylic acid

.o Lo EXY
)LMW" ’ 4 1.59* 0.16*  0.15™ 1432%* 16864** 0.01™ 0.011™  8.1x107
Priming time

Sl
ol xSolancdle

o i 16 037"  0.03™ 026™  288.45™ 4478%* 0.02™  0.007™ 3.2x107°"

Priming time
Salicylic acidx
Uas

Error

50 35.02 0.04 0.21 180.09 1991 0.021 0.02 1.2x107

Coefficientof - 1400 1163  18.64 19.43 14.17 1606 1836 17.74

variation (%)

do, ) 50 Jiol mdaw 1o lo goe g )l g oS 4 i g % IS
ns, * and ** non-significant, Significant at 5% and 1% probability level, respectively
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Table 4. Mean comparison of the interaction of SA and priming time on Catharanthus seed germination indices

k) Sl al

) dlyz ey

_ ) azddy, Si (5
Ga) ) 8oz by xSk (2o)8) (5 lex 35

(Yse (o) oy Sloj (922 ) Mean time of Germination 75 4 gl eSS (¢ e
Priming time (hour inati L Seed length vigor index i i
Salicylic acid (mM) g ( ) Germination rate germination (day) value (%) g & Radicle dry weight
(Seed/day) (mg)
0 0 7.47+0.79" 4.7+007° 57.6£1265" 279.724264°% 0.17+001°"
6 10.26+1°5%F 3.67+£0'12°%f 60.09+1448" 288.76:£42 44 0.14+0"
0.01 12 11.62+165% 3.344+0'13% 60.91£19:06" 206.44+27'19° 0.14+002"
. 24 14.32+046>¢ 3.21£006% 105.81+9:63% 294 2+22:9%¢ 0.132002"
48 16.15£0'81% 2.68+001" 100.42+9'18% 288.4+1763°% 0.2+002%"
6 10.95+0'66° 3.76+0705%% 66.09:+:878°" 320.61+26'17% 0.19+003%f
o1 12 12.01+£098% 3.92+0'12% 78.41+126%" 272.04+726% 0.17+001°"
’ 24 14.24+098"¢ 3.39+0'19% 104.57+16:4% 297.71+£29:09% 0.19+004%f
48 16.06£033% 3.2240238 140.17+85% 316.35+29:65% 0.17+0:02°
6 12.6+107°% 3.51+008%" 85.75+13:84%f 364.16+22:44% 0.24+0:02°¢
05 12 12.9+0'56°% 3.7940225% 99.53+815%¢ 348.15+157%4 0.21+0:03%%
' 24 16.77£021% 3.43+£008°"® 164.64+735 456.41+£3779° 0.27+002%
48 17.09£0'69" 3.29+006% 166.17+835° 424.11£1077% 0.29+005%
6 11.95+069% 4.06+015° 105.99+17-3%¢ 348.13+3575° 0.22+001°%
. 12 15.06008*" 3.85+011%¢ 132.23+2:12%¢ 310.37+£373¢¢ 0.25+001°¢
24 16.68+0'57% 3.35+005™ 157.6+326° 466.85+1518% 0.32+003"
48 16.16+£0'84% 3.28+0723¢ 161.91+6:43° 351.36 +2582"¢ 0.29+003%
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Means with the same letters in each column are not significantly different by using Duncan’s multiple range test at 5% probability level.



144

YYAQ [ 090 o lols [ piid Jlw [ oyl ! jdu gld g

Hlon yh Sialez sbasly p ol iy Gloyioe 5 Seiganlar sl 1 il ly 455 8 Jgux
Table 5. Analysis of variance of the effect of jasmonic acid and priming time on Catharanthus seed

germination indices

Mean squares ol o (Silo

= obey ke Srlsz 5eSle
Ol yees il sl Saleraeys Sialer Ce e o , 8l 05))
sl ailys)
. Germination  Germination Mean time Mean of daily =~ Germination
Sources of variation df of ..
percentage rate .. germination value
germination
S [P
A 2 801.67** 2.32%% 0.17* 9.9]** 8790%*
Jasmonic acid
IO O 4 438.89** 1.17** 0.39%** 5.42%* 3838%**
Priming time
e Gt (e xS gomalr ol
Jasmonic xPriming time 8 136.39** 0.35%* 0.13* 1.69%* 1314%*
acid
U
30 20.00 0.03 0.04 0.25 133.02
Error
(1) Olpess o po
Coefficient of variation - 5.48 5.11 4.56 5.47 10.19

(%)

aoy ) 90 Jleixt mhaw 1o o sixe o 5 4y s g %

* and **, Significant at 5 and 1% probability level, respectively

B Jgue alol
Table 5. Continued
Mean squares &l o 2S5l
T e S e s et
Ol & - _ . =
@bl azels azalls azady, A s azaiy, axals
> > > sl >
. . . Shoot Radicle .
Sources of variation daf Sleedliﬁg 1Shoct)}t1 Rladlc:}fi Sf?ed vye:ight Sged l.endgth dry dry dSeedh.ngf1 t
eng eng eng vigor index  vigor index weight weight ry weig
&“wa| 2 2.9%* 0.89**  0.78** 5489** 31433%* 16.0%*  0.04** 0.35%*
Jasmonic acid
)l‘w“’w e’u" 4 0.47**  0.25%*  0.06™ 2053%%* 16105%* 0.04**  0.01** 0.1%*
Priming time
Olo xS gl ol
et e 8 0.16%* 0.1%* 0.06™ 568.07** 4523** 0.01™  0.003** 0.03**
xPriming time
Jasmonic acid
k> 30 0.016 0.037 0.044 65 299.58 0.007 0.001 0.007
Error
(1) Sl yess a0
Coefficient of - 3.38 14.25 8.8 10.79 5.33 11.84 18.29 9.85

variation (%)

ns, * and ** non-significant, Significant at 5% and 1% probability level, respectively
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Table 6. Mean comparison of the interaction of different levels of priming with JA and time for Catharanthus seed germination
indices

. . ol il Faler Sl .
b Lo Sidler vy (Gialer ey o . S8l 05))
Treatment (0o )0) Gy 5o alg>) ‘5’)' > ‘)5) (0o )0)
Gs)) Gs))

S Gt oo S gl sl Germination Germination hg:f&ﬁ:tlfozf hgzs;;ggzﬁy Germination
w [ ()
(cely) (Y s09,500) percentage (%)  rate (Seed/day) (day) (day) value (%)

Priming time JA
(hour) (uM)

Je Jes 73.33£1.66° 3.2240.01¢ 4.74+0.12% 8.15+0.19° 85.45+3.841
6 80+7.64% 3.66+0.34% 4.52+0.09°¢ 8.89+0.85%  103.44+20.18%F
12 10 95+2.89% 4.64+0.12° 4.1240.03° 10.56+0.32% 177.44+5 37
24 98.33+1.67% 4.55+0.05 4.45£0.11°% 10.93+0.19° 161.532.8%°
48 88.33+1.67" 3.81+0.03° 4.85+0.07° 9.81+0.19% 123.94+4.63%
6 73.33+1.67° 3.45+0.05% 4.31£0.12% 8.15+0.19° 112.69+6.31%
12 100 85+0% 3.97+0° 4.35+0°% 9.44+0% 133.840°
24 98.33+1.67° 4.53+0.05 4.49£0.08"% 10.93+0.19° 153.57+5.16"
48 93.33+1.67% 3.74+0.18% 5.21+0.26 10.37£0.19®°  132.39+5.51%

W70 o] mhaw j5 (55l s Dglas Sls slasels wiz eesl Gulal 5 ety 0 S e By sl sla Sl
Means with the same letters in each column are not significantly different by using Duncan’s multiple range test at 5% probability

level.
£ Jgus aols!
Table 6. Continued
- . 859 c .. .
o s at iy s b el tif: T::if e W(L':;j; o
(p5 )
Treatment Sged vyeight Sged l.ength Seedling Shoot length Rafiicle dry Seqdling dry
vigor index vigor index length (cm) (cm) weight (mg) weight (mg)
S
o P
celw
P(rimin)g (s
time () AWM
0 0 53.4+3.99° 238.87+11.76"  3.25+0.09° 1.1£0.04° 0.13£0.01° 0.73+0.04°
6 81.42+5.99¢ 324.93+31.8%  4.06+0.01% 1.71£0.3° 0.19+0.03°% 1.02+0.05%
10 12 106.03+3.13%®°  393.9+11.49°  4.15+0.02° 1.81+0.1° 0.25+0.01% 1.12+0.02*
24 112+4.16° 439.43£4.83*  4.47+0.04° 1.7140.08° 0.28+0.03° 1.14+0.05"
48 97.67£0.47™  361.87+6.81° 4.1£0.01™ 1.56+£0.16®  0.28+0.03° 1.11£0.03*
6 62.833.81° 286+12.38° 3.9+0.09% 1.2240.07*  0.19+0.02% 0.86+0.07"
12 88.4+7.41%  347.65+425%  4.09+0.05*  1.54+0.06"°  0.21+0.01¢ 1.04+0.09*
100 24 108.7+5.47° 431.93+7.26*  4.39+0.06° 1.76+0.13*  0.26+0.04 1.110.06"
48 92.2+7.22%  375.53+3.51%  4.03£0.09™  1.49+0.15% o.zzig).oza“ 0.99:0.07%
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Means with the same letters in each column are not significantly different by using Duncan’s multiple range test at

5% probability level.
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Table 7. Mean comparison of the effect of
different levels of priming by JA for radicle
length of Catharanthus germination indices

Lo

(o shlo) azaiy
Treatment T i Jib

S > ol
(Y509,500) Sigomlardens Radicle length (cm)

Jasmonic acid (mM)

o 2.15+0.02°
10 2.42+0.08"
100 2.6+0.05°

lassls iz oseil ol St By sl laneSils

WO Jlazl mhaw j3 (5518 g glas (Sl
Means followed by the same letters are not
significantly different by Duncan’s multiple range
test at 5% probability level.
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Short Research Paper

Determination of Optimum Concentration and Time of Pre-Treatment
with Plant Growth Regulators on Germination Indices of Catharanthus
roseus Seed

Marzieh Ababaf ', Heshmat Omidi >*, Abdul Mehdi Bakhshandeh *

Extended Abstract

Introduction: Catharanthus roseus is regarded as a medicinal ornamental plant. This plant has anti-
cancer, anti-hypertensive, anti-diabetes, and antimicrobial properties. Catharanthus has a fairly long
vegetative period due to its slow initial growth. The long growth period of the plant is considered one of the
limitations in its cultivation on a larger scale. By using plant growth regulators such as salicylic acid (SA) in
the imbibition phase and pre-treatment, an increase in seed activity and the seedling growth of many crops is
observable. Also, jasmonic acid (JA) plant growth regulators play an important role in seed germination and
plant growth. Regarding the long growth period of this plant, the small size of the seed, and poor
establishment in the field with semi-heavy and heavy textured soils, the present study aimed to evaluate the
effect of seed priming with SA and JA in different concentrations and periods on improving Catharanthus
roseus seed germination indices.

Materials and Methods: The studies were conducted as a factorial experiment based on a completely
randomized design with three replications at the Laboratory of Seed Science and Technology of Shahed
University, Tehran, in 2017. Treatments included five different concentrations of SA (0, 0.01, 0.1, 0.5, and 1
mM), concentrations of JA (0, 1, 10, and 100 uM) and five periods of time (0, 6, 12, 24, and 48 hours). At
the end of the experiment (10 days) traits such as germination percentage, germination rate, mean
germination time, mean daily germination, germination value, seed length vigor index, seed weight vigor
index, seedling dry weight, shoot dry weight, radicle dry weight, radicle length, shoot length, and seedling
length were measured.

Results: The results indicated that the effect SA, JA, and time were significant on germination
percentage, germination speed, mean germination time, mean daily germination, germination value, seedling
length, seedling length vigor index, seedling weight vigor index, and radicle dry weight. The best times for
pre-treatment with SA were 24 and 48 hours. Among the applied concentrations of SA, 0.5 and 1 mM
concentrations showed the best results. Also, the best time and concentration for pre-treatment with JA were
12 and 24 hours and 10 pM.

Conclusions: The results of this study showed that using SA and JA for seed priming improved seed
germination components. In addition to the pre-treatment concentrations of SA and JA, the duration of seed
contact with growth regulators is important. It was observed that there was a significant difference among the
different priming times, therefore, it can be stated that seed pre-treatment time is one of the important factors
of seed priming, and the determination of proper priming time prevented the negative effect of pretreatment
on germination and seedling growth in primed seeds.

Keywords: Catharanthus roseus, Priming, Jasmonic acid, Salicylic acid

Highlights:
1- The optimum concentrations of salicylic acid and the priming time of the Catharanthus roseus seed
were determined.
2- The appropriate concentrations of jasmonic acid and the optimum time for pretreatment of
Catharanthus roseus seed were determined.
3- The effect of growth regulators of salicylic acid and jasmonic acid on Catharanthus roseus seed
germination indices was evaluated.
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