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Table 1. Mean comparison for the interaction of different levels of priming with SA and time under drought

stress on Catharanthus seed germination indices

s s Oley Loy L s
Shodlo sl ol (Sas ST sl oGl ol A b el
Sri e S ion G S
Salicylic acid ~ Time Drought Mean of Germination weight vigor Seed length
(mM) Hour (MPa) perc(f(:)zt)age germination rate index vigor index
(day) (Seed/day)
0 86.67+1.3%  2.94+0.06™  8.65+0.15™¢  66.52+3.4% 353.87+14.8%
0 ) -0.1 73.33+1.3¢ 3+0.11% 7.33+0.23f 49.4342.69° 269.o7i4.06%h
0.5 5242.3¢ 2.8£0.21°  5.45+0.068 29.2+0.53¢" 173.01+9.2
-1 120! 3.67+0° 0.83+0 5.76£0.14" 34.6442.3™"
0 86.67+1.3"  2.64+0.11"¢  8.87+0.17"%  69.57+8.9% 357.6£14%
” -0.1 86.67£1.3%  2.66£0.1°¢  9.18+0.22" 90.13+2.4* 390.69+11.2"
0.5 82.67+3.5¢c  2.89+0.25"  8.19+0.69% 89.73+4.4° 407.24+19.6°
05 -1 26.67£13g  2.75£0.29°¢  2.24+0.17' 22.13+0.7" 90.37+4. 1!
' 0 97.33+1.3a  1.42+0.05"  20.8+0.43 90.21+5.8° 438.87+6.4"
48 -0.1 8442 3¢ 2.66+0.13 8.56¢0.19°‘f 74.29+2.04° 351.49i6.2df
0.5 76+2.3d 2.93+0.02>  7.46+0.27 66.63+4.7% 297.44+9.6'
-1 33.3342.6f  2.87+0.3°¢  3.2440.34" 33.5742.78 135.36+£12.35
0 86.67+1.3"  2.71£0.05"¢  8.79+0.11™%  76.64+3.95*  351.84+13. 9%
” -0.1 82.67+2.6°  2.49+0.06° 8.9i0.53b°d‘ 72.16+2.55% 338.19+13.1°
-0.5 76+2.3¢ 2.88+0.09"¢  7.59+0.48° 69.1746.7% 304.77+30.5°
| -1 17.33+1.3"  1.98+0.24°  0.71+0.13* 12.09+2.6' 59.39+6.11™
0 89.33+2.6°  2.57+0.14*  9.37+0.54° 82.07+5.9" 375.99+19.2°
i -0.1 73.33+1.3¢ 2.42&0.0?:1d 7.78+0.37°" 60.1 110.9: 284.59+11.3"%"
-0.5 56+2.3¢ 2.76+0.33"¢  5.83+0.14¢ 43.5743.7 211.4349.5'
-1 25.3342.68  3.07£0.07° 1.9+0.37 21.41+0.8" 92.6+11.08'
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Table 1. Continued

Y Jgu= aolsl

Sl , . ) SES 3s S 0 . c.n
Sl ol S azalS Jsbo aziles Job arails e, walS Sas o
cels JSL e (o gl (ol ; _ (p55 )
’yf ‘51“4 Time Drought Seedling Shoot (¢ o) (ﬁfs she) Seedling dry
S.ahcyhc Hour (MPa) length(cm) length(cm) ShOOt dry Rashcle dry weight (mg)
acid (mM) weight (mg)  weight (mg)
0 4.08+0.12°  1.54+0.06°"  0.61£0.022¢"  0.15£0.007°"  0.77+0.03
) ) -0.1 3.67+0.05  1.44+0.04°®  0.52+0.024"  0.16+£0.003°"  0.67+0.03%"
0.5 3.33+0.1' 1.3+£0.078"  0.4440.023%  0.12+0.009"  0.56+0.02"
-1 2.89+0.19 1.140.05"  0.38+0.009  0.1+0.003' 0.48+0.01
0 4.1240.1°0  1.59+0.07°%  0.63+£0.08""  0.17+0.01%¢  0.8+0.09%"
24 0.1 4.51+0.08° 240.08° 0.81+0.02®  0.23+0.01% 1.0440.02°
0.5 4.95+0.37°  2.06+0.15*  0.83+£0.02*°  0.26+0.02° 1.09+0.04%
05 -1 3.4+0.17"  1.5340.17%T  0.69+0.02%¢ 0.1 4¢0.01fgh 0.83+0.04°F
' 0 4.5140.08°  1.79+0.01°°  0.75+0.05*° 0.18+0°" 0.93+0.06™
43 0.1 4.19+0.04%  1.7240.06°¢  0.71+0.03°"  0.18+0.01°"  0.89+0.04°*
0.5 3.91+0.02°T  1.6+0.1°  0.66+0.02°®  0.2240.03*  0.88+0.06°"
-1 4.05+0.07°%  1.87+0.09®  0.79+0.03™°  0.21+0.02* 1.01£0.01%®
0 4.06+0.1%°  1.47+0.04°®  0.7340.03*°  0.15+0.006®"  0.88+0.03°F
4 0.1 4.09+0.0°¢  1.78+0.03"  0.71£0.01°"  0.17£0.007*"  0.87+0.02°"
0.5 4.01£0.37°F  1.71x0.12°¢  0.72+0.05F  0.2+£0.04>%  0.91+0.1°¢
| -1 3.410.08"  1.39+0.17°®  0.55:0.06"  0.13£0.03*"  0.68+0.1*"
0 4240.09*  1.61+0.03°°  0.75+0.04*¢  0.16+0.003%"  0.92+0.04%
48 0.1 3.88+0.13°8  1.55+0.06™7  0.67+0.01%%  0.15+0.003°"  0.82+0.02°F
0.5 3.78+0.1%"  1.59+0.08°*  0.63+0.02"  0.15+0.02""  0.78+0.05°"
-1 3.64+0.077  1.5440.04%7  0.66+0.04°®  0.2+0.03°¢  0.86+0.07°"

0 Jleza e 45 (6,5 s glis (I (glanels wim (el ubol i g 8 0 S e By sl slaSile
Means with the same letters in each column are not significantly different based on Duncan’s multiple range test at 5%

probability level.
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Table 2. The interaction of priming with JA and time under different levels drought stress on Catharanthus

seed germination indices

Sl Kool ok S Sidlex do o @}d‘j.? TE e Gy el h be s
Jaamonic acid TC;IL; Drought Germination Gerr?;;atlon Seed weight S d)? h
eI P pereentage gy vigorindex (RSl
0 70°+0 4.47°+0.05 60.9%+3.6 310.8%1.4
0 - -0.1 58.33%4.41 3.7°40.18 45.73%42.6 221.8%422.6
-0.5 13.33°¢1.67 0.73%£0.08 9.55%£1.4 38.73%£9.03
0 95+ 2.89 6.16°+0.16 96.23+4.4 443.53%+3 5
12 0.1 83.33%+6.67 5.07°+0.53 84.5°£9.7 374.8%442.2
" 0.5  5833%t441  3.58%+0.12 52.33°%46.4 245.7°25.01
0 98.33%+1.67 5.97°+0.08 110.02+£8.07 488.27°£7.03
24 -0.1 76.67°+4.41 4.61"+0.31 69.83946.9 326%425.9
-0.5 51.67°£1.67 3.1°40.11 4312428 198.47+16.2
Table 2. Continue Y Jgos anldl
Sl Syl it, K LS Jsb 4;221’0‘1]2'9 aaiy, SiS o amelS Ses g
Jaamonic acid . Drought Seedling Radicle dry Seedling dry
(M) Time (MPa) (cm) length length weight (mg) weight (mg)
Hour (cm)
0 4.44b+0.02  2.59ab=0.01 0.18%+0.02 0.87°%+0.05
0 - -0.1 3.79¢+0.13 2.1c+0.1 0.16%+0.01 0.79°40.02
-0.5 2.81d+£0.37 1.33d+0.18 0.14°£0 0.71+0.03
0 4.68ab+0.14  2.63ab+0.01 0.24°+0.01 1.02°+0.07
12 -0.1 4.47b£0.18  2.57ab+0.07 0.24°+0.02 1.01°+0.06
-0.5 4.2bc+0.16 2.36b+0.06 0.22°40.03 0.89°40.06
10 -0 4.97a+0.06 2.75a+0.09 0.29%+0.01 1.12%£0.06
24 -0.1 4.25bc+0.16 2.45b+0.1 0.2°4+0.01 0.92°:0.03
-0.5 3.84¢+0.29 2.01¢+0.22 0.18%+0.01 0.82%°+0.03

STl s 45 (I sine gl (Sl glazals aiz yge5] Lelol s 2 45 S it By sl slaSiles
Means with the same letters in each column are not significantly different based on Duncan’s multiple range

test at 5% probability level.
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Fig. 1. Interactions between SA priming duration and different levels of drought stress on radicle length
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Table 3. Mean comparison for the effect Jasmonic acid and drought stress on Shoot length

JA(UM) (Y505 50) Sigansler s Drought (Mpa) (5.t 5e) Sz
0 0.85b+0.12 -0 1.94a+0.05

0 0.93a+0.13 -0.1 1.8b+0.02
-0.5 1.58¢+0.08

)l 70 Lzl mda (o (g5ls g Dglas SSls glausls sz ygeil ulal 5 et a0 S ie By > gl sl Sl
Means with the same letters in each column are not significantly different based on Duncan’s multiple range

test at 5% probability level.
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Fig. 2. Interactions between jasmonic acid and different levels of drought stress on Shoot dry weight
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Fig. 3. Interactions between jasmonic acid and priming duration on Shoot dry weight
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polyethylene glycol drought stress
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Extended Abstract

Introduction: Various strategies have been used to improve growth and productivity of crops through
genetic approach, genetic engineering and breeding. However, economic feasibility and ease of use can pave
the way for the application of priming techniques as "stress relievers" in agricultural production. The aim of
this study was to evaluate the ability of priming Catharanthus roseus seed with phytohormones of salicylic
acid and Jasmonic acid under drought stress to reduce the effect of water limitation during the germination.

Materials and Methods: Two separate 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 the first experiment, treatments included priming in two levels of SA (0.5 and
ImM) and priming duration in two levels (24 and 48 hours) and drought stress with polyethylene glycol 6000
in 6 levels (0, 0.1, 0.5, 1, 1.5 and 2 Mpa). In the second experiment, treatments included JA (10 pM), priming
duration in two levels (12, and 24 hours) and drought stress in levels six (0, 0.1, 0.5, 1, 1.5 and 2 Mpa). Dry
seeds (without pretreatment) were considered as control.

Results: In this study, drought stress treatments -1.5 and -2 Mpa in first experiment and -1, -1.5 and -2
Mpa in the second one had no germination. Seed priming with SA and JA improved the percentage of seed
germination so that in the first experiment, the highest percentage of germination (97.33) was observed under
stress-free conditions with the application of 0.5 mM salicylic acid for 48 hours, which was 12.2% higher
than the control treatment. 0.5 Mm of SA treatment with 24 hours of priming showed the highest percentage
of germination under drought stresses of -0.1 and -0.5 Mpa. However, under drought stress conditions of -1
Mpa, 0.5 mM SA+48 hours treatment was superior compared to other treatment of salicylic acid and time. In
the second experiment, the highest percentage of germination (98.3) was in the concentration of 10 uM
jasmonic acid during 24 hours of priming under stress-free conditions, which showed an increase of 40.4%
compared to the control treatment.

Conclusion: The results of the present study showed the importance of salicylic acid and jasmonic acid
during seed germination stage under drought stress. Seed priming with salicylic acid alleviated the damages
caused by drought stress on germination and growth. The process of adaptation to stress started by jasmonic
acid can be attributed to pretreatment with jasmonic acid before applying drought stress.

Keywords: Catharanthus roseus, Jasmonic acid, Phytohormone, Pretreatment, Salicylic Acid
Highlights:

1- The effect of priming Catharanthus roseus seeds with salicylic acid and jasmonic acid phytohormones
on the germination characteristics of seeds under drought stress was investigated.

2- Priming Catharanthus roseus seeds with salicylic acid improved the germination percentage and
characteristics of seeds under drought stress.
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