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Table 1. Mean of squares of the effect of drought and salicylic acid on seed germination and
primary seedling growth of zinnia.

Sl o (1:Ske

Mean of squares

S 3y Sy azade; Jeb e

Jsb sy

Slsz woys S e

azasle Axdiy, azails o a3l Az, s&ly>  Germination  Source of
Plumule  Rootlet Root/plumule  Plumule Root  Germinati percentage  variance
dry dry length length on Rate
weight weight
873.14%* 71.74" 0.33" 76.62™ 17.60™ 4.97" 4688.42™ e
13.36%* 44.74" 0.038" 2.38" 1.83" 0.055™ 83.90" L.l
54.79" 61.06" 0.028™ 421" 0.282" 47.66" x S
Sl sl
48.33 44.23 0.007 1.81 0.549 3826 s
15.49 18.64 8.54 17.31 16.99 19.7 100 olpss cuye

oy ) 50 mhw jo s g Sglay Klo o i 4y %

5 #NS. o sixe Sglas 9929 pac

% and =% indicate significant differences at 5% and 1% levels, respectively; ns: not significant
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Table 2. Interaction effect of drought and salicylic acid (SA) on seed germination and primary
seedling growth of zinnia.
SRS 0l S0k Jb e apdile b azasy) Jsb il e e

a> a8l d>ddo & d>di ) e ds Sl L2
T e e Sl e e
(p 5 s 5 ko axab umule ootle erminatio n (V5o L)  Drought
Plumule dry Rootlet dry ROOﬂet/plu length length n Rate percentage SA ( (MPa)
weight (mg) weight (mg)  mule (mm) (mm) (Seed.day") )

54be 35ef 0.73d 11.3a 8.3bc 3.3a 83.3a 0

57ab 36def 0.79cd 10.9abc 8.6abc 3.2a 86.5a 0.5

59a 37cde 0.72d 11.1ab 8.0bcd 2.6bc 79.7ab 1 0
58ab 39bcd 0.81bcd 11.7a 9.5ab 2.9ab 88.1a 1.5

50cd 33fgh 0.89bcd 9.6¢cde 8.5abc 2.2cde 64.7cde 0

Sle 35ef 0.91bcd 8.7efg 7.9cde 1.9def 68.0bcd 0.5

53be 43a 0.90bed 10.1bed 9.1abc 2.1cde 78.3ab 1 -0.5
46de 40abc 0.88bcd 9.2def 8.1bcd 2.0def 71.4bc 1.5
42efg 36def 1.06bc 7.7gh 8.2bc 1.7ef 54.3e 0

38gh 34efg 0.98bcd 8.6efg 8.4bc 1.8def 57.9ed 0.5

44ef 39bcd 1.12ab 8.3fg 9.3abc 2.3cd 64.4ecd 1 -1
41fg 41ab 1.41a 7.1hi 10.0a 2.2cde 54.7e 1.5

35h 281 0.96bcd 5.7j 5.5 1.5f 35.5f 0

38gh 30hi 1.11ab 5.9j 6.6def 1.7ef 38.0f 0.5

40fg 291 1.03bc 6.1jj 6.3ef 1.6f 41.3f 1 -1.5
34h 31ghi 1.06bc 5.1j 5.3f 1.0f 36.8f 1.5

35,105 (gl gime WS s ,0 gkl 5l oS piie By G BBlas gl sl Sl
The means with at least one similar letter have not significant difference (P<0.05).

O b o b b kS (e g g2 £l ) azalS S ST s
B9 o ine 203 Syl p3 Slho ple g ao)s 9 S bz ol S Sla e G:Sle
SiS 559 Skl sl 5 (St lase ) Sids e 5 69h, sl S Sekacdle o
@ J39,lS s 5 S (oo Cusb Slyime azalS i il sad ools las ¥ Jgax o lal axals
Sl plw ;g 903 SO mhw o b Jg)lS 4 deoyd o syl s o eacd bl Slas ples
B9 I g 3o )3 B lans st oy 1 Sl sl JSlog s s e

Sl azalS (S 59lg 1d 5 iy S T35 3 Sebrmdlos sl 9 (SKiiS T Silrs yo (aSilo —Y Jguzr
Table 3. Mean of squares of the effect of drought and salicylic acid on seed germination and
primary seedling growth of zinnia.

larye Silee
Mean of squares
sy s st h et VIR S
Jeo,S ; S axals ag gl ) .
; b (mg. J:4s,i5a Chla 4 tT . Seedling Variable
a b )ls Relative water  Seedling dry Plant height emergence
content weight
0.898™ 0.23™ 0.34™ 643.88" 16.50™ 66.03™ 185.63™ Bv-xy
0.146™ 0.006" 0.035™ 16.96™ 2.14™ 12.56" 2.79" Sebncdlo sl
0.552™ 0.004" 0.035” 7.79" 0.87" 10.57" 2.07" -
Skl
0.009 0.003 0.003 17.50 0.23 4.35 3591 s
7.35 16.33 7.00 10.99 10.10 13.29 9.51 Sl o

DS sire Dglis 392 pas NS (o )0 N 9 O mhaw (o b e Sl by ol 5 Ay
# and #= indicate significant differences at 5% and 1% levels, respectively; ns: not significant
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Table 6. Effect of different levels of drought and salicylic acid (SA) on some growth and
physiological characteristics of zinnia seedling.

Jds S s b J3g)l5 A LdslS

gy Glgizme S35

g gl JEER Sl >

b ol aa o peSbd) ek Sried a9 amelS (il azals bl Drought
Chla/Chlb 635 33 5 39 pF (e (30,9) (aigy Plant height Seedling SA (MPa)
Chlb Chla o Relative Scedlingdry (M) emergence (%) (mM)
(mg.mgfw™) (mg.mgfw) water( (;Sntem (g‘i&;fliagrﬂa)

2.50cde 0.41a 1.02b 90.5ab 6.0a-d 18.6ab 88.7ab 0

2.61cd 0.38abc 0.99b 92.3a 5.1de 17.3a-d 91.0a 0.5

3.37a 0.33efg 1.11a 90.7ab 6.6ab 19.5a 87.3abc 1 0
3.06a 0.39ab 1.19a 89.9ab 4.9de 17.5abc 86.7a-d 1.5

2.40def 0.37bed 0.88cd 88.4ab 5.2cde 16.6b-¢ 74.3cd 0

3.01ab 0.31fgh 0.93bc 87.5b 5.6bcd 16.4b-¢ 75.7bcd 0.5
1.93g 0.40ab 0.77efg 89.1ab 6.3abc 17.7ab 76.7bcd 1 -0.5
1.84g 0.38abc 0.70gh 91.3ab 7.0a 17.1bcd 73.3de 1.5

2.24ef 0.29hi 0.65h 77.6¢cd 3.7fg 13.4fg 51.0ef 0

2.74bc 0.27i 0.74fg 78.6¢cd 4.1ef 14.8ef 53.3ef 0.5

2.53cde 0.32e-h 0.81def 80.5¢ 5.4cd 12.4g 60.7e 1 -1

2.44c-f 0.34def 0.83de 79.4cd 5.3cd 15.4c-f 55.3ef 1.5

2.42def 0.21j 0.511 72.1e 2.9¢g 8.9h 25.8i 0

2.14fg 0.29hi 0.62h 76.6¢cd 3.3fg 11.7g 30.3i 0.5

2.33def 0.30ghi 0.70gh 79.3cd 3.5fg 15.1def 36.7gi 1 -1.5

2.46cde 0.35cde 0.86¢cd 75.6de 3.0fg 16.5b-e 45.7fg 1.5

5 I e M s 45 (bl a5 oS e B S BBl (sl slaonSile

The means with at least one similar letter have not significant difference (P<0.05).
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Abstract

In order to evaluate the effect of priming by salicylic acid on seed germination and vegetative and
physiological characteristics of zinnia (Zinnia elegans) under drought stress condition, two laboratory
and pot factorial experiments were conducted based on completely randomized design with four
replications in the laboratory and greenhouse of the Department of Horticulture, Faculty of Agriculture
and Natural Resources, Hormozgan University at 2014. Experimental factors included priming with
salicylic acid in concentrations of 0, 0.5, 1 and 1.5 mM and four drought levels (simulated by PEG
6000) ; 0, -0.5, -1 and -1.5 MPa. The results showed that in both laboratory and pot experiments
drought stress reduced seed germination and early seedling growth of zinnia, significantly. While, seed
priming with salicylic acid increased these traits when compared to control. In the pot experiment and
-1 and -1.5 MPa drought conditions, the seed treatment with 1 mM concentration of salicylic acid
improved zinnia vegetative characteristics. At the highest level of drought (-1.5 MPa) level application
of 1.5 mM salicylic acid led to dampen the negative effects of the drought. Seed priming with salicylic
acid increases the relative water content of the leaves under drought stress conditions. Generally seed
priming with salicylic acid can be used for improving zinnia seed germination under drought
conditions.

Key words: Priming, Leaf chlorophyll, Relative water content
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