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Introduction

Lisianthus (Eustoma grandiflorum) from Gentianaceae family is from wild flowers of north and west
America. Lisianthus, a relatively new floral crop to the international market, quickly ranked in the top ten cut
flowers worldwide due to its rose-like and blue flowers. It is also widely used as a flowering potted and bedding
plant. Lisianthus ‘Mariachi Blue’ is cultivated as a cut flower. Salicylates have very beneficial effects on plant
growth and development. The effect of phenolic compounds in many biochemical and physiological processes
including photosynthesis, ion adsorption, membrane permeability, enzyme activity, flowering, stimulation of
plant resistance systems, heat production and plant development has been proven. The most famous member of
this group is salicylic acid, which as a simple phenolic compound, is naturally produced by plants. Salicylic acid
(SA) is considered to be plant signal molecule that plays a key role in plant growth, development, and defense
responses. Polyamines (PAs) are ubiquitous and biogenic amines that have been implicated in cellular functions
in living organisms. In plants they have been implicated in a wide range of biological processes including cell
division, cell elongation, senescence, embryogenesis, root formation, floral initiation and development, fruit
development and ripening, pollen tube growth and plant responses to biotic and abiotic stress. Sodium
nitroprusside is a nitric oxide releasing agent. Nitric oxide is a gaseous free radical that can disperse very rapidly
through cell membranes due to its gaseous nature and medium shelf life, without a carrier. Nitric oxide (NO) is
an unstable environmentally-friendly gas radical that is used to protect the postharvest longevity of different
horticultural crops. In addition to controlling harvested crop senescence, NO is involved in many plant
processes, €.g., germination, growth and development, photosynthesis, pigment synthesis, defensive system, and
many others. In the present study, we investigated the effects of foliar application of salicylic acid, spermidine
and sodium nitroprusside on some morpho-physiological characteristics and vase life of lisianthus flowers
‘Mariachi Blue’.

Materials and Methods

This study was conducted based on a completely randomized design with 10 treatments, 4 replications which
each replication containing 2 pots. The treatments were included spermidine at concentrations of 0.5, 1 and 2
mM, salicylic acid at concentrations of 0.5, 1 and 1.5 mM, sodium nitroprusside at concentrations of 50, 100 and
200 uM and control (without any application of growth regulators) as foliar application at intervals of 15 days
for 2 months. Plant characteristics including leaf area, stem length, fresh and dry weight of leaves and flower,
number of buds, flowers’ length and diameter, photosynthetic pigments and vase life were assayed. To perform
analysis of variance and compare the mean of the studied traits, SAS software version 9.1 was used. The means
were compared using the Tukey multi-domain method at a probability level of 1%. Also, Excel (2016) software
was used to draw the chart.
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Results and Discussion

The results obtained from analysis of variance in this study showed that the effect of growth regulators used
in the study was significant at the level of 1% probability on all morphological traits measured, photosynthetic
pigments and vase life of lisianthus flowers. Mean comparison graphs showed that salicylic acid, spermidine and
sodium nitroprusside had a positive effect on some morphological traits, photosynthetic pigments and vase life
compared to control. It can be concluded that, salicylic acid caused to increase all parameters except the flowers’
fresh weight compared to control. Spermidine increase stem length, leaf fresh weight, flowers’ fresh and dry
weight, length, and diameter, chlorophyll index, chlorophyll b, and carotenoid and vase life of flowers. Also,
sodium nitroprusside had beneficial effects on all parameters in this research except leaf area, leaf dry weight,
chlorophyll a and vase life of flowers. Salicylic acid plays an important role in regulating some physiological
processes of plants such as growth and development, ion uptake and transport, stomatal conductivity, and
membrane permeability, which is effective in plant photosynthesis and with increasing photosynthesis, plant
growth rate increases. Polyamines such as spermidine are involved in a wide range of developmental stages
including cell division, embryogenesis, root growth, and flowering. Sodium nitroprusside is involved in the most
important plant processes such as photosynthesis, respiration, growth and cell division. Probably, these growth
regulators, due to their effect on plant growth, flowering, as well as photosynthetic pigments, have caused the
increment of plant biomass and vase life.

Conclusion

In the present study, the effect of salicylic acid, spermidine and sodium nitroprusside on some growth and
flowering characteristics, photosynthetic pigment and vase life of Eustoma grandiflorum ‘Mariachi Blue’ was
assayed. According to the results of the present study, it can be concluded that these growth regulators improved
growth indices, flowering parameters, photosynthetic pigment and vase life of flowers. According to the results,
the appropriate concentrations for salicylic acid were 1 mM, for spermidine, 1 mM and for sodium nitroprusside
were also 50 and 100 pM.
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Table 1- Nutrition program used for Lisianthus cv. ‘Mariachi Blue’ in 1000 L solution
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Figure 1- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the leaf
area of lisianthus cv. “Mariachi Blue’ (Tukey, p<0.01)
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Figure 2- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the stem
length of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 3- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the leaf
fresh weight of Lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 4- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the leaf
dry weight of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 5- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the flower
fresh weight of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 6- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the flower
dry weight of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 7- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the flower
length of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 8- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the flower
diameter of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 9- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the
number of buds lisianthus cv.‘Mariachi Blue’ (Tukey, p<0.01)

L oleS laadia) g LS p 0 Sl L (e Jelgs 9o plo]
Pl i oy oy Bo)b 5l (2lie Blge Qo g jwgid il
o S5 slopliil s g (b laanl b i 4 e 5 sliS
Al Jro (LS 48 (slaoaiiS’ wilals g b ygeysn (imen g
2 9 O g Lagsel s gl e Selndlosgl oS jons
@IS g 505 ) (slaiinl B )0 age (B MuST Sy ol
.(Alcazar and Tiburcio, 2018) xS . !
oAl 5 S 3 (ate B Sl
Cdlad g Uil g il eged 9 45 Wl (LS (SoTgle b
0391 fgo olS g > a5 WS oo L) lis (6 pdided 5 ey,
2 Sl S el alaly & oS 45, oljvo cjitaostb Sl L 5
1 Seis o3l i ol oo jrrosss S e g Liglsél olS
uasde opomen (Ghilavizadeh et al., 2019) cwl ;\Lals

daid ylasd

wsolod a5 255 oo 0dblie 1Sbo dunlis (slajldges 4y dgi b
oo e VO clale 55 5 mlg pg i maw sl e lale
Jald 4y Cuws asue M Jb bz il cel Slulosiwl
Vo cale (Sas slajlos o 5l aS cowl S5 4 p3Y L0
2 e s ply 93 ) Gl ORI L Sadlosgl Y50 o
(A JSs) cusly Lugnl s sladse sl p 1y

(Slee dumlie glaylges 9 bl 425 Joi> 4 d25 L
5 ey ysol «Salnsllonol b, slmodiiS palais &8 15 odnlie
Slapadld (hn dgp ceb dald 4 s ylug g e
P45 gl (29199590

Jolgs bawgs o iolj & (pdag) 56 51 Jil g S ges 5 03,
obS (99,3 Jeloe (pizman 9 (2138 dlge dad o) Jsb Jro ame



AYV s Sig o5 2 sy 1950 w2 9 (52 eyl « S ool (5 31 23 Jolomo il 031350 9 6

Khazaei and Estaji, 2019 Azooz and Youssef, 2010)
.(Shahmoradi and Naderi, 2018 .Loutfy et al., 2012
yacme GLalS ) e slaiml ) S oS s
by Slio (B (e U (Glngiy ol 3 995 e
305 5 2y oo | (6lod S il 53 oyl Sl catls pagily 3
9 090 4By (PO dy) M) cali (Jolo o alo ]
0SSl b g (Joho e b g ) A8 S gm
Setia ) Wgi o dBlu 4 5 5y Cwbus ¢ pdaw ilj8l Coge
aS amd o ol 48 )5 Oyso il (and Setia, 2018
Asna Ashari ) 15,15 st bl 5y 5 CpmST L b yel L
Olallas 4y 4395 b picren (and Zokai Khosroshahi, 2008
O Sy ccel s g ST a8 Canl o asuie wisie
Kusano and Suzuki, ) ug-i o d8lw Jobo islidl g Joluw
250 oY ) (K 48 C8 4ot ol e ke (2015
b 1 Ve (imngy cnl 0 gl Bl Jsb 2 el
et A3l ST g oy claggym Ly ol bLS)|
2o L bl s S Job g gdaw (il 2 580 L (pitpe pesl
9 5 Ojg Aol ol 0395 Cunnj Gl el (LS slogey90
2 egidoh cpl iledel Cund 4 s b millas Dgd 0 Sy Siis
) 3 el il olponay el s (S (S slme (o
iali3l el pundS Sligus ol yonay b el b 45 205,5 samliie
St 5 55 i odimalf 8l Jab il Job cpran Sl
eyl 8Ly 9 W00 S s GialjEl g 4Bl 5 S
Vg elb clale (Voo o VD o) /8 e slaclle o
Hosseini Farahi and Aboutalebi )y o ;Yoo Lo
255 0y90 0 &S K> by gl (yeizxen L(Jahroomi, 2018
Soge 5y 590 (Vseiske T ¥ O o) ool s (S (oSl lone
1y 58U ot byl L Vo oo \ il oS ol ol wcd )3
o ol (5t 2ySdas (el 5 SIS ) Swgid g A )
(Yousefi et al., 2019) cesly a iy, 1b) ;> Loyl b plo
35 sl 5 oS G col pols ing, 5 el
35850 Colox ()5 gie bawgs olS M) il oo & jshailen Al
o g S oS Jbs 0 WS o |y olS My Cas o SilgS o &S
ol L y56 33,5 oo pend by (slodisS palsts bawgs olS A3,
Ororen Cwl oS (595 9 ()= Ol Jd> 4 0y
JLtd sl L &S st Cato )b b Sl (slaJsSge lopyal
5 ooliil a8 e L) LS gad 5 05y 53 sihe LB (s
2 sly g ag) 35 Gl cage Lol dy (S il slore
Abbasi et al.,) 2,5 0 cuasS b 8 g cel 5358 0 oyaLS
S pmt] e el s 45 Gl 0 5155 Cpsiomas (2017
Syl Syl sl )gig09y a8l simdgo Sl3EI 1) (50 S

3y Sas 2iilgi oo 3y oA S a5 L (yg0)90 oS sl 05
Ag—e JUiisl g ospisn dgste |y jiwgsd wile (alS (059l 58
(Zarei et al., 2013) x> [l ) 55 4 g jl oaiS Gls
alyp s Slbadlospul cote 136 LY 51 (S 3k Jleisl &
Oml 2 Spgdaw 9 S S g 5 gy GIE g pegnlid A3,
Sl 2 5 Sy 3 Ladsjy) cllab g jitugid ol 136 iagl,
Pl sl laee 1 CO2 yidy Ol g olS )3 35 9 s Sy
9o 9 38y sal b o Seladlodsal 15U 3l oo friogid
S (amo Lyl g olS 03 dls yo olS pg e lale 4 lalS
Wb 4 xS 4 S skl on (Ghilavizadeh et al., 2019) s,
ol ol g W8 o g |y LS (32ugd s« Sibulsl
MBS0 GLalS 035 Cannj g (oS (odng) 3y (59 loniine
D a8 (2LS A8y Glaa bl e bl ) (ioren ABl s
5 il dy) BSIS Garge i LS 55 Seledlosul
Ol el (iomen 9o (lor SeSLE 3 (Al S 20
Foargd (jee (Al il (pl g CO2 e ((Sne Blge Ol
ST Il 3 (bl i w0dlo ol cpioed g o
asg b w (Gad et al., 2016) 3,5 sl S jamnl g S gions
Frogd GRal38l g (ag) 2y Sl b 50 Seludlosul (lo 48 4
b iagiy 3 el (il 48y ORI Corge Yl
Sgaygn clld U 9 Shngr)S 0383 GRlEIL g on)S
Ol Bl) U5 oS 350 rge el Syl g 0658 st ¢S]
Ay el (g A8y GBI L (eiones w0ad (5 gk g jhad
ol 0dd yiiday S5 9 aoue W g odiaalS sl iy ol
G g o 3 ol haghy Sl ossl Cusday gl b 3ullas
S S5 S5 g s e Jlad (Il e Siluloswl
Nabigol et ) sls (il580 551y J5 slaasls sl puiomen 9 A
s g3 S 00 (e 03 (cdingly )3 (pizzen (al, 2016
J5 b g oaals Bl Jobo inli8l eel Sibuliornl
Ol eSedlodeal Glie (lBIL Lol pordd o3y pasls
Seyed Hajizadeh and Aliloo, ) 15 aBgie saiaslS a8l Job
(2013
23S 5 ged 9 15) ol U g Sibdlodgal L el o
Veile Lo jis a5 39500 oanbio ils Gimgh 3 gtz
(e U g e ple ar STag owlie clale Yo Lo
@l b ol imgh )0 odel Cuwnd 4 guls sl sals 4 caws
Sebudlodel (S p (b sl U b adaly > o) Kdaghy ple
oo Ll S )3 o g (S A5 LS )3 en (LS )
50 il imgh ol 50 cewlio clale e3gae oS il cillas
S o ddyy o> Wlo olS ) gl gl Sl e
A e g o]y by 0lS 0355 ) dBlw y1ad LS gla)]



VFe) limo F oyloids F'F aler (65,98 guluo g pale) SLEL pole s pii AYA

baadld dug 9 48 Glalidl eel Llogpgyi pudw &
Jabbarzadeh et al., ) ad Loy aipon oLS 0 (S55)s8)50
2 odle (59 ST Sy &S Wb odalie K> )y (2015
Nahar et al., ) 5,0 S oo o (6850 (i oy bl
«Sellospnl 5 Lol ly 45l 555 33log gy pacs (2016
woldio glaclale )3 o8y 5 beoxe Ly b 0lS gg 4 s
ey 53 o] ol 081 Ky w3l Slie (sl sl
o ol b S g3 ol Sy s 4 adgl o)ld (3505
2 oweST Mg o0 sl a1 S5 eitmed o s
S9-bsn (oot o LB )3 0oy 4y g olS A (b 5 (o3l Lailyd
= g pg ey (g9 Jlaasl 4 ((Asghari, 2015)
P oS b JS5 0 )g pioen o |5 g azus sl 5l
5 gy ) al)® ) 586 o 4y ol hmggy p ugily s
45 johailon o Cul 0392 43y slagygergn clld il g ol
b chale (J5 cudS p dlogpg et ;U )3 398 e odalia
5 Cdld jYg 09,50 Yoo g Vee dy Connd (g0 U )V 09)S0
el Conddy ls Aol > .cdl gals o] b wlale (i)l L
A4S ond S b g Job S asli slass Lial5hl casly g gy
Salachna and ) c.ély, ials 5 Jsb 9 J5 jlad ccdale yiul3al

(Wang et al., 2015 Zawadzinska, 2018

Slals jae 9 (Sa590 9258 ol

9 e D9 pdgi— (=l 2 4S8 (s lio
J=29)5" Slgmome (Jdg IS (adls il 285 )15 (g S ol
O 39 A998 9 (S JidgslS 9 D Jids,IS" @ L85
g il J5 a3l (0,5 s a5 esilajd sbxlS jee
2wl 0sal ¥ Jgdo o oyl @ boyye guls a5 w505l
Sdy glmod S padais W30 aS s o oyl aedly il lg 4350
$SLoojsSS) o doyd V Jleinl a3 ¢ imgly 53 odlitul 3590
D92 53 sxe oSl J5 Gl jes g (s iy

Jad 9IS yadlis

solead 45 0545 o 0dbline (ko duslio Jloges 4y dxgi b
oo oV g+ /0 ln e ble (pie el clac bale
Sl wluwgpgimin ;Y5090 00 chale g Sl
o=l ad sald 4 cowd Lbg S sl Jb me iol58l
(\ . J&w) RL%

b 4y 4B Ceand ) &l yaamgy,S Uil il cvgo
olply (Kahrobaiyan et al., 2019) >5d o oLS —isl;
oo3bid sl b 000 8 Vet il Oyt ds (e el
Laggersn silo cllsd o 5l 5 s5mmgd slacld 3k 1,
cel iy Cond 4 Olying S0 ! puioted 9 03,8 el
b gl o ol oid cuaS b S culed )0 g cudyd s wlgs
9y Lol oy (b )3 ctmaty ol il osel cuss 4y
g gy U5 ol LialiEl Cvge o ppsel Ly 48 15 onlite DS
Jabbar et al., ) Ku s sals 4 caws 5 Kid g 5 5yjs L5l
= ot xS ) S0d (imgh 53 (e (2018
s odnldio g A sy ) Sy wandS Slilgus olyamty bopel S
s S a5 el poadS il ol ity i ysel Ly 48
5 Oty by 5 i 5 25025 J5 oS il 5 ormls
Hosseini Farahi and Aboutalebi ) cusls jYge Juo V/0 clale
.(Jahroomi, 2018
Job b sine (ol el hlog g w2l Siagh 5
Sl an S5 0 aald 4 Cund (Bl e3gicunj 5 4l
o ne 20l & s Rl cpl (Jg 48 5 S e ol
03l s AT Sy U dlayly p0 a8 )3 & jguo Glalllas w39
o5 (LS lea il iere 5 35) oS il cpl oS
J=Y 5 (S g )l B Lo sk s 9 A8 (b g
b g s 5 o b)) Jods 4 8l o ST s 36
BLS Glaggen (nl 45 28k (ST g S g slagigergn
Jobw 38 i g Jslow el oo G131 5 0o 105
o e Byl 5l gy A5y Gl Cel coles 2 &S N
29 =ialy 48y «)lapgr S e g (Joko Job (il
Sy ired Ngd oo QLS 53 3 Sles g CudS Sge Culed
Ly dilyd plin olS (0 &S Sooyen plaw Gilpss Sl 50 WS
g Ll ol jis 5 (23 JUSiw el 980 M5
Aled 35 Llawgyg s padw (plplo J(Arun et al., 2017)
dsb Gl cage LS A3y slaggeysr p U L Cdpe el
SS9 55 0 5 (O 5 OS] Glapigersn U L) 4Bl
D slacble )3 55 ol ;8L oyt g 4 wgBlsd 1 Sy
U5 )Y ge9)Sa Yooy clale il L g 392 )Yg0g,Sun Ve v g
plo mls L Giagis ool sdal cand 4 zols b azwls” )]
S e 3 el chllas 435 jg0 sy yingh
i 45 b odalidie o6 pbn 5 (59 lwg g pis madw
213y Cp iyt Y a9 See Ve e Cale )3 g g i

awls ol b jlacdale (lEl L g s el olS olen slaplul
2 (w=cxed (Hosseini and Rezainejad, 2016) cowl oas
A5 odmlie «d)S Gygo )l ddued 59y 45 okel Cund 4 ol



AYA e Sig 5 2 aliog 290 w2 9 (52 eyl (S lusius! (5 31 23 Jolomo il 031350 9 6

‘g Al o8y gl SRS jes g (K59l 5ed Olho (B g ) G0N AT S @ bgype (el yly @305 @l Y Jgsa
Table 3- The ANOVA results for the effect of growth regulators on some physiological traits and vase life of lisianthus cv.
‘Mariachi Blue’
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Figure 10- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the
chlorophyll index of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 11 - The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the
chlorophyll a content of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 12- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the
chlorophyll b content of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 13- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on total
chlorophyll content of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 14— The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the
carotenoid content of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 15- The effect of growth regulators (salicylic acid (SA), spe

rmidine (Sp) and sodium nitroprusside (SNP)) on the vase

life of cut flowers of Lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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