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Extended abstract

Introduction

The plant periwinkle (Madagascan periwinkle) plant (Catharanthus roseus L.), an ornamental and medicinal
herb, is indigenous to Madagascar and tropical regions. It is valued for its high phenolic compounds content as
well as significant commercial medicinal alkaloids, including ajmalicine, vincristine, and vinblastine. C. roseus
(Vinca) exhibits prominent therapeutic properties, including anti-cancer effect, antihypertensive activity,
wound-healing effects, and blood-purifying potentials. It is also used to treat human skin disorders such as
eczema, as well as urinary tract infections and bronchial inflammation. The cultivation of C. roseus is subject
to various environmental stresses, particularly drought, which profoundly impacts its biochemical profiles and
the production of secondary metabolites. The application of certain elicitors, notably the tryptophan amino acid,
has been shown to alleviate the detrimental effects of drought stress and enhance the overall quality of
agricultural products, thereby improving plant performance. Moreover, tryptophan is recognized as a precursor
in the alkaloid biosynthesis pathway. Consequently, it is plausible that the combination of drought stress with
foliar application of tryptophan may elevate the levels of plant metabolites, particularly vinblastine and
vincristine alkaloids.
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The Effect of Elicitor Tryptophan and Drought Stress on ...

Materials and methods

This study was conducted using potted C. roseus plants grown in 1:1:1 ratio of farm soil, decomposed animal
manure, and sand. The experiment was conducted in a 6x3 factorial experiment arranged in a completely
randomized design with three replications. The treatments consisted of six tryptophan treatments (0 (control), 50,
100, 150, 200, and 250 mg/L) and three drought stress level (100%, 70%, and 40% of field capacity). The
experiment was carried out in 2023 at Khuzestan University of Agricultural Sciences and Natural Resources under
greenhouse conditions. Foliar sprays of tryptophan solutions were applied at two phenological stages: eight-leaf
vegetative phase and floral initiation. Morphological traits such as root volume, dry weight, and length were
measured. Plus, the effects of different treatment on Str and Tdc gene expression patterns were evaluated.
Morphological data were analyzed using SAS software (version 9.4), while relative gene expression was quantified
with REST software. The means were compared using Duncan's multiple range test at P<0.05 significance level.

Results and discussion

The interaction effect of drought stress and foliar application of the tryptophan amino acid on root volume and
dry weight traits was significant (P<0.05); however, no significant difference was observed for root length.
Results of present study demonstrated contrasting responses to drought and tryptophan treatments. Under
increasing drought stress, root length significantly (P<0.05) increased, while root volume and dry weight
decreased significantly (P<0.05) compared to controls. Tryptophan application dose-dependently enhanced all
root morphological parameters, with optimal concentration, producing maximal improvements (P<0.05).
Relative gene expression analysis showed that the combined treatment of 250 mg/L tryptophan under severe
drought stress (40% FC) significantly up-regulated Tdc and Str genes expression of C. roseus leaf tissues after
24 hours, followed by a decreasing trend thereafter. The lowest relative expression levels of Tdc and Str genes
were recorded at 72 and 168 hours, with values of -3.69 and -1.18, respectively. Given the increased expression
of Tdc and Str genes due to foliar application compared to the control treatment, it is anticipated that the end
products of the TIAs pathway, including the alkaloids ajmalicine, vinblastine, and vincristine, may also
increase. The coordinated increase in root morphological traits, i.e. root volume, root weight and root length as
well as the upregulation of TIA pathway genes, i.e. Tdc, Str strongly suggests that foliar tryptophan application
represents a viable physiological strategy to enhance vincristine and vinblastine production in C. roseus. This
dual effect can likely be explained by increased precursor availability for alkaloid biosynthesis, and drought-
stress-mediated activation of secondary metabolic pathways.

Conclusions

The findings of present study suggest that foliar application of the tryptophan amino acid, particularly at
concentrations of 200 and 250 mg/L, resulted in increased root length and dry weight. Tryptophan amino acid
treatment not only induced tolerance in drought-stressed plants but also improved the root system, leading to
enhanced dry weight. Foliar application of tryptophan significantly upregulated main genes associated with
terpenoid indole alkaloid (T1A) biosynthetic pathway, with treated plants exhibiting a higher expression level of
Tdc and Str compared to controls (P<0.05). This enhanced gene expression correlated with increased alkaloid
production potential.

Keywords: Alkaloids, Madagascar periwinkle, Root, Vinblastine and vincristine

Plant Genetic Researches (2025), 11(2): 15-28 | www.pgr.lu.ac.ir 16


https://pgr.lu.ac.ir/?lang=en

L@' PLS Sl b gy

QI.:..»‘J oLty 1P Y O)m N ..\.1?

http://dx.doi.org/10.22034/PGR.11.2.2

W Z . . - . . a . New IR - - &
PN n 2300 0l K3Ps8, 90 Slo g S g (SaS S 5 OB g 5 gl S
Tdc 5 Str so; ol &I a5 5 (Catharanthus roseus L.)
g e Lo e (T sbT UM il el Y ugie JIl Lo e (P du g a

1. é -

Sk 8 5 50 Ao s
Jmn‘utw)FL;i.:.l;CLA}LS))_}LISCJLC‘eKJg‘JcLSJJ)LISaJQLlJc&QS&:LJ)J:‘j wi@ao}ﬁcdﬁbd‘}?hﬁb—\
JUW 4;)[5»&)_,;-MCLAJL;))jwr}l&ali.b‘bc‘_;)))usomb 4@[:5;.{:345‘5.’-:3}3 L;w.L.@.A 0‘5;4:&.«:\—\'

L;»L% 4;}[2“)?&:.19@[.,4_56))_5[,}56}1& oK..i.}b 46)')_5Li5eJ_<.ﬁb 464&l:§ &:Lj}.l:j}; L;.»:JA.@,A a_jjful:.\ijb -Y
JL'D)V u)llw)f L;w._‘vb CLAJ Lg)'))L:.S f}.\.& QK:.J\) Lé)‘)}l':«s b.kg.i.'o\b gk;AL:g k.i.:bjj J:.‘_,S L;.u.\.\.@.a aj; 4>L3.w] g)libb.w]—i
e Dl 5 e wlin 5 (5355158 e oSl ¢l sy anar 5 5 (255 pndige aASCELS &bl o35 sl —0
:L..Trf'- Ol ol (65558 0aSiils  ALS S5 5 M 5 wdigr 03 S (i (5555 «b‘-}aiuiib—'\

OVETNYIYY dast L2l G B OV EYANA S8 0 Gl VT ANY 2 2l e B A AR R IR IR

s S

Foow M3t L0 558 Ol s Oy 53 o ditd iy Sins 5 iSloins SIS U5 Aol s (2l oS (slaS
e azils 3 0L Kia s a5 5500 0l sem oS 1l S 53 0T Olge 20580 (gl e Kaly b dads JSIT ol b Sl
5 sl o 3l 5 gm s Jla ) ppoman Sl Sl Sad JSIT A 5 s 3 (SIS (slasln iy 31 (S 0B g2 55 el
o b o magy cnl 53 355 e (e S 5 Do SIS 53 ehis 4 elS lacdslie Olp (Pl Ko
oS sy b 5 St 035 omm Dl g 1 et 5 TAC 58U 05 53 Ol (658 iy (S 25 5 Ol gt 5 el
St 5l Galasl slay gSB A S 15 ey 3ym JSS b 3k SWE b B 3 ) 5SB oy son ¢Sl
s @l Lo Gl S ha YOr 5T re 00 der 00 ) Qs 5 il shms 5 (el b o dos £ 5 Ve e)
wyy Sst O35 5 e SMho p Obgiy 5 aielend S oo 5 St (25 Jlie oS 5l 0L andllas ol (slaesls Jolos
Sl ey Isb (S 5 e (IG5 s S edalie 30 i 4ty Jib o (sl i ja o s s
5055 Dbt 5 o Rl L Kon (gm 31l OLES (2l el i o S 035 5 o S Jl 5 il
s Ol Rl e (o £0) s (St 55 5 0l 5 2 o S ks YO o155 oy Jlosl sy 5l 8l 2y I
93 0k bl a a5 L osls QLS 2l Wgy s 5 13 S sl YE Sl Sl 3 Rl oS S il s Str s Tde (slaoss
5 O et Voo T o ST ahasr 51 ek g 5 oyl (A ISIT e 5L (lmes 51,3 oS 35, 4o il Strs Tde o3
S803 2 O I s 5 4y b 5 035 o gt 2,08 o b 8 8 s 5o Lol (B3 s S
Sl 02 (55 JSaly LIS e sl Ol Ol st 5 e Jlash o sy oo B0 4 iy 5 s S i A5 0 S

A2l olS ol s laus JSIT Ol e

U NP VN PRVR VPRI PRRVN| N PR W L1 L4 P

shafeinia@asnrukh.ac.ir : 5y SO ey u“ﬁi od gt 0k 5

VWV


https://jad.lu.ac.ir/browse.php?mag_id=17&slc_lang=en&sid=1
http://dx.doi.org/10.22034/pgr.10.2.1
file:///C:/Users/sohra/OneDrive/Desktop/Revised_JPGR_Vol10/pgr.lu.ac.ir
https://www.lu.ac.ir/
https://pgr.lu.ac.ir/?lang=fa
https://pgr.lu.ac.ir/?lang=fa

b‘)&.@.ﬁ}d&.«x

5 Sl G A5 5 e SLL 63,51 3 45 (Secologanin)
Jsksl s olg o35l 2 &S (Tryptamine) ol 5
05 e Sl i35S0 il 3T Cdlas b o
bl Kb syl LI Wy e w SHP
05 o5 skt s TIAS s (sa03 Oly S & s
s Ol Gl o sl 5 3 e 31 53 ST
5 s (Panetal., 2012; Sunetal., 2016) , S3s sla}
) s S8 3 Getedlcn s A ASIT 55 Ol 2380
TIAS .. ;> (Soltanietal., 2022) .ol axils JLis &
Tde 05 pmame DS 383 Dbty 5 w5l s L
(el o 2l 03051 3) (ool 5 & QU sz 5 ks
GlaazalS 3 05 opl Ok wsp S o Sso
b a5l (MeJA) b palr Lo (30 o 2515 5
ol Ol ogre Ly, Ol dsb o Sl ol
eoles 53 TAC 05 o 555 Oljae ST &S gl45 Sy
3o el A s Ve e Y 5 /Y slackile L
bl pemen (Wei, 2010) <3 5 )y s Hles Jles!
Cos il Jske 225 08 05 ) sss Olis
5 (Cyclodextrin) -y 285 flSw « b gonsl e (sl las
03 0L Gl e S 3 i 5 S soilr Jite ol
DA iS5 Sl e o ln 5 A Gt
SETAC 05 0l 5 S e 53l 3l a1 e3liad 4 s
LS Ol sy SRIB case s Slb sk
3 3 S e Olgeas 0B gy 5 .(Almagro et al., 2014)
it 5 A5 o Jos TIAS o 53 i 5 A5 Sl
eer SB05 Ol 5 53 i 4 e O 3,08 sy n
Sles 58 .(Whitmer et al., 2002) 53 8 lads JSIT o
5 lon slag IS p 0B s 1) s e S ke Yoo
cn o b PrX s Str o5 55 0le S Ol ks ) 5
Lol dlesl 31 sl VY s 1 PIX 0Ly il 58l
(3l il ol dlesl s St O3 Ol 5 sls 0L
5l Cel VY B 03l Ol Sl ads ds,y A s

(Karami etal., 2019) 5 _iul58l e
robe b Julpe o5 5 b S g ST 53
oz 51 Los mhaw Sl el )l Slacush) o alde
3 80es dS 5 oS )3 0 diS el 5 bl Jolge

A

QL:.&,.@:- Lf‘;'J'-’J'-’ é—.»—‘»“' &S}DU}L‘;{JEJM’* ~|J5’|

PRV
350 2305 SUS 5 5 2lAE ) Sl e o DS
Sbl el lesls olasl s 4 |y Ol 5L
Comexr 3l doys Ar 5l e (e Sl Obsle
OlalS 5 e b w32 slaggolen Oless sl Ole
Ol Ol g5 o OaLS ) CliS L g des S 550
b sl OS5 pl el (alS sl S5 A A
LS .(Wang et al., 2016) s S o2E ) sl s s
« sl Catharanthus roseus L. ols b L il
S ol Gentianales ai.l, 5 Apocynaceae el gl
d g il (e S 5 ol Gble of sl
Tolambiya and) .il o KoLl 5 (g3l
e 51 S slse 5 baus JWIT (Mathur, 2016
KT e das (Bl oS OS5 e el
(Vincristing) e S w5 s (Vinblastine) -oodt -y
o3 53 23015 DS o Sage 31 (G 1y (Bl 5 olS
5 oebms ol xS a0 e Ol
Pl 5l cnilen 5 sk s 2 30 L o S
ol s e S sdsle S 4 e O
Lsys dodyl ST e s L JSUT
S Lgs o Ay (Terpenoid Indole Alkaloid: TIAs)
3 A5 sl GBI e s Sl adl S5 )
s JST s

Ol P e 055 W 5 s S s s Dl

Oges 3350 b ol A5 I

S & OSass U Ced old e
Slee ulsdl a4 e Colg 5o S Wl LS e
TIAS (g Ll s 55 L o S5l osils g0 S5
et 3 357 g0 (SAOS p $5) Ol 53 udS 45 2
ol 05 Sl LS e A5y 5 Jea]
b e 5o b IS s e iy s 53
Tde (slads st siss Olis 3 Ll & Sy ol &
Strictosidine ) Strs (Tryptophan Decarboxylase)
o (S50 5 5 Jadl s 93 53 S 55 (synthase
S5l 5 s ly G0S t i Olie 53 Sl
Almagro et al., 2014; ) 5,5 o Lds ST lais s
84 (Pandey et al., 2016; Sun et al., 2016



VE /Y olad / VY W/ alE K5 sl g

Ea) Aoy S o S on b e b
o bamalS us adlS (oS sl e 3 (adds )
Yo pbollS 4 (S ke sl e 4 Ot S
5SS S S5 sl sl 10 s
—a Gialosl s Jazme (Vi)Y s @) 4l 5 ok sy
o by pala ks oA B L Josst oose
bl bls byl la, 581 s plosil 1SS
You s ¥ee 0 Aee 00 aald) Obszo 5 sl Al
=5 5 (Gendy and Nosir, 2016) (=) » o5 s
Munsif ) (ely3 cd b as s te Ve Ner) o
03 Ob e Ol 5 Labd e sy (et al., 2022
@jbédﬁ:ﬁwfd\.u{l););ﬁw&f
450 e sle Olsee 0n 5 o 25750 SIS &
el (Pan etal., 2010) (coul al> s ol 5o (5l 5 5o
St 5 b (abd sl sl Sl S ss S
s aslsl as 851 L3 6 ele G dess 5 A Jlas
Ol 5 weldel p33 el o (AL hone 51y
Yt ol s (‘)LP; 3 e LS 3l Guls el
Gl oS a) s 5SS a3 el ) A 5 VY (A
Ole Olgee 2Ll sl (2 LSS 55 5 (Gl Lles oo

A plasl s a0 e
Slp ks, dab g SiE 055 e S eIl
ol ¢ tale3l plal 3l ey S5 035 (6 S0
5 M osba OIS e leais; 5 s b lss
ol b pines L A 3 s ol Sl Sl
fol sy = dewlee Gl e LS Td S
Sl Ol b zode wlgmal J2s 3 OIS e aty
e Ol o QI VU 5l ey 5 238 13 el
Slp il oS e Sl e Ao
L 0553 3 ek ged daady ) SE2 055 S0l
Cole A S w3l S sle am o Ve gles L ol s
ol 555 L i sl S 035 e 5 L S )3
L e, Job s Se3lil s (g Sosluil o/e ey &3 L

'4

Ahmadi-Nouraldinvand et al., 2023; ) taea OWlS
(et ks (Alizadeh, 2006; Poshtdar et al., 2016
Gl e CLel 3 S el Jasms la 25 51 S
5o S OLS cdled 5 Skl s
Khadivar et al., 2023; Seyed ) >3l. . 5,05 ,LOLS
Gl i 4 OllS ~ul (Hassan Pour et al., 2025
S 5 G e ke s e
slaely 51 S (Revilla et al., 2016) el o slaz
4 e S el (el HLaS oy Six 2L ablas
Sl Jols (el JLib saS (b5 olS 5 s
a8l glacd sl ala 5 Js S dadeul pual (ST
v 4Bl glac sl (Liang et al., 2013) 553
Mokhaberi et al., ) 4,8 » 5l 3 Jases la i 56
- e (2013; Oksman-Caldentey and Inzé, 2004
s 5D aile o ote o Jad LS 54 5 sla
Pathania et ) dzea la_pilel 5 Laas JIIT a5 5
35 et S Sles sl S e sdle oS (al, 2021
Sl i b oagrlse 5o olalS el SrpsSe 3
Dos Santos et al., ) 1S5 » Wl Six aibe Jaos
LS .(2022; Jogawat et al., 2021; Yadav et al., 2021
LTI Ll Sl (LS L (Sl
Onbaar s LS A5 Mg 5 et S on
A3k G ISl JS Ao 5 e Ol 035
Al 3 ols Sl a0l S s 035 oy e
o2l 4 (Sunetal, 2016) ol ol axlge il L olS
O 5 ol Dl 30 o 0 ol Ry
Gl Ok 5 LS JSIT W (o i Jlesl
330 0 S35 oS 53 Ll e s 03 1S53 g
by 93

VY Jle s bl ol Hled Jlesl 5 cuis
e 5 ©3osLiS psle oKL GlaalalS 5 i L]
Gl n oS Fr Jud glasd s Ll Oy ank



b‘)&.@.ﬁ}d&.«x

Lot ni o zws oyled L Anacell) ol oS5
Real time _:Sly .08 astle YopL e (CS0025
Rsp9 5 Tdc Str slad 4 b5 o sls S5l LRT-PCR
5 (Soltani et al., 2020) (\ Jst>) (@f 05 Olgear)
s osled L Ampligon) o S ol S s
Sl e Luld LYol g e s (A325402
oy e 5 aads Ve Sdew oS sl w40 Lls
s Wl Y e ol S Sl 4 A0 lels
Yo oode 4l § sl am 3 VY 5 06 Y e ol S Sl
25 S e 5SS 53 5 e S a3 40

5 6 Lo s REST il 5l esliad b Jol (slaosls
Ol 9 LS o 5 4 2 (Pfaffl etal,, 2002) ol ,\Ss
ealizal b Laosls (g5l 4oy S line 1803 ol O
S S b losas ey (W8 453) SAS i3l 5 S|
SOl (glasals i 03051 b (5 S0ls aslie 5 EXCEI ) 53lo
b8 g Ao s 0 JLQJHCEW);

o g s

0 g 5 sl 2 slos 5 (S22 25 Wlase
ozl mlae 55 4l ) i 055 5 o= Slio 855 2
Glalas 5UaS s J s cpledd s e do 3 K
e @l s b s 4ty Db Sde S
5 Sat i esle Bl sls ol Waesls Sl
S Jlel o 55 Slio alas 53 Ol yag 5 aalond

(Y JJJ;}-) 34 )\:L;l:u Loy

QL:.&,.@:- Lf‘;'J'-’J'-’ é—.»—‘»“' &S}DU}L‘;{JEJM’* ~|J5’|

Al e de G 03 L Skl eslixd
.(Selahvarzi et al., 2007)

w05 Ok 2b3sl 5 CONA 5w RNA o1 sl
2 OB 5 kol JIOAS Sl gme 51 ey tanllae 5 0
Sl aglis (Eln oS SGidn s sl el
A e Ske Yor Chle s sl 0l bl slajles
sl o rske a4 Cod Gl e
Wls aly ) S O35 5 e b Oser S35
s Sl las b o 5 Se (sl el o3 G b
R Gl K4 ol b b Aoy Ve 5 8
2 W e Sl S w5 b5l LS
5 OBt 5 wanl Aol 5l ) e S e YOu 5 ko - e
o el oy b b Aoy Ver st sk 05
A2 W05 e Ol Sl ()13 g0

ool Sl sS L edd e S 5 5l sols e 503
oS 3 asboges 5l eslizal b JS RNA £l sl sl
S o riwd oslad b Ll oy 3U3 S S5 S) 0L
CLL 5o CaS 5 CukS pund 8 S Oy 5 (1021-1
3 50585 /(Ao 53 5) IS Sl ealial b e o 2
e2s CDNA e 51 15 s bl Cla gl olSas
Sl b b olen edd gl sl Jla=| DNA
> (Cat. No. MO5401 -0 JSt..) DNase | o5l
S el b e A plal 25 Ko V0 ol e
b g wll o CDNA gazi, sl AT SIS 56T

PCR Sl 53 ol (6 5 (ganbad s 5 oo jiun ol dla ST Il glos 5 JI @b =) st
Table 1. The name, annealing temperature, primer sequences, accession humbers and amplicon size of PCR products

Jf)'L'cT tU ('—=Y) ijl.éj J\)J s o lad (:\;thb) Jlail gles Glca>) L;j;,Q askad J4b
Primer name Primer sequence (5’ - 3') Accession number Annealing temperature (°C) Amplicon (bp)
F: CCTGTATATGTCCCGAGTTTAG
Tdc X67662.1 60 153
R: TCGTAGTGAGTGCCCTTAG
F: CGCCTACGCATCTCCCTTCT
Str AJ250008.1 60 110
R: TGTCCTCCCACACAATGGTCT
Rsp9 F: GAGGGCCAAAACAAACTTGA AJ749993.1 60 145

R: CCCTTATGTGCCTTTGCCTA




VE /Y olad / VY W/ alE K5 sl g

Ko Bl 4y slaastl 0ty 5wl Aol 5 (it 25 5l 86 lls 4 uls =Y s
Table 2. The results of analysis of variance of the effect of drought stress and tryptophan amino acid treatments
on Catharanthus roseus (Vinca) roots.

Sla o 5Kk
S e ool3l a3 Means of squares
S.ov d.f aiyy b S e ) S 035
Root length Root volume Root dry weight
S 2 172" 11.04" 0.229™
Drought (D)
S 5 69.9" 371" 0.028"
Tryptophan (T)
DU X (S 10 1.18" 0.975" 0.0022™
DxT
Lo
36 1.41 0.29 0.0006
Error
(o )3) S o 2 ; 435 15.97 472

CV (%)

Ao 30 5 Ju}lc]aszjlsw)ﬂ:@.aﬁbvgjy:*}

#% NS
¢

", " and ": Non-significant and significant at 1 % and 5 % probability levels, respectively.

23) S 5 e G s (el & ed ) Qb 5
oA Al S O3y (el s b Ao b
VYA Sl b ey S 035 508 S osba il
(Y K8 Ay S 0 (‘,5

il 3 5l DL Loosls U Solon ol ol 1y, I b
ol oS 2 s Iob bl o e (S A3 e
=Bl YOTA Olpe s s Jsb 0 5t S5 5bas s
wioy dsb eSS s oy Sl b do s b a5
Sl B Aoy Ver e 53 e Sl YEN Olgee 4
S sbopen (L Y IS2) Lol Cewsas (Aali)
Yoo clle b Obyys aeliel Jlag s alyy Jgb
iy dgb (568 5 Sl TYNE Olpn s 2 e S e
YENY Ol 0 (als) Sl gio 5 aueldon o Clle
(o =Y K ol s i gl

SIS bl s 55 90 sla05 Ol (2L
ol ol S il 3 Stro s Tde slad s Ol
A ke Yo s sl s 5 s 0l
Cole A glaoles b 53 TdC 05 e Ol 0 52 5
S SE) Sl S Ed sl Sl e sl VWA

AR

olols s ol 4 a5 L iady ) S 055 9 0
e gt 5 il b (S 5 1S n 5 el
Y J}Jz)@ilawjzgiicb‘ﬂjsd)\;w;\x}uﬁ)
chle il Loas sls Ol Weesls wi;h» Ao Cl:.,
L oS (osba il SRl Aty e Ol gz 5wl
Ve sk e s Ol S ) e S ke YOr 58
Fosle VO) i) o St o3 Sk A
Chle 2als b aS s etalie o ol Cowsts (CnSa
29 S 2 e A5 (el i ) Bl 5
il el alyy e (ol b b Ao b
Fatle YT Olpe a4 ado)y o (505 & (spsba
s Jodr peamen () JSD) dwy G 4 oS
L Kot a5 Sy o ol Ol laesls bl
53 Solsme 55 adyy Sis 035 Oy 5 aneldnd
i 5 gl e se (Y Jsdr) Euls A3 S, ebas
wool Aol chle LA sl ol beesls ke
LS oba il Ll ad, Sl O35 Ol
Vi sk e s Ol § A e S ke YOr 508
VAN alsy S U5y S Sl S b des

Chle Al L aS A sdalie ponen el Coses (o 8



N

13l

S5 4 (S Lgy QLA) J_}lﬂ 03 oA odalise

o O

‘)) ‘u:“\ﬁf o

O 5 eohd sl

.(g—i J.(«) dol Cwsas wLJ)J;u 3l o el

BealiS B

S5

9 3ls OLeS Str 5 Tde o5 s BLP Ol

CAA%)L M)J i

QL:&,.G:- ;é-ﬁﬁ ,(--—‘»“' jﬁ}buﬁgf)rm-)’, ~|;|

S S 5 Tde 03 53 el sdalie Ol s alio
}lmubVYjTi ‘_;LA)L@:I);J&,.}QK:{@JSVS

SA s s 55 ol 0
S il s andllas 540 S s O

3 S

s
ol

_
“

3 (oo

CEVA 5= Ol s L

Ly Jlesl

550
S Ly,

S S Gl

e G

Str 5 Tde slad

Z

55 08 4

L Ol
S5 4

e

o O .
S e 10
(SR Fic it it B B R e
R NN s o
3 g 7

T o = e

on BmsssBiesBiagie ) \
N~

B R R
Pt R e
B e i ]

200

F AR AR
fratahe il il
SRR R R EEE

200
'S test.
=40

P T T T
]
Ed At R R R R R

150

frr A g
P e
et

based on Duncan

100

Al gl e sle (STl Ose3) (6 .L,o):o)\;dbuchw): <ol

I ]
P
Pt
SERREEREREEERE

150
sy X (S

Tryptophan*drough

100

50

Sttty

R

50
differences (P<0.05)

Frnnnannannnnaannnnannd
prtstnatntt ittt it
it O

T
e e et e (e»]
kabibsiiaiiad

I I I I I I
F T T T T T T T
@ X M~ e NS oMo
O O O O O o o o

5 e S ke YO
b 5o Str 5 TAC (lads sond Ol ol 53l s o ys £0

BENCIICEISCISE e
DA S S
cell VY s

el \-\/\j

oS 50k

Wj.);i); C,&Lw Yi L;'LA‘))LQ-::)J d:"’bf nL.s ij
(o5l b JS2) as

(o st JS8) as Jols 25 dleel 31 o el VA

D‘JKM}L;&«J;’

Sl sles
L;‘ .
Ol Ol

Pl

(6) wbram A1p 100y

awn|oA 100y (cWo)

=y (M) o)

Figure 1. The interaction effect of drought stress x tryptophan amino acid treatment on root volume in

Catharanthus roseus (Vinca). Columns sharing the same alphabetic letters present no statistically significant
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Figure 2. The interaction effect of drought stress x tryptophan amino acid treatment on root dry weight of

Catharanthus roseus (Vinca). Columns sharing the same alphabetic letters present no statistically significant
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differences (P<0.05), based on Duncan's test.



VE /Y olad / VY W/ alE K5 sl g

(b-o) (@)

N
o

N

o

A -
— B A
fg E3+f+p co ¢ BC 4 T30 4 B c
1 & oL
% g 20 3_} % 20 4
5 3
) § 10 Y510 T
- 1 S
0+ t t t t t ! - 0 , , ,
0 50 100 150 200 250 0 ' 70 ' 100 '
(Tryptophan) ;s 5 (Drought) s

Sa o GLls a0 s s 4y Jb s (0) 0l g 5 ael el 5 () (S i ol 1Y IS

L (gl s sl STl sasl (gl Ao 3 0 s s o 3 Gobl s sl alis
Figure 3. The main effect of drought stress (a) and the amino acid tryptophan (b) on root length of

Catharanthus roseus (Vinca). Columns sharing the same alphabetic letters present no statistically significant
differences (P<0.05), based on Duncan's test.
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Figure 4. A diagram showing changes in relative expression of Tdc and Str genes over time (a Tdc and b Str).
D100.T250, D40.T0, and D40.T250 correspond to combined treatment of 250 mg/L of tryptophan amino acid
and 100% field capacity, combined treatment of 0 mg/L of tryptophan amino acid and 40% field capacity, and

combined treatment of 250 mg/L of tryptophan amino acid and 40% field capacity. "and **, Significant at the
5% and1% probability level, respectively
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