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Introduction

The medicinal plant Catharanthus roseus holds significant global economic and therapeutic value due to its production
of indole-alkaloids, notably anti-cancer agents like vincristine and vinblastine. However, its cultivation and yield,
particularly in arid and semi-arid regions, are severely hampered by drought stress. This abiotic stress induces oxidative
damage, reduces photosynthetic pigments, and compromises cell membrane integrity. In response, plants activate
antioxidant defense systems, including enzymes like catalase, and accumulate compatible solutes such as proline and
soluble proteins. Arbuscular mycorrhizal fungi (AMF) offer a potent bio-solution by enhancing water and nutrient
uptake (especially phosphorus) through extraradical hyphal networks, thereby improving host plant tolerance to
drought. Beyond physiological and biochemical enhancements, AMF symbiosis stimulates secondary metabolite
biosynthesis, leading to increased production of valuable alkaloids like cataranthine and vindoline in C. roseus under
stress conditions. Consequently, this research aims to comprehensively investigate the physiological, biochemical, and
phytochemical mechanisms by which AMF symbiosis augments the medicinal yield of C. roseus under drought stress.

Materials and Methods
The experiment was conducted as a 3 ¥ 3factorial in a completely randomized design with three replicates,

comprising two arbuscular mycorrhizal fungi and three soil-moisture regimes (80%, 60%, and 40% of field capacity).
Following seedling establishment in sterilized sandy loam soil, Catharanthus roseus plants were inoculated with
Glomus deserticola or G. mosseae and exposed to water-deficit treatments for ten weeks. Soil moisture was maintained
by pot weighing and monitored using a tensiometer, while plants were grown under controlled greenhouse conditions.
Growth attributes, shoot and root dry weight, root length, mycorrhizal colonization, chlorophyll and carotenoid
contents, catalase activity, and proline concentration were assessed. Leaf total alkaloid content was determined using
acid-base extraction followed by perchloric acid titration, and data were analyzed using SAS software and Duncan’s
multiple range test at the 5% significance level.

Results

The interaction between drought stress and mycorrhizal inoculation significantly affected most growth and
physiological traits of Catharanthus roseus. Increasing drought severity reduced shoot and root dry weight, plant
height, root length, and total chlorophyll content. Inoculation with both fungal species, particularly Glomus mosseae,
improved plant growth under water-deficit conditions, with the greatest effects observed at 40% field capacity. Root
colonization increased under moderate drought stress but did not differ significantly under the most severe drought
condition. Mycorrhizal inoculation maintained higher chlorophyll concentrations and increased carotenoid content,
thereby supporting photosynthetic stability. The highest catalase activity occurred in plants inoculated with G. mosseae
under 40% field capacity, whereas proline accumulation was higher in non-mycorrhizal plants. Total alkaloid content
was also highest under severe drought in G. mosseae-inoculated plants, confirming its role in enhancing drought
tolerance and secondary-metabolite production.
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Conclusion

Arbuscular mycorrhizal fungi can markedly alleviate the adverse effects of water-deficit stress in Madagascar
periwinkle (Catharanthus roseus L.). Under drought conditions, mycorrhizal plants generally exhibit improved growth,
enhanced water status, greater antioxidant activity, reduced oxidative damage, and increased production of valuable
medicinal compounds. Therefore, the application of mycorrhizal fungi, particularly Glomus mosseae, represents a
sustainable biological strategy for improving drought tolerance and enhancing the medicinal quality of this plant.

Keywords: Alkaloid, Biofertilizer, Medicinal plants, Root traits, Water deficit stress

/Citations: Rasouli, M. and Noroozisharaf, A. (2026). The Effect of Arbuscular Mycorrhizal on the Growth\

and Biochemical Characteristics of Catharanthus roseus L. under water deficit stress. Plant Production
Technology, 26(1), 145-162.
https://doi.org/ 10.22084/ppt.2026.32141.2182

© 2022 The Author(s). Bu- Ali Sina University Publication. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Qlline ISSN: 2476-5651 Print ISSN: 2476-6321 /

148


https://doi.org/
https://doi.org/10.22084/ppt.2026.32141.2182
http://creativecommons.org/licenses/by-nc-nd/4.0/

V10 Dbl 5 5l NNY=1E0 Slomis /) 6 ladd /i 5 oy M /2L SIS 5 Sosls S —
4 https://doi.ore/10.22084/ppt.2026.32945.2191 o

Catharanthus roseus ) iy oS olend g 5 shdy) 6B S5y 5 n,050 G)\S ,;l:

Sis i e (L.

The Effect of Arbuscular Mycorrhizal on the Growth and Biochemical Characteristics
of Catharanthus roseus L. under water deficit stress

TG g Wosde 5 s ol e
\i~o/~‘\/\~:uzﬁju1'@)u VEr0/20/00 1l s 50
(on s lie)
oS>

o Sl ol s LS ISIT A5 5 (S5 i sla Ses e dds s Y ST (6l ke Szl Sl s sk
Sei S 4 Gl oS e Gl 53 Y ST sl sSle slag B il (1B ol S b ilesT (S i
Lasless Ll ol Sl b IG5 L 551 s b3l 0T A JSIT a5 5 (S5 055 sy i 35000
Glomus 5 Glomus deserticola il f"“’) B il caw aw 3 (FC uoyn br 5\ Ar) S S CE"” aw ol
Sl 58l fig IS gl 5 A, sla el s e FalS cow S A5 sl Ol Loy (mosseae
i 5 (Al oY) VB 5l cdld o min (S YY) s Pl SList 035 (p it o ol 25 glasilole
Tl momen Ao S edalie Sis LAl 15 Coo G.omosseae o el OLLS 3 (doys +/AA) IS s JISIT (gl gios
3 Sl 8 AS eddpmdli b QLS b aislie 5o s meas Rl 5 WSS 5 IS Rl cx e ol S0k
Gib 3G mosseae L o3 s )55 50l e e (g sazme 53 Sl eS| 1551 20 Glacaul 2l 5 ol cunss
CuiS 5 Sist w Jeos Gl s g5 i b glacd gl W Sl Sls o gls Gl Sy sl ) 3 g

J;Lﬁ;\&\)ﬁ eg&j)‘b

L}j})b oL:s ‘MJ éu.)js ‘4.«.34“) Slhws ‘L}S"':'} u,w.: ‘.L;)jmi L;J.;.LS SNy

/Cathamnthusroseus ) oils s olS sladis 5 iy s S5y 15,50 zb }»U (V800 g byl 5005 wp (I Wl 4 &l’)\
NNV 80 OV o alS )5 (6 565 aloms St (25 S (L

https://doi.org/10.22084/ppt.2026.32141.2182/
Commons Creative License j; s ¢ sl oy 5 cul (O8) ol ny 4 Gtate , 25 5 >

53 1y el Ol gallis das e o3lx| s 4, Aftribution (http://creativecommons.org/licenses/by-nc-nd/4.0/)

o3 oyl i toen ol 53 alie Al HLiml ay  Bai A it By A5l bge 0K ST 4 wlile

k YEVI-0n0Y: K s il LLs YAV L;L:/

Ol bl cgsbTond Ul Jlam e o250 oo gLz 5 SLEL kg poke 058 lskal )
ulj.:‘ Oldea gL'.;.w J&f aL<.j..'v|> 46})}\5«5 oSS Adul.! rjl& b)j§ s)li}l:.w\ Y

Email: rasouli@sjau.ac.ir J s oy g5 138

1¢4


https://doi.org/
https://doi.org/10.22084/ppt.2026.32945.2191
rasouli@sjau.ac.ir
https://doi.org/10.22084/ppt.2026.32141.2182
http://creativecommons.org/licenses/by-nc-nd/4.0/

L il (Tagetes erecta) (s x> FoelS s s
Sy o JB0 S Glime 1Bl o se oSl lag B
&;».w‘ ol A_)T Jﬁ.qs .]a.l\ﬂ‘)é fﬂf%}d&i}) Ju.:)
(Petunia hybrida) bl ;3 (Asrar and Elhindi, 2011)

Sy olS Ay [l s G mosseae s g jen o
R I B
d g35515 3 ysomes .(Shamshiri et al., 2025) <.l
Eled 1L sl s oS Wlesls L lalas
Sl 5 elS T anss s (SlS| ST sl
S 25 gl o 1y ol Cuglas slanst ol
S5 b 5| G deserticola G)LB AT Aas e Aol
boolS e WS ol Cansy bis 5 spenl b
Augé et al., ) ol o3l ol (g 15 pae jsba |, Ko
s 2ol mil Colpatoen 5 oizen (1986
oS s)ls kS s 5 I3 DUS S pend ) Sl
Gz b ol p 058l el sld S Lyld o
e gl e e o s S G b Sl 550
2l s el dadd g D Jgd DLS 5 mend Sl
L emor ol Ceal &8 Ko Jdan ;) slacd sl
Zhao et ) &S o Olkerss o3 5 2asls OLLS g s
(al., 2022
das e Ol (gadate dalpd (Sids b Sl e sdle
OB asl el B s 15,5k Glag B s
St b Sl Bl e pl LS e L] e
Lohie bl Ol S 5 ol ol conss
Al s I8 OS5 L IS W5 (s la e
5o il olS g das Jall 1 Jlica s slaed sl
5 oS (S s JSIT glgme s gxe il
e G5 sl e 55l =l s s
Sl arls Oljen vy plpls il sl 1S
s o JS e s (st eSS (sl
Olien e 5 SYBE Sl Sl T gl 5T s
sl Sl g imalr SHs Llg e IS Slads ST

1. Chrysanthemum morifolium L.
2. Rosa hybrida L.
3. Calendula officinalis L.

gy SB S 15,0500 g8 S6 0,2 5508 5 s
4odle .

SV Catharanthus roseus L. e VU Lol olS
Ol sl OLLS A 3l S Apocynaceae o3l gl
Sogla S ik Wy e S apd s e
(S g = sl Sl JSIT o350 il slacd b
2303 DS 5 S Sl 48 S 1B DIl s s e
ol 5 D Sins Jold oS ol 51 el s
o) o 31 0l s el Oleys 53 oS s
308 el slaysess (Fp s Lesdls) s (S sa )
Sladlas ol ogde (Mendonce et al., 2025) &l

ol o calies WS JIT AT Sl i ey ol sz
sl hls Lol 51 golaw S Klos S 5,158 olS
Aea mlsds 5 Gledlis (s Seds (Sls| s
Gl 0l o LS 5l VU asls 5 gslasl i)
53 anlllas 350 LSS o Sage 51 G Ol il S
Wi s S S O Sidned e
(Paul et al., 2023) 5 35 alis 4 50 glac) sl

Slrossele g, 5l eslisal Gl sladle
S Gl S e Sl S Ol Y S
Gl el S 1E A sy (S0 5 sl ol
S e S s e S S xS bl b B
ohsi ole ol s Ol Gl 5 esls (il 1) aiu, e
Ll e e L bgdien, s Ois i
Sl b sl egen a5 Wlesls 0LE Slalllas
(Do gblis ol Lis (S, Ol b (gl
Cog s S b e (S O SR
b oS s 4 ol oo Shs) gl i
o5l sz B L OLlS il (pizman das o Sl 3l
5 ST GV s e 5T dlad (1330 L Ysans
gl B s o n pea R Gl S e
4 e Colg 5o & Sl olen e lagniis, SV
Khan and ) 543 0 5 5l 20 silaaast ol Jals
.(Naz, 2024

Sl il 5 s OblS s o gla 3158
G ot OV SKwsl 15,k sbgb ol
S 4 JesS s 53 (G deserticola s mosseae



VE00 Bl 5 5lge / VIV E0 Slomis /5l §5led /i g ey i / 2LS D 5 Sosls

Hasanuzzaman et al., ) X,ls & 25 51 G5 el
2020

5 Ay alS Eel sl U s (Sax i S

ozl 2aols QLS 51 (ol 53 bl 5 o0 ol 5 Shese

GBS asl e pbe S e Mls e Nl

Ods Jled oS ol ol 55158 55 8 Ll LS 5o
G sy = ol S JISIT L Jas o (65 s (Lo s
e ST 5 o SR e (5 2
3 ot Sy sbsle e ple s sy (Bl L
S et Olgea CIBL UL cpl s e Bl
g el e SISl 5o ol s S8 5
) Ol 53 (GlodiS pal 2B A5 Dde 5 s L s
.(Paul et al., 2023) 5,l> c.«b
&jf 35 5 Obosan anslis o opl Gda (ol b
3 SOdnd gy, Sle n Glomus B sl
Sl e Ca s oS ST e
alie 5 wp B SRask kel Gosls s Ko
5 Siat sl S S s 256 65 s nl oIS

.w\&ﬁbﬁogcaﬁ.&é}v\.\i)bﬁ

la b, o slpe .Y
MalS bl esliad b LosSB oo SRl
G ) NSsl sl slas aw LY x ¥ sl
vﬂjj aw g ((Qals) snis CJ.L' 9 G. Mosseae deserticola
g 53 5 (Ao A ol b b 4 Sosp) S
a3 (ol S b doys B0 5 ) (S A
sbdle b bl gt o Kils (5555L08
8 s e & Jels SRl A sl VEvE BV ET
OIS S Jold SIS i Ll e JLSSY o e
Al S Olgear SIS S plply g oS S sl
25 s as S ks Jies e LSS G bl
55 slsles 238 3 eslined 355m OIS YV g e
Uﬁ@ig)leM(g\);@jﬁ Loy be 50)
53 osSile Oaenl i sls Skl gl p3Y Oley b)) A

(ol 2 2515 5 gla azalS glaaiy,

;ﬂu«;%ﬁlﬂ)j&udué)gﬁjw . @JA—’J
sl s il oSl SSed s b
.(Thokchom et al., 2023; Yu et al., 2024)

Mg 5o Shee i) olS cpl gl Coenl 3y L
D3 e Jolse 36 o iaia OF 456 glac ol
S SES S (e b g Ol 55 5,8
Ghle 53 oa)ls QLS Wy ediSssums Jalse op Sage
Gl 3l 35S 555 0 ety Ol Sistang 5 S
(e pole Dl Cossiee (ol OT il Sl
3 Ay e Aolp s Pl g gl Colda lals
s Sl S s e 13 5 o 1 ol s Shes
ASly gl S g GRE S i slaly
5 O5ades AewSly Sl Gl (ROSY) - O5s]
A e Kl e S el LS ssde S,
Gl 5 (G5t gis Sae s S5, oy ( Jsho slalis
Sble LS ol d ol b oablis jskie 4 i SAS S
o3l 0T s a8 a8 o b 1 35 Slas] T s
1Sy Sl ST (POD) Slagns!y (CAT) SYBIS L
33 bl 2B (SOD) 5 samys AnS| s (APX)
Jsbor 55101 Jsles Baim 5 0301 Jlad slaas s§ G
.(Wang et al., 2023) .5 ,s

g g syl glaable pople

Slgal et S S odan sl e
sn B Do (SIS A5 4 OS5 5
Sl bl gyl 5L s dalis gl Lis |
G aMenST RS e S RSy ey bl
S 3 S o Ll O 35008 w0 oS Juos (2331 53 s
3 JBs S Glymme Sl g Ysame S 5 K0
W5 P el nl o o5 e (st oS g 2
et ped 338 o e ol 5 Shes 315 S eole
i) e sl Sl S Jple Sla s Ol o
b S s sl S 5w oS Sl

Loablis 5 (650! Y,.:.EJ (Fs glanglp s b,

1. reactive oxygen species



.Ma:\zjlﬁﬁ\jﬁduwgfﬁjéﬁdﬂuoL;».p

Ay 5ol Lyl s Y-
u‘i‘::“"'v\'i LSLAUUK 4 u:"")j" J§ 03 4\.:‘);- duwkj
5okt JEe b e el S 5l C Sy S sl
Lii) JIA&L”Y’. J‘]"; L L;:J«O’\a LSL"’UUJ; 3 oy 4aa 9>
‘5."; d".ﬁj Sl u‘l’ﬁi’“ LS}L" (olug A wl.ﬁ

S AP VR COCS | VN WSO U Wt S o P L g
S 5 S e GOIS Sl e SO S 15 Sas
sl 6 L
€J§~/O 3OS e S fjf\O)G.Mosseae 1 5SSl

LA C:LC (;_)‘.,Ug JA DL bbjﬂ 4,.;.'..3‘)

g L opse &S s G deserticola

oS i, slaals 6,80 5100 F-Y

Sl Ol dajles Jlasl 51 oas wuis OLL s
L 0T i o Sl o B B sb 4l 51 alS Ja plisyl 5 s
Sz O3 s Hsbeas A3 (6, Sesll iShst 3l esliza
w8 )15 G st s sl iy 5 glse el
s wle amys Vo gles b0l s cele VY Slews
L S

T8 Ol 5 418 Olie (g 1S 0510 Y
S S Yl (B Ol iSOl e skatens
LY UVEEP RN Vo < UT Looddg)ls paisal (slaals,
Silweslal NI TR IR G o3 00 J b1 J sl
Vs s el Voot biady; (550l sl
arys gl 5 s (KOH) aly AnS5odn Aoy
Aol Jglome 53 a0 OF 31 g i S 513 515 sl
Gl K, Gl K eabse Ve o) (HCD) S iS
Jslee 53 el VY e 4 el ()06 sla bl
WEEUT slos 3 5 dws /) chle U sh ol
«OLL ,s .(Phillips and Hayman, 1970) Lus RN
S eslinad O OaenliislS Awys 5 aty, JS Jsb
b byl bl sy @88 5 o PSS

152

s hdy S SR 2 15550 g6 60,3 535,58 5 S
Sy S el cw b (S A Jlesl sl
Sl OIS 055 skite s s end (e 18D 55
30 LT Pl ae B Sl e 5 o S S
e s S b s OIS 0 (Sl ol s

Fogpedl s by SOl Ll 5 w8
br S i Hled sl OIS Gaa 035 .4 (5 56l
WA0=Wd+0.4(WFC-Wd) e, 3| ol ud b dos
i Sl gl 0S 035 W 0T 3 oS el acules
o353 Jsb oo ol el c b s OIS 055 WFC
Sl s els 035 Obe 53 sy S D soa LOIS (2]
@ Odeony B Ol 005380 L B ,05 5 s G b Sl 4yl
SWERTI A CEM 05 S cusb, U a0l a0
Loy e (S 55 ks gl p 0 8 b sl o b
B s LlS s aclbe YU Wilea 0 ol od b
Loeddd 28 Ll i cow glabS 5 dolas LlS lea
a5 sl bl e e e S T Ly s
5 doys A B Ve s Cosby ol S sl s VYT
Josly bl Jsb s s sdr aele V1 (555 o)
OIS w5 a s dels 08 aw s S O

Mw)fol:su).bwd‘.uf

5,55 GJU cﬁs ol N-Y
5 o S el ela Ay Sl b CAL e
G wl oS Sl e S s OlalS o3l Ay, Sladad
Luy G Mosseae 5 deserticola (Trappe and John)
o o g0 5l el ) 15,50k al slacis
S 3l eslaad 5. i sl s ag (e
ol w Sl bl 5 Al e (SSPse
NSl 15800
2wl ol 4 5SS ol jan GBS
sliodalin glajlile |8 4 Gds gl soul s L]

RS- S| UV B NV

\ﬁ)_jg_‘v’ul{a“@ajjj.} .MMM)) AV Q\J;.Acu
05 /0 5 Gapl A0+ Ly y) Jousn, St o 500 Jals
MW//\O/V ‘}S/J)ﬂckwbo.)j}T rjf)).w 4....4") CJL&EQ

1. Sorghum halepense L.



VE00 Bl 5 5lge / VIV E0 Slomis /5l §5led /i g ey i / 2LS D 5 Sosls

Yir 2o dgb 3 He0z w51 3L Ol alS (s P

.(Chance and Machly, 1955) &5 S avsles o 5L Yo

CJ‘-'-J}J'.’.- 6; o)".\a" v-yY
oo b dllas sl s sy elel s a1 o Sl
Sl S g0 (Sadasivam, 1996). Al s sS4l |

b gl o ¥ Sl s g Al L S
 SLIARREBTRUPIIPUS I RUN S R P RVER WISt
oY s Sl il e JT 56 s wlsl s ol S sl
S allal g b cble 5 g Seslll el

a5 e

Laag ST IS (58310 5 -l Sl A=Y
oo o eslizal b IS laas JSIT (o Sesluil sy
A el SIS el b i 25 5 5L — el 2l
oS oy pf Y (Evans, 2009; Zarezadeh et al., 2000)

A Lalis s plsaal S 5 Sl Lol 5l ey
5k 4w 56 pH (S8 SLLE Al b oslae
W s G e s sl o3 JS L e IS
el LS ST S e s 25 SIS ) el b 46503
LIS S8 035 S0he 5 Bame Aol o>
L3S e S K 0is 53 O Aoy s abee

.(Jacobs et al., 2004)

SILL I3 o5 ) eslizad b Waesls (g bl Lo sa 525
5 el Excel 3l eslizal b balssad s 5 (4/V450) SAS
55 oSSl gl der Gpesl beg 5 b SKle alis

.@J{_&Q)MM)JOCL.A

Lo s s ¥

o 2l 5 (S Jline G Glols 4 Jadr b
oIS sy dob @l plol (ol pluil Six 055
S O3y 5 Aoys gy e 02 S 23T 5 s JS
el b 5 A S S S sl IS e
(Y 5V dsdr) Al ls pme Lo s G mla 3 VB

\oy

5SSl (VAVe) il by sdlail)l s, slas

(Tennant, 1975) A& acsl>s

A5 559,58 5 Jebs AS (g pS o5l Y0
S o 3l 8 /00 S Ol e i
s S Sen dops A Ot eV L edd 2l
2 os e S o ads VDo ol dsad e
Ol ojlas pb Sle OLL 51 g b 35k 5l adiSs
Ll s po aids Yoo Sdea 5 A e s S Sl
Lt gad o5 e Oljee caalsl 3 3 S (IS (S
Itd T8O + UV/VIS  Je e 5 5 xSl ol&iws 1 eslazaal L
Jsb > (PG Instruments, Leicestershire, England)
solie (5 Sell gl £V 5 180 AT (glaz e
ool s o558 5 IS Les IS b by IS ca by IS
Strain and Svec, ) L5 S acsls (£) 5 (F) (V) (V) Ly,

.(1966
)
Chl a=12.25A ¢63- 2.79A 645
™)
Chl b =21.50A 445 - 5.10A ¢63
)
Chl a+b =7.15A 663 + 18.71 Agss
(&)

Carotenoides = (1000A 470 -1.8Chl 4 - 85.02Chl 4)/198
uJ.;- 9:5)544 ALV E) Ay E) A¢o YL .la.g\)) BE) Y

Chl J.«JDL’L;« i\/' 9 '\'\Y’ f\io LSLAC,}‘ djja DL )}l

058 pp Sk e O dsls 5 wiged J5 S

N ("‘531 N [P SRRV IS |
3 03554 eS|y 03535 53 VB 3T Cpeal 4 ax 5 L
Olpsar w3l ol Sl G nl 53 dapas Sy
ol Sl s s Sl sslansS] A5 S jasls
SEIL Jale 5 o b s syl gy bl 5T
Yo olans BL Jols aSly bl s S s Sl
e oo Vo (H202) 0550408 2enS1 « (PH=T) Y 50 s
oslas 035380 5l e 3 ¥ ge Le v/) cLle L EDTA



sty S S hs 2 5Nl U SU S, G s s

Table 1: Analysis of variance (mean squares) of the effects of fungal inoculation and drought stress on morphological

traits of Catharanthus roseus

Mean Square

Source of Variation df Leaf dry Plant height Root dry Root Mycorrhizal
weight weight length colonization
Mycorrhizae 2 38.74™ 109.98™ 11.90™ 18.75" 6622.19™
Drought stress 2 69.85™ 184.26™ 20.39™ 75" 266.69™
Mycorrhizac X Drought 4 1345° 49.07° 15.25" 1250°  51.56"
Experimental Error 18 3.60 11.70 1.15 3.56 11.14
Coefficient of Variation - 8.97 5.70 7.69 8.02 10.17

Table 2: Analysis of variance (mean squares) for the effects of fungal inoculation and drought stress on the

physiological characteristics of Catharanthus roseus

Mean Square

Source of Variation df Total . . Total
chlorophyll Carotenoids Proline Catalase alkaloides
Mycorrhizae 2 0.40™ 0.007™ 82.22" 0.003™ 0.03™
Drought stress 2 0.51™ 0.005™ 448.08™ 0.001™ 0.04™
gfrzz;’”hlzae * Drought 0.09* 0.002** 58.15° 0.0004™ 0.01*
Experimental Error 18 0.028 0.0004 17.10 0.0004 0.0026
Coefficient of Variation - 7.69 6.25 5.57 6.05 6.01

** *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively

A G mosseae 7 6L Jls 5 L3 S sdalis gl L ead
G b b s 4 G all &8 cll g Sk
awlie s .(ﬁ) 350 L3 sae osl& deserticola
adhyy St 055 o YL il plie Ol laesls Sl
Whyy S 039 Olgme cp S sl OLAS aly gl s
Aoy b (SUS S s mdls Oak ald Sl 4 by e
3y Sl 250 55 pa il s 535 (5 4 FC
e S VA 5 o SNVOUAL 5 a3 8 olS (cdd; Ll 5 5o
o3& G. mosseae s G. deserticola G)E L C.LL S
A7 U)ol OLas s Sl dals 4 ol |y (ol e
53 adoy Jsb Ol & 5 Ol b, Sl aslie o)
Aoy b (Sas S5 2l el O Jlie I les
Glomus G)L“e CJ.L' Dl 03 5 Cl e Sl VWYY FC

- Sl Y8 (FC s s b)) S i o iy g mosseae
(8 JS9) das o DL ) (g 5 MG S 30 5 35 e
g M liSagdeme Jelse op Sege SN S SES
Gk Sl 5 ashe e Ol a2 OLALS 5 Sles
3 S gadnl e sole 5 O Gl (el

ol ol S a5 5E o 1 olS S sl

Vot

rsy S g Y
L oS s S oot bajlass b (Kl avglie & a5 5 L
O35 Jed 5l sy Slio pla S 5 ods Ll
b 5 adyy Ko O35 g gl gl plll S
231505500 2B L s Ll palS il oS s 4y
S a5l s s olS s gl e e Ld) s
Aoy b)) (Six G5 bl s Sosba o s
by ols ol S 055 Ol S (ol o b
3 (0 5 VOIW) 52550k 256 il 03 5 ald Lo &
G. g)ujbﬁQ@m&c&ﬂWﬁW
ol el (g5l sae 5 sbas G mosseae  y deserticola
s pf YA 5 YV/OV (o ja alsm el S 035
(O J88) a8 (5,58 206 5,08 05) dals 4
ede Ll b s e mle £4/80 L olS W) gLl oy S
] Aol sy olS s (Sas 5 5V gl b
SSEE S s s s S ad, il 5o s Sl 26
5B Lot sl BLLS (ol pre Dl Ao s e

FC apoys b i i Lyl i o bl il eaaline dals

@ﬂj)ﬂ%@ﬂj.&u Quswgd)bw )L:WJ C)}Lﬂj



VE00 Bl 5 5lge / VIV E0 Slomis /5l §5led /i g ey i / 2LS D 5 Sosls

Skl iy, lase pH 2alS 5 JI cload g 5 b
e B Sann 5 DpaneS jole S sl
e 3 5 Sospe oM ele 4 oS s s

Ratti et al.. 2001) >34 o olS x5 A, m

S5 g0 .,\:u Q\)U.:L:-J.i) Ui\ Sl o U;J‘J? ‘W
Jv.i-') Lguo.)wsr.:]au" C&JJ E) J\.:.S_}J L S “ ol aslsl
5 °L:§ sy A ‘L“&:Jf.‘:’.' B L“&:*‘S\ oz 5l fl-:g
Lpdgn by glagarls Ll corse 5 03 S S

.(Kumar et al., 2009)

ONon-Mycorrhizea

B Glomus deserticola

Ln

Leaf dry weight (g)

0

Sl slaeldl d, (S pas S Ll L s
2 LS S galb (Dl b
Ll S alsa slaio 4 ke ) Pl gbdiS
S ool 0L ol e CL“ .(Davies et al., 1994)

S gl el s g o pe 1050l Glag B L =il
iy SE 05 s k) sb el Ll (S 055 e
<l il (Opemen LD IS O L;QJ.;- oS Ja.l‘f:« 3
Sl Fhdd G bl s ol a1l cuke
aolS oot I 0 eres il SR Sk S 0
g8 s b s EE posdle ol Of 5 5aS
BRI T S P CI R R PH ISP I A

B Glomuis mosseae

60 40

Drought stress (% FC)

Fig. 1: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

shoot dry weight in periwinkle (Catharanthus roseus)
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Fig. 2: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

plant height in periwinkle (Catharanthus roseus)
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Fig. 3: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

root dry weight in periwinkle (Catharanthus roseus)
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Fig. 4: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

root length in periwinkle (Catharanthus roseus)
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Fig. 6: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

total chlorophyll content in periwinkle (Catharanthus roseus)
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Fig. 7: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

carotenoid content in periwinkle (Catharanthus roseus)
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Fig. 8: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

catalase activity in periwinkle (Catharanthus roseus)
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Fig. 9: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

proline content in periwinkle (Catharanthus roseus)
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Fig. 10: Comparison of the interaction effects of different drought-stress levels and mycorrhizal fungal inoculation on

total alkaloid content in periwinkle (Catharanthus roseus)
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