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

root colonization 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
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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)

Rl 4 o G mosseae on.wcd.Lv slols 5,
2 gl Geses She B sdasOli Lajles
Gk Sl sl gl o L JSIT 5 o5
3 st @D Rl ols s Of Gl s
oY Ll i Tl s e olS SO glaguly b
s ST 3 5L 5550 slasle i i W5 ln 1y
S L3S SIS e s nl a3 S e wal
robe od Ll L )\U&ﬁﬂ ST 6“@)\5
oo I e (Sl Gl e oS e
oimed Kgd e gl OLLS 5wl o sl
Sledld 5 AL Gladsess olas 3k 5l by Sl
My Kl i e 53 s S
das Gl |y Jbs s SLS 5 ple 5 s 1 lans JISIT
OLLS s b I ziy i3l (Zhao et al., 2022)
Ylz~! G. deserticola & o G mosseae L a.l.wc\.d;
S 5 ks Osemli IS 5o LS ol LUls s o
Ol 5o o Oldlae ol by e glie ole Cds
slodabe Wy n Sl gz b g6 & Ll
e Ll s Olpe oS 55 ol £ 4 ast
S 5 Grbe QUls LS 2 s b S
b G S Sl 45 LS 6 s s (5L e
Ol A5 Ok s Jals OllS s W ST Ol 05

Vo4

JS as ST vy

LIS s i Laesls (Sls gl s ol
de 5> G.mosseae #6555 L jlas o (Azys */8A)
Tl ped 53 &S A edalis FC ds s 0 Gy
il ede 5 G deserticola s 53 a S RS
Tl eeS Ll sy SslE (gl pme b 4 26
5 Ok als Sl 4 by e (Ao 0/VE) aS I
Slobes o er SOl pme ulE &S 35 206~ Ok
ol (Ve 8) ws S edaline i R B RP BIE
Ul Olgpn b ol 35S Bl s 23T (ol s
G S e 55 4 olS (Bl glaaal 5l S
Siledld ((Sple Gl s 5o id sbel L S
S 23 LS 5w ol L 5l s el slaalel
oo ) 53 AS o S5 | asl e ple mes
S5 4 sl Sl gl S L3S S i
SRS Sl s ep S 65 4wl (S
Azhar et al., ) s)ls LT Ol a8 Ol L5 (SlodisS s
S s o Glanl Cdls Il ames (2011
Loablie sl olS las ke op Spge 5l Jslos SLS 5
G5 esals OLLS Bl ol 3 5 el OF 35S 1
5 RIBl s (St Sl e S b SO
g g Jdn s OLS 5 5 45U glac sl



5ol b el sl 5l mie Se e @
OLE ey lalllas slaaly 5 sy (nl mls of seme
Sy S5 o)l Ll » G mosseae | Tl oS das e
Ll i 53 olS 685 spe 5 LSS a3l

.(Begum et al., 2019; Sun et al., 2024) L ;.;T Cod gdoes

ENon-Mycorrhizea

B Glomus deserticola

e
=)

e
e

Total alkaloides (%)

e
o

s hdy S SR 2 15550 g6 60,3 535,58 5 S
2ol sy al glacdsle Al 5 Uy sl sl
Lyl s s b slasles Ol Hls s SMtlads (roman
W 2 oSl e J e cd O Sl 25 05y
S Gl pd KA 25 s 5 Bies Laas JST
T3S SUT L ablie 5 S30p 5 Jolas Lo (51 ol S

B Glomuis mosseae

ab ab

T
s

.

o

o

e,
o

7

o

53

£
&

o
2

o

o

o

o
e

]

60 40

Drought stress (% FC)

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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