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ABSTRACT: Madagascar periwinkle (Catharanthus roseus L., Apocynaceae) is an important medicinal 
plant, which is given much attention due to its valuable alkaloids. In order to study the effects of organic 
fertilisers (vermicompost [7 t/ha], arbuscular mycorrhizal fungus [Glomus mosseae L.] and control) and 
defoliation stress (removing of 0%, 25% and 50% of the leaves) on this plant, a factorial experiment 
based on randomised complete block design with three replications per treatment, was conducted at 
Research Station of Department of Horticultural Science, University of Tehran, Karaj, Iran, in 2014. 
Measured criteria were (1) growth parameters (plant height and diameter, leaf area, collar diameter, 
number of main stems and number of nodes per plant); (2) yield components (shoot fresh and dry 
weights); (3) root traits (fresh and dry weights and colonisation percentage); and (4) total alkaloid 
content. The results indicated significant effects of the treatments on many of the traits. Compared to the 
control plants, vermicompost-treated plants had a higher plant height, leaf area, collar diameter, number 
of main stems, number of nodes and leaf dry weight. Severe defoliation (50%) reduced most above traits 
in comparison with those of the controls. Furthermore, plant fresh and dry weights were the only 
parameters that were influenced by the interaction of these two treatments in which the highest fresh 
and dry weights were observed in the undefoliated plants that were treated with vermicompost. None of 
the treatments affected total leaf alkaloid. The mycorrhizal-treated plants displayed a root colonisation of 
72%, compared to 5% for the control plants. Root fresh and dry weight was also higher in mycorrhizal 
plants than in every other plant. 
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INTRODUCTION 
 

 Madagascar periwinkle (Catharanthus roseus L.) is a perennial plant, belonging to Apocynaceae, which 
contains more than 100 types of indole alkaloids (Magnotta et al., 2006). This plant is used both medicinally and as 
an ornamental plant, showing many petal colours and is native to Madagascar (Toki et al., 2008). Vinblastine and 
vincristine are the most important indole alkaloids present in C. roseus. They are highly valued for their 
effectiveness in treating cancer. Therefore, many studies have been conducted on this plant in order to enhance its 
levels of these compounds (Magnotta et al., 2007). Moreover, the root possesses a high level of a monomeric 
alkaloid called ajmalicine, which is widely used to treat blood circulation diseases (Jaleel et al., 2007). On the other 
hand, the very low levels of these compounds (vincristine 0.003% and vinblastine 0.01%) make it reasonable to 
conduct studies to enhance these alkaloids in the plant (Alok and Mahapatra, 2013). Many of attempts to enhance 
the synthesis of these compounds in cell suspension cultures have been unsuccessful, with nothing promising 
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(Bonzom et al., 1997). Therefore, growers are searching for a new method to promote the biomass production, 
thereby compensating for the very low contents of the active ingredients.  
 Arbuscular mycorrhizal fungi are valuable organic inputs that have a symbiotic relationship with approximately 
80% of vascular plants (Smith et al., 2010). The better performance of mycorrhizal roots than non-mycorrhizal ones 
is due to the active absorption and transfer of elements, especially immobile ones such as P, Zn, and Cu (Jamal et 
al. 2002; Phiri et al., 2003). Positive effects of mycorrhization was reported in Stevia rebaudiana (Mandal et al., 
2013). An experiment demonstrated the positive effects of  Glomus fasiculatum in increasing dry matter production, 
protein content, and chlorophyll content of Ocimum basilicum, C. roseus and lemongrass (Cymbopogon 
winterianus), also Glomus mosseae L. and P fertilisation have shown positive effects on C. roseus growth and its 
ajmalicine content (Karthikeyan et al., 2009). In another experiment, the interactive effects of mycorrhization and P 
fertilisation on C. roseus growth and yield, was efficient and roots of mycorrhizal inoculated plants displayed a 
higher colonisation percentage (Ayoob et al., 2011). Karagiannidis et al. (2011) studied the influence of Glomus 
lamellosum on five medicinal plants, namely Salvia officinalis, Lavandula angustifolia, Geranium dissectum, 
Origanum dictamnus, and Santolina chamaecyparissus in which the mycorrhizal plants had higher essential oil and 
nutrient contents than the control plants. Vermicomposts, peat-like materials with a high porosity, good air 
circulation, high water holding capacity, and good drainage (Edwards and Burrows, 1998), contain high levels of 
nutrients ready to be absorbed by plants: nitrate, phosphate, exchangeable calcium, and soluble potassium 
(Orozco et al. 1996). Sangeetha et al. (2012) reported efficient effects of vermicompost on C. roseus growth. 
Positive effect of vermicompost on growth, yield and phytochemicals of some medicinal plants such as Silybum 
marianum [L.] Gaertn. (Haj Seyed Hadi et al., 2008), Matricaria chamomilla L. (Haj Seyed Hadi et al., 2011) have 
been reported. Defoliation is a type of biotic stresses, and it actually simulates the attacks by pests, insects, and 
other organisms feeding on leaves. Resistance to insects is an important trait, which every plant should possess at 
a certain degree. Resistance to insects can be categorised into three subcategories: (1) antixenosis; (2) antibiosis 
resistance; and (3) tolerance (Smith and Charles, 1989). This type of resistance is based on the production of 
compounds against the stress factor, a good example of which could be alkaloids (Smith and Charles, 1989). 
Ruuhola and Julkunen (2003) reported promoted alkaloid production in Salix sp. as a result of defoliation. Populus 
tremuloides exhibited a reduced level of defensive materials in the stem but instead an increased content of N in 
the stem in winter, which could be due to a change in the behaviour of the defoliated plant for reserving N (Lindroth 
et al., 2007). Gieger and Thomas (2002) designed a trial to study the effect of defoliation on different varieties of 
Quercus sp. They found defoliation to cause leaf dry mass to reduce in all of the varieties they tested. Defoliation 
also decreased leaf area and specific leaf area. Barry and Pinkard (2013) observed that defoliation together with 
disbudding significantly suppressed the growth of Eucalyptus sp. varieties. In the present study, the effects of G. 
mosseae and vermicompost, representing organic inputs, were assessed on C. roseus growth, yield and 
phytochemicals. In addition, the plants were defoliated in order to study its possible effects on the phytochemical 
content. 
 
MATERIALS AND METHODS 
 
 The trial was conducted at Research Station of Department of Horticultural Science, University of Tehran, 
Mahdasht road, Karaj, Iran (35°47'N and 50°56'E; 1320 MASL) in 2014. The average precipitation within the 
growing season of 2013-2014 was 97 mm. The results of soil analysis showed in Table 1. 
 

Table 1. Soil physico-chemical analysis of experimental site 

Chracteristic 
Organic 
matter (%) 

Nitrogen 
(%) 

Phosphorus 
(mg/kg) 

Potassium 
(mg/kg) 

pH 
E.C 
(ds/m) 

Texture 

Soil 0.64 0.07 54.6 350 8.7 1.03 Clay loam 

 
 The experimental treatments were organic inputs: vermicompost at 7 t/ha, an arbuscular mycorrhizal fungus 
(15 kg of inoculum per cubic metre of soil), and control (no fertiliser), and defoliation stress (0% [control], 25%, and 
50%). Vermicompost was purchased from Karaj and analysed (Table 2). Mycorrhizal inoculum (Glomus mosseae 
L.) was obtained from the Laboratory of Biology for Department of Soil Science, University of Tehran. F1 
Madagascar periwinkle’s seeds were purchased from Pan American Seed Company, the Netherlands. At 
greenhouse conditions in early March, 2013, the seeds were planted in seedling trays filled with a 1:1:1 mixture of 
soil: humus: sand. 
 After seed planting, the seedling trays were irrigated regularly, being maintained wet continuously. In early May 
2013, the 6-leaf-bearing plants were transplanted to the field, being separated into plots (2×3.5 m). Before planting, 
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vermicompost was blended with the top layer of the soil. At transplanting time, the mycorrhizal inoculum was 
applied to the soil just near the transplant’s root system. According to the recommendation by the company, Pan 
American Seed, the plants were cultivated 30×50 cm apart. During cultivation, the plants were irrigated every four 
days until well established. When required, the weeds were removed by hand. The defoliation were done in mid-
August 2014, at the time the plants had reached their maximum vegetative growth and flowering. There were three 
levels of defoliation (Fig. 1).  
 

Table 2. Chemical analysis of applied vermicompost 
Characteristic Value 

pH 7.3 

EC (µS/cm) 462 

Dry matter (%) 17 

Total nitrogen (%) 1.78 

Total phosphorus (%) 1.66 

Total potassium (%) 0.86 

Density (kg/l) 0.6 

 

 
Figure 1: Pattern of defoliation stress application in plant 

 
 The plants were allowed to continue their growth and thus recover themselves. Ignoring the border plants, six 
plants with all their organs (including the root system) were removed from the soil in mid-September 2014. They 
were immediately transferred to the laboratory, where the plant height and diameter, shoot fresh and dry weights 
(drying at room temperature), number of nodes, collar diameter, leaf area (by leaf area meter device CI-202 Area 
Meter), number of main stems, and root fresh and dry weights were measured. Furthermore, root colonisation 
percentage was determined according to Phillips and Hayman’s (1970) method, and total alkaloid content 
according to Misra and Gupta’s (2006) method with some minor modifications. The data were analysed using SAS 
9.1 software, and the means were compared following Duncan’s multiple range test (P<0.05). Figures were 
provided by using Microsoft Excel 2010. 
 
RESULTS AND DISCUSSION 
 The results of variance analysis indicate significant (P≤0.01) effects of the organic inputs on all morphological 
traits tested. Moreover, plant height, plant diameter, and collar diameter were influenced by defoliation (P≤0.05 and 
P≤0.01). Defoliation stress and the organic inputs interactively affected Madagascar periwinkle’s shoot fresh and 
dry weights (P≤0.05). The results also show that organic fertilisation has significantly influenced root fresh and dry 
weights (P≤0.01), neither of which has been affected by defoliation (P>0.05). Treatments had no significant effects 
on the total alkaloid content (P>0.05; Table 3). 
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Table 3. Variance analysis of the effects of organic inputs and defoliation stress on C.roseus growth criteria and 
yield. 
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Replication 2 1.533 10.65 0.12 6.24 1785.15 63.55 5.18 0.21 0.002 

Fertiliser 2 29.16 * 44.29 23.03 ** 27.91 ** 68111.85 ** 2424.77** 51.67 ** 2.07 ** 0.001 ns 

Defoliation 2 125.32 145.23 ** 2.50 2.31 ns 25620.26 ** 912.05 ** 0.49 ns 0.02 ns 0.001 ns 

Fertiliser × 
Defoliation 

4 0.45 ns 1.45 0.77 ns 0.93 ns 1104.78 * 39.33 * 0.16 ns 0.01 ns 0.0002 ns 

 
 According to the results (Table 4), the application of vermicompost resulted in the highest plant height which 
was significantly higher than those of the mycorrhizal-treated plants and the control (by 9.41%). Moreover, the 
results revealed that defoliation stress diminished plant height (by 10% and 19% for 25% and 50% defoliation, 
respectively). In case of plant diameter, the vermicompost-treated plants were the thickest, being 6.3% and 11.1% 
thicker than the mycorrhizal-treated plants and the control, respectively. 
The plants defoliated at 25 and 50% displayed 9.8% and 19.3% height lower than that of the controls, respectively. 
These values also differ significantly from each other (Table 4). 
 
Table 4. Mean comparison of C.roseus growth criteria and yield under application of organic inputs and defoliation 
stress. 

Defoliation  Organic input  
Measured 
characteristics 

50% 25% 0 (Control) 
Mycorrhizal 
fungi 

Vermicompo
st 

Control 

32.71c 35.97b 40.15a 36.54b 37.93a 34.36c Plant height (cm) 
33.50c 37.42b 41.53a 37.27b 39.8a 35.38c Plant diameter (cm) 
16.13a 15.26a 16.21a 16.83a 16.75a 14.02b Collar diameter (mm) 
12.85a 13.81a 13.61a 12.27b 15.45a 12.56b Number of nodes 
19.38a 19.32a 18.95a 21.98a 17.81b 17.86b Root fresh weight (g) 
4.16a 4.15a 4.09a 4.40a 3.57b 3.58b Root dry weight (g) 

 
 The results demonstrated the superiority of the vermicompost-treated plants in leaf area over the other plants: 
with a leaf area being 25.3% higher than that of the controls. In the case of leaf area, there were no significant 
differences between the mycorrhizal plants and the control (Table 4). In the case of collar diameter, the 
vermicompost-treated plants and mycorrhizal plants were not significantly different. Nevertheless, they had 
significantly thicker collars (thicker by 16.3% and 16.7%) than did the control plants. Furthermore, defoliation stress 
had no significant influences on the collar diameter (Table 4). 
 The application of vermicompost led to the production of the highest number of main stems, being 29.4% 
higher than those produced by the control plants. Additionally, the number of main stems was not different in the 
mycorrhizal plants and the control (Table 4). Defoliation did not have a significant influence on the production of 
main stems. The number of nodes in vermicompost-treated plants was 18.7% higher than in the control. In this 
case, there was not a significant difference between the mycorrhizal plants and the control, nor between the 
defoliated (at either severity) and undefoliated plants (Table 4). 
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 Vermicompost-treated undefoliated plants produced the highest shoot fresh/dry weight, compared to that of the 
severely defoliated plants that were received no fertilisers (Fig 2 A- B).  
 
 By counting spores, it was revealed that the mycorrhizal plants had a root colonisation of 72%, while it was 
only 5% for the control plants. The results of the mean comparisons for the root fresh and dry weights showed that 
mycorrhizal plants had the highest root fresh and dry weights, being around 23% higher than those of the control. 
However, root weights recorded for the vermicompost-treated plants did not significantly differ from those of the 
control plants (Table 4). 
 The improvement of C. roseus growth parameters by the application of vermicompost is probably attributed to 
the vermicompost’s positive effects on the physical properties of the soil, soil nutritional status (e.g., N, P, K, and 
Ca), and soil enzymatic and hormonal activities (Sangeetha et al., 2012; Manh and Wang, 2014). Furthermore, 
vermicompost improves the absorption of micronutrients by plants (Manh and Wang, 2014). On the other hand, the 
availability of water in the soil can influence the plant growth, and vermicompost seems to increase water-holding 
capacity of the soil, thus creating suitable conditions for plant growth (Singer et al., 2007). In addition, the physical 
and chemical properties of humic acid present in vermicompost cause more nitrogen accumulation in the plant, 
thereby improving the plant growth (Arancon et al., 2005). Humic acid enhances the activity of Rubisco enzyme 

Figure 2. Interaction effect of defoliation and organic inputs on herbal fresh weight (A) and dry weight 

(B) of C. roseus. 
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thereby the photosynthetic activity of the plant and the overall plant growth (Delfine et al., 2005). Sangeetha et al. 
(2012) reported that applying vermicompost together with chemical fertilisers in Madagascar periwinkle, improved 
many of growth parameters including plant height, the number of lateral shoots, and shoot and root dry weights. 
According to Atiyeh et al. (2002), using vermicompost in Calendula officinalis, increased the plant height. In another 
experiment, vermicompost has been reported to improve the plant height in Zea mays, Phaseolus vulgaris, and 
Abelmoschus esculentus (Roy et al., 2010). Mcginnis et al. (2003) reported vermicompost to support the highest 
yield production in Ocimum basilicum L. According to the present results and those from the literature, it can be 
concluded that the application of vermicompost can increase Madagascar periwinkle’s yields, due to various 
mechanisms including improving soil nutritional status, facilitating nutrient absorption by the roots, balancing soil 
chemical properties, improving soil physical properties, and enriching soil microbial community. 
 To interpret the result of reduced growth of defoliation, it can be suggested that defoliation reduces 
photosynthetically active biomass, which leads to a lower photosynthesis rate. Furthermore, the defoliated plant 
losses much carbon and nitrogen. This is evident in the results of Belsky (1986), Verkaar (1987), Painter and 
Belsky (1993), and Barry and Pinkard (2013) on Eucalyptus sp. Gieger and Thomas (2002), studying on the effects 
of defoliation on Quercus sp., found that defoliation led to the reduction of the leaf biomass production in all of the 
varieties. Defoliation also decreased the leaf area and specific leaf area. 
 Adding 15 kg of mycorrhizal inoculum per cubic meter of the soil improved the Madagascar periwinkle’s root 
growth, which is consistent with the results of several reports, in which Gupta et al. (2002), in an experiment on the 
effects of arbuscular mycorrhizal fungus (Glomus fasciculatum), found the symbiosis to improve quantitative and 
qualitative traits of Mentha arvensis. In another study, aimed at evaluating the effects of two arbuscular mycorrhizal 
fungi, namely Dyera polyphylla and Aquilaria filarial, Turjaman et al. (2006) concluded that the symbiosis could 
significantly improve growth parameters including root fresh and dry weights. In a similar experiment, Liu et al. 
(2007) studied the effects of symbiosis with arbuscular mycorrhizal fungi on Glycyrrhiza uralensis. They concluded 
that mycorrhization improved fresh and dry weights of the roots, being the commercial organ of this plant. 
Sannazzaro et al. (2006) studied the effect of a mycorrhizal fungus on Lotus glaber grown under drought stress. 
They found mycorrhizal symbiosis to increase the host plant’s growth parameters including root fresh and dry 
weights. 
 Among possible reasons for the beneficial effects of mycorrhization on the plant growth are facilitated nutrient 
(especially P) absorption through the roots, phytohormone production, increased protein content, elevated levels of 
lipids and carbohydrates, improved tolerance to biotic and abiotic stresses (Selvaraj and Chellappan, 2006). In 
plants, especially those with a weak root system, hyphal connections act as bridges between the root and the 
nutrients in the soil, which is very important in the absorption of less-mobile and immobile nutrients (Kapoor et al., 
2008). 
 

CONCLUSION 
 
 Vermicompost improved many of Madagascar periwinkle’s physiological traits, which could be attributed to 
many mechanisms including the improvement of soil physical and chemical properties. In the organic production of 
medicinal plants, vermicompost is accordingly recommended as a good substitute for chemical fertilisers. Also 
arbuscular mycorrhizal fungus by symbiosis effect, can increase root growth. Additionally, defoliation stress, which 
could be occurred by insect pests or physical damages, significantly reduced some of Madagascar periwinkle’s 
traits, while having no effects on the total alkaloid content. Overall, vermicompost could be used as a good fertiliser 
in the production of Madagascar periwinkle, but for defoliation stress it needs more experiment. 
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