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DOMESTICATION OF NOTHAPODYTES NIMMONIANA: AN ENDANGERED 

MEDICINAL TREE FROM WESTERN GHATS OF INDIA 

 

Executive Summary 

 

Of the 34 global hot-spots of biodiversity, forests along the coastal mountains in the 

south western parts of India and on the neighboring island of Sri Lanka comprise the 

Western Ghats-Sri Lanka hot-spot (Myers et al. 2000). Western Ghats of India occupy 

the fifth position in terms of their economic potential of its biological resources. India has 

a rich repository of medicinal plant species (8000 species), which meets the health care 

needs of 80 % of the population of this country. India ranks 2
nd
 in terms of the volume 

and value of medicinal plants exported (Ved, 1997). Several tree species from the 

Western Ghats are gaining international importance due to their newly identified 

pharmacological and curative properties. This has led to their indiscriminate harvest and 

hence their very existence is under severe threat. One such medicinal tree is N. 

nimmoniana (Grah.) Mabb. (Syn. N. foetida, Mappia foetida), which immediately needs 

conservation attention and is now confined only to the remnant forest pockets.  

 

Present case study of a RED LIST species documents various steps from recovery to 

domestication thereby aiding in successful conservation practice (RSG phase 1 and 2 

respectively). Recently domestication of plant species that are rich sources of clinically 

useful drugs has been prioritized. Prominent among them are the anti-cancer agents 

such as Camptothecins. N. nimmoniana is an endangered tree  that yields 

Camptothecin (CPT) and is the most convenient source for large-scale production of 

CPT. CPT is extracted from stem (wood chips) and root bark. Because of destructive 

harvesting, habitat loss, the population of this species has declined 50-80% (CAMP, 

2001).  In view of the mounting demand and perceived threat to the native populations, it 

is highly essential to develop an appropriate strategy (mass cultivation) for its 

conservation. On this background present study explores various conservation and 

domestication aspects of N. nimmoniana such as;  

(a) chemically profiling the species to identify ‘elite lines’ (of CPT) from the wild gene 

pool 

(b) clonal multiplication of these ‘elite lines’ 

(c) transferring the standardized technology to mass propagate the species 

(d) developing cultivation protocols for a sustained and managed utilization of the wild 

pool. 
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Important findings : 

1. Among the fertilizers tested for their effect on growth of N. nimmoniana,  

Di-Ammonium Phosphate (DAP) showed promising results than any other 

fertilizers studied. 

2. Seed weight seems to be affecting seed germination in all localities. Thus, seed 

weight could form one of the criterion used to determine Quality Planting Material 

(QPM) standards for mass cultivation of N. nimmoniana . 

3. CPT content of stem bark increases with the age of the plant. 

4. Wild populations from drier localities were found to have higher CPT content. 

5. An alternative source (Ophiorrhiza sp) was reported to contain 0.2% CPT . 

 

Key achievements : 

 

1. Recognition of N. nimmoniana as ‘priority species’ for promotion and cultivation 

by Maharashtra State Horticulture and Medicinal Plant Board (MSHMPB) and 

State Forest Department (SFD) (Annex. 1A & B).  

2. State forest department with technical guidance from RANWA and Abasaheb 

Garware College, initiated pilot plantations.  

3. A workshop on 'Nothapodytes nimmoniana : Prospects of a future crop’ was 

conducted at the College of Forestry, Sirsi (Box 1).  It was attended by almost 

every stakeholder group of the Nothapodytes / Mappia value chain. Major 

participation was by the farmers. Organic-farming groups, bankers, horticulturists, 

ayurvedic practioners, nursery men, scientists and industrialists were also 

represented. This is perhaps the first meet where various issues on Mappia 

cultivation, processing and marketing were discussed.  

4. As a promotion strategy, literature regarding cultivation of the species was 

designed and distributed to the participants (Annex. 2 & 3). Efforts were also 

made to reach to the grass roots through local print media and by broadcasting 

on national TV news channel. 

5. A network of women self help groups (SHG’s) and farmers were established at 5 

different locations for field related experiments (Chart 2). They were given 

training related to propagation of the species (both seed germination and clonal 

multiplication). Over 15000 saplings were raised and being distributed to farmers 

from Maharashtra and Karnataka.  
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6. A Cost-Benefit Analysis (CBA) model has been worked out for mass scale 

cultivation / commercial plantation (Industrial mode). Efforts are being made to 

develop cultivation package for small farmers.  

7. Experimental plantation plots were established at Maval and Purandar Taluk. 

Growth response to organic & inorganic manures / fertilizers were studied and 

discussed in the report.  

8. Studies on alternative species yielding CPT, given promising results. The findings 

were communicated to scientific peer reviewed journal for publication. Poster 

related to ‘Conservation strategies of N. nimmoniana’ was presented at 

Students Conference in Conservation Science (SCCS), Cambridge, UK.    

9. Several individuals and farmers co-operative showed interest in developing 

commercial plantations and requested for saplings.   

 

Looking ahead.. 

        

1. Scale-up of plantation activities by having multi location trials is required to 

evaluate the performance of the species in different agro-climatic zones. We 

intend to do it by increasing capacity to raise saplings (approx. to 100,000) so as 

to cater the commercial demand and enable multi location field trials. Our CBA 

model revealed that plantation over 5 ha requires 12,500 saplings.  

2. Nothapodytes being a tree crop has got 7-8 yrs gestation period. So cultivation 

package that involves intercropping of annuals so as to optimize gains / benefits 

need to be worked out. 

3. Studies on effect of various growth hormones, stress conditions on growth of N. 

nimmoniana and CPT production can provide meaningful insights for better 

management of plantations.  

4. We intend to apply N. nimmoniana model of ‘Recovery, conservation and 

domestication’ to several such other species (RET, endemic) that are under 

severe threat and are high in demand. E.g. Saraca asoka (EN), Embelia ribes 

(EN) etc.    

 



 10 

OPENING REMARKS…. 

 

India with a rich repository of medicinal plant species (1/4
th 
of the world) meets health 

care needs of more than 80 % of the population of this country (Ravikumar and Ved, 

2000). In past few decades many species of plants all over the world are gaining 

international importance because of the medicinally or economically important 

biomolecules they possess. Out of these plants, 25% are found in India, Western Ghats, 

a mega biodiversity hot-spot (Myers et al., 2000) being an important site of collection. 

India ranks 2
nd
 in terms of the volume and value of medicinal plants exported (Ved, 

1997). Of the 960 traded medicinal plant species from India, 178 species are consumed 

in volumes exceeding 100 Metric Tonnes per year. Modern medicine is also exploiting 

some of these resources as major raw material, sometimes leading to over harvests, 

threatening both, the health care practices and local livelihoods. Nothapodytes 

nimmoniana (Syn: N. foetida, Mappia foetida) is one such ‘red listed’ species that is 

endangered globally.  Camptothecin (CPT) is one such biomolecule, found in N. 

nimmoniana, which has gained attention of many researchers and pharmaceutical 

industries all over the world because of its potent clinical applications in anticancer 

therapeutics (Lorence and Nessler, 2004). Because of unique pentacyclic structure of 

CPT, its artificial synthesis is difficult and one has to depend on the natural sources for 

raw material. Around 1000-1500 tons of N. nimmoniana wood chips are needed to get 1 

ton of CPT in terms of raw material. This gives an idea about the scale at which 

destruction is going on and also sheds light on the extent of cultivation required to 

protect the wild pool and cater the commercial demand. 

 

Present study looks into the conservation and promotion strategy road map of N. 

nimmoniana. Various aspects of domestication such as mass propagation of species, 

pilot plantations, effect of fertilizer application, efficient extraction process for active 

principle i.e. CPT, alternative species yielding CPT are tackled and discussed in the 

present work.  
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The present work is divided into following chapters ; (1) Introduction (2) Materials and 

Methods (3) Domestication studies (4) Outreach and Capacity building (5) Studies on 

Camptothecin analysis (6) Discussion and looking ahead. Chapter 1 briefly documents 

current status of N. nimmoniana with notes on its trade potential. Current status includes 

comments on its distribution and population in Western Ghats of Maharashtra. Chapter 2 

deals with various protocols for mass propagation and domestication studies besides 

Camptothecin analysis. Efforts pertaining to domestication such as field trials, 

awareness generation, training to local ‘bare-foot botanists’ and SHG’s etc. regarding 

multiplication of the species and nursery development are dealt in Chapter 3 and 4. 

Chapter 5 comments in detail about CPT analysis and its variation across plant parts 

and habitats, identification of ‘plus specimens’ & alternative source and its relation with 

ecology. Follow up of the activities and impact / highlights of the current study are dealt 

in the discussion section (Chapter 6).      
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1. INTRODUCTION 

1.1 Taxon Data Sheet *  

 

 

Species : Nothapodytes nimmoniana 

 

Synonyms : N. foetida, Mappia foetida  

 

Family : Icacinaceae 

 

Vernacular names : Ghanera, Narkya, Amruta  

 

Trade name : Narkya, Amruta  

 

Habit : Tree 

 

Habitat and microhabitat : Semi EVG, Moist deciduous, Fringes of forests, Understorey 

 

Regional distribution : Around Western Ghats crestline of  Maharashtra 

 

Population distribution : Highly fragmented 

 

Threats : Trade for medicine (documented - 300-500 tonns/yr), Loss of habitat, fire 

 

Population change (general plus site specific) : 50-80 % reduction to local    

extinction   

 

IUCN Status : EN-Endangered 

 

Research/Management recommendations : Non destructive harvesting,  suitability  

for different agro-climatic zones for integration into Agro-forestry systems 

 

Planting need : Conservation and production in and ex-situ 

 

* Conservation Assessment and Management Plan (CAMP) Data sheet modified 

      based on observations during the present work 
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1.2 Description of Nothapodytes nimmoniana 

 

Nothapodytes nimmoniana (Grah.) Mabb. 

is an endangered medicinal tree species 

(Figure 1) from the Western Ghats of India. 

It is a small, lower canopy tree belonging 

to family Icacinaceae. The distribution is 

highly patchy. It is found in different types 

of forests ranging from secondary forests, 

moist deciduous forests, semi-evergreen 

forests to disturbed evergreen forests. It 

prefers forest edges as microhabitat and 

commonly referred to as stinking tree 

because of the foetid smell it emits while 

flowering. (Other details pertaining to 

species biology, breeding types, phenology 

etc. were given in phase-I report). 

1.3 Current status of N. nimmoniana 

Since there is no convenient synthetic source for CPT, one has to depend on raw 

material from natural populations. Camptotheca acuminata (tree of Chinese origin) and 

N. nimmoniana are the only convenient sources for large scale extraction and 

purification of CPT (Padmanabha et al., 2006). As CPT accumulates in stem and root 

bark of N. nimmoniana, whole tree is cut to generate biomass for extraction. In Indian 

market, the current demand for its biomass is 500-700 metric tons. In Maharashtra, 

overexploitation and habitat destruction for raw material has led to population decline by 

50-80 % in last decade (CAMP, 2001). Total loss has been recorded from certain areas. 

Currently the species population density is as low as 1-2 individuals /ha in some areas. 

However it extends up to 30-40 individuals/ha at some localities such as forest of 

Mahabaleshwar where populations of N. nimmoniana are surviving against the severe 

threat of destruction. 

 

Figure 1. Nothapodytes nimmoniana 
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                  Images courtesy : Dr. Vasudeva 

1.4 Trade of N. nimmoniana for Camptothecin 

 

In India, research on clinical trials of CPT is only at laboratory scale. Countries like 

Japan, USA and Spain are into the commercialization of CPT as drug. These countries 

import dried raw material from India and is one of the leading exporters worldwide. 

According to SFD records, the annual demand from Japan for dried stem of N. 

nimmoniana was 200-300 tonnes in 1994 (Dr. Maslekar. Pers. Comm.,). Since then 

there has been increasing trend.  The trade volume increased to 1600 tons in the year 

2002. In 2006-08, the reported trade is in the volumes exceeding 1000 tonnes, whereas 

unreported trade is thought to be at least twice the reported one.  The ever-increasing 

worldwide market of Irinotecan and Topotecan (semi synthetic CPT analogues) has 

currently reached 1000 million US dollars, which represents approximately 1 ton of 

CPT in the terms of raw material (Watase et al., 2004).  To meet this ever increasing 

demand for CPT related drugs from world wide, more and more plants are cut, dried and 

are exported. This export business is completely managed by private sector. The 

collectors have trained the local tribal and rural laborers in cutting and drying processes. 

They are paid Rs. 10-15/ kg of dried stems and exported at the price of 1500 USD per 

kg (meaning Rs. 60,000 i.e. 1000 times higher price). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key facts:- 

Around 1000-1500 tones of N. nimmoniana wood chips are equivalent to ~ 1 ton of CPT in 

terms of raw material exerting tremendous pressure on natural population. Decline in natural 

populations has thus necessitated that efforts needs to be taken to cater commercial 

demand as well as reduce threats to natural population. This can be achieved by adopting 

strategies such as domestication and raising commercial plantations.  

 

 

 

Figure 2. Making wood chips of N. nimmoniana ready for sale 
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1.5 Objectives 

Present study addresses various aspects of domestication by adopting two pronged 

strategy; 

 

1. Mass propagation with the help of farmers. This involves,  

• Networking with farmers and women SHG’s  across   northern Western 

Ghats 

• Conducting propagation trials at varied locations 

• Studying relation between seed size, seed weight and germination 

• Effect of bag size on growth of saplings  

• Checking response to fertilizers/ manures such as Di-ammonium 

Phosphate (DAP), Urea 

• Experimental plantation at various localities 

 

2. Screening and CPT profiling   

• Chemical profiling of N. nimmoniana populations to identify high yielding 

elite lines  

• Screening alternative species for CPT content (e.g. Ophiorrhiza sp.)  
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2. MATERIALS AND METHODS 

 

I. Domestication studies :  

Experimentation regarding pilot plantations was conducted at Maval and Purandar taluk. 

Whereas 4 locations along northern Western Ghats were chosen for CPT profiling 

studies of N. nimmoniana and 2 for Ophiorrhiza resp. (details given below).   

 

2.1. Study area : 

  

(i) Maval taluk :  Study area is situated towards north west of Pune in Maval taluk (18° 

36’N, 73° 26’ E) and is on the eastern slope of the Western Ghats at an elevation of 

about 700m a.MSL (Fig. 3). The average annual rainfall is approximately 4000 mm with 

8-9 months of dry period length. The mean maximum temperature is 35°C and mean 

minimum temperature is 12°C. The forest type is mainly secondary moist deciduous with 

scrub patches in between.      

  

 

(ii) Purandar taluk :. Study site is located on the eastern side of Pune in Purandar taluk 

(18
0
 25’ N, 74

0
 08’ E) (Fig. 4) and the conditions are drier. Area mainly dominated by 

xerophytic plant species. The average annual rainfall is around 700mm with 9-10 months 

of dry period length.  

 

2.2. Relation between seed weight, seed size and germination:  

Seeds of N. nimmoniana are oval in shape. They were collected from 5 different 

localities. Seed coat was removed and parameters viz. length, breadth and seed weight 

were measured before sowing seeds (n = 50 for each locality). Percent germination was 

monitored at regular intervals.  

 

2.3. Effect of bag size on growth of saplings : 

Saplings were planted in nursery bags of different sizes: 5” X 7” and 12” X14” and 

monitored for collar diameter and shoot length. Set of 30 saplings was monitored for 

both the bag sizes. One set was kept as control without application of any fertilizer. 

Control reading was taken for every set before application of fertilizers. For checking the 

effect of fertilizers and bag size on growth, the difference between the control reading 

(before application) and present month reading was taken. Data were subjected to 

statistical analysis. 
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2.4. Response to fertilizers:  

Growth of saplings to fertilizers such as Diammonium phosphate (DAP) and Urea was 

seen. The parameters measured were, 

1) Collar diameter 

 2) Shoot length 

The measurements were taken every one month for first 6 months and then at every 3 

months interval. Fertilizers were applied to saplings in nursery bags and saplings planted 

on field in Maval taluk (n=83) (moist deciduous region) and Purandar taluk (n=80) (arid 

region).   

Dose:  Control: No fertilizer 

DAP: 0.5g per sapling 

Urea: 0.5g per sapling 

Sets of 30 saplings were monitored for every treatment. The fertilizers were applied once 

in a year. 

 

II. Camptothecin (CPT) profiling : 

 

2.5.  Protocol for Extraction of CPT:  

2.5.1. Sample processing : Plant parts were separated into roots, stem and leaves.  

• Samples were dried at 60
0
C for 48 hrs 

• Powdered samples were extracted in 70% ethanol so as to get final   

concentration 100mg dry wt/ 10ml  ethanol. 

• Extraction was done at 55
0
C for three hrs in water bath. 

• Extracts were kept overnight for cooling 

• Centrifugation: 13,000 rpm for 20 min. 

• Filtration:  Double filtration with same 0.2 µm pore size filter. 

2.5.2. Preparation of Standard:  

• CPT dissolved in DMSO : Methanol (1:50) 

2.5.3. Detection of CPT:  

• High Performance Liquid Chromatography (HPLC) analysis (Perkin Elmer) 

 

2.6.  Sites of collection of N. nimmoniana :  

 

(i) Raigad taluk : It is the northernmost of the sites selected. It is situated north west to 

Pune and is on the western slope of the Western Ghats. The area is dry-deciduous with 
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some open scrubs scattered in between. Average annual rainfall is 1000-1400 mm; dry 

period length is 8-9 months; elevation is 1000 m a. MSL. 

 

(ii) Purandar taluk : same as above.  

 

(iii) Sawantwadi taluk 1 : It is the southern most site selected for the sample collection 

and is also the southernmost site of distribution of N. nimmoniana in Maharashtra. 

Average annual rainfall is >6500 mm; dry period length is 8 months; elevation is 750-900 

m a. MSL. The area mainly comprises of semi-evergreen and some opened up areas. 

 

(iv) Sawantwadi taluk 2: The area harbours open disturbed semi-evergreen type of 

forest.  

 

2.7.  Sites of collection of Ophiorrhiza sp : 

 

(i) Radhanagri : Study site is located in Kolhapur district in Radhanagri taluk (Fig. 5) 

(16
0
 13’ 35.5”N, 73

0
 57’ 22.3” E; elevation:922 m a.MSL). Dry period length is about 7 

months. The area harbours moist deciduous type of forest.  

 

 

(ii) Koyna – The area supports semi-evergreen type of forest. It is located between  

17
0
 41’ N, 73

0
 42’ E ;  Elevation : 769 m a.MSL, with dry period length of about 8 months 

(Fig. 6). 
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3. DOMESTICATION STUDIES OF N. NIMMONIANA 

 

3.1. Relation between seed weight, seed size and germination:  

Seeds across different localities show variation in weight and size (Table 1).  

 

Table 1 :  Mean seed weight and % Germination across localities 

 

 

Locality Mean seed weight * (g) % Germination 

Maval 0.1614 ± 0.033 24 

Mahabaleshwar 0.2003 ± 0.060 50 

Satara  0.207 ± 0.039 32 

Radhanagari 0.2106 ± 0.040 30 

Sindhudurg  0.214 ± 0.062 60 

   

* n= 50 for each locality 

 

Seed weight seems to be affecting germination of seeds. There is positive correlation 

between mean seed weight and % germination (Fig. 7). 

 

Figure 7 : Relation between seed weight and Germination 
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3.2. Effect of bag size on growth of saplings: 

 

Saplings grown in bag size of 12”X14” show higher growth 

rate as compared to control with bag size of 5”X7” (Fig. 

8A).  t values show that there is significant difference in 

shoot length  (t critical = 2.00 , t calculated = 5.8, p<0.05, n=28).  

This is because, saplings in small sized polybags show 

tendency of root coiling (Fig. 8B).  

Therefore to achieve better performance in the field 

when saplings are out planted, care should be 

taken to maintain saplings in large polybags.   

 

 

 

3.3. Response to fertilizers:  

Figure 8C indicates design and monitoring of various fertilizer treatments given N. 

nimmoniana.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8C. Monitoring growth of N. nimmoniana 

Figure 8A and 8B 
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Comparison between collar diameters of saplings grown in polybags is given in Fig. 9  

 

Figure 9 :  Effect of fertilizers on growth of saplings  
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Though control saplings are showing more growth, DAP shows pronounced effect on 

growth of saplings in the long run than Urea (nursery raised saplings of 3 yrs was found 

responding better to DAP than Urea and control). Hence in further experiments 

comparison across DAP and Urea is considered.     

 

N. nimmoniana was planted as a hedge crop in Maval (Fig. 10), while as a regular crop 

in Purandar (Fig. 11). 

 

Figure 10 :  Experimental plantation of N. nimmoniana at Maval  

 

 

Figure 11 :  Experimental plantation of N. nimmoniana at Purandar  
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Sapling 1        Treatment with DAP            Sapling 20 

 Chart 1. Field layout of Nothapodytes nimmoniana plantation 

Sapling 21        Treatment with Urea      Sapling 40 

Sapling 41        Control (No treatment)      Sapling 60 

Sapling 61        Treatment with Neem Cake     Sapling 80 



 26 

Figure 12 and 13 gives comparative account of effect of fertilizer on collar diameters of 

saplings planted in field in Maval and Purandar resp.  

Figure 12. Effect of fertilizers on growth at Maval 

  

 

Though artificial fertilizers support growth, it is seen pronounced in DAP treated saplings 

than in Urea (t critical = 1.4432, t calculated = 1.9896, p <0.05).  

There is not significant difference in shoot length of saplings treated with DAP and Urea. 

For Purandar region, ANOVA was performed to see the difference in performance of 

different fertilizers. It was found that DAP shows significantly pronounced growth 

followed by Neem cake (organic) and then followed by urea. In case of shoot length, 

there is significant difference among three fertilizers. DAP showed pronounced effect 

than other fertilizers.   

Figure 13. Effect of fertilizers on growth at Purandar 
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Comparison across localities : As DAP was found to have pronounced effect than other 

fertilizers, effect of DAP on collar diameter was seen across localities and depicted in 

Fig. 14.   

Figure 14. Effect of DAP across localities 

 

               

 

t – test results show significant difference in growth of saplings in Maval and Purandar, 

Maval showing higher growth than Purandar.  tcritical = 1.99, t calculated = 3.76, p < 0.05. 
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4. OUT REACH AND CAPACITY BUILDING 

 

Conscious and directed efforts were taken to reach various stakeholders (Annex. 4) of 

the Nothapodytes value chain.  The activities conducted were at different scales, ranging 

from grass root (farmers, Self Help Groups) to policy level.  

 

1) A workshop on 'Nothapodytes nimmoniana : Prospects of a future crop’ was 

organized (Box No. 1) for creating awareness amongst stakeholders. Literature 

regarding propagation and cultivation of the species was designed and distributed to the 

participants 

2)  Series of focused and targeted interactions with State Forest Department and State 

Medicinal and Horticultural Plant board were conducted.  

3) As a promotion strategy, efforts were also made to reach to the grass roots, farmers 

and cultivators through local print media and by broadcasting on national TV news 

channel. (Annex.  6A-6C).  

4) Training to women self help groups (SHGs) and nursery-men regarding propagation 

and cultivation of the species.  

 

Box No. 1 : Nothapodytes promotion workshop 

 

  A workshop on  

  'Nothapodytes          

  nimmoniana :    

  Prospects of a future   

  crop’ was held at the 

  College of Forestry, 

  Sirsi, University of  

  Agricultural Sciences,    

  Dharwad. It was  

  attended by almost  

  every stakeholder group  

  of the Nothapodytes 

  value chain. Major 

  participation was by the 

  farmers. Organic- farming groups, bankers, horticulturists, ayurvedic practioners, nursery 

  men, scientists and industrialists  were also represented. This was perhaps the first meet 

  where various issues on Mappia cultivation, processing and marketing were discussed. 
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Box No. 1 contd.. 

 

Key Decisions of the Plenary Session: 

1. To fix an achievable target for planting stock and recognize nursery persons 

who can take up this activity all along the Western Ghats.  

2. To approach the various agencies to include Nothapodytes as a profitable 

medicinal plant.   

3. To create Nothapodytes forum, to facilitate information exchange on cultivation, 

processing and marketing of Nothapodytes. 

4. To encourage conservation of Nothapodytes germplasm in academic institutes.  

5. To identify gaps in the understanding of biology and response to cultivation 

practices of Nothapodytes . 

6. To encourage organic cultivation of Nothapodytes.  

7. To screen the other important chemical properties of Nothapodytes. 

  

Honorable Forest Minister felicitating 
Mr. Sharad Shinde, a farmer from Maval 

Training to women Self Help Group 
members regarding mass propagation 
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Chart 2. Nursery of Nothapodytes established at various locations in northern 

Western Ghats 

 

 

 

 
 
Locality : Maval  
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Information dissemination through various agencies ; 

Source : National Television Interview (DD News) Source : Print media  

Discussion with academicians and forest officers 
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5. CAMPTOTHECIN STUDIES 

 

5.1. Introduction  

Camptothecin (CPT) is 3
rd
 most promising alkaloid of the 21

st
 centuary (Lorence and 

Nessler, 2004). CPT is a monoterpenoid indole alkaloid, originally isolated from 

Camptotheca acuminata, a tree native to south China. It was first isolated in 1966 by 

Wall and Wani from C. acuminata. It is water insoluble molecule, having unique 

pentacyclic structure. It has gained attention of many researchers and 

pharmaceutical industries all over the world because of its potent clinical 

applications in anticancer therapeutics. Two water soluble derivatives of CPT, 

Irinotecan and Topotecan, have been approved by Food and Drug Administration (FDA) 

of USA for their clinical applications in colorectal and ovarian cancer (Lorence and 

Nessler, 2004). Apart from anticancer activity, CPT has also been shown to have anti 

HIV-I activity (Priel et al., 1991). It is also known to be effective against trypanosomes 

and  Leishmania sp. (Bodley and Shapiro, 1995).  

Apart from N. nimmoniana and C. acuminata (family: Nyssaceae and order: Cornales) 

following plants have been detected to synthesize CPT. 

Table 2: Species of plants synthesizing CPT 

 Species Family 

1 Ervatamia heyneana Apocynaceae 

2 Ohpiorrhiza pumila 

3 O. mungos 
Rubiaceae 

4 Mostuea brunonis Gelsemiaceae 

5 Merrilliodendron megacarpum 

6 Pyrenacantha klaineana 
Icacinaceae 

 

Because of an unique structure of CPT, its artificial synthesis is difficult and one has to 

depend on the natural sources for raw material (Suhas et al., 2007). Detailed studies 

on alternative species are lacking and one needs to look into it critically as they 

can also be proved as potential sources of CPT drug.  
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Significance of CPT and its relation with decline in population of N. nimmoniana 

has already discussed in previous section. CPT content varies among species and 

varieties but even more significantly within the plant parts (with different tissues, 

tissue age and seasons) (Li et al., 2002).  This implies that analyzing various 

tissues, at different ages and in different seasons for CPT content may come out 

with better options for sustainable extraction of CPT. Present study was especially 

designed to;  

(a) identify ‘elite lines’ / ‘plus specimens’ of N. nimmoniana in terms of high CPT content.  

(b) see variation of CPT across age of the plant and seasons  

(c) analyze alternative species yielding CPT 

  

5.2. Detection of ‘Plus Specimens’ : 

As stated earlier, ‘plus’ specimen is the one which has some additional property or some 

enhanced property. In our study we recognize plus specimen as the one which has stem 

bark CPT content higher than the normal range which is encountered in N. nimmoniana, 

0.14 to 0.24 % (Aiyama et al., 1988).  

While analyzing CPT content of stem 

bark samples from different localities, 

we have identified a ‘plus’ individual 

which showed CPT of 1.15% from 

Raigad area. CPT of this individual was 

analyzed for 3 times and the CPT 

content was found to be consistent 

(1.15±0.06%). CPT content of >1% has 

also been found in some individuals 

from southern Western Ghats. (Suhas et 

al., 2007).  These individuals were ‘marked’ for further studies in clonal propagation. 

 

5.3. Variation in CPT with age of the plant : 

According to the biosynthesis pathway, CPT is synthesized in leaves and is mainly 

accumulated in the stem and root bark of the plant. As the plants mature, CPT 

accumulation in their bark will go on increasing till some concentration after 

which concentration will remain in more or less in proportion with the bark 

thickness. This pattern of accumulation studied in detail, would help to find out 

the appropriate age of harvest of stem from the plant so as to get maximum 

possible concentration.   

 

Figure 15: Marking populations in the wild 
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Two age groups were available for the analysis; six months old plants from experimental 

field plot and one and half year’s old plants. Stem bark samples of 5 individuals of each 

age group were collected and their CPT content was analyzed. 

     Figure 16 : CPT across age of the plants 
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CPT content of one and half year’s plants was found to be significantly higher than that 

of seven months plants. tcalculated = 4.056 and tcritical = 2.306 at p<0.05. 

 

5.4. Variation in CPT of individual plants across seasons and sex :  

 

5.4.1. CPT across the season : 

18 bark samples, from mature trees from the wild (Maval area), were collected in 

following seasons, August 2006 (monsoon), January 2007 (winter) and April 2007 

(summer). The results were represented in fig 17.   

Figure 17:  CPT variation across seasons 
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ANOVA was performed on the results obtained, and it was found that variation in the 

CPT content of plants was not significantly different for different seasons. When CPT of 

an individual was observed over the seasons, it was observed to vary but no trend was 

seen in such variation when observed collectively for all individuals.  

 

5.4.2. CPT across the sex of the individual : 

There are different sexes present in N. nimmoniana and there is possibility that plants of 

different sex produce and accumulate different levels of CPT. Attempts were made to 

analyze if there is any significant difference in the CPT of the individuals of different 

sexes from the samples collected. The results were depicted in fig 18. The samples 

were collected in monsoon which is the flowering season of N. nimmoniana, so that sex 

of the flowering plants is confirmed at the time of the collection. Samples collected were 

from Hermephrodite, Female and Andromonoecious individuals.  

 

Figure 18 : CPT content in different sexes of plant 
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ANOVA test was performed to analyze the difference between sexes of the plant for its 

CPT content. No significant difference was found in the CPT content across sex of the 

plant. In general Hermaphrodite plants showed highest CPT content. 

 

Soil fertility, coppicing are found to be affecting CPT levels in C. acuminata 

seedlings (Liu et al., 1998). Since CPT is produced by the plant as a defense 

strategy against herbivory and CPT being a secondary metabolite which is 

generally synthesized under stress conditions, it will be important and interesting 

to study what kind of stress conditions are responsible for high levels of CPT in 

the plant. For this, multi-location field trials at different agroclimatic zones are a 

prerequisite.  So studies on effect of various fertilizers (both inorganic and 



 38 

organic) on CPT levels, impact of stresses like water stress, difference in CPT 

levels across plantations in rainy Vs. dry areas could be future course of action. 

By employing effective coppicing strategies one can get 2-3 kg dry biomass per 

plant in N. nimmoniana after 7 yrs of plantation. Especially strategies like 

coppicing can be used as a successful harvest practice (as it is responsible for 

higher surface area to bark ratio and bark being the main source of CPT) when it 

comes to commercial plantation. 

 

5.5. Studies on Ophiorrhiza sp., an alternative species yielding CPT : 

Ophiorrhiza is a rare, understorey herb found in areas of high rainfall. CPT content of 

plant parts of 15 individuals was analyzed. Fig. 19 shows mean CPT of plant parts of 

these individuals. We checked for the variation across stem and root tissues of 

Ophiorrhiza sp. Leaves though screened for CPT were not considered for further 

analysis owing to their very less content (0.03 ± 0.02 %). CPT content from root (mean 

value) was found to be highest among all plant parts analyzed in all localities.  

 

Figure 19 :  Percent CPT across plant parts and localities 

          

 

Per cent CPT from roots was found to be significantly higher than stem for each locality.  

t- test results: Koyna 1 : t critical =2.09, t- calculated = 2.54; Koyna 2 : t critical = 2.08, t 
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5.6. Soil analyses : 

 
Surface soil samples from Koyna 1 and Radhanagari were subjected to analysis of 

various physicochemical parameters elaborated in Table 3.  

 
Table 3: Results of soil analyses 

No. Physicochemical parameters  Koyna 1 Radhanagari 

1 pH (1 % solution) 5.93 5.85 

2 Soil Texture Medium Loam Clay Loam 

3 Total Nitrogen (%) 0.7392 0.2304 

4 Total Phosphorus (%) 0.099 0.07037 

5 Total Potassium (%) 0.2905 0.2322 

6 
Cation Exchange Capacity 

(milliequi/100g sample) 
34.8452 27.4745 

7 Total Organic Carbon (%) 8.6624 1.487 

8 Total Organic matter (%) 14.9339 2.563 

9 Total Alkalinity ( mg CaCO3/L) 228 153 

10 Total Hardness (mg CaCO3/ L) 0.34 0.18 

11 Calcium Hardness (mg/CaCO3/L) 0.18 0. 14 

12 Iron (%) 5.6948 7.1037 
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DISCUSSION…. 

 

N. nimmoniana is a red listed species. There is a difficult task ahead of all conservation 

biologists, as they have to find solutions such that harvest pressure on wild population is 

reduced and at the same time commercial demand is also fulfilled. One way to address 

this is to promote commercial cultivations, as they help in reducing the harvest pressure 

on the wild population (Ravikumar and Ved, 2000). Studies presented here have given 

promising results in achieving that goal.  

 

• Among the fertilizers tested, DAP showed promising results than any other fertilizers 

studied. In both the localities, DAP (source of nitrogen and phosphorus) showed 

pronounced effect than Urea (only nitrogen source). Preliminary findings presented in 

the report on growth of N. nimmoniana will help to determine the conditions to be 

incorporated when N. nimmoniana will be taken as a commercial crop.  

 

• Seed weight seems to be affecting seed germination in all localities. Thus, seed 

weight could form one of the criterion used to determine Quality Planting Material 

(QPM) standards for mass cultivation of the species. 

 

• Individuals having very high CPT content (plus specimens) were encountered from 

wild populations while screening. Some individuals showed the CPT content which is 

about 350% more than the CPT range (0.14-0.24 %) recorded by Aiyama et al., 

(1988). These individuals belong to deciduous areas with lower rainfall. Thus scale-

up of existing nursery facilities so as to facilitate multi-location field trials across 

different agroclimatic zones will prove to be an important step towards raising 

plantations. This will give an insight into suitability of the region where N. 

nimmoniana can be taken as a commercial crop. 

 

• CPT content of stem bark increases with the age of the plant. Our previous studies 

and studies by Padmanabha et al. (2006) showed that CPT content does not vary 

with the GBH of the plants above 16 cm. The samples which we had collected were 

young samples of GBH less than 15 cm. CPT content of these age groups increased 

significantly with age of the plant. Doing further studies on CPT content of the 

plantations from varied locations with increasing age (1 yr, 2 yr, 3 yr etc.) would yield 
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better results and would lead to determination of optimum age of harvesting of the 

stem after cultivation. Such studies incorporating growth and CPT content will help 

achieving higher yield in terms of CPT content per unit biomass. 

 

• CPT content from Ophiorrhiza sp. is found comparable to that of N. nimmoniana. N. 

nimmoniana is found to produce CPT in the range of as low as 0.03% to as high as 

1% or even 2.5% with the mean of 0.3% (Suhas et al., 2007). In comparison to that, 

Ophiorrhiza sp. contains  0.2% CPT. 

 

 

FUTURE PLANS…. 

 

• Owing to its inclusion in the ‘priority species list’ for cultivation and promotion 

(Annex. 1A,B), there is a strong user interest by various stakeholders. With the 

publication of encouraging results in the local news media (Annex. 5A-C) many 

farmers, self help groups and private cultivators have approached us to find our 

supply extent (Annex. 4). We intend to scale up the nursery facilities and ultimately 

intend to delist this species from RET category.  

 

• State Forest Department and State Medicinal Plant Board has expressed keen 

interest in replicating the Nothapodytes model of conservation to similar such 

species.  

 

• N. nimmoniana is being proposed as a candidate in agroforestry programme. 

However, being a slow growing species, it takes 7-8 yrs for first harvest. In such 

cases, Ophiorrhiza sp. and other medicinal annuals can be considered as potential 

candidate as an intercrop with N. nimmoniana. In such case standardization of 

propagation techniques and developing cultivation strategy could be the focus of 

future studies. 
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Annexure 1A 
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Sr. No. Botanical Name Local Name 

1. Aegle marmelos (L.) Corr. Bel 

2. Alstonia scholaris (L.) R. Br. Saptparna 

3. Callophyllum inophyllum L. Undi 

4. Cassia fistula L. Bahava 

5. Emblica officinalis Gaerin. Amla 

6. Garcinia indica (Du Petit. thou) Choisy. Kokam 

7. Gmelina arborea Roxb. Shivan 

8. Mesua ferrea L. Nagakesar 

9. Nothapodyfes nimmoniana (Grah.)Mabb. Narkya, Amruta 

10. Oroxylum indicum (L.) V en t. Tetu 

11. Pongamia pinnata (L.) Pierre. Karanj 

12. Premna obtusifolia R.Br. Agnimanthah 

13. Pterocarpus marsupium Roxb. Bibla, Bij a 

14. Santalum album L. Sandal 

15. Sapindus laurifolia Vahl. Ritha 

16. Saraca asoca (Roxb. ) de. Wilde. Sita Ashok 

17. Strychnos nux-vomica L. Kaj ra 

18. Symplocos laurina (Retz) Wall. Lodhrah, Mirioli 

19. Syzygium cumini (L.) Skeel Jambhul 

20. Terminalia ovata (Roth) Arjun 

21. Beheda 

/ 
Terminalia bellirica (Gaertn.) Roxb. 

 

22. Terminalia chebula Retz. Hirda 

Annexure 1B 

 
Medicinal plant species prioritized for the State of Maharashtra 
according to their conservation and economic values 

TREE SPECIES 
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Annexure 2 
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Annexure 3 
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Annexure 4 

 

Some key stakeholders interested in N. nimmoniana promotion 
 

Name Category Activity 

Mr. Vitthal Shinde Farmer Nursery / cultivation 

Mr. Sharad Shinde Farmer Nursery / cultivation 

Mr. Madhukar Desai Farmer Cultivation 

Mr. Salunke Farmer Cultivation 

Mr. Dilip Bhosale Farmer Cultivation 

Mr. G.N. Gaikwad Farmer Cultivation 

Mr. Michael Lewis Farmer Cultivation 

Mr. Nitin Gudge Forest Dept. Cultivation 

Mr. Puranik Farmer Cultivation 

Mrs. Nalini Mahale Individual Cultivation 

Mr. Dilip Yedve Farmer Cultivation 

Mr. Jalinder Pawar Farmer Cultivation 

Mr. Mansingh Shinde Farmer Cultivation 

Mr. Suresh Kunjir Farmer Cultivation 

Mr. Shivram Gavade Forest Dept. Nursery 

Mr. Santosh Taware Individual Nursery 

Mr. Ganesh Dhumal Individual Nursery 

Mr. Babu Pawar Individual Nursery 

Mrs. Anita Sawant Self Help Group Nursery 

Mr. Atmaram Raul Self Help Group Nursery 

Mr. Ashok Khadse Forest Dept. Promotion 

Mr. B. H. Gaikwad Forest Dept. Promotion 

Mr. Bhurke Forest Dept. Promotion 

Mr. Sunil Limaye Tribal Dept. Promotion 

Dr. Ajay Namedo Academician Research 

Dr. Arun Chandrashekhar Academician Research 

Mr. V. B. Avad Academician Research 

Mr. Agavekar Industry Promotion 

Mr. Menon Industry Promotion 

Mr. Arvind Industry Promotion 
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Annexure 5B 
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Annexure 5C 

 

 

 

 


