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Increasing  atmospheric  CO2 concentration  is  generally  expected  to  enhance  plant  growth,
allocation  and  chemical  composition  of  alkaloids  in  medicinal  plants.  The  response  to  the
elevated CO2 concentrations of various medicinal plants were studied with reference to growth
and biochemical changes. Catharanthus roseus is an important medicinal plant which is being
cultivated  commercially  in  India  for  different  purposes.  It  has  gained  interest  from  the
pharmaceutical industry; the alkaloids vincristine and vinblastine from its sap have been shown
to be an effective treatment for leukemia and lymphoma. It has a great importance in studying
different  parameters  of  C.  roseus.  The  present  study  was  carried  out  for  growth  and  bio-
chemical changes of C. roseus in different elevated CO2 levels. Open top chambers (OTCs, 3.0
m  diameter,  3.0  m  in  height)  were  used  to  expose  plants  to  ambient  and  elevated  CO2

concentration (600 and 900 ppm).The experiment was conducted for five months. Carbon- di-
oxide enrichment studies in special open top chambers help us in understanding the changes at
individual Biochemical changes and plant growth. The bio-chemical analysis revealed that the
highest phenol, flavonoid, carbohydrate and tannin were recorded at 600 ppm+rh, and alkaloid
was at 900 ppm. In ambient condition the highest protein was recorded in C. roseus. The plant
growth  revealed  that  the  maximum fresh  weight,  shoot  length  and  number  of  leaves  were
observed in 900 ppm. The maximum number of roots was observed in 600 ppm and the highest
root length observed in 600+Rh. In the ambient condition, the above said characters were found
to be in the lowest level.
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Effect of Elevated CO2 on Growth...

Increased atmospheric CO2 concentration associated

with  increasing  temperatures  is  predicted  to  have

profound  impacts  on  terrestrial  ecosystem (Ward  and

Strain, 1999).The important area of research which has

been largely neglected is the effect of elevated levels of

atmospheric  CO2 towards  growth  of  medicinal  plants

which leads to changes in physiology, productivity and

their variation in the production of secondary metabolites

both in terms of quality and quantity.

The present scenario the term “Alternative Medicine”

became very common in western culture, it focus on the

idea of using the plants for medicinal purpose. But the

current belief that medicines which come in capsules or

pills are the only medicines that we can trust and use.

Even so most of these pills and capsules we take and

use during  our  daily  life  came from plants.  Medicinal

plants frequently used as raw materials for extraction of

active  ingredients  which  used  in  the  synthesis  of

different drugs. Like in case of laxatives, blood thinners,

antibiotics  and  antimalarial  medications,  contain

ingredients from plants. Moreover the active ingredients

of  Taxol,  vincristine,  and  morphine  isolated  from

foxglove,  periwinkle,  yew,  and  opium  poppy,

respectively.

Catharanthus  roseus,  an  annual  perennial  herb

native to Madagascar, that were formerly included in the

genus  Vinca.  It  has  gained  interest  from  the

pharmaceutical  industry;  the  alkaloids  vincristine  and

vinblastine  from  its  sap  have  been  shown  to  be  an

effective  treatment  for  leukemia  and  lymphoma.

Although  the  sap  is  poisonous  if  injected,  some  70

useful  alkaloids  have  been  identified  from  it  .The

extracts are not having side effects which include hair

loss. The fresh or dried flowers and leaves of plants are

applied  as  a  paste  on  wounds  in  some  rural

communities.  The  fresh  juice  from  the  flowers  of  C.

roseus made into a tea has  been used by Ayurvedic

physicians  in  India  for  external  use  to  treat  skin

problems, dermatitis, eczema and acne. To the best of

our  knowledge,  the  effect  of  elevated  CO2 on  the

physiology of this plant in near natural condition has not

been assessed. The present study has been conducted

to  study  the  effect  of  elevated  CO2 on  growth,

productivity and biochemical changes. 

MATERIALS AND METHODS

Enrichment of CO2

The present study was conducted at the Institute of

Forest Genetics and Tree Breeding, Coimbatore, Tamil

Nadu where the selected medicinal plants were grown

inside the open top chambers (OTCs) of 3 m diameter

and  10  m  height  lined  with  transparent  PVC  sheets

(0.125 mm thickness) with a CO2 levels of 600 mol mol-1.

Pure  CO2 gas was  used for  the  enrichment.  Similarly

OTCs  were  maintained  at  elevated  temperatures

(Ambient  +4ºC)  under  ambient  CO2  (380  mol  mol-1).

Controls were maintained in open field outside OTCs,

with  ambient  CO2  (380  mol  mol-1).  CO2 was  provided

throughout  the  day  and  night  (24  h  period).  The

experiments  were  laid  in  a  Complete  Randomized

Design. The period of CO2  enrichment was 180 days. A

software  facility  called  Supervisory  Control  and  Data

Acquisition (SCADA) was used to continuously control

record  and  display  the  actual  and  desired  CO2level,

relative  humidity  and  temperature  in  each  OTC  by

feedback  control  loop  passing  through  Programmable

Logical Controllers (PLC) (Buvaneswaran  et al.,  2010).

The set that was maintained in the open served as the

control  under  ambient  conditions  while  the  set

maintained  inside  the  chamber  under  ambient  CO2

conditions  was  used  to  eliminate  the  effects  of  the

chamber  on  the  response  of  the  plants.  We  have

selected five concentrations  viz., ambient, control,  600

ppm, 600+RH ppm and 900 ppm. In each concentration

five plants were taken at one month intervals.

Bio-chemical analysis

The samples were air dried for about one week and

ground into fine powder.150 mg of each of the powder

were  weighed  separately  and  dissolved  in  3.0  ml  of

methanol and water. For the water extracts, the solution

was heated to 100°C and maintained this temperature

for 15minutes. They were covered, mixed and kept for 8

hours with intermittent shaking for every 30 minutes and

then allowed to stand for 48 hours for extraction.  The

solutions were subsequently shaken and filtered using

Whatman  filter  paper.  The  filtrates  were  allowed  to

evaporate for dryness. The residue was dissolved in 5
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ml  of  90%  methanol  and  water  for  the  organic  and

aqueous solvent samples. These were stored at  15°C

and  then  used  for  biochemical  screening  using  the

standard  procedure  described  by  Trease  and  Evans

(1983)  and Kokate  (1994).  The presence of  alkaloids

and  flavonoids  were  further  confirmed  by  Thin  Layer

Chromatography (TLC). Protein and carbohydrate were

determined  by  Lowry’s  method  and  Anthrone  method

respectively.  The  secondary  metabolites  such  as

phenol,  tannic  acid  and flavonoids  were  quantitatively

determined by Folin-Ciocalteau reagent method, Folin-

Denis  method  and  Aluminium  chloride  colorimetric

method respectively. Carbonic anhydrase was estimated

by Wilbur and Anderson method (1948) and Chlorophyll

by Arnon method (1949).

Statistical Analysis

The data were subjected to analysis of variance for

completely randomized design with five replications.  A

full-factorial  multivariate  general  linear  model  (GLM)

analysiswas  conducted  using  SPSS  to  determine

whether  there was significant  variation in the different

gas exchange and biochemical characteristics between

different CO2 conditions  within  the  plants.  Post  hoc

range tests using Waller Duncan t-test was performed to

group the significantly different plants.

RESULTS AND DISCUSSION

Growth characters

With reference to growth parameters, the maximum

fresh  weight  (in  g)  and  plant  height  (in  cm)  was

observed in  higher  the  concentration  of  elevated  CO2

levels (900 and 600ppm).The similar result was reported

by  (Ghasemzadeh  and  Jaafar,  2011)  in  two  Zingiber

officinale varieties (Halia bentong and  Halia bara) were

exposed to different CO2  concentrations (400 and 800

ppm) resulted in increasing total plant biomass.

Highest Root length observed in 600+RH (48.0 cm),

followed by 600 ppm (46.50 cm). Under the control and

ambient  conditions,  lowest  root  length  was  observed.

The similar result was reported by Dilustro et al., (2002)

that  fine  roots  were  strongly  stimulated  by  elevated

atmospheric  CO2.  Also,  he  found  that  the  root  length

density  was  significantly  stimulated  by  CO2 and  was

greater  in  the  upper  50  cm  of  the  soil  profile.  The

maximum number of leaves was observed in 900 ppm

(114 Nos.) followed by 600+Rh (110 Nos.).The similar

result was noticed by Rogers et al. (1983); Sionit et al.,

(1981)  and  Cure  et  al., (1989)  and  higher  leaf  area

production  has  been  reported  under  the  higher

concentration  of  elevated  CO2 levels.  Elevated

atmospheric CO2 concentration in the environment has

also been reported to enhance the photosynthesis and

growth of many plant species (Kimball, 1983; Cure and

Acock,  1986).  It  is  also  generally  suspected  that  the

studies  on  short  term  exposure  of  elevated  CO2 over

estimate the relative enhancements in CO2 assimilation

rates in plants as compared to those under the long term

exposures (Sage  et al. 1989). Nonetheless, short term

studies serve a key role in providing first approximation

and  indication  of  plants  behaviour  under  future

environmental conditions (Joshi, 2006).

The  elevated  CO2 concentration  increases  the

medicinal plant total height, biomass, etc. compared to

the ambient and control (Table-1).

Bio-chemical analysis

The  details  of  effects  of  elevated  CO2 on  the  bio

chemical  changes  viz., alkaloids,  flavonoids,  phenols,

tannins, carbohydrate and protein in C. roseus is shown

in the Table-2 and Table-3. 

In  bio-chemical  analysis,  the  plant  responds

positively  to  elevated  CO2 with  reference  to  the

production  ofalkaloids,  Flavonoid,  phenols,  tannins,

carbohydrates and proteins. In alkaloids highest values

was observed in elevated CO2 condition.

Total Alkaloid content

The highest concentration of alkaloids was recorded

under 900 ppm (854.10mg/ml) followed under 600 ppm

(853.30  mg/ml).The lowest  level  of  the  total  alkaloids

was registered under ambient (837.80mg/ml). This result

is in tune with many authors and revealed that, alkaloid

content of wild poppy, (Papaver setigerum) investigated

in the experimental CO2  values (300, 400, 500 and 600

ppm)  correspond  roughly  to  the  concentrations  that

existed during the middle of the twentieth century,  the

current  concentration,  and  near  and  long-term

projections  for  the  current  century(2050  and  2090),

respectively. 
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Elevated  carbon  dioxide  resulted  in  significant

increases  in  leaf  area  and  aboveground  biomass.

Elevated CO2 increased the number of capsules, weight

and  latex  production.  Theamount  of  all  alkaloids

morphine,  codeine,  papaverine  and  noscapine

increased  significantly  on  a  per  plant  basis,  with  the

greatest  relative  increase  occurring  with  recent

increases in atmospheric carbon dioxide (e.g.from 300

to 400 ppm). They concluded that as atmospheric CO2

continues  to  increase,  significant  effects  on

theproduction  of  secondary  plant  compounds  of

pharmacological interest could be expected (Ziska et al.,

2008).

Flavonoid content

The highest flavonoid was observed in 600 ppm+rh

(306.50 mg ml-1) followed by control  (265.50 mg ml-1).

This results indicates that, the total content of bioactive

flavonoid  can  be  increased using  by  CO2  enrichment.

Further,  the  composition  of  flavonoid  is  also  affected.

There are indications that the composition would affect

bio availability and bioactivity of the flavonoid (Lai et al.,

2003). 

Phenol and tannin content

With  reference  to  the  total  phenol  content,  the

highest  production  was  observed  in  600  ppm+Rh

(282.50 mg ml-1) followed by 900 ppm (274.50 mg ml-1)

and the least was observed in 600 ppm (210.30 mg ml-

1). In the case of tannin content, the highest level was

noticed in 600 ppm+Rh (291.46 mg ml-1) followed by 600

ppm (287.58 mg ml-1).  The lowest  tannin content was

observed in ambient (272.09 mg ml-1). But, the variation

was not  significantly  varied  among the  treatments.  At

early  growth  stage,  the  total  content  of  leaf  flavone

under  elevated  CO2  and  their  combination  was  lower

than the control, but at maturing stage, it was increased.

This is due to secondary metabolites such as flavonoid

and tannins are synthesized from phenols. Similar result

was reported by Goncalves  et al., (2009) in wheat that

elevated CO2  increases the content of total phenols in

wheat leaves and had the greatest effect. 

Carbohydrate content

The  highest  carbohydrate  rate  was  observed  in

600ppm+RH  (412.20  mg  ml-1),  followed  by  600  ppm

(313.0 mg ml-1) and the lowest level of carbohydrate was

recorded in 900 ppm (202.60 mg ml-1).  Similar results

was reported by Chaitanya et al., (2002), and explained

that under heat stress, carbohydrate synthesis is greatly

influenced  as  observed  from  reduced  activities  of

sucrose  phosphate  synthase,  ADP  glucose

pyrophosphorylase  and  invertase  (Vu  et  al.,  2001).

Lilley et al., (2001) reported that elevated CO2 conditions

produced  an  average  increase  in  total  non-structural

carbohydrate contents  of  28% for  clover and 16% for

phalaris.

Protein content

The  highest  protein  content  was  observed  in

ambient,  followed  by  900  ppm  (11.40  mg  ml-1).  The

lowest protein content was observed in 600 ppm (10.61

mg ml-1).  Crop concentrations of  nutritionally important

minerals including calcium, magnesium and phosphorus

may also be decreased under  elevated CO2  (Loladze,

2002;  Taub  and  Wang,  2008).  Similar  results  was

proposed in FACE experiments, protein concentrations

in grains of wheat, rice and barley, and in potato tubers,

are decreased by 5–14% under elevated CO2 (Taub et

al., 2008). 

The results of the Idso et al.,  (2000) study showed

that  75%  increase  in  the  air's  CO2 concentration

produced  a  56%  increase  in  the  spider  lily's

belowground bulb biomass, where the disease-fighting

substances  are  found.  In  addition,  for  these  specific

substances,  they  observed  a  6%  increase  in  the

concentration  of  a  two-constituent  (1:1)  mixture  of  7-

deoxynarciclasine  and  7-deoxy-trans-

dihydronarciclasine, an 8% increase in pancratistatin, an

8%  increase  in  trans-dihydronarciclasine,  and  a  28%

increase  in  narciclasine.  Averaged  together  and

combined with the 56% increase in bulb biomass, these

percentage concentration increases resulted in  a  total

mean active-ingredient  increase of  75% for  the plants

grown in air containing 75% more CO2.

Ali et al. (2005) revealed that, after 45 days of ultra-

high CO2 concentrations treatment in Ginseng plant, the

total  root  phenolic  concentrations were 58% higher  at

10,000 ppm CO2 than at ambient CO2, 153% higher at

25,000 ppm CO2 and 105% higher at 50,000 ppm CO2,

as best as can be determined from the bar   graphs   of 
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their  results.  Likewise,  total  root  flavonoid

concentrations  were  enhanced  by  228%,  383%  and

232%,  respectively,  at  the  same  ultra-high  CO2

concentrations, while total protein contents rose by 14%,

22% and 30%, non-protein thiol contents by 12%, 43%

and  62%,  and  cysteine  contents  by  27%,  65%  and
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100% under  the identical  respective set  of  conditions.

Zobayed  and  Saxena  (2004)  worked  with  Hypericum

perforatum, a perennial herb and reported that, the extra

640 ppm of  CO2 in  the high CO2 treatment  increased

plant  concentrations  of  hypericin  and pseudohypericin

by just over 100%.  Consequently, the 180% increase in

the air's  CO2 content more than doubled the dry mass

produced  by  the  well-watered  and  fertilized  H.

perforatum plants,  while  it  also  more  than  doubled

the concentrations of  hypericin  and  pseudohypericen

found  in  their  tissues,  which  means  that  the  CO2

increase more  than  quadrupled the  total  production  of

these two health-promoting substances.

Sukenik et  al., (1994)  reported  that  the  maximum

EPA production  was  obtained when 20,000 ppm CO2

was  supplied  12  hours  prior  to  the  end  of  the

exponential  growth,  and that  the total  EPA production

during 4-day cultivation was about twice that  obtained

with ambient air. They also report that other researchers

have obtained similar results, noting that EPA is mainly

contained in thylakoid membranes (Sukenik et al., 1989)

and that prior experiments have shown that "the amount

of  stroma  thylakoid  membrane  increased  in  several

plants under elevated CO2 concentrations (Hodgson et

al., 1991).  In addition, they say that in Synechococcus

lividus, reduction and synthesis of thylakoid membrane

occurred by CO2 deprivation and elevation, respectively

(Miller  and  Holt,  1977)  and  that  in Chlorella  vulgaris,

altering the ambient CO2 concentration varied fatty acid

composition (Tsuzuki et al., 1990).  Last of all, they say

that the effect of CO2 on fatty acid composition and/or

fatty  acid  content  was  reported  in  algae  and  higher

plants  (Tsuzuki et  al.,  1990),  and  that  increased EPA

production caused by elevated CO2 concentration was

reported  in  P. tricornutum (Yongmanitchai  and  Ward,

1991).  Consequently,  as  the  atmosphere's  CO2

concentration  continues  to  rise,  concentrations  of

omega-3 fatty acids should be widely enhanced in both

aquatic and terrestrial plants, there by benefiting much

of  the  animal  life  of  the  planet.  Ghasemzadeh  and

Jaafar  (2011)  reported  that,  two  Zingiber  officinale

varieties (Halia bentong  and Halia bara) were exposed

to different CO2  concentrations  (400 and 800 ppm) and

found that under the elevated CO2 concentration the total

flavonoid,  total  phenolics,  total  soluble  carbohydrates

and starch under elevated CO2.

CONCLUSION

This present study reveals that, the medicinal plant

C.  roseus  responds  positively  to  the  elevated  CO2 in

morphological  and  biochemical  aspects.  The  present

study  confirms  that  highest  growth  rate  was  noticed

under  the  elevated  CO2 levels  and  the  bio-chemical

parameters  were  also  showed  the  increasing  trend

under the elevated CO2, compared to the ambient and

control.  
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