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V. jatamansi Jones. Syn. V. wallichii DC (Indian

valerian) belonging to family Valerianaceae, is a medicinal

and aromatic plant, growing at an altitude of 1200-3000m

amsl. Rhizomes and roots are known to produce a group of

compounds known as valepotriates and essential oil. It is

used as aphrodisiac, antispasmodic, antiseptic, expectorant,

sedative, insecticidal, nerve tonic, febrifuge, ophthalmic,

hypnotic and tonic useful in leprosy, epilepsy, cholera,

neurosis, cough, asthma, chest pain, snakebite, scorpion

sting and also used for curing blood diseases, burning

sensation, skin disease, throat troubles and ulcers (Das et al.,

2011). Thus, the plant is in great demand for both

pharmaceutical and perfumery industries. In India, plant is

collected from the forests to fulfill the industrial demand.

Due to over-exploitation of underground parts for its

medicinal value, it is on the verge of becoming extinct and

is being labeled as critically endangered species in the list of

National Medicinal Plant Board, New Delhi, India and

threatened species in western Himalaya (Kaul and Handa,

2000).
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ABSTRACT

Valeriana jatamansi is an important medicinal and aromatic plant used as sedative in modern
and traditional medicines butthere is dearth of literature regarding how elevated CO 2 and temperature
affect on this plant. Therefore,an experiment was conducted to study the effect of elevated CO2 (550±50
µmol mol-1) and elevated temperature (2.5±0.5°C above ambient) and vermicompost on growth, phenology
and biomass accumulation in V. jatamansi under Free Air CO2 Enrichment (FACE) and Free Air Temperature
Increment (FATI) facilities at Palampur, India, during 2013-2015. Growth parameters and biomass
accumulation into different parts were observed at 4, 12 and 16 months after exposure (MAE). Plant
height, total dry biomass and leaf area plant -1 increased in elevated CO 2 treatment applied with
vermicompost as compared to the other treatments. Elevated CO2 significantly enhanced leaf area (3.5-
23.5%), leaf biomass (12.7-33.2%), stem (15.3-15.6%), root (3.2-72.5%), rhizome (2.1-42.2%) and total
biomass (7.7-52.7%), whereas elevated temperature increased aboveground biomass (15.0-45.3%),
belowground biomass (11.6-55.5%) and total biomass (12.4-47.9%), respectively, as compared to
ambient. Phenological stages were advanced by 1.2-3.9 days under FACE and FATI as compared to
ambient. The results indicate that aboveground, belowground and total biomass increased under elevated
CO2 and elevated temperature as compared to ambient.

Keywords: Valeriana jatamansi, FACE, FATI, elevated CO
2
, elevated temperature.

Increasing concentration of atmospheric CO
2
 and air

temperature are two most important factors which affect

plant growth and development. During the last two centuries

carbon dioxide (CO
2
) concentration and atmospheric

temperature has been rising at a rate of 2.4% per year to the

level 405.7 µmol mol-1 (NOAA/ESRL, 2017) and is expected

to be 550 µmol mol-1 by 2050 and rise above by 700 µmol

mol-1 at the end of the present century and if emissions

continues at such high level it will lead to a global warming

of 1.4-5.8 °C in the year 2100 (IPCC, 2014). Plant growth

and photosynthesis rate in C
3
 plant species are known to be

positively affected by elevated carbon dioxide. On the other

hand, high temperature in early growth stages increased

vegetative growth results in shortening growth phase due

to increased ontogenic development, thus affect carbon

fixation and reduction in biomass accumulation (Rakshit et

al., 2012).

Elevated CO
2
 and temperature had great influence on

quality, composition and yield of V. jatamansiplants
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(Kaundal et al., 2018). For last 30 years various experiments

were conducted to study the effect of elevated CO
2
 on

growth, biomass and yield globally under staple crops and

found that growth, biomass and yield increased under

elevated CO
2
 concentration (Weigel and Manderscheid,

2012; Butterly et al., 2015; Cai et al., 2016). Similarly,

effect of elevated temperatures on growth, biomass and

phenology were studied and researchers observed reduction

in plant biomass and advancement in phenological stages

on different plants (Rakshit et al., 2012; Cai et al., 2016).

Vermicompost is important manure which provides additional

nutrients and improves the quality and medicinal property.

There is less information on effect of elevated CO
2

and elevated temperature on medicinal plants in open field

conditions, however, some studies were also reported in

controlled conditions.To the best of our knowledge there is

no report on elevated CO
2
 and elevated temperature effect

on V. jatamansi in open field condition, therefore, this

experiment was conducted under open field condition to

study the effect of elevated atmospheric CO
2
 and elevated

temperature on growth, phenology, and biomass production

under varying nutrient in V. jatamansi in the western

Himalayas.

MATERIALS AND METHODS

The experiment was conducted at the research farm

of CSIR-Institute of Himalayan Bioresource Technology

(Council of Scientific and Industrial Research) Palampur

(1325 m amsl altitude, 32°06’05’’N latitude, 76°34’10"E

longitude), in the mid hills of western Himalaya,India. Soil

of potting mixture was acidic in reaction (pH 6.8), low

available N (0.008%), high available P (0.019%) and

available K (0.043%). Throughout the crop growth season

from November 2013 to March 2015, mean maximum monthly

temperature varied from 14.2-30.9 ºC between 2013-15,

respectively. V. jatamansi response to elevated CO
2 
(550±50

µmol mol-1) and elevated temperature (2.5-0.5ºC higher

than ambient) were studied under the FACE and FATI facilities

of the institute. Experiment consisted of three octagonal

rings.

The ring with ambient CO
2 
concentration was taken

as ambient or ring 1. Second ring was termed as FACE with

enriched CO
2 
(550±50 µmol mol-1 of CO

2
) during daytime

(8:30 am to 5:30 pm) released from a multiple set of 40 kg

cylinders. Third ring with elevated temperature 2.5±0.5

ºCwith infra red (IR) heaters and air blowers (referred as

FATI). The mixing of CO
2 
(99.99% pure CO

2; 
outlet CO

2

pressure 4.5 kg cm-2 from manifold system connected with

CO
2  
gas cylinder) and air were done in pressurized CO

2 
and

air mixing chamber with air filter regulator which was attached

to high capacity air compressor (outlet air pressure kg cm-2).

The CO
2
 enrichment air was pushed inside the ring through

perforated polyvinyl tubes regulated by solenoid valves

(Kaundal, 2018).

Experimental details

The experiment was conducted using a two factor

completely randomized design (CRD) with six treatments,

three environmental conditions (ambient CO
2
, elevated CO

2

and elevated temperature) and two compost levels viz., with

vermicompost (200 g pot-1) and without vermicompost

(control). Good quality seeds of V. jatamansi variety

‘Himbala’ were raised in nurseryduring May 25, 2013 and

seed were emerged 20 days after sowing (DAS). In each ring,

50 pots (Size 35 cm x 35 cm x 23 cm) were placed.

Vermicompost @ (200 g pot-1) was added to each pot during

cropping season. First dose (50 g pot-1) was applied at 15

days after transplanting (DAT), second dose (50 g pot-1) at

120 DAT. Third dose (50 g pot-1) on 1st October 2014 and

fourth dose (50 g pot-1) on 22 January during 2015.

Vermicompost contains N (0.5%), P
2
O

5
 (0.3%) and K

2
O

(0.8%).

Five plants were selected randomly for dry matter

accumulation studies from each treatment during both the

years. Dry matter accumulation into different plant parts

(leaves, stem, flower and roots), and growth parameters viz.,

plant height, number of leaves plant-1, leaf area plant-1, root

length, root volume, number of lateral roots, number of

branches plant-1, were recorded. All statistical analyses were

performed at a 95% confidence level.

RESULTS AND DISCUSSION

Growth parameters

Significantly higher plant height was recorded in

FATI (22.6 cm) as compared to FACE (18.5 cm) and ambient

(13.8 cm) at 12 MAE due to high temperature under FATI

environment, which coincides with winter months.High

temperature stimulated growth which results in taller plant

as compared to control. Oh-e et al. (2007) had also observed

increased plant height in rice plants grown under elevated

temperature. However, at 16 MAE, plant height was

significantly higher in FACE (51.9 cm) as compared to FATI

(48.3 cm) and ambient (47.0 cm), which may be due to

enhanced cell division, cell expansion and cell differentiation
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under the influence of elevated CO
2
. These results are in

agreement with Rao et al. (2010) who obtained significantly

higher plant height under elevated CO
2
 as compared to

ambient (Fig. 1a). At 12 MAE, numbers of leaves plant-1 were

significantly higher in FACE (149.0) as compared to FATI

(113.0) and ambient (130.7). Likewise, at 16 MAE, numbers

of leaves were significantly higher in FACE as compared to

ambient (Fig. 1b). This may be due to the fact that elevated

CO
2 
act as C fertilizer which increased leaf number and leaf

biomass under elevated CO
2 
level. Similarly, leaf number

increased in Salviasclarea (Kumar et al., 2017).

Root length was significantly higher in FATI as

compared to ambient and FACE at 4 and 12 MAE (Fig. 1c).

Root volume increased by 10.9-53.9% under FACE as

compared to ambient at 12 and 16 MAE (Fig. 1d). This

increase was due to high carbon gain in elevated CO
2
 which

increased lateral root production, root number, length and

diameter. Similar results were also reported by Madhu and

Hatfield (2013) in soybean.

Leaf area was significantly affected by environmental

conditions at 4, 12 and 16 MAE (Fig. 1e). During early stage

of exposure (at 4 MAE) leaf area was significantly higher in

FATI (538.0 cm2) as compared to FACE (362.5 cm2) and

ambient (350.1cm2). Increase in leaf area at 4 MAE under

FATI was due to increase in length and width of the leaves

due tohigh temperature during the initial stages. However,

at 12 and 16 MAE, leaf area was significantly higher in FACE

as compared to ambient. This may be due to due to higher

vegetative growth viz., increased number of leaves (Fig.1b)

under elevated CO
2 

conditions. Elevated CO
2
 causes

stimulation of the leaf expansion rate and leaf area

development. This may due to the fact that cell production

and cell expansion, determining final leaf area, both depend

upon atmospheric CO
2
 level (Ferris et al., 2001). On the

other hand, decreased leaf area at 12 MAE was due to

decrease in leaf number at elevated temperature conditions.

The present results corroborate the findings of Zhou et al.

(2011) who also reported decreased leaf area in

Phalarisarundinacea at elevated temperature. Leaf

chlorophyll content (CCI) was significantly higher in ambient

as compared to elevated CO
2
 and elevated temperature

conditions at 12 MAE (Fig.1f). Likewise, at 16 MAE, CCI

content decreased under FACE by 11.2-19.3% and FATI by

6.1-15.3% as compared to ambient, respectively. Lower

chlorophyll content under FACE and FATI may be due to

dilution of chlorophyll content as well as degradation of

content by excess utilization under high photosynthetic
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significant for these parameters.

Biomass accumulation

Biomass accumulation into different plants parts (leaf,

stem, flower, root and rhizome) and total biomass was

significantly influenced by the environmental conditions at

different dates of observations (Fig.2a-f). Likewise leaf area,

dry leaf biomass was significantly higher in FATI at 4 MAE

rate in elevated CO
2
. The present results are in accordance

with Kim and You (2010) in Phytolaccainsularis. Lower

CCI under elevated temperature may be due to more negative

effect of high temperature on chlorophyll content. Similarly,

decrease in chlorophyll a, b and total chlorophyll content

was observed in maize and rice under elevated temperature

(Kumar et al., 2012). The interaction effect between

environmental conditions and vermicompost was not

Fig. 1: Effect of elevated CO
2
 (550±50 µmol mol-1) and temperature (2.5-3.0oC above ambient) on growth parameters of V.

jatamansi (g plant-1) at different intervals. Bars with same letter are not significantly different at P= 0.05.
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as compared to ambient and FACE (Fig.2a). However, at 12

MAE and 16 MAE, dry leaf biomass was significantly higher

in FACE as compared to ambient and FATI. Elevated CO
2

recorded 12.7-33.2% higher dry leaf biomass as compared

to ambient. Increase in leaf biomass was due to increased leaf

number under elevated CO
2 
conditions. Similarly, dry leaf

biomass significantly increased in Hypericum perforatum

and Echinacea purpurea at elevated CO
2 
conditions (Save

Table 2: Effect of vermicompost on specific leaf area (cm2 g-1), specific leaf weight (g cm2) and leaf area ratio (cm2g-1) of V.

jatamansi at different intervals.

Treatment              Specific leaf area          Specific leaf weight                Leaf area ratio

4 MAE 12 MAE 16 MAE 4 MAE 12 MAE 16 MAE 4 MAE 12 MAE 16 MAE

Environmental conditions

Ambient 145.1 136.8 117.3 0.0072 0.0075 0.0086 5.8 16.3 4.2

FACE 167.5 112.9 129.3 0.0061 0.0092 0.0080 5.4 14.1 4.6

FATI 193.4 99.0 187.4 0.0062 0.0103 0.0055 6.7 12.6 5.3

SEm (±) 10.5 7.1 8.4 0.0007 0.0005 0.0004 0.4 0.6 0.2

LSD (P=0.05) 30.5 20.8 24.5 NS 0.0015 0.0011 NS 1.8 0.6

Vermicompost

Without VC 163.5 118.5 150.4 0.0064 0.0088 0.0072 5.5 14.4 4.7

With VC 173.8 114.0 139.0 0.0066 0.0092 0.0076 6.4 14.2 4.6

SEm (±) 8.5 5.8 6.9 0.0005 0.0004 0.0003 0.3 0.5 0.2

LSD (P=0.05) NS NS NS NS NS NS NS NS NS

SEm (±): Standard error of mean, LSD: least significant difference, VC: vermicompost, NS: notsignificant, , MAE: months after

exposure

Table 3: Effect of environmental conditions and vermicompost on phenological stages of V.  jatamansi

Treatment Phenological stages

Bud Flower 50 % Seed Seed

initiation initiation flowering setting maturity

Environmental conditions

Ambient 73.75 97.91 114.58 127.41 155.33

FACE 73.16 97.41 116.66 127.41 153.50

FATI 70.58 92.75 112.75 124.83 149.25

LSD (P=0.05) NS 2.57 1.50 1.14 1.15

% change between (-)0.8 (-)0.5 1.8 0.0 (-)1.2

FACE & Ambient

% change between (-)4.3 (-)5.3 (-)1.6 (-)2.0 (-)3.9

FATI & Ambient

Vermicompost

With VC 73.27 95.66 114.72 127.38 153.33

Without VC 71.72 96.38 114.61 125.72 152.05

LSD (P=0.05) NS NS NS 0.93 0.94

% change (-)2.1 0.8 (-)0.1 (-)1.3 (-)0.8

LSD: least significant difference, VC: vermicompost, NS: not significant
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et al., 2007).

Dry stem biomass was significantly higher in FATI as

compared to FACE and ambient at 4 MAE (Fig. 2b). This may

be due higher growth rates at initial stages which increased

stem biomass, however, at 16 MAE, reduction in stem biomass

was observed which may be due to decrease in net

photosynthetic rates due to high temperature under FATI.

Dry stem biomass increased by 15.3-15.6% under FACE as

compared to ambient at 4 and 16 MAE. Similar results were

reported in Wollemianobilis (Lewis et al., 2015).

Dry rhizome was higher in FACE as compared to

ambient at 12 and 16 MAE (Fig.2b).  Dry rhizome increased

by 2.1-42.2% in FACE as compared to ambient. These

results are in agreement with the findings of Ghasemzadeh

et al. (2011) who also observed increased rhizome biomass

in two Malaysian young varieties of Zingiber officinaleat

Fig. 2: Effect of elevated CO
2
 (550±50 µmol mol-1) and temperature (2.5-3.0oC above ambient) on biomass onV. jatamansi

(g plant-1) at different intervals. Bars with same letter are not significantly differentat P= 0.05.
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elevated CO
2
 conditions. Dry root biomass was significantly

higher in FACE at 12 MAE as compared to FATI and ambient

(Fig.3c). Increase in root biomass under FACE may be due

to high carbon gain in elevated CO
2
 which might have

increased lateral root production, root number and diameter.

The present results are in accordance with Madhu and

Hatfield (2013) who reported that roots become more

numerous, longer and thicker, when exposed to elevated

CO
2
 as a result of branching and extension of roots in many

plant species.

At 4 MAE, aboveground biomass and belowground

biomass was significantly higher in FATI as compared to

ambient and FACE (Fig. 2d-e).This may be due to high

temperature in the initial stages of crop development which

tend to increase plant growth by accelerating net

photosynthesis. However, at 12 and16 MAE, aboveground

biomass was significantly higher in FACE as compared to

FATI and ambient (Fig. 2d). Elevated CO
2 

recorded

significantly higheraboveground dry biomass by 10.0-

33.2% and elevated temperature by 15.0-45.3% at 4 and 12

MAE, respectively, as compared to ambient. High biomass

allocation towards aboveground biomass was due to high

photosynthetic rates which ultimately produced higher leaf,

stem and flower biomass under elevated CO
2
 conditions.

These findings are in confirmation with the findings of

Weigel et al. (2012) who reported increased aboveground

biomass in Hordeum vulgare, Loliummultiflorum, Beta

vulgaris and Triticumaestivum.At 16 MAE, aboveground

biomass decreased by 15.6% in FATI as compared to ambient.

This may be due to the fact that higher temperature advanced

phenological stages which results in shortening the time of

carbon fixation and biomass accumulation. Similarly,

reductions in aboveground dry biomass by elevated

temperature as compared to ambient have been reported in

wheat and rice (Cai et al.,2016; Kaur et al. 2019).

Belowground dry biomass at 12 MAE significantly

increased by 8.0-58.4% under elevated CO
2 
and by 11.6-

55.5% under elevated temperature, respectively, as compared

to ambient (Fig. 2e).Increased belowground biomass was

due to high carbon gain at elevated CO
2 

which led to

increased lateral root production, root and rhizome number.

These results are in line with findings of Ma et al. (2007) who

also observed increased belowground biomass under

elevated CO
2
 conditions.

Significantly higher total dry biomasswas observed

in FACE at 12 and 16 MAE as compared to FATI and ambient

(Fig. 2f).Total dry biomass increased significantly by 7.7-

52.7% under elevated CO
2 
as compared to ambient. The

increase in total dry biomass of the plants could be attributed

due to higher CO
2
 stimulated higher vegetative growth of

plant and resulted in higher biomass accumulation under

enriched carbon. The present results were also supported

Vagheera et al. (2015) who reported increased total dry

biomass under elevated CO
2 

in black gram. However,

reduction in total dry biomass was observed under elevated

temperature at later stages of crop growth (16 MAE) than

ambient. Likewise, reduction in biomass at elevated

temperature was observed at later stages of crop development

in wheat and rice (Cai et al., 2016).

Leaf indices

Leaf indices viz., specific leaf area (SLA), leaf area

ratio (LAR) and specific leaf weight (SLW) were significantly

influenced by elevated temperature and elevated CO
2
 at all

the date of observation (Table 2). At 4 MAE, SLA significantly

increased by 33.3-59.8% under elevated temperature and

by 10.2-15.5% under elevated CO
2, 

respectively, as

compared to ambient. This may be due to increased leaf area

(Fig.2e) and leaf biomass under elevated temperature (Fig.

2a). However, at 12 MAE, SLA decreased by 27.7% under

elevated temperature as compared toambient conditions.

This might be due to increased leaf biomass and decreased

leaf area under FATI. LAR increased by 26.3% under FATI

and 10.1% under FACE, respectively, as compared to ambient

at 16 MAE, which may be due to increased leaf area (Fig. 1e)

and higher biomass under FATI and FACE as compared to

ambient. However, at 12 MAE, LAR decreased by 23.1%

under FATI and 13.9% under FACE, respectively, which may

be due to decreased leaf area under FATI and also due to low

temperature as well as dormant period of the crop. Similar

results have been reported in Brassicanapus (Qaderi et al.,

2006). SLW decreased by 7.6-14.3% under FATI and by

13.5-36.2% in FACE at 4 and 16 MAE, respectively, as

compared to ambient conditions. This could be due to

decreased leaf dry biomass at elevated temperature (Fig.2a).

However, at 12 MAE, SLW significantly increased by 37.5%

under FATI as compared to ambient, which may be due to

decreased leaf area at elevated temperature. The present

results were also supported by Qaderi et al. (2006) at

elevated carbon dioxide in B.napus and Zhou et al. (2011)

at elevated temperature in P.arundinacea.

Plant phenology

Significantly, lesser number of days were taken to

flower initiation in V. jatamansi plants grown in FATI
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conditions as compared to ambient and FACE (Table 3).

Likewise, significantly minimum numbers of days were

recorded to 50% flowering, seed setting and seed maturity

by FATI as compared to ambient and FACE and the latter two

did not differ from each other for flower initiation and seed

maturity. Phenological stages were advanced under elevated

temperature which could be attributed due to the reasons

that increase in temperature accelerates vegetative

development, stimulated growth and accelerated

phenological stages, so plants exposed to elevated

temperatures showed early flowering (Table 3). Flower

initiation was 5.3 days earlier under FATI as compared to

ambient. Likewise, seed setting and maturity were advanced

by 2.0 and 3.9 days earlier in FATI as compared to ambient.

The results are in consonance with findings of Fang et al.

(2013) in winter wheat and Cai et al. (2016) in wheat and

rice. Das et al. (2020) recorded that occurrence of different

phenological stages was earlier under elevated CO
2
 -

temperature conditions in rice.

Effect of vermicompost

Root length and root volume were higher in plants

applied with vermicompost. Vermicompost recorded

significantly higher leaf areaat 4 MAE as compared to

control, which might be due to increased number of leaves.

Similarly, increase in leaf area due to application of

vermicompost were also observed Centellaasiatica and V.

radiata (Chiluvuru et al., 2009). Dry biomass (leaf, root,

aboveground, belowground and total biomass) was

significantly affected by vermicompost application at initial

stages (4 MAE) of plant growth and it was significantly

higher in plants applied with vermicompost as compared to

control (Table 1). Application of vermicompost provides

nutrients such as nitrates, phosphates, exchangeable calcium

and magnesium in plant available forms which ultimately

helps in increasing the rate of mineralization and humification.

Similar results have been earlier reported by Chiluvuru et al.

(2009) in V. radiata and C. asiatica and Sahoo et al. (2017)

in Piper longum. However, at later stages (12 and 16 MAE)

effect of vermicompost were not significant. This may be

due to depletion of nutrients in later stages of crop growth.

CONCLUSIONS

In the present study, effect of elevated CO
2 

and

elevated temperature on plant growth and biomass of V.

jatamansi was evaluated. Elevated CO
2 

significantly

increased biomass accumulation in leaf, stem, rhizome and

total dry biomass as compared to other environmental

conditions at 12 and 16 MAE. The effect of rise in temperature

leads to earlier seed maturity and all the phenological stages

were advanced as compared to ambient. Since, elevated CO
2

and elevated temperature significantly affected the

phenology, growth parameters, the result indicates that

elevated CO
2
 in future could have positive effect on V.

jatamansi. But how these plants will respond under

interactive effect of elevated CO
2
 and elevated temperature.

Growth parameters and biomass were not significantly

affected by the application of vermicompost at later stages

of growth. So, it is necessary to have more studies on plant

parameters with interactive effect of elevated CO
2 

and

elevated temperature.
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