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Abstract Rosa damascena Mill. is cultivated for its high-

value essential oil in different parts of the world. The

flower yield and the composition of essential oil of R.

damascena are strongly affected by a number of factors.

Nevertheless, the interactive effects of foliar application of

plant nutrients and kinetin and its time of application on

yield and secondary metabolites profile of R. damascena

under acidic conditions are still unclear. Thus, a field

experiment comprising two different times of spray and

five foliar spray treatments was conducted to test the

hypothesis that flowering behavior and secondary

metabolites profile can be modified through proper nutrient

supply at right time. The foliar spray at flower bud

appearance stage (S2) significantly (P B 0.05) increased

flower yield by about 10.0 % compared with the foliar

application at axillary bud development stage (S1) during

both years, regardless of plant nutrients. Among the foliar

spray treatments, kinetin at 0.20 g L-1 registered about

23–39 % higher flower yield compared with the water

spray control; however, remained statistically at par

(P B 0.05) with Ca(NO3)2 at 4.06 g L-1. Moreover, the

percentage of major fragrance-bearing compounds of

essential oil (b-citronellol ? nerol, linalool, E-geraniol,

and Z-citral) was marginally increased with Ca(NO3)2

compared with kinetin treatment. However, the percent-

ages of major hydrocarbons, nonadecane and heneicosane,

were noticeably increased when kinetin was applied at S1.

Foliar application of kinetin and Ca(NO3)2 might be done

to improve flower yield and essential oil content in R.

damascena flowers.

Keywords Acidic condition � Ca(NO3)2 � Foliar spray �
Hydrocarbons � Kinetin � Essential oil

Abbreviations

Ca(NO3)2 Calcium nitrate

Chl Chlorophyll

CuSO4�5H2O Copper sulfate

GC Gas chromatography

GC–MS Gas chromatography–mass spectrometry

MSW Meteorological standard week

KNO3 Potassium nitrate

PCA Principal component analysis

Introduction

Rosa damascena Mill. a perennial shrub, belongs to the

family of Rosaceae. The species R. damascena, commonly

known as Damask rose or oil-bearing rose, is an important

industrial crop cultivated for its high-value essential oil in

different parts of the world (Pal et al. 2014). Out of 200

species of the genus Rosa, R. damascena is recognized

superior for high-value essential oil, which is primarily

used in perfumery and cosmetic industries as a base

ingredient for its strong fragrance (Lawrence and Reynolds
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1991; Rusanov et al. 2009). The antibacterial, anti-infec-

tive, and anti-inflammatory (Basim and Basim 2003), and

antioxidant (Wei and Shibamoto 2007; Baydar and Baydar

2013) properties of rose oil have also been reported in the

literature. Esfandiary et al. (2014) also reported that the

extract of R. damascena is a promising treatment for mild

memory impairment and Alzheimer’s disease. Damask

rose is cultivated for essential oil and medicinal aspects in

Turkey, Bulgaria, Morocco, Iran, India, South Russia,

South France, China, South Italy, Libya, and Ukraine

(Staikov and Kalaijiev 1980; Weiss 1997; Tabaei-Aghdaei

et al. 2006). However, Bulgaria and Turkey are the main

producers of rose essential oil in the global market, and

whole rose industries in Bulgaria and Turkey are based on

a single genotype (Rusanov et al. 2005, 2009). Flower yield

and composition of essential oil of R. damascena are lar-

gely affected by a number of factors, including genetic

makeup (Rusanov et al. 2009), growing region (Yousefi

et al. 2009), date and time of flower harvest (Baydar and

Baydar 2005), time and level of pruning (Pal et al. 2014),

method of distillation (Baydar and Baydar 2005), and

agronomic practices (Pal and Singh 2013). The trend of

using of plant-derived natural products in perfumery, cos-

metic, and food industry is gradually increasing. However,

the oil content in the flower of R. damascena is very low

compared with other essential oil crops. Thus, there is a

pressing need to increase the productivity and quality of

essential oil of R. damascena to meet the burgeoning

demand in the global market. The quality of rose oil is

generally assessed by the relative proportion of major

components present in the oil.

Among the agronomic practices for essential oil crops,

nutrient management is the most important practice, which

influences the yield and quality of essential oils. It has been

reported that proper application of mineral nutrients

improves the performance of plant and also influences the

quality and quantity of active substances (Bernath 1986).

The essential oils are very diverse chemical compounds,

and the biochemical pathways of synthesis of the major

components of essential oil have not been fully elucidated

so far. However, it has been reported that both macro- and

micro-nutrients can increase the essential oil yield and

quality of essential oil in some medicinal plants (Zhel-

jazkov et al. 2010, 2011).

Nitrogen (N) is the key nutrient to build many organic

compounds like amino acids, proteins, enzymes and

nucleic acids (Peng et al. 2007; Nurzynska-Wierdak 2013).

Subsequently, amino acids and enzymes play a vital role in

the biosynthesis of some major compounds of essential oil

(Koeduka et al. 2006). Nurzynska-Wierdak (2013) also

reported that the foliar application of N improved essential

oil content in some plants and modified the composition of

essential oil. Potassium (K), the third most essential

nutrient of plant, influences many fundamental metabolic

processes, such as turgor-driven movements, osmoregula-

tion, controlling of membrane polarization, protein

biosynthesis, and enzyme activation (Clarkson and Hanson

1980; Cherel 2004). The effects of calcium (Ca) and sulfur

(S) on essential oil’s yield and composition of essential oil

of different medicinal and aromatic plants have also been

reported (Dordas 2009; Zheljazkov et al. 2010). Thus, it is

clear that plant nutrition is the most important factor for

modifying the chemical profile of medicinal and aromatic

plants.

In acidic soil, the availability of some metal cations,

particularly magnesium (Mg), Ca, and K, is reduced for

plant uptake. Subsequently, the nutrient use efficiency is

reduced under this situation. The foliar application of plant

nutrients is an alternative strategy for coping with this

situation. The foliar application ensures quick translocation

of nutrients into various plant parts via leaf tissues under

various nutrient deficiency conditions (Fageria et al. 2009).

However, the effects of foliar application of plant nutrients

and kinetin and their time of application on R. damascena

have not been studied lucidly under acidic conditions. The

objectives of this study were to investigate the impact of

foliar application of plant nutrients (N, K, Ca, Cu, and S)

and kinetin at different growth stages on flower yield,

essential oil content, and composition of essential oil of R.

damascena under acidic soil.

Materials and methods

Experimental location, climate and soil

characteristics

This investigation was carried out at the experimental farm

of CSIR-Institute of Himalayan Bioresource Technology

((32�0600500N; 76�3401000E), Palampur, India, during the

growing seasons of 2010–2011 and 2011–2012, to study

the effect of foliar application of plant nutrients and growth

hormone at different growth stages on growth, flower yield,

essential oil content, and composition of essential oil of R.

damascena. The experimental farm is situated at the alti-

tude of 1393 m from mean sea level. The details of envi-

ronmental conditions, viz., maximum and minimum

temperature, relative humidity, sunshine hours, and rainfall

during the crop cycle of the investigation years are pre-

sented in Fig. 1. The texture of the experimental soil was

silty clay, and the soil was acidic with pH 4.91 (1:2).

Available N, phosphorus (P), K, and Ca in the top 20-cm

soil layer were 272.86, 87.65, 427.12 and 106.31 kg h-1,

respectively.
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Plant material, crop management and application

of treatments

In this study, 3-year-old plants of R. damascena (cv. Jwala)

were used, and the planting geometry was 0.75 m 9 1.5 m.

The plants were pruned during 49th meteorological standard

week (MSW) at 75 cm height from the ground level during

2010 and 2011. After pruning, the crop was fertilized with N,

P, and K at the rate of 75, 21.85, and 41.50 kg ha-1,

respectively, during both the investigating years. The sour-

ces of N, P, and K were urea (46 % N), single super phos-

phate (16 % P2O5), and muriate of potash (60 % K2O),

respectively. No irrigation was given during entire crop

cycle, since the crop was grown under rain-fed conditions.

However, the weeding operation was done as per require-

ment for better growth and development. The experiment

was laid out as two factors factorial arrangement in ran-

domized block design (RBD) with three replications. The

first factor was time of foliar spray, and the second factor was

foliar spray of different nutrients and kinetin. Ten treatment

combinations comprising two different times of foliar spray

[axillary bud development stage (S1) and flower bud

appearance stage (S2)] and five different foliar spray treat-

ments [water spray control (N1), KNO3 at 5.0 g L-1 (N2),

Ca(NO3)2 at 4.06 g L-1 (N3), CuSO4�5H2O at 2.0 g L-1

(N4), and kinetin at 0.20 g L-1(N5)] were tested. The con-

centration of different nutrients and kinetin were selected

based on previous results in different crops (Pal et al. 2013;

Farooqi et al. 1993).

Growth and yield data

For growth observation, two plants were randomly selected

from each replication, and the selected plants were tagged for

subsequent observations. After pruning, total number of

shoots (No. bush-1) was recorded. The reproductive data like

number of flowers (No. shoot-1), flower weight (g flower-1),

and flower yield (g shoot-1) were recorded on day-to-day

basis from the first day of the harvesting to completion of the

flowering. The average values of the entire harvesting period

are presented. The dynamics of flowering pattern are also

presented (Fig. 2). However, the diameter of flower (cm) and

number of petal per flower were recorded at the time of pick

flowering stage. Harvesting was done by manual picking of

the flowers early in the morning (6:00–9:00 am) to prevent the

loss of volatile compounds of essential oil.

Chlorophyll (Chl) determination

The leaves were collected from each experimental unit at

the time of pick flowering stage. After removal of main

veins from the collected leaf samples, 200 mg fresh leaf

sample was separated from each sample. Chlorophyll was

extracted in the solution of 80 % acetone (v/v) (Arnon

1949). Finally, the absorbance of the extracts at 645 and

663 nm was recorded with a spectrophotometer (model T

90? UV/vis, PG Instrument Ltd.). The total Chl (mg g-1

tissue) was estimated based on the absorbance values as per

standard equations suggested by Arnon (1949).

Determination of NPK in leaf

For the determination of N, P, and K content in leaves, the

leaves were collected from each experimental unit at the

end of both cropping seasons. The third leaf from the top

was used to eliminate the effect of leaf positioning. Dry

leaf samples were powered with a laboratory grinder hav-

ing a sieve spacing of 0.7 mm. The samples were digested

with a mixture of concentrated H2SO4 and selenium (Se) as

per the procedure suggested by Sahrawat et al. (2002).

Then, micro-Kjeldahl method was used for estimation of

total N, whereas a spectrophotometer (model T 90? UV/

Fig. 1 Weekly mean maximum and minimum temperature (�C),

sunshine hours (SS), rainfall (cm) and relative humidity (RH %)

during the growing season of 2010–2011 (a) and 2011–2012 (b) at

Palampur, India. The starting date of 19th meteorological standard

week (MSW) and closing date of 49th MSW are 13th May and 3rd

December, respectively
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vis, PG Instrument Ltd.) and a flame photometer (model

BWB XP, BWB technologies UK Ltd., UK) were used for

estimation of total P and K, respectively, as per the pro-

cedures suggested by Prasad et al. (2006).

Extraction of essential oil

The freshly harvested (at the morning) flowers of R. dama-

scena were used for extraction of essential oil. The oil was

extracted through hydro-distillation using a Clevenger-type

apparatus. The flower-to-water ratio was 1:3 (w/v), and the

distillation process was carried out for 4 h with slow heating

(Pal et al. 2014). The oil content (w/w) in flower was

expressed as percentage on a fresh weight basis of flower,

and then the oil yield was expressed in kg per hectare

(kg ha-1). The oil samples were collected in glass vial and

dehydrated by anhydrous Na2 SO4 (Merck). Then, the oil

samples were stored in a dark place at 4 �C until analyzed by

gas chromatography (GC) and gas chromatography–mass

spectrometry (GC–MS) (Baydar and Baydar 2005).

GC analysis and quantification

The GC analyses of rose oil were carried out by a Shi-

madzu GC-2010 gas chromatograph (Shimadzu, Tokyo,

Japan) equipped with flame ionization detector (FID) and a

DB-5 capillary column (30 m 9 0.25 mm, fused silica,

and film thickness 0.25 lm). The oven temperature was

programmed from 70 (4 min) to 220 �C with an increasing

rate of 4 �C min-1 and held for 5 min at 220 �C, while

injector and detector temperatures were set at 240 and

250 �C, respectively. The carrier gas was nitrogen with a

velocity of 1.05 mL min-1. The individual compounds of

essential oil were quantified in percentage based on peak

area percentage of the chromatogram.

GC–MS analysis and compound identification

GC–MS analyses of rose oil were performed by a Shi-

madzu QP2010 GC–MS system (Shimadzu, Tokyo, Japan)

attached with an AOC-5000 auto injector and a DB-5 (SGE

International, Ringwood, Australia) fused silica capillary

column (30 m 9 0.25 mm i.d., and film thickness

0.25 lm). The working conditions were as follows: the

temperature was programmed from 70 (4 min) to 220 �C
(5 min) with a ramp of 4 �C min-1; injector and interface

temperatures were at 240 and 250 �C, respectively. Helium

was used as a carrier gas with a flow rate of 1.1 mL min-1,

and ionization voltage was 70 eV.

Fig. 2 The dynamic of the flowering pattern (a–d) and flower yield

(e–f) under different treatments. The length of flowering period was

35 during both the cropping seasons. S1 and S2 are the time of foliar

spray at axillary bud development stage and flower bud appearance

stage, respectively, whereas F1, F2, F3, F4, and F5 are denoting the

spraying of water, KNO3 at 5.0 g L-1, Ca(NO3)2 at 4.06 g L-1,

CuSO4�5H2O at 2.0 g L-1, and kinetin at 0.20 g L-1, respectively
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The compounds were identified based on the retention

indices (RI) of all volatile components, which were cal-

culated with reference to homologous series of n-alkanes

(C8–C24). Then the constituents of essential oil were

identified based on the comparison of RI and mass spectra

with National Institute of Standards and Technology-mass

spectral (NIST-MS) database (Stein 2005).

Statistical analysis

All of the data obtained from R. damascena during both the

years were subjected to analysis of variance (ANOVA) to

estimate the variance components of main (time of foliar

spray and foliar spray of different nutrients and hormone)

effects and their reciprocal interactions effect using Sta-

tistica 7 software (Stat Soft Inc., Tulsa, OK, USA). The

data about compositions of essential oil are presented as

mean ± standard error (SE). When the ANOVA F test

showed significance at P = 0.05, the least significant dif-

ference (LSD) value was used to assess the difference

among treatment means. Principal component analysis

(PCA) was used to evaluate the nature of influences of

treatment combinations on chemical profile of essential oil

as a bi-plot. Factor loading values of the respective vari-

ables (different component of essential oil) indicate the

correlations with the principal component (PC).

Results

Growth data

The data presented in the Table 1 revealed that the main

yield attribute of R. damascena, number of flowers (No.

shoot-1), was significantly (P B 0.05) affected by the

foliar application of different plant nutrients and kinetin at

different growth stages during both the years. Irrespective

of plant nutrition, the foliar application at the flower bud

appearance stage registered significantly (P B 0.05) higher

number of flowers (7.23 and 6.55 no. shoot-1) compared

with the foliar application at the axillary bud development

stage during both the years. Among the foliar sprays, the

application of kinetin produced significantly (P B 0.05)

higher number of flowers (7.35 and 6.84 No. shoot-1)

compared with the water spray control, but remained sta-

tistically at par with Ca(NO3)2 and KNO3 during both

cropping seasons. The lowest number of flowers (6.40 and

5.27 no. shoot-1) was found with water spray control. The

interaction effect between time of foliar spray and plant

nutrients on the number of flowers of R. damascena was

insignificant (P C 0.05).

On the other hand, diameter of flower (cm) and petal

(no. flower-1) were not markedly influenced either by time T
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of foliar spray or by different concentrations of plant

nutrients (Table 1); nevertheless, maximum diameter of

flower (3.30 and 3.38 cm) was recorded with the applica-

tion of kinetin during both the cropping seasons. The

maximum number of petals (32.00 and 32.50 no. flower-1)

was recorded with Ca(NO3)2 and kinetin during 2010–2011

and 2011–2012, respectively. Weight of flower, the

important yield component of R. damascena, was not sig-

nificantly (P C 0.05) influenced by the time of foliar spray

during both the years. However, irrespective of time of the

foliar spray, kinetin registered significantly (P B 0.05)

higher average flower weight (3.29 g flower-1) compared

with the water spray control and CuSO4�5H2O during

2010–2011 (Table 1). The application of Ca(NO3)2 also

recorded significantly (P B 0.05) higher average flower

weight (3.27 g flower-1) compared with water spray

control.

The periodic number of flowers production (no. bush-1)

and flower yield (g bush-1) is presented in Fig. 2. The

trend of flower production (No. bush-1) and flower yield

(g bush-1) during ontogeny was not changed due to the

foliar application of plant nutrients and plant hormone at

different growth stages during both the years, and the peak

flowering stage was attained during 16–20 days of flower

harvest under all the treatments (Fig. 2a–h). Irrespective of

stage of the foliar spray, the application of kinetin con-

tinuously produced higher number of flowers (Fig. 2b, d)

and flower yield (Fig. 2f, h) onward 16–20 days of harvest

during 2010–2011 and 2011–2012.

The analyzed data (Table 1) revealed that the overall

effects of time of foliar spray and foliar application of dif-

ferent plant nutrients and kinetin on the flower yield

(g shoot-1) of R. damascena were significant (P B 0.05)

during both the years. Regardless of plant nutrients, the

foliar application at the flower bud appearance stage sig-

nificantly (P B 0.05) increased flower yield by about 9.8

and 9.6 % compared with foliar application at the axillary

bud development stage during 2010–2011 and 2011–2012,

respectively. Among the plant nutrients and growth hor-

mone, the foliar application of kinetin, irrespective of time

of application, recorded significantly (P B 0.05) higher

flower yield (24.28 and 20.66 g shoot-1) compared with the

water spray control, CuSO4�5H2O and KNO3 during

2010–2011 and 2011–2012 (Table 1). The application of

kinetin produced about 23–39, 15–22, and 11–15 % higher

flower yield compared with water spray control, CuSO4-

5H2O, and KNO3, respectively. However, the foliar appli-

cation of Ca(NO3)2 produced statistically at par (P B 0.05)

flower yield (23.90 and 19.53 g shoot-1) compared with the

application of kinetin during both the years. In this study, the

interaction effect between time of foliar spray and different

concentrations of plant nutrients and plant hormone on the

flower yield was insignificant (P C 0.05).

The percentage of blind shoots was not significantly

(P C 0.05) affected by the time of foliar application of

plant nutrients and kinetin; however, least percentage

(4.09 %) of blind shoots was recorded with Ca(NO3)2

followed by KNO3 during both the seasons (Table 1).

Oil content (%) and oil yield (kg ha21)

Results showed that the essential oil content (%) in flowers

of R. damascena was not significantly (P C 0.05) influ-

enced by the time of foliar spray and different concentra-

tions of plant nutrients and plant hormone (Fig. 3a, b).

However, the foliar application of different plant nutrients

and hormone at the flower bud appearance stage registered

marginally higher oil content (0.038 and 0.04 %) compared

with the foliar application at the axillary bud development

stage during both the years. Regardless of time of foliar

spray, the maximum oil content (0.042 %) was recorded

with the foliar application of Ca(NO3)2 during 2011–2012;

nevertheless, during 2010–2011, the equal amount of oil

content (0.04 %) was recorded with KNO3, Ca(NO3)2, and

kinetin (Fig. 3b). The water spray control registered lowest

oil content (0.032 and 0.036 %) during both the cropping

seasons. However, irrespective of time of the foliar spray,

the yield of essential oil (kg ha-1) was significantly

(P B 0.05) influenced by the foliar application of different

concentrations of plant nutrients and plant hormone

(Fig. 3d). The maximum oil yield (1.925 and

1.588 kg ha-1) was recorded with the foliar application of

kinetin and Ca(NO3)2 during 2010–2011 and 2011–2012

cropping season, respectively.

Correlation matrix

The correlation matrix among the flower yield, yield

attributes, oil content, and oil yield of R. damascena

showed that the flower yield (g shoot-1) was significantly

(P B 0.05) and positively correlated with the diameter of

flower and weight of flower (g flower-1) with correlation

coefficients of 0.65 and 0.75, respectively (Table 2). Strong

correlation (r = 0.97, P B 0.01) was also found between

number of flowers (no. shoot-1) and flower yield

(g shoot-1). On the other hand, negative correlation

(r = - 0.42) was found between blind shoot (%) and

flower yield (g shoot-1). A significant (P B 0.05) and

positive correlation (r = 0.65) was found between flower

weight (g flower-1) and petal (no. flower-1). The oil

content in flower was positively correlated with the number

of flowers (r = 0.82, P B 0.01), diameter of flower

(r = 0.75, P B 0.05), and flower yield (r = 0.76,

P B 0.05). In this experiment, yield of essential oil was

positively and significantly correlated with the number of

flowers per shoot (r = 0.74, P B 0.05), flower weight
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(r = 0.77, P B 0.01), flower yield (r = 0.82, P B 0.01),

and oil content in the flowers (r = 0.73, P B 0.05).

Total Chl and NPK concentration in leaf

The total Chl content (mg g-1 fresh leaf) in the leaves of R.

damascena was significantly (P B 0.05) influenced by the

time of foliar spray during 2011–2012, and the maximum

total Chl content (2.92 mg g-1 fresh leaf) was recorded

with foliar spray at the flower bud appearance stage

(Table 3). On the other hand, the effects of different plant

nutrients and kinetin on total Chl content in leaves of R.

damascena were insignificant (P C 0.05) during both the

years. However, the application of kinetin registered about

13.06 and 8.18 % higher Chl content compared with the

water spray control during 2010–2011 and 2011–2012,

respectively.

The effect of time of foliar spray on total N content in

the leaves of R. damascena was insignificant (P C 0.05);

however, the foliar spray at the flower bud appearance

stage resulted in a marginal increase in N concentration in

the leaves during both the years (Table 3). Among the

nutritional and hormonal sprays, irrespective of time of

spray, the application of Ca(NO3)2 registered significantly

(P B 0.05) higher N content (25.9 mg g-1 dry leaf) in the

leaves compared with CuSO4�5H2O during 2010–2011

(Table 3). The trend of P accumulation in the leaves was

not clear; nevertheless, the lowest P content (1.8 and

Fig. 3 The effect of foliar spray

of plant nutrient and

phytohormones on the oil

content (%) and oil yield

(kg ha-1). The oil yield was

estimated based on oil content

recorded after hydro-distillation

using a Clevenger-type

apparatus. Vertical bars indicate

mean standard error (±) at

P = 0.05, and the vertical bars

with the same letter are

statistically at par (P C 0.05) in

the respective years

Table 2 Correlation matrix among yield component, yield and essential oil % in petals

Parameter Flower

(no. shoot-1)

Diameter of

flower (cm)

Petal

(no. flower-1)

Weight

(g flower-1)

Yield

(g shoot-1)

Blind

shoot (%)

Oil

content

(%)

Oil yield

(kg ha-1)

Flower (no. shoot-1) 1.00

Diameter of flower (cm) 0.76* 1.00

Petal (no. flower-1) 0.56 0.44 1.00

Weight (g flower-1) 0.57 0.11 0.65* 1.00

Yield (g shoot-1) 0.97** 0.65* 0.63 0.75* 1.00

Blind shoot (%) -0.47 -0.32 -0.52 -0.19 -0.42 1.00

Oil content (%) 0.82** 0.75* 0.57 0.35 0.76* 0.75* 1.00

Oil yield (kg ha-1) 0.74* 0.47 0.60 0.77** 0.82** -0.37 0.73* 1.00

The mean values of the 2-year polled data of the corresponding treatments are used (where N = 10)

* and ** indicate that the corresponding values are significant at P B 0.05 and P B 0.01, respectively
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1.1 mg g-1 dry leaf) was recorded with kinetin during both

the cropping seasons. The K content (mg g-1 dry leaf) in

the leaves was not significantly (P C 0.05) affected either

by the time of foliar spray or by different plant nutrients

and kinetin during both the years. However, irrespective of

time of foliar spray, the maximum K content (6.5 and

10.2 mg g-1 dry leaf) in the leaves was recorded with the

foliar application of KNO3. The interaction effects between

time of foliar spray and different concentrations of plant

nutrients and plant hormone on total Chl, N, P, and K

content in the leaves were insignificant (P C 0.05) during

2010–2011 and 2011–2012 (Table 3).

Compositions of oil

The compositions of essential oil of R. damascena were

noticeably influenced by the time of foliar spray and dif-

ferent concentrations of plant nutrients and kinetin. We

have identified and quantified a total of 32 compounds,

which contribute about 77–92 % of total volume of the

essential oil of R. damascena; nevertheless, only important

components are presented in Table 4. In this study, b-

citronellol and nerol, the most abundant compounds, were

collectively quantified for all treatments. The highest

quantity of b-citronellol ? nerol (31.42 and 33.5 %) was

recorded with the foliar application at the flower bud

appearance stage during both the cropping seasons. On the

other hand, nonadecane, the most represented hydrocarbon,

content (13.32 and 17.3 %) was low with the foliar appli-

cation at the flower bud appearance stage during

2010–2011 and 2011–2012 (Table 4).

In our experiment, the concentration of major com-

pounds of rose essential oil such as b-citronellol ? nerol,

linalool, b-myrcene, E-geraniol, germacrene D, nonade-

cane, eicosane, and heneicosane was also influenced by

different nutritional treatments and plant hormone

(Table 4). Flowers obtained from the water spray control

treatment produced substantially highest concentration

(38.05 and 38.85 %) of b-citronellol ? nerol during both

the years. The least quantity (22.95 %) of b-citronel-

lol ? nerol was recorded with the foliar application of

kinetin during 2010–2011, irrespective of the time of foliar

spray. Moreover, the foliar application of kinetin also

registered lowest percentage (13.6 and 14.5 %) of

E-geraniol during both the cropping seasons, while the

maximum quantity (19.7 %) of E-geraniol was found with

the foliar application of Ca(NO3)2 during 2010–2011. In

this study, nonadecane was the most represented hydro-

carbon, and accounted for approximately 11.05–21.9 % of

the total volume of the rose essential oil (Table 4). Irre-

spective of time of foliar spray, the highest levels of non-

adecane (20.65 and 21.90 %) and heneicosane (8.70 and

8.20 %) were recorded with the foliar application of kinetin

during both the cropping seasons, whereas the foliar spray

did not markedly influence the concentration of eicosane

during both the years (Table 4).

Table 3 Effect of plant nutrition and growth hormone on total chlorophyll, nitrogen, phosphorus and potassium content in the leaves of Rosa

damascena grown under western Himalayan region

Treatment Total chlorophyll

(mg g-1 fresh leaf

tissue)

Nitrogen

(mg g-1 dry leaf)

Phosphorus

(mg g-1 dry leaf)

Potassium

(mg g-1 dry leaf)

2010–2011 2011–2012 2010–2011 2011–2012 2010–2011 2011–2012 2010–2011 2011–2012

Time of spray (T)

Axillary bud development 2.32 2.68 24.0 22.4 2.5 1.2 4.3 9.6

Flower bud appearance 2.36 2.92 25.1 23.3 2.8 1.5 6.4 9.1

SEm (±) 0.08 0.06 0.6 0.6 0.3 0.08 0.9 0.6

CD (P = 0.05) NS 0.19 NS NS NS 0.2 NS NS

Plant nutrients (N)

Water spray control 2.22 2.69 24.6 21.3 2.5 1.4 2.8 9.0

KNO3 (5.0 g L-1) 2.32 2.77 24.9 23.5 2.8 1.3 6.5 10.2

Ca(NO3)2 (4.06 g L-1) 2.49 2.91 25.9 24.9 2.6 1.5 6.0 9.1

CuSO4�5H2O (2.0 g L-1) 2.16 2.71 21.5 22.0 3.3 1.5 6.2 9.9

Kinetin (0.20 g L-1) 2.51 2.91 25.6 22.6 1.8 1.1 5.1 8.5

SEm (±) 0.14 0.10 0.9 1.0 0.5 0.12 1.4 0.9

CD (P = 0.05) NS NS 2.6 NS NS NS NS NS

SEm (±) for interaction (T 9 N) 0.19 0.15 1.2 1.4 0.8 0.17 2.0 1.3

CD (P = 0.05) for interaction

(T 9 N)

NS NS NS NS NS NS NS NS
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Principal component analysis (PCA)

Multivariate analysis was performed by the means of

principal component analysis (PCA) using the set of 17

major compounds of essential oil of R. damascena. The

results from PCA revealed that the first two components,

PC1 and PC2, jointly explained 75.31 % of the total vari-

ation (Fig. 4). The PCA bi-plot indicated that there was no

distinct clustering among the treatment combinations.

However, the treatment S1N5 (foliar spray of kinetin at the

axillary bud development stage) was separated by the PC1

from the rest of the treatments and placed in the negative

end of the PC1. On the other hand, the treatments S1N1

(foliar spray of water spray control at the axillary bud

development stage), S2N1 (foliar spray of water spray

control at the flower bud appearance stage), and S2N2

(foliar spray of KNO3 at flower bud appearance stage) were

placed in the positive end of PC1; nevertheless, S1N1 is

separated from S2N1 and S2N2 by the PC2 (Fig. 4).

The relationships among the variables in the space of the

first two components (PC1 and PC2) and factor loadings

with PC1 and PC2 are also presented in Fig. 4. In this study,

PC1 has positive coefficients with thirteen variables [b-

myrcene (Var 1), linalool (Var 2), a-terpineol (Var 3), b-

citronellol ? nerol (Var 4), z-citral (Var 5), E-geraniol

(Var 6), E- citral (Var 7), geranyl acetate (Var 8),

E-caryophyllene (Var 9), a-guaiene (Var 10), a-humulene

(Var 11), germacrene D (Var 12), and E, E-a-farnesene

(Var 14)] and negative coefficients with four variables

[pentadecane (Var 13), nonadecane (Var 15), eicosane (Var

16), and heneicosane (Var 17)]. However, the loading

values of linalool (0.81), a-terpineol (0.87), b-citronel-

lol ? nerol (0.89), z-citral (0.91), and E-geraniol (0.92)

with PC1 were quite high (Fig. 4). Figure 4 also reveals

that nonadecane, eicosane, and heneicosane have almost

similar negative heavy loadings (-0.97, -0.94, and -0.96)

with PC1. Thus, it is clear that these three variables are

highly correlated with each other, and influenced by dif-

ferent treatments in a similar way.

Discussions

The results of this study showed that the number of flowers

(No. shoot-1) and flower yield (g shoot-1) of R. damas-

cena were significantly (P B 0.05) influenced by the foliar

application of different plant nutrients and kinetin under

acidic soil (Table 1). The foliar application at the flower

bud appearance stage produced 9.21–10.08 % higher

number of flowers compared with the foliar application at

axillary bud development. Though the diameter of flower

(cm) and weight (g flower-1) were not significantly

(P C 0.05) affected by the time of spray, the foliarT
a
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application at flower bud appearance stage registered

9.6–9.8 % higher flower yield, regardless of different plant

nutrients. This result may be due to the fact that the time of

exogenous nutrient supply at flower bud appearance stage

coincides with the critical nutrient requirement stage of R.

damascena. In most of the plants, the rate of nitrogen and

potassium uptakes is initially slow but reaches its peak

during flowering stage. It has been reported that the max-

imum N uptake rates for oilseeds during branching and

early bud formation, and total N accumulation have been

recorded to peak during the flowering stage (Jones et al.

2011). Moreover, spraying at the flower bud appearance

stage increased flower yield of R. damascena owing to

effective absorbance of nutrients and enhancement of

physiological activities. The foliar application of plant

nutrients ensures instant translocation of nutrients to vari-

ous plant parts through leaf tissues under various nutrient

deficiencies (Fageria et al. 2009). Thus, the foliar fertil-

ization is the most effective tool under the situations of low

soil nutrients bioavailability during the reproductive

growth stage of plants (Fageria et al. 2009). Sarkar and Pal

(2006) also reported that foliar spray of nitrate salts during

50 % flowering stage increased growth and yield of green

gram [Vigna radiata (L.) Wilczek] compared with the

control.

On the other hand, irrespective of time of foliar spray,

the maximum flower yield was recorded with the foliar

application of kinetin followed by foliar spray of

Ca(NO3)2. This result may be due to the fact that the

exogenous application of kinetin increases the endogenous

cytokinins level, which acts as a floral stimulus. Lynas

(1981) reported that cytokinins increased the number of

flowers in beans. It has also been reported that cytokinins

play an important role in floral stimulus in Sinapis alba L.

(Lejeune et al., 1988). On the other hand, Ca(NO3)2 sup-

plied Ca2? and NO3
- -N, which regulated many cellular

functions (Ward and Shroeder 1994) and enhanced enzyme

activities (Bush 1995). Furthermore, calcium protects the

plant under oxidative stress conditions through enhancing

the antioxidant enzyme activity (Gong et al. 1998; Jiang

and Huang 2001). Bernier et al. (1988) also reported that

flower development is dependent on nutrient supply, which

Fig. 4 Principal component analysis of the major compounds of rose

essential oil influenced by plant nutrients and kinetin. Principal

component 1 and 2 (PC1 and PC2) jointly explained 75.31 % of the

initial variability of the data. Loading scores of compounds (variable)

with PC1 and PC2 are presented in inset at upper left corner, whereas

eigenvalues are presented in lower left corner of the factor plane. The

case distributions (treatment combinations) are also presented in the

PCA bi-plots. S1 and S2 are the time of foliar spray at axillary bud

development stage and flower bud appearance stage, respectively,

whereas F1, F2, F3, F4, and F5 are denoting the spraying of water,

KNO3 at 5.0 g L-1, Ca(NO3)2 at 4.06 g L-1, CuSO4�5H2O at

2.0 g L-1, and kinetin at 0.20 g L-1, respectively. Var 1–17 are b-

myrcene, linalool, a-terpineol, b-citronellol ? nerol, z-citral,

E-geraniol, E-citral, geranyl acetate, E-caryophyllene, a-guaiene, a-

humulene, germacrene D, pentadecane, E, E-a-farnesene, nonade-

cane, eicosane, and heneicosane, respectively
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influences phytohormone balance and source sink rela-

tionship through the transport of photoassimilate. In this

study, total Chl concentration in the leaves was also higher

with kinetin- and Ca(NO3)2-treated plants. This was also a

possible cause to increase the maximum number of flowers

and flower yield because higher Chl concentration may

hasten photosynthetic activities and others physiological

processes related to plant growth and development. It has

been reported that kinetin application controls the Chl

breakdown in leaves (Fletcher 1969; Richmond and Lang

1957; Thimann 1985).

Though the application of Ca(NO3)2 at 4.06 g L-1 and

KNO3 at 5.0 g L-1 supplied equal amount of N (650 ppm),

a slightly higher flower yield was observed with Ca(NO3)2.

This result may be due to the effect of counter ion of Ca2?.

In this experiment, the application of CuSO4�5H2O at

2.0 g L-1 did not significantly (P C 0.05) influence on the

flower yield of R. damascena. Although Cu is an essential

nutrient for normal plant growth and development, it is also

potentially toxic at higher concentration. It has also been

reported that Cu in plants leads to oxidative stress inducing

changes in the activity and content of some components of

the biosynthetic pathways (De Vos et al. 1992; Foyer et al.

1994; Luna et al. 1994; Drazkiewicz et al. 2003).

In this experiment, the average oil content in the fresh

flower varied from 0.032 to 0.042 % depending upon the

time of foliar spray, nutrient treatment, and year (Fig. 3).

This variation of essential oil content (%) in the fresh

flower due to time of foliar spray and different plant

nutrients was not significant (P C 0.05) during both the

cropping seasons. However, the foliar spray at flower bud

appearance stage recorded marginally higher oil content

(%) during both the years (Fig. 3a). This result may be due

to the fact that the foliar application of plant nutrition at

flower bud appearance stage increases the bioavailability of

essential plant nutrients, which influences physiological

and enzymatic activities for essential oil synthesis. Fageria

et al. (2009) also reported that foliar fertilization is the

most useful under the situations of low nutrient bioavail-

ability in soil during the reproductive growth stage of

plants. Although the essential oil content in flower did not

show significant (P C 0.05) differences among the treat-

ments, higher value (0.042 %) was found with the

Ca(NO3)2 treatment during 2011–2012 cropping season

(Fig. 3b). The result may be due to the fact that the foliar

application of NO3
- with Ca2? enhances photosynthetic

pigments and N content in the leaves; this is confirmed

from the present investigation (Table 3). The beneficial

effects of Ca fertilization on yield of essential oil and the

composition of essential oil have been reported by several

workers (Suh and Park 2000; Dordas 2009).

On the other hand, the application of kinetin and

Ca(NO3)2 significantly (P B 0.05) increased oil yield

(kg ha-1) by about 56 and 33 %, regardless of the time of

foliar spray, compared with the water spray control treat-

ment during 2010–2011 and 2011–2012, respectively.

These results may be due to significant (P B 0.05) increase

in fresh flower yield coupled with higher oil content in

flower. It has been reported that the foliar application of

Ca(NO3)2 increases the yield of essential oil of Artemisia

dracunculus (Heidari et al. 2014) and Origanum vulgari

(Dordas 2009). Zheljazkov et al. (2010) also reported that

N application increased the oil yield of Mentha canadensis.

In contrast, kinetin controls the breakdown of Chl in leaves

(Richmond and Lang 1957; Fletcher 1969; Thimann 1985),

minimizes Chl losses (Mukherjee and Kumar 2007), and

suppresses senescence enzymes (Thimann 1980). How-

ever, the effects of kinetin and Ca(NO3)2 on the oil yield

(kg ha-1) were statistically (P C 0.05) at par during both

the cropping seasons.

The foliar application of different plant nutrients and

kinetin at flower bud appearance stage increased total Chl

content in leaves during both the cropping season. This

result might be due to efficient absorbance of plant nutri-

ents and kinetin through fully developed canopies. On the

other hand, among the plant nutrients and kinetin, the

maximum Chl content in leaves was recorded with kinetin.

These results may be due to the fact that the kinetin con-

trols the breakdown of Chl in leaves (Fletcher 1969;

Richmond and Lang 1957; Thimann 1985). The results are

in conformity with the findings of Venkatarayappa et al.

(1984) in Phaseolus vulgaris. Foliar application of NO3
-

with either Ca2? or K? also appreciably enhanced the

concentration of photosynthetic pigments in this study

because N is an essential component of green pigments of

plants (Lawlor 2002). Moreover, the role of counter ions

(Ca2? and K?) on formation of photosynthetic pigment has

been reported by many researchers (Tanaka and Tsuji

1980; Misra et al. 2001). In our experiment, regardless of

time of spray, foliar application of different plant nutrients,

kinetin did not alter the concentration of N, P, and K in the

leaves of R. damascena in 2011–2012 cropping season.

This result might be due to the dilution effect of nutrient

content (Pal et al. 2015). Nevertheless, during 2010–2011,

application of CuSO4
. 5H2O registered significantly

(P B 0.05) lower N content compared with the Ca(NO3)2.

This result may be due to the accumulation of toxic levels

of Cu in shoot tissues, which may have decreased Chl and

N content in leaves (Table 3). The concentration of K in

leaves was also increased marginally with the foliar

application of KNO3 compared to rest of the treatments.

The results are in conformity with the findings of Davies

et al. (2009) and Heidari et al. (2014).

Foliar application of plant nutrients and phytohormones

changes in percentage of major components of essential

oils have been reported in some medicinal and aromatic
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plant species such as oregano (Dordas 2009), French tar-

ragon (Heidari et al. 2014), and lemongrass (Zheljazkov

et al. 2011). The relative percentage of major compounds is

one of the important parameters to determine the quality of

rose oil. In this experiment, the foliar application of KNO3,

Ca(NO3)2, CuSO4�5H2O, and kinetin under acidic condi-

tion modified the percentage of major compounds of rose

oil. The foliar application of Ca(NO3)2 registered higher

percentage of b-citronellol ? nerol, linalool, z-citral, and

E-geraniol compared with the kinetin. On the other hand,

substantially higher amounts of hydrocarbons such as

nonadecane (20.65–21.90 %), eicosane (1.6–2.05 %), and

heneicosane (8.2–8.7 %) were recorded with the kinetin

treatment compared with rest of the treatments. However,

the PCA showed that higher amounts nonadecane, eico-

sane, and heneicosane were recorded with the kinetin

applied at axillary bud development stage. A high content

of hydrocarbons is not desirable for high-quality rose oil.

This result suggested that changes in compositions seem to

be a direct consequence of enzyme activities involved in

different metabolic pathways. Koeduka et al. (2006) also

reported that amino acid and enzymes play a key role in the

biosynthesis of several compounds, which are constituents

of essential oil. In this study, the percentage of major

compounds was varied over the year under all the treat-

ments. Thus, results indicated the presence of other factors,

which are also responsible to modify the composition of

essential oil of R. damascena.

Conclusion

The foliar application of different plant nutrients and

kinetin modulates the flowering behavior, flower and

essential oil yield, and profiling of secondary metabolites

of R. damascena under acid stress conditions. The foliar

spray at S2 stage increased flower yield by about 10.0 %

compared with foliar application at S1 stage. The applica-

tion of kinetin and Ca(NO3)2 produced about 23–39 % and

20.83–34.48 % higher flower yield compared with the

water spray control, respectively. Substantial variations in

composition of essential oil were also observed due to plant

nutrients and its time of application. The foliar application

of Ca(NO3)2 at 4.06 g L-1 and kinetin at 0.20 g L-1 at

flower bud appearance stage may be adopted to increase

the oil yield with maintaining the desired quality. However,

further studies are required to understand the role of other

factors, particularly environmental factors on the chemical

compositions of rose essential oil. Besides, standardization

of the Ca(NO3)2 and kinetin doses is also needed.
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