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Ab s t r Ac t

Cymbopogon flexuosus and Cymbopogon winterianus are aromatic grasses, valued for essential oils. This study aims to develop propagation 
protocol for C. flexuosus and C. winterianus also evaluating transplanted seedling performance at altitudes ranging from 400 to 1900 
m in Uttarakhand, India. Stumps were sterilized using a solution of 1% tween 20 and 1% bavistin for 20 minutes. Twenty-five stumps 
in triplicates (10 cm in length) were used for each treatment. Organic fertilizers used were manure, organic compost, vermicompost, 
organic compost + vermicompost. Inorganic fertilizers used were urea (46 mg N kg-1), NPK (12-32–16 mg kg-1), DAP (18–46-0 mg kg-1), 
NPK+urea and DAP+urea. Auxins used were IAA, IBA and NAA at concentrations of 250, 500 and 1000 mg L-1.  The result indicates, that 
sprouting was 100% in C. flexuosus and C. winterianus. Plant growth of one year treated with DAP+urea exhibited maximum plant height 
(121.00, 115.33 cm), tiller/clump (107, 84), leaves/tiller (6.67, 7.33), and herbage weight/plant (1027.96, 990.67 g/plant) in C. flexuosus 
and C. winterianus respectively. Altitude and treatment showed significant growth response at p ≤ 0.05 in growth of C. flexuosus and C. 
winterianus. Maximum plant height (125.13, 125.00 cm), tillers/clump (115.33, 95.00), leaf area (4358.67, 5721 mm2), herbage weight/
plant (1200.93, 1227.85 g/plant) and seed number/plant (377.67, 311.33) was observed in DAP+urea at an altitude of 400 m. Root length 
(73.70; 70.60 cm) was maximum in NAA 250 mg L-1 at an altitude of 400 m in C. flexuosus and C. winterianus respectively. This study 
recommends use of DAP+urea for mass cultivation of each species at various altitudes and agro-climatic conditions, thereby ensuring 
efficient protocol for mass cultivation and genetic heterogeneity.
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In t r o d u c t I o n

India spans a diverse geographical expanse with wide variations 
in latitude, altitude, soil and microclimatic conditions. The 

Indian Himalayan region harbors approximately 8,000 vascular 
plants (Singh and Hajra, 1996), including 1,740 medicinal and 
aromatic plants (MAPs). Uttarakhand comprises about 701 
of these MAPs species that have been identified (Samant et 
al., 1998). This establishes India as a traditional producer and 
exporter of MAPs species. Aromatic plants are source of essential 
oils that are useful in different industries. Challenges such as 
the unavailability of aromatic plants in wild habitats, global 
scale rising demand, illegal trading, lack of information on 
crop productivity, and performance in different altitudes have 
increased the need for intensive agricultural studies (Roosta 
et al., 2017). This would lead to genetic improvement, and 
improved organized cultivation in diverse altitudes or regions 
of India and globally. 

Phenotypic plasticity refers to a genotype’s ability to 
express different phenotypes in heterogeneous environments 
(Mu et al., 2022). Plants exposed to various nutrient availability, 
altitude, light intensity, microclimate, and soil type can exhibit 
phenotypic plasticity (Wahl et al., 2001; Li et al., 2020; Ren et 
al., 2020). Studies have been performed on many aromatic 
plants in different altitudes (Steiner et al., 2012; Bakhtiari et 
al., 2019; Ren et al., 2020; Ramos et al., 2021; Mwithiga et al., 
2022). Seed production in Poa alpina is highest at low altitudes 
(Steiner et al., 2012). Plant growth and biomass production 
of Cardamine pratensis and Plantago major was higher in low 
altitude (Bakhtiari et al., 2019). Shoot length and biomass 

increase at high altitudes in Phragmites austalis (Ren et al., 
2020). Secondary metabolites and essential oil content of Piper 
gaudichaudianum and Cymbopogon flexuosus show variation 
in response to spatiotemporal differences (Ramos et al., 2021; 
Mwithiga et al., 2022). 

Cymbopogon (Family: Poaceae) is a genus of aromatic grasses, 
essential in the pharmaceutical, perfumery, cosmetic, and food 
industries. Cymbopogon can be found in the altitudional range 
of 1200 to 2800 m (Negi et al., 2018). The genus comprises 
144 species, distributed in tropical and subtropical regions 
of Asia, Africa and America (Khanuja et al., 2005). Some of the 
economically important species are C. flexuosus (East Indian 
lemongrass), C. winterianus (Citronella grass), C. citratus (West 
Indian lemongrass), and C. martini (Palmarosa) (Otify et al., 2022). 
Cymbopogon is primarily propagated through vegetative mode 
by tillers for cultivation, due to asynchronous flowering, fruiting, 
limited seed production and dispersal (Kumar et al., 2012).  These 
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grasses are demanded by several thousand tonnes globally, as 
they are rich sources of bioactive compounds and essential oils, 
such as lemongrass oil and citronella oil (Abdelsalam et al., 2023; 
Dangol et al., 2023). The overcollection, commercial utilization, 
and increased global scale demand cause Cymbopogon to a 
threat of extinction in wild (Abdelsalam et al., 2021). 

Protocol development by micropropagation of Cymbopogon 
is developed by somaclonal variation (Cornescu et al., 2023), 
suspension culture (Abdelsalam et al., 2023), rhizome culture 
(Bhattacharya et al., 2010) and somatic embryogenesis and 
organogenesis (Abdelsalam et al., 2022). But micropropagation 
is difficult to be performed in fields by growers. Despite the 
economic significance of the genus Cymbopogon, research 
is mainly concentrated on the essential oil content (Verma 
et al., 2020; Aungtikun et al., 2021). The application of Farm 
yard manure and NPK has increased the growth parameters 
of C. flexuosus (Momin and Gajbhiye, 2016). But previous 
studies have not assessed the extensive propagation protocol 
(Abdelsalam et al., 2021) and performance of raised seedlings 
on different altitudes of Uttarakhand, India (Negi et al., 2018). 
The study aims: (i) to develop a reliable propagation protocol 
for C. flexuous and C. winterianus (ii) to assess the phenotypic 
adaptability of transplanted seedlings in altitudes of varying 
climatic conditions.

MAt e r I A l An d Me t h o d s

The research was carried out at the Himalayan Botanical Garden 
in Khurpatal, Uttarakhand, India. The study site is located 
at (29°23’09’’ N) longitude and (79°26’02’’ E) latitude. The 
climate of Khurpatal is characterized by short summers, long 
cold and snowy winter with average max-min temperature 
ranging between (20.33–15.66°C). The study focused on the 
propagation for one year in which harvesting was done in 
March and September 2021, while the influence of climatic 
conditions and altitude on transplanted plants of C. flexuosus and 
C. winterianus were observed for the second year 2022. Raised 
seedlings were transplanted across three different altitudes 
(Fig. 1), Haldwani (400–524 m) representing the tropical zone, 
Bhujiyaghat (850–1000 m) representing the subtropical zone, 
and Khurpatal (1600–1900 m) representing the temperate zone, 
covering a range of climatic conditions (temperature, humidity 
and rainfall) (Table 1) (Fig. 1).

Potting mixture was prepared with air-dried soil that 
underwent fumigation using potassium permanganate and 
formalin. Subsequently, the soil was treated with a solution of 
insecticide (imidacloprid) and systemic fungicide (bavistin) in a 
1:10 ratio with water. The sterilized soil was then subjected to 
two distinct treatments: incorporation of various fertilizers as 
per experimental demands, and a control group that remained 

untreated. Planting material (stumps) was collected from the 
Forestry Training Institute (FTI) located in Haldwani during the 
months of June in 2020. Subsequently, the collected material was 
transported to the laboratory for further processing. The tillers 
were detached from the parent plant manually and leaves were 
removed using pruning scissors. To ensure uniformity, the stumps 
of both plant species were standardized to a height of 10 cm. 

To ensure aseptic conditions, the stumps underwent a 
sterilization process involving distinct agents: a nonionic 
detergent (1% tween 20) for a duration of 10 minutes and a 
fungicide solution (1% bavistin) for 20 minutes (Lodhiyal et 
al., 2023). Subsequent to sterilization, the stumps underwent 
rigorous washing with autoclaved double distilled water, and 
these prepared stumps were deemed suitable for use in the 
subsequent experimental procedures.

The experimentation was conducted within a controlled 
greenhouse environment, utilizing both polybags and earthen 
pots containing sterilized soil. The study was devised in 
accordance with a randomized block design (RBD), with each 
treatment group (organic fertilizers, inorganic fertilizers and 
auxins) consisting of twenty-five stumps in triplicates. These 
stumps were subsequently transplanted into pots, containing 
a soil mixture composed of soil, sand, and organic fertilizers 
in a ratio of 2:1:1. The organic fertilizers employed in the study 
encompassed manure, organic compost, vermicompost, and a 
combination of organic compost and vermicompost. Inorganic 
fertilizer regimen comprised urea (46% mg N kg-1), nitrogen-
phosphorus-potassium (NPK 12-32-16 mg N kg-1), di-ammonium 
phosphate (DAP 18-46-0 mg N kg-1), as well as combinations 
of NPK with urea and DAP with urea. The solution of inorganic 
fertilizers (IF) was prepared using autoclaved double distilled 
water. In addition, the 2 g L-1 solution of inorganic fertilizers 

Fig. 1: Map of the study area

Table 1: Meteorological data of study sites 

S.No Sites Annual Max temp (°C) Avg Min temp (°C) Avg RH Avg Rainfall (mm)

1. Haldwani 26.97 21.27 72.11 1.45

2. Bhujiyaghat 24.24 18.22 65.77 9.77

3. Khurpatal 20.33 15.76 22.45 30.78

*Avg.= Average, Max= Maximum, Min= Minimum, Temp= Temperature, Rh= Relative humidity. The meteorological data was collected from the 
forest training institute, Haldwani and GIC, Nainital
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were sprayed to the soil (Tanwar et al., 2014). Solutions of auxins 
were cautiously prepared within the laboratory environment. 
These solutions encompassed three distinct concentrations 
(250, 500, and 1000 mg L-1) of three auxins: indole-3-acetic acid 
(IAA), indole-3-butyric acid (IBA), and naphthalene acetic acid 
(NAA). The auxins were solubilized with 1.5% ethanol, and a 
resultant solution volume of 100 ml was attained through the 
addition of autoclaved double distilled water (Chauhan et al., 
2020). The prepared stumps were immersed in their respective 
auxin solutions for a period of 24 hours and maintained in green 
house (23–25°C).

Plant growth assessment encompassed a two-year 
monitoring period, conducted across both greenhouse and 
field conditions. Triplicate sets of seven randomly selected 
plants were diligently observed. These observations were 
conducted to quantify the growth dynamics of both C. flexuosus 
and C. winterianus across varied treatment conditions. Growth 
parameters such as the proportion of tiller bud induction/
vegetative growth were computed following (Lodhiyal et al., 
2023). Plant length (from soil surface to apical tip) and root length 
were recorded using a meter tape, while the enumeration of the 

Fig. 2: Tiller bud induction in Cymbopogon flexuosus and Cymbopogon 
winterianus  from 15-90 days (D= Days, C= Control, OF1= Manure, OF2= 
Organic compost, OF3= Vermicompost, OF2+3= Organic compost + 
vermicompost, IF1= Urea, IF2= NPK, IF3= DAP, IF1+2= Urea+NPK, IF1+3= 
Urea+DAP, A1= IAA 250 mg L -1, A2= IAA 500 mg L -1, A3= IAA 1000 mg 
L -1, A4= IBA 250 mg L -1, A5= IBA 500 mg L -1, A6= IBA 1000 mg L -1, A7= 

NAA 250 mg L -1, A8= NAA 500 mg L -1, A9= NAA 1000 mg L -1)

Fig. 4: Growth parameters of first and second harvest of Cymbopogon 
winterianus (C= Control, OF1= Manure, OF2= Organic compost, OF3= 

Vermicompost, OF2+3= Organic compost + vermicompost, IF1= 
Urea, IF2= NPK, IF3= DAP, IF1+2= Urea+NPK, IF1+3= Urea+DAP, A1= 
IAA 250 mg L -1, A2= IAA 500 mg L -1, A3= IAA 1000 mg L -1, A4= IBA 

250 mg L -1, A5= IBA 500 mg L -1, A6= IBA 1000 mg L -1, A7= NAA 250 
mg L -1, A8= NAA 500 mg L -1, A9= NAA 1000 mg L -1)

Fig. 3: Growth parameters of first and second harvest of Cymbopogon 
flexuosus (C= Control, OF1= Manure, OF2= Organic compost, OF3= 
Vermicompost, OF2+3= Organic compost + vermicompost, IF1= Urea, 
IF2= NPK, IF3= DAP, IF1+2= Urea+NPK, IF1+3= Urea+DAP, A1= IAA 250 
mg L -1, A2= IAA 500 mg L -1, A3= IAA 1000 mg L -1, A4= IBA 250 mg L 
-1, A5= IBA 500 mg L -1, A6= IBA 1000 mg L -1, A7= NAA 250 mg L -1, A8= 

NAA 500 mg L -1, A9= NAA 1000 mg L -1)
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Fig. 6: Growth parameters of transplanted seedlings of Cymbopogon 
winterianus in three sites (KTL= Khurpatal, 1900 m; BHG= Bhujiyaghat, 

900 m; HDW= Haldwani, 400 m)

number of tillers/clumps, number of leaves/tiller and number 
of seeds/plant were performed by direct counting. Herbage 
weight/plant was precisely determined by using an electronic 
weighing balance.

Statistical analysis
Data of plant species was represented in the graphical 
representation form which was computed using Microsoft 
excel. Triplicates of twenty-five stumps/replicate were used for 
analysis of growth parameters of C. flexuosus and C. winterianus. 
Statistical significance among the parameters were assessed by 
using one-way ANOVA (Analysis of variance) at (p < 0.05) through 
SPSS software version 23.0 (SPSS Inc., Chicago, USA). 

re s u lts

Results demonstrated promising outcomes, as all treatments 
induced tiller buds in Cymbopogon. The significant success 
rate of 100% tiller bud induction observed in C. flexuosus and 

Fig. 5: Growth parameters of transplanted seedlings of Cymbopogon 
flexuosus in three sites (KTL= Khurpatal, 1900 m; BHG= Bhujiyaghat, 

900 m; HDW= Haldwani, 400 m)

C. winterianus after thirty days using inorganic fertilizer (IF) 
combination DAP (diammonium phosphate) and urea (IF1+3). 
However, using a combination of vermicompost and organic 
compost (OF2+3) resulted in a more gradual release, inducing 
64 and 60% of tiller buds in both species, respectively (Fig. 2). 
Auxins contribute to a lower degree of growth stimulation in the 
induction of tiller buds when compared to OF and IF. This further 
highlights the efficacy of IF combination IF1+3. Moreover, it was 
observed that C. flexuosus displayed early tiller bud induction 
compared to C. winterianus. In 15 days, tiller bud induction 
reached 88% in C. flexuosus, while it was slightly lower at 64% 
in C. winterianus when treated with IF1+3. Specifically, in a span 
of 15 days, the control group exhibited a meager 16% tiller 
bud induction in C. flexuosus and only 48% of tiller buds were 
induced in 90 days. However, in C. winterianus in a span of 15 
days, the control group exhibited 16% tiller bud induction and 
only 44% of tiller buds were induced in 90 days. Treatments had 
a significant and greater effect on tiller bud induction (p ≤ 0.05) 
than the control (Table S1).
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The study included two harvests (March and September), 
within a greenhouse environment for one year. Application 
of IF, particularly IF1+3, resulted in significant improvements 
in growth of both species of Cymbopogon. Plant length (PL) 
(121.00, 115.33 cm), number of tillers per clump (T/C) (107.00, 
84), average leaves per tiller (L/T) (6.67, 7.33), and fresh herbage 
weight (FHW) (1027.96, 990.67 g/clump) were observed 
maximum in C. flexuosus and C. winterianus treated with IF1+3, 
surpassing the performance of other OF, IF, and auxins (Figs 3, 4). 
The OF2+3 demonstrated positive effects on herbage growth, 
highlighting their viability as an alternative to IF for stimulating 
grass growth. However, root length of C. flexuous (55.53 cm) and 
C. winterianus (51.00 cm) was maximum in stumps treated with 
NAA 250 mg L-1 (A7), respectively. Treatments had a significant 
and greater effect on growth parameters except root length (p 
≤ 0.05) than the control (Table S2, S3). These findings indicate 
the efficacy of IF1+3 in promoting herbage growth and A7 
in root growth. This highlights the importance of providing 
appropriate fertilization and hormonal treatments to optimize 
the growth and commercialization opportunities of lemongrass 
and citronella grass.

Seedlings raised up to the second harvest were transplanted 
at three different altitudes 400 m (Haldwani), 900 m (Bhujiyaghat), 
and 1900 m (Khurpatal). C. flexuosus and C. winterianus exhibited 
best growth response at an altitude of 400 m with respect 
to growth parameters (Figs 5, 6). Minimum growth response 
was observed at a high altitude of 1900 m. Altitudes and 
treatments had a significant and greater effect on the growth 
of transplanted seedling of both species (p ≤ 0.05) (Table S4, S5). 
PL and T/C shows variation from low to high altitude, induced 
maximum at 400 m when treated with IF1+3 and minimum 
response was observed in control condition at 1900 m. Control 
group exhibited the minimum herbage weight at three altitudes. 
RL (73.70, 70.63 cm) were formed maximum in plants at low 
altitudes when treated with NAA 250 mg L-1 in both species 
respectively. S/P were formed maximum in plants at low 
altitudes when treated with IF1+3 in both species respectively. 
These findings highlight the significance of proper fertilizer 
management in the cultivation of C. flexuosus and C. winterianus 
at various altitudes and agro-climatic conditions.

dI s c u s s I o n

Environmental conditions and growth regulators have an impact 
on the growth and chemical composition of a plant (Li et al., 
2020; Ren et al., 2020). The critical gap in existing literature, 
which includes propagation protocols for various altitudinal 
cultivation and adaptation, emphasizes the importance of this 
study. Bridging these gaps is critical for improving cultivation 
techniques and ecological understanding, thereby increasing 
the potential of Cymbopogon species at various altitudes. 

Effect of OF, IF and auxins on tiller bud induction
Present finding indicated that inorganic fertilizers had the 
best effectiveness at promoting the induction of tiller buds 
among all the treatments tested. Slow release of nutrients 
might be responsible for less tiller bud induction in C. flexuosus 
and C. winterianus by organic fertilizers as compared to 
inorganic fertilizers. On the other hand, Auxins contribute to 

a lower degree of stimulation in the induction of tiller buds as 
compared to organic fertilizer and inorganic fertilizer. Abbas 
and Saeid, (2012) and Khan et al., (2015) reported auxins (IBA 
and IAA) have no favorable effect on the tiller bud growth of 
C. flexuosus and C. martinii. Costa et al., (2020) stated urea and 
monobasic phosphate increase the tiller growth in C. winterianus. 
Ghatas and Mohamed, (2018) suggested the foliar spray of 
micronutrients like iron, manganese and zinc for the growth of 
tillers in C. citratus. Among the IF used in the experiment, DAP 
and urea mixture (IF1+3), was highly effective in promoting 
tiller buds. This can be due to the presence of nitrogen and 
phosphorus in DAP+Urea. Nutrient availability, fast release, and 
accumulation of nutrients in the apical tissues may have induced 
tiller buds and expedited plant growth by inorganic fertilizers 
(Wang et al., 2020). 

Effect of OF, IF and auxins on plant growth
Growth parameters such as; plant length, tiller/clump, leaves/
tiller and herbage weight/clump were induced maximum by 
foliar spray of 2% of DAP+Urea followed by response of other 
IF, OF and auxins in C. flexuosus and C. winterianus. These results 
are aligned with findings reported by (Mahrouk et al., 2018; 
Mensah et al., 2021; Mahmoud et al., 2023). A combined dose of 
NPK and compost tea maximally induced plant height, tillers/
clump, fresh and dry biomass and essential oil yeild (Mahrouk 
et al., 2018). Application of 5 tonnes/hectare of compost 
induced plant height, tiller/clump and dry herbage weight 
in C. schoenanthus, (Mensah et al., 2021). Deficiency of NPK 
and water level causes decline in shoot length, tillers growth, 
chlorosis (leaves discoloration), essential oil content and increase 
in proline content in C. winterianus (Mahmoud et al., 2023). 
Among the three varieties (Manjusha, Mandakini and Bio-13) of 
C. winterianus, Bio-13 induced the maximum herbage growth, 
essential oil content, and dry matter yield when treated with 
leaf compost (Prakash and Adholeya, 2004).

According to Mahrouk et al., (2018) and Costa et al., (2020), 
higher plant growth by combinatory mixture of nitrogen and 
phosphorus can be because of their physiological roles. Nitrogen 
is essential as a component of amino acids, enzymes, and critical 
energy transmissions molecules such as chlorophyll, ADP, 
and ATP. Phosphorus is also required for several fundamental 
metabolic processes in plants, such as cell division, glucose 
metabolism, photosynthesis, and biological oxidation. Root 
growth was maximally induced by the application of NAA 250 
mg L-1 in both species of Cymbopogon. This may be attributed 
to the effective utilization of carbohydrates and nitrogen by 
the use of auxins (Cline, 1996). Similar results were reported 
in other aromatic plants; Rosa damascena (Amal et al., 2022), 
Nepeta cataria (Allen et al., 2023) and Nerium odorum (Kumar 
et al., 2020). Auxins in concentration concentration-dependent 
manner are also effective in the seed development of both 
species of Cymbopogon. 

Effect of treatments and altitude on phenotypic 
plasticity of transplanted plants
The present study found that treatment and altitude with 
different climatic conditions strongly influenced the growth and 
reproduction of transplanted plants. Plants at low altitudes (400 
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m) showed maximum growth parameters of C. flexuosus and C. 
winterianus such as plant length, tillers per clump, and herbage 
weight per clump. Whereas comparatively less growth was 
observed in mid-altitude (900 m) and minimum in high altitude 
(1900 m). Similar findings in different geographical places were 
reported by (Kassahun et al., 2011 and Mwithiga et al., 2022; and 
Rathia et al., 2022). C. citratus grown at low altitudes in different 
regions of Ethiopia showed higher plant length, number of 
leaves per clump and number of tillers per clump (Kassahun et 
al., 2011). C. flexuous grown at mid and low altitudes in Kenya 
showed higher plant length, number of leaves per clump and 
number of tillers per clump whereas growth was lower at high 
altitudes (Mwithiga et al., 2022). 

Leaf area is an important parameter for determining the level 
of adaptation and acclimatization in a new habitat. Leaf area was 
found higher in low and mid-altitude. Effects of environment 
on leaf area were reported by previous researchers. Kassahun 
et al., (2011) observed highest number of leaves per plant of 
C. flexuosus at low altitudes in Ethiopia. Rathia et al., (2022) 
observed high variation in leaf length, leaf width, and leaf area 
of C. flexuosus collected from different districts of Chhattisgarh. 
Reproductive growth i.e. formation of a large number of flowers 
and seeds show a pivotal role of plant adaptability and survival in 
different altitude. Growth of seeds in low, mid and high altitude 
(400 m, 900 m, 1900 m) are the successful adaptive strategy of 
plants to survive in a new environment. However, Flowering 
and seed formation were not reported in C. schoenanthus by 
use of compost (Mensah et al., 2021). No study is been reported 
on the effects of altitude on seed formation of C. flexuosus and 
C. winterianus.

The findings could be attributed to the applied nutrients, 
transplantation at an altitudinal gradient, and microclimatic 
conditions like temperature, humidity and rainfall (Table 1). 
Soil condition of study sites could also be a possible reason for 
variation in morphological and reproductive traits. High altitude 
area (Khurpatal) is a rocky, mountainous region with poor soil 
conditions whereas low altitude area (Haldwani) comes under 
Terai region with comparatively better soil conditions (Tripathi 
et al., 2009). According to Abdusalam and Li, (2018) and Shaukat 
et al., (2018) reduced growth of plants at high altitudes may be 
an adaptation to environmental stress, short growing season 
and change in rate of tissue nutrient accumulation. Plant 
growth are associated with supplemented plant nutrients and 
environmental factors. Production of essential oil and secondary 
metabolites of Cymbopogon are also influenced by nutrients 
provided, altitude and microclimatic conditions (Mwithiga et al., 
2022). The present study did not provide information about the 
production of essential oil and secondary metabolites, therefore 
further study in this regard is suggested.

co n c lu s I o n

This study examined the impact of organic, and inorganic 
fertilizers, and auxins, on tiller bud induction and growth of 
C. flexuosus and C. winterianus. The effect of treatments and 
altitude, ranging from 400 to 1900 meters, was also factored 
into the evaluation of agronomic traits of both species. The 
results unequivocally demonstrate that the combination of 

diammonium phosphate (DAP) and urea outperformed other 
fertilizers and auxins. Furthermore, lower altitudes consistently 
yielded superior morphological and reproductive traits, while 
mid and high altitudes showed comparatively subdued growth. 
These findings show the importance of precise nutrient levels, 
soil conditions, microclimatic factors (temperature, humidity, 
rainfall), and altitude in fostering the growth of C. flexuosus and 
C. winterianus. This study provides invaluable insights into the 
potential for mass cultivation, extensive phenotypic adaptability, 
and the potential for agricultural diversification of these aromatic 
plants across diverse altitudes in Uttarakhand, India.

Ac k n ow l e d g M e n t

RG is thankful to the Botanical Survey of India, Kolkata and 
the Ministry of Environment, Forest and Climate Change, New 
Delhi for the financial support during the study (grant number- 
10/23/2018-CS/BG).

Au t h o r co n t r I b u t I o n

RG: Collection of plants, experiment performed, data collection, 
data analysis, graph making, data compilation, and writing 
of first original draft of manuscript, reviewing and editing; 
NL: Manuscript corrections and finalization; ST: Manuscript 
correction and finalization; NM: Preparation of figures, reviewing 
and plagiarism check.

co n f l I c t of In t e r e s t

The author declares that there is no conflict of interest

re f e r e n c e s
Abbas, S. M., & El-Saeid, H. M. (2012). Effects of some growth regulators on 

oil yield, growth and hormonal content of lemon grass (Cymbopogon 
citrates). Botanica Serbica, 36(2), 97-101.

Abdelsalam, A., Chowdhury, K., Boroujerdi, A., & El Bakry, A. (2023). Effect 
of stress hormones on the metabolome of a suspension culture of 
the aromatic medicinal plant Cymbopogon schoenanthus subsp. 
proximus. Plant Cell, Tissue and Organ Culture (PCTOC), 155, 1-27. 
https://doi.org/10.1007/s11240-023-02560-0

Abdelsalam, A., Chowdhury, K., Boroujerdi, A., & El-Bakry, A. (2022). 
Nuclear magnetic resonance characterizes metabolic differences 
in Cymbopogon schoenanthus subsp. proximus embryogenic and 
organogenic calli and their regenerated shoots. Plant Cell, Tissue 
and Organ Culture (PCTOC), 149, 225-241. https://doi.org/10.1007/
s11240-021-02202-3

Abdelsalam, A., Mahran, E., Chowdhury, K., Boroujerdi, A., & El-Bakry, A. 
(2021). Effect of exogenous methyl jasmonate on in vitro propagation, 
metabolic profiling and proximadiol production from Cymbopogon 
schoenanthus subsp. proximus. Plant Physiology Reports, 26, 548-
560. https://doi.org/10.1007/s40502-021-00608-x

Abdusalam, A., & Li, Q. (2018). Morphological Plasticity and Adaptation 
Level of Distylous Primula Nivalis in a Heterogeneous Alpine 
Environment. Plant Diversity, 40(6), 284–291. https://doi.org/10.1016/j.
pld.2018.11.003

Ahmad, K. S., Wazarat, A., Mehmood, A., Ahmad, M. S. A., Tahir, M. M., Nawaz, 
F., Ahmed, H., Zafar, M., & Ulfat, A. (2020). Adaptations in Imperata 
cylindrica (L.) Raeusch. and Cenchrus ciliaris L. for altitude tolerance. 
Biologia, 75, 183-198. https://doi.org/10.2478/s11756-019-00380-2

Allen, K. A., Nunes Gomes, E., Patel, H. K., & Simon, J. E. (2023). Vegetative 
Propagation of Nepeta cataria and the Inhibitory Effects of Its 
Essential Oil on the Adventitious Rooting of Cultivated Lamiaceae 
Species. Journal of Medicinally Active Plants, 12(2), 18-31. https://
doi.org/10.7275/yb2r-tn46



“Altitudional variation and effect of plant growth regulators on Cymbopogon sp.”

International Journal of Plant and Environment, Volume 9 Issue 4 (2023) 329

Amal, A., Abdelghani, T., Latifa, A., Amina, I., & Mimoun, M. (2022). Effects 
of cutting origin and exogenous auxin treatment on the rooting of 
Rosa damascena (Mill) cuttings from the M’goun-Dades valleys in 
Morocco. Arabian Journal of Medicinal and Aromatic Plants, 8(1), 
134-154. https://doi.org/10.48347/IMIST.PRSM/ajmap-v8i1.30674

Aungtikun, J., Soonwera, M., & Sittichok, S. (2021). Insecticidal synergy 
of essential oils from Cymbopogon citratus (Stapf.), Myristica 
fragrans (Houtt.), and Illicium verum Hook. f. and their major active 
constituents. Industrial Crops and Products, 164, 113386. https://doi.
org/10.1016/j.indcrop.2021.113386

Bakhtiari, M., Formenti, L., Caggìa, V., Glauser, G., & Rasmann, S. (2019). 
Variable effects on growth and defense traits for plant ecotypic 
differentiation and phenotypic plasticity along elevation gradients. 
Ecology and evolution, 9(7), 3740-3755. https://doi.org/10.1002/
ece3.4999

Bhattacharya, S., Bandopadhyay, T. K., & Ghosh, P. D. (2010). High frequency 
clonal propagation of Cymbopogon martinii var motia (palmarosa) 
through rhizome culture and true to type assessment using ISSR 
marker. Journal of Plant Biochemistry and Biotechnology, 19, 271-273. 
https://doi.org/10.1007/BF03263355

Chauhan, H. K., Bisht, A. K., Bhatt, I. D., & Bhatt, A. (2020). Protocol for 
vegetative propagation of Trillium govanianum Wall ex D. Don. 
Journal of Applied Research on Medicinal and Aromatic Plants, 16, 
100233. https://doi.org/10.1016/j.jarmap.2019.100233

Cline, M. G. (1996). Exogenous auxin effects on lateral bud outgrowth in 
decapitated shoots. Annals of Botany, 78(2), 255-266. https://doi.
org/10.1006/anbo.1996.0119

Da Costa, A. S. V., Hott, M. C., & Horn, A. H. (2020). Management of citronella 
(Cymbopogon winterianus Jowitt ex Bor) for the production of 
essential oils. SN Applied Sciences, 2, 2132. https://doi.org/10.1007/
s42452-020-03949-8

Duta-Cornescu, G., Constantin, N., Pojoga, D. M., Nicuta, D., & Simon-Gruita, 
A. (2023). Somaclonal variation—Advantage or disadvantage in 
micropropagation of the medicinal plants. International Journal of 
Molecular Sciences, 24(1), 838. https://doi.org/10.3390/ijms24010838

Dangol, S., Poudel, D. K., Ojha, P. K., Maharjan, S., Poudel, A., Satyal, R., 
Rokaya, A., Timsina, S., Dosoky, N. S., Satyal, P., & Setzer, W. N. 
(2023). Essential Oil Composition Analysis of Cymbopogon Species 
from Eastern Nepal by GC-MS and Chiral GC-MS, and Antimicrobial 
Activity of Some Major Compounds. Molecules, 28(2), 543. https://
doi.org/10.3390/molecules28020543

Ghatas, Y. A. A., & Mohamed, Y. F. Y. (2018). Influence of mineral, micro-
nutrients and lithovit on growth, oil productivity and volatile oil 
constituents of Cymbopogon citruts L. plants. Middle East Journal 
of Agriculture Research, 7(1), 162-174.

Kassahun, B. M., Mekonnen, S. A., Abedena, Z. T., Kidanemariam, H. G., 
Yalemtesfa, B., Atnafu, G., Melka, B., Mengesha, W. K., & da Silva, J. A. 
T. (2011). Performance of lemongrass (Cymbopogon citratus L.(DC) 
Stapf) agronomic and chemical traits in different agro-ecologies of 
Ethiopia. Medicinal and Aromatic Plant Science and Biotechnology, 
5(2), 133-138.

Khan, A. F., Mujeeb, F., Aha, F., & Farooqui, A. (2015). Effect of plant growth 
regulators on growth and essential oil content in palmarosa 
(Cymbopogon martinii). Asian J. Pharm. Clin. Res, 8(2), 373-376.

Khanuja, S. P. S., Shasany, A. K., Pawar, A., Lal, R. K., Darokar, M. P., Naqvi, A. 
A., Rajkumar, S., Sundaresan, V., Lal, N., & Kumar, S. (2005). Essential 
oil constituents and RAPD markers to establish species relationship in 
Cymbopogon Spreng. (Poaceae). Biochem. Syst. Ecol., 33(2), 171–186. 
https://doi.org/10.1016/j.bse.2004.06.011

Kheiry, A., Arghavani, M., & Khastoo, M. (2016). Effects of organic fertilizers 
application on morphophysiological characteristics of calendula 
(Calendula officinalis L.). Iranian Journal of Medicinal and Aromatic 
Plants Research, 31(6), 1047-1057. https://doi.org/10.22092/
ijmapr.2016.105893

Kumar, B., Verma, S. K., Ram, G., & Singh, H. P. (2012). Temperature relations 
for seed germination potential and seedling vigor in Palmarosa 
(Cymbopogon martinii). Journal of crop improvement, 26(6), 791-801. 
https://doi.org/10.1080/15427528.2012.689799

Kumar, S., Muraleedharan, A., Kamalakannan, S., Sudhagar, R., & 
Sanjeevkumar, K. (2020). Effect of rooting hormone on rooting and 

survival of Nerium (Nerium odorum L.) var. Pink single. Plant Archives, 
20(1), 3017-3019. 

Li, J., Fan, G., & He, Y. (2020). Predicting the current and future distribution 
of three Coptis herbs in China under climate change conditions, 
using the MaxEnt model and chemical analysis. Science of 
the Total Environment, 698, 134141. https://doi.org/10.1016/j.
scitotenv.2019.134141

Lodhiyal, L. S., Lodhiyal, N., Gupta, R., Tamta, S., Siddiqui, F., & Chauhan, 
H. K. 2023. Vegetative propagation of Berberis asiatica Roxb. Ex 
DC., Ginkgo biloba L., Rauvolfia serpentina (L.) Benth ex Kurz, and 
Rhododendron arboreum Sm. through stem cuttings. Journal of 
Applied Research on Medicinal and Aromatic Plants, 36, 100509. 
https://doi.org/10.1016/j.jarmap.2023.100509

Mahmoud, N., Abdou, M. A., Salaheldin, S., Soliman, W. S., & Abbas, A. 
M. (2023). The Impact of Irrigation Intervals and NPK/Yeast on 
the Vegetative Growth Characteristics and Essential Oil Content 
of Lemongrass. Horticulturae, 9(3), 365. https://doi.org/10.3390/
horticulturae9030365

Mehrotra, R., Lothe, N. B., & Verma, R. K. (2023). Comparative study on 
changes in biochemical constituents, yield and quality of lemongrass 
(Cymbopogon flexuosus) grown under different soil types. Archives 
of Agronomy and Soil Science, 69(14), 1-17. https://doi.org/10.1080/0
3650340.2023.2210082

Mahrouk, E. M., Abido, A. I., Radwan, F. I., Hamed, E. S., & El-Nagar, E. E. 
(2018). Vegetative growth and essential oil productivity of lemongrass 
(Cymbopogon citratus) as affected by NPK and some growth 
stimulators. Int J Bot Stud, 3(6), 48-55.

Mensah, E. J. A., Kindomihou, V., Tovignan, S., Saïdou, A., Vodouhè, D. 
S., Aiyelaagbe, I., & Sinsin, B. (2021). Agronomic Responses of 
Cymbopogon schoenanthus L. Spreng., a Sudanese Forage Grass 
Grown under Compost for a Bio-Ecological Pasture in the Southern 
Benin. European Journal of Biology and Biotechnology, 2(3), 64-69.

Momin, Y. D., & Gajbhiye, B. R. (2016). Influence of FYM and NPK Fertilization 
on Growth Characters of Lemongrass (Cymbopogon flexuosus). 
Advances in Life sciences, 5(12), 5360-5363.

Mu, Q., Guo, T., Li, X., & Yu, J. (2022). Phenotypic Plasticity in Plant 
Height Shaped by Interaction between Genetic Loci and Diurnal 
Temperature Range. New Phytol, 233, 1768–1779. https://doi.
org/10.1111/nph.17904

Mwithiga, G., Maina, S., Muturi, P., & Gitari, J. (2022). Lemongrass 
(Cymbopogon flexuosus) agronomic traits, oil yield and oil quality 
under different agro-ecological zones. Journal of Agriculture and 
Food Research, 10, 100422. https://doi.org/10.1016/j.jafr.2022.100422

Negi, V. S., Kewlani, P., Pathak, R., Bhatt, D., Bhatt, I. D., Rawal, R. S., Sundriyal, 
R. C., & Nandi, S. K. (2018). Criteria and indicators for promoting 
cultivation and conservation of medicinal and aromatic plants in 
Western Himalaya, India. Ecological indicators, 93, 434-446. https://
doi.org/10.1016/j.ecolind.2018.03.032

Otify, A. M., Serag, A., Porzel, A., Wessjohann, L. A., & Farag, M. A. (2022). 
NMR Metabolome-based classification of Cymbopogon species: A 
prospect for phyto-equivalency of its different accessions using 
chemometric tools. Food Analytical Methods, 15, 2095-2106. https://
doi.org/10.1007/s12161-022-02257-8

Prakash, A., & Adholeya, A. (2004). Effect of different organic manures/
composts on the herbage and essential oil yield of Cymbopogon 
winterianus and their influence on the native AM population in a 
marginal alfisol. Bioresource technology, 92(3), 311-319. https://doi.
org/10.1016/S0960-8524(03)00198-6

Ramos, Y. J., Gouvêa-Silva, J. G., de Brito Machado, D., Felisberto, J. S., Pereira, 
R. C., Sadgrove, N. J., & de Lima Moreira, D. (2023). Chemophenetic 
and chemodiversity approaches: New insights on modern study of 
plant secondary metabolite diversity at different spatiotemporal and 
organizational scales. Revista Brasileira de Farmacognosia 33, 49-72. 
https://doi.org/10.1007/s43450-022-00327-w

Ramos, Y. J., Costa-Oliveira, C. D., Candido-Fonseca, I., Queiroz, G. A. D., 
Guimarães, E. F., Defaveri, A. C. A. E., Sadgrove, N. J., & Moreira, D. 
D. L. (2021). Advanced chemophenetic analysis of essential oil from 
leaves of Piper gaudichaudianum Kunth (piperaceae) using a new 
reduction-oxidation index to explore seasonal and circadian rhythms. 
Plants, 10(10), 2116. https://doi.org/10.3390/plants10102116



“Altitudional variation and effect of plant growth regulators on Cymbopogon sp.”

International Journal of Plant and Environment, Volume 9 Issue 4 (2023)330

Rathia, S.K., Tirkey, A., Kashyap, D., & Ameen, G. (2022). Genetics control and 
phenotypic variability in morphological characters in Cymbopogon 
flexuosus. 11(7), 50-54.

Ren, L., Guo, X., Liu, S., Yu, T., Guo, W., Wang, R., Ye, S., Lambertini, C., Brix, 
H., & Eller, F. (2020). Intraspecific variation in Phragmites australis: 
Clinal adaption of functional traits and phenotypic plasticity vary 
with latitude of origin. Journal of Ecology, 108(6), 2531-2543.  https://
doi.org/10.1111/1365-2745.13401

Roosta, R. A., Moghaddasi, R., & Hosseini, S. S. (2017). Export target markets 
of medicinal and aromatic plants. Journal of applied research on 
medicinal and aromatic plants, 7, 84-88. https://doi.org/10.1016/j.
jarmap.2017.06.003

Samant, S. S., Dhar, U., & Palni, L. M. S. (1998). Medicinal Plants of Indian 
Himalaya. Gyanodaya Prakashan.

Scordia, D., Testa, G., Copani, V., Patanè, C., & Cosentino, S. L. (2017). 
Lignocellulosic biomass production of Mediterranean wild accessions 
(Oryzopsis miliacea, Cymbopogon hirtus, Sorghum halepense and 
Saccharum spontaneum) in a semi-arid environment. Field Crops 
Research, 214, 56-65. https://doi.org/10.1016/j.fcr.2017.08.019

Shaukat, K., Wahid, A., & Basra, S. M. (2018). Comparative changes in the 
nutrient status of two lemongrass populations in reciprocal swap 
arrangement: prospects for cross-locational adaptability and survival. 
Intl J Agric Biol, 20, 1533-1538.

Singh, D. K., & Hajra, P. K. (1996). Floristic diversity. In: Gujral, G.S., Sharma, V. 

(Eds.), Changing perspective of biodiversity status in the Himalaya. 
British council division, British high communication publication, 
Wildlife youth service, New Delhi, India. 22-38.

Thakur, N. S., Mohanty, S., Gunaga, R. P., & Gajbhiye, N. A. (2020). Melia dubia 
Cav. spatial geometries influence the growth, yield and essential oil 
principles content of Cymbopogon flexuosus (Nees Ex Steud.) W. 
Watson. Agroforestry Systems, 94, 985-995. https://doi.org/10.1007/
s10457-019-00465-6

Tripathi, P., Tewari, L., Tewari, A., Kumar, S., Pangtey, Y. P. S., & Tewari, G. 
(2009). Gymnosperms of Nainital. Report and opinion, 1(3), 82-104.

Verma, R. S., Verma, S. K., Tandon, S., Padalia, R. C., & Darokar, M. P. (2020). 
Chemical composition and antimicrobial activity of Java citronella 
(Cymbopogon winterianus Jowitt ex Bor) essential oil extracted by 
different methods. Journal of Essential Oil Research, 32(5), 449-455. 
https://doi.org/10.1080/10412905.2020.1787885

Wang, R., Qian, J., Fang, Z., & Tang, J. (2020). Transcriptomic and physiological 
analyses of rice seedlings under different nitrogen supplies provide 
insight into the regulation involved in axillary bud outgrowth. BMC 
plant biology, 20, 1-20. https://doi.org/10.1186/s12870-020-02409-0

Wahl, S., Ryser, P., & Edwards, P. J. (2001). Phenotypic plasticity of grass root 
anatomy in response to light intensity and nutrient supply. Annals 
of Botany, 88(6), 1071-1078. https://doi.org/10.1006/anbo.2001.1551

Westoby, M., & Wright, I. J. (2002). Land-Plant Ecology on the Basis of 
Functional Traits. Trends Ecol. Evol, 21(5), 261–268.    

.su p p l e M e n tA ry tA b l e s

Table S1: Level of significance of stumps sprouting by using one-way ANOVA 

Days
SS

Cymbopogon flexuosus Cymbopogon winterianus

df Mean square f Sig. SS df Mean square f Sig.

15 BG 1887.47 18 104.86 21.89 .00 1621.26 18 90.07 47.53 .00

WG 182.00 38 4.78 72.00 38 1.89

Total 2069.47 56 1693.26 56

30 BG 2300.21 18 127.78 27.28 .00 2359.57 18 141.08 43.94 .00

WG 178.00 38 4.68 122.00 38 3.21

Total 2478.21 56 2661.57 56

45 BG 1373.05 18 76.28 14.94 .00 1243.57 18 69.08 16.61 .00

WG 194.00 38 5.10 158.00 38 4.15

Total 1567.05 56 1401.57 56

60 BG 1373.05 18 76.28 14.94 .00 1243.57 18 69.08 16.61 .00

WG 194.00 38 5.10 158.00 38 4.15

Total 1567.05 56 1401.57 56

75 BG 1373.05 18 76.28 14.94 .00 1243.57 18 69.08 16.61 .00

WG 194.00 38 5.10 158.00 38 4.15

Total 1567.05 56 1401.57 56

90 BG 1373.05 18 76.28 14.94 .00 1243.57 18 69.08 16.61 .00

WG 194.00 38 5.10 158.00 38 4.15

Total 1567.05 56 1401.57 56

* signifies that the treatments were significant or non-significant for growth parameter at level of Significance p ≤ 0.05 where SS= Sum of 
squares, BG= Between groups, WG= Within groups
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Table S2: Level of significance of Cymbopogon. flexuosus (6, 12 month) by using one-way ANOVA

Growth
parameters
SS

First harvest Second harvest

df Mean 
square f Sig. SS df Mean 

square f Sig.

PL BG 15986.55 18 888.14 5.95 .00 19832.77 18 1101.82 6.39 .00

WG 5671.61 38 149.25 6544.48 38 172.22

Total 21658.17 56 26377.26 56

T/C BG 14099.71 18 783.31 7.66 .00 14358.84 18 797.71 6.34 .00

WG 3884.00 38 102.21 4778.66 38 125.75

Total 17983.71 56 19137.50 56

L/T BG 37.05 18 2.05 4.19 .00 53.05 18 2.94 6.72 .00

WG 18.66 38 0.49 16.66 38 0.43

Total 55.71 56 69.71 56

RL BG 769.08 18 42.72 1.40 .18 1241.91 18 68.99 1.41 .18

WG 1157.41 38 30.45 1857.56 38 48.88

Total 1926.50 56 3099.48 56

FHW BG 2004679.29 18 111371.07 103.17 .00 2020864.56 18 112270.25 100.17 .00

WG 41017.39 38 1079.40 42586.72 38 1120.70

Total 2045696.68 56 2063451.29 56

*This table signifies that the treatments were significant or non-significant for growth parameter at level of Significance p ≤ 0.05 where SS= 
Sum of squares, BG= Between groups, WG= Within groups; PL= Plant length, T/C= Tiller per clump, L/T= Leaves per tiller, RL= Root length, 
FHW= Fresh herbage weight

Table S3: Level of significance of Cymbopogon winterianus (6, 12 month) by using one-way ANOVA

Growth
parameters
SS

First harvest Second harvest

df Mean 
square f Sig. SS df Mean 

square f Sig.

PL BG 17268.36 18 935.35 19.09 .00 19386.84 18 1077.04 30.76 .00

WG 1908.97 38 50.23 1330.30 38 35.00

Total 19177.33 56 20717.15 56

T/C BG 8014.21 18 445.23 14.76 .00 8225.57 18 456.97 6.99 .00

WG 1146.00 38 30.15 2484.00 38 65.36

Total 9160.21 56 10709.57 56

L/T BG 85.71 18 4.76 22.62 .00 92.03 18 5.11 32.38 .00

WG 8.00 38 0.21 6.00 38 0.15

Total 93.71 56 98.03 56

RL BG 833.74 18 46.31 1.75 .07 1175.35 18 65.29 2.38 .09

WG 1004.47 38 26.43 1042.44 38 27.43

Total 1838.21 56 2217.80 56

FHW BG 1834864.92 18 101936.94 216.02 .00 1969920.63 18 109440.03 142.07 .00

WG 17930.94 38 471.86 29271.02 38 770.29

Total 1852795.97 56 1999191.66 56

*This table signifies that the treatments were significant or non-significant for growth parameter at level of Significance p ≤ 0.05 where SS= 
Sum of squares, BG= Between groups, WG= Within groups; PL= Plant length, T/C= Tiller per clump, L/T= Leaves per tiller, RL= Root length, 
FHW= Fresh herbage weight
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Table S5: Level of significance of growth parameters of Cymbopogon winterianus by effect of replicates, treatments and altitudes using one-
way ANOVA

Growth 
parameters
SS

Replicates Treatments Altitudes

df Mean 
square f Sig. SS df Mean 

square f Sig. SS df Mean 
square f Sig.

PL BG 67601.24 56 1207.16 2.90 .00 62278.31 18 3459.90 9.96 .00 5147.22 2 2573.61 3.93 .02

WG 47451.95 114 416.24 52774.88 152 347.20 109905.97 168 654.20

Total 115053.1 170 115053.19 170 115053.19 170

T/C BG 29629.52 56 529.09 4.00 .00 26439.29 18 1468.85 12.23 .00 3136.04 2 1568.02 6.34 .00

WG 15059.33 114 132.09 18249.55 152 120.06 41552.80 168 247.33

Total 44688.85 170 44688.85 170 44688.85 170

LA BG 3.237E7 56 578086.7 38.5 .00 2.295E7 18 1274770.7 17.39 .00 8686846.7 2 4343423.3 28.7 .00

WG 1709768 114 14997.96 1.114E7 152 73268.10 2.540E7 168 151165.34

Total 3.408E7 170 3.408E7 170 3.408E7 170

RL BG 6866.86 56 122.62 2.17 .00 3382.37 18 187.91 2.88 .00 3124.36 2 1562.18 25.7 .00

WG 6434.00 114 56.43 9918.49 152 65.23 10176.51 168 60.57

Total 13300.87 170 13300.87 170 13300.87 170

FHY BG 6252821 56 111657.5 10.1 .00 5945953.12 18 330330.72 32.10 .00 285595.74 2 142797.87 3.32 .03

WG 1256885 114 11025.30 1563753.69 152 10287.85 7224111.0 168 43000.66

Total 7509706 170 7509706.81 170 7509706.8 170

SP BG 471446.4 56 8418.68 4.12 .00 376201.34 18 20900.07 9.69 .00 85827.61 2 42913.80 11.6 .00

WG 232431.3 114 2038.87 327676.44 152 2155.76 618050.17 168 3678.87

Total 703877.7 170 703877.78 170 703877.78 170

*This table signifies that the treatments, altitudes were significant or non-significant for growth parameter at level of Significance p ≤ 0.05 
where SS= Sum of squares, BG= Between groups, WG= Within groups; SL= Shoot length, RL= Root length, LA= Leaf area, BP= Berry per plant, 
SB= Seeds per berry.

Table S4: Level of significance of growth parameters of Cymbopogon flexuosus by effect of replicates, treatments and altitudes using one-way 
ANOVA

Growth 
parameters
SS

Replicates Treatments Altitudes

df Mean 
square f Sig. SS df Mean 

square f Sig. SS df Mean 
square f Sig.

PL BG 59955.04 56 1070.62 6.61 .00 58812.87 18 3267.38 25.35 .00 4366.68 2 2183.34 4.60 0.01

WG 18447.40 114 161.81 19589.58 152 128.87 79580.39 168 473.69

Total 78402.45 170 78402.45 170 83947.07 170

T/C BG 117568.5 56 2099.43 20.4 .00 46747.88 18 2597.10 4.78 .00 67172.97 2 33586.4 90.84 0.00

WG 11713.01 114 102.74 82533.65 152 542.98 62108.55 168 369.69

Total 129281.5 170 129281.53 170 129281.5 170

LA BG 3.77 56 674371.7 47.5 .00 2.71 18 1505832.6 18.64 .00 1.04 2 5211398 30.23 0.00

WG 1615330 114 14169.56 1.22 152 80757.63 2.89 168 172365.1

Total 3.93 170 3.93 170 3.93 170

RL BG 6856.95 56 122.44 1.88 .00 3415.79 18 189.76 2.65 .00 3006.54 2 1503.27 22.43 0.00

WG 7405.95 114 64.96 10847.11 152 71.36 11256.36 168 67.00

Total 14262.90 170 14262.90 170 14262.90 170

FHY BG 6350022 56 113393.2 11.9 .00 5889223.87 18 327179.10 32.20 .00 454439.5 2 227219.7 5.47 0.00

WG 1083363 114 9503.18 1544162.35 152 10158.96 6978946 168 41541.34

Total 7433386 170 7433386.22 170 7433386 170

SP BG 695734.1 56 12423.82 4.30 .00 603515.07 18 33528.61 12.09 .00 86196.92 2 43098.46 7.71 0.00

WG 329254.0 114 2888.19 421473.11 152 2772.84 938791.2 168 5588.04

Total 1024988 170 1024988.18 170 1024988 170

*This table signifies that the treatments, altitudes were significant or non-significant for growth parameter at level of Significance p ≤ 0.05 
where SS= Sum of squares, BG= Between groups, WG= Within groups; SL= Shoot length, RL= Root length, LA= Leaf area, BP= Berry per plant, 
SB= Seeds per berry.


