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Abstract 
During COVID-19 total lockdown situation, the previously established parental plants of Cymbopogon 
jwarancusa had favorable, unrestricted and equal chance of cross pollination among themselves. This was 
followed by undisturbed anemochory of spikelets, growth and development of progenies nearby the parental 
plants. The specific seasonal wind, blowing from north to south direction was responsible for fruitful dispersal of 
spikelets followed by their anchoring in soil, successful establishment amidst other weeds and vegetative 
luxuriance. Morphometric and chemometric analysis of twenty two characters in forty four progenies lead to the 
selection of seven putative candidate progenies viz. progenies - 3, 10, 13, 19, 34, 35 and 38 that performed better 
than the remaining selections in the population in their respective characters. The progeny-3 was relatively 
superior to the remaining six selections. 
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Introduction 
Cymbopogon jwarancusa (Jones) Schultz, family-Poaceae is a perennial C4 herb, having medicinal and aromatic 
properties. This bunchgrass grows luxuriantly as a weed in India and other adjoining countries. In the recent 
past, several researchers have come up with the use of this plant against ailments like vomiting, abdominal 
tumors, unconsciousness, blood impurities, skin problems etc. (Prasad et al., 2014; Kirtikar and Basu, 1982; 
Mahmud et al., 2002) [10, 5, 6]. Roots of this aromatic grass are useful in fever; root oil also gives relief in anti-
microbial and skin diseases (Mohammed et al., 2004) [7]. Particularly, the leaves of this plant are aromatic in 
nature and are widely used in soaps and perfumes. Piperitone is the common major compound found in the 
essential oil of leaves of this plant which is responsible for its characteristic aroma. Apart from the medicinal and 
aromatic uses, this grass is a good soil binder (anti-soil erosive) and plays a role in land reclamation. 
Cymbopogon jwarancusa has a short life cycle as it blooms within 3 months compared to other aromatic grasses 
of Cymbopogon genera (Sarkar et al., 2021; Sarkar, 2020; Sarkar 2021) [12, 11, 15]. Being a tussock forming 
dominant weed in monocots, it has higher viable seed production, easier dispersal mechanism of seeds 
(spikelets), moderately drought tolerant nature and better germination rates than other competitive weeds 
growing in the area. During its early growth phase or during shortage of fodder this aromatic grass is grazed by 
animals. Cymbopogon jwarancusa can adapt to different habitats which are evident by its various morphological 
and physiological features (Fatima et al., 2018; Perlikowski et al., 2019; Monteverdi et al., 2008; Ahmad et al., 
2016; Wasim and Naz, 2020; Khan et al., 2017; Al-Tawaha et al., 2017; Vanhees et al., 2020) [3, 9, 8, 1, 14, 4, 2, 13] 
most impressive among those are the adaptations for conserving water in its body. 
The year 2019 will be forever remembered for the outbreak of the global pandemic called COVID-19. The 
consequences of this pandemic elevated further in the year 2020 and did not spare even a single functional sector 
in the human society. Mankind witnessed a global lockdown that directly or indirectly affected one and all. By 
and large the research and development sector also had its share of disturbances as well. The present study is an 
incidental close observation analysis during the aftermath of COVID-19 lockdown situation on the undisturbed 
anemochory of spikelets and invasive nature of Cymbopogon jwarancusa, its establishment in soil amidst 
luxuriance of other weeds (Figure 1) and eventual development of vegetative and flowering stages to complete 
its life cycle. This study also aims at screening of better aromatic chemoprofile types compared to the already 
existing ones. 
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Fig 1: Complete lockdown during COVID-19 pandemic resulted in luxuriance of weeds in the earlier trial 
around the parent plants of Cymbopogon jwarancusa. 

 
Materials and Methods  
Plant material 
The plants of Cymbopogon jwarancusa were already available in the same experimental field trial at CSIR-IIIM 
Field Station, Chatha, Jammu, India which is described by Sarkar et al., 2021 [12]. Since, this was the only stock 
of plants of C. jwarancusa existing in the area, all other such new plants found growing nearby it were simply 
the progenies of the one existing in the trial. These new plants grew luxuriantly during COVID-19 lockdown. 
Forty four plants were selected for morphometric and chemometric analysis.  
 
Statistical analysis  
Morphometric observations (Figure 2) were recorded for statistical analysis from forty four selected plants with 
respect to twenty two important characters are as following: J1= Distance of spikelets dispersal (cm); J2 = Plant 
height (cm); J3 = Inflorescence length (cm); J4 = Number of inflorescence/clump; J5 = Leaf length (cm); J6 = 
Clump diameter (cm); J7 = Total inflorescence weight/clump (g); J8 = Total flowers weight/clump (g); J9 = 
Total inflorescence stalk weight/clump (g); J10 = Clump fresh weight (g); J11 = Clump dry weight (g); J12 = 
Foliar essential oil recovery (%); J13 = Inflorescence essential oil recovery (%); J14 = Flower length (cm); J15 = 
Flower width (cm); J16 = Node width of inflorescence stalk (cm); J17 = Weight of soil bound with roots (g); J18 
= D-Limonene (%); J19 = 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-trans (%); J20 = 2-Cyclohexen-1-ol, 
1-methyl-4-(1-methylethyl)-, cis- (%); J21 = 2-Carene (%); J22 = 4-Isopropyl-1-methylcyclohex-2-enol (%). 
The data were offered to statistical analysis using statistical software SPSS v26 for t-test and correlation analysis.  
 

 
 

Fig 2: Some characters associated with morphometric analysis: a- Inflorescence length (cm), b- Leaf length 
(cm), c- Node width of inflorescence stalk (cm), d- Flower length and width (cm). 
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Essential oil extraction and GCMS analysis  
To extract essential oil, 100 g fresh leaves were used for hydro-distillation for two hours in Clevenger type 
apparatus from each treatment. After cooling, the oil was separated from water and further dried using anhydrous 
Na2SO4. Percentage of essential oil was recorded on fresh weight basis. The extracted essential oil was stored in 
a sealed glass vial under refrigeration at 4◦C. The essential oil of each treatment was subjected to GC–MS 
analysis which was carried out on Agilent (S-80) series GC–MS equipped with a Combi Pal auto-sampler. The 
columns used were Agilent J &W DB-5 GC capillary column (30 m × 0.25 mm i.d., 0.25 μm) DB-5. Helium was 
used as the carrier gas with flow rate of 1 ml/min. 2 μl injection of sample was used for analysis. The column 
temperature was initially programmed at 60◦C held for 5 min and increased to 280◦C at 10◦C/min for 27 min 
through splitless mode. Injector and detector temperatures were 250◦C. The ionization energy was 70 eV and a 
mass range of 45–500 AMU. The management of the GC–MS system, parameter settings for GC and mass 
spectrometry, data receipt and processing were performed using Agilent Chemstation. The spectrums of the 
components were compared with the database of spectrum of known components stored in the NIST library 
(Figure 3a-e). 
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Fig 3a-e: GCMS chromatograms of essential oil of some progenies of Cymbopogon jwarancusa where, 
Compound A= D-Limonene; Compound B= 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-trans (%); 
Compound C= 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- (%); Compound D= 2-Carene (%); 

Compound E= 4-Isopropyl-1-methylcyclohex-2-enol. 
 
Results and discussion 
The imposition of complete lockdown due to COVID-19 situation has led to a minimum or no anthropogenic and 
cultural activity in and around the experimental trial site that has provided an undisturbed and conducive 
environment for unrestricted anemochory from the C. jwarancusa parent plants for nearly a year. Among the 
forty four progenies, two progenies established in the east, seven progenies established in the west, only one 
progeny established in the north, twenty progenies established in the south, six Progenies established in the 
south-west and five progenies established in the south-east direction of the already established parent plants of C. 
jwarancusa (Figure 4). 
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Fig 4: Establishment of Cymbopogon jwarancusa progenies on account of spikelet dispersal from the parental 
plants. 
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Unrestricted wind from all directions has helped in free dispersal of seeds (spikelets) during COVID-19 
lockdown, which resulted in the establishment and growth of new progenies of C. jwarancusa around the already 
existing mature plants present in the older experimental trial (Figure 5). As there was only one establishment of 
progeny in the north direction, it is evident that the seasonal wind coming from north towards all other directions 
was the most effective in dispersal of spikelets of C. jwarancusa. Moreover, the season of the year in which 
wind direction specifically stays from north to south proved to be the best time for germination of spikelets and 
their establishment as maximum viable progenies moved along north-south wind direction from the parent 
plants.  
It is impossible to derive complete understanding about the genetic background of each of these progenies as 
every parent had even opportunities to cross with other parent all around the year. However, it is clear that the 
progenies essentially have a very narrow genetic base, as a result of which a low genetic variability is almost 
certain.  
A total of forty four such progenies were sampled from the growing population which was studied with respect 
to twenty two morphometric and chemometric characters. 
 

 
 

Fig 5a-e: Unrestricted dispersal of Cymbopogon jwarancusa spikelets, their germination and growth into 
progeny plants amidst weeds. 

 
One sample t-test confirmed the presence of significant differences between all the characters (Table 1) in the 
progenies. The correlation analysis (Table 2) represented that the highest significant correlation of 0.997** 
existed between total inflorescence stalk weight(g) and total inflorescence weight/clump(g) followed by 0.905** 
between total flower weight/clump(g) and total inflorescence weight/clump(g); higher significant correlation of 
0.899** existed between clump dry weight(g) and clump fresh weight(g), 0.868** between total inflorescence 
stalk weight(g) and total flower weight/clump(g), 0.807** between clump diameter(cm) and number of 
inflorescence/clump; high significant correlation of 0.758** existed between clump fresh weight(g) and total 
inflorescence weight/clump(g), 0.750** between clump fresh weight(g) and total inflorescence stalk weight(g), 
0.726** between flower width(cm) and flower length(cm), 0.720** between clump fresh weight(g) and total 
flower weight/clump(g); medium significant correlation of 0.575** existed between total inflorescence 
weight/clump(g) and clump diameter(cm), 0.524** between number of inflorescence/clump and inflorescence 
length(cm), 0.523** between leaf length(cm) and plant height(cm), 0.417** between oil recovery from herb(%) 
and total inflorescence weight/clump(g), 0.414** between oil recovery from herb(%) and total flower 
weight/clump(g), 0.409** between oil recovery from herb(%) and total inflorescence stalk weight/clump(g). 
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Table 1: t-values of twenty two characters of forty four progenies of Cymbopogon jwarancusa. 
 

Sl No Traits t –value df = 43 
1 Distance of spikelets dispersal (cm) 11.134** 
2 Plant height(cm) 22.721** 
3 Inflorescence length (cm) 36.404** 
4 Number of inflorescence/clump 9.095** 
5 Leaf length(cm) 22.492** 
6 Clump diameter (cm) 14.175** 
7 Total inflorescence weight/clump (g) 8.143** 
8 Total flowers weight/clump (g) 7.121** 
9 Total inflorescence stalk weight/clump (g) 8.163** 

10 Clump fresh weight (g) 8.374** 
11 Clump dry weight (g) 8.082** 
12 Foliar essential oil recovery (%) 10.614** 
13 Inflorescence essential oil recovery (%) 5.132** 
14 Flower length (cm) 6.395** 
15 Flower width (cm) 5.816** 
16 Node width of inflorescence stalk (cm) 4.471** 
17 Weight of soil bound with roots (g) 3.775** 
18 D-Limonene (%) 4.914** 
19 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-trans (%) 6.798** 
20 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- (%) 6.128** 
21 2-Carene (%) 3.691** 
22 4-Isopropyl-1-methylcyclohex-2-enol (%) 2.071* 

* = p < 0.05, ** = p < 0.01, respectively. 
 
On the basis of individual performances of the progenies, the mean distances travelled by the spikelets was 
876.159cm however, progeny-20 travelled about 2023cm; mean plant height of the progenies were about 
57.05cm however, progeny-34 measured about 89cm; mean inflorescence length of the progenies were about 
151.72cm however, progeny-38 measured about 208cm; mean number of inflorescence/clump of the progenies 
were about 53.89 however, progeny-19 had about 126; mean leaf length of the progenies were about 33.33cm 
however, progeny-13 measured about 70cm; mean clump diameter, total inflorescence weight/clump, total 
inflorescence stalk weight/clump, clump fresh weight of the progenies were about 75.05cm, 227.56g, 195.85g 
and 158.73g respectively, however, progeny-3 exhibited highest records viz. 140cm, 811g, 721.79g and 504g 
respectively; maximum essential oil recovery from herbage of 0.75% was obtained from progeny-35 with respect 
to mean recovery of 0.32% and maximum essential oil recovery from inflorescence of 0.38% was obtained from 
progeny-10 with respect to mean recovery of 0.07%; maximum D-Limonene content of 5.35% and 2-Carene 
content of 11.95% was observed in progeny-38 compared to mean content of 1.38% and 1.89% respectively; 
maximum 4-Isopropyl-1-methylcyclohex-2-enol content of 32.57% was observed in progeny-19 compared to 
mean content 2.85% in progenies. 
The screening of putative progenies from the naturally growing population of C. jwarancusa largely depended 
on the performances of the studied characters in this study. The progenies 3, 10, 13, 19, 34, 35 and 38 performed 
better than the rest of the selections present in the population including check (parents) and are therefore superior 
selections. Further assessment in the form of a replicated trial will eventually lead to the selection of the best 
candidate among the seven selections in terms of morphometric and chemometric characters. 
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Table 2: Correlation matrix represented by twenty two characters and forty four progenies of Cymbopogon jwarancusa. 
 

 
Where, J1= Distance of spikelets dispersal (cm), J2=Plant height (cm), J3=Inflorescence length (cm), J4=Number of inflorescence/clump, J5=Leaf length (cm), J6=Clump diameter 
(cm), J7=Total inflorescence weight/clump (g), J8=Total flower weight/clump (g), J9=Total inflorescence stalk weight (g), J10=Clump fresh weight (g), J11=Clump dry weight (g), 
J12= Foliar essential oil recovery (%), J13= Inflorescence essential oil recovery (%), J14=Flower length (cm), J15=Flower width (cm), J16= Node width of inflorescence stalk (cm), 
J17=Soil bound with roots (g), J18=D-Limonene (%), J19=2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-trans (%), J20=2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- (%), 
J21=2-Carene (%), J22=4-Isopropyl-1-methylcyclohex-2-enol (%) 
 * = p < 0.05, ** = p < 0.01, respectively. 
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Conclusion 
The progenies 3, 10, 13, 19, 34, 35 and 38 performed better than the rest with respect to the specific characters 
like plant height, inflorescence length, number of inflorescence/clump, leaf length, clump diameter, total 
inflorescence weight/clump, total inflorescence stalk weight/clump, clump fresh weight, essential oil recovery 
from herbage and inflorescence and some secondary metabolite contents. Among the above seven selections, 
progeny-3 has better overall performance than the other six selections.  
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