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Abstract 
Melon thrips, Thrips palmi Karny (Family: Thripidae; Order: Thysanoptera) is a polyphagous pest and 

mainly infest on Solanaceae, Cucurbitaceae and Leguminosae plants in tropical countries. An exploratory 

study was conducted to comprehend the changes in volatile profile of healthy and Watermelon Bud 

Necrosis Virus (WBNV) infected watermelon plants responsible for thrips attraction. Headspace VOCs 

emitted from healthy and WBNV infected plants were collected with volatile collection chamber and 

analyzed by Gas chromatography coupled to mass spectrometry. Host volatiles recorded with higher area 

percent influence strong induction of volatiles among other volatiles. The results showed Nonadecane 

recorded from healthy plants and Piperazine & 2-Pentene, 4,4-dimethyl from WBNV infected plants 

conveys higher area percent over other volatiles. Majority of host volatiles recorded from both healthy 

and infected plants belongs to hydrocarbon group of VOCs. 

 

Keywords: Thrips, vector-virus-host interactions, WBNV, Watermelon bud necrosis virus, VOCs, 

volatile organic compounds 

 

Introduction 

Watermelon (Citrullus lanatus, Family: Cucurbitaceae), a vine like flowering plant originated 

from West Africa. It is an economically important fruit crop besides good source of lycopene 

and citrulline. Lycopene is a carotenoid, has antioxidant properties [1] and citrulline is a non-

essential amino acid found rich in rind of water melon it helps the athletic ability and 

strengthening of immune system in human being [20]. 

Melon thrips, Thrips palmi was been recorded on tobacco plants in Sumatra during 1925 and 

later it spread to all the tropical countries as invasive pest [18]. It acts as direct as well as 

indirect pest. As direct pest, both adult and nymphs feeds on the lower surface of the leaves 

that leads to silvering of leaves along the midrib, stunted growth and severe cases plants show 

bronzed appearance [2]. 

Plants infected with pathogen, regulates the release of Volatile Organic Compounds (VOCs) 

which attracts the vector of pathogen and enhance the transmission and spread of virus [4]. 

Plant virus can induce changes in host plants via, changes in nutrition or VOC, that causes the 

vector to prefer more on virus infected plants compared to non-infected plants [7, 25, 3, 16, 17, 22]. 

The preference of thrips toward infected plants was influenced due to release of VOCs [14]. 

Insect vector favors more towards virus infected plants than on healthy plants [8, 11, 12, 13, 21]. 

Myzus persicae were attracted to volatiles produced from Potato leaf roll virus (PLRV) 

infected plants [7]. 

Our overall objective was to identify the host volatiles changes associated with Watermelon 

Bud Necrosis Virus (WBNV) infected and non-infected watermelon plants which will be 

responsible for attraction of vectors. 

 

Materials and Methods 

Test plants for volatile extraction 

Healthy plants: Healthy watermelon plants were grown in small pots and maintained in 4” 

plastic pots containing mixture of (Sand: compost: Loamy soil) in the ratio 1:2:1 enclosed by 

insect proof bugdorm at growth chamber at 25 ± 10C. Two weeks year old watermelon plants 

are chosen for volatile collection. 
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Infected plants 

The infected watermelon, Citrullus lanatus showing typical 

symptoms of WBNV like stunted growth, chlorosis, bud 

necrosis, stem pitting, stem necrosis, leaf mottling, bronzing 

and drying of leaves [10, 24] were collected from field and used 

as the source of virus inoculum. Samples were collected in re-

sealable plastic bags and mechanical inoculation [9] was done 

for virus maintenance in two leaf stage healthy watermelon 

plants. One to two seeds were sown in 4” plastic pots 

containing mixture of (Sand: compost: Loamy soil) in the 

ratio 1:2:1 and seedlings were maintained in insect proof 

bugdorm at screenhouse conditions of 28-300C and 70-80% 

RH. One gram of WBNV infected leaf samples were 

macerated using 0.1M phosphate buffer adjusted to pH 7 

under refrigerated condition. Buffer was prepared by stirring 

(6.15 ml+3.85ml) of KH2 PO4 and K2HPO4 and make upto 

100ml. Then, 0.3g of Sodium sulphate (Na2SO4) and 0.01M 

2-mercaptoethanol was added to it. Mechanical inoculation 

was done by swabbing the virus inoculum on two leaf stage 

watermelon plant during the early morning or evening hours. 

Before swabbing the inoculum to the leaves, injury was 

caused with small amount of abrasives namely, 1% celite 545 

and Carborundum 320 grit (Fisher scientific, USA). 2-3 

minutes after swabbing the inoculum to the leaves, washed 

with distilled water. During swabbing care was taken to avoid 

injury to the leaves and then inoculated plants were kept 

inside the insect proof bugdorm with label for providing ideal 

condition for establishment of virus. 7-10 after inoculation 

plants will express the symptom of virus infection. 2-week-

old virus inoculated plants were selected for volatile 

collection. 

 

VOC Analysis and quantification 

HPLC grade Dichloromethane was used as solvent for 

extraction of VOCs. Before collection, the volatile collection 

chamber was wiped with DCM. Plant pot containing soil was 

covered with aluminium foil sheet to prevent any deviation 

from volatiles. Then the watermelon plant was kept inside the 

volatile collection chamber which was connected to push and 

pull motor using tubes on left and right sides of chamber with 

light source at the top (Figure 1). During volatile collection, 

the compressed air filtered with activated carbon was passed 

through the inert tube at flow rate of 300 cm3 / min to the 

chamber. The existing air was trapped inside the Porapak Q 

sorbent tube that was connected to the outlet of chamber. 

Then the entrapped air was eluted from porapak using HPLC 

grade DCM at 500µl. Eluted samples were analysed using 

GCMS instrument for volatile profile analysis [23]. 

Gas chromatography-Mass spectrometry (Agilent 

technologies- 7890B GC interfaced with Agilent 5977B mass 

selective detector) was used for injection of sample, 

separation and detection of VOCs using autosampler. About 

500µl of eluent (plant volatile extracts) were injected using 

the autosampler into the GC inlet port. GC column was a 30m 

length DB-5MS fused silica capillary with 0.25 mm internal 

diameter. The carrier gas used was Helium (99.999% purity) 

maintained at a flow rate of 1 mL/min with 12.445 psi column 

head pressure. Sample was injected at 250 ⁰C temperature 

with split mode of 5:1 at a volume of 500 µl with 280 ⁰C 

transfer line temperature, 230°C ion source temperature and 

150 ⁰C quadrapole temperature. Total run time for each 

sample was 42 min per sample. The oven temperature was 

initially 60°C for 2 min, then increased to 230°C at 5°C/min 

and then finally raised to 280°C at 20°C/min which was held 

for 21 min. Peaks of plant extract constituents were identified 

based on the retention data and comparison with spectral 

matches in the National Institute of Standards and Technology 

mas spectra (NIST) library database and published kovats 

indices. 

 

Results 

Headspace VOCs emitted from healthy and WBNV 

infected watermelon plants 

The GC-MS analysis of changes in the volatile emission of 

Healthy and WBNV infected Watermelon plants (Fig 2) were 

studied. Total headspace volatile compounds emitted from 

both the plants were trapped and documented (Table 1). 

Totally six classes of VOCs viz; Aldehyde, Hydrocarbon, 

Ketone, Amine, Acyclic olefins, and Alcohol were 

documented from both Healthy and WBNV infected 

Watermelon plants (Figure 3 & 4). Among them there was a 

strong induction of class Hydrocarbon from both Healthy 

(Hydrocarbon- 58%) and WBNV infected (Hydrocarbon- 

46%) Watermelon plants.  

VOCs emitted from Healthy watermelon plants documented 

were Nonanal (0.09), Decanal (0.08), 2-Undecenal (0.15), 

Dodecanal (0.14), Piperazine (0.01), Nonadecane (0.90), 

Pentadecane (0.22), Dodecane (0.12), Undecane (0.12), 2-

Dodecanone (0.10), 2-Undecanone (0.12), 1,6-

Dioxacyclododecane-7,12-dione (0.31).  

VOCs from WBNV infected plants documented were 

Pyrazinamine (0.02), Benzenamine 2-methyl-3,5-dinitro- 

(0.03), Decanal (0.12), Dodecanal (0.10), 13-

Methyltetradecanal (0.17), Piperazine (0.76), Nonadecane 

(0.08), Pentadecane (0.26), Dodecane (0.10), Undecane 

(0.20), 2,4-Hexadiyne (0.13), Tricosane (0.15), 1,6-

Dioxacyclododecane-7,12-dione (0.23), 2-Pentene, 4,4-

dimethyl- (0.80), 5-Isoxazolol (0.09), 2-Coumaranone (0.08), 

2-Pentanamine (0.10), 2-Decen-1-ol, (E)- (0.17), 

Norpseudoephedrine (0.02). 

PCA analysis of 24 compounds from healthy and WBNV 

infected watermelon plants reveals the strong induction of 

compounds among them (Figure 6). Total 24 compounds 

were numbered and plotted. It shows that the compound 

number 9 (Nonadecane) from healthy watermelon and 

compound numbers 8 (Piperazine) and 18 (2-Pentene, 4,4-

dimethyl-) from WBNV infected watermelon plant have 

strong induction of VOCs emitted compared to other 

compounds. 

Heat map analysis (Figure 5) of area percent of volatiles 

detected from healthy and infected watermelon shows three 

compounds have strong induction of volatiles compared to 

other compounds. Nonadecane from healthy and Piperazine & 

2-Pentene, 4,4-dimethyl- from infected plants reveals strong 

induction of volatiles through colour chart. 

 

Discussion  

The intact headspace analysis of WBNV infected and healthy 

watermelon plants showed differences in their VOC 

emissions (Figures 2, 5, & 6). This may be due to the altered 

physiology of the plant after virus infection and those cues 

from VOCs would be used by the herbivore for host selection 

process. These volatiles are very specific in function and 

varies with age, phenotype and genotype of the plant [6].  

After the infection of maize plants with MCMV induces 

changes in volatile profiles of infected plants [19]. There was a 

strong induction of volatile organic compounds Nonadecane 

on healthy plants and Piperazine & 2-Pentene, 4,4-dimethyl 
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on watermelon plants inoculated with WBNV. Brassicaceae 

plants infected with Turnip yellows virus (TuYV) shows 

significant increase in volatile emissions [5]. In this study 

volatile profile of infected plants changes due to virus 

infection and results are on par with earlier reports by [19, 16] 

where the aphid behaviour was influenced by virus induced 

volatiles in M. persicae-PLRV pathosystem. However, the 

VOCs emission was very dynamics in which the amount and 

composition of VOCs production differs with infection status 

and disease progression [2, 26, 23].  

Higher amounts of volatiles released by infected plants were 

responsible for vector attraction than the specific metabolites 
[5]. VOCs emitted from virus infected plants differ from 

healthy plants that are important mediators for the attraction 

and decision making for the insect vectors during selecting of 

a host plant [16]. 

 

 
 

Fig 1: Setup for collection of VOCs from Volatile collection chamber 

 

Filtered air is pumped by Push pump (1) into air tight volatile 

collection chamber (3) containing watermelon plant (2) in 

which soil was enclosed by aluminium foil. Headspace VOCs 

trapped with the help of Porapak Q sorbent tube (4) which 

was connected to pull pump (5). 

 
Table 1: List of total VOCs trapped from headspace of healthy and 

WBNV infected watermelon plants 
 

S. No Name of the compound Class 

1. Pyrazinamine Amine 

2. Benzenamine, 2-methyl-3,5-dinitro- Amine 

3. Nonanal Aldehyde 

4. Decanal Aldehyde 

5. 2-Undecenal Aldehyde 

6. Dodecanal Aldehyde 

7. 13-Methyltetradecanal Aldehyde 

8. Piperazine Hydrocarbon 

9. Nonadecane Hydrocarbon 

10. Pentadecane Hydrocarbon 

11 Dodecane Hydrocarbon 

12. Undecane Hydrocarbon 

13. 2,4-Hexadiyne Hydrocarbon 

14. Tricosane Hydrocarbon 

15. 2-Dodecanone Ketone 

16. 2-Undecanone Ketone 

17. 1,6-Dioxacyclododecane-7,12-dione Ketone 

18. 2-Pentene, 4,4-dimethyl- Acyclic olefins 

19. 5-Isoxazolol Alcohol 

20. 2-Coumaranone Ketone 

21. Indole-2-one Ketone 

22. 2-Pentanamine Monoalkylamine 

23. 2-Decen-1-ol, (E)- Alcohol 

24. Norpseudoephedrine Phenethylamine 

 

 

 

 
 

Fig 2: VOCs emitted from Healthy and WBNV infected watermelon based on area percentage Among the compounds documented from both 

healthy and infected plants, Nonadecane was recorded highest in Healthy watermelon plants and Piperzine, 2-pentene, 4,4-dimethyl- was 

recorded highest in WBNV infected watermelon plants. 
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Fig 3: Proportion of major classes of Volatile organic compounds 

collected from Healthy watermelon plants 

  

 
 

Fig 4: Proportion of major classes of Volatile organic compounds 

collected from WBNV infected watermelon plants Hydrocarbon 

class of VOCs were recorded highest from both healthy and WBNV 

infected watermelon plants. 

 
 

Fig 5: HEAT MAP: Analysed by R software version 3.6.1 Comparison of the volatiles in healthy and infected watermelon in terms of area 

percent. Colour represents area percent of VOCs emitted. Nonadecane in yellow colour indicates it was recorded highest in Healthy watermelon 

plants and Piperazine, 2-pentene, 4,4-dimethyl- in light green colour indicates it was recorded highest in WBNV infected watermelon plants. 
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1. Pyrazinamine 

2. Benzenamine, 2-methyl-3,5-dinitro- 

3. Nonanal 

4. Decanal 

5. 2-Undecenal 

6. Dodecanal 

7. 13-Methyltetradecanal 

8. Piperazine 

9. Nonadecane 

10. Pentadecane 

11. Dodecane 

12. Undecane 

13. 2,4-Hexadiyne 

14. Tricosane 

15. 2-Dodecanone 

16. 2-Undecanone 

17. 1,6-Dioxacyclododecane-7,12-dione 

18. 2-Pentene, 4,4-dimethyl- 

19. 5-Isoxazolol 

20. 2-Coumaranone 

21. Indole-2-one 

22. 2-Pentanamine 

23. 2-Decen-1-ol, (E)- 

24. Norpseudoephedrine 
 

Fig 6: Principle Component Analysis (PCA): Analysed by R 

software version 3.6.1 Principle Component Analysis (PCA) for 

volatiles emitted from healthy and infected plants reveals that the 9th 

compound recorded from healthy watermelon plants and 8th, 18th 

compound recorded from infected watermelon plants influence more 

than the other compounds. 

 

Conclusion 

The experiments have been conducted with VOCs changes in 

healthy and circulative persistent Tospovirus, WBNV infected 

plants. It shows that host volatiles may influence the 

behaviour of vector for virus spread and transmission in 

which such host volatiles were identified. This host volatiles 

may be used as synthetic blend for attraction of thrips in 

future work. 
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