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ABSTRACT  
 Spiroplasma citri was detected in naturally infected chili pepper plant in Kafer Ghatatty, Giza 
governorate. Stunting, leaf deformation and shoot proliferation were naturally observed in this field. Hand cross 
section of chili pepper infected stem treated with Dienes’ stain by light microscopy showed phloem with blue 
stain while the healthy one remained unstained. Enzyme linked immunosorbent assay (ELISA) technique gave 
positive reaction of S. citri in natural infected samples using speciefic antiserum. Injection of healthy seedlings 
of chili pepper plant with liquid culture media of S.citri showed the similar symptoms appeared by natural 
infection. The injected seedlings and seeds resulted from it were tested by ELISA gave positive reactions of 
S.citri for both of them. These infected seeds are able to transmit S.citri easily among the plant. To our 
knowledge, this is the first record of S.citri infecting chili pepper plant in Egypt.        
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Introduction 

Pepper (Capsicum annum L.) is a member of family Solanacae and commonly divided into two groups, 
pungent and non-pungent, i.e. hot and sweet pepper (Amna et al., 2014). Chili pepper has a medicinal use as it 
contains capsaicin. (8- methyl- N- vanilly 1-6-nonenamide) and several  related chemicals, collectively called 
capaicinoids (Kosuge et al., 1961). Capsaicin is considered a safe and effective topical analegesic agent in the 
management of arthritis pain, herpes zoster-related pain, diabetic neuropathy, mastectomy pain and headaches 
(Hwang et al., 2010). S.citri is helical mollicutes, belonging to Family spiroplasmataceae ,it have been cultured 
as the causal agent of stubborn disease of citrus (Saglio et al., 1973). It can be naturally transmitted by dodder 
(Khanchezar et al., 2012), grafting (Roistacher 1991) and by phloem feeding leafhopper vectors in propagative 
manner (Gera et al., 2011).  S.citri can be easily detected by a simple, quick and requires minimal requirements 
with a low-power light microscopy called Dienes' stain (Daniels and Meddins 1973). ELISA considered as a 
sensitive serological method to identify spiroplasma in plant (Saillard et al.,1993). The present study aims to 
prove the presence of spiroplasma in chili pepper plant in Egypt.  
 
Materials and Methods 
 
Sampling and symptomatology: 

Samples of chili pepper plants naturally infected were collected from Kafer Ghatatty, Giza governorate. 
The infected plants showed stunting (internode shortening), leaf deformation (narrow, curling and rolling 
leaves), reduction of shoot proliferation, decline and deformation in fruit size and reduction in number of seeds 
(Fig.1). These symptoms are typical to those caused by the citrus stubborn agent, spiroplasma. 
  
Examination by motility and shape of s.citri: 

The symptomatic chili pepper plant samples were transferred to a small petri dish containing 70% 
ethanol for 3 minutes and then immersed in 3 different petri dishes having distilled water. The midribs of the 
leaves were removed and grinded to release the juice contents. Three µL were transferred to a glass slide 
covered with a cover slip and motility of the helical filaments examined with a high contrast phase, 100x oil 
immersion objective on a light microscope (Olympus, optoscient) R&D (Davis & Worley,1973). On the other 
hand specimens from healthy chili pepper samples were examined. 

 
Dienes's stain by light microscopy: 
  Hand cross sections of healthy and infected stems were cut by hand using razor blade edge and 
transferred into distilled water. The sections were stained in Dienes' stain for 10 min. The stain was prepared by 
dissolving 2.5g Methylene blue, 10g Maltose, 1.25g Azure II and 0.25g Sodium carbonate in 100 ml distilled 
water filter through filter paper What man No.1 and dilute to  0.2%(v/v) according to Deeley et al.,( 1979). The 
stained sections were later washed in distilled water, and examined by a light microscopy. 
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Fig.1. The healthy chili pepper plant (a), compared with the infected one showing stunting, leaf deformation and 
shoot proliferation (b). 

    

Serological assay:  
ELISA tests were carried out for detection of  Spiroplasma citri ,S. kunkelii , PVY and CMV as well. 

ELISA technique demonstrated by Clark et al., (1978) applied by Saillard et al., 1996;. The kits were obtained 
from Agdia Company. The absorbance was measured at 405 nm by ELISA reader. Reading twice those of 
healthy control averages were considered positive. 

 
Isolation and culturing of S.citri: 

Spiroplasma was isolated from chili  pepper by C-3G liquid medium adopted by Liao and Chen (1977)( 
Difco PPLO broth base, 1.0g; sucrose, 10g; 0.2% phenol red, 1 ml; free horse serum 20%, 10 ml; penicillin G, 
100 units/ml and distilled water to 100 ml), (Omar et al., 2006). The pH was adjusted to 7.4 using NaOH (0.1 
mol). 
 
Isolation from infected chili pepper plants: 

The plant samples were washed in running tap water and then the surface sterilized using 70% ethanol 
for 3 minutes, and rinsed directly in sterile distilled water. The blades were cut and removed. The leaf midribs, 
after excess water removed using sterile paper towels, were grinded into 1 ml of C-3G medium. The extract was 
filtered through 0.45 µm Millipore filter. The filtrate was re-filtered through 0.22 µm Millipore filter. Aliquots 
each 0.5 ml of the filtrates were transferred into sterilized screw-capped vials each containing 4.5 ml of 
sterilized C-3G liquid medium. All vials were incubated at 30°C and visually inspected daily for 4 successive 
days for color change from red to yellow indicating growth of S.citri. 
 
ELISA confirmation of cultures: 

The isolated S.citri grown in C-3G medium for 7 days at 30C° was centrifuged at 30.000 rpm at 4C° 
for 30 min and the pellet was then resuspended directly with ELISA extraction buffer. All the subsequent steps 
of ELISA test were carried out using antiserum of S.citri as described by Gussie, et al., (1995). 
  
Pathogenicity tests: 

Pepper seeds were sown in ten pots (25 cm in diameter)for at least 10 days. Pots were kept  away from 
any insect contamination in the greenhouse. Pathogenicity test of the isolated S.citri was checked by seedling 
injection with liquid spiroplamsa culture (Dhingera and Sinclair, 1985 and El-Banna et al. 2000). The emerged 
seedlings were checked for S.citri presence by phase contrast light microscopy of  the sap to be sure that they 
are free. Healthy seedlings were injected by 6 days old liquid culture of the isolated spiroplasma using 1ml 
syringe injected at different places around the emerged stem. In control treatment, seedlings were injected by the 
same method using liquid (uninoculated) C-3G medium only. 
After symptoms appeared on the injected seedlings of chili pepper plants were examined by ELISA test using 
specific antiserum of S.citri. 
 
Seed transmissibility of S.citri:  

The injected seedlings of pepper plant with S.citri which gave +ve reaction by ELISA were left to 
obtain fruits. The seeds resulted from the fruits were left for drying then were germinated on Petri dish with wet 
cotton. The germinated seedlings were examined against S.citri antiserum by ELISA test. 
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Results and Discussion 

Isolation and identification: 

S.citri isolate was isolated from naturally infected chili pepper plant obtained from Kafer Ghatatty in 
Giza governorate. The light microscopy examination of the isolated plant illustrated the presence of helical 
filaments shape of spiroplasma. These result was similar to that found by Saglio et al., (1973). 
Dienes' stain by light microscopy showed staining dark blue in phloem cells of the infected tissues, indicating 
the presence of spiroplasma (Fig.2a). The healthy tissues remained unstained (Fig.2b). This stain is very rapid 
and of diagnostic value as stated by Musetti and Favali (2004). 
 
                                                                                                                                                            (a) 

 
                                                                                                                                               (b) 

 
Fig. 2. Light microscopy cross section of chili pepper stem treated with Dienes’ stain. 

(a) Phloem stained with blue in S.citri infected section      

(b) Phloem remained unstained in healthy one. 

 

Serological reaction: 

Positive reaction was obtained using specific antiserum against S.citri on infected chilli pepper leaves, 
confirmed the identity to spiroplasma under study. This result was in parallel to that found by Raju and Nyland 
(1981). Negative reaction was observed in Spiroplasma kunkellii, Potato virus Y and CMV as well. 
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Isolation in liquid medium: 
Change in the color of medium from red to yellow and investigating for the motility, helical shape 

under phase contrast light microscopy proved the presence of spiroplasma. This conclusion was explained by 
many investigators ( Chen and Liao, 1975 and El-Banna, 1999). 
This result indicated the presence of Spiroplasma citri obtained from the yellow colored medium. The same 
result was found by Gussie et al.,(1995). 
 
ELISA test: 

Positive reaction obtained by using ELISA test clarifying the presence of S.citri, which was in parallel 
to that described by Davis et al, (1984).  
 

Pathogenicity and seeds test: 

After 15 days of Injecting seedlings of chili pepper plant, the same symptoms of stunting, curling and 
malformation appeared on the leaves typical to that appeared by natural infection. This infected samples gave 
positive reaction of S.citri by ELISA test. This result indicated the presence of S.citri in the infected chili pepper 
plant. The seeds resulted from this seedlings indicated the transmission of S.citri through the seeds by ELISA 
test. Figure (3) showed malformation on the infected fruit (3a) if compared with the healthy one (3b).  
  

                 (a)                                                  (b) 

 
   Fig.3. The infected fruit showed deformation and small in size (a) compared with The healthy one (b ). 

 
In conclusion, the previous results highlighted the severity of S.citri by spreading and transmitting through chili 

pepper plant seeds.  
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