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RINGKASAN 

 
ISTI WULANDARI. Penyakit Kuning pada Wortel (Daucus carota L.) yang 
Berasosiasi dengan Fitoplasma di Jawa Barat. Dibimbing oleh SRI 
HENDRASTUTI HIDAYAT, KIKIN HAMZAH MUTAQIN, dan GIYANTO. 
 

Wortel (Daucus carota L.) merupakan salah satu tanaman sayuran berumbi 
dari famili Umbelliferae yang banyak dibudidayakan di Indonesia. Wortel 
merupakan tanaman sayuran yang penting karena kaya akan kandungan betakaroten 
(vitamin A) sehingga banyak dikonsumsi masyarakat.  Wortel banyak 
ditanam di dataran tinggi dengan kondisi tanah dengan kandungan humus yang 
tinggi dan bertekstur gembur. Budidaya wortel di Indonesia pada awalnya hanya 
terkonsentrasi di Jawa Barat yaitu di daerah Cipanas dan Lembang, namun seiring 
perkembangan kebutuhan konsumsi wortel maka saat ini budidayanya sudah 
menyebar ke Jawa Tengah dan Jawa Timur serta di luar Pulau Jawa.  

Salah satu kendala dalam budidaya wortel adalah infeksi patogen yang 
menyebabkan penyakit tanaman dan dapat menurunkan kualitas dan produktivitas 
tanaman. Berbagai penyakit pada tanaman wortel di Indonesia yang disebabkan 
oleh virus, bakteri, cendawan maupun nematoda telah banyak dilaporkan, akan 
tetapi hingga saat ini belum pernah dilaporkan penyakit yang disebabkan oleh 
fitoplasma. Infeksi fitoplasma dapat menyebabkan kehilangan hasil yang nyata 
seperti dilaporkan di beberapa negara. Oleh karena itu perlu dilakukan penelitian 
untuk mengetahui status fitoplasma pada pertanaman wortel di Indonesia.  
Penelitian dilakukan dengan tujuan: (1) Mendeteksi keberadaan penyakit kuning 

dan jenis serangga wereng di area pertanaman wortel di Jawa Barat; (2) 
Mempelajari sifat  morfologi, histologi dan molekuler fitoplasma penyebab 
penyakit kuning pada tanaman wortel di Jawa Barat; (3) Mempelajari potensi 
wereng daun Orosius argentatus dan Balclutha incisa dalam penularan fitoplasma 
penyebab penyakit kuning pada tanaman wortel. 

Kegiatan penelitian diawali dengan survei lapangan ke pertanaman wortel, 
dilanjutkan dengan identifikasi dan karakterisasi fitoplasma di laboratorium dan uji 
penularan fitoplasma melalui wereng di rumah kaca.  Pada saat survei di Bogor, 
Cianjur dan Bandung dilakukan pengamatan gejala penyakit kuning dan 
keberadaan serangga wereng. Sampel tanaman dari lapangan dibawa ke 
laboratorium untuk digunakan pada tahap identifikasi fitoplasma.  Metode 
identifikasi yang dilakukan terdiri atas pengamatan secara mikroskopis 
menggunakan transmision electron microscope (TEM), deteksi secara molekuler 
menggunakan nested-polymerase chain reaction (nested-PCR), dilanjutkan dengan 
kloning DNA fitoplasma. Sampel wereng dari lapangan dibawa ke laboratorium 
untuk identifikasi spesies wereng berdasarkan karakter morfologi dan identifikasi 
fitoplasma yang berasosiasi dengan serangga wereng secara molekuler. Lebih lanjut 
dilakukan analisis sikuen fitoplasma berdasarkan gen 16S rRNA menggunakan uji 
BLASTn, analisis filogenetik, dan RFLP in silico.  

Insidensi penyakit kuning pada tanaman wortel tergolong rendah yaitu 6.22 - 
7.87% di Bogor, 7.47% di Cianjur, dan 5.97% di Bandung. Ditemukan lima spesies 
wereng daun yaitu B. incisa, Cicadulina bipunctata, Empoascanara indica, 
Exitianus indicus, O. argentatus dan satu spesies wereng batang yaitu Sogatella 

furcifera pada pertanaman wortel bergejala kuning di Bogor dan Cianjur. Deteksi 



 
 
 

secara molekuler menggunakan metode nested-PCR mengonfirmasi asosiasi 
fitoplasma dengan gejala penyakit kuning wortel dan 4 spesies wereng.  
Pengamatan menggunakan TEM menunjukkan bahwa terdapat abnormalitas 
bentuk dan integritas sel pada jaringan daun wortel bergejala kuning dibandingkan 
sel tanaman sehat.  Selain itu, ditemukan sel fitoplasma pada jaringan floem daun 
tanaman bergejala dengan bentuk membulat (spherical) namun tidak tetap 
(pleomorfik) berukuran sekitar 0.2-0.5 m. Pada daun wortel bergejala diketahui 
terjadi penurunan kadar klorofil yaitu sebesar 0.106%, namun terjadi peningkatan 
kadar karbohidrat sebagai pati dan kadar gula reduksi yaitu berturut-turut sebesar 
3.79% dan 0.25% bila dibandingkan dengan wortel sehat.  

Analisis perunutan nukleotida gen 16S rRNA berhasil mengidentifikasi 2 
grup 16Sr fitoplasma yang berasal dari tanaman wortel dan spesies wereng, yaitu 
16SrI dan 16SrII. Fitoplasma yang berasosiasi dengan penyakit kuning pada wortel 
di Bogor mempunyai kemiripan tertinggi sebesar 99.1% dengan fitoplasma grup 
16SrII-Peanut witches'-broom phytoplasma (nomor aksesi L33765), sedangkan 
fitoplasma asal Cianjur mempunyai kemiripan tertinggi sebesar 95.6% dengan 
fitoplasma grup 16SrII-Cactus witches'-broom phytoplasma (nomor aksesi 
EU099572), dan fitoplasma asal Bandung mempunyai kemiripan dengan grup 
16SrI-Polish tomato phyllody phytoplasma (nomor aksesi EU402598). Analisis 
filogenetika lebih lanjut menunjukkan bahwa fitoplasma pada inang wortel asal 
Bogor dan Cianjur mempunyai hubungan kekerabatan dengan fitoplasma grup 
16SrII-D pada inang wortel berturut-turut asal Arab Saudi dan India; sedangkan 
fitoplasma pada inang wortel asal Bandung mempunyai hubungan kekerabatan 
dengan fitoplasma grup 16SrI pada inang wortel asal Peru, Scotlandia, Serbia, 
Amerika Serikat (Texas dan Wisconsin), Lithuania, serta Cuba. Fitoplasma grup 
16SrI-Onion yellows phytoplasma diketahui berasosiasi dengan wereng C. 

bipunctata yang ditemukan di sekitar areal pertanaman wortel di Bogor. Fitoplasma 
grup 16SrII- Ca. Phytoplasma aurantifolia diketahui berasosiasi dengan wereng B. 

incisa dan S. furcifera asal Bogor serta S. furcifera asal Cianjur, selain itu 
fitoplasma grup16SrII-Cactus witches’-broom diketahui berasosiasi dengan B. 

incisa dan O. argentatus asal Cianjur.  
Fitoplasma mempunyai gen-gen yang menyandikan protein yang berperan 

penting dalam membantu interaksi antara jenis fitoplasma dengan serangga 
vektornya, diantaranya gen adhesins. Pita DNA spesifik gen adhesins berhasil 
diamplifikasi menggunakan metode PCR. Lebih lanjut, analisis runutan nukleotida 
menunjukkan bahwa gen adhesins Onion yellows phytoplasma terkonfirmasi 
terdeteksi pada wereng C. bipunctata asal Bogor dan Aster yellow phytoplasma 
pada O. argentatus asal Cianjur. Hasil ini membuktikan bahwa masing-masing 
spesies wereng tersebut merupakan serangga vektor kedua jenis fitoplasma.  

 Karakterisasi lebih lanjut terhadap grup fitoplasma yang berhasil 
diidentifikasi dari tanaman wortel dilakukan menggunakan metode RFLP in silico.  
Sebanyak 3 jenis enzim restriksi, yaitu MseI (T’TA_A), RsaI (GT’AC), dan HinfI 
(G’AnT_C) digunakan dalam penelitian ini dan menghasilkan pola pemotongan 
pita DNA yang berbeda diantara isolat fitoplasma yang berasosiasi pada wortel 
bergejala kuning dan 4 spesies wereng. Hasil yang sama ditemukan berdasarkan 
analisis hasil uji RFLP in silico, yaitu terdapat 2 grup fitoplasma yaitu grup 16SrII 
dan 16SrI. 



Penularan fitoplasma menggunakan wereng B. incisa dan O. argentatus 
menunjukkan bahwa kedua spesies wereng tersebut dapat berperan efektif dalam 
menularkan fitoplasma. Masa inkubasi pada penularan fitoplasma menggunakan B. 

incisa dan O. argentatus adalah berturut-turut 26 hari dan 28 hari, dengan insidensi 
penyakit mencapai 80%. Penularan fitoplasma melalui kedua spesies wereng 
tersebut menyebabkan munculnya gejala klorosis pada daun, pertumbuhan tanaman 
terhambat, daun tanaman berukuran kecil, tangkai daun berukuran kecil dengan 
banyak percabangan. 

Berdasarkan penelitian yang telah dilakukan berhasil dikonfirmasi asosiasi 
fitoplasma grup 16SrII dan 16SrI dengan penyakit kuning pada tanaman wortel dan 
wereng yang ditemukan di area pertanaman wortel. Laporan ini merupakan yang 
pertama di Indonesia, sehingga penyebaran dan distribusi penyakit kuning wortel 
di area pertanaman wortel yang lain perlu diteliti. Penetapan status penyakit kuning 
wortel di Indonesia sangat diperlukan dalam penentuan rekomendasi atau kebijakan 
strategi pengendalian penyakit kuning wortel.  

 
Kata kunci: analisis filogenetik, gen 16Sr RNA, insidensi penyakit, nested-PCR, 

wereng daun 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

SUMMARY 

 
ISTI WULANDARI. Yellows Disease on Carrots (Daucus carota L.) Associated 
with Phytoplasma in West Java. Supervised by SRI HENDRASTUTI HIDAYAT, 
KIKIN HAMZAH MUTAQIN, and GIYANTO. 
 

Carrot (Daucus carota L.) is in the family Umbelliferae grown for its edible 
root.  Carrots are widely cultivated in the highlands with loose soil type that rich of 
humus. It is an important vegetable plant in Indonesia and is widely consumed 
because it is rich in beta-carotene (A vitamin).  Carrot cultivation in Indonesia was 
initially concentrated in West Java, such as in Cipanas (Bogor) and Lembang 
(Bandung), but currently it has spread to Central and East Java and outside Java due 
to its higher demand.  

One of the problems in carrot cultivation is pathogen infections that cause 
plant diseases and can potentially reduce yield quality and productivity. Diseases 
infecting carrot plants in Indonesia caused by viruses, bacteria, fungi and nematodes 
have been widely reported, but until now there have been no reported diseases 
caused by phytoplasma. Infection of phytoplasma has been reported to cause 
significant yield loss in some countries. Therefore, it is necessary to conduct 
research to determine the status of phytoplasma infecting carrot in Indonesia.  
Research was carried out with the following objectives: (1) Conducting observation 
and survey to confirm the presence of yellowing disease and leafhoppers in carrot 
growing areas in West Java; (2) Studying the morphological, histological and 
molecular properties of phytoplasmas associated with yellow disease in carrot in 
West Java; (3) Studying the potential of leafhoppers species Orosius argentatus and 
Balclutha incisa as the vector of yellow disease in carrot. 

Research activity began with a field survey on carrot plantations, followed by 
identification and characterization of phytoplasma in the laboratory and 
transmission assay of phytoplasma through leafhoppers in a screenhouse. During 
the survey in Bogor, Cianjur and Bandung, yellowing symptoms and the presence 
of leafhoppers were observed. Plant samples from the field were brought to the 
laboratory for identification of phytoplasma. The identification method consisted 
of microscopic observation using a transmission electron microscope (TEM), 
molecular detection using nested-polymerase chain reaction (nested-PCR), 
followed by cloning of phytoplasma DNA. Planthopper samples from the field were 
brought to the laboratory for identification based on morphological characters and 
the molecular identification of phytoplasmas associated with planthoppers. 
Furthermore, sequence analysis was carried out based on the 16S rRNA gene using 
the BLASTn, phylogenetic analysis, and in silico RFLP. 

The incidence of yellow disease in carrots is low, ranging from 6.22 - 7.87% 
in Bogor, 7.47% in Cianjur, and 5.97% in Bandung. Five species of leafhopper were 
found in carrot fields showing yellow symptoms in Bogor and Cianjur, i.e.  B. 

incisa, Cicadulina bipunctata, Empoascanara indica, Exitianus indicus, O. 

argentatus and one species of planthopper, Sogatella furcifera. Molecular detection 
using nested-PCR confirmed the association of phytoplasma with yellow symptom 
in carrot and 4 planthopper species. Observations using TEM showed that there 
were abnormalities in the shape and integrity of cells in carrot leaf tissue with 
yellow symptoms compared to healthy plant cells. In addition, phytoplasma cells 



were found in the phloem tissue of symptomatic plant leaves with a rounded 
(spherical) but not fixed (pleomorphic) shape measuring about 0.2-0.5 m. 
Chlorophyl content of symptomatic leaves decreases 0.106%, but carbohydrate 
content as starch and reducing sugar content increases 3.79% and 0.25%, 
respectively when compared to healthy leaves. 

Based on the nucleotide sequence analysis of the 16S rRNA gene, 2 groups 
of 16Sr phytoplasma were identified from carrot and planthopper species, i.e.  16SrI 
and 16SrII. Phytoplasma associated with yellow disease in carrots in Bogor had the 
highest similarity of 99.1% with the phytoplasma of the 16SrII-Peanut witches'-
broom phytoplasma group (accession number L33765), while the phytoplasma 
from Cianjur had the highest similarity of 95.6% with the phytoplasma of the 
16SrII-Cactus witches '-broom phytoplasma group (accession number EU099572), 
and phytoplasma from Bandung have similarities with group 16SrI-Polish tomato 
phyllody phytoplasma (accession number EU402598). Further phylogenetic 
analysis showed that phytoplasma in carrot from Bogor and Cianjur had a close 
relationship with phytoplasma group 16SrII-D in carrot from Saudi Arabia and 
India, respectively; while the phytoplasma in carrot from Bandung had a closed 
relationship with phytoplasma group 16SrI in carrot from Peru, Scotland, Serbia, 
United States (Texas and Wisconsin), Lithuania, and Cuba. Phytoplasma group 
16SrI-Onion yellows phytoplasma is known to be associated with the planthopper 
C. bipunctata found around the carrot growing area in Bogor. Phytoplasma group 
16SrII- Ca. Phytoplasma aurantifolia is known to be associated with planthoppers 
B. incisa and S. furcifera from Bogor and S. furcifera from Cianjur; in addition, 
phytoplasma group 16SrII-Cactus witches'-broom is known to be associated with 
B. incisa and O. argentatus from Cianjur. 

Adhesins is known as proteins that play an important role in helping the 
interaction between types of phytoplasmas and their insect vectors.  Specific DNA 
bands of the adhesins gene were successfully amplified using PCR method. 
Furthermore, nucleotide sequence analysis confirmed that Onion yellows 
phytoplasma adhesins gene were detected in C. bipunctata from Bogor and Aster 
yellow phytoplasma in O. argentatus from Cianjur. These results proved that each 
of the planthopper species is an insect vector for both types of phytoplasma. 

 Further characterization of phytoplasma groups that were identified from 
carrot plants was carried out using the RFLP in silico method. Three types of 
restriction enzymes, namely MseI (T'TA_A), RsaI (GT'AC), and HinfI (G'AnT_C) 
were used in this study and resulted in different DNA band cutting patterns among 
phytoplasma isolates associated with carrots with yellow symptoms and 4 species 
of leafhoppers. Two phytoplasma groups, i.e. the 16SrII and 16SrI groups were 
identified based on the analysis of the RFLP in silico test; this is the same groups 
as identified earlier by sequence analysis. 

Transmission of phytoplasma using leafhoppers B. incisa and O. argentatus 
showed that the two species could play an effective role in transmitting 
phytoplasma. The incubation period for phytoplasma transmission using B. incisa 
and O. argentatus was 26 days and 28 days, respectively, with the disease incidence 
reaching 80%. Transmission of phytoplasma through both species of leafhoppers 
causes symptoms of chlorosis on the leaves, stunted plant growth, small plant 
leaves, small petiole with many branches. 



 
 
 

Based on the research that has been done, it is confirmed that the association 
of phytoplasma group 16SrII and 16SrI with yellow disease in carrot and 
leafhoppers found in carrot growing areas. This report is the first in Indonesia, so 
the spread and distribution of yellow disease in other carrot growing areas needs to 
be investigated. Determination of the status of yellow disease in carrot in Indonesia 
is necessary in determining recommendations or policies for its control strategies. 

 
Keywords: disease incidence, leafhoppers, nested-PCR, phylogenetic analysis, 

16Sr RNA gene   
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