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Abstract: This study aimed to evaluate the effect of previous crop of sugar beet on the viral inoculums load ‘Beet Necrotic Yellow Vein 

Virus’ (BNYVV). In Morocco wheat, corn, sesame and alfalfa are used in rotation with sugar beet the role of this plants to transmit 

BNYVV and Polymyxa betae was determined by growing plants in naturally infested soils from rhizomania outbreaks in Morocco. After 

28 days of culture, the analysis of their roots by DAS- ELISA and under the microscope showed the absence of virus and its vector 

fungus in the roots of these plants. Only P.betae isolates from sugar beet were found to be able to transmit BNYVV back to sugar beet. 

Therefore it seems likely that the plants used in rotation in Morocco play not a role in the spread of rhizomania disease compared to that 

of sugar beet. 
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1. Introduction 
 

Rhizomania is caused by Beet Necrotic Yellow Vein Virus 

(BNYVV) [1]. Rhizomania causes serious disease of sugar 

beet. It was first reported in Italy in the 1950 [2], but now it 

is present in sugar beet areas all over the world [3]. BNYVV 

is transmitted in soil by zoospores of plasmodiophorid, 

Polymyxa betae [4], and is member of the genus Benyvirus 

[5]. 

 

The first sign of rhizomania disease in a sugar beet crop 

appears as light green or yellow irregularly shaped patches in 

the field. Individual plants show the characteristic 

proliferation of fibrous roots around the tap root, “the root 

madness symptoms” of rhizomania. In severely infected 

plants, the tap root and lateral roots become necrotic and die 

then and the vascular tissue develops a pale brown coloration 

[6]. BNYVV leads to serious decreases in root yield and 

quality of sugar. Virus reduces sugar content in the roots by 

3-4% and yields of sugar beet more than 50-60% [7]. 

 

In Morocco, Rhizomania was first detecting in 2004 at Tadla 

Sugar Refinery area [8]. Later the presence of the disease 

was report in Doukkala [9]. Sugar beet is a crop rotation. It is 

grown on the same parcel once every 3-5 years. Important 

rotation crop, it operates as a break crop in the main cereal 

rotations, prevents the development of disease and reduces 

the need for fertilizer and pesticides succeeding crops. The 

objective of this study is to evaluate the effect of previous 

crop of sugar beet on the viral inoculum load BNYVV. 
 

2. Materials and Methods 
 

2.1. Plant Growing 

 

Five plant species were grown in soil infected with 

rhizomania, sugar beet (susceptible variety), wheat, corn, 

alfalfa and sesame. The soil used in this study was collected 

from a plot Souk Sebt Beni Mellal [10] - [11]. These plots 

are recognized infested by rhizomania. Sample collection 

was performed according to the standards recommended by 

the official method of virus detection rhizomania in sugar 

beet [12]. 

 

The soil was thoroughly mixed to allow its homogenization. 

Then activated charcoal was incorpo rated at 0.673 g / 150 

ml soil. For each plant, 12 repetitions were prepared. Then, 

12 pots of 150 ml were filled to 7/8th with soil - coal mixture 

and the seeds of the test plants were sown on the surface and 

covered by the soil. The negative control was composed 6 

pots of 6 autoclaved soil (120°𝐶 for 2 h with 2 autoclaving at 

24 -hour intervals) and mixed with charcoal (at a rate of 

0.673 g / pot).  The pots were incubated 28 days in a 

greenhouse shelter under temperatures of 25°C ± 5°C and 

humidity between 50%. The pots were watered daily with 

well water. After 28 days of culture, each pot was decanted 

individually to identify the rootlets debris. 

 

A gentle wash with running water on a mesh sieve 1 to 2 mm 

was made in order to avoid losses of samples of rootlets.  

The sample of lateral roots was divided to two parts, of 

which one was subjected to transmission back to sugar beet 

and the other one used for detection of BNYVV and P.betae. 

 

2.2. Detection of BNYVV 

 

Detection of BNYVV in roots was by Double Antibody 

Sandwich - Enzyme Linked Immuno Sorbent Assay (DAS-

ELISA) according to the protocol provided by the 

manufacture (SEDIAG, France). Each sample was tested in 

two replicates, and wells each of positive and negative 

controls were included. Reading was done after incubations 

of 1h and 2h with substrate pNPP (p-nitrophenyl phosphate) 

at 37°C. Mean experimental reading at least three times the 

mean of the negative controls was measured using ELISA 

ANTAI Reader. 
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2.3. Detection of P.betae 

 

The roots were cut into pieces of 0.5 to 1 cm, and then 

transferred into a potassium hydroxide solution 10%. The 

whole was autoclaved at 120 ° C for 10 min. The fragments 

are then were washed with sterile distilled water. The 

remaining KOH was neutralized by a lactic acid bath for 3-4 

minutes. This treatment has the purpose of emptying the cells 

of their cytoplasmic contents and allows good color roots 

[13].  

 

Root fragments clouds were immersed in a methylene blue 

solution and placed in an oven for 15 minutes at 90 °C. They 

were subsequently mounted in glycerin between slide and 

coverslip, at a rate of 15 fragments per slide. Microscopic 

observation involved 30 random fragments per plant species.  

 

2.4. Transmission Back to Sugar Beet 

 

The roots were air dried for 3 weeks to provide inoculum for 

transmission rhizomania back into sugar beet. This was done 

by grinding the air dried root to a fine powder and sprinkling 

it around the roots of a 5 day old sugar beet seedling in 

autoclaved soil. These were then grown for 8 weeks under 

the conditions previously described. Plants were then 

harvested, tested for BNYVV by DAS-ELISA and RT-PCR 

and examined under microscope for P.betae [14]. 

 

2.5. RT-PCR 

 

Total RNA was extracted from 100 mg of root tissue 

essentially according to (Henry & al) & (Hughes and Galau) 

[15] – [17]. Transcription and amplification of viral RNA 

was carried out using the kit (SuperScriptTM III Partinium 

One Step Quantitative RT -PCR System with Rox, 

Invitrogen, USA) as described. RT-PCR was carried out 

using specific primers (5F1/5R1), which amplify a 520bp 

fragment of the read through region of the coat protein gene 

located on RNA-2 of BNYVV [15] - [16] Temperatures used 

for the cycling reaction were as follows : 30 mn at 37°C; 2 

mn at 94°C; followed by 30 cycles of 1 mn at 94°C, 1mn at 

55 °C, 1 mn at 72°C; finally, 3 mn at 72°C. PCR products 

were analyzed by electrophoresis on 2% Agarose using the 

50pbDNA Step Ladder (Promega, USA) for size estimation. 

 

3. Results and Discussion 
 

With the exception of sugar beet the plant species tested 

were found to be free from any characteristic structures of 

P.betae (plasmodia, sporangia or cystosori) when examined 

under the light microscope and were not infected by 

BNYVV when tested by DAS-ELISA. Table 1 shows that’s 

only sugar beet became infected with either Polymyxa or 

BNYVV. Beta vulgaris cultivars were always infected by 

polymyxa and BNYVV, indicating that the soils contained a 

high level of viruliferous P.betae cystosori [14]. 

 

Table 1: Plant species with roots infected by P. betae or 

BNYVV 
Plants Presence of P. betae Infection by BNYVV 

Sugar beet + + 

Wheat - - 

Corn - - 

Alfalfa - - 

Sesame - - 

 + infection 

 -  no infection 
 

 
Figure 1: Microscopic observation (X40). A sugar beet root 

colonized by P. betae cystosores 

 

Attempts were made to transmit BNYVV from viruliferous 

P.betae cystosori from the roots back to sugar beet. BNYVV 

and Polymyxa betae were successfully transmitted to sugar 

beet only from sugar beet root (Table 2) [14] – [18]. 

 

Table 2: Transmission back to sugar beet 
Plants DAS-ELISA RT- PCR P.betae 

Sugar beet/ sugar 

beet 

+ + + 

Beet/Wheat - - - 

Beet /Corn - - - 

Beet /Alfalfa - - - 

Beet/ Sesame  - - - 

 + infection 

 -  no infection 

 
Figure 2: Amplification profile of beet roots inoculated with 

the tested plants. 

 

M: molecular weight marker ; BS beet inoculated sesame 

roots ; BA : beets inoculated alfalfa roots ; BW: beet 

inoculated wheat roots ; BC: inoculated beet roots of corm; 

BB: beets inoculated beet roots ; T+: positive control ; & TH 

: water control. 

 

The PCR reaction produced yielded the expected band only 

with beet inoculated beet roots. Furthermore, no 

amplification was obtained with the other samples tested 

(Figure 2). 
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The absence of the virus and the P.betae in four species 

(wheat, alfalfa, corn and sesame) studied allows us to 

conclude that the transmission of the BNYVV and the vector 

P. betae only ensured by roots of sugar beet. ²² 

 

As expected, sugar beet was heavily infected by P.betae and 

BNYVV from naturally infested soil. The other plants tested 

are not host plants for the virus and its vector. 

 

The previous cultures of sugar beet used in Morocco don’t 

have role in the buildup of rhizomania inoculum in soil and 

its spread to sugar beet crops. 

 

The severity and spread of the rhizomania disease is caused 

primarily by agricultural practices. According to the ITB 

(Technical Institute for Beet France) (2010) [19] risk 

practices are irrigation and rotation. Several studies have 

found that in the cultivation of sugar beet, irrigation 

frequency is highly correlated with the intensity of some 

diseases, including rhizomania [20]. 

 

In the US, Picinni et al., Showed the presence of a strong 

correlation between the intensity of the disease and 

frequency and the irrigation dose [21].  

 

According to the ITB crop rotation of at least 4 years is 

recommended in case of ground shown by rhizomania. In the 

rotation, crop selection is important. Indeed, crops that can 

retain the virus and ensure its multiplication in the ground 

should be avoided especially spinach [22] and cultures of the 

genus Beta. 

 

Fortunately cropping precedents used in rotation with sugar 

beet in Morocco can’t retain the virus and don’t allow 

multiplication in the soil but the cultivation practices; namely 

rotation every 2 years instead of 4 years, more spring are hot 

and humid; help to create favorable conditions for the 

development and growth of fungus P.betae and subsequently 

maintaining BNYVV in the soil. 

 

However weed hosts could, in theory, act as reservoir for 

rhizomania disease in the absence of sugar beet crop, but the 

impact of this is debatable because inoculum can persist in 

the soil for at least 15-20 years in the absence of a host [23]. 
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