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A method for the detection of Rizomania in soil 

En metode til påvisning af Rizomania i jord 
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Summary 
The purpose of thi s work was to obtain a sensitive 
method for routine testing of soil samples in the 
Danish survey of Rizomania, a disease caused by 
beet necrotic yellow vein virus (BNYVV). 

A method testing soil samples for the presence 
of BNYVV and the vector Polymyxa betae where 

sug ar beet are used as bait plants has been de
veloped by Beemster and de Heij in 1987. 

With few minor modifications the method has 
been carrie d out on soil from West Germany in
fested with Rizomania. Bait plants showed high 
infection with BNYVV Therefore, the method 
will be used in the future work. 
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Resume 
Som et led i den danske overvågning for bederoe
sygdommen Rizomania undersøges jordprøver 
for viruset (beet necrotic yellow vein virus), der 
forårsager sygdommen og for dets vektor Poly
myxa betae. Hidtil er jordprøver blevet undersøgt 
ved hjælp af fangplanter dyrket direkte i jordprø
ven. 

Beemster og de Heij har i 1987 beskrevet en me
tode, ved hvilken jordprøver er undersøgt for fo-

rekomst af viruset og vektoren ved hjælp af fang
planter, der blot i 4 dage bringes i kontakt med 
jordprøven. Herefter er planterne videredyrket i 
sterilt sand under optimale betingelser for opfor
mering af viruset og vektoren. 

I dette arbejde er metoden med få mindre æn
dringer blevet afprøvet med en vesttysk jord infi
ceret med Rizomania, med godt resultat. Meto
den vil fremover blive anvendt ved rutineundersø
gelse af jordprøver for forekomst af Rizomania. 

Nøgleord: Rizomania, jordprøveundersØgelse, BNYVV, ISEM, Polymyxa betae, sukkerroer. 

Introduetion 
Rizomania in sugar beet is caused by beet necro
tic yellowvein virus (BNYVV) and transmitted to 
the host by the soil-borne fungus Polymyxa betae 
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Keskin. The virus has not yet been detected in 
Denmark but is widely spread in the south and 
middle of Europe. In 1987 Rizomania was also 
found in England (4). 
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The disease ean rise problems for the cultiva
tion of sug ar beet depending on a number of fac
tors such as climate, levelof infestation and cul
tivars. In order to spread and to survive the virus 
is dependent of the fungal vector P. betae, which 
has proven to be very common in Danish beet 
grown areas (5). 

A current disease survey in beet grown regions 
is necessary to avoid an undetected spread. For a 
reliable survey of the disease it is not adequate 
only to inspect visually the sugar beet fieids in the 
growing season and testing suspicious looking 
plants for BNYVV. The Danish spring and sum
mer climate normally does not reach the optimal 
conditions for visible attacks of Rizomania (i.e. 
20-25°C together with high water content in the 
soil). With thi s in mind the survey should be ac-~ 
compagnied by soil sampling and testing using 
bait plants grown in greenhouse under optimal 
conditions for possibie infection. 

In the preliminary work, soil samples were 
teste d using sugar beet seedlings, which were 
grown directly in soil samples in pots for up to 4 
months (S). Subsequently the roots were rinsed 
under tap water and the presence of the virus and 
the vector was determined. The method was prac
ticable but required a rather long growth period 
to ensure satisfactory infection of the roots, as the 
concentration of the resting spores of P. betae was 
low in the soil samples. 

A quick and reliable method for testing soil 
samples using sugar beet bait plants has been de
veloped by Beernster and de Heij (1). The method 
has the advantage that the period for infection is 
during the seedling stage, known to be the most 
susceptible one. The total growth period ean be 
considerably shortened, achieving faster results. 

The Dutch method was used with small modifi
cations on aRizomania infested soil from West 
Germany. The purpose of this experiment was to 
obtain a more sensitive method for testing soil 
samples in the Danish Rizomania survey. 

Materials and methods 
The method described by Beemster and de Heij (1) 
is used with few modifications, such as use of 
younger seedlings, time for heating of soil sam
ples in relation to water supply and a shorter 
period of infection (baiting period). The aim of 
the modifications was primary to simplify the 
working process. 

The method will be described below. 
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The soil used in the experiment was taken from 
a Rizomania infested field in Wolfersheim, and 
was kindly provided by Professor Dr. E. Sch16sser, 
Giessen, West Germany. 

1. Bait plants: Dressed seeds of the sugar beet 
variety »Magnamono«, susceptible to Rizomania 
were used. The seeds were germinated at 20°C 
under humid conditions in germinating boxes 
using pleated gray stripes no. 3236, 110/S0/20 mm 
and covering stripes no. 0858, 110 x S80 mm, (Al
lesen Holm's Eftf. I/S). Seven days old seedlings 
were gently rinsed in destilled water and used as 
bait plants. 

2. Soil samples: The soil samples was mixed by 
hand and subsamples of SO g were placed in Petri 
dishes (diameter = 9 cm). The soil samples were 
heated for 30 minutes at 40°C in an oven and 25-
3S ml of distilled water was then added to each 
Petri dish. The soil/water mixture should reach a 
consistency like a thick soup. The consistency is 
of greater importance than identical water supply 
to all samples. 

3. Procedure: Thirty seedlings were placed 
round the rim of the Petri dish containing the soil/ 
water suspension and with the roots immersed in 
the suspension. To reduce the evaporation a piece 
of tin foil with a diameter of 8 cm was cautiously 
placed over the suspension, Fig. 1. For further 
proteetion of the delicate seedlings, the whole 
Petri dish was covered with tin foi!. 

Fig. LOne week old seedlings of sug ar beet baiting in 
the soillwater suspension for infection. 

En uge gamle kimplanter af sukkerroe lagt i jordopslem
ning for infektion. 



Seedlings were baited in the suspension for a 
period of 3 days and distilled water supply was 
given if necessary. After thi s the seedlings were 
planted in plastic pots (7 x 7 cm) with Vermicu
lite: a mixture of grade 1 and grade 4 in the ratio 
of 1:2 (Skarnol AJS), 5-6 seedlings in each pot and 
with 5 replications for each soil sample of 50 g. 
The soil/water suspension was added to one of the 
5 pots, Fig. 2. This procedure was done to ensure 
the detection of differences in infection between 
seedlings in contact with the soil for 3 days only 
and plants in contact with the soil in the whole 
period of growth. Each pot was placed in a plastic 
tray. 

Water with a compound fertilizer was added to 
the plastic tray when required. The seedlings 
were grown for a period af 6-18 weeks. 

The baiting and subsequent cultivation were 
carried out in an unheated greenhouse in the sum-

mer 1987. The temperatures were fluctuating be
tween 10 and 25"C the first two months and 
around 10°C the next two months. 

Results 
Sugar beets cultivated in pots representing 5 sub
samples of the same soil were teste d for the pre
sence af BNYVV. Plants from each subsample, 
but grown in different pots, were tested atter a 
short growth period of 6-9 weeks and af ter a 
longer period of 18 weeks. Root sap from plants 
with ar without leaf symptoms grown in the same 
pot were tested separately. Sap from leaves with 
possibie symptoms of Rizomania was tested for 
the presence of BNYVV. 

The presence of beet necrotic yellow vein virus 
was detected by immunosorbent electron micro
scopy, ISEM, an sap from roots mainly and from 
leaves using BNYVV-antiserum. The antiserum 

Vermiculite 

Addition of tha 
soil/water suspension 

Fig. 2. Ten days old sugar beet seedlings being potted in five pots af ter three days in the soil/water suspension. 
Ti dage gamle roekimplanter fordeles i fem potter efter tre dage i jordopslemning. 
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was kindly provided by Dr. R. K6enig, 
Braunschweig, West Germany. 

Roots from 18 of 23 pots were teste d for the pre
sence of Polymyxa betae. The presence of the vec
tor was determined by light microscopy (5). 

The results are presented in Table 1 and show 
that BNYVV was detected in root sap of plants 
from all the pots except one. A growth period af 
6--7 weeks was sufficient for the detection of the 
virus, even if the temperatures were periodically 

Table 1. Infection of beet necrotic yellow vein virus (BNYVV) and the vectar Polymyxa betae in roots of sugar beet 
bait plants af ter immersion in 5 subsamples of the same soil infested with Rizomania. 
Infektion med Rizomaniavirus og vektoren Polymyxa betae i rødder af sukkerroefangplanter bragt i kontakt med 5 
delprøver af den samme Rizomaniainficerede jord. 

Reaction achieved 
Tested 

Sample no. Pot no. af ter X weeks BNYVV P. betae Leaf symptoms 

A* 6 + N 
C 6 ++ N 
B a ** 7 ++ + YP 
Bb 7 ++ ++ N 
D 9 O N 
E 18 +++ LT 

A 7 + +++ N 
Ba 7 ++ + YP 

2 Bb 7 + ++ N 
C 18 +++ O YP 
D 18 ++ + LT 
E 18 + + LT 

B 9 ++ YP 
3 A 18 ++ + YP 

C 18 ++ + LT 
D 18 ++ + LT 

B 7 + + N 
C 9 + N 

4 A 18 +++ + LT 
D 18 + + LT 
E 18 ++ + LT 

B 9 + YP 
5 A 18 ++ O YP 

C 18 + + LT 
D 18 + + LT 

• The soillwater suspension is added to all pots signe d A. 
*. Pot IB and 2B divided in plants a) with ar b) without indications of symptoms in the leaves. 

Quantitative estimation of the presence of BNYVV and P betae: 
O = no virus partic\es or resting spores of the vector observed 
+ = low concentration 

++ = mediumconcentration 
+ + + = high concentration 

- = not tested 

Leaf symptoms: 
N = none 

YP = faint yellowish patches 
LT = low tension light yellow-green; on the date of the test the leaves without symptoms had grown up. 
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under the optimal for the development of 
Rizomania. Atter 18 weeks, a greater part of the 
plants showed high concentration of virus in the 
roots. No direct correlation between the, occur
rence of leaf symptoms and the degree cif infec
tion with BNYVV in the roots has been revealed, 
(Table 1, pots no. 1B and 2B). 

In the first 9 weeks of the growth period a part 
of the plants showed faint yeIIowish patches on 
the leaves but no distinct colouring along the vein 
which is characteristic for systemic infection with 
Rizomania. Sap from leaves with faint yeIIowish 
patches from plants in the pots no. 2C, 3A and 5A 
were teste d for BNYVV. No virus particles were 
observed. At the end of a warmer period in Au
gust and September the foliage with a low tension 
tume d yeIIowish/green followed by necrosis. 
Later in the cuItivation period during October 
and November the temperatures were below 15°C 
and the growth af the foliage was normal. 

The secondary roots of all plants were beard
like in appearance, very dense, with a poor de
velopment of the storage root. 

p betae was detected in roots of 16 out af 18 in
vestigated samples. Higher concentrations of the 
vector were detected atter 6 to 7 weeks compared 
with 18 weeks of cultivation. 

No differences in the degree of infection of the 
virus and the vector were demonstrated between 
sugar beets in pots with or without addition of the 
soil/water suspension. 

Discussion and conclusion 
The described method, slightly modified af ter 
Beernster and de Heij (1), was found to be very ef
ficient for the detection of Rizomania in soil sam
ples where sugar beet were used as bait plants. 
Beet necrotic yellow vein virus, BNYVV, was de
tected in roots af the sugar beets baited in all 5 
subsamples af a so il from Germany infested with 
Rizomania. In only one pot no virus could be de
tected in the root sap (Table 1, pot no. ID) but 
plants from the four other replications showed 
good infection. The results show that a nu mb er of 
30 seedlings used as bait plants for each 50 g so il 
sample were sufficient to detect the virus. 

All the beets in the experiment showed an ab
normal and dense growth af the secondary roots 
and poorly developed storage roots as charac
teristic for an attack of BNYVY. The observed 
leaf symptoms, which were weak yellowish irre gu-

lar patches, were apparently caused by the partial 
systemic root infection of BNYVV as no virus 
particles could be detected in the leaf sap. Virus 
moves only slowly from infected roots to the top 
of the plants (4-10 weeks af ter infection) while 
the virus easily moves from the top to the roots 
(6). It was not possibie to reveal any differences in 
the concentration of the virus in root sap from 
plan t s with or without leaf symptoms. 

The vector Polymyxa betae was detected in 
roots from 16 out of 18 pots. Nevertheless, the 
roots from two of the pots (Table 1, pots no. 2C 
and 5A) in which P betae was not observed, 
showed high degree of infection with the virus. 
The faet that a fungal attack is required for virus 
infection suggests that the fungal vector must 
have been overlooked in the dense root mass': 
Where the cuItivation period extended 18 weeks 
the conditions were obviously not optimal for the 
development of the fungus. Whether this is due tef' 
low temperatures in the last part of the period, un
favourable changes in the roots as aresult of the 
attack of BNYVV or changes in the microflora in 
the growing media with time is not jet provable. 

The used method increases obviously the de
velopment of the fungal resting spores into zoo
spores, which subsequently ean infect the very 
susceptible beet seedlings in the soil/water sus
pension. A baiting period of 3 days was sufficient 
for an infection. The succeeding growth of the 
seedlings was accomplished at conditions only 
periodically reaching optimum for the develop
ment of BNYVV and the virus was detectable 
af ter 6 weeks. Areduetion of the growth period to 
less than 6 weeks should be possibie using tempe
ratures constantly near optimum. 

The degree of infection was obviously not 
higher in plants grown in pots supplied with the 
soil/water suspension. 

Other methods for testing soil samples using 
bait plants are known (2, 3) but the method de
scribed by Bee1nster and de Heij seerned to be reli
able and suitable for a Danish survey of 
Rizomania. 

In this work, a quantitative estimation of the 
fungal vector or the virus has been made visually 
on the root mass and in the root sap respectively. 
If a more standardi7:ed method for a quantitative 
estimation of the levelof infestation in so il is 
wished, Beemster and de Heij proposed to use a 
higher number of bait plants, potting them sepa
ratelyand basing the estimation on the number of 

287 



infected plants proportional to the total number 
of plants (1). , 

Because the method described in: this paper 
was found to be very effective for the establish
ment of beet necrotic yellow vein virus in sugar 
beet bait plants, it will be used in future work for 
the survey af Rizomania in Denmark. 
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