
Some Studies of Curly-top Virus in the Field 
N. J .  GIDDlNCS'  

IT H AS L O N G  heen known that sugar heet lcafhopper collections made 
in the winter breeding areas show a relatively small percentage of the insects 
carrying highly virulent virus. Col lections made from sugar beet fields 
show that there is a rapid ratc of increase in the percentage of viruliferous 
insects during the growing season and <l far more rapid rate of increase in 
the percentage of those viruliferous insects which ciirry highly virulent 
strains of virus. The present paper deals with some of the factors involved 
in the explanation of each of these facts and includes data showing the 
effect of resistant sugar heet varieties on the amount of curly�top virus 
availahle to the sugar heet lcafhopper. 

The plants shown in figure 1 will help to clarify the question as to 
what is meant hy "highly virulent" and "less virulent" strains of the virus 
Susceptible sugar beet plants showing no greater injury than those in the 
two upper pots are considered to he infected hy the less virulent strains 
while those showing injury comrarahle to the plants in the two lower pots 
are considered to he infected hy the mure virulent str'l ins .  

Relative Prevalenee of ll i ghly Virulent and L ess Virule-nt Strains 

of Curly-top Virus in Sugar B eet Fields and i n  \Vinter-breeding Areas 

The data in table 1 give some evidence as to what happens in  a com� 
mercial sugar beet field.  These collections represent five different locations.  
The percentage of viruliferous leafhoppers in the first coIIection from each 
field shows a noteworthy degree of similarity and no insects carrying highly 
virulent virus were found in any of the collections previous to the onc 
made April 2 7 .  It is, of course, reasonably certain that some insects carrying 
highly virulent virus were present in the fie1ds when the earlier col1ections 
were made, hut they were comparatively rare and there were none in the 
samples taken. There is a rapid increase in the percentage of  viruliferous 
leafhoppers but an even more rapid rate of increase in the relative percentage 
of such insects carrying highly virulent virus. This greater rate of increase 
in the latter group may be partially accounted for hy the fact that the 
total percentage of viruliferous insects rcaches a '"ceiling" hut there are 
certainly other factors involved. and the percentage of leafhoppcrs carrying 
highly virulent virus a lso reaches a Hceiling" of RO percent or 90 percent 
or higher in many fields hy the close of the season. 

The data in t,thIe 2 give some further evidence regarding seasonal and 
host relationships to virus content of the leafhoppers. The data represent 
the results secured from many leafhopper collections made from the centraI � 
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Figure 1 . - -Plants in the two pots at top show curl y - top symptoms v. h ich a rc cl asseJ as due to till" 
less virulent strain", of \' iru� .  while those i n  the two pots at the bottom ar..: d .. sscJ as due to the h ighly 
virulent strain". The sugar beet v a r iety is the suscepti b l e  S . L .  8 4 2 .  

western and northern�western portions of the San  Joaquin Valley_ Succes, 
sive collections were made from the same general areas and are believed to 
be adequately comparable .  The percentage viruliferous increased nearly 
four fold during the time after collections were made from the spring­
breeding areas until the collections were made from the sugar beets in June 
and the percentage of these insects carrying highly virulent virus increased 
more than ten times during that same period . Our general experience would 
indicate that fields with so much of the highly virulent virus would show 
a much greater increase if  collections had been made in July. The decreases 
shown by collections from fall and winter hosts may be accounted for by 
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the fact th;l t a Ltq . .!;c portion of that population did not come from the hCl.'"t 
fields but from highly resistant wilJ hosts such as Australian Salthush, 
Atriplex semibaccata R.  Br. The major fact brought out in table 2 is the 
ratio of lcafhoppers carrying highly virulent virus to the total virulif, 
erous on different hosts and at different seasons. The ratio is 1 : 7 (3 percent 
and 20  percent) for collections made from native annuals in the breeding 
areas during February and March, hut drops to 1 :  2. 5 for collections from 
sugar beets in June. The late fal l and winter populations collected from 
wild hosts show a ratio of 1 :  5. while collections made from native annuals 
during the fol lowing April show a ratio of 1 :  1 6. , .  The collections made in 
February mu.st have consisted almost, if not entirely, of overwintering 
leafhoppers, while those collected in April probably contained relatively 
few of them. 

" able 1 .- - Ch a nge!'! in vil'u!'! ('ontent oC 1eafhoppenl in bC'et (h·hls as season advances. Field 
tests fl'om 19�4 liata. 

==--= -=-=--=--==-=----==---=--=---
Leafhoppers 

� -- ---�-�--� --� .---� 
Location Date Total Viruliferous Highly virulent 

------. ---

(nu mhl:'r l ( n umbe r )  (percen t )  ( n u m b e r )  ( percen t )  
Lan .. ·'", B I'idv:e, C a l i f o r n i a  4 - , 95 1 1  1 2  0 {) 

4 · 1 ,1:;  :�9 6 1 5  0 0 
4- 2 7 1 1 2  5 5  4 9  I 2 /;- 1 7  l i S  9;� 79 1 0  1 1  

Mudt'nl. C a l i fornia 4- : :  R R  7 R () 
5 - 1 -1 2:H\ !lO :1H I 
5-25 I S 7  1 ;�4 72 5 
(;- 1 7  l I S  R O  tl H  S J O  

7 - 2 I I I  " 7 7  1 9  2 2  

Dos P;do;;. CnliICll'nia 4- , XX 8 9 {) 
4-20 1 7 1  5 2  a o  {) 
5- 1 4 1 7 1  7 6  4 4  1 
5-25 223 1 5 9  7 1  1 1 

6- 1 7  20S .1 5 6  7 5  1 4  

Atnscadero, C a l iforn i:J 4- 1 1  1 4 5  I S  1 2  {) {) 
5 - 1 0  2 4 7  1 2 9  52 I I 
5-22 �:12 1 8 7  8 1  a �  1 6  6-24 237 206 8 7  1 46 7 1  

C howc h i l l  .. , C a l i fo r n i n  4 - 6 !.l!) 8 8 {) 
5- 1 4  8 1  6 5  S O  {) 
5-2Jl ' 6  6 8  79 1 1 

2 ] 2 4  1 0:-1 S;� 1 7  1 7  

Table 2.� Some evidences of host a n d  seasonal relationships o f  curly-top v i rUM. 

Leafhopper collections 
------

Total Highly 
Date Source tested Viruliferous virulent 

� -.--------�- ------- ------
( n umber) (number) (percen t )  (number) ( percent) 

1934- --Februat·y Spring-breding 1 5 1 2  306 20 1 0  3 
and M a rch :.reas 

1 9 34--June Sugar beets 9 6 1  6 9 1  75 2 1 4  :H 

1 9 3 4 ·_·-0cwber a n d  F a l J  a n d  Winter 2 4 1 0  1 0 9 9  4 5  8 3  
November hosts 

1 93 5-February Spring-breeding 9 1 6  3 6 6  4 0  2 .  

1 9 3 5 --April Spring-breeding 1 5 9 4  1 0 4 5  6 6  3 9  
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SOllle of OU1· w i n ter anl lua ls  such as Plan tago ercctt{ Morris, LepidiunI 
nitidum NutL anu Erodiunt circutariHm L'Hcr . ,  when growing normally. 
are good hosts for the sugar beet leafbopper and excellent hosts for the 
curly�top virus. Since these winter annuals are very susceptible to all strains 
of cur1y�top virus i t  has scemeu a bit surprising that the less virulent strains 
of virus are always so much more p revalent in the collections from the 
winter-breeding areas in the spring. Table 1 shows how the highly virulent 
virus increases rapidly in  sugar beet fields, while tahle 2 and data from 
many other collections indicate relatively little increase of i t  in  the annuals 
of the winter-breeding areas. There is even a reduction in some cases, as 
shown by the last thr�e groups of collections in table 2. 

Controlled inoculations of P. erecta and L.  nitidum have revealed one 
factor which helps to explain the relatively low percentage of leafhoppers 
carrying highly virulent virus in field collections from these plants .  Tahle � 
gives the data from a series of such inoculations. 

Table 3 .  Lethal effect of highly v i)'ulent curly-top v i rus (>Il some Culiforniu ,\-v:ntet· Hnnuals. 

Host 
Virulence Number 

of tests 
virus made 

Lepidium nitidum High 

Lepidium n itidum Low 

Plantago eractn High 

Plantago erecta' l-Iigh 

Plantago eracta Low 

Totals 

( n u mber) 

4 9 a  

1 :'  

6 ! H  

n.;o 

I :1 7  

K n o w n  infected plants 

Dead after approximately 4 0  days 

Total!'! 

(number) (percent) 

;\7:\ 7 0  

1 

·1 2 8  ();1 

K l  4 5  

1 7  1 2  

H i ghest Lowest 
group 

( percen t )  ( percent) 

!1:1 5;{ 

1 0  

7 7  4 ;;  

ID  1 1  
'The plants i n  this group wet·e placed out-of-dout's but were watered a n d  cared fo)'. 

The figures given are for only those plants which were known to he 
illfected. They either showed well-defined symptoms or were tested for 
the presence of v irus and in  many cases they were tested as well as showing 
symptoms. Among the plants inoculated with the less virulent strains of 
virus there were many which showed very slight symptoms, or none at all ,  
but from which curly�top virus was recovered. Among those plants inocu­
lated with the more virulent strains there were quite a few which died 
without showing any symptoms. Since the cause of death was uncertain, 
and there were some similar deaths among the other group, such plants were 
not included in these data. Plants infected by the highly virulent strains of 
virus were extremely dwarfed and distorted and made relatively little 
growth after symptoms became apparent. Such plants are unsatisfactory 
hosts for the sugar beet leafhopper. The amount of tissue available for 
feeJing anJ egg laying is relatively small. Many eggs and young nymphs 
are destroyed and virus present in the plant is quickly lost as the host wilts 
and dies . One group of inoculated plants were placeJ out-oE-Joors since 
conditions in the greenhouse might be somewhat unfavorable to the host. 
This set of plants did show an appreciably lower percentage of dead plants 
but it should also be stated that we really trieJ to keep them alive anJ they 
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undouhtedly had far more favorablc conditions for survival than would 
have been the case in the natural breeding areas. The roots of such plants 
are hadly injured as a result of the infection and a few warm, dry days 
in the field result in early death, as has been ohserved i n  fllaking late winter 
and early spring collections from the breeding areas. This means that the 
amount of highly virulent curly-top virus nor

-
m ally availahle fronl suscep � 

tible winter annuals is self-limiting and accounts, in large measure, for the 
fact that e t  very slnall percentage of the leafhoppers collected i n  those areas 
are carrying virulent virus. I t  is extremely fortunate that there i s  not a 
rapio increase of the highly virulent virus in the winter�brcecling areas. A 
pronounced increase in such virus is very cOIll.monly evident in commercial  
sugar beet fielJ�. 

Effe'ct of Curly-top Resistant SUf!:ar Bef�t Varictic,s 

Upon Increase of Virus 

Another lfuestion involving the prevalence of curly�top virus is : What 
effect do resistant sugar he et varieties have 11 pon the increase of the virus 
in  commercial fields? The data bearing upon this question are somewhat 
limited hut give a very dear answer. 

Tests of lcafhoppers from eight distinct locations where there were 
hoth susceptible and resistant sugar heets either in  the same field or in 
nearhy, comparable field", have shown approximately 10 percent fewer 
viruli ferous leafhoppers ohtained from the resistant heets than from the 
susceptihle beets. The tests included 40  collections \vith a total of approxi ­
mately 4 , ono leafhoppers. The results arc given in .  tablc  4 .  

The differences are not large hut they ;1rc statistically significant. 
Figure 2 is a typic;:d sample of the test plants inoculated by leafhoppers 
used in test 20 of table 4. The leafhoppers from a susceptible variety '\vere 
ohtained in  the breeding plots conducted in  cooperation \-vith the Curly Top 
Resistance Breeding Comlnittec north of Jerome, Idaho, and those from a 
resistant variety were co11eeted from the stage! field approximately :, miles 
<l\\ray .  The fields were comparable except as to heet variety. Greater con� 
ccntration of curly�top virus i n  the leafhoppcrs from the susceptihle variety 
i-s evidenced hy the higher percentage of virul iferous leafhoppers ohtained 
(96 percent infection as compared to H6 percent infection from the resistant 

variety) , and by the much shorter incubation period i n  the test p lants." The 
average incuhation pcriod in plants inoculated by leafhoppers from suscep �  
tible beets ,\vas 1 1 .4  days, '\" hile i n  plants inoculated by leafhoppers from 
resistant heets it  was 1 7 . 2  days. This )'0 percent longer incuhation period 
a llowed the plants inoculated by leafhoppers from the resistant beet variety 
approximately 6 days more of normal growth than those inoculated by 
leafhoppers from the susceptihle heet variety. That fact l argely accounts 
for the apparently .e:reater severity of symptoms ( figure '2, right) in  the 
test p lants inoculated by }e,l fhopper.s from the susceptihle heet variety. 



Table 4.  Relative percentages of viruliferous leafhoppers among collections made from ousceptible and from re8istant sugar beets. 

Leafhoppers from-

Test No. Location Date Susceptible beetsl Resistant beets� 
----------
Total Virliferous Total Viruliferous 
-------------------------

(number) (number) ( percent) (number) (number) (percent) 

10 

1 1  

1 2  

1 3 

1 4  

1 5  

1 6  

1 7  

18 

19 

20 

Chino, California 

Chino. California _ 

Chino, California 

Atascadero, California _ 

Atascarlero, California _ 

Atascadero. California 

San Ardo, California 

San Ardo. California 

Madera, California 

Madera, California __ 

Madera, Californ ia _ 

Madera. California _ _ _ _  

Madera, California _ 

Dos PaIoR, California 

Dos Palo8, Califo)'nia 

Dos Palos, California _ 

Dos Palos, California _ _ _  

Bakersfield, California _ 

Twin Falls, Idaho _ _  

,Terome. Idaho 

- - - - - - - - - - - - -

- - - - - - - - - - - -

4· 1 7�H 

4-25-:H 

5-Hi-:14 

5-10·24 

5-22-:14 

(i-24w;j4 

4-25-::14 

5-11-34 

4·27-;$4 

5-14�:H  

5-25-:�4 

6-1 7 -:�4 

7 -2·;14 

4·20�;l4 

5-14-:14 

5-25-34 

6- 17-:34 

fi-H-47 

!l-2j·47 

9-25-.17 

22  

67 
xx 

1 2 4  

l l 1i 
m 
1 2 4  

1 l !1  

1 0 l'<  

l l G  

H\) 
\ll' 
-I-I 
lib 
75 

1 1 2  

n 
1 0 4  

1 0 0  

If) :{ 
--------------

lThe susceptible beet val'iety was Old Type except i n  test l� where it was V.S.  15 .  
�The resistant beet w a s  V.S. 1 except in tests 18 .  1 9  and 20, w here it w a :-;  V.S. 22 2 .  

1 4  50 1 2  

H2 10 

11 l :{ fi4 
60 4X 123 69 56 

97 H4  1 1 6  9 0  7 X  

1 0 8  9 2  1 1 1l  " R2 

IOS �7  lZa 56 46 

91  7fi I?"  70 57 

'"  :17 102 � :{ 32 

4!) 42 122  4 1  34 

fi7  75 9:S 67 68 

72 7:{ 20 40 

:{7 " 67 48 72 

" 35 10:3 28 27  

:j7 49 06 " 4 1  

H .')  7 G  I I I  74 67 

fir; 7 1  1 1 6  9 1  7 8  

Hr} 92 fig 48 81 
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1 � 5  9 6  97  s:{ HG 
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'" 
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z 
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o 
." 

Ul c: � '" 
ttI 
'" 
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.., 
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Z o r< 8 � 



PROCEEDINGS--FIFTH G E N ERAL MEETING 5 3 7  

The symptoms o n  test plants indicated that the same virus strains were 
prevalent in approximately equal amounts in the collections from resistant 
beets and from susceptible beets. In other words, the difference in  appear' 
<lnce of the two groups of test p lants is  not due to differences in curly'top 
virus strains. It is quantitative and not qualitative. 

Figure � -thr k;l t hoppn the Cllrly Tup 
<of I' imilar  pl�nf.s Idaho.  Percent;!!;.:: 

Dj s('u�sioll a u d  SUllunary 

plants u:;,·d f"r 
I n  UH,pcratiun with 

at left are tYP1cal 
north of ferome ,  

The general predominance of the less virulent curly'top virus strains 
in \.vinter,hreec1ing area.s may he a.ccounted for largely by the fact thilt the 
more virulent strains so quickly kill  a high percentage of infected, winter, 
annual hosts. Many reservoirs of highly virulent virus are thus destroyed . 

There is a rapiu increase of virus in sugar beet fields because young 
beets are excellent hosts for both virus and vector. There is a great increase 
of the highly viruIcnt virus in these fields because the plants infected ·with 
such virus l ive re.latively much longer than infected winter annuals.  

Lcafhoppers collected from resistant sugar beets carry less curly,top 
virus than collections from nearby, comparahle, susceptible beets. This is 
further proof ( 1 )  of the relatively low concentration of virus in the resistant 
beets. The data given in table 4 also indicates that many of us may have 
been overestimating the distances which leafhopper populations commonly 
move about after infesting sugar heet fields. It is thus suggested that reliable 
data on curly,tup control by spraying may be obtained from well -separated 
portions of the same large field or possihly frOln nearhy fields comparahle 
as to beet variety, age of plants anJ cultural conditions. 
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