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Introduction 

It is well known that the range of susceptibility to ~u~ly top 
in varieties of sugar beet is extremely great. Some vanetIes are 
very susceptible and gTeatly injured ; others are so resistant that 
they show little or no symptoms. The- curly-top virus is present 
in all parts of diseased plants and unquestionably direct injury 
is produced on both roots and tops. However, it has not been 
determined how much o[ the injury to tops is due to secondary 
effects resulting from direct injury to the root, and vice versa. 

Since sugar beets graft readily it was thought that it might 
be possible to obtain information regarding reciprocal effects 01 
roots and tops of resistant and susceptible varieties by switching 
tops of the two types of beets and inoculating with a virulent 
strain of curly-top virus. 

Materials and Methods 

The susceptible variety, R. & G. Old Type, and a very re­
sistant variety, S. L. 68, were used for test. Roots about 6 cm. 
in diameter, and of uniform size and shape, were selected. A 
V-shaped segment about 5 cm. long and 2 cm. thick, cut to in­
clude the terminal bud, was taken from the crown of each beet. 
The crown segments were interchanged so that the following 
combinations were obtained: (a) susceptible top on -&usceptible 
root, (b) susceptible top on resistant root, (c) resistant top on 
susceptible root, and (d) resistant top on resistant root. 

The segments were bound firmly in place and the beets were 
covered with moist sphagnum moss in boxes where they were 
kept at relatively low temperatures in an outside cage for a period 
of about 3 weeks. The beets then were placed in 8-inch pots 
and transferred to the greenhouse. In nearly all instances, union 
between the two parts of each beet was satisfactory and top growth 
proceeded normally. 

1 Pathologist , Crops R esea rch Division. Agricultural Research Service, U. S. Department 
of Agriculture, Salinas. California. 
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."-her vigorous LOpS had been produced on all plants, 25 
viruliferous beet leafhoppers (C ilculifer tenellus (Baker)) were 
caged on one leaL oj each plant Lur 7 days. 

Except as d escribed later, tile strain o[ the curly-top VIrUS 

used was thal designated by (~iddings (3 ) ' as strain :l, This 
strain of virus is relatively severe in its effects on the susceptible' 
variety, R. & G, Old Type, but produces little or no evident 
effects on the resistant variety, S. L. G1). Plants were watched for 
the appearance 01 symptoms, and tests of virus concentratioll in 
parts uf plants of the two varie ties lI' ere made at intervills, T hese 
tests of ,irlls cOllcentration were made by the t\\'O methods as 
follows : 

Method 1. A suitable lear approachillg maturity was selected 
and placed in a plastic cage. Abou t .iO nonv iru Ii Ie rollS beet leaf­
hoppers ,vere placed in each cage and allowed to feed 24 hOllrs 
at a rela tively higll telllperature , After the leeeling period, 20 
Jea L'llOppers were rellloved from each plant and caged sillgly on 
seedling plants of sugar beels lor 7 da ys, Th e percelll inf'cction 
produced un tlt e inuculated seedling plants indicated the re la­
tive virus concentra tion ill the tested pa rt. 

.VIethod 2. Th e iealilOppers remainillg in the cages OIl th e 
test plants d escribed above were all(med to iced an additional 
48 hours , making a LOtal feed ing time 01 n hULlrs. They were 
th en removed and 20 Ieafboppe rs Irom each cage were crushed, 
llIixed with water, and centrifuged, Tlle supel'llatant liquid ""as 
precipi tated in j O percent alcuhol. The precipi tate lVas removed 
hy centrihlgation, dried. and mixed witlt I cc. of a (iJI mM sodillm 
citrate solution to \I'hich elHmg-h sugar was added to make a !I 
percent. sugar su lutiun, :'\ o t1virulile rous beet lca[buppcrs were 
a llowed to ked Ull tltis mixture lor (i hours and then were caged 
singl y on sugar-beet seedlings, ' nlc all\ount of infection obtained 
Oil these seedling plant s is a relativc measu re of lh e quantity 
of virus the original Ieafboppers were able to pick lip irom di s­
cased beet leaves in a feeding pe riod 01 72 hours, In fect ion on 
seedling bens , tilerefore, reflects relative cOllcentralioll 01 ,irlls 
in the diseased parts Oil whi ch th e lealhoppns led , 

Infection and Type of Symptoms 
In th e first tests, 20 plants 01 eaclt oi tile four graft. combina­

tions of the t\\'O varieties of suga r beet. ,,'Cre inoculated. Infec­
tion \\'as obtained on all plants except six in " 'hich a resistant 
top was gra lter to a resistant root. Symptoms appeared Ull th e 
susceptible tops in an average time of about 11) clays rega rdless 
o f ",'h et her th e top was on a susccpt iule or resistant lOOt. In 

2 ;\l1ll1hers in parenth('~es refer to literature cited. 
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the plants with resistant tops on susceptible roots, symptoms were 
observed on the lateral shoots that developed from the susceptible 
root, but no clearly defined symptoms were found on any part 
of the resistant tops. No symptoms were observed on the tops 
of any of the resistant plants grafted to resistant roots, but virus 
was recovered from 14 of the 20 plants by means of the beet 
leafhopper. 

All of the inoculated plants were kept three months or more. 
During this period no significant differences in severity of symp­
toms were observed on plants with susceptible tops on susceptible 
roots as compared with plants with susceptible tops on resistant 
roots. The susceptible tops showed symptoms of about the same 
degree of severity regardless of the type of root to which they 
were attached. The resistant tops showed no clearly defined 
sym ptoms on either resistant or susceptible roots. Figure 1 shows 

-•~ 

Figure I.-Sugar beet plant with a resistant top (S. L. 68) grafted to 
a susceptible root (R. & G. Old Type). The two side shoots are (rom the 
sllsceptible root and show distinct symptoms or curly top, whereas the re­
sistant central shoot shows no symptoms. 
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Table I.-Results of Tests to Detennine Relati\'e Virus Concentration in Resistant and Susceptible Tops of Sugar-Beet Plants ha,ing Resis!.:n t or :...:' 

Susceptible Roots. 

Seedling Sugar Beet Plants Inoculated and Infected from Plants of 

Indicated Top-root Combinations 


Method of Resistant Top' Susceptible Top' Resistant Top' Susceptible Top' 
Testing from R on S Plant from S on S Plant frolll It on It Plant from S on It Plant 
Relative T es t 

Virus Plant Plants Plants Plants Plants Plants Plants Plants Plants 
Concentration1 Number Inoc. Infect. Inoc. Infect. Inoc. Infect. Inoc. Infect. 

Number NUlnber Number Number Number Number Number Number 

20 2 20 16 20 5 20 15 
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'Described under "Materials and Methods." 
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the type of growth produced by a resistant top on a susceptible 
root and also the effect of the disease on side shoots from the 
suscepti ble root. 

Relative Virus Concentration in Tops of Plants of the Four 
Graft Combinations 

Five plants of each of the four graft combinations were 
selected for determination of relative virus concentration in the 
tops. All of these plants were known to be infected either through 
presence of symptoms or through previous tests in which virus 
was recovered by means of the beet leafhopper. 

A summary or the results of tests of 5 plants of each of the 
four types of grafted plants by each of the two methods of test­
ing virus concentration is shown in Table 1. The results ob­
tained clearly indicate that the virus content of the susceptible 
tops 'was appreciably higher than that of the resistant tops. It 
seems evident from these results that the type of root to which 
the resistant or susceptible top was attached had no detectable 
influence on the virus content of the top portion of the plant. 

Relative Virus Concentration in Susceptible and Resistant Shoots 
of the Same Plant 

Shoots were produced from various parts of the crown of 
nearly all of the gTafted plants. In cases where desired, this gave 
two types of shoots on each plant: a main shoot of the scion 
variety and one or more shoots of the stock variety. This made 
possible the testing of virus concentration in resistant and sus­
ceptible shoots growing on the same root system under prac­
tically identical conditions. After certain preliminary tests, plants, 
each with a resistant top grafted to a susceptible root from which 
a side shoot had been produced, were selected for testing rela­
tive virus concentration in the two varieties of sugar beet. 

A summary of 5 replications of this test, each test including 
5 grafted plants, is shown in Table 2. These results indicate 
clearly that the conce11lration of virus was much higher in the 
shoots of the susceptible variety th an in the shoots of the re­
sistant variety. 

Effect of Defoliation and Darkness on Concentration of Virus 
in Resistant Tops 

Seven of the most vigorous plants with resistant tops on sus­
ceptible roots were selected for further tests. The relative virus 
content of the resistant top and a susceptible side shoot from 
the susceptible root of each plant was tested by the two methods 
already described. Following these tests all leaves 'were removed 
from the resistant top and the defoliated crown was pla-ced in 
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Tahle 2.-Rc~u1ts of Tests to Determine Rclathe Virus Concentration in Resistant and 
Su~ceptiblt: Sugar<Hc(,l Shools Growing on the S~une Root ~yst('m. 

Leafhoppers Iha1 Obtained Lca rhoppers Ilia t Obtained 
Virus from Rcslstaut Shoots Virus from Susceptible Shoots 

)Icthod or Te,ling Test 
Relative Virus I>]ant Inoculatcd Planl ... J)Jants Plants 
eonn:ntration" ::\ulnU(T Plants Infected Inoculated Infected 

Number Numh('r Numh.:,. Number 

100 JOO 78 

100 ~ LOO 56 
100 II (00 69 

lOO 19 100 88 

lOO 100 82 

99 95 50 
') 100 1 100 39 

2 100 () 100 31 

'I 100 II 100 18
i 

:J 100 ~) 9'1 35\. 

1he dark. The sll~(eptiblc side ~hoots relllained under normal 
conditions or in 
the darkened resistan 1 crOWIl I"as 

cases and whol Cl iolatecl lea\ es \\'tTC 

aher removal lhe crowll flOW 

Figure 2. 

Vein would not show ill etiolated leaves 
hUl vein slldl 
llndcr the 

should be 
tcsl. however, none or the etiolated 

leaves 01 the resistant showed recognizable symptollls or 
curly top . 

.\ftCI the rcsistalll 
ing Irom ;) Lv ;) \leeks. Lile resistant 
shoot or each 
the two tile 

were returned to lIormal I conditiolls alld the resisl­
ant allowed to resume h. After the resistant 
lop had (() enable it to 

assume its 1lolmal plant as a \1 hole, the 
resistant top and a or each plan!. 
;is indicLltC'd, a~!;aill Ilcre tested for "iI'lls content. 

The reslil or these tests ;lIe sh()wn ill T;lhlc The indicated 
differellces ill COllccntrat ion or ,irll;; in the rcsistalH alld sus­
ceptible shoots ulthe same heet heforc dcluliatioll of the resistant 

art' striking ill botiJ methods o[ lest, the concentration o[ 

had heen in the clark lor 
1 
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Figure 2.-Sugar beet plant with a resistant top (5. L. 68) grafted to 
a susceptible root (R. & G. Old T)'pe). The leaves of the resistant top 
were removed and the crown placed in a dark chamber which permitted 
the susceptible side shoots to remain in the light. No symptoms of curly 
top were produced on the etiolated leaves but tests indicated that the con­
centration of curly-top virus increased greatly during the period in darkness. 

virus in the resistant part being relatively very low as shown 
by the percent infection produced on seedling plants. It is evi­
dent, however, that after the resistant parts were defoliated and 
a new top was produced in the dark, virus in considerable con­
centration was present in the resistant part. It is possible, of 
course, that this virus increase was due to increased multiplica­
tion of the virus under the altered environmental conditions to 
which the tops were subjected, but it seems more probable that 
it resulted from movement of materials into the shoots from the 
susceptible root or from susceptible shoots in the light which 
were supplying elaborated food materials for growth of the 
etiolated top. 

It is of interest that th is increased concentration of virus in 
the resistant part did not result in the production of symptoms 
of disease under the conditions of the experiment. After the . 
resistant tops were exposed to the light and allowed to grow under 
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. "able 3.-Results of Tests to Detennine Concentration of Curly Top Vi rus in Resistant and Susceplible Shoots of Sugar Beets on Susceptible Roots C> 
:=> 

(I) under Normal Conditions of Growth, (2) after the Resistant Shoo" wa s Defoliated and Placed in the Dark, and (3) after the Resistant Shoot had 
Recm"ered following Return to the Light. 

Under Nonnal Conditions of 
Growth with Respect to Light 

Resistant Shoot Etiolated 
Following Defoliation and 

Growth in Dark 
Two to 3 Weeks aCter Return 

to Normal Light of Greenhouse 

Method of 
Testing 
Relath'e 

Virus 
Concentrationl 

Test 
Plant 

Number 

Resistant 
Shoot 

Plants Plants 
lnoc. Infect. 

Susceptible 
Shoot 

Plants Plants 
Inoc. Infect. 

Resislanl 
Shoot 

Plants Plants 
Iooc. Infect. 

Susceptible 
Shoot 

Plants Plants 
Inoc. Iofect. 

Resistanl 
Shoot 

Plants Plants 
Inoc. Infect. 

Susceptible 
Shoot 

Plants Plants 
Inoc. Infect. 

Number Number Number Number Number Number Number Number Number Number Number Number 

2 
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20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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4 
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0 

3 

() 

0 

0 

0 

I 
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20 

20 

19 

20 

20 

20 

20 

20 

20 

20 

19 

19 

20 

20 

17 

17 

15 

18 

17 

20 

15 

4 

6 
6 

II 

5 

13 

8 

20 

20 

19 

19 

20 

20 

20 

20 

19 

20 

18 

20 

20 

19 

14 

12 

14 

16 

13 

II 

19 

3 
3 
6 

I!J 
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19 

20 

20 

19 

20 

20 

20 

20 
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19 

20 

17 

13 
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15 
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20 

20 
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12 
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I!! 
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l Described und er "Ma terials and Methods." 
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Table 4.-Results of Tests to Determine Comparative Concentration 0 [ Yirus Strains 1 and 3 in Resistant (Grafted) and Susceptible Shoots of the ~ 

Same Root of the Susceptible Variet),. 

X 
Virus Strain I Virus Strain 3 

Z 

Method of Testing Test 
Resistant Shoot Susceptible Shoot Resistant Shoot Susceptible Shoot 

9 
_1 

Relatil'e Virus 
Concentration1 

Plant 
Number 

Plants 
Inoc. 

Plants 
Infect . 

Plants 
Inoc. 

Plants 
Infect. 

Plants 
Inoc. 

Plants 
Infect. 

Plants 
Inoc. 

Plants 
Infect. 

9 
0 
'" r:-: 

Number Numher Number Number NUDlber Number Number NUDlber '" 
20 9 20 9 20 0 20 20 :.0 

'"' r 2 20 0 20 16 20 7 20 15 
_1 

I 
i 
I 

3 

4 

5 
6 

20 

19 

19 

19 

12 

12 
12 

11 

20 

20 

1(; 

2t' 

15 

12 

J4 

12 

20 

20 

20 

20 

0 

0 

19 

20 

20 

20 

14 

18 

15 

17 

l 7 
8 

18 

19 

5 H 

17 

7 

II 

20 

20 

0 

0 

20 

20 

20 

9 

I 20 20 0 19 0 17 

2 20 :; 17 3 20 2 19 13 r 
I 

3 

4 

20 

18 2 

20 

20 

4 

0 

20 

20 

0 

0 

19 

20 

5 
17 

2 

1 5 

6 

20 

20 

2 

O. 

20 

20 

3 

4 

20 

20 

I 
0 

20 

19 

8 

7 

i 
I 
l 

7 20 

20 

2 20 

20 

5 

0 

20 

20 

0 

0 

20 

20 

13 

.. 

1 Described lInde.· "'faterials and ~rethods." 0­
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!lollllal cowlitiolls. their vir!!s ('ollll'lIl dropped and relative virus 
(oncentratiom [i1ose found at the beginning of the 
test \\'cre fouud al\d ill the sllsceptible shoots. 

Concentrations of Virus of Strains 1 and 3 In 

Resistant and Susceptible Shoots 
In contrast to virus strain ",Ilieh produccs almost no sym 

[OITIS on thE' heel , S. 1.. 61'1. strain I as described 
Giddings lIces dIstinct vein cleari and d 
vein swcl is variety. 
strains of ahoul seveTity on other vari­

·eties were made to deterllline wl'1ether symp­
on plants of the S. L. 

associated with concentrations 
of virus. with susceptihle roots and re­
sistant the selected also had one 

shoots devdt illle stock 

plant. One 01 planh 


strain I aile! a second lot with virus strain 

strain 3 IlO symptoms 

Oil the resistam wrnptOlllS or mediulll severity 
on the shoots thai lrom the slIscept iblc rooL Strain I 
produced mild bUI evident on I he resistant 

and sym prollls 01 um sevcnty on shoots Ihat 
fmm rhe susceptibk roots. 

Abollt six \I'ceks after the plants were inoculated, 7 infected 
from each of the two lOIS inoculated \\,11h the two different 

snains of top Yirus were selected and tests of virus 
concentration were Inade in resistant and iblc shoots of 
each hy the methods described. 

] ITSIIIIs of tesls are shown in Table 4. As in 
ls with strain 3, much more virus was recovered 

ible than from t shoots. 'Vith plants 
strain J, howen:r, the amoun of virus recovered 

from the c shoot was ly different 

from thaI recovered from shoots, 

~train I occurred In the III 


ing' or to those in the susceptihiC' v<lriely. 

S. L GR. the concentration of virus strain 1 was 
h than the concentration of virus strain ,1. 

Discussion 
II seems froll! the re'Hlils obtained from this or 

tests that. under the conditions tllc degree 
;lfl(T of heet roots on which tops were bad no 
effect on the or symptoms by 
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stram :i and thal. so far ,IS there W,IS IlO II1lcrci1angc 

oj Ill;\l eria I bet \\'Cell resistant and slIsecpli I)ic s thaI aHccted 
the resistance or hi! of the 01 \!SO, 

in eacll or heet tbere 'I'as 
cOlleen I ra (iOll of j 11 tll e a r least, was more or 
less constant for This conccn Irat ion \\'as very 1011' 
Il1 the resistant tbe susceptible 

{:nder , "JI'llS con, 

in tops the root sys­
(em on "'hieb the 

The effects of tops on (hc root aye morc difllcult to 
determine and in these effects were not ohvious, 
II has heen shown in several instanccs that when a \I'jlh a 

concentration or virus is placed on a stock or root 
or a or norma I Ilk or 
concentration of \'ir1ls, marked on 
the resistant pan, For example, the yellow-vein strain of the 

virus marked sym on the new 
Craham and Datwm me/dairies 

are grafted to these speCIes 
;lI1d allowed to grow in a to supply and 
Villi.'. to stuck (l), Both }\Y UUI and n. illcle/nir/es are 
imlllune to the low-vein ,traIn of the "1rll$ uncleI' 
normal conditions, sweet orang'e appears to be able to 

a h concentratIOn of the tristeza virus, 'Whe1-C<1S SOUl 

orange develops lower concentration . "icither 
Ivpe of oran~'e is injured 1\'hc11 grow111 g' on Its own 
root . and Irees of sour orange on sweet orange roots 
svstems are likewise nOl' seriousl" in frees of orang'(' 
OIl sOltr orange roots. however.' are killed the trisLeza virm, 

On this hasis it i\';jS t that perhaps beet ants lI'ith a 
root t be iniured 

increased C()J1CClltratiol1 of virlls that 
in the resistant root as a result of mm'ement of 

from a SllSccpt ihlc top a 11 j,)11 
virus content. scems 1.0 expect that {onccnt ration ill 
t11C resistant roo! did in plants of this comhinatioll, since 
Ihe \ irus in resistant on sllsceptible root, 
increased \\'11C11 the the dark and 
forced to their food ro()t~, 

The results of of comparatl\'C concentrations 
of virus of strains g and 1 in selection S, L, 68 sll~'u'est a COlTch!­

tlOIl between virus concentration and of This 
correlatioll di(l not hol(!, llDwn'Cl'. in the etiobred 
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lion S. L {lX. This poscs qucstion .., with respect to the nasic natllrc 
of the virus strains in\'()I\'(~d and in their relationship to the plant. 
It does not seem probable that failure of strain :) to produce 
symptoms on etiolated leaves 0[ planlS o[ S. L. CiS is dne wholly 
to the etiolated condition of the leaves, since vein svvelling anc! 
distortion caused hy other strains of the curly-top virlls arc as 
marked on etiolated as on green lwet leaves. It is possible, 01 
course, that the higher concentrations of strain !) in etiolated 
leaves of S. L. 68 resulted from movement of more or less inert 
virus from other parts of the plalll and that' dillcrent results 
would have been obtained if the virm had increased wholly ill 
the etiolated leaf. In yin\' of the experience with o'llier virmcs, 
however, which haye produced symptoms on resistant parts under 
similar conditions, it seems more prohable that there may be 
marked differences between strains ?l and 1 in their ability to 
adversely affect plants of sclection S. L. GR, even when present in 
(,qual concentrations. 

Summary 

Clwo varieties of sugar beets, R. &: C. Old Type, vcry sus­
ceptible to curly top, and S. 1.. GH, very resistant to curly top, 
were used In study the effect or different root and top cornhina­
tions of the two varieties on their reactioll to the cnrly-top virus 
in the four possible graft cow binations of tops and loots of the 
l \\'0 varieties. 

Curly-top nrus strain 3, whICh produces relatively !)evel'(' 
symptoms on the susceptihle variety and almost no symptoms OIl 

the resistant variety, was used tn inoculate a series of plants of 
the four graft comhinations. 

ender greenhouse conditions, the \ ariet, of root on which 
the top was growing apparently did not appreciahly inflllel1CC 
rate of growth 01 type of symptoms on the tops, 

Virus concentrations were much higher in susceptible t()p.~ 
than in resistant tOP0 and, under normal conditions of growth, 
'\ irm concentration appeared to be determined hy the variety 
and to be unrelated to the def.\Tec of resistance of the n)ot on 
which the top was grm\ ing. . 

,\:Vhen plants composed of a lTslstanr. top on a susceptihle r()o! 
were detoliated and new resistant 1'npS allowed to grow in the 
dark, the virlls concentration increased in the etiolated resistant 
tops to a point approaching that in susceptible shoots in the light 
and attached to the same root system. vVhen the resistant tops 
were returned t() the light and allowed to resume gTowth under 
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normal conditions. the virus concentration decreased appreciably. 
Although the etiolated leaves had a high virus concentration. no 
symptoms of curly top were observed. 

In tops of the resistant variety, S. L. 68, the concentration 
of virus strain 1, which produces clearly recognizable symptoms 
on this variety, was greater than that of virus strain 3 which as 
a rule produces no symptoms. 
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