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I n troduction 

Virus yellows is a major d isease of sugar bee t in Europe, and losses in 
some areas in years of severe infestation have been relatively h igh. 'Watson , 
Watson, and Hull (II) ", from resu lts of a series o f tes ts in England extend­
ing from 1942 to 1952, es timated that plan ts infected in June and July lost 
up to half o f their p otential sugar yield. T hese results were confirmed by 
H ull (6) in rep licated tests. 

In the Netherlands, H artsuijker (5) found that if infection reached 
100 p ercen t by the end of J une, losses o f from 25 to 30 p ercent of the crop 
occulTed. R esults of tes ts of Bjorling (2) indicate that losses may be as 
h igh as 61 p ercent in beets infected early in the season. 

Bonnemaison (3) es timated tha t yellows in France may reduce root 
yields 30 to 40 p ercent and seed yields 40 to 60 p er cent. 

In the United States virus yellows has bee n severe chieHy in areas where 
sugar beets, or o ther susceptible p lants are present du ring the entire year . 
In some areas, n otably in central Californi a, n early 100 percent infection 
occurs annually in many fie lds by tile ft rs t of June. Planting da tes in these 
areas are much earl ier than planting dates in Europ e and infection may 
occur at la ter stages of p lant develop ment. There is evidence, also, that 
strains of the yellows virus genera lly distributed in American bee t-gTowing 
areas are somewha t less virulen t than those prevalent in Europe. 

T ests to determine losses du e to yellows in the U nited States have given 
varia ble results. McFarlane, Bennett, and Cos ta (10) , in one test in the 
Salinas Valley in 1Y52 , 10und almost n o reduction in tonn age bu t results 
showedl a signifi cant depression in sucrose amounting to 1.07 percent of 
root weigh t. A seco nd test gave a highly significant reduction in tonnage of 
slightly more than 35 p ercent and a depress ion in sucrose of 1.11 percent of 
roo t weight. 

R esul ts from repli cated plots at Ri verside, California, in 1953, indicate 
that infection of beet plants in the 12- to 16-leaf stage, with a virulent 
stra in of the yellows virus, produced a reduction of a bout 35 percent in 
ton nage but produced no significa n t dep ression in sucrose content (I). 

In tests in Colorado in 1953, Coon s, Gaskill , and D aniels (4) found 
tha t bee ts inoculated J uly 16 yielded 6.8 p ercent less than controls in which 

1 P,uhologiSl , Agrononli sl , and Genetici st, respec ti vely, Crops R esea rch Di vision , Agri­
cultural R esearch Servi ce, U. S. Department of Agrculture. 

!t T he authors are indebted to th e fo ll ow in g' members of lhe Crops Resea rch Division, 
Agri cultural R esearch Se rvice, U. S. Department o f Agriculture : Phyllis R . Em pa ran fo r 
va luable ass istance w it h th e tests at Salin as; C. H. Smith and Nl yron Stout of th e Salt Lake 
City fi eld Statio n for determinati o ns of sucrose, pu rit.y , sod iunl , potassium , and amino n itro­
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3 N umbers in parentheses refer to literat ure ci ted . 
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considerable natural infect ion occurred, They estimated that if comparisons 
had been made on the basis of 100 percent infected versus 100 percent 
hea lthy plants, yields would have shown a depression in root growth of 10 
to 15 percent. 

Plans and Procedures 

Replicated field tests were made at Riverside in 1954 and 1955 and at 
Salinas in 1955 and 1956, to obtain additional information on the effects 
of the virus yellows on sugar beet yields and sucrose content und~r a range 
of conditions. 

The variety U S 75 (C368) was u sed in all tests. C<;>mparisons were 
made on the basis of inoculated and non inoculated plots. Inoculations were 
made by means of the green peach aphid, Nlyzus peTsicae Sulz. The aphids 
were produced on radish plants and transferred to yellows-infected sugar­
beet plants 24 to 48 hours before being transferred to field plants. In 
making the inoculat ions, diseased beet leaves infested with aphids, were 
placed in paper bags after winged individuals had been removed. Leaves 
were removed from the bags in the field and small pieces, each containing 
about 10 aphids, were clipped off and allowed to fa ll on healthy plants. 
The lea f pieces soon wilted and the aphids moved to the beet plants. Plots 
were sprayed with an insecticide 24 to 48 hours after inocu lation, This 
method of inoculation gave high percentages of infection in the inoculated 
plots and very little infection in adj acent rows. 

Tests at Riverside. The 1954 test was made in a field planted April 
29, Paired comparisons were made between plo ts inoculated on June 15 
with a virulent strain of yellows virus (strain 2) and noninoculated plots. 
The pairs were repli ca ted 14 times, The beets were harvested October II . 
Yields and sucrose perceI1lages were determined for each plot. 

The 1955 test was made in a fi eld p lanted April 15. A randomized 
split plot design with 6 replications was used , The replica tions were divided 
into 3 fe rtility treatments. Treatment I received no fertilizer. Treatment 2 
received nitrogen and phosphorus at the rate of 66 Ibs. Nand 32 Ibs, 
P1°5 per acre, applied May 31, T reatmeI1l 3 received N appli ed at the 
rate of 132 Ibs. p er acre and P20 " a t the rate of 66 Ibs. per acre iVlay 3 I, 
and a second application of N a t the ra te of 66 Ibs. per acre July 7. In each 
tertility level, in each rep li cat ion , one plot was inoculated with a virulent 
stra in of the yellows virus (strain 2), one was inoculated with a strain 
hav ing a low virulence (strain 6), and a noninocula ted plot was reta ined 
as a coI1lro!. Inoculations were made June 10. T he middle 2 rows of each 
1-row plot were harvested N ovember 29 and 30. Da ta were obtained on 
yield, su crose percentage, and purity, and on sodium, potassium, and amino 
nitrogen content. 

Tests at Salinas. In 1955 an ex tensive test designed to measure the 
damage caused by natural infection with lhe yellows virus was made in an 
8-acre fi eld o f beets planted December 15, 1954. The field was divided into 
8 repli cations, each 64 rows wide and 280 feet long. Each repli ca tion was 
divided into 2 plots, one of which was treated with Malathion dust and the 



VOL. IX , No. G, J ULY 1957 48 1 

other left untreated. The plo ts were arranged sys tematically which resulted 
in a checkerboard distribution of dusted a nd no n-dusted plots. Large plots 
were used because it was expected that aphids would migra te from the 
untrea ted plots into th e border rows of the trea ted plots. The treated plots 
were dusted at 7- to 14-day interva ls, beginning shortl y a fter the beets were 
thinned and continuing until the middle of July, to control aphids and 
reduce natural spread of yell ows. Even though I H applica tions of du st were 
made durin g this period , yellows infection graduall y increased in the trea ted 
plots, and reached a ra th er high level by the end ot the season . The in fec­
tion was reasonably uniform throughout the plots, which made it poss ibl e 
to harvest small , paired, sub-plo ts in each replication . These sub-plots were 
2 rows wid e a nd 50 feet long and were located near the ad jacen t edges of the 
treated. and untreated plots. 

In a further effort to eva luate the damage ca used by yellows, a seco nd 
test was superimposed on the dusted areas of the test just described. This 
was don e by laying out 3 randomized plots, each 4 rows wide a nd 50 feet 
long, nea r the center of each of the 8 dusted areas. One plot was inoculated 
with a virulent strain (stra in 5) of the yellows virus Ma rch 23 , shortl y af ter 
the beets were thinned. A second plot was inoculated with the same virus 
strain lvIay 11 , when th e beets reach ed a d iameter of about 1 to 2 inches. 
A third plot in each dusted area was reta ined as a control. This provided a 
rand omized block tes t with 3 treatments replicated 8 times, a nd was designed 
to measure re lative amoun ts of damage ca used by early and delayed infectio n 
,,,ith a virul ent stra in of the yellows virus. 

Plots 2 rows wide and 50 fee t long were harvested from each tes t on 
August 23. Yields were calculated a nd laboratory determinations made for 
sucrose percentage and purity, a nd for sodium, potassium, and amino 
nitroge n content. A randomized block ana lys is was used [or both tests. 

In 1956 a factorial experiment designed to test simultaneou sly the effects 
of vi rus stra ins a nd dates of inoculation, was conducted in a field planted 
December 15, 1955. Included were 6 treatments which consisted of inocula­
tion with 2 strain s of the yellows virus on 3 different dates. The 6 treat­
ments and a non inoculated check were rep licated 8 times and were random­
ized within the replica tions. The plots were 4 rows wide and 65 feet long. 

T he 2 middle rows of all plots, except the check plots, were inocula ted . 
The two virus strain s used were strain 5, which produces vein clearing in 
young leaves and marked yellowing of older leaves, and strain 3, which 
produces no vein clea ring but ca uses marked yellowing o f foliage. The 
viru le nce of strain 3 proba bly closely approxima tes the average virulence 
of yellows virus preva lent in the Salinas Valley. T he inocula tions were made 
March 26, Ap ril 30, and June 5. All plots were sprayed the day following 
inoculation to destroy aphids placed on the plan ts, and the exp erimental 
area was sp rayed at 7- to I4-day intervals, from thinning through July, to 
redu ce natura l spread of yellows. 

The 2 middle rows of each plot were harvested September 17. Da ta 
were obtained on yield , sucrose percentage, purity, and on sodium, potassium, 
and am ino nitrogen content. 
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Results 

percentages of infection were obtained in all ino(ul;l1cd 
of thel tCSb. low in the te,ts at Riverside 
in 19:")<1 and 1~F)5" of \'irus from inoculated 
to ltollino(ulaled of each yen r 
indicated from 80 to and an 
average of less than I 
between iuoculated 
season in bOlh years, because 

in the Salina, 
(OllllUc'rcia I fields show 

disease 
part of t he season, and lTlore 

bdore harvest. were 
scason of 1956 
t he middle of 

was a 
Di,I.iIlC[ color differences 

were evident bel ween however, as late 
as the part or perccn t oiJ\'iou, in kelion. on 
7 dates the season. in the and pl'Hs with the diflnent 
I.l'ea Lmcn h, is shown ill Ta blc 1. 

The results of the tests at Rin;rside in 19:)'1 find 1~)5;) arc 
in Table 2, and the rc,ulls of tile [(:.sts Salinas in I (J5:j and 1956 arc 

in Tables and cl, . These results indicate that the 
disease camed reductio]]s !ll of roots (rom 13.8 to 

53.0 perceIII of tht' crop, and in 'lH.rose from 0>12 to 
2.2 pcrcelllagc The lemil') of the j iF):) at Salinas indicate that 
naturalinfcctioll clUsed a rcducti\)Jl oj ;;.95 toilS pCI' acre, or 22.'1 percent 
01 tile (TOp, and a reductioll ill sucrose (outent of IA8 percentage 

3) . 

The d:Jta from I he difkrelH cw,ed 
lnay be influenced a number oj factors, lc\'d of 
the soil in which the beets arc virulence of the strain 
of vi rus in vo\ved, and Tlw dleels of these 

considered somewhat more ill 

Effect o[ Leyel of Yellows. Some un­
of 011 sYlIlptoms pro-

than 
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Table I.-Results of Periodic Counts of Diseased Plants in Tests at Salinas, California , in which Inoculations were Made 
of Yellows Virus on Three Different DateS (Field Planted December 15, 1955; Han'ested September 17, 1956). 

Percent infection on indicated date (average of 8 plots) 
Date Strain of 
inoc. virus used May I May 23 June 6 June 20 July 3 July 18 

with Two Strains 

August 16 

Z 
9 
.0'> 

'-< 
C 
r­
-< 
<.!) 
U. 
~l 

March 26 5 97 100 100 100 100 100 100 

April 30 5 7 10 90 98 99 99 100 

June 5 5 7 5 6 7 69 99 100 

March 26 66 82 81 88 90 93 96 

April 30 8 80 92 9G 97 99 

June 5 9 6 8 17 95 99 

Control None 6 4 5 5 8 13 23 

..,. 
<>0 
00 
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Observati ons thus far in California indica te that degree of yellowing is 
markedly influenced by level of soil fert ility, particularly nitrogen level. 
Differences in in te nsity of yellowing in adj ace nt areas are sometimes associ­
ated with previous history of cropp ing of the land. Bee ts following legume 
crops are sometimes greener th an those fo llowing grain crops. Often , in field s 
showing) 00 percent infect ion , plants tbat have a space advantage in border 
rows, at the end of rows, or in areas of poor stands, are greener than those 
in o ther parts of the field. Ap pli cation of nitrogen to diseased plants usually 
bas resulted in partial masking' of symptoms. 

It seems apparent from observations and experimental results, that 
yellowing of infected plants in Californ ia may be less m,!rked on plants 
growing at high levels of fertility than on plants growing at intermediate 
or low levels of fertili ty. However, reduced yellowing at high levels of 
fer ti lity may not be highly significa n t with respect to damage ca used by 
the disease. In fact, the full significance of yellowing in yield red uction 
remains to be determin ed. T ests at Riverside made in 1955 showed only a 
low correlat ion between estimated intensity of yellowing and yield, among 
a large number of selections. Also, comparisons of yields of 320 selections 
of suga r beets in tests a t Sali nas in 1956 revealed little correlation between 
yield and estimated in tensity of yellowing. In both tes ts, some of the selec­
ti ons that showed least yellowing were among those showin g grea test reduc­
tion in yield . 

It seems probable tha t yields from adequately repli ca ted plots are neces­
sary for determin ation of the relationships betwee n so il fertility levels and 
damage prod uced by the disease. Some results of this type are ava ilable 
from studies of yellows in England but no accura te informa tion is available 
(rom tests in the United States. Hull and Watso n (7) sta te that ad dition 
of fertilizers of various typ es increased root yield of both healthy and dis­
eased plants, bu t losses, due to yellows, increased in proportion to the 
increase in yi eld . H owever, if increases in yield "vere large as a result of 
application of fertilizer, losses were gTea ter than the proportional increase 
lfj yield. 

The tes ts in 1955 at Riverside were designed to provide information 
on the relation of fertility of the soi l to red uction in yield caused by 2 
stra ins of the yellows virus. The results, shown in Table 2, indicated a 
marked increase in the yield of roots of both inocula ted and noninoculated 
plots as fertility level was increased. The average reduction in yield of roots 
caused by virus strain 2, were 1l.6, 10.6, and .1 1.6 tons per acre, or 36.8 
30.1, and 30.1 percent in the low, intermediate, an d high fertility plots, 
respectively. The average reductions in yield ca used by virus stra in 6 were 
7.0, 6.0, and 5.3 tons p er acre, or 22.2, 17.0, and 13.8 percent in the low, 
intermediate, and high fer tility plots, respectively. 

These results indicate that reduction in tonnage by the yellows disease 
is not necessarily proportional to yield , and that percentage loss may, in 
fact, tend to decrease as fert ility level is increased T his appears to be true 
particularly of losses caused by the less virul ent strain (s tra in 6) of the virus. 
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T a ble 2.-Effect of Virulence of Virus Stra in a nd Level of Ferlility on Yellows Injury' to Sugar Beet in T ests at Riverside, California, 
>­
!< 

in 1954 and 1955. Z 
0 

Fertility 
lc,'cl 

Strainl 

of "jrus 
used 

A.ere yield 

Gross Sugar Beets Sucrose 
Apparent coer. 

of purity Na K 
Amino 

N 

.0"> 

'-< 
C 
r 
-< 

Pounds Tons Percent p.p.ln . p.p .m . P ercent 
<.D 

2 6,703 19.9 16.88 92. 1 560 2,400 0.28 
U' 
-.J 

Lo\\" 6 8,177 2'1.5 16.78 ~2.2 700 2,460 0.34 

Control 10,900 31.5 17"13 92.1 700 2,330 0.30 

2 7,760 24.6 15.95 R~A 910 2,290 0.43 

Medium 6 9,437 29.2 IG.18 90.0 570 2,550 0.34 

Control 12,210 35.2 17 .0" 9 1. 4 500 2,440 0.35 

2 7,846 26.9 11 .65 8(i.(i 1,020 2,380 0.68 

High 6 9,957 33.2 15.00 S7.6 840 2,380 0.6 1 

Control 12,180 38.5 1',. 82 87.8 720 2,690 0.62 

2 5, 114 24.3 10 16 
ll i.Qh2 Control 9,3'17 38.7 12.02 

J Strain 2 i ~ a viru!cnt , vein-cl earing slrain of the yellows virus; strain 6 is less viru lent . 

2 I!r\l ,, ·s t; all o ther tests tJlade in 19;;5. 

..,. 
~ 
00 
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Table 2A.-Sullllllary of Analy~es of Variance of Data for 1955 Test Shown in Table 2. 

Mean·Squares 
Degrees 

of Apparent cocr. 
Souce of \'ariation freedolll Gross Sugar Beets Sucrose of pm'ity Na K Amino N 

Pounds Tons Percent p .p.lll. p.p.lll. Percent 

TOlal 53 

Repl icalions 5 74.5 50.6 2.1 3.6 2,011 710 9,861 

N l trogen Ievcls 2 259.2' 261.2' 17.0' 109.0' 2,607 356 551 ,402' 

Error (1) 10 29.5 13.6 0.8 2.4 833 616 16,086 

Virus strains 2 2131.2' 574.2' 5. 8' 5.9' 1,6 16
' 892 7,786 

Nitrogen levels x strains 

Error (2) 

1 Significant at 5% leveL 

~ Significant at 1% leveL 

4 

30 

5.1 

15.3 

2.1 

6.5 

0.3 

0.4 

\.5 

1.2 

1,478' 

528 

1,116 

649 

10,199 

8,586 

'­
0 
c 

'" z 
;.. 
r 
0 

" ...; 
:t 
r. 
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Reduction in perccnt \\';)S evident at all levels but the 
that the ](hS in ,1I('ros(:, due to v('!lows, was 

of the 

Effect of Virus Strains on Virus Yellows. Strains of 
"jIllS lha t 

on 

that cause marked vein on young' j('aves and marked yellowing 
and l1nTosis on older leaves, ha\(' hcen found both ill ;lnrl the United 
Slates, ('fleets of different strains llnder Ileld conditions have 
not heen studied HOWCITl. Lmlcckc. Schlosser. and .\: 

round that ,ari;1llts of the virw, of different de­
vimlen«', and chemical com· 
of sugar heets, 

To additional information on t he influence of of vim· 
strains 011 and (hernieal of thc :,ugar 

beeL 1I'Cr(' conducted at R iver"ic\e at Salinas in 
I 9;)6, in which attempts were made to measure rdatin' erkcts of sekered 
virus straim, All s(rams Ken: i,nlaled from sugar grown Il1 Cdifornia, 

The tcst at RinTside WiiS made al threc level" of 
drm strains and 6), Strain 2 hig'hIy virulent. 

and strain 6 is unc of the virulent strains lor tcst, 
inoculated June 12 and symptoms hegan to appear first 

Oil Dlants illocubtcd with the virulent :ill'ain. Obvious infcctjon with 
2 reached !J:) percellt 2, whereas inlectioll with strain 

from 70 10 90 percent on that elate. F;ulv in till: scason. 
more in!emp in illoculated with strain 2 th:m 

inoculated with strzlin 6. at the medium fertilitv leyeL but dilTcrelHes in the 
eflects of the two strains were less marked 

;15 the 

In the test at Salinas in 9;')6, 111 which inoculations were rnade 
different dates. two yirlls str<lins wC're u;.,cd, 

I'indent ilnd tne other strain 3) 
As in the Riverside 
with the yirlllcnt >train, 
in plOh inoculated with strain :i tkm 
\lso there apneared [0 be 
str,dll ii. Some of caused strains 
;) 3. 15 

I'-urther results these lCsh Clle shown in Tables 2 and 1. the River­
side lest. rcrlueriollS in root caused strain 6 were 60.3, 56.6, 
and 51.7 percent of those cilused by sll'ain 81 Llw low, medium, :md 
le\els, III the Salinas test, reductions in ruut strain 
3 were i 6.3 of rhosestJ.J.in 5 in the 1 e-

three datr::s of 

http:rhosestJ.J.in
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Figm·e I.-Beet field used in the tests at Salinas in 1956. In the fore­
ground are two rows (left) inoculated with virus strain 5; two noninoculated 
rows (middle); and two rows (right) inoculated with virus strain 3. Plots 
were inoculated March 23 and photographed May 10. 

Both strains of the ViruS produced significant reductions in sucrose 
percent at all fertility levels in the Riverside test, but there was no clea rly 
defined differences between the effects of the two strains in this respect. 
However, in the Salinas test, reduction in sucrose percent was significantly 
greater with strain 5 th an with strain 3 in plots inoculated March 26 and 
June 5. The results in plots inoculated May II are confused somewhat by 
the fact that the inoculum used on this date was a mixture of strai.n 3 and 
a more virulent strain of the yellows virus. 

The results with respect to purity, and sodium, potassium, and amino 
nitrogen content, are not uniformly clear but where changes appear to be 
produced , as in decreases in purity and increases in sodium and potassium, 
they appear to be smaller with the less virulent virus strain in each test. 
(Table 4 and 4A.) 

The results of these two tests indicate clearly that virulent strains of 
the yellows virus produce greater reductions in root weight, and probably 
in sucrose perce nt, than less virulent strains. Since the virulence of the virus 
strains used in these tests was judged originally on the basis o[ severity of 
symptoms produced on greenhouse plants, it seems probable that the cap­
abilities of virus strains [or production of injury in the fi eld may be esti­
mated with a reasonable degree of accuracy from severity o[ symptoms 
produced on small plants growing under glass. 



Table 3.-Effects of Date of Inoculation and Natural Infection on 
(Inoculations made with virus strain 5) 

Acre Yield 

Treatment of plots Gross Sugar Beets Sucrose 

Pounds Tons Percent 

Inoe. March 23 5,234 17. 1 15.33 

Inoc. May II 6,900 22.8 15.13 

Control (sprayed ) 8,200 26.1 15.75 

L.S.D. (5 % ) 4442 0.42 0.43' 

Yellows Injury to Sugar 

Apparent coeL 
of purity 

89.68 

93.10 

93.76 

NS 

Beet in 

Na 

p.p.m. 

198 

199 

204 

NS 

Tests at Salinas, 

K 

p .p.m. 

2,022 

1,781 

1,863 

112' 

California, in 

Amino N 

Percent 

0.34 

0.30 

0.3 1 

NS 

1955. 

<o, 
9 
z 
9 

....0. 

....... 
c 
r 
.-:: 

<.D 
(J<. 

-:t 

Natura l exposure 

Control (sprayed) 

L.S.D. (5%) 

5,548 

7,916 

665' 

19.6 

25.6 

1.1' 

14.06 

15.54 

1.1 31 

89.96 

92.53 

NS 

301 

212 

NS 

1.91 5 

1,976 

NS 

0. 33 

0.31 

NS 

1 Signifi cant at 5% level. 

2 Signif icant a t 1% level. 

NS-Not significant. 

,j:o 
(X) 
<.D 
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Table 4.-Effects of Vimlence of Vims Suain and Date of Inoculation on Yellows Injury [0 Sugar Beet in Tests at Salinas, California, in 1956. 

Acre·yield 
Date of Strain of Apparent cod. 
inoculation virus used1 Gross Sugar Beets Sucrose of purity Na K AminoN 

Pounds Tons Percent p .p .m. 1'.1'.111. Percent 

March 26 5 4 .876 16. 1 15. 18 90.0 240 2,210 0.33 

April 30 5 6,050 20. 1 15.03 90.8 260 2,080 0.31 

June 5 5 8,352 26.3 15.90 91. 1 21 0 2,010 0.28 

March 26 3 7,318 22.6 16.1 5 91. 3 190 2,090 0.30 

Ap ril 30 6,630 21.5 15.40 9 1. 3 260 2,020 0.30 

June 5 3 8,864 27.3 16.2 1 92.1 190 1,960 0.24 

Control 

L.S.D. (5%) ' 

None 10,470 

452 

30.4 

1.2 

17.23 

0.10 

91.2 

I.l 

130 

34 

2,060 

J34 

0.25 

NS 

'--< 
o 
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;e 
Z 
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1 ViT ti :) st rain 5 is one of th e more v irul e n t s tra ins o f the yell ows virus 
beets under greenhouse conditions. 

2 T he cont rol plo ts were omi lled in [he s[a ti stical ana lysis of th e da ta . 

and strain 3 is of medium virul ence, as judged by effects of these strains on 
>-l 
:I: 
1'1 

> 
:n 
:n 
to 

:-1 
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Table 4A.-Summary of Analyses of Variance of Data Shown in Table 4. 
,0> 

Mean Squares 
<-; 

C 
Degrees r< 

~ 
of Apparent coer. -Source of variation freedom Gross suger Beets Sucrose of Purity Na K Amino N <.0 

(.;-. 
-.) 

Pounds Tons Percent p.p.m. p.p.m. Percent 
--­-

Total 47 

Replicat ions 0.18857' 6.62' 0.45 ' 49.23' 540' 5,384' .0042 

Dates of inoculation 2 7.66869' 249.61' 2.85' 4.17' 1,450' 1l,330' .0118 

Strains 4.16718' 108.00' 3.68' 10.27' 800' 9,330' .0093 

Dales x strain s 2 1.19923' 37.92' 0.54' 0.69 220 565 .0008 

Error 35 0.04954 1.36 0.15 1.13 109 1,738 .0054 

1 Significant at 5% level. 

'Signi ficant at 1% level. 

;j>. 
<.0 
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Effect of Age of Plant at Time of Infection on Injury Caused by 
Yellows. It would be ex pected, of course, that plants infected with yellows 
virus when young would be more severely damaged than plants infected in 
later stages of development. 'Watson, ,,,Tatson, and Hull (II), in England, 
estimated that reductions in yield amounted to from 3 to 5 percent for each 
week the plants showed obvious symptoms of yellows. 

Hartsuijker (5) states that in The Netherlands, losses ranged from 
4 to 5 percent per week in total weight of sugar during the period plants 
were infected. 

Ludecke and Nebb (8), in Germany, found that early infect ion caused 
proportionately greater losses than later infection. In plots harvested October 
26, sugar yields of plants inoculated in mid-May were reduced 53.8 percent, 
whereas la te August infection caused virtually no decline. 

Age of plant at the time of infection was a factor in tests at Salinas in 
1955 and 1956. In the test in 1955, infection in the 12- to 16-lea f stage 
resulted in average redu ctions in weight of roots of 9.0 tons per acre, or 
34.1 perce nt. A delay of 49 days in inoculation , at which time the plants 
had roo ts I to 2 in ches in diameter , resulted in a reduction in weight of 
roots of 33 .28 tons per acre, or 12.5 percent (Table 3). 

In the test in 1956, in which three dates of inoculation with two virus 
strains were used, losses decreased markedly as infection was delayed, as 
shown in Table 4. The trend is especially evident with the virulent strain 
5, and in the first and third inoculation with strain 3. The discrepancy in 
yield in the second inocul ation with strain 3 is beli eved to be due to the use 
of a mi xed inoculum on this date . 

The average daily losses in root weight per ton, from the time of 
inoculation to harvest, were calculated in the two ex periments and are 
shown in Table 5. The calculated da ily losses are, of course, somewhat less 
than the actual da ily losses, due to the fact that they are calculated on the 

Table 5.-Average Daily Loss in Yield of Sugar Bccts Camed by Yellows Virus 
Strains 3 and 5 in Tcsts at Salinas, Ca!ifornia. 

Time [rOlD inoc. 
to harvest 

Reduction in yield 

(Tons per acrc) 

Reduction'in yield 
per day of infection 
(Pounds per acre) 

Date inoc. (Days) Strain 3 Strain 5 Strain 3 Strain 5 

1955 Te$t: 

March 23 153 9.0 II.I 

May II 104 3.3 6.3 

1956 T est: 

March 26 175 7.8 14.3 8.9 16. 3 

April 30' 140 8.9 10. 3 12.7 14.7 

June 5 104 3. 1 4.1 5.9 7.8 

1 The slrain 3 virus used in thi s date of inoculat ion was found to have been contami­
nated with a more virul ent vein -clearing stra in . This may acco unt for the relative ly high 
reduction in yield in plo ts inoculated with stra in 3 on this date. 
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basis of yield of check plants in which there was some reduction in yield due 
to yellows. However, it is not believed that damage to check plots, parti­
cularly in the 1956 test, was sufficient to distort appreciably the calculated 
differences. The results tend to indicate that not only was damage less as 
infection was delayed, but also that average daily reductions in root weight 
tended to decrease with delay in infection. 

The percent sucrose was lower in beets of both dates of inoculations 
than in the controls in the 1955 test and significantly lower than the con­
trols in all of the three dates of inoculation in the 1956 test. However, the 
results do not indicate that date of inoculation in these tests markedly 
influenced the percent sucrose reduction caused by yellows. This is especi­
ally true with the less virulent strains. 

Summary 

Tests at Riverside and Salinas, California, in 1954, 1955, and 1956 
indicated that when infection with the sugar-beet yellows virus occurred in 
the 12- to 16-leaf stage of plant development, yellows caused reductions in 
" ..eight of beet roots ranging from 13.8 to 53.0 percent. Sucrose content of 
beets was reduced in all tests. R eductions ranged from .42 to 2.2 percentage 
points. Under some conditions, but not under all, there was a slight but 
significant reduction in purity, and an increase in sodium and potassium 
content. There was no influence on amino nitrogen content. 

Natural infection in replicated plots at Salinas in 1955 resulted in a 
reduction in root weight of at least 22.3 p ercent and an average reduction 
in sucrose percent of 1.38 percentage points. 

The amount of injury produced by yellows was influenced by vigor of 
the plant, virulence of the strain of virus involved, date of infection, and 
probably other factors 

Plants growing in highly fertile soil usually showed less intense yellow­
ing of foliage than plants growing in soil of intermediate or low fertility. 
Application of nitrogenous fertilizers to diseased plants usually was followed 
by partial masking of yellowing. Tonnag'e losses were higher in plants 
growing at high fertility levels but losses due to yellows were not proportional 
to increase in yield. Reduction in sucrose percent by the yellows disease was 
not significantly different at the different fertility levels used. 

Weight of roots was markedly influenced by virulence of the strain of 
yellows virus involved. In tests at Riverside in 1955, a strain of high viru­
lence caused reductions in weight of roots of 36.8, 30.1, and 30.1 p ercent, 
respectively, at three levels of soil fertility, whereas corresponding weight 
reductions with a strain of low virulence were 22.2, 17.0, and 13.8 percent. 
Jn tests at Salinas in 1956 a virulent strain of virus reduced root weights 
47.0, 33.9, and 13.5 percent, respectively, in three dates of inoculation, 
whereas, the corresponding weight reductions by a strain of medium viru· 
lence were 25.7, 29.3, and 10.2 percent. Reduction in sucrose percentage 
appeared to be correlated with degree of virulence of the strain of virus 
involved. 
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Age of the plant at the time ot infection had a n important bearing 
on the amount of damage produced. Inoculation of plants in the 12- to 
16-lea f stage in tests at Salinas in 1955 resulted in a reduction of 34.1 per­
cent III loot weight, whereas inoculation 4!:J days later rewited in a reductIOn 
in root weight of only 12.5 p ercent. Similar results were obtained with two 
strains of virus a nd three dates of inocul ation in tests a t Salinas in 1956. 
Daily reductions in weight of roo ts, calculated o n the basis of redu ction in 
weight over the period from inoculat ion to ha rvest, tended to decrease with 
age of plant a t the time of infection. 
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