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INTRODUCTEON 

The field of immunit y and resistance to pathogens in plants is 
one of unusual in terest and of great promise. In plants , unlike 
animals, efforts directed to the induction of acquired immunity have 
been unsucces sful, except perhaps in the case of the ring-spot of to
bacco, Price (22) and the aucuba mosaic of tomato on Nicotiana syl
vestris : Kunkel (18) . In the former the virus is pre sent in the tissues 
which £ail to produce ne crotic lesions upon a second inoculation and 
this peculiar reac tion is system ic; in the latter immunit y aga inst the 
aucuba mosaic virus resul ts from infec tion with the ordinary tobacco
mosaic virus and such immunity is r estricted to the areas invaded by 
th e latter. 

It seems quite improbable that pathologists will find in this phase 
of immunity a practical answer to the problems of plant disease 
control. Natural inher ent immunity should be a logical way of 
protecting the higher plants from their pathogens. Strains of some 
of our important crop plants exhibiting a high degree of tolerance 
or resistance to disease have been discovered in various regions of 
the world and these plants have been the basis for researche s on the 
nature of disease resistance and on the development of new varieties 
of crop plants resistant to one or more diseases. 

Last year the writer and Roque (21) announced the discovery 
of the mosaic resistance of the Colombian Ambalema tobacco (Nico
tiana tabacum L.) ; but no account was given of the details of the 
experiments. 

The purpose of this paper is to present the results and observa
tions on infection studies with this variety of tobacco . 

The investiga tion was begun in Puerto Rico in 1929-30 and con
tinued at the University of Cornell (1930-1932) and the University 
of Winscon sin (1932-1933). 
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l\IATERIALS AND METHODS 

'l'be resistant variety Ambalerna was the basis of all the studies; 
but Turki sh 'l'obacco, var. Samsun, "Ceniza:'', "Consolation" and 
Connecticut Havana No. 38 were used as checks. 'l'he variety Sam
sun was used as one of the parents of the cross with the resistant 
tobacco. This variety has been in our collection since 1928 and was 
obtained through the courtesy of l\Ir. John Steele of the Puerto Rican 
Leaf Tobacco Co. of San Juan, who had received it from Greece. 
The vari ety Havana No. 38 was obtained from Professor James 
John son of the University of Wisconsin. The yellow tobacco "Con
solation", like the glantcous (" Ceniza ") variety, originated in Puerto 
Rico probably by mutation from one of the ordinary filler types. 
The Nicotiana gl1dinosa L. employed in this investigation was ob
tained from Professor Johnson . 

The tobacco plants used £or purposes of determining suscep
tibilit y or resistance to mosaic were gro-wn in three or £our-inch 
pots, in fertile soil compost. 

The tobacco plants were first inoculated when very small, at about 
the stage of development described by Johnson (10) ; namely, "with 
only two to four leaves larg e enough to be inoculated.'' Some of 
the resistant plants were r emov·ed to slightly colder greenhouses 
after notes were taken on the results of a second inoculation. All 
plants regarded as resistant were inoculated three times at intervals 
of 7-10 days. 

The N. gl1ttinosa plants were similarly grown in warm green
houses. These were planted in four-inch pots and topped down to 
eight or nine leaves. Topping favors expans ion of the leaves. When 
inoculat ed each plant supported at least six good sized, sound leaves. 

The rubbing or wiping method described by Holmes (8) was 
employed in all inoculations on tobacco or N . glutinosa . Leaf ma
terial was crushed in sterile mortars in the customary way. 

The presence of the virus in a resistant plant or its concentration 
therein was determined by rubbing the freshly extracted juices on 
N. gl1ttinosa. or on small tobacco plants. The production of the 
typical symptoms of ordinary tobacco mosaic on young tobacco plants 
or the production of lesions on N . glutinosa were considered as evi
dence of the presence of the virus in the resistant plant. 

The concentration of the virus particies in infected plants has 
been generally determined, on the basis of Holmes' method, by mak
ing counts of the local lesions produced on N. glutinosa leaves, taking 
as a measure the number of lesions per leaf . It occurred to the writer 
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that since the higher or lower rate of growth of the N . glutinosa 
plant may determ ine a larger or smaller number of lesions per leaf, 
the r esults obtain ed in different laboratories would hard ly be com
parable. Holm es' method pre supposes unit areas but does not take 
care of the factor of differentia l rate of growth . Consequently, the 
number of local lesions produced per measured un it area on N. glu
tinosa was taken in this inve stigation as the measure of the concen
trat ion of the virus . Five lea:ves of N. glutinosa were employed 
for each observation. The area was measured on the th ird day 
aft er inoculation, when counts of lesions were made, and the num
ber of local lesions per every 10 sq. cm. of leaf surface was taken 
as an index of the virus concentration. In measuring the area of 
leaves the following procedure was observed throughout. The leaves 
were outlined on a book so that a permanent record was obtained. 
The area was then measured from the paper with the aid of a plani
meter. 

The virus cultures employed in this inve st igation were obtaine d 
as follows: the ordinary tobacco-mosaic virus (tobacco virus 1) as 
used by Grant (7) in his studies of the suscept range of the tobacco
mosaic virus; the vir uses of yellow toba cco mosaic, cucumber mosaic, 
yellow cucumb er mosaic, pot at o ring-spot, Wingard 's tobacco ring 
spot, celery mosaic, veinbandin g, and mottle were obtained from 
Prof essor Johnson's Laboratory. In the ear ly stages of these studies 
we used a cultur e of the tobacco -mosaic vir us isolated from diseased 
material from Puerto Rico . 

The therma l inac tivation point of the viruses was determined in 
5 c.c. samples of freshly extracted ju ices by subj ecting them to the 
desired temperatures for ten minutes, as described by John son (12). 
In the sta ti stical study of th e significance of r esults, Stud ent's method 
for paired results and Bessel's method were employed throughout. 
In general, odds lower than 31.36 to 1 were considered as meaning 
that the deviations observed might be considered as being caused by 
chance alone . 

EXPERIMENTAL RESULTS 

I nfection of the resistant variety .-As a general rule, when large 
plant s of the Colombian variety Ambalema are inoculated with the 
virus of the ordinary tobacco mosaic no appre ciable visible symptoms 
appear on leaves or on th e suckers of the inoculated plants . If 
such plants are examined when in a rapid ly growing condition, a 
very mild mottl ing may be observed in the younger leaves of some 
indiv iduals. At the beginning, plants older than six or seven weeks 
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were employed and, therefore, considerable doubt arose as to wheth er 
inf ection with the mosaic virus had taken place. Roque (23) has 
stated that no in fection occurred in 686 in oculati ons that he made. 
The writer is sat isfied that th ose observations were on large plants 
on which the sympto ms must not have been evident. In the present 
t rials plants of all ages were inoculat ed with the virus and it has 
been found that infection occurred in every instance irr espective of 
size of plant. 

On small plants .-Th e first experiment to determine the produc
tion of visible symptoms of ordinary tobacco mosaic on small plan ts 
of the res istant stra in, consisted of the in oculati on of ten plan ts. 
Fiv e plan ts each of "Ceniza ", "Con solat ion ", Turkish and Havana 
No. 38 were used as checks. .A.t the end of two weeks the typical 
symptoms of the disease were very evid ent on all the checks. On 
the res istant varie ty clear ing of the veins occurr ed and was followed 
by interveinal small chlorotic ar eas of a mild type, which appeared 
by the ninth day and became more evident at the end of two weeks. 
(See figs. 1-7 and 10-14.) These plant s and checks of the Turkish 
variety wer e tran sferred to six-inch pots and finally to ten-in ch pots 
and kept unti l blossoming time. Soon aft er transferring to the large 
pots the symptoms disapp ear ed from the resistant plants and these 
r eached normal development. 'l' he check plants remained stunt ed 
and numerou s lesions were evident on the older leaves. During the 
course of this investi gation a total of 373 small plan ts of the Amba 
lem(J) var iety and ad equate checks were inoculated and stu died. It 
is concluded from the experiment tha t young plants of the Ambalema 
variety become infected with the ordinary tobacco-mosaic viru s as 
shown by symptoms and presence of the viru s in the tissues but that 
infected plants apparently recover from the disease as is indicated 
by subsequent normal growth and disappearance of symptom s. 

On large plants .-; Plant s 4, 6 and 8 weeks old were inoculated in 
order to determine susceptibility to infection. Clearing of veins 
was noted at the end of five to seven days on the 4-week old plants. 
but it soon disappeared. (See figs. 8 and 9.) No visible symptoms 
were noted on the older plants. In order to determ ine if these 
plants had become infected the juice from the inoculated leaf and 
the three successive leaves was extracted separatel y and N. glutinosa 
and check p lants inoculated with it. Necrotic local lesions appeared 
on N. glutinosa and typical symptoms developed on the cheek suscep-

7 tible tobacco plants indicating the pre sence of th e mosaic virus in 
the tissues of the inoculated plants. 
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On transplants.-An experiment was made with the purpo se of 
ascertaining whether inf ection occurs in plant s of the age at which 
they are ordinarily tran splant ed into th e field. F our-week-old 
seedlings were pulled and treated as follows: (a ) 100 Arnbalema and 
25 suscept ible seedling s inoculated with the mosaic virus; (b) 25 
Ambal ema and 25 susceptib le seedlings left uninoculated. All wer e 
transplanted into 4-inch pots. At the end of 7- 10 days mild symp
toms were discovered on th e inoculated A.mbalenia plants , severe 
symptoms on young leaves of susceptib le plants, and no change on the 
uninoculated Ambal ema. and susceptib le plants . At the end of four 
weeks, only the lower leaves of in oculat ed Anib alema plant s showed 
a very faint mottling; the inoculated susceptible plants were severely 
affected with mosaic and were discarde d. All the inoculated Am
baleina plants and ten each of uninoculated Am,balerna an d suscep-
tible plants were planted in tbe garden an d observat ions made unt il 
blossoming ha d occurr ed. The ext racted juices from th e inoculated 
plants when inoculated to N. gl1dinosa plants showed the pr esence 
of. the virus in those plants . Ju dging from type and rapidity of 
growth, the inoculated Ambal enia plants made as nor mal a develop
ment as the uninoculatec l. A1nbalema plant '>. The susceptib le un
inoculated pla nts became infecte d afte r t ranspla nt ing in the garden. 
The experiment proves th at in the case of the r esista nt tobacco, even 
though inf ection occurs dur ing transplanting, the plants will not be 
seri ously affected and will r ecover from the disease although th e 
virus may be pr esent in the tiss ues. 

Reaction of the A1nbalema tobacco to other viruses.- It was 
deemed of consider able inter est to determin e th e reaction of this 
tobacco to othe r viruses known to infect ordinar y toba cco. 'r his va
ri ety of tobacco would have been of un ique value if it had tu rned 
out to be resistant to these viru ses. Lots of ten plant s were each 
inoculated with the viru s of the following diseases : cucumb er mo
saic, yellow cucumber mosaic, potato rin g-spot (health y potato viru s) 
Wingard's tobacco ring -spot, veinbandin g, mottle (healthy pot ato 
vir us), veinband ing plus potato rin g-spot (spot necrosis), celery mo
saic, yellow toba cco mosaic, and the ordin ary tobacco mosaic as a 
check. The results wer e as follows : 

(a) 'l' he cucumber and th e yellow cucumber mosaic viruses in
fected the plan ts very virul ently produ cing much malformat ion and 
a very conspicuous pat tern on the leaves. (See figs. 17, 18, 20 and 
22.) 
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(b) Potato ring-spot. The rin g-spot virus obtained from appar
ently healt hy potatoes and prov ed by J ohnson (10) to cause a pe
culiar ring-spot disease on tobacco, can infect the Ambalema tobacco 
and produce the typical symptoms on the leaves. Inf ected plants did 
not recover under the condit ions of the warm greenhouse; the plants 
became stunt ed and were finally destroyed. 

(c) Tobacco ring-spot.- The viru s of the r ing-spot of tobacco, re
port ed by Fromm e, Wingard , and Priode (5) as an infectious dis
ease, produce s a very vir ulent inf ection on the Ambal ema. tobacco. 
The symptoms appear on th e third clay after inoculation and infec
tion becomes readily systemic in the plants. Severe defoliation 
ensues and attem pt s of infected plants at new vegetative growth are 
quickly frustra ted by the necrotic rin g spots which extend over the 
blad es of open or unfolding leaves. The infection is much more 
severe than that produ ced by the potato rin g-spot virus. Plants do 
not recover from infection. (See fig. 16.) 

(d) Mottle .- The virus obtained from healthy potatoes and pro
ducing a mottl ing in tobacco (Jo hnson: 10) un like th at induced by the 
ordinary tobacco-mosaic virus, was foun1 to infect the Ambalerna 
variety . The symptoms were similar to those observed on the check 
Havana No. 38 plants. The plants seemed to be litt le affected by 
the disease even though the char acter istic symptoms appeared suc
cessively in the new growth . 

( e) Veinbanding. -'l 'he veinbanding virus, one of the factors re
sponsible for the rugose mosaic of the potato, when inoculated into 
Ambalema plants produces symptoms similar to those produced by 
the same virus on other tobacco plants. In our experiments, the 
clearing of the veins while not as striking as that produced by in
fection of the check Havana No. 38 plants, did not fa de away, as 
in the case of the clearing of the veins which r esults consequent to 
inf ection with the ordinary tobacco mosaic. 

(f) Spot -necrosis.-This disease of tobacco, first described by 
John son (10) and suggested by him (13) as identica l with the rugose 
mosaic of potato was definitely established by Koch (16, 17) to be a 
combination of the mottle obtained from apparently healthy potatoes 
and the insect-tran smitted veinbanding . Koch (17) furth er demon
strated that the spot- necrosis could be produced by a combination of 
the potato rin g-spot viru s and the veinband ing virus. This com
bination was inoculated into the Ambalema plants. In fect ion oc-



STUDIES ON DISEASE RESISTANCE 35 

curred and on the third day necrosis of the leaf tissue was well 
under way. Within a week, most of the leaves had been involved. 
The plants were transplanted into large pots and removed to a 
slightly colder greenhouse. Leaves showed necrotic lesions while 
still unfolded, and the plants finally succumbed to infection. It can 
be stated without hesitation that the severest inf ection was produced 
by this combination of viruses. 

(g) Celery mosaic.-The virus causing a mosaic in celery and 
described by Wellman (26) as celery vir1is 1, produced symptoms on 
.Ambalema which are somewhat similar to those produced on Havana 
No. 38 tobacco plants. The plants, however, seem to be able to 
grow to maturity even though somewhat stunted. 

(h) The yellow tobacco-mosaic vfrus produced infection on .Am
balema plants and visible symptoms were evident by the sixth day 
after inoculation. These appeared in the form of small yellow areas 
which in many instan ces were bordered by a lesion-like zone (See 
fig. 15) . The yellow areas seemed to be more conspicuous and fre
quent along and near the margin of the leaves. The infected plants 
were evidently more seriously affected than similar plants inoculated 
with the ordinary tobacco-mosaic virus . This point may be of in
ter est since the difference between the yellow tobacco-mosaic virus 
and that causing ordinary tobacco mosaic have not been clearly 
defined. The affected plants were able to attain full development 
even though exhibiting the small mosaiced areas. 

DEGR EE OF RE SISTANCE 

It has been stated above that infection in the resistant variety 
occurs whenever plants are properly inoculated, that the symptoms 
appear only mildly in small plants and that recovery seems to develop 
with age. In order to determine in a fairly quantitative way the 
degree of resistance of the re sistant plants, a comparison was made 
on the basis of the virus concentration in .Ambalema and suscept ible 
(Havana No. 38) plants of different sizes and ages as indicated by 
the number of local lesions produced on Nicotiana glutinosa. The 
concentrated juice extract from the leaves of plants of corresponding 
age was employed in the tests. The results appear in tables I, II 
and III. In every case the number of lesions in the tables corre
sponds to a different plant. The significance of the differences is 
determined by Student's method. 
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'l'ABLE 1.-CONCENTRA'l'ION OF 'l'II E VIRUS IN THE JUICE OF AMBALEl\JA & JJA 
VANA No. 38PLAN'l'S , F IVE WEEKS OLD; JUICE EXTRACTED ONE WEEK AFTER 
I NOCULAT ION; LESIONS PER 10 SQ. CM. OF N. GL UTINOSA LEAF SURFACE. 

Ambal ema 

14. 326 .......... , . .. . .. .. . .. . .. .. .......... . 
20.62 1. ..... . .......... . ... .... . .. . . . . .. .... . 
24,2&7 ... ..... .. . .......... .... ..... ... .. .. . 
26.920 ......... .. .... .. ........... . ... .. .. . . 
18.445 .......... .. ..... . .. .. .. .. .. . 

'l'otal. ..... . .... . ......... . . . ... .... . . . 

Havana 
No. 38 

90 .324 
91.258 
86.326 
97.216 
83. 717 

M S.D. 

3.119 .. ... .. .. . .. .... .. .. .. . 
12.924 ............ .. .. .. .. .... .. .. 

148.669 ... .. .... .. ........ ....... .. 
52&.264 .. .. .. ...... .... .. 
80.2&2 

773.258 74.232 12.4359 

The value of Z was found to be 5.97. The odds were determi ned 
from the table on the values of Z. With th is numb er of observat ions 
and Z taken as 6.0, the odds ,vere found to be higher than 9999 : 1 
against a diff erenc e as great as 74.232 occurr ing clue to chance alone. 
'fherefore this eA"})eriment shows a difference in resistance betwee n 
Anibalema and H avana No. 38 at an age of five weeks. 

TABLE II -C ONCENT RAT ION OF T HE VIR US IN THE JUICE O F AMBALEMA AND 
HAVANA N o. 38 PLAN 'l'S, 9 WEEKS OLD; JUICE EXTRAC'l'ED F OUR W E EKS 
AFTER I N OCULA TIO N; LES IO NS PER 10 SQ. CM. OF N. GL U.,'I'INOSA LEAF 
SURFACE 

Ambalema 

2.678 ................ , ...... · .. .. .. · · ...... · 
14.241. .... . . . .... .. .. .... , .. ...... .. . .. .. .. . 
17 .077 ...... .. . : .... ......... .............. .. 
17.953 . ... .... ...... . .. .................. ... . 
17 . 139 .. ... .. . .... . ... .. . . .. .. . . .. ... . . ..... .. 
19. 499 .. ... .. .... ...... ..... .. .............. . 
2l.12S .. .... .. ... . .......... . ..... . ....... . . . 
25.961. .. .. . . ......... . . ... . .. .. .. .. . ... ... . . 
26.660 . . ..... . ... . .. ... ....... . . .. .. .. ...... . 
17. 257 ............. , ... , ... , ................. . 

Havana 
No. 38 

35.083 
86. 766 
68.909 
91.46 1 
67. 767 
55.925 
38.16 1 
56.553 
49.441 
57. 769 

Tot al. ... .. . ... . ... . ..... ... . .... . ... . . .. ... . 

M S. D. 

108.556 .. .... .... .. 
882.149 .. . . .. .. .. .. . . . .. .... ... .. 
291.624 ......... .. .. ....... .... .. .. 
63. 250 ..................... ... .. . . 
60.002 ....... ...... . . .. .. . . . .... .. 
40.93 4 

665.176 ......... .. ..... .. .. .. .. .. .. 
149.622 .......... ....... .. ........ . 
401. 722 ...... . ............... .. .. .. 

5.345 

2,669 2SO 42.824 16.3379 

The value of Z was found to equa l 2.6 which for this numb er of 
observat ions shows odds higher than 9999: 1, indica ting that the dif
fere nce 42.824 is not due to chance alone. A:nibalmna plants at an 
age of nine weeks are more r esista nt than equally old Hava na No. 38 
pla nts. 
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'i'ARLE III-CONCENTRATION OF THE VIRUS IN TIIE JUICE OF AMBALEMA AND 
IIA V ANA No. 38 PLAN'r S, 13 WEEKS OLD; JUICE EX 'l'RACTED N I NE WEEKS 
AFTER I N OCULATION; LE SIONS PER 10 SQ. CM. OF N. GLUTINOSA LEAF 
SURFACE. 

Amabl ema 

10.237 ..... .. ....... . ........ .. 
4.215 ............. . ..... ... . ....... .. . .... . . . 
3.328 ..... .. ..... ..... .... ....... .......... . 
4.493 ......... .... .. .... . .. .. ........ .. . 
4.327 ........... .. .. .. ...... ... . ...... , ... . 

10.909 .................. ..... ............ .. 
1.60 9 ......... ............. . ...... ...... .. 
5.033 ..... .. .. ....... .. .............. . ... . 
5.103 ....... ............................... . 
7.150 ...... . ..... . ..... .. .. . ............ .... . 
5.016 ..... .................. . .. ....... . .... . 
0.159 .... ..... . .. . . ........................ . 
o.324 . .. .......... .... .... .... .... ......... . 
1.874 .. ...... . .. .......................... .. 
1.080 ....... ... .. . .... .... ................ . 
2. 751. ........ ..... ... ... .. .. .............. . 
8.476 ... .. .... . . .. ...... .. ... ... ... ... .. ... . 
6.343 ......................... ... .... . ... .. . 
6.247 .. ... .. ..... .. ..... ..... .... .. ........ . 
2.402 . ...... .. ....... .. .......... ..... ..... . 

Totnl. ........ ........ .... . ........... . 

HaYana 
No. 38 

42.017 
37 .401 
47.610 
46.771 
36 .762 
24 .892 
27.671 
30.502 
28.877 
30.632 
54.6~2 
49. 770 
55.007 
46,666 
52. 113 
52.823 
55.598 
47 .102 
51.316 
30 .114 

d ' 

37 .577 
22 .316 
40.602 
10.079 
29.9 70 

572.501 
140.375 
154.778 
199.826 
208.16 7 
137 .265 
]36.913 
281.334 
47.362 

172.213 
147. 914 
84.86 1 
8.117 

66.569 
103.099 

M S. D. 

1-- ---1---·---- ----
2,611.744 37.010 11.4275 

Th e value of Z is 3.317, which with n = 20, gives odds higher 
than 9999 : 1 that the diffel'ence is not due to chance alone. There
fore, it may be concluded that the lower concentration of the virus 
in the resista nt plant may be considered as mean ing that a quantita 
tive differ en ce in resista nce exists between the Ambalema and the 
Havana No. 38 tobacco plant s of th irt een weeks of age. 

The results given above seem to show that a difference in res ist
ance to ordinary tobacco mosaic exists between the A1nbalema and 
the Havana No. 38 tobacco variet ies, as measur ed by the number of 
local lesions p'l:oduced on N. gl1itinosa leaves by the extracted juice 
of inoculated plants of corresponding age and size. This diff erence 
in res istance is expressed in terms of lesions per ten square cent i
meters of leaf surface of N . glutinosa. 

Using Bessel's method for th e dete rmina tion of th e pr obable erro r 
the differe nce in concentra tion of the ordinary tobacco-mosaic virus 
in the Anibalmna and Havan a No. 38 pot ted plant s, was also found 
to be significant . The mean concent rat ion of the virus in Havana 
No. 38 was 45.458 ± 2.292 lesions per 10 squar e cent imete rs of N. 
glutinosa leaf sur face (Table IV ) ; that for the vir us in Ambal ema 
plan ts was 4.828 ± 0.468 lesions (Tabl e VI ) . Th e diff erence 40.63 
± 2.34 is clearl y not due to chance alon e and indi cates that on the 
basis of the nu mber of lesions produced by the plant extracts on 
N. gl1dinosa, th e Amb alenw variety is more resistant to tobacco mo
saic than the Ha vana No. 38 tobacco. 
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TADLR IV - THE CONCEN T RATION OF THE TOBACCO-MOSAIC VIRUS IN HAVAN A 
No.38PLANTS, 13 WEEK S OLD;JUICE EXTRACTED NINE WEEKS AF TER INOO• 
ULA TIO N ; LESIONS PER 10 SQ. CM. OF LEAF SU RFA CE OF N. GLUTINOSA. 

No . or lesions 

42.017 .................... • ...............•...... ....... .. •. . . . .. . .. . . . .. .. 
24.892 ..... ................... . ..... . ... . . . . ..... ..... . .... • .... . .... . .... . 
30. 632 .. . ...•..• . ... . • . ..... •.. . .• .. ... ..... .. .. ..•.•..... .. •..•...•......• 
54.642 .......... . ..... .... . .••.. ..... •.......•.... . •••....... •. •.....• . ... . 
49.770 . .. •..•.•••...••.. . ...•............... • ....... • ........... .. .. .. . . ... 
52.823 .. . ........ .. ... ... .... ... .....•.......• .. .....• . .... . .•............. 
55.508 .. .. ..•. .......•....... • .. · · · .. · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · 
55.025 ........... ... ..... .....• . .. . .. . • •...... •. . . .... . . . ... . .. •. . .. ..... . . 
41. 763 .. ...... • .. ..... . . . .. .. •... .. .• . • .. .... ..... . . ..•.. . .. .. • ... .•.. ••... 
46.516 ........ . . . ..... . ........ . ...................... . ....... . . .... . . · •··· 

454.578 .... ............ . ................... .. ...... ... . . .......... . .. .. ... . 

d' 

11.8405 
422.9604 
219.8103 
84.3459 
18.5933 
54.2432 

102.8196 
100.5581 
13.6530 
1.1194 

M 

1038.9437 45.458±2.292 

AGE OF PLAN 'r AND Vmus CoNc&~TRATION 

It was deemed advisable to determine if the viru s concentration 
in the tissues of plants would und ergo any changes with age of plan t . 
For this purpo se small plants were inoculated when fou~· weeks old 
and th e concentration of the virus was deter min ed by ext ract ing the 
jui ce five and nine weeks af ter inoculation and testing on N. gl!utinosa. 
Plants were prop erly numbered so tha t the same plant could be 
studi ed at the two ages given herein. 'l'he resulis app ear in Table V. 

TADLR V-COMPARISON OF THE VIRUS CONCENTRAT ION IN AMBALEMA PL ANTS 
NI NE AND THIRTEEN WEEKS OLD; J UICE EXTRACTE D AT FIVE AND N INE 
WEEKS AFTER INO CULATION; LESIONS PER 10 SQ. CM . OF LE AF SU RFACE 
OF N. GL UTI NOS A. 

Plant No. 

349 a . .......••.......•. ... . . . 
349 b .. . · ····· •• •• ··· . .• . •. . .. 
349 e ........... • .. • .. .. .•.. .. . 
349 d . . . . ...... .... .. ..... . .. . 
349 e ............ .. .... ....... . 

Five weeks 
after 

inoculat ion 

14.241 
17.077 
17.953 
17 .130 
15.103 

Nine weeks 
after 

inoculation 

1.600 
5.033 
5 .103 
7.150 
5.016 

Tot al. .. . . .. .. . . ...... . . . . ........... .......... .... . . 

0.626630 
0.041453 
6.810012 
3.427682 
3 .074412 

13.080189 

M 

11.8404 

S.D. 

1.6712 

The value of Z was found to be 7.085 which may be taken as 7.1. 
Thi s valu e with n = 5, gives odds higher than 9999: 1 that the dif 
ference is not clue to chance alone, thus leading to the conclusion 
tha t th e viru s concentra tion in the resistant plant is lower in plants 
13 weeks old tha n in th e same plants at nine weeks of age. 

Using Bessel' s method for t he determina tion of th e pr obable error 
and the significanc e of result s, the concentration of the virus at dif
ferent ages of the plant was studied on the basis of 20 plants of the 
Ambalema var iety . The mean number of local lesions produced 
by the juice of Ambalwta plants five weeks aft er inoculat ion was 



STUDIES ON DISEASE RESISTANCE 39 

18.006 ± 0.875 ('!'able VI ) and that by the juice of the same plants 
nine weeks after inoculation was 4.828 -+-0.468 (Table VI ). The 
differenc e of these two observations is 13.178 -+-0.992. This differ
enc e is 13.28 times as great as its probable error and therefore can 
well be at tr ibut ed to an actua l differen ce in th e concentration of the 
virus in the r esistant plant at an age of nine and thirteen weeks and 
not to chance. 

TABLE VI-COMPARISON OF THE VIRUS CONCENTRATION IN AMBALEMA PLANTS 
N I NE AND T HIR T EE N WEEKS OLD ; JUICE EXTRACTED AT F I VE AND N IN E 
WEEKS AFTER I NOCU LA TION ; LE SIO NS PER 10 SQ. CM. OF LE AF SURFACE 
OF N. GL UTINOSA. 

Plants 5 weeks afte r inoculation Pl ants 9 weeks after inoculation 
Plant No. 

No. of 
lesions d' M 

No. of 
lesions d' 

489............. 2.678 234.9476 .. .. . • . .. . .. .. 10.237 29.2573 
349 a...... . . .. . 14.241 14.1752 .. .. .. • .. .. .. . 4.215 0.3758 
349 b....... ••. . 17.077 0.8630 .. .. ... .. .. .. . 3.328 2.2500 
349 c...... . .. .. 17.053 0.0028 . .. .. .• .. . .. .. 4.493 0.1122 
349 g.. ... . . . . .. 17.139 0.7517 .. ... . . .... .. . 4. 327 0.2510 
369......... . ... 19.499 2.2290 .. . .. . .. .. . .. . 10.909 36.9786 
370.. ... .. ... . .. 21.128 9.7469 .. ... . .... .... 1.609 10.3620 
371............. 25.061 63.2820 .. . .. • .. . .. .. . 5.033 0.0420 
372............. 26.660 74.8917 .. . .. .. .. .. .. . 5.103 0.0756 
373 a...... .. ... 17.257 0.5610 ... ........... 7.150 5.3917 
373 b ...... .. ... 12.342 32.0809 .. .. . .. .. .. .. . 5.0 16 0.0353 
373 c........... 18.671 0.4422 ... .. .... .. ... 0.159 21.7996 
373 d........... 23.661 31.9790 .. .. . .. . .. . .. . 0.324 20.2860 
373 e....... .... 15.003 9.0180 ... .. . . ....... 1.874 • 8 .7261 
373 f........... 0.766 67.8976 . ..... .... . .. . 1.080 14.0475 
373 g........... 27.167 83.9239 .... . ...... ... 2.751 4.3139 
373 h . .. .... . ... 17.424 0.3387 ... .•. ..... .. . 8.476 13.3079 
373 i.... .. ..... 18.037 0.0010 ... . ....... .. . 7.132 5.3084 

M 

373 j .... .. .. ... 17.113 0.7974 ... .. .. .. .. .. . 8.012 10.1379 
373 k........... 21.339 11.1089 .. .. . . .. .. . .. . 5.322 0.2440 ............ . . , ____ _ , ____ _ , , _____ , _____ , 

Tota l. .... 360.116 639 .0385 18 .006± 0 .875 96.550 183.3028 4.828±0.4 68 

ATTENUATION 

It was thought that if the resistant plant was inherentl y capable 
of masking the symptoms or recovering from them , as well as pr event
ing an increase of the virus such as is the case in th e ti ssues of re 
sistan t plants, it might influenc e the virus principl e to an extent 
to which th is would be rend er ed less virulent . Th e att enuation of 
pathog enic organisms is of su ch common occurrence that it is well to 
take advantage of new mater ials and tools in order to make an in
quiry into the possibilities that lie in the field of immunity against 
disease. 

Att enuat ion of plant viruses has been reported in severa l cases. 
A change in the ord inary tobacco-mosaic virus has been induced by 
heat (Johns on: 11) and by the action of oxygen (John son and 
Ogden: 15). 
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At tenuation of th e virus th at causes the curl y-top of sugar beet 
has been r epor ted by Carsner (2, 3 ) and La ckey (19, 20) by pa ssage 
th rough r esistant plants and by Carsner & Lackey ( 4) when passed 
thr ough r esistant varie ti es of suga r-beet. 

l!' r om th e r esults of J obnson & Grant (14) it ap pear s that pa s
sage of the ordinary tobacco-mosaic viru s thro ugh S0lan1im atropii 1·
pnrei1m, S. melongena., S . miniafam an d Martyn ia lo1iisia,n,a. r esulte d 
in a lowering of the th ermal inactivation point of the viru s by severa l 
degrees Centig ra de ; between 5 and 10 degrees. Th e writ er s, how
ever, consider that a .vari at ion of 5°C is not " of sufficient magnitude 
t o be considered significant in th e pr esent stat e of our knowl edge 
concerni ng plant viruses.' ' 

Gran t (7 ) made four successive tran sfers of the ordinar y tobacco~ 
mosaic virus through young plants of Pha celia wh itl av i(J), larksp ur , 
buckwh eat, t assel 'flower and thr ee tr ansf ers th rough F 1:ench mari 
gold , but bis r esult s showed no evidence of attenuat ion. 

Holmes (9) repor ts a str ain of the tobacco-mosaic virus which is 
masked in N . tabacwni but otherw ise ind istingu ishable fr om the latter . 
It behaves like ordinar y tobacco mosaic in response to heat, st orage , 
dilut ion, suscept r ange and in pr oduction of necrotic symptoms . 

Kunke l (18) ~as r ecentl y r eport ed thr ee att enuat ed strains of the 
aucuba mosaic of tomato, isolat ed fr om plants incuba ted at high 
temperatur es and th r ee st rains of the ordin ary tobacco mosaic ob
tained in a similar mann er. 

An exper iment was mad e for the pur pose of dete rmin ing th e ef
fect of passage of th e ordinary tobacco-mosaic and the yellow tobacco
mosaic vir uses th r ough the re sistant vari ety 1bnbalema. 

Two seri es, Rn - S0
, involved th e inocu lat ion of r esistant (R ) 

and susceptib le (S ) Havana No. 38 small tobacco plan ts at in terv als 
of 10 days as follows : R1 -S °, meaning the ori gina l inoculation; R 1 

- S1, meaning the second inoculat ion, a suscepti ble plan t inoculat ed 
with ju ice extracte d from R1 - S0 ; the source of in oculum for R2 

- S1 being the jui ce of R1 - S1 , et c. 
Two other series, Rn, involved th e r ep eated inoculati on of small 

resistan t Am balema pl ants at 10-day intervals. The experimen t was 
conti nu ed durin g a peri od of 100 da ys when both ser ies end ed with 
inoculation into a susceptibl e plan t . 

In ord er to t est for modificat ion of the viru s, the extra cted jui ces 
were inoculated into N. glid inosa and H avana No. 38 tobacco. 

The result s show that no chang e was effected in th e yellow tobacco- · 
mosaic vir us, tha t could be determ ined by differences in symptom 
expressi on. 
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Similar r esults were obtained wi:th the series m which the or
dinary tobacco-mosaic virus was used as inoculum. It should be 
obsen-ecl that the virus was in no case exposed to the attenuating 
effects of the same plant, £or more than ten days. If attenuation 
of the Yirns occurs, this experiment proves that a long er associatio11 
than ten clays is necessary beh,~een the pathogen and the protoplasm 
of the suscept for any change to occur. In a second experiment ten 
Ambalemro and five Ilavana No. 38 plants were inoculated at the 
seedling stage and kept in pots up to the blossoming stage. They 
were transferred repeatedly from pots and the large-plant stage was 
reached in ten-inch pots . The presence of the virus in the fifth leaf 
do"11 from the unopened bud was determined every two weeks. The 
extracted juice was inoculated in to Havana No. 38 tobacco and N. 
g l 1il inosa . 

At the encl of the experiment it was found that the difference in 
viru lence of the virus bad not change d significantly as indicated by 
the nu~b er of local lesions produced in N. gl1itinosa by the extracted 
juices, and by the symptoms on Ilavana No. 38. One exception, 
however, was that of an A:nibalema, plant which bad exhibited peculiar 
yellow interveinal areas on the leaves a week after inoculation. 'l'his 
plant was kept under special observation . Two months after inocula 
tion, the symptom s had disappeared completely from old and new 
leaves. The extracted juices from this plant produced at thi s stage 
on Havana No. 38 a form of mosaic which differed in morphological 
symptoms from ordinary tobacco mosaic or yellow tobacco mosaic. 
Suspecting a mixtur e of viruses which might have occurred acci
dentally , it was conceived that by repeated inoculation into N. 
gl1dinosa a separation of elements producing necrosis on this suscept 
might be attained. Accordingly, the extra cted jui ce from the plant 
was inoculated into N . glittinosa,. No dilution was made since the 
concentrated juice from each lesion bad been found in previous tests 
to produce only brn or thr ee local lesions per leaf of N. glidinosa. 
Single spots were carefu lly dissected out and after thorough macera
tion in the mortar a few drops of steril e water were added . With 
the aid of a little cotton wrapped at the end of dissecting needl es, the 
small amount of extra ct was inoculat ed into a small plant of the 
Havana No. 3 tobacco and into a leaf of N . gliitinosa. Quite sur
prisingly it was found that both the ordinary tobacco mosaic and 
th e new mild form "-ere obtained from th e single spots . The process 
was repeated with the mild form alone through four additional gen
erations of N. gl1di110.·o plants. Th e successive increase of the virus 
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and repea ted isolation of single spots resulted in the pur ification of 
the new virus. 

It is of int erest to have isolated a form of mosaic with a sympt om 
expression di:fferent from the ordinary tobacco mosaic yet producing 
necrotic local lesions on N . glutinos(l) and capable of producing infec
tion on Ambalerna tobacco. 

The logical proc edur e seemed to be to compare this form of mild 
mosaic with the ordinary tobacco mosaic. 

ViritS concentration.-.A. comparison of the concentration of the 
two viruses in Havana No. 38 and A11ibale1na plants was made in the 
way outlined at the beginn ing of this paper. The result.'> appear in 
Tables VII and VIII. 

In a series of seven observat ions it was found that the mean dif
ference in concentration of the ordina ry tobacco-mosaic virus and 
the mild-mosaic virus in Ambalerna plants was 0.893 lesions with S. D. 
of 1.047, which represents odds of 22.9 to 1 against this difference 
being due to chance alone. In a similar series of five observations 
in Ha vana No. 38, the mean difference was 11.01 with S. D. of 11.13 
and odds of 16.2 to 1. In both cases the odds are too low, indicating 
an in significant difference. It may be concluded on the hp.sis of these 
observations under the condit ions of this experim ent, that the ordi
nary tobacco-mosaic virus and the mild-mosaic virus do not differ 
significantl y in their concentration in either resistant or suscept ible 
plant s. 

TABLE VII- NUMBE R OF LE SIONS PER 10 SQ. CM . OF N . GLUTINOSA LEAF SCJRFACB 
PRODUCED BY EXTRAC1 ' ED JUICES OF I NOCUL AT ED AMBALEMA PLAN 'rS . 

Ordfaary tobacco mosaic Mild Mosaic 

1.874 .... ..... ... . .... .. ...... . 
1.080 ... . ..................... . 
2.402 .................•... . . ... 
1. 704 .. . .... .. ....... .. . . .. ... . 
1.413 ..... . ........... .. ...... . 
2.756 .. .. .... .... ..... .. ...... . 
2.854 ... ........ . ..... .. ...... . 

0.853 
0.878 
0.450 
0.350 
2.678 
1.742 
0.880 

Total .......... . .. .... . . ..... . ...... . 

d' 

0.0104 
0.4775 
1.1215 
0.2125 
4.6570 
0.0146 
1.168-0 

7.6681 

M S.D. z 

0.8931 1.0466 0 .9889 

TABLE VIII-NUMBER OF LE SIO NS PER 10 SQ. CM. OF N. GL UT INOSA LEAF SURFACE 
PRODUCED BY EXTRACTED J UICES OF INOCULATED HAVANA No. 38 PLANTS. 

Ordinary tobacco mosaic Mild Mosaic I 
35.789 ........................ . 
46.416 . . ....• .. .• .. . ....•..... • 
24.651. .......... . . . ... . . . ... .. 
27 .571 ... .. ····· ......•.... ... , 
42 . 702 .... . ........... • .... ... • 

22.402 
17.531 
18.741 
32.410 
35. 746 

Total. ..........•....... . .............. 

d ' 

5.650 1 
319.5156 
27.0400 

251.1908 
16.3539 

619.75().1 

M S. D. z 

11.010 11.133 0.853 
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Symptoms._:._The morphologic symptoms as explained above are 
of a mild form and unlike those of ordinary tobacco mosaic in that 
no leaf distortions or enations have been observed. For a clearer idea 
of this mosaic, see figs. 23-26. 

Nothing is known of the histologic situation. Observations in
dicate that the physiology of plants affected with this form of mosaic 
must be different from those infected with the ordinary form since 
they are able to develop fairly well and bear good seed. 

Temperature relations.-Three different experiments to determine 
the thermal inactivation point of the mild-mosaic virus showed that 
it lies between 86° and 90°0 ., like the checks of ordinary tobacco
mosaic virus. 

It was not inactivated at 85°0 . This correspondence with or
dinary tobacco-mosaic virus should be of some significance in the in
terpretation of these results. 

DrscussroN 

A point of interest not raised in our previous paper (21) is the 
fact that according to current hypotheses a case of resistance to mo
saic within the species N. tabacitm would not have been expected to 
be very frequent. The ordinary tobacco-mosaic virus is certain ly one 
of wide occurrence. Suffice it to mention that its host range has 
been recently extended by Grant (7) to include 29 non-solanaceous 
species distributed in 14 widely separated families. Our cli'>covery, 
therefore, does not easily fall within the postulates ac1Yanced by 
Vavilov (25) who claimed that the chances for occurrence of immune 
or re sistant plants would be least for species of pathog ens with a 
weak degree of pathogenetic special ization. 

The results herein presented show that plants of the Ambalem a 
variety always become infected prov id ed that inoculation is properly 
done. It has also been demonstrated that infection will occur at 
any age of the suscept . It is further shown that symptoms of 3: very 
mild chara cter will appear on small plants but that the plants have 
the capacity to outgrow the symptoms and the new growth appears 
free from chlorosi s. From the commercia l and practical standpoint 
this is of more than ordinary interest . It has been generally conceded 
by workers with the mosaic of tobacco that infection in the field or 
seed-bed arises when the workers hand ling the small plants have 
the habit of chewing tobacco. Valleau and Johnson (24) Fukushi 
(6) and Busch and Wolf (1 ) hav e determined by experiment that 
many commercial brands of tobacco serve as sources of inoculum. 
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There remains no doubt that ·a variety of tobacco which can escape 
the injurions effects consequent to infection at the time of trans 
planting should prove valuabl e in the hands of both the practical 
grower and the scientific investigator . This is especially tr ue if one 
bears in mind the futility of efforts in the rogueing of tobacco-mosaic 
infect ed plants. Wolf (27) is of th e opinion that the rogu eing of 
seed-beds is inadvisabl e. lVIost investigators who ha ve had field ex
peri ence with this disease will agree that much harm will often 
result from this method of eradication unl ess the laborers are intel
ligent and extremely careful. 

The use of the number of local lesions produced on N . glittin osa 
by the extracted jui ces is the only method at hand to express in 
quantita tive terms the concentrat ion of the vir us prin ciple in the t is
sues of it s host; but at best it is only of rela tive value. .A. modificat ion 
of the method has been made here inv olving the express ion of con
centration on the basis of measured ar eas, in this case ten squar e 
cent imeters of leaf surfa ce. The variety Ambalema has been con
sider ed as r esista nt because the measure of the virus concent ra tion 
in it s tissues as repre sented by the number of local lesions per ten 
square centimeters of N. gliitino sa leaf surfa ce has been shown to be 
sign ificantl y lower than that of the juic e from a kn own suscept ible 
vari ety. Other factors inhere nt in the plant may be responsible for 
the low viru s concentration. 'l'he r esistance in t he Ambalerna va 
riety, therefore, may be defined as the capac ity of the A1nbalema sys
tem to pr event the in crease of the viru s in it s t issues at the same 
high r at e as is character ist ic of susceptible plants. 

The Ambal ema tobacco was found to be very susceptib le to other 
kn own viru ses of tobacco. It succumbs quickly to the effects of 
spot-necrosis and Wingard 's tobacco ring- spot and more slowly to 
potato ring- spot and cucumber-mo~aic viruse s. The degree of sus
cept ibilit y is difficult to estimat e in the case of the mottl e and vein
bandiug viruses although the symptoms appear in the leaves. In these 
cases we may be dealing with a mild toler ance to inf ection. The fact 
that it exhibit s it s highest resistance to yello,v tobacc0-mosaic and 
ordinary tobacco-mosaie viruses raises an important question. Is 
there reall y so much diff erence between these two virus es? Johnson 
(12) is quite convinced that they ar e different, though closely related. 
We only wish to call attention, in pa ssing , to the similar react iou 
exhibited by the res istant var iety to infection by both viruses. 

That the viru s concentration in resistant plants was higher in 
plan ts five weeks old than in the same plan ts at the age of thirteen 
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\\'eeks may mean that the viru s is incr easing at a lower rate in th e 
older plant. Another expla nat ion may be tha t the viru s prin ciple 
becomes diluted with the expan sion of the leaf blades. It would not 
be easy to conceive of the destructi on of some of th e virus pr inciple 
in the larger an d older pla nts . 

The isolation of an app ar ent ly new viru s fr om resistan t plant s 
inoculated wit h the viru s of the or din ar y tobacco mosaic may be ex
plained as a case of att enuati on of the latt er. 

On the basis of the symptom expr ession alone the mild mosaic 
can be differ entia ted fr om the ordi nary tobacco mosaic. 'fhat the 
ther mal ina cti vat ion poin t, th e viru s concentr at ion and the produc
tion of local necr otic lesions is like in ord inar y tobacco mosaic may 
indi cate that the mild-mosaic viru s is not very far removed from 
the latte r. It will be a question as to wheth er the differ ence in 
sympt om exp ression alone has enough weight to lead one to regard 
th e two viru ses as different from each other . Johnson (12) ha s al
r eady pointed out tha t symptoms may be of litt le diagnostic value 
in differentiati ng between plant viru ses. 

It may also be att r ibut ed to · a separa tion of anothe r mosaic virus 
or of a fac tor cont ained in th e tobacco-mosaic vir us . This would 
necessitate th inki ng of the tobacco-mosaic vir us as a mixture of fact ors 
which may be separat ed from th eir combinat ion. Since th e known 
propert ies of the ordi nary tobacco-mosaic viru s are exhibited by the 
mild-mosaic viru s and th is differs from the for mer only in the r esult 
ing symptoms, th ere should be no objection t.o rega rding the mild 
mosaic as an at t enu ated form ·whose para sitic and pathogenic capacity 
has been changed or altered in degr ee but not in charac ter. 

Whether th is modification has been in fluenced by t he pro toplasm 
of the r esist ant plant in part or in its enti r ety, or whether other 
factors ext ran eous to the plant have played the major or perha ps 
the complet e r ole, has not been ascertai ned in these stud ies. 
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SUMMARY 

1. In fection of the resistant tobacco variety Ambalema occurs at 
all ages. 

2. Symptoms in resistant plants ordina rily consist of clearing of 
the veins followed by small chlorotic interv einal areas of a mild type. 

3. Inf ection occurs and mild or severe symptoms appear in trans
plant s when these are inoculate d a.t tim e of pulling. These plants 
later recover in the field, but the virus is always cont ained in their 
tissues . 

4. Inf ection of Ambalema plants was determin ed by inoculation 
of the juic es extracted from those plants into N. glutinosa and Havana 
No. 38 tobacco. 

5. Ambalema . tobacco is also resistant to yellow tobacco mosaic, 
and celery mosaic. It should not be forgotten that symptoms are 
produced in inoculated plants but the effects produced by the disease 
are not very significant. 

6. By adequate quantitative studies it was determined that the 
Amb alema tobacco is significantly more resistant to ordinary tobacco 
mosaic than Havana No. 38 tobacco at all stages of growth. 

7. Ambalema tobacco is very suscept ible to cucumber mosaic, 
yellow cucumber mosaic, potato ring-spot, Wingard 's tobacco ring
spot and spot-necrosis, and somewhat less susceptible to the mott le 
and veinbanding viruses. 

8. The virus concentration was found to be lower in inoculated 
resistant plants nin e weeks afte r inoculation (13 weeks old) than 
five weeks after 'inoculation (9 weeks old). 

9. A mild form of mosaic was isolat ed from resistant plants in
oculated with the ordinary tobacco-mosaic viru s. In its properties 
this mosaic virus seems similar to the ordinary tobacco-mosaic virus. 
This may possibly be r egarded as a case of atte nuation. 

DE PARTMENT OF AGRICULTURE AND COMMERCE, 

SAN JuAN, PUERTO Rico 
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EXPLANATION OF P LATES 

PLATE L-Ord inar y tobacco mosaic. 
Fi g. 1. Clearin g of veins, earl y stag e, Ambalema leaf. 

2. Advanced sta ge of inf ection, leaf of Ambal ema tobacco. 
3. Virul ent form of inf ection with mu ch yellow ing , Am

balema t obacco. 
4. Uninocu lated check, Ha vana No. 38 tobacco . 

PLATE IL - Ordinary tobacco mosaic. (Pl ant s of same age. ) 
Fig. 5. In0 culate4 . check, H avana No. 38 tobac co. 

6. Uninoculat ed check, A1nbalema tobacco . 
7. Advanced stage of infection, Ambalema to-bacco. 

PLATE UL-Ordinary tobacco mosaic. (P lants six weeks old. ) 
Fig . 8. Leaves from infect ed plant of Am,balema. 

9. Leaves from infe cted plant of Havana No. 38. 

PLATE IV.-Orclinary tobacco mosaic. (P lants of same age. ) 
Fi g. 10 and 12. Infect ed A.rnbalema plant s. 

11. Uninoculat ed check, Amba,lema plant. 
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PLATE V.-Ordinary tobacco mosaic. (Plants 0£ same age.) 
Fig. 13. Infect ed plant , Havana No. 38. 

14. Inf ected plant, Am balema. 

Pr ,A'rE VI.-Various viru s diseases on Anibalema . 

Ml 

F ig. 15. Leaf in.Eected ,,·ith the yellow tobacco -mosaic virus. 
(Note tend ency of yellow ar eas to be moni conspicu
ous along margin of blade.) 

16. Leaf infected with Wingard 's tobacco ring-spo t viru s. 
17 and 18. Leaves inf ected with the yellow cucumb er-mo-

saic virus. 
19. Uninocnlat ecl check, leaf of Ambale ma. 

PL,ATB VIL -Cuc umb er mosaic on .thnb alemci. (Plants inoculated in 
greenhouse and tran spl anted to the gar den. ) 

Fi g. 20 and 22. Plants inf ected with the cucumber-m osaic viru s. 
21. Check plant, infected with the ordinar y tobacco-mosaic 

viru s. 

PLATE VII I.-Atte nu ation 0£ th e ordin ary tobacco-mosaic viru s. 
F ig. 23 and 26. Leaves of H avana No. 38 toba cco showing 

sympto ms 0£ an atte nu ated form of tobacco mosaic . 
24. Uninocul ate d check. Havana No. 38 tobacco. 
25. In oculat ed check, Ha vana No. 38 tobacco inoculat ed 

with the or dinary tobacco-mosaic viru s. 
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PART II .-A NEW PARASITIC FUNGUS IN THE ROOTS OF 
SUGAR CANE 

This fung us was found on the roots of suga r cane gr owing m 
pots, while the writer was studying anot her disease. The wri ter did 
n ot make a micr oscopic examina tion of the roots at the time but 
put a large number in a killing fluid for later study. Therefore, the 
disease was not recognized as new until afte r the roots had been 
sectioned and sta ined . Upon the discovery tha t the fungus was new 
to science, the writer made a search for additiona l materia l in order 
to study living materia l but without success . Therefore, these stud 
ies are based entirely on material that had been sectioned and stained. 
However, there was a sufficient amount of material for study . 

The mate rial was killed in weak Flemming and most of it was 
stained with Haematoxylon and iron-alum . 

The symptoms of the disea se visible to the unaided eye are of 
little or no importance for diagnostic work . They appear as small 
reddish spots which cannot be distinguished from spots due to other 
causes. The fungus is restricted to the younger parts of the r oots. 
It is doubtful if it ever attacks a root more than 11/2 inch back of the 
tip. 

The imp01·tance of the disease cannot be determined un til a more 
thorough study can be made. The fungus was found in great abun
dance in some roots and had complete ly destroyed the contents of 
many cells . It was found on four varieties, growing in pots and 
well supplied with water . They are .Uba, M 28, PR-8 01, PO J-28 78, 
S0-12(4) and BH-10(12). It was most severe on PR-801. It has 
not been found in the field. The nature of the disease is such that 
a severe outbreak might prove very destruct ive, The taxanomic 
relations of the organism are such as to ind icate tha t it will thrive 
best in soil well supplied with water. 

Th e fiingns is found in the epider mal cells an d cortex but has 
not been found in the axis-cylinder. It sometimes occurs in masses 
·which have been estimated to contain between 150 and 200 cells, but 
it also occurs in single cells throughout the cortex . There is no en
largement of the host cells. The fungus appears as a plas modial 
mass which almost completely occupies the cell (F igs . 1- 3). In most 
cases there is a single mass, while in a few others there may be sev
er al of these masses. ( l:1-,igs. 4-6) This mass may be vacuolar or 
densely gra nular . (Figs . 1-2) . In the youn g stages the nu clei are 
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EXPLANATION OF PLATES 

Figure 1.-Longitudina l section of tip of root showing axis cy
linder with one row of cells that are to form a tracheary tube; cortex, 
epidermis and root cap. 

Figure 2.-Cross section of tip of root showing axis cylinder and 
a circle of large cells that are to for tracheary tubes; cortex, epi
dermis and a small amount of the root cap around the margin. 

F igure 3.-Cross section of root tip lower down and a litt le above 
apex showing axis cylinder, cortex, epidermis and root cap arou nd 
th e marg in. 

Figure 4.-Cross section thr ough the root cap . 
Figure :;; 5, 10 and 11.-Cross sections of cells that are to form 

t racheary tubes . Note differ ence in pr otoplasmic cont ent s. 
Fig ur e 6.-Same in state of disintegrat ion. 
Fig ures 7, 8 and 9.- Longitudin al sections of cells th at are to 

form t racheary tubes. 
Fig ur e 12.-Cross section of root tip showing cortex, axis cylin der 

and one cell of a fu ture tra ch ear y tube. 
Fi gur e 13.-C ross section of a root t ip showing pri mitive axis 

cylinder and cortex. 
Fi gur e 14.-C ross section of root t ip showing par ts of cort ex, 

epidermis and r oot cap. 
a.c.-axis cylinder. Cor-cortex. ep = epid ermis. r.c. = root cap . 

tt = tra cheary tube. 
The phot ograph s for :figures 1 to 4 were made by Dr. Harold 

T. Cook. 
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not visible , (Figs. 1- 2 ) but they develop in great numbers with 
age (F igs. 3-4). In the great major ity of cases the cell wall is thin 
but always distinct (Figs . 1-2 ) but in some cases it is very thick 
(Fig. 3). These thick walled cells appear to be resting spor es. 

The p lasmod ium produces a germ tube which punctures the cell 
walls and penetrates one to four cells, possibly more, although four 
was the largest numb er observed . (Fi gs . 5- 23). The writer never 
observed the germination of more than one plasmodium in a cell. 
Th ere was neve r mor e than one tu be to a plasmodium and bran ching 
was observed in one case only (Fig. 13) . Most of the germinating 
plasmodia were large but two small ones were also observed (F igs. 
12 and 14 X) . Bensaude (2) reported a plug of dense protopla sm 
at the t ip of the tube . No such plug was observed in any of the 
writer's preparat ions. The formation of the tubes and zoospores 
ha ve a superficia l resemblance to those of Diplophlyctis intestina as 
described by K arling ( 4 ). 

The tubes usually grew more or less in a direct line , but there 
were some exception . In one case the tube grew into the form of a 
letter U ( Fi g. 15) . In the great mayori ty of cases the tube grew in 
th e direction of the epid ermis . All the except ions were a consid er 
able distance fro m the surface . Th e writer is unable to say whether 
this indicat es some type of tropism or not . 

The form ation of nu clei and spores was not correlated with the 
form ati on of the germ tube. Sometimes the germ tube is without 
any evidence of nuclei (Fig s. 9, 10, 11, 12, 14 and 16) while in 
others the nu clei are very distinct and numerous (Figs. 7, 8, 13, 15, 
17 an d 20) and- in still others the spores are form ed before the tube s 
have made much progress ( Figs. 18 and 19). The tubes penetrat ed 
the cell wall s in all cases observed except one in which it went through 
the wall of it s own cell and then between the walls of other cells 
(F ig . 16) . A few cases were observed in which the germ tube was 
un able to penetrate the cell wall bu t pu shed it forward (Fig. 20). 

The spor es are numerous, more or less spherical and uninuclear 
with very th in but distinct walls. In some cases the germ tube 
pa sses through th e epidermis and the spores ar e emptied into the 
soil (F igs . 14 and 23) while in other cases they are emptied into 
anothe r host cell. 

Th e spores that empty into the soil, pre sumably penetrate the 
epid ermal cells of the same or oth er roots . Ben saude (2) reports a 
discharge of spores dir ectly into the soil. Actual penetration was 
not observ ed but many cases were observed in which the epidermal 
cells were infected (Figs. 41 to 42) . Ciliated stages of the spores 
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were not observed but many prepar ations showed amoeboid char
acters. It is possibl e that a study of fresh material would have shown 
cilia ted spor es. 

The behavior ·of the organism in the host was observ ed in many 
prep ara tions. They were amoeboid and frequently unit ed as shown 
by th e number of nuclei (Figs. 30-34 and 41) . In some cases they 
tend ed to become filamentous (figs. 35 and 37) and many of them 
pen etrated cell walls (Fig s. 38 and 39) . They did not grow and 
unite with equal rap idity (Figs. 29-39). Somet imes large plasmodial 
bodies were found in the same cell with spores (Figs. 29-30). 

A carefu l st ud y of th e available material leads the writer to 
believe that many of the sporan gial bodie s matu re their spor es with
out the formation of a germ tube. The fo1;mation of tub es was not 
observed in any of th e th ick walled sporangia (Fig. 3) although 
a careful search was made of the adjoining sections of many of 
them. Yet these thick-walled sporang ial bodies produced an abund 
ance of spores. 

The thick-walled spores ( or sporangia ) wer e apparently r esting . 
Roughe ned , thick-walled spor es ( or sporangia ), such as are describ ed 
and figur ed by Woronin (6) and Bensaude (2) were observe d (Fig . 
48) but the writer is in clined to believe that th is roughn ess is due 
to plasmolosis and shrinka ge. 

Th e possibilit y of a second species attracted the attention of 
th e writer. A few sporangia were observed in which the spor es 
were much small er than the others (F ig. 21, 22) and many cases were 
observed in which small spor es were germ inating in the host cells 
(F ig. 36) . Th ese small spor ed sporang ia were very few, but th e 
germination and behavior of the spores appeared to be the same as 
in the large spored forms. Th e large and small spored forms wer e 
not observed to uni te or have any re lationsh ip whatever. 

Double infection of the large host cells by the large-spor ed forms 
was observed in many cases (F igs. 43-46 . The writ er's opinion 
is based on the fac t that young sporang ia and spores in vario us stages 
of development were observed in many host cells. 

Abn orma l spor ang ia were of frequ ence occurrenc e. In these cases 
the spora ngia did not develop the sph eric al body but developed a 
worm-like structure which penetrated the walls of the host cells and 
produced spores in the same manner as the normal, spheri cal spor an 
gia (F ig . 24-2 8). 
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DISCUSSION 

'l'he lif e history of this organism is practically the same as Olpi
dium, with slight varia ti ons, except that th e writer has not seen fla
gella on the spor es. It is possible that flagella ar e pre sent and that 
th ey can be seen in living material. Therefore, the writer will place 

' this species tentatively in th e genus Olpidium . Ho wever , it is very 
evident that th e species is new. 

Olpidimn saccha1'i n. sp. Sporangia usually solitary in cells of 
the host , spher ical, multinucleate, germinating by a single tube. 
Zoospor es numerous, uninucleat e, amoeboid, uniting to form plasmo 
dia; sporangia 2.66-3.5~tµ resting spores spherica l and thick walled. 
Resting spores spheri cal with thick, smooth walls . 

Sporangi1irn saepiiis in cellulis hospitis solitariitm sphe1·iciim miil
tinit cle(J)tum unico tubo ge1'Y/ninante; zoosporae nitm erosae uninucleatas 
amo eboideae in plasmodia conjiigantes; sparangia 2 .66-3.51lu sporae 
immobil iae sphericae parietibi"s croosis. 
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EXPLA N ATION OF PLATES 

Figure s 1· to 6.-P lasmoclia in host cells. In figure 1 the proto 
plas m is vacu lolate; in 2 it is dense and shows first evidence of 
format ion of nuc lei; in 3 the nu clei are prom in ent and the wall 
th ick. F igures 1 and 2 will produce germ tubes but figure 3 will 
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not . F igures 4, 5 and 6 show two or more sporangia in single · host: 
cells. In figure 6 one spor angi um is forming a germ tube . 

Figures 7, 8 and 9 show ger m tubes and nuclei in various stages . 
of formation . 

F igure s 10 to 14 show sporangia of different sizes and germ tubes. 
Figures 10 and 13 show two undeveloped sporang ia ; 11 and 14 show 
tips of tubes of sporangi a not shown in the sections; the sporangia 
in figure s 12 and 14 are very small; the tube in figure 13 is branched. 
This is unusual. e = epidermal cells. 

Fi gu re 15.--The germ tube is curved. This is unu sual. 
Figure 16.-A germ tube pa ssing between the cells instead of 

through them . This is unusual. 
F igures 17, 18 and 19 .-Zoos pores in various stages of formation. 
l!'igure 20.-A germ tube has pushed the wall of the host cell 

forward instead of penetrating it. This is unusual. 
Figures 21 and 22.-The zoospores are very small. Note the 

size as compared with 19.-e = epidermal cells. . 
Figure 23.-An unusually long tube. e = equals epidermal cells. 
Figures 24 to 28.-Abnormal sporangia . 
Figur e 29.-A host cell containing a large number of zoospores 

that have not been injected into the soil. Also one large sporangium. 
F igures 30 to 34.-Host cells in which the zoospores are uniting 

to form sporangia. 
Figures 35 to 39.-Host cells in which the sporangia are amoeboid. 

In figures 38 an d 39 the sporangia have penetrated the walls of the 
host cells. 

F igure 40.-Two large sporangia in adjacent cells have united 
and are forming a germ tub e. 

F igures 41, 42 and 47.-Plasmodia in epidermal cells of the host. 
e = equals epidermal cells. Apparently the zoospores penetrated 
from the soil. 

Figure s 43 to 46.-Ce lls of the host in which there are sporangia 
of different ages, probab ly due to infections at different times. 

Figure 48.-An irr egular shapped sporang ium proba bly due to 
plasmolysis. 
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