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INTRODUCT ION

This paper presents experlmental data which establish the
exlstence of strains of the virus responsible for the mosaic
disease of sugarcans. This disease, the host range of which
includes corn and many other related grasses both wild and
cultivated, was first noticed by Duteh investlgators in Java
about 1890, before the existence of virus diseasses as such had
heen definltely established,s It was not, however, considered
by them to be o transmigssible disease bscause all offorts to
transfer it by artificial means et with fallure. It was lmown
in Java as "gele stirepenziekte" (yellow stripe) and has sinee
been called by many nemes, mostly descriptive in nature, in the
various countries where it has been reported. It seems to be
present wherever sugarcane is grown but has not assumed such
great economic importance in most places as it has in Louislana.
Here, apparently, the dissase encountored the most adequate means
for its rapid sproad as well as conditions that often permitted
it to very serlously affect varietles that are gencrally con-
sidered to be tolerant or resistant to mosaice It has often
heen the deciding factor in abandoning varleties that show great
comrereial nromise (see fig., 1) and is so sovere on some var-
icties (seec figse. 2 and 3) that they are eliminated even before

they can be adequ-tely tested from the agronomic stundpoint.
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The disastrous effect of using mos@ice, as compared to
healthy, cattings for planting in the otherwise very
prouising seeding, C. P. 29/291. There was, in this
test, a reduction of 44 per cent in sugar per acre.
The symptom patterm is guite mild on thils variety.



Tig. 2. The awarfing effect of using ‘osaic cuttings for
planting on the seedling u... 28/8. Cane from diseased

cut ings in frot of stake and frow tealthy cuttings
behind stakee.
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The dwarfing effect .of - 3ing mosaic cuttinges for planting on the segede
- 14ng C.P, 28«57, Cane from diseased outtings ,rowing in the foreground
and from healthy in the background of the seme row. <The mosaic cane
produced only a few shoots in the ratoon crop but the healthy cane weas
48 pood as in the plant cane crop shown here,



<
Very often varieties are encountered which show two types of
mosaic, one which cuuses very mild symntoms and no stunting and
another which causes scvere chlorosis and stunting. .\ coupari-
son of such symptoms is shovn in figure 4.
The symptoms and general hehavior of this disease soon
1dentified it with thet mapidly incrensing group known as virus

diseases. The causal virus has been trcated by previous Iin-

3 ITES
~
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gsugzested the possinility of the existence of sirains or varia-
tions of some anature but any sdequate dats in suprort thereof
have been lacking. The results presented in this paper, there-~
fore, repreosent the first systematic compurison and resultant
identification of strains of the virus which produces the mosaie

disease of sugarcane.
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Figs 4o Left (2 leaves): Mild or ordinary mossic symptoms.
Right {2 leaves): 3Severe mosaic symptoms on leaves from adjacent
stools, in the field, of the seedling C, P, 31/254,
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EVIDENCE OF VIRUS STR4INS IN FLANTS OUYTSIDE
THE GRASS FAMILY

Indlcatlions that strains may occur in several plant viruses
are to be found in the literature. Severin (23) reported aster

yellows in California could be easily transferred to celery by

its vestor, Cicadula sexnotate Fell,, but Kunkel (15) was not

able to substantiate these results, working in New York and use
ing a local source of the yellows virus., Having obtalned a
sanple of the California material, however, he (16) was able to
infect celery under New York conditions where the local virus
failed and concludes, "whether the yellows from California is a
strain of aster yellows or is a different dissase is a question
that cannot be answered at this time." Smith (25), comuenting on
this work, says:

Here then is a cage of & virus having 'mutated! or adapted
itaself to a new host plant in one district and after sojourn in
this host has acquired the ability to infect it as easlly ss
any other plant in its host range. Such a8 virus may be regarded
merely as a slightly 4 fferent straln of aster yellows or it may
be regarded es a different entity end be referred to as "celery
yellows." It is also possible that celsry yellows 1s a stege
in the evolution of an entirely new virus.

Sdverin (24) later obtained yellows virus from asters or
carrots from several widely separated sections of the United
States and found celery to be highly resistant to all collec-
tions except those obtained in California., He obtained some in-

foction with certain collections but the percentage never ap-
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proached that obtained by the local viruse.

Cooley (8), comparing what he calls "mild streak" and
"severe streak" of black raspberries, sugzests that he is deal-
ing with two separate diseases of similar nature which have
many diagnostic characters in cormon, suggesting a elose rela-
tionghip, but have certaln others which are so widely divergent
that the two must be differentiated. Their close relationships
suggest the posaibllity that they are strains of the same virus
rather than separate diseases. Bennett (2) classifies three
types of red-raspberry mosaic¢ based on severity of symptoms and
suggests the possibility that they "may be produced by strains

of the virus In dfferent stages of virulence.”
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EVIDENCE OF VIRUS STRAINS IN SUGARCANE
ARD RELATED ORASSES

Storey and lMclLean (32) have shown that the "streak" disease
of maize 1s definitely different from thet of the smugarcane var-
lety, Uba, in Natal. These are probably strains of the same
virus, the latter maving, presumasbly, evoived from the {ormse
since in Uganda, where "streak" is common on maize and the

vector, Cicadulina (Balclutha) mbila Naude, is plentiful, the

Uba cane has remained healthy. kat is apparently a third
strain of the “streak" virus is common on the wild grass, Digl-
tarla horizontalis ’illd., since it differs markedly from the

two described above. '"hat appears to be a similar disesse on
corn in Cuba 1s described by Stahl (26) as "stripe." Its symp-
tomatology is almost identiecal with that described for "streak"
by Storey (28) in 1925 but it has a different insect vector,
Peregrinus maldls Ashm., which was unable to transmit "streak"
in Natale It is suggested by Storey (31) that this may be
another strain of "streak! dlffering in its ability to come into
association with P. maidils,

The £irst suggestion that there might be any variation in
the virus causing ths mosalc disease of sugarcane and related
grasses was made by Brendes and Xlaphaak (6) who stated "...it 1s

possible that there is more than one mosalc disease affecting
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grasses, and there 1s somo reason for believing this to be so,
«+s" They were working with the attempted transfer of one
gsource of sugar cane mosaic to a long series »f wild grasses
and appended this remark as a possible gualification for any
discrepancies that might appear in the future in the list of
grasses that they reported as susceptlbles The posslibility
that "a more virulent form of the disease”™ might have been re-
sponsible for a wave of mosaic spread in 1925 at Caliro, Georgila,
which mroduced infection on s munber of varieties that had pre-~
viously remained moselc-free and had been considered highly re-
sistant, if not immmne, was suggested by Yoder (39) in 1926.
This hypothesis, however, was btut one of several suggested as
pnsolble explanabions of this occurrence.

It was shown by Starey (30) that a mosalc disease observed

to occur on maize and Sorghum arundinaceum Stapf in Transvaal,

which was indistinguishable from that produced by the sugarcane
mosalc virus in other localities, did not produce infection on
sugarcane varletiss that were ordinarily susceptible to mosaic

either in the field, although the vector (iphis maidis Fitch)

was abundant, or in cage experiments conducted with the same
material in Natal, He concludes that "the Transvaal virus is

not virulent to sugarcane and is therefore different from the
common sugar cane mosalc virus."” Tims and Edgerton (37) presented
observations on the behavior of mosaic affecting P.0.J. 213 in
Louisiana that suggest very strongly a difference or modifica-
tion of the virus. They found that diseased cuttings from near
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Baton Rouge, Loulslana, produced commonly a mumber of healthy
plants, whereas similar diseased cuttings from Reserve, Loulg-
lana, about 50 miles distant, showed no such germination re-
covery but produced only mosale plants. They concluded, "This
difference in the behavior of mosaic in the two different sec-
tions suggests tmt there may be two strains of the sugarcane

mosaic virus present in Louisiana.”
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RECOVERY FROM MOSAIC

Prior to the discovery of strains of the sugarcans mosale
virus a large amount of data had been asccumlated on what was
apparently "recovery" from the disease by certain varieties,
Certain of the P.0.J« varieties had been 100 per cent mosale
in 1925, During the years 1926 to 1930, a period of apparently
low secondary spread in Louislane, there occurred a widely noted
and unexpected disappearance of mosale symptoms whieh, in the
casé of P,0.J. 213, was practically complete throughout the
state. Such marked abillity to apparently recover from mosailc
prompted the study of recovery as a factor in field control as
well as in breeding for mosalc resistance. Evidence will be
presented here to show (1) thet actual and permanent recovery
does in fact oecur; (2) its incidence among the more impartant
comiercial varieties; (3) the variability of disease transmission
by cuttings; and {4} the manner in which a natural diminution
and even complete elimination of mosalc may be brought about over

large areas by what may be conveniently called the "recovery

process,”



VARIATIONS IN SYMPTOM EXPRESSION OF VIRUS
DISBEASES OF PLANTS OTHER THAN GRASSES

It was found by Melhus (20), 1917, that potato plants,
grown in Iowa from tubers produced by mosaic-diseased plants in

Haine, showed no evidence of mottling., He zlso has shown that

ms when the

Q

infected sgg plant sscdlings loss all mosalc symp
seedling stage is passede Ths latter finding was confirmed by
¥lmer (12), 1925, who also observed celery from which the mot-
tling csaused by celery mosaic had disappeared. However, the
filiform leaves, characteristic of mosaic diseused celery, were
prcsent at all timese Allard (1), 1917, noted that the plants
of Nicotiana glauca, showing typical tobacce mosaic, lost thelr
symptoms of mottling shortly after having become infected. How-
ever, lnoculation from these plants showed that the infective
agent was still alive, A number of investigatlons have been
made to determine whether the sudden diaappearance of mosalc
symptoms was dne to recoverye. Dickson (9) concluded that in
the case of most of these, the mosaic virus within the plant

was still virulent. Brierly (7), on the strength of the results
of one negastive inoculation trial, decidzd that he had observed
a cage of actual recovery by a tomato plant. 7Two plants of the
cucumber variety, Chinese Long, wore observed by Summers (33},

1928, to "outgrow" thelr symptoms of mosaice This variety had
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beeﬁ coms idered immme to mnsalce previous to this time when
nine plants, ineluding the two mentioned sbove, had been in-
feeted by artificial inoculations. Porter (21), 1952, observed
a number of parallel cases with the same cucumber variety. He
also reported a new virus, “Cucumber virus 2", as being very
virulent on a number of cucurbits. 4 number of watermelon
plants infected with this virus were observed to oubgrow the

symptoms in the field.



VARIATIONS IN SYMPTONI EXPRESSICN OF VIRUS DISEACES
IN SUGARCANE AWD RELATED GRASSES

Several virus disecases have been described for sugarcans.
Among these is "streak disease”, which is prevalent in South
Africa. Storey (29), 1926, vreparted that occasional plaents of
Uba and P.0.J. 213 sugarcane varietles became infected with
what he terms a sparse form of streak disease (when leaf hoppers
from stroak dl seased maize were allowed to feed upon them.)
Successful transfer of the disease to maize showed that the in-
fectlve principle was present in the juices of the sugarcane,
although observations over a period of several months thereafter
revealed no signs of the disease. A later paper by Storey and -
MeClean (32) indicates the existence of at least two strains
of the stresk virus, l.e., the malze strain and the sugarcane
straln. They observed all infections of the sugarcane varilety,
Uba, from msize, as well as those from Eleusine indica Gaert.

and Digitaria horizontalis Willd. to be transitory. Eleusine

indica, vhich could be infected only by virus from diseased
plants of the same species, resisted permanent infection, al-
though a few cases of transitory infection were produced.

The mosale disease of sugarcane has shown groater irregu-
larity of behavior than most of the dlseases mentioned previously.

Brandes (4), 1929, reported numerous cases of apparent recovery
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in corn and 2ls0 in crab grass (Syntherisma ganguinalis) and
foxtall (Chaetochloa lutescens), all three hosts being affected

by the virus of sugarcane mosaic., He also observed that oc-
caslonal mosalc-diseased stools of both sugercane and sorghum
produced tillers with no signs of mosasic, and (5) that mosaic
symptomg were not present in new leauves produced by mosaice
diseased stalks of the Badila varlety of sugarcane. Lyon (17)
reported Lahaina to exhibit the same phenomsnon,

Grey (13), working in Cuba, claimed timt sugarcane, if
properly fertilized and cared for, would graduwally throw off
symptome of messic. Iarle (10) disputed the possibility of such

an otcurrence.
Kunkel (14), reporting in 1924 on his studies of sugarcane

mosaic in Hawall, says:

1t was observed that disessed stools of certain varletles
frequently recover, Careful studies show that thls may come
about in elther of two dlfferent ways. The diseased shoots of
a stool may at times begin to produce healthy leaves., Later,
the old diseased leaves die and fall off. Such stools nay grow
to maturity without showing any further signs of disease on the
leaves. They show no evidence of having bheen diseased unless
the joints from which the diseased leaves grow have markings
characteristic of mosaic. These stools may become healthy
through the recovery of the terminal tuds of their diseased shoots.
But the disease may also be overcome in gquite a different waye.
Although none of the diseased shoots actually recover, the new
shoots produced may be healthy. The disessed shoots remain
small and are overgrown by the healthy ones. #After a time, they
die and the stool may remain heelthy to maturity. In other in-
stances, a stool may be diseased or partly diseased in the plant
crop, or in one of the ratoon crops, but after thisg crep is har-
vested, it may produce only healthy shoots. Such stools may re-
main healthy through the next and subsequent crop perlodse. This
is the manner in wvhich many stools were ohserved to recover Iin
experiments to test the effect of mosalc on yleld...
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Kunkells observatlons resulted in detecting a number of
cases of recovery. More detalled observations on Lahelna re-
sulted in seven cases of the first type described above.

Stahl and Faris (27), in 1929, observed numerous cases of
recovery from leaf symptoms in the varieties P.0.J. 2714 and
P.0.Ja 2725 in Cubae. These two varietles, as well as P.0.J.
2883, consistently produced healthy shoots from cuttings of
mosalc plants as well as occasional healthy stalks in diseased
stools.

Tims and Edgerton (36), in 1931, report great variations
in severity of mosaic symptoms in the very susceptible D-74 and
Louisiana Purple varieties, the greener and more vigorous var-
iants apparently reproducing these characters through several
vegetative generations.

Contiming vegetative seloctlons among the newly introduced
P.0«Js canes, they found that healthy plants were produced from
diseased stalks. This was true to a mich greater extent in
P.0eJ. 213 and P.0.J« 228, classed as resistant, than in P.C.J.
36 and P.0.J. 234, rated as susceptible, They found complate
disappearance of follage symptoms occurring in the same relative
proportion as the several varieties had exhibited for apparent
recovery upon germinatione.

Bast (11) has found, in Cuba, following up Grey's (13) ob-
servations, that sugarcane may recover from mosaic. He says, in

addition, that the same plant may recover and be reinfected as
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many as three times. In his words,

««osuch phenomena are intcrpretable by either of two hypotheses,
both of which are Immanological in character. The host may
kill the infective agent, throw off all sympt-ms of the disease,
remaln in a partlslly lmmune condition for a period, and then
bocome reinfected. It is equally possible that the host merely
reduces the virulence of the mosaiec virus until the latter 1s
unable to produce the usual mosaic symptoms, although the virus
contimies to live within its tissue. In this case, the visible
symptoms of the disease could rsappear without reinfection, if
the resicstance of the plant were lowvered by the propsr coxbina-
tion of external and internal conditions.

From the theoretical peint of view, it is immaterisl as to
which of these hypotheses provss to be more acceptable., The
important fact is that here, for the first time, there seems
to be a critical evidence of the estasblishment of an acquired
immnity to a definite infective agent in one of the flowering
plants.

He concludes with,

eeeSlight as the evidence undoubtedly 1s, it polnts toward the
truth of the second of our hypotheses; that 1s to say, 1t is
perhaps more probable that sugarcane plants gain sn apparent

imminity by reducing the virulence of the mosaic virus than by
throwing it off entirely.

Rands and Summers (22), in a preliminary paper in 1932,
report observations of mumercas instances of apparent recovery
from mosaic In several varietles of sugarcane in Louisiana.

Field ohservations on "Louisiana Striped" showed s reduction in
mosaic percentage from 63 per cent on June 2nd to 14 per cent

on July 21st during the summer of 1932. This was believed to

be actual recovery from mosaic rather than a temporary suppres-
sion of symptous even thbugh a wave of secondary spread increased
the mosalc to 86 per cent later in the season. Healthy plants

of three other "noble" varieties, i.e., "Louisiana Purple",

"L-511", and "D-95", were obtalned from cuttings from similarly
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"foliage-recovered" plants. The varicty "D-74" showved no such
tendencies. The newly Introduced P.0.Jd, varieties were 100 per
cent mosalc in Loulsians in 1924, By 1330, there was almost
no mosaic in PeOed. 213 and it was greatly reduced in the others,
Actual observations of individual plants showed 20.2 per cent
foliage recovery in P.0.Je 36~M and 0.8 per cent in P.0.J. 234
in 1950, There were no mosaic P,0.J. 213 available for such obw-
servations. Incomplete transmission by diseased cuttings was
very marked in [s0e.J. 36=F and P.0.Js 234 but much less so in
the other varieties mentioned above and incomplete tmnsmisslon

by diseased stubblss was much leas comuon than by eatiings.



IMPORTANCE OFF RECOVERY

A detalled study of the recovery of sugercane from mosalc
offers many possibilities of being of great practical import-
ance, A better understanding of this phenomenon in connection
with aphid migrations and a detalled knowledge of the role of
wild grass hosts {not considered in this rer~org) would fom &
more intelligent basis for roguing, a& common practice in many
cane growing regions. Even without iz and undsr conditions
of variasble secondery spread as in Loulsiana, the discase was
almost completely eliminated from P.0.J. 213 during the period
1925 to 1930. Uhen a variety possesses this characteristie,
roguing as a control measure {it is not now practiced in Louis-
iana) would be alded to the extent that recovery occurred. Un-
fortunately, many otherwise desirable varieties are often appre-
ciably damaged by mosaie (as high as 50 per cent in 1932), so
that such losses would be greatly lessened, particularly in
ratoon crops during years of low secondary infectlion, if the
variety grown had the ability to throw off the dlsease, or teo
produce new growth free‘of it. Any appreclable amount of re-
covery in a variety would naturally reduce the source of second-
ary infection, thus reducing the incldence of mosaic from two
angles; i.e., the cane that recovered and the cane that would

have bsen infected had the supnly of the infectlve agent not been
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removed., Probably the most lmportant practical phase of re-
covery 1s its possible ubtility in cane breeding where it is
hoped that it will prove to be an hsritable character and may
he transmitted to desirable seedlings thet are unfortunately
not immne. It is entirely osleusi™le i~ cxnect that this

character dght be greatly accentuated in an occasional seed-

11118.
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RECOVERY AMONG COMIMERCIAL VARIETIES IN LOUICIANA

Numerous observations over a period of years in Louisiana
have shown a strong tendency on the part of a number of comzer-
clal varletles to gradually reduce the incidence of mosalc in
the fislde. This is evidently brought sbout in two different
ways: {1} the production of healthy plants by the gormination
of eyes, either from plantedi cuttings or from stubbles in rat-
ooning, both of which during the previocus crop had supnorted
contimously dlseased foliage and (2) the production of new
Poliage without mosaic symptoms by diseased plants which, by
olongation of the stalk and natural death of the older lcaves,

comnon to all grasses, nresently show mno further signs of the

diseasge.



RECOVERY HANIPESTED AT TIME OF GERMINATION

The sprouting of considerable mumbers of healthy shoots
from supposedly diseased eattings and ratoons was noted among
the newer introductions, P.0.ds 36~M, 213 and 234 as well as the
long=-cultivated L, 511 and Louislana Purple, now discarded as

In arder to definitely compare the varietiss in this inm-
portant characteristic, systematic observations have been made
over a period of thlree years (1930-1932, inclusive) of thousands
of plants grown under representative field conditions., Usually,
the varieties were distributed in replicated single-row plots
of 1/412 acre area and alternated with plots of heslthy cane of
the same varlety to indicate the prevalence of secondary mosaic
infections (i.e., spread by aphids), In conformity with field
practice, all experiments were planted during the sutumn preced-
ing the year of observations. Hosalc readings were made as early
in the following spring as it was possible to detsct leaf symp-
toms.

The first experimenti#, planted in the fall of 1929, was lo~
cated about one-third of s mile from Bayou Black in a rear "black
land" field of the United States Sugar Plant Fileld Station near
flouma, Louisiana., The seed-cane had beon selected from stools

~¥Planted by Dr. K. De Rands,
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inspected only &t harvest time for the presence or absence of
mosaic. In May 1930, evidence of recovery, shown by the sprout-
ing of healthy shoots from the diseased seed, was noted as well
as any moselc sprouts from the healthy seed. Purther readings
were made in Mgust and December, Then in the spring of 1931,
when the stubbles from the previous crop sprouted, the observa-
tions were repeated on the retoons and contimied in 1932 on the
second ratoong.

In the meantime, new plant-cane tests, including sdditional
varicties, were put down each year and in most cases followed
through at least the first ratoon crop. These were of necesslty
located on light so0il near the bayou where unfortunately, as
subsequent observations proved, heavy secondary mosaic spread by
aphids has complicated interpretation of results on the ratoons.
411 records for this light soil area were on plants from cuttings
or stubbles that had been observed regularly throaghout at least
one preceding groving sesson without any change in disease or
diso-se-free status and thus called "pedigreed" in thsse tests.
The healthy secd of D-74 and Louisiana Purple was selected in
1930 and grovn during the next yecar before being used in the
teste The Louisiana Purple seemed to be healthy when selected,
but there was some question about the status of the D-74, The
relative extent of recovery indicated by the early-spring ob-
servations for each of the three years is presented in table 1,
and later seasonal readings of mosalc are shown in figure S.

Pour plantings of mosalc pedigreed seed of Pe0.Je 36~M over a



Table 1, Relative psreentage of hsalthy snd mosaic primery stalks
in plant and successive ratoon crops of commercilal vsrie-
ties grown from pedigreed ssed planted in localitles sube
jeet to light and heavy secondary infection.

Black Lana. Lest (SLiont 8~CONUAry spreag
: : ﬁoeafc seed ——
“Tialks : Stalks:otalks ST

Variety ¢ Year : Crop : Sta ¢ Stalks:Sta St
s : sobservedshealtheidis ba
er er cent Per s¢ My
PeOusde 36=if Station seed (1930 Plant-~-cane 210 59.4 40,8 !
(1931 1st ratoonw 1375 39,0 61.0 1
(1932 2nd ratoon 1044 605 3045 1
PeDeJe 36-M Ashland sced 51950 Plant-cane 198 50.9 49.1
. 1931 1st ratoon% 1759 40.2 58.8 1
PeOude (1930 Plant-cane 242 = 24.8 758

51931 1st ratoonx 1260 24.1 75.9 1
1232 2nd ratoon 1062 495 50.8 1

"TIZht Land"” Test noar Bayou (heavy secondary sproad)

Coe 281 1932 Plant-cane 10604 0.9 99,1 1
P.0J. 36=H (1931 Plant-cane 357 28,3 7.
(1832  1st ratoon 1059 18.6 Bled 1
Pe0ede 36-M 1932 Plant-cane 442 59.5 40,8 ‘
Pe0esde 213 (1931 Plant-cane 140 0.7 993
(1932 1st ratoon 371 0.0 100.,0
P.0.Je 213 1932 Plant=cane 297 0.3 9909
P.0.J. 234 (1931 Plant-cane 232 24,2 75.8
(1932 lzt ratoon g70 303 697 1
D«T74 1932 Plant-cane 114 1.8 982
Louisgsiana Purple 1932 Plant-cane 47 4.3 95,7

#lfosale readings delayed until July; all others inm April.
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y of healthy end mosaic primery stalks
1slve ratoon crops of commercisl variee
ligreed sesd planted in localities sub-
leavy secondary infection.

nd" tesﬁ (slight saconqary spread -
T ﬁosa!e saﬁ ) seﬁ

‘ear @ Crop : ¢ alks:

30 Plant-cane 210 5%.4 40,6 207 7.7 263
31 1st ratoon® 1379 39,0 61.0 1341 91,9 8.1
32 2nd ratoon 1044 60.5 398 1250 92.1 79
S0 Plant-cans 188 SCeS 45e2 zZ02 87 O a7
31 ist ratoon¥ 1759 = 40.2 59.8 1947 84 .4 15.6
30 Plagnt-~cane 242 | 24.8 752 234 100.0 0.0
31 lst ratoon 1260 24,1 70.9 1432 9349 3%
32 2nd ratoon 1062 49.5 50.8 1709 95.1 4,9
T near Bayou (heavVy secondary sproad)

32 Plant-~cane 1004 0.9 991 1127 98.3 1.7
31 Plant-cane 357 2843 71.7 476 B5.3 14.7
32 1st ratoon 1059 18.6 81.4 1351 62.4 37«6
52 Plant-cane 442 5945 40,8 490 99,6 0.4
31 Plant~cane 140 07 993 100 99,0 1.0
32 1st ratoon 371 0.0 10040 427 16.6 83.4
32 Plant-cane 297 03 99.%Y 459 99,8 0.2
31 Plant-~cane 232 2¢.2 75.8 282 92.6 Tl
32 let ratoon g70 303 6027 1363 66.2 338
32 Plant«~cane 114 1.8 9842 119 22.7 77 03
52 Plant-~cane 47 45 95.Y 83 873 12.7

t41 July; all others 4in April. N
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period of years produced from 28 per cent to 58 per cent of
healthy shoots. The fact that more wmosale appesred in the first
ratoon than in the plant-canes c¢rop was obviously due to second-
ary spread during the lest two growing seasons. However, in
the single case where second ratoons were observed, there was a
decided r»oduction in mosalc porcentags over the previcis yeaTe
A very slight reduction in the healthy plot also occurred, which
is interpreted as being due to mich lass secondary spread in
this particular fisld.

The behavior of Pe.0.d. 234 was similar to that of FeOaede
36=-4, except that a smaller percentage of healthy plants was
produced. Two plantings on successive years gave almost iden-
tical rosults, slightly less than 25 per cent of healthy shoots.
There was little change in the first ratoon crop, tut the per-
centage of healthy plants was doubled in the one second ratoon.
The four remaining varietles showred practically no recovery at
the time of germination. lLoulsiana Purple, based on the smallest
population observed, produced less than five per cent recovery,
which was much higher than any of the others.

The data in table 1 include, 1n addition to notes on dis-
eased seed, the percentage of nosaic from healthy seede It will
be noted that in only one case were all the germinating sprouts
from this supnosedly healthy seed freec from mosailc at the first
reading. 7This was in the varicty P.0.Je 234. In the remesining
varicties, excenting D-74, the percentage varied from 0.2 to 14.7

per cente Tihree nossible explanstions might be offered to account
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Tor this: (1) The nlants used for seed might have become in-
fected the proviocus fall, but too late for sympboms to be mani-
fasted before harvesting; (2) nstural spread in the spring be-
fore the cane was large enough for observing; (3) thst soms la=-
tent mosaiec, wossibly in an attenuated form, might be present
in supnosedly healthy cane derived from seed thet was s few
years previously 100 per cent mosaic-diseased., The first and
last possibilities seem to be refuted by tests in an insect-
proof greenhouse, later reporteds. This Jeaves secondary spread
as the most plausible explanation although it is still difficalt
to account for as high as 14.7 per cent mosale in the 1931 plots
of healthy P.0C.J. 36=M (fige 5, B)s However, they were located
closer to the "bayou bank", where wild grass hosts of both mo-

salec and its vector (Aphls maidis IMtch) were plentiful.

Tne figure of M7.3 per cent mosaic for D-74 probably means
that the seed was not mosalc-free. As indicated above, appar-
ontly mosaic-free stalks had been selected in 1930 from diseased
stools. They were planted that fall and the resulting crop was
very green and thrifty looking as compared to an adjacent row of
obviously mossic cane. This striking di fference persisted
throughout the season, but at the time when the seed was cut for
the test, some faint suggestion of mottling made it questionable
whether the plobts eould be called healthy. However, there was
still 8 great difference hetween them and the cane grown frum

diseased seed, g0 the test was planted as originally planned,
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with the results indicated. The pecuilar behavior of this var-
lety agrees with the results reported for it by Tims and Zdgoer-
ton (19) in 1931l. They had observei it for a number of yesrs
and had selected seed each fall with the result that they were
able to keep a selaection of the varliety that in gross appearance

aprroximated a disease-~-free condition.

Influence of "Dormaney" or Unfavorable inter

Conditions on Extent of Recovery

The fact that so much rscovery was manifested during ger-
mination (table 1) led to some conjecture as to whether it might
be due to environmental factors. One question concerned the
possible influence of the adversities encountered during the
winter months in Louisiana, when the cuttings are subjected to
periods of warm weather, which tend to initlate growth, followed
at irregular intervals by combinations of wet and cold (often
freezing) weather, which stop all growth and freeze back svery-
thing above the surface at least once every winter. In order to
determine the effect of such factors, a planting of four varie~
ties, Co. 281, P.0.Js 36=M, P.0.J. 213 and P.0,J. 234, was made
on September 4, 1931, with mosalc seed gelected in the fleld just
prior to planting. The following fall and winter were unusually
mild and four mosale readings were made bofore March 9, 1932, on
which date a killing freeze destroyed all cane, including the

terminal buds, above the surface of the ground. This was the
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oniy killing frost during the winter and the cane cane up again
very quickly, representing in faet a ratoon grovth since the
terminal buds had heen killed. TFurther readings were made in ilay
and September.

The results (table 2) show that no recovery occurred in Co.
28l, At the first roading, less than six weeks after planting,
31e5 per cent of the P.0.J. 36-1 was healthy. The readings for
the next two months were 50.4 per cent and 45.0 per cent healthy
with practically no change in population. It jumped to 62%.4
per cent on February 10 and retalned this anproximate porcentags
at both readings taken on the new shoots after the freeze. P.0.J.
213 showed no signs of recovery at the first reading on October
13, 1931; a few cases became apparent by November 16, but they
were not evident on February 10, 1852, On lMay 11, two months
after the frost, 5.0 pser cent healthy cane was counted and this
was incregsed to 7.3 per cent by September 9, dne, presumably to
a lesser natural mortality from ¢ruvding among the healthy stalls.

The cuttings of P.Oede 234 produced 1l.3 per cent healthy
plants, which figure remained almost constent until the freeze.
in additional 10 per cent recovered upon germination of the young
stubbles after the freeze giving a percentage of 21.2 on liay 11,
This wus practically the same in Septeuber.

It is of interest to notec timt there is about as much re-
covery in P.0.Js 36-! a8 In the average of the tests shown in
teble 1. This demonstrates that this variety has anproxinmately

the same ablility to prciuce healthy plants under conditions of
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Table 2. Peorcentage of hesalthy primary shoois produced by fileld-run
mosaie seed cane with subsequent rosdings to show the com=-
bined effect of recovery in the fleld, tillering and nat-
ural mortality (due te orowding) on the subsequent propor-
tion of healthy stalks. Planted September 4, 1931--gll
growth frozen back March 9, 1932.

: —October 18 : November 16 : —De
Variety +Btaiks: :Stalis: H 2
: ob-: Healthy ¢ ob= @ Healthy : Stalks 3
tserveds :sarved: : _observeds
Number Husber Per cent MNumber Number Per cent Number Nun
P.0.J. 234 194 . 22 11,3 205 22 107 269 a
P.0sJe 36-H 124 39 31,5 133 67 50.4 127 £
P,0,J. 213 113 0 0.0 127 3 2e4 164

Co, 281 99 0 0.0 100 0 0.0 127
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quick germination as under ordinary conditions where it lies in
the ground during the winbter before much germination takes place.
However, in this test, there is only about half as rmch recovery
in P.0.J, 234 during germination as recorded in tablie 1, The
percentage in P.0.Je 213 is toc small in both experiments for re-

liable comparison.

RECOVERY SHOWN BY GHEENHOUSE GERMINATIONS IN THE
ABSENCE OF SECONDARY INFECTIONS

The obvious complicating effect of possible secondary infec-
tions in interpreting the results of field studies reported in
tables 1 and 2 nmade it desirable to repeat the tests in an insecte
proof greenhouse, Accordingly, during both 1932 and 1933, 20 to
100 pedigreed mosalc stools contalning one to eight stalks each
were seclected at random from the plots that furnished the data
for table 1, and every stalk cut into single-eye seed nieces and
sprouted in the greenhouse. Preliminary indexing tests showed that
reliable results could not be expected from very young plants, but
that at least 8 to 10 weeks of growth were desirable before final
Judgment of their mosaic status. _

The data presented in table 3 showed that pedigreed mosaic
seed of Co. 281 and P,0.J., 213 has preduced less than three per
cent healthy offspring in greenhouse trials; P.0.J. 234 varied
during the two yecars from about slx per cent to 19 per cent,

while comparable seed of P.0.Je 36=l produced approximately 59
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per cent healthy cane. These figures from an gphlid-free green-
house are not significantly different from those obtained inm ths
fiold and indicate that gome of the variations in disease ox~
pression there cobserved were not necessarily due to secondary
infection. In the greenhouse, there were also several cases
among P.0e.Js 36-i and P.0ede 234 where individuals were healthy
for a considerable part of the time they were under observation,
but were tabulated as "mosaie" if they showed the disease dis-
tinetly at any time. Thus, the percentage of healthy plants
shown in table 3 1s less than the actual percentage at any stated
time of observation.
Table 3 Extent of recovery manifested at germination by single-

eye cuttings from podigreed mosalc stools sprouted in
an aphid-free greenhouse.

T cutcings ¢

Variety Yoar germinating Healthy plants
. 2 Iepgent

Co., 281 (1932 - & N :

0

(1933 117 0 0.0
P. OOJ. 36"M

(1932 1264 782 61,9

(1933 104 56 55,8
P.0eJe 213 (1932 548 15 267

(1933 100 0 0.0
PaOuJs 234 (1932 1947 372 19,1

(1933 105 6 547

The fluctuating expression of symptoms on occasional young
planta In the fisld could not be regarded as particularly slg-
nificant because the situation was complicated by the possibility

of new infections from aphids, However, its recurrence in an
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aphid-~-free greenhouse is significant in conneection with an
eventual explanation of the recovery processe 7The fluctuations
here noted are not unlike the wuvering nost-parasite relatione
ship in certain mycorrhiza and okhor better known parasitic
di seasess, 'The transient appearsnce and disappearance of mosaic
symptong on these greenhouse plants suggest tat in certain
cases at least recovery is not necessarily due to absence of the
virus from those eyes producing healthy shoots, but is probably
initially present and later dies, or is siralned ocut during
gernmination or early grorth of the young plant. ‘hatever the
explanation, the cmdition usually became stabilized in a few
weelta, after vwaich the plant remained either healthy or mosaice.
This was demonstrated by growing the plants one season and re-
indexing the new stalks. Thus, in 1932, 126 cyes from such re-
covered shoots were gorminated in the greenhouse and gave 100
per cent healthy plants, whereas, 1lll eyes from initislly mosaie
stalks gave 47.7 per cent healthy.

The sprouting of heslthy plants from mosalc seed cane, as
described in the foregoing sections 1is, according to Stahl and
Faris (27), apparently not to be regarded as recovery. After
scome preliminary indexing of P.0.Js 2714 in Cuba, in which they
obtained some healthy plants from mosaic seed, they conclude:
"The main point of interest is the fact that the mosaic iz not
distributed throughout the whole stalk, as it is in susceptible
varieties.” Unequal distribution, as opposed to general distri-

bution followed by recovery durlng or imiedlately after germina-
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tion, appeals to the writer, in view of the above mentioned obe-
servations, as the less plausible explanation. ¥When, throughout
an entire growing scason, the successive new leaves formed by
the terminal bud in slongation of the stallk have eontinuously
shown the symptoms, it is inconcelvable that the lateral buds
subtending those leaves should not also contain the virus.

Distribution of Recovery in Difforent Parts of the
Plant as Shovn by Greenhouse Germination

By indexing and germinating iIndividual eyes of pedigreed
mosalc planting materisl, the proportionate contribution of heal~
thy offspring by different stools and by primary and secondary
stallktg of the game stool, as well as of the different eyes on the
same stalk, may be appraised. In May 1931, a large number of
mogaic primery shoots of four commerciel varieties in the experi-
ments reported in table 1 were tagged, as well as all subsequent
secondary shoots or suckers, as they apre ared, giving in Cctober
the following mumbers of stools In which all stalks had shown the
discase throughout their growth: 12 for Co. 281, 8B5S for P.0.Je
36-H, 69 for P.0s.Je 213 and 145 for P.0.Je 234, During the winter
of 1931-32, every stalk was divided into single-node cuttings,
germinated in the greenhouse ag in the preceding experiments, and
the young plants grown until the presence or absence of mosale
aymptoms could be definltely ascertsined.

In table 4, the extent and distribution of healthy offspring
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Table 4. Frequency distribution of heelthy of fspring from indexed
pedigreed mosalc seed of four commercial varieties of
sugarcane in Loulsiana.

Variety

1, DISTRIBUTION OF STOOLS ACCORDING TO THE PERCENTAGER OF WHOLE STALKS
PER STOOL PRODUC ING HEALTHY PLANTS

PeOsTe 36-M (45 stools) 33 80 2.2 8.9 22.2 11
P.0eds 232 (58 stools) 87.9 6.9 1.7 Sed .

2+ DISTRIBUTION OF STO0LS ACCORDING TO THE PERCENTAGE OF TOTAL EYES
PER STOOL FRODUCING HEALTHY FLANTS

PaOede 36=H (45 Btbﬂlﬂ) 11,1 6.7 6.7 67 4.
P.0ede 234 (58 8%0018) 3247 24,1 18.9 8.6 5.

3¢ DISTRIBUTION OF STALKS ACCORDING TO THE PERCENTAGE OF LYES FOR
STALK PRODUCING HEALTHY PLANTS

PeOede 36=M ‘257 BtﬂlkS) 26.1 2e7 Ok Bed - B,
Pe0sJe 234 (359 stalks) 50,7 12,0 10,0 10,0 10,
P.O'J. 215 (165 Stalkﬁ) 9208 408 1.2 006 e
Co. 281 (59 stalka) 93.2 S5el 1.7 - - ‘
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from individual cyes representing the different varietal popula~
tions are classified on the basils of stool units and individual
stalka. The data in the Tirst two sectiouns of the table (coupar-
ing only those stools of three or more stalks each) show that in
only one-third of the stools of P.0.d, 56~ were there no stalks
that produced only heslthy cffspring, althouszh there were only
about one out of five sbools Inwhich 50 per cent of the stslks
gave no dlseased plantse. There 1s an even greater shift Sowvard
disease freedom when total eyes wer stool irrespective of stalks
(sectlion 2) are considered. This is, of ecourse, axplained by the
large number of stalks producing both healthy and diseased plants.
In fact, bub three (6.7 per cent) of the 45 stools gave entirely
hoalthy offspringe Pe0eJe 234, in conformity with earlier tests,
showed much less recovery; less than 10 per cent of the stalks of
mogt of the stools (87.9 per cent) gave exclusively healthy plants.

The classification of individual stalks, according to the
status of their offspring (section 3, table 4, which includes the
full population of primary and secondary stalks) shows the major-
ity of the stalks of P.0.Je¢ 36-M concentrated at the extreme of
the frequency tablee. (See also figure 6). This tendency of in-
dividual stalks (65 per cent of the total) to produce either all
diseased or all healthy shoots, which is not evident on the part
of the entire stools (sectlon 1), emphasizes the stalk rather than
the stool as the more important physiologleal unit in reaction to-
ward mosaic. However, this is stritiingly evident only in P.0.J.

36=-M, which most readlly reco vers from the disease, although ex-
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eminat ion of the detailed data on P.0.Je 234 revesls the same
general tendenoy. (Figure 6)e Coe. 281 and P.0.J. 213 remained
as in previous tests largely diseased.

The comparative extent of healthy offspring from primary
or "mother' shoots and "suckers" or tillers revealed no Signi-
ficant difference, the ficures for P.0.J. 36-1 being 56,8 per
cent contrasted with 56.5 per cent and for P.0.J. 234, 20.2 per
cent compared with 18.2 per eent, respectively.

The data for P.0.Js 36-M and P.0.Je 234 on percentage of
eyes of individual stalks produeing healthy plants are clagsi-
fied in table 5 according to each quarter segment of the stalk
from which they came. The stalks varisd from eight to 20 joints
each and the data on those not falling in any quapter were ex-

cluded. The basal quarter in each case ylelded a lower percent-

age of healthy shoots than the unper three quarters of the
stalks. However, the differences of about eight per cent and
five per cent, respectively, are not statistically significant,
although the agreement in trend of both varietlies suggests that
a repetition of the experiment on larger populations with more
gatisfactory germinatlons might establish beyond question less
likellhood of recovery from the lower portion of the stalk,.

In figure 7 the same data are shown graphically by indi-
vidual nodese. An irregular but consistent rise in the percent-
age of healthy plants from the second to the fourth or fifth node
{(corresponding roughly to the bottom quarter of the stalk) is

evident. Statistical couparison of suscessive nodes in this re-



Table 5. Percentage of healthy plants from individual eyes reprcsenting the
different quurter segments of pedigreed mosale stalks germinated in
the greenhouse, 1931-52,

: T First (basal) ¢ Second T onird T Fourth
: : gugrter : quarter : quarter : quarterx
Variety :Stalks: LEyes @ : Lyes ¢ s Byes ¢ " Byes ¢t
ttested:gormi~tHealthy spgermi-iHealthy :germi-tHealthy :germi-:Heslthy
3 snoting: inaging: inal ing: —tnating: —
Toe O« Nos Por ~Per Per Per

cent No. Nos cent Noe NOo cand 1os. Nos. cent

PeOusde 36=M 255 301 162 53.8 283 176 62.2 V08 186 6346 257 166 64.6
£

Pe0ede 234 363 433 65 15,0 468 96 20.6 487 110 22,1 408 79 19.4:‘:;
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gion indicates a reliable degree of probability against the
differences being due to chance, For example, the curve for
P.0sde 36=ii shiows a gross diffcrence of 12 per cent betwesen the
second and third jolnts. A4 fair comparison necessitates dis-
carding all stalks in which one or other of these nodss falled to
germinate, as well as all cases where both Joints produced heal-
thy or diseased plantse Pwo hundred and seventy-one stalks were
indexed, of which joint 2 1s represented by 96 shoots and Joint
3 by 109 shoots (fige 7). fHowever, on 42 stalks the rumber 2
joint had no mamber 3 for comparison and on 55 stalks number 3
had no mamber 2 for comparison, the low percentage germination
bheing due mainly to borer and handling injury and the higher in-
cidence of red rot in such single-node ocuttings. There are loft
54 stalks on which both joints 2 and 3 produced planta, but on
36 of them both joints gave the same results, that is, either
healthy or mosaice Iighteen stalks remailn for comparison, and on
15 of these stalks joint nunmbsr 2 developed mosaic plants when
Joint number 3 waa healthy, and conversely in only three cases
did joint number 3 show mosaie when joint number 2 was healthy.
The odds against such a difference in behavior between jolnts

numbers 2 and 3 being due to chance are approximmtely 257: l.
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RECOVIRY IN GROVIRG SUGARCANE

All of the data prezented so far in this paper have had to
de only with recovery manifested in the nroduction of healthy off-
spring by the germination of cutbtings from diseased shtalks, It
has been shown, for example, in repeuted tests with P.(ede 36
that as high es 50 per cent of the stand derived from pedigreed-
mosaic seed cane may start off in the svring free from the di-
sease. Later during the growving season the total mumber of
mosalc-free plants (barring excessive secondary spread) is further
augmented by follage recovery of many of those lnitlially showing
mosaic st the time of germinatione. As earllier indicated (p. 26)
this 1s brought about by the production of new leaves without symp~
toms and the gradual dying and shedding of the earlier diseased
leaves incildent to the elongatlion of the stalk characteristic of
all graszes.

An evaluation of this phenomenon as g varietal charscteristic
in relstion to mossic control necessarily involves the determina=-
tion of: (1) Ite comparative extent among comunsrcial varietles,
(2) variation in extent from year to year, (3) possible correla-
tion between foliage recovery and germination recovery, (4) rela=-
tive incidonce among diseased plants from pedigreed mosaic and re-
covered lines of seed, and (5) proportion of healthy offspring

shown by germination of recovered sugarcane. 'hile additional in-
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formation is desirable on most of these qestions, it is believed
that the data thus far obtained indicate sulfficiently definite
tronds $o warrant thelr publication at tlhis time,

Systematlc obgervatlions of wmosaic plants for evidence of
recovery by neans of the individual stool and stalk-pedigree
method, already described, were carried out during the growing
seasons of 1930 to 1932, inclusive. The stools selected were
elways scattered through replicated plots of yileld tests laid
down to comparc the eflfect on yleld of planting mosaic seed.
Therefore, the observations on dlfferent varieties are strictly
comparable, and, furthermore, the smount of disease in the regu-
larly distributed healthy plots gave some measure of secondary
infections.

In 1930 only two varieties, P,0.Je 36«M and P.0.J. 234, were
compared but in 1931 and 1952, as wmosaic seed of other varieties
became avallable, observations were exbtended to them. Therc also
became available, during the lalter two years, a considerable
amount of sugarcane produced by germinating the individual eyes
of the stalks of P.0.Je 36-M and P.0«Js 234 that recovered in
1930, These were indexed by nodes and germinated in the green-
house and then transferred to the field where systematic observaw-
tions were made on them in comparison with stools from pedigreed
mosalc sead. A number of these individusal eye-cuttings of re-~
covered stalks produced mosaic plants in ths greenhouse and many

others initially healthy, later became disessed in the field, due
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presumably to secondary infection. These two catesories fupr-
nished an aoprecisble supply of disensed stallis, all of which
were observed for recovery.

Unfortunately, the results for 1931 and 1932 are compli-
cated by a large amount of secondary spread, as shown by mosalc
incidence in the healthy plots, so that they are unreliable from
an‘absﬁlute standpoint, but, due to the very large populations
trieleds signilicunt from a relative
standpoint and are indicative at least of results to be expected
under such conditions. The déta for 1930, however, were ob-
tained under conditions of aproximate freedom from secondary
spread and, therefore, should be falrly reprcsentative of the
natural tendencies of the two varieties compared that year.

These data are presented in table 6.

Varietal Diffcrences in Foliage Recovery

During the ome year (1930) when recovery was not spprecisbly
influaneced by secondary spread of moasaic, PeDed. 36~ with 14
per cent 1s oatstanding compered with only 0.8 per cent for
P.0.J. 234,

During 1931 five varicties were observed for recovery but
none occurred in P.0.J. 213, Co. 281, or L-Gll, and but 1.9 per
cent (19 cases) in Pe0.J. 36~ and 0.16 per cént in P.0.J. 234
Similar resul ts were obtained in 1932 when the percentages of the

latter were reduced t0 O.4 por cent and zero, respectively.



Table 6, Summary of three years' observations on occurrence of follage
recovery in comuiereisl varletles, ineluding comparisons of
pedigreed mosaic and recovered lines, and the proportion of
healthy offspring produced on germination of recovered stalks.
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s : 3 :
Variety and souree : Year @ Crop ¢ Soil : Stools liosale
of seed : : : typs : _stalks
Tumber or
PeDede 36=M2 {1930 PFlant-cane Sandy 10 48
(1930 " Clay 15 85
(1931 First ratoon " 165 537
Pedigreed mosaic (1932 Seeond ratoon 50 148
(1931 Plant-cane Sandy 94 448
(1932 TFirst retoon " 50 299
(1952 Flanb-cane » 50 03
(1931 Plant-cane Clay 54 392
Recovered line (1932 First ratoon # 114 546
(1932 Plant-cane Sandy 9 72
PeOoTe 234
(1930 Plant-czne Clay 34 219
Pedigreed nosaiec (1931 First ratoon " 86 3568
(1932 Second ratoon " 50 150
(1931 Plant-cane Sandy 174 870
(1932 Pirast ratoon " 50 162
(1932 Plant-cane " 50 331
(1931 Plant-cans Clay 3 20
Recovered line (1932 First ratoon " 7 35
(1932 Plant-cane Sandy 89 641
P.0.Je 213
(1931 Plant-cane Sandy 131 824
Pedigreed mosaiec (1932 First ratoon " 50 385
- (1932 Plant-cane " 50 317
Co. 281:
(1931 Plunt-cane n 215 1125
Pedigreed mosaic (1932 PFirst ratoon o 50 370
{1932 Plant-cane " 50 301
L=-511:
Pedigreed mosalc 1931 Plant-cane " 27 64
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ns on occurrence of follage
including comparisons of
ws, and the proportion of
iination of recovered stalke.

“RECOVered SLalLks 1ﬁaexed
moer: iyes ger-°Eyes produc

Soil : Stools : Hosale s Recovered

type ¢ : stalks stalls H minﬁ'bi theeltd shoot
fumber Tmber ey 2or sent Jumper Per cent

Sand 10 48 4 14,6 7 29 67 «4
Cley 15 o8 13 1.7 15 108 80 57.7
" 165 537 6 lel 6 38 38 100,0
" 50 146 2 le4 2 10 10 100,0
Sandy 94 448 13 29 13 83 82 98,8
" 50 259 1 O3 1 8 8 100,0

# 50 308 O Oe0 0 o 0 -
Clay 54 392 46 11.7 9 98 97 99,0
u 114 546 24 4.4 21 154 153 99 .4
Sandy 9 72 4 Se6 3 33 31 9349

" . 86 368 0 0.0 0 0 0 -

" 50 150 g gﬂg g 0 0 -
Sand 17 870 . 10 10 100.,0

aa o 5% 162 0 0.0 0 0 Q :

" 50 331 0 0.0 0 0 0 -

cl ) 20 0 0.0 0 0 0 -
" 7 35 2 567 2 20 20 100.,0

Sandy 89 641 2 0.3 0 0 0 -

Sandy 131 824 0 0.0 - - - -

" 50 385 0 0.0 - - - -

" 50 317 -0 0.0 = - - -

" 215 1125 0 0.0 - - - -

" 50 370 0 0e¢0 - - - -

n 50 301 0 0.0 - - - -

" 27 64 0 0.0 - - - -
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L=511 was not obscrved in 1932. The discrepancies in the per-
centages for 1931 and 1832 as compared with 1930 can be explasined
by the great waves of secondary spread of smosale during the last
two years. This sprcad, entailing more or less constant intro-
duction of new sources of infectlion by aphlds, spparently tlmwarted
most cascs of reeovery bofore they could be observede In a few
at least the plants put out heslthy new leaves it later again
showed the symptoms which persisted until harvest.

Probably, the most surprising disclosures of these tests is
the fallure of P.0.Je 213 to show any folliage recovery. It was
expected, in view of 1ts bshavior during the pe riod 1926 to 1930
when mosalc became practically non-existent in thls varicty in
Louisians after it was epproximately 100 per cent diseased in
1925, that it would exhibit more recovery than P,0.d. 36=-F. A

possible explanation of this is presented in the discussion.

Correlat lon of Foliage and Germination Recovery

Comparison of the percentage of follage recovery, as shown
in table 6, with those for germination (tables 1, 2 and 3) indi-
cate sufficient apgreement in trend to suggest a positive correls-
tion between the two "types" of recovery. The comparative figures
for the four comnercial varietles, Pe.0eJe 36=M, P.0sJe 234, P.Ouds
213 and Co. 281, reveal the latter two showing no follage recovery
and practically no germination recovery, while P.0.Je 254 shows a

small amount of follage recovsry and a very considerable amount



-52m
(up to 25 per cent) at the time of germination. P,0.Je 36-M
showed the greatest recovery of foliage and livewise the great-
et from germination.

These preliminary observat ions suggest that should recovery
at such widely separated stages of growth have the same physio=-
loglcal basis, the responsible factor or factors operating dur-
ing the carly stuges in both verieties later apmrently regains
a considerable intensity only in the P.0.J. 36-1I., Such a hypo=
thesis naturally presumes recovery at germination and not sinply

unequal distribution of the virus in the seed plsce.

Recovery by Pedlgrecd~iiosalc and

Previously Recovered Lines

The observations in 1931 and 1932 on foliage recovery among
plants grovn from pedireed mosaic seed (table 6) included more
or less comparably situated plants of P.0.Je 36« and P.0.Je 234
which had been transplanted in the spring from the greanhouse.
These were the mosalc plants obtained by indexing and germinating
individual stalks showing foliage recovery the preceding year
(1930) and, thercfore, represent a recovered line,

Due to the possible influence of transplanting, uncertainty
of secondary infection, differences in recovery betwecn plant
and ratoons and the fact that the plots were neither lceccated nor
arranged to comrare these two sources of wmed, definite conclu-

sions regarding the relative tendencies tovard recovery of pedi-
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grecd and recovered lines can not be wmade, However, it is of
interest to note that in all possible comparisons, regardless
of year, locatlon, or crop involved, the psrcentsge of recovery
amony the previously recovered lines in spite of secondary
spread was never less than three times, and more often 10 to 12
times, as great as any comparable percentage of the pedigreed
mosaic selectlons.

The counts to determine nosaic spread in hcalthy sugarcane
showed no a ‘sreclable variation within either soll area, so that
it is pormissable to compare the two objects on the same soll
type. Therefore, in 1952, so far as secondary spread is con-
cerned, the two ratoon crops on clay soll and the two plant-cans
crops on sandy soll are comparable and show such difference in
favor of the recowred line as to suggest a doefinitely greater

tondency toward recovery.

Production of healthy suckers from initisl 1y mosaic mother

shoots of a recoverecd line of seead.

The preceding studies showed that mosalc plants from certain
Joints of recoveresd s tdlks gave an appreciably larger emount of
foliage recovery vwhen grovn t¢ maturity in the fisld than similar
pedigreed mosaic planting materisl. Throughout this work it has
been noted that in the growth and tlllering of mosaic primary
shoots from such mreviously recovsred stalks, occasional suckers

appeared from the beginning frec of symptomis. No such developuent
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hos ever been observed fron nedigreed mosale cuttings, the ob-
servations covering hundreds of siools over a period of three
yearse Invariably, the suckers from such pedizreed mosalc
plants have come up diseaseda.

In order to determine the frequency of nroduction of healthy
suckers from mosalc mother shoots derived from recovered sced,
the data have been examined, and out of a total of 30 stools in
which the primary shoot was initlal ly diseased, five stools were
followed in which part or all of the suckers came out and re-
mained healthye A tynlcal cage observed in 1931 is shown
diagrammatically in table 7, The mroportion of unquestionable
cages might have been higher were it not for the masking effect

of secondary mosaic spreade.

Proportion of healthy shoots from foliage-recovered cans.

The last column in table 6 shows the results of germinating
in the greenhouse indexel single Jolnt cuttings of most of the
stalks that showed foliage recovery. A glance at the figures
shows a mach higher production of healthy shoots than obtalned
from mosaiec stalks from the same plots, as stiown in tables 1 and
3« Thore the average for P.0.J. 36-1 was approximately 50 per
cent and here varies from 57 ner cent to 100 per cent. There-
fore, the totals in table 6 nust reprosent a summation of the
effect of foliuge recowry as well as any germination recovery

that may be operative in sprouting of eyes that otherwise might



Table 7.

Production of healthy suckers from a contimoasly diseased mother

shoot derived from a recovered stalk,

Stalk recovery In field September:
1930, 1Indexed and germinated 1in
ﬁggenhcuse,_ﬂovember 1930,

ode number

A% 86 en

tMosalc primary snoot from
tnode no. 4 transplanted to
tfield, June 20, 1931, Suc~
.oesaive observatiens.

(base to s Condition of : ¢ guly U3L § oeptember:es.
top) H plants : : §5 ? o1 : %g 50: 11 %I 08 4
11 Healthy
10 "
aQ Mosaic
8 i
7 Failed Wotner ghoot M M. M ¥ M M N H
6 Healthy Suckers 1 - H¢ B H H O H H
8 " 2 - H E # H HE H H
4 Mosaie 3 - 1 H H M M M M
3 " 4 -~ H H H H H H H
) Falled 5 - H H H H H H
1 Heslthy 6 « H (3) (a) (3) (3) (3) (3)
1 ¥ = mosale
2 1 = Healthy
3 =z Died
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have manifested the disesse. /An evaluation of the relative in-
fluence of these two factors has not been athenpbed.

It may bs noted that in 1930 in the absence of anpreciable
secondary spread a high percentage of foliage recovery resulted
in a mach lower pesrcentage of healthy progeny than was obbained
in 1931 snd 1932 when seccondary infections were abundant and
foliage recovery low. Thisvsuggests 2 selective process vhereby,
under conditions of abundant secondary infection, only the most
persistent cases of recovery were manifested.

The distribution of the ncdes on recovered stalks giving
rise to diseased plants shows no grouplng towards the base of
the stalk, as illustrated in figure 7, for pedigroed-mosaile
seade loalthy plants obtained both from such follage-recovered
stalks as well as from & seased stallks have been growm for three
successive vegetative generations and produced only healthy
sugarcane, 7This is belleved to be sufficient proof that they no

longer contained the virus and had, in fact, completely recovered

from the 4i sease.
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RESUME OF RUCOVERY

The "recovery" presented here demonstrates a widespread
disappearance of symptoms and actual recovery from mosaic by
certain "tolerant” varietiss of sugarcane that oceurred in

Louislisna over a neriod of years. It was shown that, in the

cage of P.0.J. 36=}; "germination recovery” to the extent of
about 50 per cent could be expscted when podigreed mosaic cut-
tings were used and that, under conditions of light secondary
spread at least, an appreeiable amount of "foliage recovery”
would occulre PsOede 254 pave simllar results but to a much

less degree. Very little recovery of either type was observed

in Co. 281 and P.0.Je 213 in these studies, although the latter
had, during an earlier period of low secondary spread, practi-
cally elmminated the disease in sections where it had previously
been 100 per cent mosaic. The fact that this varlety was un-
able to recover after new infections in 1930 and subsequently,
and that differential rates of recovery were demonsirated for

two "lines" of P.C.J. 36-M suggests very strougly that an adequate
explanation for the recovery phencomenon 1s to be found in the
assumption that difforent “strains" of the virus were concerned.
This theory replaces the earlier one that attenuation of the
virus was rosponsible for recovery also because negative results
were obtained in inoculation tests designed to demonsitrate atten-

uation in the "line" that showed greater recovery.



VARIATIORS 1IN SYMPTOM TYPES OR PATTERNS EHCOUNTHED IN
THE FIELD

Slight but consistent differences in mosaic patterns have
been characterlatic of the dif ferent commercisl veristies in
Loulsiana, as elsewhere. 7idely divergent types of symptoms
have leng been noted in the secedling nursocries, due presumably
to greater genetic variability and consequent greater range of
host susceptibllity. In the extremely susceptible class have
been many secdlings whose growth was greatly rebtarded by the
disease and many of which were cither killed during the first
season they showed the disease or falled to germinate the follow-
ing spring, while, on the other hand, adjacent seedlings of the
same crogs have oftem shown but mild symptoms of nmosaic and no
vlsible growth retardation or other apparent dcleterious effect,
Ko striking difference, or unexplainable varlation, has, however,
been observed between individual plants of the same seedling.
However, in the fall of 1932, while mosale notes were being made
in a group of the Canal Point 1928 series, one seedling, C.P.
28/60, vw.s encountered which showed two radically differsent types
of mosaic, viz., on one stool a severe pattern, typified by ex-
treme chlorosis and some necrosis, causing marked stunting of
growth and on an adjacent stool a mild pattern that was barely

discernible and had caused little, if any, grovth retardation.
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Plentings were made, both in the greenhouse and in the field,
with cuttings from each of these as well as from healthy cane
of the samse variety. 7ith the exception of a few that recoversd
in the greenhouse, each symptom type was reproduced in the re-
sultant shoots and maintained throagh successive vegetative
generations., In the fleld, the plants mroduced by the cuttings
from stools showing the "severe" symptoms were rather scattered,
due to poor germination, and made a very poor growth the first
year, and the first ratoon crop was even worse, while the other
planting produced a good stand of plants with very "mild" symp-
toms that made a good growth comparing favorably with the
healthy cune at all stages. During the following year several
additionsl (unnumbered) seedlings of the C.P. 3l-series were
dlscovered that showed two similarly divergent types of mosaics

4t eboaxt this same time seversl stools, all apparently bseing
the result of shoots from a single stalk of cane, of Cos, 281,
which is at present the most widely planted commercisl varlety
In Louisiana, were discovered that showed very severe mosaic
gsymptoms characterized by extreme chlorosis, severe necrosis,
and pronounced stunting. These stools were in a commercial field
that showed a falrly high percentage of ordinary mosalce. Cubt-
tings from these stools with severe symptoms, as well as from ad-
jacent stools showing ordinary symptoms, were planted in the
greenhouse and the types have persisted through several vegeta-

tive genecrations except for some varistion in the amount of ne-
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crosis on the plants wlth the severs symptoms due, presumably,

to diffcrences in growing conditionse.
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INOCULATION TRIALS

Materiols and Methods

The inoculation technigque that has proven most suitable for
greenhouse work is essentially that described by Matz (19) in
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pricked a number of times through a small quantity of julce,
freshly expressed from a mosaic cane plant, placed in the axis
of the youngest open leaf in such a way that it will adhere to
and completely encirele the zpindle mentioned above. The prick-
ing is done with a very small needle or small insect pin, equal
success having heen achleved with several different types. In
expressing the julce two types of grinders or julce presses have
been employed successfully. %he larger grinder is more desir-
able if a large quantity of juice is required or there is ample
material available as a source of inoculum. The smaller grinder
is more economical of limited suppllies of inoculum and lends it-
self more readily to sterilization where accommodations are
linmited. In a najorlty of the tests here reported, however,
both types were employed.

The grinders usel for obtaining the juice used in these
tests were sterilized by boiling, usually being placed in water
that was already boiling and being left for some time after it
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had again comad %0 a boll, as woere also the coniziners used fopr
cabehing the Juice, the pipettes, needles, vials, etc., This
troatment is considered an ample prcecaution particularly in
view of the low thermal death polnt of the entitlies here btreated
which point will be discussed later.

The nortion of the cape plants used as a source of julee
wag always the leaves, In carller tests only the blades wers
used but eventually, it was discovered that the more succulent
roll of young leaves and sheath was just as desirable so long
as none cf the very tender, rupidly proliferating, growing point
was included, If this region was used there appeared to be a
nore rapld detcrioration of the julece which is, of course, un-
desirable if it has to be kept for any length of time. The ex-
pressed julece is strained through an ordinary l6-mesh screen,
to make 1t more amenable to handling with pilpettes, Into a
small glass vial and, if 1t is not to be used within a very short
time, is stored in an icebox. “henever practical, all inocula-
tions are repeated on successive days or with one intervening
day in order to secure as high & percentage of takes as possible.
All Inoculation experiments were conducted in an aphid-proof
greenhouse which was fumlgated frequently as an additional pre-

caution,

Results of Inoculstions

It seemed probable, considering the fileld observations on the
five variotles and the greenhouse experience in propagating C.P.
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28/60, that such definlte symptom varistion indicated the ex-
istence of at least two causel entities, the magnitude of whose
variation cold be defermined only by further detalled observa-
tions and carefully conducted inoculation triaslss In the fall
of 1933, therefore, a series of tests was instituted to establish
the status of a number of the variled collections mentioned above
with relation to one another.

Since C.P. 28/60 was the first varicty to show two distinct
types of symptoms it was selected as a possible differentisl
host, Parallel inoculatlons were made into Louislana PFurple, a
very susceptible variety, for comparative purposes. The first
test was started prior to the discovery of the 'severe" mosaic
on Co. 281 and so it included, es virus socurces, only C.P. 28/60,
three of the unnumbered seedlings mentioned asbove, esch of which
exhibited two types of symptoms, and the three commercisl varie-
ties, P.0.J. 213, P.0.J. 36-M, and Co. 281 (two collections).

A summary of these inoculations is shown in Table 8, It will
be seen that some successful inocul ations were secured in all
but two seriss, one on each C.Ps 28/60 and Louisiana Purpla.

The symptoms produced on the latter wers, in all cases, typical
of wmosalc proeviously observed on this variety, there being no
greater variatlon vetween different series than within the indi-
vidual series, The results of the inoculations on C.,P. 28/60
were, however, of quite a diffcrent nature., 1M1d symptous were

prodaced by =all inoculations with juilce from individual plants



Table 8, Experiment 4. Preliminary mosaic inoculations to
compare symptomatology on two host varieties pro-
dueced by virus from four seedlings, each of which
exhibited two distinct types of symptoms in the
field, and from thres commerciul varietles.

Source of virus Plants mosale

: 1 g CePs 28/60 :La, Purple (o
Variety of ¢ (10 plants inoculatedkiplants inoc.
: __symptom :Rﬁﬁﬁgg?gxgg_gg_gxggtom: Tumber
C.Ps 28/60  1ild 9 i1d 4
C.P. 28/60 Severe 9 Severe 4
No. 196 14 g 11d 5
Ho. 196 Severe 1l Severe 2
Hoe 335 ¥ild 8 Hild )
No. 335 Severe 4 Severe 0
Noe 393 im1ld 5 ¥ild 4
Nos 393 Severse 4 Severe 3
Pu0.J. 213 Ordinary 1 Seversl 5
P.0«des 36-M Ordinsry 3 Severe 5
Co. 281 Ordinary 9 Severe 5
Co. 281 Severe? 0 - 4

1 Not the same as secured from other julce sources, but pro-
duced a different type of chlorosis and death of growing
point.

2 Characterized by more severe chlorosis than usual and no
necrosise

of the four seedlings that had shown only mild symptoms, and
severe symptoms by the foaur corresponding lots of juice from
plants showlng severe symptoms as well as from P,0.Je 36~} and
two lots of Co. 281, one of which had been called "severe" be-
cause it had exhibited a noticeably more severe chlorosis in
the field than is usually encountered in this variety. Since

no symptoms of any kind were discernible for some time on the

C. P. 28/60 plants inoculated with juice from P,0.J. 213 and
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gince 10 of the other 11 virus sources had mparently divided
themsel es into two natural groups, the logical conclusion
secmed to be that there were two stralns of the sugaercans mosaile
virus present in Loulsianas. Of these two it appeared that the
"severe" strain was probably the "mosaic” that was common in the
cane fislds while the "mild" strailn was a mueh less comnon one,
posslbly belng harbored on some wild grass, thaet found congen-
iality only in occasional seedlings, Since no variety had been
observed which exhiblted more than two types of symptoms this
hypothesis secemed to be tenable untlil one of the plants inocu-
lated with P.0.Je 213 Juice began to show some symptoms of a
rather unusual character for C.P, 28/60. They consisted of a
few elongated, whitish lesions on the leaf, the plant became
stunted, and the growing point was blighted and eventually died.
As a result of this several suckers appsared, most of which
showed similar but even more severe lesions and similar blight-
ing of the growing point, which scometimes roesulted in the déath
of the shoot and sometimes in recovery and consequent resump-
tion of growth. Since julece from this same source had produced
ordinary symptoms of mosaic on Loulsiana Purple it seemed likely
that this was a third type of symptom on C.P. 28/60 and also a
third strain of the sugarcane mogaic virus. It will be noted
that these are differentinted wholly by thelr symptoms on one
variety and that all of them mroduce indistinguishable symptoms

on another varietye.
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Another inoculation test was Instituted for the purpose of
confirming or dlsproving the results obtained above. Juice was
again obtained from the original stock of "mild" and “severe"
mogalc plants of C.P. 28/60 as well as from Louilsiana Purple
plants infected from each in the previous experiments but show-
ing identical symptoms. Since the original collection of P.0.
Je 213 was from field-run material anocther sample, with a Imowm
mosalc history, was secured for this second test. Juice from
each of the two collections of Cos 281 that were characterized
by two widely different symptom patterns, as deserlbed in a pre-
vious section of this paper, was also included. The recsults
of these inoculatlions are shown in table 9 and it will be noted
that gimilar results were obtained with inoculations direct from
C.Pe 28/60 and from Louisiana Purple previously infected from
the samne source. Inoculations with P.0.J. 213 juice gave the
gsame results as In the previous test, producing a symptom pat-
tern on CePe 28/60 readily distinguishable from that produced
by either of the origlinal collections from that varlety.

The Cos 281 sample, that exhibited only ordinary symptoms
in the field proved to be harboring the same kind of mosaie
as wag the P.0.Jes 213 while in the previous test the two ecollec-~
tions tested gave the same reaction as the “severe" mosailc from
C.P. 28/60. The other sample of Co. 281, that had exhibited
such severe symptoms in the field, produced the same identlcal

reaction on C.P. 28/60 but, on Louisiana Purple, produced a



very "severe" pattern, characterized, as was the Co. 281 in the
field, by severe chlorosis and necrosis. This was the first
time that symptoms of this sort had been encountered or produced
on this wariety and so the loglcal conclusion was that a fourth
strain of the sugarcane mosalc virus had apneared,

Table 9o Experiment 6. MNosalce inoculatioms to compare symp-

tomatology on two host varleties produced by virus
from selacted sources.

Source of viras : Plants me«aig
: :C. Do :
Varioty :Symptom historyiplants inocculated: ts inocu;ated)
H :ﬁo..?ﬁﬁe symptom : PO8 8YympTom
C.P, 28/60 114 nMilda 4 Ordinary
La. Purple 28/60 Milg ! 7 mid § Ordinary
C.Pe 28/60 Severe 5 Severe 5 Ordinary
Las Purple 28/60 (Sev.)t 7 Severe 5 Ordinary
P.0eJe 213 Ordinary 2 Severe® 5 Ordinary
Co. 281 ordinary 2 Severed 5 Ordinary
Co. 281 Severe?l 5 Severed 3 Severed

T From previous teste

2 Severe chlorosis, necrosis, and stunting.
3 Similar to symptoms nroduced with virus from P.0.J. 213 in
previous test,.

Another inoculation test was planned to check the results
obtained in the two previous tests but, due to a shortage of
inoculable plants, only the more portinent virus sources were
includeds. An examination of Table 10 will show that the re-
sults obtalned were enbtirely consistent with those previocusly
discussed. In the last columm of this table the virus sources
which have fallen into specific groups based on symptomatelogy

on C.P. 28/60 and Louisiana Purple ave designated provisionally
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by mumber. The numbers chosen for ths groups were selected
for convenience in differentiation rather than with any ides
of Indicating relative importance of virulence.
Table 10, Lxporiment 9. ilosalc inoculations to substantiaste
previous results of symptomatology on two host var-

iecties with a classification of the culturcs into
four strains on this basis.

source of virus Plan &S o SaLe SErain

“Variety = ¢t C.P, égZEQ T Loe Pﬁg%!e : of
: Symptom higtory :No.:Symptoms:lo.3Synptong:virug

Co. 281 Severe 2 SRl 4 SR 3
Coe. 231 Ordinary 6 SR 6 Ord. 4
Lae. Purple Severe (281 Severe)4 SR 6 SR 3
La. Purple Ordinary (281

ordinary) 6 SR 6 Orde. 4
Lae. Purple Ordinary (28/60

severe) 6 6 Orde 2
La. Purple Ordinary (28/60

mild) 6 4 6 Ord. 1

1y designiation used to denote the type of severe symptoms
first observed on Co. 281 in the fleld.

A very good idea of the difference In offect of strains 1
and 2 on C.P, 28/60 can be obtained from figure 8 which showa
how badly this varicty is stunted by the latter. In fipure 9
is shown a section of a row of the same variety which had been
filled in with heelthy stools and was subjected to secondary
spread under field conditions., The nicture shows typlcal ef-
fects of infection by strains 1, 2 and 4 with a healthy stool
for comparison. A definite differentiation of the strains based

on & careful comparison of symptoms will dbe included later in

this paper.



Fig. 8., Inoculation with strain 1 (left) and strain 2 (right) on C.P. 28/60
Inoculations

showing the retardation in growth caused by the latter,.
made in greenhouse and plants transferred to field.



Fig. Se
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CsP, 28/60, healthy plants from the greenhouse after five and one~
half months exposure to secondary spread, Stunted stools at left
infscted by strain 2, large stool in center by strain 1, and the
next three irregular stools by strain 4 which kiills baoock some shoots
and permits others to make a fair growth, Stool at right is still
apparently healthy.
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since at this time a mumber of mosale collisctions, purti-
cularly on Coe. 281 and P.0.J. 213, together with a supply of
healthy plants of six varleties of suitable size, were ovail-
able, 1t was determined to inoculate these varicties with as
many julee sources as po-'sible with s view to obtaining further
information on strain differentiction and distribubion. It will
be seen from table 11 the ecollections of Co. 281l and P,0.d.
213 represent s rather widely scattered mumber of localities
in Loulsiana sugar districi.

411 collsctions of ?P.0.J« 213 yielded but one strain of
mosalc, i.6e strain 4, while the Co., 281 produced both strains
2 and 4., Probably the most significant development in this test
was that the severe mosale collected on Co. 281, that had caused
guch severe symptoms on C.P. 28/60C and Loulsiana Purple, here
agaln prodaced similar symptoms on Co. 281 and the tlhree P.0.J.
1nog. 36-1, 215 and 234. %hese results indicated that there was
very 1ittle of this kind of wosaic present in the state because
such symptoms had not previously been recorded for any of these
varicties widch had been growlng here for 10 or 12 years under
conditions of heavy secondary sprcade

The data secured from thess four inoculzation tests gcemed
sufficiontly conclusive to warrant the publication of a pre-
liminary note (34) in 1934 announcing the existence of four
types of sugarcane wosaic in Louisiana. Tims (35), in 1935,

reported the occurrence of two tynes of mosaic on C.P,. 28/?0, a
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yellow or severe type cauging a reduction in tomnage of 32 per
cent and in sucrose of 20 to 30 per cent and a green or mild

type which apparently causes little or no reduction in growth

and only a slight reduction in suecrose. Iiils yellow type virus
produced the ordinary green type when transmitted to other cane
varicties. A later paper by Tims, Mills and ¥dgerton (38) re-~

ported essentially ths same rosultse.



Table 11,

Bxperiment 10, Prelimina

ry sirain survey with a selected group of

collactions on P.0.J., 213 and Co. 281 using six nost varieties.

Ll
L4
[ 4
L4

T GOUTCe OF Virus & 4ype of Mm0sSai0 SYMpLOMS On
:tocaII%y or ! i1CePs ¢ GOos

PQJs

sStrain

O0ds POJ: of

Varisty _Symptoms : source :La, Purple:28/60: £81: 254: 21.3:36-M:virus
P.0.J, 213  Ordinary Statlon(Pl) Ordinary SR orde % - - 4
P.0.J. 213 " Statiom " " " - - - 4
P.0.J. 213 " Sterling " " " - -~ - 4
P.0.J. 213 “ Haas " " " - - - 4
?.0.3. 213 " “ashington,Las " " " - - - 4
P.0.J. 213 " Roszewood " " " - - - 4
Co. 281 " Kamperdown " L " - - - &
Co. 281 " Station(P) " 3 " - - - 2
Co. 281 " Stution " " " - - - 2
Lal.Purple " Rosewood(281) " SR " Ord. Ord. Ord. 4
Las.Purple Severe " {281 sev.) SR * S8R SR SR SR 3
C.P. 28/60 o Stat ion - -  01rd.Ord., Ord. - 2
C.F, 28/60 Nild " - - vnoon " - 1

1 o plants avallable for inocculation,



TURTHER CORRCBORATIVE BVIDEICE ON INDIVIDUALITY
OF STRAINS

Following the discovery of the "severe" mosaic on Co. 281
in 1933 and the demonstration of its effeet on other varicties
it became apparent what grecet havoe might be wrought by its

cransnal
bv‘&v-ﬁ N e

in slana. A visit in 1934 to the plan-

i
i

; *
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tation where it was originally found rovealed the existence of
25 stools of this variety affectsd with the same gymptomse.
Hogt of these stools were in »lant cane snd the evidence indi-
cated that they were mrobably the result of using seed affected
by the "severe" mossic although there was some doubt about the
source of the seed, the overseer seeming to feel that 1t had conme
from a field where there was no visual evidence of this type of
mosaic. It is very probable, however, that it came from the
field where the first stools were discovered, in which an addi-
tlonal stool was found at the time of this second visglt. This
would not, however, explain the aovpearance of the original
stools. These 25 stools were all removed and destroyed at the
time of this later visik,

Individual stools of Co. 281 from four additional localities
in the State that appeared to be affected by the same severe
type of mosaic were found during 1934, These have not all been

identified but at least two of them are similar to, 1f not iden-~
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tical with, the original collection and certainly different
from anything previously observed.

dnother visit, in the spring of 1935, to the plantation
where the severe mosalec was origlnally foind on Co. 281 revealed
some rather startling information. Several additional stools
of this variety were discovered showing these same symptoms,
some being in the same approximnte locations and others in plant
cane, the seed for which had been procured in a field where no
severe mosaic had previously been found but in which, subse~
quently, a few stools were located. it the same time a large
number of stools, showing spproxinabely the same sympbtoms but
mach less grovth retardation, were found in P.0.Js 3€ and
P.0.J. 36-l, not only in plent cane but also in stubble ficlds,
where the pattern of occurrence was such as to indicate that
most of it hsad been planted there rather than having been intro-
duced by secondary spread. This, in turn, was very good evidence
that the disease had been present on the plantation end in these
varieties for at least four or five yecars., This conclusion is
easlly rcached becsuse of the nlanting rnractice in vogue in
Loulsiana cane fields where it is cusbomary for three to five
men to follow a wagonload of seed cane, each planting a row.
Thus the chances are very good that all the stalks from a certain
stool will be planted within a very small srea on these few rows
and hence the logical conclusion that each such area 1s directly

traceable to a certaln stool in the fleld from which the planting
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material vag dtained.s Previous observations of a similar na-
ture, particularly where varietal mixbtures ars concerned, lend
credence t0o this hynothesis.

Preliminary inoculations, from both of these varieties onto
differential hosts, indicated that the same virus was concerned
here ag in Co. 28l. Further and more comprehensive comparisons
will be nocessary for final proof.

Az a result of these findings it was decided Dy the owner
of the nlantatlion to make an honest effort to eliminates all cane
showing these gsyuptoms from his place. 4 trained nem was em-
ployed to make a systematic search for this type of mosaice He
wag supvlied with a crew to dig and remove all such stools and
the final results showed that over 100 of them had been locabed
in thesc three varieties and quite a large number of what ap-
psared to be the same thing in P.0.J. 234, Inoculations to cone
firm this latter have not been performed as yet but the symptons
agree with those produced by inoculations to this variety with
the original virus from Co. 281, The location of each of these
stools has been recorded and will be revisited froan time to
time Lo cheek on possible recurrsnce of the diseagse either from
accldentally left fragments of the original stools or from
possible cases of secondary infecticn that had not as yet evi-
denced tienselves when the fields were being rogued.

L large number of the plants used in the greenhouse inocula-

tion trials, excepting those inoculated with the "severs" mosaie
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from Co. 281, were transplanted to the field and observed during
tho 1934 growing scason. The three types of symptoms vere main-
tained very 7ell on C.Ps 28/60 in the field, only a fow cases ap-
pearing that indicated the presence of two types on the same
plant. All three had apmrently been transmltted by natureal

mread to adjacent stoels of healthy C.2, 28/60. These field

[

&}

% -
CseTvVa

ct
v

ions substantiate the greenhouse expzriments and offer

o

further evidence thiat separate entities are involved that aay
be considered separcte strains of the mosaic viruse

Preliminary resulis from a mosalc survey of Louisiana, in-
volving about 300 collecetions, indicate that the tlwee strains
identified, and which produce only ordinary mosaic on commercial
varicties, are all rather widely distributed although thsre
seeus to be a tendency for some locualities to have but one
straln and a2lso for certaln varletles to be more favorable to
some sbrains, e.ge, all collections of P.0.J. 213, to date,
have yielded only one strain, but Co. 281 has yielded all tiree,

as well as the additional "gevere" strain.

Ividence of the ability of strain 3 to sprcad under field
condltions 15 shown by the sppearance of tlree stools showing
type 3 symptomts in a planting of healthy cane of two varieties
near a few stools of Coe 281 infected with strain 5. Two of
thoese transfems were to P.0.J. 36-l (see figures 10 and 11) and

the other to Co. 281 (figure 12).
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Pig. 10. Symptoms produced by strain 3 on P.0.J. 36~ in the
field (left) by secondary spread. Compare with ad-
Jacent stool showing ordinary wmosaic symptoms gen-
crally found on this variety.
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Figs 11, Type 3 symptoms on young shoots of P.0.Js 36-N in the
field, vroduced by seconiary spread. The early syup-
toms are well shown in the younger shoot with a few
long, white, ehlorotic arcas, Many of these have co-
alesced in the older shoot but the linear or striplng
tendeney is still evident as well as a number of ne-
crotie areas. (Compare with C.P. 28/60 in Fig. 17).
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Fig, 12. Symptoms produced by strain & on Co. 281 1n the
field (rigut) by secondary spread. Compare with
adjacent stool of healthy cane,



OCCURRENCE OR DISTRIBUTION 0F STRAINS

During the period of two or three years, immediately
preceding the determinabion of the existence of sbrains of
the sugarcane mosalc virus, a number of collections of mosale
‘cane had been made and were being carried in the greenhouse.
A number of these were tested for strain identlity as a matter
of general interest and the results reported in tables 3 and 4.
Ihese early tests indicated that there were decided tendencies
for certain strains ©o5 be somevhat locallzed in distribution and
for certein varieties to harbor certaln stréins, 1.0,, P;O.J.
213 yielded only strain 4 in thess tests while Co. 281 seemed to
prefer strain 2 althoush strains 3 and 4 were secured from it.

In 1934 a comprehensive survey of the state was conducted
to check more closely on these polnts snd possibly get some
leads that would open up the problem for further investigetion
possibly from some different angle. It scemed to be of more
than passing interest toc aseertain, if possible, the geographical
distribution of each strain of the virus, particularly strain 3
which threstened so great destruction and strain 1 which seemed
so mild on many of the seedlings., The survey vas held up by
a scarcity of plants of C.P. 28/60 and so most of the collections
were inoculated onto Loulsiana Purple to be held therc until

seed material of the former variety should be avallable. Of a
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total of over 300 collections, strain determinstions have now
been completed on 127, Including those menbtioned above. Fliure
13 shows a view of the greenhouse in wviich these inoculatlons
were nade. Many collections were lost because the original ine-
oculations falled to produce infection, this being particularly
true of a very valusble series of collections from isolated re-
glons of the state which were securoed late in the fall of 1934
and met with such unfsvorable growing dondltlons bthat all were
lost. It was hoped that this series would yleld much of histor=-
ical sipgnificance because most of the plantings were of the old
"noble" varieties, Loulsiana Purple and D=-74, and nc new mosaic
had been introduced into these localities for many years.

The results of this survey, sc far as it has been completed,
are summariged in tables 12 and 13, the former from the varlety
standpoint and the latter from the locality standpoint. It will
be noted that the collections are predominently from the two
varieties, Co, 281 and P.0.J. 213. Thils is partly due to the
fact that several collectiocns of each were avallable prlor to
the initlatlion of the main survey but chlefly because these two
varieties seemed to hold the keynote to the .strain situst lon.
The other collections listed are falrly indicatlive of the vare
lety pilcture In 1934 at the places included in this survey, with
tho exception of the collections on Loulslana Vurple which were
made from areas just beyond the muin cane-growing area of the

state and represented established plantings of long standing with



Fige. 13, Interior view of greenhouse in which ‘indbulatiéns wore made
with collecticns from the strain survey. GC.F. 28/60 in center
bed and Loulslanas Purple in side beds.




Table 12. OSwmmery of survey for strains of the sugarcane mosaic
virus showing number of individual collections of
each straln ldentifled from each varicty.

: Number of esasch straein identlfied
Variety ¢ Gtrein 1 : Obrain 2 ¢ Strain & 3 Strain 4 : Tobtal
Co. 281 3 16 4 15 38
Pe0.de. 213 i 6 0 15 22
P.0.J. 234 2 4 0 6 2
PeQeds 36«H 0 1 1l 3 5
PuOuds 36 0 1 1 1 3
Co. 290 1 S o 4 10
Ia. Purple o 0 o 9 g
Others 10 14 0 4 28
Tokal 17 a7 & 857 1T




Table 1l3. Summary of survey for strains of the sugarcane moselc
virus showing number of individual collections of each

straln identified from each locallty in Loulsiana.

TNumber of cach strain identiried

Place S SirelE T

: Strain 2 : Strain 5

Strain 4 tfrotal

Albania

Alma 1
Ashland

Baton R-uge

Broussard

Bunkile

Cinclare

Cheneyville

Crowley

Funiece

1llendsle

Georgla

Greenwood

Haas

Hessmer

Houma 10
Jeanerette

- Kamperdown

Hansura

ieelrer ()
Poplarville, liiss.
Kaceland

Rogewood

Sterling

Stonewall

Washington

¥Wigterproof

West Baton Rouge

Yhite Castle

W 0

3

VM UGG

RO D2

|
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4¥}
NNNHPP SR GW TGN
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Totais 17
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1ittle or no inbtroduction of new stock. It will be noted, in-
cldentally, that all of these collections proved to be straln 4.
The group listed aé "others"” is composed largely of C.P. seedlings
which exhibited twc or more gymptom patterns in the fleld.

The predominsnce of strain 4 1n these collectizns is probebly
explalnable on the basls that the survey was mcre concentrated
in the northern part of the district, It 1s sxpected thal the
completion of determination of the collections now on hand will
demonstrate the prevalence of strain 2 in the main scctlon of
the sugar district, U1ith one exceptlion, strain 1 was collected
only on C.P, seedlings at the Houms station and on lceker Plane
tation where mosalc has always been considered of minor importance.
thether this is explainsble on the basis of what appears to be
the prevalence of this "mild" form of mosalc or not 1t seems to
be very sisniflcant,

Straln 3 was collected in three locabions on Co. 281 in
addition to the original locatlon on Rosewood Plantation, Recently
this strain was collected on P.0.J. 36« and 36 and possibly
also on P.0.J, 234, the latter not having been determined as yet.
Since 8ll originel distributions of Co. 281 in the stabe vere
100 percent healthy, its occurrence in even four locations indi-
cales that this straln was not introduced with the variety bub

is coming from some local source.
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RESISIANCE OF SUNLINS U0 MEAD, AGING

IN VITRO, AND DILUPION

Recent attempts to claslfy virus diseases of plants have
streésed, anon; other things, their physical propertles, partice-
ularly thelr thermal death points., Consistent variations of sany
extent are considered imporbtant factors in differentiating boe=
tween the viruses. Lxperlments were planned, therefore, to de=-
termine the Thermal death point of the four stralns of the sugar-
cane mosaic virus, Prelimina:y tests also were run on resistance

to dilutlon snd aging in vitro.

Thermal Death Point ltudies

Heterials and mebthods.

Julce was extracted for these tests in the same manner and
with the same precautlions as deseribed earlier in this paper.
It was then strained through cheese cloth end 2 ce. transferred
to each of a serles of viels for the thermsl death point tests
and placed In an lcebox until nceded. The remainder was placed
in g flask and stored for use in the other tests. The vials
used were cof glass, long and thin-wailed, sc designed as to

eliminate, so far as possible, the unavoldable lag in heat pene-
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tration. Cori stoppers were used so that the vials could be
completely submerged in the water-bath. £ wive basket had been
so designed as to hold four vials, one with ecach strain, in
comparable positioms. FLxposure was for 10 minutes, after which
the basket was removed and held under running waber until well
cooled.

The constant tempersturce bath was equipped witlh a 500-watbt
heating element, controlled by a nmercury thermostat which was
operated through a relay, and guaranteed to be accurate to withe
in one-FPonth of a degree Centigrade. 4 good thermomeber was
inserted into the bath and the control was sco efficient that 1t
was Impossible to deteet any fluctuatlon in 1%t after the desired
temperature had been reached. The bath itself was home-made
from available nmateriel and discarded equipment. A four-gallon
garbage can of corrugabed iron was placed in a wooden box and
insulated with sawdust, at least two inches thick, below and all
sround. It was covered with a cep, constructed of Ltwo=inch
lumber, varnlshed tc prevent warping, through whilceh the heating
clement, thermoatat, thermomeber, and stirrer were insorited. A4
hinged door was provided in thls cep to provide access tc the
bath for the virus samples. A very efficlent stirrer was pro-
vided, from discarded equipment, and was operated by a belb
from an elsctrlic fan motor, which had been eguipped with a pulley
after the blades had been removed.

In order to set the thermestat for each tempersturc level
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another niece »f apparstus was devised. This was merely a small
granlte pall with ebeout two-thirds of the top covered by a wooden
cop to which a small, hand-operated stlrrer was stiached and a
hole for inserting a bthermometer was provided, he thermostat
was set for each higher temperature level by forcing a small
amount of mercury from the column where the contact was made.

The bucket was filled with water and heated as slowly as nossible
with constant agltatlon of the water, The entire bulb of the
thermostat was Ilmmersed until the deslred temperature was ob-
teined vhen the excess mercury was removed from the tip of the
column by a few sharp raps and the thermostat removed. It was
necegssry, only a few times, to repeat the procedure because of
the sensitiveness of the instrument, In the first test a
glycerine solubtlion was used Ior sebiting at the higher témper&tures
because the thermostat had a setting factor of 18,5 degrees
Centigrade and so temperatures in excess of 100 degrecs were
necesaary for setting 1t where the beth was to be controlled

at 85 degrees or higher,

Procedure.

Martin (18) had stated that the thermal death point of the
augarcane mosaalc virus was probably between 53 and 54 degrees
centigraede but hils technlque had consisted of boiling the mosale

leaves and then using them as e source of lnoculum. M viruses
(>
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are resistant to much higher temperatures, however, so the first
test was planned to use a range from 50 to 90 at intervals of
five degrees. This required nine samples of each virus strain
in addition to the untreated check which was used at once, Ten
plants of the varlety, Loulsiana Purple, were inoculated with
each of these 40 samples of Julce and held in the greenhiouse
for approximately two months to observe the appeparance of mosalc.
Thls was considered to be e sufficiently long perlod of observa=
tion becauss, under opiimum conditions, symptoms usually begin
to appear on thls variety in seven to elght doys and very few
ever show up affer three wecks.

The results of this test are shown in table 14, Infection
wes obtained wlth each strain on either one or two planbts out
of 10 Inoculated at 50 desrees bubt on none at 55, whereas 100
percent infection was obtalned in all the checks except the one
inoculated with strain 3 where only seven of the 10 plants bee
came Infected. Yhe small number of plants infected indicate that
exposure at 50 degrees Uentlgrade for 10 minubss has the effect
of greatly reducing the infectivity of the virus.

4 second experiment was planned in which the temncrature
levels were placed at two degrec Intervsls from 48 to 56 degrees
Centigrade. In view of the previcus results 1t was gssumed
that, since the number of plants availeble for inoculati-n was
1imited, this was probably the best range of tempersbtures to

use. 1ihe results presented in table 15 agaln show 100 percent
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xperiment No. 19 Resulis of inoculation trlals to
debermine the thermal death points of the four strains
of the sugarcane mosaic virus. Julce sanmnles sube
jected to temperature indicoted for 10 minubes and
then inoculated into 10 plants of the variety Louls=-
iana Purple.

Temperature, in degrees
Centigrade, at which

'y o

Sumbor of plants infected by

juice was exposed :Strain 1:5train 2:5train siotrain 4
Check, not heated 10 10 7 10
- 50 2 1 1 2
55 0 o o - 0
60 o 0 O 0
65 O 0 C 0
e 0 0 o 0
90 o 0 0 0

Table 15.

Experiment Wo., 22, Results of second inoculabion
trials to determine thermal desth point of the four
strains of the sugarcene mosaic virus., Julice sample
subjected to temperature lndicated for 10 minutes
and then inoculated into five plants of each Louige
lane Purple and P.0.J. 234.

Temperature, in degrees
Centigrade, at which
Julce was exposed

e 0k &

Humber of plents infected by
Strain :Strain_ﬁ:Strafn;§;Strain 4

Check,

not heated 10 10 9 ol
48 71 3 5 4
50 1 0 0 2
52 1 0 1 0
54 0 0 0 )
56 0 0 0 0

lone of 10 plants died bsfore symptoms could appear.
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infeciion for all the cheek plants except one that remained
healthy in the strsin 3 series. Twe varictlies, Louislana Purple
and P,0.J. 234, were used in this test but, since they arec apparent-
17 entirely comparable for routlne inoculation tests, the results
are grouped together. 4 falrly hich percentage of "takes" were
obtalned at 48 deprees which would indicate that all strains
were nuch less affected than at 50 degrees 1In the previous test.
Ho 1nfectlon was obtained with streins 2 and 3 at 50 bubt strsins
1l and 4 produced respectively one and two infected plants. At
52 degzrees cne infected plant appesred among those lnoculated
with each of the strains 1 and 3 but none where the other
strains were used nor wlth any of the strains at 54 and 56 de~
arees,

The results of these two tests polint out rather definitely
the approximate thermsl death point cf the virus of sugarcane
mosalc. Probably no sample would retain any infective properties
after the 10 minute btreatment, as described sbove, at 54 or 55
degrees Centigrade or any higher temperature. ‘hether there are
really any significant differences between the individuasl strains
would require repetition of these tests with probably some change
in the temperature range and possibly an inerease in the number
of plants inoculated with cach sample. Irom the standpolnt of

the tempernture range 1t seems desirable to start at g gifiiclently

low Lemperatbure that no effeet on the vinus is agpparent. By ine-

creaslin: the temperature levels gradually from this point and
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using a sufficiently large populstion it seems likely that some
significant difference might be shown between cerbtoin strains,
There is, for instance, some indication that strain 1 micht
have slizhily greater tolerance of heat than straln 2 but the

data presented here are not sufficient for definite conclusions.

Reslatance to Aging in Vitro

This test was run simultaneously with the first thormal
death point test and the same set of checks was used for both
tests. This preliminary test was planned merely to get aome
indlcatlion of the length of time the virus strains would ree
main Infective and so the periods of exposure worc sebt at three,
nine, 27, and 81 hours. Two cc. of julce were pleced in a
stoppered vial, one for cach virus strain for each period
of exposure, placed in a covered box, and stored in an incubator
in which the tempersbture was controlled at 35 degrees Centi-
grade. Une vial of each strain was renoved at ecach deslgnated
time and 1ﬁocu1ations nade to 10 plants of Louislana Purple. The
results, given in table 16, show some infection with all strains,
an aversge of about half that obtained in th: checks, at the end
of three hours but only with strain 3 at the end of nine hours,
Since two plants were infccted in the latter group, there may be
some indlcatlion of greater resistance to aglng by thils strain
than obtains in the others. This test will be repeated with

shorter time intervals and storgge at probably a slightly lower



Table 16. Lxperiment Ho. £20. lesulbs of inceulation bLrials to
determine resistance to "aging in vitro" of the four
strains of the sugarcane mosaic virugs., Samnples were
atored In stoppered slass vials in a derl incubetor
abt 35 degrees Centigrade., Inoculaticns made to 10
plants of Loulsiang Purple. :

Time of aging ¢ Number of pients infégteévﬁy
in hours ¢ Strein 1 ¢ Strain 2 ¢ Strein 3 3 “train 4
0 - Check 10 10 7 10
3 6 4 . 3 . 4
-9 o 4 2 0
27 0 0 0 0
81 0 0 (o] 0
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temperature, i.e., gbout 28 to 30 degrees Uentigrade.

Hesistance to Dilution

imis test was run concurrently with the ones deseribed
agbove, The dllutions were made as follows: 6ne cce 0of undi-
luted julce was added to nine cc. of webter to sive one pért of
virus in 10 parts of the mixture, A oimilar portlon of the latter
wad agaln diluted in the same way and the procedure repeated with
the resultant mixture, sc that dilubtions of one part in 100 and
one part in 1000 were avellaoble for the inoculagtions. These were
made with as little delay as possible after grinding on 10
plants of Loulslana Purple and observed as before, The results
are reported in table 17, and show some infection withiall
strains at the first diluticn, with strains 1 and 3 at 1-100
and all but straln 2 et 1-1000. There is again a definite ine

dicatlion that thls strain is less reslistant than the other three.

Concluslions

The two "thermal death polnt" fests and one each to deter-
mine reglstance to "aging in vitroe” and "ailution® indicafe
that there 1s probably very little, if any, difference in the
four strains of the sugarcsne mosalc virus from thesc stande
peints. There seems to be & slight tendency for strain 2 to

show the least resistance and for sbrains 1 snd 3 to exhibit
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Experiment Ho. 21. Hesulss of inaculatli-n triasls to
determine resistance to "dilution™ of the four strains
of the sugercane mosalc virus. Inoculations made to
elght plants of Louisiana ‘urple., (10 planis in

check)
ixtracted julce @
diluted to one ¢ Humber of plents infected by
part ine . Strain 1 ¢ Strain 2 ¢ Strain 3 @ Strain 4
1 {check) 10 10 7 10
10 7 3 2 3
100 1 0 2 0
1000 1 o . 1 1
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somewhat nmore then strain 4., 411 of the tests need to be re-
peated, glving due weight to the res:lts here reportcd in planning
the néw tests, and probably should then be followed up by final
confirmatory bests because, at best, there seems little likellhood
of there being any differences sufficlently great to bc obvious

after Just one more experiment,
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EECRIPTION OF FOUR STRAINS BASED
ON SYMPTOMATOIOGY

In view of the evidence offered above, four strains of the
sugarcane mosalc virus are hereby differentiated by symptom ex-
pression on one- to four-month-old plants of C.Pe 28/60 and
Louisiana Purple, as follows:

Strain 1 is distinguished by a sl}ght mottling with very
1ittle chlorosis and no noticeable stunting of C.P. 28/60
(Fige 14, B) and by the production of ordinary {(typical for the
variety) symptoms on Louisiana Purple and several other varie-
ties (Fige. 15, B).

Strain 2 cauvses a severe mottling with iarge chlorotic arcas,
a varying extent of neerosis, and marked stunting of C,P. 28/60
(Fige 16, A) and only ordinary mosalc symptoms as for strain 1
on Loulsiana Purple and certain other varieties.

Str‘am 3 is first indicated in C.P. 28/60 by the develop-
ment of elongated, almost white blotches or islands, some of
which later coslesce into long, yellowish-white streasks or
ribbons, often running the full length of the older leaves (Figs.
168 and 17). The streaks may appear only on the back of the
midrib, and are frequently accompanied by neerosis, sometiues
so severe as to produce tewporary blighting or even death of

the growing point, causing either a tewmporsry or permanent
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of mosalc.

Be Type 1 symptoms

A. He&lth?-

C.P. 28/603

Fig. 14,
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A B

Fig. 15 Loulsiana Purple:
A. Healthy. :
Be Ordinary symptoms of mosalce
Ce Severe symptoms of mosale.
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mosalcs

2 symptoms of
B. Type 3 symptoma of mosaic,

Lo Type

C.P. 28/60:

Fig.lﬁ .
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Pige 17. Barly symptoms of stpain 3 on plant of GePe 28/60
jnoculated in greenhouse. Note long, white, ¢ orotie

areas, meny of which show necrosis aiao. Compare
with PeCede 361! in Fi.g. 1l.
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cessation of growth in the affected shoots Severe symptoms
similar to the gbove appear also on Louisiauna Purple and all
other varieties infected (Fig. 15, C).

Strain 4 on C.P. 28/60 produces symptoms ldentical 4in ap=-
pearance and effect with strain 3 but, in common with strains
1 and 2, manifests only ordinary mosalec symptoms on Loulslana
Purple.

In all tests where they have been used, four other commer-
cial varileties, 1.6., Cos 281, P.0.Js 36-, P.0O.J. 213, and
P.0.J. 234, have reacted exactly as Loulsiana Purple to these
four etrains and any one of them could well replaece 1t as a
differential host., A4 graphlc representation of the symptom
relat ions on the two differentlial hosts, upon which the differ-
enbiastion of the four stralns is based, is shown in figure 18.



STRAIN 4

STRAIN 3

STRAIN | STRAIN 2
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KEY TO VARIETIES AND TYPES OF SYMPTOMS
Louisiana Purple C.P 28/c0O

Q Ordinar y
:g‘.g."%;.

3 Severe

Graphlic representation of strailn differentiation based on symptomatology.

Fig. 18.
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THE SEARCH FOR FURTHLR DIFFERENTIAL HOSTS

Since the four strains described above were so readily obe-
talned and differentiated it seemed likely that further strains
might be present in Louisima or that these four strains might
be further resolved by the use of other varieties as differen=
tial hostse. A survsy of
would most likely be fortheoming from the multitude of unsslected
C.P. sesdlings of family groups avallable at the station, many
of waich were affected by a severe type of mosalc and quite a
number also by a mild type or, at least, a distinct varlation
in symptoms. In one or two cases there were suggested three
distinct types of mosaic patterns on adjaocent stools of the same
seedling in the field. However, there may be summarized here
only the separate reactions of certain of these seedlings to
Imown strains of the virus., Accordingly, healthy seed of a
number of them was obtained and the plants compared in an inocu-
lation test with C.P. 28/60. Five plants of each were selected
for inoculation in the greenhouse with virus from each of the
four known types of mosale described abovee.

The results of these inoculations showed quite conclusively
that at least three of the seedlings could readlly replace C.P.
28/60 as differential hosts, i.e., they gave three distinet pat-

tern rcactions to the four strains of mosalc virus, and all three
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were easler to inoculate than C.P. 28/60 making it possible to de~
pend on fewer inoculations for the detormination of the strain
of any mosalc sample. The three new secdlings are: C.P., 31/294.
Seedling No. 31 from the 1931 progeny of Co. 281 x P,0.J. 2878,
snd Seedling No. 280, from the 1931 progeny of Co. 281 x U.S,.
1694,

The olbher dsvelopment of any great interest was that two var=-
ieties showed no inflection at all with the straln 3 virus,.
Thother this was merely a colnclidence or an indication of selee-
tive action by the hosts in question will requirs further in-
vestization. There was not, however, any definite indlcation

that any of these hosts would separate any of the current strains

into two or more parts.
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EVIDENCE OF THE EXISTENCE OF FURTHER STRAINS

A mumber of observations have been made during the course
of this work that indicates a very strong probahility that there
are several additionsl strains of the sugercane mosaic virus.
Final or definite determinations of these must welt until suf-
ficient seed of proposed new difforentisl hostas ia avellable
for inoculations or, in some cases, even for the discovery of
new differential hosts. It would seem, from the evidence about
to be presented, that further strains will be more difficult to
demonstrate because they are probably closely related to one
of the four strains already described as witnessed by the fact
that their symptom history often coineides, at least at cer-
tain stages, with that of one of the others.

During the early part of the 1933 growing season occasional
mosaie stools of Co. 281 were observed that seemed to be more
severely chlorotie than the general run of mosalc in this var-
lety. This was especlally true on one plantation and a few
stalks were procured for testing. A small planting was mde in
the field and some of the julce was used for inoculating into
C.Ps 28/60 and Louisiana Purple. Resultant symptoms classed
41t as strain 2 :nd it was so considered for nearly two years.
Shortly after the above inoculations a transfer was made from

the diseased Louisilana Purple back to a few plants of healthy
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Cos 28ls These were later transferred to the ficld and seed
from them was used for planting in an additional location. Ob~
servations, in 193., in both plantings revealed wwhat anppearsd
to be a new symptom pattern for Co, 28ls The first tiree or
four leaves of each plant eppear to be harboring only ordinary
mosalc but, ags new leaves unfold and these become older they take
on a very murked, necrotic appearance which closely ressmbles
"stipnle" in occasional susceptible seedlings but which is un-
doubtedly a stage In mosalc development since no analogy to this
condition could be fwund in extensive observations. Only strain
3 of the virus had previously produced necrosis on Co. 281 but
there was not even a vague rcsemblance between the strain 3
symptoms and those just described. It seems likely that this
potential new sirain can be differentisted on Co. 281 but that
the inoculated plants will have to be kept under observation
for several wegks before final determination.

Another instance of varistion appeared when a quantity of
Coe 281 incculated with a source of mosaic that had been classi-
fied as strain 4 exhihlted about 40 per cent germinatlon recovery
and later some follage recoverye. This was the first time that
authentic germination recovery had been observed in thils variety,
although occasional healthy stalks have appsared in mosalc rows,
and 1t seems that such a sharp differentiation mast surely pre-
dicate the exlistence of another strain of the virus.

A third observation that might be construed as indicative of
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a difference in the eaussl virus was the discovery that the var-
lety C.P. 807, which had previously been considered extremely
resistant 1f not actually immune to mosaiec, had, on a certain
plantation, suddenly exhiblted a large number of mosale stools
which seemed to be much more comuon on one end of the field.
There was very littlse mosaic in this variety on the remainder
of the plantation and only one infected stool had ever been dis-
covered previously although thousands of acres are now growing
in comnzercial fields. It seems highly probable that a definite
difference in the virus concerned here is indicated.

A few stools of C.P. 28/19 have boen encountered that ap-
pear to have a very unusuel mosalc patternm. These stools are
also greatly stunted and generally unthrifty in appearancea.

It is, of course, possible that these symptoms may be the re-
sult of infection by one of the lmown stralns but the unususl
symptoms certainly warrant careful investigation before the
1dentity of the strain lsg decided upone.

Several other instances suggesting varistion have been en-
countered but the evidence, in most cases at least, is of a
negative nature. In thls category are a number of virus collec-
tions that seem to be rather specific in their host relationships.
Several instances have come to notice where a certain virus
source scemed unable to infect a certain cane variety when other
sources, apparently identical in other respscts, infected the

same variety quite readily. This condition seemed to be parti-
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eularly likely to occur when the source of virus was a certain
variety from a2 rather limited portlon of the State. As stated
ehove, however, such evidence is of such a nature as to pre-
clude its being given much weight at this stage of the investi-
gation,

It is belisved that the observations reported here offer
very good evldence that additional strains of the sugarcane
mogale virus are extant in Louisisna. That some of these, at
least, are probably clozely related to one or another of the
four strains described in & previous section seems to be indi-
cated by the fuct that, at first, they were classed with them
but that later developments suggested minor, but nevertheless
significant, dlffcrences. Final proof will, of course, decpend
upon the results of further inoculation trials.
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DISCUSSICON

The observation of two distinct types of mosale on the
seedling variety C, P, 28/60, in 1932, followed by similar ob-

servations on several other varieties the following year, led

to a seriess of inoculation tests that established the existence

o
I3

)

GiT stTalns of thne sugarcane mnosalc virus baseéd upon the

o)

symptom patterns produced upon two differential hosts, C.P, 28/
60 and Louisiana Purple, These four strains were differentiated
by the production of three types of gymptoms on the former var-
lety and two on the latter., In all cases where cuttings were
planted, both from the original collections and inoculated
material, the mosaic patterns persisted in the new shoots,.
Further evidence on symptomatology, differential germination re-
covery, and possible host (varictal) specificity indicate a
strong probability of the existence of a number of additional
strains. Determinution of the status of caech individual "sus-
pect" apparently will demand additional refinement of technigue
from the standpoints of differential hosts, virus preparation,
and 80 on.

The search for differentlal hosts has been centered on seed-
ling variecties that show two or more symptom types, several of
which offer much promise, but may have to be extended to include

some of the older commercial varieties with which the disease has
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been associated in the field. Virus preparation is a matter
of major importance because of the difficulty experienced in
obtaining infection with julce expréssed from certain varie-
ties that are very resistant to the disesse but occasionally
become Infected. The variety C. P. 807, for instunce, has
long been considered immune to mosalc but it is now showlng quite
an infestation on one plantation. Attempted julce transfers
have, to date, always falled. A solution of this A fficulty
would be of great benefit in strain studies.

Strains 2 and 4 are widely distributed im Southern Louisi-
ana, as showm in a strsin survey which is still in progress,
although there is a marked tendency for locallization in cer-
tain sections. &train 1, which produces very mild symptoms
on all varieties, has been found chiefly on Canal Point seed-
lings at the Houma 2tation but has also been collected on lecker
Plantation at the northern edge of the "sugar-bowl" where
mosaic has glways been considered of little importance. Strain 3
causes very severe chlorosis and necroslis on all varieties which
have been infected with it. It has been colleeted mainly on
only one plantatlon although three isolated stools from other
sections apparently reprcsent the same strain. All collectims
of this sirain have been from Co. 281 until 1935 when it was
found also on P.0.Js 36, F.0.Js 36=N and probably P.0.J. 234 in
considerable amounts. 'he severity of strain 3 in all varieties makes
it a very great potential hazard to the sugar industry of the
state. A roguing program has been initiated in the hope of
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eliminating it before it becomes generally distributed. The
pattern of occurrenee on Rosewood Plantation, where it was
first encountered, suggests that this strain has been pressnt
there at least four or filve yocars.

Preliminary exporiments to test resistance to heat, aging
in vitro, anddilution indicate the possibility of minor differ-
ences between certain strains but probably none of very great
magnitude. The thermal death point, for all sirains, is probably
below 54 degrees Centigrade for a 1l0-minute expssure.

Evidence that the entities here reported on are sufficiently
different to be considered strains seems incontrovertible while,
on the other hand, these strains seem to have sufficient char-
acteristics in common to preclude any gzreat possibility of their
being consldered separate diseases. On the basis of symptoms
alone they are shown to be similar in that strains 1, 2 and 4
produce indistingulahable symptoms on Louislans Purple while
the same is true of strains 3 and 4 on C.P. 28/60. The four
strains are further alike in that there 1s apparently little,
if any, variation in their respective thermal death points.

The same insect, Aphis maidls, is the vector of all the strains,

There 1s but little evidence that there ls any difference in

host range, although some varieties of sugarcane seem to yileld
certain sirains rather consistently even when other sitrains are
nown to be pr:sent on other varieties and some variectles show

a tendency to resist infection by some strains although readily

infected by otherse.
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Brandes (3), in announcing the dlscovery of sugarcesne mosaie
in the United States in 1919, shoved that it had probably been
introduced prior to 1913 since previocusly there had been no
guarantine lews regulating the importation of sugarcane from
other countries. Large numhers of introductions had been made
from all over the world and mosaic, of course, may have been
introduced from a number of sources. “hethor some of these
sources way have furnlshed sepasrate strains of the virus that
have persisted, without producing eny visible symptom differ-
ences, on the varieties available iIn Louisians until the advent
of suitable differential hosts, is a question that would involve
the determination of the mosaic strains extant in sll sugarcane-
producing countries where the disease is known. That this would
offer a satisfactory explanation for the origlin of strains is
highly improbable because of the promiscuous interchange of
varicties between various countries prior to general recognition
of mosaic. This practice would have tended to mmke negliglble
the probability of one straln existing aslone in one country and
85111 others in other countries. Strain 3, which ostensibly
has arisen simultaneously in several sections of Louislans but
in such limited amounts as to preclude any ;reat possibility
that it has been present for such a long period, would most cer-
tainly have been recognized had it been long present because of
1ts very severe effect on all varietles.

Another possiblility, which has analogles in many other flelds
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of virus research, is that we have been desling with a complex
virus which is being gradusally fractionated by vectors or by
its host plants, which include, in addition to sugarcene and a
mmber of other cultivated grass plants, a large number of
known, and probably many unknown, wild grasses, The possible
selectlive action of some of these bosts has mch to rsconmdnd
it as a theoretical explanation of the appearance of so many
strains. There have been observed, also, in the symptomatology
of these strains, certain indications that some of them have
much in common which would tend to establish their common origin
or something cormon in their mske-up. However, preliminary
attempts to synthesize straln 3 by comblning the other three
strains in various ways have met with failurse.

A third possible explanstion for the sudden appearance of
new types 1s infection of cane by a virus, not highly special-
ized as to host range, such as, for example, celery mosalc virus
Noe le Attenpis to transmit straln 3, the most divergent of the
new cane strains to Commelina nudiflora, a common wild host of
the celery mosaic virus, have thuas far met with fallure. This
plant, a common weed in Loulslana cane flelds, has never bemn
observed there showing symptoms of mosalc,

The possibllity that these strains have arisen as variants,
or mutants, of what had previously been a single, constant en-
tity must not be overlooked. .Strains of other plant viruses
and some animal viruses have long been known and new ones are

being increasingly described with often consliderable evidence
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of spontaneous origin, as for example, by heat treatment or in-
cubation in a different host.

The virus that causes sigarcane mosale is roadlly transferred
to many other gramlnaceous hosts and is often found naturally
cccurring on them, but thors has not been reported any anthenw
tic oceurrence of grass mosaic except in or near areas where
sugarcane is grown, although both corn and sorghum are, under
favorable conditions, rcadily infected with the diseuse. The
absence of a source of infectlon or suiteble vector ls not be-
lieved to be an adequate explanation of this condition because
s nmumber of perennial grasses are known to be susceptible to

mosale and to carry it over from year to year and Aphis maldis

i3 common in areas far removed from any sugarcane., Hosale,
therefore, is essentially a disease of sugarcane and 1its occur-
rence on other hosts is dependent on the proximity of that plant.
The existence of four strains, and the probable existence
of others, of the sugarcane mosale virus in Louislana has of-
fered a plausible explanation for many conflicting data accum-
lated on recovery from mosaic. The most loglcal interprstation,
at the end of about three years work, seemed to be that recovery
was the result of a reduction in concentration or even a quali-
tative attenuation of the virus. These concluslions were, how-
ever, based on purely observational data and, for this reason,

oven to criticism.

The extensive germination and follage recovery demonstrated
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in these sgtudles, particularly for P.0.J. 36-l, emphasizes
its importance as a varietal cherscter in reducing field losses
and in the selection of promlsing new scedlings that may not
be Immune to the dlsease. That recovery, as here implied,
is such in fsct, and not mere masking or temporary disappear-
ance of symptoms so often recorded in the literature for other
plants, has been proven by continuned vegetative propagation
under various conditions in both greenhouss and field. Pedi-
groed-mosaic seed of P.0.Js 36=M has usually produced about 50
per cent healthy plants. Unpublished results of replicated
vield comparisons mde during the same perlod show from 12 per
cent to 20 per cent reduction in tonnage of plots, showing
about this proportion of healthy plants, compared with about
50 per cent when the planting was done in hills with sufflcient
seed to permlt subsequent removal of all healthy plants from mo-
saic plots and thinning to comparable numbers in the healthy
plotse.

In the first type of yleld experiments, addltlonal recovery
during sprouting and growth of the successive ratoon crops has
further minimized the effect of the diseases At the rate of
recovery shown 1In these tests and in the absence of new infec-
tiona, this varlety should nearly eliminate the dlssase ower a
perlod of a few years as actually occurred over large arecas dur-
ing the period of 1926 to 1936 in the case of P.0.Jd. 213.

An undcrstnading of the physiological or structural basis
of recovery from mosalc must awalt further lmowledge of the
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miltiplication and spread of the virus in &l fferent parts of

the plant and 1ts relation to the processes of gormination and
growthe No evlidence on these questions other than the mere
expressions of symptoms has been obtained in these studies nox
found in the literature. Therefore, the germination of & heal=-
thy sprout from a diseased stalk does not neeessarliiy prove the
absence of the vims from that particular bud, es suggssted
by Staehl and Faris (27); it may represent merely recovery dur-
ing germination of a diseased bud. This point might be dester-
mined by populatior comparisons in which one representative
lot of diseased stalks is germinated as usual and the expressed
gap from the individual buds of the other tested by artificial
inoaulation. Unfortunately, facllities have not been avallable
for such comprchensive comparisonse. However, the carly fluctua-
tion and disappearance of symptoms noted in some of the gerni-
nation tests shown in tables 1 to 3 suggest strongly the ini-
tial presence of the virus in all the buds and that its subse-
guent irregularity of transmisslion mast be d&e in part to physio-
logical variation among the diffcrent buds during gsrmination.
The results at this point suggested a reduction in concen-
tration and in some cases a qualitative change or attenuation
of the virus brought about by contimted uscsoclatlon with an un-
congenial host. Eventually, thragh possible weakenlng or re-
duced mltiplicetion of the virus, the balance between host and

paragsite might conceivably become so delicate as to permlt fall-
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ure of disease transmission.

A quantitative or qualitative change in the virus might
explain the occurrence of follage recovery, which expcriments
show, does not necessarily mean ellmination of the virus from
the stalk. The delicate balance might be presumed to persist
for some time, even until the stalk is germinated, whereupon
occasional eyes may give rise to diseased plantse. Such di-
seased plants, however, as stiown in table 6, are apparently
nuch more likely to exhibilt follage recovery than dlseased
vplants from seed that hes not previocusly recovered.

Reduced concentration and even qualitative gttenmnatlion of
the virus is sugpested by the relative behavlior of the two var-
ieties, P.0.J. 36~M and F.0.J. 213, during 1931 and 1932, The
latter variety, until 1931, had been considered to be the most
resistant of the four P.0.J. varleties grown in Louislana., It
has further been conceded to exlhiibit far more recovery than
P.0.Je 36=1 both in the field and at the time of germination.
The supsriorlty of P.0.J. 213 in these respects was entirely
suprorted by the facts as they appeared in 1930 vhen it was
nearly impossible to f£ind a field of this varlety containing any
considerable smount of mosalc. Therefore, the planning of a
yield test in the fall of 1930 made it imperative to locate a
supnly of diseased seeds, This was finally found in a narrow strilp
of eane alonz a bayou bank entirely surrounded by wild grasses
in an area notorious for heavy mosalc infestations. The seed

planted here the previous year had come from a field that was
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mosaic free, so that the infected plants had presumsbly received
their inoeculum from wild grasses, Thils newly infected cane fur~
nished the "geed" for all the P.0.J. 213 tests listed in this
paper with the exception of the one reported in table 2, which,
incidentally, showed more recovery than any of the others.

The fallure of this newly infected sead of P.0.J. 213 to
show any foliage recovery or any appreclable gemmination re-
covery suggests very strongly that it had become infected with
a different strain of the viruse On the other hand, the P.0.J,
36=M obtainec from the center of a field of several hundred
acres where direct transfer from grasses would for several
years have been negligible continued to show cuite an appre-
ciable amount of recovery even in the face of hezvy secondary
sprcad, presumably largely from cane to cane, in 1831 and 1932.
If attenuation were the correct explanation of the above para-
doxical behavior of these two varieties, P.0.Je. 213, after
prolonged associatlon with the virus, should again exhiblt
active recovery. Thls has not, however, proven to ve the case,
In a preliminary test in 1932 four plants of this variety de-
rived from mosalc-free seed from the ashington guarantlne
house were artificlally infected in a screened enclosure with
extfacted Juice from mosalc plants of a recovered line of P.0.Je
36-ile Two of the four subsequently showed foliage recovery
and the stalks gave only healthy plants after indexing in the

greenhouse, Therefore, the vehavior of the variety in this
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limited test is in sirilking contrast with the recent field
experience.

Prédctically no recovery had been recorded in faoar years!
observatlions on- Co. 281 until the spring of 1935 when germina-
tion readings on several lots of this variety, imoculated with
mosalc julce from a number of soureces, shoved 40 per cent
healthy shoots in one lot. The virus source used here had been
determined to be straln 4 as had several others in comparable
lots of seed nlanted in ths same toest none of which showed a
single healthy »lante

East (11) suggested that recovery of sugarcane from mosaie
might be due to acquired immunity in the host, This hypothesis
ig refuted by artificial inoculation trials with shoots from
recently recovered plants and they have proven to be at least
a8 readily Infected as plants of the same variety that had
never had rosaic previouslye.

Althaigh there seems to be little similarity in the back-
ground of the phenomena observed in these three varieties, it is
readily dlscernible thaet, in all three instances, the assump-
tion of the participation of more than one virus strein would
offer a satisfactory explanation for what took place. In the
cage of P.0.J. 36=-M, for instance, it seems very probable that
the original meterial, from which the lines used in this study
were selected, contained individuel stools infected with at least

two difforent strains of mealce That one of these strains
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would find its relat ionship with the host variety muech less
compatible than the other 1s an assumption that certalnly does
not lack for precedent. Such a situation would naturally pre-~
suppose more recovery where such conditions were present,
“hether a third strain or a mixture of two or more strains may
have further complicated the sitwtion is, at present, a mtter
for conjecture. In seeking an explanation for the behavior of
P.0.Je 213 it i3 only necessary to supnose that its early ex-
perience with mosalc involved only a straln that%, as in P.0.J.
36-M, did not find this variety a sufficiently congenial host
to warrant a permsnent domicile without constant reinforcements
which were supplied by abundant secondary spread throaighout the
few years imnedlately preceding 1925. 4As soon as this wave of
secondary spread subsided the host began to get the upver hand
and was soon able to entirely eliminate the invading virus.
During the se lean years, however, o different strain of the virus
was slowly but surely beeoming establisheds Possibly it had not
even been in existence during the period Just described. So when
a new wave of secondary spreéd got under way in 1931 it was a
different strain that took possesslon of the variety and found
greater compatibility than its predecessor had enjoyed.

With Co. 281, there is a more clearcut case, Out of a half
dozen lots of the variety, each inoculated with separate collec~
tions of virus all of which had been determined as strain 4,
there was not even a single case of germination recovery except

in the case of the lot receiving virus collectedi in an isolated
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comminity where the cane fields are small and infrequent. Of
some 65 or 70 plants appearing in plots planted with this seed,
approxim tely 40 per cent were healthy and have remained so.
The logical conclusion is that thls represents a different
strain of the virus, possibly closely rclated to strain 4, that
cannot as yet be identified by symptomatology on the present
differontial hosts,

The desirability of o sories of experiments for the observa-
tion of possible differential recovery rates in a2 variety, ali-
quots of which have been infected with known saareces or strains
of the mo=saic virus, is acknowledged. Thal the results of such
tests would lend suprort to the theory that certain varietles
are able to recover wmore rcudily from one strain of the virus
tvan from another scems guite likely. Such differential re-
sponse to strains would, of course, entirely displace the theory

of "attenuation" as the explanation for recovery.
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SUMMARY

Two dilgtinet strains of the sugarcane mosalc virus have
been differentiated from several seedlings showing twoe types of
symptomz in the nursery plantings of the Unlted f“tates Tepsrbte-

ment of griculture at illouma, Loulslana. Two addlitlonal strains

Through repeated versetative propagetion of the originel
and various sube-inoculeted hosts, each of these four strains has
maintained its separate identity, as readily shown by the dige
tinctive symptoms reproduced when inocculated into certaln dlffer-
entlal varieties.

The seedling variety C.P. 28/60 differentiates strains 1
aend 2 by the respective nlld and severe patterns produced. It
exhibits s8tlll a third type of symptom with strains 3 and 4.
These two streins can, havever, be separatcd by parallel inocu~
lations on Louislana Purple end seversal cormercisl varicties.

On these, strain 3 mainteins 1ts severe C.P, 23/00-pattern,
while strain 4, in common with strains 1 and 2, produces only
the ordinery nosalc,

Strain 3, which causes very severe sympbtons on every
variety so far Infected, seems to be as yet qgulte limited in

diastribubtlon. Strelans 1, 2, and 4 all seem to be widely dis-
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tributed in Loulsiana sglthourh separately localized bo some ex=
tent in certain arcas,

Pogslble explanations for the orligin of strains are dig~
cussed.

Preliminary comparison of resistance of the strains to
heet, aging in vitro, and dilublon indicate the possibility
of no more than minor dlfferences.

The nrobebillty 1s suggested thet the demonstratlon of
stroins of the sugarcane mosalc virus offers a suitalle explan-
ation of the widespread disappeerance of gympboms and actual
recovory from mosaic by certain "tolerant" variaties of suger=
cane in Loulsiana., 7the results emphasize the importance of
this disappearance of symptoms for reducing mossic losses and
as g varietal character to be incorporated in the breeding of
inmproved varieties that may not be lmmune to the disease.

Recovery results mainly by the sproubting of healthy shoots
from diseased stalks used for "seed", although during years of
minimm secondary spread by aphlds, visible recovery of the follage
during the latter parbt of thé growing season is an Important
contributing factor. Recovery In P.0.J. 234 i3 largely limited
to germlinstion, while in P.D.J. 36-M both types are pronounced.
P.0J. 213 and Co. 281 show, in these studies, no recovery of
either type.

Gtatistical analysls cf germination data on pedigreed-mosalce

lineg of P.0.J. 36« reveals significantly lower production of



healthy plants from nodes representing the bogal quarber of the
stallts Slimllar studies of foliage-recovered stalits showed no
such correlacion in the 1930 experiments, while nearly 100 per-
cent of healthy planis were produced in the 1931 end 1332 tests.
- Preliminary comparisons of pedigreed-mosaic and reeovered
lines (i.e., mosaic plents nroduced by some of the lateral buds
on germliatlon of foliage-recovered stallis) with respvect to ex-

ent off follage recovery revealed a very much zrenter tendency

ct

on the part of the lgtter to throw off the symptoms. The accent-
nating effect of this is believed to have contributed materially
towerd the practical eliminetion of the diseasse during a threee
vear perlod of low secondary spread in the varlety P.0.J. 213.
However, as noted above, P.l«Js 213 has shown almost no germine
ation or follage recovery in the writer's experiments. tThe
seed source of this variety had been exposed to infectlon from
wild grasses, whereas that of I'.0.Jde 36« and P.2.J. 254 repre-
sented older infectisns in large flelds less subjeet to such
natural spreads

The paradoxical behavior of P.0.Je 213, in conjuncion
with greater recovery among recovered lines of T.0.J, 36-M; the
lessened tendency of the lower eyes of the stalk to produce
healthy plants, and other facts brought outlin this investigatlon
secn best explalned by the assumption that different strains of
the virus ang concerned and that the host varietles are able to
cormtbat and overcome one, or another single straln, but cannot

throw off infection vy others.
Y
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