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FFFECTS OF THE MCOSAIC TISTASE CY THE

PITVSTOLCGY OF TOSACCO PLANTST

I, INTRODTCTION

2

There 1is conciderable evidence showinrs thet viruvs diseccses of
plante induce profownd phrsiolo~icel disturbrncer, The visurl symptoms
apverr as Irregular 1licht green areas on the leaf blade, and they be-
conte marnifest within about three weelrs after the plant has been in-
oculated, The time of their eavvearance somewhat devends on the
nhysiologicel state of the hoct plant, These eymntoms anverr first
in the growing tip, and later evpvear snread orn all of the actively
rmetebolizing le~rves of the rlant,

Long tefore the anmnmenrrance of the visible symmtoms, phyrsliologicel

disturbances asscciated with tre dlserse are in progress, For exrmmle,

¥11dmon, Cheo and Jonmer (1949) revort their detection of virus vrotein

in the lecves by electronhoretic metliods three érrs 2fter 1roculaticn,
M™M:ie observaticn is In esscntial agreement witk the results renoried

by W-nd (19h3). Tris suthor showved an ircreace ir the recpiratory

i

1 The expenscs of this stuvdy were borne jointly by the Agricultural
Experimentel Station, Michignn State College, Project 39, and by a
grant-in-aid vrovided by th:e Anerican Cancer Societ;r, Comaittee on

Growth,.
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rate of te vlant on the fourth day after inoctlation and susrested
that tris ~henomenon was accommanied by the dissenmination of the
virus particles throuchout the plent,

The rature end character of vericus t;pes of disturbences in-
duced by the mosnaic disease have been the subject of numerous publica-
tions and review articles. Bowden (1943) and ¥rmd (1943) reviered

the subject thoroughly, and based tleir gerneral concents of the problem

'5'

on the published litercture to the date of their »ublicstions., ¥mnd
(1943) in his review on the metabolic vhenomena associcted with the
virus infection emrhasized that the permeability of cytoplesmic
menbranes, invelving tre differential sbsorrvtion of the mineral
constituents as well as the translocation of thie procucts of photo-
eynthesis, is altered by the virus discase since many conflicting
data coulc be exnlained by means of this nhysiological mechenisn,
The nresent studyr was undertaken as a vhase of the investiga-
tion of the general rroblem of the vhrsiological nature of the virus
diseases in plants now in progress in this laboretory, The study

spvecifically was concerned with the further investigmticn of the con=-

clusion of Iimd (1943) that "The permeshilits of crtonlasnm or its

nembrenes is greatlv altered in reepect to soluble svbstonces. This

accounts for the accumilatlion of corbholudrates in the leoves, and

the gccwivlation of nutrient lons in the rects gt the exnence of torsg."

The studyr wes based on the detailed analysis of tobacco nlants grown






3.

under field conditions and 21so 08 nlants grown in nutrient solu~-

tions under controlled exrerimentrl conditions in the greenhouse,



Yost of the literature on the dicturbances 2ccorranying moszic
diseases has been based or materizl grown under field cenditions.
Exveriment 1, therefore, renresents a determinstion of tre caenicel
comnosition of normel and mosaic diseased tobaceo mlants grown in
the field, and a detailed comnarison of the data with those previcusly
described by otaer worlzers. Special emphacis wes placed on tre
application cof the data to the hymothesis of limd that the disease
induces an altered permerbility of the rrotonlasmic membrares end

the consecuent changes in absorntion and translocaticn,

B, Ismcrimental moterial

1. The soil
The healtry and mosaic infected tobacco rlants were grovn on a
Tox sandy lozn, located in Escex County, Ontario, Cannda., Ther were
suonlied througch the covrtesy of M, F, Murwin, surerintencent,
Tenerinental Station, Horrow, Ontario, Canada, Fox sandy loam 1is

deserided by Richrrde, Coldwrell and Iorwick (1949) as a brown silt

loanm vnderlain by a darlz brown loam which mar verge into a clay loan,
The Tox scil series exhibiic the cheracteristics of the gray-browvn
pocesolic soils. The tonogravhy of this soil tyme timically is undu-~
lating to rolling, and the profile possesses good natural drainsge,
The scil reaction is moderately acid, varying from pZ 6,0 in the

upper layer or A horizon to 6.6 in the B horizon., The cromns
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5.

generally grown on tihis soil t:me are comprised of a few orchards
and such cash croprs as corn, tobacco and canning vegetables, The
mein fertility deficlencles ccnsist of orgenic matter and phosphate,
and to a minor degree of potash.

Tre cultural and fertilizer practice on the field producing the
tobacco rlants ermmined in the precent study during the previous five-
year period may be swmarized as follows:

1045 Alfalfa; sod manured and plouched during the following

suring, and thern planted to tobacco,

1926 3Burley tobacco; fertilized with a 4-8-10 mixture 2t the
rate of 1000 pounds per acre.

1947 Corn.

19L8 Oate; seeded with clover,

1949 Burley tobacco; with a heavy epolication of barnyard

manure, Addition2l nitrocer fertilizer was edded at the
time the ground was nrepared for tobezcco 2nd the 4~8-10
fertilizer was anvlied in two applications, helf et the
time of transmlenting the tobacco and half added later

as a side-dressing.

2. The tobacco leaves

Ticotiona tabacw:, var. bwley was grown under commercial con-

ditions. Leaves of the secondery growth exhibiting tobacco mosalce
symotoms e2nd also those of healthy plants were collected during the

first week of Octeber, 1649, and were dried in the greenhouse., The






dry leaves were ground in a micro Wilery mill to macs a 60-mesh
screen and the nowdered material was trhen stored ir air-ticht con-

tainers until the chenical analyses were carried out.

C. Isperinmentnl resulis

1. Irorganic censtituents
a, Total ash

The percentarse of total ach was determined as carbon~tes by
éry ashirg 1 gram of the somple In a platinum crueible at a temvera~
ture of 650° C. (See anperdix 1.)

The percentages of totcl ash are precented in table 1. The
ach content of heoltry tobacco leaves 1s seen to be greater tren that
of the virus infected leaves, The nornal leaves ccnteined 23,60 per-
cent vhile the diseased leaves conbtzined only 16.86 percent, VWhen
this difference in the ach contert 1s calculated as a percentare of
the ash ccntent of healthy leaves 1t is seen that the virus diseace
lessened the mnercentace of ash 28,55 percent,

It was sugcested iIn the introduction that the mosaic disease
had en effect on the permeability of cells ard the translocation of
soluble nutrients within the host nlant, If this be true, it would
be expected thnt the percentages of ash in the le~ves would be
chensed by the disease. The 2bove data obtained in the present
experiment are ccnsistent with this hyvothesis, The above findirng
is sunrorted b the vrevions work by True, Blocl: and Kelly (1918).

Theee avthors, worling with norm~l and blighted srinach leaves,
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observed thrt the totnl ach of herlthy leaves was 21.41 percent cof

the dry matter, while in virus infected »lants, the percentsge was
only 16.£8., This revresents a decrease of 22.08 mercent with resnect
to tre velue for normel vlants., Boiler (1924) also renorted a lower
vercentage of ech In the leaves of mosaic infected tcbacco nlants,
Freiberg'!s renort (1917) on the commosition of mosaic infected tobacco
nlants 1s too incom—lete to furnish data concerning the percentege of

total askh,

b. Silica
Tre silica content of the leaves was determined by the difference
ir the weight of the total ash before and after treatment with hydro-
fluoric acid, The one~gram samnles used for the total ash determina-

tion were treated as described by Piner (1950). (See appendix 2.)

The vercenteges of silica In healthy and infected leaves are
presented in table 1, Mosaic infected leaves contaired consnicuously
less silica than did tlie normrl leaves, The rormal lemves aontained
L, 9L percent and the disersed leaves contaired only 1.00 percent,
Thece data renresent a dininution of 79.75 percent when the value for
the normel »lants is taker as 100, This tremencdoues decreacse in the
concentration of silica coniradicts the previous rerorte by True,

Black and Kellw (1918) and Irenrar (192€), These authors, worlking

with dlighted smirach and sniled sondnl, recpectivel;r, revorted an
increase in the silica concentretion in the lenves. True, Block arnd

Felly observed a 1,87 percent increace of the cilica in infected



sninech crlculated on the basis of the dry metter,

The silice contents of the leavees rsre errresced ii table 2 as
nercentrces of the totnl ach contents, The value was 37,53 percent
in the normal lerves ard cnly 12,70 percent in the disecred leaves,
Trhis decrezse in the vercentase of silica in the totel ach indicectes
that eilica accunvlation in the diserred rlants wes inhibited to a

greater Cdesree than wes the total ash,

c. Individual comoonents
(1) Prevaration of samrle
A 0.5 gran sermrle of the nowdered dry material was wet ashed
with nitric ard sulvhuric acid and the recidue treated with 10 milli-
liters of 1:L nitric acid and then diluted to 100 milliliters with
dietilled water., Apnrovriate alicuots were tolzen for tlie determine-

tion of the different ions,

(2) Calciunm

Calciun was determined by the am~cniun herxanitrate cerate method
according to Peltemeler (1942)., An aliquot of 5 milliliters, eqriva-
lent to 25 milligrams of cdry nlant material, weos used which regnired
about 4 to 6 milliliters of the 0,01 N cerate reagent. (See a~vendix 3.)

The calciun concentrations of the sammles arpear in tndble 1 and
are exnrecsed as rvercentacec of the dry motter. The percentase of
calcium in thre mosaic leaves is smaller then that in the normal leaves,

Trhe norrmel lerves contained 3,70 percent while the disececed leaves
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contained 2.94 percent, These volues revresent & 20,54 percent de-
crease In the calciuwn concentration of virus lenves when calculated
on the basls of the concentration ian the kherltly leoves,

The date in table 2 emmress the percentnges of caleiunm in the
total ash, It is evident thrt the dininntion of the ealeciun concentra-
tion in the disensed »lants is of lesser mogritule timna the decrers
in the totel ach, slnce the percentsge of calciun in the ash increased
9.L1 percent, even thoush the percentagce in the ¢ry materisl decrensed
0.76 percent., Th:is increase of the ratio of calcium to the total ash
agrees with the data renorted by True, Blrclr and Zelly (1918) who
noted that calcium, calculated as (20, increcsed from 6.48 percent of
the total ash in healthy plants to 11.8S perceat in blishted s»inach.

Tronsnr (1928) observed the opvwosite result since kis data

how that the ratio of ¢ inm to the totrl ach in snilzed sandnl
decressed,

Freiberz (1917) detected no sisnificant chances in the calcium

content of mosaic tobacco leaves,
Tie decrease in the calciun concentration in the dry matter of
the disenced tobacco nlants mar not be as cignificant phrsiologically
2s the chenges in the nercentoage of celciun in respect to the total
ash, T:is nay produce & far rore reaching nhrsiological dicturdvance

than the mere chan~e in 1ts 2brolute emount would suvgecest,

(3) Mremesium
Vngnesium wos determined in the aliguot after the removal of

calciun as the oxrlate. Tiae genersl nrocedure of 2eitencior (1943)
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wae followed, The preocinitate of megnesium phosrhunte, ! YHQQPOW'

s
obtained by this nrocedure, was disrolved In 1 7 sudlnhwuric ncid,
T.e nhosmi:ate 1on in the solution was determined colorimetricrlly by

the molybdenum blue reactior ag deccribed by Zitcon and Mcllon

(194)), Tais orccedure gave very satisfactor— results. An aliquot'
of 5 milliliters of the calciun-free solution, eguivalent to 5 nilli-
grans of dried plant material, was used for the determination,

(See arvendix 4,)

-

The percentnges of magnesium in the dry nlant tissues are pre-
sented in tables 1 and 2, The averare percentace of magnesiun in the
herlthy tissue was 0,71 percent, while only 0.43 percent, was found in
the discased lenves. Waien calculated as a percentase of the value for
norn2l leaves, it is seen thrt the magnesium in the disceased leaves
was lescened by 39.4: percent, Wien the megnesium content is calen-
lated as a percentase of the totrl ach, teble 2 shows that the ~sh of
normrl leaves conteined 5.39 nercent, while the value for the diseaced
leaves wnes 5,48 percent. Thece datn indicate that the »ercentege of
magnesium in the 2sh incressed 1.€7 percent in the virvs infected
leaves, i3 increase indicates that the amount of total ash in the
disensed nlants decrensed a 1itile more thean did the nagnesiunm compon-
ent,

In vicw of the significant differences in the mognesiwnm conteat
of normal and virus infected tobocco observed in the present stud;, it
!g interesting to note thet Freiberz (1917) renorted no effect of the

rnosaic disease on the merneciun content of the tobacco nlant,
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Tables 1 and 2 indicete the vercentoses of notassiun in the dry
natter and in the totrl ash, The percentcge of pvotassium in the
mosale infected leaves is decrenced, In the normel leaves the per-
certzge was 3.63, while in the disorsed leaves 3.33 vercent wes found,
This decrense apvears to be small, but wren it is czlcvloted on the
besis of the amount in ncrmal tissue being 100, then the decreesse is
seen to be 8,3 vercent. This c¢ffect of virus infecticn on the rotass-
{inm centent asrees with the general trend described by Fnd (1943).

Freiberg (1917) revortcd that the effect of mosric diserse on
the rotacsiun content of tobrcco leaves wes enall,

The abscrption of potessiun wrs less dicturbed by the diserce
than was that of most of the cther major metellic iorns, This fact
is in agreenent with the general opinion thet poteesium is more
readily trenslocated within the plant body than 1s calcium or magne-
siun, On the other hand, the abeorztion of potassium by the diseased
plants wos actually less, and this should not be overlooked in view

of tre discusc¢ion by ¥md and Voyonig (in press) of the occesional

nasking of the early symntoms of the Little peach disease by the

eymmtoms of votassium deficilency.

(5) Sodium
The sodium content of the lerves was determined by the use of
the PerZin-Ilmer flame photometer accordins tec the metliod described

by Moth, Prirce, Mrllrce and Mi'Zreleen (1948), A 0.5 gram wac ached

es described 2bove, ané the resicue discolved in 100 milliliters of
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0.1 X nitric acic,

The percentrges of sodium in healthy and mosaic infected leaves
ere presented in tadles 1 and 2, There is only 2 small and probably
Insignificant incrersce 1In the concentretions of sodium in the dis-~
ecced leaves, but when the ecdlum is evrrersed 2s a mercentage of
the total ash, the value is 0..3 vercent in the herlthy leaves and
0.7L in the infected lenves. These data show that the absor=tion
of sodiunm was essentially unaffected by the diserse although the
effect on the totol ask was very creat,

The similarity in the rercentages of scdiwa in the herlthy and
mosaic leaves Indicates that the virus diserce has little or rno
effect on the accumlation of this nutriert in tobacco »lants, The
increace obcerved wken the percentage of sodium to totel ash is con-
eidered indicates that sodium, like potassium, is more mobile and is
more readily translocated within the plan than are rost of the other
cationg, It is to be noted that motzseium and sodium follow the
sane trend of incremce when ther are expressed s percenteces of

total ash, Tnis observation conflicts with the data swierized from

the vublished literature br ¥md (1943).

() Iron
Iron was deternifned by the orocedure cdescribed by Eum—ell and
Willard (193%), by using hyérocuinore a2s a reducing ecent and O-
vhenathroline 2s an indicntor, An aliocrot of 10 milliliters, equiva-

lent to 50 milligrenms of dry plant raterial, wrs used, (See eppendix

é.)
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The iron content of the healthy and infected leecves is given in
tables 1 and 2. Mosalc dlserced leaves contnined less then half the
emount of ircn in the health;” lecves, The normal leaves conteined
0.106 percent while the diseaced lenves contained only 0.051 percent.
This Cecrcase corresonds to 55 percent of the ircn in tie normel
plants, When the ircn ccnient is coleulated as percenteges of the
tot2l ash, the velve of 0.81 was obtained for ncrmal plants arnd 0,65
was obtained for the diseased plante, Thece values inlicete that the
ebsorntion of iron wes lessened by the dicease to a significently
greater degree than was the total ach,

The lower nercentage of iron in the mosalc infecteld tobacco
leaves is in agreement with the data of Coleran (1917) who revorted

that the srile disease of sandrl caured a lower iron content in the

me ture leavcee,

(7) rancenese

Wencanese was deternined according to the method described by
Peech (1947), The mencanese in the alicuot was oxidined by potessiunm
metaneriodate and tre color of the vermergennte sclution wes deternined
in the Coleman spectronhotometer, An aliquot of 20 milliliters, repre-
senting 0.5 gram of drr plant materizl was used., (See arvendix 7.)

Te mensanece content of the healthy and virus infected leeves
is given in tadbles 1 and 2, The mengonese concentration in the

“healthy leaves wae 0,019 percen%, but it increased to 0,076 percent

in the disersed leaves, Tre increace by 0.007 percent on the basis
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of dry matter revrecents = 34,24 percent increrse when it 1s calcu-

lated cr tre bacie of the vnlue for normel lerves toXken as 100, When
the data are calenlated in terms of rercentrzes of the totel oeh,

0.14 is obtrined for nornmel lerves and 0,33 for disersed leaves.

This increrse renresente a2 135,7 nercent increece in terms of the
vercentege of mengenese in the totel ash, The da*a roree wiih those

revorted by Trie, Block and Zelly (191€) baced on blishted sninach

plante, There anthors observed an incresse of mangeonese, colcvlated
as Ln3 " in the tows of bdlishted sninnch from 0.021 to 0.045 per-
centegce of dryr welzht, This represents a 114.2 vercent increese

over the nermal content of healthy leaves which 1s in remarl=hly
close zgreement with the value obtained in the precent studr.

Tr.e obeerved incresse of nercentrrse of mengnnese in the mosalc
infected tobacco leaves indicrtes how profourdl:r the nlkysiolog: of
the nlante wae altered by the diseace, This increace becomes even
nore i-mortent vhen the iron centent also is congidered,

The irmortsance of the reci»rocnl relationship betwecn mensenese

and iron wes de-cribed br Scmers end Shive (1942), who susrested

~

thnt the reletive atundonce of these two lons is fer more immortant
than is their totrl concentrations in the tiscue. lencnonese, since

.

it is the strenger oxidizing 2qent, rencts with the ferrous, vhysio-
logicelly ective, iron, treonsforming 1t into the ferric form ard
renderirg it inactive as it precivitotes in the ferric-phosrhate

orgenic form, Tae sugsested mechenism for this interaction between

mangenese and iron m2r be summarized as follows:



16.

living
sy
4 vstenm .+t
50 o W e — +
from subsirate
44 'uu A4 4N
Fe + In -~ Fe & }Mn

from sutstrate

4% .-
Fe + Po, —=— FeF0,
Precirifated as ferric-
r vhosnhate orgonic complex

*4
———
Fe ———=

from substrate

Fe?b*

Ver: often, an iron deficiencyr in plants is nct cauced by the
lack of iron, but rather by mangsonese toxicity resvlting from the
inactivetion of the iron in the plant,

The recinrocal releaticrchiv» between the a2bscrptiorn of iron and
mancanese wa2c reported by True, Dlrcl: and Yelly (1918), who observed
that en increcce in the mengenese content of the tons was accemparnied

L)

br a decrerce in the iror content,

(8) Phosvhorus fractions
The senaration of pheexwhorus fractions was cerried out by a

modification of Arner's procedu~e (1332). {Sce powendix 7,) The

schene of separciion was as follows?



Plant laterial

Trichlororcetic

acid
| L
Acié ingoludle Acid soluble rhoshhorus
rhosphorus I
| ]
Incrpanie EC E~S0;,
Residual Phos-liorus  Fhiosnhorus TCrolysis Oxicdation

Lobile Phosvhate Resistant Phosphate

Esters Esters
by cifference br difference

In all c2ses the phosrhorus content of the different extracts
and solutions wns deternined s recommended by 2itscon and Mellon
(194), utiliziar the 2mmonium molybdate-hydroguinone nroccdure.
(See rrpendix 4,)

A one-granm semnle wae used for the original extraction 2nd 2vnro-
orinte aliquots ranging from 2 to § milliliters and correcnponding to
10 to 25 nilligrrms of dry tissue were emmloyed for the determinations.

(See appendix 8,)

(a) Totzl phosrhorus
The virus infected le~rves contain more totzl phos-horus than the

healthy leaves, table

W

. The incrense calculated as percentose of
the normal conient of healthy leaves is 5,64, tadble 4, This finding
is in agreement with the data presented by lzlden and Trocey (1942)

when the totnl phosvhorus found 1s evpressed os percentegre of the

total dry matter, in the systenic infected mosaic todacco nlents,
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FTreoiberg (1917) d1d not observe any a~preciable difference in the
otal phosnhorus content of mosaic and hezltly tobacco leaves, YL-mnd

(1942) in kis reviewr described an inconsistent effect of virus dis-

o)

on the percent~ge of total nhosphorus in the nlants., Rizhkov

eases

n

and Yorob'eva (1942) revort a decrease in the total vhosrhorus of

nosalc ianfected todbacco.

(b) Inorganic phosnhorus

Table 4 gives the percentozes of inorgcanic vhos~lorus in the
healthy and mosaic leaves and the nercentarse differesnce when calculated
on the basis of normal content of healtl:r leaves. The herltlr leaves
conteined 0,185 and the diserced leeves contained 0,206 percent inor-
ganic nhosnhorus ia the dry plant tissue. The déta show that the
virus disense lessened the inorzanic nhosnhorus in the leaves 11.35
percent when the decrease 1s crlculated as a percentare of the amount

vresent in the normel nlantis,

(¢) Labile vhosrthate esters
The labile esters fraction rensresents the nhosnlorus fraction
most intinately related to the resmiratory izechenism of the protonlasnm,
The rormal leaves contained 0,076 nercent of phosrhorus present as
labile esters, while the infected leaves contained 0.035 percent.
This difference represents an incrense of 34,62 vercent over the

anount in the normal leaves,



(@) Resistant phosphate esters
The resistant esters fraction contains such phosnhate commounds
2s the hexosenhosnnates, triosephoswhate, vphosuionyraviec acid, and
vhosvhoglyceric acid. Tedle 4 incdicates thet the anount in nornal
leaves was 0.056 percent 2nd the anount in the disensed lecves was
0.038., T:is comparatively smoll cecrense, calculated on the dry
weizht basis, anounts to 6.5 percent when calculated on the basis of

the amount in the normal leaves,

(e) Residnal phos»horus
The fraction indicated 25 residuwel nhosohorus contains 211 of
the phosphonproteins and phosnholinids which are precinitated by
trichloroacetic acid,
The virus infection incrersed the residvel phosnhorus fraction

b7 57.69 vercent over the content of healthy leaves, todble 4,

(f) Discussion of mhosphorus fraoctions
The data in table 4 show that the total nhoshhorus recovered in
the various fractions varies from 91.2 to 108.3 nercent of the total.
There is a greater consistency in the recovery of the hisher amounts,
althourn the absolute recovery is satisfactory in view of the limited
accuracy of the fractionation procedure,

The data show that the virus disease increases not only the
absorntion of total phos»horus but also the different fractions, with
the excention of the resistant ester fraction. The mozt vronounced
effect is exerted on the amount of residunl nhosnhorus, in which case

the increcee was 57.69 percent, Perheps this misht be exmected from
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thie iIncrerse in the phesohonroteins in the virns perticles themselves,
althouch this plhenomencn would not account for the rcreater total
nhosshorus. The labile esters fraction exhibited the next hirhest
incrence vhich was found to be 34.62 percent vhen calculated on the
hacls of the anount of this fraction in healthy leaves,

Table 5 presente the ratios of the v~rious phosnhorus fractions
to each other, There is a decrence 1n the reiio cf ladile ecters
to residnal nhosnhorus, These datr succest two mechaniems, one
followins the other, vhich mar account for the increccze in the
labile emters fraction, ZIrrden (1923) 2nd md (19L472) in their
reviews indicate that the reenireatorr rate of virvs infected nlants
1s releoted to the stnge to which the dicemse hrs vrogcressed. In the
early stares of the diserse, namely on the fourth dar after inocula-
tion, Mmd (1943) renorted 2 maxzimum in the rate of resmiration of
nosaiec ixfected tobacco vlants, This increace was followed by a
rate of respiration snaller than the normal, It may be surmized
that an increased amount of labile esters would accompany an Increased
rate of respiration, When the resvirator; rate decreased in the
later stages of the disease, and when the virvs prrticlas eccumailrted
irn the tissue, the labile esters might remein intect while the other
phogrhate commounds were utilized for the forration of virus rerti-
cles, T:is mechoniem would exmlain the incrensed labile ester frac-
tion of mosmic infected tokhacco lecves, The megnitude of the decrease
in tre nercentece of resistant ecters 1s not significent when the

duplicrte determinntions ere considered,
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ecse are directlr pronortional tc the valence of the fons., Iron
an¢ mangorese vwhich are ovresent mestly in thelir oxidized steie in
rormel soils and which undergo the greestest chences in valence ore
subJect to the greatect chonces in obeormticn 25 a resuli of the virus
¢iseace of the »lant. Calciun and =-oonceeiuwn which have a valence of
two are distuarhed to a lesser cegree, wh*le codivn and ~otaseivn which
nossess but one velence fre 2ffected to 2 still lesser emtent T the
Cisease,

These observrticns suggest tivt the noture of the phrsiologicel
cisturbances brou:lit sbout by the mosaic disease rnyr be related to
the electrical stotus of the colloidal structure of the nrotonlasn,
That such alterations in the electricel condition of the colloidel
conrlex of living nrotoplasm mey produce vprofound phrsiclogsical dig-
turbances cennot be overemnhasized,

Tre imrortance of the electriccl forces of the colloicdel surfaces
of the living cells to the mechonienm of absorntion of ions from the
colloidal marticles in the so0il have been described in the worlzs of
Jenny and co-werkers, A chengce in the electrical state of the rroto-
rlasn in the root heir will marlzedly affect the wmtalze of nutrients
when the electricel forces vlay an imortant role in nutrient abesorp-
tion,

A commareble study of the rhrsioloegrieal (isturbances induced dby
virvs diseace carried out with rlente grown in nuirient soluticen,
vhere the part of thie electricel forces in the abecorntion of nutrients

is mininized, wonld throw liskt on til:e mroblen.
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T.is cicturbence In the electricel state of the proto-lasmic
colloids Is avgmented 25 the ¢isecce proceeds sirce the ¢ifferential
mwtrle of nutrients, resulting in their a2ltered rotios ir the cells,

cruses further disturberces,

2. Organic constituents
a2, Cartohycrates
Tre total cerbohydrates were determines accordin~ to the method
deccribed in the Official and Tentrtive Metliods of An2l:-eis of the

en of Offic’el Arricultural Chemiste (1945). One-¢ren

(&3

Ascociat
sarples of the dry powdered nlant materizl were used for the iritial
tydrolysis. After cleering with neutral lead acetate, the filtered
solution was mece up to 500 milliliters. Axn alicuot of 3 milliliters
of t»is extract, eouivelent to € milligrems of dry meoterisl, wrs
nsed for the cdetermiretion of redveirg sucer. (See annencix 9,)

Tahle 8 nresents the concertraticns of cerbohydirates found in
healthy and virus infected leaves ernrecsed ee vercentrces of éried
matter. The normal leaves cont=mined 11,38 and the diserced leaves
contained 10,35 percent. This decrecse of the carboqydrste e~ntent
of the dlceaced leaves renresents 2 9,05 nercent decremse over the
content of healthy leaves,

Tre obcervel cdecrease in cerkohydrete content is in egrecnent

with numercus da*ta in the literature. B-iler (1924) and Drnlep

(1930) 2lso observed a decrease in the percentsre of carbohydirotes

in mosaic infected tobacco lecves, Such an effect on tle tcbacco



leaves seems to be a corsistent reemonce to the diseace, 2lthoush
similar srmrtoms are rot observed in the cazre of many other virus

dicercces,

b. Fots

Tie determination of crude fats wes carried ocut b an ether
extraction of two-grem samnmles of the dry »lant meterial in a Gold—
fish extractor., (See epvendix 19.)

Mosailc infected leaves conteined rmore crude fats than did hrerlthy
leaves, as is evident from the data in tcble 8, The normal leaves
conteined 1,71 vercent while the diceased lerves contained 2.31
percent, hece recults indicate an increase of 35,08 percent over

the amount in tl:e normal leaves,

ce Totol nitrogen

-

The total nitrogen was deternined by the Micro jeldahl vnroce-

dvre as decceribed by Mo and Curerra (19L2), Semnles of the dry
material renging fron 20 to 35 nilligrems were veed, which required
about 4 to 5 nilliliters of 0.02 I hrdrochloric acid for the titra-
tior of the ammonia relerced, (See 2npendix 11.)

Trble 9 presents the percentoges of toftcl nitrogen in the
leaves. The normal leaves contrnined 4,66 percent nitrogen 2s com—
pared to the 5.26 in the diseased leaves, The increase of 0,60 per-

cent on the basis of the dry matter represents an increese of 12.8

percent over the amount in the herlthy leaves tr'zen 25 100,
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The observed increacse in the percentrse of toinl nitrogen in the
rosalc disensed tobacco lecves is in agreement with deta of nrevious

investis~tors. Cordin~ler, CGrednger, Perrecll and Wri-td (1934)

renorted an increase of annromimately 1C percent in the total nitro-
gen content of their mosaic infected tobecece plants, The same re-

sults were obtrired by Dunlep (1530), Trie and Eowl-ing (1918),

47

however, remorted a decreace in the percentagze of total nitrogen in
the leaves of blighted srtinach,

According to Boyden (19&3), the effect of the nosaic dicecce
on tre nitrogen content of the hogt plent i1s less clearly cdefined

tlen the effect on the percentere of carbolyydr-otes,

d. Discussion of organic constituents

The effects of the mosnic disease cn the nercentoge of organic
conctitvents in tobacco leaves con be cernarated into two classes:
those cPrusing an incrense fs exwernmlified by the totel nitrogen and
cruvde fats, and those bringing about a2 cdecrerse as in the instance
of carbohydrates,

Tatles 10 and 11 present commerisons betrreen the carbohydrate
end total nitrosen content of healthy and mosaic infected leaves,
together wwith the resultent chonges ir the cerbontnitrogen ratios,

Dunlap (193C) deternired the carbolydratesnitrogen ratios for
2 number of nlants suffering from different dicecser, A tatulation

of his dete shovirg the effects of mosric disecase on different vlents

followas
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Aatios: Tiserced plants/Healtny plante
Zost Yitrogern Cerborydrate C/d Ratios
Tobecco 1.10 0.77 0.71
Tera to 1.09 0.81 0.76
Sque.sh 1.15 0.86 0.76
FPolerveed 1.1% 0.78 0,67
Pepver 1.03 0.93 0.82
wcunber 1,07 0.75 0.70

A comparison of Dunlanlte data with those in table 11 indicntes
a sudctential esorecment,

Thie oheerved accumilaticn of -the nitroserocus commounds anld the
dininution of the carboliyirates in the virrs infected tokrecco lerves
cannot be exlaired on the bereis of clinnsed retes of trnnslocation
and aiterations in the vernenbility of the cell mermbrones to soluble
conctituents, The dilution factor introduvced by the increese in

the amount of total nitrocen would itself auvment tre difference in

the carbon:nitrogzen ratio,
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A. Dur-oce

The mosaic infected tohaceco ~il-n*ts rrown under fleld conditlons
evhitited mrrized »nirsiolegicsl disturbrnices. The drta obteined in
exmeriment 1 showved tirt tlie discrce cauned a Cecrease in thre toinl
aeh cortent and eltered the retios of individual conctituents, The
carbol:iyirete, fat and total nitrogen sccvnulation in the lenves was
altered also. A h~othesis vhich evr~ested that the obrcerved cistur-
bances were broucht rhout by 2n alterstion in the electriecrl state

of the rrotorlerenic colloids wre nrencsed, This chonse of rrotoplas—

on of rutrient

i

ric stete is essociateld vwith a differential okrorm t
icns, crucing 2lterntions in trelr rotios in the tissues, The elec-
trical nature of this cdisturbruce at the site of ebrorntion was

susrected from the effects wiiich the diserce exerted on the accunula-

The present emeriment wee arrenged to rrecent a more comlete

,,.
o+
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81
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nicture of the distribrtion of the different eoncti erltly
rnd moseic infectel tobrcco mlente and esvecially to obtein further
dsta pertinent to the hymothesis of elecetricrl disturbrnces of the
~rotonlasn induced br the disercse, Iréroponic crliures vwere used
csince this rroce’ure offered a better control over the conditions of
crovih of tre exmerimental rlente, and ecnecinslly becrusce the ateorp-
tion of nutrients from solntiocns mininizes the morticipotion cf

.

electrical ferce~ involving obsorrtion, Uthen the abrorbins roct hair
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i1s surrounced by nutrients in solution, the vriiery forces actirg
nernervility of the

cn the minerel untalze bry the Hlent sre thoce of
The nececcity for tle root hair to remove the

nrotonlaem 1tcelf,
soll

ions from the eleoctrically chersed surfeces of tre colloidnl
er culture-, The a2bsorztion of

icles does not exicst in the wr
is then a function of permerbility of the absorbing

ith the soil colloids.

cells rather then an electricel tug-of-wer with th

2. eperiacentcl zetteds and retcriels
trhe greenicuse

tuwdied 1in experiment 2 vere grovm in th

The plants stwd 2
L
at lichi_en State College,

ience Greenhouses

the nvtriente

rcon o, 53 of the Flant S

The epace evailable include
wide, The room was egnuivpecd with an autom:

erd with a termeresture control set for 17-18° C,

for the flocding of the

berch, twent:;r feet long a2nd tvo feet

~

d a
=tic ventilating syetem

ure pots

1ical arrancenent

The mechan

veriodically with nuirient solution is incdic *in figure 1.

ir ounp, cctiveted every two horrs by an electric time clocl,

The level of the nutrient

flcoded *tre cvlture rots every two hovurs,
~tic column 2t the

solution in the vots was controlled by 2 hrydrosta
Tve culture vots were nlaced for

icient illumination of the vlants,

Snencer (1941) was used.

—

end of the air pressure line,

enough avart to permit a suf

The rutrient sclution recommended by

tihe solution was as follows?

T.e firal ccmrosition of
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liters wmer coriox of o ctoel- solutlion nwvwin- the follo inr comodi-




Iroa wees omitited from the solutions since provi-us exverinents
indicated thnrt suficient iron was obizined as contaminants, Tae

fia21 concentroticons of the micro 2leaents in the nuitrient solution

were as follows:

Ilement Perte per aillion
Boron 0.5
langsnnese 0.5
Comper 0.02
Mectiona tabncua ver. Iovena Mo, 39 seels vere nlanted on

Arril 1, 1250, The sceds were supnlied throvsh the courtesy of Dr,

Jonee Johinecon of the Tmiversity of Wisconsine ‘hen the £ifth leaf

4

annenred, the vlente were trancolanted into the grovel pots. The

pver~se heislt ot the time of tranenlenting was from 7 to 8 inches,

o

"en the avmpenrance of tie mlnnits showed that ther hed fully

1

recovered from tle tranemlanting, ther were infected with tobrceeo
mosaic virus by rudbbing tiie Svo lover lecves of each »lont with
cicese cloth gonked In o virus oreporation. The inoculations wvere
rerforried on Moy 4, 1250, The inocu:lum wac prepared by sonlidns the
dry vowvdered discrsed lenves in water, and then pressing the mocs
in & hrdrolie oress. Tie liguid obinined wrs precerved in tlhe re

frigerator until used to infect the ermerimentel »lents, Tie first

erred thie £fifth ¢oy after 1noculetlinon on tlie leeves

0f the rrowing tin. The woter level of the differcnt cnrbouys wne

N
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ept conatont by the 2d.ition of wator everyr three dars, The nutri-
ent sclutions were rezlaced the third weelr after tronsnlanting.

The tobacco ~lants were horvested on June 14, 1950, 3 tho
date, ther had attained an average height of 3 feet and at no tine
¢id they show nitrogcen deficlency s;mntoizs, Zech vlant wes senarated
into lerves, stene, and roots. The roots were warhed with ten water
to rearove achering gravel norticles, Only the fibrous rocts were
reteined, The éifferenmt seu-les were dried in the oven 2t 100° C.

for 24 hours, nnd then ground ia a micro-¥Wiler mill to neecs a £0-

ieve, Thre rowilered nmrterizl was ctored in air-ti.-ht contriners

4
(8]
[
o
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unti? tlie #an~l:eos were carried out.

The methocs of annlyses emnlored in tllis erverinent were iden~

ticnl to thore vsed in ermeriment 1.

L. Zmerinental rezltis

l. Inorzenic constituents
2. Totrl ash

The percentrges of toinl ash, erpresced as carhoanrtes, aonpesr
in table 12, The diserced ulonts contaired more total ash thrn did
tlie normal »lants., This was trve for tlie lerves, stems, and rocts,
This increcase, calculated on the basis of the amount in the healiny
~1lants, wrs 9.6 percent for the lerver, 1.4 vercent for the stems,
and 1.6 percent for the roois,

Teble 13 vresonts the dnta obtoined by caleuwloting the percent-

ages of the individurl ach comronents In the total ach wihien the
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total ash is obtained by swinmbion of the individenl comronents
‘sis.e VWien caleulated in this memner, the toinl

ash in leaves of tle diseased rlents incrersed 26,11 percent, while

tems, and 4,11 percent in the
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roots,

b. Silica
The deterninatinns of silica yielied tresces too small for
accurate ectination, This siturtion mi-ht be emectel since the
cnly source of silieca to the TlﬁntsAwas the contect of tre roots
\

with the onartz grovel used to zimport the »lants in the nutrient

solutinn.

c. Calciunm

LJ.

The cclcium content of mes~ic lerves is elizhtly higher tieon
het in the normal leaves when 1t is cnleulated as a percentage of
the dry matter, The data in teble 12 show that the normal lesves
conteined 2.3% percent while the infected leaves contzined 2,40 per-
cent. Waien the concentration of caleiun is calculnted as 2 percent-
age of the amount in the normal nlants, this increase armounts to

2.6 percent over the normal value. If the calcium conternts are
calcvlated as rercentages of the total ach, takle 13 shows tint in
norunl leaves the value is £3.89 mercent, 2nd in the disecrczed leoves,
the percentege 1s 51,97 percent. This shows tihet the increrse in

trhe calcium content of the dicersed leaves wos not ac great as the

increa2se in totel ash,



Tie data in todle 12 show that the caleium content in the stens
of healtly nlants was 0.80 percent, wien calculatsd on the basis of
the drr olant meterial, The percentege in the disesced stems was
0.75. Thece values remresent a decresce of 6,3 vercent when celcu~
lated on the basls of the amount in normal stems, The data in table
13 show that in normsl stem tis~ue, the vercentage of calcium in the

otal ash was 22.1%, while in the ach of tle stems of disersed plents,
the percentege wrs 16,11, This Cecrerce, relrtive to the totsrl ash,
represents 42,77 mercent of the ccnecentration of calcivm in the 2ch
of normel stems. Thece results show thzt not onlyr wes the percentog
of ealcium in the éry tiscue of the stems lessoned, but also thrt

his decrerse occurred even thowgh the total ash incressedl.

The data concerning tiie percentage of caleciun in the dry root
tissue are presented in table 12, The nercentoge in normel roots
wes 1.12 percent ana In the rocts of the diserced vlants the percent-
ege was 1,02, This decrensse revresents 8.9 percent of the calcium
corntent of the roots of normel plants. Table 13 presents the data
calctlated as percontages of the total ash, In normal roots this
value was 54,13 and in the roots of the disceased plants tlhe velue
was 47,35 vercent, This incicates thet the ash of diserced roots
contained 12,53 percent lecs caleiun, which shows thet the dininution

of c=lcinm in the roots occurred cven thoush the totnl ash increerced.



3%,

» the moszic Cisersed lerves is hi~her

..u

The magnesium corntent
then that in the the henlthy lerves., The data presented in tadle 12
show tret the herltlyy leaves coninined 0,52 hercert magneciwg, cal-
culeted on the breis of the arr nmetter, vhile the concentr-ticn in
the diserced leaves was found to be 0,73 percent, This increase
renrecents a 23.7 vercent increrse over the macnesium content of
the he2lthy lerves, Table 13 shows that when the megnecium woe
calevlated as a percentese of the total ash, the velue wes 16,11
vercent, while in the disersed lemves it wac only 15.81 npercent,
This percent decrecse of the amount of megnesium in the ach of the
disersed leaves represerts a 1,31 percent decrecse in comparison to
‘the value for normnl leaves, These date show that, although th

Fad

nagnesium content of the plants wns increoced, tie amcunt of this
incresrse was less then thaot of the total aclk,

The stems of disenced nlants conteined less ninrnesium then did
the herlthy stems, The data in table 12 incdicete thet the percentrges
in herlthy and discesed stems were 0.61 and 0,48 recpectively, cal-
culated on the bYasis of the dry nntter, This decrense in the dis-
ereced etems amounts to 21.3 percent cf the amount in the stems c¢f
heelthy plants, VWaen megnecim is calcvlated 2e a2 percentrnse of
the totnl 2ch, teble 13 shews thot the healthy stems contoined 71,47
percent, while in the virus dicercel mnterial there was only 10,31

percert, This revresents a 51,97 percent decrerce, ceolevleted on the



bacis of the percentese in the ach,

Yore moznesivm vees found in dicemced then in herlthy rocts,
Tahle 12 showe thrt the mogmersium content of the herlth: roots wos
. U2 vercent of the drr ratter. T-e dicemced rootes conterined 0,48
rercent, This increcce emounts to 1L.3 percent of the amount of
masresinn In the heeltiyr rocts., Wien the nosznecivm in tle rcois wos
calerlrted on the Ynzis of the totrl ach, the value fer herlthy

-~

rootes was 2C,37 percert, vhile thrt for the dizerced roote

0

22,22 percent, This ircrecce revresents only 5.91 percent over
the content in the ach of herlily roots. The differencesz in the
ansunt of increare of nesmesium celevleted on the basis of the dry
notter and on the bacies of the totel ach incdicate thet, althcush

-~

Increaced br the dis-
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the megnesiun contont of
eace, the smournt of this increase ves lers then thrt of the total

ash
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e percentrr~es of motescsium In the heelthy end “icenced plen
are nrescnted in toble 12, The le=avers, stens, and roote of the dis-
erced »lonte ceontrined more rotossium then did the heeltly cerrec—
nonding neteriel, Eenltlhy lesves contrined 0,59 percent potncsium
in the dry natter, vhile the diserced leaves contained 1,34 percent,

Tr.ig increrse rerresents 2 127.1 nercent over the anount in thre

rerlthr lenves, Then thie potessium content is calewlated as

vercentase of the totel ash, the henlthy end diseaced leaves contained



14,11 and 29.01 nercent, rerpectivel;rs This increase of tre rotaccium

in the ech of the diseased leaves, as showvn in toble 13, represents
80.07 percent incrense over thot in the healihy leaves, The data
nresentad indicate that tle rboorution of noiassiunm wns incransed
by the diserce, Dbut the incremse in the tot2l ash was of smaller
magnitude, This shows thot the effect of the disense on tie absory-

b}

tion of motassiwn wes grentsr thon on the totol ash,

Table 12 shows thnt the stems of the herlthyr plants conterined
1.31 percent rotossiun in tie dry mrtter and the disescced stenms
contzined 3.33 percentd This consplcuous incresse crmounts to 154.2
nercent over the potesciun content of the heclthy stons, VWoaen th
anount of »otassium wac calculated on the brsis of the total ach,
the herlthy stous contoined 56,11 percent, 2=z is indiceted in tadle
13, and the disersed nrteriel contained 71,53 perceant, This in-
crezse over the content 1in Lerlthy stems amounts to 55.13 percent.
The datn show thet the diserse irdnced a2 grenter absorstinn of
notessiun, and thrt the mrpnitule of this incremse wog rol-tively

grecter thon the increase in the totnl asgh,

s preceented In tedhle

pe

The percentnge of motonssiwn in the roots

ed 0.35 mercent in the dry notier

(=
¥3

12, Tre heelthrr roots cont-
vhile the diserced rooss contnined 0.4°2 percent., The observed in-

crense in the potassium content in the roots of diserced nlont: vwms
23,3 percent over the correcncnding velue for the heallily roots.

"W

When the data ~re colculated on the basia of the total nzk, thre



neclilly roots contoined 17,00 =mercent end thie ciscfsed rooie cor-
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induced b the disense wnz 21,9 wercent in recpect %o the encunt in

stens of healtlhyr »lonte, Then the corncentr-tions of scdiwn found in

of the totrl o=h, tle velue for healthy steoms woco 3,70 percent and

tint for disenced stems was 1.75 rercent, 2c is shown by the dnta

in tetle 13, The decrease of sodium in the ash of the dis-

ecced stems is eonivelent to 52.43 percent of tle value obioined
for the herlti; stons, The data indicate, thercfore, thrt the virus
diseaze Inhibitad tle 2ccunilation of sodin in the stems, even
thoue: the totel ash i1 the stens increnced,

Table 12 shows thrt tlhe healthr roots conteined 0,105 nercent

senred roots 0,094 percent vhen calerl-ted on

pe

of sodiun and the @

*e bosiz of the dry nrtter, This Cecrence repre-ents 11,3 percent

of %le content in the frr antter of the henlthy reots, Toble 13

v. .

presents the concentr-{ions of sodium exirescel in terne of tie

>

totnal asli, When colcenlnted on tiis haeig, thie lerlily roots con-

trined 5,12 verceat end the dicerceld roots ceninined U4,3% percent,

]

ecreace in tle sccdivm content in the ach of tiie rcots is equal

e
(&)
[eN

o 14,86 percent of the vmalue cbtained for henlthy rocis., These
datn show thrt the dicenece Inhidited the accuwarlation of sodiun in

he roots, 2lthivush the total ash was slightly auvgmented,

Ee Iron

Tie Irca content of the herlihy lerve:z, nrosented in table 12,

enrsod lenves eantrined

wo

was 0,033 mercent in the dry n~tler and the d



0.041 percent, Tiris percentnse increare is erurl to 17,1 over the
content of herlthyr lerves, In telle 13 the -ercentrzes of iron are
expresced oz tlle basis of the totnl orli, Coleul-ated on this bazis
the henlthy lenves contrined 0,90 percent while the dicerced leaves
contained 0,29 nercent, This decreeoce is enunl to 7.29 mercant of

S

the valre obtained for Lheslthr lesves. There reaults indicerte

thrt the incrensed iron conternt 28 the dlge~cel lervreos woe of
2ller moonitule tirn the nerceatre increrce of the totrsl ach,

In nornel stens, tie iron ves nrecent in the congentration of
0,013 mercent of the {r- metter, P2 chown in tnble 12, while the
dicemced stens contnlned 0,010 rercent, This Gecrerre amounis to
?3.1 mercent of the rnormel velue., The content of iron in the stens,
calealrted as percentesce of the totnl ach, &re vresented in tadle
13. The henlth; stome conteined 0.48 mercent and disernel stems
n.21 nercent. This decrence is erunl to 5L.3% nercent of the vrlue

obtained for the acn of ncrirl stens, The dnite indicate that the

anount of iron in the stens wos lecre~sed by tiie disense, even

thouzh the totel ach incrensecd,
The ircn content of normal roots was egurl to 0,030 percent of

the dry netter, 2s is indicated in taltle 12, The dicernced roots

ron content in the dry

e

conteined 0,041 vercent, T"is incrense of
matter of the ciscneced roots is ecu~l to 38.7 percent of tle amcunt

found in tre roots of normal rlonts, When tle iron contert in th

total peh wra cnleulnrted, the ach of herlthy roois conierincd 1.45
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the mangrcnese i1g calculrtcd on the basis of totnl a2ch, the value for
healthy stens was 0,11 vercent and that for diseared ctens was 6.06
rerceat, Ti:ls decreese in the nercentsse of nanonece in the 2sh of
the disersed steme corrarnonds to 45,45 percent of the mansrnese in
the ash of heslilhv stens aund chows thnt the 2rount of nonfarese in

the stems was not aifccted b the discrse, even thoush the total

ash aymented,

The rcots of healthry nlents contrined 0,023 rercent nangnnese

)

on the basis of the dry mrtter, The dicenced rootsz, as indicnted

in toble 12, conirined 0.039 rercent. These results rorrasent a

3

18,2 percent incrence in the roots of the disenced plerte, he

mansonese In healthy roots, calevlrted 2s a vercent=zge of the totel
ash, wes 1,59 while thrt in the ech of é¢isenred roots w-s 1,81, This
Increase is eauivelent to 13.Z4% percent of the anoust in the ash of
heeltiryy roots. There results show thrt both mengrnese and total ash

vere increcaced 1in the roots b the virus discese, but th-~t the in-

crease in the ash was relatively a little gre-ter.

i, Phos»hizorus fractions
(1) Total mhosvhorus
Tee virvs infection decrersed tlhe total phos-iiorus concentrntions
in the lenves, stems, and roots of the tobncco rlrnte, Todle 14 shows
thrt the le~vern, stema, and roots of herlt™r pleonte contrined 0,847,
0.L.32, 2nd 1.355 nerceant thosnhorus in the dr; metter, re~nectively,

while the velues for the diserced vlenis were 0,690, 0,321, and 1.177



A

percent, The percentae decrence in the lerves was 19,95, in the

stens 11.81, erd in the roots 12,14, when the doia are coleulnted in

terms of tre corresmondins vealune for nernal »nlants,

(2) Inor~anic mhosrhorus
The virns infection exerted the seme gurlitative effect on the
azovnts of inorgenic »hics horus os on the totrl vhos-iicrus. In the

healthy nlente, ae indicated in tedle 14, there woes 0,123, 0,207,

axd 2,

\D

ctems, 2nd roots reancciivel;rs Tiie corresmondin: contents of inor-

e

se Cisem~ed plante were 0,357, 0.152, and
N.,E20 rerpectivelr. T:e percentece decrerces cmounted to 26.79,
23.67, end 9.39 percent when caleivloted on the bosis of the ermounts
in the corresronding varts of herlthy nlents.

T~ble 15 nrescnts the rotios of the ecmncunt of inorzeanic phos-
phorus to the totrl nhosmlorus, The data siow that the virus dicense
lecsened the amounte of totrl liogrliorus and of lnorgonic cvhosnhorus
in the leaves, stens and rcots. Tiie reletive decrerce of tlie iner-
canie phosrnhorus in the lerves and stens is grecrter then thet of

e totel nhosthorus, wiille the onosite is true iIn the roots,

vai

(f'

(3) Labile mroemhate ecters

T-e 12bile nhoe-h~te ecter frretion in the lemver, ctene, end
-

roots of herltly and diserced nlonts contrined only traces of »hos-

»horue, 2 is inlfic~t~d in todble 14,

25 nercent incrzrnic nhosmhorvs in the Crp notter of the le~ves,






\
(L) Resistant nhosshnte ecters
The viree diecense decren~ed the resistent nltoe hate ecters in

"‘0

he leaves, steme, and roots, as is shotm br the data arransed in
tanle 1:, The mercenteses of whosnliorus nresent in thie forn in
the herlt-r leave=, ctene, and roots were 0,243, €,179, and 0,377
nercent of dry matier, recnectivel;, The correrrmonding concentrations
in the disenced mlrnis were 0,145, 0,157, ond 0,290 vercent, Tae
cecrenses of the resistent ~hos hinte esters froction arperr in tnble
be
1L, 2nd ther were found toA34,50, 12,29, ond 20,19 nercent Tor

lecves, ctens, and roots, rerpectivel:,

Tie ratios amongs the differont frectione of vhosphorus aynecr
in tobhle 15. The mormitvude of the Cucrerce of the resisinnt ecters
fraction wes ater tiarn tirt ¢f tlie inorgeale plos-horus fracticn

[N

for the lerves and roots of thie mosric infected ~lrntz, w
ovrocite wen true for the stems, The retios of resictant e-ters
vhoconhorus to the total nhos-lhworus are surller In 21l the three
narte of the disersed plant-~ then in the correrwondi-g pearte of

4

healtyr nlents,

(5) Reeidwnl rhee-hrte ecters
Te virves infected tobacco »lnnts contained ~ore phosrhorus
in the reoidrvel esters forna thon ¢id the healthyr nlents, Trdle 14
ghoweg thet tre herlthy lerves, sitenc, 2nd rootis contninecd, re-nec-

tively, 0,125, 0.031, and 0,111 wercent rnheocrhorts ia the residuel

e



esters form in the dry nmetiter, The disenced rlents contoined in
their leaves, stens, and roots 0,127, 0,040, 2nd 0,129 nercent in
he dryr matter, Thece increnses anmount to 12,40, 29.03, and 25.23
values obtrined from henlthy leaves,

vercent over the corresnordin

-
etema, and roots,

The ratios between the different nroc-horus fractione, 25 indi-
ceted in tohle 15, elew thrt the ratios of inormeric to recidunl
phosnhorus, and the ratics of recistant ecters to residual dhoephorus
arc snaller in the disenced than In the henlthyr nlants, There is an

increase, lowever, in the ratio of the residuel to the totel thoso-

pliorus in the disersed tissue,

(€) Discursion of phosntorus froctions
The datn for the different vhee~lorus fractions, precented in
toTles 1L and 15, chow thrt the percentoge recovery of the to*~l phos-~
ptorus in the frroctions veries froa 93.4 to 103.4 percent of the

anount determired 2= "total nherzhorus, cree of recovery is

~tisfrctory in vier of the ~nal;-tical nrotleus wiich the froctionntion

m

nrocedure imrosed,

The dnte presented ghow thrt the virng dirence decrerced nct
only the total absorntion of rlosulhcrus, but a2lso trhe anount in the
inorganic ond resistoant phosrhote estsfs forms., The reoeids

n, on the other ronld, weriellyr increnced, There wns en
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tncipnificont anount of rhos-horus in the lohile ecters froction in

211 ticcues of hotl the herlthr and the mosnic direrred vlente Tie



acturl increrce of the resii:

0

traetions of the totrl, innrsrnifc, o

woerhnte froaction, vhile t-e concen-

3

d resistont e-ters nhosvrorus were
decrersing, is conrigstent with the phoshhoproteinous nature of the
virus re cles themselves, It mayr be aseimed thrt the virvs norticles
were formed ot the emmence of the other thos—heorus frrctions., Thre

pcturl decrence of the total rhoervhorns shorld not te overlooled, in

,_c

vier of the rltered 2bhsorntion and mermenbility of the protoplasy,
Infveced br the virus direrse

The mari=un ebsolute incrence of the nhoswtiorus in the resicfunl
fraction, irnduveced b the dicence, occurred In the roots. The actuzsl
increrce was 0,028 nercent on the dry meiter basis, Tris value repre-
sernte 30,4 percent of the decrerse of tre inorsanic froction, and 32,
vercent of the rasistont ecters froction., Tae theory that trhe increese

of the residucl fraction is attributehle to the foruntion of virus

rarticles 1s esnecirlly remconable in view of these relationshins,

Je Discuseicn of inorsanic constituents
The datn 2sseubled in toble 12 indicate that the virus dicerce
stimulated to 2 sm2ll de~rece the fccumuiletion of totnl 2ash. Tre
rorteat concertration of toteol ash, ac well as the greatest increrce,
occurred in the leave~., The roote 2130 exhititeld there effects, but
their m~rmitvdes were canrller, The ston tiscue ethibited the come
guelitntive effrcts, but to the le~ct derree.

™e notrosixm content of the {irer~eld lerver, ctemng, &nd roots

)

wae marl-edlsr effected, All of thero dicernced ticcues contninad more
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notrosinn thion the corre~ponliing herlthyr tirruesz, The acewmletion of
votreaiun 12 e~pecinlly evient eince the rotis of —motresivm te the

totel ach aleo Incrensed, indiceiins thrt the imomitnle of the increcse

o - L

of tlis element woe greerter thrn th=t of the cther ~inersl conetituente,
The grentert aboclute incrence 1n the »ercento,e of votrcsinm oceurved
in the etenis, A lescer increrce ocenrreld in the lervee, and 2 ctill
ennller inerence wn=s (eteceted in the rocots, The nnrled 2cernvlrtion
of motageium In the stene m7r be reletcd to the miisture crontent of
the tiscrue, Potncciym is moctl: found in the rlrnt tiscve in a water
soluble state and it crn be lerciied 2208t qunntitetively from the

1 Y-8

he hirhest “erpent°"e of nmoisture which

mey account for the grenat accumlation of potasciuva obrerveds A voci-

H

tive correlntion betreen rolsture content zad the concentratisn o

otozcium woull vresune thrt the percentece of noteesivn in the tissues
etrdied would follow the order ztens, lenver, and roots,
in teble 12 entriantinate i presur-tion,

Tre offrct 0f the virre dirserce on the ecdiwn 2ccunletion wos
less in the lenvee thnn in tre other tleectes., Tic stens and roots of
the dieemced vlonts eontrined lecs sodismm thrn Cid sinileor henlthy
tiscuea, Thore ammerres Yo be a recinracrl reemonee of »ntacciun and
andinm to the virur dicerce, A consideration of thre mrrmitule of thece

-

reanonces indicmter, howvever, th-~t tre recirrocrl relntioncli!

.
I~ ie

cunlit~tive onl:;s, rathiecr then strictly cvontitotive.



The concentrrtions of caleinm and mo-nesium vere both hirker in

the dieerced lenveos 2nd etens, but 2 reci»rocrl rocosnece w2e Cetecked
In the roots, The concentrrtions c¢f crleivm were nore mar'zadly
affectrd then wore those of merrnaciun,

Iren and mrnsenece were acenrlnted to a rremter derree in thre
diecenced then in tre heclthy roots, Thie increerse is Incierted b

thelr nercentr~ocs in the cry mrtier oand 2alzo by thelr rercenterec in
the totsl ech, The irecn in tre ctome vre Cecrecced b the direrce,

wiiile it woe incre~cel in the lesves, Thic recnonse of mencrnere whg
ccmletely different. 1o effect vor detected 1In the aceumvlation of
nmanzenece In the stens, while thie lerves conteined leecs nencrnese on

PRI

osis And in the Y021 ach., The a2cturl 2ccu-nleotinsn of

o
n

the dr:r metter
iron ard rmencnnoece in the rootls a2t the exrence of the tevs sureete

snocl the tronslocetion of these elemente ertveed by the

[P

Trhe relations®ir of tiie vrlence of the icns to the Cesree bo

their 2ccuruletion in the lenves ves offected by the dicearne

5% obrerved in thiec esmerinent.

2, Croonic commonents

-
1

T2 carborrirate comteonts of the henlthy and ¢

R

iserced nlonte

arne~r in t-~hle 19, The henlit; lesves, stene, and rnoic contoined

[Q0]

19,01, 17,37, and 11,20 percent cf the totrl, 2cid hi-irolrzeble

LI L e i ol

carhohyirates in the érym matter, The porcentere of corbohydreater in



the disemced =lante were 17.15, 12,18, »nd 12,60 vercent in the leaves
atems, And rootes re-rectivelr, These valure indicate thet the infected
roote conteined mere cerhohrdrates then did the kerlthr roots. The
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The virve infectlon yroduced the sane ovalitative effect orn tlLe
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the dry matter, recpectivelyr. The corrernonding foy contente of tle
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discreed plants were 5.93, 2.95, ond 2,17 percert,
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r—
bes
)

v1lnute, nre revorted In totle 21, The rrtios for hesltlh- leoves end

. (PR A 44 K A - . I
atene were L0217 =nd £,5301, whiile tlirt of roots vas 3,208 In tie

- . - e

- - . o .Y ~42 . B M
(leerrel lecves, steuig, 0l roote the r-tios were 3,595, 7.904%, ond

A Alm . o had ] 3+ &3 R i -5 C
36257 Te Ot rotios in tihie lioolthy- ond O

0
)

S~

b

in t~lle 20,

croenic cononents

m- 4 L - Fad ~ PR + - - St 2 PN . - -y v
T e cencentrotione of cenrloiyCrrte ~vl ot in the lerves oyl chons

o

vere lescenerd re o result of the virve ciscree, while tlclr concontro-

t+

te

cercraeced in

n
e
&
t
)
Q
lad
)
o
+
2
-
[0
o]
(o]
e
i
Q
'3
-
2
6]
@
(2]
o
H
o
t
o]
ct
)
-
'3
ble
ct
8]
O
<
N
v
o

ch

A

trhe roote ~ond leonvers of tle infceted ~2ents, while 1% decrerced in the

sters,
e rrtlos of crrholyirate to nitrosen, rrementsd ir tohle P1,
infection deecrencen tle

(193¢)., T:e 2™ccnce of

nermit ve to comrrre tohlec 21
. [ A AT P B I 2 ~ . - 2 o~ N A
“itrooen, enrbcluilernte and o covbobrUretetnitrooen retio of the die-

Svon in toble N0,



5]

TRTTMAT TVT ‘A,"—C,Ir.T

PN TRV RN

Tre develornent of the tobacco moscic Ciserac ie acconreried
Py vrervourced »reicle tlerl Cinturbrreec in the rlant, The noture
of thece indrced e2hnrrmielitice ic rel-ted to the virve rarticle i4=-
celf, to tTe nlyeinlorn of the hoet, ard to the nvtriil-nel envircn-
mert In vihich the rlont ic pgrovirs,

The firast atterrt to vnify the mubliciel Crntr on tre noture of
ferl dicturtonces crusel b ovirue Clrerces 2nl to erxlain
ccre of the cdiceren~ncies in the re-uvlte ohtaines hr- vwricvs investi-
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crrtovlasn or of ite merbranes os a2 recult of the dicerce,
T.e data obtrired in the precent etudy shew tirt the nutriticnel
conCliticnes wnder vlich the »nlonts wvere grovn were of rrinmer; inmvortence

In verifylrs the effects of the diserse on the eobrorrtion of nuirients,
and they also owgyect a sescible nmeclionism by vhiiceh these disturbances
were browht ebout.

e neture of the cicturhrnces in the accrmirlotion of xhosrhorus
in tre different frections differed vnder different nutritidnrl condi-
tiong, The totrl Tlhcerherus, emmreccrel e & percentoge ¢f the dry
tigene, increrczed vhen the mnlenie wvere grovn in eeil, but decrersed
vihen the vlenta were rrovn In nutrient eclutionrs, Thie ehowe tlat
the effect of the diserne on tre pcoounm-lrtion of totel —lhicer

t\o\:
wre pn Intrincic ferture of tle diserre 1trelf, but trat it denmended
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on the rnature of tie scurce of tlhe avnileble rhooiiorus,

The Irorconic and labile ecters inererced Irn re-ncct to the dry
el Tt in the =lsnte grovm in so0il, tutl Cecrerced in the mlante grovn
in nutrlent soluticns, There vore cignificant amountes of phoevherus
In tre form of 1nbile ectere in the »leonts grown ir soll, dbut only
trrces vrre found in trese grovn in soluticns., Concecuentl:, a

ol A

comrericson of the effects of the disence unfer the diffcerent conii-
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do srow thrt the percentr~e cf rlhcsiliorus in th
tlie dry matter of trhe rlante grown under both nutritionel conditicns
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The rercentage ¢f nhocrliorue in the recicurl ecters increncel unler
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both nutritionnl conditions,
esters were tre only frocticne of nhocnhorus which were cffected by
the diserce in the srme monner vnder the different conditions of
cvlture, 1t mry be azsuwned that the dicturbrneces of tlhece froctions
are intrinric fertwres of the disersc.

™.e increace of the recidnwrl plosmlicrue frrction, renresenting
the vhosmhorreteins and phoerholinids, at the emnence of the resicteont
eaters frretion, chiefl:r rocrerentced vy the hemorenhoenbhntes and
triogephesnhintes, shows thet the disence facilitried the formetion of
the recidusl phosphorus cormounds ot the expense of the resicton

ecters frection. Since it ig !mown thrt tle tobrcco mosric prriicle



ccnefiete of mhosrhorrotein, revrecented in the residral mnhos-horus
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freetion, 1t secns 1rcintle thet the ~losriorue incorrorrted in the

vires norticle is simrliod tc 15 b the monoseccelnrife nhogilete

favers,
Tr.e concent thrt the moncercerride enters frnich the Thosrhorus

utilirzed in tre formnticn of thie virus perticle imnlies thnt thoce

tiszues of the dicorcel nlonts eibiting siniler and proninent

tenzes in the rotiz of the reclcuwrl to the totrl nhioevilorus are the
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virus vrrticles are formied in the roots 2c vell ec in the lorves,
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end also by the electric nredlen imnocel externnlly b the eoil
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¢ eonditiore, ox

Tehle P, Chenicrl constitvents in herltl: and noso
bl *v
! xmrea
ach obiteined by additio

it

lraves grown vnler fie!
totrl ach, The totel ¢

comronents

[ge]
)
2
[ae)
3 e

Percentoce
Yosnic Difference TifTerernce
Herltly Infected rclotive relotive
Constituent Lecves Lerves to rerlily to healily
Totnl a-h 13,142 7.833 - 5.32 =Lo, L2
Silica 37.53 2.70 -2L,.8 -66,15
Colciwn 22,11 7,52 + 9.L1 +23,48
agnecivn 5.39 5,48 +0,09 +1.67
Totreeinm 27,57 L>,5C +1L,92 +5L,79
Scdium 0.43 0,7k +0.31 +72,09
Iron .21 0.€5 - 0.16 19,75
Venernece .14 t.2? + 0,16 +135,7




Tetle 3. Chenicel ecnetitiuente in henrlthy end rnoscic infected toboeco
lenves, grown under field conditiors, ercsccd oo millieguivelen
rer 120 ¢rrne dry netter,

hod 4+ - e ~ o )
Zerlty Le~ves ogeic Infected Le-ves
Conctituent
Det, 1 Det, 2 AV, Det. 1 Let, 2 Ave,

Cealcivm 127.5 1%2.6 184,6 142,2 150,7 1L5,5

Mesmesiun 7.6 59.2 €0,k 3.5 28,4 22,0

Potergiun 23.6 02,1 92.9 £5.2 £5.2 85.2

~ 7/

Sodium 2.39 2.57 2,48 2.39 2,61 2.5

Ironl 5.91 2.8 570 2.7 2,63 2.7

Yensrneece'” n.66 0,73 0.70 0.95 0.95 0.9

Preerhorus 20,72 30.89 20,83 51,66 33.59 2.6

Titrosen” —— -———— 237, ——-- ——— 757

1

Ae ferric,
2
o Ae mrnzrnouc.

Avere~e brced cn five determinrticns,
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Todle 5. Ratio bhetr-een vhoswleorue froctiong, bYecel on mercenteze
in fry netter, of herlth;r and rocaic infected tobacco leaves
grown unéer field cenditie

Terlthy Mogsric Infected
Ratio Leaves Leaves

Inorernic/Labile Zcters 7.12 5.88
Inorrernic/Resistont Zeter L,02 L.79

Inormenic/2esidurl 3,55 2.51

Inorgrric/Total 0.58 0.61

Irbile Zcters/Recistant Faters 0.5¢5 0.814
Lebile Esters/Residval £.5C0 0.L26
Ladile Estere/Toin1 0.0€2 0.104
Resistrnt Esters/Reciducl Cc.E34 C.524
Resistont Bcters/Total 0.1L4 0.123
Residunl/Total 0.143 0.243
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m~ble €, Retio of milliecuivnlents of chenicsl conctituents per
100 greme Ary motter din herlthy and ~oernic infectcd totacco
lerves grovn tnler field ceonditicrs,
Tenlthy llcsnic Infected
Patio Lenves Leaves
Fella 27,56 3L,n8
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Totel Cetions 0.249

r3Ca 0.013% 9
Yeilg C.CLZ 0.
I'rsln 3.5 2.€3
YasTFe 0.435 0.922
Ye:Totel Cetions 0.0072 0,00902
Cerlg 3.16 L,19
Cotlin 263.7 154,2
CeiFe 37.39 L, 06

=1Fe 10.25 12,92
'zt Total Cetions 0,179 0.1°8
¥nsTe 0,123 0.351
meTotal Coations 0.00203 0.003L3
Fe:Total Cntions 0,015 0.0299
onovelent:Divelent c.L23 0,604
Yonovrlent:Totel Cntions c.277 0.321
Divelent:Totnl Catione 0,654 0.613
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Tehle 9, Tobnl nitrocen in herlthy 2rd meenic infected
tetaceo le~ves srovn under field conditions,
exnrecced e nercente~es of dry matter,
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Tnhle 17, Crude fot ~nd t2i~1 crrbok;drote in herlihy ond mnarice infeetied
tovmcco nlante grcwn In nutrieat solubions,
ocrzentemes of (r oratter,
IZenlbny Plont:s
Coreiituont Lonwes Stens Lnot
DJet, 1 Det, 2 Ave, Det, 1 Det, I Ave, 2ect. 1 ~t, 2 Ave,
] -~ [ -~
Y 7.75 7.7  7.°1 2,74 3.57 2,39 2.2% 2.k0 2,30
- le] o [ .
CorYorxir~te 27,27 19,723 1°.71 1°.°% 17.%7 1°.37 11.%% ——= 11.8L
matle 12, (Concluded)
Iognie Infocted Plonte
Lerves Stone Tootse

Constttuent

Det., 1 Dot, 2 Ave, Det., 1 Te:t, 2 Ave, Tet, 1 Det. 2 Ave,

T 5.06 5.2 5.3 2,75 215 005 2.0 2,530 2.7

Crrbaly rate 17,00 14,93 17,15 17.97 12.29 182,15 12,40 2.0 12,60




Table 20, Tectal nitrosen in henld iz and neeaic infeocted tobecco
plants srovn in nutrient solutisne, exprecced =os
nercentrre~ of dry matter,

Teterninnilon Eealtlyr Ilizzf Moerie Infected Plants

Lervos Stens Foote Leeven Stens Roots

1 L,23 2.35% 2.7 L.71 2.5 3.91

2 L, 2.00 361 L, g5 2.2 3.95

3 L,2 n.,22 3,74 L, 7 2.53 3.22

é

L L.~ 2.32 3.A2 L, 77 2,62 3.84

5 L.32 2.25 3.60 -— 2,18 3.72
Averace L, 2 2.20 3.67 L, 77 2.56 3.22




o
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T~ble 71. Cerbeoi;-'rrote, ni%rogen, ond C/?
nosric Infectsd tebacco 17nte,

colvtions, bnned -“n umercentr co

rotios in healthy and

groom 1a rnutrient
ol

of Iry matler.

. Tonlilsr Fleonts Mognlie Infectad FPlonts
Constituent v M
Lerves Stens Roots Leaves Stems Roots
Carbokrdrnies 1°.° 17.37 11.%% 17.15  1%2.16 2,69
Totrl Titroccn 5,2 2.20 3.67 L, 77 2.5% .29
7z i
Brtio: C/T Lo17 o £.571 0 3.0 2.505  7.90% 3,247




©n
27

Toxle 22, Rntics of crrbohylirnte,

- ey L as b a? s
v1lonts, grovwn in nutricnt

nitrocon,
rercentarse velues in dirersed to

-~V -4 3
solutions,

ar? ¢/ rotio, trced on
th=t in healthy todrceo

Batioss Jlisencel plnnte/EcFlthy rlants
Titrogen Cerbolhycarntes C/y
Le~ves Stens Roots  Lerves Stonms Reots Leaves Stens ZRoots

1.117 0.9014 1.057

1,04k £.853 1.0°%1 1.007
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