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EEEECTS OF THE MOSAIC IISEASB ON '
3.1174“

.1“

PHYSIOLOGY or TOBACCO amnsl

I. INTRODUCTION

There is considerable evidence showing that virus diseases of

plants induce profound physiol icalc“1 turnnceo. The visual symptoms

appear as irregular light green areas on the leaf blade, and they be-

come manifest wit}tin about three weeks after the plant has been in-

culated. The time of their appearance somewhat depends on the

physiological state of the host plant. These symptoms appear first

in the growing tip, and later appear spread on all of the actively

metabolizing leaves of the plant.

Long before the anpeararce of the visible svmptoms, phvsiological

disturb?wnce associated IMiti the disease are in progress. For example,

Wildnan_ Cheo and Bonner (19L9) report their detection of virus protein
 

in the leaves by electrOphoretic methods three daysaafer inoculation.

This observation is in essential agreemen with the results reported

by n‘fvnd (19h3). This author showed an increase in the respiratory

 

1 The expenses of this study were borne jointly by the Agricultural

Experimental Station, Micliigan State College, Project 39, and by a

grant-in—aid provided by the American Cancer Society, Committee on

Gr0‘0,t 1.1 .



rate of the plant on the fourth day after inoculation and suggested

that this phenomenon.was accompanied by the dissemination of the

virus particles throughout the plant.

The nature and character of various types of disturbances in-

duced by he mosaic disease have been the subject of numerous publica-

tions and review articles. figgden (l9h3) and gypd (19b3) reviewed

the subject thoroughly, and based their general concepts of the problem

on the published literature to the date of their publications. gang

(19h3) in his review on the metabolic phenomena associated with the

virus infection empi sized that the permeability of cytOplasmic

membranes, involving the di’ferential absorption of the mineral

constituents as well as the translocation of the products of photo-

synthesis, is altered by the virus disease since many conflicting

data could be explained by means of this physiological mechanism.

The present study was undertaken as a phase of the investiga-

tion of the general problem of the physiological nature of the virus

diseases in plants now in progress in this laborato y. The study

specifically was concerned :ith the further investigation of the con-

its0clusion of and (1943) that "The permeability'9§_cvtonlasn

ggnbranes i§_greatly altered in respect pg soluble subs ances. This

 

account§_for the accumulation gg'garbohydrates i. the leaves, and

the accunulation Q£_nutricnt ions ipgthe roots at the expense Q§_tou§."
 

The study was based on the detailed analvsis b tobacco plants grown
9
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3.

under field conditions and also 08 plants grown in nutrient solu-

tions under controlled. emerimental conditions in the greenhouse.



II. $291? If-TKTT 1

a. Purpose

q

{0st of the literature on the disturbances accompanying mosaic0
-
.

diseases has been based on material grown under field conditions.

Experiment 1, therefore, represents a determination of the chemical

composition of norna and mosaic diseased tobacco plants grown in

the field, and a detailed comparison of the data with those previously

described by other workers. Special emphasis was placed on the

application of the data to the hypothesis of EZEQDthat the disease

induces an altered permeability of the protoplasmic membranes and

the conseouent chances in absorption and translocation.

E, Experimental material

1. The soil

The healthy and mosaic infected tobacco plants were grown on a

Fox sandy loam, located in Essex County, Ontario, Canada. They were

supplied through the courtesy of M. F. Murwin, superintendent,

Experimental Station, Harrow, Ontario, Canada. Fbx sandy loam is

described by -.ichards, Caldwell an. rem-rick (1949) as a brown silt

loam underlain by a dark brown loam which may verge into a clay load.

The Fox soil series exhibits the characteristics of the grayhbrown

podesolic soils. The topography of this soil type typically is undur

lating to rolling, and the profile possesses good natural drainage.

The soil reaction is moderately acid, varying from pH 6.0 in the

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

generally grown on this soil type are comprised of a few orchards

and such cash crops as corn, tobacco and canning vegetables. The

main fertility deficiencies consist of organic matter and phosphate,

and to a minor degree of potash.

The cultural and fertilizer practice on the field producing the

tobacco plants examined in the present study during the previous five-

year period may be summarized as follows:

b Alfalfa; sod manured and ploughed during the followingE

spring, and then planted to tobacco.

;2£§ Burley tobacco: fertilized with.a.h-8-10 mixture at the

rate of 1000 pounds per acre.

l2§2_ Corn.

l2§§_ Oats: seeded with clover.

i232, Burley tobacco: with a heavy application of barnyard

manure. Additional nitrogen fertilizer was added at the

time the ground was prepared for tobacco and the h—BLlO

fertilizer was applied in two applications, half at the

time of transplanting the tobacco and half added later

as a side-dressing.

2. The tobacco leaves

Eicotiana tebacun, var. burley was grown under commercial con-

ditions. Leaves of the secondary growth exhibiting tobacco mosaic

symptoms and also those of healthy plants were collected during the

first week of October, 19Q9, and were dried in the greenhouse. The



 



dry leaves were ground in a micro Wiley mill to pass a 60—mesh

screen and the powdered material was then stored in -ir-tight con—

tainers until the chemical analyses were carried out.

9, Paperimentalpresu ts

1. Inorganic constituents

a. Total ash

The percentage of total ash was determined as carbonates by

dry ashing 1 gram of the sample in a platinum crucible at a tempera-

ture of 6500 C. (See appendix 1.)

The percentages of total ash are presented in table 1. The

asn content of healthy tobacco leaves is seen to be greater than that

of the vi us infected leaves. The normal leaves contained 23.60 per-

cent while the diseased leaves contained only 16.86 percent. When

this difference in the ash content is calculated as a percentage of

the ash content of healthy leaves it is seen that the virus disease

lessened the percentage of ash 28.55 percent.

It was suggested in the introduction that the mosaic disease

had an effect on the permeability of cells and the translocation of

soluble nutrients within the host plant. If this be true, it would

be expected that the percentages of ash in the leaves would be

changed by the disease. The above data obtained in the present

experiment are consistent with this hypothesis. The above finding

is supported by the previous work by True, Black and zglgz (1918).

These authors, worhing with normal and blighted spinach leaves,



7.

observed that the total ash of healthy leaves was 21. 41 percent of

the dry matter, while in virus infected plants, the percentage was

only 16.68. This represents a decrease of 22.08 percent with respect

to the value for normal plants. _31__z_(192b) also reported a lower

percentage of ash in the leaves of mosaic infected tobacco plants.

Freiberg's report (1917) on the composition 01 mosaic infected tobacco

plants is too inconrlete to furnish data concerning the percentage of

total ash.

b. Silica

The silica content of the leaves was determined by the difference

in the weight of the total ash before and after treatment with hydro-

fluoric acid. The one-gram samples used for the total ash determina-

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

 

The percentages of silica in healthy and infected leaves are

presented in table 1. Mosaic infected leaves contained conspicuous1y

less silica than did the normal leaves. The norne1 leaves contained

b.9h percent and the diseased leaves contained only 1.00 percent.

inese data represent a diminution of 79.75 percent when the value for

the normal plants is taken as 100. T1118 tremencous decrease in the

concentration of silica contradicts the previous reports byT1r:

Black and Kellv (19118) and Ivenrar (1928). These authors, working

with blighted spinach and spike: sandal, respectively, reported an

increase in the silica concentration in the leaves. True, Black and

el_lz observed a 1.87 percent increase of the silica in infected
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sninech calculated on the basis of the dry matter.

The silica contents of the leaves are expressed in table 2 as

percentages of the total ash contents. The value was 37.53 percent

in the normal leaves and only 12.70 percent in the diseased leaves.

This decrease in the percentage of silica in the total ash indicates

that silica accuiulation in the diseased plants was inhibited to a

greater degree than was the total ash.

0. Individual components

(1) Preparation of sample

A 0.5 gram sample of the powdered dry material was wet ashed

with nitric and sulphuric acid and the residue treated with 10 milli-

liters of 1:0 nitric acid and then diluted to 100 milliliters with

distilled water. Appropriate aliquots were taken for the determina-

tion of the different ions.

(2) Calcium

Calcium was determined by the annonium hexanitrate cerate method

according to Reiteneier (19b3). An aliquot of 5 milliliters, equiva-

lent to 25 nillig ens of dry plant material, was used which required

about u to 6 milliliters of the 0.01 N cerate reagent. (See anpendix 3.)

The calcium concentrations of the snnnles appear in table 1 and

are expressed as percentages of the dry matter. The percentage of

calcium in the mosaic leaves is smaller than that in the normal leaves.

The normal leaves contained 3.70 percent while the diseased leaves
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contained 2.9Lopercent. These values represent?20 .SL percent de-

crease in the calcium concentration of virus leaves when calculated

on the basis of the concen atie. in the healthy leaves.

The data in table 2 express the percentages of calcium in the

total ash. It is evidMelt tint the d:ninution of the calcium concentra-

tion in the dise.sed nlant s is of lesser m:gnitute than the deores

in the total ash, since the percentage of calcium in the ash increased

9,Ll percent, even though the percentage in the dry materiel decreased

0.76 percent. This increase of the ratio of calcium to the total ash

"
1
)

grass with the data reported by True, ”lock and Kelly (1918) who

noted that calcium, calculated as CaO, increased from 6.L8 percent of

the total ash in healthy plants to 11.88 percent in bli:;jhted spinach.

lven~or (1928) observed the opnosit e resmflt since his dat

show that the ratio of calcium to the total ash in spiked sandal

decreased.

Freibergl(1917) detected no sisnificant chanses in the calcium

content of moseic tobacco leaves.

The decrease in the calcium concentration in the dry matter of

tie diseased tobacco slants mav not be as si~nificant phvsiolOeically

as the changes in the percentage of calcium in respect to the total

ash. This may produce a far more reaching phrsiological isturbance

than the mere change in its absolute amount would suggest.

(3) Magnesium

hagnesium we ‘etermined in the aliquot after the removal of

calcium as the oxalate. The general nrocedure of R itoncier (19L3)
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Q

was followed. The preci“litnte of megses ium nh s.hete, Kg ffianO”,

. V. ‘r

J.

obtained by this procedure, was diss olvecl in 1 E sulphuric acid.

C
)

The phosphate ion in the soluti n was determined colorimetrically by

thennol3bdme12b1ue reaction as described by Ritson and Mellon

(lth). This procedure gave very satisfactory results. Analiquuot

of 5 milliliters of the calcium-free solution, equivalent to 5 milli-

graris of dried plant mateMi1, was used for the determination.

(See aupendix a.)

The percentages of magnesium in the dry plant tissues are pre-

sented in tables 1 and 2. The average percentage of magnesium in the

healthy tissue was 0.71 percent, while only 0.43 percent*was found in

the diseased leaves. been calcdated as a percentage of the value for

normal leaves, it is seen that the magnesium in the diseased leaves

was lessened by 39.L& percent. l.nen the magnesium content is calcu-

[
—
1

ated as a percentaee of the tot“Iash, table 2 shows that the ash of

normal leaves cont°i d5. 39; Percent, while the value for the diseased

leaves was 5.L8 percent. These data indicate that the percentage of

magnesium in the ash increased 1.67 percent in the virus infected

leaves. his increase indicates that the amount of total ash in the

diseased plants decreased a little more than did the magnesium compon-

In view of the sip“aificant diff ererces in the ma gnessium content

of normal and virus infected tobacco observed in the presert stud", it

nterestin' to note that Freiberg (1917) reported no effect of thei
1
h

1
.
.
“

8

mosaic disease on the marnes ium content of te tooacco plant.
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Tables 1 and 2 indicate the percentages of potassium in the dry

matter and in the total ash. The percentage of potassium in the

mosaic infected leaves is decreased. In the normal leaves the per-

centage was 3.63, while in the diseased leaves 3.33 percent was found.

This decrease appears to be small, but when it is calculated on the

basis of the amount in normal tissue being 100, then the decrease is

seen to be 8.3 percent. This effect of virus infection on the potass-

ium content agrees with the general trend described by fing_(l9u3).

Freiberg (1917) reported that the effect of mosaic disease on

the potassium content of tobacco leaves was small.

The absorption of potassium was less disturbed by the disease

than was that of most of the other major metallic ions. This fact

is in agreement with the general Opinion that potassium is more

readily translocated within the plant body than is calcium or magne-

sium. On the other hand, the absorption of potassium by the diseased

plants was actually less, and this should not be overlooked in view

of the discussion by fiypd and Vovonis (in press) of the occasional

masking of the early symptoms of the Little peach disease by the

symptoms of potassium deficiency.

(5) Sodium

The sodium content of the leaves was determined by the use of

the Perkin-Elmer flame photometer according to the method described

by Toth, Prince, Wallace and hihkelsen (l9h8). A 0.5 gram was ashed

 

as described above, and the residue dissolved in 100 milliliters of



0.1 N nitric acid.

The percentages of sodium in healthy and mosaic infected leaves

are presented in tables 1 and 2. There is only a small and probably

insignificant increase in the concentrations of sodium in the dis-

eased leaves, but when the sodium is expressed as a percentage of

the total ash, the value is O.b3 percent in the healthy leaves and

0.7U in the infected leaves. These data show that the absorption

of sodium was essentially unaffected by the disease although the

effect on the total ash was very great.

The similarity in the percentages of sodium in the healthy and

mosaic leaves indicates that the virus disease has little or no

effect on the acC‘nulation of this nutrient in tobacco plants. The

increase observed when the percentage of sodium to total ash is con-

sidered indicates that sodium, like potassium, is more mobile and is

more readily translocated within the plan than are most of the other

cations. It is to be noted that potassium and sodium follow the

same trend of increase when they are expressed as percentages of

total ash. This observation conflicts with the data summarized from

the published literature by Ward (19u3).

(6) Iron

Iron was determined by the procedure described by Eunuell and

Willard (1938), by using hydroouinone as a reducing agent and o-

nhenathroline as an indicator. An aliqrot of lO milliliters, equiva-

lent to 50 milligrams of dry plant material, was used. (See appendix

6.)
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The iron content of the healthy and infected leaves is given in

tables 1 and 2. Mosaic diseased leaves contained less than half the

amount of iron in tile healthy leaves. The normal leaves contained

0.106 percent while the diseased leaves contained only 0.051 percent.

This decrease corresponds to 52 percent of the iron in the normal

plants. When the iron content is calculated as percentages of the

total ash, the value of 0. 81 was obtained for no mal plants and 0.65

.was obtained for the diseased plants. These values indicate that the

absorption of iron was lessened by the disease to a significantly

greater de6ree t1an was tie total ash.

The lower percentage of iron in the mosaic infected tobacco

leaves is in agreement with the data of Coleman (1917) who reported

that the spike disease of sandal caIsed a lower iron content in the

mature leaves.

(7) Manganese

Yansanese was deter:Mied according to the method described by

Peech (19b7). The manganese in the aliquot was oxidi 7ed by pota sium

metaperiodate and the color of the permangaim.te solution was determined

in the Coleman spectrophotometer. Anaaliqrot of 20mmilliliters, repre-

senting 0.5 gram of dry plant material was used. (See appendix 7.)

The man;anese content of the healthy and virus infected leaves

is given in tables 1 and 2. The manjanese concentration in the

'healthy leaves was 0.019 percent, bet it increased to 0. 02 6 percent

in th diseased leaves. The increase by 0.007 percent on the basis



15.

of dry matter represents a 3 h percent incre?se wlen it is ca1cu~

leted on the basis of the value for normal leaves taken as 100. When

the data are calcu e ted in terms of percentages of the total ash,

0.1b is obtained for normal leaves and 0.33 for diseased leaves.

This increase represents a 135.7 percent increase in terms of the

percentage ofme."enese in the total ash. The data rgree with those

reported by 2333, Black and nellv (1918) based on blighted spinach

plants. These authors observed an increase of manganese, calculated

as MnBOQ’ in the to»s of blightedspinach from O. 021 to O. 0L5 per-

centage of dry weight. This represents a 114.2 percent increase

over the normal content of healthy leaves which is in remarkably

close agreement with the value obtained in the present study.

The observed increase of percents "e of men onese in t‘e mosaic

infected tobacco leaves indicates how profoundly the physiology of

the plants was altered by the disease. This increase becomes even

more inrortant when the iron content also is considered.

The importance of the reciprocal relationship between manganese

and irorwas described by §pners and Shive (19L'2), who suggested

that the relative abundance of these two ions is far more important

than is their total concentrations in the tissue. Kansanese, since

it is the stronger oxieizing esent, reacts wit: the ferrous, physio-

logically active, iron, transforming it into the ferric form and

n he ferric-phos:MteH
-

rendering it inactive as it precipitates

or:anic form. The suggested mechanism for this interaction between

manganese and iron may be srrnarized as follows:
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Very often, an iron deficiency in plants is not caused by the

leek of iron, but rather by manganese toxicity resulting from the

inactivation of the iron in the plant.

The reciprocal relationship between the absorption of iron and

mangane-e was reported by rue, Black and KolII (1918), who observed
 

that an increase in the manganese content of the tops was accompanied

by a decrease in the iron content.

(8) Phosphorus fractions

The separation of phosphorus fractions was carried out by a

o - ~ ~ \ a

modification of Arnev's proced‘ne (19)?). (See appendix 7.) The

scheme of separation was as follows:



..

a.

 

Trichloroacetic

 

 

acid

I 4

Acid irsoluole Acid soluble phosphorus

phosphorus l

_ l ‘1

Inorganic LC Essen

Residual Phosphorus Phosphorus EJdrolysis Oxidation

Lebile Phosphate Resistant Phosphate

Esters Esters

by difference by difference

In all cases the phoshorus content of t}e different extracts

and solutiors was determined as recommended by giiggp and Kellen

(19hr), utilizing the ammonium molybdate-hydroquinone procedure.

(See appendix 4.)

A one-gran sannle was used for the original extraction and appro-

,riate aliquots ranging from 2 to 5 milliliters and corresponding to

10 to 25 milligrams of dry tissue were employed for the determinations.

(See appendix 8.)

(a) Total phosphorus

The virus infectoed leaves contain more total phosphorus than the

healthJ leaves, table 5. The increase calculated as percentage of

the normal content of healthy leaves is 5.64, table 4. Thi1s f'1nding

is in agreement with the data presented by Koldon and Tracev (19L?)

when the total pnooiho'”s found is expressed as percentage of the

total dry matter, in the systemic infected mosaic tobacco pl?nts.
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Freiberg (1917) did not observe any anpreciable difference in the

total phosnhorus content of mosaic and healthy tobacco leaves. 323;,

(19h3) in his review described an inconsistent effect of virus dis-

eases on the percen age of total phosphorus in the plants. erhkov

and Vorob'eva (19b2) report a decrease in the total phOSphorus of

mosaic infected tobacco.

(b) Inorganic phosphorus

Table u gives the percentages of inorganic phosphorus in the

healthy and mosaic leaves and the percentage difference when calculated

on the basis of normal content of healthy leaves. The healthy leaves

~contained 0.185 and the diseased leaves contained 0.206 percent inor-

ganic phosphorus in the dry plant tissue. The data show that the

virus disease lessened the inorganic phosphorus in the leaves 11.35

percent when the decrease is calculated as a percentave of the amount

present in the normal plants.

(c) Labile phosnhate esters

The labile esters fraction represents the phosphorus fraction

most intimately related to the respiratory mechanism of the protoplasm.

The normal leaves contained 0.026 percent of phosphorus present as

labile esters, while the infected leaves contained 0.035 percent.

This lifference represents an increase of 3Q.62 percent over the

amount in the normal leaves.



(d) Resistant phosphate esters

The resistant esters fraction contains such phosphate compounds

as the hexosephosphates, triosephosphate, phosphopyrnvic acid, and

phosphoglyceric acid. Table b indicates that the amount in normal

leaves was 0.0L6 percent and the amount in the diseased leaves was

0.038. This comparatively small decrease, calculated on the dry

weight basis, amounts to 6.5 percent when calculated on the basis of

the amount in the normal leaves.

(e) Residual phosphorus

The fraction indicated as residual phosphorus contains all of

the phosphoproteins and phospholipids which are precipitated by

trichloroacetic acid.

The virus infection increased the residual phosphor’s fraction

by 57.69 percent over the content of healthy leaves, table u.

(f) Discussion of phOSphorus fractions

The data in table a show hat the total phosphorus recovered in

the various fractions varies from 91.3 to 108.3 percent of the total.

There is a greater consistency in the recovery of the higher amounts,

although he absolute recovery ’s satisfactory in view of the limited

accuracy of the f‘actionation procedure.

The data show that the virus disease increases not only the

absorption of total phosphorus but also the different fractions, with

the exception of the resistant ester fraction. The most pronounced

effect is exerted on the amount of residual phosphorus, in which one

the increase was 57.69 percent. Perhaps this might be expected from
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the increase in th .0 suhoproteins in the virus particles themselves,

althougli this phenonenon would not account for the greater total

phos>horus. The labile esters fraction exhibited the neItn ghest

increase which was found to be 3b.62 percent when calculated on th

basis of the amount of this fraction in healthy leaves.

Table 5 presents the ratios of the various phosphorus fractions

to each other. There is a decrease in the ratio of labile esters

to residual phoswhorus. ines e data sugrest two mechanisms, one

following the other, which may account for the increase in the

labile esters fraction. Bawden (19b3) and Tvnd (19b?) in their

3reviews indicate tmat the resHair torv rate of virus infected plants

is related to the stage to which the disease has progressed. In the

early stages of the disease, namely on the fourth day after inocula-

tion, t.md (1943) reported a maIimum in the rete of respiration of

mosaic infected tobacco plants. This increase was followed by a

rate of respiration smaller than the normal. It may be surmized

that an increased amount of labile esters would accompany an increased

rate of respiration. When the respi atorv rate decreased in the

later stages of the disease, and when the virus particles 9c unulrted

in the tissue, the labile esters might rennin intact while the other

phosphate compounds were utilized for the formation of virus parti—

cles. This me finiSd would en lain the increased labile ester frac-

tion of mosaic infected tobacco leaves. The magnitude of the decrease

in theMerceitage of resistant esters is not significant when the

duplicate dete minations are considered.
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.e are directly pronortionsl to the valence of the ions. Iron

.
0
4

H
.

I
}
!

.
J

(
D

mangnnese which?re present most3 in their onidized state in

:
o

E
.

normal soils and which undergo the 5reeetest chenges in valence are

subject to the greatest changes in ebsorpticn as a result of the virus

ciseese of the plant. Calcium and negncsium which have a valence of

two are disturbed to a lesser degree, wh:le sodium and jotnssirm which

bossess but one velence ere effected to a still lesser entw the

disease.

These observetions suggest thrt the neture of the ph3siologicel

dis mrbnces brought about by the mosaic disease may be related to

the electrical status of the colloidal structure of the protoplasn.

That such alterations in the electricel condition of the colloidal

complex of living protoplesn nev proo-uce profound p11vsiological dis-

turoe.nces cennot be over ”nit ized.

The immortance of the electrice1 forces of the colloidal surfaces

of the living cells to th-e mechnr-ism of absorntion of io from the

colloidal particles in the soil have been described in the works of

Jenny and co—workers. A change in the electrical state of the proto-

plasm in the root hair will markedlv affect the unta:e of nutrients

when thas electrical forces plev a.n im~ortant role in nuH18tabsorp-

tion.

A comparable study of the nh‘siolotic"l (isturbnrces induced bv

virus disease carried out with nlents grown in nutrient solution,

where the part of the electrical forces in the absorntion of nutrients

is minimized, would throw light on the problem.
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This di~turbance in the electrical state of the protorlasmic(

colloids is augmented as the disease proceeds since the differential

uptake of nutrients, resulting in their altered ratios in the cells,

causes further disturbances.

2. Organic constituents

a. Carbohydrates

The total carbohydrates were determined according to the method

described in the Official and Tentative Methods of Analysis of the

5
J
.

l .
.
.
-
J

Associat on of Official igricu tural Chemists (l9QS). One—gram

(
'
9
'

samples of the dry powdered plant material were used for he initial

hydrolysis. After clearing with neutral lead acetate, the filtered

solution.was made up to 500 milliliters. An aliquot of 3 milliliters

of this extract, equivalent to 6 milligrams of dry material, was

used for the determination of reducing sugar. (See appendix 9.)

Table 8 presents the concentrations of carbohydrates found in

healthy and virus infected leaves expressed as percentages of dried

matter. The normal leaves contained 11.38 and the diseased leaves

contained 10.35 percent. This decrease of the carbohydrate content

of the diseased leaves represents a 9.05 percent decrease over the

content of healthy leaves.

The observed decrease in carbohydrate content is in agreement

with numerous data in the literature. rile? (192h) and Drnlap

 

(1930) also observed a decrease in the percentage of carbohydrates

in mosaic infected tobacco leaves. Such an effect on the tobacco



leaves seems to be a consistent response to the disease, although

similar srmntoms are not observed in the case of many other virus

éiSBRSEs.

b. Fats

The determination of crude fats was carried out by an ether

extraction of two-grem samples of the dry plant meterial in a Gold-

fish extractor. (See appendix 10.)

Mosaic infected leaves contained more crude fats than did healthy

leaves, as is evident from the data in table 8. The normal leaves

contained 1.71 percent while the diseased leaves contained 2.31

percent. These results indicate an increase of 35.08 percent over

the amount in the normal leaves.

0. Total nitrogen

The total nitrogen was determined by the Micro Ejeldahl proce-

dure as described by 23 and Cueseva (19b2). Samples of the dry

material rangine from 20 to 35 milligrams were used, which required

about u to 5 milliliters of 0.02 E ‘ydrochloric acid for the titra—

tion of the ammonia released. (See appendix 11.)

Table 9 presents the percentages of total nitrogen in the

leaves. The normal leaves contained b.66 percent nitrogen as com-

pared to the 5.2“ in the diseased leaves. The increase of 0.60 per-

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

percent over the amount in the healthy leaves taken as 100.
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The observed increase in the percentm:.e of total nitrogen in the

mosaic diseased tobacco leaves is in agreement with data of previous

investigators. Cordingley, Grainger, Peersell and Wrirht (1934)

reported an increase of anproximat ely 10 percent in the total nitro-

gen content of their mosaic infected tobacco plants. Th same re-

sults were obte1:.ed bv Denies (1930). 2333_end Her‘:ins (1918),

however, renorted a decrease in the percentaL e of tote.1 nitrogen in

the leaves of blighted spinach.

Accordi a to 3°"6en (191’3), the effect of the mosaic disease

on the nitrogen content of the hostplant is less clearlv defined

tlen the effect on the percentage of carbohvdretes.

d. Discussion of organic constituents

The effects of the mosaic disease on the percentage of orbanic

'constituents in tobacco leaves can be separated into two classes:

those causing an increase as exennlified by the total nitrogen and

crude fats, and those bringing about a decrease as in the instance

of carbohydrates.

Tables 10 and 11 present comparisons between the carbohydrate

and total nitrogen content of healthy and mosaic infected leaves,

together with the resultant changes in the carbon:nitrogen ratios.

Dunlao (1930) determined the carbohydrateznitrogen ratios for

a number of plants Siffering from different diseases. A taoulation

of his data showing the effects of mosaic disease on different plants

follows:



 

 

 

Ratios: ;iseased plants/Healthy plants

Host Kitrogen Carbohydrate C/N Ratios

Tobacco 1.10 0.77 0.71

Tomato 1.09 0.81 0.76

Squash 1.15 0.86 0.76

Pokeveed 1.1b 0.78 0.67

Pepper 1.03 0.93 0.83

ncumber 1.07 0.75 0.70

 

A comparison of Dunlan's data with those in table 11 indicates

a suosoential agreement.

The observed accumulation of the nitrogenous comuounds and the

tobacco leavesdiminution of the carbohvdrates in the virus infected

cannot be exblained on the basis of changed rates of t anslocation

and alterations in the permeability of the cell membranes to soluble

constituents. The dilution factor introduced by the increase in

the amount of total nitrogen would itself augment the difference in

the carbonznitrogen ratio.



III. ““1”?““h. “-AigJoi .-

The mosaic infected tobacco plants grown under field conditions

exhihited marked physiological

exoeriment l $110hedthet the disease caused a decrease in the total

ash content anu altered the ratios of in‘ vidual constituents. The

carbohydrate, fat and total nitrogen accumulation in the leaves was

altered also. A hypothesis which surfested that the observed distur—

bances 1-:ere brouLht about b" an alteration in the electrical state

of the prot :1? s.1ic colloids wes prooposed. This Chan

mic st.te is associate«i with a ifferential absorwtion of nu triernt

ions, causing alterotions in their ratios in the tissues. The elec-

trical nature of this oi1,turbrnce at the site of absorpti n 7as

suspected from the effects which the disease exerted on the accumula-

H
o

tion of nutrierts posses sing d ferent valence numbers.

Th present experiment was arra Ledto rresent a more complete

picture of the distribution of the different consituents in healthy

nd mosaic infected tobacco nlants and especMi11;r to obtainfurther

data pertinent to the h7uoth.s is of electric l uisturbsnces of the

protoplasm induced br the disease. '"oroioic cvlures vere used

since this procedure offered a beter control over the conth't1ons of

Lrovth of the experimental plants, and especial1y because t

tion ofnutrients from solutions minimizes the participation of

electrical forces involvinL assorjtion. when the absorbinL root hair



is surro‘nded by nutrients in solution, the prirery forces act'ne
k)

,

on the mineral ujmt:e by the plant are those 01 perme001lity of the

protoplasm itself. The necessit:r for the root ha rto remove the

ions from the electricall" ChPrfCO. surfaces of the colloidal soil

particles does not exist in the water cultures. The absorption of

the nutriente is then a function of permeability of the absorbing

cells rather m1n an elec icel t“L-of--war with the soil colloids

 

 

a, “‘1"’1*"1 get“ is and :Mtcrif‘ls

The plents stirJ ied in erierimentZ ere grown in the greenhouse

room To. 53 of the Plant Science Greenh uses at MichiLan State College.

The space eveileble included a bench, twenty feet long and two feet

wide. The room was eqnipped with an automatic ventilating system

0

end with a temperature control set for 17—18
"
*
3

The mechanical arransemeent for the flooding o the ulture pots

H
0

.
5
5

periodi call? w-ith nrtrient soliton is ineicated figure 1.

An air pump, activated every two hours by an electric time clock,

flooded the Culture pots every two hours. 1ne level of the nu orient

sol:tion in the pots was controlled by a hydrostatic column at the

end of the air pressure line. The culture pots were placed for

llumi ati on of the plm s.H
.

enough apart to permit a sufficient

The nutriert solution recommended by §p§5cer (l9bl) was used.

ne fi.a1 composition of the solution was as follows:
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inciceted that su’ficient iron was obtained an contaminants. The

final concentrations of the r.icro elet1onts in the nutrient solution

were as follows:

 

Element Parts per million

 

Boron 0.5

Manganese 0.5

Copper 0.02

 

lice tiana tube um ver. Eovnne no. 39 seeds were planted on

April 1, unlicd through the courtesy of Dr.

T?

James Jihnron of the Iniversity of 'xfiscorsin. When the fifth leaf

anneared, tlw plPnte were tr°r°nlnnt_6 into the gravel note. The
.1

average heiqlt at the time of trans; 9:tie“ was from 7 to 8 inches.

When the anpenrence of the plents showed that they hefl fully

recovered from the t~ensolantine, ther were infecte’ with tobacco

mosaic virus by ruboin; the two lower leaves of each clant with

cheese cloth soared in a virus pr,gereHi0I. The inoculnti no were

performed on Ker b, 1950. The inoculum was prepare<

iry pOTI'lCr ed diseesed leaves in vm he‘, and then pressing tne mess

in e hgd olic press. TheHiqid obtainec wee preserved in the re—

frigerator until used

' . -..... ... n--. 4-‘-. ° 1‘ . -_ .:u. .0 1 2 1 t. -

Visael sh” tons a Jeercu tne filtn cod a-ter inoculet_3n on tue lCPVCS

”A. . A. :1... m y 1.1- 0 1 1.’-P QR“; ..-?

of the grouinu tlo. .ne mater level 0. tne cli.eltnt carbot‘s wee



kept con: ant bv the edtition of water every three doves. The nutri-

ent solutions were replaced tle third week ?fter transplanting.

The tobacco plants were harvested on Jm lL, 1950. By that

date, they had attained an average heifl f3 feet and at no time

did they show nitrogen deficiency symptoms. Eben plant was separated

into leaves, stems, and roots. The roots were washed with tap water

to renove adherine gravel norticles. Only the fl1>rous roots were

retained. Thee“iff erent semrles were dried in the oven at 1000 C.

for 2L hours, and then ground in a micro—Wiley mill to pres a 60-

sieve. The rcwiered meteril was stored in air~ti¢ht conteiners

until the enelvses were carried out.

The methods of analyses emnloyed in this experiment were iden~

ticnl to those used in experiment 1.

Q.nnC“’ncrt"l resrlts

1. Inorganic constituents

a. Total ash

The perceite~es of total ash, expressed as caroonntes, appeer

in table 12. The diseased plonts contained more total ash than did

the normal Mlnts T1-i true for the leaves, stexzs, and roots.U
]

f
.
‘

a
.

D (
f
)

This increase, calculated on the basis of the amount in the healthy

Mlnts, wrs 9.6 percent for the leaves, l.L percent for the stems,

and 1.6 percent for the roots.

Tools 13 presents tne date ootaincd by calculating the percent-

ages of tne individurl ash com nents in the tote1:sh when the
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total ash is obtained bv summation of the individual comyonerts

ysis. When calculated in this manner, the total
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26.11 percent, while

it increased 63.85 eercent in the stems, and h.ll percent in the

roots.

b. Silica

The determinations of silica yielied traces too small for

accurate estimation. This siturtion mifiht be expected since the

I,

only source of silica to the elants was th contact of tre roots0
)

with the quartz gravel used to svnport the plants in the nutrient

solutirn.

c. Calcium

The calcium content of mosaic leaves is slightly higher than

that in the normal leaves when it is calculated as a percentage of

the dry matter. The data in table 12 show that the normal leaves

contained 2.3% percent while the infected leaves containei 2.40 per-

cent. When the concentration of calcium is calculated as a percent-

age of the amount in the normal plants, this increase amounts to

2.6 percent over the normal value. If the calcium contents are

calculated as percentag s of the total ash, able 13 shows that in

normal leaves the value is 63.89 percent, and in the disteeea leaves,

the percentage is 51.97 percent. This Share hat the increese in

the calcium content of the diseased leaves was not as great as the

increase in total ash.



The date in table 12 show that the calcium content in the stems

of healthy plants was 0.80 percent, when calculated on the basis of

the 63'.plant material. The percenta.fe in the dis ased stems was

0.75. These values represent a decrease of 6.3 percent when calcu-

lated on the baris of the amount in normal stems. The data in table

13 show that in normal stem tissue, the percenta‘e of calcium in the

total ash was 23.16, while in the ash of the st=ms of diseased plants,

the percertag was 16.11. This decrease, relative to the tote.l assh,

represents u2.79 percent of the concentiation of calcitm in the ash

of normal stems. These results show that not on V‘UBS the percentage

of calcium in the dry tissue of the stems lessened, but also that

his decrease occurred even though th9 total ash increased.

The data concerning the perce tage of calcinn in tile dqi' root

tissue are presented in taole 12. The percentage in normal roots

was 1.12 percent and in the roots of the diseased plants the percent-

age was 1.02. This decrease rep esents 8.9 percent of the calcium

content of the roots of normal plants. Table 13 presents the data

calculated as percentages of the total ash. In noxmxal roots this

value was 5h.13 and in the roots of the diseased plants the value

was h7.35 percent. This indicates that the ash of diseaused roots

contained 12.53 percent less cc.lc ium, which shows that the diminution

of ca.1ciun in the roots occurred even though the total ash increased.
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d. Kagnesium

The magnesium content in the mosaic ciseased leav s is hiyher

that in the the healthy leaves. Th. data presented in table 12

show that the healthy leaves contained 0.59 Tercent magnesium, cal—

Lleted on the basis of tie drv matter,1iile the concentr tion inO

the diseased leaves was found to be 0.73 percent. This increase

represents a 23.7 percent increase over the masnesiinu content of

the healthv leaves. Table 13 shows that when th magnesium was

calc1Ilated as a percentage of the total ash, the value was 16.11

percent, while in the diseased leaves it was only 15.81 percent.

This percent decrease of the amount of ma nesium in this ash of the

diseased leaves represents a 1.81 percent decr ase in comparison to

.the value for normal leaves. These data show that, although the

magnesium conte-nt of the plants was incr.ased, the amount of this

increase was less than that of the total? .

The stems of diseased plants contained less magnesium tlan did

the heeltliv stems. The date in table 12 indicate that the percentrges

in healthy and diseased stems were 0.61 and 0.L8 respectivelv cal-

culated on the basis of the dry matter. This decrease in the dis-

eased stems amounts to 21.3 percent of the amount in the stems of

healthy plants. When magnesium is calculated as a pe cent eof

the total ash, table 13 shows that the healthy s tens conteined 21. #7

n the virus diseaseC material there was nly 10. 31H
-

percent, while

{
1
)

percent. This represents , 51.97 percent decrees , calculated on the



basis of the percentage in the ash.

Kore megneeinm wee found in d.ieeaeed then in heelthy roots.

Table 12 shove that the magneeinm content of the heelthy roots wee

“.UE percent of the dry ratter. The diseaeed roots ccnteined O.h3

percent. Thie increcee enountc to lb.3 percent of the amount of

ne~necwwn in t‘e healtlz" roots. when the magneeinm in the roots was

calcnleted on the basis of the total 95;, the value for heeltiey

1'

roots was 3C.30 percent, while thet for te diseeeee roots was

A
)

2.28percent. This increase represen.s only 5. 91 percent over

n

he content in the eeh of healthy roots. The dif1erencee in the

amount of increaee of mejnesium celcnleted on the basis of the dry

netter and on the basis of the toelesh i1-€icete thet, altheu~

‘

the magnesium content of 1 was increes d by the dis-l>
J
‘

U
)

’
7
)

A
.
)

I
!

(
T
)

Q
;

*
3

O O r
?
-

’
0

case, the enount of thzs increase wee lees then thet of the total

e. Potes siu.

The percentegee of noteseium in the healthy and dieeeeed plents

are nreeented in teble 1?. The leaves, stems, and roots of the dis-

eeced flente conteined more noteseixnn then did the Leelthy corres-

nondim rzeteriel. Hen thy leaves contained 0. 59 percent potassium

in the dry me tar, wld1e the dieeeeed leaves contained 1.3h percent.

This increeee repreeente a 127.1 percent over the amount in the

healthy leaves. ahen the potassium content is calculated as

percentage of the tote ash, the healthy and diseased leaves contained



16.11 erd 29. 01 percent, respectively. This increase of the potassium

in the ash of the diseased leaves, as shown in table 13, represents

a 80.07 percent increase over thet in the healthy leaves. The data

‘
H ‘L ' 1' ‘7 ~ A v. -' w ' . w 0

presented inoicete tnet tLe PbuOlgthu of potass 1am ass increased

g

by th diseflse, out the increese in the total ashnwas of smaller

‘

iseese on the aosorp-p
.

masnitude. This shows that he effect of the

tion of potassium was frenter t1;n on the totel ash.

Table 12 shows tiict the stems of the henlthy plants contained

1.31 percent gotessium in the dry matter and the diseased stems

contcined 3. 33 percer-t! This compicuous increase amounts to 154.2

um content or the neelthy stems.percent over the pots.3:

amount of potassium was calculated on the besis of the total ash,

U
]the healthy stems contained #6.11 percent, 2 is indicated in table

13, and the diseesed materiel contained 71.5 b
)

percent. This in-

to 55.13 percent.O E; (
1
‘

,
)

crease over the content in heelthy stems a:

The date s1low tlet the seese ircnced a grematr absorption of

potassium, and thet the ncgni tnf.e of this incremse ves relet”v1y

greeter then the in rease in the total esh.

5 pre met ted in tr518w
-

F
t

The percentage of potassium 'n 1e roots

The heelthy roots conteined 0.30 percent in the drv matter

while the diseased roots contained O.h3 percent. The obser'ed in-

crease in the potassium con ent in tile roots of disee sed plents was

33.3 percent over the corresponding veluefor t‘m we1tLy roots.

When the data ere calculated on the basis of the total fish, the
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induced by the disease was 21.9 percent in reswect t 9
I

k

‘-

stems of healthy elcnts. When the concentrstions of sodium found in

that for diseased stems was 1.76 percent, as is 3'

assemblec in table 13. Tue decm se of sodium in the ash of the dis~

sewed stems is eowiv leeat to 52.43 percert of the value obts'néd

for the heelt7" stems. Tue data ir-Cicnte, therefore, thrt the virus

disease inhibited the eccun“.1ntion of sodium in tne stems, even

190.100 percee.-2
3
o'2 A x . 1- 1 v

“fibre is s-ovs tset tie healtny roots cont

eased roots 0.094 percent when calcvlnted on

}
J
.

U
)

of sodium and the 6

the basis of the dry wetter. Tfiis Cecrecse represents 11.3 percent

of tie content in the dry matter of the hea thy roots. Teble 13

presents the concentretions of sodirm ex2rcss el in tern” of he

"p ‘ Q ~‘ g o w‘ ‘ Q‘Y

total ash. n39: calculeteo on t_1s be 1 , bhc Lecltu; roots con—

. ‘ ~ 0 3. ‘ _o /

telned 5.12 percent end tee disceoec loots contained 4.3: percent.

.sh of the roots is equald
;

:
3

a
) r.
)

This decrease in the sodiumc entert in

2" .A 1- r ”'7‘ 27‘

to 14.8» percent of tne vel7e oute.ined forles tu roots. rue e

date show thst tzze disease inhibited the aceumulation of sodiin in

he roots, althougL the total ash we” slightl" augmented.

. .. . . 4. .0 u w "1.1-.- .. L.‘ ° 1. ,

The ire“ center.v o- tae QCPLuAJ lcevcs, nrcsentee 1n teule 4,

Es O. 035» oercent in the dry setter and the diseased leaves containeo



O. 0L1 percent. Tis percentage increa e is enun-.l to 17.1 over the

cont nt ofl thr le°ves. In te:le 13 the percentcges of iron are

expressed on the besis of the total sen. Calculated on this basis,

the Healthy lenves conteined 0.96 perccent while tie diseased leaves

contained 0.99 percent. Tnis dec17eese is eouel to 7.29 percent of

the valve obtained for heeltny leevcs.

thct the increased iron content of the d-se“sel lcrves wee of

.neller "“"ritn-e tlznn the 3erc mtsge increase of the totel ash.

In normal steis, the iron was present in the concentration of

0.013 nercent of tFe Cry setter, 93 shown in table 12, t7hile tim

diseased stems conteined 0.010 percent. T“ s decreese amounts toI
E
4
.

23.1 percent of the normal velue. The conent of iron in tn1e stems,

calculeted as percentegosothe total ash, are presenb9d in table

13. The healthy stems conteined O.L6 percent and disersei stems

0.2 nercent. This decresse is ecual to 5L. 3'+ percent of the vrlue

obteired for t}_e esh of normel stem . The date indicete that the

amount of iron in the stems vrs decressed by the disease, even

thou.3“h the total asn increased.

The iron content of normal roots~#qscru91 to O. 03 percent of

the drv matter, as is indicated in teble 12. The disee :7ed roots

conteined O. 0L1 perc e.na. TFis increase of iron content in the dry

b
)

a C o /

matter of tne 01seased roots is equal to 0.7 percent of the amount

found in the roots of normal plants. When the iron content in th

totel esh wes calculated, the ash f healthy roots can ‘ incd 1. L5
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the mangenes e is calculetcd on the basis of total ash, the value for

healthy stems was 0.11 percent and that for diseased stems was 0.06

perccat. This decreese in th percente?e of hangenese in the ssh of

the fliseesed stems corresponds to b5.h5percent of the Us. enese in

the ash of heelthv stems and shC1ws that the erunt of men~anese in

the steUs was not affected or the disease, even though the total

W:ieu,wented.

The roots of healthy plants contcined O. 033 Uercent manganese

o- the basis of the 6r" Uetter. T38 diseased roots, as 1ncieetodi

in table 12, contoined 0.039 percent. These results represent a

18.2 percent increase in the roots of the diseased pl?r.t°. The

Uengenese in healthy roots, calculOt ed Re a percent9"e of the to91

ash, was 1.59 while that in he ash of ciseesed roots~wrs 1.8 . This

is equivalent to 13.84 percent of the anuht in the ash of’
1
)

U
)

’
D

1'10 ref
’
o

heeltlly roots. These results show thpt both Uengenese and total ash

were increased 'n the roots by the Virus 11seese, but thnt the in-

crease in the ash was relativel‘r a little greater.

1. Phosphorus fractions

(1) Total phospho us

Fae virus infection decreesed the tote1 phOSUhorus concent eti one

in th 1 eev s, stems, and roots of the tobacco flente. Table 14 shows
.4—

0’!)
that the lecves, stems, and roots of hee ltTy plents conteined O.ccz,

O.b3° end 1.355 percent phosphorus in the dry hatter, respectively,
J" ’

while the values for the dissesed plents were 0.690, 0.381, and 1.1?7



IA...-

perccnt. rne percentae (Uecre ere in the leeves wes 19.9 in the

stems 11.81, end in the roots 13.1%, when the data are calculated in

terms of tn.e corl‘esnonc;'n~ vnlues for nornal plants.

(2) Inorganic nhos;]~.orus

The virus infect?on exerted t?-e gene ovelit tive efzect on the

amounts of inorganic nhcs horns es on tke totel whosnltor~cs. In the

heelthvnslants, as infliceted in te C
)

1811;,t1‘1’3rc ang 0. L83, 0.207,

and9.905 percent in genie phosihorts in the dry matter of the leeves,

stems, and roots respectively. Tne corresrorc‘ng contents of inor-

39nic nhosnhorus in the disensed plants vere 0.3 7, 0.158, and

no
l.)

O
\

asO respectivel". The aercente3e d.ecreeses Pm0“nte5 to . ,

23.67, and 9.39 percent vixen calcelatea on the basis of the amounts

in the corresrowclnr parts of he? th" plants.

Table 15 presents the ratios of the amount of inor3anic phos-

phorus to the tot?l 32 sniorus The data show that the virus die onse

lesserCd tFe e“ounts of totel ghosfhorus and of inorganic eros,nor“s

n the leaves, stems and roots. The reletive decreese of the inor-H
o

genie phosphorus in the leeves and stems is greater then that of

C
?

y
.
.
.

totel nhosnhorus, while the opnosite is trzze in the roots.
.o

(3) Lebile n%osnhete esters
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The labile phosnhe. in the leevee, stews, and

roots of he? ltzv 9rd 6.1se°sed.p1?nts contained only traces of phos-

nhorus, as is iniicsted in teble 1h.
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otPined from healthy leaves,

The ratios between the different phoeghorus fractions, as indi-

cated in table 15, show thnt the ratios of inorganic to residual

phosphorus, anl the retios of resistant esters to residual phosphorus

anH
.

(
D

are smaller in the diseased than in the h€9ltl" plants. Th (
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nel to the totel gho f
.
)

increase, however, in the ratio of

.-norus in tile disceseo.

(6) Discussion of rttsn“0““e frections

nresented in
J.

The data for the different ptosrorus recti0-8,

totles lé and 15. Show thet the percentfige recovery 0f the t0L°l 3395’

p orus in the frrctivns veries from 93.h to 103.’w percent of the

amount determired as "total phoenhorus." This degree of recovery is

sstisfnctory in View of the analytical prvtlens whicn the frectionntion

The dnta presented Show thrt the virus direeee decrceeei not

only the total absorption of phosnhcrus, but also t?e anomet in the

phos-

phorus fraction, on the other nenfl, merkeily increeeed. There was an

19 ertore fraction inH
-

insirniticnnt anonnt of pnos arms in the let

all tissues of both the heeltfiy enfl the moanic disereed plents. The
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the disee9ed Vient9 were 17.1%, 19.16, and 12.40 percent in th9e leaves

stems, end roots re"tective1r. These values inflicete thet the infected

roots contained more C?*bo*"'r9+99 than did the healthy roots. The

on the accumulation of car—onnosite effect was produced by the diseee (
D

\
-

‘.

bohydretes in the leaves end stefis of tie tohrcco $19139. The gene

fects ere indiCthh in table 22 where the ratios of t?.e corbo;"cr.tes

in the diseased plants to the amounts in hen thv13~ente are regorted.

TLe virus infectf; on trod uaced th sa.t1e qualitative effect on the

'5
L}. (

+

L
’
)

H
.

n the different parts of the tobecco plantsF
}
,

accumulation of totol

as on the cerbohydrete content. Table 19 shows that the health? lea cs,

stems, ano roots contrine.d 7. 81, 3. 39 and 2.34 percent crude fet in

the dry matter, respectively. The cor‘eevouclfir fat contents of the

Giscered plants were 5.93. 2.95. and 2.h7 percent.

c. Eitrogen

Thedigppged j_e~ve9 eri roots centeinet more totol nitrogen thn

. ‘1.- - a: t- - a.- t- 9

did the Peelthy correcyono;ng tlssuee, w“_1e the dlse.sed stems con-

- r \n -= .v- A n \— J‘ . -: ‘- —

t“ined 1999 TLe iet" rre p-09enteu in t“ 1e .0. L e perccflo retrobcn

O

in tLe leeve", ster 9“” root9 of knelt?" mlcwte “or b.27, 2.90, and

‘ —‘ ‘fi":“\'t . —— I“! -q:‘- q -~.- ,-

3.67 resfiectiVCTV. The carves 09999; percents 99 UL stuto en in the

‘. g _ .- .1 J- . , r, r:/ w A 00

(lseesee lentes, stems, ea: roots here L.7;, 9.,0, use < to percent of
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H (
D

L
) '9
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5 Hboth nutritional conditions. Since ULe resistent euters en

esters were the only fr? cticne of phosphorus which were effected by

the di eeee in the 391e m°nner rnder the di ferent co Citione of

crlture, it may be aeeumed that the disturbences of theee fractions
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11.ct;on, representingThe increase of the reeidrrl phoefiuhortg
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“ . V ' " 'I ‘l 7 q‘7' "’ fl ‘ n. 'Y‘.’ ~. 1“ ‘- 1
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.-w 1‘ J. 1': J. 1.1,, ~°.. :3. .L

trioseooosmmves, _,1-ovs mm. {1.9 (-1‘65‘“? £901,111." “(1 tie 0 two 01

the residue phosphorus compounds at the expense of the resictcn

esters fractioe. Since it is known th. the tobacco mosaic perticle
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o /

Sodium 2.39 2.57 2.48 2.39 2.01 2.50

Iron1 a 5.91 5.b8 5.79 2.79 2.63 2.71
7 l- /

Iangcnoee 0.06 0.73 0.70 0.95 0.95 0°95

Phosihorus 30.78 30.89 30.83 31.66 33.59 32.63

Fitrogen« —-——- —---- 332.9 --~-- ----- 375.7
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Table 5. Ratio betveen phosnhorus fractions, baeed on percentages

in Ery matter, of healthy and nosaic infected tobacco leaves,

grown unéer field conditions.

Healthy Noseic Infected

Ratio Leaves Leaves

 

Inorganic/Labile Esters ..12 5.83

Inorganic/nesietant Esters '.02 4.79

Inorganic/Besidnel 3.55 2.51

Inorganic/Total 0.58 0.61

Labile Esters/Resistant asters 0.525 0.81u

Labile Esters/Resi0"91 0.500 0.026

Labile Es ers/Total 0.082 0.100

Resistant Esters/Residual 0.884 0.52h

Resistant Esters/Total 0.1L4 0.127

Residual/Total 0,163 0.223
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