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PHYSIOLOGICAL INVESTIGATION ON BED BASPBEBBY PLANTS
INOCULATED WITH BED BASFBEBBV MOSAIC

I ,  In tro d u c tio n

V irus d iseases  o f the ra sp b erry  were f i r s t  recognized in  1895

by Green (17) a lthough  i t  i s  s a id  th a t  Detmers (12) in  I 89I  d esc rib ed

a  d ise a se  th a t  was v ery  l ik e ly  mosaic bu t was then  a sc rib e d  to  b a c te r ia .

In  1922 Rankin and Hockey (28) d iv ided  th e  v iru s  d ise a se s  in to  two

groups, " c u rl"  and "m osaic", B ennett (3 ) in  a  more re c e n t study  has

rep o rted  a t  l e a s t  f iv e  d i s t in c t  v iru s  d ise a se s  of th e  ra sp b e rry . They

a r e ,  red  rasp b erry  m osaic, m ild m osaic, yellow  m osaic, c u r l  and s tr e a k .

The f i r s t  i s  th e  one d e a l t  w ith  in  th ese  s tu d ie s ,

B ennett ( 3) a ls o  s ta te s  th a t  tem perature has a  v ery  decided

in flu en ce  in  masking symptoms of red  rasp b erry  mosaic and m ild m osaic,
0

At tem peratu res h ig h er than 28 C„ no symptoms of m o ttlin g  a re  shown.

P la n ts  w ith  symptoms masked were th e re fo re  e a s i ly  ob tained  when desired#  

Numerous p u b l ic a t io n s ,  summarized by Smith (33) deeding w ith  

Symptoms, methods o f d issem in a tio n  and tran sm iss io n , and o th er patho

lo g ic a l  phases have appeared bu t th e  w r i te r  has found very  l i t t l e  in  

the  l i t e r a t u r e  on th e  e f fe c t  of red  rasp b erry  mosaic v iru s  on p h y sio lo g i

c a l a c t i v i t i e s  of the h o s t.  I t  appeared worth w hile then  to  make compara- 

t iv e  s tu d ie s  of h ea lth y  and mosaic p la n ts  and a lso  p la n ts  in  which the 

symptoms of red  ra sp b e rry  mosaic had been masked. Mosaics a re  re sp o n sib le  

f o r  th e  so c a lle d  "running out" of sev e ra l v a r i e t ie s  many of which have 

been abandoned. Purtherm ore such tro u b le s  not only cause s e rio u s  re 

duction  in  y ie ld s  and q u a li ty  of f r u i t  b u t account fo r  co n s id e rab le  d ec lin e  

in  ac reag e .



I I ,  M ate ria ls  and Methods 

In  a l l  of th ese  s tu d ie s  th e  Latham v a r ie ty  was u sed . H ealthy 

p la n ts  of t h i s  v a r ie ty  were in o cu la ted  w ith  the v iru s  re sp o n s ib le  fo r  

th e  d ise a se  d escrib ed  by B ennett (3) a s  re d  ra sp b e rry  mosaic and  by 

Cooley (8) a s  green  m o ttle  m osaic. The symptoms produced vary  consider

ab ly  w ith  th e  v a r ie ty  and w ith  th e  environm ental c o n d itio n s . The leaves 

p re se n t a  ty p ic a l  mosaic m o ttling  c h a rac te r iz e d  by y e llo w ish  g reen  a rea s  

a l te r n a t in g  w ith  r a is e d  dark  green a re a s ,  when th e  p la n ts  a re  grown a t  

a  r e la t iv e ly  cool tem pera tu re . T yp ica l leaves of t h i s  s o r t  a re  shown 

in  f ig u re s  1 and 2 , Under o rd inary  summer tem perature in  Michigan the  

M osaic-in fected  p la n ts  show no symptoms and the  d ise a se  i s  s a id  to  be 

masked.

In  the f a l l  o f 1932 tw en ty -fiv e  Latham p la n ts  in o cu la ted  w ith  

red  ra sp b e rry  mosaic were rece iv ed  from Dr, W, H* Rankin of th e  New York 

A g r ic u ltu ra l Experiment S ta tio n  a t  Geneva, These p la n ts  were grown in  

the greenhouse during  the w in te r and tra n s fe r re d  to  th e  f i e l d  in  th e  

fo llow ing  sp rin g . While in  th e  f i e l d  they  were covered w ith  w hite  m uslin 

cages to  p rev en t any p o s s ib le  in fe c t io n  from o th e r  so u rces. A dd itional 

d iseased  p la n ts  were secured through th e  use of b ark  g ra f t in g ,  a  method 

suggested to  th e  w r i te r  by H arris  of the  East M ailing Research S ta tio n , 

England, Since th e  r e s u l t s  w ith  t h i s  method have y ie ld e d  more than 

n in e ty  p e r  cen t in fe c t io n  the  w r i te r  e a r ly  gave up a ttem p ts  to  tra n sm it 

the  d ise a se  by in se c t  v e c to rs . During th is  tim e many methods were t r i e d ,  

a s  in s e c t  v e c to rs  were d i f f i c u l t  to  f in d  during th e  e a r l i e r  p e rio d s  o f 

th i s  study . T his d i f f i c u l ty  was due to  the h o t, dry weather and o th e r



environm ental c o n d itio n s . V arious in o c u la tio n  methods f o r  v iru s  tra n s 

m ission were g iven a  t r i a l  e s p e c ia lly  the  carborundum method. Every 

a ttem pt in  t h i s  d ire c t io n  f a i l e d .  I t  has been suggested  th a t  the v iru s  

i s  d estroyed  by o x id a tio n  when ju ic e  from in fe c te d  p la n ts  i s  used f o r  

in o cu la tio n #

The symptoms of the  d isea se  do n o t appear in  th e  g ra f te d  p la n ts  

u n t i l  a  new s e t  o f canes i s  sen t up from th e  ro o ts .  In  a  co n p ara tiv e ly  

sh o rt time th e se  w il l  appear when th e  p la n t  i s  cu t bade. D r. H arris# 

in  a  l e t t e r  to  Dr. H ibbard, s ta te s  th a t  in  England symptoms do no t appear 

on th e  g ra f te d  p la n ts  t i l l  th e  y e a r  a f t e r  g r a f t in g ,  b u t th a t  in  St# 

C a th e rin es , O n tario , where he (H arris) had made many g r a f t s  du rin g  193^* 

red  ra sp b e rry  mosaic appeared w ith in  two months a f t e r  g r a f t in g .  No 

ex p lan atio n  was given  to  account f o r  the d iffe re n c e  ob tained  in  the  

Canadian m a te r ia l.  P la n ts  fo r  th i s  study , in  which th e  symptoms were 

masked, were secured by s e le c tin g  d iseased  p la n ts  and exposing them to  

p ro p er tem perature conditions#

I I I .  Carbohydrate S tu d ies  

D iffe ren ces  in  the biochem ical re a c tio n s  in  th e  h e a lth y , m osaic, 

and masked p la n ts  might b e  expected . In  o th e r  p la n ts  such as  tobacco, 

p o ta to , tom ato, peaches, e t c . ,  in v e s tig a to rs  have noted  d iffe re n c e s  in  

carbohydrate and n itro g e n  re la t io n s h ip s  besides a  number of o th e r 

f e a tu re s .  The f i r s t  s tu d ie s  made w ith  ra sp b e rr ie s  were those  on carbo

h y d ra te s . Leaves of approxim ately th e  same age were secured from h e a lth y , 

mosaic and masked p la n t s .  Two s e r ie s  of experim ents were conducted, one 

in  th e  greenhouse and one in  th e  f i e l d .  The leav es  were g a th e red  l a t e  in
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the  morning and d r ie d  in  the oven a t  100° C ., f o r  one hour and th en  

a t  60° C ., u n t i l  co n s tan t weight was reached. The samples were then  

ground to  p ass  a  *K) mesh screen  and fu r th e r  tre a tm en ts  made acco rd in g  

to  th e  ro u tin e  suggested  by th e  committee on chemical methods of the 

A. S. P . P . (3 0 ). B e r tra n d 's  (H) permanganate t i t r a t i o n  method was 

s u b s t i tu te d  in  the p lace  of th a t  o f S h a ffe r  and Hartman*

The r e s u l t s  of th e se  an alyses a re  shown in  Table I .  A lthough 

the t o t a l  carbohydrates in  the leav es  of m o sa ic -in fec ted  p la n ts  v a r ie d  

l i t t l e  o r  none from th o se  in  h ea lth y  ones, masked p la n ts  under f i e l d  

co n d itio n s , showed le s s  carbohydrates than  p la n ts  from the greenhouse. 

Much le s s  emphasis i s  cen te red  on th e se  t o t a l  carbohydrate v a lu es  than 

on the f ig u re s  f o r  th e  d i f f e r e n t  carobhydrate f r a c t io n s .

I t  may be s a id ,  however, th a t  th e re  i s  l i t t l e  unanim ity of 

r e s u l t s  a s  shown by v a rio u s  in v e s tig a to rs#  Dunlap (15) ob tained  an 

in c re a se  in  t o t a l  carbohydrates in  two y ea r ra sp b e rry  canes b u t  a  de

crease  in  one y ea r canes. He does no t s ta te  what form of carbohydrate 

i s  re sp o n sib le  fo r  the Increase  or the decrease th a t  he f in d s  in  th e  

two c a se s . He did no t analyze h is  m a te r ia l in to  th e  v a rio u s  carbohydrate 

f r a c t io n s .  Among a  number of o th e r  m osaic-in fec ted  p la n ts  such a s  

tobacco, squash, tom ato , pepper, cucumber, e t c . ,  he found a  decrease of 

carb o h y d ra tes . Rosa (32) rep o rted  an in crease  of carbohydrates in  

yellow b lig h te d  tom atoes. True and Hawkins ( 38) found an in c re a se  of 

carbohydrates in  b lig h te d  spinach le a v e s . Brewer, Kendricks and 

Gardner (7) ob ta ined  a  decrease in  carbohydrates in  tomato m osaic.

B a iley  (2) found a  decrease  in  s ta rc h  and so lu b le  carbohydrates in
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Table I

P ercen tage of Carbohydrates in  leav es  o f h ea lth y  p la n ts ,  m o sa ic -in fec ted  

p la n ts  and p la n ts  in  which symptoms were masked*

Date Hour P la n t and H ab ita t
SuBar . T o ta l S ta rc h

Simple Sucrose Sugar Soluble In s o l . T o ta l

Ju ly 20 10 A.M. H ealthy greenhouse O.Sk 0.7*4 1.3S 1.00 •73 1 .73
H 20 10 it H H .6k ♦73 1.37 ♦95 .71 1.66

Aug. 21 10 11 M H .69 1 .19 1.88 .52 .97 1 .M9

n 21 10 11 11 II .6*4 1 .19 1 .82 .5 0 •92 1 .U2

H 21 10 H 11 f i e l d .70 1.22 1 .92 1.07 •68 1 .75

II 21 10 11 11 u .67 1.22 1.89 1.07 .70 1.77

H 26 10 N it N •65 1 .39 2.0*4 ♦37 .5 6 .9 3

" 26 10 II 11 H .6*4 1 .U3 2.07 ♦38 .55 .9 3

J u ly 20 10 n Mosaic, greenhouse ♦59 1.20 1.79 .50 .85 1 .35

11 20 10 it H H •60 1 .18 1.7S •50 .85 1 .35

Aug. 21 10 11 n f i e l d ♦57 1.72 2.29 •**■7 .87 1 .3 *

11 21 10 H 11 N ♦57 1.75 2.32 .5 0 .86 1.36

n 21 10 n Masked, greenhouse ♦75 1.29 2.0*4 .65 .79 i .k k

ti 21 10 H 11 M ♦75 1.29 2.0*4 .65 .80 1 .U5

11 26 10 11 11 f i e l d ♦57 1.^5 2.02 .*7 •59 1.06

11 26 10 n ti 11 ♦57 I.U 5 2.02 .*7 .67 l . l *
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d isea sed  m a te r ia l o f tobacco , tomato and petun ia*  Bunzel secured le s s  

carbohydrates in  su g ar-b ee t leav es  in fe c te d  w ith  c u rly  to p , according  to  

Dunlap* s (15) in te rp r e ta t io n  b u t Brewer e t  a l  (7) in te r p r e t  th ese  f in d 

ings a s  showing l i t t l e  or no e f f e c t  on carbohydrates*

Turning now to  a  co n s id e ra tio n  of t o t a l  sugars we f in d  accord

ing  to  the ta b le  th a t  th e se  a re  h igher in  fie ld -g row n  p la n ts  than  in  

those grown in  the greenhouse* This was to  be expected* In  th e  f i e l d ,  

m o sa ic -in fec ted  p la n ts  produced more sugars than any o th e r  group, masked 

p la n ts  were in te rm e d ia te , and hea lthy  ones contained  th e  le a s t*  A 

f u r th e r  s tudy  of the ta b le  re v e a ls  th e  f a c t  th a t  g lucose i s  more abundant 

in  greenhouse p la n ts  than  in  f i e ld  grown ones, w hile sucrose i s  more 

p re v a le n t in  f i e l d  grown p la n ts  than in  those grown in  the greenhouse. 

H ealthy p la n ts  co n ta in  g re a te r  amounts o f g lucose than  e i th e r  m osaic- 

in fe c te d  or masked p lan ts*  Sucrose on th e  o th e r  hand i s  more abundant 

in  m o sa ic -in fec ted  and masked p lan ts*  These r e s u l t s  a re  in  agreement 

w ith  those  of a  few o th e r  in v e s tig a to rs  working w ith  o th e r p lan ts*  For 

example Barton-W right and MeBain (1) found la rg e r  amounts of sucrose than 

g lucose in  the c r in k le - in fe c te d  p o ta to . The au th o rs  suggested a  slow

ing  up of t ra n s lo c a tio n  due to  an accum ulation of sucrose* As th e  hexoses 

were reduced t h i s  n a tu ra l ly  was the form tra n s lo c a te d . Sucrose was no t 

t ra n s lo c a te d . True and Hawkins (38) re p o rte d  a  red u c tio n  in  hexoses and 

an accum ulation of sucrose in  the leaves of b lig h te d  sp inach  p la n ts .

Dunlap (15) a ls o  found le s s  hexoses in  the  leav es  of m osa ic -in fec ted  

tobacco p la n t s .  The w rite r* s  ta b le s  show a lso  a  decrease in  g lucose in  

m o sa ic -in fec ted  ra sp b errie s*



In  reg a rd  to  s ta rc h  the  ta b le  re v e a ls  the  fo llow ing  f a c t s .  

H ealthy p la n ts  show h ig h er values than  do masked or m o sa ic -in fec ted  

p la n ts ,  th e re fo re  th e  d isea sed  co n d itio n  shows a  decrease in  s ta r c h .  

Though th e re  i s  n o t much d iffe re n ce  in  s ta rc h  v a lu es  "between green

house and f i e l d  specimens th e  l a t t e r  a r e  u su a lly  low er. Both masked 

and m o sa ic -in fec ted  p la n ts  in  the f i e ld  show a  decrease in  the so lu b le  

f r a c t io n  as  w ell as  the  in so lu b le  form when compared w ith  h e a lth y  

p la n ts .  However, th e  g r e a te r  lo sse s  a re  r e g is te re d  in  the so lu b le  

an y lo d ex trin  f r a c t io n  than  in  the  a n y lo ce llu lo se  o r In so lu b le  form . 

This red u c tio n  in  the  amount of s ta rc h  in  th e  d isea sed  p la n t i s  a ls o  

in  agreement w ith  the  f in d in g s  of o th e r w orkers. Brewer e t  a l  (7) 

found a  decrease in  sucrose and s ta rc h  in  m o sa ic -in fec ted  tom atoes. 

Cook (8) rep o rte d  an in v e rse  r e la t io n s h ip  between s ta rc h  and the 

s e v e r ity  o f sugar cane m osaic. Bolas and Bewley (5) observed a  de

c rease  in  s ta rc h  fo rm ation  in  th e  yellow  mosaic o f  the  tomato when 

th e  p la n t  had been in fe c te d  f o r  some tim e b u t not in  th e  e a r ly  s ta g e s .

One i s  tempted to  c r i t i c i z e  experim ents of t h i s  type th a t  

a re  conducted in  th e  greenhouse because of the d i f f e r e n t  environm ental 

co n d itio n s  to  which th e  p la n ts  a re  su b jec te d . However, th e  r e s u l t s  

in d ic a te d  in  th e  ta b le  show good agreement when a  conparison of 

d iseased  and h ea lth y  p la n ts  i s  made whether in  the greenhouse o r in  

the  f i e l d .  The w r i te r  f e e ls  th a t as th ese  o b serv a tio n s  a re  the f i r s t  

of t h e i r  k in d  as f a r  as  th e  raspberry  i s  concerned, s im ila r  s tu d ie s  

of a  more d e ta i le d  n a tu re , perhaps, should be conducted over a  p e r io d  

of y e a rs . F u r th e r , the d a ta  found in  ta b le  I were obtained  from an



a n a ly s is  of leav es  from many p la n ts  s e le c te d  on th e  p a r t ic u la r  d a te s  

ind icated*  These were mixed to g e th e r  a f t e r  drying and two-gram samples 

taken f o r  carbohydrate  a n a ly s is .  An a l te r n a t iv e  method c o n s is ts  in  

an a ly z in g  th e  leav es  in  th e  sep a ra te  s e t  o r  groups and then f in d in g  the 

av e rag es . The d a ta  th en , a re  capable of s t a t i s t i c a l  treatm en t and the 

degrees of s ig n if ic a n c e  determ ined.

The carbohydrate  metabolism in  the m osa ic -in fec ted  p la n t s ,  a s  

in d ic a te d  in  the  p roceed ing  account, has been a t t r ib u te d  by most workers 

to  th e  in te r fe re n c e  in  tra n sp o r t r a th e r  than  to  i n a b i l i ty  to  produce 

carb o h y d ra tes . In  p la n ts  where one e f fe c t  of th e  v iru s  i s  to  cause a  

yellow ing of th e  p h o to sy n th e tic  t is s u e  i t  i s  q u ite  probable th a t  carbon 

a s s im ila tio n  i s  reduced b u t f o r  many of the mosaic d isea ses  t h i s  explana

t io n  i s  no t v a l id ,  f o r  in  many p la n ts  th e re  i s  v ery  l i t t l e  ye llow  co lo red  

t is s u e  w hile in  some cases the green co lor i s  more in te n se . I t  was 

thought t h a t  a  study  of the carbohydrate changes in  a  rasp b erry  p la n t  

during  a  tw en ty -four hour p e rio d  might g ive  in form ation  a s  to whether 

p roduction  or tra n sp o r t was being checked.

For t h i s  experim ent f i e l d  grown p la n ts  were used and samples o f 

leav es  were c o lle c te d  e a r ly  in  the  morning b e fo re  su n rise  and ag a in  the 

same day j u s t  b e fo re  d a rk . The samples were se le c te d  in  such a  way th a t  

m a te r ia l from the same p la n ts  m s  b e in g  analyzed in  each case . The 

fo u rth  and f i f t h  leav es  back from the t i p  a re  u s u a lly  f u l l y  expanded 

and in  t h i s  case were considered  m ature. By ta k in g , th e n , the fo u r th  

le a f  of one cane and th e  f i f t h  le a f  of ano ther cane in  th e  morning i t  

i s  p o s s ib le  to  secure a  sample in  th e  evening from th e  same canes which
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i s  comparable in  every re sp e c t to  th o se  taken p rev iously*  The samples 

were analyzed  by the same method in d ic a te d  above and the  r e s u l t s  a re  

g iven  in  ta b le  II*

The v a lu es  shown in  the column headed P* M. a re  f o r  the  samples 

secured  b e fo re  su n ris e  and re p re se n t th e  carbohydrate f r a c t io n s  in  the 

le av e s  a f t e r  a  p e r io d  of e leven  hours during  which no p h o to sy n th esis  

had taken p lace*  Obviously th ese  changes a re  c h ie f ly  r e la te d  to  tra n s 

lo c a t io n  and u t i l i z a t io n *  The f ig u re s  in d ic a te d  in  th e  column headed 

A* M* a re  f o r  the samples g athered  in  the  evening and re p re se n t th e  

carbohydrate f r a c t io n s  in  th e  leav es  as th e  r e s u l t ,  c h ie f ly ,  o f photo

syn thesis*

A study of th e  ta b le  shows th a t  h ea lth y  p la n ts  produce more 

sim ple sugars during  th e  day time than e i th e r  th e  masked o r m osaic- 

in fe c te d  p la n ts .  This in d ic a te s  a  g re a te r  e f f ic ie n c y  in  sugar production* 

During the n ig h t th e re  i s  a  g re a te r  lo s s  of th ese  sugars in  h e a lth y  

p la n ts  thali in  the d isea sed  ones in d ic a tin g  e f f ic ie n t  tra n sp o r t  and more 

ra p id  transfo rm ation*  When th e  sucrose f ig u re s  a re  considered  a l l  

groups of p la n ts  show s im ila r  amounts, w ith  s l ig h t ly  more occurring  in  

th e  m o sa ic -in fec ted  p la n ts  in  the  d ay lig h t period* From t h i s  i t  may 

be concluded th a t  sucrose i s  m aintained a t  a  f a i r l y  co n s ta n t lev e l*  Dur

in g  th e  n ig h t ,  however, the sucrose con ten t in c re a se s  in  a l l  g roups, w ith  

the g r e a te s t  in c re a se s  o ccu rring  in  th e  d iseased  p lan ts*  One can see in  

th ese  r e s u l ts  on sim ple sugar and th e  d isacch arid e  sucrose evidence of 

f u r th e r  support to  the theory  th a t  g lucose i s  th e  f i r s t  sugar formed 

and th a t  sucrose i s  d eriv ed  from th e  hexoses and furtherm ore i s  th e  

sugar of tran sp o rt*
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S oluble s ta rc h  i s  more abundant during  th e  daytim e p e rio d  in  

the m o sa ic -in fec ted  p lan ts*  During the n ig h t i t  i s  somewhat lower*

In  a l l  th re e  groups th e  so lu b le  s ta rc h  has decreased du ring  th e  n ig h t 

showing th a t  i t  has been  u t i l i z e d  in  some biochem ical reac tion*  The 

in so lu b le  s ta rc h  f r a c t io n  in  th e  m o sa ic -in fec ted  p la n ts  i s  the same f o r  

day and n ig h t period* The h ea lth y  and masked p la n ts  show s ig n if ic a n t  

d iffe re n c e s  between day and n ig h t periods*

To summarize* i t  i s  r e a d ily  seen th a t  sucrose remains q u ite  

co n stan t d u rin g  th e  day, and th a t  a l s o ,  as i s  shown in  ta b le  I ,  th e  

d iseased  p la n ts  co n ta in  more of th i s  sugar than  th e  h ea lth y  ones*

The in c re a se  in  sucrose during  the n igh t i s  in  p a r t  a t  the 

expense of th e  simple su g a rs • The P* M. values f o r  sim ple sugar a re  

co n sid e rab ly  lower than  th e  A* M* values w hile the P* M. v a lu es  o f 

sucrose a re  h ig h er than  th e  A* M* values* For the  m osaic-in fec ted  

p la n ts  t h i s  accounts f o r  approxim ately h a lf  o f the  in c rease  in  sucrose* 

The o th e r  h a lf  i s  accounted f o r  by the  tran sfo rm atio n  of the  so lu b le  

s ta rc h  f r a c t io n  (d e x tr in )  in to  sucrose fo r  as may be seen in  the  ta b le  

th e  P* M. v a lu es  of so lu b le  s ta rc h  a re  th a t  much le s s  than th e  A* M* 

values* A s im ila r  l i n e  o f agrument i s  ap p lic a b le  in  the case of the 

h ea lth y  and masked p lan ts*  The d a ta  in  the column headed in so lu b le  

s ta rc h  a re  d i f f i c u l t  to  in te rp re t*  Had the v a lu es  been h igher in  th e  

n ig h t time fo r  h e a lth y  p la n ts  and the same or low er f o r  th e  masked and 

m o sa ic -in fec ted  p la n ts ,  i t  would seem to  prove th a t  the d isea sed  p la n ts  

were in e f f i c i e n t  in  transfo rm ing  the  sugars and so lu b le  s ta rc h e s  in to  

permanent s t r u c tu r e .  F u r th e r  study i s  contem plated along th i s  lin e*

The r e s u l t s  should be regarded  as  in tro d u c to ry  to  fu r th e r  work of a
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more d e ta i le d  nature*

Support f o r  the id e a  th a t  sucrose i s  in c reased  a t  the expense 

o f g lucose  and s ta rc h  i s  found in  the  s tu d ie s  of Barton-W right and 

McBain (1) who a t t r ib u te d  the in c rease  of sucrose in  p o ta to  c r in k le  mosaic 

to  a  lo s s  o f hexoses and starches*  They showed a ls o  th a t  the sucrose 

was produced from g lucose  and fru c to se  (hexoses)* The r e s u l t s  rep o rted  

here in  ta b le s  I and I I  do not support th e  id ea  of checked o r re ta rd e d  

t ra n s lo c a t io n  s in ce  a  co n sid e rab le  In crease  in  sucrose occurred  in  the 

h ea lth y  p la n ts  as w ell* Cook (8) a lso  found no in te r fe re n c e  in  translocac

t io n  in  th e  m o sa ic -in fec ted  sugar cane*

IV* Ensyme S tud ies  

Experim ental p rocedures in  enzyme e x tra c tiv e  p u r if ic a t io n ,  and 

t e s t s  f o r  a c t i v i t y ,  have been very g re a tly  m odified in  th e  p a s t  few y ears  

a s  f a r  a s  work on anim al t is s u e s  i s  concerned* The work on p lan t t i s s u e  

e x tr a c ts  has rece iv ed  b u t l i t t l e  a t te n t io n .  P re se n t lab o ra to ry  methods 

a re  those  of ten  o r f i f t e e n  y ea rs  ago and can be considered  only roughly 

q u a n tita tiv e *  B e tte r  methods of e x tra c tio n , time of sam pling, p u rificap 

t io n ,  c o n d itio n s  necessary  fo r  optimum a c t iv i ty  and b e t t e r  c o n tro l of 

th e  pH of th e  re a c tin g  medium, e t c . , shou ld  be c a re fu lly  considered* I t  

has been found, f o r  example, th a t  d ia s ta s e  no t only i s  a  m ixture of 

enzymes, bu t th a t  th e re  a re  d i f f i c u l t i e s  in  se p a ra tin g  them* Again, th re e  

methods of determ in ing  d i a s t a t i c  a c t iv i ty  have been suggested b u t u su a lly  

only one i s  taken* In  th e  th re e  methods however th e  changes do n o t always 

take p la c e  in  th e  same o rd e r o r a t  the same ra te  and u n le ss  a  comparison 

by means of th e  th re e  methods i s  made the degree of a c t i v i t y  by any one



method might no t re p re se n t a c tu a l  cond itions*  Sometimes th e re  i s  a  

ra p id  l i q u i f i c a t io n  of s ta rc h  p a r a l le le d  by a  slow m altose fo rm ation : 

a t  o th e r  tim es th e re  i s  a  very rap id  form ation  of m altose b u t a  slow 

d isappearance of p ro d u c ts  which give a  b lu e  c o lo r  w ith  iodine*

The d if fe re n c e s  i n  carbohydrate metabolism between th e  h ea lth y  

and d ise a se d  p la n ts  suggested  a  p o ss ib le  connection w ith  enzyme a c t iv i ty  

o r in a c t iv i ty *  Only q u a l i ta t iv e  o r rough q u a n t i ta t iv e  t e s t s  were 

p o s s ib le  in  the two experim ents conducted a t  two d if f e r e n t  seasons*

Enzyme e x tr a c ts  were secured  from  leav es  of s im ila r  age s e le c te d  from 

th e  th re e  d i f f e r e n t  groups of p lan ts*  In  one s e r ie s  the u su a l w ater 

e x tra c tio n  method was used* The leav es  were g a th e red  in  th e  l a t e  morning 

period* In  th e  second experim ent th e  enzymes were ex tra c te d  by a  method 

d esc rib ed  by True and Hawkins (38) in  which g ly c e rin e  was the e x tra c t

ing  medium* In b o th  experim ents a  p re lim in ary  g r in d in g  of the t is s u e s  

w ith  c lean  q u artz  sand was necessary* The g ly ce rin e  e x tra c tio n  was 

continued  fo r  2b hours and a t  a  tem perature o f 10° C. The e x tr a c t  was 

then  squeezed th rough  ch eesec lo th  and made up to  mark in  a  250 cubic 

cen tim ete r vo lum etric  f la sk *  A one p e r  cen t L intner* s s ta rc h  so lu tio n  

was made up f re s h  each time a  t e s t  was conducted* A t e s t  c o n s is te d  in  

p lac in g  v ary in g  co n cen tra tio n s  of the enzyme so lu tio n  in  a  s e r ie s  o f 

t e s t  tu b es and then adding 5 cubic cen tim eters o f a  one p e r  cen t s ta rc h  

so lu tion*  O ne-half a  cubic cen tim eter of to lu o l was p laced  in  each 

tube* The tu b es  were c lo sed  w ith  a  s to p p er, shaken, and p laced  in  an 

in cu b a to r a t  37° C .f f o r  US hours* At the end of th i s  tim e the tubes 

were removed from the in cu b a to r and immersed in  cold  w ater and to  each 

was added te n  cubic cen tim e te rs  of cold d i s t i l l e d  w ater and o n e -ten th
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cubic  cen tim e te r of a  one p e r  cen t iod ine  so lu tio n *  The tu b es were 

then shaken and th e  enzymatic a c t iv i ty  determ ined by the  observation  

of changes in  color* The d a ta  may be found in  ta b le  I I I*

That tube co n ta in in g  the low est d i lu t io n  o f enzyme, in  which 

no b lu e  c o lo r was found , on trea tm en t w ith  io d in e  was a r b i t r a r i l y  taken 

as  zero* Then the  tube in to  which a  sm all q u a n tity  of b o ile d  enzyme 

had been in troduced  and which on treatm ent w ith  io d in e  showed th e  b lue  

c o lo r  was taken to  re p re se n t the o th e r end of the s c a le  o r 100* The 

o th e r  tubes were graded according to  c o lo r  on a  percen tage b asis*

From the ta b le  i t  i s  obvious th a t  the d i a s t a t i c  a c t i v i t y  of the leav es  

of m o sa ic -in fec ted  p la n ts  was g re a te r  than  th a t  of the masked or h ea lth y  

ones* When considered  w ith  the carbohydrate changes a lread y  d esc rib ed  

above the  in c rea sed  d ia s t a t i c  a c t iv i ty  ex p la in s  why th e re  was such a  

sm all amount o f so lu b le  s ta rc h  o r d e x tr in  and why th e re  was an increased  

amount o f sucrose in  th e  m osaic-in fec ted  p lan ts*  In th e  case of the 

••masked" p la n ts  i t  appears th a t d i a s t a t i c  a c t i v i t y  has not been modified* 

Masking e f fe c ts  in  the ra sp b erry  may be in  th e  some phases comparable to  

th e  e f f e c ts  of a  l a t e n t  v iru s  in  the metabolism o f th e  po tato*  B arton- 

W right (2) rep o rted  th a t  p o ta to e s  con ta in ing  a  la te n t  v iru s  had in  no 

way m odified carbohydrate metabolism* In th a t  case no changes In  enzyme 

a c tio n  would be expected . These experim ents w i l l  be rep ea ted  on a  

q u a n t i ta t iv e  b a s is  and d e f in ite  conclusions must be re se rv ed , fo r  the  

f u tu r e ,  b u t out p re se n t r e s u l t s  in d ic a te  a  s ig n i f ic a n t  d iffe ren ce*

Proof th a t  d ia s t a t i c  a c t i v i t y  i s  in c reased  in  mosaic in fe c te d  

tobacco has been shown by Dunlap (15)* Sreenivasaya (3*0 found th a t  

th e  d i a s t a t i c  a c t iv i ty  of spiked leav es  of sandal was much g r e a te r  than
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Table I I I .

D ia s ta t ic  a c t iv i ty  of e x tra c ts  from leaves of h e a lth y , masked 

and m o sa ic -in fec ted  p la n ts  a s  determ ined by th e  co lo r produced by 

th e  a d d it io n  of io d in e  to  a  s ta r c h  su b s tra te*  Zero in d ic a te s
i

g r e a te s t  a c t i v i t y  and 100 in d ic a te s  no a c tiv ity *

P la n t
Q uantity  of enzyme ex t r a c t

0*5ec . 0.4cc* 0*3cc* 0 *2cc* 0 *lcc Control

H ealthy 20 t o 60 SO 100 100

H ealthy 20 t o 6o SO 100 100

Masked 20 t o 60 SO 100 100

Masked 20 to 60 80 100 100

Mosaic 0 20 50 6o 100 100

Mosaic 0 20 50 6o 100 100
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th a t  o f th e  h ea lth y  le a v e s .  True and Hawkins ( 3S) however were unable 

to  d e te c t  any d if fe re n c e  between the d i a s t a t i c  a c t i v i t y  of the leav es  

of h ea lth y  and d isea sed  sp inach . R aspberries then  appear to  be n o t un

l ik e  o th e r  p la n ts  in fe c te d  w ith  mosaic in  th e i r  power to  q u ick ly  con- 

v e r t  s ta r c h  and a ls o  g lucose in to  su c ro se .

V. P ho to sy n th esis  and R e sp ira tio n  S tud ies  

The r a te  of p h o to sy n th esis  in  le a v e s , o r th e i r  e f f ic ie n c y  in  

th e  food m anufacturing p ro c e ss , has been determ ined fo r  many ty p es  of 

p la n ts  under vary ing  c lim a tic  co n d itio n s , experim ental p rocedures e tc .

I t  has been shown th a t  no t only do e x te rn a l co n d itio n s  modify th i s  

p ro c e ss , bu t in te rn a l  co n d itio n s  a ls o ,  such a s  w ater and ch lo ro p h y ll 

c o n te n t, age , v a r ia t io n s  in  th e  a b i l i t y  to  re a c t  (p ro top lasm ic f a t ig u e ) ,  

im proper n u tr ie n t  c o n d itio n s , tra n s lo c a tio n  and u t i l i z a t i o n  of a s s im ila t

ed m a te r ia ls .  In  s p i te  of a l l  th ese  modifying co n d itio n s  i t  i s  no t 

im possib le to o b ta in  a  f a i r  approxim ation of a  normal l e a f ’ s e f f ic ie n c y . 

The o b jec t o f th i s  work was to  compare the p h o to sy n th e tic  e f f ic ie n c y  of 

h e a lth y  rasp b erry  leav es  and those  in fe c te d  w ith  mosaic. The method of 

H einicke and Hoffman (19) as ap p lied  to  apple leav es  was s e le c te d  a s  a  

guide f o r  th e se  s tu d ie s .  In  p r in c ip le  i t  i s  l ik e  many o th e rs  d a tin g  

back even to  th e  tim e of K re u ss le r’ s work in  1885,  b u t i t  has the ad

vantage of b e ing  u s e fu l  in  cases where the leav es  a re  s t i l l  a tta ch e d  to  

th e  p la n t .  These au th o rs  have a lso  been very  e x p l ic i t  in  th e i r  des

c r ip tio n s  of th e  method, and in  p o in tin g  out th e  v ario u s  s te p s  and the 

need f o r  care  and p ra c t ic e  in  developing techn ique. This i s  im portant 

as i t  i s  then  p o s s ib le  to  d u p lic a te  p rocedures, a  s t a t e  o f a f f a i r s  

which has u su a lly  been im possible to  accom plish in  experim ents o f t h i s



The re p o rt th a t  fo llow s d ea ls  w ith  p la n ts  grown in  the green

house* R e su lts  ob ta ined  in  th is  way a re  comparable to  those  found in  

f i e ld  p lan ts*  The carbohydrate s tu d ie s  rep o rted  above have shown 

th a t  normal h ea lth y  p la n ts  e x h ib it  th e  same g en era l type of metabolism 

in  th e  greenhouse a s  in  th e  f ie ld *  The f i e ld  p la n ts ,  however, p ro

duce approxim ately  tw ice as much m ateria l*  S im ila r s tu d ie s  by o th e r  

workers have a ls o  been conducted in  greenhouses and no marked v a r ia 

tio n  in  th e  type of carbohydrate metabolism has been thus f a r  rep o rt

ed* F i r s t  s tu d ie s  a re  n a tu ra l ly  made where experim ental f a c i l i t i e s  

a re  a v a i la b le  and where com plicated ap para tus can be s e t  up w ithout 

f e a r  of m istreatm ent* Arrangements f o r  f i e l d  study have a lre ad y  

been made fo r  th e  coming growing season* Three s e r ie s  of experim ents 

were c a r r ie d  through* One in  the sp rin g  of 1936 , a  second in  th e  

summer of th e  same y ea r and the  l a s t  in  th e  sp rin g  of 1937*

P h o to sy n th e tic  e f f ic ie n c y  was estim ated  by determ ining  the  

d iffe re n c e  in  Cog con ten t between a  continuous stream  o f normal a i r  

and a  s im ila r  stream  of a i r  th a t  had passed  over le a f  t is s u e  confined 

in  a  s p e c ia l ly  c o n s tru c te d  p h o to sy n th e tic  chamber* The p h o to sy n th e tic  

chambers were in  th e  form of c y lin d e rs  made of c e l lu lo id  as shown in  

f ig u re  3* They were la rg e  enough to enclose th e  e n t i r e  end of a  rasp

b e rry  cane* Thus a  co n s id e rab le  amount of p h o to sy n th e tic  t is s u e  can 

be used and crowding of leaves avoided* There was a ls o  a  minimum of 

tem perature v a r ia t io n  so p rev a len t in  experim ents where s in g le  leav es  

o r p o r tio n s  of leav es  a re  used in  cup chambers or o th e r sm all con ta iners*
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The c y l in d r ic a l  chambers were 20 inches high and 30 inches 

in  circum ference* A c e l lu lo id  cover was cemented to  one end w ith  a  

m ixture o f c e l lu lo id  in  acetone* A ll jo in t s  a t  t h i s  end were sea led  

tig h t*  At th e  o th e r  end th e  c y lin d e r  was a tta ch ed  to  a  m etal rim to  

which was fa s te n e d  a  long  m etal rod th a t could be used f o r  a  support 

when s tu ck  in  the  ground* Cellophane fa s ten ed  to t h i s  rim by an 

e l a s t i c  band, and lo o se ly  t i e d  around th e  e x i t  and i n l e t  a i r  tu b es  and 

stem , c lo se d  up the  chamber* The ab so rp tio n  u n i ts  w ith  s l ig h t  m odifi

c a tio n  were th e  same a s  those p ic tu re d  and d esc rib ed  by Heinicke and 

Hoffman ( 19) on page fo u r  of th e i r  p u b lic a tio n . T he ir g en era l method 

of p rocedure as to  c a l ib r a t io n :  tak in g  of samples, re g u la tin g  a i r  

supply , t i t r a t i o n s ,  e t c . ,  was followed* The running time of an experi

ment was always f o r  fo u r  hours a s  t h i s  was a  convenient tim e in te rv a l  

f o r  th e  o p e ra to r  and was of s u f f ic ie n t  le n g th  to  produce recogn izab le  

q u a n t i t ie s  of Cog • S im ila r runs fo r  th e  same tim e p e rio d s  were made 

in  darkened chambers o r during  th e  n ig h t in  re g u la r  chambers f o r  

in fo rm ation  on re s p ir a to ry  a c t iv i ty  in  leaves*

Leaf a re a s  had to  be determ ined and th i s  was accom plished with

out in ju ry  to  th e  le a f  o r p la n t  by means of a  s im p lif ie d  and p o r ta b le  

p h o to e le c tr ic  device described  by Hibbard, Grigsby and Keck (21)* This 

device has been used f o r  th ree  y ea rs  and has a  few sp e c ia l f e a tu re s  no t 

y e t  no ted  in  the d e s c r ip tio n s  of se v e ra l devices re c e n tly  p u b lish e d .

I t  i s  o p era ted  on a  6 v o l t  b a t te r y ,  has a  m u ltip le  p o in t ,  low in te n s i ty  

l i g h t  so u rce , and a  s p e c ia lly  co n stru c ted  cone shaped l ig h t  chamber and 

needs no c o rre c tio n  f o r  transm ission  of l ig h t  through the t e s t  lea f*



The dev ice  can he made p o r ta b le  and an autom obile b a t te ry  can be used 

as  th e  source of pow er. F igure  H i s  from a  photograph of the appara

tu s .

The d a ta  f o r  pho to sy n th esis  and r e s p ir a t io n  may be found in  

ta b le s  IV, V, and VI. The f ig u re s  given f o r  p h o to sy n th esis  a re  a c tu a l

l y ,  ap p aren t p h o to sy n th e s is , and re p re se n t the m illigram s of Co2 p e r  

100 square cen tim eters  of su rface  p e r  hour, over and above the  q u a n tity  

of Co^ l ib e r a te d  through the o p e ra tio n  of r e s p ir a t io n  and o th e r meta

b o lic  p ro cesses  o f the p la n t .  These f ig u re s  a re  below the  column head

ed A. M. The f ig u re s  below the column headed P . M, a re  f o r  th e  q u a n tity  

o f Co^ l ib e r a te d  p e r  100 square cen tim eters  p e r  hour, during  runs a t  

n ig h t o r  in  b lack  hooded chambers. These f ig u re s  re p re se n t r e s p ir a t io n .  

Greenhouse tem peratures between n ig h t and day a re  u su a lly  of wide 

v a r ia t io n  b u t a  system of re g u la tio n  was p o ss ib le  and in  th ese  experi

ments th e  g r e a te s t  v a r ia t io n  in  ten p e ra tu re s  were not more than 5° V.

The canes used  were in  t h e i r  f i r s t  season of growth. A study o f a l l  

th re e  ta b le s  shows th a t th e  apparen t pho tosyn thesis  i s  reduced in  the 

mosaic p la n t s .  In o th e r  words the  d isea sed  p la n ts  a re  le s s  e f f i c i e n t  

in  p h o to sy n th esis  than  th e  h ea lth y  ones and th e i r  r a te  of a c t iv i ty  

i s  reduced . R e sp ira tio n  on the o th e r  hand showed a  g re a te r  a c t i v i t y  

in  th e  m o sa ic -in fec ted  p la n ts .  The re sp ira to ry  a c t iv i ty  of th e  masked 

p lg n ts  i s  in te rm e d ia te , le s s  than the  d iseased  b u t more than the  

h e a lth y .

A f u r th e r  study  of th e  ta b le s  shows th a t  p h o to sy n th e tic  

a c t i v i t y  v a r ie s  w ith  the tim e of th e  y e a r . The sp rin g  or May v alues 

a re  low er than th e  sunnier v a lu es . Two explanations a re  p o s s ib le .



2 0 -

Table IV

Apparent p h o to sy n th esis  and r e s p ir a t io n  of h ea lth y  and mosaio- 

in fe c te d  p la n ts  in  the  sp rin g  of 193&* expressed a s  m illigram s of Co
2

p e r  100 sq . cm. p e r  hour. Average of U-hour 6cT<zjrmmations d u rin g  

the  day o r n ig h t .

Date P la n t Day N ight
R atio

Day Night

toy U H ealthy 6.50 K j s 100 100

k Mosaic ^.15 5.28 63 110

11 H ealthy 1*7*79 5.23 100 100

11 Mosaic 9*97 6.07 77 115

13 H ealthy L5.31 ^.62 100 100

13 Mosaic 9*09 6.10 59 132

15 H ealthy 6.52 2 .7  s 100 100

15 Mosaic 3.82 3.56 58 128
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Table V.

A pparent p h o to sy n th es is  and r e s p i r a t io n  of h e a lth y , m o sa ic -in fec t

ed and masked p la n ts  expressed  a s  m illigram s of COg , p e r 100 sq* cm*, 

p e r  hour. Average of 4-hour determ inations daring  day or n ight*  Summer 

of 1936*

Date
Day

Day Av.
P a tio

P la n t A.M. P.M. Night Day N ight

Ju ly  8 H ealthy 11,70 10.75 11.22 4.06 100 100

8 Masked 13.09 11.79 12.44 4 .6 l 110 113

8 Mosaic 10.50 9.69 10.09 5.05 89 121

9 H ealthy 8*08 8.08 8.08 4 .4 i 100 100

9 Masked S.U5 7.71 8.08 4.07 100 92

9 Mosaic 7.70 6.81 7.25 4.47 88 101

10 H ealthy 12.12 13.22 12.67 4.07 100 100

10 Masked 12*13 12.13 12.13 4.03 95 99

10 Mosaic 11.62 12.07 11.84 4.53 93 111

14 B aalthy 31.64 24.90 28.27 4.60 100 100

14 Masked 29.10 22.44 25.77 5.46 91 118

14 Mosaic 27.49 19.49 23.49 6.06 S3 131

15 H ealthy 17.22 15.68 16.45 5 .54 100 100

15 Masked 17.94 17.37 17.60 7.46 107 134

15 Mosaic 13.24 12.10 12.67 S.97 77 161

16 H ealthy 16.71 18.02 17.36 7.19 100 100

16 Masked 20.02 19**6 19.94 8.54 114 110

16 Mosaic 16.51 17.14 16.82 12.07 96 167

17 H ealthy 16.90 15.94 16.42 6 .4 i 100 100

17 Masked 20.07 17.40 1S.73 7.55 114 117



■22-

Table V (continued)

Date P la n t
Day

Night
R atio

A* M# P.M. Day Av. Day N ight

Ju ly  17 Mosaic 15.00 l K S 2 lU .91 S.90 Sh 13S

Aug. IS H ealthy 17.32 15.50 l6 .H l 5 . ^ 100 100

IS Masked 17.^3 17.17 17.50 S.02 106 1U6

IS Mosaic 15.96 15.00 15.U8 9.2H 9U 16s

23 H ealthy 13.H9 12.37 12.93 K S k 100 100

23 Masked 12.16 12.16 12.16 1+.6H 9U 100

23 Mosaic 1 1 .3 s 10.73 11.05 5.00 25 107
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Table 71 .

A pparent p h o to sy n th esis  and r e s p ir a t io n  of h ea lth y  and m osaic- 

in fe c te d  p la n ts  in  e a r ly  sp rin g , 1937* R esu lts  expressed  a s  m illigram s 

of Cog , p e r sq . cm., p e r  hour. Average of H-hour de term ina tions d u r

ing  day o r n ight#

Rfi t io
Date P lan t A. M. P . M. Day Av. Right Pay l ig h t

March 29 Healthy 5 . 51* S .92 7 .23 3.00 100 100

29 Mosaic 2.U3 5 .21 3 .82 H.H3 52 lHH

30 Healthy H.17 H.17 1 .32 100 100

30 Mosaic 1 .3 8 1 . 3S 2 .73 33 206

A p ril 1 Healthy 7 .91 5 . 5H 6.72 3 . Hi 100 100

1 Mosaic H.19 2 .86 3.52 3*58 52 105

2 H ealthy 5 .5 0 5 .50 5 .50 1 .17 100 100

2 Mosaic H.23 H.H9 H.36 1.35 79 115
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F i r s t ,  i t  might he a  case o f d if fe re n c e  in  v ig o r, th e  summer p la n ts  

being  the  most v igorous o r ,  second ly , i t  might be a  group o f ex te rn a l 

c o n d itio n s , c h ie f ly  l i g h t  and temperature* th a t  cause the d iffe ren ce*

The form er ex p lan a tio n  does no t appear to  be a s  reasonable  a s  th e  

l a t t e r ,  s in ce  th e  type of growth in  the ra sp b erry  i s  in d e te rm in a te , 

and the  groups of leav es  on th e  ends of the canes a re  in  s im ila r  

growth s tages*  Seasonal v a r ia t io n s  in  p h o to sy n th e tic  r a t e  do occur 

acco rd ing  to  D astur and Desai (10)* Heinicke and Hoffman rep o rted

(19) v a r ia t io n s  from day to  day* Bolas and M elv ille  ( 6) observed a  

seaso n al v a r ia t io n ,  th e  r a te  of p h o to sy n th esis  being  h igh  in  summer 

and then  d e c lin in g  towards w inter* V aria tio n  i s  the ru le  r a th e r  

than  th e  exception*

Stone ( 36) working w ith  m osa ic -in fec ted  p o ta to e s  found a  re 

d u c tio n  in  p h o to sy n th e tic  e f f ic ie n c y , b u t no ted  th a t  the se v e rity  of 

th e  d ise a se  had l i t t l e  e f f e c t  upon th e  degree of reduction* Dufrenoy 

( lh )  claim ed th a t  mosaic in h ib i te d  p h o to sy n th e tic  e f f ic ie n c y . B arton- 

W right (2) found th a t  in  young p o ta to  p la n ts  su ffe r in g  from mosaic 

th e re  was no d if fe re n c e  in  carbohydrate metabolism or th e  a b i l i t y  to  

make carbohydra tes , bu t as th e  p la n ts  grew o ld e r  th ere  was a  d ec lin e  

in  th e  amount of carbohydrates formed* There seems to  be no doubt 

in  the case  of th e  rasp b erry  of a  decrease in  a c tiv ity *  As to  a  

re la t io n s h ip  between s e v e r ity  of the d ise a se  and p h o to sy n th e tic  ac

t i v i t y  i t  would appear th a t  th e re  i s  one* The degree of red u c tio n  

o r d ecrease  of a c t iv i ty  seems to  be p ro p o rtio n a l to  symptom expression* 

In  th e  masked p la n ts  the red u c tio n  i s  not so g re a t as  in  th e  m osaic-
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in f  e c te d  ones* W hitehead ()J0) ob tained  s im ila r  r e s u l t s  in  p o ta to  

p la n ts  in fe c te d  w ith l e a f  r o l l*  Dunlap (15) g iv e s  d a ta  th a t  show in

c reased  r a t e  of r e s p ir a t io n  in  young rasp b erry  p la n ts  and a  decrease 

in  o ld e r  ones* His r e s u l t s  a re  based  on Co 3. evolved p e r hour in  an 

average s iz e d  l e a f ,  the a re a  of which was unknown*

VI* T ran sp ira tio n  

A com parative study  of th e  tra n s p ir a t io n  r a te  of h e a lth y , 

d iseased  and masked p la n ts  was undertaken in  the  greenhouse* A ll records 

here  were obtained  by the s tan d ard ized  hygrom etric paper method* This 

was f i r s t  suggested  by S tah l (35) and l a t e r  was s tandard ized  by 

L iv ingston  and h is  co-w orkers ( 23)* There have been some m od ifica tions 

by L iv in g sto n  h im self and by o ther workers in  th is  f i e l d  in  more recen t 

times* The m o d ifica tio n s  by Meyers (25) were follow ed in  th e  main* By 

u s in g  t h i s  method th e  leav es  d id  no t have to  be detached from the p la n t 

and one can make t e s t s  on leav es  under d if f e r e n t  cond itions w hile they  

a re  growing n a tu ra l ly  in  benches or po ts in  the greenhouse* The method 

of o b ta in in g  r e s u l t s  i s  more simple and q u icker than experim ents w ith  

potom eters or w ater c u ltu re  set-up* I t  i s  p re fe ra b le ,  e s p e c ia lly  in  

experim ents of a  p re lim in ary  n a tu re , to  the  more e lab o ra te  methods 

which have been described* The w r ite r  b e liev e s  th a t  much more inform a

tio n  should  be c o lle c te d  no t only  from p la n ts  in  the greenhouse b u t 

from f i e l d  specimens* These rep o rted  f ig u re s ,  however, a re  in d ic a tiv e  

of the  e f f e c t  o f a  v iru s  on p la n t tra n sp ira tio n *  Up to  the p re se n t,  

few s tu d ie s  of t h i s  k ind  have been made and none a t  a l l  on the ra sp b e rry . 

R e su lts , shown in  ta b le  V II, a re  recorded a s  grams of w ater
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Table VII

Grams of w ater vapor tra n sp ire d  from leav es  of healthy* and 

masked p la n ts  p e r  horn* p e r  100 square cen tim eters  o f le a f  area*

H ealthy (H) Masked (M) D iseased (D) R atio
D
TT

M
R atio  H

Time Bench Pot Bench Pot Bench P ot Bench Pot Bench P ot

March 13 1.95 - 1.95 1.08 2.03 1 . 1H 10U - 100 55

N 20 1.37 - 2*01 1.08 2.00 O.76 1U5 - 1U5 78

H 21 - - ' - 1.30 1.7S 1.11 166 - - 122

U 31 1*01 - - •S3 1.77 .95 176 - m 82

A p ril 8 1*55 a* 1*87 1*67 1.57 •95 101 - 120 107

H 12 - - - - I .63 1.25 1*10 — *• —
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vapor l o s t  in  one hour p e r  100 square cen tim eters  of l e a f  area* The

r e la t io n  "between th e  c o lo r  o f the  hygrom etric paper and th e  amount

of w ater taken  up i s  determ ined in  th e  fo llow ing  way* The time* in

seconds, necessary  f o r  a  d e f in i te  a re a  of paper p ressed  on the le a f

su rfa c e , to  a t t a in  the same p ink  c o lo r  a s  a  s im ila r  p iece  of paper

in  a  s a tu ra te d  atm osphere and  used a s  a  re fe ren ce  s tan d a rd , was found*

Now, by u s in g  the  form ula G m (0*0678^- *  3^0Q) the  amount of
T

w ater vapor can he determined* The c a l ib ra t io n  of th e  re fe ren ce  

s tan d a rd  showed th a t  th e  p ink  co lo r was eq u iv a len t to  the  ab so rp tio n  

o f 0*0678 grams of w ater vapor p e r  100 square cen tim eters of paper

surface*  Thus th e  co lo r  was a  measure of w ater co n ten t of the paper

and t h i s  was r e la te d  to  the tim e* In th e  equation  G equals th e  grams 

of w ater vapor l o s t  p e r  hour and T i s  th e  tim e o f c o lo r change in  

seconds* The number o f seconds in  one hour i s  36OO, the f ig u re  in d ic a t— 

ed in  th e  num erator o f the equation  above*

The f ig u re s  in  the ta b le  show th a t  the m osaic-in fec ted  p la n ts  

have a  g r e a te r  t r a n s p ir a t io n  r a te  than the  h ea lth y  ones and th a t  the  

r e s u l t s  from th e  masked p la n ts  a re  in term ediate*  Heuberger and Norton

( 20) observed a  g r e a te r  r a te  of t ra n s p ir a t io n  in  m o sa ic -in fec ted  tomato 

p la n t s .  H arrison  (16) rep o rted  no increased  tra n s p ira t io n  in  m osaic- 

in fe c te d  bean leav es  b u t w ater lo s se s  from the pods of d iseased  p la n ts  

were g r e a te r  than from those of h ea lth y  p lan ts*

The d a ta  a lso  show th a t  the lo s s  of w ater vapor i s  more ra p id  

in  p la n ts  growing in  the s o i l  in  an open bench where the s o i l  i s  two 

f e e t  deep , than in  p o ts  where the s o i l  mass i s  r e s t r i c t e d  and n o t more
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than  fo u r  or f iv e  inches deep* In  the l a t t e r  th e  supply of m oisture 

i s  l e s s  than  in  th e  "bench and th e  p la n t  ro o ts  qu ick ly  u se  up th e  supply* 

When p la n t8 have grown in  p o ts  f o r  some tim e the m a jo rity  o f the ro o ts  

grow n e a r  th e  s id e s  of the  po t and on the  o u ts id e  of th e  s o i l  mass*

The w ater h e re  i s  soon used  up and a  decrease in  t ra n s p ira t io n  occurs* 

A f te r  i t  had "been determ ined th a t  the t r a n s p ira t io n  r a te  in  

d iseased  p la n ts  was g r e a te r  than in  th e  h ea lth y  an exp lanation  was 

sought in  th e  d is t r ib u t io n  and number of stom ata on the leaves of the 

d i f f e r e n t  types of p lan ts*  The ra sp b e rry  lamina i s  of a  d e l ic a te  

s t r u c tu r e ,  i t s  su rface  i s  of a  convoluted o r wavy n a tu re  and i t s  only 

support a re  th e  prom inent veins* To a s s i s t  in  m ain ta in ing  i t s  r ig id i t y  

th e  su rfa c e  i s  im pregnated w ith  s ilico n *  When leav es  a re  ashed co nsider

a b le  amounts o f s i l ic o n  a re  found* There was g re a t d i f f i c u l ty  th e re fo re  

in  s t r ip p in g  o f f  s u ita b le  p ie c e s  of epiderm is fo r  th e  purpose of f ix in g  

th e  stom ata on th e  l e a f  in  ab so lu te  a lco h o l so th a t  stom atal s tu d ie s  

could be made la te r*  The co llo d io n  f ilm  method f i r s t  suggested by 

N ew irth (26) and l a t e r  improved by Long and Clements (2̂ 4-) was no t success

fu l*  The c h ie f  th in g  th a t  m il i ta te d  a g a in s t th e se  methods was th e  f a c t  

th a t  th e  su rfa c e  of th e  l e a f  was covered by a  mat of long , tenuous in t e r 

lo ck in g  h a irs*  I t  was d i f f i c u l t  a ls o  to  see th e  stom ata because of the 

dense, d a rk , c e l l  con ten ts*  The stom ata a re  small and th e re fo re  q u ite  

numerous and some method had to  be devided to  avo id  th ese  d i f f i c u l t i e s *

F i r s t  i t  seemed necessary  to  use some c le a r in g  agent* A l a c t i c -  

ac id -pheno l p re p a ra tio n  a s  rep o rted  by Davis (11) proved very good* The 

method o f co u n tin g  and s tu d y in g  stom ata co n sis ted  f i r s t  in  s e le c t in g  

s u ita b le  comparable le a v e s , detach ing  them from the p a ren t p la n t and
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immerslng than in  ab so lu te  a lco h o l to  k i l l  and f ix  them in  the form 

in  which they were gathered* The leaves were nex t immersed in  the 

c le a r in g  f lu id  in  which they  remained fo r  tw enty-four hours and a f t e r  

c le a r in g  were washed w ith  w ater so a s  to  be f r e e  of c le a r in g  f lu id *  

The t i s s u e  was s ta in e d  w ith  an aqueous so lu tio n  of io d in e  in  po

tassium  iodide* T his reagen t tu rned  the s ta rc h  in  the guard c e l l  a  

dark b lu e  co lo r and i t  was no t d i f f i c u l t  then to  f in d  the  stom ata and 

count them* S lid e s  were made and s tu d ied  under high m agn ifica tion  of 

th e  microscope* Stomata were found only on the low er face  of th e  

l e a f  and on th e  margin of th e  l e a f ,  they occur in  la rg e r  numbers than 

in  th e  c e n te r  p o r tio n  of th e  lea f*  Stom atal counts a re  found in  

ta b le  V III .  They were c a lc u la te d  on the b a s is  of so many p e r  square 

m illim e te r  of l e a f  area* Counts were taken  a t  random in  d i f f e r e n t  

reg ions of th e  b la d e , some n ear the m id -rib , o th e rs  near the t i p  of 

the l e a f ,  some a t  th e  base  and o th e rs  on the m argin, etc* Counts on 

ten  d i f f e r e n t  m icroscopic f i e ld s  were u su a lly  obtained*

A comparison was made of o ld  leaves and young leaves*

The number of stom ata i s  d if f e re n t  fo r  th e  two types ind ica ted*  The 

younger le a v e s  possess  p e r  u n i t  a re a  a  g re a te r  number of stom ata than 

o ld e r  ones, whether one considers  the  h ea lth y  o r m osaic-in fec ted  

p la n ts*  . The d isea sed  leav es  have tw ice a s  many as  th e  healthy* A 

d e te rm in a tio n  of th e  s iz e  of the  opening between the guard c e l l s  was 

attem pted  bu t because of the uneveness of the su rface  and the 

abundance of h a ir s  p re se n t on the su rface  of th e  le a f  no s a t is f a c to ry  

r e s u l t s  were obtained* This in fo rm ation  i s  needed because i t  w i l l



T ab le VIII

Number of stom ata p e r  sq« mm* of le a f  a re a  in  h ea lth y  and m osaic-
i

in fe c te d  p la n t s .

H ealthy Mosaic
Bandom Counts margin ; landom Counts margin

>ia told did young old o ld old old

11

10

21 22

11

21
1111 10

12

12

Average 9**J 9*7 9.g 26.  g 25*5
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help  to  decide th e  qu estio n  of w hether o r not th e  g re a te r  r a t e  of 

t r a n s p i r a t io n  i s  due to the g re a te r  number of stomata* H arrison  (12) 

re p o rte d  in  the case  of bean mosaic th a t  th e re  was a  red u c tio n  in  

t r a n s p i r a t io n ,  and accounted f o r  t h i s  red u c tio n  by dem onstrating a  

d ecrease  in  th e  number of fu n c tio n in g  stomata* In f a c t  he found many 

stom ata c lo se d , a lthough  the number d id  not vary  in  the two s o r ts  of 

p la n ts*  The in c reased  number of stom ata on the rasp b erry  m osaic- 

in fe c te d  le a f  may be accounted f o r  by the f a c t  th a t  th e  l e a f  i s  sm aller 

than  a  h ea lth y  one and th e re fo re  more stom ata a re  c o lle c te d  in  a  u n i t  

o f a re a  than  on a  w ell expanded h ea lth y  leaf*  I t  i s  a  w ell known f a c t  

th a t  the d isea sed  le a v e s  a re  somewhat dwarfed*

V II. Chlorophyll

A com parative study  of the  ch lo rophy ll co n ten t of the  leav es  

o f the th re e  s o r ts  o f p la n ts  was made* In appearance, the d iseased  

c o n d itio n  i s  accompanied w ith  m o ttlin g  of the leaves* There a re  

b l i s t e r e d  a re a s  in  which th e  t i s s u e  i s  a  dark er green than the  normal 

and th e re  a re  o th e r  a re a s  in  which the  t i s s u e s  a re  a  p a le  g reen . In  

th ese  s tu d ied  the e n t i r e  l e a f  was taken* To sep ara te  th e  g reen  p o r tio n s  

from th e  p a le  green  in  any one le a f  was u n ca lled  f o r  a t  t h i s  time*

The masked p la n ts ,  on casu a l o b se rv a tio n , d id  not look  very  d if f e re n t  

from th e  h e a lth y  b u t a s  one can see from the ta b le  they con tained  more 

ch lo rophy ll*

P e te rso n  (27) in  1931 found a  reduction  of ch lo rophy ll in  m osaic- 

in fe c te d  tobacco. C h lo rop lasts  in  leav es  of m o saic-in fec ted  p la n ts  

have been s tu d ied  and the changes noted bu t l i t t l e  o r no knowledge i s
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o b ta in a b le  on the  ch lo ro p h y ll con ten t and i t s  p o s s ib le  v a r ia t io n  

in  d ise a sed  and h ea lth y  p la n ts .  In  connection w ith  th e  d iseased  

p l a n t 's  reduced p h o to sy n th e tic  a c t i v i t y ,  one might expect a  re 

duction  in  ch lo ro p h y ll co n ten t. However, reduced p h o to sy n th e tic  

a c t i v i t y  might ju s t  a s  w ell be due to  accum ulation of p roducts o r 

some o th e r c o n d itio n .

The ch lo ro p h y ll con ten t of leav es  was determ ined by the 

method d esc rib ed  by U lvin (39)* The c o lo r im e tr ic  method of ch loro

p h y ll  de te rm in a tio n  was s e le c te d . The r e s u l t s  a re  g iven  in  m i l l i 

grams of ch lo ro p h y ll p e r  100 square cen tim eters  of le a f  a re a  and 

a re  no ted  in  ta b le  IX.

A study  o f t h i s  ta b le  shows th a t  the m o saic-in fec ted  leav es  

co n ta in ed  approxim ately 12 p e r  cen t more ch lo rophy ll than the  healthy* 

The le a v e s  of the masked p la n ts  a ls o  possessed  about 11 p e r  cent 

more ch lo ro p h y ll. These r e s u l t s  do not agree w ith  those of P e terson  

(27) and were unexpected and a  l i t t l e  s u rp r is in g . The experim ents 

were rep ea ted  in  a  d i f f e r e n t  season and the same genera l r e s u l t s  

were o b ta in ed . The percen tage  in c rease  i s  no t g re a t  b u t i s  s ig n i f i 

c a n t .  A p o ss ib le  ex p lan a tio n  i s  advanced a s  a  r e s u l t  of some c y to lo g i-  

c a l  s tu d ie s  of d ise a se d  le a f  t i s s u e .  The m osaic-in fec ted  leav es  have 

a  p a le  green  co lo r and in  some spo ts a re  almost yellow , bu t a l te r n a t 

in g  w ith  these  a re a s  a re  o th e r  numerous, ra ise d  o r b l i s te r e d  a re a s  

th a t  a re  very  dark  green  in  c o lo r .  A m icroscopical study of se c tio n s  

in  th ese  b l i s t e r e d  a re a s  show two or th re e  e x tra  la y e rs  of p a lis a d e  

c e l l s ,  a l l  o f which co n ta in  numerous p la s t id s .  These e x tra  c e l l s  

a re  ap p a re n tly  p l e n t i f u l  enough to  g ive the d isea sed  leav es  more
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Table IX

F resh  w eigh t, t o t a l  ch lo ro p h y ll and ch lo rophy ll p e r  100 sq . 

cm. in  leav es  of h e a lth y  masked and m o saic-in fec ted  p lan ts*

P la n t
P resh  
Wt. Gm*

Area
Cm.^ * d 100

C hlorophyll
mg.

Chlorophyll 
100 Cm5

Average « 
C h io r/100 Cm R atio

Healthy 8.127 32k 2*$k S .9U 2.76

H ealthy 5-132 322 1.60 7-96 2 .^7 2.61 100

Masked H.152 20k 2*07 6.30 3-15

Masked iuoi& 196 2.02 5-59 2.79 2.97 111

Mosaic 3-301 2.20 U.7S 3-1S

Mosaic 3-35S 162 2.09 U.78 2.98 3-08 112
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c h lo ro p h y ll than  h e a lth y  ones. Bennett ( 3) s t a t e s  th a t  the sev ere ly  

a f fe c te d  v a r i e t i e s  of red  ra sp b e rr ie s  “show a  f in e -g ra in e d  p a t te rn  o f 

m o ttlin g  c o n s is t in g  of sm all yellow  spots stir rounded hy t i s s u e  of 

deeper green  c o lo r . Leaves in  g en e ra l a re  deeper green than  a re  

le av es  of h ea lth y  p la n t  s . ** U n til f u r th e r  work i s  done no d e f in i te  

co n c lu s io n , p e rh ap s , should be drawn though th e  two t e s t s  a re  in d ic a 

t iv e  o f  a  sm all in c re a se  in  ch lo rophy ll in  th e  m o saic-in fec ted  le a v e s .

V III . Leaf Ash S tud ies  

Rao and S reen ivassaya (29) made a  study of the ash  of h ea lth y  

and “ sp iked1* sandal and found le s s  calcium  and potassium  in  “spiked** 

t is s u e  than in  h e a lth y , but th e  w r i te r  has been unable to  f in d  any 

f u r th e r  l i t e r a t u r e  on ash  a n a ly s is  in  hea lthy  and m osaic-in fec ted  

t i s s u e s .  Only one s e t  of t e s t s  was made w ith  ra sp b erry  p la n ts  and 

f u r th e r  work should be done to  c le a r  up d isc rep an c ies  and e s ta b lis h  

te n ta t iv e  conc lu sio n s . Leaves of h e a lth y , masked, and m o sa ic -in fec t

ed re d  ra sp b e rry  p la n ts  were c o lle c te d  se p a ra te ly  and ashed . The ash

ing  tem perature was approxim ately 550° C. The same method was fo llo w 

ed a s  th a t  used su c c e ss fu lly  in  ano ther p r o je c t>no t y e t re p o rte d .

The elem ents (Ca, P e, My* P* and X) in  the ash  were determ ined 

by th e  sp ec tro g rap h ic  method and the  t e s t s  were made under the  d ire c tio n  

of P ro fe s so r  D. T. Ewing of the Chemistry Department of th i s  I n s t i tu t io n .  

The d a ta  may be found in  ta b le  X. The p e r  cent o f ash  i s  c a lc u la te d  on 

th e  d ry  weight b a s is .  I t  may be observed from a  study of the  ta b le  

th a t  the afte rn o o n  f ig u re s  a re  low er than th e  morning f ig u r e s ,  in d ic a t

in g  th a t  p o ss ib ly  a  d iu rn a l v a r ia t io n  in  s a l t  con ten t e x i s t s .
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fa b le  X

Dry w eight, weight of a sh , per cen t ash  and m inerals p re se n t 

in  ash  of le a v e s  from  h e a lth y , masked and is o s a io in fe c te d  p lan ts*

P la n t Dry Wt. Wt. Ash $  Ash
^Element 100$ of. Ash

Ua. Mg. Fe.

H ealtby A.M. 4 .834 gm* 0.463 gm 9.57 10.7$ 4 . $ 3.7$ 3 . ¥ 16.056

« P.M. 3.3^3

r<~\
CVJ. 8 . 1J0 15.6 6 .1 3 .6 2 .4 15.3

•

Masked A.M. 2.716 .269 9.90 6 .3 4 .7 3 .0 3 .4 19.0

n P.M. 3.117 ♦284 9.11 2.9 * .3 3.1 2 .4 18.0

Mosaic A.M. 3.111 .290 9 .32 10 .5 5 .0 5 .3 3.7 17.3
R P . M. 2.687 .232 s .  63 7 .2 3 .2 3 .5 2 .4 17.3

♦Large q u a n t i t ie s  of s i l ic o n  were found in  a l l  p l a n t s .
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Potassium  i s  more abundant than any o th e r  element and iro n  

i s  the l e a s t  p le n t i fu l*  Calcium fo llow s potassium  as  the nex t most 

abundant* When d isea sed  and h ea lth y  p la n ts  a re  compared i t  i s  obvious 

th a t  th e re  i s  le s s  calcium  and more potassium  in  m o saic-in fec ted  

leaves*  The d if fe re n c e  i s  no t g re a t  and may no t be s ig n if ic a n t  b u t 

i f  potassium  o r calcium  p lay  any im portant ro le s  in  p h o to sy n th es is  as  

some th in k ( th ese  s tu d ie s  do not b ea r out such conclusions* One 

would expect to  f in d  g r e a te r  q u a n t i t ie s  of th ese  elem ents in  p la n ts  

where p h o to sy n th es is  occurs most ra p id ly  or in  t h i s  case in  th e  hea lth y  

p la n ts*  Since magnesium i s  an in te g ra l  p a r t  of th e  ch lo ro p h y ll 

m olecule, and s in ce  th e  ch lo rophy ll co n ten t of d iseased  p la n ts  i s  

a p p rec iab ly  h ig h e r , one might a sp ec t a  h igher con ten t of magnesium, 

b u t th e re  i s  h ard ly  a  d iffe re n c e  between the h ea lth y  and d iseased  in  

t h i s  re sp ec t*  W olf 's  (U3) numerous ta b le s  do no t include d a ta  on 

th e  ra sp b e rry  and th e  w r i te r  has no t been su ccessfu l in  f in d in g  in  

the l i t e r a t u r e  any f ig u re s  on the  elem ents p re se n t in  the  resp b erry  

p lan t*  An abundance of s i l ic o n  was found* In f a c t  i t  in te r f e r r e d  

a t  f i r s t  in  th e  p re p a ra tio n  of samples fo r  spec trog raph ic  a n a ly s is ,  

b u t the  q u a n tity  ob ta ined  was no t determined* More study should be 

g iven to  the  ash  con ten t of th e  raspberry  le a f  and sev e ra l t e s t s  

should be conducted b e fo re  d e f in i te  conclusions a re  drawn*

IX, D iscussion

I t  has been known f o r  many y ea rs  th a t when a  ra sp b erry  p la n t

ing  becomes in fe c te d  w ith  mosaic the p la n ts  g rad u a lly  d ec lin e  in  

p ro d u c tiv ity  and the  p la n tin g  i s  u su a lly  described  a s  having "run out"*



~ The d a ta  p re sen te d  in  th i s  paper may be in te rp re te d  in  the  main as  

o f fe r in g  an ex p lan a tio n  f o r  th is  "running out" o f p la n tin g s  of 

su sc e p tab le  v a r ie t ie s *

I t  i s  shown th a t p roduction  of carbohydrates i s  reduced by 

th e  p resence  of th e  v i ru s  and th a t  i t s  in flu en ce  upon p h o to sy n th esis  

i s  ev ident*  N a tu ra lly  th i s  le a d s  to  a  decrease in  the  supply o f re 

se rv es  s to re d  in  the  ro o ts  to  be used  in  th e  succeeding crop of f r u i t  

and new can es . P ro g re ss iv e  dwarfing of the canes produced each year 

in  an in fe c te d  p la n tin g  b ea rs  out th ese  observations* The form ation 

of f r u i t  o f poor q u a l i ty  and f la v o r  i s  a lso  a t t r ib u ta b le  to  a  reduc

tio n  in  pho tosyn thesis*  In  a d d itio n  to  a  reduction  in  decrease in  

carbohydrate  m anufacture, i t  has a lso  been p o ss ib le  to  show th a t  

r e s p i r a t io n  i s  g r e a t ly  increased* A high re s p ira to ry  r a te  in d ic a te s  

th a t  the p ro d u c ts  of p h o to sy n th esis  a re  being  used up much more rap id

ly  in  th e  m o sa ic -in fec ted  p lan ts*  The v i r u s ,p erh ap s  i s  w astefu l of 

the s to re d  energy of the  d iseased  p lan t*  This ra p id  re le a se  of energy 

to g e th e r  w ith  th e  decrease  in  r a te  of form ation of re sp ira b le  m a te ria l 

soon le a d s  to s ta rv a t io n  and ev en tu a lly  death* The s c a rc i ty  o f s ta rc h  

in  d isea sed  leav es  i s  one in c id e n t a t  l e a s t  of s ta rv a tio n  conditions# 

S ta rc h  may be considered  as one of the reserve  forms of carbohydrate 

and in  th i s  case th e  sim ple m a te r ia ls  a re  not converted in to  s ta rc h  

o r i f  s ta r c h  i s  formed i t  i s  soon hydrolyzed to  produce re s p ira b le  

sim ple sugars  when sy n th e s is  i s  slowed up or in ac tiv e*  That some

th in g  of th i s  s o r t  has taken p lace  i s  in d ica te d  by the  poor f r u i t i n g  

h a b its  of the m o saic-in fec ted  p lan ts#
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The h igher r a te s  of t r a n s p ir a t io n  and th e  in creased  number of 

stom ata p e r  u n i t  a re a  in  d iseased  leav es  in d ic a te  th a t  th e  w ater 

r e la t io n s  of th e  p la n t  a re  s e r io u s ly  a f fe c te d  by th e  p resence of th e  

v iru s*  I t  i s  a  w ell known f a c t  th a t  the f r u i t s  from m o sa ic -in fec ted  

p la n ts  a re  seedy, dry  and tend  to  crumble when harvested* This con

d i t io n  may be brought about by the in a b i l i ty  of the p la n ts  to  m aintain  

a p ro p er w ater balance* Under fav o rab le  c o n d itio n s , th e  poor c o n tro l 

of w ater ba lance may n o t be ev iden t nor a c t  as a  d e trim en ta l f a c to r ,  

b u t when seaso n a l co n d itio n s  and tem peratures a re  unfavorab le  and the 

supply of m oisture i s  l im ite d , then m o saic-in fec ted  p la n ts  e x h ib it  

t h e i r  in e f f ic ie n c y  in  w ater conservation  by producing f r u i t  o f poor 

q u a lity *

The r e s u l t s  ga th ered  so f a r  in  th i s  study b r in g  to  o n e 's  -■ 

a t te n t io n  c e r ta in  im portan t d if fe re n c e s  in  the physiology of the th ree  

s o r ts  of p la n t s .  They c o n s ti tu te  s ign  p o s ts  or guides in  the study 

of the  causes und erly in g  these  d iffe re n c e s  and p o ss ib ly  p o in t out a  

method of c o rre c tio n  o r c o n tro l. Enzymatic a c t iv i ty  o r in a c t iv i ty  

seem to" p la y  th e  major ro le  and th is  phase i s  to  be s tre s s e d  in  fu tu re  

work*

No method of c o n tro ll in g  mosaic d iseases  o th e r than rogu- 

ing o r producing d is e a s e - r e s i s ta n t  forms has been found. Broadly speak

in g , once a  p la n t  i s  in fe c te d  i t  can not be cured . Claims have been 

made th a t  p la n ts  o ccas io n a lly  recover from a t ta c k . S torey (2) re p o rt

ed recovery  of sugar cane from th e  s tre a k  d isea se  and Robbins (31) 

has d esc rib ed  the recovery  of su g ar-b ee ts  from m osaic. In  many of
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th ese  re p o rte d  c a s e s , i t  has heen shown th a t  the  cure was an in s ta n c e  

of a  masking of th e  symptoms. W ilhrink (^2) has d escrib ed  a  method 

of cu re  f o r  d isea sed  sugar-cane c u ttin g s  by trea tm en t w ith  hot water* 

Kunkel ( 22) found th a t  a  h ea t trea tm en t was a  cure fo r  c e r ta in  v iru s  

d isea se  o f th e  peach . Masking in  the raspberry  i s  r e la te d  to  th e  

tem perature a t  which the p la n ts  a re  grown, and a  study of the  p o ss i

b i l i t y  of cu rin g  red  rasp b erry  mosaic by a  hea t trea tm en t might w ell 

be made*

Summary

T his paper re p o r ts  the r e s u l t s  of in v e s tig a tio n s  d ea lin g  

w ith  th e  p h y s io lo g ic a l a c t i v i t i e s  of h ea lth y , masked, and mosaic- 

in fe c te d  r a s p b e r r ie s .  The s tu d ie s  were confined to the Latham 

v a r ie ty  in fe c te d  w ith  the  red  ra sp b e rry  mosaic*

A nalyses of th e  leav es  f o r  v a rio u s  carbohydrate f ra c t io n s  

were made. A decrease  in  sim ple sugars and s ta rch es  occurs in  th e  

mosaic and masked p la n ts .  Sucrose occurred in  in c reased  amounts in  

m o sa ic -in fec ted  p lan ts*

D ia s ta t ic  a c t i v i t y  was s tu d ie d  and appears to  be a c c e le ra te d  

in  p la n ts  e x h ib it in g  the mosaic symptoms*

P h o to sy n th e tic  a c t iv i ty  and re sp ira to ry  r a te  were determ ined 

by th e  C o^,absorption  method. P ho tosyn thesis  was decreased in  p la n ts  

showing marked symptoms of d isease*

R e sp ira tio n  proceeds a t  a  h ig h er r a te  in  d iseased  t is s u e  

re g a rd le s s  of whether the symptoms a re  masked or evident*
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ln  experim ents where s tan d ard ized  hygrom etric paper was used 

to  determ ine th e  q u a n tity  o f t r a n s p ir a t io n ,  i t  was found th a t  a  h ig h er 

r a te  of w ater lo s s  was e x h ib ite d  by th e  leav es  of m osa ic -in fec ted  

p la n ts*

An in c re a se  in  the number of stom ata p e r  u n i t  a re a  of le a f  

t i s s u e  p robab ly  accounts f o r  the h igher r a te  of t r a n s p ira t io n  in  the  

d isea sed  le a f*

C hlorophyll de te rm in a tio n s  show a  g re a te r  amount of ch lo ro p h y ll 

p e r  -unit a re a  of le a f  in  th e  m osaic-in fec ted  p lan ts*

Ash an a ly ses  of th e  leav es  of the d if f e re n t  p la n ts  were made 

by the sp ec tro g rap h ic  method* This one t e s t  in d ic a te d  a  h igh  amount 

o f s i l i c o n ,  a  g re a te r  p e r cen t of ash in  the  morning m a te ria l than 

th a t  in  the m a te ria l g athered  in  the evening, a  low er calcium conten t 

and a  s l i g h t ly  h ig h er p e r  cen t of potassium  in  the d iseased  tis su e s*
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