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(19, 5.4) and the  t is s u e  above th e  bud union s ta in e d  a dark b lu e . When 

the  s ta rc h - io d in e  t e s t  was ap p lied  to  t r e e s  In fe c te d  w ith  p so ro s is  

v i ru s ,  the  wood was found to  be devoid of s ta rc h  (3) and the  blue
/

co lo r was ab sen t. The io d in e -s ta rc h  t e s t  has been used on leaves 

fo r the  d e te c tio n  and assay of o th e r p la n t v iru se s  ( 2 , 8 , 19, 5 4 ) .

B. Anatomical S tud ies

Anatomical s tu d ie s  have added to  the  in fo rm ation  on response 

of p la n t c e l l s  to  v iru s  in fe c tio n  (17). Symptoms induced by d if f e r e n t  

v iru se s  d i f f e r  w ith  regard  to  th e i r  d is t r ib u t io n  in  the  p la n t  (17).

Esau (15, 16, 17) pub lished  3 a r t i c l e s  about anatom ical changes in  

p la n t t is s u e  due to  v iru s  in fe c tio n . She d iv ided  the  response of 

p la n ts  to  v iru s  in fe c tio n  in to  3 groups. The f i r s t  group included  

d ise ases  caused by mosaic v iru s e s . In  th is  group, in te rn a l  symptoms, 

such as in c lu s io n  b o d ies , were found in  a l l  l iv in g  t is s u e s  o f the  h o s t ,
J

in c lu d in g  phloem and xylem. The e f f e c t  was n o t lo c a liz e d  in  any s p e c if ic  

lo c a tio n . The second group included  d ise ases  caused by th e  yellow s 

v iru s e s .  This group of v iru se s  induced prim ary p a th o lo g ic a l changes 

in  phloem t i s s u e .  The th i r d  group included the  v iru se s  whose primary 

e f f e c t  was on the  xylem, e .g . 'F i e r c e 1s d isease  o f grape (17 ). There 

has been a very  lim ite d  number of re p o r ts  on th e  p a th o lo g ic a l anatomy 

of c i t r u s  v iru s e s .

P so rosis

Anatomical work concerned w ith  t h i s  v iru s , has been done w ith  

mature t r e e s  (69 ). Changes in  stem t is s u e s  were no ted , in c lu d in g  the  

form ation of abnormal darkening of parenchyma c e l l s  in  the  co rtex  (69)



and production  o f a phellogen  la y e r  sub jacen t to  t h i s  c e l l  darkening.

The phelloderm  was more abundant in  d iseased  than in  h ea lth y  stems.

I t  was a lso  found th a t  as th e  d ise a se  p ro g ressed , a group of parenchyma 

c e l l s ,  n ea re r to  th e  c e n te r , became darkened and phellogen  formed 

sub jacen t to  th a t  group of c e l l s .  Gum was commonly formed in  the  

xylem t is s u e  and o c ca s io n a lly  occurred  in  gum pockets in  the abnormal 

phelloderm . D iseased xylem was c h a ra c te r iz e d  by co n cen tric  r in g s  or 

p a r t i a l  r in g s  of v e r t i c a l  gum ducts between rays and by s c a tte re d  

v e s s e l s .p a r t i a l ly  plugged w ith  gum. The epiderm and mesophyll lay e rs  

o f leaves from d iseased  p la n ts  showed c e l l s  h e av ily  s ta in e d  by sa fra n in . 

Gum was produced in  the  mesophyll la y e rs  and in  mature le a v es , abnormal 

darkening o f the  epiderm al c e l l s  and o cca s io n a lly  in  th e  mesophyll was 

noted  (69) *

T ris te z a

Some p a th o lo g ic a l anatom ical s tu d ie s  have been done on both old 

t r e e s  and se ed lin g s  in fe c te d  w ith  t r i s t e z a  v iru s  (55, 56, 57).

In  se e d lin g s , the  form ation of chrom atic c e l ls  in  d iseased  

t is s u e  appeared to  be the  prim ary symptoms of t r i s t e z a  in  c i t r u s  p la n ts  

(56, 57). Chromatic c e l l s ,  however, were no t observed on sour orange 

ro o ts to c k  (57 ). Chromatic c e l l s  a re  f i r s t  formed ad jacen t to  sieve  

tubes (57 ). Wood p i t t in g  occurred  in  Mexican lime (Key lim e) when the  

chrom atic c o n d itio n  spread to  the  cambium and caused a degenera tion  of 

th e  m eristem  in  lo c a liz e d  a re a s . New wood i s  not formed in  th is  a rea  

and wood p i t s  develop as a r e s u l t  (57). In  ro o ts  of c i t r u s  p la n ts  in 

fe c te d  w ith  the  seed lin g  yellow s v i r u s ,  s ieve  tube n e c ro s is  near
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chrom atic c e l l s  occurred throughout the  p la n t . Excessive phloem pro

duction  was no ted , bu t th e re  was l i t t l e  secondary xylem formed (57).

In  mature t r e e s  phloem n e c ro s is  was p resen t a sh o rt d is tan c e  below the  

bud union (55 ).



MATERIALS AND METHODS

P a rt I  

Indexing Procedures

In  sev e ra l s ta te s  and c o u n tr ie s  sev e ra l indexing procedures 

have been used to  d e te c t  th e  presence of c i t r u s  v iru s e s ,  p a r t ic u la r ly  

e x o c o r t is ,  p so ro s is , t r i s t e z a ,  and x y lo p o ro sis  (50, 67). T his i s  the  

f i r s t  time such a program was i n i t i a t e d  in  L ou isiana.

To survey fo r  the  presence of th ese  4 c i t r u s  v iru se s  in  su r

v iv in g  t r e e s  o f Plaquemines P a r ish , seed of th e  in d ic a to r  v a r i e t i e s  

were sown in  the  greenhouse. In d iv id u a l p la n ts  o f Orlando tan g e lo , 

Rangpur lim e, sour orange, and t r i f o l i a t e  orange were p o tted  and 

in d iv id u a lly  lab e led  in  the  summer, 1962. Key lime p la n ts  were ob

ta in e d  from the F lo r id a  C itru s  Budwood C e r t i f ic a t io n  O ffice , W interhaven, 

and tra n s p la n te d  to  p o ts  during the  same p e rio d . A ll p la n ts  were grown 

in  a screened greenhouse and sprayed w ith  in s e c t ic id e s .  P la n ts  were 

m ain tained  in  a v igorous co n d itio n  by f e r t i l i z a t i o n .

In  the  f a l l ,  1962, 81 budwood samples were randomly se le c te d  

w ith in  16 d i f f e r e n t  a reas  in  Plaquemines P a r ish , The s e le c tio n  of the  

a reas  was guided by Murphy McEachern, County Agent, Plaquemines P a r ish . 

An id e n t i f i c a t io n  number was p a in ted  on each t r e e  from which budwood 

was h a rv e s te d . A reco rd  was made of each in d iv id u a l c o lle c t io n  as to  

i t s  lo c a tio n  and sc io n . At the  time o f c o lle c t io n  each budwood 

sample was la b e le d , p laced  in  a po lyethy lene  bag and sp rin k led  w ith  

captan (N -trich lo ro m e th y lth io te trah y d ro p h th a lim id e) to  c o n tro l

19
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d e te r io ra t io n .  The bag was sea led  and p laced  in  an ic e  c h es t imm ediately 

a f t e r  h a rv est and r e f r ig e r a te d  u n t i l  i t  could be budded onto in d ic a to r  

p la n ts  in  the greenhouse. Budwood c o lle c t io n  was guided by Ralph T. 

Brown, S uperin tenden t, Plaquemines P a rish  A g ric u ltu ra l  Experiment 

S ta tio n , Port Sulphur, L ou isiana.

Budding in  th e  greenhouse was begun the  day a f te r  th e  budwood 

was c o lle c te d  and was completed w ith in  1 0  days.

The fo llow ing  budding technique was used . A T-shaped cut was 

made on th e  ro o ts to c k  stem u sin g  a sharp k n ife . Then a p iece  of bud

wood con ta in ing  a s in g le  bud was cu t out and s lip p ed  in to  the  T-shaped 

cut on the  stem, then  wrapped w ith  p a ra film  or an adhesive tap e . Using 

th i s  mentioned procedure, each budwood source was budded onto each of 

the 5 in d ic a to r  ro o ts to c k s . A month a f te r  budding, u n su ccessfu l tak es 

were rebudded w ith  f re sh  budwood c o lle c te d  again  from the same numbered 

t r e e s .  O bservation w as:taken  on th e  p la n ts  during  th e  e n t i r e  p e rio d  of 

the experim ent. Nonbiidded p la n ts ,  as w e ll as p la n ts  budded w ith  bud

wood of the same v a r ie ty ,  were used as checks. One month a f te r  a suc

c e ss fu l ta k e , th e  budded p la n ts ,  as w ell as checks were cu t back to  

15-20 cm in  h e ig h t to  s tim u la te  new growth of th e  ro o ts to c k s .

In  order to  id e n t i fy  symptoms of the  4 v iru se s  on th e  5' in d ic a to r  

ro o ts to c k s  and fo r  o th er com parisons, budwood con ta in ing  each of th e  4 

v iru se s  was ob ta ined  from J .  M. W allace, Department o f P la n t Pathology, 

U n iv e rs ity  of C a lifo rn ia , R iv e rs id e , C a lifo rn ia ,  and T. J .  G rant,

P lan t P a th o lo g is t , U. S. Department of A g ric u ltu re , Orlando, F lo r id a . 

W allace sen t 4 sources of budwood, each con ta in ing  1 of th e  4 v iru s e s .  

Grant sen t 6  sources o f budwood, each co n ta in in g  1 o f 3 s t r a in s  o f
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T ris te z a  desig n a ted  T3  sev ere , Tj m ild and s tro n g , p s o ro s ls , xy lopo rosls  

and e x o c o r tls .  A ll known sources were budded onto su sc e p tib le  ro o t

stocks u sing  the  T -g ra f t  method d escribed  above. Each budwood source 

c o n ta in in g  t r i s te z a  was budded on 5 sour orange p la n ts  and 5 Key lime 

p la n ts .  Budwood known to  be in fe c te d  w ith  e x o c o rtis  v iru s  was budded 

on 5 t r i f o l i a t e  orange p la n ts  and 5 p la n ts  of Rangpur lim e. Budwood 

known to  be in fe c te d  w ith  p so ro s ls  v iru s  was budded on 5 sour orange 

p la n ts .  Both budwood sources of x y lo p o ro sls  “were budded on 5 p la n ts  

of Orlando tan g e lo . T herefo re , th e re  were 10 p la n ts  budded w ith  bud

wood in fe c te d  e x o c o r tis ,  p so ro s is , and x y lo p o ro s ls , and 2 0  p la n ts  

budded w ith  t r i s te z a - in f e c te d  budwood. One month a f te r  th e  bud had 

taken , each budded p la n t was cu t down to  15-20 cm to  fo rce  new growth 

of th e  ro o ts to c k s  so symptoms might be e a s i ly  observed on th e  new 

growth. O bservations were made and no tes  taken  throughout the  period  

of the  study . There were 8  p la n ts  from each o f budded and nonbudded 

p la n ts  th a t  served as c o n tro ls .

P a r t  I I

D if f e re n t ia l  S ta in in g  and P a th o lo g ica l H isto logy

Iod ine  T e s t; The iod ine  t e s t  has been used to  d e te c t  in fe c 

t io n  w ith  c e r ta in  mosaic v iru s e s ,  such as tobacco mosaic v iru s  and 

tobacco e tch  v iru s  in  tobacco (2, 30), and has been used on m ature 

c i t r u s  t r e e s  in  L ou isiana  to  d e te c t  in fe c tio n  by t r i s t e z a  v iru s  (19,

5 4 ). This t e s t  was used by th e  au thor on m ature t r e e s  in  Plaquemines 

P a rish  and, fo r th e  f i r s t  tim e, on the greenhouse-grown p la n ts  to  

d e te c t th e  presence of c i t r u s  v iru s e s .
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Use o f the  Iodine T est on Mature C itru s  T ree s : The iod ine  t e s t

used fo r  th is  s e r ie s  was the  same as described  by Schexnayder (54). The 

procedure involved making a lo n g itu d in a l cu t w ith  a sharp k n ife  in to  the 

trunk  o f t e s t  t r e e s .  The cu t was made to  expose xylem t is s u e  both 

above and below, th e  bud union . The cu t was brushed w ith  a so lu tio n  of 

0 .3  g io d in e  p lu s  1.5 g potassium  io d in e  in  100 cc w ater. The response 

of the  exposed t is s u e  to  the  s ta in  was observed and reco rded . A ll t r e e s  

th a t  Were used as a source of budwood were te s te d ;  o cca s io n a lly  some of 

th e  marked t r e e s  th a t  had been used as sources o f budwood e i th e r  d ied  or 

were rep laced  by the  grow ers. In  such c ases , where p o s s ib le , a d d itio n a l 

t r e e s  in  c lo se  proxim ity  to  o r ig in a l ly  marked t r e e s  were te s te d .  The 

t e s t  was conducted tw ice , once in  th e  f a l l ,  1963, and again  in .:the  

sp r in g , 1964.

Use of the  Iod ine T est on Greenhouse C itru s  P la n ts : This t e s t

was made on both  stems and leaves of greenhouse-grown c i t r u s  p la n ts .

The stems of p la n ts  budded w ith  known sources of v iru s - in fe c te d  bud- 

wood and w ith  budwood from Plaquemines P a rish  were te s te d  2 months 

a f t e r  budding. Budded, as w ell as nonbudded, checks were used fo r 

comparison. The techn iques used were s im ila r  to  th a t  d escribed  by 

Faw cett (19) and Schexnayder (54) on orchard  t r e e s  to  t e s t  fo r in fe c 

t io n  w ith  t r i s t e z a  v i ru s .  Some m o d ifica tio n s  in  the iod ine  concen tra 

t io n  were used.

A fter a p re lim in a ry  t e s t  s e r ie s ,  the  fo llow ing technique was 

used . A lo n g itu d in a l cu t wap made using  a sharp k n ife , so th a t  xylem 

t is s u e  both  above and below the bud union was exposed. A so lu tio n  of 

0 .45 g iod ine  p lus 2.25 g potassium  io d in e  in' 1000 cc w ater was brushed
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on the  wound. The re a c tio n  of exposed t is s u e  on each seed lin g  was 

observed and recorded . A ll experim ents were conducted a t  m id-day.

Three s e r ie s  of experim ents were conducted using  lea v es . The 

use of iod ine  fo r  the d e te c tio n  of v iru s  in fe c tio n  in  leaves has been 

d escribed  by Bawden and K assanis (2 ).

For the f i r s t  s e r i e s ,  leaves from a l l  5 in d ic a to r  p la n ts  

in fe c te d  w ith  e i th e r  o f th e  4 v iru s e s ,  were used . The t e s t s  were 

begun 3 months a f t e r  budding. Young tender leaves were h a rv e s te d , 

p laced  in  b o ilin g  w ater fo r  2*5  min. and then in  b o ilin g  e th y l a lcoho l 

fo r  5 min. or u n t i l  a l l  th e  ch lo ro p h y ll was e x tra c te d . The leaves then 

were p laced  in  a so lu tio n  of 0 .3  g io d in e  p lus 1.5 g potassium  iod ine  

in  100 cc w a te r. The response Of leaves to  th e  s ta in  was observed 

and reco rded .

For the  second s e r ie s ,  leaves from 10 sour orange p la n ts  

budded se p a ra te ly  w ith budwood in fe c te d  w ith  each o f the 4 v iru se s  

were used. Leaves from check p la n ts  were inc luded . Young, ten d er 

leaves were ha rv ested  1 0  days a f te r  budding and every 1 0  days th e re 

a f te r  up to  90 days, then  again in  4 and 6  months. Follow ing ch lo ro 

p h y ll e x tra c tio n  d escribed  above, leaves were p laced  in  a so lu tio n  of 

1.5 g potassium  iod ine  p lu s  0 .3  g io d in e  in  100 cc w ater.

This t e s t  was rep e a te d  a t  8  months a f te r  budding. R ather than 

e x tra c tin g  ch lo rophy ll im m ediately a f te r  h a rv e s t ,  th e  leav es were kept 

in  the  dark o v e rn ig h t.

For the  th i rd  s e r ie s ,  leaves of sour orange p la n ts  budded w ith 

budwood from t r e e s  c o lle c te d  in  Plaquemines P a rish  were used . The same
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procedures as describ ed  above were used . The r e s u l t s  were observed 

and reco rded .

Use of D if f e re n t ia l  S ta in s  and P a th o lo g ica l H isto lo g y : T issues

from young p la n ts  were chosen fo r th is  study r a th e r  than t is s u e s  from 

m ature t r e e s  because: f i r s t ,  budding of c i t r u s  ro o ts to c k s , whether for 

commercial p roduction  of c i t r u s  or fo r  re sea rch  purposes, i s  u su a lly  

done on young p la n ts ,  r a re ly  on m ature ro o ts to c k s ; second, tran sm iss io n  

of most c i t r u s  v iru s e s  i s  through th e  budwood; th i r d ,  l i t t l e  re sea rch  

has been pub lished  on the p a th o lo g ic a l h is to lo g y  and re a c tio n  to  d i f 

f e r e n t ia l  s ta in s  o f young c i t r u s  p la n ts  budded w ith  budwood known to 

be in fe c te d  w ith  c e r ta in  v iru s e s ;  and, fo u r th , i t  was hoped th a t  a 

s ta in in g  techn ique , using  a s ta in  o th e r than io d in e , might be worked 

out to  d e te c t  in fe c tio n  of young c i t r u s  p la n ts  w ith  c e r ta in  v iru se s  

b efo re  d ia g n o s tic  symptoms appeared. I f  a r e l i a b l e  method could be 

found to  d e te c t in fe c tio n  w ith  even 1 o f the  4 v iru se s  s tu d ie d , i t  

would a id  immeasurably in  c i t r u s  c e r t i f i c a t io n  programs. S im ila r ly , 

obvious anatom ical d iffe re n c e s  between v iru s - in fe c te d  and non in fec ted  

p la n ts  could be used in  c e r t i f i c a t io n  programs.

Response of Sour Orange Seedling T issues Budded w ith  Budwood 
Known to  be In fe c te d  w ith  Four C itru s  V iruses

The response of young stems and ro o ts  of sour orange p la n ts  

budded se p a ra te ly  w ith  budwood known to  be in fe c te d  w ith each of 4 

v iru s e s ,  namely, e x o c o r tis , p so ro s is ,  t r i s t e z a  and x y lo p o ro s is , was 

in v e s tig a te d . Ten sour orange p la n ts  were budded se p a ra te ly  w ith  

budWood known to  be in fe c te d  w ith  1 of the 4 v iru s e s .  Ten nonbudded 

and 10 p la n ts  budded w ith  v i r u s - f r e e  budwood served as checks. Four
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months a f te r  budding, young branches were removed and the  tho rns and 

leaves cu t away. Care was taken to  minimize in ju ry  during  th i s  pruning 

p ro cess . A fter h a rv e s t ,  stems were p laced  in  p la s t i c  bags and brought 

to  th e  la b o ra to ry . Each branch was cu t in to  p ieces  about 2-3 cm in  

len g th . These p ieces  were k i l le d  and fix ed  in  FAA ( 6 , 12, 32) fo r a t  

l e a s t  4 days, then r in se d  in  3 changes of 50 per cen t e th y l a lcoho l 

a t  1-day in te rv a ls  (32, 5 3 ), then run  down to  w ater as describ ed  by 

Sass (53). T ransverse se c tio n s  fo r h is to lo g ic a l  s tu d ie s  were made 

using  a hand microtome a t  a th ick n ess  o f 25-35 u ( 6 , 32, 53).

Several s ta in s  were ev a lu a ted  ( 6 , 12, 32, 53) in  p re lim in ary  

s tu d ie s  to  determ ine which would be the b e s t  to  d i f f e r e n t i a t e  between 

d iseased  and h e a lth y  t i s s u e s .  A ll s ta in s  used were so lu b le  in  w ater. 

The techniques used to  ev a lu a te  th ese  s ta in s  were described  by 

Johnson (32) and Sass (53 ). A ll s ta in s  used throughout the  e n t i r e  

program of re se a rc h  were ap p lied  d i r e c t ly  to  the  t is s u e  on a m icroscope 

s l id e .  Excess s ta in  was removed a f te r  a s p e c if ic  time w ith  f i l t e r  

paper. Canada Balsam was added to  th e  s l id e  and the  se c tio n s  were 

covered w ith  a cover s l i p .  S ta in in g  so lu tio n s  were p repared  by 

d isso lv in g  1  g o f th e  fo llow ing s ta in s  in  1 0 0  cc o f w ater:

1 . Q -n itro a n ilin e
2 . P-amino azobenzene
3. P -d in itrobenzene
4; P ro flav in e  s u lf a te
5. Picrom ic ac id  sodium s a l t
6 . P ic r ic  acid
7. P -n itropheno l
8 . P-lezoquinone
9. Alloxan

1 0 . O -nitrophenol
1 1 . Orange G
1 2 . P h lo rog lucino l
13. P ic r ic  acid
14. Methyl v io le t



15. F ast green
16. N eu tra l red
17. Methyl greeri

Each so lu tio n  was f i l t e r e d  through f i l t e r  paper. The same procedure 

was used w ith  the  fo llow ing  s ta in s  except th a t  1 0 0  mg o f the  s ta in  was 

d isso lv ed  In  1 0 0  cc w ater:

18. T o lu id ine b lue
19. Thionin
20. Nephthacene
21. N ile  blue
22. Methyl orange

Study of Sour Orange Stems Budded w ith  P s o ro s is - In fe c te d  Budwood

In  a p re lim inary  e v a lu a tio n , th io n in  and p ro fla v in e  s u lf a te  

were found b e s t to  d i f f e r e n t i a t e  between p s o ro s is - in fe c te d  sour orange 

t is s u e  and non in fec ted  t i s s u e .  These s ta in s  were used a lso  to  study 

anatom ical d if fe re n c e s . Ten sour orange p la n ts  budded w ith  budwood 

known to  be in fe c te d  w ith  p so ro s is  were used . Ten budded and non

budded checks were used . The procedure fo r c o lle c t in g  branch m a te r ia l 

fo r  se c tio n in g  was the  same as describ ed  above. At l e a s t  100 se c tio n s  

were cu t from each p la n t and s tu d ie d . Three drops of th io n in  were 

ap p lied  to  a m icroscope s l id e  th a t  u su a lly  con ta ined  3 se c tio n s .

A fte r 30 s e c . ,  the  excess s ta in  was absorbed by f i l t e r  paper. A 

drop of Canada Balsam was ap p lied  to  the  se c tio n  to  se a l and hold 

th e  cover s l i p .  The same procedure was used fo r p ro fla v in e  s u l f a te ,  

except th a t  exposure time was 1 min. Responses of the t is s u e s  to  the 

s ta in s  and anatom ical d if fe re n c e s  were observed and reco rded .
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Study o f Sour Orange Stems Budded w ith  T r is te z a - In fe c te d  Budwood

The same procedure was used as describ ed  above fo r p so ro s is , 

except th a t  th io n in  and m ethyl orange were used as d i f f e r e n t i a l  s ta in s .

.T h ese  3 s ta in s  were a p p lied  a lso  to  se c tio n s  of sour orange s^em from 

p la n ts  budded w ith  budwood c o lle c te d  from t r e e s  in  Plaquemines P a r ish .

Study of Sour Orange Roots from P la n ts  Budded w ith  Four V iruses

Roots were ha rv ested  from sour orange p la n ts  approxim ately 1 

year a f te r  having been budded w ith  budwood known to  be in fe c te d  w ith  

1 of the  4 v iru se s  used, Whole p la n ts ,  in c lu d in g  ro o ts  and s o i l ,  were 

removed from th e i r  re s p e c tiv e  p o ts  and suspended in  w a te r. The p la n t 

was c a re fu l ly  a g ita te d  and washed to  remove a l l  the  s o i l  from around 

th e  ro o ts .  The ro o t mass was then  c u t from th e  stem. For each v i r u s ,  

th e  ro o ts  from 1 0  p la n ts  were used and compared w ith  the  ro o ts  from 

check p la n ts .  The ro o ts  were p laced  in  p l a s t i c  bags and taken d i r e c t ly  

to  th e  la b o ra to ry  and kept in  a r e f r ig e r a to r  o v e rn ig h t. The follow ing 

day p o rtio n s  o f th e  main ro o ts  were cu t in to  2-3 cm le n g th s , k i l le d  

and f ix e d  in  FAA ( 6 , 32, 51 ). T h irty  se c tio n s  from each seed lin g  were 

observed a f te r  being s ta in e d  w ifh  th io n in . D iffe ren ces were observed 

and reco rd ed .

P a th o lo g ic a l H isto logy  S tud ies on Roots o f Three C itru s  V a r ie tie s  
Each Budded S ep a ra te ly  w ith  One of Three V iruses

The ro o ts  from p la n ts  o f Orlando tan g e lo  budded w ith  budwood

known to  be in fe c te d  w ith  t r i s t e z a  v iru s  and t r i f o l i a t e  orange budded

w ith  budwood known to  be in fe c te d  w ith  e x o c o r tis  v iru s  were s tu d ie d  to

determ ine i f  th e re  were any anatom ical d if fe re n c e s  between them and

ro o ts  from check p la n ts  budded w ith  n o n in fec ted  budwood. The ro o ts
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from 1 0  p la n ts  fo r each v a r le ty -v i ru s  com bination were c o lle c te d  18

months a f te r  budding .and t r e a te d  in  th e  same manner as described  above
/

fo r sour orange. Anatomical d if fe re n c e s  between ro o ts  from in fe c te d  

p la n ts  were compared w ith  those  from check p la n ts .



RESULTS 

P a rt I

Use of the  Iod ine  T est and of C e rta in  Symptoms in  V irus D etection

The purpose o f t h i s  p a r t  of the  study was to  determ ine i f  the  

presence' o f e x o c o r tis ,  p s o ro s is ,  t r i s t e z a  and xy lo p o ro sls  could be 

d e te c ted  in  both f i e l d  t r e e s  and greenhouse p la n ts  by use of th e  iod ine  

t e s t  and symptomology. The iod ine  t e s t  has been used e x te n s iv e ly  as a 

means of d e te c tin g  th e  presence of s ta rc h . The appearance of a b lue 

c o lo r , a f te r  a p p lic a tio n  of an io d ine  so lu tion!, i s  a p o s i t iv e  in d ic a to r  

fo r th e  presence of s ta rc h . Absence of b lue  co lo r in d ic a te s  th a t  the  

p a r ts  te s te d  are  devoid of s ta rc h .

Iod ine T est Applied to  F ie ld  Trees

S even ty -th ree  t r e e s  in  Plaquemines P a rish  were te s te d  fo r  the  

p resence of t r i s t e z a  v iru s  by use o f the  io d in e  t e s t .  A ll t r e e s  

te s te d  were growing on t r i f o l i a t e  orange ro o ts to c k . The f i r s t  t e s t  

was made in  the f a l l  o f 1963 and the  second in  the  sp rin g  of 1964.

The presence 7 of s ta rc h  was in d ic a te d  in  most o f the  t r e e s  te s te d  and

was found to  be unevenly d is t r ib u te d  in  the  xylem, both above and below

the bud union . In  th e  f a l l  o f 1963 th e re  was inore s ta rc h  accum ulation

in d ic a te d  in  the xylem below than above the  bud union in  a l l  73 t r e e s  

te s te d .  In  the  sp rin g  of 1964 the o p p o site  in  most cases was t ru e .

A t . th a t  time th e re  was more s ta rc h  accum ulation in d ic a te d  above ra th e r

29
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Table 2. R eaction  of randomly s e le c te d  m ature c i t r u s  t r e e s  from which 
budwood was c o lle c te d  In  Plaquemines P a rish  c i t r u s  groves to  
Iodine a p p lied  above and below the  bud un ion , both in  f a l l  o f 
1963 and sp rin g  o f 1964. A ll sc io n s were on t r i f o l i a t e  orange 
ro o ts to c k s  except where in d ic a te d .

R eaction

ee No. Scion^
F a l l . 1963 S pring . 1964

Above Below Above Belov

1 S 0 0 0 0  0

2 S - + 0 0

• 3 S - + 0 0

4 N - + -H- +
5 N - + ++ +
6 N - + ++ +
7 N - + ++ +
8 N - + 4+ +
9 N - + -H- +

1 0 N - + ++ ++
1 1 N ■ - + ++ +
1 2 N - + ++
13 S + ++ ++
14 S - + +f +
15 S - + ++ +
16 s - ++ -H- +
17 S - •H- +++ +++
18 s - ++ +H- ■H-
19 s - -H- +++ ++
2 0 s - •H- +++ +
2 1 s - ++ +++ +
2 2 s - ++ ++ +
23 s - + •H- +
24 s - + ++ +
25 N - + 0 . 0

26 N - + . ++ +
27 N + -H+ +
28 N - + 0 0

29 / N - + -H- +
30 N - + +++ +
31 N - + -H-+ +
32 N - + +++ +

*33 S - + 0 0

*34 S - + 0 0

*35 s - + 0 0

36 s - + 0 0

37 N - + -H- +
38 N - + ++ +
39 N - + +H- +
40 N - + +++ +
41 N - ++ ++ +
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Table 2. Continued

R eaction

Sclon^
F a l l . 1963 SprinR. 1964

Tree No. Above Below Above Below

42 N + +++ +
43 N - + +++ +
44 N - + +++ +
45 N - •R ++ +
46 N - -H- +¥ +
47 N - •H- ■H- +
48 N - -H- -H- +
49 N - -H- l-H- • ++
50 N - ++ ++ +
51 N - -H- ++ +
52 N - + ++ +
53 S - + ++ +
54 S - + ++ +
55 S - + ++ +
56 S -H- ++ +
57 N - + +++ +
58 N - +f +++• +
59 N - ++ ++ +
60 N - + ++• +
61 N - -H- -H- +
62 N - + ++ +
63 N > + ++ +
64 N - + 0 0

65 N' - + ++ +
6 6 N - + 0 0

67 N - + ++ + •

6 8 N - + +++ -H-
69 N - + ++ +
70 N - + +++ ++
71 N - +f 0 0

72 N - + 0 0

73 N - + 0 0

74
753

763

N 0

0

0

0

++

0

0

0

0

0

0

7Y78
N 0 0 0 0

S 0 0 0 0

79 S 0 0 0 0

80 SW 0 0 0 0

81 N 0 0 0 0

■^Reaction: ++++ «* dark  b lu e ; +++ ■ in te rm ed ia te  b lu e ; .++ = l ig h t  b lu e ;
+ ■ s l ig h t  b lu e ; - *» brown; 0  * t r e e  destroyed .

^Scion a b b re v ia tio n s : G ■ g ra p e f ru i t ;  N «= Washington n av e l; S «= satsum a;
SW ■ sweet orange.

^Rootstock: C arrizo  C itrange
^R ootstock: Sour orange
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Table 3. R eaction  below the  bud union to  th e  io d in e  t e s t  o f green
house-grown Rangpur lim e (RL) and t r i f o l i a t e  orange (FT) 
stem s, nonbudded and budded w ith  budwood known to  be 
in fe c te d  w ith  e x o c o rtis  v iru s  or v i r u s - f r e e  budwood a t  
time in d ic a te d .

 Time of Treatm ent and R ootstock_______
F a l l  Spring Summer F a l l  Spring
1962 1963 1963 1963 1964

Treatm ent RL PT RL PT RL PT RL PT RL PT

1. Budwood w ith 1 + 0 + + + + + + + +
e x o c o rtis  v iru s 2 + 0 + + + + + + + +
from F lo r id a 3 + 0 + + + + + + + +

4 .+ 0 + + + + + + + +
5 + 0 + + + + + + + +

2. Budwood w ith 1 + 0 + + + + + + + +
g x o co rtis  v iru s 2 + 0 + + + + + + + +
from C a lifo rn ia 3 + 0 + + + + + + + +

4 + 0 + + + + + + + +
5 . + 0 . + + + + + + + +

3. Check A 1 0 0 0 0 0 0 0 0 0 0

nonbudded 2 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0

4, Check B 1 0 0 0 0 0 0 0 0 0 0

v i ru s - f r e e 2 0 0 0 0 0 0 0 0 0 0

budwood 3 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 . 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0

^•Reaction: + * blue; 0 « brown.
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union . This accum ulation of s ta rc h  was n e ith e r  found on budded checks 

nor on nonbudded checks (F ig . 1, T ables 3, 4 , 5 , 6 ) .

When th e  io d in e  t e s t  was ap p lied  to  stems of th e  5 c i t r u s  v iru s  

in d ic a to r  p la n ts  budded w ith  the  81 sources of budwood from Plaquemines 

P a rish  t r e e s  in  the  f a l l  o f 1962, the  p resence of s ta rc h  was in d ic a te d  

in  a l l  p la n ts  except t r i f o l i a t e  orange and the  budded and nonbudded 

checks. In  the  sp rin g  of 1963; summer of 1963; and f a l l  o f 1963, how

e v e r , a l l  p la n ts  showed evidence of s ta rc h  accum ulation, in c lu d in g  those 

o f t r i f o l i a t e  orange (Table 7 ) . I t  was found th a t  80 of the  81 sour 

orange p la n ts ,  78 of the  81 Key lime p la n ts  and a l l  p la n ts  o f the  o th er 

3 in d ic a to rs  showed th e  presence of s ta rc h  below the bud un ion . No 

s ta rc h  was in d ic a te d  in  the  budded or nonbudded check p la n ts  (F ig . 1 ).

Iod ine  T est A pplied to  Young C itru s  Leaves

The response to  the  io d in e  t e s t  o f leaves from th e  5 c i t r u s  

in d ic a to r  p la n ts  budded w ith  budwood in fe c te d  w ith  th e  4 c i t r u s  

v iru se s  a lso  was s tu d ie d . The o b je c t of these  t e s t s  was to  determ ine 

i f  such leaves would d i f f e r  in  th e i r  response to  io d in e  when compared 

w ith  one ano ther and to  budded and nonbudded check p la n ts .

Leaves were h a rv ested  3 months a f te r  budding from: 20 Key lime

p la n ts  and 2 0  sour orange p la n ts  budded w ith  budwood in fe c te d  w ith  

t r i s t e z a  v i ru s ;  10 Orlando tange lo  p la n ts  budded w ith  budwood in fe c te d  

w ith  x y lo p o ro sis  v i ru s ;  1 0  sour orange p la n ts  budded w ith  budwood 

in fe c te d  w ith  p so ro s is  v i ru s ;  1 0  t r i f o l i a t e  orange p la n ts  budded w ith  

budwood known to  be in fe c te d  w ith  e x o c o rtis  v i ru s ;  8  budded checks, and 

8  nonbudded checks from each v a r ie ty  were used fo r comparison. Leaf



Figure  1. R eaction  to  iod ine  t e s t  of Key lim e stem se c tio n s  cu t a t 
the  bud union: A. Check budded w ith  v i r u s - f r e e  budwood
B. Nonbudded check; C. Budded w ith  t r i s te z a - in f e c te d  
budwood; and D. Budded w ith  budwood from a t r e e  in  
Plaquemines P a r ish . Note m oderate re a c tio n  in  C and 
severe r e a c t io n  in  D.
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Table 4 . R eaction  to  the  io d in e  t e s t  o f greenhouse-grown sour orange
stem s, below the  bud un ion , nonbudded and budded w ith  bud
wood known to  be in fe c te d  w ith  p so ro s is  v iru s  or v i r u s - f r e e
budwood a t  time in d ic a te d .

Treatm ent

Time of Treatm ent
F a ll  

* 1962
Spring

1963
Summer

1963
F a ll
1963

Spring
1964

1. Budwood w ith 1 + + + + +
p so ro s is  v iru s 2 + + + + +
from F lo r id a 3 + + + + +

4 + + + + +
' 5 ■ + + + + +

2. Budwood w ith 1 + + + + +
p so ro s is  v iru s 2 + + + + +
fjrom C a lifo rn ia 3 + + + + +

4 + + + + +
5 + + + + +

3. Check A 1 0 0 0 0 0

nonbudded 2 0  . 0 0 0 0

3 0 0 0 0 . 0

4 0 0 0 0 0

5 0 0 0 0 0

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

4. Check B 1 0 0 0 0 0

v iru s - f r e e 2 0 0 0 0 0

budwood 3 0 0 0 0 0

4 0 0 0 0 0

5 ‘ 0 0 0 0 0

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0  . 0 0 0

■^■Reaction: + ■ blue; 0 ■ brown.



I
37

Table 5 . R eaction  to  the  Iod ine t e s t  of greenhouse-grown sour orange 
(SO) and Key lime (KL) stem s, below the bud un ion , nonbudded 
and budded w ith  budwood known to  be in fe c te d  w ith  t r i s t e z a  
v iru s  o r v i r u s - f r e e  budwood a t  tim e in d ic a te d .

________Time of Treatm ent and R ootstock_______
F a l l  Spring Summer F a l l  Spring
1962 1963 1963 1963 1964

Treatm ent SO KL so KL so KL so KL so KL

1. Budwood w ith 1 + + + + + + + + + +
t r i s t e z a  v iru s 2 + + + + + + + + + +
T-̂  (m ild) from 3 + + + + + + + + .+ +
F lo rid a 4 + + + + + + + + + +

5 + + + + + + + + + +

2. Budwood w ith 1 + + + + + + + + + +
t r i s t e z a  v iru s 2 + + + + + + + + + +
T^ (m oderate) 3 + + + + + + + + + +
from F lo r id a 4 + + + + + + + + + +

5 + + + + + + + + + +

3. Budwood w ith 1 + + + + + + + + + •+
t r i s t e s a  v iru s 2 + + + + + + + + + +
T3  (severe) 3 +. ■f + + + + + + + +
from F lo r id a 4 + + + + + + + + + +

5 + + + + + + + + + +
4. Budwood w ith 1 + + + + + + + + + +.

t r i s t e z a  v iru s 2 + + + + + + + + + +
from C a lifo rn ia 3 + + + + + + + . + + +

4 + + + + + + . + + + +
5 ' + + + + + + + + + +

5. Check A 1 0 0 0 0 0 0 0 0 0 0

nonbudded 2 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 . 0

6 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0

6 . Check B 1 0 0 0 0 0 0 0 0 0 0

v ir u s - f r e e 2 0 0 0 0 0 0 0 0 0 0

budwood 3 0 0 0 0 0 0 0 . 0 0 0

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0  ’ 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0

^■Reaction: + ■ b lu e ; 0 ■ brown.
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Table 6 . R eaction  to  th e  Iod ine  t e s t  o f greenhouse-grown Orlando 
tan g e lo  (OT) and Rangpur lime (RL) stem s, below the bud 
un ion , nonbudded and budded w ith  budwood known to  be In fec ted  
w ith  x y lo p o ro sls  v iru s  or v i ru s - f r e e  budwood a t  time In d ic a te d .

Time of Treatm ent and Rootstook 
F a l l  Spring Summer F a l l  Spring
1962 1963 1963 1963 1964

aatment OT RL OT RL OT RL OT RL OT RL

Budwood w ith 1 + + + + + + + + + + -
x y lopo rosls 2 + + . + + + .+ + + + +
v iru s  from 3 + + + + + + + + + +
F lo rid a 4 + + + + + + + + + +

5 + + + + + + + + + +

Budwood w ith 1 + + + + + + + .  + +
x y lopo rosls 2 + + + + + + + + + +
v iru s  from 3 + + + + + + + + + +
C a lifo rn ia 4 + + + + + + + + + +

5 + + + + + + + + + +

Check A 1 0 0 0 0 0 0 0 0 0  • 0

nonbudded 2 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0

/ 7 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0

Check B 1 0 0 0 0 0 0 0 0 0 0

v iru s - f r e e 2 0 0 0 Q 0 0 0 0 0 0

budwood 3: 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0

^•Reaction: + = blue; 0 ■ brown.
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Table 7. R eaction  to  Iodine t e s t  of greenhouse-grown sour orange 
(SO), Key lime (KL), Rangpur lime (RL), Orlando tangelo  
(OT) and t r i f o l i a t e  orange (PT), below the bud un ion , non
budded and budded w ith  budwood randomly c o lle c te d  from 
c i t r u s  t r e e s  in  Plaquemines P a rish  groves a t  time in d ic a te d .

Tree No.

Time of Treatm ent and R ootstock
F a ll . 1962 Spring , 1963

SO KL RL OT PT PT

1 + + + + 0 +
2 + + + + 0 +
3 + + + + 0 +
4 + + + + 0 +
5 + + + + 0 +
6 + + + + 0 +
7 + + + + 0 +
8 + + + + 0 +
9 + 0 + + 0 +

1 0 + + + + 0 +
1 1 + + + + 0 +
1 2 + + . + + 0 +
13 + + + + . 0 +
14 +' + + + 0 +
15 + •f + + 0

16 + + + + 0 +
17 + + + + 0 +
18 + + * + + 0 +
19 + + + + 0 +
2 0 + + + + 0 +
2 1 + + + 0 +
2 2 + + + + 0 +
23 + + + 0 +
24 + + + + 0 +
25 + + + + 0 +
26 + + + + 0 +
27 + + + + 0 +
28 + + + + 0 +
29 0 + + + 0 +
30 + + + + 0 +
31 + + + + 0 +
32 + + + + 0 +
33 + + + + 0 +
34 .+ + + + 0 +
35 + + + + 0 +
36 + + + + 0 +
37 + + + + 0 +
38 + + + + 0 +
39 + + + + 0 +
40 + + + + 0 +
41 + + + + 0 +
42 + ■ + + + 0 +
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Table 7. Continued

Time 6 f  Treatm ent and R o o t s t o c k ______
F a l l .  1962   Spring . 1963

ie No. SO KL RL OT PT PT

43 + + + + 0 +
44 + + + + 0 +
45 + + + + 0 + ;J
46 + + + + 0 +
47 + + + + 0 +
48 + + + + 0 +
49 + + + + 0 +
50 + + + + 0 +
51 +' + + + 0 ■.+
52 + + + + 0 +
53 + , + + + 0 ; +
54 + ' + + + 0 +
55 + + + + 0 + ■
56 + + + + 0 +
57 + + + + 0 +
58 + + + + 0 +
59 + + + + 0 +
60 + + + + 0 +
61 + + + + 0 +
62 .  + + + + 0 +
63 + + + + 0 +
64 + + + + 0 +
65 + + + + 0 +
6 6

1 + + + + 0 +
67 + + + + 0 +
6 8 + + + + 0 +
69 + + + + 0 +
70 + + + + 0 +
72 + + + + 0 +
73 + 0 + / ■ + 0 +
74 + + + + 0 +
75 + 0 + + 0 +
76 + + + + 0 +
77 + + + + 0 +
78 • + + + + 0 +
79 + + + + 0 • +
80 + + + + 0 +
81 + + + + 0 +


