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(19, 54) and the tissue above the bud union stained a dark blue. Whén
the starch-iodine test was apPl%ed to trées 1nfectgd with psorosis
virus, the wood was‘found to be devoid of starch (3) and the blue
color was absent. The.iddine-starch'test has been used on leaves

for the detection and assay of other plant viruses (2, 8, 19, 54).
B. Anatomical Studies -

Anatomical studies have addéd to the information on response

of ﬁlant cells to virus infection (17). Symptoms indﬁcgd by different
viruses differ with regard to their distribution in the plant (17).
Esau (15, 16, 17) published 3 articles about anatomical changes in
.blant tissue due to virus 1nfectiop. She divided the response éf
- plants to virus infection into 3 groﬁps. The first group included

| diseases caused by mosaic viruses. In this éroup, interhai symptoms,
.such as inclusion bodies, were'found in all living fiséﬁés of the host,
including phloem aﬁd xylem. The effect-wés not 1ocalizedjin any speéific |
1oca£ibn. The second group included diseases caused by thg yellows |
‘viruses. This group of viruses induced frimary pathological changes
in phloem tissue. The third gf&up included the viruses wﬁoseAprimary
effect was on the xylem,'e.g.~Pierce‘s disease of grape (17). There:
‘has been a very limited ﬁumbér of reports én the pathological anatomy

of citrus viruses,

Psorosis
Anatomical work concerned with this virus. has been done with
matufe trees (69). Chaﬁges in stem tissues were noted, including the '

formation_of abnormal darkening of parenchyma cells in the cortex (69)
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and production of a phellogen layer subjaceﬁt to this cell darkening.
The phelloderm was more abundant in diseased than in healthy stems,

It was also found that as the disease progressed, a group of parenchyma
_cells, nearer to ﬁhe center, became darkened and phellogen formed
subjacent to that group of cells., Gum was coﬁmonly formed in the

xylem tissué and occasionally occurred in gum pockets in the abnormal
phelloderm. Diseased xylem was characﬁerized,by concentric'rings or
partial rings of vertical gum ducts between-£ay8 and by scattefed_
vessels partially plﬁgged witﬁ gum. The epidérm and mesophyll layers
‘of~1eaves fr§m diseaseduplants showed cells heavilylgfained by safranin.
Gum was produced in thelmesophyll layers and in mature leaves, abnormal
darkening of the epidermal cglls and océasiénally in the mesoéhyll was

noted (69)

Triqteza

Some patﬁological anatomical studies have been done on both old
trees.and seedlings infected with tristeza virus (55, 56, 57).

In séedlings, tﬁ; formation of chromatic cells in diseased
tissue appeared to be the primary'symptoms of tristeza in citrus'plants
(56, 57). Chromatic cells, however, were not obsgrveq on sour orange
“rootstock (57). Chtoma?ic cells are first formed adjacent to sieve
tubes (57). Wood pitting'occﬁrréd in{Mexican lime (Key lime) when the
thomatic condition spread to thé cambium and caused a degeneration of
the ﬁeristemiin\localized areas. New wood is not formed in this area

“and wood pits develop as a result (57).. -In roots of citrus plants in-

fected with the seedling yellows virus, sieve tube necrosis near
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‘chromatic cells occurred throughout the plant. Excessive phloem pro-
duction was noted, but there was little secondary xylem formed (5%5;
‘In matﬁre trees phioem necrosis was present.a_short distance below the

bud union (55).



MATERIALS AND METHODS
Part 1
Indexing Procedures

In several states and countries several -indexing procedu?es
have been used to detect the presence of citrus viruses, pafticularly
exoqortis, psorosis, tristeza, and xyloporosis-(SO, 67). This is the
first time such a program was initiated in Louisiana. |

- To survey for the presence of these 4 citrus viruses in sur-
viving ;rees of Plaquemines Parish, seed of the indicator varieties
were sowﬁ in the greenhouse. Individual plants of Orlando tangélo,
Rangpﬁr lime, sour orange, and trifoliate orange were potted and
individually labeled in the.summer; 1962. Key lime plants were ob-
tained from the Florida Citrus Budwood Certification Office , Winterhaven,
. and transplanted to pots during the same period.v All plants were grown
in a screened greeﬁhouse and sprayed with insecticides. Plants were
maintained in-a vigorbus condition by fertilization.

In the fall, 1962, 81 budwood samples were randomly sglected
within 16 different areas in Plaquemines Parisﬁ,. The éelection of the
areas was guided by Murphy McEachern, County Agent, Plaquemines- Parish.
An identification numbexr waé painted on each tree ffom which budwood
was harvested. A record was made of each individual collection as to
its locétion and scion. At the time of coilection each budwood ‘
sample was labeled,vplaced in a polyethylene bag and sprinkled with
~captan (N-trichlorbmethylthiotetrahydrophthalimide) to control

- 19
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deterioration. The bag was sealed and placed in an ice chest immediately
after harvest and refr;gerated until it could be budded onto indicator
plants in the'greenhouse. Budwood collection &as guided by Ralfh T.
Brown, Superinﬁendent, Plaquemines Parish Agricultural Experiment
Station, Port Sulphur, Louisiana. |

Budding in the greenhouse waé begun the day after the budwood
was collected and was completed within 10 days.

The following budding technique was used. A T-shaped cut was
made on the rootstock stem using a,sharp‘knife. 'Then a piece of bud-
wood gontaininé a single bud was cut out and slipped into the T-shaped
cut on the stem, then wrapped ﬁith parafilm or an.adhesive.tape. Usiﬁg
this mentioned ﬁrqcedure, each budﬁood source was budded onto each of |
the 5 ;ndiéator rootstocks. A month after budding, unsucceésful takes
‘were rebudded with fresh budwood collected again from the same numbered
trees., Observation was:taken on the plgnts during the entire period of
the experiment. 'Nonbudded plants; és well as plants budded with bud-
wood of the same variety, were uéed.as checks. One mbnth after a Suc-
cessful take, the quded plants, as well as checks were cut back to
15-20‘§m in height to stimulaﬁe new growth of the rootstocks.

In order to identify symptoms of the 4 viruses on the_5‘indicator
rootstocks and for other comparisons, budwood containing each ofvthe 4
‘ Virusés was obtained from J. M. Wallace,.Department of Plant Patholdgy,
'A_Univeréifj of California, Riverside, California, and T, J, Grant,

Plant Pathologisf, U.,S. Department of Agriculture, Orlando, Florida.
Waliace sent 4 sources of budwood,.eéch containing 1 of the 4 viruses.

Grant sent 6 sources of budwood, each containing 1 of 3 strains>of_
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Tristeza designaﬁedvT3 severe, T; mild and stromg, psérosis, xyloporosis
and exocortis., All known sources were budded onto sﬁsceptible root-~
stocks using the ffgraft'method described above. Each budwood source
containing tristeza was budded on 5 séur orange plants and 5 Key lime.
plants. Budw&od known to be infected with exocortis virus was budded

on 5 trifoliate orange plants énd 5 plaﬁts of Rangpur lime. Budwood
known to be infected with péorodis virus was budded on 5 sour orange
plgﬁts. Both budwood sources of xyloporosis ‘were budded on 5 plants
2of Orlando tangelo. Thergfore, there were 10 plants budded with bud-
woéd infected exocortis, psoros}s, and xyloporosis, and 20 plants
budded with triéteza-infected budwood. One month after the bud had
taken, each buaded piént was cut down fo 15-20 cm to forqe new growth
of the rootstocks ;o symptoms might be easily observed on the new
Agrowth. OSservations wére made and notes taken throughout the period
of the study. There were 8 plants from each of budded and nonbudded

plants that served as controls.

Part II
Differential Staining and Pathological Histology

. lodine Test: Ihe iodine test has beén used to detect infec-
tion with certain mosaic viruses, such as tobaccd mosaic.virus and
- tobacco etch virus in tobécco (2, 30), and haé been used on mature
citrus trees in Louisiana to detect infection by tristeza virus (19,
54). This test was used by the gutﬁor on mature trees in Plaquemines
Parish and, for the first time, on ;he greenhouse-grown plants'to~

detect the presence of citrus viruses,
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Use of the Iodine Test on Mature Citrus Irees: The iodine test
used fér this series was the same as described by Schexnayder (54). The
procedure involved making a longitudinal cut with a sharp knife into the
trunk of test trees. The cut was made to expose xyleﬁvtissue botﬁ
above and below the bud union. The cut was brushed with aléolﬁfion.bf
0.3 g iodine plus 1.5 g potassium‘ipdihe in 100 cc water.  The response
of the exposed tissue to the stain was observed and recbrdgd. All trees
that Wefe used as a source of budwood wére tested; occasionally some of
the marked trees that had been used as sources of budwood either died or
were rgplaced by the growers. In sucﬁ cases, where possible, additionall
trees in close proximity to originally marked trees‘were testéd. The
test waé conducted twice, once in the fall, 1963, and again in.:the
spring, 1964.

Use of the Iodine Test gg'Greenhouse Citrus Plants: This test

—— ——

was made on both stems and leavgs of g?eenhouse-grown citrus plants.
The stems of plants budded with Fnown sources of virus-infected bud-
wood and wiéh Budwood from Plaqueﬁines Parish were tested 2'moﬁths
after budding. Budaed, aé well as nonbudded, checks were used for

comparison, The techniques used were similar to that described by

+ Fawcett (19) and Schexnayder (54) on orchard trees to test for infec-

tion Qith tristeza virus., Some modifications in the iodine concentra-
ﬁion were used. |
~ After é preliminary test series; the follo&ing techhique was
used. A longitUdinalAcut'was made using a\sharp knife, so that xylem
tissue both above and below the bud union was exposed. A solutioﬁ of .

0.45 g iodine plus 2.25 g potassium.ibdine in 1000 cc water was brushed
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on the.WOund.. The reactios of exposed tissue on each seedling was
observed and recorded. All experiments were conducted at mid-day.

Three series of experiments were condueted.using-leaves. The
use of iodine for the detection of virus infection in leaves has been
>described by Bawden and Kassanis (2).

For the first series, leaves from all 5 indicator plants
infected with either of the 4 viruses, were used. The tests were
beggn 3 months aftef bUddiﬁg. Young tender leaves were heryested,
placed in boiling water for 2-5 min. and then in boiling ethyl alcohol -
vfor 5 min. or until all the chlorophyll was.extracted, The leaves then
were placed in a solution of 0.3 g iodine plus 1.5 g potassium iodine ~
in 100 cc water. The response of leaves to the stain was observed
and recorded.

For the second'series, leeves from 10 sour orange plantsi
budded separately with budwood infected with each of thele vifuses.
were used. Leaves from check plants were iﬁcluded. Young, fender
leaves were harvested 10 days after budﬂing and every 10 days there-

- after up to 90 days, then again in 4 and 6 months. Following chiord- 
phyll extraction described above, leeves were placed in a solution Qf
1.5 g potassium 1odine plus 0.3 g 1odine in 100 cc water. | |

This test was repeated at 8 months after budding : RatherAthan
ektracting.chlorophyll'immediaﬁely after harvest, the leaves were kept
‘in the sark overnight.

For the third series, 1eaves.of sour orange plants budded with

budwood from trees collected in Plaquemines Parish were used. The same
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procedures as described above were uéed. Tﬁe results were observéd

and recorded.

from young plants were chosen for this study rather than tissues from
mature trees because: first, budding of citrus rootstocks, whether for
commercial production of citrus or for rgsearch purposes, is usually
done on young plants, rarely on mature rootstocks; second, transmission
of most citrus viruses is through the bﬁdwood; third, li;tle research
has been published on the pathological histology and reaction to dif-
ferential stains of young citrus plants budded with Budwood known' to

Be infeétedbwith certain viruses; and, fourth, it was.hOped that a |
staining technique,‘using a stain other than'iodine; might be worked
out to detect infection of young citrus‘plants with ce;tain viruses
before diagnostic symptoms appeared. If a reliable method could be
found to detect iﬁfectioh with even 1 of the 4 viruses studied, it
would aid immeasurably in citrus certification programs. Similarly,
obvious anétomical differences between vifus-infected and noninfected
.'plantb could be used in certification frograms.

~ Response of Sour.Oraﬁge Seedling Tissues Budded with Budwood
Known to be Infected with Four Citrus Viruses

The response of young stemé and roots of sour orange plants
budded separately with budwpod known to be infected with each of 4
.vifuseé, namély, exocortis, psorosis, tristeza and’xylopérosis, was
investigated. Ten sour orange plaﬁts were budded sepafatelj wiﬁh
budwood known to be infected with 1 of thé 4-viruse§. Ten nonbudded

and 10 plants budded with virus-free budwood Served as checks. Four
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months after budding, young branches were removed and the thorns and
leaves cut away. Care was taken to minimize injury during this pruning
process, 'After harvest, stems were placed in plastic bags and brought
to the laboratory. Each branch was cut into pieces about 2-3 cm in
length. These pieces were killed and fixed in FAA (6, 12, 32) for at
least 4 days, then rinsed in 3 changes of 50 per cent ethyl alcohol
at l-day intervals (32, 53), then run down to water as described by
Sass (53). Transverse sections for histological studies were made
using a hand microtome at a thickness of 25-35 u (6, 32, 53).

Several stains were evaluated (6, 12, 32, 53) in preliminary
studies to determine which would be the best to differentiate between
diseased and healthy tissues. All stains used were soluble in water.
The techniques used to evaluate these stains were described by
Johnson (32) and Sass (53). 'All stains used throughout the entire
program of research were applied directly to the tissue on a microscope
slide. Excess stain was removed after a specific time with filter
paper. Canada Balsam was added to the slide and the sections were
‘covered with a cover slip, Staining solutions were'prepared by
dissolving 1 g of the following stainsbin 100‘c¢ of water:

. Q-nitroaniline
P-amino azobenzene
P-dinitrobenzene
Proflavine sulfate
Picromic acid sodium salt
Picric acid
P-nitrophenol

. P-lezoquinone

. Alloxan

10. O-nitrophenol:

11. Orange G

12. .Phloroglucinol

13. Picric acid
14. Methyl violet

WSO, WN -



15. Fast green
16. Neutral red.
17. Methyl green

Each solution was filtered thfough filter paper. The same procedure
was used with the following stains except that 100 mg of the stain was
dissolved in 100 cc water: _

18. Toluidine blue

19. Thionin ‘

20. Nephthacene

'21. Nile blue
22, Methyl orange

Study of Sour Orange Stems Budded with Psorosis-Infected Budwood

In a pfeliminary evalu#;ion, thionin and proflavine sulfate
were found best téldiffefentiate between pédrosis-infected sour orange
tissue aﬁd n&ninfected'tissﬁe. These.stéins weré used also to study
anatomical differencés. ‘Ten sour ofangévplants Budded with budwood’
knownfto be infécted with psorosis were used. Ten budded and non-

bud&ed checks were used. The procedure for collecting branch material

26

for sectioning was the same as described above. At least 100 sections

were cut from each plant and sfﬁdied. ‘Three drops of thionin were
applied to a microscope slide that usually contained 3 secfions.
After 30 sec., the excess stéin Qas absorbed by filter papgr; A
drop'of Canada Baisa@ ﬁas applied to.the section to seal and hold

the cover slip. The same proégdﬁre was uséd for proflavine sulfate,
ekcept_that exposure time was 1 min. Responses of the tissues to the

stains and anatomical differences were observed and recorded.
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Study of Sour Orange Stems Budded with Tristeza-Infected Budwood
The same procedure wﬁs used as described above for psorésis,
except that thionin and methyl orange were used as differential stains.
. These 3 stains were applied also to sections of sour orange stem from

plants budded with budwood collected from trees in Plaquemines Parish.

Study of Sour Orange Roots from Plants Budded with Four Viruses

Roots were harvested from sour orange'plants.approximatély 1
year after having been budded with budwood knoun to be infehted.with
1 of the 4 viruses used, Whole plants, including roq;s.and soil, weré‘
remerd from their respective pots and suspended in water. The plént
was carefully agitated and washgd to remove all the soi} from around
the roots. The root massvwas then cut from the stem. For each virus,
the roots from 10 plants were used and compared with the roots from
“check plants. The roots were plaéed in plastic bags and taken directly
to the laboratory and kept in a refrigerator overnight. The following
day pqrtions of the main roots were cut into 2-3 cm lengths, killed
and fixed in FAA (6, 32, 51). Thirty sections from each Seedliﬁg were
obgserved after being stained with thiénin; Differénces were observed
band recorded.

Pathological Histology Studies on Roots of Three Citrus Varieties
Each Budded Separately with One of Three Viruses

The roots from plants of Orlando tangelo budded with budﬁood
known to be infected with tfisteza virus and ;rifoliaté orange budded
with budwood known to be infected with exocortis virus were studied to
determine if there were an& anatomical diffefences between them and

roots from check plants budded with noninfected budwood. - The roots
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from 10 plants fof each variety-virus comhipatibn were collectéd 18
months after budding .and treated in the .same manner as described above
for eﬁur orange. 'Anatomicél differences between Foots from.infected/

. Plants were compared with those from check plants.



RESULTS
Part I
Use of the Iodine Test. and of Certain Symptoms in Virus Detection

The purpose of this part of the study was to determine if the
presence: of exocortis, psorosis, tristeza and xyloporosis could be
detected in both field trees and greenhouse plants by use of the iodine
test and symptomology The iodine test has been used extensively as a
Ameans of detecting the presence of starch. The appearance of a blue .
color, after application of an iodine solution, is a positive indicator
fervthe~presenee'of starch. Absence of blue color indicates that the

parts tested are devoid of starch.

Iodine Test Agglied to Field Irees

Seventy- three trees in Plaquemines Parish were tested for the
presence of tristeza virus by use of the iodine test. All trees
tested were growing on trifoliate orange rootstock. The first test
was made in the fall of 1963 and the second in the spring of 1964.
The presence’ of starch was.iﬁdicated in most of the trees teeted and
was found to be unevenly distributed in the xylem, both above and below
the bud union. In the fall of 1963 there was more starch accumulation
indicated in the xylem‘below than above the bud-tnion in ;11 73 trees
tested. In the séring of 1964 the.opposite in mest_cases was true.

At that time there was more starch accumulation indicated above rather

29
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Table 2. . Reaction1 of randomly selected mature citrus trees from which
‘ budwood was collected in Plaquemines Parish citrus groves to
iodine applied above and below the bud union, both in fall of
1963 and spring of 1964. All scions were on trifoliate orange
rootstocks except where indicated.

: Reaction
v 2 Fall, 1963 Spring, 1964
Iree No. Above Below Above Below

-
—
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Table 2. Continued

Reaction
Fall, 1963 ‘ Spring, 1964
Tree No. Scian? Above Below Above Below

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

- 65
66
67
68
69
70
71
72
73
74
75
763
77,
784
79
go4 W
81 N
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1

mw;mn =

oooooioo++i++++;+}++¢+i¢+i++++¢¢¢¢¢¢¢+++

cocccceceoot oottt ttiEtEEETE]

oooooéoooooi+¢+O+oww++ww++++++++i+++++++

1Reaction: 4+ = dark blue; 44+ = intermediate blue; ++ = light blue;
+ = slight blue; - = brown; 0 = tree destroyed.

25cion abbreviations: G = grapefruit; N = Washington navel; S = satsuma;
: SW = gweet orange. .

JRootstock: Carrizo Citrange

4Rootstock: Sour orange
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Table 3. React:ionl below the bud union to the iodine test of green-
~ house-~-grown Rangpur lime (RL) and trifoliate orange (PT)
stems, nonbudded and budded with budwood known to be
infected with exocortis virus or virus-free budwood at
time indicated.

Time of Treatment and Rootstock

Fall Spring Summer Fall Spring
1962 -1963 1963 1963 1964
Treatment - _RL_PT RL_PT RL_PT RL PT RL_PT
1. Budwood with 1 + 0 + + + <+ + + + +
exocortis virus 2 + 0 + + + + + + + +
from Florida 3 + 0 +  + +  + + + +  +
4 + 0 + 4+ +  + +  + + +
5 4+ 0 +. + +  + +  + + 4+
2. Budwood with 1 + 0 + + + + + + + +
éxocortis virus 2 + 0 + + + + + + + +
from California 3 + 0 + + + + + + + +
- 4 4+ 0 + 4+ o+ o+ + + + +
5 -+ 0 + o+ o+ o+ +  + + +
3. Check A 1 0o 0 0o 0o 0 O 0 0 0 0
nonbudded 2 0 0 0o ©0 -0 0 0 o 0 O
- 3 0 o0 0. 0 0 o 0 0 0 O
4 0 O 0 O 0o 0 0 O 0 0
5 0 O 0 0 0 0 0 0 0o 0
6 0o o0 0 0 0 0 0 O 0 O
7 0 0 0 o0 0 o 0 0 0 0
8 0 0 0 o 0 0 0 o0 0 O
4, Check B 1 0 o 00 0 0 0 0 O 0 O
virus-free 2 0 o 0 O 0O O 0 o o O
budwood 3 0 O 0o 0 0 © 0 0 0 0
4 0 0 0 o 0 0 0 0 0 O
5 0 o0 0 0 0 0 0 0 0 0O
6 0o o 0 o0 0 o0 0 O 0 ©
7 0 O 0- 0 0O o 0o 0 0 0
8 0 O 0 o 0 o 0 o0 0 0

|

lReaction: + = blue; O = brown.
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union. This accumulation of starch was neither found on.budded,checks
nor on nonbudded checks (Fig. 1, Tables 3, 4, 5, 6).

When the iodine test was applied to stems of the 5 citrus virus
indicator plants buddéd with the 81 sources of budwood from Plaquemines
Parish trees in the fall of 1962, the presence of starch was indicated
in all plants except trifoliate orange and the‘budded and nonbudded
checks..'In the spring‘of 1963; summer of 1963; and fall of 1963, how-
ever, all plants showed evidence of starch accumulation,‘including those
of trifoliate orange (Tablé 7). It was found that 80 of the 81 sour
.orangé plénts, 78 of the 81 Key lime plants and all plants of the othgrv
3 indicators showed the prgéence of starch below the bud union. No

--gtarch was indicated in the budded or nonbudded check plants (Fig. 1).

iégigg_zggg Applied to ggggg CitruS'Lgéves
The response to the iodine test of leaves from the 5 citrus

indicator plants budded.wiﬁh bu&wood infected with the 4 citrus
virﬁaes also was studied. The object of these tests was to determine
if such leaves would differ in their response to iodine when compared
with one another and to budded and nonbudded check'piants._

| Leaves were harvested,$ months after Budding from: 20 Key lime
plants and 20 sour qraﬁge plants budded with budwood infected with
tristeza virus; 10 Orlando tangelo plants budded with bﬁdwddd infected
with xyloporosis virus; 10 sour orange plants budded with'budwood
infected with psorosis virus; 10 trifoliate orange plants budded with
budwood.known to be infected with exocortis virus; 8 budded checks.and °

8 nonbudded checks from each variety were used for comparison. Leaf



Figure 1.

—tt e

Reaction to iodine test of Key lime stem sections cut at
the bud union: A, Check budded with virus-free budwood;
B. Nonbudded check; C. Budded with tristeza-infected
budwood; and D. Budded with budwood from a tree in

Plaquemines Parish., Note moderate reaction in C and
severe‘reaétion in D.

35
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Table 4, Reacti‘on1 to the iodine test of greenhouse-grown sour orange
- stems, below the bud union, nonbudded and budded with bud-
wood known to be infected with psorosis virus or virus-free
budwood at time indicated.

Time of Treatment

- Fall Spring  Summer Fall Spring
Treatment * 1962 1963 1963 1963 1964
1. Budwood with 1 + + + + +
psorosis virus 2 + + + + +
from Florida 3 o+ + + + +
4 o+ + + + +
5 + + + + +
- 2. Budwood with 1 + + + + +
x psorosis virus 2 + + + + + -
from California 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
virus-free 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

1Reaction: + = blue; O = brown.
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Table 5. Reactionlito the iodine test of greenhouse-grown sour orange
(S0) and Key lime (KL) stems, below the bud union, nonbudded
and budded with budwood known to be infected with tristeza
virus or virus-free budwood at time indicated.

, __Time of Treatment and Rootstock
‘Fall . Spring Summer Fall Spring
1962 1963 1963 © 1963 1964
Treatment : SO KL SO KL S0 KL SO KL S0 KL

1. Budwood with
tristeza virus
Ty (mild) from
Florida

nHwn =
+H+++
+F 44+
+++++

2. Budwood with
tristeza virus
T, (moderate)
from Florida

U‘-l-‘quw
+4++++

3. Budwood with
tristesa virus
T3 (severe)
from Florida

4, Budwobd with
tristeza virus
from California

5. Check A
nonbudded

6. Check B
virus-free
budwood

00000000 C00000O0O0 +++++ +++++ +++++ +++++
CO000000 0C00000O0O +++++ +++++ +++++ +++++
CO000000 00000000 +++++ +4++++ +++++ +++++
CO00000O00 0000000 +++++ +++++ +++++ +++++
©C0000000 D000 OO +++++ +++++ +++++ +++++
COO0DOC0O00 CO00000O ++4++++ +++++ +++++ +++++.
COOOO000O0 CO0O000O0O +++++ +++++ +++++ +++++

COoO0O000O0OO OO0 +++++ +++++ +++++
CO000O0OC0C COO0COO0O +++++ +++++ +++++

PNUOUPWNH BNOAUVPLNH EWLNH VR WND
COO0O000O00 D000 +++++ +++++

1Reaction: + = blue; O = brown.
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Table 6. Reaction1 to the iodine test of greenhouse-grown Orlando
tangelo (OT) and Rangpur lime (RL) stems, below the bud
union, nonbudded and budded with budwood known to be infected
with xyloporosis virus or virus-free budwood at time indicated.

Time of Treatment and Rootstock .
Fall Spring Summer Fall - Spring

1962 1963 1963 1963 1964

Treatment : OT RL ~ OTL RL OT RL OT RL 0T RL
‘1, Budwood with 1 + + + + + + + 4+ + + -

xyloporosis 2 + + . + + + .+ + + + +

virus from 3 + + +  + + + + + + +

Florida 4 + o+ +  + + + + + + +

5 + + + + + + + + - + +

2. Budwood with 1 +. + + + + <+ + + .+ +

xyloporosis 2+ 4+ o+ + o+ o+ + o+ + +

virus from 3 + + + + + + + + + +

California 4 + + +  + + + + + + +

5 + + + + + o+ o+ o+ + o+

3. Check A 1. 0: 0 0 O 0 o 0 O 0- 0

nonbudded 2 0O 0 o0 O 0 0 0 -0 0 0

v o 3 0 O 0O O 0 O o o0 0 O

4 0O 0. 0 O 0O O 0O o0 0 O

5 0 o0 .0 0 0 o0 0 O 0 O

6 o o0 0O o 0 0 o o 0O O

; 7 0 O 0O O 0 o0 0O 0 0 O

_ 8 0 0 0O O 0 0 0O 0 0O o0

4. Check B 1 0 O 0O o0 0 o .00 0 O

virus-free 2 0O O 0 0 0 O 0O o0 0 0

budwood 3 0 0 o O 0 O 0 o 0 O

' 4 0 O 0 0 0 O 0 O 0 O

5 0 O 0 o0 0 o0 0 O 0 O

6 o o0 0o 0 0 0 0 O 0 0

7 0 0 0 O 0 o0 0 O 0O O

8 0 o0 0 O0 0 O 0 0 0 O

' lReaction: + = blue; O = brown.
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Table 7. Reaction1 to iodine test of greenhouse-grown sour orange
(S0), Key lime. (KL), Rangpur lime (RL), Orlando tangelo
(OT) and trifoliate orange (PT), below the bud union, non-
budded and budded with budwood randomly collected from
citrus trees in Plaquemines Parish groves at time indicated.

"Time of Treatment and Rootstock
Fall, 1962 : Spring, 1963
KL RL oT PT PT

172]
(=

Tree No.
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R T N S HE R N R N N A A R R AR TR o o o o o b S S A A S S S S
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.Continued.

Table 7.

Time &6f Treatment gnd Rootstock

1963

Sprin

1962
RL

Fall,

g

S0

Tree No.

.Y
]

+t++++++++trr bbbttt

+4+++++++F++rr bbbttt +

++++++++++++r+ A+ F

+++++++++++++++++++++r+++r+++t+tototr+ 4+

R N e e R Rk R A
. o , A
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