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INTRODUCTION

Stubborn disease of citrus (8# 11, 23s 32, 35) is 
becoming of increasing interest to research workers and 
growers alike, as evidence accumulates that this disease is 
considerably more widespread than previously believed. The 
disease has been reported in all citrus producing states in 
the United States and in most of the citrus producing 
countries in the Mediterranean area.

In Arizona, stubborn disease is of major importance 
in the Washington Navel orange groves of the Salt River 
Valley, It is also of considerable importance on sweet 
orange and grapefruit in all citrus producing areas of this 
state,

Growers are concerned about the problem, because it 
is possible when planting a new grove to bud with infected 
bud-sticks thereby contaminating their trees» Thus after 
waiting 4 to 6 years to get a return from the new grove, the 
grower may discover that 10 to 2$ percent of the trees are 
infected with stubborn disease and produce little good 
quality fruit. It is obvious that in a situation as out
lined above the losses can be extremely large.

To date, laboratory research on stubborn disease has 
been neglected. The research data presented in this thesis
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are a start toward fulfilling the need for basic work on 
stubborn disease«

In order to understand some of the host-pathogen 
relationships involved in this disease a good first step is 
a study of the pathological anatomy, Therefore, in 
December 1958# such a study was started and is herein 
reported»

i ■ ■

Stubborn disease is caused by a virus = In order to 
study the possible virus strain relationships and ascertain 
if more than one virus is involved in an infection, where a 
known indicator plant is not available, it is necessary to 
first establish whether it is possible to get an antiserum 
to one or more of the viruses or virus strains involved„ 
Through serological tests we can get positive information 
about the virus or viruses with which we are working« This 
information is essential to the planning of future work.
The first question to be answered in serological work is 
"Gan an anti-serum be produced?", Therefore, an attempt to 
answer this question was made and will be reported upon here



LITERATURE SURVEY

In the past stubborn disease was called crazy top 
(3@), pink nose (27, 38), acorn fruit (27), and acorn 
disease (20, 21, 22), Fawcett (14, 27),.in the course of a 
three year performance study (1915-1917) on 36,000 trees 
belonging to the East Highland Orange Company, observed 
some specimens stunted in growth and poor in production, 
Fawcett and ferry (23, 27) had these navel orange trees 
top worked, in 1921, with selected buds, These buds were 
slow to respond and E, R, Waite, the budder, called them 
stubborn. This name was adopted by Perry then by Fawcett 
and has been in use ever since. About 1924 Perry (27) 
noted a condition in navel oranges then called pink nose, 
at last Highlands, In 1927 Fawcett (27) found pink nose in 
navel oranges at Redlands, California, Pink nose later 
became known as acorn fruit disease because of its 
resemblance in shape to an oak acorn (Fig, 1, 2), Cole 
(27) called Fawcett1s attention to the presence of stubborn 
disease in Redlands, Until 1941 stubborn disease and acorn 
fruit were thought to be separate problems, At that time, 
Johnston (23) pointed out the similarities in symptoms and 
showed that both the stubborn habit and acorn-shaped fruit

3
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Fig. 1. Fruit from Mediterranean Sweet orange trees. The 
fruit at the left has the typical acorn shape. The center 
fruit is normal. The one at the right is "lopsided1'. Such 
fruits are often found on infected trees.

Fig. 2. The Marsh grapefruit on the left was taken from a 
normal tree. The one on the right was from a diseased tree. 
The oil glands are typically more prominent on off type 
fruits.



were associated in all cases« It was then concluded that 
the two conditions were manifestations of one disease.

Budding experiments carried on by Fawcett (27)* 
between 1938.-1944* showed that stubborn disease is trans
missible. This work was later confirmed by Haas * Klotz* and 
Johnston (30*31) in a report in which they also reported 
stubborn disease in Valencia orange.

In 1936, working on the assumption that crazy top 
and pink nose were both physiological diseases, McGeorge (38) 
reported that both the leaves and fruit of grapefruit trees 
affected with crazy top and pink nose had less calcium than 
unaffected trees. In 1942, Burgess (8) working under the 
same assumptions as McGeorge, reported that fruits and 
leaves from trees affected with pink nose had a higher boron 
content than unaffected ones. He stated, however, that the 
irrigation water was high in boron thus casting doubt on his 
results.

In 1944, Fawcett, Berry and Johnston (27) first 
suggested that crazy top with its accompanying acorn fruit 
(Fig. 3) and blue albedo (Fig. 4) might also be part of the 
stubborn disease syndrome,

Fawcett in a series of papers (19, 20, 21) laid down 
the rules for naming citrus viruses. In 1946 (22) he estab
lished, through a series of transmission experiments, that 
stubborn disease was caused by a virus which he named 
Oltrivir pertinaciae.



Fig. 3. Cross-section of an acorn shaped Mediterranean Sweet orange, showing off-center axis and thinning of peel at blossom end.

Fig. 4. Two pieces of Marsh grapefruit rind. The one on the left is thinner and shows blue albedo.
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Until 1953 stubborn disease had not been reported 

outside the United states. In that year Klotz (2) reported 
stubborn disease in Morocco. In a short time many other 
workers confirmed the presence of stubborn disease in North 
Africa (3* 11, 12# 33, ^3, 46, 53). In 1956 other workers 
reported that stubborn disease might also be present in 
Israel and Egypt (15, l6). By 1957, Ohapot"s report (12) 
of the presence of stubborn disease in most Mediterranean 
countries, had been amply confirmed. Carpenter (9) reported 
that in the United States he found stubborn disease in 
Arizona, California, Florida, and Texas.

The symptoms of stubborn disease on navel orange 
trees, according to Fawcett (22), are production of multiple 
buds and abnormal branching resulting in a brush like growth. 
The leaves are broader and shorter than normal leaves.
There is usually an unseasonable, somewhat chlorotic flush 
of growth in the fall. Oftenfsome of the rind at the stem 
end is normal, becoming abruptly thinner and smoother over . 
the rest of the surface. The acorn fruits tend to be sour 
and bitter. Other reports (23, 24, 29, 36) include in the 
symptomatology of orange and grapefruit, the common occurrence 
of off-season or fall bloom in infected trees. Abnormal leaf 
drop in the fall and twig die back are also common. In 1948, 
Fawcett and Klotz reported that stubborn disease was one 
cause of non-bearing in Navel and Valencia oranges and
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grapefruit„

The most comprehensive outline of the symptoms of 
stubborn disease Has published in 1959 by Carpenter (9)„ He 
has separated the;symptoms on Marsh grapefruit into three 
syndromes„ .

In the first group he placed unthrifty, dwarf, 
twiggy, dense, and low trees bearing mostly inferior fruits, 
many of which are acorn-shaped, often with a blue albedo. 
Off-season bloom and partial fall defoliation are common in 
this category,

In the second group he placed trees that range in 
size from the best of group one to trees with better vigor 
and good to fair production of marketable fruit. The best 
trees of this group are of average size with good fruit 
production, with only a few twiggy branches that bear 
stubborn fruits. These trees may have an off-season bloom 
and undergo partial fall defoliation.

In the third group are trees that range in size from 
average to large. These trees may have some twiggy branches 
in the top and may produce a few malformed or acorn fruits, 
or fruits with blue albedo.

The number of stubborn fruits produced varies, in 
the three groups from year to year. The acorn-shaped fruit 
remains the most reliable symptom of this disease.
Carpenter also states that symptoms in Havel and other sweet
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omnges, except Valencia^ have a range of conditions 
similar to those in grapefruit, Valencia appears little 
affected hy stubborn disease0

The author has observed all of the symptoms described 
by Garpenter except the fall defoliation„ This is probably 
due to the relatively short time he has been working with the 
diseaseo The leaf symptoms described by Fawcett and otherss 
but not emphasised by Garpenter, have eluded the writer.

Carpenter and Hield (10) have cast some doubt on the 
reliability of the long-accepted blue albedo symptom of 
stubborno In recent work with 2,4,5-T, they reported that 
this chemical apparently induces blue albedo in grapefruit 0 
They concluded that blue albedo may not be a specific indica
tor of stubborn disease but merely a characteristic but non
specific symptom.

Carpenter (9) listed the citrus varieties attacked 
by the stubborn disease virus, He reported that the 
varieties of grapefruit affected included Marsh, Bedblush, 
Ruby, Webber’s Java Pink, Duncan, Foster, Frost's nucellar 
Marsh, Thompson and some 18 others, The orange varieties 
affected are Washington Ravel, Robertson Ravel, Rico 
Humber 1, Roethen, Trovita, Mediterranean Sweet, Hamlin, 
Butler, and Valencia, Stubborn disease has been suspected 
In Shamouti orange, Three varieties of shaddock are 
attacked; Hawaiian, Sunshine, and Kao Panne,
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Reichert stated (45) that In his opinion “lopsided 

fruits” are due to xyloporosis0 Since Reichert has not been 
able to reconcile symptoms of stubborn with those of 
xyloporosiSj, his claims have not been accepted by most 
investigators.



TERMINOLOGY AND GENERAL INFORMATION
REGARDING EXPERIMENTAL CONDITIONS

i '

In the following discussion* the designation “healthy 
tree" will he considered as owe which showed me symptoms of 
any known citrus virus, These trees were used as checks* 
except where otherwise stated» Exceptions were in cases in 
which nucellar trees were used* Nucellar stock is desirable 
in any experimental studies because of the proven low inci
dence of virus transmission in.seed (5)*

A "stubborn tree" will be a tree showing stubborn 
disease symptoms. A "stubborn fruit" will be designated as 
fruit showing the acorn shape.

Samples for the experiments wire collected in the 
Coachella Valley of California* and at the University of 
Arizona Citrus Experiment Stations at Tempe and on the Yuma 
Mesa. Some samples were also collected in the Tucson area.

Whenever possible* healthy and diseased samples 
were taken from trees growing adjacent to each other. This 
was done to eliminate* as much as possible* the effects of 
environment on experimental results,

11



PATHOLOGICAL ANATOM OF STUBBORN DISEASE OF CITRUS 
Part !„ Experiments Involving Sectioning

The purpose of these experiments was to gain some 
mnderstanking of the differences between healthy and stubborn 
diseased, tissues In various citrus varieties „ This work is 
far from complete but is a needed, start in the field.

Many of the procedures and methods of observation 
used were obtained from publications of other workers (17*
10* 34* 4l* 47* 48, 49, go). A basic understanding of 
citrus anatomy was gained from the paper by Bartholmew and 
Seed (4).

MATERIALS AND METHODS: Leaf, twig, bark and fruit
samples were collected in a random manner from the lower 
six feet of selected tree, after preliminary studies indi
cated that the experimental results would not be influenced 
by sampling procedure. The afore-mentioned samples were 
taken from healthy and diseased Koethen, Trovita, Washington 
Navel, and Valencia Orange and Red Blush, Webber*s Java 
Pink and Marsh Grapefruit trees„

A detailed study was made of early fruit development 
in samples collected about four feet above the ground from 
the west side of healthy and diseased Valencia Orange and

m
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Pink ©rapefrait trees 0 These fruit samples eelleeted at 
various stages of developments (a) Samples taken before 
the flower buds were open, (b) Samples selected at the time 
the fruit was 8-15 mm. in diameter, (c) Samples taken when . 
the fruit was 20-25 mm. in diameter, and (d) The final samples 
were collected when the fruit was BG-B5 mm. in diameter.
Serial sections were made of all samples. In the Valencia 
material, samples were also taken from a micellar tree.
This micellar material was used as a second check in these 
experiments to lessen the possibility of introducing a 
symptomless but virus infected tree as a control.

All materials were cut into small pieces and were 
killed and fixed in Karpeehenk© $s solution for 48 hours, 
then washed overnight in running water (39)» These 
materials were dehydrated in the M-butyl alcohol series of 
Zirkle as outlined by Rawlins (39)° The materials were 
embedded in tissmemat with a melting point of 6O0-63® 0.
All materials were sectioned to a thickness of 10 microns. 
Sections were affixed to micro-slides with Haupt$s adhesive 
(39)° The preparations were dried on a. slide warmer. Wood 
and bark samples were softened before sectioning by the 
method outlined by Alcorn and Ark (l).

The sections were prepared for staining by the method 
outlined by Rawlins (39)«

Iron alum-hematoxylin and triple stain were used in
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this work (39)« In a conversation with Br. Rawlins, he 
recommended that the formula for preparing orange © indicated 
in Stoughton8 s method, be substituted for the orange © in the 
triple stain technique.» fhis recommendation was accepted.

A modification of Balds s technique by Rawlins (4q ) 
and the Sakaguehi reaction (42) were also used. Both of 
these procedures are used for staining virus particles and 
virus inclusion bodies. These methods were both designed 
for epidermal strips. In this investigation they were 
utilized for the sectioned material.

RESULTS AID G0HGLUS10HS: The use of Bald8s stain and
the Sakaguehi reaction did not result in any evidence of 
virus particles or inclusions in the tissue examined. The 
materials used included sections of leaf blades, leaf mid
ribs, fruit rind, bark and wood taken from twigs and trunks 
of healthy and diseased trees =

Gross-sections of leaf blade and cross- and longi
tudinal -sections of the leaf mid-rib of the varieties checked 
failed to yield much useful information. In varieties nor
mally containing a high calcium oxalate crystal content, 
diseased leaf material was found to contain fewer crystals.

Cross- and longitudinal-sections of bark and wood of 
healthy and diseased samples shewed no differences.

Of the many fruit rind samples studied, the only 
differences wound were a lower crystal content in rind from



Fig. 5. Section of Marsh grapefruit rind from a healthy 
tree.

Fig. 6. Section of Marsh grapefruit rind showing the com
pression in diseased fruit.
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diseased frait and a difference between the blossom end of 
diseased and healthy fruits. The latter difference was 
represented by a compression of rind tissues (Pig. 5, 6).
The depth of the rind as measured in terms of eel! layers 
was found to be approximately the same in both healthy and 
diseased fruit tissues.

Serial sections of developing fruit indicated that 
there is less crystal formation in infected than in normal 
fruit. Serial sections of unopened buds showed that ovules 
seldom develop in stubborn buds and when they do develop 
they are deformed (Fig. 7, 8). Seed abortion also was ob
served in cutting.diseased fruits for rind samples. Sections 
of developing fruit, 8 to 13 mm. and larger fruit, showed no 
differences between healthy and diseased structures other 
than less crystal formation and poor seed production in the 
stubborn-infeeted material.

The only differences found in this material were:
(a) the smaller number of crystals in the diseased material 
and, (b) the apparent abortion of the ovules in the stubborn- 
infected buds examined. Lack of seed production in fruits 
of stubborn-infected trees would seem to rule out the pos
sibility of seed-transmission of this virus.



Fig. 7. Cross-section of the ovary from the bud of a 
mature healthy Valencia tree.

Fig. 8. Cross-section of the ovary from the bud of a 
mature infected Valencia tree. Note the lack of ovules.



18
Part II. Leaf Clearing Experiments

Hie purpose of these experiments was to determine 
whether any differences occur in the terminal venation of 
leaves taken from healthy and stubborn diseased trees.

MATERIALS AND METHODS s Samples of both old and young 
leaves collected from no higher than six feet above the ground 
in a random manner, after preliminary experiments indicated 
that the area of the tree samples had no effect on experi
mental results. Samples were taken from Mediterranean Sweet, 
Koethen Sweet, Valencia, and Washington Navel orange trees and 
Marsh, Red Blush, and Webber1 s Java Pink grapefruit. Samples 
from diseased trees were taken from branches with and without 
stubborn fruit.

The leaves were placed in 95$ alcohol in corked vials and 
placed in an oven at 37® & for one week. The alcohol was 
changed daily. At the end of a week 7-5$ sodium hydroxide 
made from a saturated solution, was used to replace the alcohol 
in the vials. They were then stored in the oven for another 
week. The sodium hydroxide also was changed daily. At the 
end of the second week the leaves were dehydrated in a solution 
of 90$ ethyl alcohol and 1$ safranin © for 15 minutes, Then 
the leaves were transferred to 7©$, 95$ and absolute alcohol 
for 15 minutes in each solution. The leaves were then cleared 
in 1:1 absolute alcohol and xylene and then transferred to 
pure xylene for 19 minutes each. Permanent preparations 
were made by mounting the leaves in an excess of balsam, on 
"a micro-slide and covered with a large cover slip. The



preparations were then air dried. The foregoing procedure 
is outlined completely in Foster’s book (28),

RESULTS AMD CONCLUSIONS$ All comparisons of healthy 
and diseased leaves indicated that the venation in infected 
leaves was somewhat coarser than that of normal ones. The 
terminal ends of veinlets of infected leaves also tend to 
be blunted (Fig, 9S 10), These symptoms are most apparent 
in young, first-year leaves. It was found that these symptoms 
could best be observed in a Tri-simplex micro-projector rather 
than with a compound microscope. Varieties normally contain
ing large quantities of calcium oxalate crystals in their 
leaves when infected contain 60 to 80 per cent fewer crystals 
(Fig, 11, 12),

f

These symptoms prevailed whether leaves collected 
from diseased trees originated from branches with stubborn 
or normal fruit (Fig, 13, 14),

The only variety in which Carpenter’s three symptom 
types were studied was Marsh grapefruit. The above differ
ences held in all type I and type II stubborn trees, but in 
type III trees the termination of the veinlets seemed to be 
more pointed than in the check (Fig. 15, 16, 17).

It should be noted that all photographs included in 
this section, were taken through the 10X objective of a com
pound microscope. The same general area of each leaf was 
photographed in every case. It is unfortunate that the depth

19
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Pig. 9. Cleared Valencia orange leaf taken from healthy tree. 
The terminal veinlets are pointed.

Fig. 10. Cleared Valencia orange leaf taken from an infected 
tree. Note the blunted terminal veinlets.
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Fig. 11. Cleared Washington Navel orange leaf taken from a 
healthy tree. This leaf has a large number of crystals.

Fig. 12. Cleared Washington Navel orange leaves taken from 
a diseased tree. This leaf has very few crystals.
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Fig. 13. Cleared leaf of Webber*s Java Pink grapefruit was 
taken from a symptomless branch on a diseased tree.

Fig. 14. Cleared leaf taken from a branch showing stubborn 
fruit symptoms on the same tree as leaf in Fig. 13. No 
differences are apparent.



Pig. 15. Cleared leaf from a Marsh grapefruit that showed 
Carpenter's type I symptoms. Note the blunted vein termination.

Fig. 16. Cleared leaf from a Marsh grapefruit that showed 
no stubborn symptoms.

Fig. 17. Marsh grapefruit leaf from a type III stubborn 
tree. Note the veinlets are more pointed than those in 
Fig. 16.
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of foeus obtainable with the fri-simplex micro-projector 
could not be duplicated with the compound microscope. 
Therefore, the prints are not as clear and hence do not 
yield information as readily as did the projections. Yet 
with careful examination, differences in these photographs 
can be discerned.

From the results one can only conclude that the 
stubborn disease virus causes morphological changes in the 
leaf venation, particularly in the termination of the vein- 
lets. Also, apparently this virus has some effect on calcium 
uptake or assimilation. The decrease in oxalate crystal con
tent of stubborn-infected leaves supports the findings of 
Medeorge (38) in his earlier work with grapefruit.

According to these results, it makes no difference 
whether leaves are collected from normal appearing or dis
eased branches of stubborn-infected trees. As long as the 
virus is in the tree, the stubborn leaf symptoms, as previ
ously outlined will prevail.

It was difficult to find all three stubborn disease 
types in any one variety in a given area. However, based on 
a limited sample in Marsh grapefruit it seemed possible that 
type III symptoms are produced by a different virus or virus 
strain than the other two stubborn disease types. This 
possibility is discussed more fully later in the paper.
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Part III. Tissue Maceration Experiments

The purpose of these experiments was to find, out whether 
the dwarf condition of some stubborn diseased trees was re
flected in the length, diameter and general appearance of 
xylem vessel elements and phloem sieve tube elements as com
pared to those of healthy trees, Xylem vessel elements and 
phloem sieve tube elements were compared microscopically for 
differences in shape, and measurements of size were made.

MATERIALS AMD METHODS; The citrus varieties used in 
these experiments were: Valencia Orange, Trovita Orange,
Koethen Sweet ©range, Mediterranean Sweet Orange, Marsh 
Grapefruit, and Webber8s Java Pink Grapefruit. Samples of 
wood and bark were collected from tree trunks, branches and 
old twigs in a random manner, from the lower six feet of 
growth around the tree. Sectioning and leaf clearing experi
ments seem to indicate the location on the tree from which 
samples are taken would probably not influence the results as 
long as only mature tissues were being collected.

In order to get precise measurements, pieces of wood 
and bark were macerated. The maceration technique used is 
outlined in Foster8s (B8) book, and is as follows: Slivers
of wood and bark were cut to a diameter of 1 to 2 mm. and a 
length of 20 to 3© Eto« and boiled in distilled water for 15 
minutes to remove the air. The slivers were then put into 
a solution of 10$ nitric and 10$ chromic acid and placed in

/  -
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an ©ven at 37® G. solution was changed daily, fhe
samples were removed from the acid solution when the tissues 
had become soft or mushy» The samples were then washed in <5 
changes of distilled water and stored in 50^ ethyl alcohol 
until examined» Before the material was examined, it was 
stained in 1# Safrain 0 in alcohol. Then the mushy 
pieces were removed from the stain and placed on a micro- 
slide in alcohol= The small pieces were teased apart 
with very fine dissecting needles„ The individual vessels 
and sieve tube elements were examined and measured to the 
nearest 0,1 mm. under the low and high power objectives of 
a microscope.

RESULTS M B  CONCLUSIONS: Two samples from each dis
eased type and two from healthy material were used to make 
preparations for the 50 observations made in this study. 
Samples from each variety were analyzed statistically by 
the student's t-test (37)• The results of this test indi
cated no significant difference in the length and diameter 
of vessle and sieve tube elements at the 5$ level.

In order to improve the accuracy and precision of the 
experiment, it was repeated with a sample size of 100 obser
vations . A Tri-simplex micro-projector was used to enlarge 
the images thereby increasing the accuracy of the measure
ments , In spite of these improvements in technique, the 
data still failed to show a significant difference when 
evaluated by the student's t-test.

26



fhe results of the Statistical analysis lead to the 
conclusion that^ for the material examined, no differences 
exist in size or appearance between healthy and diseased 
xylem vessels elements or sieve tube elements„



SEROLOGICAL RELATIONSHIPS IN STUBBORN DISEASE OF CITRUS;
PRELIMINARY EXPERIMENTS

•Bie purpose of these experiments was to determine if 
it is possible to build up an antiserum to the stubborn dis
ease virus„ This phase of the work was intended as an ex
ploratory project to determine whether it would be practical 
to spend the necessary time and money to do a complete sero
logical investigation on this disease*

MATERIALS AND METHODSs Stubborn diseased and normal 
fruits were collected from trees growing side by side, Val
encia orange and an unidentified pink grapefruit tree were 
used in these tests. The fruits were stored in a refrigerator 
at 0° 0 until used.

Fruits of each type and the controls were peeled.
The blossom end of each was placed separately in a Waring 
blender and liquified* then strained through four layers of 
cheesecloth. Fifteen ml, of juice was then centrifuged in 
an International refrigerated centrifuge (model number PR-2) 
for 15 minutes at about 10*000 times gravity at 5° 0. The 
resulting pellets were resuspended in 5 cc, of sterile dis
tilled water, This purification process is similar to some 
outlined by Steere (51),

28



fhe suspensions were mixed 1:1 with an emulsifying 
agent, made of equal parts of lanolin paste and mineral oil. 
Three so, of the mixture was injected into each of two New 
Zealand rabbits. This procedure was repeated five times at 
one-week intervals .(5)» .

Two weeks after the last injection the animals were 
bled and the blood was placed in a refrigerator overnight, 
The following morning the serum was decanted and placed in 
a deepfreezer until used.

The antiserum prepared in the. manner described pre
viously was used in two different tests. These were the 
.micro-agglutination reaction and the precipitin reaction.

The micro-agglutination reaction used is outlined in 
detail by Van Slogteren (52), Leaves from healthy and dis
eased trees were ground with a mortar and pestle, then 
strained through cheesecloth, A single drop of each of the 
samples of crude sap was placed side-by-side on a micro- 
slide, that had previously been treated with Vfo Formvar,
A drop of antiserum was then mixed with each of the drops of 
crude sap, The presence of the virus is indicated by the 
agglutination of the ohloroplasts, within one hour.

The precipitin reaction is in common use in plant 
virus serology (5, 36, 52), and is probably the most widely 
used reaction, Diseased and healthy fruits and leaves were 
prepared in the same manner as was the antigen, Antiserum 
and normal serum as well as blood serum taken from untreated
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rabbits were diluted from 1:1 to lsl6 with distilled water. 
Healthy and diseased clarified plant saps were treated in the 
same manner„ All possible combinations of sap- and serum- 
dilutions were tested in the manner described by Van Slogteren 
(52) in 6-inch petri dishes treated with Vfo Formvar, The 
petri dishes were stored in a refrigerator overnight„ The 
next morning they were removed and after standing at room 
temperature for one hour, were examined,

RESULTS AND CONCLUSIONS: Due to lack of information
about the physical properties of the stubborn disease virus, 
favorable results were not necessarily expected in the micro- 
agglutination test. This reaction usually gives conclusive 
results only when a rod-shaped virus particle is being tested. 
To date, the morphology of the stubborn disease virus has not 
been determined. The results of these tests were negative. 
This tends to indicate that the stubborn disease virus is 
probably not a rod-shaped particle. Additional studies, 
preferably with an electron microscope, will have to be made 
before a more definite statement about the morphology of 
this virus can be made.

The precipitin reaction is highly specific (36) and 
can be used to separate virus strains (14), This technique 
can also be adapted to quantitative studies (6, 7), In 
these experiments quantitative measurements proved all that 
were necessary. An arbitrary scale from 1 to 4 was estab
lished in which 1 designates no precipitation and a rating
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of 4 indicates maximum reaction 0 It was found that when 
clarified plant juices from diseased fruit, and antiserum 
were reacted in dilutions from 1:4 and 1:16, precipitation 
occurred0 In no other combination at these dilutions was a 
significant precipitation obtained (Pig. 21). From the fore
going it was concluded that an antiserum was probably built 
up against the stubborn disease virus.

When clarified plant sap samples from leaves of dis
eased plants were reacted in the manner previously outlined, 
no conclusive results were obtained. The author believes 
that the virus titer was probably much lower in the leaves 
than in the blossom end of the fruit. Therefore, no reaction 
could be observed with a microscope.

Fruits were used in the production of antiserum be
cause it was assumed that the site of the most intense symp
tom development was the site of greatest virus concentration. 
This assumption is a good general rule, but like most gener
alities in biology, it does not always hold. However, in 
dealing with a virus which has not had its physical, chemical, 
or biological properties determined, it was thought best to 
apply the general rule and hope that this virus conformed.

The results of this experiment indicate that much 
valuable information might result from a more complete sero
logical study of the stubborn disease virus.
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Table I

RESULTS OF PRECIPITIN TEST 

FRUIT JUICE
FROM STUBBORN FRUIT FROM NORMAL FRUIT

1:1 1:2 1:4 1:8 1:16 1:1 1:2 1:4 1:8 1:16
1:1 4 4 3 2 2 ■r 2 • 2 1 1

1:2 4 4 ,3 2 ' 2 3 2 1 1 1

Antiserum 1:4 4 4 1 3 '2 k 3 . 2 1 1 1

1:8 4 4 $ 3 2 1 1 1

1:16 4 4 ‘3'
 ̂ '

' 2 f k " 3 2 1 _ 1 1

1:1 4 2 , 1 , ,2 ' 3 2 1 1 1

1:2 ' 4 2 ! q ; 1 ! 11 • 1 ' 3 1 1 1 1

Normal 1:4 4 2 ,1 , l 3 2 1 1 1

1:8 4 2 1 l' il i 1 3 2 1 1 1

1:16 4 2 ; -
'l •
1, A 3 2 1 1 1

Eesmlts ©f the average ©f three preeipltlm test© In 
which Valencia ©range was cheeked« The resialts ©f 
the tests on pink grapefruit were almost identical„ 1 indicates no precipitate while 4 is maximum.



DISCUSSION

Comparisons of normal anatomy from healthy citrus 
with the pathological tissues found in stubborn-diseased 
treess indicate that there are fewer calcium oxulate crystals 
in the latter. This would suggest that there is less total 
calcium in diseased plants» This was previously shown by 
McOeorge (38) in grapefruit. No chemical analyses for calcium 
have been performed on oranges» The data collected here 
would indicate that the total calcium would be lower in dis
eased specimens» It would be interesting to determine whether 
the stubborn virus affects only crystal formation or actually 
governs the total calcium uptake. Since magnesium often 
substitutes for calcium in the middle lamellae,, it might be 
possible to do comparative analyses for calcium and magnesium 
in healthy and diseased materials. If there is less calcium 
and more magnesium in the diseased material* one could postu
late that the virus interferes with calcium uptake. If such 
a study indicated a lower calcium content in diseased samples 
and no differences between the magnesium content of diseased 
and healthy materials * one could believe that the virus 
interfered only with crystal formation« Calcium determination 
studies are now in progress as a cooperative project between



the Departments of Plant Pathology and Agricultural Chemistry 
and Soils at the University of Arizona,, It is hoped that 
this study will aid in resolving some of the unanswered 
questions concerning stubborn disease of citrus6

The results obtained in the leaf-clearing experiments 
Indicate that it may be possible to apply this technique to 
indexing for the presence or absence of stubborn disease 
virus, Thiss however, could prove difficult, as in some 
varieties the veinlet blunting symptom is not easily dis
cerned 0 Another drawback would be the fact that it is not 
known how soon after infection this symptom appears in dis
eased treeso A leaf clearing study of bud-inoculated young 
trees of all commercial varieties along with adequate checks, 
would be required to determine if veinlet blunting develops 
sooner than other stubborn symptomsc This method might be 
adopted to determine the presence of the stubborn disease 
virus when fruit is not available to formulate proper diag
noses, Such, a test should be especially useful in the 
diagnosis of Carpenter’s (9) type II trees as they approxi
mate healthy trees in size and general appearance. If one 
examines a sufficient number of slides prepared from healthy 
materials any diseased sample becomes obvious. Mo differences 
could be found in healthy samples of the same variety col
lected in various parts of Arizona and the Coachella Valley 
of California,



It is very difficult for the author to reconcile 
Oarpenter^ (9) type III syndromes as feeing caused fey the 
same pathogen responsible for the symptoms of the type I and 
II stubborn groups, It is easy to explain the dwarf type I 
trees developing in response to a severe strain of the virus. 
The type II normal sized trees could fee considered as devel- < 
oping in response to a mild strain of the same virus. The 
difficulty arises in trying to reconcile the type III large 
trees as developing from a strain of the same virus that 
causes the dwarf specimens„ There are four possible expla
nations for thisg (a) The virus influences the production 
of growth regulating hormones in citrus and each virus strain 
has a different effect in this respect, (fe) The genetic 
composition of the individual host plant variety determines 
the viruses capability to change the hormonal make up, 
thereby allowing all three symptom types to appear in re
sponse to a single strain of the virus, if more than one 
clone is involved, (c) The type III trees are produced in 
response to a different virus than the one which causes the 
type I and II trees. (d) Light yielding trees may grow faster
and the virus strains have different effects on yield. The 
foregoing, of course, is pure conjecture and has no basis 
from experimental evidence * It is an attempt to explain the" 
vast symptom variation found in stubborn diseased citrus 
trees. The only evidence that the type I and II trees may 
not be caused by the same virus as that which produced the



type III trees, was the difference in the termination of the 
veimlets, This information was based on a very limited sample« 

. The unexpectedly favorable results obtained in the 
serological pilot experiments have opened the doer to several 
very interesting research pathways„ Since it appears that 
antiserum can be produced for one strain of the stubborn dis
ease virus 3 it can be hoped that it will not be too difficult 
to produce an antiserum for any other strain if such-do exist. 
The next logical step involving serological studies should be 
an investigation of the strain relationships of the virus to 
determine the number of strains, if the virus is not mutatings 
and thus producing new strains too frequently« Through the 
use of these methods it should be possible to determine % (a)
If the pathogen producing stubborn symptom type I is the same 
strain or an altogether different virus than that producing 
type III symptoms „ (b) If the virus that causes xyloporosis
is the same as the one causing stubborn disease, as claimed 
by Reichert (44, 45). (e) If it is possible to classify and
correlate symptom types with specific virus strains and the 
varietal host range for each strain.

There is a possibility that the antiserum secured in 
this study was a metabolic by-product of the interaction of 
the host and pathogen. If this is the case, serological 
techniques could still be used as a diagnostic indexing tool 
for stubborn disease viruses. If one could adapt the tech
nique to leaf tissues (and there is no reason to believe



that this could not be done) we Would have an excellent and 
much needed tool for positive Identification of the virus.

Since an antiserum has been produced for the virus5 
It would seem likely that the virus titer in the host tissue 
is sufficiently high to make a particle study of the patho
gen, .It should also be possible to make quantitative esti- 
mates of the: virus concentration in host tissue,

. Since a known indicator plant is not available for 
indexing stubborn disease* other methods of identifying the 
virus particle would have to be devised. If it can be 
assumed that antibodies were actually produced in the sero
logical experiments and were reacting with virus particles * 
a valid comparison could be made of particulate matter pre
pared from diseased material with particle preparations of 
reacted antiserum. The virus might then be identified by 
size and shape. More diagnostic evidence toward the identi
fication could be obtained by chemical manipulation of the 
virus particle to determine if it had a ribonucleic acid 
core within a protein helix, if it had.both of these 
properties* it would be safe to assume that the particle was 
the virus causing stubborn disease,

, Studies involving the determination of virus strain 
relationships through serology and the possible particulate 
structure are now being planned by the Department of Plant 
Pathology at the University of Arizona* Tucson,
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SUMMARY

A stmUy of the pathological amatory of the virus
like stuhhorm disease ira several varieties of citrus has 
led to the following eonelusiens„ (a) Ualeium oxalate
crystals were produced in considerably less number in dis
eased fruits and leaves than in healthy material, (b) The 
terminations of the veinlets in type I and type II stubborn 
trees are more blunted than those of healthy trees. Based 
on a limited sample the veinlet terminations of type III 
Marsh grapefruit are more pointed than those of normal trees„ 
(e) The albedo in the blossom ends of acorn-shaped, fruits on 
stubborn diseased trees is much more compressed than that of 
healthy fruits, although the number of cell layers is about 
the same depth in both eases

The pilot project in serology indicates that an 
antiserum can be successfully produced for the stubborn
disease virus„ The production of this antiserum has pre-

isented many new research possibilities in stubborn disease.
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