
THE BROWN ROT FUNGUS IN PUERTO RICO 1 

J AIME R. GUJSCAFRf: 

(With one pla te and one figure in the text) 

I NTRODUC'l' ION 

Ina smuch as th ere are various causes of disease in Citi·us in 
which a gum exudate in the trunk is a characte rist ic sympto m ; the 
t erm brown rot , as has been appli ed to th e Phy top hthora (Pythiacys­
tis) typ e of gummosis ha s been selected as the most proper for the 
disease here rep orted. Mal-di-gomma or foot root r ·ot also attacks the 
trunk and br anches while other two forms of gnmmosis common in 
Porto Rico, grapefruit gumm·osis and psorosis of oranges, may exhibi t 
similar sympt oms. 

The disease here reported was for the first t ime found on affected 
groves at the Eugenia plant ation, near Afiasco, while endeavoring to 
discover the possible causes of gum disease in Citru s. While mal­
di-gomma is very pr evalent in th at region, the Phytoph thora r ot play s 
no minor part in th e havocs caused by the gum-type symptoms of 
disease. A preliminary r eport of this work has alr eady been pub ­
lished by the writer and the pre sent paper pr esents the results ob­
tai ned in the stud ies of the disease. 

The writer wishes to express his appr eciation to Profes sor Rafael 
A. Toro , und er whose direction th e work was done, for sugg estion of 
the probl em, r eadin g and corr ection of the pr oof and for invaluable 
aid and encourage ment. 

SuscEPTS 

PLANTS AFFECTED 

Brown rot appears to be an impor tant disease of the genus Cifrus. 

V ARIB'.r AL SUSCEPTIB IL ITY 

'l'he sour orang e, (C . A1trantiwm) is the most resistant var iety. 
In many cases the wounded tissues of orange trees have healed r ap­
idly and th e fun gous gr owth bein g checked. The common lemon ( C. 
Limo nwm) and the West India Lime ( C. aurantif olia) ar e highly sus­
ceptible. The sweet orange (C . sinensis) and grap efrui t (C . grandis) 
ar e between t he highl y susceptib le C. a,ui·antifolia and th e very resis -
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tant species, C. A.urnnti1tm. No case has been r eported ·of the disease 
occurr ing in the mandarin (0. nobilis) w1!.ile, accord ing to T. Fahmy, 
citron (0. Medica) is quite susceptible. Citr'on is the most common 
stock used in Egypt . The sweet lime (C. Limetta) was found to be 
&usceptible in Pale stine, where recently 20 per cent of Jaff a oranges, 
budded on sweet lime stock, were killed. 'fhe author also had the 
opportun ity of observing a severe case of brown rot in the wild grape­
fruit tree ( C. maxima) found in a coffee planta tion at Mayagiiez. 

~AME :" 

The disease is known by severa l names. Due to the fact that the 
causal fungus cause brown rot in lemons, it is generally called brown 
rot. It is also known as gummosis, but th is is not a very appro­
priate t erm fo~ the disease, since other several causes may contribute 
to this sympto m. 

HI STORY AND RANGE 

In the early li terature on citrus diseases the re are many reports 
from different citrns-produ cing districts on the ·occurrence of gum 
exudates and gum diseases, but the form s reported are not accurately 
descr ibed; therefore, it is difficult to iden tify the causal agent. 

The earl iest serious outbreak of gummosis, occurre d in the Az·ores 
Islands in the year 1834; although. Ferrari in ] 646 and Sterbeek in 
1682 had already reported milder cases of the disease. Fouque 
( 1873) , referring to this destructive outbreak in the Azores Islands 
said that '' sweet-orange trees -200 to 300 ·years ·of age which were 
producing 6,000 to 20,000 'oranges a piece, were found to be affected 
by a serious form of gummosis. The trees put on heavy crops of 
fruits and the leaves turned yellow and fell off in great quantities" . 

Gum disease was reported from Italy between 1862 and 1878, by 
Savastano, Reggio and others. It was reported from the Balea ric 
Islands (Spain) in 1871.. Very recently it was reported in the orient 
by Reinking ( 1921) and Lee ( 1925) . In 1885 it was repor ted from 
New Zealand by Kirk and from Cape Colony, South Africa in 1891. 
Gummosis made its appearance in California in the year 1875 and 
in Florida in 1876. Garey states that gummosis was the most serious 
epidemy of 1878 ; for this reason common lemon, lime and citron 
stocks were no longer used, and the sour orange was unanimously 
adopted, due to its high resistance. Outside fr om the United States, 
it has been r eported from Cuba by Cook (1906 ) and Cook and Horne 
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(1908); from Braz il by Averna-Sacca (1917); from Mexico by Gan­
dara (1910); from Paraguay by Bertoni (1911) . It was not until 
1918 that the disease was reported from Porto Rico by Stevenson. 

Since the disease made its appearance, investigators from different 
localities, have stated their opinion as to the causative agent . Briosi 
(1878) ·who studi ed the disease in Italy, described a fungus JJ'usa,... 
rium limoni, associated with gummosis; his description being very 
similar to that for Phytophthora citrophthora. In 1891, Comes from 
Italy, also produced gum by inocul ation with a bacterial species called 
Bacterium ·gwnimosis. Swingle and Webber (1896) considered the 
gum disease as infectious and caused by organisms invading the bark. 
Fawcett and Burger (1911) and Fawce tt (1912 c, 1913 a) showed 1 

that a fungus similar to Diplodia · natal ensis produced gumming of 
branches. 

Other investigators have concluded that gum diseases in Citrus 
are due n·ot to organism, but to certain external stimulus against the 
affected region. Among these Sorauer (1872) in Germany and Pril­
lieux (1874) in France, were the first to arrive at this conclusion, 
as a result of their work as to the cause of gum in the genus P1·unus, 
the two genera being closely relat ed . But Savastano , aft er working 
with both genera concluded that gumm.osis in Citrus is due largely 
to wounds or traumati sms. In recent years, Savastano has modified 
his earlier view recognizing that there is a gummosis formed as a 
result of the response of the tree to some external stimulus, and that 
there is another one caused by specific organism . 

IMPORTANCE 

Brown rot is a serious disease of citrus fruits . During the first 
months , the lesions ar e rather few and 'of relatively small area; in 
no way impairing th e vigor of the tre e. As the lesions extend into 
the branches of the trees, . the folliage begins to be partially affected. 
In the last stages the lesions are so great that they really girdle the 
tree, causing the yeUowing of leaves and finally defoliation. The 
lesions destroy the food-conducting vessels ·of the tre e, affecting the 
leaves and fruits . The fr uits remain undersize, ripen very late in 
the season, and the rind takes a dirty brown color. · 

The disease was so serious in California in 1878, that Garey (1882) 
referred to it as the only important disease at that time. When · it ' 
appeared ~n the lemon tree~ in California, the industry was great ly 
injured, because not only was the orchard a:ffected, but also the fruit ' 

· spoiled after bein g packed. In the fru.it the disease is called brown 
rot and it is read ily transmitt .ed by contact. Th e causa l organism 
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produces no spores in the fruit. but the disease is readily tram,mitted 
by pieees of mycelium ·of the fungus. 

There is no accurate estimation of the economical importance of 
the disease in lemons in California, but during the first year, follow­
ing its appearance, it caused great losses, both in the orchard and 
in the market. 

Nobody has estimated the losses due to the disease in Porto Rico. 
but a visit to the Eugenia Grove, a few kilometers from the town 
·of Afiasco, showed that the disease is of great importance. 'l1here 
are areas in which many trees are seriously affected; in others. how. 
ever, young trees have been planted where the old ones died, and these 
trees are also affected, and producing fruits undesirable for the mar­
ket. The fruit of a:ffected trees is coarse, of dirty brown coloration, 
sour and insipid. 

Sn<PTOMATOLOGY 

MORPHOLOGIC SYMPTOMS 

The path:ogene, generally affects the base of the trunk, and then 
works upwards, the lesions being always greater in length than in 
width. The bark is killed in patches accompanied by the exudation 
of gum, but the injury is not superficial, but rather deep, the cam­
bium being included always in the affected region. In other kinds 
of gummosis, such as Botrytis gummwsis, the bark is softened. In 
brown rot gummosis, the bal'!, remains hard until it is dry and then 
it cracks longitudinally. The exudation of gum, has been thought 
to be a physiological product of the reaction of the cells to protect 
the tree from rot-producing organisms. In resistant stocks, however, 
the lesions are self-limited, being a few inches long and wide, but 
on the susceptible species the author measured lesions of even 15 
inches in length and 5-7 inches wide. As the disease progresses, the 
leaves on the side of the branches more seriously affected, begin to 
turn yellow, and finally die arid fall. Superficially, the exuclatecl gum 
is the most characteristical symptom of the disease. If the bark is 
removed, there is a more or less definite boundary between the sound 
and the infected area; this boundary being characterized by a light 
brown shaded area. 

The bark at this time is yet firm, only the color is changed, from 
a pale normal green to a light brownish shade. The gum was ob­
served to be formed near the cambium, in pockets 1 to 2 inches deep. 
The gum at the place of origin, is watery and clearer, while when 
coming through the bark, it becomes dark brownish reel and denser. 
Later it turns dark brown, and becomes brittle due to the loss of 
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water. The gum is deposited in oval masses, on the bark or fol­
lows the contour of the longitudinal cracks. In the last stages of 
the disease

1 
the bark shrinks and cracks: leaving a surface covered 

with hardened gum
1 

thus protecting to some extent the inner tissues 
from the invading rotting fungi. In the fruit the fungous causes a 
brown discoloration which gradually involves a great area of the rind. 
Sometimes gum exudates from the center of the spot. 

SIGNS 

Only in the laboratory are the characteristic signs of the disease 
showed. 

HISTOLOGIC SYMPTOMS 

Tissue from the bark was not examined for histological symptoms. 
Sections from rind of infected fruits of the i\Iexican Lime ( C. auran­
tif olia) were made and occasionally observed. The mycelium grows 
in thick masses in the lemon rind and is formed both intra and ex­
tracellularly. Disintegration of the cell wall was observed after few 
days of inoculation. A brown color was developed all around the 
place of inoculation. 

ETIOLOGY 

N A.l\IE HISTORY AND CLASSIFICATION OF 'l'HE P .\TH-OGENE 

The organism was first isolated from diseased lemon trees, in Cal­
ifornia and named Pythiacystis citrophtl,ora by Smith. Wilson un­
able to find any reproductive bodies suggested that the fungus be 
classified under sterile mycelium forms, while Leonian, after a phys­
iological study ·of several species of the genus Phytophthom found 
that Pythiacystis citrophthora Sm. and Sm., was a Phytophthora and 
transfer the species to that genus. The organism is known to-day 
as Phytophthora citrophthora (Sm. & Sm.) Leonian. 

P.A."THOGENICITY 

Fawcett fonnd that inocnlati:on into sound trees with bits of dis­
eased tissue transmitted the disease with all its characteristic symp­
toms; but, however, only diseased tissue from the marginal fringe 
of the killed bark of active lesions was capable of transmitting the 
disease. He also made inoculations with bits of lemon fruits affected 
with brown rot .and pr·ocluced the disease. The author, after isolat­
ing the fungus from diseased trees, inoculatrd ripen lemons, and the 
characteristic brown rot was produced. Reisolation proved the fun­
gus causing it identical to that found in the diseased trees. 
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LIFE H ISTORY 

The life history of the fungus is very simple. 
When the soil is wet the mycelium is capable of producing spo­

rangia and spores. If dry periods follow, the sporang ia remained in 
a resting stage until favorab le conditions return; however , during 
this time the fungu s reproduces by means of pieces of its mycelium, 
and the disease is tran smitt ed easily to the bark and fruits. 

During wet seasons, the sporangia, which are produc ed in the 
soil, discharges biciliate motile spores which swim about, reach the 
bark , or fruit lying close to the ground and readily germinate, 
producing mycelium again. The organisms do not pr'oduce sporangia 
either in the bark or in the fruit. All attempts to find the sexual 
stage of the organ ism have failed. The author observed structures 
similar to what should be th e sexual stage, but there were not con­
vincely of their identity. 

p ATHOGENESIS 

INOCULATION 

The main sources of inoculation are the mycelium found in the 
soil, bru:k and fruits, and the spores whic.b. are only found in soil. 
Chlamydospores are also found on the soil and serve as inoculpn. 

According to Fawcett, the period of inoculation ·of the fungus va­
ries. With several inoculations he produced the characteristic dis­
ease after four months, in other instances, after six months. He re­
corded the death of a lemon tree after eighteen months from inocu­
lation. 

SAPROGE:NESIS 

Phytophthora citrophthora lives saprophytically in the soil debris 
only and here produces spor es and chlamydospores. 

INOCULATION 

The sporangia, chlamydospores and mycelium are carried by the 
water to different places of the ·0rc.b.ard and the spattering rains, 
tools and animals will probably transport them and infect the sound 
trees . 

CHARACTERISTICS OF THE FUNGUS 

Four different cult ure media were used to study the fungus . 
These were: corn-meal agar , corn-meal agar plus 5 per cent citric 
acid, moist clay soil an d Cook II media. Sporangia could n·ot be 
J, roduced in any of these media; even all trials with the moist clay · 
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soil fa iled to produce sporangia . The organism grew more luxuriantly 
at room temperature from 77°F average, in the corn-mea l agar plus 
5 per cent citric acid . Twenty -four hours after inoculation the fun­
gus grew about 14 inch, concentrical ly; at 48 hours was 1 inch; at 
72 hours, 2 inches; at four days all .the petri dish was covered with 
mycelium. Cultures after four weeks old turned to an ashy color. 
The mycelium is non-septate, profusely branched and cottony. In 
young cultures it is pure white, but as the culture becomes old it 
turns gray and ashy. The author examined the solid cultures daily 
rand no sporangia were noticed from the first day of inoculation to 
six-week-old cultures, which were then left aside. The material was 
obtained from diseas ed trees in the Eugenia Grove, near the town of 
Afiasco. / 

.Material from different pa r ts of the tree was tri ed in the follow­
ing way: diseased tissue from the lesions and from 6 inches and one 
foot away from the lesion, respect ively, were used. In no instance the 
t issue from itself produced the fungus, but only the material gathered 
from 6 inches and 1 foot away produ ced the characteristic mycelium. 

After th~ wr iter failed to obtain sporang ia from wet -soil cultures, 
a new method was devetoped. Th.is method consisted in concentrat­
ing the c·orn-meal agar in the center of the petri dish forming a 
round mass of about 2 inches in diameter and 14 inch thi ck, leaving 
a margin between this mass and the petri dish of 3,4 inch. In this 
place, sterile water was poured. An inoculation was made with a 
bit of the mycelium in the center of the mass and from then on, the 
culture was examined daily. After 5 weeks, when the water became 
slimy, sporangia were abundantly produced. C-ontinued examination 
showed that 6-7 weeks the sporangia became scarce while a flush of 
chlamydospores and conidia were consp icuously abundant . The spo­
rangia observed were lemon-shaped, in some cases elongated while 
in others more r·ounded with a protuberance at the tip. Intercalary 
sporangia were found in some occasions and sporangia with two pores 
were observed. They showed a wide range in size and shape, but in 
the average they were 8 u long and 6 u wide. The chlamydospores 
range from well -rounded ones to elongated and averaged 6 u in di­
ameter. Spores were seen germinat ing and they were of approxi­
mately the same size as the chlamydospores. The sp·orangiophores 
were rath er short : 2 u in length, but there were some which at­
ta ined 16 and 18 u. 

In the first attem pts to isolate , the organism always an infection 
of a Ji'itsariiim species was pr esent; acc·or ding to Fawcett the second­
ary infection of the fitsa,·i ·nm _species slightly incr eases the injury of 
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P. citi-ophtho,-a. The only way of getting rid of this seeondary in­
fection was by inoculating l1ealthy lemon fruits with the mixed cul­
ture after which P. cit,-ophtlwra remained alone in the inoculated 
ienions, isolating from this the fungus in pure cultures. 

EPIPIIYTOLOGY 

Gummosis caused by P. citrophthora needs several factors in order 
to develop in an orchard. The factor of prime importance is mois­
ture, the secondary ones being: injuries, favorable temperature and 
the resistance or susceptibility of the stock used. The injuries of 
any nature are not essential for the rapid development of the dis­
ease; whenever moisture and favorable temperature prevail, the fun­
gus enters the bark easily. 

i\ioisture is the essential faetor for spreading the disease. For 
example, in the Eugenia Grove, the trees are budded low. it rains 
abundantly, from 70 to 80 inches annually and the water table is 
often found at 1 to 11/2 foot below the surface. This is a favorahl• 
place for the development of the disease. 

CONTROL 

PREVENTION 

In all diseases, the methods for prevention are the cheapest and 
most easily carried out, hut they are often neglected by the growers. 
There has been formulated some very good methods for the preven­
tion of gummosis. These are: ( 1) plant the trees in mounds, in this 
way the tree will have its r·oots well exposed and, therefore, a'fford 
less chance for the development of the disease; (2) by avoiding in­
juries of any sort to the bark or crown roots; (3) providing a good 
drainage system, and1 finally, (4) used, where possible, resistant stocks 
such as sour ·oranges. 

Other methods are: paint the basal part with B'ordeaux paste, 
and, in places where irrigatioh water is used, dig the s·oil among the 
main roots and leave a circular ridge around the tree. 

Another method which has proved very suceessfnl is tree surgery. 
T)iis consists in scraping the bark slightly to see the extent of the 
infection. Then the "invaded area", or brownish zones1 is dessected 
out with a heavy knife cutting thru the wood about % to 1 inch 
beyond the invaded zone on the sides and from 1 tb 2 inches beyond 
both at top and bottom. The cut above and bel"ow are made at an 
acute angle. Then the wound is desinfected by any of t.he comme1·­
cial desinfectants such as Bordeaux paste, using 1 pound copper sul-
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fate and 2 pounds rock lime to 11/s gallons of water. Protexol may 
be used also. After this treatment, the purpose of which is to kill 
spores or mycelium present, the wound is painted. 

College of Agriculture and Mechanic Arts, University of Porto 
Rico. Rio Piedras, P. R. 

EXPLANATION OF PLA'rEs 

PLATE XVII 

Grapefruit trees at Hacienda Eugenia showing effects of Phy­
tophthora. citriphora infection. 

PLATE XVIII 

A.-The mycelium showing its non-septate condition and its habitual 
way of branching. 

B.-Usual type of sp·orangia at several stages of development. 
C.-Sporangia and chlamydospores showing their characteristic forms 

and shapes. 
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