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Watery Brown Rot of Vegetables
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Watery Brown Rot or Drop is a fungus disease of lettuce,
cabbage, carrots and other vegetables. In the field, infected
plants wilt, then collapse against the soil surface. In this man-
ner fungus materials are introduced into the soil and are capable
of infecting any succeeding susceptible crop.

Control of Drop is relatively simple. Calcium cyanamide ap-
plied to the surface of semi - moist soil, then disked in before
planting will considerably reduce losses.

Cyanamide is slightly toxic to plants if not used properly.



ORGANIZATION

BOARD OF REGENTS

HOWARD PYLE, LL.D. (ex officio) Governor of Arizona

MARION L. BROOKS, M.A. (ex of6cio)____State Superintendent of Public Instruction

WALTER R. BIMSON Term expires Jan., 1955

LYNN M. LANEY, B.S., J.D Term expires Jan., 1955

JOHN G. BABBITT, B.S., President Term expires Jan., 1957

MICHAEL B. HoncES, Treasurer Term expires Jan., 1957

JOHN M. JACOBS Term expires Jan., 1959

EVELYN JONES KIRMSE, A.M Term expires Jan., 1959

ALEXANDER G. JACOME, B.S Term expires Jan., 1961

WILLIAM R. MATHEws, A.B., Secretary Term expires Jan., 1961

RICHARD A. HARVILL, Ph.D President of the University

ROBERT L. NUGENT, Ph.D Vice -President of the University

EXPERIMENT STATION ADMINISTRATION

PHIL S. ECKERT, Ph.D Director

RALPH S. HAWKINS, Ph.D Vice -Director

Cover: Watery Brown Rot infected Imperial 152 lettuce plants in a large
planting south of Tucson, Arizona. 1946 -47.



WATERY BROWN ROT OF VEGETABLES IN ARIZONA
PAUL D. KEENER'

Watery Brown Rot is a disease caused by a fungus (Sclerotinia
sclerotiorum ( Lib.) Mass.) in numerous vegetables, ornamental
plants, and weeds. Among the vegetables susceptible to the fungus
in Arizona are: lettuce, cabbage, celery, carrot, broccoli, and cauli-
flower. The disease is variously known as Drop (in lettuce) , Foot -
or Pink -rot (in celery, broccoli, and cauliflower) , and Watery Brown
Rot. The term sclerotiniose has been applied to the disorder. In
addition, Drop has been called "side rot" but this name should apply
to an entirely different disease.

All the varieties of head lettuce grown commercially in Arizona at
the present time are susceptible to the drop fungus. Records of
attacks have been made for Imperial 44, 152, and 615 and for Great
Lakes and some of the strains, Premier and A -36. The various types
of Giant Pascal Celery also appear to be highly susceptible. No cab-
bage varieties are known which will resist infection.

RECOGNITION OF WATERY BROWN ROT
In lettuce, cabbage and celery, which are the most commonly at-

tacked vegetables in Arizona, the outer leaves of infected plants
become limp and wilt down against the soil surface (Pl. I. Upper
and center left; right center). Some plants show only mild wilting
in the afternoon sun and appear upright and non -affected in the
moist atmosphere and cooler temperatures of early- and mid -morning.
The stems of infected plants become brittle and the entire plant may
topple over at the slightest pressure. In mid and late infections, a
watery brown liquid tends to collect at the bases of leaf stalks against
the stems. Accompanied by discoloration of leaf -stalk and some-
times actual leaf -blade tissue, this liquid becomes the seat for the
accumulation of the cottony, white threadlike strands (hyphae) and
compact masses of strands (sclerotia) of the fungus (Pl. I. Lower
left; upper and lower right). In very late stages of infection the
entire plant turns yellow- brown, then brown, and finally wilts com-
pletely (Pl. I. Left center, plant in foreground) . Soon after wilting,
the entire plant disintegrates leaving the fungus structures (hyphae
and sclerotia) exposed on the soil surface. When the ground is pre-
pared for the next crop the fungus materials are plowed into the soil.
The sclerotia (Pl. I. Lower left; upper and lower right) remain alive
for a considerable period and are able to cause infection in many
succeeding susceptible crops.

HOW INFECTIONS TAKE PLACE
Infections by the fungus causing Watery Brown Rot take place

at any time during the life of the plant (i.e., from the seedling stage
through maturity) . The severest form of the disease and the great-

1Assistant Plant Pathologist, Department of Plant Pathology, University of Arizona,
Agricultural Experiment Station, Tucson.
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est loss to the lettuce and cabbage grower occur from the mid -heading
stage to harvest. In Arizona (with the possible exception of the
Yuma Valley), during the seasons when lettuce is grown, most of
the infections take place through the soil by means of hyphae and
sclerotia. Some aerial infections from discharged spores undoubtedly
occur but spores apparently are of little consequence in originating
extensive spots of field infections under climatic conditions in Ari-
zona. A schematic representation of the life cycle of the fungus
follows:
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Figure 1.- Schematic representation of some of the features in the life cycle
of the fungus causing Watery Brown Rot.

Plate I. - Symptoms of Watery Brown Rot in lettuce, cabbage and celery.
Upper left: Mid -phase of the disease in Imperial 615 lettuce. Note the wilted
condition of the outer leaves and partial collapse of the head. West of Tolleson,
Arizona, 1947. Center left: Late stage of the disease in Imperial 615 lettuce,
West of Tolleson, Arizona, 1947. Lower left: Portion of a head of Imperial
152 lettuce showing the hyphae and sclerotia of the fungus. Upper right:
Infected stalks of Giant Pascal Celery showing hyphae and sclerotia. Note the
similarity in hyphae and sclerotia to those found in lettuce. Glendale, Arizona,
1951. Center right: The disease in a plant of green cabbage. Deer Valley,
Arizona, 1951. Lower right: A single sclerotium (greatly enlarged) of the
fungus, showing germination to form several cup -like structures (apothecia ).
South of Tucson, Arizona, 1946.
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CONTROL OF WATERY BROWN ROT

Watery Brown Rot is rather difficult to eradicate from the soil or
to keep under complete control in any susceptible vegetable crop.

Experiments conducted in the Salt River Valley over a period of
years in both mildly and severely infested soils indicate that the
fungus can be satisfactorily controlled by a surface- broadcast appli-
cation of calcium cyanamide (20 per cent nitrogen)2 to soils at a
rate of 800 to 1,000 pounds per acre, before planting. In fall -planted
lettuce it was found that good results were obtained when the chemi-
cal was disked to a depth of 4 to 6 inches into semi -moist or dry soil
and followed with irrigation. In spring- cutting lettuce the chemical
may be applied to semi -moist soil just previous to bedding and plant-
ing, without an intervening irrigation. In any event, CYANAMIDE
IS SLIGHTLY TOXIC TO MOST PLANTS AND A WAITING
PERIOD OF THREE DAYS FOR EACH ONE HUNDRED
POUNDS CHEMICAL APPLIED should be allowed to elapse be-
tween the time of soil treatment and sowing of seed (i.e., if 500 lb.
per acre are used, this would mean 500 x 3 or fifteen days) . Pre-
liminary investigations indicate that this waiting period possibly
could be greatly shortened, but until further studies are completed
on this point, the safest procedure is to allow the three -day per 100
pound period to elapse. The data in Table 1 indicate the degree of
control that may be expected in mildly- and heavily- infested areas.
The results for Imperial 615 lettuce were recorded in a mildly infested
region, while those for Imperial 152 and Giant Pascal Celery were
taken from a heavily infested soil. Results in both of these instances
were recorded at time of harvest.

TABLE 1.- EFFECT OF CALCIUM CYANAMIDE ON WATERY BROWN
ROT INFECTION IN AREAS OF MILDLY -INFESTED AND

HEAVILY -INFESTED SOILS

Infected plants - Per centVariety Number
of of Primary plotsa Replicated plots Combined data from

crop plants primary and
examined replicated plots

Non- Non- Non -
Treated treated Treated treated Treated treated

Imp. 615b
lettuce

20,996 0.6 4.6 0.6 7.0 0.6 5.85

Imp. 152'
lettuce

16,832 32.6 50.4 21.8 57.6 27.2 54.0

Giant'
Pascal 10,917 3.66 6.68 1.5 5.4 2.58 6.04
Celery

aRecording of results consumed several days. Primary plots are those in which
results were first taken.
bMild infestation.
'Heavy infestation.

2Commercially known as AERO Cyanamid Granular. Thanks are due the Ameri-
can Cyanamid Company for furnishing the materials for this investigation.
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In areas where the soil is heavily infested, better control may be
expected during the second and third year of calcium cyanamide
applications than during the first year. In mildly infested soils the
effects of such repeated applications are not as noticeable, although
the added fertilizer value of cyanamide (20 per cent nitrogen) prob-
ably warrants yearly use in lower amounts of 300 to 500 pounds per
acre. This is standard procedure with some lettuce growers. There
appears to be less build up of the disease in such areas.

Less disease may also be expected where cyanamide is applied and
an appropriate rotation program pursued. Rotating lettuce and cab-
bage with melons appears to aid in reducing losses from Drop.

One fact usually overlooked in the problem of Watery Brown Rot
control through the use of calcium cyanamide is that the rate of
increase of the disease in treated areas in such crops as lettuce is
usually less than that in non -treated ones. For example, in the par-
ticular experiment from which the data were derived, the figures in
Table 2 show that the rate of disease increase in nontreated plots
was roughly twenty times as great as that in treated plots. Whether
cyanamide increases plant resistance to the fungus or whether the
retardation indicates a direct effect on the fungus, is not clearly under-
stood. This will be studied further.

TABLE 2.- EFFECT OF CALCIUM CYANAMIDE ON THE RATE OF
INCREASE OF WATERY BROWN ROT IN IMPERIAL 615 LETTUCE

Number of
Infected plants - per cent

Time of plants Combined data from
recordings examined Primary plots Replicated plots primary and

replicated plots

Two weeks

Non- Non-
Treated treated Treated treated

Non -
Treated treated

previous to
harvest

22,289 0.06 0.63 0.03 1.06 0.45 0.85

At harvest 22,289 0.60 4.60 0.60 7.00 0.60 5.85
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