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C. L. W. Emmons and J. W. Scott
University of Florida, IFAS
Gulf Coast Research & Education Center
5007 60th Street East
Bradenton, FL 34203

Additional index words. Environmental, fruit size, Lycopersicon
esculentum, physiological, yield.

Abstract. Cuticle cracking (CC), also referred to as rain check,
is a tomato (Lycopersicon esculentum, Mill.) disorder charac
terized by small hairline cracks which generally occur on the
shoulder of mature fruit during the latter stages of growth. It re
sults in both an unattractive appearance and reduced shelf life
due to water loss. Breeding for resistance is difficult because
the disorder is not always expressed when selections are be
ing made. Exposing fruit by removal of leaves and/or pruning
of fruit to three per cluster did not affect incidence of CC for
any genotypes tested. However, in another experiment, 49% of
fruit exposed to direct sunlight had CC which was significantly
more than the 20% incidence of CC for fruit protected by leaf
cover. Three genotypes grown without staking averaged 38%
CC incidence while there was significantly less CC (10%) for
those grown with staking. Fruit removal in another experiment
did not alter cuticle cracking incidence. However, larger fruit
had greater CC incidence than small fruit (r2 = 0.33). In four
populations segregating for pedicel type, only one had a sig
nificant difference where plants with jointless pedicels had
more CC than plants with jointed pedicels. The first symptoms
of CC occurred most frequently at the mature-green stage of
development, but CC also appeared at breaker and red ripe
stages. Once the cracks appeared, severity increased in 42%
of the fruit as they ripened on the vine. Increases in severity oc
curred more often between mature-green and breaker than be
tween breaker and table-ripe stages of ripening.
Introduction

Tomatoes (Lycopersicon esculentum Mill.) in Florida are

usually harvested at the mature-green (MG) stage of develop
ment to facilitate shipping to northern markets. One prob
lem with this system is that immature fruit as well as MG fruit
are harvested which results in low flavor quality for consum
ers. In attempts to overcome this situation, considerable re
search has been conducted to develop tomato varieties with
extended shelf life (ESL) which can be picked at the breaker
(BR) stage or beyond and still withstand the rigors of ship
ping. ESL varieties are presently being extensively grown in
Mexico and have greatly enhanced the shipment of "vine-

ripe" fruit to U.S. markets.
However, one of the major constraints to growing ESL or
other varieties at the "vine-ripe" stage in Florida is the fruit

loss which can occur when there is rainfall in the harvest sea

son. The major damage is due to fruit cracking of which there
are three types; radial, concentric, and cuticle cracking (CC)

(Frazier, 1937). Of these, radial and cuticle cracking are the
most common. The damage is particularly severe when ex
tended periods of dry weather precede the rains, resulting in
more damage than if the fruit were acclimated to more regu-
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lar rainfall patterns. The present study focuses on factors
which affect CC.

Cuticle cracking; also referred to as rain check, russeting,
crazing, small cracking, shrink cracking, hair cracking, and
cuticle blotch, is characterized by hairline cracks in the cuti
cle generally on fruit shoulders, but sometimes extending
down the fruit (Hayman, 1987; Young, 1947). In severe cases,
the cracks may penetrate to the epidermal wall to form lenticel-like lesions characterized by discoloration due to suberization (Faust and Shear, 1972; Tukey, 1959). Based upon
field observations, tomato fruit are reported to be most sus
ceptible to CC at the MG stage (Young, 1947) within two to
three weeks prior to breaker (den Outer and van Veenendaal,
1987). Some variety releases have reported tolerance to CC,
but otherwise there has been no literature on why some cultigens (cultivars and genotypes, Soule, 1985) are resistant. Ob
servations indicate one component of resistance is leaf cover
protecting fruit from rain impact, UV radiation effects, and
temperature fluctuations due to direct sunlight. The second
component is in the fruit cuticle itself. We have recently
found resistant cultigens had fruit with thicker epicarps (cuti
cle plus epidermis) and epidermal cells which are not as elon
gated as that of susceptible cultivars (Emmons and Scott,

1997b). One of the difficulties in breeding for resistance is
that the disorder may not be adequately expressed during se
lection (Scott, 1993).
In this study, we examine several factors which may affect
CC expression so tomato breeders can better understand how
to evaluate breeding lines for tolerance, and tomato growers
can consider growing practices which may minimize CC ex
pression.

Materials and Methods

Each cultigen (Table 1) was seeded in the greenhouse in
Black Beauty spent coal (Reed Minerals Div., Highland, IN)
medium and seedlings were transplanted into Todd planter
flats (3.8-cm:i cell size) (Speedling, Sun City, FL) containing a
1:1 peat and vermiculite mixture. Two weeks prior to trans
planting, 20 cm high, 81 cm wide beds on 152 cm centers
were formed of EauGallie fine sand and were fumigated with
67% methyl bromide: 33% chloropicrin at 239 kg-ha1, then
covered with black polyethylene mulch. Cultigens were set
into the field in randomized complete block (RCB) (1995B,
1995C,
1996B, 1996C), completely randomized
(CR)
(1995A), and/or split-plot (SP) (1992,1996A) designs. Plants
were spaced 46-cm apart within plots with 91-cm between
plots. There was 152-cm between rows. Recommended fertil
izer and pesticide programs were followed (Hochmuth et al.,
1989). Plants were grown with stake culture, unless otherwise
indicated, and irrigated by seepage from ditches adjacent to
the experimental beds.

Pruning. In 1992, plants were set into the field on 6 March
in a SP design with four blocks and five to six plants of a culti
gen per plot (main plot). The four most vigorous plants per

plot were chosen for study. Plots were randomly arranged in
six rows. One plant per plot of a cultigen served as a control
while three others were subjected to one of the following
treatments (subplots): exposed, limited, limited and ex
posed. In the exposed treatment, three trusses of fruit were
Proc. Fla. State Hort. Soc. 109: 1996.

Table 1. Tomato cultigens used in cuticle cracking experiments.

ing, 10 plants per cultigen were given one of three treat
ments: one-third of all set fruit were removed (medium load),

Year

Experiment

Cultigens

1992

Leaf and fruit pruning

Campbell 28 (C-28)

fruit were removed from control plants. All unset blossoms

Freshmarket 9

were removed from each treatment. All MG fruits were har

Solar Set
Suncoast

NC50-7

Fla.
Fla.
Fla.
Fla.
Fla.
Fla.
1995

A. Fruit load

7171
7236xCL5915F,
7060
7232BxFla. 7321F,
7497
7181

C-28

Fla. 7497
Fla. 7181
B. Pedicel anatomy

C-28

Fla. 7497
Fla. 7181
Campbell 28 x Fla.

7181*
Fla. 7497 x Fla. 7181>

Fla. 7547
Fla. 7481
C. Fruit size

C-28

Freshmarket 9
Suncoast

Fla. 7497

Fla. 7181
1996

A. Staking

Suncoast

Fla. 7497
Fla. 7181
B. Sunlight exposure

Suncoast

C. Developmental stage

Fla. 7181

*F,, generation.
yF., and BC generations.

exposed to direct sunlight by trimming leaves from above

them. The limited treatment involved trimming fruit to three
per truss on three trusses. The limited and exposed treatment
was a combination of the above two treatments. MG and riper
fruit were harvested on 5 June from three trusses per plant
and affected fruit were rated for CC severity.

Sunlight exposure. Plants were set into the field on 19
March, 1996 in a RCB design with four blocks and eight
plants per plot. Plots were randomly arranged in six rows per
block. Table-ripe (TR) fruit were harvested on 10 June and
MG and riper fruit were harvested on 17 June. Between har
vests, fruit which were growing in full exposure to direct sun
light were tagged. At the second harvest, occurrence of CC
was determined for exposed (tagged) and unexposed fruit
(not tagged).
Staking. Plants were set into the field on 19 March, 1996 in
a SP design. Four replicates were grown in which duplicate
plots (subplots) of eight plants of a cultigen (main plot) were
planted end-to-end. Plants in one plot were not staked, where
as plants in the other plot were staked and tied. TR fruit were
harvested and discarded due to a lack of CC on 10 June. MG
and riper fruit were harvested on 18 June and used for data
analysis.

Fruit load and size. Thirty plants each of cultigens 'Camp
bell 28' ('C-28'), Fla. 7497, and Fla. 7181 were set into the
field on 8 March, 1995 in a CR design. Six weeks after plant
Proc. Fla. State Hort. Soc. 109: 1996.

two-thirds of all set fruit were removed (low load), and no

vested from individual plants between 6June and 10June, fol

lowing six rainfall events, resulting in 17.4 cm of rain within
two weeks prior to harvest.

In a separate experiment cultigens 'C-28', 'Freshmarket

9', 'Suncoast', Fla. 7497, and Fla. 7181 were used to deter
mine the relationship of CC incidence and severity with fruit
size, yield, and number of fruit at harvest. Plants were set into
the field on 8 March, 1995 in a RCB design. There were four

blocks with eight plant plots each containing an individual

cultigen. MG and riper fruits were harvested two times at a
two-week interval, on an individual plant basis. Fruit from the

second harvest were used for this study. Incidence and sever
ity of CC were determined for each cultigen. Average fruit
weight (size) was calculated by dividing the yield per plot by
the fruit number per plot. All analyses were conducted on
plants with a minimum of ten fruit.
Pedicel type. Parental lines, F, hybrids, F2, backcross to resis

tant parent (BC,), and backcross to susceptible parent (BC2)
generations were grown for two families ('C-28' x Fla. 7181
and Fla. 7497 x Fla. 7181) segregating for pedicel type. 'C-28'
has jointed pedicels, whereas Fla. 7181 has jointless pedicels.

Fla. 7497 has an arthritic type pedicel in which the pedicel is
usually swollen above an imperfectly formed abscission zone
which tears and does not separate cleanly when fruit are har
vested. For this study, the F2 of C28 x Fla.7181 and the F2 and
BC2 from Fla. 7497 x Fla. 7181 were used. Plants were grouped
within generations according to pedicel type for CC analysis.
Also, two near-isogenic lines (NIL), Fla. 7547 (jointed) and

Fla. 7481 (jointless) (Scott and Jones, 1995), were included in
this study. Plants were set into the field on 8 March, 1995 in a
RCB design. There were four blocks with eight plant plots
each containing an individual cultigen. MG and riper fruits
were harvested two times at a two-week interval, on an individ
ual plant basis. Fruit from the second harvest were used for
data analysis. Incidence and severity of CC were determined
for each pedicel group per segregating generation and for
the NIL lines. All analyses were conducted on plants with a
minimum of ten fruit.

Developmental stage ofCC occurrence. Plants were set into the
field on 19 March, 1996 in a RCB design with four blocks and
eight plants per plot. Plots were randomly arranged in six
rows per block. Two hundred eighteen immature-green (IG)
fruit showing no CC were labeled and monitored twice weekly
for developmental stage of occurrence of CC as they matured
to the TR stage. Eighty five fruit with CC were monitored
twice weekly for changes in severity rating as they matured.
Data analysis. For each of the above experiments the inci
dence of CC was calculated on a per plant basis. Severity was
determined using a scale from 1 to 10 based on the propor
tion of surface area covered by visible cuticle cracking (Table
2). Briefly, a 1 had barely visible hair-line cracks, 2 had visible
lenticel-like lesions covering less than one-eighth of the fruit
shoulder, and the remaining numbers indicated increasing
shoulder areas with CC. The data were transformed with the
square root function to improve homogeneity of the varianc
es (Zar, 1984). Analyses of variance for incidence and severity
of CC were analyzed for cultigen, block, and treatment effects
as well as all interaction effects using the PROC GLM or
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Table 2. Description of severity of cuticle cracking rating scale.

Table 4. Incidence of fruit cuticle cracking in staked and not staked tomato
plants.

Visible appearance

Rating
0

Glossy, no cracks

Cultigen

Staked

Not staked

1

Dull, hair-like cracks, no lesions visible

Fla. 7181

13b'

49a

2

Suncoast

14b

44a

Fla. 7497

5b

20a

10b

38a

8

<12.5% of shoulder covered with lesions
>12.5% < 25% of shoulder covered with lesions
>25% < 50% of shoulder covered with lesions
>50% < 75% of shoulder covered with lesions
>75% < 87.5% of shoulder covered with lesions
>87.5% < 100% of shoulder covered with lesions
100% of shoulder covered with lesions

9

Lesions extend beyond the shoulder

3
4
5

6

7

Fruit totally covered with lesions

10

PROC TTEST procedures of the Statistical Analysis System

(SAS Institute, 1979). Multiple range tests were performed us
ing the Means/Duncans statement of PROC GLM (SAS Insti

tute, 1979). Regression analyses were performed using the
PROC GLM procedure of the Statistical Analysis System.

Meaiv

'Mean separation in rows by Duncan's multiple range test at p<0.05. Data
were transformed to square roots before analysis.
vMean for three cultigens.

this was significant only for Fla. 7181 (data not shown). Low
load treatments reduced NFH by an average of 33% (Table 5)
and was significant for 'C-28' and Fla. 7181 (data not shown).
Fruit size and number of fruit significantly affected incidence
of CC (Table 6). Fruit size accounted for 33% of the variance
in incidence of CC, whereas number of fruit accounted for
7% of the variance (Table 6). Incidence increased with in
creasing fruit size and decreasing number of fruit. Yield did

not significantly affect incidence of CC, though incidence

Results

tended to decrease as yield increased. Severity was significant

Pruning. Removal of leaves, fruit, or both did not signifi

cantly affect incidence or severity of CC for any of the 11 culti-

gens tested (data not shown). Cultigens differed significantly
(p<0.001) for incidence but not for severity of CC (Table 3).
Cultigens with high CC incidence also had high variance.
Sunlight exposure. Fruit exposed to direct sunlight during
maturation had a significantly higher (p<0.05) incidence of
CC than fruit which developed under leaf cover (protected).

Nearly half, 49%, of exposed fruit had CC, whereas 20% of
protected fruit had CC (data not shown).
Staking. For each of the three cultigens tested, the inci

dence of CC for plants not staked was significantly higher
than that for plants which were staked (Table 4). On the av
erage, the incidence of CC for non-staked plants was nearly
four times as much CC incidence for staked plants.
Fruit load and size. Incidence and severity of CC was not af
fected by fruit load treatments over all cultigens (Table 5) or
for any individual cultigen except Fla. 7497 (data not shown).
The trend was for CC incidence to increase with decreasing
fruit load (treatment), whereas CC severity remained fairly
constant (Table 5). Medium load treatments reduced the

number of fruit harvested (NFH) by an average of 17% but

ly affected by fruit size and number of fruit (Table 6). As fruit

size increased, severity increased, but accounted for only 17%
of the variance in severity. As the number of fruit increased,
severity decreased slightly, but accounted for only 6% of the
variance in severity (Table 6).
Pedicel type. Plants with jointless pedicels had significantly
higher incidences of CC than plants with jointed pedicels
only for the F2 generation of the Fla. 7497 x Fla. 7181 cross
(Table 7). Other comparisons had nonsignificant differences
but all showed the same trend.
Developmental stage ofCC occurrence. In 61 % of fruit showing
CC, the disorder first occurred at the MG stage, whereas in
27%, 10%, and 2% CC first occurred at BR, TR, and IG stages,
respectively (Table 8). Fifty-eight percent of fruit with CC
showed no increase of severity as the fruit ripened beyond the
stage of first occurrence (Fig. 1). Of those showing an in
crease in severity, 36% increased by 1 rating point, 25% in
creased by 2 points, 25% increased by 3 points, 3% increased
by 4 points, and 11% increased by 5 points. An increase in se
verity occurred between MG and BR in 73% of the fruit with
CC at MG, whereas 22% of the fruit with CC at BR showed an
increase of severity between BR and TR (Table 9).
Discussion

Table 3. Incidence and severity of cuticle cracking for 11 tomato cultigens
(1992).

Previous work (Emmons, 1996) indicated that cultigens
with high incidences of CC also have high variances. Many

susceptible cultigens will produce a few seemingly 'resistant'

Cultigen

Incidence'

Severity

Fla. 7181

28.2 ± 1.8a*

2.63 ± 0.67b

Suncoast

26.6 ± 2.5a

2.99 ± 1.33b

NC50-7

18.4±1.5ab

2.99 ± 1.43b

Fla. 7236 XCL5915F,

11.5±1.6bc

2.21 ± 0.91b

Fla. 7060

9.7±1.2bc

2.24 ± 0.30b

Solar Set

6.9 ±1.led

2.35 ± 0.49b

Fla. 7232BX Fla. 7321 F,

5.4±0.8cd

Fla. 7171

4.0±0.5cd

1.75 ± 0.61b
2.67 ± 1.37b

C-28

2.4±0.7cd

2.25 ± 1.77b

Number of fruit

25.9a'

FM-9

l.l±0.3d
0.7 ± 0.3d

3.00 ± 1.41b

Incidence (%)

26.3

6.00 ± 0.00a

Severity

Fla. 7497
'% Fruit affected ± std. deviation

plants which show no CC. Selection of resistant cultigens for

Table 5. Effects of fruit load on incidence and severity of cuticle cracking.
Treatment

Control

3.4

Medium-load

21.0b(19)>"
27.7
3.1

Low-load

17.4b(33)
33.1
3.3

'Mean separation in rows by Duncan's multiple range test at p<0.05. No let

"Mean separation in columns by Duncan's multiple range test at P<0.05.

ters indicate non-significant differences.
'Numbers in ( ) indicate percentage fruit load reduction compared to the

Data were transformed to square roots for analysis.

control.

yPer affected fruit ± std. deviation
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Table 6. Regression analysis for incidence and severity of CC on number of

Table 8. Occurrence of cuticle cracking at different developmental stages.

fruit, fruit size, and yield over five cultigens.

Size

Number of fruit
Yield

'ns,

Incidence

Severity

y=-0.10+1.84x
(***, r- = 0.33)'

y=1.60+1.47x
(***, r2=0.17)

y=0.59-0.01x

y=2.22-0.01x

(**, r2 = 0.07)

(**, rM).O6)

y=0.36+0.01x

y=2.01+0.01x

(ns, r'-' = 0.01)

(ns, r2=0.003)

First appearance of

Fruit with

cuticle cracking

cuticle cracking'

(No. of fruit)

%

Stage

1

2

Mature-green

38

61

Breaker

17

27

6

10

Immature-green

Table-red

'From a total of 62 fruit showing CC.

and *** indicate nonsignificance, significance at p<0.01, and

p<0.001, respectively.

Table 9. Timing of increase of severity of cuticle cracking after initial occurrence.

breeding should be based on the incidence of CC of the cultigen as a whole, not on the performance of individual plants.
In early generations, single-plant selections need to be prog
eny tested to verify if they are resistant. Severity of CC does
not differ significantly between cultigens and is not affected
by most environmental and anatomical factors which increase
CC incidence (Emmons and Scott, 1997a). Therefore inci
dence of CC is a better measure of resistance to CC than se
verity.

Incidence and severity of CC was not significantly affected
by removal of leaves, fruit, or both. Those treatments induced
radial cracking and CC in tomatoes (Ehret et al., 1993; Frazier, 1936), but the degree of leaf and/or fruit removal may
not have been severe enough in our study to attain the same
results. However, it was demonstrated that exposed fruit had
significantly higher CC incidence than fruit protected by leaf
cover. Plants growing on the ground had a significantly high
er incidence of CC than staked plants. This may be related to
an increase in exposure of fruit to direct sunlight when grown
without staking. Whether the effect is due to polymerization
of cuticular waxes by UV radiation, increased fruit tempera
ture fluctuations, and/or rain impact is not known. Thus, to
minimize CC, practices such as proper nutrition and foliar
disease control which limit fruit exposure should be used by
growers. Excessive pruning of side shoots could also increase
fruit exposure, especially on smaller vined varieties. Harvest
crews should use care not to cause excessive vine damage
which exposes fruit remaining on the vine.
Reduction in fruit load did not show significant increases
in incidence or severity of CC as expected from the report of
Ehret et al. (1993), although incidence of CC did slightly in
crease as fruit load decreased. Treatments reduced fruit load,
but not enough to significantly affect incidence or severity of

Fruit with increased severity

Change in
(No.)>

stages'

Table 7. Effect of pedicel anatomy on incidence of tomato cuticle cracking.

Fla. 7497 xFla. 7181
C-28xFla. 7181

Generation

Jointed

Jointless

F,

13.8b'

25.6a

BC,

44.1

46.3ns

F,

21.2

25.1ns

19.4

29.6ns

Fla. 7547 vs Fla. 7481

'Mean separation within rows by Student's t-Test at p<0.05. ns indicates not
significantly different. Data were transformed to square roots before analy
sis.
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(%)

1

0

0

38

27

73

BR to TR

67

15

22

'IG=immature-green; MG=mature-green; BR=breaker; TR=table-ripe.
^Number of fruit showing CC at the earlier stage of development.
"Number of fruit showing increased severity of CC at later stage of develop
ment.

than the expected 67% reduction. Number of fruit at harvest
and size of fruit appeared to affect the incidence of CC in to
mato fruit, with fruit size being most important. There was a
tendency for incidence and severity of CC to be greater as
fruit size increased. This is in agreement with previous studies
(Considine 8c Brown, 1981; Janse 1985; and Koske et al.,
1980). Growers generally receive a greater return for larger
fruit so they certainly would not want to engage in any prac

tice which would decrease fruit size. Rather, they should grow
large-fruited varieties with better tolerance to CC and follow
practices which limit fruit exposure as mentioned above. The
effect of fruit number per plant on CC was not profound, but
there was greater CC with less fruit on a plant and this was
found in an earlier greenhouse study (Ehret et al., 1993).
Plants with a greater number of fruit are probably better able
to distribute an influx of water when rain occurs.

60 T

40

20

Cuticle cracking incidence (%)
Family

(No.)*

MG to BR

IG to MG

CC. Medium-load treatments resulted in an average 17% re
duction in number of fruit harvested rather than the expect
ed 33% reduction. Low-load treatments resulted in an
average 33% reduction in number of fruit harvested rather

Fruit with CC

developmental

0

■

1

1

■ _

I MM ■_-^ I
0

3
4
1
2
INCREASE IN SEVERITY

5

Figure 1. Proportion of fruit with increases in severity of cuticle cracking
after initial occurrence. Severity scale is in Table 2.
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Influx of water is the source of turgor pressure placed on
the fruit epidermis, leading to CC. During fruit development
many tomato cultigens form an abscission zone in the

pedicel. This jointed condition potentially regulates the flow
of water into and out of the fruit during maturation (McCollum and Skok, 1960). If an abscission zone is not formed, as
in jointless pedicels, water influx to the fruit may not be re
stricted during maturation, resulting in great turgor pressure
being placed upon the epidermis during periods of high rain
fall. There was a tendency for fruit with jointless pedicels
tended to have higher incidences of CC than plants produc
ing fruit with jointed pedicels. However, significant differenc
es were found for only one of four generations tested.

Comparison of two near isogenic lines, differing by jointed
versus jointless condition, indicated that the jointed condi
tion by itself is not sufficient to significantly increase resis
tance to CC.

Cuticle cracking in tomato is reported to occur most often
at the MG stage of development (den Outer and van
Veenendaal, 1987; Young, 1947), though data were not given.
Our data support reports of CC occurring most often at MG,
but the first appearance of CC is also possible during BR and
TR stages. Severity of CC of an individual fruit may increase
by up to 5 rating points, effectively changing from 12.5% of
the fruit shoulder covered with cracks to 100% of the shoul
der affected. In a MG harvest system, growers try to harvest be
fore predicted rainfall if possible. Our results support this
practice since fruit at the MG stage are vulnerable to CC.
However, a careless harvest where numerous MG tomatoes
are left on the vine would increase the vulnerability of these
fruit to CC because of the reduced fruit load. Leaving fruit on
the plant to ripen beyond MG following a significant rainfall
(Emmons and Scott, 1997a) could increase the incidence and
severity of CC thus decreasing marketable yield. This is an im
portant consideration for growers considering vine-ripe har
vesting. Varietal tolerance to CC would be more important
than in the MG harvest system.
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Abstract. Powdered calcium carbonate (CaCO3) was used to
amend a vermiculite:Canadian peat medium (1:1,v/v). Medium

pH values of 4.0 (unamended), 4.9 (0.75 g CaCO/liter of mix),
6.2 (1.5 g/liter), and 7.3 (3.0 g/liter) were established. Each pH
batch was divided into five subbatches. Each subbatch was
amended with Na2EDTA-chelated forms of iron (Fe, 17 kgha1),
manganese (Mn, 10 kgha1), zinc (Zn, 19.4 kgha1), Fe+Mn+Zn
(17+10+19.4 kg»ha1), or no minor element amendment. Twoweek-old tomato seedlings (Lycopersicon esculentum Mill. cv.
Walter) were planted into the various mixes infested the previ
ous day with Fusarium oxysporum Schlecht. f. sp. radicis-lycopersici Jarvis and Shoemaker. Crown rot evaluations were
made three weeks later. Disease incidence decreased with in-
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