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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creasing mix pH (52, 44, 35, and 10% for pH 4.0, 4.9, 6.2, and
7.3, respectively). The addition of micronutrients did not affect
disease incidence at pH 4.0 or 7.3. However, at pH 4.9 the addi
tion of Fe+Mn+Zn increased disease incidence. Moreover, at
pH 6.2, disease incidence was increased by the addition of Fe,
Mn, or Fe+Mn+Zn. The results demonstrate that the beneficial
effect of liming and increased pH can be negated by the addi
tion of chelated micronutrients providing the medium pH is not
too high.

Jones and Woltz (1968; 1969; 1970) demonstrated in
greenhouse and field experiments that soil amendments of
calcium carbonate and hydrated lime greatly inhibited devel
opment of Fusarium wilt of tomato. Later Jones, Woltz, and
Scott (1990; 1992; 1993) showed that soil amendments of
powdered calcium carbonate resulted in excellent control of
Fusarium crown rot of tomato. They further showed that this
control of the Fusarium-incited diseases was due to an in
crease in soil pH, not to an increase in soil calcium since gyp
sum (CaSO,) amendments, which increased the soil calcium,
but not the soil pH, did not affect disease development. Jones
and Woltz (1968; 1969) suggested that the inhibition of wilt
was due to the increased soil pH which limited the availability
of micronutrients needed for the growth, sporulation, and
virulence of the pathogen. A little later they (1970) demon
strated that the beneficial effects of liming to a high soil pH
could be reversed by the soil additions of Mn+Zn or Fe+Zn lignosulfonates which are available for plant growth at high soil
pH values.

The present experiment was designed and carried out to
determine the effect of adding NaJLDTA-chelated micronu

trients (Fe, Mn, Zn, and Fe+Mn+Zn) to calcium carbonateamended soil. If the addition of micronutrients, in an avail
able form, reversed the Fusarium crown rot-inhibiting effects
of calcium carbonate and crown rot developed, this would be
strong evidence that the basis of crown rot control by calcium
carbonate was due to an induced deficiency or imbalance of
micronutrients created by the increased soil pH.

Table 1. Effect of CaCO., on medium pH and on the incidence and severity
of Fusarium crown rot of tomato.
:dium

CaCO, Amount
(g/liter)

Disease incidence

(% plants girdled

(%)

or dead

0.0

4.0

52 a'

17a

0.75

4.9

44 b

10b

1.50

6.2

35 b

4c

3.00

7.3

10 c

2c

'Mean separation by LSD test at the 0.05 probability level.
^Measured in a saturated paste.

The Fusarium oxysporum f. sp. radicis-lycopersici used to in

fest the mix was grown 10 days at 28 C on potato dextrose agar

plates. The surface mycelium and spores were washed off the
plates and a 5.5 million spores/ml suspension prepared. The
spore suspension (50 ml) was mixed into the medium of each
tray. One week later 10 two-week-old tomato seedlings (cv.
Walter) were transplanted into each tray. Plants were rated
for disease development three weeks after transplanting. At
that time a sample of the medium was taken from each tray
and the pH was determined.
Results and Discussion

The application of 0.75, 1.5, and 3.0 g CaC0:/liter of me
dium raised the pH from 4.0 (unamended) to 4.9, 6.2, and
7.3, respectively (Table 1). None of the chelated micronutri
ent amendments altered the initial pH of the medium.
Disease incidence (percent of the plants with symptoms)
and severity (percent of the plants rated dead or nearly gir

dled by hypocotyl lesions) decreased with increasing medium

pH (Table 1). Micronutrients, collectively, greatly affected
disease incidence, but had a limited and inconsistent effect

on severity (Table 2). Iron and Fe+Mn+Zn increased disease

incidence from 24% (no micronutrients added) to 40 and
46%, respectively.
There was a significant interaction between medium pH

and micronutrient amendments. At pH 4.0 (no lime) or pH
Materials and Methods

A vermiculite:Canadian peat medium (1:1 v/v) was used
in the experiment. The mix was divided into four main lots.

Powdered calcium carbonate (CaCO3) was used to amend
three of the four lots creating medium pH values of 4.0 (un-

amended), 4.9 (0.75 g CaCC),/liter of mix), 6.3 (1.5 g/liter),
and 7.3 (3.0 g/liter). These four main lots were subdivided
into five sublots. Each sublot was amended with Na2EDTA

chelated forms of iron (Fe, 17 kg-ha1), manganese (Mn, 17
kg-hal), zinc (Zn, 19.3 kg-ha1), Fe+Mn+Zn (17+10+19.4
kg-ha1), or no micronutrient amendment. The chelated mi
cronutrients were prepared by mixing Na9EDTA with salts of
the micronutrients as follows: 63.6 kg-ha1 Na,,EDTA + 24.0

kg-ha1 Fed, + 24.0 kg-ha1 FeSO4, 63.6 kg-ha1 Na JEDTA +
27.6 kg-ha1 MnSO4, 63.6 kg-ha1 Na JEDTA + 48.0 kg-ha1
ZnSO.,, and 192.0 kg-ha1 Na 9EDTA + 24.0 kg-ha1 FeSO, +
24.0 kg-ha1 FeCl 2 + 27.6 kg-ha"1 MnSO, + 48.0 kg-ha-1 ZnSO4.
These micronutrients were mixed into the 1:1 medium, the
amended mixes put into plastic trays (22 x 17 x 6 cm), each
containing 1.6 liter of mix, and arranged into four random
ized blocks in a 21 C growth room. A split plot design was used
where whole plots were calcium carbonate variables and sub
plots were micronutrient variables.
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7.3 (3.0 g lime/liter of medium), micronutrients did not sig
nificantly affect disease incidence or severity (Table 3). How
ever, at pH 4.9 the addition of the Fe+Mn+Zn mixture

increased disease incidence from 27 (no micronutrients) to
75%. Moreover, at pH 6.3 the addition of Fe, Mn, or
Fe+Mn+Zn resulted in an increased disease incidence from

6% (no micronutrient) to 39, 43, 56%, respectively.
It is clear that the addition of certain chelated micronutri

ents will reverse crown rot control given by lime amendments.
These results are similar to those reported by Jones and Woltz
(1969) working with Fusarium wilt and lignosulfonate-micronutrient complexes. Just how the micronutrients are involved

Table 2. Effect of micronutrients on the incidence and severity of Fusarium
crown rot of tomato.

Disease incidence

lJo plants dead or

Rate kg-ha1

(%)

girdled

Fe

17.0

40 ab

13.75 a

Mn

10.0

31 be

4.0 b

Zn

19.4

35 be

9.0 ab

Micronutrient
amendment

Fe+Mn+Zn
None

17+10+19.4

46 a

7.5 ab

—

24 c

9.0 ab

'Mean separation by LSD test at the 0.05 probability level.
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Table 3. Interaction of micronutrients and soil pH on development of Fusar-

7.3

complexes reversed the disease-inhibiting effects of lime
(CaCO3) and the concomitant increased medium pH. This
supports the hypothesis that an imbalance in micronutrient
supply may be the mechanism by which liming retards devel
opment of Fusarium crown rot.
Literature Cited

ium crown rot of tomato.
Soil pH (saturated paste)
4.0

Micronutrient
amendment

4.9

6.2

% diseased plants

Rate kg-ha1

Iron (Fe)

17.0

66 a'

33 a

39 b

13a

Manganese (Mn)

10.0

44 a

28 a

43 b

10 a

47 ab
75 b
27 a

26 a

13a

56 b

8a

6a

7a

Zn (Zn)

Fe+Mn+Zn
None

19.4

49 a

17+10+19.4

45 a

—

56 a

'Mean separation by LSD test at the 0.05 probability level.
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Abstract. Several formulations of 1,3-dichloropropene and chloropicrin were compared with a methyl bromide/chloropicrin
formulation for nematode control on tomatoes (Lycopersicon
esculentum Mill.) grown on a sandy soil in Immokalee, Collier

County, Florida, during 1995-96. Numbers of the root-knot
nematode (Meloidogyne incognita [Kofoid and White] Chitwood) and root galling were lower in 1,3-dichloropropenetreated plots than in nonfumigated control plots, but root-knot
nematodes and root galling were absent from plots fumigated
with methyl bromide. At harvest, population levels of the stub
by-root nematode (Paratrichodorus minor [Colbran] Siddiqi)
had increased in all plots, regardless of treatment. Numbers of
sheath nematodes (Hemicyciiophora spp.) were low and unaf
fected by treatment. Formulations of 1,3-dichloropropene were
effective in reducing the most serious nematode pest of toma
toes (M. incognita), but not below detectable levels. Additional
data from future tests are needed to reliably assess the conse
quences of this level of nematode management.

Soil fumigation with methyl bromide/chloropicrin for

mulations is the most commonly-used pre-plant practice for
control of soil-borne pests in tomato (Lycopersicon eculentum
Mill.) production in Florida (Jones et al., 1995). However, the
classification of methyl bromide as an ozone-depleting sub
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Protection Agency necessitates the development of alterna
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