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Summary

A physologica disorder in greenhouse hydroponic sweet pepper (Capsicumannuum L),
where the base of the dant’s sem becomes swollen below the cotyledon level and wounds
develop a the base of the stem’s epidermis has been named “ Elephant’s Foot”. The disorder
might predigpose the plant to alocdized rot and result in sudden plant wilt. Factors that might
cause the disorder are not known; however salt accumulation at the base of the sem could be a
possible cause of the epiderma wounds. The effects of soilless media (perlite, coconut coir,
pine bark, and pegt-perlite-vermiculae mix), trangplant depth, and amount of nutrient solution
goplied per day were sudied to evaduate the development of “Elephant’s Foot” on asummer-
fall sweet pepper (cv. Kelvin) greenhouse crop in Gainesville, FL, USA. Seedlingsin 370 on?
cdl polyethylene containers were trangplanted (29 June, 1999) into 11.4-liter pots at three
trangplant depths: @) a haf of the cel height, discarding only the bottom of the container, b) at
the cotyledons level, and c) a the 2 sem node. Plants were irrigated with the same
frequency but with different irrigetion periods in order to give per day volumes of solution of
2,25, 3,35, and 4 liters per plant. SAt accumulaion a the base of the sem level was
determined indirectly by measuring the dectrica conductivity (EC) on a solution obtained
from washing the stem epidermis. The percentage of plants with epiderma wounds at the
base of the stem was highest (82.50%) on plants trangplanted a hdf of the cdl height,
compared to plants transplanted to the cotyledonary level (5.83%) and the 2™ stem node (0%).
Pants transplanted at haf of the cdll height hed higher values of EC than plants transplanted
to the cotyledon level and to the 2 node. There was a positive linear relationship (r = 0.82)
between the percentage of plants with epidermis wounds and the EC. The EC increased with
the amount of nutrient solution gpplied per day, particularly in plants trangplanted a the
cotyledonary levd and a the 2" sem node. The type of soilless mediadid not influencein
sdt accumulation at the base of the slem. The practice of trangplanting sweet pepper with the
cotyledonary node under the surface of the soilless media could minimize salt accumulaion
and epidermd damage at the base of the stem level and avoid the development of the
“Elephant’s Foot” disorder.

1. Introduction

Cultivation of sweet pepper (Capsicumannuum L.) in the greenhouse dlowsthe
production of high quality colored fruits year round. Pepper crops cultivated in greenhouse
may be grown in soilless media and frequent irrigation with a complete nutrient solution
(Minigry of Agriculture, Fisheries and Food, Province of British Columbia, 1996; Nuez et al.,
1996). The use of a hydroponic system is an dterndive for oil cultivation and will be the
production method after banning of methyl bromide in 2005 (VanSckleet al., 2000).
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Seedlings are usudly transplanted to the cotyledonary leve directly in the container (bag or
pot filled with the soilless medium) where the plant will grow. In another trangplant system,
plats that are raised in smdl polyethylene containers or rockwool cubes are planted directly
in the pot or bag burring 10 to 20 mm the bottom of the container or rockwool cube into the
S0illess media (Resh, 1996).

A physologicd disorder, “Elephant’s Foot”, has been described in greenhouse
hydroponic sweet pepper (Jovicich et al., 1999). The stem of a plant with this disorder
becomes swollen below the cotyledon level and cracks develop in the epidermis of thisregion
a thear-medialevd. Rotting can occur in these wounds and reach the interna stem vessels,
particularly if fungus gnats (Bradysia spp.) act as vectors of Fusarium oxysporum (Gillespie
and Menzies, 1993). Adventitious roots may aso abscise, leading to amgjor reduction of
water absorption.  The affected plants may wilt suddenly with no diagnosable pathogenic
dissese. Thedisorder on the base of the stem, which rarely gppears in soil grown plants, hes
been obsarved in commercid hydroponic greenhousesin USA, Spain, and Canada In Spain,
greenhouse soil -grown (alayered mulch of loamy soil, organic mater and coarse sand) sweet
pepper is usudly transplanted with the cotyledons under the soil and the occurrence of the
disorder seemsto be diminished.

Factors that might cause the disorder are not known; however the wounds and cracks
on the base of the slem epidermis might be a plant response to sdt accumulation. SAts might
accumulate on the top of the soilless media as aresult of nutrient solution evaporation. The
evgporation of nutrient solution around the base of the sem might depend on the amount and
concentration of nutrient solution gpplied, the placement of the emitter with respect to the
trangplant, and on the physica and chemica characterigtics of the soilless media (Burés,
1997). A rdative vaue of the accumulated sdt on the base of the stem could be determined
indirectly by washing the stem epidermis and measuring the eectrical conductivity (EC) of the
solution.  The sdt accumulation and damage of the stem base epidermis of sweet pepper
plants were studied for the effects of daily nutrient solution volumes, soilless mediatype and
trangplant depth. The identification of factors that that will reduce or avoid the “Elephant’s
Foot” disorder will help to improve management practices in hydroponic grown Sweet pepper.

2. Maerid and Methods

‘Kevin' (De Ruiter Seeds Inc., Bergschenhoek, Holland) sweet pepper (Capsicum
annuumL..) seedlings were grown on a 70-30% peat-maoss vermiculite subgtrate mix in 200-
cdl (25 x 25 x 6.5 cm) Styrofoam transplant flats (Speedling, Sun City, FL). After 35 days
the seedlings were trangplanted to the cotyledonary leve into 7.6 X 7.6 x 8.3 cm (Sde x Sde X
height) polyethylene containers (modd V SR325, Lerio Corp., Kissmmee, FL) with the same
ubgrate. On 29 June, 1999 (Summer season) seedlings raised in the containers (45 days-old)
were transplanted into cylindrical 11.41 polyethylene pots (modd A-30, Lerio Corp,,
Kissmmee, FL) at three trangplant depths (Figure 1): @) a haf of the container height (3.8
cm), discarding only the bottom of the container, b) at the cotyledon level, and ) at the second
sem node (3 cm depth).

Plants were irrigated during daylight, with the same frequency (34 times per day, from
6:00 AM to 8:00 PM) but with different irrigation periods in order to give per day volumes of
2,25, 3,35, and 4 liters of nutrient solution per plant. In order to establish dl plantsin the
pots irrigation trestments were started 20 days after trangplanting. During thisfirst period
plants were irrigated with a volume of 1.4 liters of nutrient solution per plant. A timing
irrigation contraller (Pro Rain, Antelco Corporation, Longwood, FL) was used to program the
irrigation trestments. Each plant was irrigated with a pressure compensated irrigation emitter
(Netafim, Isragl) with aflow discharge of 21- h™.



At trangplant the emitter stake was placed 2.5 cm from the base of the gem. In plants
trangplanted with the polyethylene container the emitter stake was moved from the top to the
bottom of this container three weeks after trangplanting, when roots from these plants were
growing into the media (Resh, 1996).

Irrigation and transplant depth trestments were tested in four soilless media: a) perlite
(Chemrock Corp., Jacksonville, FL), b) coconut coir (Scotts Sierra Horticultural Products
Company, Marysville, OH), and c) peat-vermiculite-perlite mix (60-20-20%) (Speedling,
Bushndl, FL) and non-aged pine bark (particle size smaller than 2.5 cn) from aloca wood
mill. The experiment was arranged as a plit-olit-plot design with three blocks. Irrigation
was the main plot, trangplant depth the sub-plot, and mediathe sub-sub-plot.

Plantswere grown in an 8 x 32 x 4 m (width x length x height) bay of a 7bay passve
ventilaied greenhouse (Top, Isradl) located at the Horticulturd Sciences Department Research
Unit of the Universty of Horida, Gainesville, USA.  Pots were digned in double rows with
1.6 m between center of the rows (4.2 plant- mi?).

Pants wereirrigated with a complete nutrient solution with nutrient concentration
levels developed for greenhouse-grown hydroponic tomatoes (Hochmuth, 1991). Nutrient
levels (mg- 1'% from transplanting until 15 July were N: 80, P 50, K: 120, Ca 127, Mg; 40, S
56 and EC: 14mS cmi*. From 15 July to 1 August nutrient levels (mg: 1) wereN: 100, P: 50,
K: 148, Ca 143, Mg: 40, S 56, and EC. 1.8 mS cmt After 1 August leveswere N: 120, P
50, K: 174, Ca 143, Mg; 48, S 66 mg- [, and EC: 20mS cni™.

Pants were pruned twice to leave two main stems after the crown flower, which was
pulled from the plants together with the second order flowersin order to encourage vegetetive
growth. Laterd horizontd plagtic twines and iron stakes were used to support the plants.

On 25 November the percentage of plants showing “Elephant’ s Foot” symptom
(wounds and cracks on the slem epidermis a the air-soilless media level) was determined.
SAt accumulation at the base of the sem was determined by messuring eectrica conductivity
of asolution obtained from washing a sample of epidermd tissue taken from the lower part of
the gem. Two plants per plot were used for the sdt accumulation determination. The base of
the plant sem was cut (10 cm length) at the air-medialevd, and acylinder of 2.5 cm length of
epidermd tissue was peded with a grafting knife from the end portion dose to the soilless
medium. The stem diameter on the upper portion of the epidermd cylinder was measured
with a caliper, and the area o the epidermis sample was calculated as Area (mm?)= Stem
Diameter (mm)* 2.5 (mm)* 3.14. The epidermis sample was placed in acup with 20 ml of
deionized water (EC: 0005 mS cmiY), stirred in water for 1 minute and after 3 more minutes,
eectricd conductivity was measured wit h a portable dectrica conductivity meter (Twin Cond
B-173, Horiba Ltd., Kyoto, Japan) and expressed on an epidermis areabasis (MS: et mn?).

Anaysis of variance was performed on epidermis EC, and percentage of “Elephant’s
Foot” symptom obsarvaiion (SAS, 1989). Records from percentage of plants with wounds on
the epidermis were arc sine transformed for deta analyss. Correlation anayss between
epidermd EC and percentage of plants showing the “Elephant’ s Foot” symptom was
conducted. Mean vaues for percentage of plants with epidermis damage were separated by
Duncan’s Multiple Range a P£0.05, and soilless media type was andyzed for its polynomid
effects by regresson andysis.

3. Reallts

The highest percentage of plants with wounded epidermis (82.5%) was observed on
the plants transplanted with the polyethylene container (Figure 2). The percentage of plants
with the disorder symptoms was significantly lower (5.8%) in the plants trangplanted to the
cotyledonary leve, and plants transplanted to the depth of the second node did not show
damage on the epidermis a the soillesslevd. When stems of the plants transplanted deep



were unburied no gpparent damage could be observed on the epidermd tissue at the
cotyledonary leve, and the development of some lenticdls was observed on the buried
epidermis above the cotyledons leve. The percentage of plants with basd stem epiderma
damage was not sgnificative different (P>0.05) among irrigation and media trestments, nor
thelr interactions (data not shown).

Electrica conductivity of the solution obtained from washing the epidermis, i.e. st
accumulated on the base of the stem, was highest on the plants transplanted with the
polyethylene container to half of the cdl height (EC vaues> 1 mS- et mmi®) (Figure 3).
Locating the emitter at the base of the polyethylene container creeting greeter evaporation at
the top of the container might have concentrated a grester amount of sdts at the surface
compared to those trangplants where the root ball was planted directly in the soilless media

The EC increased dightly in alinear fashion with higher amounts of nutrient solution.
This was more notorious in plants trangplanted to the cotyledonary level and to the depth of
the second node than in plants transplanted with the container to haf of the cell height (Figure
3). Although the EC had different polynomid effects (linear and quadratic) for the soilless
media (interaction not shown) there were very smilar trends in sdt accumulation with
increased amounts of nutrient solution per plant per day.

Treatments with a high percentage of plants with epidermd tissue damage
corresponded with high vaues of EC in the solution thet washed the stem base. A postive
linear rdaion (r = 0.82) was obtained between the EC and the percentage of plants with
epidermd dameage (Figure 4). All plants transplanted deep did not show any sem epidermal
damage a the air-medialeved and their epidermd tissues hed low EC vdues (< 1.3mS cm
L. mm®). Trestments with higher epiderma EC and high percentage of epidermal damage (>
75%) corresponded to plants trangplanted with the polyethylene container to hdf of the cdl
height.

High st accumulation on the base of the stlem was a cause for the devel opment of
epidermd wounds, ad may be amgor factor involved in the development of the “Elephant’s
Foot” disorder. Planting the seedling container over the soilless medialeve resulted inahigh
accumulaion of sdts and a high occurrence of epiderma wounds around the stem base.
Planting seedlings with the cotyledonary node under the soilless media leve avoided wounds
on the epidermis. Further research might determineif there is a differential sengtivity to sats
on the epidermd region above and below the cotyledonary leve. Transplanting the seedling
with the cotyledonary node under the soilless media surface may be a smple management
practice to dude the development of the “ Elephant’s Foot” disorder in hydroponic greenhouse
sweet pepper regardless of media used.
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Faurel. Transplant depth treetments “Top” plants transplanted to haf of the polyethylene
container height —bottom removed, “Level” plants transplanted to the cotyledons

level, and “Deep” plants transplanted to the 2 lesf node.
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Figure 2. Percentage of plants with basal stem epidermis damage in “Degp” plants

trangplanted to the 2 node, “Level” plants transplanted to the cotyledons level, and
“Top” plants transplanted to hdf of the container height. Treatment means with

different letters are Sgnificantly different a the 5% sgnificance leve using

Duncan’s Multiple Range Test.
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Fgure3. SdAt accumulation on the stem base (measured by EC) and volumes of nutrient
solution per plant per day & the three transplant depths “Top™: plants transplanted
to half of the container height, “Leve”: plants transplanted to the cotyledons levd,
and “Deep’: plants transplanted to the 2 node. Electrica conductivity values for
each trangplant depth and irrigation volume average four soilless mediatype
(coconut coir, peat mix, perlite, and pine bark). L*, linear polynomid effect a 5%
leve of dgnificance
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Faure4. Corrdaion between sat accumulation on the stem base (measured by EC) and
percentage of plants with epidermis damage. All vaues from samples and
obsavations are plotted (n = 180), being “Deep” (I ) plants trangplanted to the ?
node, “Level” (- ) plants transplanted to the cotyledonsleve, and “Top” (A) plants
trangplanted to hlf of the container height.



