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(CAPSICUM ANNUUM L.) CAUSED BY XANTHOMONAS CAMPESTRIS
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Bacterial spot on pepper, caused by Xanthomonas campestris py. pesicetoria (Xev)
{Boidge] Dye, is one of the most serious diseases of pepper planis on the south coast of
Puerto Rico. This disease alfects yield and quality of fresh market peppers. Bactericides
have not been effective in the control of this disease. New physialegical, bialogieal or ge-
netic approaches must be developed for the reduction of the disease,

Bacterial entry and infection, disease development, and the rele of stomata during
infection must be better anderstood. Natural openings for bacterial pathogens include
stomata, hydathodes, lenticels and nectarthodes (Diachum et al., 1942; Meier, 1934; Mew
et al, 1984; Nelson and Dickey, 1970; Rich, 1983} and are considered relevant in the eli-
ology of hacterial diseases hecause the pathogen cannot breach intact leaf surfaces
(Wood, 1867). Xcv can onter leaves through mechanically produced epidermal wounds
(Vakili, 1967). Xev are residents of the leaf surface and probably can be splashed to other
leaves before infection oceurs through stomata (Leben, 1963). A possible relationship be-
{ween stomata opening, density of slomata and resistance of stomata to pathogen entry
has been suggested. However, this possibility has been documented in only a few in-
stances (Rich, 1983; Welmer, 1983; and Wood, 1967). Hormones and growth regulators
can affect stomatal operation, and thus may influence bacterial invasion.

This paper describes the effect of growth regulator treatments, applied to foliage
and soil, on the severity of bacterial leaf spot on foliage of Lhree pepper cultivars: Cay-
mai, Biseayne and Key Largo.

A two [actor randemized complete block design consisting of five treatments, four
replicales, three pepper cultivars (Cayman, Biscayne and Key Largo) with 40 plants per
treatmeni per replicate was used. A factorial ANOVA for the factors cultivar and treai-
ment was done using the program MSTAT The experbment was in the field from the
months of Mareh o June 1992 ag Juana Diaz, Puerto Rico, Planling distance was 0.4 m
within the row and 0.9 m bebween rows. Water was supplied by drip irrigation.

Growth regulator treatmenis were applied early in the morning {(between 7:00 and
8:00 am) at the minimal dosage recommmended for vegetables, The dosage, number of ap-
plications and time of application for each treatment were: 13 PGR IV? at 124.8 ml/ha,
three applications, starting two wecks after transplanting, then at first flowering, and
then at 21-day intervals; 2) FTriggrr foliar at 566.4 ml/ha, six applications, starting at
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transplanting, then seven days after transplanting and then at 14-day intervals; 3) Trig-
g1 to the soil at 2,128.8 ml/ha, Lwoe applications, starting ai transplanting and then 3¢
days after transplanting; 4) Trigger foliar + Keyplex 250 at 566.4 mbha + 4,643.2 ml/ha,
respectively, six applications, at transplanting, then seven days after and then at 14-day
intervals; and 5) Cuapric hydroxide as the control treatment.

Active ingredients of PGR 1V were indolebutyric acid and gibberellic aeid; active in-
gredients of Triggrr were mixed cytokinins. Keyplex 250, consisting of essentiad
micronutrients and alpha keto amino acids, was added lo the foliar treatment of Triggrr.
The lowest recornmended rate of Kocide 101 (cuprie hydroxide) was applied weekly o all
plants and was used as the control, This compound is recommended for fungal and bac-
terial discase contrul in Puerte Rico, but at present it has no effect on Xev.

Two replieated samples weve taken for estimating the number of bacterial spot le-
sions on the adaxial and abaxizl surfaces of 30 leaves representing 30 plants of each
pepper cultivar, Natural infection with the pathogen cecurred during the seedling stage,
and bacterial gpot sympioms were observed in the control piants of all veplicates, thus in-
dicating that dirgseminalion of the pathogen and plant infeclion was evenly distributed
by the time of flowering. Loaf samples were taken during the reproductive stage and
evalualed under a stereomicroscope. Pathogen identity was confirmed by isvlation, puri-
fication, and pathogenicity determination on indieator plants and reactions te 95 carbon
sources (Biolog Inc., Hayward, CA).

Bacterial spot of pepper, Capsicum annuwum L., was gignificantly reduced by treat-
ment with PGR IV growth regulator, which consists of indolebutyric and gibberellic acids
and micronutrvients, The other treatmenls compared were foliage applications of Triggrr
{commercial mixture of cilokinins), Triggrr plus Keyplex (micronutrients and aminoac-
ids} and soil application of Triggrr.

Bacterial spol lesions wore less frequent on the adaxial (upper) surface of the leaf
than on the abaxial (lower) surface for all the cultivars and treatments tested (Table 1).
Waler soaked lesions developed cavlier on ahaxial surfaces. Later, the lesions became
more chlorolic or necrotic and were vhserved on the adaxial surface.

Piants treated with PGR IV showed a lower number of bacterial spot lesions on both
sides of the leaves of Key Largo and Cayman, but not of Biscayne (Table 1). Lesion counts
were averaged over all three cuflivars to compare the lreatments in all the tested popu-
fations. PGR IV treatment resulted in the lowest number of lesions on both surfaces of
the feaf. The number of lesiens on treatments containing Triggrr was not different [rom
that on the eontrol, neither on the adaxial fupper) leaf surface nor on the abaxiat (lower}
surface (Table 2).

Maximaum lemperatures were above 307 C with high velative humidity during the
experiment (Table 31. These conditions were optimal for the disease development.

Hormones have been associated with virulence in some pathogenie bacteria which
are able to produce them. Hormone and growth regulator treatments may modify viru-
lence and should be further investigated as treatments for control of bacterial diseases.
Closure of stomata may be important [or practical disease control in the field, Ramos and
Valin (1987) found that bacterial spot in tomato caused by Xer was significantly reduced
when the stomata were closed befove inoculation with the bacterium. Treatment of to-
mate with the growth regulator ahsecisie acid at 4M concentration reduced bacterial spot
incidence by 33%. In other cvops such as beans, Zapata, (1992} and Zapata et al. (1992)

“Trade names in this publication are used only to provide specilic information. Men-
tion of a trade name does not eonstituie a warranty ef equipment or materials by the Ag-
ricultural Experiment Station of the University of Puerto Rico, nor is this mention a
statement of preference over other equipment or materials.
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TABLE 1.—Number of bocteriol spot (Xanthomonas campestris py, vesieatorial lesions
that developed on the two leaf surfaces of pepper cultivars in the fleld af
Juana Diaz, Puerto Rico, afler treatment with growth regulators.

Number of bacteyial lesions on leaf®

Key Largo Biscayne Cayman

Treatment? Lower Upper Lower Upper Lower Upper
PGR IV 13.4% efghij 44 hij 14.2defghi 64 ghi] 129f{ghiyj 2.5]
Triggn- (foliar)  27.2 she 6.8 ghiy 26.7 abe 84 ghij 14.9 delgh 5.3 ghij
Triggrr (s0il} 214 bedef  6.7ghi; 34.6a 7.0ghij 13.9 defghi 5.6 ghij
Triggrr + 24.6 abede 6.2 ghij 23.6 abedef 3.6hij  30.5ab 9.8 ghij
Keyplex (foliar}

Control 21.9 bedef 6.8 ghi] 166 cdefg  63ghii 25.2abed 341§

(Kocide 141}
LSD (P <0.05) 11.34

1Comparison was made between the lower (abaxial) and upper (adaxial) leal surfaces
of each of the three pepper cultivars,

* Plant growth regulator commereial trade name,

"Means followed by the same letters are not significantly different at P £ 0.05,

1Each number represents the mean of 30 observations per cultivar per treatment on
each tissue surface.

found that a reduction in the severity of the disease caused by Xanthomonas campestris
pv. phaseoli was related to overproduction of hormones hy the bacterivm.

Plant surface represents the first line of defense against pathogens. Some structural
defenses are present in the plant even before the pathogen comes in contact with the
plant. Such structures include wax and cuticle, structure of epidermal celi walls, the size,
location and shapes of stomata, and lenticels that hinder the advance of the pathopen.

TABLE 2.—Bacterial spoi lesions developed on three pepper cultivars caused by
Xanthomenas campestris po. vesicatoria after treatment with growth
regulators under field conditions at Juana Diaz, Puerto Rico.!

Leaf tissue
‘Freatment” Upper (adaxial) Lower (abaxial)
PGR IV 4.4 d? 13.5 be
Triggrr (foliar) 6.8 cd 22.9a
Triggrr (soil) 6.4 cd 23.3a
Triggrr (foliar) + Keyplex 6.5 ced 26.2a
Control (Koride 101) 5.6 ed 1.2 ab

LS P=<0.05 8.018

'Pepper cultivars evaluated were Key Largo, Cayman and Biscayne. The bacterial dis-
ease incidence occurred naturally.

ZPlant growth regulator commercial trade name.

Means fofllowed by the same letlers are not significantly different at P < {.05.
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TABLE 3.—Temperature, relative humidity and rain recorded af Juana Diaz, Puerlo
Rico, during the experiment.

Temperature (° C)

Relative
Month Min Max humidity (%) Rain (em}
March 19.5 30.0 76 1.18
April 21.0 31.0 87 3.35
May 22.0 0.5 94 17.14
June 23.0 315 80 1.57

Bacleria enter leaf surface through stomata, The number of stomata is determined by the
plant species. The number does not vary with season or environmental conditions.

Bacterial spot caused hy Xev is mostly a foliar disease, although it can develop on
fruits and other plant parts. In plant diseases in which the pathogen infects the leaves,
transpiration is usually affected. Hurmones and growth regulators can affect transpira-
tion. This eftect is the resull of destruction of at least part of the protection afforded by
the leaf eells, and dysfunction of stomata.

Certain plant hormones have been shown to reduce cerlain pathogen infections of
plants, e.g., tomato by Fusaritm, potata by Phytophthora, and persimmon fruit by gib-
berellic acid, through the increase of disease resistance (Pérez ot al,, 1895). In virus
disease control, gibberellic acid sprays are used for the field control of sour ¢herry yellow
virus disease.

Stomata are more {requently found on the lower side of leaves. Bacterial populations
are more protected on Lhis leaf side than on the upper side. Also, the higher humidity,
maintained vn the lower versus upper side of Ieaf favors dissemination and proliferation
of bacteria, Higher concentration of ethylene due to bacterial proliferation and activity
ean stimulate leaf abscission and defoliation, characteristic symptoms of bacterial spot
disease, Depending on the defoliation rate, yields can be adversely affected,

Cupric hydroxide was applied as a recommended cultural practice. At present, it
does not control bacterial spot on pepper; however, it seems to protect against fungi, Xan-
thomonas campestris pv. vesicaloria has developed resistance Lo the cupric hydroxide
compound. Xev hag resistance to copper and sireplomycin in its genes, which in some
strains are plasmid-encoded (Bender et ai., 1990; Cantros ot al.,, 1989, 1995).

The number of bacterial spot lesions on the adaxial and abaxial surface of the con-
trol leaves showed no difference among Triggrr treatments, thus indicating lack of
negative or positive inleractions hetween the eytoguinins and the hacteria. X. campestris
pv. vesicatoria produces low amounts of ethylene. Increase in ethylene production has
been related to higher bacterial popuiations, higher leal abscission and greater disease
severity. Application of TAA or amino-oxyacetic acid reduces the production of ethylene
and, consequently, disease severity and leal abscission. PGR 1V, containing the plant reg-
ulators indolehutyric and gibberellic acids significantly reduced bacterial spot disease
under field conditions in some pepper cultivars, thus suggesting a new approach to con-
trolling the disease. A long-term positive effect could be a reduction in the primary
ineeulum for future plantings, especially if we consider that each lesion may have around
10%5 bacteria able to survive. Bacterial spoi disease induces high defoliation and erratic
vields. A relationship between number of lestons and vield loss needs to be established to
determine the economic impact of the PGR IV treatment. PGR IV is an interesting
growth regulater because of the hormones it has and also because it increases the nutri-
ent uptake of caleium, whose role in discase resistance is well substantiated.
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A sepurate experiment established in Lojas, Puerte Rico, confirmed the offect of
PGR IV in reducing bacterial spot symptoms, A completely randomized design consisting
of six freatments, four replicates, two pepper cultivars and thirty plants per treatment
was used. The trentmoents included were PGR IV, Kocide 101, Top Cop, two biclogicai
treatments and a control treated with water. A reducing effect on the number of legions
wag ohserved in culiivars Key Largo and Elisa when treaied with PGR IV (M. Z.,
unpublished).
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