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SUMMARY. Greenhouse and field trials were performed on muskmelon
(Cucumis melo) and watermelon
(Citrullus lanatus) to evaluate the
effects of six formulations of plant
growth-promoting rhizobacteria
(PGPR) that have previously been
shown to increase seedling growth
and induce disease resistance on other
transplanted vegetables. Formulations
of Gram-positive bacterial strains
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were added to a soilless, peat-based
transplant medium before seeding.
Several PGPR treatments significantly
increased shoot weight, shoot length,
and stem diameter of muskmelon and
watermelon seedlings and transplants.
Root weight of muskmelon seedlings
was also increased by PGPR treatment. On watermelon, four PGPR
treatments reduced angular leaf
spot lesions caused by Pseudomonas
syringae pv. lachrymans, and gummy
stem blight, caused by Didymella
bryoniae, compared to the nontreated
and formulation carrier controls. One
PGPR treatment reduced angular leaf
spot lesions on muskmelon compared
to the nontreated and carrier controls. On muskmelon in the field, one
PGPR treatment reduced root-knot
nematode (Meloidogyne incognita) disease severity compared to all control
treatments.

I

n the state of Florida, over 13,659
ha (33,750 acres) of watermelons
and 2,833 ha (7,000 acres) of
muskmelons were grown in 1997–98
season (Florida Department of Agriculture, 1998). Florida growers currently
faced with environmental concerns,
regulatory constraints, and competition from Mexico, will soon have to
face the loss of methyl bromide, the
soil fumigant used to control many soilborne pathogens, nematodes, insects,
and weeds. The Food Quality Protection Act (FQPA) also has accelerated
the removal of other chemicals used in
vegetable production from the market
as industry declines to reregister older
pesticides. This has resulted in research
efforts focused on the development of
agricultural systems based on reduced
chemical inputs and an increased incorporation of biological control tactics.
Plant growth-promoting rhizobacteria have been shown to enhance
plant growth and protect roots from
pathogens on many crops (Weller,
1988). One of these PGPR formulations, Kodiak (Gustafson LLC, Plano,
Texas), is a biological seed/hopper box
treatment for use in agronomic crops.
Kodiak contains Bacillus subtilis (strain
GB03) that has been shown to promote plant growth and increase yield
in peanut (Arachis hypogaea) (Turner
and Backman, 1991) and cotton (Gossypium hirsutum) (Brannen and Backman, 1993, 1994).
Soilless transplant growth mixes
are an ideal medium for delivery of
PGPR in transplanted crops. This ap●
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proach has enabled the establishment of
beneficial rhizosphere microflora and
resulted in enhanced plant growth and
control of soilborne pathogens in tomato (Lycopersicon esculentum) and
pepper (Capsicum annuum) (KokalisBurelle et al., 2002). Previous work
with a formulation of B. subtilis and
B. amyloliquefaciens (LS213) in muskmelon and watermelon (Vavrina, 1999)
resulted in increased plant growth in
the greenhouse, disease suppression in
the field and improved yields. PGPR
formulation LS213, which is included
in these studies, has recently been developed into the commercial product
BioYield (Gustafson LLC).
The objective of this research was to
apply several combination treatments,
including GBO3 and other Bacillus
spp. known to have growth promotion and/or disease reduction capabilities, to the soilless growth medium
used in the production of watermelon
and muskmelon transplants. Effects of
treatments on plant growth and disease
prevention in greenhouse trials, and on
plant growth, disease prevention and
yield in field trials at three diverse locations were assessed.

Materials and methods
TRANSPLANT PRODUCTION. All trials
included nine treatments: six bacterial
treatments, two formulation carrier
controls, and a nontreated control.
The two carrier controls consisted of
chitin (Sigma Chemical, St. Louis) at
1% and 2.5%. The six bacterial treatments were LS290 (Bacillus subtilis
strain GBO3 + B. amyloliquefaciens
strain IN937a at 108 CFU/L in 1%
carrier), LS213 (B. subtilis strain GBO3
+ B. amyloliquefaciens strain IN937a at
109 CFU/L in 2.5% carrier), LS254 (B.
subtilis strain GBO3 + B. pumilus strain
SE34 at 109 CFU/L in 2.5% carrier),
LS255 (B. subtilis strain GBO3 + B.
subtilis strain IN937b at 109 CFU/L in
2.5% carrier), LS256 (B. subtilis strain
GBO3 + B. pumilus strain INR7 at
109 CFU/L in 2.5% carrier), LS257
(B. subtilis strain GBO3 + B. pumilus
strain T4 at 109 CFU/L in 2.5% carrier). Bacillus subtilis strain GBO3 was
supplied by Gustafson LLC while the
six companion strains were supplied by
the phytobacteriology lab at Auburn
University (J. W. Kloepper). All bacterial and carrier control treatments were
added to a soilless medium (70% peat,
30% vermiculite, Speedling PeatLite;
Speedling Inc., Sun City, Fla.) at a
●
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ratio of 1:40 (v/v) and placed into
128 cell Speedling flats immediately
before seeding.
‘Athena’ muskmelon and ‘Star
Gazer’ watermelon cultivars (Asgrow
Seed, Kalamazoo, Mich.) were used.
Transplants were grown at the Southwest Florida Research and Education
Center in Immokalee, (SWFREC)
in accordance with south Florida
standards for commercial production
(Vavrina et al., 1998). Plants were
fertilized weekly with 100 mg·L–1
(ppm) of nitrogen (N) with soluble
20N–8.6P–16.6K with 0.1% magnesium (Mg), 0.02% boron (B), copper
(Cu), iron (Fe), manganese (Mn) and
zinc (Zn) and 0.0005% molybdenum
(Mo), (Peters Professional Soluble
Plant Food; Scotts-Sierra Horticultural Products Co., Marysville, Ohio).
Treatments were replicated four times
within a production greenhouse with
each 128-cell flat representing one replication. Treatments were arranged in a
completely randomized design on the
greenhouse bench. Upon completion
of the test (6 weeks), five seedlings per
replication per treatment were sampled
and assessed for dry weights of roots,
dry weights of stems and leaves, stem
length, stem diameter, and number of
true leaves. The remaining seedlings
were used for nematode screening,
foliar pathogen screening, and field
trials.
N EMATODE SCREENING . Greenhouse experiments were conducted
during 1999 and repeated in 2000 at
the USDA–ARS, U.S. Horticultural
Research Laboratory, Ft. Pierce, Fla.,
to evaluate the PGPR treatments for
suppression of root-knot nematode.
The root-knot nematode isolate used
originated from Sanford, Fla., and
was maintained on tomato in field
soil before use. Infested field soil was
thoroughly mixed in a cement mixer
1:1 with clean builder’s sand and
placed in 10.2 × 10.2-cm (4-inch)
pots. One muskmelon or watermelon
seedling was planted per pot. Treatments were replicated eight times and
were arranged in randomized complete
blocks. After 4 weeks, plants were assessed for root galling and general root
condition. Root galling was assessed
using a root gall index based on a scale
of 1 to 10 with 1 = no galls and 10 =
100% of root system affected by galls
(Zeck, 1971). Subjective root ratings
were performed utilizing a 1 to 5 scale
for root condition where 1 = 0% to 20%

discolored roots, 2 = 21% to 40%, 3
= 41% to 60%, 4 = 61% to 80%, 5 =
81% to 100%.
FOLIAR PATHOGEN SCREENING. Disease screening for induced resistance
to foliar pathogens was performed
in 1999 and repeated in 2000 using
seedlings produced for field trials.
Foliar pathogen screening experiments
were performed in the Plant Sciences
Research Center greenhouses at Auburn University. Pathogens used for the
challenge inoculation were Didymella
bryoniae, causal agent of gummy stem
blight (GSB) and Pseudomonas syringae
pv. lachrymans, causal agent of angular
leaf spot (ALS).
Pseudomonas syringae pv. lachrymans was maintained at –80 °C (–112.0
ºF) in tryptic soy broth amended with
20% glycerol before use in the challenge
inoculation. Inoculum for experiments
was prepared by streaking the pathogen
onto tryptic soy agar plates, incubating plates at 29.0 °C (85 °F) for 24 h,
and scraping bacterial cells from plates
in sterile distilled water, to yield 107
CFU/mL. The isolate of D. bryoniae
was maintained on potato dextrose
agar (PDA) before use. Inoculum of
D. bryoniae was produced on PDA
plates by allowing cultures to grow for
3 weeks at room temperature. After 3
weeks, cultures on PDA plates were
flooded with sterilized distilled water
and gently scraped to release conidia
from pycnidia. The suspension was
filtered through four layers of sterile
cheesecloth. The spore concentration
was determined by counting in a hemocytometer and was adjusted to 105
conidia/mL.
Seedlings were transplanted into
10.2 × 10.2-cm plastic pots containing soilless growth medium (Speedling
PeatLite, 70% peat, 30% vermiculite).
Plants were inoculated 12 to 13 d after transplanting with a suspension of
either ALS pathogen or GSB pathogen
for disease evaluations. Pathogens were
sprayed on the entire seedling until
run-off. After inoculation, plants were
placed in a humidity chamber (100%
relative humidity) for 48 h before placing them on a growth chamber bench.
Treatments were replicated 10 times
and arranged in randomized complete
blocks. The plants were fertilized with
Peter’s solution (20N–8.6P–16.6K)
once a week and watered daily. All
experiments were performed at 25.0
to 26.0 °C (77 to 79 °F) with 14 h
incandescent light per day. Seven days
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RESEARCH REPORTS
after ALS inoculation and 21 d after
GSB inoculation, disease severity was
assessed by counting the total number
of lesions per seedling.
FIELD TRIALS. Six field trials were
conducted, four trials in Spring 1999
at two locations in Florida and two
trials in Spring 2000 at one location
in Alabama. One muskmelon and one
watermelon study were performed at
the Uniroyal Chemical Company Inc.,
Florida Research Station, Sanford, Fla.
in Spring 1999. Fertilizer [2802.1
kg·ha–1 (2500 lb/acre) 8N–0.9P–
9.9K] was broadcast over the field
before bedding and 1,3-dichloropropene (1,3-D) was broadcast applied to
the entire area at a.i. 11.3 kg·ha–1 (10
lb/acre). Planting beds were 20.3 cm
(8 inches) in height, and 0.9 m (3 ft)
wide and spaced 1.8 m (6 ft) apart. A
single centrally located drip irrigation
line was laid 5.1 cm (2 inches) below the
soil surface and coextruded white on
black low-density polyethylene mulch
was applied. ‘Athena’ muskmelon and
‘Star Gazer’ watermelon transplants
treated with PGPR formulations as
previously described were planted in
Mar. 1999. The crops were fertilized

by fertigation to approximate Florida
Extension Service recommendations of
134.5 kg·ha–1 (120 lb/acre) N, 87.4
kg·ha–1 (78 lb/acre) P, 224.2 kg·ha–1
(200 lb/acre) K. Plots were scouted and
sprayed with fungicides and insecticides
as needed. Six harvests were taken from
muskmelon plots over a 4-week period
in May and June, and one harvest was
taken from watermelon plots in early
June.
One muskmelon and one
watermelon trial were established
at the SWFREC in Spring 1999.
Muskmelon transplants were planted
in plastic-mulched beds that had been
previously cropped with tomatoes (drip
irrigated), and watermelon transplants
were planted in plastic-mulched beds
that had been previously cropped with
pepper (seep irrigated). Muskmelon
field spacing was 44.1 cm (18 inhes)
in-row with rows on 1.8-m (6 ft) centers.
Watermelon in-row spacing was 0.9 m (3
ft) with rows on 3.7-m (12 ft) centers.
To approximate Florida Extension Service recommendations ( 134.5 kg·ha-1
N, 87.4 kg·ha–1 P, 224.2 kg·ha–1 K) the
crops were fertilized by either fertigation
(drip irrigated muskmelon) or granular

fertilizer (seep irrigated watermelon).
Twelve muskmelon and 12 watermelon
plants were set for each treatment. Six
replications were arranged in a randomized complete block design. Mancozeb
and chlorothalonil fungicides were applied to prevent the advancement of
fungal diseases. Bacillus thuringiensis
treatments were applied throughout the
growing season to reduce Lepidopteran
insect pressure. Field data on plant dry
weight (one arbitrarily chosen plant per
replication by treatment) were taken at
30 and 45 d after planting (DAP). Yield
data were collected from four harvests
for muskmelon and one harvest for
watermelon.
One watermelon and one muskmelon trial were conducted in Spring
2000 at the Auburn University Sand
Mountain Agricultural Research
Station, Crossville, Ala. Fertilizer
(5N–4.4P–12.4K) was broadcast applied before planting at 142.3 kg·ha–1
(127 lb/acre), and calcium nitrate was
applied at 470.7 kg·ha–1 (420 lb/acre)
30 d after planting. No soil fumigant or
plastic mulch was applied. Both muskmelons and watermelons were planted
into 11.0-m (36 ft) plots, and spaced

Table 1. Effects of formulations on muskmelon and watermelon transplant growth in the greenhouse 6 weeks after seeding,
Immokalee, Fla.

Treatment
Muskmelon
Control
Carrier 2.5%
Carrier 1.0%
LS 290
LS 213
LS 254
LS 255
LS 256
LS 257
LSDv 5%
Watermelon
Control
Carrier 2.5%
Carrier 1.0%
LS 290
LS 213
LS 254
LS 255
LS 256
LS 257
LSD 5%

Leaf
area
(cm2)z

Fresh
shoot wt
(g)y

Dry
shoot wt
(g)

Dry
root wt
(g)

Shoot
length
(cm)x

True
leaf
(no.)

Stem
diam
(mm)w

13.41
20.21*
17.25*
15.94*
20.18*
20.35*
18.83*
20.69*
18.94*
2.18

2.39
2.08
2.31
2.65
3.13*
2.91*
2.64
2.89*
3.09*
0.31

0.1049
0.1310*
0.1166
0.1138
0.1252*
0.1223*
0.1178
0.1244*
0.1188*
0.0136

0.0404
0.0515*
0.0455
0.0463*
0.0484*
0.0482*
0.0442
0.0491*
0.0492*
0.0059

6.9
7.4
6.8
7.8
8.4*
7.5
7.9
9.1*
11.4*
1.1

1.1
1.8*
1.6*
1.3
1.8*
1.8*
1.8*
1.8*
1.8*
0.3

3.5
3.3
3.4
4.4*
4.1*
3.7
3.4
3.3
3.7
0.3

12.24
15.58*
13.98
12.80
14.83*
15.27*
13.24
15.47*
13.95
1.97

2.11
2.48*
2.32
3.19*
2.49*
2.45*
2.81*
2.89*
2.44*
0.28

0.1146
0.1155
0.1157
0.1094
0.1186
0.1159
0.1041
0.1181
0.1112

0.0347
0.0383
0.0381
0.0362
0.0381
0.0410
0.0361
0.0402
0.0347

4.4
4.7
4.8
7.7*
5.6*
4.7
6.5*
6.9*
5.5*
0.76

1.9
2.0
2.0
2.0
2.0
2.0
2.0
1.9
2.0

3.6
4.1*
4.3*
4.0
4.4*
4.5*
4.4*
4.6*
4.4*
0.36

NS

NS

NS

z

1.00 cm2 = 0.155 inch2.
y
1.00 g = 0.035 oz.
x
1.0 cm = 0.39 inch.
w
1.0 mm = 0.04 inch.
v
LSD = least significant difference procedure.
*
Significantly different from nontreated control at P ≥ 0.05.
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at 0.9 m (3 ft), with rows placed on
2.4-m (8 ft) centers. Treatments were
replicated six times and arranged in
randomized complete blocks. Plants
were watered and fertigated with
supplemental N–P–K through drip
irrigation. Plant growth measurements
were taken at transplanting (10 plants/
treatment), at 14 DAP (2 plants/plot),
and at 28 DAP (2 plants/plot). Yield
was evaluated for eight plants per plot
for both muskmelon and watermelon.
Nematode evaluations were performed
on two plants/plot at the end of the
season (80 DAP).
STATISTICAL ANALYSIS. Data were
statistically analyzed according to
standard procedures including SAS
general linear model (GLM) and
least significant difference (LSD) procedures (SAS, Institute, Cary, N.C.).
Unless otherwise stated, all differences
referred to in the text were significant
at the 5% level of probability.

Results
SEEDLING GROWTH. Treatment of
seedlings with PGPR formulations improved watermelon and muskmelon
growth and vigor. In 1999, several
PGPR treatments (including LS213)

increased shoot weight, shoot length,
and stem diameter of muskmelon seedlings compared to the nontreated control treatment (Table 1). In addition to
several PGPR treatments, both carrier
control treatments increased the number of true leaves in muskmelon (Table
1). In watermelon, the only significant
increase in seedling growth with PGPR
treatments compared to the nontreated
and formulation control treatments was
an increase in shoot length with LS213
(Table 1). Growth data for muskmelon
and watermelon seedlings used in 2000
were similar to data collected for 1999
seedlings.
G REENHOUSE CHALLENG ES . In
nematode challenge experiments, while
several PGPR treatments differed from
the nontreated control for fresh and dry
root weight and root condition, none
were consistently better than the carrier
controls (Table 2). However, for both
muskmelon and watermelon, LS290
consistently improved root condition
compared with the nontreated control
treatment (Table 2). In muskmelon
there were no treatments that reduced
nematode gall ratings compared to the
untreated control (Table 2). Unexpectedly, in watermelon the untreated

control had the lowest nematode gall
ratings and one treatment, LS290,
had increased nematode galling compared to the untreated control (Table
2). Replicate trials on muskmelon and
watermelon produced similar results.
In screening trials for induction of
disease resistance against foliar pathogens, all PGPR strains on watermelon
reduced angular leaf spot lesions compared to the nontreated and carrier controls (Table 3). LS254, LS255, LS256,
and LS257 also reduced gummy stem
blight lesions on watermelon (Table 3).
LS290, LS213, LS254, LS255, and
LS256 reduced muskmelon angular
leaf spot lesions compared to the
controls while LS290, LS254 and the
carrier control reduced gummy stem
lesions (Table 3). Results of disease
screening trials for 2000 were similar
to data obtained in 1999 trials.
FIELD GROWTH RATINGS. Two weeks
after transplanting, all PGPR treatments increased muskmelon plant
height compared to the nontreated
or carrier control treatments (Table
4). In addition, LS255 and LS256
increased muskmelon shoot dry weight
compared to the nontreated control
(Table 4). All PGPR treatments (except

Table 2. Effects of formulations on growth of muskmelon and watermelon seedlings in the greenhouse 10 weeks after seeding, USDA–ARS, Ft. Pierce, Fla.

Treatment
Muskmelon
Control
Carrier 2.5%
Carrier 1.0%
LS 290
LS 213
LS 254
LS 255
LS 256
LS 257
LSDv 5%
Watermelon
Control
Carrier 2.5%
Carrier 1.0%
LS 290
LS 213
LS 254
LS 255
LS 256
LS 257
LSD 5%

Fresh
root wt
(g) z

Root
conditiony

8.03 cw
8.68 bc
8.88 bc
10.58 ab
8.14 bc
8.96 bc
9.56 bc
8.77 bc
12.11 bc
2.45

2.92 a
2.74 a–c
2.77 ab
2.33 c
2.66 a–c
2.66 a–c
2.61 a–c
2.61 a–c
2.42 bc
0.44

4.40 ab
4.13 ab
3.79 b
4.30 ab
4.43 ab
4.26 ab
4.45 ab
4.36 ab
4.77 a
0.72

0.50 b
0.57 ab
0.87 a
0.67 ab
0.61 ab
0.49 b
0.84 a
0.58 ab
0.71 ab
0.30

3.80 d
4.72 a–d
5.57 ab
4.79 a–d
4.25 b–d
4.01 cd
5.41 a-c
5.74 a
3.59 d
1.49

2.57 bc
2.66 ab
2.70 ab
2.47 c
2.72 a
2.64 ab
2.57 bc
2.63 ab
2.64 ab
0.14

1.30 b
1.90 ab
2.10 ab
3.10 a
1.60 ab
2.70 ab
2.20 ab
1.90 ab
2.50 ab
1.78

0.24 a
0.21 c
0.23 a–c
0.24 ab
0.22 a–c
0.23 a–c
0.23 a–c
0.21 bc
0.23 a–c
0.03

4.24 b
4.83 ab
4.91 a
4.35 ab
4.73 ab
4.44 ab
4.70 ab
4.39 ab
4.24 b
0.61

2.78 ab
2.66 a–c
2.49 bc
3.03 a
2.56 bc
2.61 a–c
2.55 bc
2.35 c
2.63 a–c
0.42

Gall
ratex

Dry
root wt
(g)

Dry
shoot wt
(g)

z

1.00 g = 0.035 oz.
Root condition rating: 0 = no root rot, 1 = 1% to 20% discolored roots, 2 = 21% to 40%, 3 = 41% to 60%, 4 = 61% to 80%, 5 = 81% to 100%.
x
Nematode disease severity was rated on Zeck’s scale of 1 to 10, where 1 = no galls and 10 = 100% galls.
w
Mean of eight replications. Mean values in each column followed by the same letter are not significantly different (P ≥ 0.05).
v
LSD = least significant difference procedure.
y
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Table 3. Induced systemic resistance activity of treatments against angular leaf spot and gummy stem blight of watermelon
and muskmelon under greenhouse conditions, Auburn University, Alaz.

Treatment
Nontreated control
Carrier control (2.5%)
Carrier control (1.0%)
LS290
LS213
LS254
LS255
LS256
LS257
LSDx 5%

Watermelon
Angular leaf spot
Gummy stem blight
(lesions/plant)
(lesions/plant)
125.0 ey
111.4 de
115.4 de
81.0 bc
76.8 bc
66.2 ab
92.2 cd
44.8 a
93.0 cd
25.39

Muskmelon
Angular leaf spot
Gummy stem blight
(lesions/plant)
(lesions/plant)

74.8 b
84.2 b
73.2 b
74.4 b
68.2 b
33.6 a
34.0 a
27.0 a
31.0 a
21.03

151.0 c
125.0 bc
144.0 c
108.6 ab
81.2 a
83.4 ab
103.4 ab
108.8 ab
138.8 c
29.13

90.6 c
64.4 abc
49.2 ab
40.6 ab
55.4 abc
32.6 a
76.4 bc
55.2 abc
61.8 abc
40.77

z

Lesions per plant are means of five replications, one seedling per replication.
Mean values in each column followed by the same letter are not significantly different (P ≥ 0.05).
x
LSD = least significant difference procedure.
y

Table 4. Effects of treatments on growth of muskmelon and watermelon transplants in 2000 after 2 weeks under field conditions, Crossville, Alaz.
Treatments
Nontreated control
Carrier control (2.5%)
Carrier control (1.0%)
LS290
LS213
LS254
LS255
LS256
LS257
LSDu 5%

Ht (cm)y
Muskmelon Watermelon
10.7 av
10.8 a
11.9 ab
13.1 bc
13.5 c
13.1 bc
13.6 c
13.5 c
12.9 bc
1.2

Caliper (mm)x
Muskmelon Watermelon

5.3 a
6.1 ab
7.8 cde
7.8 cde
7.8 cde
8.1 de
6.7 bc
8.6 e
6.9 bcd
1.3

3.5 a
4.1 b
4.1 b
3.8 ab
3.9 b
4.1 b
4.1 b
3.9 b
4.0 b
0.3

3.8 a
4.1 a
4.1 a
4.5 b
4.6 b
4.5 b
4.5 b
4.5 b
4.8 b
0.35

Shoot fresh wt (g)w
Muskmelon Watermelon
4.79 a
5.50 a
5.18 a
6.15 abc
6.28 abc
5.67 ab
7.07 bc
7.46 c
5.56 ab
1.51

Shoot dry wt (g)
Muskmelon Watermelon

3.58 a
4.91 b
3.49 a
5.46 bc
6.29 c
6.05 bc
7.69 d
5.13 bc
4.95 b
1.22

0.68 a
0.82 abc
0.96 c
0.79 abc
0.79 abc
0.78 abc
0.96 c
0.88 bc
0.70 ab
0.19

0.54 a
0.66 ab
0.50 a
0.80 bc
0.94 cd
0.77 abc
1.04 d
0.61 ab
0.61 a
0.19

z

Mean of six replications.
1.0 cm = 0.39 inch.
x
1.0 mm = 0.04 inch
w
1.00 g = 0.035 oz.
v
Mean values in each column followed by the same letter are not significantly different (P ≥ 0.05).
u
LSD = least significant difference procedure.
y

LS290 on muskmelon) increased stem
caliper of muskmelon and watermelon
compared to the nontreated control
treatment at 14 DAP (Table 4). LS290,
LS213, LS254, and LS255 increased
watermelon shoot dry weight compared to the nontreated and carrier
controls (Table 4). In addition, all
PGPR treatments (with the exception of LS255) increased watermelon
top height compared to the nontreated
and 2.5% carrier control treatments
(Table 4). All PGPR treatments on
watermelon and LS255 and LS256
on muskmelon increased shoot fresh
weight compared to the nontreated
and carrier control treatments (Table
4). At 28 DAP, there were no differences in muskmelon stem caliper,
while all PGPR treatments continued
to improved stem caliper of watermelon
compared to the nontreated and carrier
control treatments (data not shown).
PGPR treatments did not sig480

Table 5. Effect of treatments on suppression of nematode disease severity in
muskmelon and watermelon under field conditions at the end of the season 2000
in Crossville, Alaz.
Disease severityy
Treatment
Nontreated control
Carrier control (2.5%)
Carrier control (1.0%)
LS290
LS213
LS254
LS255
LS256
LS257
LSDw 5%

Muskmelon

Watermelon

8.6 cdx
8.5 cd
7.7 bc
7.3 bc
6.7 b
3.9 a
7.9 bc
9.5 d
9.7 d
1.3

5.9 c
5.0 bc
4.5 abc
3.9 ab
4.2 abc
4.0 abc
4.7 abc
2.8 a
4.5 abc
1.9

z

Mean of six replications, two plants per replication.
Nematode disease severity was rated on Zeck’s scale of 1 to 10, where 1 = no galls and 10 = 100% galled.
x
Mean values in each column followed by the same letter are not significantly different (P ≥ 0.05).
w
LSD = least significant difference procedure.
y

nificantly improve plant dry weight
data from the Immokalee field trial.
However, trends for both watermelon
and muskmelon were positive. For

example, all treatments had increased
watermelon plant dry weight compared
to the nontreated control at both 2
and 4 weeks after transplanting.
●
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LS256, LS257, LS290, and the 2.5%
carrier control had higher muskmelon
plant dry weight than the nontreated
control at both sample times (data not
shown).
FIELD DISEASE RATINGS. No significant differences in root ratings occurred
among treatments on muskmelon in
the Sanford, Fla., trials. Although
not statistically significant, LS256
and LS290 had higher root weights,
lower root condition ratings, and lower
gall ratings on muskmelon compared
to the 2.5% carrier controls (data not
shown). No significant differences
in watermelon root ratings occurred
among treatments in the Sanford trial,
although LS213 and LS255 did not
have any galling by root-knot nematodes, while the nontreated control
did have low levels of galling (data
not shown).
At the end of the season in Alabama, formulation LS254 was the only
treatment that significantly reduced
root-knot nematode gall severity on
muskmelon compared to the control
treatments (Table 5), while both
LS290 and LS256 reduced root-knot
nematode gall severity on watermelon
(Table 5). There were no differences in
disease incidence on either watermelon
or muskmelon in field trials performed
in Immokalee, Fla.
YIELD. No significant differences
occurred in watermelon or muskmelon yields in the Sanford, Fla.
field trials, although LS257 resulted
in numerically higher yield than the
nontreated controls for both crops
(data not shown). There were also
no statistically significant differences
among treatments on watermelon or
muskmelon yield in the Immokalee,
Fla. field trial, although LS254, LS255,
LS256, and LS257 resulted in numerically higher yields for both crops compared to the nontreated control (data
not shown). In the Alabama field trial,
there were no significant yield increases
in muskmelon associated with PGPR
treatments compared to the controls
and, in watermelon, only LS254 had
significantly higher yields than the 2.5%
carrier control and several other PGPR
formulations (data not shown).

Discussion
The results reported here indicate
that several PGPR formulations may
be useful components in production
of muskmelon and watermelon. The
ultimate objective in transplant produc●
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tion is to generate a strong, vigorous,
compact plant that will establish and
grow quickly in the field and produce an
optimum yield. Incorporation of these
biological treatments into planting
media resulted in significant increases
in leaf area, number of leaves, shoot
weight, stem diameter, and sometimes
root weight, compared to nontreated
control plants. Consequently, certain
PGPR formulations could be used to
produce a standard sized transplant in
less time or to produce a more vigorous
transplant in the time currently used
for standard transplant production.
Increased stem diameter and root
weight is indicative of strong plants
that generally exhibit less susceptibility to transplant shock, drought, and
attack by fungal pathogens, nematodes
and insects early in the season (Vavrina,
1996).
The beneficial effects of the carrier controls on transplant growth
and disease incidence may be due
to the reported ability of chitin (the
principle component of the carrier) to
induce low levels of disease resistance
(Benhamou et al., 1998). Chitin has
also been reported to favor the development of nematode antagonistic
microflora in soil (Rodríguez-Kábana
et al., 1987), and can function as a slow
release source of nitrogen. Any or all
of these factors could account for the
beneficial effects of the carrier control
treatments in these experiments. An
additional benefit of the formulation
carrier functioning as a slow release
nitrogen source is the potential to reduce fertilizer rates, or the number of
fertilizer applications during transplant
production, thereby reducing cost and
pollution-causing runoff.
The benefits of PGPR treatments
seen in these trials included increased
root weight, improvement in root ratings, reduction of galling by root-knot
nematodes, reductions in incidence
of disease caused by important foliar
pathogens, and modest yield increases
in one watermelon trial. Nemec et al.
(1996) found that a variety of biological
control agents including B. subtilis successfully colonized roots of seedlings
and some provided protection against
soilborne pathogens of tomato in the
field. Yield response to PGPR formulations in melons was not as substantial
as those found in tomato and pepper
where some PGPR formulations increased both total yield and grade of
harvested fruit (Kokalis-Burelle et al.,

2002). Gagné et al. (1993) was also
able to demonstrate increased yield
in greenhouse produced tomatoes
with the addition of PGPR to seedling production media. However,
yield evaluations in melons, or other
crops producing large fruit, may be
confounded due to high levels of variability of small plot harvests. Accurate
yield assessments for both watermelon
and muskmelon require that largerscale trials be conducted according to
commercial production standards.
For any particular crop, the precise
value of stronger transplants will only
be realized with several years of largescale field trials. However, in the four
experimental field trials conducted in
this study, beneficial effects of PGPR
treatments where apparent and included significant decreases in several
important diseases in both greenhouse
and field environments. These results
are supported by recent work by Egel
(2000) who found a reduction in rootknot nematode damage on watermelon
with LS213. Egel also demonstrated
that when LS213 was combined with
1,3-D and chloropicrin combinations
as a soil fumigant, total yield was increased.
Treatment of transplants with
PGPR has good potential for use with
many different crops, and in many different production systems, especially
where pest control options are limited.
The first step in maximizing productivity in transplanted crops is by improving
the quality of the transplant. Providing plants with resources to achieve
optimum growth and vigor will lead to
better establishment of the crop.
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Arbuscular
Mycorrhiza and
Growth Responses
of Several
Ornamental Plants
Grown in Soilless
Peat-based Medium
Amended with
Coconut Dust (Coir)
R.G. Linderman1 and
E.A. Davis2
ADDITIONAL INDEX WORDS. endomycorrhiza, potting mixes, marigold, minirose, zinnia, germander, lavender
SUMMARY. Coconut fiber dust (coir)
is being used as a peat substitute or
amendment to potting mixes with
varied results. However, its microbial
composition and compatibility with
beneficial microbes that might be
added to growth media in the nursery,
such as mycorrhizal fungi, has not
been determined. In this study, coir
was amended to a peat-based medium
(15%, 30%, 45%, and 60% by volume)
to determine its effects on growth of
several ornamental plants and on the
formation and function of the arbuscular mycorrhizal (AM) fungus Glomus intraradices. Mycorrhizae formed
as well, and usually better, in all the
coir-amended peat treatments as in
peat alone. The magnitude of growth
enhancement due to mycorrhizae was
small for the plants tested in these
media compared to that which usually
occurs in soil-based media. In this
experiment, plant growth responses
appeared to be independent of level
of mycorrhizal colonization and were
plant species dependent. Consistent
growth enhancement from mycorUSDA, Agricultural Research Service, Horticultural
Crops Research Laboratory, 3420 N.W. Orchard
Avenue, Corvallis, OR 97330.
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rhizae only occurred with marigold
(Tagetes patula). With germander
(Teucrium fruticans), growth was
depressed with mycorrhizal inoculation in the medium composed of 60%
coir. Growth of lavender (Lavandula
augustifolia) was depressed in all
coir-amended media, with or without
AM inoculation, compared to the
nonamended control. These results
confirm previous reports of varied
response of plant species to coir, and
indicate the lack of any detrimental
effects of coir on mycorrhiza formation.

T

he use of coir as a suitable plant
growth substrate has been reported for many greenhouse
plants: rose (Rosa spp.) (Raviv et al.,
2001); australian native pea (Pultenaea
spp.), australian native aster (Brachycome
spp.), australian native correa (Correa
spp.), eucalypt (Eucalyptus spp.), spider
flower (Grevillea spp.), and australian
native lomandra (Lomandra spp.) (Offord et al., 1998); tickseed (Coreopsis
spp.) and tomato (Lycopersicon spp.)
(Pill and Ridley, 1998); arrowwood
(Viburnum spp.) and lilac (Syringa
spp.) (Evans and Iles, 1997); dumb
cane (Dieffenbachia spp.), madagascar
dragon tree (Dracaena spp.), and peace
lily (Spathiphyllum spp.) (Stamps and
Evans, 1997, 1999); rhododendrons
(Rhododendron spp.) (Knight et al.,
1998); balsam (Impatiens spp.) (Argo
and Biernbaum, 1997); jungle geranium (Ixora spp.) and star cluster (Pentas
spp.) (Meerow, 1994); sunflower (Helianthus spp.), marigold (Tagetes spp.),
petunia (Petunia ×hybrida), and geranium (Pelargonium spp.) (Evans and
Stamps, 1994); poinsettia (Euphorbia
spp.) and lily (Lilium spp.) (Argo and
Biernbaum, 1995; Waber and Evans,
1996); tailflower (Anthurium spp.) and
magesty palm (Ravenea spp.) (Meerow,
1995).
Most reports indicate that coir
is suitable for potting mixes, but reported growth responses are as varied
as the plant species grown, the potting
substrate mixes, the fertilizer regime,
the type of peatmoss used in the mix
(i.e., sphagnum versus sedge) (Meerow,
1994, 1995), and the actual sources of
the coir (Abad et al., 2002; Evans et al.,
1996; Konduru et al., 1999). This last
factor may be one of the most crucial;
the live coconut plantation site and the
coir process of drying, grinding, and
compression can significantly affect
●
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