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A previously undiagnosed prob- 
lem, called celery petiole lesion 
(CPL), caused significant damage 
to coastal celery for several years. 
A 2-year study found CPL to be 
associated with applications of 
the insecticide Dibrom. The prod- 
uct is no longer labeled for use on 
celery. CPL can be mistaken for 
two fungal diseases, highlighting 
the importance of accurate diag- 
nosis of plant problems to reduce 
unnecessary applications of 
pesticides. 

Celery is an important vegetable crop 
grown in coastal California. In 1996, a 
six-county coastal region (Monterey, 
San Benito, San Luis Obispo, Santa 
Barbara, Santa Cruz and Ventura 
counties) produced 22,500 acres with a 
value of $232.5 million. In addition to 
the value of the crop itself, celery is a 
rotation crop for the extensive crucifer 
and lettuce plantings in the coastal 
area. In recent years an undiagnosed 
problem, designated as celery petiole 
lesion (CPL), caused significant dam- 
age to celery crops and prevented 
some fields from being harvested for 
the fresh market. 

Plants with typical CPL symptoms 
exhibit sunken, elongated, tan to 
brown, dry areas forming between the 
prominent vascular bundles on the 
lower portions of older petioles. Lesions 
can develop on both inner and outer 
surfaces of any individual petiole and 
characteristically lack the soft, rotted 
tissues associated<with most diseases. 
In severe cases the lesions occur on the 
younger as well as the older petioles. 
Applied fungicides did not alleviate the 
symptoms. 

Field surveys showed that inci- 
dence of the problem in any one field 
ranged from slight (under 5%) to 

widespread (over 90%). CPL was most 
commonly found on celery produced 
in the Salinas Valley (Monterey 
County) and the San Benito area (San 
Benito County) during August 
through November. Early spring cel- 
ery plantings did not exhibit CPL 
symptoms. The purpose of this study 
was to identify the cause of CPL. 

Testing for pathogenic organisms 
Because celery is susceptible to 

pathogenic fungi that cause lesions on 
the petioles, we collected CPL-affected 
plants from fields in the Salinas Valley 
in the summers of 1994 and 1995 and 
tested for pathogens. Small pieces 
from these petioles were washed, sur- 
face sterilized and aseptically placed 
on microbiological agar media. We in- 
cubated the plates at room tempera- 
ture and identified the resulting fungal 
colonies. 

We also tested CPL-affected peti- 
oles for possible bacterial pathogens. 
After petiole samples were surface 
sterilized, extracts from small pieces of 
tissue were streaked onto bacteriologi- 
cal agar media. Plates were incubated 
at room temperature and examined for 
bacterial growth. 

Out of 200 (1994) and 100 (1995) 
fungal isolations, no pathogenic fungi 
were recovered from CPL-affected 
petioles. In particular, known patho- 
gens such as Rhizoctonia solani and 
Sclerotinia sclerotiorum were never re- 
covered, indicating that CPL was not 
caused by these organisms. Out of 100 
(1994) and 80 (1995) bacterial isola- 
tions, few bacteria were recovered. Ex- 
amination of representative bacterial 
strains indicated that they were not 
plant pathogenic species. 

Sidedress fertilizer applications 

of a standard sidedress fertilizer to 
In 1995, we applied different rates 

commercial celery in the Salinas Val- 
ley to determine whether this material 
could cause CPL. Treatments were ap- 
plied during the months of August 
and September when CPL was typi- 
cally observed. The experimental de- 
sign was a randomized complete block 
with three replications. Each plot mea- 
sured four beds wide (each bed was 40 
inches center-to-center) by 50 feet 
long. Using a commercial tractor- 
mounted applicator, according to stan- 
dard grower practice and timing, we 
injected sidedress applications of 18- 
18-18 fertilizer into beds. Treatments 
were no sidedress applications (Ox); 
two applications of 700 lb/acre each 
(lx, considered to be the grower stan- 
dard); and two applications of 1,000 
lb/acre each (1.5~). At the end of the 
trial (Oct. ll), we evaluated 10 plants 
per plot for the presence or absence of 
CPL symptoms. 

were absent. Small brown scars and 
marks, from undetermined causes, 
were present in all treatments. The ab- 
sence of typical CPL symptoms and 
the most frequent occurrence of small 
brown defects in the Ox treatment pro- 
vided evidence that sidedress applica- 
tions of fertilizer were not implicated 
in CPL development. 

Testing field-applied pesticides 

In all plots, typical CPL symptoms 

Because commercial celery 
plantings are treated with a variety of 
pesticides, in 1995 we tested nine com- 
monly used materials for possible in- 
volvement with CPL. Celery (cv. Utah 
52-70R) was transplanted on June 25 at 
an experimental plot in the Salinas 
Valley and grown according to stan- 
dard commercial practice. Experimen- 
tal design was a randomized complete 
block with three replications, with 
each plot measuring two beds wide 
(each bed was 40 inches center-to- 
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center) by 30 feet long. Four insecti- 
cides (Agri-mek, Ambush, Dibrom, 
Lannate), three fungicides (Benlate, 
Bravo, Kocide), one foliar fertilizer 
(Folical) and one wetting agent (K-90 
nonionic spreader) (table 1) were com- 
bined into one tank mix and applied 
as a foliar spray at label rates (lx) and 
double the label rates (2x) using a 
backpack CO2 sprayer. Materials were 
applied three times (Aug. 25, Sept. 19 
and Oct. 5), and an untreated control 
was included. At the end of the trial 
(Oct. 30), we evaluated 10 plants per 
plot for CPL. 

When the nine-chemical tank mix 
was sprayed onto celery, typical CPL 
symptoms resulted in both the l x  and 
2x treatments, with 2x plots having 
significantly more CPL lesions than lx 
plots (table 1). Symptoms on the 2x 
treated plants were also significantly 
more severe than those on the lx 
plants. The untreated plots were either 
symptomless or had only a few small 
brown scars from undetermined 
causes. Treatment differences were sta- 
tistically significant. This was the first 
indication that pesticides were impli- 
cated with CPL damage. 

Greenhouse experiments 

tion of CPL symptoms in the 1995 field 
trial, we conducted a series of green- 
house experiments, each repeated a 
second time, to identify which mate- 
rial or materials might be involved in 
CPL damage. 

of the 1995 field trial was prepared 

Following the successful reproduc- 

In trial 1, each tank mix component 

TABLE 1. Effects of a nine-chemical tank mix on 
celery petiole lesion (CPL) incidence in the 1995 

field experiment 

Treatment' Mean no. of CPL 
oetiolesll0 olantst 

Tank mix Ix 8.14 
Tank mix 2x 52.79 
Untreated 0.50 
LSD (P = 0.05) 4.54 

'Label (lx) ratedacre of the materials used in the 
tank mix were Agri-Mek 0.15 EC, 14.0 fl. 02; Am- 
bush 25 W, 0.8 Ib; Dibrom 8 F, 1.5 pt; Lannate 
WSP, 1 .O Ib; Benlate 50 WP, 0.5 Ib; Bravo 500, 4.0 
pt; Kocide 101, 2.0 Ib; Folical, 2.0 pt; K-90, 0.25 pt. 
2x rates are double the label rates. 
*The number of CPL-affected petioles per 10 plants 
was calculated, and ANOVA conducted with 
MSTAT-C statistical program. 

separately and applied to young celery 
transplants to test for phytotoxicity. 
Experimental design was a random- 
ized complete block with three replica- 
tions. Each block consisted of 40 celery 
transplants, in transplant trays (1 by 1 
inch cells), that were of transplant- 
ready maturity. Materials were ap- 
plied separately to different sets of 
plants as one-time drench treatments 
(in 1 quart water per three replica- 
tions) at label rates (lx) and double the 
label rates (2x). A water control was 
included. Drenches were designed to 
result in overdose levels so that CPL 
damage might be accentuated. After 1 
week, we examined the plants for phy- 
totoxic symptoms. 

In trial 2, the seven materials that 
did not cause phytotoxic damage in 
greenhouse trial 1 (all chemicals ex- 
cept Dibrom and Lannate) were com- 
bined into one drench solution to fur- 
ther show their lack of association 
with CPL. Experimental design and 
treatment concentrations and volumes 
were the same as in trial 1, and we 
again applied treatments one time as 
drench treatments. Plants were subse- 
quently examined for phytotoxicity. 

We conducted all remaining green- 
house experiments using only Dibrom 
and Lannate. Trial 3 evaluated the ef- 
fects of different Dibrom and Lannate 
rates in relation to CPL. Experimental 
design was a randomized complete 
block with three replications. Each 
block consisted of 10 celery plants 
planted individually in 4-inch-square 
pots (mature transplants were placed 
into the pots and allowed to grow for 
approximately 3 weeks before treating 
with chemicals). Using the label rate as 
the lx concentration (1.5 pt Dibrom / 
acre, 1.0 Ib Lannate /acre; 100 gal wa- 
ter/acre), the following mixtures were 
prepared for each insecticide: 0.25x, 
0.50x, lx, 2x and 3x. We applied ap- 
proximately 5 drops of solution via pi- 
pette to the crown of each plant, twice 
within a 10-day period, and a water 
control was included. Two weeks after 
the second treatment, we examined 
plants for CPL symptoms and rated 
them for severity using the following 
scale: 1 = absence of any symptoms; 
2 = slight CPL (minor discoloration 
of petiole epidermis and/or develop- 

CPL was absent on untreated field plants 
(top), but developed on plants treated with 
low (middle) and high (bottom) concentra- 
tions of the pesticide tank mix. Plants re- 
ceiving the higher rate developed more se- 
vere symptoms. 

ment of shallow lesions); 3 = moderate 
CPL (tan to light brown discoloration 
of epidermis and development of 
sunken lesions); 4 = severe CPL (dark 
brown discoloration of epidermis and 
development of deep, sunken lesions). 

Using the same experimental pa- 
rameters as in trial 3, in trial 4 we 
evaluated the reaction of two celery 
cultivars to Dibrom concentrations. 
Using the label rate as the lx concen- 
tration, the following Dibrom solu- 
tions were prepared: 0.50x, l x  and 2x. 
we applied approximately 5 drops of 
solution via pipette to the crown of 
each plant of cultivar 52-75, a celery 
variety used for many years, and of 
Conquistador, a more recently re- 
leased variety. Treatments were ap- 
plied twice within a 10-day period, 
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and a water control was included. 
Two weeks after the second treatment, 
we examined and rated plants for CPL. 

CPL symptoms. A rate response was 
demonstrated with Dibrom, and treat- 
ment differences were statistically 

Two chemicals harm celery 
significant. 

In trial 4, no significant differences 
Of the nine chemicals and water 

control used in trial l, only Dibrom 
and Lannate caused phytotoxicity 
(table 2). Dibrom damage consisted of 
brown discoloration and burning of 
plant crowns and lower petioles. 
Lannate treatments resulted in burned 

in CPL severity were observed be- 
tween the Conquistador and 52-75 cul- 
tivars (table 4). On both cultivars, 
Dibrom caused slight but typical CPL 
symptoms at 0.50x, moderate CPL at 
lx, and severe CPL at 2x. The water 
control did not result in CPL. 

and desiccated leaves. For Dibrom, the 
2x concentrations resulted in greater Second field experiment 
phytotoxic effects than the lxtreatment. 

In trial 2, Dibrom and Lannate 
again caused phytotoxicity, and symp- 
toms were identical to those in trial 1 
(table 2). Dibrom treatments exhibited 
greater phytotoxicity with the 2x con- 
centration than with the l x  treatment. 
The seven-component tank mix drench 
did not cause any plant damage at ei- 
ther lx  or 2x concentration. 

In trial 3, Lannate applied to plant 
crowns did not cause CPL symptoms 
and showed no other phytotoxic ef- 
fects on the celery plants (table 3). 
Lannate was therefore eliminated as a 
possible cause of CPL and was not in- 
cluded in the statistical analysis. How- 
ever, Dibrom caused slight but typical 
CPL symptoms at 0 .25~ and 0.50x, 
moderate to severe CPL at lx, and se- 
vere CPL at 2x and 3x (table 3). The 
water control did not result in any 

TABLE 2. Greenhouse trials 1 and 2. Phytotoxic 
effects of drench applications of nine chemicals 

on greenhouse celery transplants 

Severity of phyto- 
toxic symptoms* 

Ratedacre 
Trial Treatment* l x  2x 
1 Agri-Mek 0.15 EC, 14.0 fl. oz - - 

Ambush 25 W, 0.8 Ib - - 

To test our greenhouse findings un- 
der field conditions, we conducted a 
field experiment in 1996 to determine 
if early (6-8 inches high), middle (12- 
14 inches), or late (16-20 inches) stages 
of growth were differentially sensitive 
to Dibrom. Celery was transplanted on 
June 28 into a split-plot experimental 
design with randomized complete 
blocks and four replications. Each plot 
measured two beds wide by 15 feet 
long and was planted with cv. Utah 
52-70R on one bed and cv. Conquista- 
dor on the other to further explore va- 
rietal differences in susceptibility. 

The label rate (1x=1.5 pt/acre) and 
double the label rate (2x=3.0 pt/acre) 
of Dibrom were applied using a back- 
pack C02 sprayer in 109 gal water/ 
acre (for early growth-stage celery) or 
179 gal water/acre (for middle and 
late-growth-stage celery). All Dibrom 
treatments were mixed with X-77 
spreader sticker (0.25 pt/100 gal water). 
At the end of the trial (Oct. 13, we rated 
six plants per plot for CPL severity us- 
ing the scale described previously. 

in all Dibrom-treated plots, whereas 
the untreated control had only a few 
brown defects from undetermined 

Typical CPL symptoms were found 

+ causes (table 5). Dibrom 2x caused sig- 
nificantly more CPL than Dibrom l x  in 

Dibrom 8 F, 1.5 pt 
Lannate WSP, 1 .O Ib 
Benlate 50 WP, 0.5 Ib 

++ 
+ - 

Bravo 500, 4.0 pt 
Kocide 101, 2.0 Ib 
Folical, 2.0 pt 

Water control 
2 Tankmixt 

Dibrom 
Lannate 

K-90, 0.25 pt 

- - all treatments except the early treat- 
- - ment. For the l x  treatments, there 
- - were no significant differences be- 

tween the various timed applications; 
however, for 2x treatments, early- 

- - 

- 
- 

- 
- 
+ ++ 
+ + middle-late and late sprays had sig- 

Water control - - nificantly more CPL than early and 
‘Rating system: - = no phytotoxic symptoms; + = middle spravs. 

I ,  

In general, the two cultivars did not 
differ significantly in their response to 

moderate symptoms; ++ = severe symptoms. 
tTank mix in trial 2 was composed of Agri-mek, 
Ambush, Benlate, Bravo, Kocide, Folical and K-90 
nonionic spreader. the Dibrom sprays. Only in treatment 

6 (Dibrom lx, early-middle), did one 
cultivar (Conquistador) have signifi- 
cantly more CPL than the other (Utah 
52-7OR). 

Commercial field surveys 
To document the association of CPL 

occurrence in commercial fields with 
the application of Dibrom, we con- 
ducted a survey in which we exam- 
ined spray records for CPL-affected 
fields. For the 15 fields with CPL sur- 
veyed in 1994 and 1995, all had re- 
ceived ground applications of Dibrom. 

As a result of our research, the cel- 
ery label for this product was with- 
drawn and no Dibrom was applied to 
celery in California in 1996 and 1997. 
CPL damage was not reported in any 
county in California for the 1996 and 
1997 seasons. Because of the complete 
absence of CPL reports in both 1996 
and 1997, we examined 15 randomly 
chosen fields in locations previously 
affected by the problem and found no 
CPL in any of these locations. 

Dibrom associated with CPL 
Our 2-year investigation conclu- 

sively associated ground applications 
of the insecticide Dibrom with celery 
petiole lesion. In both field and green- 
house studies, applications of Dibrom 
consistently resulted in damaged peti- 
oles that were very similar to those ob- 
served in commercial fields. Even 
when applied at one-fourth and one- 
half the recommended rate, Dibrom 
resulted in CPL on greenhouse-grown 
celery. Eight other commonly applied 
chemical products did not cause CPL 
when applied at excessively high con- 
centrations. Extensive testing for 
pathogenic organisms failed to find 
any biotic agent associated with CPL, 
and a field fertilizer experiment did 
not reproduce CPL symptoms. 

showed that CPL is apparently not re- 
lated to differential sensitivities be- 
tween cultivars. In addition, field sur- 
veys showed that numerous celery 
cultivars developed CPL (cvs. Mata- 
dor, Summit, and several proprietary 
varieties), indicating that cultivar sensi- 
tivity is not a critical factor in CPL. 

The 1996 field study indicated that 
label rates of Dibrom would not result 

Greenhouse and field experiments 
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in visible damage by harvest if applied 
early in crop development. However, 
CPL problems would increase due to 
applications made to middle and late 
stages of growth or from the effects of 
multiple sprays. 

Field surveys in both 1994 and 1995 
supported the field and greenhouse 
studies by showing a consistent asso- 
ciation between commercial fields 
with CPL and ground applications of 
Dibrom. The 1996 and 1997 surveys 
further supported this finding in that 
no Dibrom was applied during these 
years and no CPL was observed. In 
addition, the UC Cooperative Exten- 
sion Diagnostic Laboratory, located in 
Salinas, received no CPL samples in 
1996 and 1997. This was in sharp con- 
trast to the previous two years, during 
which CPL samples were often sub- 
mitted during the period from August 
through November. 

Although pathogenic fungi were 
not associated with CPL, symptoma- 
tology of two fungal diseases could be 
mistaken for CPL. Crater spot, caused 
by Rhizoctonia solani, generally causes 
sunken, brown cavities on the petioles 
exposed to soil. Occurring on the inner 
and outer petiole surfaces, crater spot 
infections vary in shape but generally 
have rounded edges, unlike the usu- 
ally linear, rectangular CPL lesions. 
Like CPL, however, crater spot lesions 
are dry and firm in texture and might 
be mistaken for CPL. 

In contrast, pink rot, caused by 
Sclerotinia sclerotiorum, results in soft, 
mushy infections at petiole bases or 
higher up in the plant canopy. Pink rot 
infections initially cause the celery tis- 
sue to turn pink, but older infections 
can be dark brown or black in color. 
For crater spot and pink rot, the myce- 
lia of both causal organisms are usu- 
ally present in the affected tissue, and 
laboratory analyses can readily re- 
cover the fungi. Our findings highlight 
the importance of accurate diagnosis 
of plant problems so that unnecessary 
pesticide applications are not made to 
crops affected by abiotic disorders. 

We therefore conclude that “celery 
petiole lesion” should be designated as 
phytotoxicity due to Dibrom sprays 
applied by ground equipment. It is no- 
table that in fields where Dibrom was 

applied via aircraft, no CPL was ob- 
served, hinting that water volume and 
crop coverage may be involved in CPL 
development. Insecticide sprays ap- 
plied by ground equipment (typically 
using from 200 to 250 gal water/acre) 
result in pooling and accumulation of 
spray liquids at the base of celery peti- 
oles; this accumulation does not occur 
with air-applied materials (applied in 
7 to 35 gal/acre). Dibrom was used on 
celery to control the adult stage of the 
pea leafminer, Liriomyza huidobrensis, 

which in the past 5 years reached dev- 
astating levels in the Salinas Valley 
and resulted in significant quality and 
yield loss for celery, lettuce, spinach 
and other leafy vegetables. Dibrom 
continues to be applied to other veg- 
etable crops in California, but it has 
not appeared to cause phytotoxic dam- 
age to these plants. 

Our findings regarding Dibrom and 
CPL raise the question of why phyto- 
toxicity to celery developed only re- 
cently. Dibrom has been applied to 

TABLE 3. Greenhouse trial 3. Effects of various Dibrom and Lannate concentrations on celery 
petiole lesion (CPL) severity 

Treatment Ratedacre Mean CPL severity rating’ 

Dibrom 0.4 pt (0.25~) 1.21 
Dibrom 0.8 pt (0.50~) 1.79 
Dibrom 1.5 pt (Ix) 3.54 
Dibrom 3.0 pt (2x) 4.00 
Dibrom 4.5 pt (3x) 4.00 
Water - 1 .oo 
Lannate 0.3 to 3.0 Ib (0.25x-3X) 1 .oot 
LSD (P = 0.05) 0.27 

“CPL damage was rated using the following scale: 1 = absence of any symptoms; 2 = slight CPL (minor dis- 
coloration of petiole epidermis and/or development of shallow lesions); 3 = moderate CPL (tan to light 
brown discoloration of epidermis and development of sunken lesions); 4 = severe CPL (dark brown discol- 
oration of epidermis and development of deep, sunken lesions). ANOVA was conducted with MSTAT-C sta- 
tistical program. 

tLannate values were not included in the statistical analysis. 

TABLE 4. Greenhouse trial 4. Effects of Dibrom concentrations on celery petiole lesion (CPL) 
severity on two celery cultivars 

Mean CPL severity rating’ 
Celerv cultivar 

Treatment Rateslacre Conquistador 52-75 

Dibrom 0.8 pt (0.50~) 
Dibrom 1.5 pt (Ix) 
Dibrom 3.0 pt (2x) 
Water - 

1.76 
2.76 
4.00 
1 .oo 

1.53 
2.76 
4.00 
1 .oo 

‘CPL damage was rated using the following scale: 1 = no CPL (absence of any symptoms); 2 = slight CPL 
(minor discoloration of petiole epidermis and/or development of shallow lesions); 3 = moderate CPL (tan to 
light brown discoloration of epidermis and development of sunken lesions); 4 = severe CPL (dark brown dis- 
coloration of epidermis and development of deep, sunken lesions). ANOVA was conducted with MSTAT-C 
statistical program. No significant differences were found between the two cultivars. 

TABLE 5. 1996 field experiment. Effects of Dibrom on celery petiole lesion (CPL) severity when 
applied to two celery cultivars at early, middle and late stages of celery development 

Mean number of CPL ~etiolesl6 olants’ 

Treatment 

1. Untreated control 
2. Dibrom Ix - early-middle-late 
3. Dibrom Ix - early 
4. Dibrom Ix - middle 
5. Dibrom Ix - late 
6. Dibrom Ix - early-middlet 
7. Dibrom 2x - early-middle-late 
8. Dibrom 2x - early 
9. Dibrom 2x - middle 
10. Dibrom 2x - late 

LSD (P = 0.05) 

Utah 52-70R 

0.00 
5.25 
1.25 
3.25 
3.75 
1 .oo 
35.75 
2.00 
11.75 
40.25 

5.00 

Celery cultivar 
Conquistador 

1.50 
6.75 
1.50 
5.00 
4.00 
6.00 
41 .OO 
3.25 
11.50 
42.00 

6.31 

‘ANOVA was conducted with MSTAT-C statistical program. 
tlndicates a significant difference between the two cultivars (LSD [P = 0.05 ] = 4.1 1). 
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celery for many years without reports 
of crop damage, and although CPL- 
like symptoms have been periodically 
detected at low incidence previous to 
1990, CPL as a significant industry 
concern occurred only after 1991. Ap- 
parently no recent changes have been 
made to the formulation or composi- 
tion of the product to account for this 
development. We speculate that per- 
haps an environmental factor (such as 
increasing salt levels in groundwater) 
or other chemical may predispose cel- 

ery to damage caused by ground ap- 
plications of Dibrom. 
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