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Disinfection Alternatives for Control of Ditylenchus dipsaci
in Garlic Seed Cloves'
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Abstract: Hot-water dips with and without the additives abamectin and sodium hypochlorite were
evaluated for control of Ditylenchus dipsaci infection of garlic seed cloves. All treatments were com-
pared to hot water-formalin clove dip disinfection and to nontreated infected controls for garlic
emergence, midseason infection, bulb damage, and yield at harvest in field plots in 12 experiments.
Hot-water treatments without additives only partially controlied D. dipsaci when a warming presoak
dip (38 C) of 30, 45, or 60 minutes’ duration was followed by a hot-water dip (49 C) of 15-30 min-
utes’ duration. Exposure to 49 C for 30 minutes caused slight retardation of garlic emergence,
although normal stand was established. Abamectin at 10-20 ppm as the 20-minute hot dip (49 C) or
as a 20-minute cool dip (18 C) following a 20-minute hot-water dip and sodium hypochlorite at
1.052-1.313% aqueous solution as the 20-minute hot dip were highly effective in controlling D.
dipsaci and were noninjurious to garlic seed cloves. None of these treatments was as effective as a hot
water-formalin dip and were noneradicative, but showed high efficacy on heavily infected seed
cloves relative to nontreated controls. Abamectin was most effective as a cool dip. These abamectin
cool-dip (following hot-water dip) and sodium hypochlorite hot-dip treatments can be considered as
effective alternatives to replace formalin as a dip additive for control of clove-borne D. dipsaci.
Sodium hypochlorite was less effective as the cool dip, and at concentrations of 1.75-2.63% was

phytotoxic to garlic.

Key words: abamectin, Allium sativum, Ditylenchus dipsaci, formaldehyde, garlic, hot-water dip, seed-
borne infection, sodium hypochlorite, stem nematode.

The stem and bulb nematode, Ditylen-
chus dipsact (Kithn) Filipjev, is a serious pest
of commercial garlic (Allium sativum L.) in
production areas worldwide. Ditylenchus
dipsaci infections can arise from planting in
nematode-infested soil or more commonly
from planting infected garlic seed cloves.
In California, where most of the garlic in
the United States is produced, a rotation of
4 years of nonhost crops between garlic
plantings effectively manages soil infesta-
tions of D. dipsaci. Crop injury from seed
clove infection has been prevented by dis-
infection of cloves with.a hot water-
formalin dip treatment (9,10,13), com-
bined with efforts to produce nematode-
free planting stock. Phenamiphos applied
in planting furrows also is effective for
control of seedborne infection (8,13).

Hot water-formalin dip treatments were
first developed for nematode and fungus
disinfection of narcissus bulbs (1,2,7,19)
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and subsequently have been used effec-
tively to control D. dipsaci in other bulbous
plants (1,3,12). Lear and Johnson (9,10)
refined these hot water-formalin treat-
ments for disinfection of the much smaller
garlic cloves. The standard hot water-
formalin dip treatment for commercial
garlic seed cloves is a modified version of
that developed by Lear and Johnson. Seed
clove lots are immersed in a warming dip
of water for 30 minutes at 38 C followed by
immersion in 0.74% aqueous formalde-
hyde for 20 minutes at 49 C, then 10 min-
utes in 0.06% benomyl at 18 C and air
dried. The formaldehyde solution has
been used also in the warming stage but is
not necessary, and concentrations of 0.2—
1.0% aqueous formaldehyde have been
used effectively for garlic and other bul-
bous plants (10,12,13). Benomyl in the
cooling stage is used for surface steriliza-
tion to minimize fungal contamination (8).

The use of formaldehyde in the dip
treatment is now prohibited due to worker
safety concerns. Previous reports on disin-
fection efficacy of hot-water treatment
without addition of formaldehyde indi-
cated only partial control at temperature-
exposure time combinations that were



nondamaging to garlic seed cloves (9,10).
In vitro studies on D. dipsaci mortality rates
and thresholds with different temperature
and exposure time combinations in aque-
ous solutions revealed much more rapid
mortality at 48 C than at lower tempera-
tures (6,12,20). The time required for
100% mortality was 150, 60, and 15 min-
utes at 44, 46, and 48 C, respectively (12).
Both preconditioning and posttreatment
storage temperatures, but not the rates of
heating and cooling, were shown. to influ-
ence resistance of D. dipsaci to high tem-
perature (6,19).

Our objectives were to investigate the
disinfection potential of hot-water dip
treatments within the thermal tolerance
limits of garlic cloves, both i) without
chemical additives and ii) with abamectin
and sodium hypochlorite as dip additives.
Abamectin and sodium hypochlorite were
the most promising compounds selected
from preliminary screening of numerous
alternative additives with lower perceived
health and environment risks than formal-
dehyde. A preliminary report of this work
has been given (14).

MATERIALS AND METHODS

Allium sativum cv. California Late natu-
rally infected with D. dipsaci was used in all
experiments. Cloves were selected from
bulbs harvested from field plantings that
showed light to moderate disease symp-
toms the previous season.

During the week before treatment and
planting, bulbs were mechanically sepa-
rated into cloves. The complete batch of
cloves was mixed thoroughly, and approx-
imately 15-kg sub-lots were placed in
coarse nylon-mesh field sacks to facilitate
immersion in treatment baths. Treatment

baths were cylindrical with a capacity. of .

208 liters, and were fitted with a circula-
tion pump and a thermostatically con-
trolled heating element that maintained
treatment temperature within 0.3 C. Air-
drying was done within 24 hours of treat-
ment by placing the sacks of cloves on
forced-air driers.
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In each experiment disinfection treat-
ments were compared with a nontreated
control that was dipped in 0.06% benomyl
at 18 C for 10 minutes and air-dried, and
with standard hot water-formalin dip
treatment (30 minutes in water at 38 C,
then 20 minutes in 0.74% aqueous form-
aldehyde at 49 C, followed by 10 minutes
in 0.06% benomyl at 18 C and air-dried).
Experimental disinfection treatments were
modifications of the standard hot-water
dip treatment by omitting or substituting
different concentrations of chemical addi-
tives, varying times of temperature expo-
sure, or placing additives in the hot or cool
stages of dip treatment. Sodium hypochlo-
rite dip solutions were made from dilu-
tions in water of commercial bleach (Clo-
rox 5.25% [v/v] aqueous sodium hypochlo-
rite). Abamectin dip solutions were made
from dilutions in water of 87.4 g a.i/liter
EC of abamectin (Merck and Co., Rahway,
NJ). Treatment details are given in the
data tables.

Subsamples of 100 cloves from each sub-
lot were taken immediately before treat-
ment and after treatment and drying, and
diced. Ditylenchus dipsact was extracted
from diced cloves in modified Baermann
funnels in a mist chamber for 5 days. Ex-
tracted nematodes were counted.

Experiments were conducted on field
sites not infested with D. dipsaci, at Five
Points (sandy clay loam soil, experiments
1, 3, 5-12) and Parlier (sandy loam soil,
experiments 2, 4) in the San Joaquin Val-
ley, California. Within an experiment each
treatment was replicated four (experi-.
ments 1-6) or five (experiments 7-12)
times in a randomized complete block de-
sign. Each replicate consisted of two 3-m
rows planted 30 cm apart on a single 1-m-
wide bed. A 3-m-long buffer of nematode-
free garlic or fallow bed separated repli-
cates linearly along a bed, and experimen-
tal beds were buffered on each side with
two beds of nematode-free garlic.

Garlic culture followed the standard
commercial procedures for California Late
(18). Planting was done between mid-
October and mid-November, and harvest
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was carried out in late July to early August.
Garlic emergence data were collected on
three dates by counting total numbers of
plants emerged following hand-planting
of 10 cloves/30 cm of row (200 cloves/
replicate plot). Infection estimates were
made by visual observation of plants with
typical above-ground infection symptoms
(stem bloating, leaf yellowing, and wilting).

Approximately 3 weeks before harvest,
bulbs were mechanically undercut to sepa-
rate roots and facilitate drying. At harvest,
all bulbs were dug and the tops cut off by
hand. Bulbs were separated into infection-
damage categories of “none” = no symp-
toms, “slight/moderate” = discoloration
but acceptable for commercial processing,
and “severe” = not commercially accept-
able. Bulbs in each category were counted
and weighed. Data were analyzed with the
General Linear Models Procedure (SAS
Institute, Cary, NC) for ANOVA F test,
followed by Duncan’s multiple-range test
for variables with significantly different (P
= 0.05) means.

REsuLTS

Hot-water treatments: Hot-dip (49 C)
treatment times of 15, 20, 25, and 30 min-
utes in water without formaldehyde fol-
lowing a 30-minute warming dip did not
affect final stand establishment based on
plant emergence in four experiments (Ta-
ble 1). However, in experiment 4 both 25-

Tasie 1,
(experiments 1-4).

and 30-minute hot-dips retarded early
plant emergence, even though a normal
final stand developed (Table 1). The hot-
water dip times of 15-30 minutes without
additives in most cases suppressed D.
dipsaci infection assessed in midseason,
compared with the nontreated controls in
the four experiments (Table 2). However,
infection was still significantly higher than
in the hot water-formalin dip treatment,
and no trends of improved control were
associated with extension of the hot-dip
duration (Table 2). The mean number of
bulbs in the “none” and “slight/moderate”
harvestable categories demonstrated that
only partial control of D. dipsaci was
achieved by hot water without additive
treatments in experiments 1—4 (Table 2).
Extension of the warming dip from the
standard 30 minutes to 45 and 60 minutes
followed by 20- or 30-minute hot dip did
not significantly improve suppression of D.
dipsaci infection and damage by hot-water
dipping without additives (Table 3). In
both experiments 5 and 6, D. dipsaci initial
infection levels were light and apparently
unevenly distributed, but they were still
adequate to assess treatment effects. Par-
tial suppression of D. dipsaci infection was
achieved by most hot-water treatments
without additives. However, D. dipsaci con-
trol was significantly less than hot water-
formalin dip treatment in one or more
comparisons based on the number of in-
fected plants in midseason or severely

Effects of hot-water dip time and hot water-formalin dip treatments on garlic emergence

Emergence %

Expt. 4
Expt. 1 Expt, 2 Expt. 3
Treatment® Day 126° Day 126 Day 132 Day 55 Day 132
Hot water-formalin dip 93.5b 98.0a 92.9 ab 779a 93.7 a
30/15/10 water dip 95.9 ab 97.5a 93.4 ab 76.8 a 91.3 a
30/20/10 water dip 93.9b 97.9a 93.2 ab 779a 93.7 a
30/25/10 water dip 95.9ab - 96.3 a 90.4b 67.2b 925 a
30/30/10 water dip 94.5b 96.3 a 95.0a 56.7 ¢ 919a
Control 97.2a 91.8b 95.2a 75.4 a 92.9 a

2 Treatment times (minutes) in warming dip (38 C)hot dip (49 C)/cool dip (0.06% benomyl at 18 C) stages; all treatments

air-dried after cool dip.
* Days after planting.

Values in each column followed by a common letter are not significantly different (P = 0.05).
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Effects of hot-water dip time and hot water-formalin dip treatments on Ditylenchus dipsact

midseason garlic infection and numbers of harvestable bulbs (experiments 1-4).

Infected plants/plot®

Number of bulbs at harvest in none and
slight-moderate damage categories

Treatment?® Expt. 1 Expt. 2 Expt. 3 Expt. 4 Expt. 1 Expt. 2 Expt. 3 Expt. 4
Hot water-formalin dip 0.8d 0 ¢ 0.5¢ 0.5¢ 176.8a 1753 a 180.5 a 145.5 a
30/15/10 water dip 19.5b 273 a 19.0b 26.3 ab 124.3 ¢ 132.8 be 116.8b 100.5b
30/20/10 water dip 11.0¢ 9.5 be 27.0b 47.0a 151.8b 143.5 be 94.0 be 99.3 b
30/25/10 water dip 16.0 be 19.5 ab 320b 31.0ab 132.0 ¢ 130.8 ¢ 78.8 be 114.3 ab
30/30/10 water dip 11.5 bc 45c¢ 20.8b 15.0 be 153.3 b 161.5 ab 1128 b 90.5b
Control 333a 155b 49.8a 22.0 be 104.8d 128.8 ¢ 61.8¢ 119.5 ab

2 Treatment times (minutes) in warming dip (38 C)/hot dip (49 C)/cool dip (0.06% benomyl at 18 C) stages; all treatments

air-dried after cool dip.

® Mean initial D. dipsaci/clove before treatment 0.1-217 (expt. 1); 0.1-59 (expt. 2); 31-111 (expt. 3); 0.3-31 (expt. 4).
Values in each column followed by a common letter are not significantly different (P = 0.05).

damaged bulbs at harvest (Table 3). None
of the treatments significantly affected
plant emergence and stand establishment.
The overall failure of hot-water dip treat-
ments without additives to suppress D.
dipsaci infection was confirmed in experi-
ment 7 for the 30/20/10 and 60/20/10 wa-
ter-dip treatment time regimes (Table 4).

Hot-water-additive treatments: Abamectin
at concentrations of 10-50 ppm used as
the hot-dip (49 C) stage or as the cool-dip
(18 C) stage was effective in significantly
reducing D. dipsaci infection in five exper-
iments (Tables 4-7). Although abamectin
treatments overall were not as effective as
hot water-formalin dip, good levels of con-
trol were manifested in low midseason in-
fection, reduced bulb damage at harvest,
and increased yield of bulbs. Control of D.
dipsaci by abamectin concentrations of 10

TABLE 3.

and 20 ppm was greater in the cool-dip (18
C) stage (Tables 5,6). Effectiveness of ab-
amectin at both concentrations as the cool
dip was increased when cool-dip duration
was extended from 10 to 20 minutes (Ta-
bles 5-7); 10 ppm of abamectin for 10 min-
utes was the least effective of these concen-
tration X duration cool-dip combinations
(Table 5). In experiment 9, 20 ppm of ab-
amectin as a 20-minute cool dip without
the preceding 20-minute hot-water dip (49
C) stage did not provide effective D. dipsaci
control, compared with the same cool dip
preceded by the standard hot-water dip
(Table 6).

Abamectin treatments did not signifi-
cantly affect plant emergence compared
with hot water-formalin dip in experi-
ments 8—11 (Tables 5,6; data not shown
for experiments 10 and 11). In experiment

Effects of hot-water dip time and hot water-formalin dip treatments on Ditylenchus dipsaci

midseason garlic infection and numbers of harvestable bulbs (experiments 5 and 6).

Number of bulbs in each damage category

at harvest
Infected None and
plants/plot® slight-moderate Severe
Treatment® Expt. 5 Expt. 6 Expt. 5 Expt. 6 Expt. 5 Expt. 6
Hot water-formalin dip 03d 0 ¢ 138.0 a 152.0a 1.0c¢ 0.3a
30/20/10 water dip 3.8 be 2.8 ab 92.8a 146.8 a 39.3a 20.5a
45/20/10 water dip 48b 1.3 be 91.8a 1478 a 31.8 ab 18.0a
60/20/10 water dip 1.3 cd 2.5 ab 1113 a 1363 a 12.5 be 30.0a
60/30/10 water dip 3.0 bed 1.8 bc 103.8 a 144.0 a 36.5 a 20.0a
Control 98a 43a 883a 108.0 a 27.3 ab 38.8a

# Treatment times (minutes) in warming dip (38 C)/hot dip (49 C)/cool dip (0.06% benomyl at 18 C) stages; all treatments

air-dried after cool dip.

® Mean initial D. dipsaci/clove before treatment 81405 (expt. 5), 23-230 (expt. 6).
Values in each column followed by a common letter are not significantly different (P = 0.05).
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TABLE 4.

Effects of hot-water dip time and hot-water dip additive treatments on Ditylenchus dipsaci mid-

season garlic infection, garlic emergence (161 days after planting), and weight of harvestable bulbs

(experiment 7).

Bulb weight (kg/plot) in each
damage category at harvest

Emergence Infected Slight-

Treatment® % plants/plot® None moderate Severe
Hot water-formalin dip 75.5 a 0 b 5.65 a 0.26 ¢ 0.004 ¢
30/20/10 water dip 68.0b 174 a 0.98¢ 0.89a 023 b
60/20/10 water dip 69.5b 18.6a 145 09%1a 0.32 ab
30/20 (10 ppm abamectin)/10 61.5c¢ 1.6b 4.31 bc 0.66 ab 0.09 ¢
30/20 (25 ppm abamectin)/10 60.5 ¢ 24b 4.70b 0.38 be 0.03 ¢
30/20 (50 ppm abamectin)/10 50.5d 1.8b 3.66 cd 0.39 be 0.07 ¢
30/20 (2.63% NaOCI)/10 440¢ 1.8b 3.30d 0.48 be 0.05 ¢
Control 59.0¢ 214a 0.68e 0.47 be 037 a

* Treatment times (minutes) and additives in warming dip (38 C)/hot dip (49 C)/cool dip (0.06% benomyl at 18 C) stages;

all treatments air-dried after cool dip.
® Mean initial D. dipsaci/clove before treatment 27—-110.

Values in each column followed by a common letter are not significantly different (P = 0.05).

7, conducted during an abnormally cold
winter growing season and with heavily in-
fected seed clove lots, poor plant emer-
gence occurred in all treatments (e.g., only
75.5% for hot-water formalin dip), and ab-
amectin significantly suppressed emer-
gence, most notably at the 50-ppm concen-
tration (Table 4). In an additional experi-
ment (experiment 12, data not shown)
with healthy, uninfected commercial seed
cloves, 20 ppm of abamectin as a 20-
minute hot-dip or cool-dip treatment was
not phytotoxic.

Aqueous sodium hypochlorite (NaOCl)

TABLE 5.

concentrations of 1.052% to 2.63% as the
20-minute hot-dip (49 C) stage was effec-
tive in significantly controlling D. dipsaci
infection in four experiments (Tables
4,6,7). These NaOCl hot-dip treatments
were similar to the best abamectin treat-
ments, indicated by low midseason infec-
tion and reduced nematode damage to
bulbs at harvest. Both 1.052% and 1.313%
NaOCl as the 20-minute cool-dip stage
were also effective in controlling D. dipsaci
infection (Table 7). However, slightly
higher total numbers of infected plants
and “slight-moderate” damaged bulbs at

Effects of dip time and additive placement and concentration treatments on Ditylenchus dipsaci

midseason garlic infection, garlic emergence (147 days after planting), and weight of harvestable bulbs

(experiment 8).

Bulb weight (kg/plot) in each
damage category at harvest

Emergence Infected Slight-

Treatment?® % plants/plot® None moderate Severe
Hot water-formalin dip 91.0b 0 4d 4.70a 0.04b 0.004d
30/20 (10 ppm abamectin)/10 94.0 ab 21.0b 0.54d 0.59 a 0.32 ab
30/20 (20 ppm abamectin)/10 91.5 ab 26.0b 0.40d 0.60 a 0.40 a
30/20/10 (10 ppm abamectin) 95.0 ab 17.6 bc 1.36 ¢ 0.66 a 0.35 a
30/20/10 (20 ppm abamectin) 93.0 ab 8.6cd 245b 0.51a 0.21 bc
30/20/20 (10 ppm abamectin) 95.5a 7.0d 2.28b 0.69 a 0.15 ¢
30/20/20 (20 ppm abamectin) 91.0b 52d 2.94b 0.51a 0.10 cd
Control 81.5¢ 102.8 a 0.05d 0.88b 0.10 cd

® Treatment times (minutes) and additives in warming dip (38 C)/hot dip (49 C)/cool dip (0.06% benomyl at 18 C) stages;

all treatments air-dried after cool dip.
b Mean initial D. dipsaci/clove before treatment 633—1,283.

Values in each column followed by a common letter are not significantly different (P = 0.05).
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Effects of dip time and additive placement and concentration treatments on Ditylenchus dipsaci

midseason garlic infection, garlic emergence (147 days after planting), and weight of harvestable bulbs

(experiment 9).

Bulb weight (kg/plot) in each
damage category at harvest

Emergence Infected Slight-

Treatment® % plants/plot® None moderate Severe
Hot water-formalin dip 92.0 ab 0 d 4.65a 0.01d 0 d
30/20 (10 ppm abamectin)/10 94.0 ab 15.0 ¢ 1.71 cd 0.79 ab 0.29b
30/20 (20 ppm abamectin)/10 96.5 a 158 ¢ 0.76 de 0.90a 0.43 a
30/20/20 (20 ppm abamectin) 92.5 ab 52d 2.85b 0.55 ¢ 0.14cd
30/0/20 (20 ppm abamectin) 91.0 abc 28.2b 0.43 ef 0.57 ¢ 0.24 bc
30/20 (1.052% NaOCl/10 89.5 be 62d 1.70 ¢ 0.71 be 0.20 be
30/20 (1.75% NaOCI)/10 67.5d 14d 3.01b 0.08d 0.02d
Control 85.5¢ 1034 a 0.12f 0.16d 0.11 cd

2 Treatment times (minutes) and additives in warming dip (38 C)/hot dip (49 C)/cool dip (0.06% benomyl at 18 C) stages;

all treatments air-dried after cool dip.

® Mean initial D. dipsaci/clove before treatment 550-1,228.

Values in each column followed by a common letter are not significantly different (P = 0.05).

harvest suggest that NaOCl is less effective
when used in the cool dip than in the hot-
dip stage.

Solutions of 1.75% and 2.63% NaOCl as
the 20-minute hot-dip stage appeared to
be phytotoxic to seed cloves weakened by
heavy D. dipsaci infection, causing signifi-
cant suppression of plant emergence and
low overall bulb yield (Tables 4,6). How-
ever, 1.75% NaOCl as a 20-minute hot dip
was not phytotoxic to healthy, uninfected
commercial seed cloves (experiment 12,
data not shown). Solutions of 1.052%
(three experiments) and 1.313% (one ex-
periment) NaOCI as 20-minute hot-dip or

TABLE 7.

cool-dip stages did not suppress plant
emergence or overall bulb yield (Tables
6,7).

DiscussioN

Hot-water dipping of garlic seed cloves
without the use of dip additives to control
clove-borne D. dipsaci would be highly de-
sirable. However, the upper limits of ther-
mal tolerance of garlic seed cloves and of
the life stages of D. dipsaci are similar
enough to prevent complete disinfection
of cloves by hot-water dipping without in-
juring the garlic. Based on our results here

Effects of dip time and additive placement and concentration treatments on Ditylenchus dipsaci

midseason garlic infection (experiments 10 and 11) and weight of harvestable bulbs (experiment 10).

Infected plants/plot®

Bulb weight (kg/plot) in each
damage category at harvest

Treatment® Expt. 10 Expt. 11 None Slight-moderate Severe
Hot water-formalin dip 0 b 0.2b 4.092a 0.0lc 0.01b
30/20/20 (10 ppm abamectin) 04b —€ 4.19a 0.04c 0.02b
30/20/20 (20 ppm abamectin) 14b 0.6b 3.39 ab 0.07 be 0.01b
30/20 (1.052% NaOCI)/10 35b 25b 3.54 ab 0.15 be 0.09b
30/20/20 (1.052% NaOCl) 24b 9.0b 3.42 ab 0.32b 0.09b
30/20 (1.313% NaOCI)/10 28b — 3.61 ab 0.12 be 0.06 b
30/20/20 (1.313% NaOCl) 24b - 3.14b 0.22 be 0.07b
Control 345a 64.6 a 0.72 ¢ 0.66 a 0.39a

? Treatment times (minutes) and additives in warming dip (38 C)/hot dip (49 C)/cool dip (0.06% benomyl at 18 C) stages;

all treatments air-dried after cool dip.

b Mean initial D. dipsaci/clove before treatment 4106 (expt. 10); 42-84 (expt. 11).

¢ Not tested.

Values in each column followed by a common letter are not significantly different (P = 0.05).
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and the work of Lear and Johnson (9,10),
garlic is readily injured by a few minutes’
exposure to temperatures above 49 C.
Therefore, we attempted to modify hot-
water dipping without additives to maxi-
mize D. dipsaci disinfection without injur-
ing the seed cloves. Extension of the hot-
dip (49 C) duration to 30 minutes and
extension of the presoak warming-dip du-
ration to 60 minutes failed to consistently
improve effectiveness of the hot-water dip
treatment. At 30 minutes of hot-dip expo-
sure, garlic emergence was retarded, and
although a full, final plant stand was estab-
lished, slow emergence suggests that this
duration at 49 C is at the injury limit for
cloves. Extending the presoak warming-
dip duration did not lower disinfection ef-
ficacy, as might be expected if it had a con-
ditioning effect on D. dipsaci to resist heat
effects. However, reports on precondition-
ing-induced resistance have involved ex-
posure of nematodes in vitro or in infected
narcissus bulbs for several days or weeks
(6,19). The presoak warming dip is in-
cluded to gradually raise the clove temper-
ature, and to fully hydrate and activate
nematodes that have been in anhydrobio-
sis on dried bulbs and cloves. Apparently,
any benefits of the warming dip are
achieved within 30 minutes’ duration, and
no further benefit is gained by extending
the presoak time.

These studies were made on very heavily
infected seed clove lots. The partial control
achieved by hot-water dips without addi-
tives could be useful for lightly infected
seed clove lots used in conjunction with ef-
forts to produce nematode-free seed
cloves, particularly where additives may
not be available. These results confirm
previous studies showing the lack of effec-
tive control by hot-water dips within the
thermal tolerance range of garlic cloves.

Sodium hypochlorite is widely used for
general surface disinfection and is toxic to
nematodes by in vitro exposure to low con-
centrations (<1%) for short durations (<7
minutes) (4). However, there has been lit-
tle examination of NaOC] as a dip additive
for nematode disinfection of planting

stock; a preliminary assessment on D.
dipsaci disinfection in daffodil bulbs gave
inconsistent results (12). Our studies have
shown that aqueous solutions of sodium
hypochlorite as the 20-minute hot-dip (49
C) treatment stage were consistently effec-
tive in controlling clove-borne D. dipsaci in
four experiments. Concentrations of
1.052% to 2.63% gave effective control
even when heavily infected cloves were
treated and planted. Although treatments
with NaOC] were not quite as effective as
hot water-formalin dip and not eradica-
tive, they provide a level of control much
higher than hot-water dip without addi-
tives.

Based on these results, sodium hy-
pochlorite could be considered for com-
mercial disinfection programs, especially
when coupled with efforts to produce
nematode-free planting stock. Solutions of
1.052% and 1.313% NaOCl were as effec-
tive as those of higher concentration and
were not phytotoxic to garlic. Higher con-
centrations (1.756-2.63% NaOCl) were
phytotoxic to garlic weakened by heavy in-
fection of D. dipsaci, but such concentra-
tions are not necessary to achieve control.
Our results could be used to support reg-
istration of sodium hypochlorite as a hot-
water dip additive for nematode disinfec-
tion of garlic, and suggest investigation of
nematode disinfection potential on plant-
ing stocks of other crops.

Effective control of D. dipsaci was
achieved with abamectin at concentrations
of 1020 ppm used as a 20-minute cool-
dip stage following the standard warming-
dip (30 minutes in water at 38 C) and hot-
dip (20 minutes in water at 49 C) stages.
These treatments were not phytotoxic to
garlic. Abamectin treatments were not
quite as effective as hot-water formalin dip
and did not eradicate D. dipsaci in experi-
ments with heavily infected cloves, but
they provided a much higher level of con-
trol than hot-water dips without additives.
A shorter cool-dip duration of 10 minutes
was less effective.

Abamectin as the hot-dip stage was less
effective than when it was used as the cool



dip. The nematode toxicity potential of ab-
amectin may be adversely affected by heat,
or the subsequent cool dip could act as a
rinse and dilute any residual action of ab-
amectin remaining on and in the garlic
cloves. In support of the latter idea, al-
though higher than expected numbers of
active D. dipsaci were extracted from ab-
amectin-treated cloves immediately after
clove treatment and drying, the treatments
proved highly efficacious when grown out
in field plots. Thus, residual potency and
delayed action of abamectin on nematode
viability and infectivity could have been
important factors contributing to overall
treatment efficacy. Abamectin causes pa-
ralysis in nematodes by increasing mem-
brane permeability to chloride ions in the
neuromuscular system (11,15). Thus, ab-
amectin toxicity action on D. dipsaci may
progress beyond the actual time of expo-
sure during dip treatment.

Our results constitute the first demon-
stration that an avermectin (abamectin)
could have commercial application in
nematode control for disinfection of plant-
ing stock. Previous studies of avermectin
Bl as a nematicidal agent applied in irri-
gation water for nematode control showed
variable efficacy (5,16,17). However, our
findings could be used in support of reg-
istration of abamectin for garlic disinfec-
tion programs, and for justifying the study
of abamectin nematode disinfection poten-
tial on planting stocks of other crops. Ab-
amectin used in the final, cool-dip stage
would have the advantage of reducing the
volume of abamectin solution requiring
disposal. Abamectin (avermectin B1l) is
used primarily in agriculture as a miticide
on several tree and vegetable crops, cotton,
and strawberries (11). Abamectin degrades
rapidly by photooxidation, binds tightly to
soil, and has a half-life in soil of 2040
days, suggesting it would be unlikely to
move to groundwater (11). A derivative of
abamectin, ivermectin, is used as a systemic
antiparasitic agent against endoparasites
and ectoparasites of mammals and human
filarial worm infections (11). These consid-
erations suggest that abamectin may be
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compatible with and relatively safe for dis-
infection protocols of planting stocks.

In summary, these studies have further
defined the limitations of hot-water dip
treatments without additives that give only
partial control of D. dipsaci at temperature
and duration combinations that do not in-
jure garlic seed cloves. More significantly,
solutions of 1.052-1.313% sodium hy-
pochlorite as a hot dip and 10-20 ppm ab-
amectin in water as a cool dip following
hot-water treatment are not phytotoxic to
garlic and are effective in control of D.
dipsaci clove-borne infections. Both are po-
tential alternatives to replace the standard
hot water-formalin dip disinfection proto-
col if used in programs aimed at produc-
ing nematode-free planting stock.
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