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Strawberry Nursery Soil Fumigation
and Runner Plant Production
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Abstract. Three preplant soil fumigation treatments were applied on 5 Apr. 1993 to a
nursery site that had not been planted previously to strawberries (Fragaria ×ananassa
Duch.): 1) a mixture of 67 methyl bromide : 33 chloropicrin (CP) (by weight, 392 kg•ha–1)
(MBCP); 2) 140 kg CP/ha; and 3) nonfumigation (NF). On 26 Apr., cold-stored ‘Chandler’
and ‘Selva’ strawberry plants of registered stock were established in each treatment. So
and root/crown disease symptoms were absent in all treatments during the course of t
study. In October, runner plants were machine-harvested and graded to commercia
standards. The cultivars produced a similar number of runners per mother plant.
Fumigation with MBCP, CP, and NF resulted in 18.56, 15.75, and 7.89 runners per mothe
plant, respectively. For ‘Selva’, runner root and crown dry weights were similar for the
MBCP and CP treatments, but NF resulted in significant reductions compared to the othe
two treatments. For ‘Chandler’, fumigation with CP resulted in reduced root dry weight,
and NF resulted in reduced crown and root dry weights compared to fumigation with
MBCP. The results demonstrate the marked decreases in strawberry runner production
and runner size that can occur in the absence of preplant soil fumigation, even on ne
strawberry ground. Also, small, but significant, reductions in runner production and
runner size may occur with CP applied at a rate of 140 kg•ha–1 compared to standard
fumigation with MBCP. Chemical name used: trichloronitromethane (chloropicrin).
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In California, ≈11,000 ha of strawberrie
produced a crop valued at about $450,000,
in 1993 (California Processing Strawber
Advisory Board, 1993). As in other high
yielding strawberry production systems, Ca
fornia strawberries are grown in annual h
culture, which requires the production 
≈500,000,000 runner (stolon) plants in nurs
ies each year. About 90% of the Californ
strawberry hectarage is planted to mate
grown in high-elevation (>1000 m elevatio
nurseries (Voth and Bringhurst, 1990; Welc
1989).

Strawberry nurseries in California use p
plant soil fumigation with mixtures of methy
bromide and chloropicrin (CP) to enhan
production of disease- and nematode-free r
ner plants and to control weeds. Preplant 
fumigation results in increased strawberry pl
vigor and productivity, which have been a
tributed to two sources: 1) reduced plant m
tality due to control or elimination of letha
pathogens, and 2) increased plant vigor du
the reduction or elimination of a highly var
able complex of sublethal or competitive s
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microorganisms (Wilhelm and Paulus, 198
Although numerous studies have demonstra
the benefits of preplant soil fumigation fo
strawberry productivity (Himelrick and Dozie
1991; Wilhelm et al., 1974; Wilhelm an
Paulus, 1980; Yuen et al., 1991), most of th
studies concerned performance of strawbe
plants in fruiting fields, rather than runn
production in nurseries.

Methyl bromide has been classified as 
ozone-depleting compound (Watson et a
1992), and the U.S. Environmental Protecti
Agency (EPA) requires a phase out of 
production and use by the year 2001. In vi
of the EPA ruling, alternative technologies a
needed to ensure the continued production
disease- and nematode-free plant material
strawberry, as well as other horticultural crop
Soil fumigation with CP controls many soi
borne fungal pathogens that are major limi
tions to growth and productivity in Californi
strawberry nurseries and fruit production fiel
(Wilhelm, 1961); in addition, CP has som
herbicidal activity (unpublished data, K.D
Larson et al., 1993). CP is registered for stra
berry as a preplant soil fumigant and, the
fore, is a possible alternative to soil fumigati
with mixtures of methyl bromide and CP.

Materials and Methods

We conducted a study in a high-elevati
strawberry nursery near Macdoel, Calif., (l
41.8°N, elevation 1300 m) to determine th
influence of three preplant soil fumigatio
treatments, applied in the spring, on runn
production: 1) a mixture of 67 methyl bro
mide : 33 CP (by weight, 392 kg•ha–1) (MBCP);
2) 140 kg CP/ha; and 3) nonfumigation (NF
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Treatments were applied on 5 Apr. 1993 by
commercial applicator. There were three re
lications per treatment, with each one meas
ing 3.35 × 30.5 m. The site had never bee
planted to strawberries; previous crops i
cluded sugar beets (Beta vulgaris L.), alfalfa
(Medicago sativa L.), grain, and potatoes
(Solanum tuberosum L.).

On 26 Apr., cold-stored ‘Chandler’ and
‘Selva’ mother plants were established in sep
rate plots, each 3.35 × 3.66 m, in all treatments
There was concern that soil fumigation wou
result in greater runner plant population den
ties, resulting in reduced runner plant si
compared to nonfumigation. Therefore, fo
each treatment and cultivar, mother plan
were established using two plant spacings: 
typical in-row plant spacing used for eac
cultivar in that nursery (30 cm for ‘Selva’, 3
cm for ‘Chandler’) and a wider in-row spacin
that was 1.5× normal. The intention was to
harvest plots from all three fumigation trea
ments that had similar runner plant densitie
thereby avoiding runner size differences d
to differences in plant density. There were tw
plots for each cultivar in each treatment/rep
cate, one plot for each spacing. Thus, t
experiment design was a randomized co
plete block for treatment and cultivar, wit
mother plant spacing nested in treatment a
cultivar. Fumigation treatments were repl
cated three times, for a total of 36 plots (thr
fumigation treatments, two cultivars, two spa
ings, three replications). Mother plants we
established in double rows 91 cm apart. F
lowing planting, normal nursery practices we
employed through the growing season.

Adverse weather conditions during plant
tion establishment resulted in about a 15
mortality of mother plants, regardless of so
treatment. Symptoms of plant disease we
absent in all treatments, and there was 
effect of fumigation treatment on plant morta
ity during the remainder of the study. Thus, th
main effect of fumigation in this study ap
peared to be the result of competition fro
sublethal soil organisms, rather than specif
lethal pathogens.

Entire plots of ‘Chandler’ and ‘Selva’ were
machine-harvested on 8 and 17 Oct. 199
respectively. All plants were graded to com
mercial standards, after which the number 
marketable runners produced per plot and p
mother plant was determined. For each cu
var and each spacing in each treatment re
cate, 15 runners were randomly selected 
determining crown and root dry weights (96
at 60C). Due to differences in nursery diggin
dates, and hence differences in runner size
the two cultivars, dry weights were dete
mined separately for each cultivar.

Results and Discussion

There was a highly significant effect (P ≤
0.01) of soil fumigation on runner productio
(Table 1). Although there was a significan
effect (P ≤ 0.05) of mother plant spacing on th
number of runners produced per plot, the
were no effects of spacing or cultivar on th
number of runners produced per mother pla
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Table 1. Results for analysis of variance for strawberry runner production with two cultivars and two 
plant spacings in each of three soil fumigation treatments.

Mean squares
Runners/ Runners/ Root Crown

Source df plot mother plant dry wt dry w
Between subjects 35
Replication 2 2710.75 10.85 0.47 0.046
Fumigation (F) 2 111578.58** 367.10** 7.09** 0.383**

Cultivar (C) 1 6889.00 5.07 19.92** 0.829**

Error (a) 10 2396.72 7.82 0.33 0.031
Spacing (S) 1 9344.44* 13.00 1.05 0.006
F × S 2 291.69 2.97 0.44 0.001
C × S 1 136.11 1.34 0.05 0.033
F × C × S 2 963.86 2.14 0.30 0.030
Error (b) 14 1754.93 5.92 0.45 0.025
*,** Significant at P ≤ 0.05 or 0.01, respectively.
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Table 2. Soil fumigation treatment and mean runner production and mean crown and root dry wei
‘Selva’ and ‘Chandler’ strawberry plants.

Cultivar
Selva Chandler

Runners/ Crown Root Crown Root
mother dry wtz dry wt dry wt dry wt

Fumiganty plantx (g) (g) (g) (g)
MBCP 18.6 aw (0.77) 1.71 a (0.07) 4.31 a (0.31) 1.42 a (0.06) 2.66 a (0
CP 15.7 b (0.83) 1.73 a (0.07) 3.60 a (0.26) 1.40 a (0.06) 1.71 b (0
NF 7.9 c (0.43) 1.40 b (0.06) 2.42 b (0.19) 1.10 b (0.05) 1.49 b (0
zFor crown and root dry weights, n = 90; SE are reported in parentheses.
yMBCP = methyl bromide : chloropicrin; CP = chloropicrin; NF = nonfumigated (control); see text for 
xPooled means for both cultivars, n = 12; SE are reported in parentheses.
wMean separation within columns by Tukey’s Studentized range test, P ≤ 0.05.
(Table 1). Therefore, for each fumigation trea
ment, runner production data were pooled 
the two cultivars and the two spacings f
determination of mean runner production p
mother plant.

For CP and NF, runner production p
mother plant was reduced 15% and 57%, 
spectively, compared to MBCP (Table 2). F
‘Selva’ plants, there were no significant di
ferences in crown dry weights or root d
weights between MBCP and CP. Howeve
for ‘Chandler’, root dry weight for CP wa
reduced relative to that of MBCP. For ‘Selva
runner crown and root dry weights for N
were lower than for the other two treatmen
HORTSCIENCE, VOL. 30(2), APRIL 1995
despite the lower plant population density
the NF plots.

In the absence of methyl bromide, cont
of soilborne fungal pathogens with CP is b
achieved when applied at rates of 360 kg•ha–1

or higher (Wilhelm, 1961). However, due 
the relatively low vapor pressure of CP, p
ticularly in wet, cold conditions that occur 
high-elevation nurseries in early spring, su
rates may be phytotoxic if plantations a
established soon after fumigation (K. Fowl
Tri-Cal, personal communication, 1993; 
Gaines, Lassen Canyon Nursery, personal c
munication, 1993).

Preplant soil fumigation with CP at 14
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kg•ha–1 resulted in significant increases in run
ner yield and runner size compared to NF
although yield and size were reduced com
pared to fumigation with a mixture of 67
methyl bromide : 33 chloropicrin (by weight,
392 kg•ha–1). For NF, the marked reduction in
runner production and size demonstrates th
importance of preplant soil fumigation for
enhancing runner production and runner qua
ity in strawberry nurseries, even on new nurs
ery ground.

Additional work is needed to evaluate the
effect of soil fumigation with various rates of
CP, applied in spring and fall, on strawberry
runner production.
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