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HorTScience 35(4):642—646. 2000. lethal or competitive soil microorganisms
(Wilhelm and Paulus, 1980; Wilhelm et al.,

I I I 1974; Yuen et al., 1991).
SOIl Fu m Igatlon and Ru n ner Plant Methyl bromide has been classified as an
ozone-depleting compound (Watson et al.,

PI‘OdUCtIOn A SyntheS|S Of FOUI’ YearS 1992), and U.S. legislation currently requires

a phaseout of MB production and use by 2005.

Of StraWberry Nursery FlEld Trlals Alternatives to MB soil fumigation have been

evaluated extensively for strawberry fruit pro-

Kirk D. Larson ! and Douglas V. Shaw duction (Himelrick and Dgzier, 1991; Larson

. - . . - and Shaw, 1995a, 1996; Shaw and Larson,
Department of Pomology, University of California, Davis, CA 95616 1996, 1999), but little information exists re-
garding strawberry nursery management in
the absence of MB in soil fumigation mix-
tures. In one study involving a single propaga-
Abstract. Strawberry (Fragaria xananassalL.) runner plant production during a 4-year tion cycle on new strawberry nursery ground,
period was compared on nursery soils treated with methyl bromide (MB) and chloropicrin 140 kg-ha of CP was less effective than
(CP) mixtures (MB:CP) and three alternative soil treatments: CP, mixtures of 1,3- MB:CP inenhancing nursery productivity and
dichloropropene (Telonél) and CP (DP:CP), and no fumigation (NF). The effect of soil runner plant size (Larson and Shaw, 1995b).
treatment on runner plant production for a single nursery propagation cycle was deter- Nevertheless, preplant fumigation with high
mined in all 4 years. In 2 years, runner production in a final propagation cycle was also rates £336 kg-ha) of CP alone effectively
determined as a function of soil treatment in previous cycles. A single propagation cyclecontrols lethal soilborne fungal pathogens
in NF soil decreased runner production relative to all other treatments. Treatments with (Wilhelm, 1961). Chloropicrin is registered as
CP at rates of 140 to 191 kg-hagenerally decreased runner production significantly® < a preplant soil fumigant for strawberry, and is
0.05) in comparison with treatment with MB:CP; use of CP at ratez303 kg-ha' resulted frequently considered as an alternative to
in statistically equivalent runner production. In one trial, use of two DP:CP formulations MB:CP for fumigation (U.S. Environmental
(516 kg-hat of a 7:3 DP:CP mixture, and 448 kg-haof a 3:7 DP:CP mixture) significantly ~Protection Agency, 1996). Mixtures of CP and
reduced and did not affect runner production, respectively, relative to the use of MB:CP. 1,3-dichloropropene (Telofg (DP:CP) are
Use of MB:CP in the previous propagation cycle also increased runner productivity in also considered alternatives to MB:CP for soil
comparison with NF. Runner productivity of planting stock produced with 314 kg-hatof ~ fumigation (U.S. Environmental Protection
CP did not differ statistically from that of stock produced with MB:CP, but productivity =~ Agency, 1997), and while DP is currently
of planting stock on soil treated with 157 kg-ha of CP was intermediate between that on registered as a soil fumigant for strawberry, its
NF and MB:CP-treated soil. Planting stock grown on nontreated soil in two previous use is highly restricted in California because
propagation cycles produced 25% fewer runner plants than did similar stock grown on of environmental concerns.
MB:CP-treated soil. Productivity of planting stock produced with CP atrates of280t0 314 ~ From 1993 through 1996, we conducted
kg-ha! in two previous propagation cycles did not differ statistically from that of stock trials to compare the effects of nursery soil
produced with MB:CP. Results of meta-analyses indicated that fumigation with MB:CP treatments with MB:CP, CP, DP:CP, and NF
was more effective in increasing runner production than was CP or NF, regardless of the(no fumigation) on strawberry runner plant
propagation cycle or rate of application. For mixtures of 1,3-dichloropropene and CP, production. The objective of this research was
nursery productivity was maximized by using at least 280 kg-h&of CP. to quantify the extent to which productivity

would be affected by using treatments other

California strawberry nurseries producecycle. In California, the first runner generatiorthan the current standard MB:CP. As commer-
=1 billion runner (stolon) plants each yearjs produced in a screenhouse, and at least thrgial strawberry plant propagation consists of
with an annual farm value estimated at $6@dditional runner generations are produced imultiple nursery cycles, these trials deter-
million (C. Gaines, Lassen Canyon Nurseryfield nurseries. Two or more field propagatiormined runner productivity: 1) following treat-
Redding, Calif., personal communicationcycles are conducted in low-elevation (LEment in the final nursery propagation cycle
1999). As a result of climate, geography, pro<150-m elevation) nurseries in the state’s inteafter conducting the previous cycles in ground
duction and handling systems, and the Strawior valleys, where climatic conditions resulttreated with MB:CP; and 2) in the final cycle
berry Certification Program administered byin prolific runner production during a long using stock generated with alternative soil
the California Dept. of Food and Agriculture,growing season. Afinalfield propagation cycldreatments in previous propagation cycles.
California nurseries produce high-qualityis conducted in high-elevation nurseries (HE,
strawberry plants that are marketed world>1000-m elevation) in northeastern Califor- Materials and Methods
wide to nursery and fruit growers. nia. In this region, temperature and photoperi-

Commercial strawberry propagation is ad limit runner production, but increase trans- Experimental nursery siteSoil fumiga-
multiyear process in which vegetative runneplant vigor and productivity, as well as fruittion experiments were conducted at four dif-
plants produced in one nursery propagatioguality after transplanting to fruiting fields ferent HE nursery sites near Macdoel, Calif.
cycle are used as planting stock for the nextarson, 1994; Voth, 1989; Voth and(lat. 41.8N, elev=1300 m)in 1993-96. Indi-

Bringhurst, 1970). vidual sites differed as to cropping history, soil

Preplant soil fumigation with methyl bro- treatments, plot dimensions, and planting stock

Received for publication 20 May 1999. Acceptednide (MB) and chloropicrin (CP) mixtures origin (Table 1). All sites had histories of
for publication 31 Aug. 1999. We gratefully ac-(MB:CP) is a standard practice in Californiaproduction of various agronomic crops, in-
knowledge the cooperation of Lassen Canyon Nurstrawberry field nurseries; this treatment coneluding wheat Triticum aestivunt..), annual
ery, Redding, Calif., and Tri-Cal, Hollister, Calif., in trols weeds, nematodes, and soilborne plange (Secale cereald..), sugar beetsBeta
conducting this study. The cost of publishing thiyathogens (Wilhelm and Paulus, 1980yulgarisL.), alfalfa Medicago sativa..), and
Eﬁggev‘s’aagggfgggt'arl‘ r%zralgi’igr‘g F;ﬁ?'s”:gge?ftﬁggﬁ_/ilhelm et al., 1974; Yuen et al., 1991), angotatoes $olanum tuberosurh.). All trials
fore must be hereby markadvertisemengolely to &nhsures the production of pest- and pathogeaxcept the 1994 HE trial were c_onducted on
indicate this fact. free planting stock. Even in the absence dgfround that had never been fumigated or used
1associate Pomologist, Univ. of California Southidentifiable pests or pathogens, soil fumigafor strawberry fruit or nursery production; the
Coast Research and Extension Center, 7601 Irvitlon improves runner plant production andne exception was a field that had been used to
Blvd., Irvine, CA 92618. quality (Larson and Shaw, 1995b) because firoduce a single strawberry nursery crop in
?Professor. suppresses a highly variable complex of sul#991.

Additional index wordschloropicrin, dichloropropené&ragaria xananassamethyl
bromide, stolons, trichloronitromethane
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Soil fumigation trials were also conductedTable 1. Nursery sites, plots per treatment, plot dimensions, source of mother plants used, and soil treatments
at two LE nursery sites near Manteca, Calif. and rates used in nursery soil fumigation trials, 1993-96.
(lat. 37.5N, elev.=15 m) in 1994 and 1995.

Both LE sites had been used for perennial crogg) Plots Plot Plitnglcnkg Trt. Rate
production for many years, but were mainno, Year Site per trt. size (m) source no. Soiltrt.  (kg-ha?)
tained fallow for at least 2 years prior to use ag 1993 HE 3 3.4 305 Certified 1 MB:CP, 2:1 392
experimental nurseries. 2 CcP 140
Normal nursery practices were employed 3 NF
through the growing season atall nursery sites, 1994 HE 2 6.%30.5 Certified 1 MB:CP, 4:1 392
and all plots were weeded by hand at about 2 CcP 303
monthly intervals. 3 191
Plant material All trials were established 4 NF
using cold-stored planting stock of ‘Chandler’3 1994 LE 2 6.7 30.5  Certified 1 MB:CP, 2:1 381
and ‘Selva’, the two principal strawberry cul- 2 CP 291
tivars grown in California during the period of 3 157
this study. We used California Dept. of Food 4 NF
and Agriculture (CDFA)-certified, pathogen-4 1995 HE 3 6.%229  Trial 3, trts. 1-4 1 MB:CP, 2:1 392
free (produced with MBCP soil fumigation) 2 CpP 314 g
planting stock to establish the 1993 and 1994 3 157 g
HE trials, as well as the 1994 LE trial (Table 4 NF 5
1). Thereafter, runner plants produced wit? 1995 LE 2 6.7 30.5 Tlfial 3,trt. 1 1 MB:CP, 2:1 392 %
the various treatments in the 1994 LE trial Trial 3, urt. 2 2 Cp 280 o
were used to establish the 1995 LE and HE Trial 3, urt. 4 3 NF 3
trials, and, similarly, plants produced in thed 1996 HE 3 6.% 22.9 Trial 5, trts. 1-3 1 MB:CP, 2:1 392 i
1995 LE trial were used to establish the 1996 2 cp 336 =
HE trial. 3 _ . 168 2
General experimental details all trials, g gEng' 3; g‘llg =]
fumigants were applied by a commercial ap- T 3
. - 2 . - 6 NF @
,Pcl)lgaé%r_bmaé:gﬁlsa\ggﬁggevszg ::rg\c/)etrhe%fﬂtlz E= hig_h—elevation (1300 m) nursery site near Macdoel, Calif. (lat?M);.8E = low-elevation (15 m) S&
ursery site near Manteca, Calif. (lat. 3Np 3

a po_Iyetherne_ tar_p that was removed 7 d af[@‘frt. = treatment; MB:CP (2:1 and 4:1) = 2:1 or 4:1 (weight : weight) mixtures, respectively, of methyl 7
fumigant application. _ bromide and chloropicrin; CP = chloropicrin; DP:CP (3:7) = a 3:7 (weight : weight) mixture of 1,3- 3
Alternative soil treatments were applied atiichloropropene and chloropicrin; DP:CP (7:3) = a 7:3 (weight : weight) mixture of 1,3-dichloropropene and?
different rates and combinations in the varioushloropicrin. Z
trials; NF and CP were included as alternative®lants produced in accordance with the California Dept. of Food and Agriculture Strawberry Certificationg-
to MB:CP soil fumigation in all six nursery Program and grown with MBCP preplant soil fumigation.
trials, although CP application rates differed
for each trial (Table 1). Four of the six trialscropping history, plot dimensions, and experiwere planted in separate plots measuring5.5
included high (303—-336 kg-fipand low (157— mental methodology have been described pré-1 min all treatments on 27 May 1994. Center
191 kg-h&) application rates of CP, but only viously for this trial (Larson and Shaw, 1995b)strips of all plots were machine-harvested on
one rate of CP was used in the 1993 HE arithe original trial tested runner production a0 Jan. 1995.
1995 LE trials. For the 1996 trial, CP waswo spacings; no significant differences were The experimental site of the 1995 LE trial
applied alone at high and low rates, and alstetected for the number of runners produceldlad a long history of grap¥/itis viniferalL.)
was applied at high (314 kg-haf CP) and per mother plant, and these spacing resuloduction and had been fallow for 3 years
low (155 kg-ha of CP) rates in combination were combined and reanalyzed in a simplifiegrior to conducting the trial. Three soil treat-
with DP at 3:7 and 7:3 DP:CP ratios. design here. ments were applied on 28 Apr. 1995: MB:CP,
For both LE trials, mother plants were The experimental site of the 1994 HE trialCP, and NF (Table 1). There were two repli-
established in late May using double rows 18&/as maintained in rye for 2 years following acate plots per soil treatment. On 27 May 1994,
cm apart with 90-cm in-row plant spacing. Asingle strawberry nursery crop produced withChandler’ and ‘Selva’ mother plants pro-
1.5 x 12.2-m section of runner plants wasViB:CP preplant soil fumigationin 1991. Priorduced using treatments 1, 2, and 4 (MB:CP,
machine-harvested in January from the centén 1991, the site had been used for many yea®291, and NF, respectively) in the 1994 LE
of each of two replicate plots for each treatfor production of wheat, rye, alfalfa, and potrial were established in separate subplots
mentx cultivar combination. Runner plantstato. Four soil treatments were applied on 3fneasuring 1.5 6.7 min all treatments (Table
were immediately trimmed and graded to comMar. 1994: 1) MB:CP (4:1), 2 and 3) CP at 21). Center portions of all plots were machine-
mercial standards, but runner production wastes, and 4) NF (Table 1). There were twharvested on 14 Jan. 1996.
not determined; rather, our objective was toeplications per soil treatment. On 20 Apr. The experimental site of the 1995 HE trial
produce planting stock for subsequent nurserd994, CDFA-certified ‘Chandler’ and ‘Selva’ had been maintained in winter rye for 2 years
propagation cycles. Plants were stored at +Rother plants were planted in separate plofwior to the trial. The site had a history of
°C until planting. measuring 5.5 9.1 min all treatments. For all mixed agronomic cropping, but had not been
For all HE trials, mother plants were estabtreatments, entire plots of ‘Chandler’ andumigated previously or used as a strawberry
lished in double rows 91 cm apart using a 30Selva’ were machine-harvested on 7 and 1fursery. Four soil treatments were applied on
cm in-row plant spacing. Entire plots wereOct. 1994, respectively. 7 Sept. 1994: 1) MB:CP (2:1); 2 and 3) CP at
machine-harvested in October, after which The experimental site for the 1994 LE trial2 rates; and 4) NF (Table 1). There were 3
plants were graded to commercial standardbad a long history of almondPfunus dulcis replicate plots per treatment. On 27 April,
and the numbers of marketable runners pra-.) production and had been fallow for 2 yearsChandler’ and ‘Selva’ mother plants were
duced per plot and per mother plant wererior to conducting the trial. Four soil treat-established in separate plots, each 3.22.9
determined. ments were applied on 4 May 1994 (rates am, in all treatments. For each cultivar, mother
Site-specific detailsThree soil treatments shown in Table 1): 1) MB:CP; 2 and 3) CP aplants produced with the four 1994 LE treat-
were applied in the 1993 HE trial on 5 Apr.high and low rates; and 4) NF. There were twments (MB:CP, CP291, CP157, and NF) were
1993:1) MB:CP (2:1), 2) CP, and 3) NF (Tableeplicate plots per soil treatment. The CDFAestablished in separate subplots, each 8.05
1) with three replications per treatment. Priocertified ‘Chandler’ and ‘Selva’ mother plants3.35 m, within each soil treatment plot (Table
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Table 2. Analysis of variance of high-elevation nursery treatment effects ofiable 3. Analysis of variance of low-elevation (LE) and high-elevation

strawberry runner plant yield per mother plant in 1993 and 1994. (HE) nursery treatment effects on runner plant yield per mothef plant
- - in 1995 and 1996.
1993 Runner yield 1994 Runner yield

Source df Meansquare df Mean square 1995 runner yield 1996 runner yield

Block (B) 2 5.63 1 0.25 Source df  Meansquare df Mean square

Fumigation (H) 2 180.40 3 316.30° Block (B) 2 2.45 1 130.6

Error (a) 4 4.43 3 2.86 HE fumigation (H) 3 332.46 5 4372.3

Cultivar (C) 1 0.43 1 164.67 Error (a) 6 3.02 5 74.6

HxC 2 0.98 3 5.18 LE fumigation (L) 3 9.92 2 3290.6

Error (b) 6 3.91 4 1.23 Cultivar (C) 1 164.89 1 253.2
LxH 9 0.83 10 89.0
LxC 3 0.70 2 3.1
HxC 3 0.72 5 235.8
LxHxC 9 0.51 10 79.1
Error (b) 58 0.79 29 110.9

“Original data were power transformed to remove significant regression
between treatment mean asd

YMean squares multiplied by 100 for ease of presentation.

" Significant atP < 0.01.

1). All plots of both cultivars were machine-statistical techniques developed to provide summer and tend to be more prolific runner
harvested on 12 Oct. 1995. guantitative comparison of research resultgroducers than day-neutral cultivars, such as
The experimental site of the 1996 HE triabbtained from independent studies. In ouiSelva’, that produce fruit throughout the sum-
had been maintained in alfalfa for 4 years priogynthesis, runners per mother plant for treatader. Importantly, all soil treatmertcultivar
to the trial, and had not been fumigated previand control groups in individual studies werénteractions were nonsignificant, suggesting
ously or used as a strawberry nursery. Six saionverted to standardized effects, d, and that soil treatments affect runner production
treatments were applied on 7 Sept. 1994omposite estimate for the magnitude of gimilarly in important cultivars.
MB:CP (2:1), CP at 2 rates, two mixtures ofgiven treatment effect, d+, using the weight- Effects of nursery soil treatments were
CP and DP (DP:CP 3:7 and 7:3), and Nhknhgprocedure demonstrated in Olkin and Shawighly significant for runner plant production
(Table 1), with three replications per treat{1995) and Shaw and Larson (1999). Statistin all HE trials, but no interactions between
ment. On 27 Apr. 1996, ‘Chandler’ and ‘Selva’cal comparisons were made using 95% confHE treatment and either cultivar or LE nursery
mother plants were established in separatience intervals constructed from the estimatezburce were observed (Tables 2, 3). Applica-
plots, each 3.3822.9 m, in all soil treatments; variance of the combined effect sizé(d,), tion of any soil fumigant significantly in-
these plants had been produced using MB:CBnd Fisher'sg? procedure (Olkin and Shaw, creased runner production relative to NF, but

high rates of CP, and NF soil treatment4995). nursery productivity varied with fumigant

throughout the 1994 and 1995 LE nursery material and application rate (Tables 4, 5).
propagation cycles. For each cultivar, plants Results Production following soil treatments that in-
produced with these three LE treatments were cluded high rates (>300 kg-fef CP (i.e., CP

established in separate subplots (X 3% m) Cultivar effects for runner plant yield wereand DP:CP, 3:7) ranged from 86% to 100% of
within the six nursery field treatments (Tablehighly significant P< 0.01) in two of the four the MB:CP control; no significant differences
1). ‘Chandler’ and ‘Selva’ plots were ma-HE trials (Tables 2, 3). Runner productiorbetween these alternative treatments and the
chine-harvested on 4 and 16 Oct. 1996, respediffers among cultivar types (Darrow, 1966);MB:CP control were detected in individual
tively. in California, short-day (June-bearing) culti-ANOVAs (Table 4). For alternative soil treat-
In summary, the 1993 and 1994 trials quarnvars, such as ‘Chandler’, do not flower inmentswith low rates(191 kg-ha') of CP (i.e.,
tified the effect on runner production of soil
treatments applied in a single HE nursery

propagation cycle, the 1995 HE trial quanti-r,pie 4 pescriptive statistics [replicate numbers (N), means, and standard de\iajdos éffects of
fied their effects in two consecutive (one LE  fymjigation treatments in high-elevation nurseries on strawberry nursery runner production in four test
and one HE) cycles, and the 1996 trial quanti- years.

fied their effect in three consecutive (two LE

and one HE) cycles. Test Nursery treatment Runners/

Statistical analysesinalyses of variance Y&&r Chemical Rate (kg-hd) N mother plarit so*
(ANOVAs) were conducted for runner pro-1993 MB:CP, 2:1 392 12 18.0a 2.50
duction using split-plot designs. For 1993 and cp 140 12 15.7b 3.00
1994 trials, HE fumigation treatments were NF 12 79¢ 1.53
treated as whole plots with fumigatislock 1994 MB:CP, 4:1 392 4 29.7a 0.87
interaction used as the whole plot error term gg :1:,8% i %-g a g-gg
(error a); cultivars were treated as minor plots. NE 4 112 ba 117
For 1995 and 1996 trials, HE fumigation treat- _ _ ' '
ments were treated as whole plots, and L CMPB'CP' 21 135972 2244 1168'78ba 015%3
nursery source and cultivars were randomized cp 314 o4 18.9a 147
wlithin malllin pllotshand conslidered aslmdincér NE 24 103¢ 0.69
plots. In all trials, the minor plot error include ) )
pooled sums of squares and degrees of fre 396 CMPB'CP' 21 136932 1121 23;3962;(1: 33i3;30
dom due to all block interactions, except the cP 336 12 33-.8 abc 4'.07
fumigationx block component used for whole- DP:.CP, 3:7 448 12 35.8 ab 297
plot error. DP:CP, 7:3 516 12 33.0 be 5.39

Results of individual studies were further NF 12 15.8d 1.08

synthesized into combined results followingyp:Cp, 2:1 and 4:1 = 2:1 or 4:1 (weight : weight) mixtures, respectively, of methyl bromide and
the meta-analysis procedures of Hedges arélioropicrin. DB:CP = a mixture of 1,3-dichloropropene and chloropicrin.

Olkin (1985), as summarized in Olkin and"Means were pooled over cultivars. Mean separation by Bonferroni's adjusted post-hoc conisa 650i)
Shaw (1995). Meta-analysis refers to a set &fps were pooled within cultivars and/or low-elevation treatments to eliminate main effects.
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CP and DP:CP, 7:3), production ranged frorfable 5. Descriptive statistics [replicate numbers (N), means, and standard desajjdos éffects of

73% to 92% of the MB:CP control and signifi-  using planting stock produced with low-elevation nursery treatments on high-elevation nursery runner

cant differences were detected in three of the Production in 2 test years.

four comparisons. Test Nursery treatment Runners/

Highly significant effects of LE nursery o, Chemical Rate (kg-hd) N mother plarit So*
treatment on subsequent runner production ggs MB.CP 21 381 >4 169 a 0.92
HE were detected in both trials (Table 3). CcP ' 157 24 16.1 b 1.25
Establishing the 1995 HE trial with planting CcP 314 24 16.6 a 0.90
stock produced with NF in 1994 reduc@d( NF 24 15.2¢ 0.94
0.05) runner production compared with use ofggg MB:CP 392 24 353a 4.16
planting stock produced with MB:CP. Runner cP 280 23 324a 2.01
production at HE for planting stock produced NF 24 25.1b 3.82

with 157 kg-ha of CP in the 1994 LE trial was z\ig:Cp = a 2:1 (weight : weight) mixture of methyl bromide and chloropicrin.

greater than that of stock produced with NFveans were pooled over cultivars. Mean separation by Bonferroni’s adjusted post-hoc compatison (
but less than that produced with MB:CP or @.05).

high rate (314 kg-h§ of CP. In the 1996 HE *sbs were pooled within cultivars and/or high-elevation treatments to eliminate main effects.

trial, productivity of stock produced with NF

(no soil fumigation in the two previous LE Table 6. Results from meta-analysis of effects of high- (HE) and low-elevation (LE) soil fumigation

propagation cycles) yielded only 71% as many treatments on strawberry runner plant production in high elevation nurseries.
runner plants as stock grown for two propag

. . Nurser Comparison No. of Kol 95% Confidence
tion cycles in MB:CP-treated solP( 0.05) §0urcey treeﬁment studies  +sf) interval 0%’ % Increase
(Table 5). Stock produced with high rates ofg Chioropicrin 3 0.638 0.30-0.98 25774 52
CP (314 and 280 kg-ftan 1994 and 1995, (+0.173)
respectively) in consecutive LE propagation NF 2 2.146 1.64-2.65 27.863 259
cycles produced 95% as many runner plants as (+0.258)
did stock produced with MB:CP (differences;;g Chioropicrin 7 1.074 0.74-1.41 5662 128
nonsignificant aP < 0.05). (+0.170)

Meta-analysis demonstrated that MB:CP High rate 3 0.294 _0.16-0.75 1475 5.1
soil fumigation at HE nurseries was more (x0.235)
effective in increasing runner productidhs Low rate 4 1.957 1.47-2.44 4187 18.6
0.05) than was either CP at 140-336 kd-tra (+0.249)
NF (Table 6). At HE, fumigation with MB:CP NF 4 7.331 6.19-8.47 54.60 130.9
increased runner production 5.1% more than (+0.582)

did high rates of CP (303-336 kg-)iavhereas  :Composite estimate for the magnitude of a given treatment effect obtained using a weighting proced
fumigation with MB:CP increased production(Okin and Shaw, 1995).
18.6% over low rates of CP (140-191 kgtha YEstimated variance of the combined effect size.

Combined results of the four studies at HEUnweighted percentage increase in runner plant number from using a combination of methyl bromid

demonstrate a 130.9% increase in runner prébloropicrin rather than the treatment listed (comparison treatment).

duction for MB:CP compared with NF.
Use of MB:CP for LE nursery stock re-
sulted inasmall (5.2%), but highly significant,despite the use of nursery ground not previible for observed yield reductions. Use of
increase in subsequent HE nursery productiwusly planted to strawberry. For all treatment®P:CP mixtures in only 1 year of trials pre-
ity in comparison with use of CP (Table 6).and trials, plant roots were visually inspectedented inclusion of these treatments in the
Here, the comparison was made across two Lfar signs of root decay or discoloration imme-meta-analyses. Use of a DP:CP mixture con-
trials and with CP applied at both low (157diately after nursery harvest; no symptomsaining a high rate of CP (DP:CP 3:7) resulted
kg-hat, 1994 LE trial) and high rates (280 andvere observed in any soil treatment or nurseriy 8.6% fewer runners than did use of MB:CP,
291 kg-hd for the 1994 and 1995 LE trials, trial. There were no visual symptoms of soilbut this difference was not statistically signifi-
respectively). Two studies were available foborne pathogens or pests in any plots in the L&ant (Table 4). The use of the DP:CP mixture
comparing nursery productivity using MB:CPtrials, and few visual symptoms of soilbornecontaining a low rate of CP (DP:CP 7:3) sig-
and NF in LE nurseries (Table 6). In these twpathogens for plants in any HE trials. How-ificantly reduced production compared to
studies, planting stock grown on soil treate@ver, stunting of aboveground vegetative tisMB:CP, despite a very high application rate
with MB:CP produced 25.9% more runnersues and desiccation of older leaves wer@able 4). The effects of the two DP:CP treat-
than did stock grown on NF soilB € 0.01). observed in some mother plants in NF plots iments were similar to those obtained using
There were no visual symptoms of planthe 1995 and 1996 HE trials, and the presentégh and low rates of CP (Tables 4, 5, 6),
disease in any LE treatment plot, and no plamtf Verticillium dahliae Kleb. in tissues of suggesting that the use of CP at high rates
mortality. symptomatic plants was confirmed by labora¢>280 kg-hd), possibly in combination with
tory analyses. Although plant infection withother materials such as DP, will be an impor-
Discussion Verticillium probably contributed to reduc- tant component of future nursery manage-
tions in nursery productivity in NF plots in ment programs. However, DP, even when
The results of the present study confirnthese trials, plant mortality was not observedsed at extremely high rates, appears to be less
our previous report of strawberry growth andn any trial, and only a small percentage oéffective than CP in enhancing runner produc-
yield responses to soil fumigation in a runnerunner plants from NF plots developed Vertition.
plant nursery (Larson and Shaw, 1995b). Syreillium wilt symptoms after transplanting to  Weed control was not determined for soil
theses provided by meta-analysis demonstratéalit production fields. treatments in any trial. However, weed control
that mixtures containing MB and CP provided Although plants from CP treatments werds one of the main benefits of MB soil fumiga-
superior nursery stock and greater runner plasymptomless for soilborne pathogens such &®n, and is a major issue in strawberry nurser-
productivity than the alternatives tested.  Verticillium, use of CP reduced nursery pro-ies. Despite the lack of quantitative data on
For all studies and statistical comparisongjuctivity relative to use of MB:CP, regardlessveed suppression, visual observations indi-
NF resulted in significant reductions in nurs-of CP rate or propagation cycle (Table 6)cated that all alternative treatments had sig-
ery runner productivity and plant vigor rela-suggesting that nonspecific, competitive, onificantly greater weed populations than did
tive to any other soil fumigation treatment,sublethal microorganisms were also resporthe MB:CP standard, but that use of any fumi-

HorTtScience, VoL. 35(4), dLy 2000 645

-jpd-awiid;/:sdiny woly papeojumoq

—ewu%wewew/\/\

$S9008 981} BIA | £-80-GZ0Z 1e /w02 Alojoeignd pofd



Crop PrRoDUCTION

gant material reduced weed populations com- Literature Cited studies. Vol. Il. U.S. Environ. Protection Agency
pared with NF. publ. no. EPA430-R-96-021. U.S. Environ. Pro-
When the NF and MB:CP treatments wer®arrow, G.M. 1966. The strawberry. Holt, Rinehart  tection Agency, Stratospheric Ozone Protec-
and Winston, New York. tion, Office of Air and Radiation.

g(r)g;)gz];et(ijc;nsgsglimkllggtzlaogr:anatgre glf?ea (I:trggnperg—!edges, L.V.andl. _OIkin. 1985_. Statistical method&J.S. En_vironmental ProFection Agency. 19_97. R_e-
A ; L2 . for meta analysis. Academic, Orlando, Fla. placing methyl bromide for preplant soil fumi-
duc_t|V|ty than did fumigation in prior propa- Himelrick, D.G. and W.A. Dozier. 1991. Soil fumi- gation with Telone, chloropicrin and Tillam
gation cycles (Table 6). However, the absence gation and soil solarization in strawberry pro-  combination treatments. In: Alternatives to me-
of LE x HE interactions in either the 1995 or  duction. Adv. Strawberry Production 10:12-28.  thyl bromide, 10 case studies. Vol. Ill. U.S.
1996 trial (Table 3) indicates that the effects afarson, K.D. 1994. Strawberry, p. 271-297. In: B.  Environ. Protection Agency publ. no. EPA430-
nursery treatments applied throughout a mul- Schafferand P.C. Andersen (eds.). Handbook of R-97-030. U.S. Environ. Protection Agency,
tiple-year propagation cycle are additive, and environmental physiology of fruit crops. Vol. |, Stratospheric Ozone Protection, Office of Air
that the consequences of using less effective Temperate fruits. CRC Press, Boca Raton, Fla. and Radiation. _ _
sol fumigans i stiawberry propagation ard/20n KD. a D', S, 19662, elaive pervo . 1685 T sfect o ursery locatn -
C.ummatlve over propagatlor] cycles_. Ol.” pre- and nonfumigated soils. J. Amer. Soc. Hort. Sci.  Acta Hort. 265:283—-284.
vious observation that serial application of 154.574 577 Voth, V. and R.S. Bringhurst. 1990. Culture and
less effective soil fumigants leads to increas:arson, K.D. and D.V. Shaw. 1995b. Strawberry  physiological manipulation of California straw-
ingly greater reductions in fruit yield during  nursery soil fumigation and runner plant pro-  berries. HortScience 25:889-892.
three consecutive years (Shaw and Larson, duction. HortScience 30:236—237. Watson, R.T., D.L. Albritton, S.O. Anderson, and
1999) also suggests that nursery productivityarson, K.D. and D.V. Shaw. 1996. Soil fumiga- ~ S.E. Bapty. 1992. Methyl bromide: Its atmo-

will be adversely affected by such treatments. tion, fruit production and dry matter partitioning  spheric science, technology, and economics.

These results indicate that, to determine the af fitelcé-g_rolv;ri ‘fit;eév;/binzoplants. J. Amer. Soc. I\N/Iotr_ltrealgro_tocolstessme':llt_Surt?msry,United

full impact of the loss of MB on strawberry _ 10" SCl. 1211 15/=1140. . _Nations Environ. Frogram, Nairobi, Kenya.
rodug)tion studies need to be conductedyocrznlkm’ I.and D.V. Shaw. 1995. Meta-analysis andVilhelm, S. 1961. Diseases of strawberry. A guide

P ! . . . its applications in horticultural science. forthe commercial grower. California Agr. Expt.

the effects of MB alternatives in fruit produc- 0 tscience 30:1343-1348. Sta. Circ. 494.

tion fields, as well as on the cumulative effectgpaw, D.v. and K.D. Larson. 1996. Relative perforWilhem, S. and A.O. Paulus. 1980. How soil fumi-

of alternative soil treatments on the productiv-  mance of strawberry cultivars from California  gation benefits the California strawberry indus-

ity of the nursery stock itself. and other North American sources in fumigated try. Plant Dis. 64:264—270.
In addition to enhancing nursery produc- and nonfumigated soils. J. Amer. Soc. Hort. Sciwilhelm, S., R.C. Storkan, and J.M. Wilhelm. 1974.
tivity, soil fumigation reduces the risk of dis- ~ 121:764-767. Preplant soil fumigation with methyl bromide-

seminating soilborne pathogens and pests faw, D.V. and K.D. Larson. 1999. A meta-analy-  chloropicrin mixtures for control of soil-borne
other nurseries and fruiting fields. As effective fS|s c_)f s:_rawbe_trrr]y yleI%_restponse ]Eo prfhpllartl)t soil dlsease? (éf str:lalwbem?s;A stljzmmary oifgtzt-:'?en
- : . umigation with combinations of methyl bro-  years of development. Agr. Environ. 1:227—
nursery soil fum_lgants are banned orrestricted mide-chloropicrin and four alternative systems.  236.
because of environmental concerns and regu- ,scjence 34:839-845. Yuen, G.Y., M.N. Schroth, A.R. Weinhold, and J.G.
latory action, the dissemination of soilborney s. gnvironmental Protection Agency. 1996. Chlo-  Hancock. 1991. Effects of soil fumigation with
pathogens and pests will probably become an ropicrin applications for California strawber-  methyl bromide and chloropicrin on root health
increasingly important issue. ries. In: Alternatives to methyl bromide, 10 case  and yield in strawberry. Plant Dis. 75:416—420.
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