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Abstract Performance characteristics for eighteen strawberry cultivarskragaria xananassg, nine from California and
nine from other North American sources, were evaluated in annual hill culture, with and without preplant soil fumigation

(2 methyl bromide : 1 chloropicrin, 392 kg-hat). Plants grown in nonfumigated soil yielded 57% and 46% of the fruit
produced by plants on adjacent fumigated soil for cultivars from California and other North American origins,
respectively. Plants in nonfumigated soils also developed fruit with lower berry weight (94% and 95% of fumigated trials)
and smaller spring plant diameter (83% and 76%) for California and other sources, respectively. Trait values for exotic
cultivars ranged from 39% to 80% of those for California cultivars, and the variance component due to germplasm sources
explained 41% to 81% of the phenotypic variance of random effects in the experiment. Conversely, significant germplasm
source x fumigation interactions were not detected for any of the growth or performance traits evaluated, and the
proportion of variance attributable to these interactions was at most 2% of that due to germplasm source. These results
demonstrate that strawberry growth and productivity for California and other North American germplasm sources are
increased similarly by fumigation. Despite differing selection history, germplasm developed outside of California contains
no obvious genetic diversity useful for developing cultivars specifically adapted to the sublethal effects of organisms in
nonfumigated soils.
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Research conducted during the past 50 years has demonstatesequences of sublethal soil organisms (Fort et al., 1996; Larsory;
the benefits of soil fumigation for strawberry productivity imnd Shaw, 1995a). Because these nonspecific causes can reduce
annual production systems (Himelrick and Dozier, 1991; Wilhelproductivity by 50% or more, sublethal soil organisms will remain  ©
et al., 1974; Wilhelm and Paulus, 1980). Recently, studies haveobstacle to strawberry management on nonfumigated soils evers
demonstrated the importance of disinfested soil to all componehtsultivars with sufficient resistance to lethal pathogens are o
of the annual production system, including the foundation adeveloped. =8
production nurseries that ultimately provide planting stock for the Although the cultivars developed in the UC program share a 2}
annually planted fruiting fields (Larson and Shaw, 1995a, 19956)mmon ancestral base with cultivars developed elsewhere ins
Despite these demonstrable benefits, economic factors and diatth America (Sjulin and Dale, 1987), their recent selection
lenges to the availability of effective soil fumigants have mandateidtories can differ substantially. Importantly, the California straw-
examination of alternative methods for sustaining these highlgrry industry and the UC cultivar development program have )
productive systems. evaluated and selected genotypes in fumigated soils since the earl@

Recent efforts to improve strawberry performance tB70s, whereas many other North American production regions
nonfumigated soils through genetics and breeding have empirad their respective breeding programs use preplant soil fumiga- ¢,
sized the need for reducing plant mortality due to lethal pathogéna rarely. Variation for adaptation to the effects of sublethal soil <
and obtaining enhanced tolerance to the sublethal or competitivganisms has been rendered effectively neutral during the past 25",
effects of soil organisms (Fort et al., 1996; Galletta et al., 19§@ars of the UC program and may have been reduced in magnitude}
Larson and Shaw, 1995a; Yuen et al., 1991). Investigationsdag to genetic sampling. Alternatively, differences in the genetic 8
genetic alternatives to preplant soil fumigation within the Univ. @friation available in California and other North American sources
California (UC) breeding population have detected variation fanight result if the genetic combinations that confer adaptation in
resistance to several lethal pathogens (Shaw et al.,, 198 fumigated soils are poorly adapted to performance in fumi-
Winterbottom, 1990). Although resistance to most lethal pattgated soils. The purpose of this study was to determine whether
gens is partial and characterized by complex inheritance (Gallggamplasm sources outside of the UC program may contain
et al., 1989, Shaw et al. 1996), improvement of breeding popigdanetic variation useful in mitigating the effects of sublethal soil
tion and individual genotypic resistance levels are likely overganisms.
multiple cycles of breeding, testing, and selection. Solutions to the
consequences of sublethal organisms in nonfumigated soils have Materials and Methods
proven more elusive. To date, experiments with UC germplasm
have not identified genetic variation useful in mitigating the Field trials were established at the UC Watsonville Strawberry

Research Facility in the central coast of California. Adjacent plots

Received for publication 7 Dec. 1995. Accepted for publication 26 Mar. 1906. THE® prepared for planting and either wreated with 2 methyl

cost of publishing this paper was defrayed in part by the payment of page cha&lﬁgmide o1 chloropicrin at 392 kQ'ﬁaOF left Ur!treated- The
Under postal regulations, this paper therefore must be hereby nzatkedise- atsonville plantation was established on soil that had been

mentsolely to indicate this fact. cropped with strawberry in alternate years during the past 14

e /Woo

SS90

764 J. AvER. Soc. Hort. Sci. 121(5):764—767. 1996.



Table 1. Expected mean squares for analysis of variance for four vegetative growth and performance traits.

Source df Expected mean squéres
Fumigation (F) 1 0%+ ko' + k07,

Block/F 2 o?+ Ky czb/f

Germplasm source (S) 1 0+ k0% + Ko7+ ko?  + K 0%
FxS 1 02 + klozfxc/s + ksozfxs

Cultivar (C/S) 16 0° + k0% + K%,

FxC/S 16 02 + klczfxc/s

Error 34 o’

“Coefficients k=2, k,= 4, k,= 18, k = 36, k.= 18, and k= 36

seasons—even production seasons alternated with a cover crdigations previously described for plantations established using
barley Hordeum vulgarel.) and Fava beanVicia fabal.). low-elevation nursery sources (Rariden and Shaw, 1994; Voth and
During the first 12 seasons, each strawberry production cycle \Baimghurst, 1990). Experimental plots were established on two-
initiated with soil fumigation usingr@ethyl bromide : 1 chloropi- row diagonal beds with 1.5-m centers, 33 cm between plants along2
crin at 392 kg-hd The soil used for nontreated plots in thisows, and 30 cm between rows. Each treatment was replicated=
experiment had been cropped twice with strawberries and twistce, with a single plot of 20 plants per block. Fruit yield, a 10- &
with a cover crop since the last fumigation treatment. fruit weight, and a commercial appearance score were recorded%
Runner plants from nine California strawberry cultivars andeekly for 25 consecutive weeks with harvest initiated on 12 Mar. ¢
nine widely used cultivars from other North American sourc&995. The commercial appearance score was assigned to the fruig
were harvested from a the UC Davis Pomology Dept.’s Wolfskilarvested from each plot as an integer value of 1 to 5, with largers
Experimental Orchard near Winters, Calif., on 4 Nov. 1994, storeslues indicating more desirable appearance (Rariden and Shaw;=
at 2°C, and planted in experimental plots on 14 Nov. (Rariden ab@94). Total yield was evaluated for each plot on a per-plant basis.=:
Shaw, 1994). The nine California cultivars (‘Camarosa’, ‘Carlsba@easonal fruit weights and appearance scores were calculated as
‘Chandler’, ‘Cuesta’, ‘Irvine’, ‘Laguna’, ‘Seascape’, ‘Selva’, andhe weighted average of the weekly 10-fruit weights or appearances:
‘Sunset’) were representative of those released from the B&bres over the season, with weighting based on weekly yield. 5
strawberry improvement program during the last 15 years. Foufwbss-sectional plant diameters were obtained on 7 Mar. to evalu-&
the California cultivars were day-neutral and the remainder wate early vegetative growth (Shaw, 1993).
short-day types with a range of production patterns. Cultivars fromLarge differences in the scale of response for yield were 7
other North American sources (‘Earliglow’, ‘Guardian’, ‘Hood’generated by the fumigation treatments, and an appropriate powers
‘Lateglow’, ‘Rainier’, ‘Raritan’, ‘Scott’, ‘Tribute’, and ‘Tristar’) transformation was performed before further analyses (Fernandez,”
have been recommended for use in a number of locations includif§?2); significant scale effects were not detected for other vari-
the northwestern, northeastern, lower midwestern, and mid-Atlailes and they were analyzed without transformation.
tic regions of North America (Chandler, 1991). Two of the non- Data for all traits were subjected to ANOVA using SAS’s GLM
California cultivars, ‘Tribute’ and ‘Tristar’, were day-neutraprocedure (SAS Institute, Cary, N.C.). Fumigation treatment was
types and the rest were short-day cultivars. considered a fixed effect and blocks nested in fumigation treat-
Trials were established and treated according to recommendants as random effects; all interactions with blocks in treatments
tions for commercial winter plantings (Welch, 1989), with modivere pooled into a common error term. Germplasm source, culti-
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Table 2. Means, standard deviations (in parentheses), and ranges (in brackets) for four growth and productivity traits for strawberry
cultivars from California and other North American (ONA) sources grown with two preplant soil fumigation treatments at
Watsonville, Calif.
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March Yield
plant per Fruit Weighted
Germplasm diam plant wit fruit
Fumigation source (cm) (9) (g/fruit) appearance
- California 18.2 733 23.7 3.29
(3.2) (345) (4.3) (0.33)
[15.1-22.5] [218-1357] [18.2-33.1] [3.00-3.91]
ONA 13.9 263 16.9 2.43
(3.1) (207) (3.0 (0.33)
[11.0-16.3] [85-786] [14.3-21.2] [1.9-2.9]
+ California 22.0 1296 25.3 3.20
(3.2) (355) 2.7) (0.24)
[18.1-25.2] [805-1641] [21.9-30.3] [3.0-3.81]
ONA 184 577 17.8 241
(4.1) (311) (2.4) (0.20)
[13.9-26.9] [296-1308] [14.1-21.9] [2.1-2.7]

ZThe symbols —and + indicate no soil fumigation and preplant soil fumigation with 392 :haethyl bromide : 1 chloropicrin
(by weight), respectively; N = 18 all treatment means.
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vars nested in source, and their interactions with fumigatisourcex fumigation interactionsog,) was at most 2% of that due
treatment were treated as random effects. Significance tests weithe main effects of germplasm source. These results demon-
performed using type Il expected mean squares (Table 1). Mcstehte that strawberry growth, productivity, and fruit quality for
variance components due to source of origif),(cultivars in California and other North American germplasm sources are
source ¢,), sourcex fumigation treatment interactioroy), increased similarly by fumigation.
cultivar in sourcex fumigation treatment interaction?_,), and Substantial and highly significant variances were detected
error (%) were estimated by equating the expected mean squae®ng cultivars within germplasm source for all traits (Table 3),
in Table 1 with their corresponding experimental mean squanedicating that genotypic variation is present even within these
and solving this series of linear equations. Variance componeatfier highly selected sets of cultivars. Genotypic means cover a
were expressed as the proportion of the total phenotypic variasglstantial range within each source (Table 2), and some overlap
of random effects in the experimenﬁQ, where of source ranges exists for all traits and fumigation treatments
except fruit appearance. However, the range shared between
sources is a fraction of the total (Fig. 1) and, except for plant
diameter, the within-source variance for all traits was sragl| (
= 9% to 30% 062 ) compared with that due to differences among
sources @, = 41% to 81%). Likewise, cultivar in soursgumi-
Mortality was <1% for plants established in fumigated arghtion treatment interaction varianceg () were significant in
nonfumigated soils, and no visual symptoms of lethal pathogé¢imse of four cases but explained only 2% to 5% of the phenotypic
were observed. As for previous trials conducted at this location, Yagiance of random effects; thus, the main effects of sublethal soil
main effects of fumigation treatment in these experiments mustloganisms in this experiment affected all cultivars similarly.
due to sublethal effects of soil organisms (Larson and Shaw,The cultivars tested here comprise a small but representatlve3
1995a; Yuen et al., 1991). sample of the genotypes currently available and recommended for~
Fumigation resulted in increased plant growth, productivityse in annual and perennial productions systems. Because thé
and fruit weight for cultivars from both sources (Table 2, Fig. Bultivars in each set are the result of intensive testing and selection=.

Fumigation response for vegetative plant vigor was observedesgrams, the estimates of genetic variance obtained here must b
differences in March cross-sectional plant diameters; plants grown
plants in fumigated soils for cultivars of California and other North ﬂ s rru"mugatea ' B
American origin, respectively. Consistent with previous experi- ;
3= 3
affected by preplant soil treatment: plants grown on nonfumigated |- | H ‘
soil yielded 57% and 46% of the fruit produced by plants evaluateg | , ﬂ i
R ] 0 bl J
North American sources. Plants grown in nonfumigated soils als@ s Non -Fumigated |
4
3
2
1
o

2 =2 2 2 2 2
0°,= 0%+ 0% + 0% +0%, +0 [1]
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in nonfumigated soils had diameters 83% and 76% of those for
ments (Larson and Shaw, 1995a), productivity was the trait most I ' 7
on adjacent fumigated soil for cultivars from California and otherz

Non-Fumigated ‘

produced somewhat smaller fruit than those in fumigated soils
(94% and 95% for California and other sources), but soil treatment
had no detectable effect on fruit appearance.

Large differences in trait means were also found due to
germplasm source of origin (Table 2). Cultivars from other North
American sources had somewhat smaller plants than California
cultivars (March diameter 80% of California cultivars) and pro-
duced 39% of the total yield of California cultivars. Differences
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among sources were also apparent for average fruit weight ang r

fruit appearance scores (Table 2). These results are consistent wit |
those obtained previously for tests conducted in fumigated soils, _|
alone (Rariden and Shaw, 1994).

The large apparent fumigation treatment effects and germpla%mI
source differences were further evaluated using ANOVA. Fumg , |
gation treatment effects were significaBt< 0.05) for all traits E 5
except fruit appearance score (Table 3). Direct comparisons of the
magnitude of soil treatment effects with those due to the genetics -
of germplasm source are not valid. However, the observation that -

California cultivars had greater yield and larger fruitin nonfumigated -
soils than other North American cultivars in fumigated soils o -,
suggests that the obstacles to directional infusion of germplasm °
will be substantial.

The variance component due to source of origin was highly
significant @ < 0.01) for all traits evaluated (Table 3) and ex-
plained the largest fraction of the variance of random effects in the
experiment§® = 63% to 81%) for all traits except plant diameter
(0?,= 41%). Conversely, significant germplasm sousf@miga-
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Fig. 1. Distribution patterns ofgenotyplc mean values by fumigation treatment for
tion interactions were not detected for any of the growth Oa) seasonal yieldj fruit size, €) fruit appearance score, art) March plant
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Table 3. Results of analysis of variance for four growth and productivity traits for strawberry cultivars from California and other
North American sources grown with two preplant soil fumigation treatments at Watsonville, Calif.

Mean squares

March Yield
plant per Fruit Weighted
diam plant wit fruit
Source (cm) (9) (9) appearance
Fumigation (F) 307.9 14,909 28.9 0.061
Replication (R/F) 945 295" 3.1 0.111
Source (S) 2757 26,894 907.4" 12.417
FxS 2.0 302 2.2 0.040
Cultivar (C)/S 32.1 1,435 32.2° 0.221"
FxCIS 25 86 6.2" 0.064"
Error 1.9 29 1.8 0.021
o* 6.78(41) 701.2(63) 24.43(70) 0.339(81)
2
o 7 2((;215) 31:32i(§(13)0) 6?5(8219) oo(()%)g(g)
o 0.34(2) 28.5(3) 2.21(6) 0.022(5)
fxcls ) ) ) :
02p 16.42 1,108.0 34.94 0.421

ZVariance component values labeled 0 were small and negative; values in parentheses are percent of the total phenotypic variance
of random effects;rzp.
** Significant atP = 0.05 or 0.01, respectively.

interpreted with some caution. Differences among cultivars withition in strawberry production. Adv. Straw. Prod. 10:12-28.

each source of origin provide minimum estimates of the variatiggrson, K.D. and D.V. Shaw. 1995a. Relative performance of strawberry
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