
Abstract 

COOK, SANDRA M.  Runner plant production and the effect of light intensity on flower and 

fruit development in day-neutral strawberries.  (Under the direction of James R. Ballington) 

 

The development of an economical system for the production of disease-free nursery 

plants of day-neutral strawberry cultivars is vital for large-scale production in the 

southeastern United States. This study investigated the effects of plastic mulches, runner 

harvest method, and deblossoming on runner formation in day-neutral strawberry cultivars at 

three locations in North Carolina (Laurel Springs, Kinston, and Reidsville) chosen to 

represent the three major climatic regions.  The day-neutral cultivars ‘Aromas’, ‘Diamante’, 

and ‘Seascape’ were used along with the junebearing cultivar ‘Chandler’ for comparison.  

Each cultivar was established in single rows in 20-plant plots with four replications per 

mulch treatment (black plastic, white-on-black plastic, or bare ground).  The experiment was 

a split-split-split plot design with mulch treatment at a particular location representing the 

main plot while cultivar, runner harvest method, and flower removal represented the sub plot, 

sub-sub plot, and sub-sub-sub plot treatments, respectively.  Harvest method was runner 

removal at three-week intervals versus a once-over final harvest.  Flower removal was initial 

flower removal only versus periodic removal.  Soil, canopy, and air temperatures along with 

nutrient status were recorded for comparison.  Results showed runner plant yields were 

similar and higher for Laurel Springs and Kinston than Reidsville.  At Laurel Springs the 

black plastic treatment yielded the most runner plants, while the white-on-black plastic 

produced the most at Kinston.  The day-neutral cultivar ‘Aromas’ produced runner plants 

almost exclusively.  ‘Diamante’ produced runner plants as well as fruit, while ‘Seascape’ 

produced fruit with little runner plant production.  The once-over harvest method resulted in 



nearly double the amount of runner plants as the intermittent harvest method, and flower 

removal was impractical.  Temperature data revealed that in warmer climates the black 

plastic was limiting to runner plant production, whereas it increased production in the cooler 

climate.  Conversely, the white-on-black plastic moderated the temperatures in the warmer 

locations increasing runner plant yields.  Petiole analysis indicated locations with the highest 

runner plant yields also maintained the highest levels of nitrogen.  Based on the results, the 

use of an appropriate plastic mulch chosen according to area climate combined with 

sufficient nutrient levels can produce acceptable runner plant yields regardless of location.  A 

moderate day-neutral such as ‘Diamante’ can provide both the runner plant and fruit yields 

required to support a day-neutral industry in the southeast.  

The fruit of day-neutral cultivars that develops following dormancy from flowers 

initiated prior to dormancy are often substandard, while the fruit from flowers initiated 

following dormancy are of suitable quality.  The second study examined the effects of light 

intensity on floral initiation prior to dormancy and flower and fruit development following 

dormancy.  The experiment was a randomized complete block design with two replications.  

The day-neutral cultivars ‘Seascape’ and ‘Everest’ were potted and grown in one of two 

chambers receiving 12-hour light (180 or 360 µmol·m-2·s-1 irradiance) and dark periods.  

Temperatures were lowered to induce dormancy and later raised to simulate spring growth.  

Emerging flowers were hand pollinated and resulting fruit was counted and weighed.  

Misshapen fruit and dead flowers were also counted.  The results suggested that the light 

intensity following dormancy during which the flowers emerged and fruit developed was 

important in determining both total yield in weight and number of fruit produced.  The higher 

intensity treatment (360 µmol·m-2·s-1) resulted in significantly higher yields for weight and 



number of fruit.  The number of misshapen fruit was minimal.  ‘Everest’ produced more fruit 

than ‘Seascape’ regardless of light treatment.  Mature anthers were absent in the first flowers 

to emerge which may provide an explanation for low quality and misshapen fruit from the 

first flowers in the spring.  Viable pollen was eventually produced suggesting a possible 

temperature effect.   
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Runner plant production in day-neutral strawberry cultivars 

 

Abstract 

Day-neutral strawberry cultivars have the potential to extend the fruit production 

season in the southeastern United States.  Unfortunately, most of the currently available 

cultivars are highly susceptible to anthracnose fruit rot.  In the cool, dry climate of California 

where day-neutral cultivars are grown extensively anthracnose is not a problem.  The 

development of an economical system for the production of disease-free nursery plants of 

day-neutral cultivars is vital for large-scale production in the southeast where conditions 

during the growing season are conducive to rapid spread of the disease.  This study addressed 

this issue by investigating the effects of plastic mulches, runner plant harvest method, and 

deblossoming on runner plant formation in day-neutral strawberry cultivars at three locations 

in North Carolina.  Cold-stored, dormant plants of the day-neutral cultivars ‘Aromas’, 

‘Diamante’, and ‘Seascape’ were used along with the junebearing cultivar ‘Chandler’ for 

comparison.  Locations were chosen to represent the three major climatic regions of North 

Carolina: the Upper Mountain Research Station at Laurel Springs, the Upper Piedmont 

Research Station at Reidsville, and the Lower Coastal Plain Tobacco Research Station in 

Kinston.  Each cultivar was established in single rows on raised beds with subsurface drip 

irrigation at 30 cm spacing in 20-plant plots with four replications per mulch treatment.  

Mulch treatments included black plastic, white-on-black plastic, and bare ground.  The 

experiment was a split-split-split plot design. The mulch treatment at a particular location 

represented the main plot while cultivar, runner plant harvest method, and flower removal 
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represented the sub plot, sub-sub plot, and sub-sub-sub plot treatments, respectively.  Runner 

plant harvest method (10 plants each) was runner plant removal at three-week intervals 

(intermittent) versus a once-over final harvest of all runner plants.  Flower removal (five 

plants each) was initial flower removal only (those flowers assumed to have been initiated 

prior to being placed in storage) versus periodic flower removal throughout the study.  Soil, 

plant canopy, and ambient air temperatures along with plant nutrient status via petiole 

analysis were recorded for mulch treatment comparison.  Results showed runner plant yields 

were similar and significantly higher for the Laurel Springs and Kinston locations than the 

Reidsville location.  At the Laurel Springs location the black plastic mulch treatment yielded 

the most runner plants, while the white-on-black plastic produced the highest runner plant 

yield at Kinston.  The day-neutral cultivar ‘Aromas’ performed similarly to the Junebearer 

‘Chandler’ producing runner plants almost exclusively.  ‘Diamante’ behaved as a moderate 

day-neutral producing a sufficient number of runner plants as well as flowers and fruit, while 

‘Seascape’ performed as a strong day-neutral producing flowers and fruit with little runner 

plant production.  The once-over runner plant harvest method resulted in nearly double the 

amount of runner plants as the intermittent harvest method, and flower removal proved to be 

impractical.  Temperature data revealed that in climates with higher temperatures the black 

plastic mulch treatment was limiting to runner plant production, whereas it increased 

production in the cooler mountain climate.  Conversely, the white-on-black plastic moderated 

the temperatures in the warmer locations promoting greater runner plant yields in those 

climates.  Petiole analysis indicated locations with the highest runner plant yields also 

maintained the highest levels of nitrogen.  Therefore, based on the results presented here, the 
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use of the appropriate plastic mulch chosen according to production area temperatures 

combined with sufficient nutrient levels can produce acceptable runner plant yields 

regardless of location.  A moderate day-neutral such as ‘Diamante’ can provide growers with 

both the runner plant numbers and fruit yield required to support a day-neutral industry in the 

southeast.  Harvest of runner plants one time at the end of the season is sufficient, and flower 

removal is not necessary. 

 

Introduction 
 
 The modern garden or commercial strawberry, Fragaria x ananassa Duch., is the 

result of an interspecific cross between F. chiloensis Duch. and F. virginiana Duch. and is a 

member of the rose family.  Produced on a worldwide scale, it offers good profit potential as 

a locally grown fresh-market product (Galletta and Bringhurst, 1990; Poling and Monks, 

1994).  There are three major classifications of garden strawberries based on their 

photoperiodicity and consequent behavior.  Short-day strawberry cultivars induce and initiate 

flowers under short days or cool temperatures and produce runners and runner plants under 

long days and warm temperatures (Darrow, 1966; Durner et al., 1984; Heide, 1977).  

Everbearing cultivars induce flowers under long days and typically produce fewer runners 

(Darrow and Waldo, 1934; Downs and Piringer, 1955; Dennis and Bennett, 1969; Galletta 

and Draper, 1981).  Day-neutral cultivars induce flowers regardless of photoperiod and also 

typically produce fewer runners (Bringhurst and Voth, 1980; Galletta and Draper, 1981; 

Durner et al., 1984; Nicoll and Galletta, 1987).  
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Short-day cultivars  

 Most commercially grown strawberry cultivars are of the short-day type.  They 

produce a single crop and are commonly referred to as Junebearers.  In reality they are 

facultative short-day plants requiring one to two weeks of day-lengths of 14 hours or less or 

temperatures below 15° C for floral induction (Ito and Saito, 1962; Darrow, 1966; Durner et 

al., 1984; Guttridge, 1985).   

 Floral induction and subsequent initiation occurs in the late summer and fall of the 

year followed by a winter rest period and finally development in the spring.  This rest period 

or innate dormancy is thought to begin with vegetative growth inhibition coinciding with the 

onset of flower induction and is satisfied only by prolonged exposure to cold that restores 

vegetative activity and restricts the continuation of flower initiation.  With increasingly 

warmer temperatures in the spring vegetative growth is vigorously resumed, and the flowers 

appear (Guttridge, 1958; Battey et.al., 1998).   

 In mid to late spring following flower emergence, bloom, pollination, and 

fertilization, a large fruit crop generally develops with production spanning a number of 

weeks that is determined in part by climate and cultivar.  In the eastern United States and like 

areas, lengthening days and increasing temperatures following fruiting promote the 

development of runners (Darrow, 1936; Smeets and Kronenberg, 1955; Battey et.al., 1998).  

 Everbearers  

Everbearers were described by Clark (1937) as those plants that continue to produce 

flowers throughout the growing season beyond that of the typical short-day cultivars.  His 

research led to the identification of the everbearing trait in seedling progeny of crosses 
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between F. chiloensis and F. virginiana.  Breeding work involving those seedlings suggested 

to Clark that while the everbearing tendency appeared to be a dominant trait, breeding 

behavior was too diverse to rule out other possible explanations.  Floral induction in 

everbearers has been observed to be most abundant under long-day treatments (Darrow and 

Waldo, 1934; Downs and Piringer, 1955; Durner et al., 1984).  Runnering, on the other hand, 

has been reported to be minimal in everbearers (Darrow and Waldo, 1934; Downs and 

Piringer, 1955; Moore and Scott, 1965; Tafazoli and Shaybany, 1978); however, this trait 

appears to vary (Clark, 1937; Durner et al., 1984).  

Day-neutral cultivars 

Day-neutral strawberry cultivars are characterized by their propensity to flower and 

produce fruit in as little as three months after planting regardless of season and their apparent 

ability to induce flowers regardless of photoperiod (Bringhurst and Voth, 1980; Ahmadi et 

al., 1990).  Since day-neutral strawberry cultivars initiate flowers throughout the growing 

season, they can potentially provide a longer fresh-market season and increased revenue for 

growers.  One unfortunate consequence of this photo-insensitivity is often the failure of the 

plants to produce ample numbers of runners and runner plants necessary for traditional 

propagation.  The flowering and runnering tendencies of day-neutrals seem to vary by 

cultivar resulting in a wide range between what is considered weak and strong.  Weak day-

neutrals produce fewer flowers (only on the mother plant and first runner plants) and more 

runners, while strong day-neutrals produce an abundant number of flowers (on the mother 

plant and all runner plants) with very few runners (Nicoll and Galletta, 1987; Ahmadi et al., 

1990).  
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Bringhurst and Voth (1980) also noted that, unlike standard Junebearers, the unrooted 

runner plants from day-neutral mother plants will flower and set fruit in the field as well.  

The source of genes for photoinsensitivity or day-neutrality introduced into F. x ananassa 

that has led to the commonly grown modern cultivars in the United States is F. virginiana 

subsp. glauca Staudt from the Wasatch Mountains of the western United States (Bringhurst 

and Voth, 1980; Sakin et al., 1997).  Through hybridization of day-neutral cultivars to short-

day cultivars, Ahmadi et al. (1990) have concluded that the lack of sensitivity to photoperiod 

is a dominant trait that is regulated by a single dominant allele.     

The development of a reliable and economically feasible protocol for nursery 

production of runner plants of day-neutral strawberry cultivars has not yet been established 

for the southeastern United States.  Most plants of the current commercially available day-

neutral cultivars are produced in low elevation nurseries in California.  The fruits of day-

neutral cultivars are highly susceptible to anthracnose (Colletotrichum spp.) according to J. 

Ballington and R. Milholland (personal communication, March 25, 2000) and G. Gimenez 

(2002). Anthracnose is a devastating disease that is most prevalent in warm, wet climates 

where strawberries are produced using an annual plasticulture system.  The disease is 

generally introduced into production fields by infected transplants and proliferates under 

moist, warm conditions (Smith, 1998).  In California where fruit production areas are dry and 

cool, disease spread is minimal, so susceptible cultivars do not pose a problem.  In this 

region, however, growing conditions are conducive to rapid disease spread, and mother 

plants obtained from California nurseries are typically already infected.  While chemical 

applications may provide some suppression, avoidance through the use of anthracnose-free 
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plants is the most effective control measure (Smith, 1998).  For this reason, local production 

of disease-free plant material would be fundamental to the establishment of a day-neutral 

strawberry industry in this region. Tissue culture propagation can be used, but plants derived 

directly from tissue culture are not cost effective.  Other less expensive methods of 

propagation need to be developed to promote their use on a commercial basis in the 

southeastern United States.  The objective of this study was to develop a viable system for 

the field production of runner plants of day-neutral strawberry cultivars in the southeastern 

United States.   

 

Literature review 

Flowering 

The promotion of flowering in junebearing strawberry cultivars has been described as 

a facultative short-day response indicating that while it is markedly promoted by short 

daylengths, it is not exclusive to them.  Low temperatures can also provoke this response (Ito 

and Saito, 1962; Darrow, 1966; Guttridge, 1985).   

 Ito and Saito (1962) conducting experiments with short-day cultivars in temperature 

and light controlled chambers found that as temperature increased shorter daylenghs were 

necessary for floral induction.  With temperatures of 17° C and as high as 24° C, short light 

periods between 4 and 12 hours induced flower formation.  At these temperatures, 8-12 

cycles of the light period proved most effective.  At 9° C flower buds were induced 

regardless of length of light period including a continuous light treatment.  Heide (1977) 

achieved the highest number of flowers with an environment maintained at 18° C under a 12-
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hour photoperiod regime.  Darrow (1966) reported that flowers could also be initiated in 

short-day cultivars under 15-hour days by subjecting them to a constant temperature            

of 15.5° C.  

Everbearers have been categorized as long-day plants with maximum flower bud 

formation with daylengths of more than 12 hours (Darrow and Waldo, 1934).  Downs and 

Piringer (1955) reported maximum flower bud formation under 17-hour daylengths.  Day-

neutral types are considered insensitive to photoperiod as they flower throughout the growing 

season (Bringhurst and Voth, 1980; Ahmadi et al., 1990).   

While much of the research points to daylength and temperature as the critical factors, 

other studies point to the daily dark period or a plant produced inhibitor as the principal 

factor controlling flowering.  In a study by Hartmann (1947) a Junebearer was induced to 

flower at 21° C under three of four possible photoperiod combinations.  The only one in 

which flowers were not induced was the long day/short night treatment suggesting that the 

dark period must be of ample length relative to the light period for floral induction to occur.  

Using night interruptions, Durner et al. (1984) also concluded that it is the length of the daily 

dark period that governs the flowering response.  Other studies suggest that floral induction 

may actually be controlled by an intrinsic inhibitor synthesized under long days (Vince-Prue 

and Guttridge, 1973; Guttridge, 1985).  Heide (1977) contends that temperature plays a 

regulatory role in the plant’s sensitivity to this inhibitor such that either high temperatures 

promote the production of the inhibitor or low temperatures make the plant unresponsive to 

it.   
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The effect of flowering on vegetative growth in strawberries has long been a source 

of contention among investigators.  Battey and his colleagues (1998) maintained that 

although runnering and flowering are controlled separately in the plant, they seem to be 

interrelated and as such are correlative components of development.  Jahn and Dana (1966) 

argued that flowering and fruit development is not merely a competitive response, but is 

rather inhibitory to runner production delaying it by more than one month.  

The distribution or partitioning of resources within the plant may determine the 

balance between vegetative growth and fruit development.  Vegetative growth including 

runnering may be hindered in flowering and fruiting plants (Jahn and Dana, 1966; Olsen et 

al., 1985; Nicoll and Galletta, 1987).  Forney and Breen (1985) conducted a study using a 

day-neutral cultivar in which they compared vegetative growth and dry matter partitioning in 

plants allowed to fruit with plants that were deblossomed.  Their results indicated that during 

development, fruit is the largest sink for the plant’s resources such that stolon and branch 

crown emergence was precluded.  Deblossoming, on the other hand, seemed to stimulate 

vegetative growth including runners, branch crowns and leaves.  Conversely, Pritts and 

Worden (1988) found that fruit yield was unaffected by runner removal in the first year 

following planting. 

 Due to the aforementioned reasons, the regulation of flowering may be essential to 

facilitate runner production for propagation purposes.  One method of control is 

deblossoming.  The effectiveness of flower removal on runner production, however, has been 

as yet undetermined.  The results of some studies have indicated that deblossoming of 

Junebearers and everbearers promotes greater vegetative growth including increased 
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runnering (Scott and Marth, 1953; Jahn and Dana, 1966; Barritt, 1974).  Moore and Scott 

(1965) discovered that blossom removal was especially effective in the everbearing cultivars 

they tested as compared to a Junebearer.  They concluded that the incidence of maturing fruit 

was the decisive factor determining the magnitude of runner production. Effectiveness 

seemed to vary by cultivar, however.  Forney and Breen (1985) found that dry matter 

partitioning to developing fruits decreased runner, inflorescence and branch crown 

development by at least 80% as compared to deblossomed plants.  Dennis and Bennett 

(1969) found enhanced inflorescence development in conjunction with periodic blossom 

removal in an everbearing type also suggesting that fruit development hindered further floral 

production.  In contrast, however, they found no increase in runners, yet they did report an 

increase in runner plants per runner.  Tafazoli and Shaybany (1978) also reported that the 

continuous removal of flowers in an everbearing cultivar did not increase runner production, 

but rather increased further inflorescence development and subsequent fruit production.  

Floral initiation seemed only to be antagonistic to new floral initiation not runner formation.  

Pritts and Worden (1988) reported the highest season fruit yields in day-neutral plants that 

had been deblossomed just after planting.  

Increased temperatures may also provide a means of controlling flowering.  Ito and 

Saito (1962) reported a complete arrest of floral induction in a short-day type at 30° C 

regardless of daylength or number of cycles.  Durner et al. (1984) found that flowering in 

both everbearer and day-neutral cultivars nearly ceased under 30/26° C day/night 

temperatures, yet the plants continued to produce runners. 
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Runnering  

Daylength and temperature 

The extent of the runnering response seems to be regulated in part by both daylength 

and temperature in the strawberry.  Darrow and Waldo (1934) concluded that runner 

production was positively correlated with daylength. .   

Working with a number of junebearing varieties under increasing daylengths and 

temperatures, Darrow (1936) found that across temperatures of 12.8 to 21° C short days 

inhibited runner production and promoted flower induction.  Long days and higher 

temperatures promoted runner formation with the greatest number at the highest 

temperatures.  Responses varied by cultivar, however.  He later reported that runnering in 

Junebearers was promoted by daylengths of at least 12 hours and temperatures greater than 

10° C (Darrow, 1966).  Smeets and Kronenberg (1955) also suggested a temperature and 

daylength association in runner production.  They found plants grown under long days at  

23° C promoted the greatest runner response.  In follow up studies using Junebearers and 

everbearers, Smeets (1956, 1982) discovered that high temperatures of 23-26° C increased 

runner production in both plant types and encouraged continued runnering both over time 

and under increasingly shorter daylengths in Junebearers.   

Durner et al. (1984) demonstrated that runnering in Junebearers was promoted by 

long-day treatments regardless of temperature yet was improved by warmer temperatures.  

Runnering did not occur under short days until the temperature reached at least 26/22° C 

day/night temperatures.  Heide (1977) found that runner formation improved with 

photoperiod and temperature increases both alone and simultaneously.  As the photoperiod 
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increased, runner formation reflected a nearly inverse response to that of flower formation.  

Temperatures to 24° C increased runnering and worked to amplify the effect of long-day 

treatments.  The optimum photoperiod for runnering was determined to be 16 hours.  Darrow 

(1936) and Downs and Piringer (1955) obtained similar results.  

Durner et al., (1984) concluded that day-neutral strawberry plants exhibited a day-

neutral response in regard to runner production.  The greatest number of runner plants was 

achieved, however, under long-day treatments (9hr. daylength with a 3 hr. night interruption) 

and day/night temperatures above 22/18° C.   

Soil and root temperature 

Along with ambient air temperature, soil temperature has been shown to have an 

effect on the vegetative growth of strawberries.  Fear and Nonnecke (1989) suggested that 

increased soil temperatures may promote vegetative growth at the expense of fruit 

production.  Manipulating root temperatures through submersion of pots in controlled water 

baths, Proebsting (1957) found the incidence of runners and absorption of nitrogen were 

highest at root temperatures of  24° C, while flowering was greatest at lower root 

temperatures of 7 to 13° C.  Growth was markedly decreased at 32° C root temperatures.  

Roberts and Kenworthy (1956) also found increased top growth including runner formation 

as root temperatures increased from 7 to 24° C.  They found no appreciable differences in 

leaf nutrient composition as the temperatures changed.   

Plastic mulches 

Plastic mulches can offer a barrier against weeds, moisture loss, nutrient loss, erosion, 

and insect and disease injury while encouraging plant establishment and an earlier crop that 



 14

is cleaner and of potentially higher quality (Darrow, 1966; Voth, 1972; Himelrick, 1982; 

Scheerens and Brenneman, 1994; Mugalla et al., 1996).  In addition, they facilitate hand 

picking and lead to higher yields and increased fruit size (Voth, 1972; Scheerens and 

Brenneman, 1994). 

Soil temperatures can be increased in the field by applying plastic mulches at 

planting.  Darrow (1966) asserted that soil heat loss can be hindered by plastic coverings 

leading to a sustained increase in soil temperature.  Fear and Nonnecke (1989) found that soil 

temperatures were greatest under clear plastic followed in order by white plastic, white-on-

black plastic and finally wheat straw.   

Himelrick et al. (1993) also found that soil temperatures were warmest with clear 

plastic mulch followed in order of decreasing temperatures by black-on-white, black, white-

on-black, and bare ground.  Gupta and Acharya (1993) utilizing black and clear polyethylene, 

pine needles, and grass mulches reported increased root mass under mulched beds as 

compared to unmulched beds.  The greatest increase was found under the black polyethylene 

treatment and was attributed to the resultant increase in minimum soil temperature and 

nutrient uptake.  Lareau and Lamarre (1991) found that vegetative growth of day-neutral 

cultivars was enhanced with the use of black plastic as compared to straw mulch.  Fear and 

Nonnecke (1989) determined that vegetative growth, including runner production, was 

significantly higher on the clear and white plastic mulches, whereas fruit yield was 

significantly higher with the white-on-black plastic and straw mulches.  Himelrick (1982) 

attained a significant increase in runners and fruit with the use of black plastic mulch as 

compared to clear plastic, white plastic, and bare ground treatments.    
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Runner removal 

There is little information on the effects of periodic runner removal on subsequent 

runner formation.  Scheerens and Brenneman (1994) suggested that runner removal could 

lead to redirection of available plant resources and therefore be a contributing factor in the 

enhancement of strawberry nursery plot establishment and vegetative growth.  It is unclear if 

this increase in vegetative growth may also apply to succeeding runner production.  Pritts and 

Worden (1988) found that fruit yield was unaffected by runner removal in the first year 

following planting. 

 

Materials and methods 

The following study was conducted as a split-split-split plot design to investigate the 

effects of plastic mulches, runner plant harvest methods, and deblossoming on runner plant 

formation in day-neutral strawberry cultivars at four locations in North Carolina.  Soil, plant 

canopy, and ambient air temperatures along with plant nutrient status via petiole analysis 

were recorded for treatment comparison.  The mulch treatment at a particular location 

represented the main plot while cultivar, runner plant harvest method, and flower removal 

represented the sub plot, sub-sub plot, and sub-sub-sub plot treatments, respectively.  The 

day-neutral cultivars ‘Aromas’, ‘Diamante’, and ‘Seascape’, along with the junebearing 

cultivar ‘Chandler’ for comparison, were planted at four locations in North Carolina: the 

Upper Mountain Research Station at Laurel Springs (lat. 36°24′00″N, long. 81°18′00″W, 

elev. 876.3 m), the Upper Piedmont Research Station at Reidsville (lat. 36°22′48″N, long. 

79°42′00″W, elev. 256.03 m), the Horticultural Crops Research Station at Clinton  
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(lat. 35°01′12″N, long. 78°16′48″W, elev. 48.16 m), and the Lower Coastal Plain Tobacco 

Research Station at Kinston (lat. 35°22′12″N, long. 77°33′00″W, elev. 18.29 m).  Hereafter, 

these locations will be referred to as Laurel Springs, Reidsville, Clinton, and Kinston, 

respectively.  Locations were chosen to represent the three major climatic regions of North 

Carolina:  the mountains, the piedmont, and the coastal plain.  Soils were Toxaway loam 

(fine-loamy, mixed, nonacid, mesic Cumulic) at Laurel Springs, Rhone fine sandy loam 

(fine-loamy, mixed superactive Pachic Haplocryolls) at Reidsville, Orangeburg loamy sand 

(fine-loamy, kaolinitic, thermic Typic Kandiudults) at Clinton and Goldsboro sandy loam 

(fine-loamy, siliceous, subactive, thermic Aquic Paleudults) at Kinston.  Day-neutral 

cultivars were chosen according to range of photoinsensitivity, and all were available 

commercially.  ‘Seascape’ is considered a relatively strong day-neutral, while ‘Aromas’ and 

‘Diamante’ represent moderate to weak day-neutrals (Bringhurst and Voth, 1991; Shaw, 

1998a; Shaw, 1998b).  The Junebearer ‘Chandler’ was chosen to represent a standard 

commonly grown in North Carolina.  All plants, purchased from Lassen Canyon Nursery 

(Redding, CA), were field-dug and held in cold storage for 6 months at 28° C prior to 

planting.  

The experiment was performed using recommended practices for plasticulture 

strawberry production in North Carolina (Poling and Monks, 1994).  All fields were prepared 

using disc harrows and chisel plows, and raised beds with 1.5 m centers (except Laurel 

Springs with 1.8 m centers) were formed.  The total bed length was the same for all locations.  

At Kinston, six-48.8 m long beds were formed, and a 10N-20P-20K fertilizer at 560 kg⋅h-1 

was banded down the centers of the beds.  At Reidsville, seven beds were formed as the field 
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narrowed on one end.   At these locations two flanking rows were covered with white-on-

black plastic, and the remaining rows were covered with black plastic as they were 

simultaneously fumigated with methyl bromide.  The black plastic was removed one week 

prior to planting from two (three at Reidsville) adjacent rows on one side of the plot for the 

bare ground mulch treatment.  Due to an oversight there was no preplant fertilizer applied at 

Reidsville.  The Clinton location prepared four similar beds the previous fall and two more 

(which became the bare ground mulch treatments) in the spring.  A 10N-10P-10K fertilizer 

was banded down the center of the beds at the rate of 560 kg⋅h-1.  At Laurel Springs six-48.8 

m beds were formed and covered with black plastic for a period of five weeks to warm the 

soil before the application of methyl bromide.  The plastic was removed when the soil 

temperature reached 14° C and a 34N-0P-0K fertilizer was incorporated at the rate of 196 

kg⋅h-1.  The beds were reformed, covered with plastic as described for the other locations, and 

fumigated with methyl bromide.  The plastic covering the two bare ground mulch treatment 

rows was removed one week prior to planting.  Subsurface drip tape for irrigation was 

installed at all locations as the final plastic mulch treatments and the methyl bromide were 

applied.  Fertilizer and pesticide applications made throughout the experiment at each 

location are shown in appendix tables 3.1, 3.2, 3.3, and 3.4.  Product information and 

specifications for the four fields can be found in appendix tables 3.5, 3.6, 3.7, and 3.8.   

At each location cultivar represented the sub plot treatment.  The plants were 

established in single rows at 30 cm spacing in 20-plant plots with four replications per mulch 

treatment.  Two ‘Chandler’ plants were placed at the ends of each row to serve as guard 

plants.  The Laurel Springs field was planted two weeks after the other locations due to a 
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delay in field preparation and fumigation resulting from cooler temperatures.  The plants 

used in this field arrived in a separate shipment two weeks later than the first.  Planting dates 

were 3 May 2001, 4 May 2001, 4 May 2001, and 18 May 2001 for Reidsville, Kinston, 

Clinton, and Laurel Springs, respectively.  Weak or dead plants in all locations were replaced 

three weeks after the initial planting date.  Sub-sub plot treatments (10 plants each) were 

runner plant removal at three-week intervals (intermittent) versus a once-over final harvest of 

all runner plants.  Sub-sub-sub plot treatments (five plants each) were initial flower removal 

only (those flowers assumed to have been initiated prior to being placed in storage) versus 

periodic flower removal throughout the study.  

 Using WatchDog™ data loggers and radiation shields manufactured by Spectrum 

Technologies, Inc. (Plainfield, IL), soil and plant canopy temperatures were recorded at 15-

minute intervals following a six-week plant establishment period for the duration of the 

study.  The data loggers were mounted on 60 cm sections of PVC pipe and inserted between 

two plants at the center of one of the two replications located nearest the middle of the most 

inside row of each soil mulch treatment and positioned to be amidst the estimated mature 

plant canopy.  This is the height at which plant canopy temperatures were recorded.  Soil 

temperatures were obtained by the attached soil probe that was placed 30 cm to one side of 

the data logger at a soil depth of five centimeters.  The daily maximum and minimum 

temperatures were extracted from the recorded data, and the maximum and minimum daily 

air temperatures for each location were provided by the State Climate Office of North 

Carolina at NC State University (Raleigh, NC). 
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  On each intermittent method harvest date at each location twenty leaves from each 

replication of both ‘Chandler’ and ‘Seascape’ on the black plastic and bare ground mulch 

treatments were collected according to established foliar sampling guidelines (Campbell, 

1991).  Nutrient status was then obtained via foliar analysis conducted by the Plant Advisory 

Section in the Agronomic Division of the North Carolina Department of Agriculture and 

Consumer Services (Raleigh, NC).   

All data were subjected to statistical analysis of variance using the ANOVA 

procedure of SAS (SAS Institute, Cary, NC).  Means over five-plant plots were used to 

simplify analysis.  Effects to be used as error terms were specified due to the split-split-split 

plot structure of the experiment.  Means were separated using Fisher’s Protected lsd at the 

0.05 significance level. 

 

Results 

The Clinton location had a number of unfortunate management problems leading to 

data that was misleading.  The results from that field were therefore considered unreliable 

and unrepresentative of a coastal plain site and are not presented.   

Analysis of variance revealed that location, cultivar, and runner plant harvest method 

main effects were all significant (Table 1.1).  There were significant (but smaller) main 

effects of mulch treatment and flower removal.  Location by mulch treatment, location by 

cultivar, mulch treatment by cultivar, location by runner plant harvest method, and cultivar 

by runner plant harvest method interactions were all also significant. 
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Location and mulch treatment 

Kinston and Laurel Springs, with overall mean yields over five-plant plots of 142.56 

and 142.9 runner plants respectively, were not significantly different from each other but 

were significantly larger than Reidsville with a mean runner plant yield of 96.99. 

The black plastic mulch treatment runner plant yield at Laurel Springs was 

significantly higher than the bare ground yield (Table 1.2).  It was not, however, statistically 

different from the white-on-black mulch treatment yield.  At Kinston, the runner plant yields 

from the black plastic and bare ground mulch treatments did not differ significantly from 

each other, but the white-on-black mulch treatment yield was significantly higher than both.  

All mulch treatments were statistically similar at the Reidsville location.  

Cultivar 

All cultivars differed significantly from one another.  ‘Chandler’, ‘Aromas’, 

‘Diamante’, and ‘Seascape’ averaged 190.79, 169.90, 102.36, and 46.89 runner plants per 

five-plant plot, respectively.  ‘Aromas’ and ‘Chandler’ had significantly higher yields of 

runner plants at each location than either ‘Diamante’ or ‘Seascape’ (Table 1.3).  They also 

performed significantly better than either ‘Diamante’ or ‘Seascape’ regardless of soil mulch 

treatment (Table 1.4). 

All cultivars performed significantly better at both Kinston and Laurel Springs than 

Reidsville (Table 1.3).  ‘Chandler’ was the only cultivar to exhibit a significant yield 

difference between Kinston and Laurel Springs, with a higher runner plant yield at Laurel 

Springs.   
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At both the Kinston and Reidsville locations, there was no significant difference 

between ‘Aromas’ and ‘Chandler’, but both were significantly higher than ‘Diamante’  with 

‘Seascape’ significantly lower than the rest (Table 1.3).  At Laurel Springs ‘Chandler’ 

produced the greatest number of runner plants followed in order of significance by ‘Aromas’, 

‘Diamante’, and finally ‘Seascape’.  

For ‘Chandler’ the difference in runner plant yields between the three mulch 

treatments was significant (Table 1.4).  The white-on-black was highest followed in order by 

the black and bare ground mulch treatments.  The black and bare ground mulch treatments 

were not statistically different for ‘Aromas’, but the white-on-black mulch treatment was 

significantly higher than both of the others.  The number of runner plants produced by 

‘Diamante’ on the white-on-black and black mulch treatments did not differ significantly but 

were significantly higher than the bare ground mulch treatment.  As for ‘Seascape’, the three 

mulch treatments were not statistically differentiated.   

Runner plant harvest method 

The once-over runner plant harvest method resulted in significantly higher runner 

plant yields at every location for every mulch treatment and every cultivar than the 

intermittent runner plant harvest method (mean yields over 5-plant plots were 162.89 and 

92.07 runner plants, respectively) (Tables 1.5, 1.6, and 1.7). 

Looking at mean runner plant yields over 5-plant plots using only the once-over 

harvest method, the mulch treatment yields at each location were significantly different from 

one another with the exception of the black and bare ground yields at the Reidsville location 

and the black and white-on-black mulch treatment yields at Laurel Springs (Table 1.5).  At 
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Kinston, the white-on-black resulted in the highest number of runner plants produced 

followed by the bare ground and finally the black mulch treatment.  The black and white-on-

black mulch treatments produced significantly higher runner plant yields than the bare 

ground mulch treatment at Laurel Springs.  At Reidsville, the white-on-black mulch 

treatment produced the highest runner plant yields. 

As noted above, the once-over runner plant harvest method resulted in significantly 

greater production of runner plants by all four cultivars as compared to the intermittent 

method.  Statistically similar, ‘Aromas’ and ‘Chandler’ produced the greatest number of 

runner plants.  ‘Diamante’ and ‘Seascape’ produced the least (Table 1.6). 

Flower removal 

Deblossoming proved to be statistically significant overall with means 130.62 and 

124.35 for removal and no removal of flowers, respectively.  

Temperatures 

Mulch treatments across locations 

The Reidsville location had higher maximum daily soil temperatures for each mulch 

treatment than the other locations (Figures 1.1, 1.2, and 1.3).  Kinston was just below and 

both were markedly higher than Laurel Springs.  In contrast, Kinston had marginally higher 

minimum daily soil temperatures than Reidsville for all mulch treatments (Figures 1.4, 1.5, 

and 1.6).  Both were higher than Laurel Springs.  Maximum daily canopy temperatures were 

similar for Kinston and Reidsville with both higher than Laurel Springs (Figures 1.7, 1.8, and 

1.9).  Minimum daily canopy temperatures on all mulch treatments showed a trend similar to 
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the minimum daily soil temperatures across all locations, although the differences between 

Kinston and Reidsville were slightly greater (Figures 1.10, 1.11, and 1.12). 

Mulch treatments within locations 

At Laurel Springs the maximum daily soil temperatures were highest under the black 

plastic mulch treatment as compared to the white plastic and bare ground mulch treatments 

which hovered near the maximum daily air temperatures (Figure 1.13).  The minimum daily 

soil temperatures under the black plastic mulch treatment were also highest as compared to 

the other mulch treatments followed by the white and then the bare ground.  All were 

markedly higher than the minimum air temperatures (Figure 1.14).  The maximum and 

minimum daily canopy temperatures were similar for the three mulch treatments with the 

maximums higher than the maximum daily air temperatures and the minimums nearly the 

same as the minimum daily air temperatures (Figures 1.15 and 1.16).    

At Kinston the maximum daily soil temperatures under the black plastic were also 

held higher than the maximum air temperatures (Figure 1.17).  The maximum soil 

temperatures under the white-on-black plastic were maintained just below the maximum air 

temperatures but above the bare ground soil temperatures.  The minimum daily soil 

temperatures under both plastic mulch treatments were very similar and held above that of 

the minimum bare ground and air temperatures (Figure 1.18).  The maximum daily canopy 

temperatures on the white-on-black plastic were the highest as compared to the other mulch 

treatments which were similar and above the maximum daily air temperatures (Figure 1.19).  

The minimum daily canopy temperatures were similar for all three mulch treatments and the 

air temperatures (Figure 1.20).   
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At Reidsville the maximum daily soil temperatures under the black plastic were 

markedly higher than the other mulch treatments (Figure 1.21).  The white-on-black was only 

slightly higher than the bare ground which was very similar to the maximum daily air 

temperatures.  The minimum daily soil temperatures of all soil mulch treatments were 

substantially above the minimum daily air temperatures, with the black slightly higher than 

the white-on-black which was in turn slightly higher than the bare ground (Figure 1.22).  

Both the daily canopy maximum and minimum temperatures were similar for the three mulch 

treatments (Figures 1.23 and 1.24).  The maximum temperatures were just higher than the 

maximum daily air temperatures, while the minimum temperatures were just below the 

minimum daily air temperatures. 

The maximum daily air temperatures for the duration of the study were similar at 

Kinston and Reidsville with both higher than Laurel Springs (Figure 1.25).  Kinston had 

slightly higher minimum daily air temperatures than Reidsville, but both were again higher 

than Laurel Springs (Figure 1.26). 

Foliar analysis 

 Petiole nitrate nitrogen obtained for each intermittent harvest date at each location 

revealed that levels at the Laurel Springs and Kinston locations were markedly higher than 

those at the Reidsville location for both ‘Chandler’ and ‘Seascape’ on both the black plastic 

and bare ground mulch treatments (Figures 1.27, 1.28, 1.29, and 1.30).  Nitrogen levels for 

‘Chandler’ were slightly higher on the black plastic but the trend was very similar for both 

mulch treatments.  Laurel Springs produced the highest levels for ‘Chandler’ overall, 

followed by Kinston and then Reidsville.  The highest levels at Laurel Springs were obtained 
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on the first harvest date and showed a steady decline thereafter.  At both Kinston and 

Reidsville, the highest levels were obtained at the second harvest and decreased to very low 

levels by harvest three (Figures 1.27 and 1.28).  Nitrogen levels for ‘Seascape’ were also 

slightly higher on the black plastic mulch treatment.  On both the black plastic and bare 

ground mulch treatments, the levels at the second harvest dates were the highest obtained.  

Kinston had the highest levels for harvests one and two on the black plastic followed closely 

by Laurel Springs (Figure 1.29).  On the bare ground, however, the levels at Laurel Springs 

were the highest throughout followed by Kinston and finally Reidsville (Figure 1.30).   

 

Discussion 

Location 

Laurel Springs and Kinston had the highest runner plant yields likely attributed to 

more improved fertility and favorable temperatures.  Besides the obvious differences in soils 

and climate at each location, there were a number of differences between the locations 

involving preparation practices and pest problems.  At Reidsville, there was no fertilizer 

incorporation prior to planting.  Although no visual symptoms of nutrient deficiency were 

ever apparent at any location, without preplant fertilizer the plants may have been at a 

disadvantage from the start.  At Kinston there was significant deer predation to the foliage of 

plants on the plastic treatments early in the experiment.  The majority of damage occurred on 

one replication of the black plastic mulch treatment that was located on the edge of the field.  

Some minor damage also occurred on one replication of the white-on-black mulch treatment 

that was located to the inside of the black mulch treatment.  Anthracnose crown rot 
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(Colletotrichum sp.) was also found at this location and led to the loss of a small number of 

plants, mainly ‘Diamante’.  Conversely, the field at Laurel Springs did not suffer the 

problems observed at the other locations.  The planting stock used at Laurel Springs was 

received as a separate shipment that seemed to be free of anthracnose, and deer did not 

present a problem at this location. 

Mulch treatments 

 At all locations there was physiological damage and death sustained by runners in 

contact with the black plastic mulch treatment.  The surface of the black plastic was so hot 

that it burned the runners leading to necrotic lesions that terminated continued growth.  The 

damage was less extensive at Laurel Springs.  In contrast, the surface temperature of the 

white plastic remained cooler, and no runner damage was observed.   

Laurel Springs was the only location to have highest runner plant yields on the black 

plastic.  The maximum daily soil temperatures under the black plastic were similar at Kinston 

and Reidsville at around 32-38° C throughout the experiment.  Both were markedly higher 

than Laurel Springs at about 25-30° C.  The minimum daily soil and maximum daily canopy 

temperatures showed a similar trend (Figures 1.1, 1.4, 1.7, and 1.10).  The higher soil and 

surface temperatures of the black plastic proved limiting to runner plant yield at both Kinston 

and Reidsville, yet it provided the temperature increase necessary for optimal growth at 

Laurel Springs. 

The white-on-black mulch treatment produced the greatest number of runner plants 

relative to the other mulch treatments at both Kinston and Reidsville. The maximum daily 

soil temperatures under the white-on-black treatments stayed 4-5° C cooler than the black 
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plastic mulch treatment and roughly 1-3° C warmer than the bare ground over the course of 

the study at each location with the exception of Laurel Springs where white-on-black and 

bare ground temperatures were similar.  The bare ground temperatures were somewhat less 

uniform (Figures 1.1, 1.2, and 1.3).  Daily minimum soil temperatures for the white-on-black 

plastic at these locations were also lower than the black and just higher than the bare ground 

measurements (Figures 1.4, 1.5, and 1.6).  Whereas the warmer soil and surface temperatures 

resulting from the black plastic mulch inhibited growth at both Kinston and Reidsville, the 

lower temperatures offered by the white-on-black mulch treatments at these locations 

provided for an increase in runner plant production.  While the bare ground treatment was 

cooler still, it is likely that other factors such as lack of moisture retention as compared to the 

plastic mulch treatments played a role in ultimate growth.  White plastic used as mulch has 

been shown to increase yield by increasing photosynthesis in plants as compared to black 

plastic and bare ground (Pendelton and Peters, 1966).  In their study the white plastic mulch 

treatments increased photosynthesis by reflecting the majority of sunlight back into the 

canopy, whereas black plastic reflected as little as three percent.   

At all three locations, the maximum daily soil temperatures under the black plastic 

gradually decreased toward the maximum daily temperatures of the air and the other mulch 

treatments near the conclusion of the experiment (Figures 1.13, 1.17, and 1.21).  This decline 

could be due to shading provided by the mature plant canopy.  Scheerens (1994) found a 

reduction in crown temperatures due to shading on mulched rows.  The same trend was not 

observed in the plant canopy temperatures. 
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Cultivar 

 ‘Chandler’ produced a large number of runner plants at all locations across all mulch 

treatments throughout the study as expected of a Junebearer.  ‘Aromas’ performed similarly 

to ‘Chandler’.  While it runnered prolifically, it nearly ceased floral production.  It seems that 

‘Aromas’ behaves as a very weak day-neutral at these locations in North Carolina.  

‘Diamante’ performed as a moderate day-neutral cultivar.  While it produced fewer runner 

plants than ‘Aromas’, it continued to flower.  In plots where flowers weren’t removed, it also 

produced fruit that appeared to be of good quality especially at the Laurel Springs location.  

‘Seascape’ behaved as a strong day-neutral cultivar throughout the study.  It flowered in 

abundance and also matured quality fruit but produced only a small number of runner plants 

(Tables 1.3 and 1.4).  It appears that of the day-neutral cultivars tested, ‘Diamante’ would 

provide the best combination of qualities desired in a day-neutral cultivar for this area.  It 

could produce an adequate number of runner plants for sale to growers and has the potential 

to supply fruit over an extended period both spring and fall and even throughout the summer 

in cooler areas where the quality would be acceptable.   

Runner plant harvest method 

 The once-over harvest method was clearly the method that resulted in the most runner 

plants produced which was nearly twofold that of the intermittent method for all locations 

and all cultivars (Tables 1.6 and 1.7).  Removing runners periodically throughout the season 

did not lead to the enhancement of subsequent runner/runner plant development, at least not 

for the duration of this study.  While some of the first runner plants to appear were likely too 

large to use as transplants, that loss could be readily absorbed by the sheer volume of plants 
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produced.  The once-over method also reduced the amount of labor required in the field 

during the season as compared to the intermittent method.   

Flower removal 

 The difference made in runner plant production as a result of flower removal was so 

small that it did not justify the time and labor required to perform the operation.  It is 

probable that significant differences only materialized due to the large body of data. 

Soil and air temperature 

Because the ambient air temperature at Laurel Springs was lower than the other 

locations throughout the experiment (Figure 1.25 and 1.26), the warming of the soil in the 

root zone of plants on the black plastic may have led to an increase in growth as compared to 

the white-on-black and bare ground mulch treatments. The maximum daily soil temperatures 

under the black plastic hovered between 25 and 30° C (Figure 1.13).  The maximum daily 

soil temperatures for the air, white-on-black plastic mulch treatment, and bare ground mulch 

treatment were similar at around 20-25° C.  The yields on the white-on-black were higher 

than the bare ground possibly due to the moderated minimum daily soil temperatures which 

stayed between that of the black plastic and bare ground mulch treatments (Figure 1.14).  The 

runner plant yield on the white-on-black mulch treatment was not statistically different from 

that on the black plastic.   Again, soil moisture retention under the plastics and a possible 

increase in photosynthesis as reported by Pendelton and Peters (1966) may have provided the 

white-on-black mulch treatment with both an advantage over the bare ground and an increase 

in production approaching that of the black plastic.  The canopy temperatures provided no 

explanation for differences in mulch treatments.  
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The temperatures at Kinston, the coastal plain location, are much higher throughout 

the summer as compared to Laurel Springs (Figures 1.25 and 1.26).  The soil temperature 

under the black plastic mulch treatment may have been so high that it negatively impacted 

the plants.  The maximum daily soil temperatures under the black ranged from about 32 to 

37° C during the course of the experiment, whereas those under the white-on-black and bare 

ground mulch treatments generally stayed just below the air temperature at about 30° C 

(Figure 1.17).  Again the minimum daily soil temperatures along with probable increased 

moisture retention may provide an explanation for the higher runner plant yields on the 

white-on-black mulch treatment as compared to the bare ground at this location.  The 

minimum temperatures under the white-on-black and black plastic mulch treatments were 

nearly identical at around 25° C which was consistently above the bare ground mulch 

treatment by about 2 to 3° C (Figure 1.18).  The canopy temperatures again provided no 

obvious explanation for differences in runner plant yields.  In combination with a potential 

increase in photosynthesis (Pendelton and Peters, 1966), the moderating effect of lower 

maximum and higher minimum soil temperatures under the white-on-black plastic may 

provide an explanation for the higher runner plant yields from that mulch treatment. 

  At Reidsville, the piedmont location, the maximum soil temperatures under the black 

plastic mulch treatment ranged from about 33 to 38° C for most of the experiment.  Again, 

this may have been limiting to plant growth.  Unlike Kinston, the maximum soil temperatures 

for the other two mulch treatments were maintained at or above the maximum daily air 

temperatures.  The same held true for Laurel Springs, but the temperatures there were 

consistently lower than Reidsville (Figures 1.13, 1.17, and 1.21).  Although it is unclear why 
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the temperatures at Reidsville were higher overall, along with insufficient fertility it may help 

to explain the lower runner plant yields at this location as compared to Kinston and Laurel 

Springs.  The maximum daily soil temperatures for the white-on-black mulch treatment 

ranged from about 30-34° C and along with the minimum daily soil temperatures were only 

slightly higher than the bare ground mulch treatment temperatures (Figures 1.21 and 1.22).  

While moderating temperature effects could provide some explanation for the runner plant 

yield differences between the two mulch treatments, other environmental factors should be 

considered including possible increased plant photosynthesis (Pendelton and Peters, 1966) 

and moisture retention provided by the white-on-black treatment.   Again, canopy 

temperatures provided no evidence for yield differences (Figures 1.23 and 1.24). 

Foliar analysis 

The levels of petiole nitrate nitrogen in ‘Chandler’ reflected the runner plant yield 

produced at each location by this cultivar with the highest yields attained at Laurel Springs 

followed by Kinston (Figures 1.27 and 1.28) (Table 1.3).  ‘Seascape’ yields reflected a 

similar relationship.  The highest runner plant yields occurred at Kinston closely followed by 

Laurel Springs (Figures 1.29 and 1.30) (Table 1.3).  While specific recommendations on 

nitrogen and other nutrient levels for strawberry nursery plant production in North Carolina 

are not available, Campbell (1991) stated that the level of petiole nitrate nitrogen during plant 

establishment for strawberry fruit production should range between 1500 and 2000 ppm and 

during vegetative growth typically preceding fruiting should rise to 3000-4000 ppm.  He also 

stated that the level should not fall below 500 ppm.  For ‘Chandler’, only the Laurel Springs 

location managed to promote nitrogen levels above 2000 ppm at any time.  Reidsville fell 
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below 1000 ppm at all three harvest dates, while the final harvest analysis revealed levels 

near or below 500 ppm at all locations and with both mulch treatments for this cultivar 

(Figures 1.27 and 1.28).  ‘Seascape’ analysis revealed that nitrogen levels at both Kinston 

and Laurel Springs approached or surpassed 3000 ppm at the second harvest date.  Again the 

Reidsville location fell short with the highest level reaching only about 1700 ppm also on the 

second harvest date (Figures 1.29 and 1.30).  The results suggest that the plants used more 

nitrogen as runner plant production increased over the season.  Indications were that nitrogen 

should be increased as the season progresses to maintain and promote runner plant 

production at optimal levels.  

 

Summary and recommendations 

Despite the differences in soil and climate at Laurel Springs and Kinston, runner plant 

yields were remarkably similar between the two locations.  The results suggest that with the 

use of the appropriate plastic mulch combined with effective nutrient levels suitable runner 

plant yields can be obtained regardless of location.  The color of the plastic mulch should, 

however, be selected based on area temperatures.  The increase in temperatures provided by 

the black plastic mulch treatment enhanced growth at the cooler mountain location, whereas 

it inhibited growth and led to necrosis of young runners at the warmer locations.  Likewise, 

the moderated temperatures provided by the white-on-black plastic mulch treatment 

facilitated growth under the higher temperatures of the piedmont and coastal plain.  In 

addition, nutrient levels should be maintained throughout the season at levels consistent with 

the recommendations for vegetative growth prior to fruiting as set forth by Campbell (1991).  
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Further studies should be implemented to determine the optimum level of petiole nitrate 

nitrogen for strawberry nursery plant production in the southeast.  

The once-over runner plant harvest method should be used as it not only resulted in a 

higher number of runner plants produced overall but significantly decreased the amount of 

labor required in the interim.  The same was true for flower removal.  The resultant increase 

in runner plant yield did not justify the labor required to remove the inflorescences 

throughout the season.   

The cultivar ‘Diamante’ possesses the qualities necessary to implement a feasible 

system for both nursery and fruit production of day-neutral cultivars in the southeast.  It 

performed as a moderate day-neutral at all locations producing runner plants while also 

producing quality fruit, especially at the mountain location.  Other promising day-neutral 

strawberry cultivars should be tested for appropriateness as well. 
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Table 1.1.  Analysis of variance for total strawberry runner plant yield as influenced by flower removal and runner plant harvest 
method comparing three mulch treatments and four cultivars tested at three locations.z 

 

  

 

 Mean squares for total yield F value 

Source of variation df Runner plant no. 

   

Location 2 133870.188** 17.52 

Treatment 2 72083.236** 9.43 

Location X Treatment 4 37255.207** 4.87 

Replication (Loc. X Trt.) 27 7643.012 7.96 

Cultivar 3 620777.040** 181.08 

Location X Cultivar 6 8849.795* 2.58 

Treatment X Cultivar 6 9439.640* 2.75 

Location X Treatment X Cultivar 12 3625.315 1.06 

Replication X Cultivar (Loc. X Trt.) 81 3428.26 3.57 
Continued next page 
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Table 1.1 (continued). 

  

 

 Mean squares for total yield F value 

Source of variation df Runner plant no. 

   

Harvest method 1 72227.940** 296.39 

Location X Harvest method 2 14392.289** 5.91 

Treatment X Harvest method 2 3572.639 1.47 

Location X Treatment X Harvest method 4 9972.488** 4.09 

Cultivar X Harvest method 3 51623.961** 21.19 

Location X Cultivar X Harvest method 6 1861.759 0.76 

Treatment X Cultivar X Harvest method 6 1776.41 0.73 

Location X Treatment X Cultivar X Harvest method 12 1635.729 0.67 

Replication X Cultivar X Harvest method (Loc. X Trt.) 108 2436.812 2.54 
Continued next page 
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Table 1.1 (continued). 

  

 

 Mean squares for total yield F value 

Source of variation df Runner plant no. 

   

Flower removal 1 5656.293* 5.89 

Location X Flower removal 2 184.382 0.19 

Treatment X Flower removal 2 2173.51 2.26 

Location X Treatment X Flower removal 4 1412.965 1.47 

Cultivar X Flower removal 3 869.475 0.91 

Location X Cultivar X Flower removal 6 377.813 0.39 

Treatment X Cultivar X Flower removal 6 2152.424* 2.24 

Location X Treatment X Cultivar X Flower removal  12 893.848 0.93 

Harvest method X Flower removal 1 604.955 0.63 
Continued next page 
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Table 1.1 (continued). 

  

 

 Mean squares for total yield F value 

Source of variation df Runner plant no. 

   

Location X Harvest method X Flower removal 2 928.189 0.97 

Treatment X Harvest method X Flower removal 2 729.385 0.76 

Location X Treatment X Harvest method X Flower removal 4 1897.587 1.98 

Cultivar X Harvest method X Flower removal 3 233.797 0.23 

Location X Cultivar X Harvest method X Flower removal 6 639.719 0.67 

Treatment X Cultivar X Harvest method X Flower removal 6 1940.51 2.02 

Location X Treatment X Cultivar X Harvest method X Flower removal 12 457.258 0.48 

Error 216 959.654 -- 
zAnalysis performed for mean runner plant yields of 5-plant plots.                   
* = F ratio significant at 0.05 level of significance. 

  

** = F ratio significant at 0.01 level of significance.   
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Table 1.2.  Strawberry runner plant yields comparing three mulch treatments at three 
locations.z 

  

  

Mulch treatment  Location  

 Kinston Laurel Springs Reidsville 

    

Black plastic 111.14 165.91 88.23 

Bare ground 137.19 109.67 87.98 

White-on-black plastic 179.34 153.13 114.77 

LSD=31.71  

zData are mean runner plant yields of 5-plant plots over two runner plant harvest methods, 
two flower removal methods, four cultivars, and four replications summed over three 
harvests. 
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Table 1.3.  Strawberry runner plant yields of four cultivars at three locations.z 

  

  

Cultivar  Location  

 Kinston Laurel Springs Reidsville 

    

‘Aromas' 197.06 178.25 134.38 

‘Chandler' 200.56 225.08 146.73 

‘Diamante' 113.01 115.81 78.25 

‘Seascape' 59.6 52.46 28.63 

LSD=23.84  

zData are mean runner plant yields of 5-plant plots over three mulch treatments, two runner 
plant harvest methods, two flower removal methods, and four replications summed over three 
harvests. 
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Table 1.4.  Strawberry runner plant yields of four cultivars on three mulch treatments.z 

  

  

Mulch treatment  Cultivar        

 'Aromas' 'Chandler' 'Diamante' 'Seascape' 

  

Black plastic 155.75 185.58 109.54 36.16 

Bare ground 158.17 159.29 83.44 45.56 

White-on-black plastic 195.77 227.50 114.08 58.96 

LSD=23.84  

zData are mean runner plant yields of 5-plant plots over two runner plant harvest methods, 
two flower removal methods, four replications, and three locations summed over three 
harvests. 
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Table 1.5.  Strawberry runner plant yields comparing two runner plant harvest methods on 
three mulch treatments at three locations.z 
 

  

  

Mulch treatment Harvest method Location 

 Kinston Laurel Springs Reidsville 

    

Black plastic intermittent 82.47 114.16 64.91 

 once-over 139.8 217.66 111.56 

Bare ground intermittent 89.32 87.22 63.59 

 once-over 185.06 132.13 112.38 

White-on-black plastic intermittent 129.38 112.09 85.53 

 once-over 229.31 194.16 144 

LSD=24.5  

zData are mean runner plant yields of 5-plant plots over four cultivars, two flower removal 
methods, and four replications.  The intermittent method yields are mean runner plant yields 
of 5-plant plots summed over three harvests. 
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Table 1.6.  Strawberry runner plant yields of four cultivars comparing two runner plant 
harvest methods.z 
 

 

 

Harvest method  Cultivar   

'Aromas' 'Chandler' 'Diamante' 'Seascape' 

    

Intermittent 109.68 161.75 64.99 31.88 

Once-over 230.11 219.83 139.72 61.91 

LSD=16.33  

zData are mean runner plant yields of 5-plant plots over three mulch treatments, two flower 
removal methods, four replications, and three locations.  The intermittent yields are mean 
runner plant yields of 5-plant plots summed over three harvests. 
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Table 1.7.  Strawberry runner plant yields comparing two runner plant harvest methods at 
three locations.z 

 
 

 

Harvest method Location 

 Kinston Laurel Springs Reidsville 

    

Intermittent 100.39 104.49 71.34 

Once-over 184.73 181.31 122.65 

LSD=14.14    

zData are mean runner plant yields of 5-plant plots over three mulch treatments, four 
cultivars, two flower removal methods, and four replications.  The intermittent yields are 
mean runner plant yields of 5-plant plots summed over three harvests. 
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Figure 1.1.  Maximum daily soil temperatures for the black plastic mulch treatment at three 
locations.  Line breaks are indicative of missing data. 
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Figure 1.2.  Maximum daily soil temperatures for the bare ground treatment at three 
locations. 
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Figure 1.3.  Maximum daily soil temperatures for the white-on-black plastic mulch treatment 
at three locations. 
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Figure 1.4.  Minimum daily soil temperatures for the black plastic mulch treatment at three 
locations.  Line breaks are indicative of missing data. 
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Figure 1.5.  Minimum daily soil temperatures for the bare ground treatment at three 
locations. 
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Figure 1.6.  Minimum daily soil temperatures for the white-on-black plastic mulch treatment 
at three locations. 
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Figure 1.7.  Maximum daily canopy temperatures for the black plastic mulch treatment at 
three locations.  Line breaks are indicative of missing data. 
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Figure 1.8.  Maximum daily canopy temperatures for the bare ground treatment at three 
locations. 
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Figure 1.9.  Maximum daily canopy temperatures for the white-on-black plastic mulch 
treatment at three locations. 
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Figure 1.10.  Minimum daily canopy temperatures for the black plastic mulch treatment at 
three locations.  Line breaks are indicative of missing data. 
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Figure 1.11.  Minimum daily canopy temperatures for the bare ground treatment at three 
locations. 
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Figure 1.12.  Minimum daily canopy temperatures for the white-on-black plastic mulch 
treatment at three locations. 
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Figure 1.13.  Maximum daily soil temperatures for three soil mulch treatments and maximum 
daily air temperatures for Laurel Springs.  Line breaks are indicative of missing data. 
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Figure 1.14.  Minimum daily soil temperatures for three soil mulch treatments and minimum 
daily air temperatures for Laurel Springs.  Line breaks are indicative of missing data. 
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Figure 1.15.  Maximum daily canopy temperatures for three soil mulch treatments and 
maximum daily air temperatures for Laurel Springs.  Line breaks are indicative of missing 
data. 
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Figure 1.16.  Minimum daily canopy temperatures for three soil mulch treatments and 
minimum daily air temperatures for Laurel Springs.  Line breaks are indicative of missing 
data. 
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Figure 1.17.  Maximum daily soil temperatures for three soil mulch treatments and maximum 
daily air temperatures for Kinston.  Line breaks are indicative of missing data. 
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Figure 1.18.  Minimum daily soil temperatures for three soil mulch treatments and minimum 
daily air temperatures for Kinston.  Line breaks are indicative of missing data.   
 
 
 

0

5

10

15

20

25

30

35

40

45
6/

16
/0

1

6/
23

/0
1

6/
30

/0
1

7/
7/

01

7/
14

/0
1

7/
21

/0
1

7/
28

/0
1

8/
4/

01

8/
11

/0
1

Date

Te
m

pe
ra

tu
re

 (C
)

bare ground
black plastic
white-on-black plastic
air



 67

0

5

10

15

20

25

30

35

40

45
6/

16
/2

00
1

6/
23

/2
00

1

6/
30

/2
00

1

7/
7/

20
01

7/
14

/2
00

1

7/
21

/2
00

1

7/
28

/2
00

1

8/
4/

20
01

8/
11

/2
00

1

Date

Te
m

pe
ra

tu
re

 (C
)

bare ground
black plastic
white-on-black plastic
air

 
 
Figure 1.19.  Maximum daily canopy temperatures for three soil mulch treatments and 
maximum daily air temperatures for Kinston.  Line breaks are indicative of missing data. 
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Figure 1.20.  Minimum daily canopy temperatures for three soil mulch treatments and 
minimum daily air temperatures for Kinston.  Line breaks are indicative of missing data. 
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Figure 1.21.  Maximum daily soil temperatures for three soil mulch treatments and maximum 
daily air temperatures for Reidsville.  Line breaks are indicative of missing data. 
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Figure 1.22.  Minimum daily soil temperatures for three soil mulch treatments and minimum 
daily air temperatures for Reidsville.  Line breaks are indicative of missing data. 
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Figure 1.23.  Maximum daily canopy temperatures for three soil mulch treatments and 
maximum daily air temperatures for Reidsville.  Line breaks are indicative of missing data. 
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Figure 1.24.  Minimum daily canopy temperatures for three soil mulch treatments and 
minimum daily air temperatures for Reidsville.  Line breaks are indicative of missing data. 
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Figure 1.25.  Maximum daily air temperatures for three locations.  Line breaks are indicative 
of missing data.  
 
 
 
 



 74

0

5

10

15

20

25

30

35

40

45

0 1 2 3 4 5 6 7 8

Week

Te
m

pe
ra

tu
re

 (C
) 

Kinston
Reidsville
Laurel Springs

 
Figure 1.26.  Minimum daily air temperatures for three locations.  Line breaks are indicative 
of missing data. 
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Figure 1.27.  Petiole nitrate nitrogen analysis for ‘Chandler’ on black plastic at three 
locations. 
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Figure 1.28.  Petiole nitrate nitrogen analysis for ‘Chandler’ on bare ground at three 
locations. 
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Figure 1.29.  Petiole nitrate nitrogen analysis for ‘Seascape’ on black plastic at three 
locations. 
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Figure 1.30.  Petiole nitrate nitrogen analysis for ‘Seascape’ on bare ground at three 
locations. 
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Chapter Two: Effects of light intensity on fruit development in day-neutral strawberry 

cultivars 
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Effects of light intensity on fruit development in day-neutral strawberry cultivars 

 

Abstract 

 The fruit of day-neutral cultivars that develops following dormancy from flowers 

initiated prior to dormancy are often of low quality or are misshapen.  Conversely, the fruit 

that develops from flowers initiated following dormancy are usually normal and of suitable 

quality.  Low light intensity at the time of floral initiation or development may be a factor.  

This study examined the effects of light intensity on both floral initiation prior to an imposed 

dormant period and flower and fruit development following dormancy.  The experiment was 

a randomized complete block design with two replications.  Rooted runner plants of the day-

neutral cultivars ‘Seascape’ and ‘Everest’ were potted and placed in one of two growth 

chambers receiving 12-hour light and dark periods with light periods at a light intensity of 

either 180 or 360 µmol·m-2·s-1.  Following an initial establishment period, the temperatures in 

the chambers were lowered periodically to induce dormancy and later raised to simulate 

spring growth.  Emerging flowers were hand pollinated and resulting fruit was counted and 

weighed.  Misshapen fruit and dead flowers were also counted and recorded.  The results 

suggested that it was not the predormancy light intensity under which floral initiation 

occurred, but rather the postdormancy light intensity following dormancy during which the 

flowers emerged and the fruit developed that determined both total yield in weight and 

number of fruit produced.  Of the two light intensities during this period, the higher intensity 

treatment (360 µmol·m-2·s-1) resulted in significantly higher yields for weight, number of 

fruit, and also number of dead flowers.  The number of misshapen fruit was minimal.  
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‘Everest’ produced significantly more fruit than ‘Seascape’ regardless of light treatment.  

Mature anthers with viable pollen were absent in the first flowers to emerge as has been 

reported with low light intensity.  This may provide an explanation for the small, misshapen 

fruit from the first flush of flowers in the spring.  Viable pollen was eventually produced 

suggesting that temperature may also be a factor.  

 

Introduction 

Unlike the traditionally grown June-bearing cultivars, day-neutral strawberry cultivars 

initiate flowers throughout the growing season (Bringhurst and Voth, 1980; Ahmadi et al., 

1990). Therefore, they have the potential to provide a longer production season.  Often 

however, according to J. Ballington (personal communication, March 25, 2000), the first fruit 

to develop in the spring following winter dormancy is misshapen and of inferior quality as 

compared to the Junebearing types.  This fruit arises from flowers initiated at the very end of 

the previous growing season which can be late fall or early winter since day-neutral cultivars 

continue fruiting up until this time.  Also according to J. Ballington (personal 

communication, March 25, 2000), the fruit that develop from inflorescences initiated 

following dormancy are typically normal and of acceptable marketable quality.  Low light 

intensity during or following floral initiation may be a factor (Kinet and Sachs, 1984; Kinet, 

1989; Rylski et al., 1994) leading to poor quality fruit in day-neutral cultivars from flowers 

initiated in the previous growing season.  The level of irradiance reaching the ground on a 

clear day can be as high as 1000 W·m-2 or 2000 µmol·m-2·s-1 (Hall and Rao, 1999). 
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Literature review 

Many plants including roses, azaleas, tomatoes, lilies, irises, gladiolas, and 

bougainvilleas grown under low light intensity levels undergo delayed floral initiation and 

reproductive development and, in many cases, floral abortion (Kinet, 1989; Kinet et al., 

1985).  Research has also demonstrated that unfavorable light levels need only be present for 

short periods of time during specific developmental stages to cause floral abnormalities or 

failure.  In the tomato, for example, the critical period appears to be during meiosis in the 

anthers.  Low light levels during this time result in floral abortion (Kinet, et al., 1985).     

Few studies have been conducted on the effects of light intensity during floral initiation 

preceding dormancy and on subsequent flower development and fruit quality of strawberries.  

Smeets (1980), using plants in which floral initiation had already occurred, found that the 

total number of inflorescences and flowers per inflorescence, the number of viable stamens, 

and the number of berries all increased when grown under 16 hour days with light intensity 

of 24 W·m-2 as compared to 12 W·m-2.  Vlachonasios, Vasilakakis, Dogras, and Mastrokostas 

(1995) working with the day-neutral cultivar ‘Brighton’ obtained malformed and cracked 

fruit under low light intensity and short photoperiod conditions.  They also observed that 

plants grown near the top of vertical columns had higher yields than those grown further 

down on the column, also suggesting a light intensity effect.   

Flower development and fruit quality appear to be enhanced with increased light 

intensity (Smeets, 1980; Kinet et al., 1985; Vlachonasios et al., 1995).  Given this, the 

following study was proposed to test the effects of combinations of high and low light 
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intensity at the time of floral initiation preceding dormancy and on flower and fruit 

development following dormancy. 

 

Materials and methods 

The experiment was a randomized complete block using four C-chambers, denoting two 

replications, and two cultivars.  Each C-chamber has a growing area of 1.35 m3. 

On 6 Nov. 2000 rooted runner plants of the day-neutral strawberry cultivars ‘Seascape’ 

and ‘Everest’ were potted in a commercially available growing media [Fafard 4-P (Fafard, 

Anderson, S.C.) which contained (v/v): 4 sphagnum peat : 2 pinebark : 2 vermiculite :  

1 perlite] in 12.7 cm pots and moved to the phytotron for fumigation.  Two days later, eight 

plants of each cultivar were randomly placed and evenly spaced in a 4 x 4 grid in one of the 

four chambers.  Using a combination of incandescent and fluorescent lights, one chamber in 

each replication was set at a light intensity level of 360 µmol·m-2·s-1, and one was set at 180 

µmol·m-2·s-1.  All received 12-hour light and dark periods, and all were maintained at 

day/night temperatures of 18/14 °C.   

During the establishment period, all discernable inflorescences were removed, as those 

were considered to have developed from buds initiated prior to placement in the chambers.  

All plants were fertilized once weekly with the standard nutrient solution supplied by the 

phytotron (Thomas and Downs, 1991).  The temperatures in the chambers were lowered to 

14/7 °C on 7 Dec. 2000.  At that time, weekly fertilization was discontinued.  On 19 Dec. 

2000 the temperature was again lowered in all chambers to 7/7 °C to promote a resting or 



 84

dormant period in the plants.  All plants received a minimum of 720 chilling hours during 

this imposed dormant period.    

On 18 Jan. 2001 the temperatures in the chambers were raised to 14/7 °C, fertilization 

was resumed, and four of the eight plants of each cultivar in each chamber were moved to the 

other chamber in that replication with the alternate light regime.  The sixteen plants in each 

chamber were then randomized and placed in the 4 x 4 grid formation.  From this time 

forward, all emerging flowers were hand-pollinated using an artist’s paintbrush at two to 

three day intervals.  The paintbrush was cleaned with a 70% ethyl alcohol solution between 

cultivars within light treatments.  On 25 Jan. 2001 the temperature was again raised to  

22/18 °C.   

All fruit was harvested, counted and weighed at maturity.  Misshapen fruit and dead 

flowers were counted and recorded.   

On 11 Mar. 2001 the plants were relocated to the Horticultural Science department 

greenhouses at N.C. State University where they were maintained at 22 °C under natural 

daylengths for the remainder of the experiment. A water soluble 20N-20P-20K fertilizer was 

applied to the plants once weekly at a concentration of 200 mg·L-1.  The final data were 

collected on 8 Apr. 2001, when the first fruiting cycle was determined at an end.  All data 

were subjected to statistical analysis of variance (Table 2.1).  Means were separated using 

Fisher’s Protected lsd at the 0.05 significance level. 
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Results 

 Postdormancy (ending) light treatment and cultivar main effects were both significant 

with respect to number of fruit (Table 2.1).  The ending light treatment main effect was also 

significant regarding fruit weight and number of dead flowers. 

The analysis on number of fruit revealed that those plants receiving the higher light 

intensity following the imposed dormant period produced a number of fruit that was 

significantly higher than those plants receiving the lower light intensity during the same 

period (Table 2.2).  The same was true for both fruit weight and number of dead flowers 

removed, with significantly higher numbers obtained from the plants grown under the higher 

ending light intensity.  Neither the predormancy (beginning) light intensity received prior to 

the imposed dormancy nor the interaction between the beginning and ending light treatments 

was significant in number of fruit, weight of fruit, or dead flowers produced (Table 2.1). 

 The number of fruit produced by ‘Everest’ was significantly higher than the number 

produced by ‘Seascape’ regardless of treatment with mean yields of 16.03 and 12.19 berries 

per plant, respectively.  Neither the weight of the fruit nor the number of dead flowers 

differed significantly between the two cultivars.  The mean fruit weight per plant was  

171.26 g for ‘Everest’ and 150.39 g for ‘Seascape’, and the mean number of dead flowers 

was 7.41 and 9.38 per plant for ‘Everest’ and ‘Seascape’, respectively. 

  The number of misshapen fruit was minimal overall and did not seem to be 

associated with any particular light treatment (Figure 2.1). 
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Discussion 

The results suggested that it was not the predormancy (beginning) light intensity under 

which floral induction and initiation occurred, but rather the postdormancy (ending) intensity 

during floral emergence and fruit development that was pivotal in determining both total 

yield in weight and number of fruit produced.  Of the two light intensities during this period, 

the higher intensity treatment (360 µmol·m-2·s-1) resulted in significantly higher yields for 

weight, number of fruit, and also number of dead flowers (Table 2.2).   

While the number of dead flowers was greatest under the higher ending light intensity 

treatment, it is simply possible that more of the initiated inflorescences developed to 

flowering in that light regime overall.  With means of 7.4 and 9.4 for ‘Everest’ and 

‘Seascape’, respectively, the number of dead flowers (flowers that were not successfully 

pollinated and therefore failed to produce fruit) did not differ significantly between cultivars 

yet was slightly higher for 'Seascape'.  This may provide an explanation for the lower number 

of fruit produced by this cultivar.  

The first flowers to appear following dormancy did not bear mature anthers.  Pollen in 

adequate amounts was not produced until mid-February.  Darrow and Waldo (1934) reported 

similar findings on greenhouse grown junebearing strawberry plants.  They attributed the 

lack of pollen to nutritional deficiency resulting from low light intensity.  Darrow (1966) 

reported that poor growing conditions including low light intensity and low temperatures 

causes repression of floral whorls in a definite pattern beginning with stamens.  He also 

maintained that if the first fruit to develop is small and irregularly shaped yet subsequent fruit 

development is normal, the cause is likely poor pollination. 
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It therefore seems that the appearance of small, misshapen fruit from the first flush of 

flowers in the spring may be a result of low light intensity levels during this period leading to 

poor floral development and resulting insufficient pollination.  Avoiding growing areas with 

inherent low light levels and low temperatures in the spring may help to avoid this problem. 

Given that pollen was eventually produced in sufficient quantities in both of the light 

intensities provided, the likelihood of a temperature effect cannot be ignored.  Further studies 

concerning temperature and light effects on flower and fruit development in day-neutral 

strawberries are warranted. 
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Table 2.1.  Analysis of variance for total yield of two day-neutral strawberry cultivars as influenced by light intensity prior to and 
following dormancy. z 
 

        
        

Source of variation  Fruit no. Fruit wt. (g)  Dead flower no. 
        
 df Mean  F value Mean  F value Mean  F value 
  square  square  square  

        

Beginning (predormancy) light 1 4.516 0.49 2016.571 0.79 43.891 2.7 

Ending (postdormancy) light 1 102.516* 11.06 18841.337* 7.38 102.516* 6.3 

Beginning X Ending 1 31.641 3.41 1480.614 0.58 19.141 1.18 

Cultivar 1 236.391** 25.51 6974.546 2.73 62.01 3.81 

Beginning X Cultivar 1 0.391 0.04 440.633 0.17 6.891 0.42 

Ending X Cultivar 1 26.266 2.83 3015.795 1.18 13.141 0.81 

Beginning X Ending X Cultivar 1 0.391 0.04 72.569 0.03 17.016 1.04 

Error 7 9.266 -- 2551.777 -- 16.283 -- 

zAnalyses performed for mean yields. 
* = F ratio significant at 0.05 level of significance.                                                                                       
** = F ratio significant at 0.01 level of significance. 
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Table 2.2.  Yield from two ending (postdormancy) light intensities.z 

 

Light intensity Mean yields per plant 

 Fruit no. Fruit wt. (g) Dead flower no. 

360 µmol⋅m-2⋅s-1 15.38 177.98 9.66 

180 µmol⋅m-2⋅s-1 12.84 143.67 7.13 

zData are mean yields per plant of two replications over two cultivars summed over four 
harvests.   
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Figure 2.1.  Mean number of misshapen fruit produced by two cultivars in two replications 
grown under a combination of two beginning (predormancy) and two ending (postdormancy) 
light intensity treatments. 
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Appendix tables 

Table 3.1.  Field maintenance timeline for Kinston. 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

12 Apr. 2001 fertilization ammoniated 

complete 

10-20-20 560 kg·ha¯¹ banded and 

incorporated 

12 Apr. 2001 fumigation Methyl Bromide methyl bromide + 

chloropicrin 

75/25 184.80 kg·ha¯¹ preplant injection 

12 Apr. 2001 herbicide Devrinol  napropamide DF 8.96 kg·ha¯¹ low pressure 

sprayer 

4 May 2001 plant 

24 May 2001 herbicide Devrinol  napropamide DF 8.96 kg·ha¯¹ low pressure 

sprayer 

24 May 2001 herbicide Gramoxone Extra paraquat 3.51 L·ha¯¹ back pack sprayer 

Continued next page 
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Table 3.1 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

1 June 2001 fungicide Captan captan 50 WP 1.12 kg·ha¯¹ air assisted sprayer 

1 June 2001 insecticide Sevin carbaryl 80 S 2.80 kg·ha¯¹ air assisted sprayer 

7 June 2001 fertilization calcium nitrate 15.5-0-0 N at 11.20 kg·ha¯¹ through drip 

8 June 2001 fungicide Captan captan 50 WP 1.12 kg·ha¯¹ air assisted sprayer 

8 June 2001 insecticide Sevin carbaryl 80 S 2.80 kg·ha¯¹ air assisted sprayer 

18 June 2001 insecticide Sevin carbaryl 80 S 2.80 kg·ha¯¹ air assisted sprayer 

25 June 2001 fungicide Captan captan 50 WP 5.60 kg·ha¯¹ air assisted sprayer 

25 June 2001 insecticide Sevin carbaryl 80 S 2.80 kg·ha¯¹ air assisted sprayer 

28 June 2001 fungicide Captan captan 50 WP 5.60 kg·ha¯¹ air assisted sprayer 

28 June 2001 fungicide Quadris azoxystrobin EC 0.88 L·ha¯¹ air assisted sprayer 

Continued next page 
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Table 3.1 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

28 June 2001 insecticide Sevin carbaryl 80 S 2.80 kg·ha¯¹ air assisted sprayer 

29 June 2001 fertilization calcium nitrate 15.5-0-0 N at 11.20 kg·ha¯¹ through drip 

2 July 2001 herbicide Fusilade DX fluazifop EC 1.75 L·ha¯¹ back pack sprayer 

7 July 2001 fungicide Captan captan 50 WP 5.60 kg·ha¯¹ air assisted sprayer 

7 July 2001 fungicide Quadris azoxystrobin EC 0.88 L·ha¯¹ air assisted sprayer 

7 July 2001 fungicide Ridomil Gold  mefenoxam EC 1.17 L·ha¯¹ through drip 

7 July 2001 insecticide Sevin carbaryl 80 S 2.80 kg·ha¯¹ air assisted sprayer 

13 July 2001 fertilization calcium nitrate 15.5-0-0 N at 11.20 kg·ha¯¹ through drip 

13 July 2001 fungicide Captan captan 50 WP 5.60 kg·ha¯¹ air assisted sprayer 

13 July 2001 insecticide Sevin carbaryl 80 S 2.80 kg·ha¯¹ air assisted sprayer 

Continued next page 
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Table 3.1 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

1 August 2001 fungicide Captan captan 50 WP 5.60 kg·ha¯¹ air assisted sprayer 

1 August 2001 insecticide Sevin carbaryl 80 S 2.80 kg·ha¯¹ air assisted sprayer 
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Table 3.2.  Field maintenance timeline for Laurel Springs. 
 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

3 May 2001 fertilization ammonium nitrate 34-0-0 196 kg·ha¯¹ preplant 

incorporation 

3 May 2001 fumigation Methyl Bromide methyl bromide + 

chloropicrin 

67/33 336 kg·ha¯¹ preplant injection 

18 May 2001 plant 

27 June 2001 fertilization complete 20-10-20 N at 11.20 kg·ha¯¹ through drip 

28 June 2001  fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

28 June 2001  fungicide Quadris azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

2 July 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

2 July 2001 fungicide Quadris azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

9 July 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

Continued next page  
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Table 3.2 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

9 July 2001 fungicide Quadris azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

9 July 2001 insecticide Sevin carbaryl 50 W 1.12 kg·ha¯¹ back pack sprayer 

9 July 2001 miticide Vendex  fenbutatin-oxide 50 WP 1.12 kg·ha¯¹ back pack sprayer 

12 July 2001 fertilization complete 20-10-20 N at 11.20 kg·ha¯¹ through drip 

16 July 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

16 July 2001 fungicide Quadris azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

16 July 2001 insecticide Sevin carbaryl 50 W 1.12 kg·ha¯¹ back pack sprayer 

16 July 2001 miticide Vendex fenbutatin-oxide 50 WP 1.12 kg·ha¯¹ back pack sprayer 

23 July 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

24 July 2001 fertilization complete 20-10-20 N at 11.20 kg·ha¯¹ through drip 

Continued next page 
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Table 3.2 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

24 July 2001 fungicide Ridomil Gold  mefenoxam EC 1.17 L·ha¯¹ through drip 

31 July 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

31 July 2001 fungicide Quadris azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

31 July 2001 insecticide Sevin carbaryl 50 W 1.12 kg·ha¯¹ back pack sprayer 

31 July 2001 miticide Vendex  fenbutatin-oxide 50 WP 1.12 kg·ha¯¹ back pack sprayer 

6 August 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

13 August 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

13 August 2001 fungicide Quadris azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

13 August 2001 insecticide Sevin carbaryl 50 W 1.12 kg·ha¯¹ back pack sprayer 

14 August 2001 fertilization complete 20-10-20 N at 11.20 kg·ha¯¹ through drip 

Continued next page 
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Table 3.2 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

20 August 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

20 August 2001 insecticide Sevin carbaryl 50 W 1.12 kg·ha¯¹ back pack sprayer 

as needed herbicide Roundup glyphosate back pack sprayer 
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Table 3.3.  Field maintenance timeline for Reidsville. 
 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

10 April 2001 fumigation Methyl Bromide methyl bromide + 

chloropicrin 

67/33 448 kg·ha¯¹ preplant injection 

3 May 2001 plant 

1 June 2001 fertilization liq. amm. nitrate 30-0-0 N at 11.20 kg·ha¯¹ through drip 

14 June 2001 insecticide Sevimol SLR Plus carbaryl 4 L 2.34 L·ha¯¹ back pack sprayer 

14 June 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

15 June 2001 fertilization liq. amm. nitrate 30-0-0 N at 12.32 kg·ha¯¹ through drip 

26 June 2001 insecticide Sevimol SLR Plus carbaryl 4 L 2.34 L·ha¯¹ back pack sprayer 

29 June 2001 fertilization liq. amm. nitrate 30-0-0 N at 13.44 kg·ha¯¹ through drip 

2 July 2001 fungicide Captan captan 50 WP 4.48 kg·ha¯¹ back pack sprayer 

9 July 2001 insecticide Sevimol SLR Plus carbaryl 4 L 2.34 L·ha¯¹ back pack sprayer 

Continued next page 
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Table 3.3 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

9 July 2001 fungicide Ridomil Gold mefenoxam EC 1.17 L·ha¯¹ through drip 

12 July 2001 fertilization liq. amm. nitrate 30-0-0 N at 14.56 kg·ha¯¹ through drip 

16 July 2001 fungicide Quadris  azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

17 July 2001 herbicide Gramoxone Extra paraquat 2.5 SL 2.34 L·ha¯¹ back pack sprayer 

17 July 2001  Surfactant  80/20 2.50 mL·ha¯¹ back pack sprayer 

17 July 2001 insecticide Sevimol SLR Plus carbaryl 4 L 2.34 L·ha¯¹ back pack sprayer 

26 July 2001 fertilization liq. amm. nitrate 30-0-0 N at 15.68 kg·ha¯¹ through drip 

31 July 2001 fungicide Quadris  azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

15 August 2001 fungicide Quadris  azoxystrobin 2.08 SC 0.91 L·ha¯¹ back pack sprayer 

as needed herbicide Roundup glyphosate back pack sprayer 
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Table 3.4.  Field maintenance timeline for Clinton. 
 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

10 April 2001 fertilization complete 10-10-10 560 kg·ha¯¹ banded and 

incorporated 

10 April 2001 fumigation Methyl Bromide  methyl bromide + 

chloropicrin 

67 / 33 504 kg·ha¯¹ preplant injection 

4 May 2001 plant 

7 June 2001  fertilization sodium nitrate 16-0-0 N at 11.20 kg·ha¯¹ through drip 

7 June 2001  fungicide Sevin XLR Plus  carbaryl SL-E 2.34 L·ha¯¹ air assisted sprayer 

7 June 2001  insecticide Quadris azoxystrobin EC 0.73 L·ha¯¹ air assisted sprayer 

13 June 2001 fungicide Sevin XLR Plus carbaryl SL-E 2.34 L·ha¯¹ air assisted sprayer 

13 June 2001 insecticide Quadris azoxystrobin EC 0.73 L·ha¯¹ air assisted sprayer 

22 June 2001 fungicide Captan  captan 50 WP 6.72 kg·ha¯¹ air assisted sprayer 

Continued next page 
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Table 3.4 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

22 June 2001 insecticide Sevin XLR Plus  carbaryl SL-E 2.34 L·ha¯¹ air assisted sprayer 

3 July 2001 fertilization sodium nitrate 16-0-0 N at 12.32 kg·ha¯¹ through drip 

6 July 2001 fungicide Sevin XLR Plus  carbaryl SL-E 2.34 L·ha¯¹ air assisted sprayer 

6 July 2001 insecticide Quadris azoxystrobin EC 0.73 L·ha¯¹ air assisted sprayer 

6 July 2001 miticide Kelthane MF dicofol 4 EC 1.17 L·ha¯¹ air assisted sprayer 

16 July 2001 fertilization sodium nitrate 16-0-0 N at 13.44 kg·ha¯¹ through drip 

20 July 2001 fungicide Captan  captan 50 WP 6.72 kg·ha¯¹ air assisted sprayer 

20 July 2001 insecticide Sevin XLR Plus  carbaryl SL-E 2.34 L·ha¯¹ air assisted sprayer 

1 August 2001 fertilization sodium nitrate 16-0-0 N at 14.56 kg·ha¯¹ through drip 

1 August 2001 fungicide Captan  captan 50 WP 6.72 kg·ha¯¹ air assisted sprayer 

Continued next page 

 



 105

Table 3.4 (continued). 

  

  

Date Operation Product Compound Formulation Rate Application method 

  

1 August 2001 insecticide Sevin XLR Plus  carbaryl SL-E 2.34 L·ha¯¹ air assisted sprayer 

as needed herbicide Gramoxone Extra  paraquat  2.5 SL 1.75 L·ha¯¹ back pack sprayer 
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Table 3.5.  Kinston product and source information. 

Product Manufacturer 

 10-20-20 Royster-Clark, Inc. 

(ammoniated complete) LaGrange, NC  28551 

15.5-0-0 Hydro Agri North America, Inc. 

(calcium nitrate) Tampa, FL  33602 

Plastics (1.25 mil.) Pliant Corporation 

Washington, GA  30673 

RO-DRIP Drip tape Roberts Irrigation Products, Inc. 

San Marcos, CA  92069-3007 

Captan Southern Agricultural Insecticides 

Palmetto, FL  34220 

Devrinol Zeneca Agriculture Products, Inc. 

Wilmington, DE  19897 

Fusilade DX Zeneca Agriculture Products, Inc. 

Wilmington, DE  19850-5458 

Continued next page 
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Table 3.5 (continued). 

Product Manufacturer 

Gramoxone Extra ICI Americas, Inc. 

Wilmington, DE  19897   

Methyl Bromide Reddick Fumigants, Inc. 

Williamston, NC  27892 

Quadris Zeneca Agriculture Products, Inc. 

Wilmington, DE  19850-5458 

Ridomil Gold Ciba-Geigy Corporation 

Greensboro, NC  27419 

Sevin Rhone-Poulenc Ag Company 

Research Triangle Park, NC 27709 
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Table 3.6.  Laurel Springs product and source information.   

  

  

Product Manufacturer 

34-0-0 IMC Agribusiness, Inc. 

(ammonium nitrate) Collinsville, IL  62234 

20-10-20 Southern Agricultural Insecticides 

(ammonium nitrate) Hendersonville, NC 28793 

 

Plastics (1.25 mil.) Pliant Corporation 

Washington, GA  30673 

Drip tape Eurodrip, Inc. 

San Diego, CA  92121 

Advantage A10 injector Dosmatic U.S.A., Inc. 

Carrollton, TX 75006 

Captan Micro Flo  

Memphis, TN  38117 

Methyl Bromide Great Lakes Chemical Corporation 

West Lafayette, IN  47996 

Continued next page 

 

 



 109

Table 3.6 (continued). 

  

  

Product Manufacturer 

Quadris Zeneca Agriculture Products, Inc. 

Richmond, CA  94804-0023 

Ridomil Gold  Novartis Crop Protection, Inc. 

Greensboro, NC  27419 

Roundup Monsanto Company 

St. Louis, MO  63167 

Sevin Rhone-Poulenc Ag Company 

Fort Valley, GA  31030 

Vendex Griffin LLC 

Valdosta, GA  31601  
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Table 3.7.  Reidsville product and source information. 

Product Manufacturer 

30-0-0 Weaver Fertilizer Company, Inc. 

(ammonium nitrate) Winston Salem, NC  27105   

Plastics (1.25 mil.) Pliant Corporation 

Washington, GA  30673 

T-Tape drip tape T-Systems International, Inc. 

San Diego, CA 

DI-16 injector Dosatron International, Inc. 

 Clearwater, FL  33765   

Captan Drexel Chemical Co. 

Memphis, TN  38113-0327   

Gramoxone Extra Zeneca Agriculture Products, Inc. 

Wilmington, DE  19850-5458 

Methyl Bromide Hendrix and Dail 

Tifton, GA  31794 

Continued next page 
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Table 3.7 (continued). 

Product Manufacturer 

Quadris Zeneca Agriculture Products, Inc. 

Richmond, CA  94804-0023 

Ridomil Gold  Novartis Crop Protection, Inc. 

Greensboro, NC  27419 

Sevimol XLR Plus Union Carbide Agriculture Products Co., Inc.

Research Triangle Park, NC  27709 

Surfactant  Chem Nut, Inc. 

Albany, GA  31706 
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Table 3.8.  Clinton product and source information. 

Product Manufacturer 

Camp's 10-10-10 Camp Chemical Corporation 

(ammonium nitrate) Roxboro, NC  27573 

Champion Brand 16-0-0 SQM North America 

(sodium nitrate) Atlanta, GA  30339 

Plastics (1.25 mil.) North American Film 

Bridgeport, PA  19405 

Streamline 80 drip tape Netafim USA 

Fresno, CA  93727 

Flow Guard injector Fresno Valves & Castings, Inc. 

Selma, CA  93662 

Captan  Micro Flo 

Lakeland, FL  33807-5948 

Gramoxone Extra Zeneca Agriculture Products, Inc. 

Wilmington, DE  19850-5458 

Continued next page 
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Table 3.8 (continued). 

Product Manufacturer 

Kelthane MF Rohm Haas 

Philadelphia, PA  19106-2399 

Methyl Bromide  Hendrix and Dail, Inc. 

Greenville, NC  27834 

Quadris Zeneca Agriculture Products, Inc. 

Wilmington, DE  19850-5458 

Sevin XLR Plus Rhone-Poulenc Ag Company 

Research Triangle Park, NC 27709 

 

  

 

 

 

 

 




