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Abstract: Interest in sustainable self-sufficiency, particularly when considering produce has 
increased. Strawberries, especially particularly the seed propagated, long-day, F1 hybrids such as 
‘Tarpan’ and ‘Gasana’, fit self-sufficient, sustainable production models well. They provide aesthetic 
as well as culinary benefits producing colorful, attractive blossoms and flavorful fruit. To determine 
if ‘Tarpan’ and ‘Gasana’ flowering would respond to photoperiod and nitrogen, seedlings were 
fertilized with 100 or 800 ppm nitrogen for 4 weeks in September beginning one week after exposure 
to either short days, the natural photoperiod, or long days, the natural photoperiod supplemented with 
24 hours of incandescent radiation. Plants were then greenhouse forced under both photoperiods and 
floral phenology evaluated. Photoperiod and N fertility during floral initiation in September affected 
subsequent flowering of both cultivars. The response was rapid with significant differences observed 
4 weeks after the commencement of treatment. Both cultivars responded with increased rate 
(enhanced precocity) and intensity (enhanced inflorescence/flower number) of flowering with 
elevated N. In ‘Gasana’ elevated N accelerated flowering by 2–3 weeks. There was a slight 
acceleration of flowering in lower N plants with long-day forcing, however, elevated N was much 
more effective in accelerating flowering than long-day forcing. In ‘Tarpan’, long-day forcing and 
elevated N were equally effective in accelerating flowering. Inflorescence production per plant or 
crown and the number of flowers per plant were enhanced with elevated N in both cultivars. 
Long-day forcing stimulated the number of inflorescences produced per crown in both cultivars. The 
number of flowers per plant in ‘Tarpan’ was also enhanced by long-day initiation or forcing. Elevated 
N, short-day initiation or long-day forcing enhanced the number of flowers per inflorescence in 
‘Gasana’. Elevated N under long-day initiation or under short-day initiation when followed by 
long-day forcing enhanced the number of flowers per inflorescence in ‘Tarpan’. 
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radiation (Phillips Duramax Soft White A19 60 watt) suspended 0.3 M above the plant canopy; N: 
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1. Introduction  

Interest in sustainable self-reliance has increased markedly over the past decade. Home-grown 
and locally grown produce is often preferred over imported produce or produce that has been shipped 
a long distance. Strawberries fit self-sufficient, sustainable production models well. In most of the 
US temperate zone locally grown strawberries are available for only a short time in late spring from 
seasonal fruiting, short-day cultivars, making off-season strawberry production particularly attractive 
to both growers and consumers wishing to become more self-reliant. 

Vegetatively propagated day neutral cultivars such as ‘Seascape’ and ‘Selva’ have been 
recommended for season-long production, especially on a small scale [1]. However, the flowering 
response of day neutral cultivars is temperamental [2-4] at best. Though attempts at season-long 
forcing have been reported [5-9], success in North America is extremely limited even though profitable 
off-season production is common in Europe and Japan [10-12]. In all off-season/season-long 
production scenarios, preparation of plant material prior to forcing is critical to success [10,12]. 
Strawberry plugs [13] are often used for season extension in the US [5,14-18] and they may be 
conditioned by photoperiod or temperature to enhance fruiting [5,19]. Unfortunately, vegetatively 
propagated plug plants have a number of problems associated with their use [20]. They may carry 
photoperiod and temperature effects on flowering and runner production from mother plants, they may 
become root-bound and their productivity can vary depending on distance in order from the mother 
plant. In addition they may be infected with viruses or disease inoculum and it is often difficult to 
secure plugs of desired cultivars. 

New seed propagated long-day strawberry cultivars provide opportunities for season-long 
production as both ornamental and culinary crops. Most F1 seed propagated hybrids have attractively 
colored flowers [1,21,22] followed by medium to large fruit with excellent culinary qualities [23]. A 
combination of different cultivars makes an attractive display of white (‘Elan’), pink (‘Gasana’) and 
red (‘Tarpan’) flowers followed by an abundance of tasty fruit which provides a multipurpose 
horticultural crop. A single pot with one plant each could make an attractive gift presentation which 
could be grown and programmed to flower for specific seasonal uses including Fall and Winter 
holidays such as Thanksgiving, Chanukah, Kwanza, Christmas and New Years, followed by spring 
holidays such as Valentine’s Day, Mother’s Day and Easter. 

Besides their ornamental and culinary uses, seed propagated cultivars have possible advantages 
over vegetatively propagated plug plants. Seeds are free of soil-borne diseases, are simply shipped 
and stored and are adapted to mechanized transplant production. There are no special cultural or 
equipment requirements needed for production and cultivars are widely adapted to different production 
systems [22]. Trials by ABZ Seeds [24] indicated that F1 hybrids are best suited for greenhouse 
production and the main advantage of seed propagated F1 hybrids would be in forced culture [21]. 
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Photoperiod and temperature regulate flowering in strawberry and their effects have been 
studied extensively [25]. Mineral nutrition affects productivity in strawberry [26] but reports on its 
effects during floral induction are limited [25]. Sonsteby et al. [27] reported increased flowering 
associated with elevated nitrogen (N) during short day conditioning of the short-day cultivar 
‘Korona’. Flowering was enhanced when N fertilization was increased after the initiation process had 
begun [27-29] but N applied before, at the beginning of or too long after initiation, inhibited 
flowering [27,30] and reduced yield [27]. Lieten [31] had previously observed enhanced flowering of 
‘Elsanta’ in plants when fertilization was applied during but not before natural floral induction. 
Sonsteby and Heide [32,33] published extensive reports on the flowering physiology of the F1 
seed-propagated cultivar ‘Elan’. They determined that ‘Elan’ is a qualitative long-day plant [33] at 
high temperatures (>27 °C) with a critical photoperiod of 15 h [32]. They also proposed that all 
recurrent flowering (RF) cultivars (traditionally called everbearers, day-neutrals and remontants) are 
qualitative long-day plants at high temperatures (27 °C), quantitative long-day plants at intermediate 
temperatures (between 10 and 27 °C) and day-neutral at temperatures below 10 °C [33]. 

Durner [20] demonstrated that flowering of the F1 long-day cultivar ‘Elan’ could be 
programmed by nitrogen and daylength manipulation. Elevated nitrogen (800 ppm N for 4 weeks) 
during floral initiation in September enhanced and accelerated flowering in October and November. 
A second elevation in N (800 ppm N for 4 weeks) in December enhanced December and January 
flowering. Seedlings that were conditioned with elevated nitrogen a third time in late spring and field 
planted in early summer exhibited enhanced yield. 

This study was designed to investigate whether flowering of seedlings of the F1, seed- 
propagated cultivars ‘Gasana’ and ‘Tarpan’ could be enhanced by manipulating N nutrition and 
photoperiod during floral initiation as previously observed in the cultivar ‘Elan’ [20]. 

2. Materials and Method 

Seeds of the F1 hybrid cultivars ‘Tarpan’ and ‘Gasana’ were purchased from Johnny’s Selected 
Seeds (Albion, ME), sown in vermiculite and germinated at 20 °C beginning 05 May 2014. After 
seven days, many radicles were visible and the seed trays were moved to the greenhouse at ambient 
(24/18 °C day/night) temperatures and allowed to grow for 4 weeks. On 05 June 2014 seedlings were 
transplanted into Fafard Organic Mix (FOF-30) (Sun Gro Horticulture, Agawam, MA) in 50 cell plug 
trays (Johnny’s Selected Seeds, Albion ME.) then transplanted to 5 inch plastic pots into FOF-30 mix 
4 weeks later. Seedlings grew an additional 8 weeks before commencement of treatments. Seedlings 
were watered twice daily as needed. 

Beginning 09 September 2014, single crowned plants with 4 fully expanded leaves were placed 
under natural daylength (ND) or natural daylength supplemented with 24 h incandescent radiation 
(Phillips Duramax Soft White A19 60 watt) suspended 0.3 M above the plant canopy (24LD). After 1 
week plants were fertilized weekly for four consecutive weeks with Sea-Plus liquid fish and seaweed 
(3% available N, 2% available P2O5, 2% available K2O) (Living Acres, New Sharon, ME) diluted 
with water to provide 100 or 800 ppm N. Each plant received 100 ml of solution which was more 
than sufficient to saturate the media. Following the 4-week fertility treatment, all plants were 
fertilized weekly with Sea-Plus diluted with water to provide 100 ppm N. Immediately after 
conclusion of the N treatment, plants were forced in the greenhouse under either 24LD or ND. Plants 
were arranged in a split-split plot design in the greenhouse with main plot of photoperiod (ND vs 
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24LD) arranged in a randomized complete block replicated 3 times. Sub-plots were N level and 
sub-sub plots were forcing photoperiod (24LD vs ND). The experimental unit was 4 single plants. 

Observations of plant growth and development in the greenhouse were made at weekly 
intervals beginning 24 September 2014. The following data were collected: the number of fully 
expanded leaves, the number of runners, the number of branch crowns, the number of 
inflorescences and the total number of flowers produced per plant. The number of flowers per 
inflorescence was calculated as the total number of flowers per plant/the number of inflorescences 
per plant. Initiation was evaluated via inflorescence counts, differentiation via flowers per 
inflorescence and development via precocity. Floral growth responses were adjusted for differences 
in vegetative crown growth by calculating the number of inflorescences produced per crown. 
Precocity was estimated as the length of time (weeks) after the start of conditioning (09 September) 
until the first inflorescence appeared. 

All data were subjected to a test for normality using the Shapiro-Wilks test of the UNIVARATE 
procedure of SAS (SAS Institute, Cary, North Carolina, USA). Nearly all data were found to be from 
a non-normal distribution. Aligned rank transformations (ART) were performed as suggested by 
Wobbrock et al. [34] using the ARTool program (http://depts.washington.edu/aimgroup/proj/art/). 
This procedure allows for analyzing data from a factorial treatment structure using ranks rather than 
raw data, alleviating the non-normality problem and allowing for tests of interactive effects. Most 
procedures using ranks (non-parametric) test for main effects only. ART data were analyzed using an 
analysis of variance using the ANOVA procedure of SAS (SAS Institute, Cary, NC). Detected 
differences among photoperiod or nitrogen treatments were separated with Fisher’s Protected LSD. 
Data are presented for plants immediately after 4 weeks of September N treatment before plants were 
transferred to their respective forcing photoperiod (10/16) and 6 weeks after concluding September N 
treatment (12/3). The two cultivars were analyzed separately. 

3. Results 

3.1. ‘Gasana’ 

3.1.1. Evaluation immediately after treatment 

Elevated N during floral initiation in September significantly enhanced the number of leaves, 
branch crowns and inflorescences per plant as well as the number of leaves and inflorescences per 
branch crown (Table 1). Branch crown number was also enhanced by exposure to ND compared to 
24LD during initiation. No interactions of photoperiod with N were detected after 4 weeks of 
treatment for any measured variable and no runners were produced during this period. 

3.1.2. Precocity 

A significant interaction between September N and initiation photoperiod was detected for 
precocity (Table 2). Elevated N fertility accelerated flowering regardless of initiation photoperiod. 
The effect was more pronounced when elevated N was administered under ND (+3.0 weeks) 
compared to 24LD (+2.1 weeks). In addition, an effect of initiation photoperiod was only observed in 
plants receiving 100ppm N during initiation; plants flowered approximately one week earlier under 
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24LD initiation photoperiod compared to ND. There was no observed effect of initiation photoperiod 
in plants receiving 800 ppm N. 

Table 1. Influence of September N and photoperiod during floral initiation on ‘Gasana’ strawberry 
leaf, crown and inflorescence production measured immediately after 4 weeks of N treatment. 

September N (ppm) Leaves per 

plant 

Crowns per 

plant 

Inflorescences 

per plant  

Leaves per 

Crown 

Inflorescences 

per crown 

100 9.4 bz 2.0 b 0.4 b 5.1 b 0.3 b 

800 16.4 a 3.0 a 1.8 a 5.7 a 0.6 a 

Initiation photoperiod Crowns per 

Plant 

  

ND 2.7 a   

24LD 2.3 b   
ZMean separation within column by Fisher’s Protected LSD, 0.05 level. 

Table 2. Influence of September N fertility and photoperiod during floral initiation on ‘Gasana’ 
strawberry precocity (weeks after start of conditioning) estimated 10 weeks after the start of the 
experiment. 

 September N (ppm) 

Initiation photoperiod 100 800 

ND 6.1 aZ  3.1 a 

24LD 5.4 b  3.3 a 
ZMean separation within column by Fisher’s Protected LSD, 0.05 level. 

3.1.3. Evaluation 6 weeks after completion of treatments 

The effects of September N fertilization during flower initiation on leaf, crown, and flower 
production were clearly observed 6 weeks after treatments were completed (Table 3). Elevated 
September N significantly enhanced the number of leaves, crowns and flowers per plant. More 
flowers were produced per inflorescence in plants subjected to ND (5.6) compared to 24LD (4.9) 
during initiation in September. A significant interaction between N fertilization during initiation and 
forcing photoperiod was observed in the number of flowers per inflorescence. More flowers were 
produced per inflorescence in plants forced under either photoperiod after receiving 800 ppm N 
during initiation (Table 3). In plants receiving 100 ppm N during floral initiation, fewer flowers per 
inflorescence were produced when forced under ND compared to 24LD. There was no difference due 
to forcing photoperiod in plants given 800 ppm N during initiation. 

Fewer crowns were produced per plant when they were forced under 24LD compared to ND 
(3.1 and 3.5 crowns per plant, respectively). There was no significant treatment effect on leaves per 
crown (mean = 7.2) and no runners were produced during this period. 

A significant interaction among initiation photoperiod, N fertilization during initiation and 
forcing photoperiod was detected for the number of inflorescences produced per plant or crown. 
There was no effect of N fertilization or forcing photoperiod for plants subjected to initiation under 
ND; plants produced an average of 3.0 inflorescences per plant and 1.0 inflorescence per crown. 
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Elevated N fertilization during floral initiation under 24LD stimulated inflorescence production per 
plant especially when plants were forced under ND conditions (Table 4). There was no difference in 
inflorescence production per plant between ND vs 24LD forcing for plants given 800 ppm N during 
initiation, however, inflorescence production per plant for those given 100 ppm N was slightly 
greater when forced under 24LD compared to ND. Elevated N during initiation or 24LD during 
forcing stimulated the number of inflorescences produced per crown (1.0 inflorescence per crown) 
compared to 100 ppm N followed by forcing under ND (0.6 inflorescences per crown) (Table 4). 

Table 3. Influence of September N, photoperiod during floral initiation and photoperiod during 
greenhouse forcing on ‘Gasana’ strawberry leaf, crown and flower production per plant, and flower 
production per inflorescence after 6 weeks of greenhouse forcing following treatment. 

 September N (ppm) 

 100 800 

Leaves per plant 18.0 bZ 28.6 a 

Crowns per plant 2.8 b 3.9 a 

Flowers per plant 8.3 b 23.4 a 

 Flowers per inflorescence 

 Forcing photoperiod  

September N (ppm) ND 24LD 

100 2.9 b  4.1 a  

800 7.5 a  6.4 a  
ZMean separation within row by Fisher’s Protected LSD, 0.05 level. 

Table 4. Influence of September N and photoperiod during greenhouse forcing on ‘Gasana’ 
strawberry inflorescence production per plant and crown after 6 weeks of greenhouse forcing 
following treatment for plants exposed to 24LD during floral initiation in September. 

 September N  

 100 800 

Forcing photoperiod Inflorescences per plant   

ND 1.7 bZ 3.4 a 

24LD 2.6 b 3.4 a 

 Inflorescences per crown  

ND 0.6 b 0.9 a 

24LD 1.0 a 1.0 a 
ZMean separation within row by Fisher’s Protected LSD, 0.05 level. 

3.2. ‘Tarpan’ 

3.2.1. Evaluation immediately after treatment 

Elevated N during floral initiation in September significantly enhanced leaf, branch crown, 
runner and inflorescence production per plant and inflorescence production per crown (Table 5). No 
interactions of photoperiod with N were detected after 4 weeks of treatment for any measured 
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variable. Plants produced an average of 5.8 leaves per crown regardless of initiation photoperiod, N 
or forcing photoperiod treatment. 

Table 5. Influence of September N during floral initiation on ‘Tarpan’ strawberry leaf, crown and 
inflorescence production measured immediately after 4 weeks of N treatment. 

September N (ppm) Leaves per 

plant 

Crowns per 

plant 

Runners per 

plant 

Inflorescences 

per plant 

Inflorescences 

per crown 

100 10.4 bz 2.1 b 0.0 b 0.5 b 0.3 b 

800 16.8 a 2.9 a 0.5 b 1.5 a 0.5 a 
ZMean separation within column by Fisher’s Protected LSD, 0.05 level. 

3.2.2. Precocity 

A significant interaction between September N and initiation photoperiod was detected for 
precocity (Table 6). Plants exposed to 24LD or given 800 ppm N during initiation in September 
flowered sooner (+3.1 weeks) than those given 100 ppm N under ND. 

Table 6. Influence of September N fertility and photoperiod during floral initiation on ‘Tarpan’ 
strawberry precocity (weeks after start of conditioning) estimated 10 weeks after the start of the 
experiment. 

 September N (ppm) 

Initiation photoperiod 100 800 

ND 6.7 aZ  3.6 a 

24LD 3.6 b  3.5 a 
ZMean separation within column by Fisher’s Protected LSD, 0.05 level. 

3.2.3. Evaluation 6 weeks after completion of treatments 

An interaction between September N fertilization and forcing photoperiod was detected for the 
number of leaves produced per plant (Table 7). In plants given 800 ppm N, there was no effect of 
forcing photoperiod on leaf production per plant. In plants receiving 100 ppm N, fewer leaves were 
produced per plant under 24LD forcing compared to ND forcing. In general, elevated N enhanced 
leaf production, however the effect was not statistically significant under ND forcing. 

A significant interaction of initiation photoperiod, N fertility and forcing photoperiod was 
detected for the number of crowns produced per plant (Table 8). Elevated N under the ND initiation 
photoperiod resulted in an average of one additional crown per plant compared to 100 ppm N 
regardless of forcing photoperiod (Table 8). Elevated N under the 24LD initiation photoperiod 
treatment had a similar stimulating effect, however a significant effect of forcing photoperiod on 
crown production was observed for plants receiving 100 ppm N under 24LD (Table 8); plants forced 
under 24LD produced fewer crowns per plant compared to those forced under ND. 

A significant interaction of initiation photoperiod, N fertility and forcing photoperiod was 
detected for the number of runners produced per plant (Table 8). No runners were produced 
following exposure to 24LD in September. Following exposure to ND during September, only plants 
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receiving 800 ppm N followed by forcing under 24LD produced runners, and even then, runner 
production was limited (0.2 runners per plant). 

Table 7. Influence of September N fertility and photoperiod during forcing on the number of leaves 
per plant ‘Tarpan’ strawberry measured 10 weeks after the start of the experiment. 

 September N (ppm) 

 100 800 

Forcing photoperiod Leaves per plant  

ND 19.6 aZ  28.9 a  

24LD 16.4 b  31.0 a  
ZMean separation within column by Fisher’s Protected LSD, 0.05 level. 

Table 8. Influence of September initiation photoperiod, N fertility and photoperiod during forcing on 
the number of crowns and runners per plant ‘Tarpan’ strawberry measured 10 weeks after the start of 
the experiment. 

  September N (ppm) 

  100 800 

Initiation photoperiod Forcing photoperiod Crowns per plant  

ND ND 2.8 aZ  3.8 a  

 24LD 2.3 a  3.7 a  

24LD ND 2.8 a 3.5 a 

 24LD 1.9 b 3.8 a 

Initiation photoperiod Forcing photoperiod Runners per plant   

ND ND 0.0 aY  0.0 a 

 24LD 0.0 b  0.2 a 

24LD ND 0.0 a 0.0 a 

 24LD 0.0 a 0.0 a 
ZMean separation within column by Fisher’s Protected LSD, 0.05 level. 
YMean separation within row by Fisher’s Protected LSD, 0.05 level. 

 
Inflorescence production per plant was enhanced with 800 ppm N administered during 

September floral initiation (Table 9). 
The number of flowers produced per plant was enhanced by a 24LD photoperiod during 

initiation, 800 ppm N during September or 24LD during forcing (Table 9). 
Leaf production per crown was enhanced by exposure to ND or 800 ppm N in September or 

24LD during forcing (Table 9). 
A significant main effect of initiation photoperiod was detected for inflorescence production per 

crown (Table 9). Initiation under 24LD enhanced inflorescence production per crown by 0.5 
inflorescences per crown compared to initiation under ND (Table 9).  

An interaction between forcing photoperiod and N fertility during September was also detected 
for the number of inflorescences produced per crown (Table 10). Plants exposed to 24LD or given 
800 ppm N during initiation in September produced significantly more inflorescences per crown than 
plants exposed to ND and given 100 ppm N. 
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Table 9. Influence of September N, photoperiod during floral initiation and photoperiod during 
greenhouse forcing on ‘Tarpan’ strawberry inflorescence production per crown after 6 weeks of 
greenhouse forcing following treatment. 

 September N (ppm)  

 100 800 

Inflorescences per plant 3.1 b 5.3 a 

Flowers per plant 11.0 b 27.0 a 

Leaves per crown 7.8 b 8.5 a 

 Initiation photoperiod  

 ND 24LD 

Flowers per plant 15.0 bZ 22.2 a 

Leaves per crown 8.6 a 7.6 b 

Inflorescences per crown 1.2 b 1.7 a 

 Forcing photoperiod  

 ND 24LD 

Flowers per plant 16.3 b 21.0 a 

Leaves per crown 7.8 b 8.4 a 
ZMean separation within row by Fisher’s Protected LSD, 0.05 level. 

Table 10. Influence of September N fertility and photoperiod during forcing on the number of 
inforescences produced per crown in ‘Tarpan’ strawberry measured 10 weeks after the start of the 
experiment. 

 September N (ppm) 

 100 800 

Forcing photoperiod Inflorescences per crown  

ND 1.0 bZ  1.4 a 

24LD 1.8 a  1.6 a 
ZMean separation within column by Fisher’s Protected LSD, 0.05 level. 

Table 11. Influence of September initiation photoperiod, N fertility and photoperiod during forcing 
on the number of crowns, runners per plant and flowers per inflorescence in ‘Tarpan’ strawberry 
measured 10 weeks after the start of the experiment. 

  September N (ppm) 

  100 800 

Initiation photoperiod Forcing photoperiod Flowers per inflorescence   

ND ND 3.6 aZ  4.1 a 

 24LD 3.5 b  5.9 a 

24LD ND 3.4 b 5.3 a 

 24LD 3.8 b 5.1 a 
ZMean separation within row by Fisher’s Protected LSD, 0.05 level. 

 
An interaction among initiation photoperiod, September N fertilization and forcing photoperiod 
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was detected for the number of flowers per inflorescence (Table 11). No effect of N fertilization was 
observed in plants subjected to initiation under ND followed by forcing under ND. Elevated N 
enhanced the number of flowers per inflorescence in all other treatments. 

4. Discussion 

Photoperiod and N fertility during floral initiation in September clearly affected flowering from 
October to December of both ‘Gasana’ and ‘Tarpan’. The response to elevated N or photoperiod was 
rapid in both cultivars with statistically significant differences observed 4 weeks after the commencement 
of treatments. Similar quick responses to N and photoperiod were reported for ‘Elan’ [20]. 

Both cultivars responded with an increase in rate (enhanced precocity) and intensity (enhanced 
inflorescence number) of flowering with elevated September N. The response to September N 
application under different initiation photoperiods varied with cultivar. In ‘Gasana’ the response to N 
was similar under both initiation photoperiods with elevated September N accelerating flowering by 
3 weeks when given during ND and by 2 weeks when given during 24LD. With the lower N rate 
there was a slight acceleration in flowering in response to long-day exposure (+0.7 weeks). In 
‘Tarpan’ there was a 3.1-week acceleration in flowering with 800 ppm N given during initiation 
under ND while there was no acceleration in flowering due to elevated N when given during 24LD 
initiation: both 100 ppm N and 800 ppm N flowering in approximately 3.5 weeks. Thus in ‘Tarpan’ 
24LD initiation and 800 ppm N were equally effective in accelerating flowering. In ‘Gasana’, 
elevated September N was much more effective in accelerating flowering compared to 24LD 
initiation. A significant interaction between September N and initiation photoperiod was previously 
reported for precocity in the LD cultivar ‘Elan’ [20]. Elevated N fertility accelerated flowering 
regardless of initiation photoperiod, however, the effect was more pronounced when elevated N was 
administered under ND compared to 24LD. While a significant interaction between September N and 
forcing photoperiod on precocity was reported for ‘Elan’ [20], no such interaction was detected for 
either cultivar in this present study. Precocity responses to N fertilization during floral initiation must 
consider cultivar as well as initiation and forcing photoperiods. In this study, enhanced N fertility 
significantly accelerated flowering as previously reported for the long-day cultivars ‘Elan’ [20] and 
‘Charlotte’ [37], and a number of short-day cultivars [27,30,35]. 

Direct treatment effects on floral initiation in strawberry can be separated from indirect effects 
of altered vegetative growth by considering inflorescence production on a per-crown rather than on a 
per-plant basis [20]. Elevated N during September floral initiation in both ‘Gasana’ and ‘Tarpan’ in 
the present study directly enhanced floral formation and was not simply a response to greater overall 
growth with extra N since when the number of inflorescences per plant was adjusted for crown 
production, nearly twice as many inflorescences per crown were produced with elevated September 
N. Similar responses to N were reported for ‘Elan’ [20]. This study as well as the one reported for 
‘Elan’ [20] clearly illustrate that flowering is easily manipulated by altering photoperiod and N 
fertility, suggesting that programmed flowering for targeted holiday ornamental as well as fruit 
production of F1 seedling cultivars is feasible. In addition, these results confirm that the effects of 
elevated N are quantitative. Enhanced flowering due to elevated N with or without photoperiod 
manipulation appears to be a general response of F1 long-day cultivars. 

The longer term floral responses, that is those observed 6 weeks after the end of initiation and N 
treatment, varied with cultivar depending on parameter evaluated. For example, in ‘Gasana’ 
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subjected to ND during floral initiation, enhanced N did not stimulate inflorescence production per 
plant or crown. However, in plants induced under 24LD, inflorescence production per plant and 
crown was stimulated by elevated N during induction. In the cultivar ‘Tarpan’, inflorescence 
production per plant or crown was enhanced with elevated N administered during September floral 
initiation or by initiation under 24LD.  

Both cultivars exhibited different responses to N and photoperiod (initiation and forcing) with 
respect to differentiation measured as flower production per inflorescence. In ‘Tarpan’, no effect of N 
fertilization was observed in plants subjected to initiation under ND followed by forcing under ND. 
Elevated N enhanced the number of flowers per inflorescence in all other treatments. In ‘Gasana’, 
more flowers were produced per inflorescence in plants subjected to ND or elevated N during 
initiation. In plants given 800 ppm N, no effect of forcing photoperiod was observed with respect to 
differentiation. Elevated (800 ppm) N in September triggers some aspect of the flowering pathway 
that results in enhanced differentiation [20]. Thus in the present study no effect of forcing 
photoperiod was detected when plants had adequate (800 ppm) N during initiation. However, in 
plants receiving limited N (100 ppm N), fewer flowers per inflorescence were produced with 
continued exposure to short days (ND forcing). This is not surprising since low N levels during 
initiation and differentiation cause inflorescence abortion [38], and reduced differentiation [11]. 

The generalized immediate vegetative response was an increase in leaf production and branch 
crown formation in both cultivars and an increase in runner production in ‘Tarpan’ with elevated 
September N. No runners were produced by ‘Gasana’ during this period. In ‘Gasana’ branch crown 
formation was enhanced by exposure to ND compared to 24LD during initiation and no effect of 
initiation photoperiod was detected for branch crown formation for ‘Tarpan’. These results generally 
agree with previous reports that when N availability is low before induction, vegetative growth is 
often reduced [12,36,40-42]. Sonsteby et al. [27] reported no effect of N on crown number while 
Durner [20] reported enhanced crown production with elevated September N or ND forcing in ‘Elan’. 
Crown branching is usually a short-day response [25,39] thus more crowns per plant would be 
expected under ND forcing. 

The longer term vegetative responses, that is those observed 6 weeks after the end of initiation 
and N treatment, varied with cultivar depending on parameter evaluated. Elevated September N 
significantly enhanced the number of leaves in both ‘Gasana’ and ‘Tarpan’. In addition, ‘Tarpan’ 
plants receiving low N in September produced fewer leaves under 24LD compared to ND forcing 
conditions. This observation on leaf production coupled with the observation of greater inflorescence 
production under low N 24LD conditions suggests that at least in ‘Tarpan’, inflorescences rather than 
leaves are favored under these conditions. Elevated September N significantly enhanced the number 
of crowns in both cultivars. In ‘Gasana’, fewer crowns were produced per plant when they were 
forced under 24LD compared to ND. In ‘Tarpan’, plants receiving 100 ppm N under 24LD then 
forced under 24LD produced fewer crowns per plant compared to those forced under ND. Crown 
branching is usually a short-day response [25,39] thus fewer crowns per plant would be expected 
under 24LD forcing. In ‘Gasana’, no significant treatment effect on leaves per crown was detected. 
In ‘Tarpan’, leaf production per crown was enhanced by exposure to ND or 800 ppm N in September 
or 24LD during forcing. In ‘Gasana’, no runners were produced during this period. In ‘Tarpan’, no 
runners were produced following exposure to 24LD in September. Following exposure to ND during 
September, only plants receiving 800 ppm N followed by forcing under 24LD produced runners, and 
even then, runner production was limited (0.2 runners per plant). ‘Tarpan’ appears to be more 



12 
 

AIMS Agriculture and Food  Volume 2, Issue 1, 1-15. 

sensitive to N and photoperiod than ‘Gasana’ since there were several instances where ‘Tarpan’ 
responded to treatment when ‘Gasana’ did not, i.e. runner production and leaf production per crown. 

While this study did not investigate the timing of treatment application with respect to floral 
responses, it is important to reiterate the importance of treatment timing for altering flowering in 
strawberry. Limited N before induction often reduces vegetative growth and promotes flower 
induction, initiation and differentiation [12,31,40-42]. Plants with limited N seem to be more 
sensitive to inductive conditions [31,46,48] and initiation takes place rapidly when such plants are 
exposed to inductive conditions [20]. However, if N levels remain low during initiation and 
differentiation, inflorescences may abort [49], differentiation may be reduced [11,20] or plants may 
revert to vegetative growth [50]. If N is well supplied before floral induction, plants tend to be less 
sensitive to the floral inducing stimuli [46], flower induction is significantly reduced and stolon and 
shoot growth are stimulated [48-50]. Initiation may be inhibited and differentiation of previously 
initiated inflorescences may be delayed [43,46,51].  

Prior to subjecting plants to photoperiod treatments to induce flowering, a limited N supply to 
the plants is warranted. This makes the plants more sensitive to the flower induction stimulus. 
However, since inflorescences may abort [45], differentiation may be reduced [11,20] or plants may 
become vegetative [46], once plants have been induced to flower and initiation is commencing, N 
levels must be increased to ensure normal differentiation. Enhanced N application should be 
commenced one week after induction has begun and not before then [27,29] as early application can 
significantly delay flower initiation. Ideally, N nutrition should be at a maintenance level (~100 ppm 
N) until after one week of induction [20] followed by 4 weeks of elevated N (~1000 ppm N) then 
returned to lower rates thereafter for differentiation and development [20]. 

5. Conclusion 

Photoperiod and N fertility during floral initiation in F1 seed-propagated long-day strawberries 
clearly affected flowering. The response to elevated N or photoperiod was rapid with statistically 
significant differences observed as early as 4 weeks after the commencement of treatment. While the 
responses to photoperiod and N varied with cultivar, the effects observed in this study were similar to 
those observed in a previous study for ‘Elan’ [20]. Long days can be used to induce floral initiation 
followed by elevated N for 4 weeks to enhance flowering. Photoperiod and N fertilization are viable 
tools for managing flowering in long-day strawberries.  

Conflict of Interest 

The author declares no conflicts of interest in this paper. 

References 

1. Johnny’s Selected Seeds. 2016. Available from: 
http://www.johnnyseeds.com/c-247-strawberries.aspx?source=W_fruit_ddcat_092016 

2. Durner EF (2015) Photoperiod affects floral ontogeny in strawberry (Fragaria x ananassa Duch.) 
plug plants. Sci Hortic (Amsterdam) 194: 154-159. 



13 
 

AIMS Agriculture and Food  Volume 2, Issue 1, 1-15. 

3. Durner EF, Poling EB, Maas JL (2002) Recent advances in strawberry plug transplant 
technology. HortTechnology 12:545-550. 

4. Durner EF, Barden JA, Himelrick DG, et al. (1984) Photoperiod and temperature effects on 
flower and runner development in day neutral, Junebearing and everbearing strawberries. J 
Amer Soc Hort Sci 109: 396 400. 

5. Durner EF (1999) Winter greenhouse strawberry production using conditioned plug plants. 
HortScience 34: 615-616. 

6. Deyton D, Sams C, Takeda F, et al. (2009) Off-season greenhouse strawberry production. 
HortScience 44:1002. 

7. Paparozzi ET (2013) The challenges of growing strawberries in the greenhouse. HortTechnology 
23: 800-802. 

8. Takeda F (2000) Out-of-season greenhouse strawberry production in soilless substrate. Adv 
Strawb Res 18: 4-15. 

9. Takeda F, Hokanson SC (2002) Effects of transplant conditioning on ‘Chandler’ strawberry 
performance in a winter greenhouse production system. In: S.C. Hokanson and A.R. Jamieson 
(eds.). Strawberry research to 2001. ASHS Press, Alexandria VA. 132-135. 

10. Lieten F (1993) Methods and strategies of strawberry forcing in central Europe: Historical 
perspectives and recent developments. Acta Hortic 348: 158-170. 

11. Neri D, Baruzzi G, Massetani F, et al. (2012) Strawberry production in forced and protected 
culture in Europe as a response to climate change. Can J Plant Sci 92: 1021-1036. 

12. Yamasaki A (2013) Recent progress if strawberry year-round production technology in Japan. 
Jpn Agric Res Q 47:37-42. 

13. Poling EB, Parker K (1990) Plug production of strawberry transplants. Adv Strawb Prod 9: 
37-39. 

14. Demchak K (2009) Small fruit production in high tunnels. HortTechnology 19: 44-49. 
15. Kadir S, Carey E, Ennahli S (2006) Influence of high tunnel and field conditions on strawberry 

growth and development. HortScience 41: 329-335. 
16. Ballington JR, Poling EB, Olive K (2008) Day-neutral strawberry production for season 

extension in the midsouth. HortScience 43: 1982-1986. 
17. Rowley D, Black B, Drost D, et al. (2011) Late-season strawberry production using day-neutral 

cultivars in high elevation high tunnels. HortScience 46: 1480-1485. 
18. Takeda F, Newell M (2006) A method for increasing fall flowering in short-day ‘Carmine’ 

strawberry. HortScience 41: 480-481. 
19. Black BL, Swartz HJ, Deitzer GF, et al. (2005) The effects of conditioning strawberry plug 

plants under altered red/far-red light environments. HortScience 40: 1263-1267. 
20. Durner EF (2016) Enhanced Flowering of The F1 Long-day Strawberry Cultivar ‘Elan’ via 

Nitrogen and Daylength Manipulation. AIMS Agric Food 1: 4-19. 
21. Bentvelsen GC, Bouw B, Veldhuyzen E, et al. (1996) Breeding strawberries (Fragaria ananassa 

Duch.) from seed. Acta Hortic 439: 149-153. 
22. Bentvelsen GC, Bouw B (2006) Breeding ornamental strawberries. Acta Hortic 708: 455-457. 
23. Bentvelsen GC, Bouw B (2002) Breeding strawberry F1-hybrids for vitamin C and sugar 

content. Acta Hortic 567: 813-814.  



14 
 

AIMS Agriculture and Food  Volume 2, Issue 1, 1-15. 

24. Bentvelsen GC, Souillat D. Strawberry F1 hybrids in very early greenhouse production with 
grow light. 2014. Available from: 
http://hoogstraten.eu/congress/posters_2013/Strawberry%20F1%20hybrids%20in%20very%20e
arly%20greenhouse%20production%20wiht%20grow%20light.pdf 

25. Heide OM, Stavang JA, Sonsteby A (2013) Physiology and genetics of flowering in cultivated 
and wild strawberries – a review. J Hortic Sci Biotechnol 88: 1-18. 

26. Larson KD (1994) Strawberry. In: Handbook of environmental physiology of fruit crops. Volume 
I. eds. B Schaffer and P.C. Anderson. CRC Press, Boca Raton, FL. 271-297. 

27. Sonsteby A, Opstad N, Myrheim U, et al. (2009) Interaction of short day and timing of nitrogen 
fertilization on growth and flowering of ‘Korona’ strawberry (Fragaria x ananassa Duch.). Sci 
Hortic (Amsterdam) 123: 204-209. 

28. Desmet EM, Verbraeken L, Baets W (2009) Optimisation of nitrogen fertilization prior to and 
during flowering process on performance of short day strawberry ‘Elsanta’. Acta Hortic 842: 
675-678. 

29. Yamasaki A, Yano T (2009) Effect of supplemental application of fertilizers on flower bud 
initiation and development of strawberry – possible role of nitrogen. Acta Hortic 842: 765-768. 

30. Sonsteby A, Opstad N, Heide OM (2013) Environmental manipulation for establishing high 
yield potential of strawberry forcing plants. Sci Hortic (Amsterdam) 157: 65-73. 

31. Lieten F (2002) The effect of nutrition prior to and during flower differentiation on phyllody and 
plant performance of short day strawberry ‘Elsanta’. Acta Hortic 567: 345-348. 

32. Sonsteby A, Heide OM (2007) Quantitative long-day flowering response in the 
perpetual-flowering F1 strawberry cultivar Elan. J Hortic Sci Biotechnol 82: 266-274. 

33. Sonsteby A, Heide OM (2007) Long-day control of flowering in everbearing strawberries. J 
Hortic Sci Biotechnol 82: 875-884. 

34. Wobbrock JO, Findlater L, Gergle D, et al. (2011) The aligned rank transform for nonparametric 
factorial analyses using only anova procedures. In: Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems. ACM. 143-146. 

35. Le Miere P, Hadley P, Darby J, et al. (1996) The effect of temperature and photoperiod on the 
rate of flower initiation and the onset of dormancy in strawberry (Fragaria x ananassa Duch.). J 
Hortic Sci 71: 261-2711. 

36. Lieten F (2002) The effect of nutrition prior to and during flower differentiation on phyllody and 
plant performance of short day strawberry ‘Elsanta’. Acta Hortic 567: 345-348. 

37. van Delm T, Melis P, Stoffels K, et al. (2013) Pre-harvest night-interruption on everbearing 
cultivars in out-of-soil strawberry cultivation in Belgium. Int J Fruit Sci 13: 217-226. 

38. Anderson HM, Guttridge CG (1982) Strawberry truss morphology and the fate of high-order 
flower buds. Crop Res 22: 105-122. 

39. Hytonen T, Palonen P, Mouhu K, et al. (2004) Crown branching and cropping potential in 
strawberry (Fragaria x ananassa Duch.) can be enhanced by daylength treatments. J Hortic Sci 
Biotechnol 79: 466-471. 

40. Guttridge CG (1985) Fragaria x ananassa. In: Halevy, A.H. (Ed.), Handbook of Flowering, vol 
3. CRC Press, Boca Raton, FL. 16-33. 

41. Mochizuki T (1995) Past and present strawberry breeding programs in Japan. Adv Strawb Res 
14: 9-17. 



15 
 

AIMS Agriculture and Food  Volume 2, Issue 1, 1-15. 

42. Mochizuki T, Yoshida Y, Yanagi T, et al. (2009) Forcing culture of strawberry in Japan - 
production technology and cultivars. Acta Hortic 842: 107-110. 

43. Strik BC (1985) Flower bud initiation in strawberry cultivars. Fruit Var J 39: 59. 
44. Battey NH, Le Miere P, Tehranifar A, et al. (1998) Genetic and environmental control of 

flowering in strawberry. In: K. E. Cockshull, D. Gray, G. B. Seymour, and B. Thomas, eds. 
Genetic and environmental manipulation of horticultural crops. CAB International, Wallingford, 
UK. 111-131. 

45. Anderson HM, Guttridge CG (1982) Strawberry truss morphology and the fate of high-order 
flower buds. Crop Res 22: 105-122. 

46. Van den Muijzenberg EWB (1942) De invloed van licht en temperatuur op de periodieke 
ontwikkeling van de aardbei en de beteekenis daarvan voor de teelt [The influence of light and 
temperature on the periodic development of the strawberry and its significance in cultivation]. 
Ph.D. thesis, Laboratorium voor Tuinbouwplantenteelt, Wageningen, the Netherlands. 160. 

47. Fujimoto K, Kimura M (1970) Studies on flowering of strawberry. III. Effect of nitrogen on 
flower bud differentiation and development. Abstracts of the Japanese Society for Horticultural 
Science Spring Meeting 174-175 (In Japanese). 

48. Furuya S, Yamashita M, Yamasaki A (1988) Effects of nitrogen content on the flower bud 
initiation induced by chilling under dark condition in strawberries. Bullet Natl Res Inst Veg 
Ornam Plants Tea Ser D. 

49. Matsumoto O (1991) Studies on the control of flower initiation and dormancy in the cultivation 
of strawberry, Fragaria X ananassa Duch. Spec Bullet Yamaguchi Agric Exp Stn 31: 1102. 

50. Yamasaki A, Yoneyama T, Tanaka F, et al. (2002) Tracer studies on the allocation of carbon and 
nitrogen during flower induction of strawberry plants as affected by the nitrogen level. Acta 
Hortic 567: 349-352. 

51. Yoshida Y (1992) Studies on flower and fruit development in strawberry with special reference 
to fruit malformation in ‘Ai-Berry’. Memo Fac Agric Kagawa Univ 57: 194. 

© 2017 Edward F. Durner, licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons Attribution 

License (http://creativecommons.org/licenses/by/4.0) 


