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Abstract

:

A series of experiments was conducted to evaluate variety selection and planting date for spring and fall season extension of tomato (Solanum lycopersicum L. (syn.: Lycoperisicon esculentum Mill.)) production in high tunnels in southeast Alabama. ‘BHN 640’, ‘Florida 91’, ‘Sun Leaper’, and ‘Carolina Gold’ were evaluated for early spring production in 2004. These varieties did not differ in total yield of marketable fruit; however, ‘BHN 640’ and ‘Sun Leaper’ produced higher early yields compared with the other varieties. ‘BHN 640’ and ‘Florida 91’ were evaluated for late-season extension in fall 2004. ‘BHN 640’ produced higher yields of large, medium, total marketable, and unmarketable fruit grades than ‘Florida 91’. In a study conducted in early 2005, higher yields of marketable fruit were produced from the first planting date (31 January) compared with the final of four planting date (25 Mar.). In summary, results indicated that season extension of tomato production in high tunnels was possible, with harvests three weeks earlier in the spring and 12 weeks later in the fall compared with typical field harvest dates. These early yields can command prices from $3.30 to $4.40US per kg of fruit.
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1. Introduction


High tunnel production systems have received popular acceptance in production systems in Alabama over the last 15 years [1]. High tunnel production was initially developed in the U.S. by Otho Wells and his colleagues at the University of New Hampshire [2,3]. High tunnels have been shown to be an affordable technology for season extension in commercial crop production [4,5].



Researchers at Pennsylvania State University (Penn State) conducted early investigations in production of tomatoes and snapdragons (Antirrhinum majus L. cv. Peoria) in high tunnels in the U.S., with results leading to establishment of the High Tunnel Research and Educational Facility in 1999 as a part of Penn State’s Center for Plasticulture [6]. The Penn State system of high tunnel production is more closely related to field plasticulture [6] than the University of New Hampshire’s high tunnel system [6]. Limited research has been conducted on use of high tunnels in the southeastern U.S. and none in the state of Alabama until studies were initiated in 2003 [7].



Typical planting dates for field-grown tomatoes in south Alabama are around 10 March. [8]. Drip-irrigated tomatoes with plastic mulch yield 1500 to 2000 11.25-kg boxes per acre. Spaw [9] reported that four- to five-week-old tomato transplants can be planted in a high tunnel four to five weeks earlier in the season than field plantings. Research has shown that a tomato crop will flower and produce a mature crop two to three weeks earlier in a high tunnel compared with a low tunnel (row cover) [4]. In Pennsylvania, tomatoes grown in high tunnels have shown a repeated problem with frost damage; therefore, heating with a portable propane heater has been advised [5]. Cold protection is required because tomato plants are damaged at temperatures below 10 °C. In New Hampshire, high tunnels advance the maturity of tomatoes by 32 days compared with unprotected field-grown tomatoes [10]. Tomatoes grown in a high tunnel can produce up to 11.3 kg of fruit per plant [6]. According to Wells and Loy [11], if the width of a high tunnel exceeds 6 m, then adequate ventilation is not attainable when outside temperatures rise above 30°C. Additionally, a row spacing of 1.2 m allowed for 5 rows in a 6-m wide high tunnel, and required up to 4180 L of water per week [9].



Optimum growing temperatures for tomatoes are 25 to 30 °C during the day and 15.6 to 20 °C at night. Temperatures ≥ 35 °C or ≤10 °C will halt growth and possibly cause damage [11]. Researchers at Penn State advise growers to be aware that early spring plantings of tomatoes in high tunnels can be damaged due to cold pockets and other similar microclimates [12]. Growers should be conservative in choosing early planting dates because, even if plants survive cold temperatures, physiological disorders can result from stress and will likely reduce yields [12].



High tunnels provide the potential of season extension, higher crop yield, and improved crop quality for both small-scale market gardens and larger scale farms [2]. A series of high tunnel experiments were conducted in south Alabama to evaluate variety selection and planting date for spring and fall season extension of tomato production in high tunnels in southeast Alabama. The goal of these seminal high tunnel tomato studies was to ascertain suitable varieties and to establish whether tomatoes could be gown in this system, which would allow for season extension.




2. Materials and Methods


Experiment 1. In the spring of 2004, an experiment was conducted to evaluate potential tomato varieties for a high tunnel production system in southeast Alabama. A single high tunnel (28.8 m long × 6.3 m wide) was constructed at the Wiregrass Research and Extension Center (WREC) in Headland, Alabama (lat. 31°19′20″ N, 85°29′1″ W) utilizing the Penn State plan [6]. The high tunnel was situated with a north-south orientation, covered with a single layer of clear 6-mil polyethylene plastic, and constructed with roll-up sides for ventilation. For added ventilation, two automatic vents (Ken-Bar, Reading, MA, USA) that opened without the use of electricity were installed on the top of the high tunnel. During the study, the sides were rolled up for ventilation and to facilitate wind pollination. When the night-time temperature was predicted to be less than 7.2 °C, the sides were rolled down by midafternoon. As the season progressed and temperatures increased, sides were left open longer in the day until days were warm enough (nighttime temperatures above 15.6 °C) to leave them open 24 h/day. End-walls were constructed to allow opening for access and use of equipment in the high tunnel. The soil type was a Lucy loamy sand (loamy, kaolinitic thermic Arenic Kandiudult).



Four tomato varieties (‘Florida 91’, ‘BHN 640’, ‘Sun Leaper’, and ‘Carolina Gold’) were sown in Canadian Growing Mix 2 (Conrad Fafard Inc., Agawan, MA, USA) in 48-cell trays on 13 February 2004 at the Plant Science Research Center at Auburn University, Alabama and allowed to grow for four weeks. Seedlings were fertilized once per week with a 20N-4.4P-16.6K water-soluble fertilizer (Peter’s Water Soluble Plant Food 20-10-20; The Scotts Co, Marysville, OH, USA) at a rate of 265 mg·L−1 N. Seedlings were hardened off for one week prior to field planting by decreasing watering intervals from twice daily to once daily for three days and discontinuing fertilization. The seedlings were then placed outside and allowed to wilt slightly, at which point they were watered lightly. Under these outdoor conditions, the seedlings were exposed to ambient conditions of wind and cool mornings; however, seedlings were never exposed to temperatures below 10 °C while being hardened off.



Fertilizer (Red Fox Fertilizer, Dothan, AL, USA) was applied to the soil prior to bed formation inside the high tunnel at the rate of 81, 61, and 225 kg·ha−1 of N, P, and K, respectively (the recommended 30% to 40% of required N and K and 100% of required P based on soil test results from the Auburn University Soil Testing Lab). Then, 46-cm-wide raised beds were formed and 1.25-mil black plastic polyethylene mulch was laid on top of the beds utilizing a mulch bedder (Reddick Fumigants, Wilmington, NC, USA). The beds were 27 m long and 45 cm wide. Drip tape (T-Tape®, 1.71 L/min per 30 m; T-Systems International, San Diego, CA, USA) was laid underneath the plastic mulch for irrigation. The plants were irrigated as needed and fertigated weekly for the duration of the experiment through the drip tape with a Dosatron® (Clearwater, FL, USA) fertilizer injector, alternating KNO3 and Ca(NO3)2 as recommended by Kemble et al. (2004). During production, suckers were removed, and plants were tied to 1.2-m wooden stakes placed between every second plant [6]. Additional heat was supplied as needed by portable propane heaters.



The seedlings were transplanted into the high tunnel on a 45-cm spacing on 18 March. using a completely randomized design with four replications per variety. Data collection included fruit weight by grade (extra-large, large, medium, small, and culls), based on USDA standards [13], and number of fruit per plant. The first harvest was on 25 May, with two harvests per week continuing until 12 July. Harvested fruit was in the light-red to red stage according to USDA standards. The harvest season was separated into three harvest periods: early season included the first five harvest dates (25 May, 28 May, 1 June, 4 June, and 7 June; mid-season included the next five harvest dates (10 June, 14 June, 17 June, 21 June, and 24, June); and late-season harvest included the final five harvest dates (28 June, 30 June, 6 July, 8 July, and 12 July). Data were analyzed using the General Linear Model (GLM) procedure of SAS (SAS Institute, Cary, NC, USA) with Tukey’s test (p ≤ 0.10) for multiple mean comparisons.



Experiment 2. In the fall of 2004, an experiment was conducted to compare the fruit yield of the varieties ‘Florida 91’ and ‘BHN 640’ grown in the high tunnel at the WREC. Seedlings were produced and hardened-off as described for Experiment 1. Beds in the high tunnel were prepared as in Experiment 1, except that 1-mil white plastic mulch was used to cover the beds. Nine plants of each variety were planted 45 cm apart in two rows using a completely randomized design on 31 Aug. Plants were drenched with Terraclor® (Crompton Manufacturing Co., Inc., Middlebury, CT, USA) at transplanting at the label rate for application to transplants. Plants were irrigated, fertigated, suckered, and tied to stakes as in Experiment 1. Supplemental heat was supplied by portable propane heaters as needed. There were seven harvest dates (29 November, 3 December 9 December, 6 December, 21 December, and 27 December 2004; 4 January 2005). Fruit were harvested in the light red-to-red stage, weighed, and counted according to USDA standards as in Experiment 1. The two treatments (varieties) were arranged in a completely randomized design with three replications of each variety. Each row was divided into three plots to allow for a random planting of any tomato variety in any plot in each row. Each replication was planted in a single plot. Data was analyzed with t-test using the TTEST procedure of SAS.



Experiment 3. An experiment was conducted in the spring of 2005 at the WREC to determine optimum planting dates for early spring tomato production in the high tunnel at the WREC. ‘BHN 640’ and ‘Florida 91’ tomatoes were each planted on four dates (31 January, 17 February, 4 March., and 25 March.). Seedling production, bed preparation, irrigation, fertigation, sucker removal, and staking were handled as in Experiment 1. A split-plot design was utilized with planting date as the main plot factor and variety as the subplot factor. There were two main plots for each planting date and three plants of each variety randomized within each main plot. Data was collected as in Experiment 1 on seven harvest dates (24 May, 1 June, 7 June, 14 June, 21 June, 27 June, and 5 July) and analyzed with the MIXED procedure of SAS.



Experiment 4. A growth chamber study was conducted at the Plant Science Research Greenhouses at Auburn University, Alabama to determine suitable varieties for late fall and early spring high tunnel production in southeast Alabama. The varieties evaluated were ‘BHN 640’ and ‘Florida 91’, along with 10 cold-tolerant varieties typically grown in the field in the northwestern U.S. and Alaska: ‘Glacier’, ‘Legend’, ‘Northern Delight’, ‘Oregon Spring’, ‘Polar Beauty’, ‘Santiam’, ‘Siletz’, and ‘Sub-Arctic Plenty’.



The 10 varieties were seeded on 7 April 2005 and seedlings were grown and hardened-off as in Experiment 1. Seedlings were transplanted into individual 11.4-L pots containing Canadian Growing Mix #2 and placed into growth chambers on 11 May with one plant of each variety in each of three growth chambers. The experimental design was a randomized complete block design with growth chambers serving as blocks. Plants were spaced 30 cm apart within the growth chamber. A 1.2-m wooden stake was inserted into each pot and plants were tied to the stake as needed in order to maintain upright growth. Pollination was accomplished by vibrating the flower clusters with an electric toothbrush every two days. Once flowering had begun, plants were fertilized twice per week with a 20N-4.4P-16.6K water-soluble fertilizer (Peter’s Plant Food 20-10-20 at a rate of 265 mg·L−1 N.



The growth chambers were programmed to provide a rise and fall of the temperature to the average maximum and minimum temperatures (4.4 and 37.7 °C, respectively) based on data recorded with data loggers in the high tunnel at the WREC during Experiments 1 and 2. Temperature in the growth chamber was set to rise progressively for 12 h and drop progressively for 12 h. Lights within the growth chamber operated for 12 h/day during the 12 h of temperature rise.



Fruit was harvested at the light red-to-red stage (according to USDA standards) between 15 July 2005 and 19 Aug. 2005. Harvested fruit was weighed and graded as in Experiment 1, with total weight by grade used for statistical analysis. Data was analyzed with the GLM procedure of SAS with Duncan’s Multiple Range Test for multiple comparisons. The study was repeated in the summer of 2005 using the same varieties and experimental procedure, with seeding on 2 June, transplanting into containers and placement in the growth chambers on 9 July, and harvesting from 30 September 2005 to 2 November 2005.



Means were calculated using the MEANS procedure of SAS. Means comparisons were analyzed using the TTEST procedure of SAS. If variances were equal, the pooled method was used to determine significance. If variances were unequal, the Satterthwaite method was used to determine significance.




3. Results


Experiment 1. There were no significant differences in total marketable weight (Table 1) or unmarketable weight (data not shown) of harvested fruit among the varieties tested. However, some differences in yield were detected when harvest was split into early, mid-, and late-season harvests (Table 2).



Early in the harvest season, ‘BHN 640’ produced a higher total yield of marketable fruit than ‘Carolina Gold’ or ‘Florida 91’. ‘BHN 640’ also produced a higher yield of extra-large fruit than ‘Carolina Gold’, and higher yields of large- and medium-sized fruit than ‘Florida 91’ or ‘Carolina Gold’. ‘Sun Leaper’ was similar to ‘BHN 640’ in yields of total marketable, extra-large-, large-, and medium-sized tomatoes (Table 2).



There were differences in mid-season harvest with large- and medium-sized tomatoes (Table 2). ‘BHN 640’ yielded more large fruit than ‘Carolina Gold’ and ‘Florida 91’, and ‘Sun Leaper’ yielded more large fruit than ‘Carolina Gold’. ‘Sun Leaper’ produced a greater yield of medium-sized fruit than the other three varieties. Overall yields were generally greater during this mid-season period (10 June to 24 June) than during the early season period; however, no significant differences were observed with extra-large fruit or total marketable fruit among the four varieties during the mid-season period.



During the late-season harvest period, ‘Florida 91’ yielded more extra-large fruit and total marketable fruit than ‘BHN 640’, while producing yields similar to the other two varieties (Table 2). Yields were similar among all four varieties for large and medium fruit grades.



While there were no differences among the four varieties in total marketable yields for the entire season (Table 1), the early season differences were noteworthy. This study indicated that early production of tomatoes in a high tunnel system can be achieved in southeast Alabama. Premium prices for early tomatoes can be achieved by selecting ‘BHN 640’ and, to a lesser degree, ‘Sun Leaper’. The total yield of fruit per plant for all varieties was very encouraging, with yields ranging from 4.02 kg/ plant for ‘Carolina Gold’ to 5.22 kg/plant for ‘Sun Leaper’. In this high tunnel, we were able to plant 60 plants per 27-m row. An average of 5 kg/plant of marketable fruit would yield 300 kg of fruit per row. Early season tomato prices in 2020 were on average US$3.30 per kg [14], which would generate approximately US $995 per row in gross returns; therefore, five rows within this single high tunnel (28.8 m long × 6.3 m wide) would generate approximately US$4975 of gross income. Additionally, early season fruit ripened three weeks ahead of plants grown using conventional field production practices in the same region. Results suggest that high tunnel production of tomatoes has great potential for spring season production extension, especially considering the small amount of land required and the potential gross returns.



Experiment 2. Total yield of marketable fruit was 1.37 kg/plant for ‘BHN 640’, greater than the 0.94 kg/plant for ‘Florida 91’ (Table 3). Only ripe fruit was harvested; mature green fruit, which would have added greatly to the reported yields, were evaluated in another study. The yield of ‘BHN 640’ was 46% higher than ‘Florida 91’ for marketable fruit. Totals yields for the season were all greater with ‘BHN 640’ than with ‘Florida 91’ for all grades, except the extra-large grade. There was no harvest date on which ‘Florida 91’ yielded more than ‘BHN 640’.



Marketable fruit weights for each harvest date revealed some differences (Table 3). On 9 December, the weight of large fruit was greater for ‘BHN 640’ than for ‘Florida 91’. On 21 December, ‘BHN 640’ yields were greater for large, medium, and total unmarketable fruit weights than for ‘Florida 91’. On 27 December, ‘BHN 640 yields were greater than yields of ‘Florida 91’ for extra large, large, medium, small, and total marketable weights.



The first harvest date in this experiment was 29 November and the last harvest date was 4 January, which was rather extraordinary for a production system that involved the addition of heat only when the temperature was predicted to drop below 7.2 °C for an extended period of time within the high tunnel. It was during this period of the year that the price for tomatoes was high and we received as much as US $8.45/kg from a local restaurant, due in large part to hurricane-damaged Florida tomato crops. Results indicated that ‘BHN 640’ would be preferable to ‘Florida 91’ for late fall production of tomatoes in high tunnels for season extension in southeast Alabama.



Experiment 3. On 16 February and 17 February of 2005, strong wind gusts occurred for several hours, causing some damage to the high tunnel by tearing the plastic on one side of the structure during the night, leading to damage or death of some tomato plants. Reduced plant density affected the first and second planting dates since the third planting took place on 4 Mar. Harvest weights were adjusted to account for missing tomato plants from each wind event and analyzed with data weighted based on the number of surviving plants.



Planting date affected the total fruit yields of the two varieties in most of the harvest periods (Table 4). Fruit harvested during the first harvest week of 24 May came exclusively from the first (31 January) and second (17 February) planting dates. Planting date one (31 January) produced greater yields than planting date three (4 March.) and four (25 March.) in the second (31 May and 3 June), third (6 and 9 June), fourth (13 and 16 June), and fifth (20 and 24 June) harvest periods. ‘BHN 640’ produced greater marketable yields than ‘Florida 91’ in the third harvest period for the first and second planting dates. An interaction between planting date and variety factors was exhibited during the fourth harvest week. There were no significant differences noted in the seventh harvest (5 July). Overall, the total marketable yields for the entire season were significantly greater from the first planting date than from the last of the four planting dates.



Results from this experiment indicate that early planted tomatoes grown in a high tunnel system can produce good yields of marketable tomatoes; however, further investigation is needed to develop recommendations on planting date and suitable varieties. Although two major setbacks were experienced due to weather, harvest in the high tunnel began 16 days earlier than with local field-grown crops. Local growers in the area began picking fruit on 15 June (John Aplin, personal communication). With the price for fresh tomatoes being higher during this period, high tunnel production systems show promise for greater profit potential for growers.



Experiment 4. There were no significant differences for the total yields of extra-large fruit in the first experimental run, while ‘BHN 640’ and ‘Florida 91’ outperformed other varieties (except ‘Legend’) in the second run (Table 5). No significant differences were observed in the yield of large fruit in either run. ‘Polar Beauty’ and ‘Santiam’ produced yields of medium-sized tomatoes that were similar or greater than other varieties in run 1, while ‘BHN 640’, ‘Polar Beauty’, and ‘Santiam’ performed in a similar manner in run 2. The overall yield of total marketable fruit was similar among all varieties in run 1, while yields from ‘‘BHN 640’ and ‘Florida 91’ were similar or greater than other varieties in run 2. ‘Glacier’, ‘Northern Delight’, and ‘Sub-Arctic Plenty’ each produced >400 g of small fruit in both run 1 and run 2, while other varieties produced less. ‘Siletz’ produced more culls than other varieties (except ‘Legend’) in run 1, while ‘Santiam’ produced more culls than other varieties in run 2. ‘Oregon Spring’ produced no fruit in either run.




4. Discussion


This series of studies conducted over 15 years ago shows relevant results for the growth of high tunnel production systems in Alabama. High tunnel production has increased dramatically in the last few years across Alabama [1]. These studies were some of the first to establish that tomatoes could be grown earlier (3 weeks) in the spring and 12 weeks later in the fall. Prices for fresh tomatoes have increased over the last few years and most direct-marketed tomato growers receive $3.30 up to $4.40 per kg [15]. These studies demonstrate that one high tunnel (this size) can produce over $4975 up to $6625US per crop.



Although, the varieties used in this experiment have been replaced with improved varieties for high tunnel systems [16]. Results from this experiment suggest that some of the northern cold-tolerant varieties of tomatoes have the potential to perform equally to, or better than, ‘BHN 640’ and ‘Florida 91’ for season extension with high tunnel production, potentially allowing growers to extend the harvest season beyond that of ‘BHN 640’ and ‘Florida 91’, leading to higher potential profits. ‘Polar Beauty’ seems to have the best potential, while ‘Legend’, ‘Santiam’, and ‘Siletz’ also warrant further evaluation. ‘Glacier’, ‘Northern Delight’, ‘Oregon Spring’, and ‘Sub-Arctic Plenty’ do not appear to be suitable varieties under the conditions examined in this experiment.



Furthermore, the ability to produce tomatoes far later than normal outside production systems has been demonstrated with these varietal trial experiments. This production system has indeed grown in a large part to these studies that were conducted in southeastern. The information was disseminated via Experiment Station Field days and invited talks to commodity groups during the early years after these experiments [17,18].
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Table 1. Total yield of light-red to red marketable fruit z from four tomato varieties planted in a high tunnel at the Wiregrass Research and Extension Center (Headland, Alabama) on 18 March 2004 and harvested from 25 May to 12 July 2004 (Experiment 1).






Table 1. Total yield of light-red to red marketable fruit z from four tomato varieties planted in a high tunnel at the Wiregrass Research and Extension Center (Headland, Alabama) on 18 March 2004 and harvested from 25 May to 12 July 2004 (Experiment 1).





	Variety
	Yield (kg/plant)





	‘BHN 640’
	5.01a z



	‘Carolina Gold’
	4.02a



	‘Florida 91’
	4.53a



	‘Sun Leaper’
	5.22a







z Means followed by the same letter are not significantly different according to Tukey’s test at p ≤ 0.10.
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Table 2. Early, mid-, and late-season yield (by grade and total) of light-red to red marketable fruit from four tomato varieties planted in a high tunnel at the Wiregrass Research and Extension Center (Headland, Alabama) on 18 March 2004 and harvested from 25 May to 12 July 2004 (Experiment 1).






Table 2. Early, mid-, and late-season yield (by grade and total) of light-red to red marketable fruit from four tomato varieties planted in a high tunnel at the Wiregrass Research and Extension Center (Headland, Alabama) on 18 March 2004 and harvested from 25 May to 12 July 2004 (Experiment 1).





	
Fruit Grade z

	
Variety

	
Yield (kg/Plant)




	
Early-Season

	
Mid-Season

	
Late-Season






	
Extra-large

	
‘BHN 640’

	
0.78a y

	
2.33a

	
0.56b




	

	
‘Carolina Gold’

	
0.30b

	
1.89a

	
0.72ab




	

	
‘Florida 91’

	
0.39ab

	
2.28a

	
1.00a




	

	
‘Sun Leaper’

	
0.68ab

	
2.36a

	
0.70ab




	
Large

	
‘BHN 640’

	
0.14a

	
0.69a

	
0.35a




	

	
‘Carolina Gold’

	
0.08bc

	
0.43c

	
0.23a




	

	
‘Florida 91’

	
0.05c

	
0.45bc

	
0.24a




	

	
‘Sun Leaper’

	
0.13ab

	
0.66ab

	
0.32a




	
Medium

	
‘BHN 640’

	
0.04a

	
0.15b

	
0.08a




	

	
‘Carolina Gold’

	
0.01b

	
0.16b

	
0.07a




	

	
‘Florida 91’

	
0.01b

	
0.12b

	
0.07a




	

	
‘Sun Leaper’

	
0.05a

	
0.26a

	
0.07a




	
Total marketable x

	
‘BHN 640’

	
0.95a

	
3.17a

	
0.99b




	

	
‘Carolina Gold’

	
0.37bc

	
2.48a

	
1.01ab




	

	
‘Florida 91’

	
0.36c

	
2.85a

	
1.30a




	

	
‘Sun Leaper’

	
0.83ab

	
3.28a

	
1.08ab








z U.S. Dept. of Agriculture standard grades for fresh tomatoes; y Means within a column and fruit grade followed by the same letter are not significantly different according to Tukey’s test at p ≤ 0.10; x Total of extra-large, large, and medium fruits.
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Table 3. Yield (by grade and totals) of light-red to red marketable and unmarketable fruit from ‘BHN 640’ and ‘Florida 91’ tomato varieties planted on 31 Aug. 2004 in a high tunnel at the Wiregrass Research and Extension Center (Headland, Alabama) and harvested on seven dates from 29 November 2004 to 4 January 2005 (Experiment 2).






Table 3. Yield (by grade and totals) of light-red to red marketable and unmarketable fruit from ‘BHN 640’ and ‘Florida 91’ tomato varieties planted on 31 Aug. 2004 in a high tunnel at the Wiregrass Research and Extension Center (Headland, Alabama) and harvested on seven dates from 29 November 2004 to 4 January 2005 (Experiment 2).





	
Fruit Grade z

	
Variety

	
Harvest Date




	
11/29

	
12/3

	
12/9

	
12/16

	
12/21

	
12/27

	
1/4

	
Total






	
Extra-large

	
‘BHN 640’

	
0.12a y

	
0.08a

	
0.05a

	
0.08a

	
0.25a

	
0.17a

	
0.28a

	
0.95a




	

	
‘Florida 91’

	
0.05a

	
0.03a

	
0.01a

	
0.06a

	
0.28a

	
0.09b

	
0.29a

	
0.79a




	
Large

	
‘BHN 640’

	
0.00a

	
0.00a

	
0.02a

	
0.00a

	
0.11a

	
0.09a

	
0.09a

	
0.32a




	

	
‘Florida 91’

	
0.00a

	
0.00a

	
0.00b

	
0.01a

	
0.02b

	
0.03b

	
0.06a

	
0.13b




	
Medium

	
‘BHN 640’

	
0.00a

	
0.00a

	
0.00a

	
0.00a

	
0.04a

	
0.04a

	
0.01a

	
0.09a




	

	
‘Florida 91’

	
0.00a

	
0.00a

	
0.00a

	
0.00a

	
0.01b

	
0.00b

	
0.00a

	
0.02b




	
Small

	
‘BHN 640’

	
0.00a

	
0.00a

	
0.00a

	
0.00a

	
0.00a

	
0.01a

	
0.00a

	
0.02a




	

	
‘Florida 91’

	
0.00a

	
0.00a

	
0.00a

	
0.00a

	
0.00a

	
0.00b

	
0.00a

	
0.00b




	
Total marketable x

	
‘BHN 640’

	
0.12a

	
0.09a

	
0.08a

	
0.08a

	
0.40a

	
0.30a

	
0.39a

	
1.37a




	

	
‘Florida 91’

	
0.05a

	
0.03a

	
0.01a

	
0.07a

	
0.32a

	
0.13b

	
0.35a

	
0.94b




	
Total unmarketable w

	
‘BHN 640’

	
0.04a

	
0.01a

	
0.01a

	
0.05a

	
0.10a

	
0.03a

	
0.09a

	
0.31a




	

	
‘Florida 91’

	
0.02a

	
0.00a

	
0.00a

	
0.03a

	
0.03b

	
0.05a

	
0.10a

	
0.23b








z U.S. Dept. of Agriculture standard grades for fresh tomatoes; y Means within a column and fruit grade followed by the same letter are not significantly different according to t-tests; x Total of extra-large, large, and medium fruits; w Total of small and cull fruits.
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Table 4. Yield (by grade and total) of light-red to red marketable z fruit from seven harvest periods and total unmarketable fruit from ‘BHN 640’ and ‘Florida 91’ tomato varieties planted on four dates and grown in a high tunnel at the Wiregrass Research and Extension Center (Headland, Alabama) in winter/spring 2005 (Experiment 3).






Table 4. Yield (by grade and total) of light-red to red marketable z fruit from seven harvest periods and total unmarketable fruit from ‘BHN 640’ and ‘Florida 91’ tomato varieties planted on four dates and grown in a high tunnel at the Wiregrass Research and Extension Center (Headland, Alabama) in winter/spring 2005 (Experiment 3).





	
Planting Date and Variety

	
Total Marketable Yield (kg/plant) z

	




	
5/24

	
5/31, 6/3

	
6/6, 6/9

	
6/13, 6/16

	
6/20, 6/24

	
6/27

	
7/5

	
Total Harvest

	
Total Unmrkt. Yield (kg)






	
1/31

	

	

	

	

	

	

	

	

	




	
‘BHN 640’

	
0.08 y

	
0.93

	
1.14 *

	
1.85

	
1.84

	
0.76 *

	
1.15

	
7.51

	
0.72




	
‘Florida 91’

	
0.00

	
0.67

	
0.83 *

	
1.39

	
1.77

	
0.19 *

	
1.07

	
5.62

	
0.79




	
Combined

	
0.04a x

	
0.80a

	
0.99a

	
1.62a

	
1.81a

	
0.43ab

	
1.11a

	
6.56a

	
0.76a




	
2/17

	

	

	

	

	

	

	

	

	




	
‘BHN 640’

	
0.04

	
0.63

	
0.74 *

	
1.30

	
1.05

	
0.57

	
1.19

	
5.60

	
0.85




	
‘Florida 91’

	
0.08

	
0.34

	
0.22 *

	
0.69

	
1.76

	
0.53

	
0.63

	
4.22

	
0.52




	
Combined

	
0.06a

	
0.49ab

	
0.48ab

	
0.99ab

	
1.40ab

	
0.55ab

	
0.91ab

	
4.91ab

	
0.69ab




	
3/4

	

	

	

	

	

	

	

	

	




	
‘BHN 640’

	
0.00

	
0.02

	
0.27

	
0.56

	
1.15

	
0.84

	
1.26

	
4.12

	
0.41




	
‘Florida 91’

	
0.00

	
0.00

	
0.07

	
0.50

	
0.87

	
0.59

	
1.27

	
3.29

	
0.22




	
Combined

	
0.00a

	
0.01b

	
0.17b

	
0.53b

	
1.01b

	
0.72a

	
1.27ab

	
3.71ab

	
0.31b




	
3/25

	

	

	

	

	

	

	

	

	




	
‘BHN 640’

	
0.00

	
0.00

	
0.13

	
0.22

	
0.60

	
0.26

	
0.35

	
1.56

	
0.42




	
‘Florida 91’

	
0.00

	
0.00

	
0.03

	
0.12

	
0.48

	
0.42

	
1.32

	
2.37

	
0.35




	
Combined

	
0.00a

	
0.00b

	
0.08b

	
0.17c

	
0.54b

	
0.34b

	
0.83b

	
1.97b

	
0.39ab




	
Significance w

	

	

	

	

	

	

	

	

	




	
Planting date

	
NS

	
**

	
**

	
**

	
**

	
*

	
NS

	
**

	
**




	
Variety

	
NS

	
NS

	
**

	
NS

	
NS

	
*

	
NS

	
NS

	
NS




	
Date × variety

	
NS

	
NS

	
NS

	
NS

	
NS

	
*

	
NS

	
NS

	
NS








z Extra-large, large, medium, and small tomatoes (based on U.S. Dept. of Agriculture standard grades for fresh tomatoes); y Means for individual varieties within a column (harvest) and planting date followed by the same letter are significantly different at p ≤ 0.10 based on linear contrasts; x Means for combined yield of both varieties from the four planting dates within a column (harvest) followed by the same letter are not significantly different at p ≤ 0.10 based on linear contrasts; w Effect was not significant (NS) or significant at p ≤ 0.10 (*) and p ≤ 0.05 (**) based on F-tests.
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Table 5. Yield of light-red to red fruit by grade from 10 tomato varieties in growth chambers programmed to simulate average late-fall/early spring minimum/maximum temperatures and daylength (based on prior data from spring of 2005) in a high tunnel at the Wiregrass Research and Extension Center in Headland, Alabama (Experiment 4).






Table 5. Yield of light-red to red fruit by grade from 10 tomato varieties in growth chambers programmed to simulate average late-fall/early spring minimum/maximum temperatures and daylength (based on prior data from spring of 2005) in a high tunnel at the Wiregrass Research and Extension Center in Headland, Alabama (Experiment 4).





	
Variety

	
Yield (g) by Grade z




	
Extra -Large

	
Large

	
Medium

	
Total Marketable y

	
Small

	
Cull






	
Run 1 x:

	

	

	

	

	

	




	
‘BHN 640’

	
75.7a w

	
0.0a

	
45.4ab

	
121.1a

	
75.7de

	
0.0b




	
‘Florida 91’

	
86.8a

	
0.0a

	
46.7ab

	
133.5a

	
44.1e

	
0.0b




	
‘Glacier’

	
0.0a

	
0.0a

	
17.6ab

	
17.6a

	
459.2ab

	
32.7b




	
‘Legend’

	
0.0a

	
40.1a

	
0.0b

	
40.1a

	
0.0e

	
128.7ab




	
‘Northern Delight’

	
0.0a

	
0.0a

	
0.0b

	
0.0a

	
645.4a

	
7.8b




	
‘Oregon Spring’

	
0.0a

	
0.0a

	
0.0b

	
0.0a

	
0.0e

	
0.0b




	
‘Polar Beauty’

	
77.1a

	
45.2a

	
191.5a

	
313.8a

	
301.7bcd

	
57.0b




	
‘Santiam’

	
0.0a

	
44.6a

	
111.6ab

	
156.2a

	
222.6cde

	
75.3b




	
‘Siletz’

	
68.0a

	
97.3a

	
25.7ab

	
190.9a

	
98.5de

	
284.1a




	
‘Sub-Arctic Plenty’

	
0.0a

	
0.0a

	
0.0b

	
0.0a

	
435.2abc

	
40.1b




	
Run 2 v:

	

	

	

	

	

	




	
‘BHN 640’

	
284.6a

	
202.8a

	
297.6a

	
785.0a

	
154.4cd

	
18.7a




	
‘Florida 91’

	
367.1a

	
44.6a

	
117.4ab

	
529.0a

	
0.0d

	
0.0a




	
‘Glacier’

	
0.0b

	
0.0a

	
0.0b

	
0.0b

	
410.7abc

	
20.9a




	
‘Legend’

	
128.8ab

	
171.4a

	
145.2ab

	
445.3ab

	
224.4bcd

	
0.0a




	
‘Northern Delight’

	
0.0b

	
0.0a

	
0.0b

	
0.0b

	
559.2a

	
52.5a




	
‘Oregon Spring’

	
0.0b

	
0.0a

	
0.0b

	
0.0b

	
0.0d

	
0.0a




	
‘Polar Beauty’

	
0.0b

	
160.7a

	
244.8a

	
405.4ab

	
313.3abc

	
19.7a




	
‘Santiam’

	
0.0b

	
88.8a

	
259.6a

	
348.4ab

	
209.8bcd

	
256.7b




	
‘Siletz’

	
0.0b

	
0.0a

	
0.0b

	
0.0b

	
18.9d

	
0.0a




	
‘Sub-Arctic Plenty’

	
0.0b

	
0.0a

	
0.0b

	
0.0b

	
535.0ab

	
59.8a








z U.S. Dept. of Agriculture standard grades for fresh tomatoes; y Total of extra-large, large, and medium fruits; x Plants were transplanted into containers on 11 May 2005 and harvested from 15 July to 19 August 2005; w Means within a column and run followed by the same letter are not significantly different according to Tukey’s test at p ≤ 0.10; v Plants were transplanted into containers on 9 July 2005 and harvested from 30 September to 2 November 2005.
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