GROWING TOMATO IN A SHADEHOUSE

Why grow tomatoes?

Tomatoes are nutritious containing vitamin A, vitamin C, potassium, and fiber.  Tomatoes are also protective against cancer, heart disease, stroke, the age-related eye disorder ‘macular degeneration’ and high blood pressure.  Tomatoes improve the skin's ability to protect against harmful UV rays. In other words, tomatoes protect against sunburn.
Locally grown tomatoes taste better and have better texture than imported tomatoes.
You know what is on and in the tomatoes you grow yourself. No pesticides. No GMOs.
Tomatoes are versatile, that is they may be prepared and cooked in many different ways.
Tomatoes are a welcome addition to custom foods, add color to salads and are great with hamburgers.
Tomatoes are a health promoting “flavor enhancer” which may be use instead of aji-no-moto (MSG) which harms some people. 
Tomatoes fetch a high market price.
Why use a shadehouse?

A shadehouse may be used to reduce the following problems hindering tomato production in Palau: insects, diseases, algae, rats, lizards, birds,  pigs, thieves, vandals; blossom drop, blossom end rot; cracked fruit; sun scald, excessive heat, overly high humidity, hard hitting rain, high winds and poor fruit set. Disadvantages of a shadehouse are:  costly in terms of labor, materials and maintenance; ideal climate for aphids, whiteflies and mealybugs plus reinfection and contamination are possible and may occur easily.

Why organic?

Organic produce is usually a) more nutritious than conventionally grown produce; b) safe for children, pets, wildlife, drinking water, the watershed and the environment and c) better for your health.  Synthetic pesticides and other “questionable” chemicals are not used.  Quick knock down pesticides are highly toxic.

Characteristics of tomatoes:
Tomatoes are tender and self-pollinizing (self-fertility). Tomatoes prefer cool dry climates for high yields and best quality.  It is a challenge to viably grow tomatoes in the hot humid tropics.  For example, the heavy cloud coverage during long days of rain plus high night time temperatures (common in Palau) will lead to lanky (spindly) growth and less fruit. The best temperatures for tomatoes are 70-80F or 21-27C. Mean temperatures above 80F or 27C severely impair growth and fruit set.  Flowers experience trouble with fruit/seed set whenever daytime temperatures exceed 90F and/or night time temperatures exceed 76F. Optimum temperature for fruit set is 60-70F (15-20C). Environmental stress, such as poor nutrition, unfavorable weather, or insect and disease attacks may result in the shedding of leaves, flowers and fruits. Hot dry winds cause flowers to drop. 
How do you do it?

Sterilizing plant foods, soil amendments, plant containers, ties, tomato supports, the shadehouse frame, tools, slippers and clothes improves the probability of success.

Sterilization may be by six hours under the scalding sun or a five minute dip in a solution of 1 part Clorox to 9 parts clean water.

The frame of the shadehouse may be of metal or plastic pipes.  Termites are quick to attack wood.

Chose shade netting which filters out 35% or less of the sun’s rays.

Chose between a) growing the tomatoes in containers or b) (more risky) straight to the ground.

If you chose containers, use 4 or 5 gallon containers with one inch of coarse gravel on the bottom with four nickel-size drain holes 1/4 – ½ inch from the bottom on the sides.

Fill  each container  with about 3 1/2 gallons of soilless potting “soil” mixed with 2 oz. sterilized compost or 1 oz. commercial organic fertilizer plus 2 oz. dolomite and ½ teaspoon boron (borax).

Variety or cultivar selection may hold the key to success or failure. Factors influencing selection of tomato varieties include personal preference, market demands, disease resistance, suitability to production systems and local conditions. Select varieties which are described on the packet as: tropical, heat tolerant, mid-summer, southern and/or suitable for wet/humid conditions. Determinate varieties are bushy, indeterminate are vining. In general, vining varieties do better in Palau. Also varieties with heavy foliage have done better than those with light foliage. Cherry tomatoes are generally more productive and more tolerant to high temperatures than large tomatoes.  Paste/plum tomatoes have been more productive than sweet varieties.  However, they do not sell well.  In general, varieties from Taiwan and Philippines have done better than USA varieties including UOH varieties. Varieties which we have tested and have done well in Palau are HGP V-180, HGP V-190, HGP V-191, King Kong, Rojita, Sugary, Taichung Yasu No. 4, Northern Red, Novatos, Marikit, and Lee’s Plum. Plant three to four varieties to increase your chances of success.
Criteria for site selection:  

· Accessible to a good smooth road and clean water;
· Best soil you have access to.  Checked the Palau Soil Survey. The ideal pH for tomatoes is 6-6.5.  Tomatoes will grow from 5.4 to 7.0 pH. Most soils farmed in Palau are acidic and have a pH of less than 5.5.   These acidic soils are low in calcium (leading to blossom end rot); magnesium, molybdenum and phosphorus and high in available aluminum (which poisons tomatoes).  The soil texture should be free draining.  If your soil is mostly clay or mostly sand you will need to add compost until it drains well.  Sterilized poultry manure is suitable for clay soils as it is not sticky and has lots of calcium to improve acidic soils.  If your soil is acidic you need to add lime or dolomite.  The rule of thumb is to add ½ pound of lime or dolomite per 10 square feet to raise the pH one unit.   Due to soil diseases being prevalent in Palau you may need to solarize your soil.  This may be done by spreading and anchoring clear polyethylene plastic over moist soil during hot sunny weather for 4-6 weeks. 
· In high wind areas, e.g. Kokusai a wind break is beneficial.  If there is no windbreak or wind screen, damage may be reduced and fruit set improved by making rows parallel to the wind direction.  

Start your seeds directly in the soil or container.   Plant your seeds ¼ inch (7mm) deep at 86F or 30C. Keep the soil moistened till germination. When the seedlings start growing, allow the soil surface to dry slightly between waterings. Never let the seedlings wilt.
Seeds germinate in about 6 days.  For containers, add one inch more soil 3-5 weeks after germination. For direct planting to the soil, hill up one inch of soil around the plant 3-5 weeks after germination.  This has the benefits of: small weeds close to the plant are smothered; the plants develop roots farther up the stem better anchoring them; and surplus moisture does not collect under tomato plants where it encourages disease, but instead runs away from the plants.
Spacing depends on the cultivar’s growth habit and type of support used.  Common spacing is 12 -24 inches (30-60 cm) apart is single rows on 39 – 55 inches (1.0-1.4 m) wide beds.  Stake, trellis or cage your tomatoes.  This keeps stem, leaves and fruits off the ground thereby reducing diseases.  This also improves ventilation so there is less opportunity for diseases to spread. By keeping your plants upright you will increase yields and make harvesting easier. Stake your cages down to prevent them from toppling over.  The use of cages makes pruning and suckering unnecessary.  Tie your plants to the stake or cage using soft cord with a figure “8”.  Use a knot which does not slip to avoid ‘choking’ the tomatoes.
If you have troublesome soil and past attempts at growing tomatoes have failed you may try grafting to eggplant, eggplants wild relatives, ground cherry (bubeubedul) and naranjilla.
First flowering under best conditions is about 5-7 weeks after sowing.  One half the fruit set is attributed to contact and gravity and one half to insects, mostly bees.  Note Sevin and spinosad kills bees.  Tapping or vibrating the flowers improves fruit set.  If you prefer give the plants or their support a little shake in the middle of the day to help pollination along.  Fruit set may be improve by using a commercially available “Tomato and Blossom Set Spray” containing a cytokinin or using seaweed and/or (crushed to a powder) crab shells.  Potassium in the form of a handful of ash should be added at first fruit set to ensure good fruit quality and color.

 Fertilize at first flowering with 2 oz. sterilized compost or 1 oz. commercial organic fertilizer plus 2 oz. dolomite.  Also fertilize at first flowering and every three weeks later with fish emulsion. Fish emulsion is very rich in the elements that help plants to grow. It includes several beneficial trace elements as well as including calcium, phosphorus, potassium, magnesium, and boron.   Seaweed is another very useful and beneficial plant food.  Extracts of seaweed contain amino acids, nutrients and substances e.g. cytokinins that encourage the growth and development of plants and improve the color and bloom of flowers.  If you use extracts of seaweed that you make yourself, you will have to experiment on 2-3 ‘sacrificial’ plants as different seaweeds have different potencies.  If you use commercially prepared extracts, follow the label carefully.  Do not overdo. Crab shells are another natural organic fertilizer.  Crab shells contain lots of calcium which will reduce blossom end rot. Additionally, crab shells contain chitin, a source of food for the bacteria that kills nematodes and fungus.  As a plant food, our experience indicates a handful of crushed crab shells per plant are fine.
Watering: Tomatoes need a consistent clean water supply, about 3 inches (7 cm) per week under hot and/or windy conditions.  Most water in Palau other than rain water and piped water is contaminated with organisms harmful to tomatoes. Watering should be thorough, long and slow to encourage deep healthy roots.  When watering, soak the soil to a depth of at least 6-8 inches (15-20 cm). Be careful to water the soil; avoid watering the leaves and stem as this will spread diseases.  Over-watered fruits will often taste like, you guest it, water. Waterlogging can cause wilting and an upward curving of the leaves. Tomatoes need even watering to prevent blossom end rot. Try to water early in the day so that plants will dry off before evening. This helps to reduce disease problems. Using drip or soaker hose irrigation to water is a fine method if you have piped water and can afford it. The water is used more efficiently this way and the leaves do not get wet.  Added benefits are less contamination, no run off; you may use a timer and fertigation (fertilizer is added to the irrigation water).
Pruning: Due to the abundance of pests and strong environmental constraints in Palau we do not recommend pruning.  Handle tomatoes only when necessary to tie and harvest.  Sadly, our experience has shown that pruned plants and fruit theft lead to the quick deaths of the affected plants.
Weeds:  Tomatoes have “zero tolerance” to weeds.  Weeds steal their food and harbor pests especially whiteflies.  Weed once a week.
Pests: Fog, night mist, morning dew, high humidity and prolong rain encourages fungi and algae which harm tomato plants.  An army of pests attack tomatoes in Palau, namely aphids, whiteflies, mealybugs, leaf miners, caterpillars, rats, birds, lizards, beetles, fruit flies, fruit piercing moths, snails, slugs, and nematodes. Fish emulsion will help in the control of aphids, whiteflies and mealybugs.  Plants with hairy leaves and stems are more resistant to whiteflies.

Bull’s-Eye Bioinsecticide with spinosad was partially successful in the control caterpillars, leafminers, and thrips if apply late in the afternoon.  It does not seem to work if applied when the sun is hot/intense. Caterpillars may be control with DiPel DF (Bacillus thuringiensis subspecies kurstaki). Other organic insecticides you may try are Safer’s insecticidal soap, dish washing liquid soap especially Ivory, derris (dub), barringtonia (bdul), seaweed and ash. Do not use hot pepper sprays as we have experienced that this spray has introduced viral infections to tomatoes. As with all sprays, test on one plant first to see if there are any ill effects.  Our tests with oil based sprays are that they will burn plants at high temperatures and/or strong winds.  We also recommend caution when using any spray which leaves dust or a film on the leaves. 
Nematodes spread bacterial, fungal and viral diseases. Unfortunately, research with resistance tomato varieties, indicates the resistance has often failed as a result of the heat instability or apparent temperature sensitivity.  Solarization of the soil will reduce nematodes. At the end of the solarization period the clear plastic may be painted with a white latex paint to allow continued use of the plastic as a mulch cover for the production of tomatoes on raised beds. Since nematodes can be carried in irrigation water that has drained from an infested field, you should avoid use of ditch or pond waters for irrigation or spray mixtures.  French marigold, Sunn Hemp (Crotolaria juncea) and Yellow Mustard (Sinapsis alba) and crushed egg shells, crab shells and shrimp hulls have been shown to kill nematodes. 
Rat proofing:  Put your cats to work!  Cats in the shadehouse do a lot less damage than rats and they are a lot more fun.

Bacterial diseases killed over 70% of the cultivars tried in less than five weeks.  We have found no effective treatments.  Most important control measures are good drainage, a large dose of sterilized organic manure and mulching in order to reduce rain damage to the roots and splash up. 
Fungal diseases are a major problem. The following sprays have had limited success: apple cider vinegar, baking soda, Bordeaux mixture, copper hydroxide and seaweed extract.  Sprinkling the soil with ash was also of limited success.  Neem oil spray did not work! Serenade and Sonata are organic fungicides which may be worth trying.
Viral diseases are also a major problem.  They are introduced through aphids, whiteflies, thrips, mealybugs and contaminated tools e.g. scissors.  When possible avoid touching the plants when wet as this spreads diseases. Coconut oil is anti-viral; however in our trials it burnt the plants.
Other Problems/Constraints:
Blossom end rot is caused by calcium deficiency, usually due to changes in water supply.  If your plants are growing under high relative humidity in highly acidic soil and/or are getting too much water from either heavy rain or over irrigation, they can develop calcium deficiency and blossom end rot. With any of these cases, high temperatures (above 90 degrees F) will make blossom end rot worse.

Blossom end rot may be lessened by consistent adequate watering, avoiding excess nitrogen and the addition of calcium.  Calcium is available as lime, dolomite, burnt eggshells, crushed crab shells, squid “backs”, sea urchin shells and seaweed.  Mulch may help by keeping the moisture level constant.  Also of help is wide spacing and avoiding wetting the leaves when watering.  Resistant cultivars may be tried.
Blossom drop can be caused by too low or too high temperatures, high humidity, high winds, too much or too little nitrogen, too much shade, over-watering, foliar diseases or insects, such as thrips.  Generally, day temperatures above 90F or night temperatures greater than 70-75F will interfere with fruit set resulting in the loss of flowers.  If blossom drop is a serious problem try heat tolerant cultivars. 
Stem callus cause by the wind whipping the tomato around and the strong sun after a heavy rain leads to plants falling over.  Stem callus may be reduced by windbreaks or wind screens and by hilling up the soil around the crowns.  Hilling the soil around the stems also stimulates roots further up the stem which will help anchor the plant.
Water wilt may be cause by not enough water, the drying effect of high winds, high temperatures, and when the soil is saturated (logged) after heavy and/or continuous rain. 
Theft can be a major problem in terms of lost produce, broken plants and the introduction of diseases and other pests. Loss from theft and vandals may be reduced by increasing the accessibility and visibility of the site.  Steps which may help are clearing away brush, installing a night light and guard dogs or ducks.
Harvesting:  Tomatoes mature in three major stages: mature green, breaker and red-ripe.  We recommend harvesting at the breaker stage to lessen the number of cracked fruit due to rain.  The breaker stage is when a little orange, yellow or pink begins to show.  The more red a tomato gets the stronger the odor.  Rats smell out tomatoes. Generally, tomatoes harvested at the pre-ripe stage (green with no orange/yellow/pink) tend to have lower quality than vine-ripened.  Harvest early in the morning.
Postharvest:  Once the tomatoes are harvested, move them quickly to the shade and keep them cool. Avoid packing peppers and eggplants with tomatoes or chili.  Tomatoes and chili will cause premature aging of peppers and eggplants.  Remove damaged and misshapen fruit.   Damaged and misshapen fruits will cause premature aging of the other tomatoes. Gently wash the tomatoes in running clean cool water.  Tomatoes should not sit in water for more than two minutes. Pack tomatoes in small plastic bags perforated with holes.
Tips for Better Tomatoes:
1 - Choose a site that is easy to get to with a good road and clean water.
2 - Choose a variety that does well in your area. 

3 - Avoid overcrowding.
4 - Avoid over-fertilizing.
5 - Avoid over-watering.
6 - As the plants grow, shake them some or drag a stick gently across the tops of the plants. The plants will react by producing sturdier stems that are less brittle and more able to withstand strong winds, “sheet” rain and hard-hitting rain.
Recommendations/alternatives for consideration:

· Try fine mesh row covers or other strong nets with fine mesh.
· Reduce shade level of the shade clothes and use a finer mesh to keep out aphids and whiteflies.
· Use row covers as sides and roof to reduce wind damage and keep out aphids and whiteflies.

· Leave the roof open/uncovered.
· Try high plastic tunnels.
· Suckers or tip cuttings may be tried to multiply desirable hybrids which show exceptional suitability.  All plants from the same package of hybrid seed do not perform equally as they should.  On a rare occasion, one stands out.

· Milk dust or milk spray under plastic roof may be tried to reduce bacterial diseases.
· Kaolin clay may be tried to kill aphids, etc.

· Hairy vetch as a no-till mulch crop for tomatoes has been shown to lower pests and increase yields.
· Try 6-8" of shredded newspaper as mulch to lessen fungal diseases.
· Intercropping with garlic chives (nira), ginger (sionga) or marigolds may be tried to reduce whiteflies and aphids.

· Aphids have been reduced with derris, neem (sprayed in the evening), soursop, turmeric, yam bean, or flour.

· Whiteflies have been reduced with yellow traps, garlic chives, marigold, ginger, soaps, and milk powder.
· Fruit flies have been reduced with bottle traps, vinegar-honey traps and coconut shell traps.
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