
lated, and deficiencies result in the common blossom-end-rot
symptoms weoftensee on tomato fruit. Phosphorus is required
in large amounts during seed formation. Early indevelopment,
phosphorus is important for good root formation and is sup
plied in large amounts at transplant in starter solutions with for
mulation like 9-45-15. Magnesium deficiencies show up as
blotchy yellow patches on the lower leaves. Usually, deficiencies
can be corrected before yields are affected. Of the micronutri-
ents, only iron (Fe) is required in amounts higher than 1ppm.
Iron is usually supplied at rates ranging from 3 to 5 ppm.

In order to control nutrition, growers need to havea rapid
and reliable method of monitoring the nutrient status of the
cropping medium. The essential equipment includes a conduc
tivity meterand a pH meter. For more detailed analysis, growers
should send samples to a commercial lab. Conductivity (EC) is
usually a good indicator ofoverall nutrient level in the growing
medium. Medium pH affects individual nutrient availability.
Therefore, as pH varies, the nutrient balance available to the
crop will change.

In the greenhouse, tomatoes can be planted directly in the
soilor in soilless substrates. Today, most tomato growers use
some form of soilless culture. In general, soilless culture can be
separated into two categories—inert substrates such as rock-
wool or perlite; or noninert substrates such as peat-lite mixes
used in trough cultureor uprightand lay-flat bags.

The recommended nutrient levels differ for these two sys
tems, however, the basic principles ofnutrientmanagement do
not. First, the absolute quantityof nutrientsa plant needs will
increase as plant sizeand fruit load increase. Second, the opti
mal ratio or nutritional balance required by thecrop will change
as the crop develops. To get an ideaof the general nutrient bal
ancerequired by the crop, lookat the total nutrients a plant
removes from the nutrient solution over the production life of
the plant and the relative ratio of these nutrients to each other
[ona weight basis (Table 1)]. From these data youcansee that
the plants in this study used seven times more nitrogen (N) than
phosphorus (P), 60% more potassium (K) than N, one-third more
Nthan calcium (Ca) and five times more Nthan magnesium.
Although the actual nutrient balance will vary during the crop,
on average, nutrients should be supplied in roughly these ratios.

Of course, these numbers do not tell you when or how to
adjust the nutrient levels in your management program. For this
purpose, use the recommendations in Table 2 as a guide. Notice
there are two sets ofrecommendations, onefor inert growing
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Potential Salad Crops
for Cultivation

Usha Rani Palaniswamy
GraduateStudent, Department ofPlant Science

Alu;number of epidemiological
id clinical studies have

demonstrated the benefits of vegetables and fruits in the human
diet in the prevention of several major diseases including cancer
and heart disease. Vegetables and fruits contain chemicals that
prevent the occurrenceand progressionof these majordis
eases. The National Cancer Institute and the American Heart
Association recommend that we Strive for Rve—five servings of
fruits and vegetables a day for a healthier life.The nutritional
importance of vegetables has long been recognized. Currently,
there is an increased awareness among the general public of the
health benefits of the specific chemicals in vegetables and fruits
thatare sometimes referred to as "nutriceuticals". Among the
13,000 known edible plants, less than 20 are currently being
used to provide most of our food needs. Perhaps it's time to
broaden our food base and look for alternative and better
sources of nutriceuticals.

Watercress is a leafy perennial that grows well at tempera
tures of 20° to 25°C (68° to 77°F). It is a salad crop commonly
used as a pot herb. It is easilypropagated by seed, stem or ter
minal shoot cuttings and requires about 25 to 30days from
seedling transplant to harvest. Itcontains a chemical, phenethyl
isothiocyanate (PEITC), that can prevent cancers caused bycar
cinogenic nicotine compounds. Watercress is also a rich source
of vitamins A and C.

Purslane is an annual succulent that grows well at tempera
tures of 22°to 27°C (71° to 81°F) and has a high growthrate and
water use efficiency. It is a relative of the common spring annual
flowering Portulaca and a common prostrate weed in the fields.
There are two upright types, a green-leafed type and a golden
leafed type thatarecultivated as salad greens. All types are
propagated easily byseeds, stem or shoot cuttings and take
about 20to 25days from seedlingtransplant to harvest. Purs
lane is an excellent source ofthe essential omega-3 fatty acid
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known as alpha-linolenic acid.The role of this omega-3 fatty acid
in normal human growth, development and disease prevention
has been well established. Research indicates that omega-3 fatty
acids will eventually receive the attention and broad recommen
dations now given to food fiber.

Although watercress is a common salad crop, its cultivation
has declined over time, and purslane is still considered a weed
with a nutritive potential. However, it is encouraging to note that
purslane is being considered for cultivation by the USDA and is
regarded as the Power Food of the Future because of its high
omega-3 fatty acid and vitamin E contents.

1am conducting research in the Department of Plant Science,
University of Connecticut, under the direction of Dr. R. McAvoy,
to identify and characterize the environmental factors (light
intensity, day length, temperature, mineralnutrition etc.) that
would optimize the nutriceuticals in the edible parts of water
cress and purslane.

To date, we have found that leaves of Watercress plants
grown in a hydroponic medium containing 200 ppm nitrogen and
128 ppm sulfur contain 84% more PEITC than those grown in a
medium containing 200 ppm nitrogen and 64 ppm sulfur. The
leaves of plants grown in a medium containing 200 ppm nitrogen
and 192 ppm sulfur contain 61% more and 14% less PEITC than
the plants grown in 64 and 128 ppm sulfur, respectively.
Increasing light intensity one week before harvest increased the
PEITC concentration of watercress leaves by ~ 60% in plants
grown under a short day length (8 h) compared to those that
were grown under continuous low light intensity.

Based on our research, we believe that growing watercress in
media containing 200 ppm nitrogen and 128 ppm sulfur and pro
viding supplemental lighting one week before harvest (during
winter when the day lengths are short) may enhance the nutri
tional value of the harvested watercress crop.

In studies with purslane, we have found that plants grown
with anitrate (N0J) to ammonium (NH^ ratio of 0.5 :0.5 con
tained about 241% and 53% higher alpha-linolenic acid compared
to plants that were grown with N03:NH4 ratios of 1:0 and
0.75:0.25 respectively. Providing the total nitrogen requirement
in equal proportions of nitrate and ammonium forms appears to
enhance the essential fatty acid content of purslane leaves.

Studies are in progress to identify the environmental condi
tions and cultural methods that a greenhouse grower can adopt
to enhance the nutriceutical content in these salad greens and,
thus, add value in terms of health benefits to the consumer.
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ent levels increase, EC increases and less water is available to
the plant; astress is imposed and growth slows. By modulating
EC, the rate of tomato plant development can be controlled.

The second aspect of nutrition involves the balance of nutri
ents available to the plant. Nutrient balance controls the ten
dency for the plant to produce eithervegetative or reproductive
growth (i.e. leaves and stems v. flowers and fruits). Nutritional
balance is usuallyrepresented by the ratio of potassiumto nitro
gen (K/N ratio). A K/N ratio that is close to 1 favors vegetative
development over fruiting. However, a K/N ratio of 1.5 orhigher
favors fruiting. From transplant to flowering, use a K/N ratio of 1.
Increase the K/N ratio to 1.3 to 1.4 from cluster 2 to 5. At cluster
6, increase the ratio to 1.5 or higher. If the rate of new growth
slows and stems becomethin as the fruit load increases, reduce
the K/N ratio to the 1.3 to 1.4 range.

Maintaining the proper balance between vegetative growth
and fruit load is the kay to long-term productivity of thecrop.
Regulating this balance requires experience and skill. Growers
with little experience in growing tomatoes in the greenhouse
should follow the guidelines outlined herein and keep careful
records as to howthe crop responded to nutritional changes
over time. This process will help growers gain the experience
they need.

Tomatoes, like other green plants, require a number of essen
tial elements for proper growth and fruit production. The essen
tial macronutrients, which are supplied as fertilizer salts, are
nitrogen, phosphorus, potassium, calcium, magnesium and sul
fur. These elements are usually utilized by the plant as nitrate
(NO3-) and ammonium (NH4*), phosphate (H2P04*), potassium
(K+), calcium (Ca2+), magnesium (Mg2+), and sulfate (S042~).
Nitrogen is used in the largest quantities in terms of total atoms
assimilated by the plant. It is a constituent of amino acids, the
protein building blocks, and has a big influence on vegetative
development and normal flower development. Nitrogen uptake
increases rapidly during fruiting. Excessive uptake of the
ammonical form of nitrogen usually produces soft, vegetative
growth and tends to lower the pH in the growing medium. For
this reason, limit NH4 form nitrogen to no more than 10% of the
total nitrogen.

Potassium is second in terms of total ion uptake. Potassium is
important in fruit ripening and fruit quality. At harvest, 90% of
the potassium in the plant can be found in the fruit. The ratio of
potassium to nitrogen is important for controlling vegetative and
reproductive growth. Calcium is third in terms of atoms accumu-
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