
Managing Greenhouse Tomato
Irrigation and Nutrition

RichardJ. McAvoy
Associate Professor and Extension Specialist

Greenhouse Crops

p roper management of irriga
tion and fertility are two key

aspects of successful greenhouse tomato production. With the
exception ofground-bed culture, all greenhouse tomato produc
tion systems depend exclusively on aconstant supply of water
soluble fertilizer. For this reason, management of irrigation and
fertility are closely linked. Greenhouse tomato growers need to
balance vegetative plant growth with fruit load. Both water and
fertility can be used to control this balance.

In general, abundant water favors vegetative plant growth,
while limited water stress will reduce growth and stimulate '
flower development. Don't withhold water from newly trans
planted tomatoes; instead, irrigate frequently using small quanti
ties. Adequate watering at initial transplant stimulates rooting
into the new medium. Once flowering begins, reducing the avail
able water will further stimulate flower development. Run the
slab on the dry side until the fourth cluster begins to open and
the bottom fruit begin to reach about 1to 1% inches in diameter.
Don't let the slab dry out, however. Once the fruit exceed this
size, irrigate fully and avoid water stress. The actual quantity of
water requirement at each stage will depend on plant size and
weather conditions, especially total light.

To manage greenhouse tomato crop growth and tomato
development with fertility, two aspects must be considered. The
first involves the overall level of nutrients available to the plant
as reflected bythe electrical conductivity (EC) of the nutrient
solution and the medium. Large plants, plants carrying heavy
fruit loads and rapidly-growing plants (i.e. plants growing under
conditions of high light and warm temperatures) require more
total nutrients (higher levels) than small plants, plants with light
fruit loads or slow-growing plants. Nutrient levels can also be
used to control the rate of plant growth in an indirect way;
through the effect of total salts on plant water status. As nutri-
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Some New Pesticides for the
Greenhouse Industry

Leanne Pundi
Extension Educator

Greenhouse IPM Coordinator

Asnumber of new insecticides
land fungicides have recently

become available to greenhouse growers. Some of these prod
ucts have anew and unique chemistry compared to theneuro
toxins so widely used in the past. Other products are packaged
in water-soluble bags whichmakethem saferto handle. Use
these new materials wisely to prolong their effective life in the
greenhouse. It has been reported that the effective life ofa new
insecticide in the greenhouse may only be three to seven years
due to the development of resistance. Supplement your chemi
cal control program with cultural controls such as proper sanita
tion, strict weed control measures and rogueing ofinfected plant
material whenever needed. Avoid the routine useof tank mixes
which may select for insect pests thatare resistant to both
chemicals in your tank mix. Use long-term rotations for atleast
one generation (the development ofthe insect from egg toadult)
ofthe pest with materials that have different modes ofaction
Insecticides with nonspecific modes ofaction (such as insectici-
dal soaps or horticultural oils) may supplement the use oftradi
tional insecticides to slow the development ofresistance. Start a
weekly monitoring program to ensure the early detection of key
pests. Regular monitoring will enable you to treat at the most
susceptible life stage (ie. young larvae) and to more effectively
evaluate theeffectiveness ofthese new products.

The following table highlights the targeted pests, mode of
action and some comments on using some ofthese new products
Consult the 1997-1998 edition of the New England Greenhouse
Floncultural Recommendations—A Management Guide for Insects
Diseases, Weeds and Growth Regulators lor further information '
This reference manual is available from the University of Con
necticut for $15.00 postpaid. Make your check payable toUConn
and forward your order to Communications and Information
Technology, 1376 Storrs Road, Storrs, CT 06269-4035.
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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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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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If lilies are finished in the greenhouse (without cooling) con
tinue to apply fertilizer until the week before sale. Unlike poin-
settias which suffer a loss of postharvest quality if fertilized dur
ing the final stages of flower development, lily postharvest quali
ty remains high withcontinuous feed. However, if soluble salts
are high in the consumer environment and lilies are underwa-
tered, a problem can develop. For this reason, use clear water
during the final week of forcing.

Lilies ship best when buds are still closed. Sleeve and box
lilies one to three days before buds open. If buds are already
open, remove anthers before sleeving. Botrytis is agreater prob
lem when lilies are shipped in plastic sleeves than in paper
sleeves. Condensation ofmoisture onthe plastic surface is the
cause of this problem.

Because of the complex and variable nature of the Easter lily
crop, proper timing, careful monitoring of crop development and
the ability to both force and delay lily development are essential
elements oflily crop production. Use the temperature and bud
development charts in this article to help bring your 1997 Easter
crop in on time.

Zonal Geranium and
New Guinea Impatiens Trials at UConn

Mark yourcalendars for Thursday, April 3, 1997.
The University of Connecticut is conducting cultivar
trials onzonal geraniums and New Guinea impatiens
this spring, and an open house is planned for April 3.

Approximately 90 geranium cultivars and 35 NGI
cultivars will be on display, including the latest

releases from Oglevee, Goldsmith, Ecke, Bartlett,
- Ball and Fischer.

As with the annual poinsettia open house, cultivars
will be grown side by side in replicated trials, and
growers will have an opportunity to evaluate the
material for themselves. Additional details on the

program and events will be distributed later. If you
have questions, call Richard McAvoy at 860-486-0627.
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Tab,e 1- £<>tal fresh weight gain and nutrient quantities removed
from solution bygreenhouse tomatoes produced inaNFT
(nutrient film technique) system.

Quantities perPlant Nt**rient
__^_ Balance *

Production Data
and Nutrients

Spacing

Total plant fresh weight

Total fruit weight

N uptake

P uptake

K uptake

Ca uptake

Mg uptake

4 ft.2

19 lbs.

15 lbs.

0.59 oz.

0.08 oz.

0.94 02.

0.44 02.

0.12 02.

'Nitrogen relative toother nutrients by weight

7:1

5:8

4:3

5:1

media—in this case, rockwool—and the other for noninert
media—in this case, peat-lite bags.

The actual concentration of each nutrient (especially N Kand
Ca) can vary within arange of ±20%. Generally, anutrient solu
tion EC of about 2.5 is recommended for plants in production,
but the actual concentration you use may vary from 1.5 to 3.5,
depending on the growing conditions, the fruit load on the plant
and nutrient test results from the medium. Determining what is
required and how thecrop isdoing comes with experience. One
New England grower uses the schedule in Table 3and does a
prettygood job. However, 1think the overall feed rates in this
schedule are alittle low, and thebalance is poor relative to the
stage of development.

The fertilizer schedule can beadjusted to alter both concen
tration and balance. Nutrient balance is usually adjusted with
the stage ofcrop development, while nutrient concentration
must be matched to plant sizeas well as weather conditions. It
is possible toadjust concentration without affecting the KtoN
ratio. Anexample of suchan adjustment appears inTable 4.

Acomplete feed can be formulated using several different fer
tilizer salts. Hydrosol, a5-11-26 formulation, isagood fertilizer
to start with since it contains micronutrients and magnesium in
addition to N, Pand K. A 4-18-38 formulation can be used In lieu
of hydrosol. Calcium nitrate can be used to supply the necessary
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The relationship between bud length and development time
for lilies grown at several different average daily temperatures is
presented in Figure 1. (The temperatures and lengths in Figure 1
are presented in degrees Centigrade and centimeters.) The
graph of bud development shows that bud elongation is initially
slow but increases rapidly during the later stages of develop
ment. For example, plants grown at 15°C (59°F), require about
24 days for buds to increase about 5cm (2 inches) in length—
from an initial length of - 2 cm on day 40 to - 7 cm on day 16.
However, buds on these same plants only require another 10
days to reach ~ 12cm in length (an increase of an additional 5
cm or 2 inches). The final bud length of 16 cm is achieved after
only six more days. At 27°C (81°F), this whole process from visi
ble bud to flowering requires only 23 days.'

Bud length (cm)

Figure 1. The relationship between bud length and the time
required for buds to open for plants grown at five different average
daily temperatures. Note: Easter lily buds open when buds reach 16
cm or 6 s/i6 inches in length.

If lilies are ahead of schedule when they reach the puffy white
bud stage, plants can be stored under cool dark conditions to
delay further flower development. Move plants immediatelyto a
darkcooler (if light is used in storage, lilieswill stretch) and
store at 34 to 40°F. Under ideal circumstances, try to time the
crop so that lilies require as little cool storage as possible,
preferably one week or less. Storage should be less of a concern
in 1997 because of the early Easterdate than in years when
Easter falls on a later date.
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If this time is too short, use alower average daily temperature. If
the interval is too long, use ahigher average daily temperature.
(The temperatures and bud lengths in Table 1are presented in
degrees Fahrenheit and inches.)

Table 1. Bud length and time (days) remaining until buds open for
Easter lilies grown at five different average daily tempera
tures. Note: Easter lily buds open when buds reach - 6 5/,6
inches or 16cm in length.

Average Daily Temperature (°F)

6459 70 75 81

Days to Open Bud Bud Length (Inches to the Nearest '/16th)
% - I I T40

35

30

25

23

20

18

16

14

12

10

IV, ,3/,

l3/p IV, ,3/,

1% 17/I6 1V8 7/8

25/,6 1,5/16 1%

29/I6 23/16 1% IV, 1%,

2% 27/I6 2V,s l3/4 1V,«
3V« 23/4 23/» 2 V,e 13/4
37/, 23/4 27/16 2V16
3 ,3/l6 3V2 33/,6 2,3/l6 2V2

• 4 3 »/,6 33/8 3V,« 23/4

43/,6 3'5/, 3s/« 35/16

47/16 4 V. 37/8 3V4

.4% 47/, 43/,6 3% 3s/8

47/8 4% 47/16 43/I6 3,5/I6
53/,6 4,5/16 4'3/, 49/16 43/8

53/8 5V4 5V8 4,5/16

5% 59/16 5V2 5% 5V4

5,5/16 57/fl

6 Vie 6s/16 65/l6 65/,6 6S/16
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Table 4. Example
trations (

of ai

EQv
nutrient solution i
/hile maintaining

K Ca

adjusted to different
the same K/N ratio.

concen-

N03N NHjN P Mg EC K/N Ratio
141 7

175 8

230 13

45

46

49

223

276

363

142

164

216

33

48

49

1.5

2.0

2.5

1.5

1.5

1.5

Table 5. Fertilizers and
rates. Use com!

nutrient ratio y

the N, P, K
>inations ol

ou desire.

centration

/lOOgal.)

Ca and Mg content at different
these fertilizers to get the

Fertilizer Com

(oz. N P K Ca Mg

Hydrosol (5-11-26)
4

12

14

15

45

52

14

42

49

64

193

225

9

28

32

4-18-38
2

8

12

6

24

36

12

46

69

47

188

282

Calcium nitrate

1

2

4

6

12

23

46

69

15

30

60

89

Potassium nitrate

1

2

4

10

10

19

39

97

29

58

116

290

Potassium sulfate 1

2
33

67

Magnesium sulfate
1

2

4

7

15

29

Magnesium nitrate
1

2

4

7

15

30

7

13

27

Sodium nitrate
1

2

4

21

24

48

Ammonium nitrate 0.5

1

12

25

calcium and some additional nitrogen. Additional potassium can
be supplied with potassium nitrate, monspotassium phosphate
or potassium chloride. Ammonium nitrate or sodium nitrate can
be used to augment nitrogen. Note that calcium nitrate cannot
be mixed in the same stock solution with fertilizer salts contain
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Table6. Test levels in peat-lite are based on a 1:1.5 (soil to water)
extraction method. Values from rockwool system are based
on solution withdrawn from slab Just prior to irrigation.

(ppm)

EC (mmhos/cm) pH N K Ca Mg

Peat-lite

1-2.5 5.5-6.5 30-80 20-50 140-400 140-200 25-35

Rockwool

2.5-5.0 5.1-6.2 170-270 20-60 250-390 320480 65-165

ing phosphorus or sulfur. Listed in Table 5 are the fertilizer salts,
rates and levels of macronutrients they provide.

Iron chelatecan be used to supplement iron (Fe) in the nutri
ent solution. One ounce per 100 gallons of a 10% Fe chelate will
provide 7 ppm Fe.

Testing is an essential part of nutrient management.Use the
values in Table 6 as target levels to be maintained in peat-lite
and rockwool culture. The range of EC values in this table is
fairly large. Typically, EC values would not vary more than 10%
(+) from the EC values targeted at any particular stageof devel
opment.

To best manage the crop, growers must learn how to read the
plant. Flower development, fruit set and fruit development are
key indicators to watch. Stem thickness is another key indicator.
Tomatoes produced with a well-balanced fertilizer program
should havea thick stem with dark green foliage. The leaves
should be closely spaced (not stretched), and the flower clusters
should set fruit easily. Together, these indicators reveal the ten
dency for vegetative or reproductive development. The stem
should be about one-half inchthick at a point six inches from the
growing point. If the stem is thicker than this and the top leaves
arethick and curl down, the plant is too vegetative. Decrease
the nitrogen and increase the potassium level relative to the
nitrogen level. If the stem is too thin, the plant is carrying too
much fruit load. Increase nitrogen to increase vegetative devel
opment.
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Use Temperature to
Control the Rate of

Easter Lily Bud Development
Richard J. McAvoy

Associate Professor and Extension Specialist
Greenhouse Crops

o nee Easter lily buds become
visible, growers can use

bud lengthto track development and to time the crop for Easter.
Lily buds typically open when bud length reaches 6 5/i6 inches or
16 cm.The rateof bud elongation is controlled by average daily
temperature. For example, at an average temperature of 59°F
(15°C), lilies will take about 40days to reach flowering from visi
ble bud. As the average daily temperature increases, the time
from visible bud to flowering will decrease. As a rule of thumb,
each 5°F (~3°C) increase in temperature—in the range of 55°to
75°F (13° to 24°C)—results in a four-day decrease in the time
required for buds to elongate and open. As the temperature
increases further, up to about 86°F (30°C), cropping time contin
ues to decrease but at a slower rate.

Growers can use lilybud lengthto track crop timing in the
later stages of development, muchlike they use leaf counting to
estimate croptiming in the early stages of development. Ideally,
crop development will be close enough to the desired schedule
by the time the visible bud stage occurs so that it can be forced
to flower with temperatures somewhere between 55° and 70°F.
If forcing temperatures outside of this range are required, crop
qualitymay suffer, the cost of forcing may increase(if higher
temperatures are required) or the desired forcing temperatures
may be difficult to achieve. Regardless, with an early Easter this
year (March 30, 1997), growers should reevaluate crop timing as
soon as buds become visible. The longer you wait to adjust your
schedule, the more difficult it will be.

To estimate the time remaining until lilies in bud open, mea
sure the current bud length. Then, using the information in
Table 1, find the measured bud length in the column under the
average temperature you are currently running. Follow the row
to the left to find the number of days remaining until flowering.
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