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Summary

Tomato is one of the popular vegetable consumed by most people and enriched in nutrients and taste. The amount and type of nutrients supplied to tomato
can influence not only its yield but also its nutrient content, taste, and post-harvest storage quality. While some nutrients, such as N, P, K, Ca, Mg, and S, are
needed in large amounts by tomato for normal growth and reproduction, others, such as Fe, Cu, Zn, Mn, B, Mo, and Cl, are needed in small amounts. As a
result, tomatoes are regularly fertilized with N, P, and K and occasionally with Ca and Mg from liming to adjust soil pH. Other nutrients are not normally
applied unless deficiency in plants occurs. For tomatoes grown in the greenhouse, the growth media other than soil is fortified with all nutrients. Excess level
of nutrients that are more than needed by plants can reduce tomato yield, increase fertilizer-use inefficiency and cost of fertilization, and degrade environ-
mental quality. Therefore, periodic analysis of soil and plant samples should be conducted to determine the proper rate of fertilization that will reduce the cost

of fertilization and environmental degradation without significantly altering tomato yield.
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Introduction

Tomato is one of the popular and most consumed vegetable in the
world. It is tasty and easily digestible and its bright color stimu-
lates appetite. As a result, it is grown in the backyard of most
people’s home. It is consumed as salad with other leafy vegetables,
in sandwiches, and as stewed, fried, and baked singly or in combi-
nation with other vegetables. It is an essential ingredient in pizza,
pasta, hamburger, hot dogs, and other foods. It is also rich in nutri-
ents and calories. It is a good source of Fe and vitamin A, B, and C
(Table 1). A 230 g of tomato consumption can supply about 60%
of the recommended daily allowance of vitamin C in adults and
85% in children *. Similarly, consumption of 100 mL of tomato
juice can supply 20% of the recommended daily allowance of vi-
tamin A. Consumption of tomato and its products can significantly
reduce the risk of developing of colon, rectal, and stomach can-
cer. Recent studies suggest that tomatoes contain the antioxidant
lycopene, the most common form of carotenoid, which markedly
reduces the risk of prostate cancer . Because the mineral com-
position of tomato depends on the amount and type of nutrients
taken from the growth medium, such as soil, it is necessary that
adequate amount of nutrients should be available for the produc-
tion and nutrient content of tomatoes. While inadequate amount
of nutrient availability can show deficiency symptom and influ-
ence the yield and quality of tomato, higher level of nutrients,
such as N, can also reduce tomato yield by producing excess bio-
mass at the cost of fruits and lodging of entire plant in the ground,
which makes harvest of fruits more difficult. Because tomatoes
are unable to recover 100% of applied N ** ¥, the residual N in
the soil left after harvest can leach from the soil profile and con-
taminate groundwater, thereby degrading water quality and wast-
ing the amount and cost of fertilizer applied. Similarly, excess
availability of some nutrients, such as B and Mn, can cause toxic
effect. Therefore, rate and type of nutrients applied in the form of
fertilizers should be adjusted after analyzing the nutrient contents
of soil and plant samples.
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Mineral Nutrients
Tomato requires at least twelve nutrients, also called “essential
elements”, for normal growth and reproduction. These are nitro-
gen (N), phosphorus (P), potassium (K), calcium (Ca), magne-
sium (Mg), sulfur (S), boron (B), iron (Fe), manganese (Mn), cop-
per (Cu), zinc (Zn), and molybdenum (Mo). The function of these
nutrients and their concentrations in different parts of tomato are
shown in Tables 2 and 3. Without these nutrients, tomato can not
grow properly or bear fruits. For example, N is an essential com-
ponent of many compounds, including proteins, amino acids, and
enzymes responsible for biochemical changes in tomato growth
4, While some nutrients, such as N, P, K, Ca, Mg, and S (also
called macronutrients), are needed in large amounts for optimum
production because the concentration of these nutrients are higher
than other nutrients in tomato (Tables 2 and 3), others, such as B,
Fe, Mn, Cu, Zn, and Mo (also called micronutrients), are needed
in small amounts. Because soil can not supply adequate amounts
of N, P, and K for optimum growth and production of tomato, these
nutrients are added as amendments in the form of manures and
fertilizers to the soil. Nutrients, such as Ca and Mg, are applied
when liming is done in acidic soils. Some soils contain abundant
amount of Ca and Mg. Sulfur is usually supplied by N, P, and K
fertilizers because many of these fertilizers contain S compounds.
In contrast, micronutrients are usually supplied in adequate
amounts by the soil unless deficiency in plant occurs. In the green-
house tomato production where soil is not generally used for grow-
ing tomatoes, the growth medium, however, needs to be fortified
with all of these nutrients. The method and timing of nutrient
application from fertilization can also influence the growth and
production of tomato and fertilizer-use efficiency. While N and
K fertilizers can be applied either by broadcasting or banded along
the rows, P fertilizer should be banded to increase its availability
because P is relatively immobile compared with other nutrients.
Because N is soluble in water and residual N can be leached from
the soil profile to the groundwater, N fertilizer is usually divided
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into two to three split doses and each dose is applied at 3 to 6
weeks intervals from the date of transplanting. This maximizes
the synchrony between N applied from the fertilizer and N need
of the plant during active growth. Micronutrient fertilizers are usu-
ally applied through foliar spray.

Nitrogen: Nitrogen is the most limiting nutrient for tomato growth
and is required in large amount for optimum production because
tomato removes large amount of N from the soil (Table 4). Nitro-
gen deficiency in the soil can result in stunted spindly growth and
yellowing of leaves at the base of tomato plant . Younger leaves
remain small and pale green, and in severe cases, older leaves be-
come yellow and die prematurely. It can decrease the production
of number of fruits, fruit size, storage quality, color, and taste of
tomato. Nitrogen is a constituent of protein and amino acids, with-
out which vital functions in the growth and reproduction of plants
would not be possible *. While N deficiency in tomato can result
from N removal by plant from the soil after the harvest of
aboveground plant biomass, absence of soil amendments, such as
manures and fertilizers, and N loss from erosion, runoff, and leach-
ing, addition of plant materials with high C:N ratio can also accel-
erate the deficiency due to immobilization of N in the soil. Ad-
equate amount of N should be available in the soil not only for
optimum growth and production of tomato but also to produce
sufficient foliage to protect the fruit from the exposure of hot
sun ®. High N level in the soil, on the other hand, can promote
excessive vegetative growth which can delay the setting and matu-
rity of tomato fruits, thereby reducing tomato production >, It
can also turn younger leaves into smaller sizes and darker color,
often puckered or curled . Root tips may turn brown and die back,
and in severe cases, most of the root system may be killed. As N
applied from manures and fertilizers to the soil is readily con-
verted into NO, for plant uptake, high rate of N fertilization can
result in large amount of residual NO, build up in the soil after
crop harvest. Because NO, is soluble in water, high concentration
of residual NO, can increase the potential for N leaching from the
soil and contaminate groundwater. The problem can be severe in
sandy soils which have higher water infiltration and lower NO,
retaining capacity compared with clay soils. The type of N fertil-
izer applied can also influence tomato production because NH -N
can be toxic to tomato growth compared with NO,-N ' *. To ob-
tain a best management practice that can sustain tomato yield, re-
duce the amount of N fertilization and N leaching, and improve
soil quality and productivity, Sainju et al. ** " 3 conducted ex-
periments on the effects of tillage, cover crops, and N fertiliza-
tion rates on tomato fruit yield, biomass production, and soil ni-
trogen (Tables 5 and 6, Fig. 1). While chisel plowing (minimum
tillage) was as good as moldboard plowing (conventional tillage)
in producing tomato yield and N uptake, yield and N uptake were
similar between 90 and 180 kg N- ha'!, although both N rates pro-
duced higher yield and N uptake than without fertilization (Tables
5 and 6). Similarly, yield and N uptake were similar between le-
gume cover crops (hairy vetch and crimson clover) and N rates
(Table 6). In contrast, residual soil NO, accumulation after to-
mato harvest in the autumn (September 1997) and movement
within the soil profile from autumn to the following spring (March
1998) increased with increasing N fertilization rate (Fig.1). The
results suggests that a management practice containing minimum
tillage, legume cover crops, and reduced rate of N fertilization
can be used to sustain tomato yield and N uptake and reduce soil
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erosion, rate of N fertilization, and potential for N leaching.

Phosphorus: Phosphorus helps to initiate root growth of tomato
and therefore aids in early establishment of the plant immediately
after transplanting or seeding. Starter solution containing high
concentration of P is normally applied to tomato plants within
few days after transplanting for early root development and estab-
lishment in the soil. The vigorous root growth stimulated by P
helps in better utilization of water and other nutrients in the soil
and promotes a sturdy growth of stem and healthy foliage ® 2.
Phosphorus is a component of nucleic acid. It helps in the pro-
duction of large number of blossoms in the early growth of toma-
toes and early setting of fruits and seeds . As a result, it increases
the number and production of tomato fruits, with increased total
soluble solids and acidity contents *. It also improves the color of
skin and pulp, taste, hardiness, and vitamin C content *. Deficiency
in P results in stunted growth of tomatoes with thin stems and
dark green color on the upper surface of leaves containing pur-
pling veins #. Older leaves show premature senescence with yel-
low and purple tints. Unlike N, P is strongly absorbed by soils. As
a result, most soils contain abundant amount of P, as it hardly
leaches out of the soil profile. Because tomatoes take up rela-
tively smaller amount of P than the amounts of N and K, the con-
centration of P in tomato is also smaller (Tables 2, 3 and 4). As a
result, smaller rate of P from manures and fertilizers is added to
soil (Table 3). Because of its relatively immobile nature com-
pared with other nutrients, band application of P along rows is
desirable for its maximum availability to the plants. Water soluble
P fertilizers, such as nitro-phosphate or triple super phosphate,
are desirable to tomato for its rapid availability *'. Compared with
most other nutrients, excess level of P in the soil is less harmful
to tomato. However, it can reduce the availability of some micro-
nutrients, such as Fe, Zn, Mn, and Cu, by decreasing their solubil-
ity in the soil and translocation within the plant '3, The problem
can be severe at high soil pH or in calcareous soil >2'.

Potassium: As with N, K is absorbed by tomato in large amount
(Tables 3 and 4) because K concentration in tomato is higher than
the concentration of other nutrients (Tables 2, and 3). Potassium
helps in vigorous growth of tomato and stimulates in early flow-
ering and setting of fruits, thereby increasing the number and pro-
duction of tomatoes per plant *. Potassium nutrition can affect
the quality of tomato fruit. Winsor ** observed that the percentage
of unevenly ripened tomatoes and irregularly shaped and hollow
fruits decreased with increased K rate (Table 7). In contrast, ti-
tratable acidity of tomato juice increased with increased K rate.
Symptoms, such as ‘blotchy ripening’, ‘waxy patch’, ‘uneven pig-
mentation’, ‘vascular browning’, ‘white wall’, ‘gray-wall’, and
‘coud’, in tomato fruits also decreased but flavor increased with
increased rate of K fertilization ' #. Potassium is needed in sto-
matal movement for water regulation in the plant. It helps to acti-
vate enzymes and is required for carbohydrate metabolism and
translocation, nitrogen metabolism and protein synthesis, and regu-
lation of cell sap concentration ®. It also increases the concentra-
tions of citric and malic acids, total solids, sugars, and carotene in
tomato fruits, thereby improving its storage quality *!. Potassium
deficiency results in brown marginal scorching with interveinal
chlorosis and yellowing in tomato leaves * and shortened intern-
odes “. Symptoms appear first on older leaves and start to spread
throughout the plant as it matures. Fruits ripe unevenly. The defi-
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ciency can also result in lower content of lycopene, a constituent
that can prevent prostate cancer in humans 8. The deficiency can
appear rapidly in tomatoes grown in peat and peat-sand composts
that are low in K content due to flooding or application of heavy
irrigation. Excess K level in the soil can have hardly any direct
effect on tomatoes but it can reduce the availability of Mg in the
soil. Needham * suggested that a 2:1 ratio of K and Mg contents
should be maintained in the soil to reduce Mg deficiency while
applying K. Like N, K is soluble in water and can be leached out of
the soil profile into the groundwater. Although health hazard of
high concentration of K in drinking water is not known, it is im-
portant to reduce K leaching in the groundwater to reduce the cost
of fertilization and improve water quality. As a result, periodic
soil or plant analysis needs to be conducted before applying K
fertilizer to tomato so that adequate amount of K is available for
optimum production and leaching can be reduced.

Calcium: Besides N, P, and K, Ca is also needed by tomato in
large amount because of its higher concentration in the plant com-
ponents (Tables 2 and 3). Fortunately, most soils contain adequate
amount of Ca for tomato growth. Calcium deficiency occurs when
soil pH is <4.5. In such condition, lime is applied to raise the soil
pH. The normal range of soil pH for optimum tomato growth is
from 5.5 to 7.0. Excessive liming, however, should be avoided, as
it can result in the deficiency of micronutrients, such as Fe and
Mn. High concentration of free CaCO, in the soil can decrease P
availability in the soil !. Soils are normally limed every 3 to 5 yr
to adjust pH. Calcium deficiency can cause a well known disor-
der, called “blossom-end rot”, in tomato fruits. The disorder is
caused by the lack of movement and distribution of Ca within the
plant, although soil is not deficient in Ca. Although leaves may
contain abundant amount of Ca, fruits may not. Affected fruits start
to rot at the bottom which spread upwards. Wiersum ** observed
that the disorder occurred below a Ca concentration of 800 mg:
kg in the fruits. Dry soil and high K content in the soil accelerate
the disorder . High concentration of soluble salts in the soil or
fluctuating water content can also increase the disorder. The dis-
order can be reduced by spraying the foliage with Ca solution, by
flooding the soil if salt content is high, or by irrigating more
frequently if the rooting volume is restricted. Calcium deficiency
can also turn young leaves to pale green or yellow and finally to
brown. Leaflets remain small and curled and the growing points
start to die.

Magnesium: Magnesium is a component of chlorophyll, pectin,
organic acids, and coferments. Tomato fruit production is signifi-
cantly increased by applying Mg fertilizer (Table 8). Magnesium
deficiency is common in tomatoes grown in the greenhouse. Symp-
toms appear as interveinal chlorosis in leaves at the base of the
plant which extend upwards. Older leaves become yellow or or-
ange and brown necrotic areas develop between the veins before
the leaves drop. Deficiency may not affect fruit production un-
less the problem is severe. The deficiency can be observed in sandy
soils, soils high in K level where K:Mg ratio is >4.0, and in soils
with poor structure or drainage . Magnesium deficiency can be
reduced by spraying MgSO, (Epsom salt) at 2.6 g L™ in the foli-
age several times during tomato growth. Applying dolomitic lime-
stone to raise soil pH can supply both Ca and Mg requirement of
tomato.
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Sulfur: Sulfur is a constituent of protein and amino acid. Defi-
ciency of S in the field is rare because it is usually applied in
combination with N, P, and K fertilizers. Tomatoes can also ab-
sorb S as SO, from the atmosphere, but exposure to >0.5 mg L™
of SO, can cause water-soaked spots on the middle and lower
leaves, which become white, dry, and papery. Sunken white spots
may also appear on tomato fruits. In contrast, deficiency of S can
cause interveinal chlorosis on the leaves and purpling of veins and
petioles, which can lead to purple spotting and necrotic patches
between the veins in severe condition. The deficiency can appear
in soilless medium or water culture that is low in S content.

Boron: Boron plays a significant role in the insemination and re-
productive growth of tomato. It can influence on the production
of tomato flowers and fruits. Boron deficiency is one of the widely
reported nutritional disorder in commercial tomato production.
The deficiency often occurs in soilless compost and calcareous
sandy soils. The disorder occurs as turning of green leaflets to
yellow that become brittle with brown pigmentation in the vein. In
severe cases, leaf chlorosis and distortion, production of later
distortion, production of later points can occur . The deficiency
can also reduce root growth and cause swollen hypocotyls and
cotyledons, irregular leaf expansion, shortened internodes, and
abnormalities in cellular structure *'. The deficiency is acceler-
ated by increase in soil pH and dryness around the root zone.
Gallagher 7 observed that B deficiency occurs when the level in
the tomato tissue falls below 19 mg kg'. The deficiency can be
reduced by spraying borax solution in the foliage at 0.5 mg- L' or
applying borax in the soil at 22 kg ha!. Kocevski et al. 1* observed
that application of B fertilizer significantly increased yield of
greenhouse tomato (Table 8). Excess level of B, however, can cause
brown marginal scorching and curling of older leaves ». The ne-
crosis becomes dry and papery and interveinal necrotic spots ap-
pear. Ash and waste products used as soil conditioners can contain
high levels of B and can induce B toxicity to tomatoes. The toxic-
ity can be reduced by flooding or liming the soil.

Iron: Iron is a constituent of many enzymes in the nutritional
metabolism of tomato (Table 2). Iron deficiency occurs mostly in
soils with high pH, in calcareous soils, and in soilless medium.
The deficiency appears as pale yellow interveinal chlorosis on
younger leaves near the base of the plant. In severe case, white
chlorosis develops on the entire surface of the leaves, with the
veins remaining green. The leaves remain small and plant growth
stunted. The disorder is accentuated by poor soil structure or drain-
age, often in heavy-textured alkaline soils. It can also occur on
acid peat soils. Excess level of P in the soil can decrease the solu-
bility of Fe and its translocation in tomato, thereby increasing its
deficiency. The disorder is hard to be diagnosed by plant or soil
analysis. As a result, visual symptom and response to the applica-
tion of Fe in tomato growth is the best way to identify the disor-
der. The disorder can be reduced by improving soil structure and
drainage and reducing soil pH, such as by enhancing the soil or-
ganic matter content with application of compost or manure. The
deficiency can also be reduced by spraying Fe chelate (Fe-EDTA)
at 37 mg L' in tomato foliage every 2 weeks .

Manganese: As with Fe, Mn deficiency is induced by high soil
pH. Although less common in most field soils, Mn deficiency can
appear in tomato plants grown in sandy soils, organic soils, and
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peats due to overliming. The symptom appears as pale green or
yellowish interveinal chlorosis in the middle and younger leaves,
leading to brown necrotic spots in the center of the pale area. Al-
though the symptom is less severe than that caused by Fe defi-
ciency, Mn deficiency can be detected by plant analysis. The defi-
ciency can be reduced by spraying MnSO, at 6 kg ha™' several times
during tomato growth. Sterilization of soil with steam to control
pathogens in the greenhouse can increase Mn availability and tox-
icity to tomato. This is because sterilization provides ideal envi-
ronment for microorganisms to reduce organically bound Mn and
Mn** into Mn?* at high temperature . Wet and compacted soils
are more likely to show Mn toxicity in such condition. The symp-
tom appears as brown necrotic spots between veins on the middle
leaves of tomato, which extend to midribs and main lateral veins.
Brown lesions appear on stems and petioles. Young leaves show
interveinal chlorosis and remain small. Plant growth is stunted.
The toxicity in tomato appears when Mn concentration in the soil
is >80 mg kg and in the plant >1000 mg kg (Table 4). The tox-
icity can be reduced by rapidly sterilizing the soil with a mixture
of steam and air at low temperature, by liming the soil to raise pH
>7.0, and by applying water soluble P fertilizer, such as triple su-
perphosphate, which reduces Mn availability.

Zinc: Zinc is a constituent of enzyme (carbonic anhydrase) es-
sential for metabolism of nutrients in tomato. Although less com-
mon in field soils, deficiency can occur in soilless medium or
water culture low in Zn content. The deficiency appears as brown
necrotic spot on leaves with slight chlorosis and downward curl-
ing of the petioles. High P level in the soil can also reduce Zn
availability to tomato and results deficiency !. In contrast, high Zn
level in the soil can be toxic to tomato. Affected plants are stunted
and spindly with smaller leaves. Younger leaves show interveinal
chlorosis and purpling undersides. Older leaves curl downwards.
Zinc toxicity can result from the application of zinc contaminated
organic materials, such as sewage sludge, and using water accu-
mulated on corroded galvanized pipes. Application of water soluble
P fertilizer and organic matter low in Zn concentration can reduce
the toxicity.

Copper: Although not common in field soils, Cu deficiency can
be observed in tomato grown in greenhouse soils or in soilless
medium low in Cu content. The symptom appears as curled leaves
to form a tubular appearance and curled petioles downwards. Ne-
crotic spotting appears near the veins in leaves. The deficiency
can also be observed by the application of excess level of P fertil-
izer in calcareous soils, which decreases Cu availability to tomato
*!. The deficiency can be reduced by spraying CuSO, at 5 kg ha' in
the foliage several times during tomato growth. As with Zn, Cu
toxicity can result from the application of Cu-contaminated or-
ganic materials.

Molybdenum: Molybdenum is needed for N metabolism in to-
mato. Molybdenum deficiency can occur in acid soils, peats, and
soilless compost. The deficiency appears as pale green interveinal
chlorosis in older leaves. The deficiency can be reduced by apply-
ing NaMoO, or NH,MoO, at 5 mg L™ in the foliage.

Chloride: Although CI is not an essential element and deficiency
does not occur, large concentration of Cl in the soil due to high
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level of soluble salts can damage tomato growth. Excess level of
CI in the soil can increase vegetative growth at the cost of fruit
reproduction, similar to that increased by high level of NO,"in the
soil Chloride concentration in the soil is elevated by the applica-
tion of fertilizers and organic materials containing Cl". Applica-
tion of irrigation and seepage of saline groundwater containing
high concentration of Cl-also increases its level in the soil. Ex-
cess CI  can be leached by flooding the soil and by improving drain-
age.

Economical and Environmental Implications of Nutrients
It has been known that mineral nutrition of tomato from applica-
tion of fertilizers and manures can increase tomato yield and nu-
trient uptake by several folds compared with no fertilization '>3"
323 In the last few decades, large amount of fertilizers had been
applied to the soil to increase crop production without consider-
ing the environmental quality. As a result, groundwater had been
contaminated with nutrients, such as NO, causing health hazard to
humans and animals **>*, because NO, leaching from the soil to
the groundwater is directly related with N fertilization rate 262733,
Similarly, run off of nutrients, such as N and P, from agricultural
lands due to excessive application of animal manures increased
eutrophication of lakes and rivers, thereby increasing health haz-
ard to marine animals. As a result, agriculture has been known as a
major source of nutrient pollution in the surface and groundwater,
although contamination results from several sources, such as in-
dustrial wastes, municipal landfills, mining, or septic systems & *
35 Another reason for the increased pollution of nutrients in the
surface and groundwater from agricultural fields is the inefficiency
in plant uptake of nutrients that are applied from manures and fer-
tilizers. Nutrient, such as N, recovered by crops seldom exceeds
70% of the applied amount and averages about 50% for most crops
4940 For vegetable production system, it may be even lower > 5.
For example, Sweeney et al. ¥ reported that N recovered by to-
mato from N fertilization in Florida ranged from 32 to 53% while
Sainju et al. *' reported a recovery rate of 13 to 30% with 90 and
180 kg N- ha! in Georgia. As a result, large amount of residual N
was left in the soil after tomato harvest in autumn, which increased
with increased rate of N fertilization (Fig. 1). This increased the
potential for N leaching. Similarly, Abdel-Samad et al.' observed
that application of P, Fe, and Zn fertilizers to tomato increased
their residual levels in the soil after harvest. Because vegetable
cropping systems require a greater degree of management and in-
volves a larger input of fertilizer than cereal production systems,

Table 1.Vitamin and mineral content of tomato(100 g edible portion)*.

Description Green Ripe
Ca (mg) 13 13

P (mg) 27 27
Fe (mg) 0.5 0.5
Na (mg) 3 3

K (mg) 244 244
Vitamin A (1.U.) 270 900
Thiamine (mg) 0.06 0.06
Riboflavin (mg) 0.04 0.04
Niacin (mg) 0.5 0.7
Ascorbic acid(mg) 20 23
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Table 2. Nutrient contents in tomato leaves and their functions +*.

Nutrient Content (mg kg™) Function

N 48000 Constituent of proteins and amino acids

P 5000 Constituent of nucleic acids

K 55000 Activates enzymes (e.g. pyruvate kinase); regulates pH of tomato fruit.
Mg 5000 Constituent of chlorophyll

Ca 25000 Component of plant cell wall. Affects the permeability of cell membranes
S 16000 Constituent of proteins and amino acids (e.g. methionine)

B 35 Regulates the level of growth substances

Fe 90 Constituent of enzymes (e.g. peroxidase, catalase)

Mn 350 Activates enzymes (e.g. malic)

Cu 15 Constituent of oxidizing enzymes (e.g. phenolase)

Zn 80 Constituent of enzyme (Carbonic anhydrase)

Mo 0.5 Involved in the utilization of NO,-N (nitrate reductase)

Table 3. Recommended levels of nutrients for tomatoes 7.

Soil (mg kg!)

Plant (mg kg™!)

Nutrients Desirable Toxic Desirable Toxic

P 60-70 —_— 4000 —_—
K 600-700 _— 60000 _
Mg 350-700 —_— 5000 o
Ca 1000 —_— 12500 —_—
N 50-100 30000-50000

B 1.5-2.5 3 40-60 100

Mn 5-20 80 30 1000
pH (no unit) 6.5-7.5

Salt conductivity (mmho- cm™) 80-100 o

Table 4. Nutrients NPK (kg ha')removed by tomato for fresh fruit yields of 36.6 t ha' in the autumn and 73.6 t ha'' in the
spring in the greenhouse in Ohio, USA ».

N P K

Tomato
components Sand Siltand Clay Sand Siltand Clay Sand Siltand Clay
Fruit

Fall 89 91 19 11 184 186

Spring 177 201 38 43 367 390
Vines

Fall 9 90 29 22 147 149

Spring 164 128 58 36 248 211
Total

Fall 188 181 48 33 331 335

Spring 341 329 96 79 615 601
Mean 244.5 255 72 56 473 468

Table 5. Effects of tillage and N fertilization on tomato fruit number, fresh and dry yield, and N concentration and uptake in 1996 and 1997 3!.

Yield (Mg ha)

Fruit no. Fresh Dry N conc. N uptake
/plant —(g kghH— —(kgha')y—
Treatment 1996 1997 1996 1997 1996 1997 1996 1997 1996 1997
Tillage”
NT 18.7a¥ 40.3 a 35.0a 32.1a 1.32a 1.68a 38.5a 409a 50.6a 69.1a
CH 257a 349a 66.4b 33.5a 2.48b 1.69a 37.8a 379a 93.8b 643a
MB 259a 39.8a 629b 30.5a 2.44b 1.66a 35.8a 38.8a 86.9b 63.1a
N fertilization (kg ha)
0 22.8a 36.7a 49.5a 26.6a 1.83a 1.32a 38.0a 39.1a 69.1a 51.8a
90 22.6a 40.2a 58.1b 36.0b 2.20b 1.86b 37.1a 399a 82.4b 73.1b
180 25.0a 38.1a 56.6b 33.6b 2.22b 1.87b 37.0a 38.7a 80.0b 71.7b
Significance *
Tillage NS NS ok NS ok NS NS NS ok NS
N fertilization NS NS * ok * kNS NS * ok

“ NT denotes no-till; CH, chisel plowing; and MB, moldboard plowing.
¥ Mean separation within columns of a treatment by the least square means test, P?0 05.

* Sources of variation that were not significant are excluded.; NS, *, ** and *** Not significant or significant at £?0.05, 0.01, and 0.001, respectively.
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Table 6. The effects of cover crops and N fertilization on marketable tomato fresh fruit yield, biomass (leaves + stems + fruits dry wt.),
and N uptake in 1996 and 1997 3.

Treatment Fruityield Biomass N uptake
(Mg ha') (Mg ha) (kg ha')
1996 1997 1996 1997 1996 1997
Rye 19.0b* 13.6¢ 1.51b 1.28¢c 30.9b 32.8¢c
Hairy vetch 40.2a 31.5a 3.14a 2.92a 75.8a 78.2a
Crimson clover 40.9a 30.0a 3.22a 2.80a 78.8a 74.6a
0 kg N ha'! 20.0b 17.3bc 1.60b 1.65bc 353b  44.4bc
90 kg N ha'! 39.1a 27.9ab 3.03a 2.82a 72.9a 76.0a
180 kg N ha! 43.1a 27.0ab 3.39a 2.33ab 83.0a 63.5ab
Significance
Treatment (T) o K o
Year (Y) * * NS
TX Y sk * sk
* Within a column, numbers followed by different letter are significantly different (P<0.05, least square means test).
b Not significant.; * Significant at P<0.05.; ** Significant at P<0.01.
Table 7. Effects of K on tomato fruit quality **.
K rate (kg ha')
Tomato quality Variety 407 813 1626
% irregularly shaped fruit J168 17 11 9
Moneymaker 22 14 11
% hollow fruit J168 56 23 10
Moneymaker 32 14 9
Titratable acidity T J168 5.4 6.9 9.1
Moneymaker 6.0 72 8.0

+ Acidity of the juices expressed from frozen fruit (cmol kg™)

Table 8. The effect of N, P, K, Mg, and B on the yield and morphological and quality characteristics of industrial tomatoes '3.

Nutrient (kg ha™) Fruit characteristics
N P K Mg B Yield Fresh Length Width  Pericarp Dry NO,
weight thickness matter  conc.
(tha') (2 (cm) (cm)  (cm) (%)  (mgkgh)
0 0 0 0 0 81.5 142 54 6.5 0.5 4.2 7.0
100 100 150 0 0 853 166 53 6.5 0.5 4.5 7.5
100 100 150 1 0 91.1 163 54 6.6 0.5 4.4 7.5
100 100 150 0 0.5 89.2 152 55 6.8 0.5 4.2 7.5
100 100 150 1 0.5 97.5 152 54 6.7 0.5 4.2 6.5
120 , _ ,
kgNha' N the p(?tenFlal for nutrient loss ‘Fhrough erosion, s'urface runoff, and

90 +0 +90 +180 @ leaching in vegetable production systems remains even greater 2%,

60 & Greater rate of fertilization than that needed by plants can cause
s ‘E’ both economic loss and environmental damage. Because fertili-
w 30 % zation increases the cost of tomato production, increasing the rate
c . : of fertilization without additional yield further increases the cost.
E) 0- ==y Sainju et al. 33 observed that 90 kg N ha! can produce as much
< 0 20 40 60 80 100 120 tomato yield and N uptake as 180 kg N- ha" did, both of which
< 120 | produced greater tomato yield, dry matter weight, and N uptake
Ooj 90 than 0 kg N- ha! (Tables 5 and 6). In contrast, 180 kg N- ha! in-
Z & creased residual soil N accumulation and movement compared

60 : v

£
30 - % Figure 1. Soil NO,-N with depth in the autumn (September
0 ; . il 2 1997) and spring (March 1998) influenced by N fertilization.

0 20 40 60 80 100 120

Soil Depth (cm)

Nitrate content at a particular depth is plotted at the mid-point
of the depth range. Symbols followed by different letter at a

particular depth are significantly different at =0.05 by the
least square means test *’.
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with 90 kg N- ha! under tomato (Fig. 1). This indicates that re-
duced rate of N fertilization not only produced sustainable to-
mato yield but also reduced the cost of fertilization and the po-
tential for N leaching and contamination in the groundwater. Re-
search is needed to see if the reduced rate of fertilization for other
nutrients can also sustain tomato yield and improve environmen-
tal quality. Because the amount of fertilizer requirement for to-
mato varies with soil type and environmental conditions, analysis
of soil and plant samples needs to be conducted every year before
applying fertilizers to determine their proper rate so that both the
cost of fertilization and environmental degradation can be reduced.
As rapid release of nutrients from fertilizers can increase the po-
tential for groundwater contamination if the fertilizer-use effi-
ciency for tomato is low, alternative sources of nutrient applica-
tion, such as cover crops that release nutrients slowly, can be used
to reduce the contamination ¥. Winter cover crops can recycle
post-harvest soil residual nutrients that may be lost from erosion,
runoff, and leaching and increase soil organic matter concentra-
tion '#2°. Legume cover crops can also fix N from the atmosphere
and supply the N needs of the succeeding crop, thereby reducing
the rate of N fertilization ' ?°. Sainju et al. 3" 32 observed that
legume cover crops, such as hairy vetch and crimson clover, pro-
duced tomato yield and N uptake similar to those did by 90 and
180 kg N- ha! (Tables 5 and 6). Although cover crops have ben-
efits in improving soil and water quality and reducing the cost of
N fertilization, their economical and social costs needs to evalu-
ated before using them as a substitute for N fertilizer. For ex-
ample, buying cover crop seeds and cultivating them can raise the
total cost of tomato production. Farmers’ acceptance to such ap-
proaches needs to be evaluated because the system may not fit in
crop rotation. Climatic factor may be another obstacle for cover
crop production because cover crops are usually grown in winter
when no other crops are grown. Regions which do not have mild
winter may not support cover crop growth.
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