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Abstract
Tomato (Lycopersicon eseulentum L.) is a popular warm-season vegetable crop grown for home
consumption and for processing. It is grown indoors in greenhouses and/or outdoors in field plots in
Mississippi because of its unique flavor, richness as a source of vitamins A and C, and for its versatility as
food. Adding value to harvested tomatoes means creating or developing new products in an effort to
maximize profit and an opportunity to consume them beyond their official growing season(s).  A field study
was therefore used to determine the effect of four spray frequencies of “Response 9-9-7” liquid fertilizer
on field grown “Roma” tomato cultivar yield potential and quality. The study was conducted on Memphis
silt loam (Typic Hapludalfs: Fine silty, mixed, thermic) soil at the Alcorn State University Experiment
Station, in southwest Mississippi. A randomized complete block (RCB) experiment design, with four
replications of each spray frequency (0, 7, 14, 21 or 28 days) was used in this study. Tomato seedlings
were transplanted into rows 6.1 m long and 1.2 m wide, at a within-row plant spacing of 0.61.  Similarly,
a laboratory “Taste” test was used to compare the quality (appearance, texture, and flavor) of developed
tomato paste from each spray frequency (treatment) with the commercially available tomato paste (control).
All data were analyzed by the analysis of variance (ANOVA) and means separated by the least significant
difference (LSD) test. Plant growth was not influenced by spray frequency except for root dry matter
content. Marketable tomatoes generally increased with decrease in spray frequency. The quality of processed
tomatoes (Experimental paste E-1 through E-4) were similar in appearance and flavor, but better in
texture compared to commercial tomato paste (C-1).
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calcium to tomato plants will reduce fruit cracking
and increase marketable yields of crack-susceptible
cultivars as Beef Master, and Homestead (Igbokwe
et al., 1987). Due to modernization, use of chemical
fertilizers have been widely adapted to increase crop
yields leading to various health hazards after
consumption. Their adverse effects on the
environment and humans have led to the desire to
identify alternative environmentally friendly methods
of growing tomatoes and other horticultural crops
Seaweeds are among the most important marine
resources being used as alternative source of manure
in agriculture for centuries. The extracts contain
major and minor nutrients, amino acids, vitamins,
cytokinins, auxins and abscisic acid like growth
promoting substances which stimulate the growth of
plants (Rathose et al., 2009). It has also been
reported that seasweed extracts improved the seed
germination of table beet (Khan et al., 2009) and
several other horticultural crops and agricultural

1.0 Introduction

Tomato (Lycopersicon esculentum L.) which is a
popular warm-season crop grown in southwest
Mississippi  is used fresh and processed for juice,
puree, sauce, ketchup, paste, and canned whole or
pieces. It is a good source of energy, protein, fat,
carbohydrates, calcium, phosphorus, iron, sodium,
potassium, thiamine, riboflavin, and niacin (White and
Solvey, 1974). Series of studies have been used to
evaluate 19 tomato cultivars for adaptation, yield
potential and quality at the Alcorn Experiment Station.
Two or more years of trials in field plots and/or
greenhouses with these cultivars indicated that
whereas all cultivars can be grown as warm-season
crops in southwest Mississippi, “Better Boy”, ‘Beet
Master”, “Floradel”, “Marion” or “Floramerica”,
cultivars should be considered if high yields of large-
size fruits are desired (Igbokwe et al., 1985).
Additionally they reported that adequate supply of



plants (Washington et al., 1999). Crouch and Van
Staden (1992) reported that seaweed concentrate
from “Ecklonia maxima” when applied as a soil
drench significantly improved growth of tomato
seedlings. Plants treated with seaweed extracts
showed an increase in total volume of root system
and higher survival rate (Slavik, 2005). Many marine
seaweed species have been used as a source of
food, as industrial raw materials, and in therapeutic
and botanical applications for centuries (Khan et al.,
2009). Seaweed extracts have been applied as foliar
spray and used in organic farming. These extracts
are marketed as liquid fertilizers and biostimulants,
because of their auxin and cytokinins contents that
induce the shoot and root systems consistently
(Durand et al., 2003; Stirk et al., 2004). It has been
reported that seaweed extracts act as defense
mechanisms against pests and fungal diseases. There
is also progress towards the improvement of crops
against viral, fungal, bacterial diseases and
environmental stresses by the introduction of genes
that enhance tolerance against these biotic and
abiotic stresses (Cluzet al., 2004; Zhang and Ervin
2008).

The need for postharvest technologies that could
enable producers to prevent spoilage and wasting
of harvested crops, while enhancing their
consumption beyond their growing season(s) cannot
be overemphasized. Adding value to harvested fruits
and vegetables is a technology used to move
harvested products to a level needed to better serve
the consumers and to enhance producer’s income
potential. It is therefore one of the means by which
farmers create or develop new products that add to
the existing line of products in order to maximize
profit. It significantly enhances farmers’ business,
helps him with over-supply problems, while assisting
with year-round income generation (Gruenwald,
1995). Many rural areas faced with declining number
of farm jobs and agricultural professionals consider
the food processing sector as a source of potential
income and employment growth. Adding value to
harvested tomatoes is therefore essential for rural
economic growth, job availability, income
enhancement and overall quality of life (Boland,
2009). It could protect against the current decline in
the number of mid-size family-owned farms, and
provide an opportunity for more young men and
women seriously consider agriculture as a profession.

Pre-testing products is an important aspect of the
assurance determination for the developed products.
Because such qualities as flavor, texture, taste and
appearance are important component of the pre-
testing “Hedonic Scale” evaluation procedure was
used for quality comparisons of products developed
from this study.

2.0 Purpose and Objectives

The specific objectives of the study were to (1)
determine the effect of foliar application of “Response
9-9-7” seaweed extract on the growth and yield
potential of “Roma” tomato cultivar and to (2)
evaluate development tomato paste for quality and
consumer acceptance.

3.0 Materials Method

To accomplish the set objectives, both outdoor and
indoor studies were used to determine the treatment
effect on tomato plant growth potential and product
development.

3.1 Plant Growth Potential (Outdoor Study)
For plant growth potential, a field study was used to
investigate the influence of four frequencies of
Response 9-9-7 applications on the growth, yield,
and quality of harvested “Roma” tomato fruit. The
study was conducted on a Memphis silt loam soil at
the Alcorn Experiment Station, in southwest
Mississippi, during the summer growing season. A
randomized complete block (RCB) experiment
design was used during the study period. Initial soil
fertility (kg/ha) was low for sulfur (1240); high for
phosphorus (116), potassium (332), and calcium
(3563); and very high for magnesium (802). Soil
acidity (pH) was 7.0 and organic matter was 0.77%.
Tractor was used for disking 3 times before row
preparations. Rows were treated with preemergence
herbicide Treflan, prepared by mixing 85 cc in 11.34
liters of water. Application and incorporation into
the soil at a depth of about 2.5 cm were during row
preparation. Hoeing and/or hand-pulling were for
additional weed control on the top and between the
rows. Fertilization at the rate of 1.5 kg per row with
13N-13P-13K before transplanting was based on
recommendation after soil test. Applied fertilizers
were mixed into the soil with garden fork and rake
to ensure proper uptake by plants. Transplanting on
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rows 6.1 m long and 1.2 m wide at a within-row
spacing of 0.61 m was with seedlings obtained by
seeding in ProMix® growing medium, at the Alcorn
Greenhouse facility.

Treatments (Response 9-9-7) extract dilutions –
1:500, 1:25, 1:167, and 1:125; and their respective
spray frequencies of 7, 14, 21, and 28 days) were
arranged in a randomized complete block experiment
design and were replicated 3 times. The dilutions
represented the ratio of Response 9-9-7 to water, a
seaweed base fertilizer derived from the self
regenerating red and brown seaweeds indigenous
to the New Zealand coast lines. They are processed
into a concentrated extract rich in natural growth
elements by Coast Biologicals, Ltd. in New Zealand.
Moisture was uniformly applied by hand-held
watering can immediately after transplanting.
Additional moisture was either by natural rainfall or
over-head sprinkler irrigation. Applications of Triple
Action® as needed were for the control of insects,
diseases, and mites. Harvesting initiated 80 days from
the transplanting date was terminated after 6
harvests. Data collections were on tomato growth,
yield and quality. All data were analyzed by the
analysis of variance and means were separated by
the Least significant difference (LSD) test procedure.

3.2 Product Development (Indoor Study)
For product development, 5 pounds of red-ripe
tomatoes from each spray frequency (treatment)
were used for tomato paste development at last
harvest. Selected tomatoes from each treatment
were washed, trimmed, blanched and skinned. Each
treatment combined with uniform quantities of species
and other ingredients was grinded into a mash with
a commercial blender. The mash was cooked slowly
in a stockpot until it was thick enough to keep its
shape on a spoon. Stirring frequently while cooking
prevented the burning or sticking of the products.
After reaching the desired consistency, the product
was poured into hot glass canning jars, leaving ½
inch headspace before processing in a boiling water
bath for an hour. The glass jars were allowed to
cool, before storage at room temperature. One
month after processing, the new products
(Experimental tomato paste E-1, E-2, E-3 and E-
4) and commercial tomato paste (C-1) were
evaluated for appearance, texture and flavor.
Samples from each treatment selected were evalua-

ted on a Hedonic scale, where a score of 9
represented a product that is liked extremely and a
score of 1 represented product that is disliked
extremely. Each of the 25 taste participant
represented an experimental unit, arranged in a
completely randomized design (CRD) on the
laboratory benches. The weighted average scores
were analyzed by the analysis of variance (ANOVA),
and means separated by the Least significant
difference (LSD) test (Steele and Torrie, 1980).

4.0 Results and Discussion

4.1 Growth Potential
Treatment effect on tomato plant survival and growth
potential is reported in Table 1. The effect was not
significant except for root dry matter, which was
highest (16.0%) due to 7 and 28 days spray
frequencies. The lowest value (12.0%) was due to
spray applications made every 14 and 21 days, but
were not different from 21% reported for the control.
Although not significantly different, the plant survival
which was generally high (80.0 to 86.7%) in this
study is similar to findings reported by Slavik (2005).

Treatment effect on seasonal marketable and non-
marketable tomato yield averages is reported in
Table 2. Spray frequencies influenced marketable
tomato number and weight, but influence only
nonmarketable tomato weight. Marketable tomato
number and weight were highest (44.9 and 3.7,
respectively) for applications made every 21 days.
Whereas the highest number was not different from
those reported for applications made every 7, and
28 days and the control, the highest value for fruit
weight (3.7 lb) was not different from 3.6 lb reported
for applications made every 28 days.
Nonmarketable tomato number was highest (37.3)
for applications made every 28 days, but was not
different from 34.3, and 301. lb reported for
applications made every 7 and 14 days, respectively.

Treatment effect on marketable fruit mineral
compositions is reported in Table 3. Response 9-9-
7 spray frequencies did not influence tomato fruit
mineral compositions, except for percent sulfur
content. The highest value for fruit sulfur content
(0.16%) was due to spray applied every 21 and 28
days, but was not different from the application made
every 14 days. The lowest value (0.09) was due to
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Table 4. Tomato paste quality evaluation

X:  Values were obtained as averages per block for products

developed with harvested tomatoes. Values with the same letters

within each column are not significantly different at 5% prob-

ability level (LSD).

5.0 Discussions

The high level of plant survival and the overall plant

Table 1.  Treatment Effect on tomato plant survival and growth potentialX

X:  Values represent averages for each spray frequency (treatment) within each block or replication at last harvest.
Y:  Values with the same letters within each column are not significantly different at 5% probability level (LSD).

Table 2.  Treatment effect on seasonal marketable and nonmarketable tomato yieldsX.

X:  Values are averages of 6 harvests for marketable and nonmarketable tomatoes from each spray frequency within
each block 6.1m x 1.2m. Values with the same letters within each column are not significantly different at 5% probability
level (LSD).

Table 3.  Treatment Effect On Marketable Tomato Fruit Mineral Compositions (7-13-12)

X:  Values were obtained as averages per block at last harvest. Values with the same letters within each column are
not significantly different at 5% probability level (LSD).

Spray  
Frequency 
(Days)

PlantY 

Survival 
(%)

Plant  
Height 
(m)

Stem  
Diameter 
(cm)

Plant Dry Matter

Root 
%

Stem 
%

Fruit 
%

0 86.7A 0.71A 1.5A 12.1B 15.3A 12.0A 
7 80.0A 0.79A 1.3A 16.0A 12.7A 12.0A 
14 80.0A 0.71A 1.5A 12.1B 14.0A 10.0A 
21 86.7A 0.85A 1.3A 12.1B 14.7A 10.0A 
28 80.0A 0.85A 1.5A 16.0A 14.0A 12.0A 

Spray  
Frequency 
(Days)

Marketable Yields Non Marketable Yields

Fruit  
Number

Fruit 
Wt.  
(lb)

Fruit 
Size 
 (Oz)

Fruit  
Number

Fruit 
Wt. 
(lb)

Fruit 
Size 
(Oz)

0 41.0A 3.4B 1.33A 26.8B 1.7A 1.01A 
7 44.0A 3.4B 1.24A 34.3A 2.0A 0.93A 
14 34.8B 2.7B 1.24A 30.1AB 2.1A 1.12A 
21 44.9A 3.7A 1.32A 24.8B 1.5A 0.97A 
28 42.7A 3.6A 1.35A 37.3A 2.2A 0.94A 

Spray  
Frequency 
(Days)

Mineral Compositions (Percent)X

N P K Ca Mg S

0 2.3A 0.04A 3.9A 0.11A 0.32A 0.09C 
7 2.5A 0.44A 3.6A 0.12A 0.32A 0.11BC
14 2.9A 0.48A 3.8A 0.14A 0.40A 0.14AB
21 2.7A 0.41A 3.7A 0.10A 0.34A 0.16A 
28 2.5A 0.42A 3.8A 0.11A 0.34A 0.16A 

Treatment 
(Paste Source) 

Headonic Scale MeasureX

Appearance Texture Flavor 

Experimental (E-1) 9.0A 9.0A 7.0A
Experimental (E-2) 8.0A 9.0A 8.0A
Experimental (E-3) 9.0A 8.0A 8.0A
Experimental (E-4) 9.0A 8.0A 9.0A
Commercial (C-1) 8.0A 8.0A 7.0A

the control, but was not different from the
applications made every 7 days.

4.2 Product Development:
The effect of spray frequency on developed tomato
paste quality is reported in Table 4. The spray
frequency effect was not different for both the
experimental and commercial products. However,
consumer acceptance of the new products were high
compared to the commercially available product
which served as control (not in the table). Using
appropriate tomato cultivar and processing
technique, limited-resource farmers can add value
to tomatoes harvested from family farms, and extend
their consumption beyond their growing season.
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growth could be due to high levels of soil macro-
nutrients, soil acidity and soil organic matter contents.
Rathose et al. (2009) reported similar level of plant
survival due to Response 9-9-7 applications. High
soil fertility level could also account for proper plant
growth and development. The need for farmers to
test the soils for fertility level and professional
recommendations before growing “Roma” tomatoes
for sale or for processing cannot be overemphasized.
The marketable tomato fruits which were generally
higher at reduced application frequencies indicate
that even with reduction in spray frequency the cost
of production may be reduced but not marketable
yields. The high level of nonmarketable tomatoes
reported was for tomatoes with blossom-end rot
disease. The fluctuations in temperature during the
growing period could be responsible for the disease
incidence, since soil calcium level was high. The low
level of soil sulfur could be the reason for significant
variations in its fruit content. Since additional sulfur
was supplied to treatments with Response 9-9-7
applications, the lowest value (0.09%) was due to
the control which did not receive additional sulfur.
The generally high scores for “Experimental” tomato
pastes appearance, texture and flavor indicate the
high quality of the products and chances of competing
favorably in supermarkets.

6.0 Conclusions

Findings from this study suggest that “Roma” tomato
cultivar can be successfully grown as summer
vegetables in field plots in southwest Mississippi by
limited-resource farmers and home owners, if factors
of production are not limiting. Prospective growers
are therefore expected to ensure that such
agronomic practices as proper soil acidity, nutrient
levels, moisture, weed control and other pest
management practices are adequately maintained
throughout the growing season. The reduction in
Response 9-9-7 spray frequency may increase
marketable tomato fruit number and weight but not
fruit size. Preventing fruit losses from blossom-end
rot disorder will also increase marketable yields.
Limited-resource farmers growing tomato cultivars
that are susceptible to blossom-end rot disease
should consider additional source of calcium since
Response 9-9-7 does not seem to provide all the
calcium needed to stop such fruit disorder.
Application of Response 9-9-7 extract dilution of

1:125 every 28 days is more economical than
dilutions 1:500, 1:250, and 1:167 applied every 7,
14, or 21 days, respectively.  Limited-resource
farmers can enhance their income potential by
adding value to harvested red-ripe “Roma tomato
fruits.
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