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Introduction and Previous Findings
Tomato taste improvement is one of the goals of soil fertility research at Rutgers
University. Findings from previous work were reported on in past issues of the Plant &
Pest Advisory. Briefly, results from those studies, along with research conducted in Israel
and Italy, suggested that providing appropriate levels of salts, containing sodium and
chloride, to tomato plants during the growing season may improve tomato taste and
quality.
Dr. Orton and Dr. Heckman are collaborating on trials with a commercial product called
SEA-90. The supplier of SEA-90 describes it at www.seaagri.com: “sea mineral solids--a
unique crop and soil remineralization enhancement that is not new but as ancient as our
seas. SEA-90 is a full-spectrum sea water product that is naturally dehydrated by the sun
that delivers all elements present in the sea’s natural and ideal ratios.”
Field trails were conducted during 2009 to 2012 at the Rutgers Agricultural Research &
Extension Center in Cumberland County New Jersey. During 2009 and 2010, we
compared applications of SEA-90 as foliar sprays to soil application through the drip
irrigation system, and to untreated controls. All tomato plants received the same rates of
conventional fertilizer application as recommended by New Jersey Commercial
Vegetable Crop Recommendations 2012 edition. The SEA-90 spray treatment was
applied three times during the growing season at two week intervals beginning at the
flowering growth stage. The SEA90 was mixed with water to apply 160 grams of the
product per 90 ft. of row length for each spray application. The drip SEA-90 treatment

was split between two applications - spaced two weeks apart - for a total season
application of 550 lbs SEA-90 per acre of plastic mulched row. The field trial in 2009
included two varieties of tomato: KCA and Abbie, older OP varieties of interest to home
gardeners in New Jersey. In 2010 and thereafter, the field trials incorporated popular
commercial F1 hybrid varieties: Processing Tomato Variety ‘SVR02431190’ and Fresh
Market Tomato Variety ‘Mountain Fresh Plus’.
In 2009, because of the very wet spring, the tomatoes were not transplanted to the field
until July 7th. Fruit did not ripen until September. On September 25, 2009, Dr. Orton
reported an interesting observation in an email: “I am observing one curious phenomenon
that is making it difficult to begin the harvest: The rows that were treated with Sea-90
have sufficient ripe fruit, but the control row has almost none. This effect is more
pronounced with the 2 rows treated with drip Sea-90 than the foliar spray alone.”
In 2010, the tomatoes were transplanted to the field on June 10th. Once again we
observed an early ripening effect on the tomato fruit. This association was monitored
again in both 2011and 2012 field trials.
By the end of September 2009 we eventually did get enough fruit harvest from all
treatments to evaluate parameters generally associated with tomato taste and quality. The
tomatoes responded to both the SEA-90 spray and the SEA-90 drip treatment but the
KCA variety responded differently than the Abbie variety. In the KCA variety the soluble
solids content of juice from the tomato fruit was reduced by the SEA-90 drip treatment,
but fruit acidity was not significantly affected. In the Abbie variety, the SEA-90 spray
and drip treatments decreased tomato juice pH and the levels of titratable acidity. These
results suggest that SEA-90 can influence tomato quality components but that the
responses may vary depending on tomato variety.
In 2010, we observed crop responses similar to the 2009 growing season. The early
ripening effect was apparent in the fruit harvest of both tomato varieties. On August 26th
the processing variety had 67% ripe fruit for the SEA90 drip treatment and 53% for the
untreated control. And on September 2nd the fresh market variety had 61% ripe fruit for
the SEA90 drip treatment and 54% for the untreated control. The SEA90 drip treatment
tended to increase red and total fruit yield of both varieties over the untreated control.
The yield results from 2010 again indicate that SEA90 is safe when applied at the 550
lbs/acre of SEA90 rate through the drip irrigation.
Fruit quality factors were evaluated in 2010 as titratable acidity (TA), soluble solids (SS),
and juice pH. In the processing variety, the SEA90 drip treatment increased the TA
significantly. In the fresh market variety TA, SS, and pH tended to be lower for the
SEA90 drip treatment compared to the untreated control. The concentrations of sodium
and chloride in the tissue were also determined. The concentration of sodium, but not
chloride was significantly increased by the SEA90 treatment.

Soil tests performed on samples collected in 2009 from under the plastic of the drip
treated rows and controls indicated that the SEA-90 application did increase the amount
of sodium and chloride in the soil. Level of soluble salts in soil also increased slightly.
We did not observe any adverse effects of SEA-90 on the growth or yield of the tomatoes
in this trial, nor would we expect to see adverse effects from the slight elevation in
soluble salts observed from the soil test results.
A sponsored program of identical magnitude and design to that performed in 2010 was
repeated in 2011, also at the Rutgers Agricultural Research and Extension Center
(RAREC) in Bridgeton, NJ (Cumberland County). All the plots had been established
and treatments administered by mid-August 2011 when torrential rains hit the region. By
the end of August, Hurricane Irene ravaged the mid-Atlantic U.S. coast, and was a direct
hit on southern New Jersey. The total rainfall for August 2011 was nearly 29 inches, and
the Sea 90 plot fields had been submerged under several feet of water for many
cumulative days. After the floods subsided, we attempted to gather as much data as
possible, but the experimental field plots rapidly disintegrated from breached plant
defenses and high pathogen loads. Consequently, no meaningful results were obtained
from 2011.
Since results in 2009 and 2010 were so promising, we undertook another set of field
experiments during summer 2012, also at RAREC, but in a different location at a higher
elevation. This report summarizes the results from the 2012 studies.

Specific Objective
Scientific field trials were planned and executed on the effects of BRIX® on fresh
market and processing tomato crop performance. Data were obtained for overall
cumulative yield and quality of harvest, including laboratory studies of fruit sugar and
organic acid composition.

General Methods
Field trials were conducted at RAREC to compare standard fresh market and processing
tomato cultural practices to treatments incorporating Sea 90 as an irrigation adjuvant.
Standard production practices were based on the current Rutgers Cooperative Extension
Commercial Vegetable Production Recommendations (2012).
Both the fresh market and processing tomato field plots were prepared with 385 lbs./acre
granular 20:10:8 preplant (equivalent to 77lbs/acre N). Following cultivation, surface
soils were formed into raised beds then covered with 3 mil black plastic mulch. The beds
were 60” on center. Drip irrigation tubes were installed under the plastic mulch at an
average depth of 6 inches below the soil surface. The drip tubes were connected to

flexible main line pipe, and pressurized to 10 PSI using the RAREC underground ondemand irrigation system.
The processing tomato plots were established on a double row (14 inches apart) at a
within-row spacing of 12 inches. The 20-foot plots consisted of 30 plants. The fresh
market tomatoes were established at 24 inch within-bed spacing, and 10 plants per 20foot plot. The fresh market tomato plants were stabilized with 4-foot stakes at 3-foot
spacing, and 4 tiers of interwoven tomato twine. Plots were irrigated regularly, and
sprayed weekly with Chelated Copper, Quadris® and Bravo® according to the product
labels to control bacterial and fungal diseases. All plots were also fertilized during late
June and early July at 2-week intervals with 20:20:20 soluble fertilizer (Peter’s) to a total
of 155 lbs./acre equivalent N.
The following specific experimental factors were tested:
Locations: One; Rutgers Agricultural Research and Extension Center (RAREC),
Bridgeton, NJ
Experiments: Two separate experiments (fresh market and processing tomatoes)
Experimental Factors: Control (no Sea 90), 550 lbs./acre Sea 90 (3 equal biweekly
applications; = Sea 90 low), 1100 lbs./acre Sea 90 (3 equal biweekly applications;=Sea 90
high).
Statistical Design: Randomized Complete Block
Plot population size: 10 - 30 plants/plot (= 20 ft) (see above)
Replication: 4/treatment
Independent variables: Yield (average totals of harvest graded into commercial size and
market classes); fruit composition (titratable acidity, pH, obrix)
Fresh Market Tomato experiments: The F1 hybrid variety ‘Mountain Fresh Plus’ was
selected for this experiment. This late-maturing semi-determinate variety is currently
used widely and extensively among commercial growers in the mid-Atlantic U.S. region.
Processing Tomato experiments: The F1 hybrid variety ‘SVR02431190’ was chosen for
this experiment, a Seminis product that is characterized by uniform quality and relatively
late maturity (chosen to accentuate the purported effect of altering maturity). This variety
is recommended for production in the mid-Atlantic U.S. region.

Experimental design: The design for both the fresh market and processing tomato
experiments was as follows:

Border

Sea-90 high A
Border

Sea-90 low A
Border

Control A
Border

Sea-90 high B
Border

Control B
B
O
R
D
E
R

Border

Sea-90 low B
Border

Sea-90 low C
Border

Control C

B
O
R
D
E
R

Border

Sea-90 high C
Border

Control D
Border

Sea-90 low D
Border

Sea-90 high D
Border

The seeds of both fresh market and processing tomatoes were sown on April 13, 2012
into potting soil (Howe® H-1; peat/vermiculite/lime) that was placed into 128-cell plastic
trays. Both the soil and the trays were sterilized.
The plants were placed into the field in the above configuration on June 1, 2012. The
experimental plots were irrigated regularly as needed through the drip system. With
regard to the administration of treatments, the following schedule was followed:

Label

Treatment

Per Appl

Control

Control

None (water)

Sea90 low

550 lbs

2.11 lbs. Sea-90

Sea90 high

1100 lbs.

4.22 lbs. Sea-90

Dates
Jun 29, Jul 13,
Jul 27
Jun 29, Jul 13,
Jul 27
Jun 29, Jul 13,
Jul 27

The fresh market tomato harvest was conducted on September 26, 2012 and graded/
weighed on September 27. All market-sized and mature fruits were removed from all
plants within a random 6-foot bed section and thereafter subjected to a visual grading
procedure that has been used extensively by researchers at RAREC: Ripe (breaker and
later ripening stages), Green (mature green and earlier ripening stages), Commercial
(Comm), and Cull. Each subset of the total harvest was weighed and the raw data
recorded.
The processing tomato harvest was also conducted on September 26, 2012, then graded
and weighed on September 28. All fruits were removed from all plants within a
randomly located 24 x 48 inch frame within treatment plot borders and subjected to a
visual grading procedure that is based on industry market standards: Red ripe (breaker
and later), green (mature green and earlier), and Cull. Each subset of the total harvest
was weighed and the raw data recorded.
To compare relative fruit compositions of both fresh market tomatoes, 3 random
individual fruits from each harvested plot were chosen and extracted (homogenization,
filtration, centrifugation, testing of resulting supernatant). For processing tomatoes, 3
lots of 10 random fruits were chosen for the extraction procedure. Titratable acidity (TA)
was determined on 5.0 ml of supernatant using a Radiometer Analytical TIM840
automated titrating instrument. Sugar content was represented by refractive index (obrix)
of the supernatant using an Atago digital refractometer. Total acidity was represented by
the pH of the supernatant solution.
For each independent data set, treatment means and standard deviations were determined,
and the least significant difference (LSD) at P=0.05 for each grade and the total. The
LSD.05 statistics were used to discern mean separations, or significant differences
between treatments with regard to yields of individual grades and the total. The
differences were reported using the widely accepted lettering notation.

Results
In general, experimental plots performed well with some specific exceptions noted
herein. This was despite a higher than average daily mean temperature during June and
July that hampered pollination and fruit set, and also promoted disease pressure. Both the
fresh market and processing plots matured later than in 2009 and 2010, indicating that
fruit set occurred later in the season, after the heat stress had abated. The fresh market
plots exhibited more ongoing symptoms of stress, and one of the reps (#4) was much
worse than the others, with several dead or wilted plants. Diseases were managed with
weekly applications of chelated copper, Quadris® and Bravo®, but the stressed/wilted
fresh market plants did not recover fully. No obvious differences could be discerned
between treatments as plants were established in the field and the treatments began.
Growth patterns and foliage appeared to be similar among experimental treatments, with
possible differences in harvest maturity.

Graded and Total Yield: Fresh Market Tomatoes
The summary of yield results from this experiment was as follows:

Total Wt
a
b
lbs. TreatmentRipe Green Comm Cull Total Control18.170NS 18.023NS3.613NS8.350NS
48.157
NSSea90 55017.843NS19.007NS4.387NS9.880NS51.117
NSSea90 110018.103NS14.947NS2.933NS8.753NS44.737
NS

a Commercial grade: Blemished or misshapen, but not rotted
b Column values not significantly different (P=0.05)

Graded and Total Yield: Processing Tomato
a
Total Wt lbs. TreatmentRipe Green Cull Total Control35.200NS 7.078NS4.590NS46.868
NSSea90 55041.810NS4.768NS7.538NS54.115
NSSea90 110038.530NS3.778NS8.203NS50.510
NS

a Column values not significantly different (P=0.05)
Proportion of total harvest in maturity classes, Processing Tomato:

% of Total
Treatment

Ripe

Control

74.6 NS

Sea90 550
Sea90
1100

Green
a

Cull

16.0 NS

9.4 NS

76.5 NS

8.9 NS

14.6 NS

76.7 NS

7.1 NS

16.2 NS

a Column values not significantly different (P=0.05)
Fruit Composition Measurements
Fresh Market Tomato (averages of values from 3 random fruits):
Treatment
Control
Sea90 low
Sea90 high

pH
4.583 b
4.533 ab
4.444 a

o

brix
3.77 NS
4.13 NS
3.86 NS

TA
1.133 NS
1.196 NS
1.264 NS

Column values with different letters are significantly different at P=0.05; NS = values not
significantly different

Processing Tomato (averages of values from 3 random 10-fruit lots):
Treatment
Control
Sea90 low
Sea90 high

pH
4.405 NS
4.402 NS
4.447 NS

o

brix
3.71 NS
3.52 NS
3.71 NS

NS = values not significantly different (P=0.05)

TA
1.237 NS
1.235 NS
1.191 NS

Discussion and Conclusions:
In a 1998 Scientific American article (Glenn et al. 1998), evidence is summarized that
supports the conclusion that diluted sea water has a beneficial effect on a broad range of
plant crop species. The benefits are manifested in both yields and quality. The article
focuses specifically on the potential value of underutilized halophytes, but it will take
many decades of intense research and development to bring these new species to
economic viability. While plant breeders continue to domesticate halophytes, and to
isolate and deploy the genes that underlie salt tolerance, it will be important to apply our
knowledge of plant nutrition to incorporate the vast supply of the underutilized resource,
sea solids. The most widely available source of sea solid is the SeaAgri product “Sea
90”.
Soil fertility and nutrient/micronutrient supplement practices have the potential to
influence tomato yield and quality in many ways. Provision of an optimum supply of
every plant nutrient is essential for production of high quality fruits and good yield levels.
A soil test and following the 2012 Rutgers Commercial Vegetable Production
Recommendations” Crop Guide is the way to set the stage for producing quality
tomatoes. Potassium, sulfur, and boron are three of the essential nutrients that warrant
special mention with regards to production of higher-quality vegetables. These nutrients
are among the plethora of macro- and micro-nutrients that are supplied by the sea solids
product “Sea 90”.

In the plant, potassium has many roles but with respect to tomato quality this nutrient
functions to move water into the cell of the developing tomato fruit. Thus, if you want
juicy tomatoes, adequate potassium must be available. Soil testing and plant tissue
analysis are the tools for monitoring potassium availability.
Sulfur is especially important because this nutrient forms organic compounds in the plant
that gives flavor to vegetables. Sulfur nutrition is sometimes neglected or forgotten
because its supply is generally not measured by way of a standard soil fertility test. Sandy
soils with low organic matter content are the most likely to be deficient in sulfur. Good
sources of sulfur include compost, or gypsum. There are several other fertilizer sources
of sulfur, such as potassium sulfate, potassium magnesium sulfate, and super-phosphate,
that supply sulfur but use of these materials depends on if the major nutrient that comes
along with the sulfur is needed. An application of about 20 pounds of sulfur per acre is
generally adequate to ensure that sulfur is not limiting for vegetable production.
Boron deficiencies in tomato production are fairly widespread and often go unrecognized.
Research conducted in North Carolina has shown that boron fertilization improves
tomato yield and fruit quality by decreasing the number of fruits with uneven ripening
and preventing fruit cracking. Boron works together with potassium nutrition to keep
enough potassium movement into the tomato plant tissue during the latter part of the
growing season. Based on the North Carolina studies, boron is effective when applied
weekly during the season as either a foliar treatment or through the drip irrigation system.
Sodium and chlorine are also plant nutrients but they are rarely thought of as being
potentially limiting or of much importance to tomato production. Nevertheless, a
reexamination of traditional fertilizer practices in New Jersey suggests that the
combination of these two nutrients (which together make sodium chloride or salt) may be
a key factor missing from modern tomato cultural practices. In “the olden days” Chilean
nitrate (sodium nitrate) was widely used as a nitrogen source in vegetable crop
production. In personal communications with Dr. Roy Flannery, retired Extension
Specialist in Soil Fertility, I was told that sodium nitrate was once widely used as the
main form of nitrogen fertilizer on tomato. But in recent decades it has mostly been
replaced with urea, UAN, ammonium nitrate, or other nitrogen fertilizers that do not
provide sodium. Chloride, however, long has been, and still is, typically applied to
vegetable crops in the form of potassium chloride (as called muriate of potash or 0-0-60).
Evidence from one field trial conducted in New Jersey and a larger study in Israel
appears to suggest that current near absence of sodium in fertilizer practice due to its
replacement with modern nitrogen sources, may have had unanticipated consequences on
the flavor of the Jersey tomato.
In 2000, Heckman (pers. Comm.) conducted a small trial where the objective was to
evaluate the effect of amending soil with natural sea salt on the flavor of tomato. We
drove to the Jersey shore and collected a barrel of sea water from the Atlantic Ocean and

used this water to treat one group of tomato plants growing at Rutgers University
Vegetable Research Farm in New Brunswick. The sea water treatment consisted of a one
time over the top drench of the plants during early bloom. A control group was drenched
with regular tap water. Although the sea water caused some burn to foliage, the plants
soon recovered. Once the tomatoes were vine ripe, the students working in my lab
preformed a blind taste. The results, in terms of taste preference, were clearly in favor of
the fruit produced by the sea water treated plants.
While this was just one small trial, the results are in agreement with Israeli research that
evaluated the effect of fertilizing several varieties of tomato with salt (i.e. NaCl). The
findings, (published in Plant Physiology) were described as follows: “From an applied
point of view, the results show that the quality – in terms of chemical constituents
(mainly sugars and acids), pigments, and especially taste – of fruits from saline-treated
plants is superior to that of those from control plants. The improved taste under salinity
may stem from salinity-increased acids and sugars and/or from an increase of other
flavoring compounds, a question which should be studied further. Thus, there is
compensation, in terms of quality, for the reduction in yield.”
In summary, there is ample evidence that compounds commonly available in sea water
can have a beneficial effect on the yield and quality of horticultural crops.
In the present study, the results suggested that the 550 lbs./acre Sea90 treatments were
beneficial to both fresh market and processing tomatoes, but that the 1,100 lbs./acre
treatment was marginally antagonistic. Tomatoes are known to be somewhat tolerant to
elevated salt levels, but the high Sea90 treatment appears to have exceeded the threshold
for toxicity.
The 2012 production season in south New Jersey was characterized by higher than
average daily temperatures during the period June 15 – July 15 when much of the
flowering and fruit set in tomatoes normally occurs. The intense heat inhibited fruit set,
and most of the eventual yield resulted from fruits set after August 1, much later than
usual. For determinate tomatoes, plants do not fully recover from prolonged stresses
sustained during early season growth. The varieties used in this study were semideterminate, so did recover adequately to obtain meaningful results, but it would have
been more desirable to observe plant performance under better circumstances.
The Sea90 low (550 lbs./acre) treatment exhibited higher overall yield than the control in
fresh market tomatoes, but the difference was not statistically significant. Both the Sea90
low and Sea90 high (1,100 lbs./acre) treatments had higher yields than the control in
processing tomatoes, but the differences were also not different statistically. Further, the
proportion of ripe fruits was higher in Sea90 treatments than the control in processing
tomatoes, consistent with previous findings, but also not statistically significant. These
treatments also had higher proportions of cull (defective) fruits than the control, perhaps
due to over-ripening.

The fresh market tomato experiment did produce an interesting result with regard to fruit
composition. A clear effect was observed with regard to total acidity and Sea90
concentration in the irrigation treatments: higher Sea90 was associated with higher
acidity. Titratable acidity was also higher in the Sea90 treatments, but not statistically
significant. This observation was not apparent in the processing tomato experiment,
however.

Summary of Conclusions:
Results were likely impacted by early-season heat stress that depressed and postponed
fruit set in both fresh market and processing tomatoes. Plants recovered somewhat, but
differences among treatments were likely reduced.
The overall trend was for higher yields in the Sea90 treatments in both fresh market and
processing tomatoes, although none of the yield differences were statistically significant.
The proportion of ripe fruits was higher in Sea90-treated processing tomatoes, but the
differences were not statistically significant.
The total acidity of fresh market tomatoes was significantly higher in the Sea90 high
treatment, and titratable acidity was elevated in both Sea90 treatments as compared to the
control, but not statistically significant. The relationship between Sea90 and fruit acidity
was not observed in processing tomatoes. Sugar levels were not affected by Sea90 in
either processing or fresh market tomatoes.

Recommendations:
After four years of testing, a pattern is emerging with the incorporation of Sea90 into
vegetable crop production methodology. Crop performance, both yield and quality,
appears to be enhanced up to the level of 550 lbs./acre, but levels above that may be
marginally antagonistic. Climatic conditions in the mid-Atlantic U.S. region are rapidly
changing; becoming warmer and wetter. This will also change the crops and varieties we
grow and the way we grow them. The effect of Sea90 on crop performance is highly
dependent on the overall vigor and potential of the plants to which it is provided. Further
testing of Sea90 should be limited to areas where climate is more stable and predictable
than the mid-Atlantic has recently become.

Rectification of Original Budget:
Labor
$2,000.00
Field Plot Fees
350.00
Crop management
150.00
(Stakes, tying, irrigation)
Total
$2,500.00
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