
Table 3. Outdoor float hydroponics leafy salad crop marketability ratings. 

Entry 

Romaine 'Valmaine' 

Chicory 'Salad King' 

Escarole 'NR65' 

Boston 'Esmarelda' 

Green leaf 'Crisp & Green' 

Red leaf'New Red Fire' 

Bibb 'Florabibb' 

Commercially' 

Accept. 

4 

4 

7 

7 

4 

4 

7 

Unaccept. 

3 

3 

3 

3 

Light 

1 

2 

2 

1 

Color 

Good 

5 

4 

7 

5 

4 

4 

3 

Dark 

2 

2 

1 

2 

4 

Under 

5 

6 

3 

6 

6 

Size 

Good 

2 

1 

4 

6 

1 

1 

3 

Over 

1 

4 

zNo. of responses from 7 individual ratings at Zellwin Farms from harvest on 3/24/98. 

and the chicory probably increased in size sufficiently to be 

marketable. The green and red leaf lettuces did not increase in 

size enough for Zellwin standards. However, for market garden 

and u-pick operations they would be satisfactory. 

Results indicate the potential for commercial production 

of cool season leafy salad crops and warm season basil in 2 

inch styrofoam floating panels. Four inch cell size perlite 

filled floating speedling flats showed potential for production 

of short season small rooted herbs and flowers. Additional 

work needs to be done to fine tune suitable crops and system 

dynamics to maximize production and minimize costs. 
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Abstract. Residual soil nitrate-nitrogen (N) can leach into 

groundwater in fallow soil, following removal of polyethylene 

mulch after harvest of fresh market tomatoes, during fall and 

winter (spring crop) and winter and spring (fall crop). The influ 

ence of N rates and ground cover following tomato (Lycoper-

sicon esculentum Mill) on soil nitrate-N movement was 

monitored in spring and fall crops during 1998. Nitrogen rates 

varied from 0 to 360 Ib/acre in the spring crop and from 0 to 600 

Ib/acre in fall tomato. Ground cover treatments were polyethyl 

ene mulch, fallow, and a cover crop. Cover crops were sor-

ghum-sudangrass [Sorghum bicolor (L.) Moench] following 

spring tomato and ryegrass (Lolium multiflorum Lem.) follow 

ing fall tomato. The soil type was an Orangeburg loamy fine 

sand (Typic Kandiudults, Fine- loamy, Siliceous, Thermic). 

Yield ranged from 1900 to 2600 boxes/acre in spring tomato, 

and from 1300 to 2700 boxes/acre in fall tomato. Fertilizer N 

rates above 180 Ib/acre were excessive as shown by yield and 

residual soil nitrate-N levels. Residual soil nitrate-N was pro 

portional to N application rate. Soil nitrate-N concentration fol 

lowing harvest was highest in the 1 to 3 ft depth range for 

spring tomato and 2 to 4 ft depth range for fall tomato. Polyeth-
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ylene mulch maintained most of the soil nitrate-N in the 0 to 4 

ft zone. The nitrate-N peak concentration was in the 2 to 4 ft 

zone of fallow soil following both spring and fall tomato. Sor-

ghum-sudangrass plots contained only 41% as much residual 

nitrate-N from 1 to 6 ft as fallow plots. Ryegrass plots contained 

63% as much residual nitrate-N from 0 to 8 ft as fallow plots. 

Soil nitrogen management has become increasingly im 

portant in Florida due to ground water quality concerns. De 

velopment of best-management practices (BMP's) has 

focused on modification or manipulation of some manage 

ment variables. 

Nitrogen management variables mentioned by Rausch-

kolb and Hornsby (1994) were placement, rate, source, irriga 

tion scheduling, timing of N application, and soil organic 

matter. There are two basic techniques for fertilizer N place 

ment, broadcast and banding, all others are variations of 

these two. Injection of fertilizer N with drip irrigation is a 

banding technique. Placement techniques influence nitrate 

leaching, plant uptake, and N transformations such as nitrifi 

cation, denitrification, mineralization, and immobilization. 

Fertilizer N rates are based on crop characteristics, such as 

amount of N removed in harvested portion, yield versus rate 

relationships, and sensitivity to excess applied N. Tomato is 

more sensitive to excess applied N than cotton (Gossypium hir-

sutumL.). Nitrogen sources include organic matter, manures, 

crop residues, and commercial fertilizers. Most commercial 

fertilizers contain either ammonium N or nitrate N, or both. 

Ammonium N is relatively immobile in most soils, while ni 

trate N is extremely mobile. Since 90% of ammonium N is 

converted to nitrate N in about 4 wk. (Scarsbrook, 1965) it is 

most practical to observe nitrate N movement when there is 

concern about groundwater pollution. Ammonium N is toxic 

to tomato in large quantities, therefore, ammonium nitrate 

which is one half ammonium N and one half nitrate N, is used 

to supply preplant N (40 to 50% of total N) and liquid nitrate 

N is used for injecting N into the drip irrigation system. Im 

proper irrigation practices, especially the application of ex 

cessive amounts, can move residual nitrate out of the crop 

root zone and cause N deficiencies as well as contribute to 

ground water pollution. About 2% of the N in stable organic 

matter is mineralized each year (Rauschkolb and Hornsby, 

1994), if organic matter level is 1% then 40 lb of N/acre 

would be released from one ft of topsoil each year. 

According to Pratt (1984), the primary factors determin 

ing the amount of nitrate that leaches from irrigated agricul 

tural soil are drainage volume and leachable nitrate. 

Therefore, high rates of fertilizer N and excessive rainfall 

tend to maximize nitrate leaching. Avoiding over fertilization 

with N is the logical place to start in order to reduce nitrate-

N movement out of the crop root zone. Since fertilizer N is 

contained in unharvested crop residue it can be mineralized 

to nitrate and leached into ground water during seasons 

when crops are not growing. Aldrich (1984) pointed out that 

winter cover crops such as ryegrass, wheat (Triticum aestivum 

L.), etc. can recover residual soil N as it is released and immo 

bilize it to plant-N which may be available for following spring 

and summer crops. He further stated that the maximum 

amount of N recovered, ranges from 20 to 30 lb/acre. How 

ever, this may not be true for tomato in north Florida. The 

spring tomato crop in north Florida is harvested in June 

which allows ample time for a summer planted crop of sor-

ghum-sudangrass to mature and immobilize residual soil ni 

trate left following tomato. If the sorghum-sudangrass is 

harvested as green chop and fed to animals the residual ni 

trate is removed from the land with minimum potential for 

leaching. Another option is to leave the summer cover crop 

standing over winter and incorporating it back into the soil 

for part of the N supply to a spring crop. With proper crop ro 

tation, a winter cover crop following fall tomatoes in north 

Florida could supply part of the N for a spring or summer 

crop the following year. 

The objective of this research was to evaluate the influ 

ence of fertilizer-N rate and ground cover on soil-nitrate 

movement following spring and fall tomato in north Florida. 

Materials and Methods 

Tomato plants were transplanted 23 March, 1998 (spring 

crop) and 13 August, 1998 (fall crop) in research plots locat 

ed at the FAMU Research and Extension Center, Quincy. The 

production system included drip irrigation, polyethylene 

mulch (black in spring and white in fall), and stakes to sup 

port and maintain plants in an upright position when plants 

were tied to the stakes with twine. Recommended cultural 

and pest-control practices were applied uniformly to all treat 

ments (Hochmuth, 1988). Fertilizer-N rates were 0, 90, 180, 

270, and 360 lb/acre for the spring crop and 0, 200, 400, and 

600 lb/acre for the fall crop. In each crop preplant N sup 

plied 50% of total and five injections (each supplying 10% of 

total) of liquid N into the drip system were applied 3, 5, 7, 9, 

and 11 weeks after transplanting. The source of N for both 

crops was ammonium nitrate preplant, and 4-0-8 (N-P-K) liq 

uid injected. 'AgriSet-761' tomato plants were transplanted 

into 3ft wide mulched beds spaced 6 ft apart, with a single row 

per plot containing 15 plants spaced 24 inches apart within 

row. The 10 center plants in each row were harvested for 

yield. There were four harvests for the spring crop and five 

harvests for the fall crop. Harvested tomatoes were graded as 

culls, medium, large, and extra large fruit. 

After tomato harvest was finished in the spring crop, the 

polyethylene mulch was removed from Ws of the plots, lA of 

the plots was left fallow, lfa was seeded to sorghum-sudangrass, 

and the mulch was left on the remaining Vs until the cover crop 

was mature. The same procedure was followed in the fall crop 

except ryegrass was seeded instead of sorghum-sudangrass. 

Soil samples were collected in one ft increments after fi 

nal harvest of each crop to a depth of 4 ft and at the end of 

cover crop growth cycles to a depth of 8 ft. Samples were 

ground to pass a 10 mesh screen. A hydraulic soil auger 

mounted on a tractor with a 3 point hitch was used to obtain 

soil samples from 4 and 8 ft depths. Soil nitrate-N was deter 

mined from a 10 g sample extracted with 25 ml of 0.015 M 

CaSO4. Five ml of soil extract was mixed with one NitraVer 5 

nitrate reagent powder pillow (Hach Co., P.O. Box 389, Love-

land, CO 80539) and transmittance was measured with a 

Spectronic 20 spectrophotometer at 425 nm. Nitrate-N con 

centration was determined by comparing samples with stan 

dards derived from potassium nitrate. The soil type was an 

Orangeburg loamy fine sand (Typic Kandiudults, Fine-loamy, 

Siliceous, Thermic). 

The experimental design was a randomized complete 

block with fertilizer-N rate and ground cover as factorial treat 

ments in four replicates (Steel and Torrie, 1960). Analysis of 

variance procedures were used to evaluate treatment means 

for yield and soil nitrate concentration (Freed et al., 1989). F-
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tests were employed to determine if N rate and ground cover 

significantly influenced soil nitrate concentration. Orthogo 

nal comparisons were used to determine if rate response was 

linear, quadratic, or cubic. 

Results and Discussion 

Spring crop.—Although, yield is not the primary objective 

of this research it can be quite useful in interpreting results of 

other measurements. Without favorable economic yields the 

influence of N rates and cover crops on nitrate movement is 

not meaningful in commercial tomato production systems. 

Yield was unusually high with no fertilizer N in the spring 

1998 tomato crop (Fig. 1). This was most likely due to a long 

period of organic matter recycling in a bahiagrass sod and the 

subsequent release of N after tillage and accelerated mineral 

ization. The recommended N rate for tomatoes in Florida is 

175 lb/acre (Hochmuth, 1988). Since there was no signifi 

cant yield difference between 90 and 360 lb of N/acre, it is 

quite clear that the recommended N level is adequate for this 

particular location. Yield response to N rates contained signif 

icant linear, quadratic, and cubic components. 

Residual soil nitrate-N was significantly (P< 0.05) higher 

for the 270 and 360 lb N/acre rates than in the range of rec 

ommended rates, 90 and 180 lb of N/acre (Fig. 2). Residual 

soil nitrate-N was increased by 27% with 90 lb of N/acre, 63% 

with 270 lb of N/acre, and 80% with 360 lb of N/acre com 

pared with the zero treatment. Peak nitrate-N concentration 

occurred between 1 and 3 ft depths where fertilizer N was ap 

plied. Response of residual soil nitrate-N to N rates contained 

significant linear and quadratic components. 

Sorghum-sudangrass reduced residual soil nitrate-N from 

15 to 4 ppm in the 0 to 8 ft depth with the highest N rate (Fig. 

3). Since the fallow soil and sorghum-sudangrass soil were ex 

posed to the same leaching forces, it was assumed that the 

lower residual soil N in the sorghum-sudangrass plots was due 

to uptake by the cover crop. Nitrogen uptake by the cover 

crop was estimated from differences between residual soil ni 

trate in the cover crop plots and residual soil nitrate in either 

fallow or mulch covered plots. The cover crop could have re-

Feet 

0 90 180 270 360 

Fertilizer-N Rate - lb/acre 

Figure 2. Effect of N rate and soil depth on soil nitrate-N concentration 

(before mulch was removed) after harvest of tomato crop—spring 1998. Er 

ror bars show lsd0 Of). 

covered some of the N before leaching took place. Amount of 

N removed by the cover crop would be in the range of resid 

ual soil nitrate under plastic and residual nitrate in fallow 

plots minus residual soil nitrate in cover crop plots. To con 

vert ppm N to lb N/acre divide by two, because only one-half 

of the land was fertilized (3 ft of bare middle was not fertil 

ized), and multiply by 32 (4 million lb of soil/acre ft to 8 ft 

deep). Therefore, the estimated N in the cover crop was in 

the range of 93 to 183 lb of N/acre for the 360 lb N/acre 

treatment. Since dry-matter yield of sorghum-sudangrass was 

over 14 ton/acre, the estimated N concentration of the cover 

crop would be in the range of 0.33 to 0.65%. 

A detailed examination of the soil profile to 8 ft depth 

shows the maximum nitrate-N concentration in the 1-2 ft 

depth range with polyethylene film and in the 3-4 ft range 

with fallow soil and sorghum-sudangrass treatments (Fig. 4). 

Background nitrate-N level was about 4 ppm, therefore, the 

Figure 1. Effect of N rate on total market fruit yield of spring tomato 

crop—1998. Error bars show lsdoor,. 

Mean cone, before fertilization = 4.5 ppm 

0 90 180 270 360 

Fertilizer-N Rate - lb/acre 

Figure 3. Effect of N rate and ground cover on nitrate-N concentration 

(averaged over 0 to 8 ft depth) after summer cover crop following spring to 

mato—1998. 
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Figure 4. Effect of soil cover and soil depth on nitrate-N in fall samples 

from spring tomato after summer cover crop—1998. 

higher levels in the 4-8 ft depth range with the polyethylene 

film treatment may be due to contamination at the time of 

sampling from the dry crumbly soil near the surface protect 

ed from rain by the film. 

Fall crop.—Yield of the fall tomato crop without fertilizer 

N was about 1350 boxes/acre, which is similar to yields of pre 

vious spring crops on research plots without N (Fig. 5). Two 

hundred lb of N/acre produced over 2600 boxes/acre. These 

yields were high for fall tomato in comparison to average 

commercial yields, but the fall of 1998 was unusually warm al 

lowing a fifth harvest in December, which accounted for al 

most Vi of the total yield. Sensitivity of tomato to high N rates 

is shown by decreasing yields between 200 and 400 lb N/acre 

(yield reduction of 1.8 boxes/lb of N) and between 400 and 

600 lb N/acre (yield reduction of 3.4 boxes/lb of N). Yield re 

sponse to N rate was significant for linear, quadratic, and cu 

bic components. 

Soil nitrate-N without fertilizer N was lower for the fall 

crop than the spring crop (Figs. 2 and 6). Residual soil ni 

trate-N concentration under the mulch increased 94% be 

tween 0 and 200 lb N/acre, 103% between 200 and 400 lb N/ 

acre, and 67% between 400 and 600 lb N/acre (Fig. 6). The 

estimated (ppm N in treated plots + ppm N in zero N plots di 

vided by two, multiplied by four million lbs/ft times four ft) 

levels of residual soil nitrate-N in lb/acre between 0 and 4 ft 

depths were 72 at 0 N/acre, 107 at 200 lb N/acre, 182 at 400 

lb N/acre, and 275 at 600 lb N/acre. Estimates of lb/acre 

takes into account the space between mulched strips, there 

fore, % increases are smaller than those from concentration 

levels. Residual soil nitrate-N response to N rates was signifi 

cant for linear and cubic components. 

Ryegrass reduced residual soil nitrate-N concentration in 

relation to fallow soil by 12% with no N, 41% with 200 lb N/ 

acre, 35% with 400 lb N/acre, and 13% with 600 lb N/acre 

(Fig. 7). The estimated reduction in lb/acre, which accounts 

for soil area between mulched strips, was 26 with no N, 71 with 

200 lb N/acre, 135 with 400 lb N/acre, and 64 with 600 lb N/ 

acre. These values are assumed to be minimum reductions in 

leaching potential because some residual soil nitrate-N should 

be recovered by the ryegrass before leaching reduced it to lev 

els found in the fallow soil. Aldrich (1984) estimated that 

ryegrass would reduce leaching by 20 to 30 lb N/acre. Howev 

er, this was true only for the zero N treatment, estimated 

leaching reduction ranged from 64 to 135 lb nitrate-N/acre 

for fertilizer N rates of 200 to 600 lb N/acre. Ryegrass yield was 

about 3 ton/acre of dry-matter, therefore, estimated N con 

centration of the cover crop was in the range of 1.07 to 2.25%. 

Total leachable nitrate-N, which was found in plots kept cov 

ered with film mulch, increased 71 lb/acre between 0 and 200 

lb N/acre, 160 lb/acre between 200 and 400 lb N/acre, and 

172 lb/acre between 400 and 600 lb fertilizer N/acre. 

Conclusions 

Application of excessive rates of fertilizer N increased re 

sidual soil nitrate-N in direct proportion to the amount ap 

plied. Sorghum-sudangrass was effective in reducing residual 
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Figure 5. Effect of N rate on total market fruit yield of fall tomato crop— 

1998. Error bars show lsdnn.. 

0 200 400 600 

Fertilizer-N Rate - lb/acre 

Figure 6. Effect of N rate and soil depth on soil nitrate-N (before mulch 

was removed) of fall tomato crop—1998. 
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Figure 7. Effect of N rate and ground cover on soil nitrate-N after winter 

cover crop following fall tomato—1998. 

soil nitrate-N below background levels from 0-8 ft depths with 

fertilizer N rates from 0-360 lb/acre. Ryegrass reduced resid 

ual soil nitrate-N by as much as 135 lb/acre. 

Suggested BMP's.—Do not apply more fertilizer N to a to 

mato crop than recommended by the cooperative extension 

service. Apply multiple applications of fertilizer N by injecting 

liquid N into the drip irrigation system. Plant sorghum-sudan-

grass immediately following tomato harvest (spring crop) and 

mulch removal in early summer. Green chop sorghum-sudan-

grass when mature and feed to livestock. Leave polyethylene 

mulch in place for fall tomato crops until late fall and plant 

ryegrass on the area immediately after mulch removal. If a 

summer cover crop is not compatible with the local farming 

system, mulch from the spring crop could be left until late fall 

and removed to plant ryegrass. The ryegrass may be incorpo 

rated back into the soil in spring, as a source of N for spring 

or summer crops. 
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Abstract. The gradient concept is designed with a soluble 

source of N-K banded on the soil bed surface in conjunction 

with a continuing source of water which synchronizes the nutri 

ent/water input with rate of removal by the root. By placing the 

N-K on the surface rather than conventionally in the bed, nutri 

ent movement to the root shifts from mass flow to diffusion. Nu 

trients that move by mass flow are a function of water 

requirement and potentially a source of nutritional instability. 

With the shift to movement by diffusion, nutrients move inde 

pendently of the water to replace those removed from the gra 

dient by the root. The gradient with a continuing nutritional 

stability replaces the variable and limited stability potential of 

the soil. Commercial tomato yields in Florida more than dou 

bled with the shift to the gradient-mulch procedure. A contain 

erized version of the concept (The Earth Box™) has been most 

successful for the home gardener and substantiates the validity 

of the gradient. Most innovative procedures with the gradient 

as the buffer component minimize pollution, require minimal 

management, and use minimal water when microirrigation is 

used as the water delivery source. In order to better understand 

the gradient concept and utilize the procedure, it may be neces 

sary to consider the procedure as a nutritional paradigm shift. 

Introduction 

During the 1950s, the concentration and ratio of ions in the 

soil or hydroponic solution were evaluated as nutritional varia 

tions that could weaken or destroy nutritional stability. Such 

variations were associated with the prevalence and severity— 

and control—of black heart of celery and blossom-end rot of to 

matoes (Geraldson, 1957). In order to further evaluate nutri 

tional stability as a productivity factor, the intensity and balance 

soil testing procedure was developed to monitor significant cor 

relations (Geraldson, 1977). It was concluded that in order to 

provide correlations, the nutrition had to be stabilized. 

During the 1960s, a full-bed mulch procedure was initiat 

ed and developed in Florida which provided the potential for 

nutritional stability. The Gradient Concept as a non-conven-
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