Table 4. Potassium (K) rates and leaf-K on three dates for sweet corn, San-
ford, FL, spring 1996.

Days after planting

K Cardy reading (ppm K)” Lab (%TKN)*
Ib/acre 27 40 49 27 40 49
150 4919a 358la 2438a 38a 2.2a 2.1a
100 4328a  3300a 2394 a 3b5a 22a 2.1a
50 3550 b  2863b 218la 28b 2.0 ab 19a
0 2263 ¢ 1931c¢  1792b 16¢ 15b 1.5b

‘Cardy ion specific meter, Spectrum Technologies, Inc., Plainfield, IL.
*Mean separation in columns by Duncan’s Multiple Range Test, 0.05 level.
*University of Florida’s Analytical Research Laboratory, Gainesville, total
Kjeldahl nitrogen.

There was not a clear yield response to K rates (Table 3).
The 50 Ib/acre of K gave the highest yield. That rate also was
significantly better for husk cover, ear tip fill, ear length, and
ear width. The highest rate of K had the greatest average ear
weight. K in the sap declined seasonally and was generally
higher with the higher K fertilization. At 49 DAP, there was no
difference for sap K for the top three rates of K fertilizer (Ta-
ble 4). The analytical lab results showed a similar trend.

Conclusions

Sweet corn tissue N concentration increased with N rate
up to 150 Ib/acre. Yield increased with each N rate increase.
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Cardy meter readings taken in the field and %TKN from an-
alytical lab results followed similar trends for N concentra-
tions. Tissue-K concentrations as measured by a Cardy meter
or an analytical lab procedure tended to increase with K fer-
tilization, but a clear response to K fertilization for sweet corn
yield and other ear quality factors was not found.
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Abstract. Urban plant debris (UPD) was taken directly from yard
trash collection routes in Alachua County, Florida and applied
at rates of approximately 200 tons per acre to a field that is in
a melon/livestock forage rotation. Applying unsorted UPD to
land without any sorting, grinding, or composting is an uncom-
mon means of handling this portion of the urban waste stream.
Because of the unique nature of this approach to UPD utiliza-
tion, observations made at the field site during the 1.5 years
following initial application were documented. Three forage
crops have been produced since initial incorporation of the
UPD material. The presence of large woody debris 1.5 years af-
ter UPD application would likely interfere with planting of wa-
termelon [Citrullus lanatus (Thunb.) Matsum. & Nakail.
However, the farmer anticipates planting melons 2.5 years af-
ter UPD application. About nine months after UPD application,
decomposing yardwaste supplied enough N and other nutri-
ents to produce a 2.5-ton dry weight sorghum-sudangrass
(Sorghum bicolor L. Moench. x Sorghum vulgare sudanense)
forage crop. However, there were indications that N mineraliza-
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tion during the winter was not sufficient for maximum growth
of rye (Secale cereale L.). Soil fertility tests after UPD applica-
tion showed high to very high P, K, and Mg and adequate Ca,
Zn, Mn, and Cu levels. Application of unprocessed UPD direct-
ly to land appears to be a viable management option. It utilizes
an urban waste material as a resource in agricultural produc-
tion and provides an environmentally sound alternative to dis-
posal methods.

Urban plant debris (UPD, a.k.a. yard trash, yard trim-
mings, yard waste) from Alachua County has been hauled to
Gilchrist County and applied directly to farm land since Oct.
- 1994. The program is unique in two ways. First, all materials
collected from curbside are land applied. Second, there is no
processing of the materials before they are land applied. Leaf
litter has been applied directly to farm land (Derr et al., 1995;
McNearney, et al., 1994), but shrubbery and tree trimmings
are composted before being land applied (Nordstedt et al.,
1993; Steuteville, 1996). The UPD composition varies with
the seasons of the year (c.f., Griffis and Kidder, 1994; Kidder,
1995) but consists of all plant debris placed at the curb for col-
lection (e.g., leaves, pine needles, grass clippings, tree and
shrub trimmings). Collection rules dictate that branches not
be more than four feet long and four inches in diameter, but
collection crews routinely allow exceptions to avoid citizen
complaints. This results in some fairly large pieces of wood
being deposited on the land. Two-man crews remove plastic
bags and other foreign materials mingled in the plant debris
as they load the packer trucks. The UPD is unloaded onto the
field at a target rate of 200 tons/acre, spread by pushrake, cut
into the soil with an 8foot diameter Marden chopper de-
signed for forestry land preparation, and then disked in with
a 36-inch disk plow.

The UPD application was expected to significantly im-
prove crop production on the treated land by supplying nu-
trients and improving water holding capacity. However,
nitrogen (N) deficiency was expected during the first 8 to 12
months since the C:N ratio of UPD is typically between 40 and
80:1 (Rynk, 1992), a condition which usually results in net im-
mobilization of N. Immobilization is the conversion of an el-
ement from the inorganic to the organic form in microbial
tissues or in plant tissues, while mineralization is the conver-
sion of an element from an organic form to an inorganic state
as a result of microbial decomposition (SSSA, 1987). Higher
plants can not compete with microorganisms for the limited
inorganic N under conditions of net immobilization, and N
deficiency of crops occurs.

To get some utility out of the land while waiting for it to
be suitable for watermelon production, the farmer decided to
plant annual grasses for grazing. There was uncertainty about
the quantity of nitrogen fertilizer needed to provide for ade-
quate crop growth, given the variables of material source,
field application rate of UPD, and organic matter mineraliza-
tion conditions. Small, unreplicated plots were established in
a 3b-acre field to observe the effect of N-fertilization on forage
growth and production.

The purpose of this paper is to record the observations
and measurements made in the producer-managed field as a
guide for future management of similar UPD applications.
The measurements and observations reported here must be
considered as preliminary and not necessarily indicative of fu-
ture performance.
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Materials and Methods

The field was located in western Gilchrist County on soil
mapped as Alpin fine sand (Typic Quartzipsamments, ther-
mic, coated). Three large-volume (ca. 20 1b) composite soil
samples were taken (0 to 6 inches) in each of four sampling
sites (A-D) of the field in May 1995. Sampling Sites A and B
were in the part of the field where the UPD had been incor-
porated ca. 6 months, and Sites C and D were where UPD had
not yet been applied. Samples were taken with a shovel so as
to include the coarse, undecomposed plant debris such as
sticks and pieces of wood. Each composite sample was collect-
ed from an area ca. 10 ft in diameter. The bulk samples were
air dried and volatile solids (loss on ignition at 550°C), a pro-
cedure commonly used by engineers as a measure of organic
matter, was determined on a subsample. Undecomposed
UPD was screened out of the bulk sample by passing the soil
through a 0.079 in screen. The >0.079 in material was
weighed and is reported as coarse organic matter. It was then
ground in a Wiley mill and remixed with the soil prior to anal-
ysis for standard soil fertility parameters (pH, Mehlich-1 ex-
tractable P, K, Ca, Mg, Mn, Zn, and Cu) and Walkley-Black
(W-B) organic matter content, a common procedure for agri-
cultural soils. Soil was resampled on 8 Aug. 1995 prior to ap-
plication of ammonium nitrate fertilizer and again on 30 Nov.
Samples were handled and analyzed as described above ex-
cept volatile solids were not determined.

Sorghum-sudangrass hybrid was seeded 10 July 1995
along with 150 1b of a 22-0.9-10 (N-P-K) fertilizer per acre.
Three plots were set up in 100 x 100 ft areas of Areas A and B.
UPD had been incorporated into the soil in March 1995 (ca.
three months prior to planting) in Area A and in Dec 1994
(ca. seven months prior to planting) in Area B. Two 4 X 8 ft
cattle exclusion cages were set up in each 33 x 100 ft plot (to-
tal of 12 cages in experiment) so yield data could be collected
without interfering with grazing. The caged areas were har-
vested on 31 Aug. and 3 Oct. 1995. Total forage fresh weight
was determined in the field and a representative sample of
several stalks was analyzed for dry weight, N, P, K, Ca, Mg, Zn,
Mn, and Cu. The field was disked and planted to rye 25 Oct.
1995. On 19 Jan. 1996, the rye within the caged areas was har-
vested and fresh and dry yields were measured. A topdressing
of ammonium nitrate was applied at rates of 0, 25, and 50 1b
of N/acre. A second harvest of the rye forage was made on 14
March 1996. The field was plowed and sorghum-sudangrass
planted 1 May 1996 and yields measured on 8 July 1996. The
crop received no fertilizer.

Each 100 x 100 ft plot area was divided into nine equal
squares, and a composite soil sample was taken from each sec-
tion on 14 March 1996. The samples were air dried, passed
through a 0.079 in sieve, the two components of the sieving
weighed, the <0.079 in fraction dried at 105°C, and analyzed
for C and N by mass spectrometry.

Results and Discussion

Estimates of organic matter were done by two popular
methods, both of which have known limitations. The volatile
solids method (determined by loss on ignition at 500°C)
burns off organic compounds but will also decompose car-
bonates and drive off structural water, resulting in over esti-
mation of the organic content (Schulte and Hopkins, 1996).
Neither of these two limitations should be major consider-
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Table 1. Soil properties of UPD amended and unamended sections of the 50 acre field at Watson Farm in May 1995, prior to installation of project.

Walkley- Mehlich-1 extractable*
Coarse Black
Volatile ~ Organic Mat- Organic Mat-
Sample Solids ter’ ter pH P K Ca Mg Zn Cu Mn
----------- % of air-dry wt----------- 1:2 (SIW)  =emeomm e DDl - em e e e m e memeeoeoa

UPD Amended

Mean 6.9 48 2.3 6.4 >116 146 1026 90 4.1 0.53 13.1

Std Dev 2.6 2.1 0.4 0.2 >6.8 32 170 12 14 0.08 2.2
Unamended

Mean 1.8 0.4 0.7 5.8 >108 42 >1155 31 1.2 0.43 8.2

Std Dev 0.2 0.2 0.1 0.4 >15 7 >926 10 0.7 0.11 44

P value <0.001 <0.001 <0.001 0.006 n.s." <0.001 ns. <0.001 0.001 n.s. 0.04

‘Ashed soil at 550°C and assumed weight loss is organic matter. Average of two determinations per sample.

'Organic debris that did not pass through a 0.079 in sieve.

*Determined on soil after coarse organic matter was ground and remixed with the soil sample it came from.
*Ratings of high at pH 6.5-7.0: P > 30, K > 60, Ca > 250, Mg > 30, Zn > 3, Cu > 0.5, and Mn > 9 ppm.

*Whole area was mined for phosphorus in early 1900s.
“n.s. = not significant at 95% confidence level.

ations in this study since the carbonate and clay contents of
Alpin soil are small. Thus, the volatile solids determined in
this particular case should be a good estimate of the total
amount of organic materials present. However, coarse organ-
ic materials with low specific surface area contribute little to
soil characteristics such as water and nutrient holding capac-
ities, so the definition of soil organic matter specifically ex-
cludes undecayed plant and animal residues (Soil Science
Society of America, 1987). Agricultural soil samples are nor-
mally passed through a 0.079 in sieve before analysis for or-
ganic matter content (Nelson and Sommers, 1982), so the
“coarse organic matter” shown in Table 1 would normally be
excluded from the analyzed sample. The Walkley-Black meth-
od used by the UF/IFAS Extension Soil Testing Laboratory to
determine soil organic matter in agricultural soil (Hanlon, et

Table 2. Soil test results of 0-6 inch samples from treatment plots.

al.,, 1994) would not measure materials such as woody resi-
dues because of their resistance to decomposition under the
conditions of the test.

Organic matter content as measured by either method
was dramatically increased by UPD additions. UPD applica-
tion increased average W-B organic matter from 0.7% to 2.4%
and volatile solids from 1.8% to 6.9% (Table 1). Volatile sol-
ids content paralleled the sum of coarse organic matter and
W-B organic matter. The differences obtained with the two
methods may be appreciated by comparing the W-B values
with those from samples taken at initiation of the demonstra-
tion in early Aug. 1995 (Table 2). The average W-B value was
essentially the same in the two instances (i.e., 2.4 and 2.6%),
showing that even when the coarse organic matter was
ground to pass through a 0.079 in sieve and included in the

Mehlich-1 extractable Walkley-
Black Coarse
Organic Organic
Plot pH P K Ca Mg Zn Cu Mn Matter Matter
-------------------------------------- o R e Rt R
Sampled 8 Aug. 1995 prior to ammonium nitrate application.
Site A
Mean 6.9 >120 120 >2000 100 58 0.20 23 2.4 19
Std Dev 0.1 34 26 1.0 0.04 7 0.6 10
Site B
Mean 6.8 >120 143 1493 133 7.8 0.13 12 2.9 18
Std Dev 0.2 24 415 42 1.3 0.05 2 0.1 5
P value n.s. ns. n.s n.s n.s n.s 0.05 n.s. n.s
Sampled 30 Nov. 1995 about a month after rye was planted.
Site A
Mean 6.8 >120 74 >2000 77
Std Dev 0.2 15 25
Site B
Mean 6.5 >120 149 1283 130
Std Dev 0.1 49 482 56
P value n.s. n.s. n.s n.s

*‘Organic debris that did not pass through a 0.079 in sieve.
n.s. = not significant at 95% confidence level.
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sample, it was not measured by the W-B test. The organic mat-
ter data also show the large amount of variability encountered
in soil samples taken when undecomposed plant debris is
present (e.g., 10 to 30% coarse organic material).

Soil fertility test results are presented in Tables 1 and 2.
Tests of unamended soil (Sampling Sites C and D) showed
Mehlich-1 P to be very high, the lowest value being 83 ppm
and the highest being >120, the maximum reported by the
IFAS Extension Soil Testing Laboratory. This is due to the
phosphatic soils of the region (e.g., relics of old phosphate
mine pits are in and near the field). Thus, no benefit from P
additions as fertilizer or from UPD would be expected. UPD
amended soil tested >120 ppm P in almost all tests. In un-
amended soil, K and Zn were in the range (30-50 and 0.5-2.0
ppm, respectively) where many crops would be expected to
benefit from additions of those nutrients coming from UPD.
Where UPD had been applied, K and Zn levels were higher
and those elements should no longer limit growth. Increased
levels of Ca, Mg, Cu, and Mn were noted but their levels in the
unamended soil were high enough to supply plant needs, so
no benefit would be expected from increased levels. UPD ad-
dition increased soil pH, with most samples having a pH of 6.4
to 7.0 after amendment compared to 5.3 to 6.4 before amend-
ment. Nutrient test levels in the plot area were all in the high
or adequate range, so N was the only nutrient likely to limit
plant growth.

The C:N ratio of the <0.079 in soil fraction 12 and 15
months after UPD incorporation ranged between 18 and
23:1, averaging 20:1 and having a very small coefficient of vari-
ation (Table 3). However, there was a large coefficient of vari-
ation in the C and N values and in the coarse organic matter
fraction separated out before the C and N were determined,
an indication of the very variable nature of the UPD distribu-

Table 3. Characterization of C:N ratio of soil in plot areas (sampled 14
March 1996).

Coarse organic

Sample i.d. matter C N CN
.................. O =mmmmmmmmm oo

12 months after incorporation.
All 5.4 1.48 0.083 18
Al2 115 1.89 0.098 19
Al3 2.7 1.11 0.051 22
A21 2.6 1.30 0.065 20
A22 5.0 1.36 0.069 20
A23 49 1.73 0.088 20
A3l 3.6 1.64 0.071 23
A32 5.7 1.56 0.079 20
A33 9.2 1.86 0.100 19
Mean 5.6 1.55 0.078 20
CV (%) 52 17 20 8

15 months after incorporation.
B11 6.6 2.49 0.122 20
B12 6.5 2.36 0.115 21
B13 6.2 1.55 0.075 21
B21 5.5 2.64 0.115 23
B22 4.7 2.75 0.126 22
B23 4.4 1.86 0.092 20
B31 12.2 7.88 0.356 22
B32 10.2 3.05 0.158 19
B33 6.4 3.24 0.150 22
Mean 7.0 3.09 0.145 21
CV (%) 37 61 57 5

‘Material held on a 0.079 in sieve and removed before soil was prepared for
C:N ratio analysis.
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tion in the field, even within small areas. The lack of differ-
ence in the C:N ratio between Areas A and B, is not surprising
given the relatively small incorporation time difference be-
tween 12 and 15 months. UPD reached a stable level of de-
composition by 12 months post-incorporation. This is borne
out in the results of the forage trials. However, it must be not-
ed that for reasons unrelated to agricultural practice, this par-
ticular farmer disked the field many times (probably in excess
of 20) between UPD application and planting. This intensive
cultivation aided in the incorporation of the UPD and un-
doubtedly resulted in a more rapid decomposition rate than
would have occurred if a more normal number of cultivations
had been done.

This demonstration suffered from problems typical of on-
farm trials. All operations were done by the farmer so there
was no control of the seeding rate. There was no replication
of the N treatments, and only limited measurements were
made. The plant growth within the plots was quite variable so
precise analysis of the harvest data is not possible.

To measure yields approximating what the farmer was
getting, the plots were harvested at the time the cattle were
brought in to graze the field. The sorghum-sudangrass was ca.
8 ft tall in most of the field. The forage would have been bet-
ter utilized had it been grazed at a less mature stage of growth.
Regrowth was very poor, due largely to the advanced degree
of maturity of the crop at the time of the first cutting.

Sorghum-sudangrass grew very well in Area B, with no vis-
ible signs of N deficiency in any of the plots seven or so
months after UPD incorporation. Forage in the plots that re-
ceived N fertilizer were greener, but no differences in height
or vigor were apparent. However, N content of forage dry
matter was 1.2, 1.5, and 2.3% for the 0, 160, and 200 1b N/
acre applications, respectively. This indicated that the plants
had taken up the fertilizer N. Dry matter yields ranged from
2.3 to 3.3 tons/acre (Table 4). Growth in Area A was not vig-
orous and plants were severely stunted in the zero N treat-
ment. Variation in plant growth within the plots was so great
that precise comparisons cannot be made. However, average
dry matter of the zero N treatment was 0.9 ton/acre com-
pared to 1.4 for the N fertilized treatment. The same trend of
higher tissue N with fertilizer rate was also seen in this part of
the field. Higher tissue N in the second cutting is a reflection
of younger, less mature forage. Those plants were only ca. 3 ft
tall when harvested compared with the eight foot tall first har-
vest. The farmer indicated that Area A had a history of poor
production, a condition he attributed to considerable
amount of clay spoil from an old phosphate mine. For that
reason, care must be taken in comparing the absolute yields
between Areas A and B.

The stand of farmer-planted rye was generally uneven,
making it difficult to select representative locations for the
cattle-exclusion cages and sampling plots. Such situations are
not uncommon in demonstrations conducted in commercial
fields where operations are not as carefully controlled as in re-
search plots. Furthermore, it was obvious that, in parts of Area
A, the UPD had been applied in excess of the amount that
could be properly incorporated. A large amount of undecom-
posed leaves in the surface few inches of soil presented the
broadcast rye seeds with a very droughty growth medium.
There was evidence that the stand had failed there from lack
of sufficient contact of the seed with soil. Despite these diffi-
culties with measurements in the demonstration, the whole
field was heavily grazed so the grass in the cattle exclusion
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Table 4. Dry matter yields of forage crops in demonstration area.

N content N content
Fert N First harvest of forage Fert N Second harvest of forage Total harvest
Ib/acre Ton/acre % d. m. Ib/acre Ton/acre % d. m. Ton/acre
Sorghum-sudangrass 1995
Area A
1} 0.78 1.4 0 0.14 2.2 0.92
100 1.49 2.0 0 0.04 2.9 1.53
200 1.34 2.6 0 0.02 3.0 1.36
Area B
0 2.32 1.2 0 0.32 2.1 2.64
100 2.99 1.5 0 0.28 2.3 3.27
200 2.04 2.2 0 0.28 2.7 2.32
Rye 199596
Area A
0 0.32 0 0.87 34 1.19
0 0.24 25 0.33 3.0 0.57
0 0.30 50 0.86 3.7 1.16
Area B
0 0.52 0 1.29 2.9 1.81
0 0.32 25 0.80r 2.4 1.12
0 0.90 50 1.30 3.0 2.20
Sorghum-sudangrass 1996
Area A
0 0.75
0 2.33
1} 0.96
Area B
0 1.94
0 2.19
0 2.07

‘Adjusted for losses due to cattle grazing part of plot.

cages formed islands of green in the closely-grazed pasture.
The field was continuously grazed and it was apparent that
considerable forage had been obtained from the planting
and the planting was successful for the farmer. The rye was
considerably taller in the cages where N had been topdressed
than in those that had not been fertilized. This is not appar-
entin the harvest weight data (Table 4) due to the stand prob-
lem. Dry matter was in the one to two ton range and dry
matter N content ranged between 2.4 and 3.7%, explaining
why it was so popular with the cattle. Again, because of the
production history of Area A, comparisons of yields between
the two areas cannot be attributed solely to time since UPD in-
corporation.

Only one harvest was made of the 1996 sorghum-sudan-
grass planting. With no fertilization, Area B produced 2.0
ton/acre of dry matter and Area A between 1 and 2 tons, de-
pending on particular area in the plot. The importance of
proper rate of UPD application continued to be noted in the
plant performance in that area.

The farmer plans on planting watermelons in the UPD-
amended field in Spring 1997, ca. 26 to 30 months after incor-
poration. The soil pH and levels of all nutrients are high and
no fertilizer except N should be necessary. Indications are
that there should be significant net N mineralization so sav-
ings in N fertilizer should be possible. There is still consider-
able undecomposed woody debris in the field which may
present a problem with melon bed preparation, planting, and
subsequent cultivation.

A field day program held in February 1996 was well-re-
ceived and comments from participants were quite favorable.
Several farmers have expressed interest in using the unproc-
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essed UPD on their farms, increasing the potential locations
for beneficial utilization of this portion of our urban waste
stream.

Summary and Conclusions

The project showed that, with proper management, large
amounts of UPD could be applied directly to land with mostly
beneficial effects. Forage for grazing could be produced at
low cost while waiting for the UPD to decompose sufficiently
for normal cultivation of a watermelon crop. Under condi-
tions of extensive disking as was done on this farm, net min-
eralization of unprocessed UPD seems to have taken place by
six or so months following initial incorporation. However,
there were indications that mineralization during the cooler
times of the year may not be fast enough to supply N needs of
fast growing crops. Given the heterogeneous nature of the
UPD applied and the difficulties of uniform spreading, con-
siderable spatial variation can be expected in the N-supplying
power of the soil. This, and the presence of undecomposed
wood interfering with cultivation could be serious problems
in production of high-value row crops.
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Abstract. The Lake Apopka Hydrologic Unit Area Project was
initiated in 1991 to encourage the adoption of water and nutri-
ent management practices that reduce P loading into Lake Ap-
opka. Strategies used to implement practice changes included
soil and tissue testing services, field trials, educational semi-
nars, newsletters and other publications, and frequent consul-
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tations with growers. An annual survey was conducted to
document fertilizer application rates on approximately 12,000
acres of muck (Histosols) and bordering sand soils (Entisols)
used for vegetable production. P application rates have been
reduced by nearly 50% for a net reduction averaging 370,700 b
per year. Net K applications were concurrently reduced by 1
million Ib per year. In addition to reducing the potential risks of
excessive nutrients in the environment, fertilizer costs were re-
duced with no loss in crop yields or quality.

Lake Apopka is the fourth largest lake in Florida and is
the headwater for the Oklawaha Chain-of-Lakes that empty
into the St. Johns River (Conrow et al., 1993). It is located at
latitude 28°37°N and longitude 81°38°W. The drainage basin
includes 119,773 acres, 34,084 acres of which is covered by
surface water. Approximately 53,437 acres are used for agri-
culture, of which 20,000 acres are Histosols presently or for-
merly farmed for vegetable and sod production. Citrus
groves, nurseries, timber, and pasture occupy the remainder
of the agricultural land. The remaining acres are comprised
of wetlands, forestland, rangeland, barren land, and urban
development.

Lake Apopka was identified by the Florida legislature in
the Surface Water Improvement and Management Act of
1987 as a priority water body in need of restoration and pres-
ervation. Controlling agricultural discharges was a key com-
ponent of the restoration plan (Conrow et al., 1993). It was
estimated that 20 billion gal of water were discharged annual-
ly from farming operations. The quality of discharge water
was poor due to high concentrations of nutrients. P was the
nutrient of primary concern. P loading of the discharge water
is a function of many factors, some of which can be controlled
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