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ABSTRACT

Alternatives to crop fertilization practices
reliant upon the use of synthetic materials that
require high energy production cost and present
potential agricultural pollution problems are
increasingly beingsought for inclusion into low input
sustainableagricultural systems. For this purpose, an
organic fertilization experiment was carried out
under field conditions to determine the effect of soil
incorporated air- dried chopped crimson clover
(Trifolium incarnatum) on the yield of ‘Blue Lake’
bush bean (Phaseolus vulgaris) Cloverwas applied 10
d before planting at rate increments of 1000 Ib/a for
amendment levels ranging from 0 Ibs/a up to 9000
Ib/a.  Analysis of soil and diagnostic leaf nutrient
concentrations were made at 28 and 43 days after
planting. Measurements of both fresh and dry yield
forwhole plant, pod, leaf, stem, and root components
were taken. Highly significant yield effects in pod
and total plant yield were observed (P < 001).
Highest pod yield occurred with an application rate
of 4000 Ibs acre-” of air dried crimson clover. There
appeared tobe a threshold response to nutrient input
atthis level of amendment, as no significant increase
in fresh or dry yield was realized at bigber treatment
rates Diagnostic leaf nutrient levels were reflective of
yield trends, although these trends were not
significant. Soil N differences among treatments
were significantwith a probability of (P=0.03). There
was also a highly significant positive correlation
between Mehlich I extractable K soil concentration
and clover application rate with a probability of
(P<0.01).

INTRODUCTION
Common bush bean (Phaseolus vulgarisL.) is an
important staple crop in nearly all parts of the world. In
many areas Where beans are grown as a subsistence crop,
production is restricted to marginal soils, where sufficient
nutrients are not available (Smithson et al., 1993).
Although bush bean is capable of fixing large
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amounts atmosphericN 5, some additional N provided
through fertilizer is usually required for maximum yields
(Tsai et al., 1993). Fertilizer inputs are costly and are
often limiting in production systems of developing
countries. Recently, interest in alternativesto growing
crops without syntheticfertilizer inputs for environmental
or aesthetic, rather than economic reasons has also
increased. Concern about NO;  pollution has been noted
asa source of impetus for using legumesas an N source
(Varco et al., 1993). The purpose of this study was to
examine sucha production system by providing nutrients
to a bean crop by the addition of soil incorporated
chopped air-driedcrimson clover (Trifoliumincamaturn
L.). Several considerationsto be made include nutrient
content of the material used for fertilization,
environmentalfactors and cultural practices which effect
nutrient availability,  and the specific nutrient
requirements of the selected crop. Tissue analyses of
crimson clover show that it is capable of providing
significant amounts of N. Analyses also reveal that
clover can also be a significant source of K. Although
considerable research has been done in the investigation
of clover use as a green manure, limited information is
available on the ability of clover to provide K, or where
plant material is dried and chopped before application
and incorporation into the soil.

In comparison to allowing clover residues to
remain on the soil surface, incorporation into the soil
increase the decomposition and N release rate of
crimson clover (Wilson and Hargrove, 1986) and also
significantly reducesvolatilization losses of NH 5 (Janzen
and McGinn, 1991). Studies with soil incorporated
white clover (Trifolium repens L.) have shown that 33%
to 55% of the plant total N is readily decomposable, with

a decomposition half-life of 9 to 11 days. (Breland,
1994). Management practices may be adapted to offset
some of the N losses associated with no-till systems
Allowing crimson clover to attain the late bloom stage
prior to desiccation and crop planting, maximizes top
growth N content and subsequent N release into a no-till
system (Rannells and Wagger, 1992).

Several factors regarding bean production are worth
noting when considering the production environmentin
which this experiment was conducted, and the nutrient
amendment levels of N and K provided by this



fertilization method. When well balanced nutritional
conditions exist and soil fertility is high, addition of N
has a synergistic effect on N, fixation even at high N
rates. If nutritional conditions are unbalanced, N
amendments have the effect of suppressing N, fixation

(Tsai et al., 1993). In K-deficient soils, application of N

and K has been shown to increase pod yield and leaf
concentrations of these nutrients, but depress the
concentrations of other major and minor elements in the
leaves (Smithson et al., 1993). Excess application of K
can exacerbate Mn toxicity when soils are too acid
(Lemare, 1972). Deficiency in K results in increased
shoot/root dry weight ratios (Cakmak et al., 1994).High
bean yields are positively correlated with pH and
exchangeable Ca and Mg, but shoot and root growth are
negatively correlated with exchangeableAl, which occurs
with low pH (Fageriaet al., 1989). In one study highest
yields and rates of NO,- consumption for bean grown
in a sand culture, occurred when Ca/K ratios of the
nutrient solution approached 1.0. In the same
experiment, Mg consumption decreased as Ca/K ratio
increased (Penalosa et al., 1995).

MATERIALS AND METHODS

This experiment was conducted in the fall of 1996 at
the University of Florida in Gainesville, in field plots
having a sandy soil. The selected crop was 'Blue Lake'
bush bean. A randomized complete block design,
consisting of four replications with 10 treatments, was
chosen. The treatments were variable levels of organic
fertilization based on N inputs, with nutrients being
supplied in the form of air-dried, chopped crimson
clover hay harvested at early bloom stage. The previous
crop in selected plot areawas a summer planting of field
corn (Zea maysL.).
and weed residues were turned under with a moldboard
plow. On 27 August, four-row plots were marked off at
8-ft long by 10-ftwide, with a 2-A alley between plots
and a4-ft alley between each block.

A preliminarycomposite soil sample was taken from
each block. Samples were analyzed for determination
of pH, P, K, and Mg (Mehlich, 1953). Potassium and
Mg were analyzed by ICAP (Inductively Coupled Argon
Plasma) spectroscopy, P was determined colorimetrically.
and soil pH was determined using a 1:2 soil to water ratio
by volume (Peech, 1965).

Treatmentswere applied on 29 August by uniformly
hand spreading the air-dried chopped clover over each
treatment plot. Rates of applicationranged from O Ibs/a
to 9000 Ibs/a,in increments of 1000 Ibs a. The clover
was incorporated into the topsoil by roto-tilling to a
depth of 6 in. Blue Lake bush bean was planted at a rate

Corn stalks were mowed, and crop
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of 7.5 seed/ row/ft (130,000 seed/ a). Emergence
results from the initial planting were inadequate. This
was attributed to several factors including seed quality,
pest pressure, and a excessive planting depth. Plots were
replanted 10days after initial application of treatments.
Irrigation was applied to insure adequate soil moisture to
adepth of 6 in during germination. Additional irrigation
was applied as needed to supplementrainfall during the
duration of the experiment.

On 26 September, 28 d after application of
treatments, soil sampleswere taken from all treatments
in all replications. Soil samples were analyzed for
Mehlich | extractable nutrients (P, K, Ca, Mg, Na, Cu,
Fe, Mn, and Zn). All extractable soil cation
concentrations, except K and Na, were determined by
atomic absorption spectophotomety. Potassium and Na
were determined by atomic emission. Phosphorus was
determined by colorimetry, soil organic matter content
by a modified Walkley-Black procedure (Black, 1965;
Horwitz, 1975; Jackson 1958), and soil cation exchange
capacity by cation summation (Hesse, 1972; Jackson,
1958). Soil pH was determined by electrodewith 1:2
soil to water ratio, and buffered pH using an
Adams/Evansbuffered solution. Analysis for N was by
micro-Kjeldahl procedures and techniques described by
Bremner (1965) and Gallaher et al.(1975).

At 43 days after planting (DAP),when bean
plants were at early bloom stage of growth, 12 young
mature complete trifoliate leaves were sampled. Leaves
were washed using a four-step procedure to eliminate any
possible contamination (Futch and Gallaher, 1994;
Gallaher, 1995), dried at 70"C, and then ground to pass
through a 2-mm stainless steel mesh screen. Diagnostic
leaf tissues were analyzed for N by micro-Kjeldahl
procedures. Leaf nutrients were extracted by dry ashing
and wet acid digestion with 12.1N HCI . Solution
nutrient concentrations were determined by atomic
absorption or emission  spectrophotometry as
appropriate. Phosphorus determination was by
colorimetry Nutrient content of the crimson clover used
for the treatments had been previously determined using
these same methods, except that the clover had been air
dried versus being oven dried. Quantification of the total
nutrient amendments made for each treatment rate were
basedon these analyses. Whole plants were harvested 64
DAP. Plants were separated into leaf, pod, stem and root
components. Fresh weight and dry weight were obtained.
Yield data was tabulated on a per plant basis and adjusted
to represent a planting density of approximately 69,000
plants/a dueto problems with stand establishment.

Assessments of nutrient release, nutrient
availability, and crop uptake, are based on observable



yield and the analyses of diagnostic leaf and soil nutrient
concentrations. Analysisof variance and determination of
LSD at the 5% and 10% levels of significance was
conducted using MSTAT 4.0 software (Freed et al.,
1987). Interpretations of nutrient status are based upon
sufficiency levels outlined by (Joneset al., 1991) and
(Hochmuth et al., 1991).

RESULTS AND DISCUSSION
Soil Nutrient Analyses
Nutrient analyses of the air dryed crimson clover
harvested at early bloom stage, revealed that with each
1000Ib/a increment of clover applied, 19.81b N, 3.4 Ib
P, 1861bK, 7.81bCa, 2.6 Ib Mg, 0.004 Ib Cu, 0.243
Ib Fe, 0.039 b Mn, and 0.045 Ib of Zn were potentially
made availableto the crop (Table 1). At an application
rate of 5000 Ib/a, N and K are provided in excess of the
recommendations of 90 Ib N and 66 Ib of Wa,
suggested by the Inst. Food and Agr. Sci., Cooperative
Extension Soil Testing Laboratory preliminary soil test
results. The recommendation for K can be met by
application of only 4000 Ib/a of clover, which provides
74 b K/a, but only 79 Ib N/a. This rate of application
appeared to be a threshold for total dry matter (DM)
yield in Blue Lake bush bean (Table 2).

The cation exchange capacity (CEC) of the soil in all
plots was quite low, typical for a sandy soil, with
measurements ranging from 2.89 to 2.61 meq 100g 1.
The soil pH was a relatively low 4.8, and may have had
some negative affect on nutrient uptake ability of our crop
in all treatments. The CEC and percentage of organic
matter (%6OM) of soil in the treatment plots were not
significantly affected by the application of clover
amendments. There were also no significant treatment
effects for the parameters of pH, bufferpH, P, Na, Cu or

Fe (Table 3).
There were significant  differences among treatments
for soil nutrient  concentrations of Mg

and Mn. Although there was a significant difference
between the Mg concentrationin the control and plots
receiving a treatment level of 4000 Ib/a, any definite
trend in Mg concentration was difficult to establish.
None of the levels of Mn concentration differed
sigruficantly from the control, making it imprudent to
suggestany correlation. A similar situation existed with

the results involving Zn and Ca concentrations. Although
highly significant differences occurred among treatments,
suggesting any correlation to treatment rates would be

difficult, especially considering the high CV values

(Table 3). In all of these cases, nutrient concentrations
among the control plots appeared to be at or slightly
below the overall mean concentration level for all

treatments. Nutrient concentrations decreased as
treatment levels approached 4000 Ib/a, increased
significantly in the range between 4000 Ib/a and 6000
Ib/a, and then leveled off or began to decline again
beyond this point (Table 3).

Soil N concentrations  were significantly
differentbetween treatments (P= 0.03). There was some
evidence of a positive correlation between N
concentration and clover application rate. Nitrogen
concentration increased from 0.044% in the control to
0.053% at a treatment rate of 7000 Ib/a at a fairly
constant rate before levels slightly decreased for the two
highest treatment rates. The increasesin N concentration
were likely short lived. Any mineralized NH,* would be
loosely held on the few cation exchange sites available.
This NH,*, and any aminized NH," in the soil solution
would be rapidly converted to NO; and readily leached.

The most notable trend in soil nutrient
concentrations occurred with K. There were highly
significant differences in K concentrations among
treatments (P<0.01) (Table 3). Soil K concentration
increased from 28.4 ppm in the control plot to 50.3 ppm
at the highest clover treatment level of 9000 Ib/a. There
was clear evidence of a strong positive correlation
between soil K concentration and increased clover
amendments.

Diagnostic Leaf Analyses

There were no significant  differences among
nutrient concentrationsin diagnostic leaves of Blue Lake
bush bean at different clover amendment rates with one
lone exception. Differences in Mg concentration were
highly significantwith a probability of (P=0.01) (Table
4) . Any trend however, would have been one of
decreasing Mg concentrations with increased clover
treatment levels. Although there were no other significant
differences among nutrient concentrations, a definite
trend of decreased cation concentrations with increased
clover application rates was evident. This reduction is
most likely related to increased soil concentrations of K
and tends to concur with the findings of (Smithsonet al.,
1993).

Based on the nutrient sufficiency rangesoutlined
by (Jones et al., 1991), the diagnostic leaves had
deficient concentration levels for the nutrients N, P, K,
and Ca for all clover treatment rates. Nutrient
concentrations of Mg, Cu, Fe, Mn and Zn however,
were all within sufficiency ranges. If the guidelines
Hochmuth et d (1991) were followed, the diagnostic
leaves had sufficient nutrient concentrations of P, Mg,
and Fe; and high concentrations of Mn and Zn for all
clover treatment rates. Therewere deficienciesfor N, K,



Ca and Cu at all treatment rates, the only exception
being a barely adequate N concentrationof 2.6 %N at a
treatment rate of 8000 Ib/a (Table 4). The low pH
conditions that existed probably resulted in increased
solubility and availability of micronutrients.

Environmental Factors
The fact that deficiencies existed for N, K, and Ca
under both sets of nutrient sufficiency guidelines is not

surprisingly if the environmental factors that were present

during production are considered. Almost 4.5 in of
rainfall were recorded during a 12-d period of time
between treatment application and 2 DAP. Given the
quantities of nutrients applied in the clover treatments
and the observed nutrient concentrations of the
diagnostic leaves, it is apparent that there was a problem
with nutrientrecovery, and or availability in this study. If
consideration is given to the soil temperatures that
typically exist in Florida during the production period, a
lag time of nearly 12d between application of treatments
and germination, and the rainfall amounts recorded, it is
not unreasonable to assume that asignificantmajority of
the N made available by the clover treatments had
undergone nitrification and been subjected to leaching
losses before the first trifoliate leaves appeared. The
resultant reduction in initial plant growth rate, would be
reflected in subsequent root growth, plant transpiration,
and nutrient uptake rate of K and Ca. Potassium inputs
provided by the clover treatments would also have been
susceptible to significant  leaching during this period of
delayed crop establishment. Calcium concentrations in
diagnostic leaves were at inadequate levels even at the
relatively lower ranges set forth by (Hochmuth et al.,
1991. Soil concentrations of Ca should have provided
adequate amounts for sufficient uptake (Table 3).
Because Ca uptake occurs by mass flow in young
unsuberized root tips any conditions that inhibit root
growth, such as other nutrient deficiencies, would also
limit Ca uptake.

Yield

Because of problems in crop establishment, yield
data was recorded on a per plant basis and adjusted to
reflect a population density of 69,000 plants/a. Thiswas
representative of the population density achieved in the
field of approximately one-half that of the seeding rate.
This adjustment was necessitated by seed germination
problems acknowledged by the seed supplier and pest
problems. Stem damage was evident in many seedlings
and was likely incurred from lesser corn stalk borer
(Elasmopalpus lignosellus). During harvesting a
noticeable amount of incidental leaf damage caused by
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leaf roller larvae (Platynota flavadena) wasalso evident.

There were highly significantdifferences (P<0.01) in
stem, leaf, pod and total dry matter (DM) yields among
treatments. Root DM yield was significantly different
among treatments at (P = 0.07) level of significance
(Table 2). There was a strong positive correlation
between total DM yield and increased clover application
rates from O Ib/a to 4000 Ib/a. Thiscorrelation also
applied to plant component DM yields. Pod DM and total
DM vyields were highest when clover was applied at a
rate of 4000 Ib/a (Table 2).

In examining leafweight data, it is interesting to note
the trend of reduction in dry leaf weight yields with
increasing clover application rates of above 5000 Ib/a.
No significant  negative effect was observed on pod yield,
because of decreased leaf weights, although some
increase in yield could have been unrealized.

SUMMARY

Highest dry pod vyields occurred with a soil
incorporated air dried chopped clover amendment rate of
4000 Ib/a. Increased clover application beyond 4000 Ib/a
had no significant effect on pod or total DM yield. At this
treatment level, plant component yields were at, or not
significantly different from the highest reported yields.
Greatest rates of increase. in yield occurred as
applicationrate of clover increased fromO Ib/a to 4000
Ib/a. These trends were reflected in both soil and
diagnostic leaf nutrient concentration levels. There
appeared to be a threshold effect at the 4000 Ib/a
treatment rate. Thiseffect may likely have been a
response to K availability as much as a response to N.
Increases in soil concentrations of K were positively
correlated with clover applications. There was some
evidence of decreased micronutrient cation uptake by the
plant as a result of competition due to increased soil
extractable K concentrations.

Due to limiting factors such as pest pressure,
low pH ,low CEC, and timing of application relative to
germination, it is highly probable that there was some
unrealized potential responseto clover applicationrates
exceeding 4000 Ib/a. This experiment did demonstrate,
however, that soil-incorporatedclover could be aviable
alternative nutrient source for bush bean production. It
would be insightful to repeat this study in a cropping
environment with less negative pressure.
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Table 1. Plant nutrient analyses of air dried crimson clover used as an organicfertilizer for Blue Lake bush
bean, Gainesville, Florida, 1996.

--------------------- Nutrient Concentration

Crimson Ciover N P K Ca Mg Cu Fe Mn Zn
% ppm
198 034 186 078 026 4 243 39 45
--------------------- Nutrient Content
Clover Treatment N P K Ca Mg Cu Fe Mn Zn
lb/a Ib/a
0 00 0.0 00 00 00 0.0 0.0 0.0 0.0
1000 198 34 186 7.8 26 0.004 0.243 0.039 0.046
2000 396 6.8 373 157 53 0.008 0.485 0.079 0.091
3000 59.4 10.2 55.9 23.6 79 0012 0.728 0.118 0.137
4000 79.2 13.6 746 314 105 0.016 0971 0.157 0.182
5000 99.0 17.0 93.2 393 132 0.020 1.213 0.196 0.228
6000 118.8 20.3 1119 471 15.8 0.024 1.456 0.236 0.273
7000 1386 237 130.5 55.0 184 0.028 1.698 0.275 0.319
8000 1584 271 1492 628 210 0.032 1941 0.314 0.364
9000 178.2 305 1678 70.7 237 0.036 2.184 0.353 0.410

Nutrient concentrationvalues are the average of four replications. The average concentration value was used to
calculate the plant nutrient contents applied as crimson clover organic fertilizer for Blue Lake bush bean.
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Table 2. Dry Blue Lake bush bean yield at 69,000 plants per acre from rates of il incorporated air dried
crimson clover harvested at the early bloom stage.

Clover Plant Part
Rate
Root Stem Leaf Pod Total
_____ lbs/a----- lbs/a
0 47.3 90.1 107.1 62.5 306.0
1000 49.1 125.8 128.5 99.9 403.3
2000 58.0 179.3 181.1 133.8 552.3
3000 57.0 187.4 199.0 142.8 584.4
4000 70.5 232.0 230.2 173.1 705.7
5000 69.6 221.3 2445 141.9 677.2
6000 74.9 215.0 228.4 143.6 662.9
7000 61.6 2445 231.1 151.7 689.7
8000 65.1 229.3 217.7 168.6 680.7
9000 81.2 236.4 210.6 165.1 693.2
CV% 24.0 19.4 18.6 24.9 15.7
_ + *k *% *% *%
Significance
Probability 0.07 0.00 0.00 0.00 0.00
LSD 18.7 55.3 53.5 50.0 135.6

LSD values given at the bottom of each column of means are significantly different at P =0.05; Data is adjusted to
69,000 plants/a. + = significant at P = 0.10; and ** = significance atP = 0.01.
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Table 3. Soil pH, buffer pH, CEC, organic matter, Kjeldahl N and Mehlich | extractable elements from soil of plots ammended with air dried crimson
clover and planted in Blue Lake bush bean, Gainesville, Florida, 1996.

Treatment pH BpH CEC OM N P Ca Mg K Na Cu Fe Mn Zn
Ib/a meq/100g % O e e PP = o oo e e e maee
0 4.8 7.72 2.83 1.04 0.044 785 63 153 284 214 0.84 36.6 4.70 1.22
1000 4.9 7.74 2.65 1.08 0.044 78.8 62 145 30.6 185 0.78 393 4.00 1.04
2000 4.8 7.74 2.61 102 0.044 76.9 52 133 314 16.8 0.73 31.8 3.80 0.98
3000 4.9 7.73 2.76 1.09 0.048 78.8 61 158 36.5 21.3  0.77 37.0 4.10 1.03
4000 4.8 7.74 2.84 117 0.047 80.9 80 186 40.0 19.8 0.79 31.1 5.30 1.28
5000 4.8 7.73 2.89 1.16 0.051 80.0 76 17.3 40.9 18.2  0.86 33.8 5.10 1.15
6000 49 1.77 2.67 1.06 0.049 77.2 74 195 394 22.9 0.65 284 5.40 132
7000 4.8 7.75 2.78 1.22 0.0563 75.8 76 17.9 45.8 20.3 0.72 28.8 5.20 2.04
8000 4.8 7.76  2.64 |.04 0.047 154 67 169 439 205 0.67 240 4.30 1.39
9000 4.7 7.75 2.75 1.09 0.049 80.2 69 175 50.3 20.6 0.74 36.5 5.10 1.28
CVYo= 3.0 0.3 7.2 9.0 7,8 6.2 184 15.9 ]*§r2 15.6 18.6 154 184 26.?
S *% *
Significance NS NS NS NS NS + NS NS NS +
Probability 0.15 0.11  0.03 0.00 0.06 0.00 0.36 - 0.14 0.09 0.00
LSD@p =0.10 3.1 1.0
LSD @ p =0.05 ,002 18.7 10.1 0.48

CV = Coefficientof variation, NS = Non significant; += significant at p 0.10;* = significantat p 0.05;

** = Significantat p 0.01; CEC = Cation exchange, meg/100g soil; OM = organic matter
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Table 4. Plant nutrient analyses of the diagnostic leaf of bush bean treated with air dried crimson clover,

Gainesville, FL., 1996.

Clover

Treatment N P K Ca Mg Cu Fe Mn Zn
kg/ha % Ppm
0 2.26 0.32 1.49 137 0.43 10.0 138 143 60.0
1000 239 033 152 117 044 105 143 143 54.0
2000 2.38 0.32 154 1.25 0.38 10.5 123 130 59.0
3060 240 033 159 139 043 110 155 150 58.0
4000 2.35 0.34 1.71 1.38 0.37 11.3 145 133 62.3
5000 2.22 0.32 15 1.17 0.37 93 140 143 503
£000 243 034 166 120 042 95 140 135 57.8
7000 238 033 171 124 038 98 123 121 54.8
8000 260 034 179 117 039 110 128 116 55.5
9000 216 031 155 114 033 9.8 135 134 4838
CV% 8.9 8.3 117 16.7 10.3 18.0 14.7 18.3 16.2
Significance NS NS NS NS ** NS NS NS NS
Probability 0.24 - 0.36 0.01 0.43
LSD @ p =0.05 0.06
____________________ SufficiencyRangesby Jonesetal., 1991 ........ccovviviviiinnnnnn.
Low range 4.24 0.25 1.80 2.00 0.25 4 40 15 18
4.99 0.34 2.19 2.24 0.29 6 49 49 19
Sufficientrange 500 035 220 225 0.30 7 50 50 20
6.00 0.75 3.00 4.00 1.00 30 300 300 200
High >6.00 >075 >3.00 >4.00 >1.00 >30  >300 >300 >200
.................... Sufficiency Ranges by Hochmuth et al., 1991
Low <250 <020 <200 <150 <025 <15 <25 <20 <20
Adequate range 2.50 0.20 2.00 160 0.25 15 25 20 20
400 040 400 250 045 40 200 160 40
High >400 >040 =400 >250 =>045 >40 >200 >100 >40

CV = Coefficientof variation; NS = Non significant; + = significant at p = 0.10; * = significant atp = 0.05; ™" =
significant atp = 0.01; Refer to literature cited section for Jones, et al., 1991 and Hochmuth, et al., 1991
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