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SummaRry. Consumer demand for organically grown produce has increased dra-
matically over the past decade, most likely because of the perceived benefits to the
environment and human health. A major component of organic production is
providing organic sources of nutrients to promote plant growth as well as sustain
soil quality. Organic nutrition of plants can present opportunities and challenges to
the grower. The primary objective of this article is to review scientifically based
information dealing with the effects of organic nutrient sources on crop yields and
quality, soil properties, and environmental risks. Effects of organic nutrient sources
are often evaluated by comparison with conventional production, but this approach
can be problematic because nutrient source may be confounded with many other
cropping system components. Despite these drawbacks, a careful examination of the
literature suggests the following conclusions. Soil quality is generally improved
with application of organic nutrient sources, but careful management is required to
avoid environmental risks of nitrate (NO3) leaching and phosphorus accumulation.
Provided that nutrient supply is equal, yields with organic sources tend to be similar
to those with inorganic sources. However, lack of available nitrogen (N) that is
synchronous with plant demand often limits yields in organic cropping systems.
Limited N availability and varied supply of other nutrients from organic sources
may contribute to the differences sometimes observed in dry matter content, tissue
NO; and mineral concentration, vitamin C and other phytochemicals, and taste.
Phytonutrient content also may be affected by differences in pest control strategies
among cropping systems regardless of nutrient source. There is a slight, but
significantly, increased risk of produce contamination by Escherichia coli and other
enteric bacteria contamination on produce when organic nutrient sources are used,
but if proper guidelines are followed, contamination with the lethal serotype
0157:H7 does not appear to be a major concern. Appropriate management of
organic inputs is critical to achieving potential benefits for crop production

and soil quality.

he use of organic farming tech-

niques to grow crops has

gained in popularity in recent
years as a result of both an increase
in consumer demand for organically
grown produce and a genuine desire
on the part of many growers to sus-
tain or improve the soil (Dimitri and
Greene, 2002). Now, organic produce
generally commands a  higher
price than conventional produce
(Oberholtzer et al., 2005), prompt-
ing producers to grow crops organi-
cally. The increased consumer demand
appears to be driven primarily by
the perception that organically grown
produce is safer and more nutri-
tious to eat than produce grown con-
ventionally (Lockie et al., 2002;
Williams and Hammitt, 2001).
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Ever since mainstream agricul-
ture switched from more natural
nutrient sources such as manure or
compost to chemically manufactured
synthetic fertilizers over the past 60 to
70 years, there has been much debate
about the effect that these nutrient
sources have on crop and soil quality.
In a review over 30 years ago on this
subject, Barker (1975) concluded
that both organic and synthetic fertil-
izers have a role in agriculture and the
good points of each should be
acknowledged. Before and since that
time, many studies have been con-
ducted in an attempt to quantify dif-
ferences in crop and soil attributes
resulting from conventional and organic
production methods.

Numerous problems exist when
comparing nutrient sources in organic
and conventional systems, mainly be-
cause of the difficulty in controlling
all the variables involved (Hornick,
1992; Lester, 2006). Controlling var-
iables is difficult because organic pro-
duction methods have a defined set
of rules to follow [U.S. Department
of Agriculture (USDA), 2000], mean-
ing that differences between systems
include more factors than just nutrient
source. Unless experiments are de-
signed carefully, comparing systems
can lead to results in which nutrient
source is confounded with: unequal
rates or availability of the nutrient(s)
in question, methods for controlling
weeds, differences in crop rotations,
insects and diseases, cultivar, climate,
stage of harvest, and postharvest han-
dling. From a practical or consumer
standpoint, it may not matter what the
exact causes of the differences are, but
from a production or scientific stand-
point, it is important to know what
components of the system may exert
an influence on crop and soil quality.

The focus of this review is on
organic nutrient sources used in
organic production, but these sources
can also be a component of conven-
tional production. We define, but do
not limit, organic nutrient sources
acceptable for organic production as
natural, carbon (C)-containing, free
from prohibited substances, nonsyn-
thetic materials such as fresh or com-
posted plant and animal material and
green manures or COVer Crops grown
in place. Nonsynthetic inorganic
materials that have not been pro-
cessed chemically such as crushed rock
phosphate, limestone, various potas-
sium (K) minerals, and other rock
or mineral products may also qualify
as nutrient sources acceptable for
organic production. Not surprisingly,
most of the research reported in the
literature compares manures or com-
posts and legume-based cropping sys-
tems with conventional fertilizer
systems.

Some of the questions that we
explore include the following: Are
there benefits of one system over the

Units

To convert U.S. to SI, To convert Slto U.S.,
multiply by U.S. unit Sl unit multiply by

1.1209 1b/acre kg-ha™ 0.8922

22417 ton/acre mg-ha™ 0.4461
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other for improved soil properties,
more nutritious produce with better
taste, or fewer environmental prob-
lems? What benefits can be truly
attributable to the nutrient source?
A number of recent reviews compar-
ing the effects of conventional and
organic production systems on health
aspects and nutritional quality of
foods have been written (Bourn
and Prescott, 2002; Brandt and
Molgaard, 2001; Chen, 2005; Hea-
ton, 2001; Magkos et al., 2003; Tre-
wavas, 2004; Williams, 2002; Woese
et al., 1997; Worthington, 2001;
Zhao et al., 2006). The intent of this
article is to complement those reviews
and take a broader view of organic
plant nutrient sources by assessing
soil and crop quality aspects of the
different crop management systems.
The overall objective of this review
is to provide insights into potential
benefits as well as challenges of using
organic nutrient sources for crop pro-
duction based on research and pre-
vious reviews reported in the scientific
literature.

Soil properties

The beneficial effects of organic
matter on soil physical, chemical, and
biological properties have been known
for many years. Maintaining or in-
creasing soil organic matter levels can
improve aggregation of soil parti-
cles, which in turn results in better
drainage, infiltration, and tilth. Or-
ganic matter acts as a slow-release
form of crop nutrients and is a source
of energy and nutrients for soil
microbes. Amounts of soil organic
matter are affected by tillage practices,
crop rotations, use of green manures,
and inputs of organic residues, man-
ure, and compost.

The benefits of rotation and
legumes were demonstrated in a
13-year study initiated in the 1930s
comparing continuous corn (Zea
mays), continuous alfalfa (Medicago
sativa), clean fallow, and a corn-
wheat (Triticum  aestivum)—clover
(Trifolium spp.) rotation (Uhland,
1947). Soil organic matter increased
with the alfalfa crop, stayed the same
with the three-crop rotation, and
decreased with the continuous corn
and clean fallow treatments. In a
more recent study comparing three
systems, higher soil C levels were ob-
tained with legumes in the rotation
and manure additions than with a
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similar rotation using conventional
fertilizer additions but without
legumes or one with legumes and no
manure additions (Clark et al., 1998).
When manure additions were discon-
tinued, soil C decreased over the sub-
sequent 4 years, resulting in similar
soil C concentrations among all three
systems. Drinkwater et al. (1998)
also found that soil C and nitrogen
(N) concentrations increased in man-
ure and legume-based organic sys-
tems more than in a conventional
system, although amounts of C inputs
were as high or higher in the conven-
tional system. They suggested that
differences in the quality of the inputs
(C:N ratio and lignin content) in the
organic systems were a factor in
greater retention of C and N. Some
studies have attempted to quantify
the quality of organic inputs for var-
ious systems using N, lignin, and
polyphenol content of the inputs
(Palm et al., 2001; Vanlauwe et al.,
2005). These parameters appear use-
ful for predicting short-term C and N
mineralization, but more research is
needed to evaluate their long-term
effect on maintenance of soil organic
matter.

In a summary of 14 long-term
animal manure studies, Edmeades
(2003) concluded that manured soil
had higher organic matter levels,
lower bulk density, higher porosity
and hydraulic conductivity, and
greater aggregate stability than soils
fertilized conventionally. Improve-
ments in all of these soil quality
indicators will optimize crop growth
(Karlen and Stott, 1994; Yoder,
1937). Thus, one of the most signifi-
cant benefits of manure as an organic
nutrient source is the potential to
maintain or increase soil organic
matter levels. However, the practice
of applying manure to fields not in-
volved with animal agriculture is at
the expense of harvesting nutrients
from elsewhere. Edmeades’ review
(2003) also addressed environmental
concerns associated with manure ap-
plication and these are discussed in
a later section.

Other long-term studies have
shown soil quality improvements
with organic management. Pulleman
et al. (2003) compared an arable
organic system with an arable conven-
tional system and a permanent pas-
ture system. All systems had been
under their respective management

for at least 70 years. Tillage in either
the organic or conventional system
resulted in lower soil organic matter
content, mineralization, earthworm
(Lumbricus spp.) activity, and water
stable aggregates than in soils of the
permanent pasture. However, for all
these parameters, values were greater
under the organic system than in the
conventional system. In a long-term
cropping systems trial at Lamberton,
MN, a 4-year organic corn-soybean
(Glycine max)-oat (Avena sativa)/
alfalfa—alfalfa rotation that received
manure inputs had higher amounts
of total organic C and labile C and N
pools than the high-input conven-
tional system, but microbial biomass
and total organic matter was the same
as in the conventional system with
reduced tillage (Kuratomi, 2003).
Thus, organic inputs can help com-
pensate for the losses in soil organic
matter incited by intensive tillage and
may be particularly beneficial in sys-
tems in which intensive tillage is used
to control weeds.

Microbial biomass and labile
organic matter pools are often greater
in organic than conventionally man-
aged soils. Higher organic matter
content, N mineralization potential,
and microbial biomass were observed
in organically farmed plots than in
those receiving commercial fertilizers
(Power and Doran, 1984). In a com-
parison of five certified organic and
conventional farm pairs, Liebig and
Doran (1999) found greater total C
and N, microbial biomass, soil res-
piration, and mineralizable N in or-
ganically managed farms than in
conventional farms. In a German
study, researchers compared length
of time under organic management
(Friedel and Gabel, 2001). On farm
plots where soils had been under
organic management for 3, 9, or
41 years, microbial biomass increased
significantly over time, but total C
and N and potentially mineralizable
N in the organic farm of each pair did
not change. The relationship between
soil microbial populations and crop
growth is not clearly understood
and is an area of ongoing research
(Kennedy, 1999).

Crop yield

Assessment of yield as affected by
organic-nutrient sources can be prob-
lematic because these sources are
complex compounds with varying
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degrees of nutrient availability and
unpredictable release rates. Better char-
acterization of organic input chemi-
cal constituents may help predict
short-term mineralization rates (Palm
et al., 2001; Vanlauwe et al., 2005),
but the process will still vary with
weather conditions such as rainfall
and temperature. Based on the long-
term evaluation of 14 sites receiv-
ing either manure or fertilizer, yields
obtained with manure were generally
similar to those obtained with con-
ventional fertilizer except for one
site. where vyields were higher with
manure (Edmeades, 2003). Despite
the beneficial effects of manure on
soil quality noted previously, use of
conventional fertilizer can apparently
compensate for less desirable soil
conditions such as lower organic mat-
ter. Provided that nutrient supply is
equal or at adequate levels to support
growth, yields with organic sources
tend to be similar to those with
inorganic sources.

A 21-year trial in Europe com-
paring organic and conventional sys-
tems found that yield in the organic
systems was only 20% to 40%
lower than in conventional systems
although nutrient inputs were 34%
to 51% lower (Mader et al., 2002).
Although yields were limited by
nutrients and diseases, the authors
suggested that organic systems tend
to be more efficient than conven-
tional systems, presumably as a result
of enhanced microbial activity or be-
cause of buildup of organic nutrient
pools (Langmeier et al., 2002). The
conclusion by Mader et al. (2002)
that organic systems may be more
efficient has also come into question
(Trewavas, 2004). Goklany (2002)
noted that more land would be
required to produce equivalent yields,
which could offset the gains in effi-
ciency. In addition, the greater nu-
trient use efficiency may not be solely
the result of the organic farming
system, because lowering nutrient
inputs even in conventional systems
can result in more efficient use of
nutrients (Halvorson and Reule,
2006; Zebarth et al., 2004; Zvomuya
etal., 2002).

Clark et al. (1999) reported that
N availability was often the most
important factor limiting yield in
organic tomato (Solanum Ilycopersi-
cum) systems; although, by including
proper cover crops and using
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composts, comparable yield could be
achieved. In cases in which deficiency
was noted, a lack of synchrony be-
tween N release from organic sour-
ces and demand by the crop is the
probable cause (Kirchmann and
Ryan, 2004; Pang and Letey, 2000).
High-value horticultural crops may
allow the purchase of more readily
mineralizable forms of organic N
sources or, if available, the use of
more land to grow green manure
crops to ensure that N is not lacking.
However, there is potential for higher
N losses and soil phosphorus (P)
loading when more readily available
N sources such as manure are used.
Environmental consequences of high
N availability and management prac-
tices to reduce the potential losses are
discussed in a later section.

Produce quality

A number of recent reviews
have been published on the effects
of organic production systems on
produce quality (Bourn and Prescott,
2002; Brandt and Molgaard, 2001;
Chen, 2005; Heaton, 2001; Magkos
et al., 2003; Williams, 2002; Woese
et al.,, 1997; Worthington, 2001;
Zhao et al., 2006). In most cases,
these reviews cited studies that
compared composition of organically
produced crops with those conven-
tionally produced. As discussed, many
of the comparisons were confounded,
and definitive conclusions are difficult
to make. Bourn and Prescott (2002),
Zhao etal. (20006), and Lester (20006)
pointed out numerous problems with
some of the studies and concluded
that further research was needed
using carefully designed experiments.
Despite the problems involved, a
number of effects are listed consis-
tently as being attributable to organic
production systems and directly or
indirectly to organic nutrient sources.
Reported benefits of produce from
organic systems include: higher dry
matter content, higher mineral concen-
trations, lower nitrate (NO3) concen-
trations, higher vitamin C concentrations,
higher phytonutrient content, and
better taste. Each of these is discussed
briefly subsequently in relation to
nutrient source.

In general, tissue dry matter con-
tent was reported to be higher in
organically grown leafy vegetables,
but not in fruit (Magkos et al.,
2003; Woese et al., 1997). Heaton

(2001) reported that 10 of 19 studies
showed that dry matter of produce
from organic systems was higher than
in conventionally grown produce.
Increasing N rate (either from man-
ure or synthetic fertilizers) generally
promotes higher yield and dry matter
accumulation on a per-plant basis
(Stanford and Legg, 1984). How-
ever, as a result of limited N avail-
ability, Leclerc et al. (1991) reported
that organically grown produce
weighed less on a per-plant basis than
conventionally grown produce but
had higher dry matter content and
less water. High rates of K fertiliza-
tion have been reported to reduce dry
matter content in some crops (Allison
et al., 2001). It is likely that lower
plant weight and higher dry matter
content in some organically grown
plants is related to lower soil N and
possibly lower soil K availability than
with conventional systems.
Elemental concentrations in
plant tissue are affected by plant spe-
cies, dry matter production, and level
of available nutrients in the soil. Total
uptake of a nutrient by the plant can
be the same, but a higher dry matter
content may dilute some elements
on a concentration basis. Any factor
affecting dry matter production and
nutrient uptake and accumulation can
alter the concentration in the plant.
Most of the studies reviewed found
no clear trend in tissue elemental
concentrations as a result of nutrient
source, although Worthington (2001)
reported that many studies found
P, magnesium (Mg), and iron (Fe)
higher in organic systems, and
Heaton (2001) concluded that “min-
eral nutrients are on average higher in
organically grown crops; although,
...more research is needed to confirm
this finding.” Heaton (2001) also
commented on the fact that many
studies reported nutrient concentra-
tions on a dry matter basis when, in
fact, for most fruit and vegetables,
concentration on a fresh matter basis
would be more useful. Given that
many composts and manures tend to
have lower N and K, but higher P,
secondary, and micronutrients rela-
tive to plant demand, it is quite
possible that use of manure and com-
post over time might tend to increase
tissue P, secondary, and micronu-
trients compared with conventionally
fertilized systems. In addition, com-
posts and manures can stimulate
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chelate-producing  microorganisms
and could affect uptake of micronu-
trients such as Fe (Chen et al., 1998).

Although debate occurs over the
health risks of NOj in the diet, it is
generally accepted that high levels of
NOj; can cause methemoglobinemia
in infants. In addition, some correla-
tion exists between certain types of
cancer and high NOj; in the diet
(Santamaria, 2006). Many of the
reviews noted that, on average, NOj;
levels tended to be higher in conven-
tionally grown produce (Bourn and
Prescott, 2002; Chen, 2005; Heaton,
2001; Williams, 2002; Woese et al.,
1997; Worthington, 2001). Factors
affecting NOj levels in plant tissue
depend on plant species or cultivar,
soil N availability, rate and timing of
N fertilizer, environmental condi-
tions such as soil moisture, temper-
ature, and light, stage of growth,
and season (Maynard et al., 1976;
Santamaria et al., 2001). In a study
reported by Termine et al. (1987),
NOj; concentrations in leek (Allium
ampeloprasum Porrum group) and
turnip (Brassica rapa var. rapa) were
lower in plants grown in compost-
treated pots than in those receiving
N-P-K fertilizer. However, in plants
receiving blood meal, a readily avail-
able organic N fertilizer source, the
NOj3 levels were similar to those
receiving N-P-K  fertilizer. Maga
et al. (1976) reported that a low rate
of ammonium sulfate [(NH4),SO4]
fertilization produced similar yields to
a higher rate of blood meal fertiliza-
tion, but NOj3 concentrations were
actually lower in plants fertilized with
(NH4)>SO4. Nitrate concentrations
in spinach (Spimnacia oleracen) and
lettuce (Lactuca sativa var. capitatn)
leaves were lower in plants receiving
composted manure compared with
those receiving N-P-K fertilizer
(Vogtmann et al., 1984). However,
vegetable yields were generally lower
for those crops grown with compost
than with synthetic fertilizer and cul-
tivar differences also were evident.
Harwood (1984) reported lower
NOj; concentrations in leaves of pak
choi (Brassica rapa var. chinensis)
when fertilized with fermented
chicken manure than with NH4;NO3
without yield suppression as a result
of source. A general conclusion here
is that NOgj levels in vegetables tend
to be lower when grown with com-
posted manure or green manure.
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However, NOj levels may be just as
high in organic systems as conven-
tional systems if rapidly available N
sources such as blood meal or non-
composted manure are used. More
rescarch is needed in certified organic
systems to evaluate NOjz levels in
plant tissue when noncomposted ma-
nure and other sources are used
according to certification guidelines.

Of the organic constituents
measured in plant tissue, ascorbic acid
(vitamin C) has frequently been
reported, on average, to be higher
in organically grown plants than with
plants grown conventionally (Chen,
2005; Heaton, 2001; Williams, 2002;
Woese et al., 1997; Worthington,
2001). However, studies could be
found in which there were no differ-
ences resulting from source (Brandt
and Beeson, 1951; Lombardi-Boccia
et al., 2004; Nilsson, 1979), or in
some cases, ascorbic acid was lower in
produce grown with organic sources
(Lester, 2006; Montagu and Goh,
1990). Factors affecting ascorbic con-
tent include cultivar, N rate, environ-
mental factors (especially light), stage
of growth, and storage (Dumas et al.,
2003; Hamner et al., 1945). Oxida-
tive stresses such as drought, full sun-
light, and low N availability also have
been reported to increase ascorbic
acid content (Brandt and Molgaard,
2001).

Increasing N rate regardless of
source or form tended to decrease
concentration of ascorbic acid in
tomato (Montagu and Goh, 1990).
In that study, increasing compost rate
decreased ascorbic acid concentration
to a greater degree than NOz or NH4
fertilizer sources, despite lower yields
with the compost treatment. Oppo-
site results were reported by Har-
wood (1984) in which ascorbic acid
content was higher in pak choi sup-
plied with compost than in those
supplied with NH4NOj3. An inverse
relationship between pak choi tissue
NOj and ascorbic acid concentration
was reported. Termine et al. (1987)
found no relationship between tissue
NOj and ascorbic acid in leeks and
turnips. In a more recent study with
tomatoes conducted in the green-
house with sand culture, Toor et al.
(2006) compared three NOz;/NH,
treatments (4:1 with SO4 as the dom-
inant anion, 1:4 with chloride as the
dominant anion, and 1:4 with SOy,
as the dominant anion) with two

organic treatments: chicken manure
and grass—clover mulch. Yield of fruit
per plant was unaffected by treat-
ment, but shoot mass per plant was
significantly lower if plants were sup-
plied with the organic sources than
with the various inorganic N sources.
The lower shoot biomass with the
organic sources suggests lower N
availability. Ascorbic acid content of
the tomato fruit was significantly
lower in the 4:1 NOj3/NH, treat-
ment than with the 1:4 NO3z;/NH,
treatments or the organic treatments.
One hypothesis for N source effects
suggested by Toor etal. (2006) is that
the higher N with inorganic sources
increased vegetative growth and
caused more shading of fruit, thereby
lowering the ascorbic acid content
(Dumas et al., 2003; Hamner et al.,
1945). This hypothesis, however, does
not address why the ascorbic acid
contents varied with amounts of N
supplied as NO3z or NH, suggesting
further research is needed.

Interest in other plant secondary
compounds has increased because of
their potential effects on improving
human health (Dumas et al., 2003).
For example, phenolic compounds,
which play a role in plant defense
mechanisms to resist diseases and
insects, also act as antioxidants if
consumed in food. Higher levels of
phenolic compounds frequently have
been reported in organically grown
crops than in conventionally grown
crops (Carbonaro et al., 2002;
Lombardi-Boccia et al., 2004; Sousa
et al., 2005). Like with ascorbic acid,
the results reported are often incon-
sistent and at times contradictory.
The role of organic nutrient sources
in production of plant phenolic com-
pounds is now unclear, but current
evidence suggests that factors other
than nutrition may be primarily in-
volved. Results reported by Young
et al. (2005) with leafy vegetable
crops have shown that the organic
systems sometimes provide an oppor-
tunity for insect attack, which can
result in a higher level of phenolic
compounds. In the study discussed by
Toor et al. (20006) in which ascorbic
acid content in tomatoes was lowest
in plants receiving NOj as the dom-
inant N form, there was no difference
in soluble phenolics resulting from
treatment, and lycopene was higher
in NOgz-fed plants than with plants
provided with organic nutrient
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sources. This study was conducted in
the greenhouse and was not a com-
parison of organic systems. There-
fore, pest control would have been
uniform for the study. A recent study
by Zhao et al. (2007) found that
phenolic compounds in lettuce were
not consistently affected by nutrient
source. In that study, numerous fac-
tors, including growing environment,
season, and cultivar, affected phenolic
compounds with cultivar differences
being most significant.

Taste test panels have been used
in a number of studies to determine if
organically grown produce tastes dif-
ferently than conventionally grown
produce. In most studies reported,
nutrient source is confounded with
pest control making it difficult to
draw conclusions. Schutz and Lorenz
(1976) found no consistent differ-
ences between vegetables produced
with organic amendments and those
grown conventionally. For lettuce
and green bean (Phaseolus vulgaris),
there was no difference resulting from
growing system, but for carrot (Daun-
cus carota), the produce from the
conventional system was preferred
over organic, and for broccoli (Bras-
sica olevacea var. italica), there was
a preference for produce from the
organic system. In a study with potato
(Solanum  tuberosum), taste panel
members rated organically grown
potatoes as being more bitter than
those grown conventionally when
tasted with skins on the potato
(Wszelaki et al., 2005). If skins were
removed, no difference in taste oc-
curred between the organic and
conventional systems. In that study,
potatoes grown organically had two
times more glycoalkaloids than those
grown conventionally, and skins had
100 times more glycoalkloids than
the flesh. Reasons for higher glyco-
alkaloids in organically grown pota-
toes were not provided in the report;
however, the effect could be the result
of more insect stress (Hlywka et al.,
1994) or perhaps more light exposure
to the skins in the organically grown
potatoes (Dale et al., 1993). Using
tomatoes grown with  various
NOj;:NH, ratios and organic treat-
ments as described for ascorbic acid
differences, Heeb et al. (2005) found
that those grown with higher NH,
nutrition and organic nutrient sour-
ces rated higher in taste tests than
those grown primarily with NOj;
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nutrition. Analysis by Toor et al.
(2006) revealed that tomatoes from
plants grown with NOj as the primary
N form had lower titratable acidity
and higher pH than those grown with
organic N sources or NH4-N forms.
Based on the available literature to
date, the taste of produce is affected
by many factors sometimes favored
by organic production systems and
sometimes not.

Environmental and health
challenges

Whether organic nutrient sour-
ces are more environmentally friendly
than conventional sources in terms
of reduced P runoft or NOj leaching
depends on management practices
such as rate applied, timing of appli-
cation, and methods of incorporation
(Magdoft, 1991). Relatively high rates
of organic amendments are needed to
increase soil organic matter and pro-
vide available nutrients. For example,
to raise organic matter content by 1%,
~50 Mg-ha™ dry weight of organic
inputs would need to be applied. This
calculation is based on the assump-
tion that residue C entering the soil
organic matter pool may be only 10%
to 20% of the C in the original residue
(Wolfand Wagner, 2005). Because N
is usually the most limiting nutrient
for crop production, application of
organic nutrient sources such as man-
ure and compost are usually based on
estimated available N. However, the
relatively low N:P ratio of most man-
ure and compost amendments as well
as high amounts of trace elements
relative to crop removal can result
in soil accumulation of P as well as
certain trace elements such as zinc
and copper. In Edmeades’ review of
long-term manure trials (2003), he
found that topsoils were highly
enriched in P, as well as K, calcium,
and Mg. Plant growth and produc-
tion are not generally affected by high
P accumulation, but if runoff or ero-
sion occurs, there is the potential for
degradation of surface water bodies.
Loading of soil P is more severe with
compost applications than with fresh
manure applications because during
the composting process, inorganic N
becomes less available and P concen-
trations increase (Larney et al., 20006;
Spargo et al., 2006). Over a 15-year
period, theoretical loading of P based
on application of N at 150 kg-ha™

from compost was over 10 times
greater compared with noncom-
posted manure (Magdoff and Weil,
2004). Excessive loading of P as well
as trace elements has been docu-
mented with continuous use of poul-
try manure compost on organic farms
(Mikkelsen, 2000). This highlights
the importance of soil and organic
input analysis to help guide applica-
tion of organic amendments. In sit-
uations with very high soil P,
estimated available N should not be
used as the basis for application rates.

In some cases, the improvement
in soil physical properties from com-
post application can compensate for
the increases in P so that the P lost
does not differ between compost-
treated and conventionally fertilized
plots. In a study comparing applica-
tion of composted poultry litter to
commercial fertilizer and fresh poul-
try litter, Spargo et al. (2006) showed
that risk of P loss in runoft during
rainfall simulations was half as much
with the composted poultry litter
because of improvements in infiltra-
tion. This study did not address the
potential of P losses through leach-
ing, although the assumption is that
these losses would be low.

There are management options
to help reduce accumulation of soil P
and trace elements with application
of organic nutrient sources. One is
to use legume green manures in the
rotation to supply N rather than to
use farm manure or compost. Various
legumes can provide part of or all of
the N required for subsequent crops
through natural N fixation without
increasing soil P. With crop removal,
soil P as well as other nutrient levels
will gradually decrease. This approach
may be useful for orchards or vine-
yards where cover crops are normally
planted between rows, but for annual
crops, it does decrease the amount of
land available for production (Crews
and Peoples, 2004 ). In addition, at-
tempts to use various plant species
to lower soil P concentrations in an-
nual cropping systems have so far
been met with limited success (Alsup
etal.; 2002; Novak and Chan, 2002).
Ideally, application of manure or
compost should be based on the
nutrient with the most potential for
environmental risk. In most cases, this
will be P (Magdoft, 1991). Another
approach is to use organic N sources
with low P contents such as blood
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meal or soybean meal. However, the
high cost of these fertilizers makes
their use impractical for all but the
highest value crops. For more specific
information on managing N, P, and K
sources for organic production, refer
to Gaskell and Smith (2007), Nelson
and Janke (2007), and Mikkelsen
(2007).

Another environmental concern
associated with manure or compost-
based organic nutrient sources is the
potential for NOj; leaching to ground-
water. Kirchmann and Bergstrom
(2001) concluded that NOj leaching
can be lower with organic nutrient
sources than with conventional nu-
trient sources if inputs into the system
are lower or if high C:N amendments
are used. In most cases, however,
yields will suffer. Nitrate leaching with
organic nutrient sources is usually
either similar to or greater than con-
ventional sources when high rates of
manure or compost are applied.
The main cause of the leaching in
organic systems was the result of an
asynchrony of crop demand and N
release from the organic nutrient sour-
ces (Kirchmann and Ryan, 2004).

Either fertilized (organic or inor-
ganic inputs) or legume-based crop-
ping systems can result in NOj
leaching depending on management.
Edmeades (2003) found elevated
levels of NO3-N in the subsoils of
the 14 manure trials he examined. In
legume-based systems, risks of losses
are greatest when legumes are incor-
porated and the land is fallow long
enough to allow mineralization to
occur before the subsequent crop is
established. In contrast, where le-
gumes grow throughout the fallow
season, they can both fix and scavenge
N and reduce NOj leaching risk
provided that the nitrate levels are
not high enough to suppress nitrogen
fixation (Crews and Peoples, 2004 ).
In a Swedish study, Torstensson et al.
(2006) found that leaching loads over
a 6-year period were smallest in a
conventional system with cover crops
(25 kg-ha™ per year N) and similar in
the conventional, organic with animal
manure, and organic without animal
manure systems (38, 39, and 34
kg-ha™ per year N, respectively). In
contrast, NO3 leaching was ~5 times
higher in conventionally fertilized
plots than plots with organic inputs
(1350 versus 275 ug NO3-N at 1 m
depth, measured with resin bags) in
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an experimental apple (Malus pum-
ila) orchard (Kramer et al., 2006).
Careful management of manure or
legumes in organic cropping systems
reduced NOj losses than with con-
ventionally fertilized systems (Drink-
water et al., 1998). In that study,
over 10 years of cropping using low
C:N organic residues (manure or le-
gumes) combined with a more diverse
cropping system resulted in 30%
lower N losses compared with a con-
ventionally fertilized corn/soybean
system. Over the same time period,
average vyields and profitability of
the organic system were reported
to be comparable with the conven-
tional system. These results show
that it is possible to maintain soil
fertility and yields in an organic sys-
tem with careful management while
reducing N losses.

One potential risk for people
consuming produce grown with man-
ure or manure-based composts is an
increased exposure to enteric patho-
gens (Buck etal., 2003). The bacteria
of concern are Escherichia coli, Salmo-
nella spp., and Listeria monocytogences.
E. coli and Salmonelln are in animal
gastrointestinal tracts and conse-
quently in manure, whereas L. mono-
cytogenesis in decaying plant residues,
soil, and animal manure. Consump-
tion of produce contaminated with
the E. coli serotype O157:H7 can in
some cases cause death in people with
weak immune systems. Numerous
outbreaks of gastrointestinal disease
have been linked to consumption of
fresh fruit and vegetables; however,
the source of contamination can oc-
cur at various stages of production
through actual sale of the final prod-
uct. Although organic nutrient sour-
ces are not the only source of bacterial
contamination, precautions in han-
dling manure and manure compost
need to be taken. To reduce the risk
of contaminated produce, certified or-
ganic methods require that manure
applied to fields must either be prop-
erly composted before application
or produce for human consumption
cannot be harvested for at least 90 d
after application for edible portions of
the crop not in direct contact with the
soil and 120 d for edible portions in
direct contact with the soil (USDA,
2000). Specific procedures that main-
tain temperatures in the pile to kill the
pathogens must be followed during
the composting process.

In a survey of 32 farms using
organic nutrient sources and eight
farms using conventional nutrient
sources in Minnesota, Mukherjee
et al. (2004) reported that produce
from 1.9% of the farms using only
inorganic nutrient sources tested pos-
itive for E. colz, whereas produce from
9.7% of the farms using organic
nutrient sources tested positive, a
statistically significant finding. In that
study, results from certified and non-
certified farms using organic sources
were initially combined. Of the farms
that used organic nutrient sources,
produce from 4.3% of the organically
certified farms tested positive, a value
that was not statistically different
from farms using inorganic nutrient
sources. The serotype O157:H7 was
not detected in any of the produce.
Salmonella was isolated from one
lettuce sample and one pepper (Cap-
sicum annuym Grossum group) sam-
ple, both from an organic farm. In a
follow-up study, Mukherjee et al.
(2006) analyzed fruit and vegetables
produced on conventional (any prac-
tice acceptable), semiorganic (used
organic practices but were not certi-
fied), and organic (certified by
USDA-accredited organic certifica-
tion agency) farms for prevalence of
E. coli, E. coli O157:H7, and Salmo-
nella. Over the 2-year study, none of
the produce samples were contami-
nated with E. coli O157:H7 or Sal-
monelln. Prevalence of E. coli on produce
grown on the three farm types was
only statistically different for leafy
greens. Contamination of leafy greens
produced on semiorganic farms was
higher than that of leafy green pro-
duced on organic farms. Contamina-
tion was influenced more by produce
type than farm type. Loncarevic et al.
(2005) reported that 8.9% of 179
organically grown lettuce samples
collected from 12 producers in Nor-
way were contaminated with E. coli,
but only 2.2% of the samples were
considered to have high enough levels
to cause foodborne illness. The sero-
type O157:H7 and Salmonella were
not detected in any of the samples.
Listerin monocytogenes serogroups 1
and 4 were isolated from 1.1% of the
samples. In a study to determine the
potential for contamination with E.
coli serotype O157:H7, Johannessen
etal. (2005) transplanted lettuce seed-
lings into soil fertilized with manure
inoculated with E. coli O157:H7.
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After 50 d, the serotype was not
detected in any parts of the lettuce
leaves or roots; however, indigenous
E. coli was detected sporadically on
lettuce leaves. Islam et al. (2004)
reported that survival of S. entercia in
root vegetables persisted for several
months after growth in manure com-
posts. Based on these studies, it
appears that there is a slight, but
significant, increased risk of produce
being contaminated with E. cols and
other enteric bacteria when organic
nutrient sources are used. However,
contamination with the O157:H7
serotype resulting from use of organic
nutrient sources does not appear to be
a major concern.

Conclusions

The benefits of organic nutrient
sources on soil physical, chemical, and
biological properties are clearly evi-
dent from the literature, although
careful management is necessary to
avoid potential environmental impacts.
Despite the benefits to soil quality,
the effects of nutrient sources on crop
yield and quality are less consistent.
In part, this lack of consistency may
be the result of the wide variability in
rates and quality of the organic nutrient
sources being studied. The fact that N
is often limiting in organic systems can
have profound impacts on the quality
and taste of organic produce. Phytonu-
trient concentrations also are affected
by differences in pest pressures.
Because of the problems of avoiding
confounding factors when comparing
organic and conventional systems, it
has been and will continue to be diffi-
cult to ascribe differences in soil and
crop quality to specific nutrient sour-
ces. Future research should carefully
document all variables as described in
a recent article by Lester (2006).
In addition, it should be recognized
that the organic nutrient sources can
vary significantly in terms of nutrient
availability. Comparison of different
organic nutrient sources or rates within
an organic system may be more mean-
ingful for determining impacts on soil
and produce quality than comparison
with conventional nutrient sources in a
conventional system.
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