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Specific information on organic vegetable production practices in California is scarce, and growers need sound information
to guide their management decisions. The Organic Vegetable Production in California Series is made up of publications
written by Farm Advisors and Specialists from the University of California's Division of Agriculture and Natural
Resources. Each publication addresses a key aspect of organic production practices applicable to all vegetable crops.

Growers need sound information to guide their
management decisions on organic vegetable production practices in California, yet pecific information is scarce. The Organic Vegetable Production in
California Series consists of publications written by
farm advisors and specialists from the University
of California’s Division of Agriculture and Natural
Resources. Each publication addresses a key aspect
of organic production practices applicable to all vegetable crops.
Organic soil fertility management is guided by the
philosophy of “feed the soil to feed the plant.” This
basic precept is implemented through a series of practices designed to increase soil organic matter, biological activity, and nutrient availability. For the current
list of approved practices for organic certification,
see the USDA National Organic Program (NOP) Web
site at http://www.ams.usda.gov/nop/indexIE.htm.
Adding organic materials such as cover crops, crop
residues, and composts to cultivated soils over time
builds soil organic matter and improves the ability
of the soil to supply nutrients. The ultimate goal is a
healthy, fertile, biologically active soil with improved
structure and enhanced nutrient availability. Organic
management practices strive to optimize diverse biological processes in the soil to create a complex environment that ensures adequate nutrition to the crop.
For a discussion of related soil management practices,
see Soil Management and Soil Quality for Organic Crops
(UC ANR Publication 7248, http://anrcatalog.ucdavis.
edu/pdf/7248.pdf).

ROLE OF ORGANIC MATTER
AND HUMUS
Increasing soil organic matter is a key aspect of
an organic production system. The formation and
decomposition of soil organic matter are fundamental
life-promoting processes that store and release energy
derived from photosynthesis. Soil organic matter is
mainly the product of microbial and faunal decomposition of plant residues. The decomposition of plant
residue leads to the formation of humic substances,
which constitute 70 to 80 percent of the organic matter in most soils. The remaining soil organic matter is
termed “light fraction” or “particulate organic matter”
and is composed of a continuum of material ranging
from recently deposited litter to highly decomposed
unrecognizable plant residues. Soils with higher clay
contents in temperate climates generally have the
most soil organic matter. In California, organic matter
typically makes up 1 to 3 percent of the dry weight
of cultivated agricultural soils and 4 to 6 percent of
untilled pasture soils. Studies have shown that it is
normally not possible to increase soil organic matter
by more than 1 percent, but even an increase of this
much can dramatically improve soil fertility.
During the formation of soil organic matter, nutrients such as nitrogen (N), phosphorus (P), and sulfur
(S) are incorporated into the soil structure, allowing
the soil to act as a reservoir of these and other nutrients. The decomposition of soil organic matter releases nutrients, at which point they become available for
plant uptake. Generally, 2 to 5 percent of soil organic
matter decomposes annually. Soil organic matter
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contains a number of fractions that vary in composition and activity. Humus is the most resistant and
mature fraction of soil organic matter. It is very slow
to decompose and may last for hundreds of years.
Plant residues that are high in carbon (C) and low
in nitrogen, such as straw or cornstalks, decompose
slowly but are efficient producers of humus. Residues
that contain high levels of nitrogen, such as young
cereals and legumes, decompose quickly, producing
less humus. Although the process of organic matter formation is not well understood, it is clear that
increasing the amount of soil humus improves soil
properties and crop growth.
The decomposition of organic matter in soils can
provide significant quantities of several important
nutrients. A portion of the nitrogen from organic
matter is converted into plant-available mineral
forms such as ammonium (NH4+) and nitrate (NO3–)
through the process of mineralization. However,
the timing and amount of mineralization often do
not coincide with crop need, making in-season fertilization necessary. This lack of synchrony between
nitrogen mineralized from organic matter and crop
nitrogen uptake is a major challenge for fertility management in organic systems. Organic matter is a good
source of phosphorus; as phosphorus is mineralized
from organic matter it becomes available for plant
growth or becomes bound to soil minerals. Organic
matter is also a significant source of micronutrients
such as iron (FE), copper (Cu) and zinc (Zn).
In addition to supplying nutrients, soil organic
matter improves soil fertility by imparting favorable
chemical and physical attributes to soil. Soil organic
matter can bind nutrients through the process of
cation exchange. Ammonium (NH4+), calcium (Ca),
magnesium (Mg), and potassium (K) are nutrient cations that are held on cation exchange sites on organic
matter. The cation exchange capacity of soil organic
matter can contribute from 20 to 70 percent of the
total cation exchange capacity of soil. Soil structure
is influenced by the association of soil organic matter
with minerals to form aggregates. Aggregate formation improves soil structure and water infiltration
and increases water-holding water capacity. These
changes improve root growth and provide habitat
for a diversity of soil organisms. Soil organic matter enhances nutrient cycling, provides habitat for a
diversity of soil organisms, and creates a favorable
environment for plant growth.

HOW TO DETERMINE NUTRIENT NEEDS
Crop nutrient requirements and the nutrient-supplying
capacity of the soil dictate the management practices
necessary for successful crop production. Soil testing is
essential for the assessment of nutrient levels, and it is

often required for organic certification. Management of
nutrients such as phosphorus, potassium, calcium,
magnesium, and sulfur should be directed toward raising these nutrients to optimal levels in the soil as determined by soil testing. Phosphorus availability in soils
with pH greater than 6.0 is assessed by the Olsen bicarbonate test; for soils with pH less than 6.0 the Bray test
is used. In most vegetable production areas in California
soil pH is greater than 6.0, so this discussion will focus
on the Olsen bicarbonate soil test. Natural levels of
phosphorus in most California soils were formerly less
than 30 ppm. Over years of fertilization for commercial
vegetable production, fields now routinely have soil
phosphorus greater than 60 ppm along the coast, and
somewhat less in the interior valleys. Phosphorus availability is reduced at low soil temperatures (i.e., < 60oF,
or 15.6ºC) and, as a result, crops grown in the cooler
part of the year need higher levels of available soil phosphorus for good growth. Approximate soil adequacy
values from the bicarbonate phosphorus test for warmand cool-season vegetables are given in table 1.
Table 1. Adequate soil phosphorus levels
(bicarbonate phosphorus test)
Crop

Adequate soil
P level (ppm)

warm-season vegetables

20–25

cool-season vegetables

50–60

Compost and certain organic fertilizers are good sources
of phosphorus. It is important to monitor soil phosphorus levels on a yearly basis, as soil phosphorus
can rapidly build up high to levels when composts
and other organic amendments are used. Excessive soil
phosphorus can result in high phosphorus concentration in field runoff, which can impair the quality of
surface waters such as rivers, creeks, and lakes.
Soil potassium level is best determined by an
ammonium acetate extraction test. In general, if soil
potassium is greater than 200 ppm, no increase in
yield is likely to be obtained with additional potassium fertilization. However, maintenance applications of potassium may be helpful in replacing soil
potassium that is removed in the crop. For soils at
less than 150 ppm potassium, fertilization is warranted. Composts and some organic fertilizers are good
sources of potassium.
Calcium, magnesium, and sulfur are usually present in the soil and in irrigation water in sufficient
quantities to adequately supply a crop. In very sandy
soils with low levels of organic matter, sulfur availability may be limited, but normal organic practices
(application of compost, use of sulfur as a fungicide) typically maintain adequate levels of soil sulfur.
While neither calcium nor magnesium availability is

3 •

Organic Certification, Farm Planning, Management, and Marketing

often limiting for crop nutrition, in some fields relatively low soil calcium and/or high magnesium content can result in poor soil structure and slow water
infiltration. In these circumstances application of gypsum (naturally occurring calcium sulfate) is the most
appropriate remedy.
In organic systems, appropriate nitrogen management cannot be directly inferred from a simple
soil test. Unlike conventional production, in which
nitrogen management is based on the use of soluble,
readily available nitrogen fertilizers, in organic systems nitrogen management is based on manipulating
organic sources of nitrogen; organic nitrogen must be
mineralized through the action of soil microbes before
it is available for plant uptake. Although this process
can supply a significant quantity of nitrogen, estimating the amount and timing of nitrogen mineralization
is complicated because a number of factors affect the
process. The most important of these factors are as
follows.
• Soil temperature: Mineralization is insignificant
below 50ºF (10ºC), but above that temperature,
mineralization increases as soil temperature
increases.
• Soil moisture: Mineralization proceeds rapidly in
moist soils, but is inhibited by either excessively
wet or dry conditions.
• Tillage practices: Soil tillage stimulates a
temporary burst of microbial activity, which
declines over the course of days or weeks.
Despite the complex interactions of these factors, a
rough estimate of mineralization from soil organic
matter can be made based on the amount of organic
nitrogen present in the soil and the percentage of that
nitrogen likely to mineralize over a given period of
time. The following procedure describes a method for
estimating the amount of nitrogen likely to be mineralized from soil organic matter.
The first step is to estimate the amount of organic
nitrogen in the soil. This can be done directly by a specialized laboratory test, or it can be inferred from the soil
organic matter content. In most agricultural soils, organic nitrogen constitutes approximately 7 percent of soil
organic matter. The vast majority of nitrogen mineralization takes place in the top 1 foot (30 cm) of soil. A standard estimate of soil weight is 4,000,000 pounds of dry
soil per acre-foot (about 1,816,000 kg /100 cubic meters).
The organic nitrogen content of a soil with 1 percent
organic matter would be
4,000,000 lb soil ✕ 0.01 (percent organic matter) ✕
0.07 (percent N in organic matter) = 2,800 lb organic
N/acre (3,136 kg/ha)

The second step is to estimate the percentage of
soil organic nitrogen likely to mineralize during the
crop cycle. Laboratory incubation studies of dozens
of California soils have shown that, at best, about 2
percent of soil organic nitrogen is mineralized in a
2-month period at 77ºF (25ºC). For a soil with 1 percent organic matter, that would be
2,800 lb organic N/acre ✕ 0.02 (percent of organic
nitrogen that mineralizes) = 56 lb plant-available
N/acre (63 kg/ha)
The 2 percent estimate for nitrogen availability for a
short-term annual crop can be adjusted to fit field-specific conditions based on the factors previously
described. Fields that are sprinkler-irrigated keep the
entire soil surface moist, while much of the surface soil
in drip-irrigated fields may be very dry. The soil temperature during spring and fall crops is lower than that
for summer crops. Fields in which any form of reduced
tillage is practiced tend to have slower nitrogen mineralization. Heavy clay soil is more readily waterlogged
by rain or irrigation, and effective nitrogen mineralization may be reduced. Note that this technique for estimating nitrogen mineralization from soil organic matter
does not take into account the nitrogen contribution
from recently incorporated crop residue, compost, or
other organic amendments. These contributions are
described elsewhere in this publication.
Synchronizing nitrogen mineralization from soil
organic matter, cover crop residues, and organic
amendments to maintain adequate nitrogen availability
for crop production is challenging. The generalized
pattern of nitrogen mineralization and crop nitrogen
uptake is presented in figure 1. The rate of nitrogen
mineralization from soil organic matter and recently
incorporated residues and amendments typically peaks
before the crop reaches its maximum rate of nitrogen
uptake. Even in organic systems, nitrogen loss through
leaching or denitrification (conversion of nitrate to gaseous nitrogen in wet soil and subsequent loss to the
atmosphere) can be substantial if excessive water from
rain or irrigation is applied to the field in the early
weeks of the growing season.
Short-season crops with low nitrogen requirements
such as leafy greens and radishes (table 2) may produce well with the nitrogen available from soil organic matter plus cover crop residues and/or a compost
application. Crops with higher nitrogen requirements
and longer growing seasons often need supplemental
sidedress applications of organic nitrogen fertilizer.
For many vegetable crops, quality is as important as
yield. Product size, color, and uniformity can be critical, and nitrogen management is often the key to
maximizing these quality attributes.
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Table 2. Nitrogen requirement of vegetable crops based on seasonal nitrogen uptake
Low total N content
< 120 lb/acre
baby greens
beans
cucumbers
radish
spinach
squashes

Medium total N content
120–200 lb/acre
carrot
corn, sweet
garlic
lettuce
melons
onion
peppers
tomatoes

Rate or N mineralization or crop N uptake

Figure 1. Timing of nitrogen mineralization from
soil organic matter, cover crop residue, and organic
fertilizer in relation to crop nitrogen uptake.
Crop Demand
Fertilizer
mineralization
Cover crop
incorporation

Cover crop
mineralization

Soil organic matter mineralization
0

4
Weeks

8

NUTRIENT SOURCES
Cover Crops
Cover crops fix and trap nutrients, add organic matter
to soils, and reduce nitrate leaching, nutrient runoff,
and soil erosion. In California, cover crops are widely
used in organic farming systems because the climate is
mild enough to support growth during the fall, winter,
and early spring in most crop production areas.
Nonleguminous cover crops, such as grasses and
Brassica species, are preferred in situations where nutrient availability is high in the fall and where cover crops
can trap nitrate and phosphate that would otherwise
be lost by leaching or runoff. Nonlegumes also tend to
be more tolerant of cooler temperatures than legumes.
Legumes fix atmospheric nitrogen, at least when concentrations of mineral nitrogen in the soil are low, and
add to the net availability of nitrogen in the cropping
system. Mixtures of legumes and grasses are a common strategy because the grass consumes soil nitrogen,
avoiding high soil nitrogen concentrations than might
otherwise inhibit fixation. Mixtures also ensure that the
cover crop is productive under a range of weather condition, due to the different environmental tolerances of
the various plant species.
In California, cover crops typically take up or fix
from 100 to 200 pounds of nitrogen per acre (112 to
224 kg/ha). Cover crops are often tilled into the soil

High total N content
> 200 lb/acre
broccoli
cabbage
cauliflower
celery
potato

when the carbon to nitrogen (C:N) ratio is less than
20:1 (e.g., legumes and younger stages of cereals and
mustards) to achieve a net release of nitrogen to the
soil in order to feed subsequent vegetable crops. The
high nitrogen content in cover crops reduces competition for mineral nitrogen between the subsequent
vegetable crop and the soil microbiota. When cover
crops with a low nitrogen content, such as mature
cereals (i.e., C:N ratio > 20:1) are incorporated into
the soil, subsequent vegetable crops can be temporally nitrogen deficient because soil microbes use
available soil nitrogen to break down the cover crop
residue. However, these cover crops with a higher
C:N ratio are instrumental in building soil organic
matter, which is advantageous for long-term soil fertility and improvements in soil physical properties.
A longer-term grass or brassica cover crop is therefore recommended periodically, as long as cropping
patterns permit a sufficient period without crop production for residue decomposition to occur.
Less than half of the amount of nitrogen in a
cover crop typically becomes available to the subsequent crop. Much of the cover crop nitrogen remains
in resistant organic forms in soil organic matter,
unavailable to plants. The organic nitrogen in the
readily decomposable fraction of cover crop residues, however, can be very rapidly mineralized to
plant-available forms of nitrogen in the first few
weeks after incorporation. The rate of mineralization
of available nitrogen from a cover crop with a low C:
N ratio (< 20:1) increases over a 3- to 6-week period
following incorporation, and then returns to preincorporation levels by weeks 6 to 8 (see fig. 1).
Therefore, a cover crop can be a valuable short-term
source of nitrogen, but longer-season vegetable
crops following a cover crop rotation may require
additional applications of nitrogen later in the season. When nitrogen from cover crops is mineralized
it can be taken up and used by the crop or lost via
leaching during spring rainy periods. For this rea-
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son, vegetable crops should be planted relatively
soon after cover crop incorporation, although the
cover crop should be allowed to decompose for at
least 3 to 4 weeks in order to avoid potential stand
establishment and pest problems that may arise as
the residue decomposes.

Compost
Compost, particularly if it contains animal manure,
can be a relatively cost-effective organic source of
both macro- and micronutrients. When applying
compost, the challenges are to know its composition
and to understand how to use it most efficiently.
The grower should know the composting process
used by the supplier as well as the sources of the
raw material in the compost. If the materials that are
being composted are low in nutrients, the compost
will have a low nutrient analysis. Poor-quality or
immature compost may actually tie up nitrogen in
the soil and decrease the availability of nitrogen to
the growing crop. The C:N ratio of a compost is one
indication of nitrogen availability. As the C:N ratio
rises above 20:1, the tendency for nitrogen from the
soil to be tied up increases. A compost with a C:N
ratio of less than 20:1 generally releases nitrogen to
the succeeding crop. Other quality considerations
for compost are age, particle size, pH, salt concentration, and purity (the volume of soil, sand, and other
nonorganic materials mixed with the compost).
The National Organic Program (Section 205.203)
describes additional standards for compost sources
(see the NOP Web site). Because compost analysis is
based on dry weight, moisture content adds to the
compost’s weight and lowers its nutrient analysis.
It is not unusual for a commercial compost to have a
moisture content of 25 to 30 percent.
Mineralization rates from compost application
are relatively low, and compost is usually a poor
short-term source of nitrogen. Recent studies have
shown that typically no more than 15 percent of
the nitrogen in the compost is made available the
first year following incorporation. This may in part
explain problems with nitrogen fertilization often
observed during the transition from conventional
to organic production. A longer-term program of
repeated compost application would be required to
increase the overall amount of soil organic nitrogen
and increase the nitrogen mineralization potential.

Manure
Aged animal manure can be a balanced source
of nitrogen and other major and minor nutrients.
Manure can be used in organic production only if
it is applied to non-food-crop land, or incorporated
into the soil at least 120 days prior to harvest if the
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edible portion is in contact with the soil, or incorporated into the soil at least 90 days prior to harvest
if the edible portion is not in contact with the soil.
One potential limitation of manure is the availability
of a consistent supply of a material that is uniform
enough to be confidently incorporated into a production program. A public perception of food-safety
problems relating to manure fertilization might further limit the use of manure, and it is important to
check with potential buyers to be certain that they
do not have internal policies restricting manure use.
Most manure used in organic vegetable production
is composted prior to field application, which minimizes food-safety risks.

Commercial Organic Fertilizers
A number of approved organic fertilizers are available; common examples are listed in table 3. Most of
these materials are by-products of fish, livestock, and
food processing industries. The commercial formulations and nutrient analyses of these materials vary
considerably. In general, they range from 0 to 12 percent nitrogen and may contain phosphorus and/or
potassium. These fertilizers tend to be quite expensive, and in general their use is confined to situations
where cover cropping or the application of compost
is not feasible or has supplied insufficient nutrient
availability for the upcoming cash crop. The value of
these fertilizers lies in relatively rapid availability of
the nutrients contained.
Table 3. Nutrient analysis (percent) of common
organic fertilizer materials
Material
chilean nitrate
blood meal
feather meal
fish meal
or powder
seabird and
bat guano
meat and bone meal
soybean meal
processed liquid fish
residues
alfalfa meal
pelleted chicken
manure
bone meal
kelp
soft rock phosphate
potassium-magnesium
sulfate

Nitrogen
(%)

Phosphorus
(% P2O5)

Potassium
(% K2O)

16
12
12

0
0
0

0
0
0

10–11

6

2

9–12

3–8

1–2

8
7

5
2

1
1

4

2

2

4

1

1

2–4

1.5

1.5

2
<1
0

15
0
15–30

0
4
0

0

0

22

The short-term availability of nutrients depends
largely on the nature of the fertilizer material and
how it was processed. Table 4 compares mineralization rates for various organic nitrogen sources at different temperatures. These fertilizers can be applied
prior to planting or in one or more supplemental
side-dressings.
Materials such as processed liquid fish, liquid
soybean meal, or sodium nitrate may also be applied
through drip irrigation systems. Some of these products contain small particles that are suspendable in
water but not truly soluble; the water filtration necessary for microirrigation systems may remove these
particles, lowering the nutrient content delivered
to the crop. Dilute liquid “teas” from these materials are sometimes applied to the soil or sprayed
directly on the plant in an effort to improve nutrient
availability, but the value of these teas as a nutrient
source has not been clearly established.
Certain by-products of the meat processing
industry, such as blood and bone meals, have been
restricted by some vegetable growers and shippers
for market-related reasons. Mined Chilean nitrate
(sodium nitrate), a source of nitrogen that is rapidly
available to plants, was an important component
of organic fertilizer programs in the past because
of its relatively low cost, solubility, and ease of use.
However, concerns that the mining and use of this
product present environmental risks, as well as the
widespread view within the organic movement that
reliance on a soluble mineral nitrogen fertilizer is
incompatible with organic principles, has limited its
use in recent years. The NOP currently restricts the
use of Chilean nitrate to no more than 20 percent of
total nitrogen use and mandates that organic producers develop a plan to phase out Chilean nitrate
use over time.

Minor Element Sources
Organic fertilizer sources commonly contain one or
more minor elements. A number of liquid materials and teas are also available that provide one or
more minor elements. Some of these materials may
be used in irrigation systems or applied to foliage.
Field trials evaluating the effectiveness of minor
element foliar applications when soil nutrient levels
are already adequate do not show a consistent pattern of crop response. The costs of these materials
vary widely. Synthetic fertilizers may be permitted
by a certifying agency in specific circumstances for
correction of minor element deficiencies. Synthetic
minor element fertilizers may contain hazardous
materials used as fillers or other contaminants, and
there is debate over the use of these materials, even
in small amounts, in organic production systems.

Special-purpose Fertilizers
Specific approved nutrient sources of potassium, calcium, and magnesium may be useful to an organic
grower when a deficiency or imbalance is indicated
by a soil test. Materials such as gypsum, lime, and
potassium-magnesium sulfate have been in use
in agriculture for many years, and their value is
thoroughly tested. These materials may be used
to correct deficiencies or imbalances of potassium,
calcium, or magnesium, or to raise soil pH. Gypsum
is also used to improve water infiltration on soils
with poor structure. Growers and researchers are
still evaluating a number of other special-purpose
fertilizers and growth enhancers. Materials derived
from kelp and other processed seaweeds contain
nutrients and often plant hormones and growth
regulators. Some manufacturers claim that microbial
soil stimulants enhance growth or reduce soil pests.

Table 4. Net nitrogen mineralization (as a percentage of initial organic nitrogen) from organic
fertilizers, as influenced by temperature and length of incubation
Product
pelleted poultry manure
sea bird guano
pelleted sea bird guano
fish powder
feather meal
blood meal

Temperature
ºF
59
77
59
77
59
77
59
77
59
77
59
77

Net N mineralization during incubation (%)
ºC
15
25
15
25
15
25
15
25
15
25
15
25

1 week
4
10
49
45
42
46
51
48
42
50
41
51

4 weeks
16
23
57
48
61
60
55
60
56
64
60
67

8 weeks
21
36
60
54
64
67
61
64
59
63
64
70

Brix mixes, humates, foliar nutrient and sugar solutions, and other materials are applied to raise nutrient or sugar levels (Brix) in plant sap in an attempt
to improve the plant’s resistance to pests. There is
scant scientific data supporting the efficacy or costeffectiveness of such products.

CHARACTERISTICS OF ORGANIC
FERTILIZERS
Organic fertilizer materials share a number of characteristics that distinguish them from conventional
fertilizers. The key features to consider in a fertility
management program are bulk, nutrient availability,
and uniformity.

Bulk
Many organic fertilizer materials (e.g., compost
or other organic by-products) are generally less
concentrated sources of nutrients than are conventional fertilizers. Application rates for these materials are commonly 5 to 10 tons per acre (11.2 – 22.4
T/ha), sometimes more. Growers need to consider
how they will transport, store, and apply such large
quantities of material. Larger storage facilities and
special handling equipment may be necessary.

Nutrient Availability
Organic fertilizers often include both a relatively
small proportion of readily available soluble nutrients and another nutrient fraction that is either
unavailable to the plant or available only gradually over time. These materials as a group need to
be applied earlier in anticipation of plant nutritional
requirements, often 2 to 4 weeks before nutrients
will be needed. The availability of nutrients depends
on microbial activity: a lack of mixing with the soil
or extremes of soil moisture or temperature will
slow nutrient availability. The composition and
particle size of the material can also be determining
factors in the rate of microbial decomposition and
nutrient availability. A more concentrated, finer-textured material generally decomposes and releases its
nutrients more readily than does a coarser mixture.

Uniformity
Organic fertilizer materials can vary considerably
with respect to particle size, moisture content, nutrient content, and nutrient distribution. Some of this
inconsistency is inherent in the materials because of
the nature of the production process and the fact that
these are organic materials that continue to change
during transport and storage. Growers should try to
determine the composition of key fertilizer materials and keep records of their variations over time.

It may be worthwhile to send samples of composts
and organic fertilizers to an independent laboratory
for analysis.
The transitional period for new organic operations can be the most demanding in terms of soil
fertility management. This is because the benefits of
soil building and soil organic matter improvement
have not yet been realized in a transitional field, but
the grower is limited to only a few soluble fertilizer
materials. Growers gain experience during the transitional period, and as the soil organic matter builds,
its benefits are reflected in improved soil fertility.
Approved materials lists have been developed by
the NOP and include a broad range of materials to
supplement crop nutritional needs. Materials from
organic or natural sources may contain contaminants such as salts, heavy metals, and boron that
may accumulate to toxic levels on a given field.
Choose carefully from the materials available; know
the source of the material and its composition.
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