





























































































































































































































































































































PREPARATION OF SWAT SOIL DATABASE FOR THE SSJV

3.1! MaAximum SoiL DEPTH

The maximum soil depths for which soil information is provided in the SWAT SSURGO and PEDON
databases are shown in Figure 4. The distribution of the maximum soil depth is broader in the PEDON
than in the SWAT SSRUGO database. SWAT SSURGO shows many of the MUKEYs at 1520 mm, which is
equivalent to the 60-inch (standard pit depth) data reported in the original SSURGO. However, soil
scientists usually collect information deeper than 60-inches, and these data are included in the PEDON
data sets (which come from actual profile descriptions). This additional information is an advantage of
PEDON for representing the greatest soil depth practicable for modeling. The maximum soil depth in the
PEDON database was reported in cm. This was multiplied by 10 to convert it to the mm units employed
in SWAT SSURGO.
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FIGURE 4. COMPARISON OF MAXIMUM SOIL DEPTHS.
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3.2 NUMBER OF SOIL LAYERS

A maximum of 10 layers can be used in the SWAT soils database. As shown in Figure 5, PEDON has a
relatively larger number of soil layers compared to SWAT SSURGO. In SWAT SSURGO, most MUKEYs
have profiles that have been simplified to contain 3 soil layers, and majority are between 1 and
4. This suggests that PEDON captures greater profile vertical detail than SWAT SSURGO.
Therefore, PEDON is superior to SWAT SSURGO since profile information is richer.

Based on these two parameters (maximum soil depth and number of soil layers), and the fact that

PEDON is being used by the NRCS’ CEAP modelers whose objectives are similar to those of the SSJV
MPEP, we opted to use PEDON wherever possible (instead of SWAT SSURGO) as the source of soils
information in SWAT model runs.
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PREPARATION OF SWAT SOIL DATABASE FOR THE SSJV

4!  QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) AND
MODIFICATION OF THE PEDON SoIL PROPERTY DATA

Soil parameters in PEDON that affect SWAT analyses were analyzed for data accuracy, for each of the
(up to 10) layers.

a)! Bulk density is the weight of solid material per unit soil volume. Values were within common
ranges for almost all MUKEYs. However, for small number of MUKEYs, values of less
than 1 g of solid soil material per cm?3 of soil volume were observed. These are low but
not impossible values, particularly for soils formed in lacustrine sediments, which exist
in the study area. Thus, data were all accepted.

Soil available water capacity (AWC) is the amount of water held and available to plants

at field capacity (that is, after the layer has drained under the force of gravity). Values

were greater than 1 cm of water per cm of soil depth for two MUKEYs. These
exceptionally high values are beyond the credible range, and were thus replaced by the
maximum for the remaining MUKEYs in the data set.

c)! Saturated soil hydraulic conductivity (SOL_K, in cm per second) is a coefficient (not a rate)
that is proportional to the rate at which a saturated (all pores full of water) soil layer transmits
water under a given set of conditions. Values of SOL_K were smaller than what one would
expect (often zero) for most soil layers. The zeroes may have been intended to
represent missing values. The model was run with this data set, with the low SOL_K
values, to check its sensitivity of model output to this parameter. Results indicated that
these low SOL_K values increase the surface soil moisture content (because water
remains in the surface layer since it cannot penetrate beyond this), increasing
denitrification (which is higher in saturated soils). This process transforms soil nitrogen
into gaseous, atmospheric nitrogen, thus rendering it unavailable for plant uptake and
reducing the crop yield. To correct this situation, SOL_K was calculated again with the
Saxton and Rawls (2006) pedotransfer function, which generates a SOL_K value from
other soil properties (namely, the percent sand, silt, clay, and organic matter). The next
section describes this method and the data that were generated, as well as those that
were replaced.

d)! Percent sand, silt, and clay are soil layer particle size fractions that are measurable properties
that together determine soil texture, which in turn affects many other properties (like SOL_K, as
noted previously). The QA/QC of particle size fractions were checked to ensure that their sum
was 100%, which they were for all layers.

e)! The USLE_K values are coefficients that are used to estimate the rates of soil erosion when
erosive forces (such as water flowing across the land surface) are operating. The values in the
PEDON data set are shown as NA (missing, or “not applicable”). Since we are currently focused
on assessing rates of nitrate leaching, we deferred any effort to develop estimates of USLE_K.

b)!

Saturated hydraulic conductivity (SOL_K, or Ksat) was calculated by the method from Saxton and Rawls
(2006), as follows:
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ol A=1/B
ol Ks= 1930*( O5— 033 )(3_)\)

where A is slope of logarithmic tension-moisture curve; Ks is saturated conductivity (SOL_K); 65 is the soil
moisture content when fully saturated with water in cm?® of water per cm?® of bulk soil volume, divided
by 100 (a percent volume); and Bs3 is the soil moisture content at field capacity (defined as the moisture
content when soil is subjected to 33 kPa, the pressure imparted by the force of gravity on water in soil
pores), as percent volume. The Bs and B33 were determined from the percent sand, clay, and organic
matter by the method in the Saxton and Rawls (2006). This method has been widely reviewed, used, and
cited, so it is generally accepted as reasonable when measured SOL_K values are not readily available. It
should be noted that, even when SOL_K values have been measured, they are notoriously variable, and
therefore difficult to interpret as single values to drive a model.

Figures 6 through 8 show the ranges of SOL_K for each of the hydrologic soil groups, for 1) the results of
calculations based on the Saxton and Rawls pedotransfer function, 2) values in PEDON, and 3) values in
SWAT SSURGO. The hydrologic groups reflect the tendency of soils to produce runoff, which is strongly
associated with the values of SOL_K for the soils’ layers. The range for group A (which tends to have the
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least runoff) should be relatively highest, and those from group D relatively lowest. As shown in these
figures and mentioned previously, the PEDON database had many exceptionally low values. The values
of the Saxton and Rawls calculation results and the original SWAT SSURGO hydraulic conductivities, on
the other hand fell into similar, normal ranges.
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5! DATA GAP FILLING

Once all the MUKEYs for the SSJV from PEDON passed the QA/QC, the missing MUKEYs were populated
using the original SSURGO databases. However, after filing missing MUKYs from PEDON using SWAT
SSURGO, information for 65 MUKEYs were still missing (Figure 3). The characteristics of each of these
MUKEYs were studied. It was found that these soils are not suitable for irrigated agriculture (being
located on hills, in river outwash, in non-accessible areas, etc.), and therefore are not critical to the
current analysis. For these MUKEYs, soil parameters values from the more generalized SWAT STATSGO
polygons that overlays these MUKEY polygons were used as the MUKEY parameter values. This
produced a clean data set covering all of the 1635 MUKEYs in the SSJV MPEP study area. For the sake of
consistency, the same method of calculation of SOL_K from percent sand, silt, clay, and organic matter
(see section 4) was employed for all layers, and the SOL_K values from the SWAT SSURGO and SWAT
STATSGO databases were replaced by resulting estimates.
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6! HYDROLOGIC SOIL GROUPS

There was a change in the assignment of hydrologic soil groups for MUKEYs in the study area between
2012 and 2016 SSURGO releases. This change affected some vertisols, changing the hydrologic soil
group from the D to C. According to the National Soils Handbook guidance, all vertisols should be in
group D. The hydrologic soil group property has the potential to alter the soil water balance, and thus to
affect crop yield and the fate of applied nitrogen. We agree that vertisols in the study area are more
likely to behave like soils in group D. For these reasons, the 2016 changes to this parameter were
reversed and vertisols in the SSJV were assigned to group D. This change applied to 27 vertisol MUKEYs
in the study area. This change was applied before the SOL_K histograms (by hydrologic soil group)
shown in Figures 6 through 8 were developed, but applied to the final data set after filling data gaps
(described in the previous section), so that it is uniform throughout the final data set.

7!  REFERENCES
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Summary

Nitrogen (N) balances in agricultural fields are an important component of the Central Valley Irrigated
Lands Regulatory Program. The ratio of N applied to N removed is a key metric for the State and Central
Valley Regional Water Boards. The approach involves growers reporting applied N and yield to the water
quality coalitions (Coalitions). The Coalitions in turn will transform these data into the quotient N applied/N
removed, which will be reported along with the applied N to the Central Valley Regional Water Board. To
make these transformations, the Coalitions need reliable values of N concentrations in the harvested
parts of crops. For the present report, we mined the scientific literature for data on N concentrations in
harvested crop parts. The report contains information for crops that cumulatively occupy 99% of the
irrigated acreage in the Central Valley.

For each commodity, we calculated the weighted mean N concentration across the datasets that
were included in the analysis. Furthermore, we report the standard deviation, coefficient of variation
(CV), and range of the results.

Nitrogen concentrations are expressed in Ibs/ton at a moisture content common for the individual
commodities at harvest. The report also includes an assessment of the relevance of the available data,
based on number of observations, variability, and geographic origin. The amount of data available from
California varies considerably among crops. For some crops, extensive datasets were available, while for
many other crops only few if any values could be found. Therefore, for many crops, the dataset should be
supplemented with additional samples from Central Valley fields to support a robust estimate of the N
concentrations in harvested plant parts.

A number of factors can affect the N concentration in harvested plant parts. For most crops included
in this report, year of harvest, N availability and variety contributed most to the observed variability. These
factors seem to affect N concentrations in field crops, vegetables and tree crops equally. Other factors,
such as fruit size, dry matter content of the harvested plant part, percent marketable yield, or growth
stage when harvested may also be important for some crops. An overview of the data can be found in
Tables 1 through 3.

Calculating the amount of N removed based on yield and average N concentration has some
limitations unrelated to the quality of the data: (i) As N concentrations in harvested crop parts can vary
considerably from one year to the next, the calculated value for N removed is only accurate on a multi-
year basis, but may not be accurate for a specific year. (ii) For most crops where marketable yield is
reported and cull or trash is removed in a processing facility, the calculated amount of N removed
underestimate the actual amount, the difference being the N in cull or trash. (iii) For perennial crops, N

accumulation in perennial tissue (e.g. trunk, roots, or branches) is not included in the value.
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Table 1: Overview of N concentrations in harvested plant parts of field crops.

Commodity N in harvested plant parts # of observations | CV (%) | Page
California | Total
Alfalfa - Hay 62.3 Ibs N/ton @ 12% moisture 49 49 12.5 14
Alfalfa - Silage 24.0 Ibs N/ton @ 65% moisture 6 6 17.5 16
Barley - Grain 33.6 Ibs N/ton @ 12% moisture 4 61 14.6 18
Barley - Straw 15.4 Ibs N/ton @ 12% moisture 0 970 31.3 20
Beans, dry - Blackeye 73.0 Ibs N/ton @ 12% moisture 1 164 104 22
Beans, dry - Garbanzo 67.2 lbs N/ton @ 12% moisture 2 108 11.3 24
Beans, dry - Lima 72.3 Ibs N/ton @ 12% moisture 2 75 5.4 26
Corn - Grain 24.0 Ibs N/ton @ 15.5% moisture 0 1775 20.8 28
Corn - Silage 7.56 Ibs N/ton @ 70% moisture 71 71 10.5 30
Cotton 43.7 Ibs N/ton lint & seed 27 80 29.5 32
Fescue, Tall - Hay 50.8 Ibs N/ton @ 12% moisture 260 260 16.2 34
Oat - Grain 37.7 Ibs N/ton @ 12% moisture 0 134 9.6 36
Oat - Straw 14.8 Ibs N/ton @ 12% moisture 2 526 34.7 38
Oat - Hay 21.7 Ibs N/ton @ 12% moisture 49 49 18.2 40
Orchard Grass - Hay 54.5 Ibs N/ton @ 12% moisture 60 60 20.0 42
Ryegrass, Perennial - Hay 549 Ibs N/ton @ 12% moisture 60 60 16.8 44
Safflower 56.8 Ibs N/ton @ 8% moisture 12 149 20.0 46
Sorghum - Grain 33.0 Ibs N/ton @ 13.5% maoisture 0 256 29.7 48
Sorghum - Silage 7.34 Ibs N/ton @ 65% moisture 260 260 21.0 50
Sunflower 54.1  Ibs N/ton @ 8% moisture 0 208 14.3 52
Triticale - Grain 40.4 |bs N/ton @ 12% moisture 51 51 13.0 54
Triticale - Straw 11.5 Ibs N/ton @ 12% moisture 0 102 38.3 56
Triticale - Silage 9.03 Ibs N/ton @ 70% moisture 19 19 13.7 58
Wheat, common - Grain 43.0 Ibs N/ton @ 12% moisture 113 113 10.3 60
Wheat - Straw 13.8 Ibs N/ton @ 12% moisture 3 494 33.0 62
Wheat - Silage 10.5 Ibs N/ton @ 70% moisture 39 39 18.6 64
Wheat, durum - Grain 42.1 Ibs N/ton @ 12% moisture 41 41 3.7 66
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Table 2: Overview of N concentrations in harvested plant parts of vegetables.

Commodity N in harvested plant parts # of observations | CV (%) | Page
California | Total
Asparagus 5.85 Ibs N/ton of fresh spears 2 19 14.0 68
Beans, green (snap beans) 5.78 Ibs/ton of fresh weight 1 122 25.7 70
Broccoli 11.2  Ibs N/ton of fresh weight 15 46 20.4 72
Carrots 3.29 Ibs/ton of fresh weight 1 167 22.4 74
Corn, sweet 7.17 Ibs/ton of fresh ears 50 13.1 76
Cucumbers 2.16 Ibs/ton of fresh weight 10 17.4 78
Garlic 15.1 Ibs/ton of fresh weight 12 19.5 80
Lettuce, Iceberg 2.63 Ibs/ton of fresh weight 45 68 16.7 82
Lettuce, Romaine 3.62 Ibs/ton of fresh weight 14 26 13.7 84
Melons, Cantaloupe 4.87 Ibs/ton of melons 31 155 86
Melons, Honeydew 2.95 Ibs/ton of melons 12 22.1 88
Melons, Watermelons 1.39 Ibs/ton of melons 6 23.9 90
Onions 3.94 Ibs/ton of fresh weight 13 45 19.7 92
Pepper, Bell 3.31 Ibs/ton of fresh weight 6 40 7.9 94
Potatoes 6.24 Ibs/ton of fresh weight 5 64 13.6 96
Pumpkin 7.36 Ibs/ton of fresh weight 1 13 10.1 98
Squash 3.67 Ibs/ton of fresh weight 11 74 22.4 100
Sweet potatoes 4.74 Ibs/ton of fresh weight 11 23 16.8 102
Tomatoes, fresh market 2.61 Ibs/ton of fresh weight 1 34 16.5 104
Tomatoes, processing 2.73 Ibs/ton of fresh weight 24 24 111 106
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Table 3: Overview of N concentrations in harvested plant parts of tree and vine crops.

Commodity N in harvested plant parts # of observations | CV (%) | Page
California | Total
Almonds 136 Ibs/ton of kernels 31 31 4.1 108
Apples 1.08 Ibs/ton of fruits 132 35.1 110
Apricots 5.56 Ibs/ton of fruits 22 114 112
Cherries 4.42 Ibs/ton of fruits 24 19.8 114
Figs 2.54 Ibs/ton of fruits 19 18.1 116
Grapefruit 2.96 Ibs/ton of fruits 26 27 7.8 118
Grapes - Raisins 10.1 Ibs/ton @ 15% moisture 16 19 5.8 120
Grapes - Table 2.26 Ibs/ton of grapes 16 19 5.8 122
Grapes - Wine 3.60 Ibs/ton of grapes 8 38 13.0 124
Lemons 2.58 Ibs/ton of fruits 21 22 10.0 126
Nectarines 3.64 Ibs/ton of fruits 31 41 27.1 128
Olives 6.28 Ibs/ton of olives 6 29 22.8 130
Oranges 2.96 Ibs/ton of fruits 26 82 10.9 132
Peaches 2.26 Ibs/ton of fruits 5 25 20.7 134
Pears 1.29 Ibs/ton of fruits 1 64 17.9 136
Pistachios 56.1 Ibs N/ton dry yield (CPC) 11 11 35 138
Plums 2.83 Ibs/ton of fruits 1 11 11.2 140
Pomegranate 15.2  Ibs/ton of fruits 0 7 15.0 142
Prunes 11.2  Ibs/ton of dried fruits 18 18 16.3 144
Tangerines 2.54 Ibs/ton of fruits 1 2 29.2 146
Walnuts 31.9 Ibs N/ton with shells 18 18 11.2 148
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Introduction

As part of developing the Central Valley Irrigated Lands Regulatory Program (CVILRP), agricultural
water quality coalitions (Coalitions; exclusive of irrigated agriculture covered under the Dairy or California
Rice Commission orders) have developed an approach to providing the Central Valley Regional Water
Quality Control Board (CVRWQCB) with information on nitrogen (N) balances in agricultural fields. The
ratio of N applied to N removed, having been recommended by the Expert Panel convened by the State
Water Resources Control Board, is a key metric for the CVRWQCB (ITRC, 2014; CVRWQCB, 2013). The
approach involves growers reporting applied N and the quotient N applied/yield to the Coalitions. The
Coalitions in turn will transform these data to the quotient N applied/N removed, and report various
statistics related to N applied, and to the quotient of N applied/N removed to the CVRWQCB. To make
these transformations, the Coalitions need reliable values of N concentrations in the harvested parts of
crops.

For this report, we mined the scientific literature (including peer-reviewed articles and research
reports) for data on N concentrations in harvested crop parts with emphasis on California data. The report
contains information for crops that cumulatively occupy 99% of the irrigated acreage in the Central Valley
(see Appendix 1). Rice is covered under the California Rice Commission General Order and was not
included in this report. Dairy waste land application fields are similarly covered under the Dairy General
Order, are not part of the Coalitions. However, silage from different forage crops is included in this report
to cover the acreage on no-dairy farms.

The report also includes an assessment of available data quality, based on the number of

observations, variability, and geographic origin.

Procedures
Data search

For the literature search, we first focused on scientific papers and reports from California. When only
few observations were available, we expanded the search to include studies completed in other parts of
the U.S., Europe, and finally globally. When experiments included more than one treatment, the results
from individual treatments, if reported, were entered into the database as separate observations. No
attempt was made to identify treatments that best reflect crop management practices and conditions in
the Central Valley. When no, or only few, observations from studies were available, we also included data
from two online databases. These were:

(1) The NRCS Nutrient Tool (http://plants.usda.gov/npk/main), which allows users to calculate the

amount of N, P and K removed in harvested crops. The database includes a large number of
commodities. For vegetables, data from the UC Bulletin "Nutrient composition of fresh California-
grown vegetables" (Howard et al., 1962) was used to populate the database. While values are from
California, the bulletin was published more than 50 years ago and may not fully represent modern

varieties grown in current systems. For fruits, the database is populated with values from the USDA
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publication "Composition of foods, fruits and fruit juices, raw, processed, prepared” (USDA, 1982),
which appears to be a precursor of the online Food Composition Database (see next paragraph).
(2) The USDA Food Composition Database (https://ndb.nal.usda.gov/ndb/foods), which includes protein

contents of the edible portion of fruits and vegetables. For commodities where the harvested parts are
identical to the edible parts, this database is a valuable resource, as it also includes information about
the sample size and the variability of the data. However, no background information about the

samples is available (e.g. origin or production method).

The International Plant Nutrition Institute (IPNI) Nutrient Removal Calculator

(https://www.ipni.net/app/calculator/home) used data compiled from a global dataset. The geographic

origin of the data is reported for some crops, but not the reference. For this report, we did not include data
from the IPNI database.
The crops that cumulatively occupy 99% of the irrigated acreage in the Central Valley were selected

based on USDA survey date for 2012 (https://quickstats.nass.usda.gov/; see Appendix 1).

Data analysis

Nitrogen concentrations are expressed in lbs/ton at a moisture content common for the commodities
at harvest. For vegetables and fruits, this is generally the fresh weight. Where appropriate, the moisture
content is given in the tables. This is mainly the case for field crops, where studies generally report N
concentration in the dry matter. These values were converted to dry matter at a common moisture content
at harvest for this report. For crops where cull is left in the field and only the marketable portion of the
yield leaves the field, the values in the table refer to the marketable yield. However, if separation of total
yield into marketable yield and cull takes place afterwards in a processing facility, the value in the table
refers to the total yield that was removed from the field. No adjustments were made to account for cull
that is not left behind in the field, with two exceptions: The value for almonds refers to the amount of N
removed with the entire fruit (shell, hull and kernel) expressed in tons of kernel yield. The other exception
is pistachios, where the N is expressed in Ibs/ton of dry yield (CPC). For perennial crops, the values
reported refer to N concentrations in harvested plant parts. Nitrogen removed with prunings or N
accumulated in perennial plant is not included. For a discussion about N accumulation in perennial
tissues of orchard trees, see "Nitrogen accumulation in permanent tissues of trees" below.

A number of studies and datasets reported crude protein. The standard method to measure crude
protein is to determine the N content of the material and multiply it by 6.25. This conversion factor reflects
the average N content of amino acids. An exception is wheat, where a conversion factor of N x 5.7 is
used to calculate its crude protein content (Undersander, 1993; Gwirtz et al., 2006). Unless the authors
reported a different factor, protein was converted to N with these factors.

For each commodity, we calculated the mean of each dataset and the weighted mean among
datasets. The weight of a dataset is determined by the number of observations. For example, a dataset

with 20 observations has 10 times more weight than a dataset with only two observations.

Page 6


https://ndb.nal.usda.gov/ndb/foods
https://www.ipni.net/app/calculator/home
https://quickstats.nass.usda.gov/

The measures of variability determined are standard deviation (SD) and range (smallest and largest
value in the dataset). The overall SD in this report represents the pooled SD across the different datasets
with more than one observation. If the distribution of the data is approximately normal, then about 68% of
the data values are within one SD of the mean, and about 95% are within two SD.

In this report, the pooled SD as well as the range need to be considered as estimates, since in some
studies the average values of multiple observations were reported without values for individual
observations. In these cases, the calculated SD and range tend to underestimate the true variability of the
dataset.

To facilitate comparison of different commaodities, we calculated the coefficient of variation (CV),
which is expressed as the SD in % of the mean. Using CV instead of SD simplifies comparison of the
variability among datasets with different means, even though variability of any dataset depends on the
design of the study and the number of factors included. For example, we would expect the variability to be
smaller for a variety trial that is completed at one site for one year compared with a variety trial that

includes multiple sites and years.

Presentation of the data

For a quick overview, the key data for each crop are presented in a box

in the top right corner of the page (Figure 1). The box contains the average N removal
value for N removed and the number of observations contributing to this 43 0
estimate. A dark green bar indicates that a majority of the values are from *
studies in California, while a light green bar is used for crops where data are @ ;;;IKZ?;UE
mainly from elsewhere. The variability of the data is included as the CV. Observations
For each commodity, two tables are included. The first lists the !_L
references, as well as the locations and years of the studies. Also included is 1 10 100 1000
the number of observations that contributed to the average. For example, if a Variability
study was completed at two sites over three years, then the number of !
observations would be 6 (i.e., 2 x 3). If three different varieties had been 0%  10%  20%
examined at each location, then the number of observations would be 18 CV (% of mean)

. . - Figure 1: Summary
(i.e., 2 sites x 3 years x 3 varieties). The second table presents the results of

the data analysis described above. box for wheat grain.

For each commodity, we describe the data sources and discuss the relevance of the dataset
including variability of the data. The assessment of the relevance is based on the study locations, sample
size and the years the samples were collected to give an indication how well the experimental conditions
represent current conditions in the Central Valley. When detailed data are available, we discuss the major

factors contributing to observed variability within or among different studies in the dataset.
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Results and discussion
Detailed analyses for specific crops can be found in the second part of this report. The following

sections provide a brief overview and highlight some general trends.

Data available for field crops

The availability of relevant data varies considerably among field crops. A very good dataset is
available for wheat from the annual UC variety trials conducted at several locations. Data from variety
trials in California were also available for hay from cool season grasses and oat, silage from sorghum,
wheat and triticale, as well as triticale grain. Some of these variety trials have not been carried out at
multiple locations or over several years. Annual variety trials are also conducted for triticale and barley. In
these cases however, the protein concentration in the grain is not determined. Variety trials are a valuable
source for representative N concentrations of plant parts harvested in the Central Valley. They also allow
for periodic updates of the dataset to take into account new varieties or changing production practices. In
collaboration with the trial management, it may be possible to include analyses of N concentrations when
this is not part of the standard protocol. One point that needs to be kept in mind is that variety trials may
underestimate the variability encountered among growers' fields, as the crops in the trials are grown
under rather uniform conditions which do not reflect the broader range of management practices found in
commercial fields.

Good datasets from California were also available for some other crops, namely alfalfa hay and
silage, corn silage, and cotton. For other field crops, very little information was available from California
and most values included in our analysis were from elsewhere. In these cases, the values reported may

not be a good estimate of the N concentration in crops harvested in the Central Valley.

Data available for vegetables

With few exceptions, very little data about N concentrations in vegetables were available from
California. One of the exceptions is processing tomatoes, where three studies reported values from
multiple sites in the Central Valley. Thanks to a study carried out in the Salinas Valley, an extensive
dataset for lettuce N concentrations was also available. However, no data from the Central Valley could
be found. For vegetables where the entire harvested plant part is edible, the USDA Food Composition
Database is a valuable resource. The database includes values for vegetables sold in the U.S. However,
no information is available about the origin of the samples analyzed. We also included values from the
NRCS Crop Nutrient Tool. For vegetables, as mentioned previously, the values in this online database
are taken from a publication by Howard et al. (1962). While the values are from California, the bulletin
was published more than 50 years ago and may not represent modern varieties grown with current
management practices.
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Data available for trees and vines

The amount of data available from California for tree crops varies considerably. Recent projects have
investigated the amount of N removed with almonds, pistachios and prunes in the Central Valley and
extensive datasets are available.

A good amount of data from California is also available for citrus, nectarines, raisins, and table
grapes. However, in some cases, the studies were carried out quite a while ago and few factors that
potentially affect N concentrations were investigated. For these crops, the database needs to be
expanded to obtain a robust dataset and to strengthen the confidence in the estimate.

For the other tree crops included in this report, few, if any, observations from California are available.

In these cases, the values reported may not be a good estimate for crops harvested in the Central Valley.

Nitrogen accumulation in permanent tissues of trees

In addition to the N removed with harvested fruits and nuts, N also accumulates in permanent tree
tissue, such as roots, trunk and branches. Nutrient contents of permanent tree tissues are most
commonly determined by excavating whole trees and analyzing tree parts. Only a few studies from
California are available:

Excavating 12-year old 'Nonpareil' almond trees in an orchard in Kern County, Muhammad et al.
(2015) found that the N content in permanent tissue increased between 20 and 40 Ibs/acre in one year.
Rufat and deJong (1998) excavated 7-year old 'O'Henry' peach trees in Winters. The total N in the trees
ranged from 50 to 65 Ibs/acre. Assuming a linear increase in perennial N over the years, this would
translate into an annual accumulation of 7-9 Ibs N/acre. Similarly, 15-year-old 'Hartely' walnut trees in an
Oakdale orchard contained 235 Ibs N/acre, which corresponds to an average annual increase of 16 Ibs
N/acre (Weinbaum et al., 1991; Weinbaum and van Kessel, 1998). In an orchard in Madera, 22-year old
'Kerman' pistachio trees contained between 303 and 415 Ibs N/acre, which corresponds to an increase of
15-21 Ibs N/acre per year (Rosecrance et al., 1996). In the same study the authors found that the total N
in permanent tissue decreased by 378 g/tree in an 'on' year, while it increased by 456 g during an 'off'
year. On average, this results in an increase of 39 g N/tree, or 11.6 Ibs N/acre per year. Based on this
short list of studies, the amount of N stored in permanent tree tissue most commonly increases by an
average of about 10 to 40 Ibs/acre each year. However, many factors, such as species, age, N
availability, current yield and previous year's yield, affect the amount of N that is newly stored in

permanent tissue each year.

Factors contributing to differences in N concentrations
A number of factors can affect the N concentration in harvested plant parts (Table 4). For most crops

included in this report, year of harvest, N availability and variety contributed most to the observed
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variability. These factors seem to affect N concentrations in field crops, vegetables and tree crops
equally.

When the variability across years is high, calculating the amount N removed based on yield and an
average N concentration provides a good estimate of the N removed when averaged over several years,
but may not accurately reflect the amount of N removed in a specific year.

In general, the N concentration seems to vary least in crops where only seeds with a low moisture
content are harvested. The variability tends to be higher when the entire plant is harvested. The N
concentration of crops that are harvested several times per year (e.g. hay and silage) can vary
considerably, as the season and the stage at which the plants are cut also affect N concentration.

The N concentration in straw varies considerably, more than for any other commodity. A major factor
affecting straw N concentration is the level of N fertilization. However, compared to grains, the amount of
N removed with straw of grain crops is small.

For stone fruits and possibly olives, the fruit size, which affects the proportion of flesh to pit, is an
important factor contributing to the variability in N concentrations in whole fruits. Another factor that may
affect N in fruits and nuts is the type of rootstock. However, hardly any information is available to test this
hypothesis.

For crops where the entire yield is removed from the field, but only the marketable yield is known, the
percentage of marketable yield also affects the accuracy of the estimated N removal, as N is also
removed with non-marketable fruits or vegetables (see "Data analysis" above for a more detailed

discussion).

Table 4: Major factors affecting N concentration in the harvested parts of crops.

Factor Crops likely affected

Year-to-year variability Most or all crops

Variety Most or all crops

Site (soil properties, local climate, crop Most or all crops

management)

N availability Most or all crops (small or no effect in beans and other
legumes)

Availability of other nutrients Most or all crops

Dry matter content of the harvested Silage, onions, possibly crops with low dry matter content

plant part when grown under deficit irrigation

Fruit size Stone fruits, olives

Percent marketable yield Crops where total yield is removed from fields, but only
marketable yield is reported

Growth stage when harvested Forage crops harvested for hay or silage

Season and stage when cut Hay and silage of crops that are cut multiple times each year

Rootstock Trees and vines
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Improving the dataset

The number of crops where an extensive dataset from the central Valley is available is relatively
small. For most crops, the dataset needs to be expanded with additional samples from Central Valley
fields for a robust estimate of the N concentrations in harvested plant parts.

For crops where a relatively good dataset from California is available, it may only be necessary to
collect a limited number of samples to include additional varieties or locations in the dataset.

For some crops, such as corn grain, sorghum grain or straw, little data are available from California,
while large datasets have been compiled elsewhere. In these cases, a sampling strategy could be to
sample a small number of fields first to determine whether the values from existing datasets are good
estimates for crops harvested in the Central Valley. If this is not the case, additional samples from a larger
number of fields may be needed for a representative estimate of their N concentrations in the Central
Valley.

For some crops, values from California are available, but the samples were collected decades ago or
represent only a very limited number of locations or varieties. In these cases, the dataset should be
updated and expanded. For many crops, however, few to no observations are available and a complete
dataset needs to be generated.

The variability of the N concentration also affects the sampling protocol. In general, the larger the
variability, the more fields need to be included in the sample for a robust and reliable estimate. When the
variability across years is high, samples need to be collected over a period of several years for a robust
estimate of the average N removed at harvest. By collecting background information, such as variety, N
application, yield, fruit size, or location, the major factors affecting N concentrations can be identified. This

information will be valuable to guide future improvements and refinements of the database.

Limitations

Nitrogen concentrations in harvested crop parts can vary considerably from one year to the next. For
a single year, the calculated amount of N removed, and thus the ratio between N applied to N removed,
may differ considerably from the actual amount or ratio. The high year-to-year variability supports the
Agricultural Expert Panel recommendation to evaluate the annual data on a multi-year basis (ITRC,
2014).

Calculating the amount of N removed based on yield and N concentration will underestimate the
amount of N removed for crops where cull or trash is removed from the field but not included in the
reported yield. For an accurate estimate of the total amount of N removed from the field, N in cull or trash
needs to be included (e.g. as a % of the N in the marketable portion of the yield).

For perennial crops, the value of N removed at harvest does not include N accumulation in perennial
tissue (e.g. trunk, roots, or branches). From the point of view of N budgeting, N accumulating in perennial
tissue over the years is no longer available and can be considered removed. An estimate of N
accumulation in perennial tissue needs to be added to the amount of N removed with harvested plant
parts.
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Alfalfa - Hay N removal
Data sources 62-3

Alfalfa hay samples were collected by Peter Robinson, Cooperative Extension Ibs N/ton

Specialist for Dairy Nutrition and Management at UC Davis. A total of 49 samples @ 12% moisture

were taken from commercial dairy farms in California between 1997 and 2011 Observations

(Robinson, 2011). The samples were analyzed for crude protein (CP) in the dry E‘_L

matter. For this report, the N concentrations were calculated by dividing crude 1 10 100 1000
. Variabhility

protein values by 6.25. J

Relevance 0% o 00 20%

CV (% of mean)

The dairies were not selected based on their silage quality and the samples were
taken fairly recently. Therefore, this set of samples can be considered to represent alfalfa hay quality in
California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Robinson, 2011 California 1997-2011 49

Overall 49

Summary statistics of alfalfa hay N removal data.

Source Summary (lbs N/ton @ 12% moisture)
Mean SD Range CV (%)
Robinson, 2011 62.3 7.8 49.3-82.5 12.5
Overall 62.3 7.8 49.3-82.5 125
Variability

While the range is relatively large, with the highest N concentration measured being almost twice as high

as the lowest value, the variability is intermediate with a CV of 12.5% of the mean.

The protein concentration of alfalfa decreases with maturity (Putnam et al., 2007). In field trials in northern
California, Orloff et al. (2002) found that the CP concentration decreased by 0.2 percent points per day as
alfalfa matured from the late vegetative pre-bud stage to full bloom. Crude protein concentration of alfalfa
also varies with season. Data collected over 3 years in Fresno County revealed that CP is highest in

spring for the first cutting, lowest in summer and intermediate in fall (Putnam et al., 2007).

Discussion
The dataset used for this report can be considered a very good estimate of alfalfa hay produced in

California. However, the samples were taken at the dairy operation and not in the field. Therefore, the hay
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may have been produced in different regions of the state. In general, alfalfa grown in the Central Valley

tends to have a higher N content than alfalfa grown under cooler conditions, such as in the Intermountain
area (Putnam, personal communication). To address this issue, the present dataset should be expanded
with values from Central Valley fields. To obtain a robust estimate of the average N content of alfalfa hay,

samples need to be taken from different cuts over a period of several years.
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Alfalfa - Silage N removal
Data sources 24.0
Alfalfa silage samples were collected by Peter Robinson, Cooperative Extension Ibs N/ton
Specialist for Dairy Nutrition and Management at UC Davis. A total of 6 samples @ 65% moisture
were taken from commercial dairy farms in California between 1997 and 2011 Observations
(Robinson, 2011). The samples were analyzed for crude protein (CP) in the dry !
matter. For this report, the N concentrations were calculated by dividing crude 1 10 100 1000
protein values by 6.25. LETEL
—
Relevance O‘VEV (%1(?]:A,mea rf)O%

The dairies were not selected based on their silage quality and the samples were

taken fairly recently. Therefore, this set of samples can be considered to represent alfalfa silage quality in
California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Robinson, 2011 California 1997-2011 6

Overall 6

Summary statistics of alfalfa silage N removal data.

Source Summary (lbs N/ton @ 65% moisture)
Mean SD Range CV (%)
Robinson, 2011 24.0 4.2 18.5-27.6 17.5
Overall 24.0 4.2 18.5 - 27.6 17.5
Variability

The variability is larger than for alfalfa hay, while the range of values is smaller. Both may be due to the
smaller number of silage samples included. Factors that contribute to the high variability are growth stage
when cut, harvest season and moisture content of the silage. In the samples analyzed by Peter Robinson,
the moisture content ranged from 25 to 40%.

Discussion

The dataset used for this report can be considered a very good estimate of alfalfa silage produced in
California. Due to its high moisture content, silage is not transported as far as hay; therefore, it is likely
that the silage samples analyzed were harvested in the Central Valley. However, due to the large

variability, a larger number of samples is needed for a robust estimate of the average amount of N
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removed with alfalfa silage. With only six samples, the sample size is currently too small and needs to be

increased to improve the confidence in the estimate.
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Barley — Grain

Data sources

Five data sources contributed to the analysis. Four samples of barley grain were

collected from commercial dairy farms in California between 1997 and 2011 by

Peter Robinson, Cooperative Extension Specialist for Dairy Nutrition and

Management at UC Davis (Robinson, 2011).

The majority of the observations came from two N rate trials conducted in

Colorado and Montana. The remaining two studies were carried out in Italy.

Relevance

Only four of the 61 observations came from California. However, with the

N removal

33.6

Ibs N/ton
@ 12% moisture
Observations
1 10 100 1000
Variability

-

0% 10% 20%
CV (% of mean)

exception of Albrizio et al. (2010), the average values for the different sources were very similar.

Therefore, the overall mean in the table may be an acceptable estimate of N concentrations found in

barley grain harvested in California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n
Robinson, 2011 California 1997-2011 4
Halvorson and Reule, 2007 Colorado 1 2001-05 3 18
Sainju et al., 2013 Montana 1 2006-11 6 24
Delogu et al., 1998 Italy 1 19987-89 3 9
Albrizio et al., 2010 Italy 1 2006-08 3 6
Overall 61
Summary statistics of barley grain N removal data.
Source Summary (lbs N/ton @ 12% moisture)
Mean SD Range CV (%)
Robinson, 2011 34.6 4.7 29.0-40.6 13.7
Halvorson and Reule, 2007 33.0 4.2 27.9-4438 12.9
Sainju et al., 2013 36.5 53 27.0-48.7 14.5
Delogu et al., 1998 34.1 5.8 28.4-40.0 17.0
Albrizio et al., 2010 22.2 3.7 19.6-24.9 16.8
Overall 33.6 4.9 19.6 - 48.7 14.6

Variability

The variability within individual studies is relatively large. Sainju et al (2013), as well as Delogu et al.

(1998) found a strong increase in grain N concentration with increasing N application rate. In contrast,
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Halvorson and Reule (2007) did not find a clear correlation between N application rate and grain N
concentration over the entire six years of the study. In all four studies included, N concentrations varied

considerably from one year to the next.

Discussion

Only few observations from California were available. Even though the average value reported here may
be an acceptable estimate of N concentrations found in barley grain harvested in California, it needs to be
confirmed with a larger set of samples collected from fields in the Central Valley. As barley grain N
concentration can vary considerably from one year to the next, the samples should be taken over a period

of several years to get a robust estimate of the average amount of N removed with barley grain.
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Barley - StraW N removal
Data sources 15.4
The largest dataset included in this report is a compilation of data from analyses Ibs N/ton
performed by the Alberta and Saskatchewan Feed Test Laboratories in Canada @ 12% moisture
(McCartney et al., 2006). The data reported by Mathison et al. (1999) is from a B
variety trial conducted in Alberta, Canada, which was carried out over two years at o

three locations. These two datasets combined contributed 97% of the 1 10 100 1000
observations. In addition, three other studies from Canada and a dataset from Variability
Wisconsin were included. All datasets reported crude protein content of barley E
straw to assess the nutritive value of straw as an animal feed. For this report, the O%CV (%1c?1:%mea nZ)O%

N concentrations were calculated by dividing crude protein values by 6.25. With
the exception of Mathison et al. (1999), the reports did not include information about barley management
in the field.

Relevance
A large proportion of the observations compiled for this analysis are from Canada. None are from

California. It is not possible to determine how well these values represent straw from California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Anderson and Hoffman, 2006 Wisconsin 3
Horton, 1978 Canada 1 1977 1 1
Horton and Seacy, 1979 Canada 1 1978 1 3
Kernan et al., 1979 Canada 4 1975/76 2 20
Mathison et al., 1999 Canada 4 1994/95 2 195
McCartney et al., 2006 Canada 1974-94 748
Overall 970

Summary statistics of barley straw N removal data.

Source Summary (Ibs N/ton at 12% moisture)
Mean SD Range CV (%)

Anderson and Hoffman, 2006 12.3 4.8 6.8-15.5 39.2
Horton, 1978 10.8

Horton and Seacy, 1979 10.9 4.8 7.9-165 443
Kernan et al., 1979 13.8 1.4 11.8-15.2 10.0
Mathison, 1999 12.4 3.0 9.9-16.9 24.5
McCartney et al., 2006 16.3 53 32.2
Overall 154 4.83 6.8-16.9 31.3
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Variability

As is the case with other types of straw, the N concentration in barley straw is highly variable. In their
variety trial, Mathison et al. (1999) found that the differences between locations were largest, with barley
type and year also significantly contributing to the overall variability. Another important factor not
investigated in the studies included in this report is N fertilization level and N availability.

In a study carried out in the UK, Murozuka et al. (2014) found that the N concentration in wheat straw
increased linearly from 5.6 to 12.5 Ibs/ton (0.32% to 0.71% in the dry matter) when the N application rate
increased from 43 to 257 Ibs/acre. A linear increase from 13.4-24.1 Ibs N/ton was also observed in rice
straw when N fertilization was increased stepwise from 0 to 214 Ibs/acre (Nori et al., 2008). The effect of
N fertilization on straw N concentration is especially pronounced at high levels, while low N application
rates ranging from 0 to 57 lbs/acre have been found to result in only a minor increase in durum wheat

straw N concentration (Tolera et al., 2007).

Discussion

Samples should be collected from Central Valley fields to determine whether the value in this report is a
good estimate for the Central Valley. Compared to other commaodities, the N concentration in straw varies
considerably. Therefore, for a robust average, a large number of samples need to be analyzed. Despite
the uncertainty in the value presented here, it is important to note that the amount of N removed with
straw is small compared to the N removed with grain. Assuming a harvest index of 0.5 (which means that
50% of the aboveground biomass is in the grains), only about 25% of the total N in the aboveground

biomass of barley is in the straw and stubble.
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Beans dry, Blackeye (Cowpea) N raroval
Data sources 73.0

The USDA Food Composition Database reports an average protein content based lbs N/ton

on 147 observations and thus has the most influence of any study on the @ 12% moisture

calculated average value. In addition, data from two studies carried out in South IR

Africa and Australia and one value from the NRCS Crop Nutrient Tool were
included. The values included here are for mature dry beans. Nitrogen in the pods 1 10 100 1000
Variability

and foliage are not included. For this report, the N concentrations were calculated

by dividing crude protein values by 6.25. !

0% 10% 20%
CV (% of mean)

Relevance
About 90% of the values contributing to the average N concentration came from the USDA Nutrient
Database. The values are similar to the one reported in the NRCS Crop Nutrient Tool, which is derived

from the UC Bulletin "Nutrient composition of fresh California-grown vegetables" (Howard et al., 1962).

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Muchow et al., 1993 Australia 2 1989-90 2 4

Sebetha et al., 2015 South Africa 3 2012-13 2 12

NRCS Crop Nutrient Tool 1

USDA Food Composition Database 147

Overall 164

Summary statistics of blackeye bean N removal data.

Source Summary (Ibs N/ton at 12% moisture)
Mean SD Range CV (%)

Muchow et al., 1993 73.2 6.3 67.6-80.6 8.6

Sebetha et al., 2015 64.1 4.7 56.3-70.7 7.3

NRCS Crop Nutrient Tool 72.8

USDA Food Composition Database 73.7 7.8 10.6

Overall 73.0 7.6 56.3 - 80.6 10.4
Variability

The range of values reported is relatively small. However, no range of the values included in the USDA
database is available. With a CV of 6.3% of the mean, the variability of the N concentration reported in
the studies and databases included is also relatively small. Sebetha et al. (2005) found that site and year

had a stronger effect on bean protein content than N application level.
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Discussion

With no recent values from California available, it is not possible to determine whether the observations
included in this report are a good estimate of the N concentration in blackeye beans harvested in the

Central Valley. A more robust estimate based on a representative sample from the Central Valley is
needed.
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soybean, mungbean and cowpea under contrasting environmental conditions. Field Crops Research 33, 13-36.
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Beans dry, Garbanzo (Chickpea)

N removal
Data sources 67.2
The USDA Food Composition Database contains protein concentrations from Ibs N/ton

garbanzo beans harvested between 2011 and 2012 in the Northern U.S. (Idaho,

Montana, North and South Dakota, as well as Washington), compiled by the

Northern Pulse Growers Association (http://northernpulse.com/) for the annual

Pulse Quality Survey. With 54 observations, this dataset contributes 50% of the

observations in our analysis. The other half is from six studies carried out all over

the world. The values included here are for mature dry beans. Nitrogen in the pods

and foliage are not included. For this report, the N concentrations were calculated

by dividing crude protein values by 6.25.

Data sources and number of observations.

@ 12% moisture
Observations

1 10 100 1000
Variability

-

0% 10% 20%
CV (% of mean)

Source Sites Years sampled  Observations
Location n Years n

Lee et al., 2011 Yolo, CA 1 2006 1 2

Ayaz et al., 2010 New Zealand 1 1998-2000 2 2
Kurdali et al., 1996 Syria 1 1994 1 1
Lépez-Bellido et al., 2004 Spain 1 1996-2001 4 32
Soltani et al., 2006 Iran 1 2004 1 3

Elias and Herridge, 2014 Australia 13 2006-07 2 14
USDA Food Composition Database Northern U.S. 54
Overall 108

Summary statistics of garbanzo bean N removal data.

Source Summary (Ibs N/ton at 12% moisture)
Mean SD Range CV (%)

Lee etal., 2011 58.8 2.3 57.1-60.4 3.9

Ayaz et al., 2010 49.3 3.5 46.8-51.7 7.1

Kurdali et al., 1996 71.1

Lopez Bellido et al., 2004 67.7 3.8 63.9-72.1 5.7

Soltani et al., 2006 73.4 51.0-95.7

Elias and Herridge, 2014 65.5 8.2 51.6-79.2 12.5

USDA Food Composition Database 65.5 9.2 53.1-72.6 14.1

Overall 67.2 7.6 46.8 - 95.7 11.3
Relevance

Only one study from California, contributing two observations is included in the dataset. However, in this

study beans were produced under adverse conditions (severe waterlogging; Lee et al., 2011). Therefore,
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it is not possible to determine the degree to which the average value in the table is representative for

garbanzo beans grown in the Central Valley.

Variability

The variability within individual studies is relatively small. However, across all studies, the range of values
reported is relatively large. In a study carried out over two years at 7 sites, both year and site contributed

to the variability (Elias and Herridge, 2014). A study carried out in Spain found little effect of N fertilization

levels, ranging from O to 130 Ibs/acre on bean protein content (Lopez-Bellido et al., 2004).

Discussion

With the data available it is not possible to determine whether the observations included in this report are
a good estimate of the N concentration in garbanzo beans harvested in the Central Valley. Only one
study from California, which was conducted under atypical conditions, is included here. Therefore, a more

robust estimate based on a representative sample from the Central Valley is needed.
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BeanS dry, Lima N removal

Data sources 72'3

The USDA Food Composition Database reports average protein concentration of Ibs N/ton

raw mature lima bean seeds based on 49 samples entered into the database @ 12% moisture

before 1986. A value for lima beans is also included in the NRCS Crop Nutrient CHESTETE

Tool, most likely taken from the UC Bulletin "Nutrient composition of fresh
California-grown vegetables" (Howard et al., 1962). In addition, two studies carried 1 10 100 1000
Variability

out in Egypt and Syria contributed a total of 25 observations and one value from
Peter Robinson was included. The values included here are for mature dry beans. !

Nitrogen in the pods and foliage are not included. For this report, the N 0% 10%  20%
CV (% of mean)

concentrations were calculated by dividing crude protein values by 6.25.

Relevance

While beans sold in the U.S. contribute two thirds of the samples included in this analysis, only two
samples are known to be from California (Robinson, 2011, NRCS Crop Nutrient Tool). However, as most
U.S lima beans are grown in California and imports are small (USDA ERS), the USDA Food Composition
Database most likely includes many samples from California. Therefore, the value in the table may be

reasonable estimate of N in lima beans harvested in California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Robinson, 2011 California 1 1997/2011 1 1

El Sheikh et al., 2012 Egypt 1 2008/09 2 24

USDA Food Composition Database 49

NRCS Crop Nutrient Tool 1

Overall 75

Summary statistics of lima bean N removal data.

Source Summary (Ibs N/ton @ 12% moisture)

Mean SD Range CV (%)
Robinson, 2011 65.3
El Sheikh et al., 2012 83.2 5.1 75.7-90.0 6.1
USDA Food Composition Database 67.3 3.2 4.7
NRCS Crop Nutrient Tool 63.3
Overall 72.3 3.90 63.3-90.0 5.4
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Variability

Bean seed N concentration does not vary much, the overall CV being 5% of the mean. However, the N
concentration in the beans harvested in Egypt is about 20% higher than the values reported by Peter
Robinson (2011) and in the two databases from the U.S. This may be due to different varieties or crop
management.

High fertilizer N application rates moderately increase N concentrations in bean seeds. El Sheikh et al.
(2012) found that the N concentration in lima bean seeds increased by 12-15% when the N application N

rate was increased from 106 to 218 Ibs/acre.

Discussion

The samples collected in the U.S. have similar N concentrations, while the beans grown in Egypt and
Syria have higher N concentrations. The value in the table may be reasonable estimate of N in lima
beans harvested in California. However, a more robust estimate based on a representative sample from

the Central Valley is needed.
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Corn - Grain N removal

Data sources 24.0

Ciampitti and Vyn (2012) synthesized data from 100 published studies, MS theses s Vi

and dissertations. Of these, 63 studies were from studies in the USA. The authors @ 15.5% moisture

divided their dataset into an old and new era. A total of 1775 observations from Observations

experiments between 1991 and 2011, the new era, were included in this report.
It's unlikely that studies completed in California contributed to the dataset as we SR RO
. . . . . . . . Variability
could not find published California studies reporting N concentrations in corn
. 20.8%

0% 10% 20%
CV (% of mean)

Relevance

The average amount of N removed with corn grain is 24 Ibs/ton at a moisture content of 15.5%. For
comparison, the NRCS Crop Nutrient Tool estimates the amount of N removed to be 27.8 Ibs/ton. With no
information available from California, it is not possible to determine the degree to which these values are

representative of corn grains harvested in California.

Variability

The analysis of the data from Ciampitti and Vyn (2012) reveals that corn grain N concentrations vary
considerably. However, half the values in their study were between 21.0 and 27.2 lbs N/ton. As their
dataset included values from around the world, the wide range is at least partly due to a presumably large
number of varieties included, diverse cropping systems and widely differing N application rates. Within

California, these factors will likely vary much less.

Data sources and number of observations.

Source Sites Years sampled Site x Years
Location n Years n n

Ciampitti and Vyn, 2012 Global 1991-2011 1775

Overall 1775

Summary statistics of corn grain N removal data.

Source Summary (Ibs N/ton @ 15.5% moisture)

Mean SD Range CV (%)
Ciampitti and Vyn, 2012 24.0 5.0 6.0-53.6 20.8
Overall 24.0 5.0 6.0 - 53.6 20.8
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Discussion

Corn grain samples should be collected from Central Valley fields to determine whether the value in this
report is a good estimate for California. With small grains, N application rate and variety both influence
grain N concentration, and concentrations can differ considerably between one year and the next. It is
likely that these factors also affect corn grain N concentration. Therefore, samples should be taken from

fields in the major growing areas of the Central Valley over a period of several years.
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Corn - Silage N removal

Data sources 7_56

A total of 71 observations from two California sources were included in the report. Ibs N/ton

In summer 2014, Heguy and Silva-del-Rio from UC Cooperative Extension visited @ 70% moisture

20 San Joaquin Valley dairy farms during corn silage harvest, and collected a e

composite sample from five truckloads of corn silage for nutrient analysis. From !‘_L
1997 to 2011, Peter Robinson, Cooperative Extension Specialist for Dairy Nutrition 1 10 100 1000
Variability

and Management at UC Davis, collected samples from commercial dairy farms. In

both cases, the silage was analyzed for crude protein. !_‘

0% 10% 20%
CV (% of mean)

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Heguy and Silva-del-Rio, 2014 California 20 2014 1 20

Robinson, 2011 California 1997-2011 52

Overall 72

Summary statistics of corn silage N removal data.

Source Summary (Ibs N/ton @ 70% moisture)
Mean SD Range CV (%)
Heguy and Silva-del-Rio, 2014 7.39 0.58 6.0-8.4 7.8
Robinson, 2011 7.62 0.87 5.0-10.4 11.3
Overall 7.56 0.80 5.0-10.4 10.5
Relevance

As the dairy farms were not selected based on their silage quality, this set of samples can be considered

a very good estimate of corn silage quality in California.

Variability

The variability of the data is intermediate with a CV of 10.6% of the mean. Since the samples were
collected from a large number of farms in different years, such variability can be expected. A factor that
will contribute to variability is the moisture content of the silage, since it ranged from 60 to 81% in the two

datasets.

Discussion
Since the samples were recently collected from dairy farms in the Central Valley, they can be considered
a very good estimate of Central Valley corn silage. With a total of 71 samples, the sample size is relatively

large.
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Cotton

Data sources

The main source of data is from an N rate trial carried out at different locations in
Fresno and Kings County between 1998 and 2000 (Fritschi et al., 2003, 2004).

Both Pima and Acala cotton varieties were included. Result from three other

studies, carried out in Israel, Greece and Syria were also included in this report.

Relevance

The California study has been carried out at several locations in the main cotton

growing area of the Central Valley. Its results can be considered a very good

estimate of the N concentration in cotton from the Central Valley.

Data sources and number of observations.

N removal

43.7

Ibs N/ton
lint & seed
Observations
1 10 100 1000
Variabhility

T

0% 10% 20%
CV (% of mean)

Source Sites Years sampled  Observations
Location n Years n

Acala

Fritschi et al., 2003, 2004b California 1998-2000 3 20

Halevy et al., 1987 Israel 1 1980-85 5 25
Pima

Fritschi et al., 2003, 2004b California 1 1999-2000 2 7
Other studies

Stamatiadis et al., 2016 Greece 2008/09 2 18

Janat, 2008 Syria 1 2011 1 10
Overall 80

Summary statistics of cotton N removal data.
Source Summary (Ibs N/ton lint & seed)
Mean SD Range CV (%)

Acala

Fritschi et al., 2003, 2004b 47.3 9.6 26.3-63.2 20.2

Halevy et al., 1987 47.4 7.3 39.5-54.5 15.5
Pima

Fritschi et al., 2003, 2004b 33.1 6.9 23.3-41.0 20.9
Other studies

Stamatiadis et al., 2016 44.8 1.7 43.0-46.4 3.8

Janat, 2008 32.6 1.5 30.5-35.1 4.5
Overall 43.7 12.9 23.3-63.2 29.5
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Summary statistics of cotton N removal data expressed in Ibs N/ ton of lint.

Summary (Ibs N/ton lint)
Mean SD Range CV (%)
Overall 120 36.2 67.9 - 183.8 30.2

Variability

Suboptimal N availability can result in lower N concentrations in cotton seeds (Halevy et al., 1976). In
contrast, Fritschi et al. (2004) did not find a clear effect of N level, ranging from 0 to 200 Ibs/acre in their
study carried out in Fresno and Kings county. The data suggests that the N concentration in Pima cotton
may be lower than that of Acala cotton. However, a paired comparison did not indicate a significant
difference. With only seven observations where both types were grown in the same year at the same

location, the dataset for this comparison was very small.

Discussion

When cotton is harvested, lint and seeds are removed from the field. Across all datasets, 43.7 Ibs N were
removed from the field per ton of lint and seed. When yield is expressed in tons of lint, about 120 Ibs are
removed from the field. This conversion is based on the average gin turnout reported in these studies of
36.8%. The values reported in the California study can be considered a good estimate of N concentration
in California cotton. However, given the large variability of the data, the sample size is rather small.
Therefore, additional samples need to be taken over a period of several years from fields located in the
main growing areas in the Central Valley to generate a robust estimate of the N removed per unit yield
and provide information about the dominant factors contributing to the variability of this estimate. A larger

dataset is also needed to determine whether Acala and Pima cotton truly differ in their N removal.

References

Fritschi, F.B., Roberts, B.A., Travis, R.L., Rains, D.W., Hutmacher, R.B., 2003. Response of irrigated Acala and Pima
cotton to nitrogen fertilization: growth, dry matter partitioning, and yield. Agronomy Journal 95, 133-146.

Fritschi, F.B., Roberts, B.A., Travis, R.L., Rains, D.W., Hutmacher, R.B., 2004. Seasonal nitrogen concentration,
uptake, and partitioning pattern of irrigated Acala and Pima cotton as influenced by nitrogen fertility level. Crop
Science 44, 516-527.

Halvey, J. 1976. Growth rate and nutrient uptake of two cotton cultivars grown under irrigation. Agronomy Journal 68,
701-705.

Janat, M., 2008. Response of Cotton to Irrigation Methods and Nitrogen Fertilization: Yield Components, Water-Use
Efficiency, Nitrogen Uptake, and Recovery, Communications in Soil Science and Plant Analysis 39, 2282-2302.

Stamatiadis, S., Tsadilas, C., Samaras, V., Schepers, J.S., Eskridge, K., 2016. Nitrogen uptake and N-use efficiency
of Mediterranean cotton under varied deficit irrigation and N fertilization. European Journal of Agronomy 73, 144-
151.

Page 33



FeSCue, ta” - Hay N removal

Data sources 50.8

The data are from a UC Davis cool season grass trial carried out between fall

2005 and 2008 in Davis. The trial included 26 tall fescue varieties. Each year, the @ ;s;l\z:)?;ure
grasses were cut 3-4 times and analyzed for crude protein. For this report, the N Observations
concentrations were calculated by dividing crude protein values by 6.25. !

1 10 100 1000
Relevance Variabhility
The trial was carried out in Davis with a large number of relevant varieties over a !‘
period of three years. The trial was fertilized for maximum yield. As growers often 0% ~ 10%  20%

CV (% of mean)

tend to underfertilize hayfields, the average value in the table may overestimate
the N concentrations found in tall fescue hay produced in the Central Valley (Putnam, personal

communication).

Data sources and number of observations.

Source Sites Years sampled  Observations

Location Years n

>

UC Davis Grass Cultivar Trial

Cut: May 23 Davis 1 2006 1 26
Cut: June 22 Davis 1 2006 1 26
Cut: Aug. 28 Davis 1 2006 1 26
Cut: May 15 Davis 1 2007 1 26
Cut: June 22 Davis 1 2007 1 26
Cut: July 30 Davis 1 2007 1 26
Cut: Aug. 28 Davis 1 2007 1 26
Cut: April 18 Davis 1 2008 1 26
Cut: May 20 Davis 1 2008 1 26
Cut: Aug. 8 Davis 1 2008 1 26
Overall 1 2006-2008 3 260
Variability

Several factors contribute to the variability of hay N concentrations, including variety, growth stage when
cut, season, N fertilization level, and environmental conditions (e.g. soil type, location and weather). In the
cool season grass trial, year of study (which is mainly experienced by the crop as weather variability),
season when cut and variety had strong effects on N concentration in the hay. With a CV of 16.2% of the
mean the variability was relatively high, especially when considering that the trial was carried out at only
one location with uniform N management and likely optimal cutting stage. It can be expected that the
variability among samples collected from growers' fields is much larger, especially due to the differences
in N management and cutting stage.
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Summary statistics of tall fescue hay N removal data.

Source Summary (lbs N/ton at 12% moisture)
Mean SD Range CV (%)
UC Davis Grass Cultivar Trial
Cut: May 23 55.8 4.88 49.0-65.0 8.8
Cut: June 22 59.6 4.08 48.7-67.0 6.9
Cut: Aug. 28 61.8 4.41 54.6-70.1 7.1
Cut: May 15 54.4 5.48 47.6-65.6 10.1
Cut: June 22 43.4 5.78 33.7-56.3 13.3
Cut: July 30 50.4 6.72 40.0-65.3 13.3
Cut: Aug. 28 53.2 4.10 44.5-62.5 7.7
Cut: April 18 43.4 2.92 37.2-47.9 6.7
Cut: May 20 43.1 3.37 36.0 - 48.7 7.8
Cut: Aug. 8 43.5 3.67 37.7-49.8 8.4
Overall 50.8 8.24 33.7-70.1 16.2
Discussion

Having been fertilized for maximum yield, the trial results may somewhat overestimate the average N
concentration in tall fescue hay produced in the Central Valley. The results may not fully capture the
variability of hay produced in growers' fields in the Central Valley, as factors such as N application rate
and growth stage when harvested vary much more in growers' fields. A relatively large number of
samples would need to be collected from multiple fields across the Central Valley over a period of several

years for a good assessment of the range of N concentration found in hay produced in the Central Valley.

References
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Oat — Grain

Data sources

Four studies from the U.S., Canada and Germany were included for this analysis.

The total number of observations is 134, with the two studies from Pennsylvania

and Canada contributing more than 90% of the observations.

Relevance
The dataset does not include observations from California. It is therefore not
possible to determine how well these values represent N concentrations in oat

grains grown in the Central Valley.

Variability

N removal

37.7

Ibs N/ton
@ 12% moisture
Observations

1 10 100 1000
Variability

o

0% 10% 20%
CV (% of mean)

Buckley et al. (2010) conducted a study in Manitoba at two locations over two years with three varieties

and four N levels. Location had by far the strongest effect on the observed differences in N

concentrations, followed by N application rate. In contrast, Youngs (1972) found large differences among

varieties.

Data sources and number of observations.

Source Sites Years sampled

Location n Years n
Marshall and Kolb, 1986 Pennsylvania 2 1974-75 2
Youngs, 1972 Wisconsin 1 1970 1
Buckley et al., 2010 Canada 2 2001-02 2
Franke et al., 1999 Germany 1 1998 1
Overall

Observations

64
7
60
3
134

Summary statistics of oat grain N removal data.

Source Summary (Ibs N/ton at 12% moisture)
Mean SD Range CV (%)
Youngs, 1972 36.1 7.7 29.3-47.9 21.3
Marshall and Kolb, 1986 42.0 3.5 34.6 - 50.7 8.3
Buckley et al., 2010 33.2 3.0 26.5-38.9 9.0
Franke et al., 1999 39.4 53 34.3-44.8 13.4
Overall 37.7 3.61 26.5 - 50.7 9.6
Discussion

The values in the table may not be representative of oat grown in California. Samples need to be taken

over a period of several years from fields located in the main growing areas in the Central Valley to
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generate a robust estimate of the N removed per unit yield and provide information about the dominant

factors contributing to the variability of the estimate.
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Oat — Straw

Data sources

Datasets from California, Wisconsin and Canada were included, with more than

98% of the 526 observations being from Canada. All datasets reported crude

protein content of oat straw in order to assess the nutritive value of straw as an

animal feed. For this report, the N concentrations were calculated by dividing

crude protein values by 6.25. The reports did not include information that would

allow analysis of the effects of crop management on crude protein.

Relevance

With no information available on crop management and only two observations

N removal

14.8

Ibs N/ton
@ 12% moisture
Observations

1 10 100 1000
Variability

T

0% 10% 20%
CV (% of mean)

from California, it is not possible to determine the degree to which these values represent oat straw

produced in California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location Years n
Robinson, 2011 California 1997-2011 2
Anderson and Hoffman, 2006 Wisconsin 9
Horton, 1978 Canada 1977 1 1
Horton and Seacy, 1979 Canada 1978 1 3
Kernan et al., 1979 Canada 1975/76 2 12
McCartney et al., 2006 Canada 1974-94 499
Overall 526
Summary statistics of oat straw N removal data.
Source Summary (lbs N/ton at 12% moisture)
Mean SD Range CV (%)
Robinson, 2011 15.2 11.2 7.3-23.1 73.3
Anderson and Hoffman, 2006 13.5 4.3 7.0-20.0 31.6
Horton, 1978 6.1
Horton and Seacy, 1979 7.3 0.6 6.7-7.7 7.8
Kernan et al., 1979 10.9 0.6 10.4-11.5 5.4
McCartney et al., 2006 15.0 5.2
Overall 14.8 5.2 6.1-23.1 34.7

Variability

As is the case with other types of straw, the N concentration in oat straw is highly variable. Horton and

Seacy (1979) and Kernan et al. (1979) found differences between oat varieties. A dominant factor
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contributing to the variability is N fertilization level and overall N availability. See barley straw for a more

detailed discussion about the effects of N availability on straw N content.

Discussion

Samples should be collected from Central Valley fields to determine whether the average value of this
analysis is a good estimate for California. Compared to other commodities, the N concentration in straw
varies considerably. Therefore, for a robust average, a large number of samples need to be analyzed.
Despite the uncertainty in the value presented here, it is important to note that the amount of N removed
with straw is small compared to the N removed with grain. Assuming a harvest index of 0.5 (which means
that 50% of the aboveground biomass is in the grains), only about 20% of the total N in the aboveground

biomass of oat is in the straw and stubble.
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Oa.t - Hay N removal
Data sources 21.7

Values from two sources were included in the report. From 1997 to 2011, Peter Ibs N/ton

Robinson, Cooperative Extension Specialist for Dairy Nutrition and Management @ 12% moisture

at UC Davis, collected samples from commercial dairy farms (Robinson, 2011). Ll

Second, a UC Davis variety trial was carried out in 1999 at three sites in Yolo and j!‘_L

Kings County (Qualset et al., 2012). At each site, 13 to 14 new and traditional 1 10 100 1000
varieties were grown and harvested at two to three different stages, ranging from Variability
Feekes stage 10.4 to 10.9 (heading ¥ complete to kernels watery ripe). Both E
reports contained values for crude protein in the dry matter. For this report, the N 0% 10%  20%

CV (% of mean)

concentrations were calculated by dividing crude protein values by 6.25. The
statistical analyses in this report were performed on the average crude protein contents of the different

harvest stages.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Qualset et al., 2012 California 2 1999 1 40

Robinson, 2011 California 1997-2011 9

Overall 49

Summary statistics of oat hay N removal data.

Source Summary (Ibs N/ton at 12% moisture)
Mean SD Range CV (%)
Qualset et al., 2012 22.2 4.1 16.3-29.3 18.4
Robinson, 2011 19.3 3.3 14.6-25.6 17.0
Overall 21.7 4.0 14.6 - 29.3 18.2
Relevance

The dataset includes values from different locations in California and relevant varieties. Therefore, the
average N concentration of the dataset in the table can be considered a good estimate of N
concentrations found in oat hay produced in the Central Valley, as varieties and crop management are

likely similar across the valley.

Variability
The variability within each of the two datasets is relatively large. Several factors contribute to the
variability of hay N contents, including variety, growth stage and season when cut, N fertilization level,

and environmental conditions (e.g. soil type, location and weather). In the UC variety trial, the N
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concentration dropped by 25-30% between stage 10.4 and 10.9, indicating that the growth stage at which

hay is harvested has a large impact on N concentration (Qualset et al., 2012).

Discussion
The two datasets combined provide a good estimate of the average N concentration in oat hay produced
in the Central Valley. To improve the estimate, a relatively large number of samples would need to be

collected from different fields across the Central Valley over a period of several years.
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Orchard Grass — Hay N removal
Data sources 54. 5

The data is from a UC Davis cool season grass trial carried out between fall 2005

and 2008 in Davis. The trial included 6 orchard grass varieties. Each year, the @ :Lls;r:rl:)ci)sr"cure
grasses were cut 3-4 times and analyzed for crude protein. For this report, the N R
concentrations were calculated by dividing crude protein values by 6.25. E‘_L

1 10 100 1000
Relevance Variability
The trial was carried out in Davis with a large number of relevant varieties over a !
period of three years. The trial was fertilized for maximum yield. As growers often 0% ~ 10%  20%

CV (% of mean)

tend to underfertilize hayfields, the average value in the table may overestimate
the N concentrations found in tall fescue hay produced in the Central Valley (Putnam, personal

communication).

Data sources and number of observations.

Source Sites Years sampled  Observations

Location Years n

>

UC Davis Grass Cultivar Trial

Cut: May 23 Davis 1 2006 1 6
Cut: June 22 Davis 1 2006 1 6
Cut: Aug. 28 Davis 1 2006 1 6
Cut: May 15 Davis 1 2007 1 6
Cut: June 22 Davis 1 2007 1 6
Cut: July 30 Davis 1 2007 1 6
Cut: Aug. 28 Davis 1 2007 1 6
Cut: April 18 Davis 1 2008 1 6
Cut: May 20 Davis 1 2008 1 6
Cut: Aug. 8 Davis 1 2008 1 6
Overall 1 2006-2008 3 60
Variability

Several factors contribute to the variability of hay N concentrations, including variety, growth stage when
cut, season, N fertilization level, and environmental conditions (e.g. soil type, location and weather). In the
cool season grass trial, year of study (which is mainly experienced by the crop as weather variability),
season when cut and variety had strong effects on N concentration in the hay. With a CV of 20% of the
mean the variability was relatively high, especially when considering that the trial was carried out at only
one location with uniform N management and likely was cut at the optimal stage. It can be expected that
the variability among samples collected from growers' fields is much larger, especially due to the

differences in N management and cutting stage.
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Summary statistics of orchard grass hay N removal data.

Source Summary (Ibs N/ton at 12% moisture)
Mean SD Range CV (%)
UC Davis Grass Cultivar Trial
Cut: May 23 65.7 4.86 58.9-70.1 7.4
Cut: June 22 66.7 5.69 60.5-73.8 8.5
Cut: Aug. 28 72.0 3.76 65.6-76.3 5.2
Cut: May 15 54.6 6.24 50.1-67.0 11.4
Cut: June 22 43.4 4.24 39.7-49.6 9.8
Cut: July 30 48.4 6.83 42.0-61.4 14.1
Cut: Aug. 28 52.6 6.14 46.2 - 60.5 11.7
Cut: April 18 53.4 2.67 48.7 - 56.6 5.0
Cut: May 20 42.7 3.27 38.0-47.9 7.7
Cut: Aug. 8 45.4 2.59 41.7 - 48.7 5.7
Overall 54.5 10.88 38.0-76.3 20.0
Discussion

Having been fertilized for maximum yield, the trial results may somewhat overestimate the average N
concentration in orchard grass hay produced in the Central Valley. The results may not fully capture the
variability of hay produced in growers' fields in the Central Valley, as factors such as N application rate
and growth stage when harvested vary much more in growers' fields. A relatively large number of
samples would need to be collected from a large number of fields across the Central Valley over a period
of several years for a good assessment of the range of N concentrations found in hay produced in the

Central Valley.
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Perennial Ryegrass — Hay N removai

Data sources 54.9

The data is from a UC Davis cool season grass trial carried out between fall 2005 lbs N/ton

and 2008 in Davis. The trial included 6 perennial ryegrass varieties. Each year, the @ 12% moisture

grasses were cut 3-4 times and analyzed for crude protein. For this report, the N e

concentrations were calculated by dividing crude protein values by 6.25. !‘_L

1 10 100 1000
Relevance Variability
The trial was carried out in Davis with a large number of relevant varieties over a !‘
period of three years. The trial was fertilized for maximum yield. As growers often R

CV (% of mean)

tend to underfertilize hayfields, the average value in the table may overestimate
the N concentrations found in tall fescue hay produced in the Central Valley (Putnam, personal

communication).

Data sources and number of observations.

Source Sites Years sampled  Observations

Location Years n

>

UC Davis Grass Cultivar Trial

Cut: May 23 Davis 1 2006 1 6
Cut: June 22 Davis 1 2006 1 6
Cut: Aug. 28 Davis 1 2006 1 6
Cut: May 15 Davis 1 2007 1 6
Cut: June 22 Davis 1 2007 1 6
Cut: July 30 Davis 1 2007 1 6
Cut: Aug. 28 Davis 1 2007 1 6
Cut: April 18 Davis 1 2008 1 6
Cut: May 20 Davis 1 2008 1 6
Cut: Aug. 8 Davis 1 2008 1 6
Overall 1 2006-2008 3 60
Variability

Several factors contribute to the variability of hay N concentrations, including variety, growth stage when
cut, season, N fertilization level, and environmental conditions (e.g. soil type, location and weather). In the
cool season grass trial, year of study (which is mainly experienced by the crop as weather variability),
season when cut and variety had strong effects on N concentration in the hay. With a CV of 16.2% of the
mean the variability was relatively high, especially when considering that the trial was carried out at only
one location with uniform N management and likely optimal cutting stage. It can be expected that the
variability among samples collected from growers' fields is much larger, especially due to the differences

in N management and cutting stage.
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Summary statistics of perennial ryegrass hay N removal data.

Source Summary (lbs/ton at 12% moisture)
Mean SD Range CV (%)
UC Davis Grass Cultivar Trial
Cut: May 23 63.3 5.02 58.0-71.8 7.9
Cut: June 22 60.3 2.87 56.9 - 65.0 4.8
Cut: Aug. 28 71.8 4.35 64.8-75.8 6.1
Cut: May 15 53.7 3.59 49.6 - 58.9 6.7
Cut: June 22 43.1 4.44 36.2-48.2 10.3
Cut: July 30 52.5 7.13 46.5-63.9 13.6
Cut: Aug. 28 54.4 4.72 46.5 - 60.8 8.7
Cut: April 18 51.2 4.47 43.9-55.5 8.7
Cut: May 20 45.6 2.28 42.5-49.6 5.0
Cut: Aug. 8 53.3 7.52 38.9-60.5 14.1
Overall 54.9 9.21 36.2-75.8 16.8
Discussion

Having been fertilized for maximum yield, the trial results may somewhat overestimate the average N
concentration in tall perennial ryegrass hay produced in the Central Valley. The results may not fully
capture the variability of hay produced in growers' fields in the Central Valley, as factors such as N
application rate and growth stage when harvested vary much more in growers' fields. A relatively large
number of samples would need to be collected from a large number of fields across the Central Valley
over a period of several years for a good assessment of the range of N concentration found in hay

produced in the Central Valley.
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Safflower

Data sources

Seven studies reporting N in safflower seeds were identified and included. One
study from California, carried out at UC Davis, was included. Nitrogen removal
data for this study was obtained directly from the lead author. Two studies were
carried out in Montana, two in Greece and one in Iran. A study comparing the
seed composition of different varieties was also included (Guggolz et al., 1968).
While the authors are from California, the origin of the seeds is not clear. One
value from the NRCS Crop Nutrient Tool was also included for a total of 149

observations.

Data sources and number of observations.

N removal

56.8

Ibs N/ton
@ 8% moisture
Observations

1 10 100 1000
Variability

20.0%

0% 10% 20%
CV (% of mean)

Source Sites Years sampled  Observations
Location n Years n

Cavero et al., 1999 California 1 1994-95 2 12
Haby et al., 1982 Montana 2 1977-78 2 24
Lenssen et al., 2007 Montana 1 2000-03 4 8
Guggolz et al., 1968 1967 48
Koutroubas et al, 2004 Greece 1 1998-99 2 20
Dordas and Sioulas, 2009 Greece 1 2004-05 2 12
Shahrokhnia and Sepaskhah, 2016 Iran 1 2013-14 2 24
NRCS Crop Nutrient Tool 1
Overall 149

Summary statistics of safflower N removal data.

Source Summary (lbs N/ton at 8% moisture)
Mean SD Range

Cavero et al., 1999 48.8 7.1 34.8-58.6
Haby et al., 1982 63.1 7.2 48.9-71.2
Lenssen et al., 2007 59.5 2.9 57.0-63.7
Guggolz et al., 1968 54.9 6.4 45.3-66.2
Koutroubas et al, 2004 77.2 25.5 47.2 -109.3
Dordas and Sioulas, 2009 40.6 6.1 33.8-45.7
Shahrokhnia and Sepaskhah, 2016 49.0 6.1 36.6-59.4
NRCS Crop Nutrient Tool 49.2

Overall 56.8 11.4 33.8-109.3

v (%)

14.6
11.4
4.9
11.6
33.0
15.1
12.5

20.0
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Relevance
One study from California, carried out at one site, was included. The N concentration in this study was
lower than the average across all studies included in this analysis. Therefore, the average value reported

here may not be representative of N concentrations in safflower seeds from California.

Variability

The variability within and among studies was uncharacteristically large for a crop where only seeds are
harvested. Year of harvest has a very strong effect on N concentration in safflower seeds. Increasing N
application rates also tends to result in higher N concentrations in the seeds (Haby et al., 1982; Dordas
and Sioulas, 2009; Shahrokhnia and Sepaskhah, 2016). Differences among varieties were also observed
(Guggolz et al., 1968; Koutroubas et al, 2004).

Discussion

The N concentration in safflower seeds can vary considerably. With only one study available from
California, it is not possible to determine how well these values represent safflower N removal from
California. Samples should be collected from Central Valley fields to determine whether the value in this
report is a good estimate for safflower harvested in the Central Valley. For a robust estimate, samples

need to be taken over a period of several years.
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Sorghum - Grain N removal

Data sources 33.0

No published studies from California reporting N concentration in sorghum grain Tes [

were available. Ciampitti and Vara Prasad (2016) synthesized data from 13 @ 13.5% moisture

published studies, MS theses and dissertations. Of these, 8 studies were from Observations

trials in the U.S., namely from Kansas, Nebraska and Texas. The dataset included !
1 10 100 1000
Variability

Relevance m

. . 0% 10%  20%
The average amount of N removed is 33 Ibs/ton at a moisture content of 13.5%. CV (% of mean)

a total of 256 observations.

For comparison, the NRCS Crop Nutrient Tool estimates the amount of N
removed to be 32.3 Ibs/ton. With no information being available from California, it is not possible to

determine the degree to which these values are representative of sorghum grains harvested in California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Ciampitti and Vara Prasad, 2016 Global 1965-2017 256

Overall 256

Summary statistics of sorghum grain N removal data.

Source Summary (lbs N/ton @ 13.5% moisture)
Mean SD Range CV (%)
Ciampitti and Vara Prasad, 2016 33.0 9.80 10.4-74.0 29.7
Overall 33.0 9.80 10.4-74.0 29.7
Variability

The analysis of the data from Ciampitti and Vara Prasard (2016) reveals that sorghum grain
concentrations can vary considerably with the highest value being more than seven times the lowest
value and the CV of the dataset being 29.7% of the mean. However, half the values in their study were
between 25.0 and 38.4 Ibs N/ton.

Discussion
The N concentration in sorghum grain can vary considerably. With no recent data available from
California, it is not possible to determine how well these values are a good estimate of sorghum N

removal from California. Samples should be collected from Central Valley fields to determine whether the
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value in this report is a good estimate for sorghum grains harvested in the Central Valley. For a robust
estimate, samples need to be taken over a period of several years.
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Sorghum — Silage N removai

Data sources 7.34

The data included in this report are from a variety trial conducted at two locations

in Fresno County over three years. A large number of varieties were included. @ (;:;,I\rlr{:s:ure
With no information available about the most widely used sorghum varieties in SHEE TS
California, the entire dataset from the trial was used in this report. As protein !L
content was reported, it was divided by 6.25 to calculate N values for this report. 1 10 100 1000
Variability

Relevance m

The trial was carried out at two locations in the Central Valley with a large number 0% ~10%  20%
CV (% of mean)

of varieties over a period of three years. The average N concentration can be

considered a good estimate of N concentrations found in sorghum silage produced in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled Observations
Location n Years n

Dahlberg et al., 2015 Fresno 2 2015 1 72

Dahlberg et al., 2014 Fresno 2 2014 1 84

Dahlberg et al., 2013 Fresno 2 2013 1 104

Overall 260

Summary statistics of sorghum silage N removal data.

Source Summary (Ibs N/ton @ 65% moisture)
Mean SD Range CV (%)
Dahlberg et al., 2015 8.08 1.37 6.0-11.9 16.9
Dahlberg et al., 2014 6.93 1.61 3.9-10.0 23.2
Dahlberg et al., 2013 7.16 1.46 45-95 20.3
Overall 7.34 1.55 3.9-11.9 21.0
Variability

With the large number of varieties included, it's not surprising that the factor variety contributed more to
the overall variability than year of study. Other factors that may contribute to the variability of silage N
concentrations include growth stage when cut and N fertilization level. In the trials included here, these
factors most likely varied less than they do among growers' fields, thus underestimating the overall

variability in sorghum silage N concentration.
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Discussion

The trial provides a good estimate of the average N concentration in sorghum silage produced in the
Central Valley. The results may not capture the variability of hay produced in growers' fields in the Central
Valley, as factors such as N application rate and growth stage when harvested vary much more in
growers' fields. A relatively large number of samples would need to be collected from fields across the
Central Valley over a period of several years for a robust estimate of the range of N concentrations in

sorghum silage produced in the Central Valley.
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Sunflower

Data sources

The dataset consists of ten studies and the NRCS Crop Nutrient Tool for a total of

208 observations. Roughly half of the observations were from the U.S, but none

from California. Most studies compared different fertilizer application rates.

Relevance

With no data available from California, it is not possible to determine how well

these values represent sunflower N removal from California.

Data sources and number of observations.

N removal

54.1

lbs N/ton
@ 8% moisture
Observations

1 10 100 1000
Variability

_—

CV (% of mean)

0% 10% 20%

Source Sites Years sampled  Observations
Location n Years n

Deibert and Utter, 1989 North Dakota 1 1985-86 2 8
Narem, 1982 South Dakota 11 1980-81 2 55
Mathers and Stewart, 1982 Texas 1 1975-76 2 30
Robinson, 1973 Minnesota 1 1970-71 2 2
Steer et al., 1986 Australia 2 1981-82 2 17
Blamey and Chapman, 1981 South Africa 1 1975-77 4 16
Adrianasolo et al., 2016 France 1 2011-12 2 16
Scheiner et al., 2002 Argentina 2 1996 1 24
Ozer et al., 2004 Turkey 1 1998-99 2 20
Gholamhoseini et al., 2013 Iran 1 1996-97 2 18
NRCS Crop Nutrient Tool 2
Overall 208

Summary statistics of sunflower N removal data.

Source Summary (Ibs N/ton @ 8% moisture)
Mean SD Range CV (%)

Deibert and Utter, 1989 56.1 3.11 53.4-60.7 5.5
Narem, 1982 51.7 4.54 35.9-60.4 8.8
Mathers and Stewart, 1982 60.5 8.78 44.2 - 69.9 14.5
Robinson, 1973 47.5

Steer et al., 1986 50.7 12.90 32.8-67.9 25.4
Blamey and Chapman, 1981 45.2 5.39 33.0-53.9 11.9
Adrianasolo et al., 2016 46.2 5.83 42.1-50.3 12.6
Scheiner et al., 2002 61.9 5.01 57.1-69.5 8.1
Ozer et al., 2004 56.7 2.04 54.7 - 59.9 3.6
Gholamhoseini et al., 2013 55.6 5.42 46.7 -65.3 9.7
NRCS Crop Nutrient Tool 56.3 1.79 55.1-57.6 3.2
Overall 54.1 7.76 32.8-69.9 14.3
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Variability

The variability within and among studies was relatively small. Year of harvest had a strong effect in
several studies (Blamey and Chapman, 1981; Deibert and Utter, 1989; Gholamhoseini et al., 2013;
Adrianasolo et al., 2016). Nitrogen application rates also affected N concentrations in sunflower seeds,
especially at low rates (Mathers and Stewart, 1982; Narem, 1982; Scheiner et al., 2002; Ozer et al. 2004).
In contrast, applications that exceeded the optimal rate generally had little effect on yield and only

moderately increased seed N concentration.

Discussion

The term "seed" is not used in a consistent manner. While some studies clearly report achene yield (hulls
plus kernels or seeds), others reported 'seed' yield and N concentrations in 'seeds’, which may refer either
to the achene or to the kernel alone. The descriptions of the methods do not suggest that kernels and
hulls were separated and it is likely that the authors reporting 'seed' yield were actually measuring achene
yield. Thus, we assumed that the authors in all studies determined yield and N concentration of the
achenes.

Due to this uncertainty and the fact that no values were found from California, samples should be
collected from Central Valley fields over a period of several years for a robust estimate of the amount of N

removed from fields with sunflower seeds and hulls.
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Triticale - Grain N removal
Data sources 40.4
Between 2005 and 2012, UCCE Yolo County Field Crops Farm Advisor Kent Ibs N/ton
Brittan and collaborators carried out trials with different triticale varieties at four @ 12% moisture
locations in the southern Sacramento Valley (Brittan, 2011 and 2012). The trials . Site x Years
produced a total of 51 observations. Grains were analyzed for protein content. For .!‘_._
this report, the N concentrations were calculated by dividing crude protein values 1 10 100 1000
by 6.25. Variability
I
Relevance 09; elativSe%CV 95;’2%

The trials included data from several years, varieties and locations. Even though no
locations in the San Joaquin Valley are included, the dataset can be considered a good estimate of N in
triticale grain from the Central Valley. Wheat variety trials have shown that even though location can have

an effect on grain N concentration; it is not consistent over the years.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Brittan, 2011 and 2012 Sacramento V. 4 2005-12 7 51

Overall Sacramento V. 4 2005-12 7 51

Summary statistics of triticale grain N removal data.

Source Summary (Ibs N/ton at 12% moisture)

Mean sp Y Range CV (%)
Brittan, 2011 and 2012 40.4 5.25 29.5-50.9 13.0
Overall 40.4 5.25 29.5-50.9 13.0

Y SD based on 31 observations from 2011-12.

Variability

Detailed data of the triticale harvested in 2011 and 2012 are available allowing for an analysis of the
factors contributing most to the variability in triticale protein concentration. Most of the variability was due
to year, while variety and location contributed much less to the overall variability. The N application rate
differed between sites, ranging from 20 to 180 Ibs N/acre, thus capturing at least part of a factor that likely

has a strong effect on triticale grain N concentration and that may vary considerably among growers.

Discussion
Even though the trial locations were limited to the southern Sacramento Valley, the results of this analysis
are a good estimate of triticale grown in the Central Valley. The variety trials also captured many factors

that contribute to the variability in N concentration.
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Several triticale varieties are tested each year within the UC Small Grains variety trials at several
locations across the Central Valley. Crude protein contents are generally not determined for triticale.
Analyzing grain samples from the variety trials would be a simple way to improve the estimate presented

here.
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TritiCale - Stra.W N removal

Data sources 11.5

Studies from around the world contributed to this analysis. The objective of these

studies was to determine the nutritive value of straw and its value as a source for @ ;;);T:]I:srlure
carbohydrates and lignin. No information on crop management was provided. All Ll
datasets reported crude protein content of triticale straw. For this report, the N 7
concentrations were calculated by dividing crude protein values by 6.25. 1 10 100 1000
Variability
Relevance _383/"_
A large proportion of the observations compiled for this analysis are from one 0% ~ 10%  20%

CV (% of mean)

study carried out in South Africa. No values are from California. Therefore, it is not
possible to determine the degree to which these values represent N concentration in triticale straw from

California.

Data sources and number of observations.

Source Sites Years sampled Observations
Location n Years n

Pronky and Mazza, 2012 Canada 1 2010 1 1

Yalchi et al., 2009, 2010 Iran 1 2007 1 2

Dias-da-Silva and Guedes, 1990  Portugal 3 1988 1 8

Viljoen et al., 2005 South Africa 10 2003 1 91

Overall 102

Summary statistics of triticale straw N removal data.

Source Summary (Ibs N/ton @ 12% moisture)
Mean SD Range CV (%)

Pronyk and Mazza, 2012 10.8

Yalchi et al., 2009, 2010 5.8 0.16 5.7-5.9 2.7
Dias-da-Silva and Guedes, 1990 12.1 2.43 10.4-13.8 20.1
Viljoen et al., 2005 11.6 4.57 5.5-29.0 39.3
Overall 11.5 4.42 5.5-29.0 38.3

Variability

As is the case with other types of straw, the N concentration in oat straw is highly variable. A dominant
factor contributing to the variability is N fertilization level and overall N availability. See barley straw for a

more detailed discussion about the effects of N availability on straw N content.
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Discussion

Samples should be collected from Central Valley fields to determine whether the value in this report is a
good estimate for triticale straw from California. Compared to other commodities, the N concentration in
straw varies considerably. Therefore, for a robust average, a large number of samples need to be
analyzed. Despite the uncertainty in the value presented here, it is important to note that the amount of N
removed with straw is small compared to the N removed with grain. Assuming a harvest index of 0.5
(which means that 50% of the aboveground biomass is in the grains), only about 20% of the total N in the

aboveground biomass of triticale is in the straw and stubble.
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TritiCale - Silage N removal

Data sources 9.03

The data included in this report are from a small grain variety trial conducted over

multiple years in the Southern San Joaquin Valley by a team led by Steve Wright, @ ;(t:;l\:r{:)?;cure
UCCE Farm Advisor in Kings and Tulare Counties. Triticale was grown during the 2liEErE LEE
winter. Little additional information is available about crop management. !

1 10 100 1000
Relevance Variability
The trial was completed in Tulare and Kings Counties with several relevant !‘
varieties over a period of four years. Even though the trial was completed at only R

CV (% of mean)

one site each year, the average N concentration can be considered a good
estimate of N concentrations found in triticale silage produced in the Central Valley, as varieties and crop

management are likely similar across the valley.

Data sources and number of observations.

Source Sites Years sampled Observations
Location n Years n

Wright et al., 2014 Tulare/Kings 1 2014 1 5

Wright et al., 2012 Tulare 1 2011 1 4

Wright et al., 2009 Tulare 1 2009 1 6

Wright et al., 2009 Tulare 1 2008 1 4

Overall Tulare 4 19

Summary statistics of triticale silage N removal data.

Source Summary (Ibs N/ton at 70% moisture)
Mean SD Range CV (%)
Wright et al., 2014 10.64 0.59 10.0-11.5 5.5
Wright et al., 2012 9.62 0.12 9.5-9.8 1.3
Wright et al., 2009 7.79 0.29 7.4-8.2 3.7
Wright et al., 2009 8.30 0.24 8.0-8.5 2.9
Overall 9.03 1.24 7.4-11.5 13.7
Variability

The dataset reveals that year has a large effect on the N concentration in triticale silage. Other factors
that may contribute to the variability of silage N contents include growth stage when cut and N fertilization

level. With the present trial, the effect of these factors may not have been fully captured.
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Discussion

The trial likely provides a good estimate of the average N concentration in triticale silage produced in the
Central Valley. The results may not capture the variability of silage produced in growers' fields, as factors
such as N application rate and growth stage when harvested likely vary much more among growers'
fields. For a better and robust estimate, a relatively large number of samples would need to be collected

from fields across the Central Valley over a period of several years.
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Wheat, Common - Grain N removal

Data sources 43'0

The data for this report were taken from the UC wheat variety trials. These trials

are carried out every year at multiple locations in California, testing current and @ ;s;ﬂZ?;ure
new varieties. The results are available online at http:/smallgrains.ucdavis.edu/. SHEE
The variety trials report protein concentration of grains. For this report, the N E_L
concentrations were calculated by dividing crude protein values by 5.7. 1 10 100 1000
For this analysis, we used the results from the years 2013-15 from the trial Variability
locations in the Central Valley. Furthermore, we only included the 6-7 wheat !_‘
varieties that were planted on more than 10,000 acres in California and were 0%  10%  20%

CV (% of mean)

grown predominantly for grain as opposed to forage varieties. Information on
acreage and utilization were taken from the California Wheat Variety Survey conducted by the California

Wheat Commission (available online at http://smallgrains.ucdavis.edu/).

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n
UC Wheat Variety Trials Sacramento V. 2 2015 1 12
UC Wheat Variety Trials Delta 1 2015 1 6
UC Wheat Variety Trials San Joaquin V. 3 2015 1 18
UC Wheat Variety Trials Sacramento V. 3 2014 1 18
UC Wheat Variety Trials Delta 1 2014 1 6
UC Wheat Variety Trials San Joaquin V. 3 2014 1 18
UC Wheat Variety Trials Sacramento V. 2 2013 1 14
UC Wheat Variety Trials Delta 1 2013 1 7
UC Wheat Variety Trials San Joaquin V. 2 2013 1 14
Overall 7 2013-2015 3 113
Relevance

The trials compare current and new varieties at multiple locations, including sites in the Sacramento
Valley, the San Joaquin Valley and one site in the Delta. The results are highly representative for the

Central Valley. Results from sites located outside the Central Valley were not included in the report.

Variability

The dataset compiled for this report allows for the analysis of three sources of variability, namely location,

variety and year. Of these three factors, year contributed most to the variability in grain N concentration,

followed by variety. Trial location had a smaller and inconsistent effect. Nitrogen management, especially

late sidedress applications, can have a considerable effect on wheat protein content (Brittan, 2012; Orloff,

2012 and 2013). Nitrogen availability and management among growers in the Central Valley is likely
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much more diverse than among trial sites. Therefore, the trials may underestimate the variability in protein

content among samples from growers' fields.

Summary statistics of wheat grain N removal data.

Source Summary (lbs/ton at 12% moisture)
Mean SD Range CV (%)
Variety Trial SV, 2015 45.5 4.23 39.7-52.7 9.3
Variety Trial Delta, 2015 48.3 2.26 33.9-43.1 4.7
Variety Trial SJV, 2015 45.4 5.63 39.7-52.7 124
Variety Trial SV, 2014 40.2 3.96 32.1-49.3 9.8
Variety Trial Delta, 2014 41.4 1.45 39.5-43.3 3.5
Variety Trial SJV, 2014 40.7 3.33 33.0-45.9 8.2
Variety Trial SV, 2013 42.8 2.67 38.7-48.6 6.2
Variety Trial Delta, 2013 42.9 1.21 41.0-44.8 2.8
Variety Trial SJV, 2013 43.0 4.82 36.3-52.4 11.2
Overall 43.0 4.45 32.1-52.7 10.3
Discussion

The variety trials are an excellent and representative source for N concentrations in wheat grains
harvested in the Central Valley. As they are carried out every year, the dataset can be updated
periodically if desired.

Growers generally know the protein content of the wheat produced. They can therefore use this

information to improve the estimate of N removed for their particular field.
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Wheat — Straw

Data sources

A total of 494 observations were included in this analysis. Most of the values were
from Canada, the remainder is from studies carried out in Oregon, Washington,
and Wisconsin. One dataset included three samples collected by Peter Robinson
on California dairies. Several studies reported crude protein content. For this
report, the N concentrations were calculated by dividing crude protein values by
6.25.

Relevance

Only 5% of the samples were taken in California. As these samples had a

N removal

13.8

Ibs N/ton
@ 12% moisture
Observations

1 10 100 1000
Variability

-

0% 10% 20%
CV (% of mean)

considerable higher N content, the average concentration in the table may not be representative of wheat

straw harvested in California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n
Robinson, 2011 California 3 1997-2011 3
Church and Santos, 1981 Oregon 1 1980 2
Herrera-Saldana et al., 1982 Oregon 1 1979 1 1
Males et al., 1982 Washington 1 1981 1 1
Pritchard and Males, 1982 Washington 1 1981 1 1
Sanmaneechai et al., 1984 Washington 1 1979 1 6
Anderson and Hoffman, 2006 Wisconsin 20
Horton, 1978 Canada 1 1977 1 1
Horton and Seacy, 1979 Canada 1 1978 1 3
Kernan et al., 1979 Canada 4 1975/76 2 24
McCartney et al., 2006 Canada 1974-94 432
Overall 494
Variability

Compared to other commodities, the N concentrations in straw vary considerably.

A major factor affecting

straw N concentration is N fertilization rate and overall N availability. See barley straw for a more

detailed discussion about the effects of N availability on straw N content.

Discussion

The three samples from California had a higher N concentration than the other samples compiled in this

report. It is therefore necessary to collect samples from Central Valley fields to det

ermine whether the

average value of 13.8 Ibs N/ton is a good estimate for wheat straw from the Central Valley. Compared to

Page 62



other commodities, the N concentration in straw varies considerably. Therefore, for a robust average, a
large number of samples need to be analyzed. Despite the uncertainty in the value presented here, it is
important to note that the amount of N removed with straw is small compared to the N removed with
grain. Assuming a harvest index of 0.5 (which means that 50% of the aboveground biomass is in the
grains), only about one fifth of the total N in the aboveground biomass of wheat is in the straw and
stubble.

Summary statistics of wheat straw N removal data.

Source Summary (lbs/ton at 12% moisture)
Mean SD Range CV (%)

Robinson, 2011 22.9 5.6 18.6-29.3 24.6

Church and Santos, 1981 9.0 2.4 7.3-10.7 26.5

Herrera-Saldana et al., 1982 8.3

Males et al., 1982 9.6

Pritchard and Males, 1982 7.0

Sanmaneechai et al., 1984 11.1 3.7 7.2-17.4 33.7

Anderson and Hoffman, 2006 12.8 3.3 8.2-19.1 25.7

Horton, 1978 6.5

Horton and Seacy, 1979 7.1 5.1 6.1-8.6 72.1

Kernan et al., 1979 10.0 0.8 9.3-11.0 7.9

McCartney et al., 2006 14.2 4.7

Overall 13.8 4.56 6.1-29.3 33.0
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Wheat- Silage

Data sources

The data included in this report are from a small grain variety trial conducted over

multiple years in the Southern San Joaquin Valley by a team led by Steve Wright,

UCCE Farm Advisor in Kings and Tulare Counties. The triticale was grown during

the winter season. Little additional information is available about the crop

management of the trials. In addition, samples collected by Peter Robinson,

Cooperative Extension Specialist for Dairy Nutrition and Management at UC

Davis, were included. These samples were taken from commercial dairy farms in

California between 1997 and 2011.

Relevance

N removal

10.5

Ibs N/ton
@ 70% moisture
Observations

- |

1 10 100 1000
Variability

—

0% 10% 20%
CV (% of mean)

The trial was completed in Tulare and Kings Counties with several relevant varieties over a period of four

years. While the trial was completed at only one site each year, the samples collected by Robinson came

from different dairy farms. Therefore, the average N concentration in the table can be considered a good

estimate of N concentrations found in wheat silage produced in the Central Valley.

Data sources and number of observations.

Source

Wright et al., 2014
Wright et al., 2012
Wright et al., 2009
Wright et al., 2009
Robinson, 2011
Overall

Sites Years sampled
Location n Years n
Tulare/Kings 1 2014 1
Tulare 1 2011 1
Tulare 1 2009 1
Tulare 1 2008 1
California 1997-2011

Observations

39

Summary statistics of wheat silage N removal data.

Source

Wright et al., 2014
Wright et al., 2012
Wright et al., 2009
Wright et al., 2009
Robinson, 2011
Overall

Summary (lbs N/ton @ 70%

moisture)

Mean SD Range
12.5 0.75 11.7-145
10.9 0.74 10.0-12.1
7.9 0.36 7.4-8.3
8.7 0.49 8.3-9.6
9.9 1.63 6.7-11.5
10.5 1.96 6.7 -14.5

v (%)
6.0
6.8
4.6
5.7
16.5
18.6
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Variability

Results from the variety trial reveal that year has a large effect on the N concentration in wheat silage.
Other factors that may contribute to the variability of silage N contents include, growth stage when cut
and N fertilization level. These factors must have contributed to the higher variability among samples

collected by Robinson, hence the relatively high variability in those samples.

Discussion

The dataset likely provides a good estimate of the average N concentration in wheat silage produced in
the Central Valley. Results from the variety may not capture the variability of silage produced in growers'
fields, as factors such as N application rate and growth stage when harvested likely vary much more
among growers' fields. For a more robust estimate, a relatively large number of samples would need to be

collected from fields across the Central Valley over a period of several years.
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Wheat, DU rum - Grain N removal

Data sources 42. 1

The data for this report were taken from the UC wheat variety trials. These trials

are carried out every year at multiple locations in California, testing current and @ fs;m?;ure
new varieties. The results are available online at http://smallgrains.ucdavis.edul/. SIS
The variety trials report protein content of grains. For this report, the N !
concentrations were calculated by dividing crude protein values by 5.7. 1 10 100 1000
Variability

For this analysis, we used the results from the years 2013-15 from the trial

locations in the Central Valley. Only the 3-5 major varieties grown in the !

Sacramento and San Joaquin Valleys were included here. Information on acreage O%CV (‘ylof% 2)0%
o OT mean

was taken from the California Wheat Variety Survey conducted by the California

Wheat Commission (available online at http://smallgrains.ucdavis.edu/).

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n
UC Wheat Variety Trials Sacramento V. 1 2015 1 5
UC Wheat Variety Trials San Joaquin V. 3 2015 1 15
UC Wheat Variety Trials Sacramento V. 1 2014 1 3
UC Wheat Variety Trials San Joaquin V. 3 2014 1 9
UC Wheat Variety Trials Sacramento V. 1 2013 1 3
UC Wheat Variety Trials San Joaquin V. 2 2013 1 6
Overall 4 2013-2015 3 41

Summary statistics of durum wheat grain N removal data.

Source Summary (Ibs N/ton at 12% moisture)
Mean SD Range CV (%)
Variety Trial SV, 2015 46.7 1.90 44.4 - 48.5 4.1
Variety Trial SJV, 2015 43.6 6.10 36.3-54.0 14.0
Variety Trial SV, 2014 40.1 5.06 35.3-45.4 12.6
Variety Trial SJV, 2014 39.5 4.06 33.7-44.1 10.3
Variety Trial SV, 2013 35.9 1.89 33.9-37.7 5.3
Variety Trial SJV, 2013 42.8 5.23 35.8-50.1 12.2
Overall 42.1 1.56 33.7-54.0 3.7
Relevance

The variety trials for durum wheat are carried out annually at multiple locations, including one site in the
Sacramento Valley, and 2-3 sites in the San Joaquin Valley. The results are highly representative for the

Central Valley. Results from sites located outside the Central Valley were not included in this report.
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Variability

The dataset compiled for this report allows for the analysis of three sources of variability, namely location,
variety and year. While protein, and thus N, contents differ between regions, no clear pattern emerges.
The differences among varieties were also relatively small. The strongest effect on N content in durum
wheat grains was caused by the year. Nitrogen management has a strong effect on wheat protein
content. Nitrogen availability and management among growers in the Central Valley is likely much more
diverse than among trial sites. Therefore, the trials may underestimate the variability in protein content

among samples from growers' fields.

Discussion
The variety trials are an excellent and representative source for N concentrations in wheat grains
harvested in the Central Valley. As variety trials are carried out every year, the dataset can be updated

periodically if desired.
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Asparagus N removal

Data sources 5.85

The data used for this report are from three studies from Europe and China, the

USDA Food Composition Database and the NRCS Crop Nutrient Tool, which uses frltishN\.:te(i)gnht

values from the UC Bulletin "Nutrient composition of fresh California-grown Obfe”ati°"s

vegetables" (Howard et al., 1962). The values in the table represent N

concentrations in the harvested spears (shoots). 1 10 100 1000
Variability

Relevance !‘

Only the values from the NRCS Crop Nutrient Tool are from California, but from a e iAo

CV (% of mean)

report published more than 50 year ago. For the USDA Food Composition
Database, four samples of asparagus sold in the U.S. were analyzed. Therefore, the average value

calculated here may not be representative for contemporary asparagus harvested in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Shalaby, 2004 Germany 2 2002-03 3 4

Zhou et al. 2001 China 1 2000 2 3

Espejo et al., 2001 Spain 1 1994-95 3 6

USDA Food Composition Database 4

NRCS Crop Nutrient Tool 2

Overall 19

Summary of asparagus N removal data.

Source Summary (Ibs N/ton of fresh spears)
Mean SD Range CV (%)
Shalaby, 2004 4.44 0.43 3.92-4.96 9.8
Zhou et al. 2001 5.92 1.27 4.74 -7.26 21.5
Espejo et al., 2001 5.44 0.56 4.86-6.03 10.3
USDA Food Composition Database 7.04 0.15 6.85-7.20 2.1
NRCS Crop Nutrient Tool 7.48 1.98 6.08 - 8.88 26.5
Overall 5.85 0.82 3.92 -8.88 14.0
Variability

The variability of the datasets is intermediate, with a CV of 14% across all datasets. Shalaby (2003) found
that an increased N application rate slightly, but not significantly, increased the N concentration in white
asparagus spears. The N concentration has also been found to decrease from an early to a late growth

stage (Zhou et al., 2001). In addition, the Crop Nutrient Tool reports a higher value for green asparagus,
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compared to white asparagus. It is important to note that the values reported in the NRCS and USDA
databases are considerably higher than the values taken from the three studies from Europe and China.
With the small dataset available, it is not possible to determine whether this is due to chance or

differences in varieties, crop management and/or climatic conditions.

Discussion

Given the low number of samples, the variable N concentrations in asparagus spears sampled in the U.S.
and abroad and the fact that the values from California are based on samples taken more than 50 years
ago, samples need to be collected from fields in California over a period of several years for a

representative and robust estimate of N removal with asparagus.
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Beans, green (Snap beans) N removai

Data sources 5.78

The data used for this report are from a trial in Virginia, four studies from Europe Ibs N/ton

and Japan, and the USDA Food Composition Database. 104 of the total 122 fresh weight

observations are from the USDA Database. In addition, one value from the NRCS Observations

Crop Nutrient Tool, which was taken from the UC Bulletin "Nutrient composition of

fresh California-grown vegetables" (Howard et al., 1962), was included. The 1 10 100 1000
values in the table represent N concentrations in the harvested pods. Variability
Relevance 0%  10%  20%

CV (% of mean)

The USDA Food Composition Database, which includes results from the analysis
of green beans sold in the U.S., contributes most to the average value in the table. Only the value from
the NRCS Crop Nutrient Tool is from California, but it is from a report published more than 50 year ago.
With the data available, it is not possible to determine how well the average value calculated here

represents N concentrations in green beans harvested in the Central Valley.

Variability

Three studies compared different N application rates. While Segura et al. (2012) found a small increase in
bean N concentration with increasing N application rates, Phillips et al. (2002) and Valdez et al. (2002)
did not find a clear effect of N application rate on the N concentration in green beans. The differences
among observations in the studies conducted by Varennes et al. (2002) and Martinez et al. (1998) are

due to variety.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Phillips et al., 2002 Virginia 2 2000 1 3
Varennes et al., 2002 Portugal 1 1997/98 1 3
Martinez et al., 1998 Spain 3 1993 1 3
Segura et al., 2012 Spain 1 2003/04 1 3
Valdez et al., 2002 Japan 1 2000 1 5

NRCS Crop Nutrient Tool 1
USDA Food Composition Database 104
Overall 122
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Summary of green bean N removal data.

Source Summary (lbs/ton of fresh weight)
Mean SD Range CV (%)

Phillips et al., 2002 * 4.66 0.18 4.55-4.98 3.9
Varennes et al., 2002 * 6.07 0.68 5.42-6.78 11.2
Martinez et al., 1998 5.28 0.15 5.11-5.39 2.8
Segura et al., 2012 4.73 0.36 4.45-5.14 7.7
Valdez et al., 2002 5.31 0.22 4,99 -5.52 4.1
NRCS Crop Nutrient Tool 7.34

USDA Food Composition Database 5.86 1.57 5.82-7.20 26.7
Overall 5.78 1.49 4.45-7.20 25.7

*  These studies reported N concentration in dry matter. A dry matter content of 10%
was assumed based on the USDA Database.

Discussion

Only one value in the table is from California, but the study was carried out more than 50 years ago. With
85% of the observations, the USDA Food Composition Database contributes most to the average value.

To determine whether these values are a good estimate for green beans harvested in the Central Valley,
some samples from the major commercial varieties need to be collected from fields in Central Valley over

a period of several years.
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Broccoli

Data sources

The dataset includes a recent study from California, carried out in 14 commercial
fields in the Salinas Valley. The other studies included for this analysis were
conducted in Arizona, Canada and Spain. A value from the NRCS Crop Nutrient
Tool, which was taken from the UC Bulletin "Nutrient composition of fresh

California-grown vegetables" (Howard et al., 1962), was also included.

Relevance
14 of the 46 observations are from commercial fields in the Salinas Valley. These

values are about 25% lower than the average of the values reported in the other

N removal

11.2

Ibs N/ton
fresh weight
Site x Years

1 10 100 1000
Variability
20.4%

0% 10% 20%
CV (% of mean)

studies. The reasons for this difference are not known. Based on this and the fact that no data from the

Central Valley are available, the average value in the table may not be a good estimate of the N

concentration in broccoli harvested from fields in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled
Location n Years n
Smith et al., 2013 Salinas, CA 14 2012-13 1
Thompson et al., 2003 Arizona 1 2000 1
Bakker et al., 20093, b Canada 1 2001-02 2
Zebarth et al., 1995 Canada 1 1990-91 3
Rincon et al., 1999 Spain 1 1996 1
NRCS Crop Nutrient Tool
Overall

Observations

14
4
8

18
1

46

Summary statistics of broccoli N removal data.

Source Summary (lbs N/ton)
Mean SD Range CV (%)

Smith et al., 2013 9.0 1.10 7.73-11.64 12.2
Thompson et al., 2003 11.3  0.43 11.01-11.91 3.8
Bakker et al., 20093, b 12.5 1.36 11.58 - 14.50 10.8
Zebarth et al., 1995 124  3.25 7.48 -19.01 26.3
Rincon et al., 1999 10.5

NRCS Crop Nutrient Tool 11.6

Overall 11.2  2.28 7.48 - 19.01 20.4
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Variability

The variability of the data from the Salinas Valley is due to differences among commercial fields.
Thompson et al. (2003) and Bakker et al. (2009 a, b) found that N application rate had little effect on the
N concentration in the harvested parts of broccoli. This is in contrast to the results of Zebarth et al.

(1995), who found that N concentration in broccoli increased with increasing N application rate. This study
included data from three plantings over a period of 11 months. The result showed a pronounced effect of

planting date on N concentration.

Discussion

The values from the Salinas Valley are about 25% lower than the average of the values reported in the
other studies. Based on this and the fact that no data from the Central Valley are available, the average
value in the table may not be a good estimate of the N concentration in broccoli harvested from fields in
the Central Valley. For a representative and robust estimate of N removal with broccoli in the Central

Valley, samples need to be collected over a period of several years.
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Carrots

Data sources

The data compiled for this report are from a wide range of studies from the U.S.,
Canada, Poland and China. The USDA Food Composition Database contributed
19 observations. The values reported here are for carrot roots and do not include

foliage. The total number of observations is 167.

Relevance
Only the value reported in the NRCS Crop Nutrient Tool is from California, namely
from the UC Bulletin "Nutrient composition of fresh California-grown vegetables”

(Howard et al., 1962). With the data available it is not possible to determine the

N removal

3.29

Ibs N/ton
fresh weight
Observations

1 10 100 1000
Variability

I

0% 10% 20%
CV (% of mean)

degree to which the average value in the table is representative of the N concentration in carrots

harvested in California.

Variability

The variability in carrot N concentration is relatively large, both within and among studies, with the highest

value reported being more than four times the lowest value. Nitrogen availability has a strong effect on

carrot N concentration. The highest values in the dataset are from treatments with

N application rates

exceeding 150 Ibs/acre and from carrots grown on soils with a high soil organic matter content. Large

differences were also observed between years.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Makries and Warncke, 2013 Michigan 2 2001 2 20
Hochmuth et al., 1999 Florida 1 1994-95 2 15
Westerveld et al., 20063, b Ontario, Canada 2 2002 3 18
Caron et al., 2014 Quebec, Canada 1 3 20
Smolen and Sady, 2008 and 2009 Poland 1 2003-2005 3 70
Chen et al., 2004 China 1 1999 1 4
NRCS Crop Nutrient Tool 1
USDA Food Composition Database 19
Overall 167
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Summary of carrot N removal data.

Source Summary (lbs/ton of fresh weight)
Mean SD Range CV (%)

Makries and Warncke, 2013 2.89 0.40 2.09-3.51 13.8
Hochmuth et al., 1999 4.06 1.51 2.42-7.35 37.2
Westerveld et al., 20063, b 411 1.61 1.71-6.95 39.3
Caron et al., 2014 3.43 0.45 291-4.76 13.0
Smolen and Sady, 2008 and 2009 2.94 0.16 2.68-3.10 5.5
Chen et al., 2004 5.64 0.74 4.68-6.32 13.2
NRCS Crop Nutrient Tool 3.63

USDA Food Composition Database 2.98 0.11 2.18-3.81 3.7
Overall 3.29 0.74 1.71-7.35 22.4

Discussion

Given the variability of values reported and the absence of recent values from California, samples need to
be collected from fields in California over a period of several years for a representative and robust

estimate of N removal with carrots.
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CO rn y Sweet N removal
Data sources 7. 17
Four studies, three of them from the U.S., the other from Australia, were included Ibs N/ton
in our analysis. Two of the studies investigated different N treatments fresh weight
(Sanmaneechai et al., 1984; Salardini et al 1992), one study compared leaching 2lEEErE e
treatments (Zotarelli et al., 2008), while the fourth study was a variety trial |
(Heckman, 2007). No data from California was available. The N removed is for the 1 10 100 1000
entire ear (husk, kernel, cob and silk). Variability
L1
Relevance O'VEV (%1(?1;%mea nz)o%

With no data available from California it is not possible to determine whether the

values in the table are a good estimate for N concentrations in for sweet corn harvested in California.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Sanmaneechai et al., 1984 Washington 1 1980 1 17

Zotarelli et al., 2008 Florida 1 2004-06 2 6

Heckman, 2007 New Jersey 2 2003-04 2 15

Salardini et al 1992 Australia 1 1988 1 12

Overall 50

Summary statistics of sweet corn N removal data.

Source Summary (Ibs/ton of fresh weight)
Mean SD Range CV (%)
Sanmaneechai et al., 1984 9.08 0.74 7.64 -10.60 8.2
Zotarelli et al., 2008 6.78 141 5.18-9.12 20.8
Heckman, 2007 6.44 1.17 4.83-8.40 18.1
Salardini et al 1992 5.60 0.47 4.93-6.39 8.4
Overall 7.17 0.94 4.83 - 10.60 13.1
Variability

The average N concentration in sweet corn ears differed considerably among studies, ranging from 5.6 to
9.1 Ibs/ton. Nitrogen availability had no consistent effect on the N concentration in sweet corn ears
(Sanmaneechai et al., 1984; Salardini et al 1992; Zotarelli et al., 2008). The study by Heckman (2007)
showed that the N concentration can differ considerably between varieties, but also from one year to the

next.
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Discussion
The value in the table may not be representative for California. Samples need to be taken over a period of
several years from fields planted to different varieties to generate a robust estimate of the N removed with

sweet corn in the Central Valley.
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Cucumbers

Data sources

No recent studies reporting N or protein concentration in cucumbers could be
identified. The data included for this analysis are from trials in Canada and
Europe, as well as from the USDA Food Composition Database and the NRCS

Crop Nutrient Tool. The total number of observations is 10.

Relevance
The research studies included in this report were published at least 40 years ago.
This is also true for the value included in the NRCS Crop Nutrient Tool, which is

from the UC Bulletin "Nutrient composition of fresh California-grown vegetables”

N removal

2.16

Ibs N/ton
fresh weight
Observations

1 10 100 1000
Variability

—

0% 10% 20%
CV (% of mean)

published in 1962 (Howard et al., 1962). This is the only value from California. In contrast, the values

reported in the USDA Food Composition Database appear to be more recent. With the data available it is

not possible to determine how well the average value represents the N concentration of cucumbers

harvested in California.

Data sources and number of observations.

Source Sites Years sampled Observations
Location n Years n
Ward and Miller, 1970 Canada 1 1968 1 2
Ward, 1967 Canada 1 1965 1 1
Geissler, 1957 Germany 1 1954 1 1
Davies and Kempton, 1976 England 1 1974 1 1
USDA Food Composition Database 4
NRCS Crop Nutrient Tool 1

Overall 4

Summary statistics of cucumber N removal data.

Source Summary (lbs N/ton)
Mean SD Range CV (%)

Ward and Miller, 1970 2.47 0.52 2.11-2.84 21.0
Ward, 1967 241

Geissler, 1957 2.11

Davies and Kempton, 1976 1.60

USDA Food Composition Database 2.08

NRCS Crop Nutrient Tool 2.25

Overall 216 0.38 1.60 - 2.84 17.4
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Variability

The variability among studies, while considerable, was not as large as might be expected for values from
different countries and eras. However, none of the studies included different N fertilization levels, varieties
or growth stages at harvest. Therefore, the values in the table most likely underestimate the variability of

N concentrations in cucumbers.

Discussion

Most of the values included in the table are from studies conducted more than 40 years ago. The average
value reported in the table may not be representative of current varieties and management practices in
California. Therefore, samples need to be collected from fields in California over a period of several years

for a representative and robust estimate of N removal with cucumbers.
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Garl iC N removal

Data sources 15. 1

Few studies measuring N concentration in garlic could be identified. The studies

included in the table were carried out in France, New Zealand and Ethiopia. The frZSth{Z?;ht
NRCS Crop Nutrient Tool also reports a value for garlic N removal, which was Observations
taken from the UC Bulletin "Nutrient composition of fresh California-grown |
vegetables" (Howard et al., 1962). The values reported here are for the entire 1 10 100 1000
bulb, but do not include the leaves. CETEIE
—
Relevance 0%  10%  20%

CV (% of mean)

The one value in the table from California was published more than 50 years ago.
With the data available it is not possible to determine how well the values in the table represent N

concentrations in garlic harvested in California.

Data sources and number of observations.

Source Sites Years sampled Observations
Location n Years n

Bertoni et al., 1992 France 1 1990 1 3

Minard, 1978 New Zealand 1 1973 1 2

Diriba-Shifereaw et al., 2013 Ethiopia 2 2011 1 6

NRCS Crop Nutrient Tool 1

Overall 12

Summary statistics of garlic N removal data.

Source Summary (lbs N/ton fresh weight)
Mean SD Range CV (%)

Bertoni et al., 1992 13.3 3.44 9.41-16.03 26.0
Minard, 1978 13.4 1.80 12.11-14.67 13.5
Diriba-Shifereaw et al., 2013 15.8 2.91 12.49 -19.45 18.5
NRCS Crop Nutrient Tool 20.5

Overall 151 294 9.41 - 20.48 19.5

Variability

The variability of the data within and among studies is relatively high. Diriba-Shifereaw et al. (2013) found
that the N concentration in garlic increased by roughly 40% when the N application rate was increased
from 0 to 80 Ibs/acre. The effect of other factors on N concentration in garlic bulbs, e.g. variety and crop

management were not investigated in the studies compiled here.
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Discussion
Few observations for garlic N concentrations were available. Only one value is from California, but the
study was carried out more than 50 years ago. Therefore, for a representative and robust estimate of N

removal with garlic, samples need to be collected from fields in California over a period of several years.
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Lettuce, Iceberg N removal

Data sources 2.63

The majority of the data included in the table are from two recent studies carried

out in commercial fields on the Central Coast. Bottoms et al. (2012) compared fr::):hN\:g?gnht
different irrigation and N fertilization strategies, resulting in a total of 34 Observations
observations from 15 fields. In this study, N concentrations in the aboveground jE‘_L
biomass were determined, which includes residue (e.g. wrapper leaves) that is left 1 10 100 1000
in the field. Data from Breschini and Hartz (2002) suggest that the N concentration Variability

in harvested heads is about 20% lower than in the entire aboveground biomass !‘
(Hartz, personal communication). This is due to higher dry matter content and N 0% 10%  20%

CV (% of mean)

concentration in the residue. To account for these differences, the values reported
by Bottoms et al. (2012) for the aboveground biomass were reduced by 20% for this analysis.

A relatively large number of samples (n=23) has also been analyzed for the USDA Food Composition
Database. Given the fact that California produces a large proportion of the iceberg lettuce consumed in
the U.S., the USDA database likely includes a number of samples from lettuce grown in California. The
value included in the NRCS Crop Nutrient Tool is also based on data from California; however, the report

was published more than 50 years ago (Howard et al., 1962).

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Bottoms et al., 2012 Salinas, CA 15 2007-10 3 34

Breschini and Hartz, 2002 Central Coast, CA 10 1999 2 10

NRCS Crop Nutrient Tool 1

USDA Food Composition Database 23

Overall 68

Summary of iceberg lettuce N removal data.

Source Summary (lbs/ton)

Mean  SD Range CV (%)
Bottoms et al., 2012 246 0.38 1.75-2.98 15.3
Breschini and Hartz, 2002 261 049 1.96 - 3.60 18.7
NRCS Crop Nutrient Tool 2.56
USDA Food Composition Database 2.88 0.52 2.02-4.74 18.1
Overall 263 044 1.75-4.74 16.7
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Relevance

Most of the data included in the table are from California, mainly from the central Coast. Even though no
values are available from lettuce grown in the Central Valley, the values in the table are likely a good
estimate of N concentration in Central Valley-grown lettuce, based on the assumption that crop

management and varieties are similar.

Variability

The variability of the data within datasets is relatively large. Reducing the N application rate by taking soil
residual N into account had little effect on lettuce N concentration (Bottoms et al., 2012). The fact that
reduced N rates had no effect on yield either suggests that in this study, N was not limiting even at the
lower application rate. There was a marked difference among sites. This was also the case for Breschini
and Hartz (2002).

Discussion
The data included in the table are likely a good estimate of N concentrations in iceberg lettuce harvested
in the Central Valley, even though most of the data are from the Salinas Valley. The confidence in the

value could be improved by complementing the dataset with lettuce samples from Central Valley fields.
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Lettuce, Romaine

Data sources

A large proportion of the data included in the table are from a recent study carried
out in 6 commercial fields in the Salinas Valley. In each field, different irrigation
and N fertilization strategies were compared, resulting in a total of 12 observations
(Bottoms et al., 2012). In this study, N concentrations in the aboveground biomass
were determined, which includes residue that is left in the field. Data from
Breschini and Hartz (2002) suggest that the N concentration in harvested leaves is
about 10% lower than in the entire aboveground biomass (Hartz, personal
communication). This is due to higher dry matter content and N concentration in
the residue. To account for these differences, the values reported by Bottoms et

al. (2012) for the aboveground biomass were reduced by 10% for this analysis.

N removal

3.62

Ibs N/ton
fresh weight
Observations

-

1 10 100 1000
Variahility

L

0% 10% 20%
CV (% of mean)

An additional 12 samples were also included in the USDA Food Composition Database. Given the fact

that California produces a large proportion of the romaine lettuce consumed in the U.S., the USDA

database likely includes a number of samples from lettuce grown in California. The value included in the

NRCS Crop Nutrient Tool is also based on data from California; however, the report was published more

than 50 years ago (Howard et al., 1962).

Data sources and number of observations.

Source Sites Years sampled

Location n Years n
Bottoms et al., 2012 Salinas, CA 6 2007-10 3
Breschini and Hartz, 2002 Central Coast, CA 1 1999 1

NRCS Crop Nutrient Tool
USDA Food Composition Database
Overall

Observations

12
1

12
26

Summary of romaine lettuce N removal data.

Source Summary (Ibs/ton fresh weight)

Mean SD Range CV (%)
Bottoms et al., 2012 3.21 0.51 2.27-3.90 15.9
Breschini and Hartz, 2002 3.20
NRCS Crop Nutrient Tool 5.12

USDA Food Composition Database 3.94 0.48 3.20-4.70 12.1
Overall 3.62 0.49 2.27-5.12 13.7
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Relevance

Most of the data included in the table are from California, mainly from the central Coast. Even though no
values are available from lettuce grown in the Central Valley, the values in the table are likely a good
estimate of N concentration in Central Valley-grown lettuce, based on the assumption that crop

management and varieties are similar.

Variability

The variability of the data within and among datasets is relatively large. Reducing the N application rate
by taking soil residual N into account had little effect on lettuce N concentration (Bottoms et al., 2012).
The fact that reduced N rates had no effect on yield either suggests that in this study, N was not limiting

even at the lower application rate. There was a marked difference among sites.

Discussion
The data included in the table are likely a good estimate of N concentrations in romaine lettuce harvested
in the Central Valley, even though most of the data are from the Salinas Valley. The confidence in the

value could be improved by complementing the dataset with lettuce samples from Central Valley fields.
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Melon, Cantaloupe N removal

Data sources 4.87

Two studies from Arizona, one study from Spain and a value from the NRCS Crop Ibs N/ton

Nutrient Tool were included in the dataset for a total of 31 observations. The fresh weight
Observations

NRCS Crop Nutrient Tool uses data from a survey on California vegetable crops
published more than 50 years ago (Howard et al, 1962). The two Arizona studies |

only reported N concentration in the dry matter. To convert the values to N 1 10 100 1000
concentration in fresh melons, a dry matter content of 10% was assumed, which is Variability

the value given in the NRCS Crop Nutrient Tool. !‘

0% 10% 20%
CV (% of mean)

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Doerge et al., 1991 Arizona 1 1990 1 6

Soto-Ortiz, 2008 Arizona 1 2003-2005 3 18

Contreras et al., 2012 Spain 1 2010 1

NRCS Crop Nutrient Tool 1

Overall 31

Summary statistics of cantaloupe melon N removal data.

Source Summary (lbs/ton of fresh melons)
Mean SD Range CV (%)

Doerge et al., 1991 3.88 0.87 2.41-491 22.4
Soto-Ortiz, 2008 5.90 0.62 5.24-7.02 10.5
Contreras et al., 2012 3.08 1.01 1.97-4.47 329
NRCS Crop Nutrient Tool 3.01

Overall 4.87 0.76 1.97 -7.02 15.5
Relevance

Only one observation is from California. Under the assumption that the growing conditions in Arizona
resemble those in California, the dataset should provide a reasonable estimate of the N concentration in
Cantaloupe melons grown in California. However, the two Arizona studies reported very different N

concentrations.

Variability

The variability within and among studies is large. Especially surprising is the difference between the two
studies carried out in Arizona. In the study by Soto-Ortiz (2008), the N concentration in melons was
roughly 50% higher than the N concentration reported by Doerge et al. (1991). Soto-Ortiz (2008) reported

Page 86



average values over the three years of the study. The variability within the dataset is due to different
varieties. The variability within the study carried out by Contreras et al. (2012) is due to different N
fertilization levels. In this study, the N concentration increased considerably with increasing N application

rates.

Discussion

Nitrogen concentrations in cantaloupe melons vary considerably. The available data indicate that N
application rate and variety have a strong effect. Given the uncertainty about the contribution of other
factors and the fact that no recent values from California are included in our dataset, samples need to be
collected from fields in California over a period of several years for a more robust estimate of N removal

with cantaloupe melons.
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Melon, Honeydew N removai

Data sources 2.95

Little information about N removed in honeydew melons is available. The NRCS

Crop Nutrient Tool contains one value based on a survey of California vegetable fri:ssth/.vteci)gnht

crops published more than 50 years ago (Howard et al., 1962). We found one Obfe”ati°"s

study from Spain, which reported results from an N rate trial with Piel de Sapo

melon, a type of melon that belongs to the honeydew group (Castellanos et al., 1 10 100 1000
Variabhility

2012). Given the scarcity of information available, the results of this study were

included here. m

0% 10% 20%
CV (% of mean)

Relevance
No recent values from melons harvested in California were found. It is not possible to determine whether

the values reported in the table are a good estimate for honeydew melons grown in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Castellanos et al., 2012 Spain 1 2005-07 3 11

NRCS Crop Nutrient Tool 1

Overall 12

Summary statistics of honeydew melon N removal data.

Source Summary (Ibs/ton of fresh melons)
Mean SD Range CV (%)
Castellanos et al., 2012 2.96 0.63 1.98-4.25 21.4
NRCS Crop Nutrient Tool 2.81
Overall 2.95 0.65 1.98 -4.25 22.1
Variability

The variability within the study carried out by Castellanos et al. (2012) is large. The main factor
contributing to the variability is N fertilization level. Nitrogen concentration in the melons increased
considerably with increasing N application rates, while the year of production had a much smaller effect.
The average value from this study conducted in Spain is similar to the value reported in the NRCS Crop
Nutrient Tool.
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Discussion

Nitrogen concentrations in honeydew melons vary considerably. The available data indicate that N
application rate has a strong effect. Given uncertainty about the contribution of other factors and the fact
that no recent values from California are included in our dataset, samples need to be collected from fields
in California over a period of several years for a representative and robust estimate of N removal with

honeydew melons.
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Melon, Watermelon N removal

Data sources 1.39

Little information about N removed with watermelons is available. The NRCS Crop

Ibs N/ton
Nutrient Tool contains a value based a survey on California vegetable crops fresh weight
published more than 50 years ago (Howard et al., 1962). In addition, a study from Observations

Arizona was included in the dataset (Doerge et al., 1991).

1 10 100 1000

Variabilit
Relevance e

No recent values from watermelons harvested in California were found. With the m

data available it is not possible to determine whether the values reported here are 0% ~ 10%  20%
CV (% of mean)

a good estimate for N concentrations in watermelons harvested in the Central
Valley.

Data sources and number of observations.

Source Sites Years sampled Observations
Location n Years n

Doerge et al., 1991 Arizona 1 1990 1 5

NRCS Crop Nutrient Tool 1

Overall

Summary statistics of watermelon N removal data.

Source Summary (Ibs/ton fresh melons)
Mean SD Range CV (%)
Doerge et al., 1991 1.26 0.17 0.95-1.40 13.5
NRCS Crop Nutrient Tool 2.04
Overall 139 0.33 0.95 - 2.04 23.9
Variability

Doerge et al. (1991) investigated different types of N fertilizer and times of application, while the
application rate was kept constant. The treatment effect on melon N concentration was relatively small.
As the effects of location, year, variety and N application rate have not been addressed in the compiled

dataset, the standard deviation and CV reported in the table are of limited use.

Discussion

The value in the table may not be representative for watermelons grown in the Central Valley. Samples
need to be taken over a period of several years from fields located in the main growing areas in the
Central Valley to generate a robust estimate of the N removed per unit yield and provide information

about the dominant factors contributing to the variability of the estimate.
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N removal

3.94

Ibs N/ton
fresh weight

Onion

Data sources

Values from three studies were included in our analysis. Zink (1966) collected

samples from five fields in the Salinas Valley, while Biscaro et al. (2014) assessed Observations
aboveground biomass N uptake of fresh-market onions in Lancaster, CA from '

three fields in 2013 and two fields in 2014. Pradhan et al. (2015) investigated 1 10 100 1000
different sulfur application treatments in a study carried out in India. In addition, Variability
the NRCS Crop Nutrient Tool contributed 3 values and the USDA Food !‘

Composition Database 25 values. The NRCS Crop Nutrient Tool uses data from a 0% 10%  20%
CV (% of mean)

survey on California vegetable crops published more than 50 years ago (Howard
et al., 1962). Except for Biscaro et al. (2014), the values reported here are for the entire bulb, but do not

include the leaves.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n
Biscaro et al., 2014 Lancaster, CA 5 2013-14 2 5
Zink, 1966 Salinas, CA 1 1961 1 5
Pradhan et al., 2015 India 1 2012 1 7
NRCS Crop Nutrient Tool 3
USDA Food Composition Database 25
Overall 45

Summary statistics of onion N removal data.

Source Summary (lbs/ton of fresh weight)
Mean SD Range CV (%)
Biscaro et al., 2014 3.42 0.44 2.97-3.92 12.9
Zink, 1966 5.41 0.59 4.83-6.29 10.8
Pradhan et al., 2015 4.89 1.15 3.10-6.16 235
NRCS Crop Nutrient Tool 3.60 1.74 1.60-4.80 48.4
USDA Food Composition Database 3.52 0.58 2.53-3.81 16.4
Overall 3.94 0.78 1.60 - 6.29 19.7
Relevance

Biscaro et al. (2014) reported values of fresh-market intermediate and long-day onions varieties grown in
the High Desert area of Southern California (Lancaster), where crop evapotranspiration is usually greater
than other onion producing areas in California. Zink (1966) and the NRCS Crop Nutrient Tool also
reported values from California. However, both datasets are more than 50 years old. In both cases, the

varieties were long-day varieties. In contrast, contemporary Central Valley production is dominated by
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short- and intermediate-day varieties (Voss and Mayberry, 1999; Smith et al., 2011). Whether the three
types differ in their N concentration cannot be determined with the data available. Therefore, it's
guestionable whether the values compiled for this report are a good estimate of the N concentration in

onions currently harvested in the Central Valley.

Variability

The values reported in the NRCS tool and the USDA database are much lower than the values reported
in the two studies included. Part of the difference is due to different dry matter contents. While the NRCS
tool and USDA database report a dry matter content of 10-14%, it ranged from 14.9 to 16.3 in the study
conducted by Zinc (1966). Biscaro et al. (2014) reported dry matter content of 5-9%. The two varieties
included in the NRCS Tool also differed considerably, with the N removed by Sweet Spanish and

Southport onions being 4.8 and 1.6 Ibs/ton, respectively.

Discussion

The value in the table may not be representative of N concentrations in onions harvested in the Central
Valley. Samples need to be taken over a period of several years from fields located in the main growing
areas in the Central Valley to generate a robust estimate of the N removed per unit yield. The relevant
varieties should be included in the sample. Dry matter content of the onions may have a large effect on

onion N concentration and should also be investigated.
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Pepper, Be” N removal
Data sources 3.31
The dataset for this analysis includes four trials, one of which was carried out on lbs N/ton
the Central Coast, 20 observations from the USDA Food Composition Database fresh weight
and two observations from the NRCS Crop Nutrient Tool. LisEnEE
Relevance 1 10 100 1000
) . ) . . Variability
Only four observations are from a recent study carried out in California. The N
concentration reported by Baameur and Smith (2012) is slightly lower than the !
average across all studies. However, with such a small sample size, it is not 0% ~ 10%  20%
CV (% of mean)

possible to determine whether the values reported in the table are a good estimate

of the N concentration in bell peppers grown in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n
Baameur and Smith, 2012 Central Coast, CA 1 2011 1 4
Russo, 1991 Lane, OK 1 1989-90 2 2
Marti and Mills, 1991 Athens, GA 1 1990 1 2
Haynes, 1988 New Zealand 1 1987 1 8
USDA Food Composition Database 22
NRCS Crop Nutrient Tool 2
Overall 40

Summary statistics of bell pepper N removal data.

Source Summary (Ibs N/ton of fresh weight)
Mean SD Range CV (%)

Baameur and Smith, 2012 2.59

Russo, 1991 4.74 0.36 4.48 -4.99 7.6
Marti and Mills, 1991 5.45 0.96 4.77-6.13 17.6
Haynes, 1988 3.60 0.09 3.49-3.79 2.6
USDA Food Composition Database 3.04 0.21 2.18-3.33 7.0
NRCS Crop Nutrient Tool 291 0.50 2.56-3.27 17.2
Overall 3.31 0.26 2.18-6.13 7.9

Variability

Little information about the factors affecting N concentration in bell peppers can be gained from the
studies included in the table. In the study carried out by Haynes (1988), increasing the N application rate

from 67 to 134 Ibs/acre had little effect on the N concentration in bell pepper. As yield did not respond to
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N rate either, the crop yield may not have been limited by N. Therefore, the standard deviation and CV

reported in the table are of limited value.

Discussion

The values in the table may not be representative for N concentrations in bell pepper grown in the Central
Valley. Samples need to be taken over a period of several years from fields located in the main growing
areas in the Central Valley to generate a robust estimate of the N removed per unit yield and provide

information about the dominant factors contributing to the variability of this estimate.
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POtatO N removal

Data sources 6.24

Four studies from the U.S. were included in the dataset, with one of the studies lbs N/ton

being carried out in Tulelake, CA. In addition, values from the USDA Food fresh weight
Composition Database and the NRCS Crop Nutrient Tool were included for a total R aalons

of 64 observations.

1 10 100 1000

Variabilit
Relevance 4

The dataset is based on values from the U.S. including one study from California. !‘

However, no recent values from potatoes grown in the Central Valley are included. | 9% ~ 10%  20%
CV (% of mean)

Therefore, it is not possible to determine how well the dataset represents N

concentrations in potatoes harvested in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n

Wilson et al., 2012 Tulelake, CA 1 2012 1

Lauer et al., 1985 Paterson, WA 1 1980-81 2 5

Waddell et al., 1999 Staples, MN 1 1994-95 2 22

Curless et al., 2005 Antigo, WI 1 2000-02 3 21

USDA Food Composition Database 11

NRCS Crop Nutrient Tool 1

Overall 4 64

Summary statistics of potato N removal data.

Source Summary (lIbs/ton of fresh weight)
Mean SD Range CV (%)

Wilson et al., 2012 8.02 0.97 6.83-9.22 12.1
Lauer et al., 1985 5.81 1.53 4.18-8.33 26.4
Waddell et al., 1999 5.94 0.74 4.08-6.91 12.5
Curless et al., 2005 6.37 0.87 5.19-8.14 13.6
USDA Food Composition Database 6.16 0.53 4.61-7.10 8.6
NRCS Crop Nutrient Tool 6.05

Overall 6.24 0.85 4.08 -9.22 13.6

Variability

The variability among studies is relatively small. However, the average N concentration reported in the
study from Tulelake is considerably higher than the average values in the other studies. With the data

available it is not possible to determine whether this is also the case with potatoes grown in the Central
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Valley. Several studies reported that higher application rates increase the N concentration in potato
tubers (Wilson et al., 2012; Lauer et al., 1985; Curless et al. (2005). Other factors have not been

investigated in the studies included here.

Discussion

The values in the table should be complemented with analyses of potatoes grown in the Central Valley to
increase the confidence in the estimate and provide information about the dominant factors that affect N
concentration in potato tubers. For a robust and representative estimate of the N removed per unit yield
and an assessment of the dominant factors affecting the N concentrations in potatoes, samples need to

be collected from Central Valley fields planted to the major varieties over a period of several years.
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Pumpkin N removal

Data sources 7.36

Only two studies reporting N or protein concentration in pumpkin could be

Ibs N/ton
identified. One study was completed in Illinois the other in Brazil. A value from the fresh weight
NRCS Crop Nutrient Tool was also included. The total number of observations is PLEEERETE

13. | J,

1 10 100 1000

Relevance Variability
Only the value in the NRCS Crop Nutrient Tool is from California. However, it is !_‘
from the UC Bulletin "Nutrient composition of fresh California-grown vegetables” 0% 10%  20%

CV (% of mean)

which was published in 1962 (Howard et al., 1962). With the data available it is not
possible to determine whether the average value in the table is a good estimate of the N concentration of
pumpkins harvested in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled Observations
Location n Years n

Swiader, 1985 Illinois 1 1984 1 2

Santos et al., 2012 Brazil 1 2008 1 10

NRCS Crop Nutrient Tool 1

Overall 13

Summary statistics of pumpkin N removal data.

Source Summary (Ibs/ton of fresh weight)

Mean SD Range CV (%)
Swiader, 1985 * 4.59 0.45 4.27-491 9.8
Santos et al., 2012 8.17 0.77 7.55-9.06 9.4
NRCS Crop Nutrient Tool 4.82
Overall 7.36 0.74 4.27 - 9.06 10.1

* The study reported N concentration in dry matter. A dry matter content of 9.3%
was assumed based on the NRCS Crop Nutrient Tool.

Variability
The average N concentrations differ considerably among studies. The reasons for these large differences

are not known. Increasing N application rates from 0 to 63 Ibs/acre had little effect on N concentration of
pumpkins (Santos et al., 2002).
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Discussion

The N concentration of pumpkins can vary considerably. The average value in this report is based on a
small sample size and is likely not representative of pumpkins harvested in the Central Valley. Given the
limited number of observations and the large differences among studies, samples need to be taken over a
period of several years from fields located in the main growing areas in the Central Valley to generate a
robust estimate of the N removed per unit yield and provide information about the dominant factors

contributing to the variability of this estimate.
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Sq UaSh N removal
Data sources 3.67
The term squash is used for a number of different types, including straight neck Ibs N/ton
squash, crookneck squash, zucchini, and acorn squash (Cucurbita pepo), fresh weight
butternut squash (Cucurbita moschata), hubbard and pink banana squash Observations
(Cucurbita maxima), Chinese wintermelon (Benincasa hispida), or balsam-pear
squash (bitter melon; Momordica charantia). 1 10 100 1000
The NRCS Crop Nutrient Tool and the USDA Food Composition Database contain UCLELETS;
data for most of these types and the value in the table is an average across all m
types. In contrast, the research studies included were all carried out with zucchini. 0% 10%  20%
CV (% of mean)

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n
Chance et al., 1999 Athens, GA 1 1998 1 4
Kolota and Slociak, 2006 Poland 1 2000-02 3 18
Martinetti and Paganini, 2006 Italy 1 2003 1 5
Rouphael and Colla, 2005 Italy 1 2002 1 4
Rouphael and Colla, 2009 Italy 1 2008 1 4
USDA Food Composition Database 28
NRCS Crop Nutrient Tool 11
Overall 74

Summary statistics of squash N removal data.

Source Summary (Ibs/ton of fresh weight)
Mean SD Range CV (%)
Chance et al., 1999 2.59 0.90 1.81-3.87 34.7
Kolota and Slociak, 2006 3.94 0.38 3.43-4.50 9.7
Martinetti and Paganini, 2006 4.39 0.20 4.19-4.63 4.5
Rouphael and Colla, 2005 4.14 0.10 4.02-4.23 2.3
Rouphael and Colla, 2009 3.48 0.51 2.83-3.95 14.7
USDA Food Composition Database 3.44 0.69 2.05-4.80 19.9
NRCS Crop Nutrient Tool 3.75 1.63 0.64-6.40 43.5
Overall 3.67 0.82 0.64 - 6.40 22.4
Relevance

The USDA Food Composition Database contributes more than a third to the observations in the table. It

includes values from squash sold in the U.S. The database reports the protein concentration of the edible

part of squash. Depending on the skin thickness and the size of the seeds, this may be the entire fruit

(e.g. zucchini), or only part of the fruit (e.g. Chinese wintermelon, butternut squash). Therefore, the values
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in the database may not always reflect the amount of N removed with harvested squash. With no recent
values from squash grown in California being included in our analysis, it is not possible to determine

whether the average value in the table is a good estimate of squash harvested in the Central Valley.

Variability

The variability within the NRCS and USDA databases is due to the inclusion of different types of quash.
Two studies compared different N fertilization programs. Kolota and Slociak (2006) did not find a clear
trend in zucchini N concentrations with increasing N application rates ranging from 0 to 215 Ibs/acre.
Similarly, the N concentrations of zucchini grown with different types of fertilizers applied at 220 Ibs
N/acre differed little and was not consistently increased compared with an unfertilized control (Martinetti
and Paganini, 2006).

Discussion

The values in the table may not be representative of N concentrations in squash harvested in the Central
Valley. Samples need to be taken over a period of several years from fields located in the Central Valley
to generate a robust estimate of the N removed per unit yield. Sampling should include the major varieties
and types of squash. This will help determine whether one value can be used for the different types of

squash or whether different values need to be developed for individual types.
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SWG et pOtatO N removal

Data sources 4. 74

Three studies carried out in Merced County and one study from Virginia were

lbs N/ton
included in this analysis. In addition, values from the USDA Food Composition fresh weight
Database and the NRCS Crop Nutrient Tool were included, for a total of 23 SHEELE

observations.

1 10 100 1000

Variabilit
Relevance anasiity
The three studies from California were carried out in Merced County, where most !‘
i i£arni 0%  10%  20%
of the sweet potatoes grown in California are produced. The average N OV (% of mean)

concentration in these studies is slightly higher than the average across all
datasets included in this report. Therefore, the average value provides a good estimate of N

concentrations in sweet potatoes harvested in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled Observations
Location n Years n
Stoddard, 2015 Delhi, CA 1 2014 1 4
Stoddard, 2009 Livingston, CA 1 2009 1 2
Weir and Stoddard, 2001 Atwater, CA 1 2001 1 4
Phillips et al., 2005 Painter, VA 1 2000 1 8
NRCS Crop Nutrient Tool 1
USDA Food Composition Database 4

Overall 23

Summary statistics of sweet potato N removal data.

Source Summary (lbs/ton of fresh weight)
Mean SD Range CV (%)

Stoddard, 2015 4.92 0.48 4.48 -5.57 9.8
Stoddard, 2009 5.34 0.16 5.23-5.45 3.0
Weir and Stoddard, 2001 4.67 1.19 3.50-6.28 25.5
Phillips et al., 2005 4.28 0.69 3.43-543 16.0
NRCS Crop Nutrient Tool 5.66

USDA Food Composition Database 5.02 0.93 4.38 - 6.37 16.4
Overall 4.74 0.80 3.43 - 6.37 16.8

Variability

Compared with other crops, the variability of the N concentration in sweet potato tubers across studies is

intermediate. Two N rate trials (Weir and Stoddard, 2001; Philips et al., 2005) found that increasing N
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application rates led to higher N concentrations in sweet potato tubers. Year of harvest also affected N

concentration in sweet potatoes (Philips et al., 2005).

Discussion

The value is a good estimate for N removed with sweet potatoes from Central Valley fields.
Complementing the dataset with samples taken from additional fields in the Central Valley would result in
a more robust estimate. Samples should be taken over a period of several years and include the major

varieties.
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yield and quality. HortScience 40, 214-217.
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Tomato, fresh market N removal

Data sources 2.61

Little information is available on the N concentration in fresh-market tomatoes.

Ibs N/ton
Two studies, one from Florida and the second from Poland, were included in this fresh weight
analysis, together with values from the USDA Food Composition Database and SEEDELERD

the NRCS Crop Nutrient Tool for a total of 34 observations.

1 10 100 1000

Variabilit
Relevance Y
The majority of the observations are from tomatoes harvested or sold in the U.S. !‘
However, no recent values from fresh market tomatoes grown in California are i A Lbs

CV (% of mean)

included. Therefore, it is not possible to determine the degree to which the dataset

is representative of tomatoes harvested in the Central Valley.

Data sources and number of observations.

Source Sites Years sampled  Observations
Location n Years n
Ozores-Hampton et al., 2015 Florida 1 2006 1 4
Kleiber, 2014 Poland 1 2008-2012 5 10
USDA Food Composition Database 19
NRCS Crop Nutrient Tool 1
Overall 34

Summary statistics of fresh market tomato N removal data.

Source Summary (lbs/ton of fresh weight)
Mean SD Range CV (%)

Ozores-Hampton et al., 2015 2.47 0.20 2.26-2.64 8.0
Kleiber, 2014 2.23 0.12 2.15-2.31 5.2
USDA Food Composition Database 2.82 0.54 1.89-3.39 19.3
NRCS Crop Nutrient Tool 3.07

Overall 2.61 0.43 1.89-3.39 16.5

Variability

Ozores-Hampton et al. (2015) found that the N concentration in tomatoes increased considerably with
higher N application rates. In contrast, the difference between summer and winter was small. The
variability in the study by Kleiber (2014) is mainly caused by differences between the two varieties
included in their study. The authors only reported values averaged over the five seasons of the study.
Therefore, it is not possible to determine the effect of year on tomato N concentration. Furthermore, the

standard deviation and CV reported for this study underestimate the variability in the dataset.
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Discussion

The values in the table may not be representative of N concentrations in fresh market tomatoes harvested
in the Central Valley. Samples need to be taken over a period of several years from fields located in the
Central Valley to generate a robust estimate of the N removed per unit yield.

References
Kleiber, T., 2014. Changes of nutrient contents in tomato fruits under the influence of increasing intensity of
manganese nutrition. Ecological Chemistry and Engineering S 21, 297-307.

Ozores-Hampton, M., Di Gioia, F., Sato, S., Simonne, E., Morgan, K., 2015. Effects of nitrogen rates on nitrogen,
phosphorus, and potassium partitioning, accumulation, and use efficiency in seepage-irrigated fresh market
tomatoes. HortScience 50, 1636-1643.

Page 105



Tomato, processing N ramoval

Data sources 2.73

Three studies were included for this analysis. They were all carried out recently in

Ibs N/ton
commercial fields across the Central Valley. The total number of observations is fresh weight
24, with each observation representing a different commercial field. Observations
Relevance 1 10 100 1000

Variability

All three studies report recent data from commercial fields at different locations in

the Central Valley. The average value can be considered a very good estimate for !_‘

i i 0% 10%  20%
processing tomatoes harvested in the Central Valley. CV (% of mean)

Variability

While the variability within the studies is intermediate, it is relatively large across studies. Each
observation in the dataset represents a commercial field, meaning the overall variability is due to crop
management, varieties and differences in environmental conditions. Therefore, the average value as well

as the variability of the data can be considered a very good estimate for the Central Valley.

Data sources and number of observations.

Source Sites Years sampled  Site x Years
Location n Years n

Hartz and Bottoms, 2009 Central Valley 7 2007-2008 2 8

Aegerter, 2015 Central Valley 2 2015 1 2

Lazcano, 2015 Central Valley 14 2013 1 14

Overall 24

Summary statistics of processing tomato N removal data.

Summary (Ibs N/ton fresh

Source weight)
Mean SD Range CV (%)
Hartz and Bottoms, 2009 3.00 0.28 2.6-3.3 9.4
Aegerter, 2015 3.12 0.34 2.8-3.6 10.7
Lazcano, 2015 2.52 0.31 1.9-3.1 12.4
Overall 2.73 0.30 19-3.6 11.1
Discussion

The data included in the table can be considered a very good estimate for processing tomatoes harvested
in California. With 24 observations, the sample size is relatively small. Given the variability of the data,

collecting and including additional samples would improve the confidence in the estimate.
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Almonds

Data sources

The data included in this report are from a recent study carried out by Patrick

Brown, Professor at UC Davis, and his team. The study was carried out over a

period of five years. Most of the observations are from an orchard in Kern County,

but data were also collected from four other orchards in Stanislaus, Madera and

Colusa Counties. The values in the table refer to N removed with hulls, shells and

kernels per ton of marketable kernels. The values in the table are from two
publications which contained only part of the entire dataset. Based on the
complete dataset from 2008-11, Dr. Brown and his team recommend using a
value of 136 Ibs N/ton of kernels (68 Ibs/1000 Ibs of kernels; Saa Silva et al.,
2012).

Data sources and number of observations.

N removal

136

Ibs N/ton of
kernels
Observations

-

1 10 100 1000
Variabhility

-

0% 10% 20%
CV (% of mean)

Source Sites Years sampled

Location Years

=}

Variety: Nonpareil

n

Observations

Brown et al., 2012; Brown, 2013  California 1 2008 1 4

Brown et al., 2012; Brown, 2013  California 4 2009 1 7

Brown et al., 2012; Brown, 2013  California 5 2010 1 8

Brown et al., 2012; Brown, 2013  California 1 2011 1 4

Brown et al., 2012; Brown, 2013  California 1 2012 1 4
Variety: Monterey

Brown et al., 2012 California 1 2011 1 4
Overall 5 5 31

Summary statistics of almond N removal data.
Source Summary (lbs/ton of kernels)
Mean SD Range CV (%)

Variety: Nonpareil

Brown et al., 2012; Brown, 2013 120 6.0 112-126 5.0

Brown et al., 2012; Brown, 2013 120 10.2 106 - 138 8.4

Brown et al., 2012; Brown, 2013 127 17.8 102 - 152 14.1

Brown et al., 2012; Brown, 2013 134 19.1 108 - 150 14.3

Brown et al., 2012; Brown, 2013 157 323 108 -174 20.7
Variety: Monterey

Brown et al., 2012 124 11.2 110-134 9.0
Overall 136 5.6 102 -174 4.1

Relevance
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The values in the table are from a recent study carried out in different orchards in the Central Valley over

a period of 5 years. The value can therefore be considered a good estimate of N removed with almonds.

Variability

The amount of N removed per ton of harvested kernels increased considerably with increasing N
application rate. The year also had a strong effect on the N removed at harvest. With the exception of four
observations, the data is based on 'Nonpareil' almonds, which is the major variety in California. In 2011,
the average N concentration in Monterey almonds tended to be lower compared with 'Nonpareil’;
however, with the data available it is not possible to determine how strongly the N concentration differs

with variety.

Discussion
The value is a good estimate for N removed from almond orchards in the Central Valley. Complementing
the dataset with samples from different varieties and orchards from across the Central Valley would result

in a more robust estimate.

References
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Apples

Data sources

Several studies from around the world were included in the dataset. Only one
observation is from California. The USDA Food Composition Database reports a
protein content of raw apples of 0.26% of the fresh weight, which is equivalent to
0.0416% N. The values in the USDA database are for the edible part of food.
These values were multiplied by a factor of 1.11 based on the following data: For
'Cox's Orange' apples, Wilkinson and Perring (1956) reported that the seeds and
stems account for 0.3 and 0.13% of the fresh weight, respectively. The same
study reported N concentrations in the fresh weight of flesh, seeds and stems of
0.075, 2.67 and 0.54%, respectively.

Data sources and number of observations.

N removal

1.08

Ibs N/ton
fresh weight
Observations

1 10 100 1000
Variability

TN

0% 10% 20%
CV (% of mean)

Source Sites Years sampled  Observations
Location n Years n
Weinbaum et al., 1992 California 1 1
Atucha et al., 20113, b New York 1 2007 4
Greenham, 1980 England 1 3
Campeanu et al., 2009 Romania 1 2007 10
Palmer and Dryden, 2006 New Zealand 7 1999-2001 3 84
NRCS Crop Nutrient Tool 1
USDA Food Composition Database 29
Overall 132
Summary statistics of apple N removal data.
Source Summary (lbs/ton of apples)
Mean SD Range CV (%)
Weinbaum et al., 1992 1.00
Atucha et al., 20113, b 2.89 0.12 2.71-3.00 4.3
Greenham, 1980 2.29 0.64 1.48-3.23 27.9
Campeanu et al., 2009 1.95 0.69 1.08-3.23 35.3
Palmer and Dryden, 2006 0.90 0.25 0.78-1.26 28.3
NRCS Crop Nutrient Tool 1.23
USDA Food Composition Database * 0.92 0.36 0.60-2.01
Overall 1.08 0.38 0.60 - 3.23 35.1

* To account for seeds and stems, the N removed was increased by 11% (see text for more detail).
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For a more robust estimate of the amount of N removed from walnut orchards, the dataset is best
complemented with samples from different orchards in the Central Valley planted to different varieties

over a period of several years.
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Funding Request Amount

$75,000

Executive Summary: Adoption of improved N management practices is paramount to meeting
the demand of regulatory agencies to reduce N loading into surface and groundwater of
California. However, there is inadequate information on the current rate of adoption and little
understanding of the barriers to more complete adoption. This project aims to quantify the
current use of improved practices and characterize drivers of grower behavior in order to
enhance future research, education and outreach programs. The findings will help guide practice,
and policy for citrus and raisin grape growers in the South San Joaquin Valley (SSJV)
Management Practices Evaluation Program (MPEP).

Our objectives are 1) to develop a quantitative understanding of key influences and barriers to
adoption of N management practices for citrus and raisin grape growers in the regions
represented by the SSIV Water Quality Coalitions; 2) to distribute, collect and aggregate survey
data from growers during focus groups and; 3) to analyze response data to determine key
motivations and barriers to grower adoption of N management practices.

Our team brings superb capabilities in the required research methodologies, extensive
understanding of N management practices, and an excellent reputation among growers and
stakeholders. Collaborating with water quality coalitions and industry stakeholder groups will
simplify grower participation and enhance our ability to interpret results. To maximize grower
participation all resuits will remain anonymous. Our approach includes developing a survey
questionnaire in collaboration with stakeholders and executing focus groups with growers at
different venues. We will use the results to develop coalition wide recommendations. The
process will allow for a high degree of crop and grower specificity.










Table. Demographic data for citrus and raisins from 7 coalitions in the SSVJ MPEP region

Citrus
Sum of Growers 1,628
Sum of Area 217,794
Average of Ave size 719
Max of Ave size 3,227
Min of Ave size 90

Budget Narrative

Personnel Expenses

Raisins
813
126,950
792
3,630
28

Grand Total
2,441
344,744

753

3,630

28

Project Scientist, Sat Darshan Khalsa: We request support for a Project Scientist at 25% effort
for 24 months. Responsibilities include survey writing, coordination with commodity groups,
water coalitions, extension specialists and others on project execution, conducting focus groups,

analyzing data and writing reports/publications. Total funds requested $44,582

Operating Costs

Travel: We request funds to cover in-state travel expenses associated with meetings. We are
estimating that we will need to complete about 10 trips. The costs are estimated based on round-
trip mileage from Sacramento/Davis area to Bakersfield Area, an average of 596 miles roundtrip

at $0.535 per mile. The total funds requested $3,189.

Other Expenses

Indirect Costs: An indirect rate of 57% is applied to a base of Modified Total Direct Costs. Total

funds requested $27,229.
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Brown: South San Joaquin Valley Management Practices Evaluation Program

10/1/2017-9/30/2019

Year 1 Year2
Monthly Base TOTAL
Personnel
Project Scientist (25%) Salary $ 523606 § 15,708.18 § 16,179.43 & 31,887.61
Benefifs § 6,157.61 § 6,53649 § 12,694.09
Subtotal Personnel 3 21,865.79 § 22,71591 § 44,581.70
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Transportation 5 -
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Pub Costs § -
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ABANDONED WELLS AND INACTIVE WELLS

Improperly abandoned or maintained wells can transmit
contaminants from the surface into groundwater and can
also be a safety hazard. This handout provides information

about the destruction of abandoned wells and maintenance of

inactive wells.

ABANDONED WELL

A well is considered abandoned (or permanently inactive) if it
has not been used for over one year and there is no intention
to use the well again. All abandoned wells must be properly
destroyed consistent with state law and county ordinances
within a reasonable timeframe.

ABANDONED WELL DESTRUCTION

Abandoned wells must be properly destroyed to protect
groundwater from surface and subsurface contaminants and
to eliminate potential physical hazards. Well destruction
consists of the complete filling of the well according to state
law and county ordinance. Contact your local county health
department to determine what procedures and permitting are
required. Generally, destruction of abandoned wells includes
the following:

* An investigation to determine well condition, details of
construction, and whether there are obstructions that will
interfere with the process of filling and sealing. This may
include the use of downhole video and/or photography for
visual inspection of the well. Obstructions must be cleared,
and if undesirable materials are found, then the county
agency should be notified as soon as possible.

* Complete filling and sealing with proper materials and
procedures dependent on the site conditions of the well.
In most cases, the upper 20 feet of the well must be sealed
with suitable sealing material and the remainder of the well
must be filled with a suitable fill material.

¥
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OPEN WELL CASING. Improperly abandoned wells can transmit
contaminants from the surface into groundwater and can also be a safety
hazard to people and animals. This open well casing is an example of an
abandoned well that has not been properly filled and sealed. Source:
Groundwater Resources Association of California: http://cart.grac.org/
Abandoned-Wells-1?search=Abandoned%20Wells.

GROUND LEVEL

CONCRETE ——p
(neat cement, cement
grout, concrete, and
bentonite clays)

INORGANIC FILL ——
MATERIAL
(clay, sand, silt, native soil)

EXAMPLE CROSS SECTION OF A FILLED AND SEALED WELL. For
specific well abandonment requirements in your area, please contact
your local agency. Source: cross section recreated from the Tulare County

Environmental Health Department guidance on well abandonment
(https://tularecountyeh.org/eh/index.cfm/guidance-library/water-
wells/well-destruction-procedures/).




INACTIVE WELL

A well is considered inactive if the owner demonstrates
an intention for future use and the requirements for well
maintenance are met.

INACTIVE WELL MAINTENANCE

Proper inactive well maintenance includes:

* Preventing impairment of water quality within the well and
groundwater encountered by the well.

* Installing a well cover secured by a lock or other means to
prevent unauthorized access. The cover must be watertight
if the well is inactive for more than five consecutive years
or it is below known levels of flooding. A pump or motor,
angle drive, or other surface feature of a well, may be
considered the cover if it is watertight.

* Marking the well so that it is easily visible, located and
identified as a well.

* Maintaining the area surrounding the well clear of brush,
debris, and waste materials.

If a pump has been temporarily removed for repair or
replacement, the well shall not be considered abandoned if
the above conditions are met. The well shall be adequately
covered to prevent a safety hazard and the entrance of foreign
material, surface water, or contaminants into the well during
the pump repair period.

FOR MORE INFORMATION

For additional information, please refer to the California
Department of Water Resources (DWR) published standards
in Bulletin 74 (http://www.water.ca.gov/groundwater/wells/
standards.cfm) for well construction and abandonment.
Local environmental health agencies are responsible

for implementing standards that meet or exceed DWR
standards. The following local agencies are responsible for

$SJV MPEP COMMITTEE COALITIONS

Buena Vista Coalition

Cawelo Water District Coalition

Kaweah Basin Water Quality Association
Kern River Watershed Coalition Authority
Kings River Water Quality Coalition

Tule Basin Water Quality Coalition
Westside Water Quality Coalition

661-324-1101

661-393-6072
559-302-1620
661-616-6500
559-365-7958
559-733-2948
661-762-7316

Please visit https://agmpep.com for more information.

well abandonment and permitting within the Southern

San Joaquin Valley. For specific well construction and
abandonment requirements in your area, please contact your
local agency.

Fresno County

(Unincorporated areas only.)

Department of Public Health, Environmental Health Division
1221 Fulton Mall

Fresno, CA 93721

Phone: (559) 600-3357
htep://www.co.fresno.ca.us/departments/public-health/
environmental-health/water-surveillance-program/water-well-

permitting-program

Kern County

Public Health Department, Environmental Health Programs
2700 M Street, Suite 300

Bakersfield, CA 93301

Phone: (661) 862-8700
htep://kernpublichealth.com/water/water-wells-small-water-
systems/

Kings County

(All areas except the City of Hanford, City of Lemoore, City of
Avenal, and NAS Lemoore.)

Community Development Agency

1400 W. Lacey Blvd, Building 6

Hanford, CA 93230

Phone: (559) 852-2670

hteps://www.countyofkings.com/home/showdocument?id=3100

Tulare County

Environmental Health Services Division

5957 South Mooney Boulevard, Second Floor
Visalia, CA 93277

Phone: (559) 624-7416

hteps://tularecountyeh.org/eh/index.cfm/our-services/water-wells/
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IRRIGATION WATER NITROGEN CALCUL ATOR

Nitrogen (nitrate and ammonium N) in irrigation water is
as readily available to crops as N in chemical fertilizers. So,
when growers account for N in irrigation water, they can
reduce rates of fertilizer N application. The Irrigation Water
Nitrogen Calculator converts nitrate and ammonium found
in irrigation water, as measured by a laboratory or other
method, into pounds of N applied per acre. The calculator
is available online at https://agmpep.com/calc-irrn/ and
features the following options:

* A single source mode for consideration of a single water
source.

* A multiple source mode for consideration of multiple water
sources (e.g., surface water and groundwater).

¢ An offline version, which allows the tool to be downloaded
and used offline. This version can also be joined with other
calculations performed in a grower or CCA database or

workbook.

WATER QUALITY SAMPLING

To determine the amount of N supplied by irrigation water,
samples must first be collected and analyzed. Most of the

N in irrigation water will be in the nitrate form. Sampling
recommendations include the following:

* Frequency: sample irrigation water two times a year
initially to understand potential variation. If results show
the N concentration to be relatively consistent for two
consecutive years, then consider reducing sampling to once
every two years.

* Sampling: samples can be collected and delivered to a lab
for testing (preferred). Inexpensive nitrate test strips or
other testing methods can also be used.

* Labs: many agricultural labs can test water quality for N.

County health departments can be contacted for a list of
certified labs.

Your coalition may also provide irrigation water N testing
services. Consult with your coalition for more information.

Sample Irrigation Water Nitrogen Calculator Results for a Single Water Source

1 ¥ Specify Single or Mulliple Wiater Source:

© Single (Irrigation)
Multiple (.., Surface Water and Groundwater)

2 ¥ Enter Irrigation Water Concentrations (mg/L, same as ppm)c @

Hiinratec 10 O MO (N0} Crthsar M in Wator Mineral N in Water (mg/L); 10
b Enter Applied Water: \
Inches Water: 42 Grower Inputs avaibable (inches): s

4 ¥ Enter Estimated % Efficlency, &
% of Applied Water: a5

£ Galculation Result:

Calculated N Supplied in Irrigation Water

N in Applied Water (pounds of M per acre):




USE OF RESULTS

The Irrigation Water Nitrogen Calculator result (in pounds
of N per acre) should be SUBTRACTED from the total crop
N requirement. Other N credits, such as for N available in
the soil and from organic amendments, should be similarly
evaluated and SUBTRACTED from N requirement. The
residual N requirement, after accounting for these sources, is
the appropriate fertilizer N application rate.

Leaching of irrigation water beyond the root zone is necessary
to maintain appropriate levels of soil salinity. Similar to any

ADDITIONAL IRRIGATION AND NITROGEN MANAGEMENT TOOLS

The S§JV MPEP Committee launched https://agmpep.com
in early 2017 to provide easy-to-use tools and information to
growers and advisers. The website provides resources about
management practices that are protective of groundwater
quality, irrigation and nutrient management tools, learning
opportunities, and more. Resources include:

* The Events Calendar compiles outreach event information
from a wide range for resources, including University of
California Cooperative Extension, CA Department of Food
and Agriculture, CAPCA, and the Center for Irrigation
Technology. Users can sort by crop, topic, or locale to
identify the most relevant events. The events calendar is
available at https://agmpep.com/events/.

* The Resources tab includes a directory of publicly available
agricultural management practice tools and resources.
The directory features urgent practices, such as well
abandonment and well head protection, in addition to
general irrigation and nutrient management information.
Nitrogen management planning resources are available at

https://agmpep.com/nmp-support/.

* The Y-to-R Calculator can be used to estimate N removed
(R) and the ratio of N applied (A) to N removed (A/R).
Results can be calculated from inputs for a single crop or
for multiple crops. The conversion factors were developed
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Please visit https://agmpep.com for more information.

applied N, some irrigation N will also likely be leached with
the irrigation water because nitrate moves with water in soil.
The amount of N lost can be minimized by maintaining
irrigation water in the root zone through irrigation
scheduling, making fertilizer N applications to match crop
demands, and fertigating N during the latter hours of
irrigation sets when possible. If leaching for salinity control
requires off-season irrigations, then low-N water is preferable.

by Dr. Daniel Geisseler based on currently best available
information, and will be refined as additional research
results become available. Calculations may be completed
online or offline. The calculator is available at https://
agmpep.com/calc-y2r/.

* The Evapotranspiration Variability Viewer is another
new tool. Variability of crop and soil conditions within
a given field must be understood and managed to
achieve productivity and environmental performance
goals. A good measure of crop condition and variability
within a field, as affected by factors such as irrigation
uniformity, is the actual evapotranspiration (ETa). The
Evapotranspiration Variability Viewer maps field-level
actual Evapotranspiration Distribution Uniformity (ETa
DU) for an irrigation season (May to October) and for
July (peak ETa). Using an online data portal provided
through Irrigated Lands Regulatory Program coalition
websites, growers can zoom into their fields and view maps
and quantitative charts of field variability. Contact your
coalition for more information.

Additional tools and resources related to irrigation and
nutrient management are under development and will be
added to the MPEP website over time. For more information,
please visit https://agmpep.com.
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Wellhead protection practices are to help prevent the
movement of contaminants into a well. Unprotected
wellheads can transmit contaminants from the surface into
groundwater. This handout provides information about
practices for wellhead protection and well maintenance.

PREVENT SURFACE WATER FROM ENTERING THE WELLHEAD.

Practices include:

* Maintain well casings free of holes and cracks, and keep the
casing anchored. You should not be able move the casing

by hand (Figure 1).

* Maintain watertight caps and plugs at all openings and
access points to the well (Figure 2).

¢ Install air vents above the flood level with down-turned and
screened “U” bends. (Figure 3).

* Place a seal at the top of the casing. Check the seal and
replace it if it is disturbed.

* Maintain a watertight seal or gasket between the pump
discharge head and the discharge line; or, in the event of a
below-ground discharge, between the discharge pipe and
discharge line.

¢ Maintain a concrete base that is free of holes and cracks,
and that forms a watertight seal with contacts between the
base and annular seal, base, and well casing.

* Maintain a slope away from the wellhead to prevent water
from flowing toward the well. The base should slope away
from the well casing for at least two feet in all directions,
from the outside of the well boring. If it is not feasible to
maintain a slope away from the wellhead, diversions and/or
berms should be put in place.

* Avoid standing water around the wellhead. Address leaks or
any areas of ponding.

CRACKED WELL CASING. A cracked well casing may allow surface
water and contaminants into the well. Consult a water quality
professional, such as a licensed well driller, to repair or replace the
cracked casing. Source: CA State Water Resources Control Board,
https://www.waterboards.ca.gov/gama/docs/wellowner_guide.

MISSING WELL PLUG. Many wells have a small plug located at
the top of the well casing. The plug may degrade over time and
sometimes fall off. If the plug is missing, the well is directly open to
potential contamination. Replacing a missing plug is an effective
way to reduce potential contamination. Source: CA State Water
Resources Control Board, https://www.waterboards.ca.gov/gama/
docs/wellowner_guide.pdf.




PREVENT THE INTRODUCTION OF CONTAMINANTS INTO
GROUNDWATER.

Practices include:

* Maintain good housekeeping practices, including the
removal of trash, debris, excess vegetation, and any empty
containers.

¢ Ensure contamination sources are not near the wellhead,
including animal enclosures and storage of pesticides,
fertilizer, or petroleum products.

* Prevent backflow and the introduction of potentially
contaminated water back into the well:

o Air gaps should be maintained on non-pressurized
systems to prevent backflow. The air gap is an
unobstructed vertical distance between the lowest opening
from any pipe, faucet, or hose and the flood level rim of
container (Figure 4). A common guideline is to have a
two-pipe-diameter gap between the well discharge pipe
and the standpipe.

° A backflow prevention check valve or comparable device
should be installed for pressurized systems, especially
those that have been modified to employ chemical feeds
or injectors.

MAINTENANCE AND SERVICE.

Practices include:

* Perform a pump test, service, or adjustment at least once
every 5 years.

* Perform a specific-capacity test and assess pump
performance annually.

* Test water quality to inform your maintenance program,
specifically regarding mineral deposition.

For additional information, please refer to the California
Department of Water Resources Bulletin 74-90 and the
California State Water Resources Control Board’s list of well
and water protection practices in its 2015 publication, “A

EXAMPLE “U” BEND. Air vents should be protected against
the entrance of foreign material by installation of down-turned
and screened “U” bends. Source: graphic recreated from DWR
Bulletin 74-81 (http://www.water.ca.gov/pubs/groundwater/
water_well_standards__bulletin_74-81_/ca_well_standards_
bulletin74-81_1981.pdf).

AIR GAP. An airgapisa
vertical, physical separation
between the end of a

water supply outlet and

the flood-level rim of a
receiving vessel. An air gap
is considered the maximum
protection available against
backpressure backflow.
Source: American Backflow
Prevention Association,
http://www.abpa.org.

AIR GAP

Guide for Private Domestic Well Owners” (https://www.
waterboards.ca.gov/gama/docs/wellowner_guide.pdf). The
publication provides additional information about well
construction and destruction, water quality protection,
testing, and water treatment.
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