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Since 1990, the California Department of Food and Agti-
culture’s Fertilizer Research and Education Progtam (FREP)
has advanced its mission to promote the environmentally
sound and agronomic use and handling of commercial fertil-
izers. A primary objective is to improve the use efficiency of
commercial fertilizing materials to benefit crop production
and quality while minimizing nitrogen losses to the environ-
ment. FREP strives for excellence by supporting high quality
research and education endeavors that have gone through a
rigorous statewide competitive process, including indepen-
dent peer review. From 1990-2002, FREP has supported
over 100 research and education projects for a total of nearly
$6 million in funding. FREP activities are funded entirely
from a mill tax on the sale of commercial fertilizers in the
State of California, which currently generates close to $1
million per year for project funding and program support.

FREP’s current funding priorities include:

* Research on crop nutrient uptake including the amounts,
timing and partitioning of nutrients removed from the
soil, and the role of balanced nuttition in improving crop
production and reducing the amount of nutrients avail-
able for surface runoff or leaching from the root zone.

¢ Development of fertilization practices and application
methodologies to improve crop production, fertilizer use
efficiency or environmental sustainability.

e Irrigation management as related to fertilizer use efficiency
and the reduction of nutrient losses to ground and surface
water,

e Site-specific crop and fertilizer management technologies
and best management practices related to precision agri-
culture.

¢ Development, testing, and demonstration of the use and
benefits of practical field monitoring tools.

* Nutrient interactions with growth regulators, plant pests
and disease.

° The integrated use of commercial fertilizers with cover
crops or agricultural composts to improve crop yield or
quality and to minimize nutrient losses in ground or sur-
face water.

* Development and distribution of educational products
and public information.

PROJECT FUNDING ANALYSIS

This publication includes summaries and results to date of all
projects that are currently receiving funds. Section III lists
completed projects. See Section IV of these proceedings for
a list of articles published in peer-reviewed journals. Figures
1-2 below show where the cumulative program resources
have been distributed in terms of geographic location, and
discipline for FREP funded projects. Figure 1 shows that
59% of the funding to date has been conducted in, or has
primary relevance to, the Central Valley. This is in line with
current agricultural production for the state. The Central
Coast has also received a significant portion of research
funds. These have mostly been focused on fertility manage-
ment of cool-season vegetables in Monterey County and
points south. A substantial number of projects have had
statewide relevance, while smaller portions have been di-
rected at the desert and south coast areas.

Desert Central Coast
Statewide 3% 14%
20% OO,

South Coast
4%

Central Valley
598%

Figure 1. CDFA FREP Projects by Location: 1990-2002.

Educationat/Other Irrigation/Fertigation
21% 20%

RN S

Pest Interaction
4%

Precision Agriculture
10%
Heavy Metals

Nutrient/Soil Testing
1%

40%
Compost/Cover crop
4%

Figure 2. CDFA FREP Projects by Discipline: 1990-2002.




As detailed above, FREP has numerous funding priority ar-
eas, which have remained relatively consistent over the life of
the program. Figure 2 shows the distribution of funded pro-
jects by discipline. Forty percent of FREP’s projects have
been related to developing, testing and demonstrating vari-
ous nuttient tissue and/or soil testing procedures. Research
efforts have also been directed at developing pre-sidedress
testing for cool-season vegetables where growers can test their
nutrient soil levels themselves to guide in-season nutrient ap-
plications. Work in improving itrigation management and
fertigation practices to optimize both water and nutrient de-
livery remains an important focus of the program (20%).
New precision agriculture technologies for nutrient manage-
ment such as using GIS, GPS, remotes sensing, and yield
monitors have also received funding attention. Other areas
under consideration include the relationship between pests
and discases with fertility management, composts and cover
crops, and air quality issues.

FREP continues to support the California Certified Crop
Adpviser Program. Headquartered in Sacramento, this pro-
gram s raising the level of professional knowledge of crop
advisors in the state through a voluntary certification pro-
gram. Visit their web site at www.cacca.org to learn more
about their activities and upcoming test dates.

EDUCATION AND OUTREACH

One of FREP’s primary goals is to ensure that research results
generated from the program are distributed to, and used by,
growets and the fertilizer industry. This is reflected in signifi-
cant FREP support (21%) of relevant education and out-
reach projects (Figure 2). FREP serves a broad audience
including growers, agricultural supply and service profession-
als, extension personnel, public agencies, consultants, Certi-
fied Crop Advisers, Pest Control Advisers and other
interested parties. Proceedings from the annual FREP confer-
ence are disseminated throughout the year to interested
membets of the agricultural community. FREP has also
funded a number of projects designed to increase the agricul-
tural literacy of students in the K-12 setting.

In today’s world of limited budgets, we know we must work
with others to achieve our objectives. To that end, FREP staff
collaborates and coordinates with other organizations with
similar goals. Our partners include:

¢ The California Plant Health Association
¢ California Chapter of the American Society of Agronomy

¢ California Certified Crop Adviser Program

¢ Sacramento Regional Wastewater Treatment Facility
e Monterey County Water Resources Agency

e University of California, Sustainable Agriculture Research
and Education Program

* University of California, Small Farm Center

° State Water Resources Control Board, Interagency
Coordinating Committee
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INTRODUCTION

This project was developed to study nutrient deficiencies in
mature peach, plum and nectarine trees. In 1999 sixty large
tanks with individual drainage systems were installed in the
plot and filled with sand. At the start of the 2000 season, one
tree each of Zee Lady peach, Fortune plum and Grand Peatl
nectarine (white flesh) was planted in each tank. Differential
fertilization treatments were started in the summer of 2000
and continued through the 2001 and 2002 seasons. By 2001
nutrient deficiencies were apparent in some trees. A small
amount of fruit was harvested from most of the trees in that
year. By 2002 fruit production was substantial on the major-
ity of the trees. Big differences among trees were measured in
tree size, flower production, fruit set, fruit size, and fruit
quality parameters. Many of these differences were correlated
with leaf nutrient levels. In analyzing the relationships be-
tween these parameters and trees nutritional status, many in-
teresting results have been obtained. In some cases, a single
nutrient seems to explain the variability. In others, multiple
nuttients appear to be involved, sometimes in rather complex
ways. In addition, this research suggests the conventional
mid summer timing of nutrient analyses may be too late for
some nuttients. An early spring sampling may be more ap-
propriate in a few cases. This research is also providing pre-
liminary evidence that published critical levels may need to
be revised for a few of the nutrients. Overall, this project is
producing some very interesting and useful findings and
should continue to do so as the trees grow larger and show
even greater differences among treatments over time.

OBJECTIVES

1. To induce nutrient deficiencies in full size peach, plum
and nectarine trees growing in sand culture in the field
and to study the effect of these deficiencies on tree
growth, flowering, fruit quality, pest susceptibility and
yield.

2. To produce high quality slides and color photos of defi-
ciency symptoms and use these for various educational
programs including a laminated field handbook, our
stone fruit manual and many extension meetings.

PROJECT DESCRIPTION

Combinations of fertilizer salts were applied to the different
tanks in an effort to achieve the following treatments. Each
treatment was replicated in 4 tanks.

Treatment 1 — All nutrients
Treatment 2 — No nutrients
Treatment 3 — No nitrogen
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Treatments 4 & 5 — No phosphotus

Treatments 6 & 7 — No potassium

"Treatments 8 & 9 — No calcium

Treatment 10 — No sulfur

Treatments 11 & 12 — No magnesium

Treatments 13, 14 & 15 — No micronutrients
(B, Zn, Mn, Fe, Cu, Mo)

Besides the mixture of salts (based on Hoagland solutions)
applied to each treatment, an additional fertilization program
was followed in 2002 in order to achieve a wide range of nu-
trients among individual trees and to help depress the spe-
cific nutrient for a given treatment. For instance, extra
nitrogen was applied to some treatments (5,7,9 and 12) to
stimulate vigorous growth and thus help dilute the specific
nutrient not supplied to that treatment. Also heavy applica-
tions of competing cations were made to treatments
6,7,8,9,11 and 12 in order to replace the given cation on the
soil cation exchange sites. Finally, additional applications of P
(treatments 6 and 11), B and Fe (treatments 1 and 3 to 12),
and Zn (treatments 3,5,7,9 and 12) were made to specific
treatments because these nutrients were generally low in all
trees in 2001. Leaf samples were collected from all 180 trees
in eatly May and eatly July 2002. These were sent to the
DANR analytical lab for determination of all macro and mi-
cronutrients.

RESULTS AND CONCLUSIONS

Leaf Nutrient Levels. Table 1 shows the range of leaf nutrient
levels from the July sampling period. There is a 2 to 3 fold
difference between the low and high values for each of the
nutrients measured. Some of the leaf samples tested below

the published deficiency thresholds for N, B, Zn and Fe. The
remaining nutrients also measured very low on some of the
trees, often just above the deficiency threshold. Almost all the
nutrients had both higher and lower values in 2002 com-
pared to the year before. The one exception to this is potas-
sium, which had some very high values but no minimum
values as low as those measured in 2001. The other two ma-
jor cations, calcium and magnesium, had minimum levels
that were considerably lower than those achieved in 2001.
Overall, the wide range of values and the low levels measured
for each nutrient provide a very useful data set for examining
nutrient effects on tree and fruit parameters.

Despite the low leaf nutrient levels measured in July, there
were surprisingly few leaf deficiency symptoms observed on
the trees (at least through late summer when this report was
prepared). Nitrogen deficiency was obvious on many trees,
starting right after bloom. Also early in the spring, some zinc
deficiency symptoms were apparent, especially on some of
the plum trees, but these disappeared as the weather warmed
up. By mid summer, other than the yellow and red leaf
symptoms of N deficiency, the trees looked very healthy and
vigorous. However, there were many other subtle symptoms
such as fruit size, fruit color and shoot vigor that were obvi-
ously caused by the nutrient treatments.

Zinc leaf levels measured in this experiment are particularly
perplexing. Just about all the trees had leaf levels well below
the published deficiency threshold of 15 ppm for peaches
and nectarines and 18 ppm for plums (Table 1). Some trees
were as low as 5 or 6 ppm, which suggests severe deficiency.
However, none of these trees exhibited the typical “litde leaf”
symptoms associated with Zn deficiency. Perhaps the defi-

Table 1. Range of nutrients from July 2002 leaf samples taken from trees in sand tank experiment.
Published deficiency thresholds are shown for comparison.
Zee Lady Grand Pearl Fortune
Peach Nectarine Plum
Nutrient  Deficient Low High Deficient Low High Deficient Low High
Below Below Below
N 2.3 1.64 3.27 2.3 1.62 3.60 - 1.08 2.39
P - .08 19 - .08 19 - A1 25
K 1.0 1.43 3.21 1.0 1.17 2,97 1.0 1.52 3,42
S - 720 1790 - 820 1820 - 850 2070
Ca - 1.11 3.62 - 75 3.12 - 1.55 4.72
Mg 25 29 85 25 29 75 25 55 1.14
B 18 14 37 18 19 36 25 22 48
Zn 15 5 19 15 6 19 18 [ 26
Mn 20 38 121 20 37 121 20 24 90
Fe* 60 39 84 60 40 68 - 39 111
Cu - 2.5 6.2 - 3.0 6.0 - 3.3 6.8
*Values for Fe are from May, 2002 leaf sample since deficiency threshold applies to this timing,
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Table 2. Range of flowering, fruit set, fruit size and fruit quality parameters from sand tank experiment.

Zee Lady Grand Pearl Fortune

Peach Nectarine Plum

Parameter Low High Low High Low High
Flowering Density (#/cm) 18 .50 10 32 .06 1.91
Initial Fruit Set (% of flowers) 44 100 26 93 - -
Final Fruit Set (% of flowers) 4 71 0 58 - -
Fruit Harvested (#/tree) 17 103 1 68 0 83
Fruit Weight (g/fruit) 123 248 80 163 60 123
Fruit Firmness (Ib) 6.2 14.2 4.0 15.3 6.1 9.7
Fruit Red Color (%) 58 97 46 98 - -
Fruit Soluble Solids Content (96) 10.0 17.8 13.1 25.4 119 16.8
Fruit Acidity 63 1.05 24 .38 27 74

ciency threshold for Zn will need to be tevised in the future.
In addition, perhaps the timing of sampling for Zn may
need to be revised as well. Those treatments that were given
extra Zn fertilizer had quite high levels in May (data not
shown) but these dropped substantially by the July sampling
petiod. Since zinc is often associated with actively growing
tissues, it may be necessary to sample early in the spring
when tissues are actively growing, This approach will be in-
vestigated in 2003.

Flowering and Fruit Set. Flower density varied about 3 fold
for both peach and nectarine and much mote for plum
(Table 2). The treatments with no nitrogen (2 and 3) had
distinctly lower flower densities than the other treatments, es-
pecially with plum. However, there was generally a very poor
correlation between leaf nitrogen content and flower density
for all the trees together. Instead, it appears other nutrients
such as B, B and Fe may have contributed to flower develop-
ment as well. There was also some moderate water stress in
some of the trees during 2001 that may have affected flower-
ing, Irrigation amounts and soil water status were monitored
much more carefully in 2002 to make sure no stress oc-
curred.

Fruit set was dramatically different from one tree to another
(Table 2). A few nectarine trees had good flowering but
ended up with virtually no fruit even though some flowers
started to develop initially. The peach trees were not quite as
extreme but still had some trees with fruit set as low as 4%.
On the other hand, some peach and nectarine trees had 200-
300 fruit per tree before thinning, Fruit set was not measured
on the plum trees but total fruit load showed the same ex-
tremes as the peach and nectarine trees. For peach, the differ-
ences in fruit set correlated well with leaf B content in May
(Figure 1). Since many of the tanks received an application
of B in April, only those tanks that were not thus fertilized
were used for this analysis. In 2003, samples will be taken at
bloom since this timing should be more predictive of fruit

set. For nectarine, fruit set also correlated with May leaf B
but not as strongly as for peach. Again, sample timing is
probably a key factor in this relationship (July leaf B showed
no correlation) so an eatlier sample should show a better cor-
relation. Fruit set in the plum trees did not seem to be re-
lated to any nutrients. Often, fruit set in young plum trees is
more a function of variable pollination.

Fruit Size. Average fruit weight varied about 2 fold among
the various trees of peach, plum and nectarine (Table 2). Sev-
eral of the trees had excellent fruit size even with fairly heavy
fruit loads. The statistical analysis conducted to this point
suggests that just about every nutrient measured had some
effect on final fruit size. Our first approach was to use multi-
ple regression. This analysis identified about 4 or 5 nutrients
that appeared to explain nearly 75% of the total fruit weight
variability. However, some of the relationships derived did
not make physiological sense (larger fruit size at increasingly
deficient nutrient levels). Therefore we tried a different ap-
proach based on the idea that maximum fruit size occurs at
optimum nuttient levels and fruit size decreases linearly at
nutrient levels both below and above this optimum. This ap-

100 n

Fruit Set (%)

10 15 20 25 30

Figure 1. Fruit set of Zee Lady peach as related to leaf boron
level in May 2002. Initial fruit set indicates all fruit thar
started to grow after petal fall. Final fruit set indicates just those
Jruit that were still growing at hand thinning time in mid April.
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proach makes a lot more sense physiologically. We have just
started analyzing the data with this approach but preliminary
results suggest much of the fruit size variability can be ex-
plained. Once we have developed a model from the 2002
data, results from the 2003 season will provide a good oppor-
tunity to test these relationships.

The peach and nectarine trees tended to show similar results
in their relationship of fruit size to leaf nutrients. However,
fruit on the plum trees appeared to follow a somewhat differ-
ent pattern. Most notably, calcium seemed to play a major
role in fruit size with some of the “minus calcium” trees hav-
ing noticeably larger fruit than many of the other treatments.
These trees had leaf Ca levels around 2%, which is far from
deficient and, in fact, is about the same level as that found in
the peach and nectarine trees with the largest fruit. There-
fore, it may just be a case of many of the plum trees having
excessive Ca levels (some were as high as 4.72% - see Table
1), which could depress fruit size. Hopefully in 2003, leaf Ca
levels will drop as low as 1% in some of the plum trees,
which should be well below the optimum level. There is still
some hope that a single fruit size model might apply to all 3
of the varieties being tested in this experiment.

Fruit Quality. At harvest several parameters of fruit quality
were measured. These included firmness, % red color, % sol-

P RO J E C T
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uble solids content and acidity. As with the other parameters
measured there tended to be at least a 2-fold difference from
the lowest to the highest values (Table 2). Firmness and %
red color correlated somewhat with leaf N but appeared to
reflect maturity of the fruit mote than nutritional status of
the tree. Fruit % soluble solids content did not show a signif-
icant correlation with any nutrient. In 2003, a more exten-
sive sampling technique will be used since there tends to be a
lot of fruit-to-fruit variability in this parameter. Fruit acidity
showed a high correlation with many different nutrients sug-
gesting it might be affected by B, K, Ca, Mg and B. In 2003,
there will be substantially more fruit on the trees, so multiple
harvests will be employed to ensure more uniform maturity
among treatments.

Tiee Size. Final trunk growth will not be measured until the
end of the year, so this analysis has not yet been completed.
However, a preliminary evaluation based on the canopy size
in July suggests the results will be quite similar to the conclu-
sions from the fruit size analysis. It appears that most of the
nutrients contribute in some way to the total vegetative
growth of the tree. Eventually we will combine both the fruit
size and the tree growth data so we can evaluate the total
growth of the tree.
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INTRODUCTION

Over the past several seasons, and particularly during 1993-
1996, rind quality problems caused serious economic dam-
age to the CA navel orange crop. Pioneering work by
Embelton, Eaks, Coggins and others during the 1960s and
1970s largely solved rind stain problems by providing leaf
analysis fertilization guidelines based in part on fruit quality
considerations and also by improving the design of packing
lines and post-harvest handling of fruit.

Over the past 2 decades orchard practices have changed.
Most irrigation systems installed or renovated in the 1980s
and 1990s are micro-itrigation systems with drippers or min-
isprinklers, rather than furrow, flood or high volume dragline
sprinklers that dominated the industry previously. Nitrogen
remains relatively inexpensive. Its ability to provide lush fo-
liage growth and good looking groves has led in recent years
to considerable over-use in the industry. Leaf analysis has pro-
vided the industry with a tool for monitoring fertilizer needs
in citrus orchards, but too often growers are comfortable with
nitrogen levels in the high end of the ‘optimum’ range, or
even higher. The common thinking is that high nitrogen in
the leaf analysis provides a good degree of safety and no tree
in the orchard will suffer nitrogen deficiency. The effect of
heavy nitrogen applications (in excess of 2 Ib. N/tree), how-
ever, could be devastating to postharvest fruit quality.

P RO J] E C T
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Many growers have turned to foliar applications of low bi-
uret urea to their trees in January and February to improve
fruit set and ultimate yields. Additionally, the threat of ni-
trate groundwater contamination has changed the way some
fertilizer recommendations are made, with several small ap-
plications of nitrogen over the season considered less likely to
pollute than a single application. It is hoped that this project
will assist in developing recommendations that can be made
that minimizes nitrate movement into the groundwater while
maintaining fruit quality and productivity.

OBJECTIVES

1. To determine the effect of nitrogen applications on navel
orange fruit quality and leaching losses of nitrogen;

2. To compare the effects of foliar versus soil applied nitro-
gen on fruit quality and leaching losses of nitrogen;

3. To evaluate the impact of nitrogen application timing on
fruit quality and leaching losses of nitrogen; and

4, To determine the effectiveness of various nitrogen applica-
tion levels and methods on maintaining optimal nitrogen
levels in navel orange trees.

PROJECT DESCRIPTION

Main Project Site

A site for the study in the Exeter-Woodlake area of Tulare
County was identified in March 1996. The 15.3 acre experi-
mental site is a mature navel orange grove (Frost Nucellar)
on Troyer Citrange rootstock. The tree spacing is 22 X 20
feet. Each experimental plot consists of 12 trees, with the
central 2 trees serving as the data trees. The experimental
treatments for this site are listed in Table 1. The differential
nitrogen treatments were imposed commencing January

1997,

Leaf samples are collected in September for leaf analysis.
Trunk circumference, tree height, and canopy volume of the
data trees are measured in October. Trees are also monitored
for the average timing of color break and attainment of mini-
mum maturity. In spring the data trees are harvested. All fruit
are taken to UC Lindcove REC, where the fruit are run over
the packing line at the Fruit Evaluation Center. We collect
both size and grade information from the packing line. A sub-
sample of fruit (from the average peak size) are taken from
each data set, waxed and treated with fungicide and subse-
quently held under simulated storage and transit conditions.

Monitoring of the water and nitrogen status in selected ex-
perimental plots within the study site continues throughout
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Table 1. Schedule of experimental treatments for nitrogen management project.
Soil Applied Timing Foliar Total N
Treatment (Ibfrreetyr) (vimestyr) (# applications) (Ibfereefyr)
1 0 - - 0.00
2 0 - 1 0.25
3 0 - 2 0.50
4 0 - 4 1.00
5 0.5 1 - 0.50
6 0.5 2 - 0.50
7 0.5 - C - 0.50
8 1.0 1 - 1.00
9 1.0 2 - 1.00
10 1.0 C - 1.00
11 L5 1 - 1.50
12 1.5 2 - 1.50
13 15 C - 1.50
14 2.0 1 - 2.00
i5 2.0 2 - 2.00
16 2.0 C - 2.00
17 0.5 C 1 0.75
18 0.5 C 2 1.00
19 0.5 C 4 1.50
20 1.0 C 1 125
21 1.0 C 2 1.50
22 1.0 C 4 2.00
23 1.5 C 1 1.75
24 15 C 2 2.00
25 2.0 C 1 225
Foliar Only Soil Only
#Applications: Lb Nitreelyr Lb Nitreelyear Timings
0 0 0.5 1,2,C
1 0.25 1.0 1,2,C
2 0.50 15 1,2,C
4 1.00 2.0 1,2,C
Combination Treatments
Soil Application Foliar Applications Total
(16 Niereelyr)~ (#applications)s Lb Niveelyr
0.5 1,2,4 0.75-1.50
1.0 1,2,4 1.25-2.00
L5 1,2 1.75-2.00
2.0 1 2.25
“Foliar Application: Low Biuret Urea will be applied to foliage at a rate of 0.25 Ib/tree per application. Trees receiving one application will have urea applied in Jate May. Tiees receiving
z a[;i):l;?;;t?ns will have an additional application in late winter. Trees receiving 4 applications will have additional applications at the pre-bloom stage and 30 days following the late May
)'gfil Application: All applications will be made through the irrigation system: 1 = single application per year in late winter; 2 = split application, late winter and early summer;
C = Applied with every irrigation from late winter through summer.
xSoil Nitrogen will be applied as in the “C” treatment described above for the soil applications.

the yeat. Soil water content is determined using a neutron ter application, evaporation, precipitation and temperature
probe in access tubes. Soil solution samples are collected contribute to the development of water balances for the
from suction lysimeters. Collection of data on irrigation, wa- study site. Weather data is collected from the local CIMIS

12
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Table 2. Schedule of experimental treatments for nitro-
gen management project for satellite experimental sites
in Tularve County (Orange Cove, Woodlake/Exeter).

Treatment Soil Applied Timing Foliar Total N
(timestyr) (Ibltreelyr)= (# applications)y (Whtveetyr)

1 1.00 1 - 1.00

2 1.50 1 - 1.50

3 2.00 1 - 2.00

4 1.50 C - 1.50

5 1.25 1 1 1.50

6 1.00 1 1.50

zSoil Application: All applications will be made through the irrigation system:

1 = single application per year in late winter; 2 = split application, late winter and early
summer; C = Applied with every irrigation from late winter through summer.

yFoliar Application: Low Biuret Urea will be applied to foliage at a rate of 0.25 Ib/tree

per application, Trees receiving one application will have urea applied in late May.
Trees receiving 2 applications will have an additional application in late winter.

station located at the UC Lindcove REC (approximately 6
miles east of the site). Data on nitrogen application amounts
will be combined with data on nitrogen levels in trees,
amounts of nitrogen leaving the rootzone and nitrogen re-
moved in fruit to develop nitrogen balances for the various
treatments.

Satellite Sites

The two remaining sites are located in commercial groves in
Orange Cove and Exeter/Woodlake. The treatments at each
site are listed in Table 2. The procedures for site monitoring
are the same as outlined for the main site. All sites are har-
vested upon consultation with the owner and the cooperat-
ing packinghouse. All fruit from each site are commercially
harvested and treated with standard packinghouse proce-
dures. Yield, fruit size and packout are determined. Three
cartons of each of two sizes (determined at the time of har-
vest) for each treatment are separated at the time of packing
and held under simulated storage and transit conditions at
the Mitchell Postharvest Lab at the UC-KAC. When suffi-
cient export fruit are available, at least one pallet of fruit from
each treatment will be included in a Japan export shipment
and inspected on arrival for incidence of rind disorders and
decay.

RESULTS

Figure 1 reports the average leaf N content of each treatment
in the first 3 years of the project. Note that it took multiple
years to establish the treatment differentials as reflected by
leaf N. Figure 2 reports the same data but for the second 3
years of the project (1999 —2001). In these three years there
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Figure 1. Average leaf nitrogen content for Woodlake experimen-
tal site for 1996 - 1998. Leaves collected in September of each
year. ‘
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Figure 2. Average leaf nitrogen content for Woodlake experimen-
tal site for 1999 — 2001. Leaves collected in September of each
year.
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Figure 3. Average yields (Ibs of fruit per tree) from Woodlake,
experimental site. Fruit harvested in March 2002.

is a clear treatment (amount of N) effect on leaf N; however,
the effect of the method of application and timing of appli-
cation is less clear with the possible exception of the foliar
only applications. We still need to conduct a more detailed
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statistical analysis of this data before definitive conclusions
can be made.

Figure 3 reports the yield data collected in March 2002. The
2002 yield was greatly reduced as compared to previous years
(Figure 4). This was in line with overall yield throughout the
citrus industry in the San Joaquin Valley due to intense heat
during the early stages of fruit set in May 2001, which
caused extensive fruit drop. In spite of the reduced yield, we
observed similar trends in yield data collected in 2000 and
2001 with yield increasing up to 1.0 to 1.5 Ib N per tree re-
gardless of application methodology. The cumulative yield
for 2000 — 2002 is reported in Figure 5. The data shows the
same trend of maximum production, under our experimental
conditions, being achieved between 1.0 to 1.5 [b N/tree.
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Figure 4. Average yields (Ibs of fruit per 2-tree plot) for each
year of the study. 1997, 1998 are prior to establishment of dif-
ferential results in leaf N per tree. 2000 — 2002 are yields from
years where there were differential trends in leaf N related to
treatment. No yield data was collected in 1999 due to the De-
cember 1998 fieeze. Fruit harvested in March of each year.
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Figure 5. Average cumulative yield (Ibs of fiuit per tree) from
Woodlake experimental site for 2000 - 2002. Fruit harvested in
March of each year.
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Figure 6. Mean nitrate N in soil solution extracts collected from
1997 — 2002 from Woodlake experimental site. In case of soil

only, 1 = single application, 2 = split application, C = continu-
ous application. For foliar treatments numbers indicate number

of foliar applications.

Soil solutions were extracted from the plots almost monthly
from 1997 through early 2002. These extracts were analyzed
for nitrate-nitrogen (NO3-N) to determine the levels of ni-
trogen in soil solutions leaching from the root zones and for
chloride (CI) which can be used to account for different frac-
tions of applied water leaving the root zones under the differ-
ent plots. The cumulative soil nitrate data over the coutse of
the study show an increase in the NOj3-N concentrations in
the soil leachate with increasing nitrogen application, i.e.
higher nitrogen application, higher NO3-N concentrations
in leachates leaving the rootzones (Figure 6). While yields did
not appear to be affected by method of application, it cleatly
impacted the NO3-N concentrations in leachates. The high-
est NO3-N concentrations were found in leachates collected
from the plots receiving the soil-only treatments. The foliar-
only applications resulted in the lowest concentrations, ones
that were not different from the control treatment. The con-
centrations leaving the combination treatments were inter-
mediate. Within the soil-only treatments, the single
application always resulted in higher concentrations of NO;-
N in the leachates than the split or continuous applications.

The Cl concentrations in extracts were not related to the
amounts of nitrogen applied (Figure 7). This is to be ex-
pected, as the source of the Cl was the irrigation water and
the irrigation system was designed to apply water uniformly
across the experimental field. The different Cl concentrations
are an indication of different fractions of applied water leach-
ing from the plots, i.c. the higher the concentrations, the
lower the proportion of applied water leaching below the
rootzone. The different leaching fractions are likely caused by
different soil properties (permeability, layering, cementation)
in the various plots.
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Figure 7. Mean chloride levels in soil solution extracts collected
Srom 1997 — 2002 from Woodlake experimental site. In case of
soil only, 1 = single application, 2 = split application, C = con-
tinuous application. For foliar treatments numbers indicate
number of foliar applications.

In examining the NO3-N:Cl ratios, the same general trends
in nitrogen levels in soil solutions extracted from the plots
hold (Figure 8). As applied nitrogen increases, the NO3-N
levels relative to Cl increase. These increases are greater for
the soil-only treatment, least for the foliar-only treatments
and intermediate for the combination treatments. The differ-
ence seen in Figure 8 compared to Figure 6 is that the con-
tinuous soil application resulted in higher NO3-N to Cl
ratios than either the single or split nitrogen application. The
relationship between nitrogen applied and NO3-N:Cl ratios
for soil applications is reasonably linear with three “outliers”
(Tmt 14, 2# single; Tmt 16, 2# continuous; Tmt 25, 2# con-
tinuous soil + 0.25# foliar). Maximum yields were found
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Figure 8. Mean nitrate-IN:Chloride levels in soil solution extracts
collected from 1997 — 2002 for Woodlake experimental site. In
case of soil only 1 = single application, 2 = split application, C
= continuous application. For foliar treatments numbers indj-
cate number of foliar applications.

with the 1.0 to 1.5 pound nitrogen treatments (Figure 5).
These “outliers” include three of the four treatments with
>1.5 pound soil-applied nitrogen. This would suggest that
the “excess” nitrogen that did not increase the yield above
that obtained with 1.5 pounds applied nitrogen was leached
from the rootzones.

Soil samples were collected during summer 2002 in order to
evaluate nitrate leaching below the treated plots by a second
method. These samples are presently being analyzed. More
complete data analyses and the development of project conclu-
sions will be possible when these additional data are available.
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PROJECT OBJECTIVES

1. Quantify the nitrate pollution potential of the various ni-
trogen fertilization strategies.

2. Identify the threshold rate of nitrogen fertilization above
which the pollution potential increases.

3. Evaluate the potential for replacing the April double dose

or triple dose of soil nitrogen with foliar nitrogen.

4. Provide a ratio of enhanced-yield benefit to environmen-
tal cost for each nitrogen fertilization strategy.

5. Identify BMP’s for nitrogen fertilization for the ‘Hass’
avocado in California.

PROJECT DESCRIPTION

To protect the groundwater from potential nitrate pollution,
‘Hass’ avocado growers in California divide the total annual
amount of nitrogen (56-168 kg-ha™) into six small soil ap-
plications made during the period from late January to early
November. The lack of research data raised the question of
whether ‘Hass’ avocado yield was being compromised by
this fertilization practice. In a previous study, my laboratory
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addressed the question of whether yield of ‘Hass’ avocado
could be increased by doubling the amount of N currently
applied during specific stages of tree phenology. The control
in this experiment was the practice of annually applying N as
NH4NOj at 168 kg-ha-1 (168 trees/ha) in six small doses of
N at 28 kgrha-1 in January, February, April, June, July, and
November. From these six application times, five were se-
lected on the basis of tree phenology and additional N as
NH4NOj at 28 kg-ha-1 was applied at each time for total an-
nual N of 196 kg-ha-1. Two phenological stages were identi-
fied for which N application at 56 kg-ha-1 in a single
application (double dose of N) significantly increased the 4-
year cumulative yield (kilograms fruit per tree) 30% and
39%, respectively, compared to control trees (£<0.01). In
each case, more than 70% of the net increase in yield was
commercially valuable large size fruit (178-325 g/fruit). The
two phenological stages were: 1) when shoot apical buds
have four or more secondary axis inflorescence meristems
present (mid-November); and 2) anthesis-early fruit set and
initiation of the vegetative shoot flush at the apex of indeter-
minate floral shoots (approx. mid-April). When the double
dose of N was applied at either of these two stages, the kilo-
grams and number of large size fruit averaged across the 4
years of the study was significantly greater than the control
trees (P<0.01). Averaged across the 4 years of the study, only
the November treatment increased total yield compared to
the control trees (£<0.05). Application of the double dose of
N at flower initiation (January), during early-stage gynoe-
cium development (February), or duting June drop had no
significant effect on average or cumulative yield or fruit size
compared to control trees. Application of the double dose of
N in April significantly reduced the severity of alternate bear-
ing (P<0.05). Yield was not significantly correlated with leaf
N concentration. Time and rate of N application are factors
that can be optimized to increase yield, fruit size, and annual
cropping of ‘Hass' avocado. When the amounts of N applied
were equal (196 kg-ha-1), time of application was the more
important factor.

The danger is that we don’t know whether using double or
triple doses of soil-applied N to increase yield will increase
the potential for nitrate groundwater pollution. It is hypothe-
sized that supplying an avocado tree with more N at times
when demand is greater should not increase leached nitrate.
Since yield increased, the interpretation is that the tree uti-
lized the extra N. Our CDFA-FREP project is coordinated
with a project funded by the California Avocado Commis-
sion to determine whether the results obtained in the above
study, which was conducted in Temecula, could also be ob-
tained with a different soil type and location. In the current
study being conducted in a ‘Hass’ avocado orchard in Somis,
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all trees receive an equal amount of N as NH/NO; at 140
kg(ha1 in five small doses of N at 28 kg(ha-1 in August, No-
vember, January, April, and July. Note that the control treat-
ment in the curtent study includes the two phenological
stages identified in the previous study as benefiting from ex-
tra N, a July application to increase fruit size, and an August
application based on the discovery by my lab. that avocado
trees transition from vegetative to reproductive growth at this
time, Treated trees received high doses N as NH/NOj at
44.8 kg-ha-1 or 67.2 kg-ha'l in August or November or April
or April and November. The remaining N was split into
equal aliquots and applied in the other months included in
the control. There was one treatment in which trees received
only a single application of N as NH/NOj at 44.8 kg'ha-1 N
to the soil in August. This new study also integrated the re-
sults of a previous 2-year long study we undertook with
funding from the CDFA FREP program. The results of that
CDFA project provided evidence that foliar N fertilization
was successful in increasing yield of the ‘Hass’ avocado when
urea was applied at the time the leaves of the new flush were
66% to 100% fully expanded but not hardened. Thus, both
foliar and irrigation applied N treatments were included. In
addition to yield, the amount of nitrate and ammonia leach-
ing past the root zone of ‘Hass’ avocado trees under the vari-
ous N fertilization strategies was quantified. Our goal is to
identify the Best Management Practice for N for the ‘Hass’
avocado in California.

PROJECT RESULTS
AND CONCLUSIONS

Time of N application had a significant effect on yield for
the harvest of 2000-01 (Table 1). Trees that received 44.8
kg-ha-1 N applied to the soil in April for all yeats of the study
had a significantly higher yield than control trees receiving
five applications of N at 28 kg-ha-! despite the fact that these
single doses of N were applied at key stages in ‘Hass’ phenol-
ogy. This result is consistent with the result of our earlier re-
search conducted in Temecula. The treatment supplying N at
44.8 kg-ha-1 to the soil in April was also significantly better
than the foliar application of low-biuret urea in April supply-
ing N at 67.2 kg-ha-1. Trees receiving a double dose of N to
the soil in April had yields that were not significantly differ-
ent from trees receiving a double dose of N to the soil in Au-
gust or November, a triple dose of N to the soil in April, ot
only 44.8 kg-ha-1 N to the soil in August. Thus far, there is
no added benefit from the extra N when a triple dose of N is
applied to the soil in April, and 44.8 kg-ha-1 N applied to the
soil in August was sufficient to maintain yield equal to that
of trees receiving significantly more N in year 1. The harvest
for 2002 was an off-year crop. Treatments producing the
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Table 1. Effect of eight nitrogen fertilization strategies
initiated in January 1999" on the average yield of
‘Hass’ avocado harvested in 2001 and 2002. A freeze
occurved in December 1998 that reduced yield in
1998, bloom in spring of 1999 and yield in 2000.

2000-2001 2001-2002

Treatment kg fruititree kg fruititree
Control 76 be 63a
2x N in August 81 abc 32¢
Grower fertilization practice 82 abc 53 abc
2x N in November 92 ab 35be
2x N in April and November 81 abc 38 abc
3x N in April 90 ab 50 abc
2x N in April 98a 31c
3x N in April applied foliarly 68c 59 ab
P-value 0.05 0.05

Values in a vertical column followed by different letters are significantly different at
the specified P level by Duncan’s Multiple Range Test.

yGrower's fertilization practice is N as NH4NO3 at 44.8 kg-ha-l applied to the soil in
August split as two applications in July and in August for all years of the experiment.
Since January 1999 control trees received N as NHgNO; at 140 kgrhal, divided into
five applications of N at 28 kg-ha-! in August, November, January, April, and July.
Thees in all other treatments received 140 kg-ha-1 applied as 2N= N at 44.8 kg-ha'! or
3N=N at 67.2 kg-hat in the months indicated. The total N applied in any treatment
is 140 keg-ha-t; the amount of N applied in other months is reduced to compensate for
the extra N applied in the month(s) specified for the treatment.

higher yields in 2001 resulted in the lowest yields in 2002.
Thus, control trees which had a low yield in 2001 had the
highest yield in 2002. Control trees and trees that received N
at 67.2 kg-ha-1 in April to the soil had the highest 2-year-cu-
mulative yields. N treatments significantly (P<0.05) affected
tree N status as indicated by standard leaf tissue analyses.
However, there was no significant correlation between tree N
status and yield. Due to alternate bearing, additional years of
harvest data are required to confirm these observations.

The amounts of nitrate leaching past the root zone were not
significantly affected by the treatments on any sampling date
or in any year (Table 2). However, it is clear that dividing the
total annual N into five small doses results in a numerically,
but not statistically significant reduction in the amount of N
leaching past the root zone, reducing the potential for nitrate
pollution of the groundwater. Trees receiving N at 67.2 kg-ha-
1 in April had numerically but not statistically more nitrate
leaching past the root zone than trees receiving N at 44.8
kg-ha-! in April. The amounts of ammonium leaching past
the root zone were low and significantly affected by the N
treatments only in November of 2001 (Table 3). The high
amount of ammonium leaching past the root zone in April
for control trees is due to an abberant datum point. The data
have not yet been tested for outliers, corrected for N con-
tributed by organic matter or analyzed in relation to irtigation
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volume. It is likely that trees receiving N at 44.8 kg'ha-1 in key events in the phenology of the ‘Hass’ avocado identified
both April and November would leach higher amounts of N. from our previous research resulted in this treatment having
a high 2-year-cumulative yield and the lowest degree of alter-
nate bearing. However, due to alternate bearing, a minimum
of two additional years of yield data are required before an N
fertilization recommendation can be made for the ‘Hass” avo-
cado in California.

The results thus far suggest that the strategy (control treat-
ment) of applying N as NH4NOj in five small doses at 28
kg-ha-1 in August, November, January, Aptil and July con-
tributes to reducing the potential for nitrate pollution of
groundwater. Timing the N applications in the control to

Table 2. Fffect of application time for the double dose of N vs. control on nitrate leaching past the root zone from
April through November in 2000 and 2001%,

2000 2001 2-year
Cumulative Cumulative cumulative
Treatment? Apr. Aug. Nov. total Apr. Aug. Nov. total total
Wwg NO3 /5 g resin

2x N in August 1185 nfa 3833 5018 7339 776 544 8655 13673
2x N in November 4808 n/a 1043 5850 2051 10148 2449 14648 20498
Control 1064 n/a 1465 2530 1050 1250 2405 4701 72321
3x N in April 1789 nfa 7868 9656 2693 2899 1688 7277 16933
2x N in April 7920 n/a 619 8539 1009 1485 551 3047 11586
P-value NS n/a NS NS NS NS NS NS NS

“Values in a vertical column followed by different letters are significantly different at the specified P level by Duncan’s Multiple Range Test.

yGrower’s fertilization practice is N as NH4NOj3 at 44.8 kg-ha! applied to the soil in August split as two applications in July and in August for all years of the experiment. Since January
1999 control trees received N as NH4NOj at 140 kg-hat, divided into five applications of N at 28 kg-ha-l in August, November, January, April, and July. Trees in all other treatments re-
ceived 140 kg-ha-t applied as 2N= N at 44.8 kg-ha! or 3N=N at 67.2 kg-ha-! other months is reduced to compensate for the extra N applied in the month(s) specified for the treatment.

Table 3. Effect of application time for the double dose of N vs. control on ammonia leaching past the root zone from
April through November in 2000 and 2001".

2000 2001 2-year
Cumulative Cumulati ctumulati
Treatment? Apr. Aug, Nov. total Apr. Aug. Nov, total total
g NH /5 g resin
2x N in August 633 n/a 84 717 236 330 102 ab 669 1386
2x N in November 412 n/a 71 483 331 95 119a 544 1027
Control 1226 n/a 65 1290 235 67 101 ab 402 1690
3x N April 401 n/a 99 500 201 162 75b 438 939
2x N in April 416 nfa 118 533 257 95 119a 471 1004
P-yalue NS n/a NS NS NS NS 0.08 NS NS

2Values in a vertical column followed by different letters are significantly different at the specified P level by Duncan’s Multiple Range Test.

¥Grower’s fertilization practice is N as NH{NOj at 44.8 kg-ha-! applied to the soil in August split as two applications in July and in August for all years of the experiment. Since January
1999 control trees received N as NH4NO; at 140 kg-ha-l, divided into five applications of N at 28 kg-ha-! in August, November, January, April, and July. Trees in all other treatments re-
ceived 140 kg-ha-t applied as 2N= N at 44.8 kg-ha-! or 3N=N at 67.2 kg-ha-! in the months indicated. The total N applied in any treatment is 140 kg-ha-l; the amount of N applied in
other months is reduced to compensate for the extra N applied in the month(s) specified for the treatment,
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INTRODUCTION

For the ‘Hass’ avocado (Persea americana L.) industry of
California, optimal rates and times for soil fertilization of ni-
trogen, phosphorus and potassium have not been adequately
determined. Fertilization rates and optimal leaf nutrient
ranges have been borrowed from citrus. Competition from
Mexico and Chile requires the California avocado industry
to increase production per acre to remain profitable. Opti-
mizing fertilization is essential to achieve this goal.
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The seasonal pattern of nutrient uptake is a key component
of fertilizer management. Matching fertilizer application
times and rates with periods of high nutrient demand not
only maximizes yield, but also increases nutrient-use effi-
ciency and, thus, reduces the potential for groundwater pol-
lution. Experiments on nutrient uptake and allocation are
routinely done to develop best management practices for
commetcial annual crops. However, determining nutrient
uptake in mature trees is considerably more difficult, requir-
ing repeated tree excavations at important phenological peri-
ods over the season. Thus, few best management practices
have been developed for perennial tree crops.

The goal of this project is to determine the seasonal pattern
of nutrient uptake and partitioning in alternate-bearing
‘Hass’ avocado trees. The research will quantify the amount
of each nutrient partitioned into vegetative or reproductive
growth and storage pools. The research will identify the peri-
ods of high nutrient use from bloom to harvest as a function
of crop load, and thus identify the amount of each nutrient
required and when it is required to produce an on-crop and
good return crop the following year. The results will enable
us to provide guidelines for fertilization based on maximum
nutrient-use efficiency and eliminate applications made dur-
ing ineffective periods of uptake to thus protect the ground-
water and increase profitability for California’s 6,000 avocado
growers.

PROJECT OBJECTIVES

1. To quantify the seasonal pattern of N, B K, B, Ca, and
Zn uptake and partitioning in bearing ‘Hass’ avocado
trees;

2. To quantify the effects of different crop loads on these
seasonal patterns of nutrient uptake, partitioning into
vegetative and reproductive growth, and storage;

3. To determine the seasonal patterns of nutrient uptake in
alternate bearing avocado trees and to develop best man-
agement fertilizer practices for the ‘Hass’ avocado tree.

PROJECT DESCRIPTION

The research is being conducted in a commercially bearing
avocado orchard in Moorpatk, CA. In June 2001, 60 trees
were selected for inclusion in the project based on their trunk
diameter, height, canopy size, and fruiting potential. Thirty
of these trees were subsequently defruited to establish both
lightly fruiting (off-crop trees) and heavy fruiting on-crop
trees. The experiment is a randomized complete block design
with factors: (1) cropping status (heavily cropping—on-crop
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between January and June 2002,

Table 1. Biomass (dry weight) of components of mature off-crop (A) and on-crop (B) 'Hass’ avocado trees sampled

A Tree Biomass (kg dry wiftree)

Tree Component Jan Feb Mar Apr May Jun
New Shoots 0 0 0 0.36 1.80 1.38
Reproductive structures 0 0 1.52 1.88 1.44 0.49
Leaves 12.59 9.75 10.61 3.92 2.30 7.86
Green twigs <1/2" 10.64 13.73 10.89 7.89 5.34 7.52
Fruit 5.26 0.10 0.32 0.18 0.17 0.33
Small Branches >1/2-2" 17.12 23.82 13.05 14.36 6.54 7.99
Canopy Branches* 86.18 83.95 80.58 71.41 61.93 58.13
Trunk 15.88 8.29 7.09 14.21 10.14 10.78
Rootstock 28.56 12.79
Large Roots 21.89 9.83
Small roots 11.68 4.03
Total 147.66 201.79 124.06 113.94 89.67 120.86
B. Tive Biomass (kg dry wiftree)

Tiee Component Jan Feb Mar Apr May Jun
New Shoots 0 0 0 0.22 1.97 1.47
Reproductive structures 0 0 0.05 0.08 0.09 0.11
Leaves 11.29 6.28 13.76 3.12 2.26 8.72
Green twigs <1/2" 10.68 8.32 14.10 7.18 6.68 10.04
Fruit 25.98 2.08 0.88 4.78 7.58 2.68
Small Branches >1/2-2" 16.72 10.62 20.04 8.64 6.70 12.32
Canopy Branches* 88.04 66.43 79.24 59.11 56.65 73.84
Trunk 13.04 12.26 9.71 17.76 11.05 10.49
Rootstock 19.56 20.69
Large Roots 7.55 11.64
Small roots 7.36 9.23
Total 165.76 140.46 138.28 100.88 92.90 160.85

*Tivo components comprising canopy branches were combined.

trees and lightly cropping—off-crop trees) and (2) time of
excavation, Two trees (one on-crop and one-off-crop tree) are
dissected at each sampling date; there are a total of 13 sam-
pling dates. For each sampling date, the entire tree is dis-
sected into the following components, and the total fresh
and dry weight of each component determined: leaves, new
shoots, inflorescences or fruit (separated into seed, flesh and
peel), small branches (< 2.5 cm), mid-size branches (2.5-5.0
cm), scaffolding branches, scion trunk, rootstock trunk, scaf-
folding roots, small roots, and new actively growing roots.
Sub-samples are dried, ground, and analyzed for carbon, ni-
trogen, nitrate-nitrogen, phosphorus, potassium, calcium,
iron, magnesium, manganese, zinc, boron, sulfur, copper,
sodium, chloride, and aluminum. These analyses will allow
us to meet objective (1) to determine the period(s) of high
nutrient demand in the phenology of the ‘Hass’ avocado tree.
Having trees with varying crop loads will enable us to meet
objective (2) to quantify the effect of crop load on nutrient
uptake and partitioning into new vegetative and reproductive
growth, and storage tissues.

20

The results obtained above will be used to calculate g nutri-
ent per tree by the following equation using nitrogen as the
example:

g N/g dry wt tissue X g dry wt tissue/g fr wt tissue X
total fr wt tissue/tree = total g N/tree

Nutrient uptake will be determined as the difference in total
tree nutrient contents from sequential sampling dates. The
total amount of each nutrient required by developing flowers
and fruit will be plotted monthly over the course of fruit de-
velopment along with the increase in individual fruit bio-
mass. The total increase in vegetative biomass (both roots
and shoots) and total nutrient content of each component
will be calculated and plotted monthly. Nitrogen uptake will
also be determined from 15N applications to both on- and
off-crop trees over the season.

RESULTS AND CONCLUSIONS

Effect of alternate bearing on ‘Hass’ avocado tree biomass,
nutrient content and nutrient distribution within the tree
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Table 2. Nutrient concentrations (g/100 g dry wt. tissue) in tree components of mature, heavily cropping ‘on’ and lightly
cropping ‘off’ "Hass’ avocado trees, measured in August (A) and November (B) 2001.

A

Tree Heavily Cropping Lightly Cropping

Component N P K N P K
Scaffold Branches 0.40 0.06 0.38 0.40 0.06 0.31
Branches 2-4" 0.50 0.19 0.67 0.30 0.19 0.48
Small Branches 0.50 0.17 0.33 0.70 0.54 1.41
New shoots 0.80 0.39 1.21 0.80 0.57 1.55
Leaves 2.00 0.21 0.89 2,10 0.26 1.15
Fruit — Seed 1.50 0.24 1.12 1.30 0.27 1.27
Fruit — Flesh 2.60 0.35 2.39 1.54 0.32 1.92
Fruit — Peel 1.10 0.18 1.33 2.44 0.12 1.07
Fine Roots 1.00 0.22 0.24 0.80 0.23 0.39
Small Roots 0.40 0.09 0.21 0.70 0.11 0.21
Scaffold Roots 0.40 0.09 0.20 0.40 0.08 0.27
Rootstock 0.20 0.08 0.10 0.20 0.04 0.12
Trunk 0.30 0.04 0.27 0.20 0.04 0.12
B.1

Tree Heavily Cropping Lightly Cropping

Component N P K N r K
Trunk 0.30 0.05 0.31 0.30 0.05 0.31
Scaffold Branches 0.20 0.03 0.19 0.20 0.03 0.19
Branches 24" 0.20 0.03 0.18 0.30 0,04 0.27
Small Branches 0.30 0.12 0.44 0.70 0,18 0.57
New shoots 0.60 0.32 0.74 0.80 0.42 1.06
Leaves 1.70 0.15 0.61 2.10 0.15 0.66
Fruit — Seed 0.75 0.16 0.89 0.80 0.20 1.03
Fruit — Flesh 1.42 0.19 1.46 1.58 0.23 1.66
Fruit — Peel 0.98 0.17 1.13 1.18 0.23 1.48
1Roots were not excavated in the November sampling,

The results thus far provide evidence of the effect of crop
load (i.e., on-year crop vs. off-year crop) on production of re-
productive structures in spring and through early fruit set
(Table 1). Trees (A) cartying an off crop (the spring 2001
fruit were removed in July 2001) produced significantly
greater biomass of reproductive structures from March
through June 2002 compared to trees (B) that wete not de-
fruited in July 2001. The surprising result was that even the
presence of a few fruit (2 kg) was sufficient to reduce return
bloom. The spring 2001 fruit were harvested in July 2002.

Nutrient concentrations varied among the tree parts as a re-
sult of alternate bearing (Table 2). Concentrations of the
macronutrients N, P and K were greater in the leaves, new
shoots, and small branches of off-crop trees than in the anal-
ogous structures of on-crop trees. Similarly, K levels in fine
actively growing roots were greater in off-crop compared
with on-crop trees. These differences likely result from a
higher demand for nutrient redistribution out of these tissues
and into the large number of fruit of on-crop trees.

21

Whole tree nutrient contents were calculated as the product
of dry weight of the tree structure and the nutrient concen-
tration of that structure (Table 3). Total tree nutrient con-
tents were similar for both on-crop and off-crop trees,
although tissues in close proximity to fruit (leaves, current
wood) tended to have lower nutrient contents in on-crop vs.
off-crop trees. In both tree sampling dates, heavily cropping
trees accumulated nutrients primarily in their fruit, while
lightly cropping trees stored nutrients in their leaves.

It will be very interesting to see how the nutrients in the tree
tissues change over the season and as a result of alternate
bearing, This information is critical in determining the sea-
sonal pattern of nutrient uptake and for matching fertilizer
application with periods of high nutrient demand.

Woody tissues comprised most of the tree dry weight, but
contained few nutrients, whereas current season’s growth
made up a small fraction of the tree’s dry weight, yet con-
tained most of the tree’s nutrients (Table 4). New shoot,
leaves and fruit, structures that would be added to the tree
each year, made up only 16% of the total biomass on a dry
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Table 3. Tree dry weights (kg/tree) and nutrient content (g/tree) of mature, heavily cropping ‘on’ and lightly cropping

‘off” ‘Hass’ avocado trees, excavated in August (A) and November (B) 2001,

A.

Tree Heavily Cropping Lightly Cropping

Component Dry Wt kgltree N P K Dry Wi kgftree N P K
keltree gltree kgftree gltree

Trunk 34 103 14 93 23 46 9 27

Scaffold Branches 98 390 59 371 85 339 51 263

Branches 2-4" 25 123 47 165 49 146 93 234

Small Branches 7 37 12 24 25 178 137 359

New shoots 11 85 41 129 13 107 76 208

Leaves 22 431 45 192 29 615 76 337

Immature Fruit 5 107 15 102 9 138 25 137

Mature Fruit 11 355 55 534

Fine Roots i3 128 28 31 17 133 38 65

Small Roots 11 44 10 23 14 97 15 29

Scaffold Roots 29 117 26 59 19 76 15 51

Rootstock 37 74 30 37 34 68 14 41

Total 302 1994 382 1758 317 1944 550 1751

B1

Tiee Heavily Cropping Lightly Cropping

Component Dry Wt kgltree N P K Dry W kgltree N P K
kgltree gltree kgfrree glree

Trunk 38 114 19 118 53 158 26 163

Scaffold Branches 94 188 28 178 79 159 24 151

Branches 2-4" 39 77 12 70 39 118 16 106

Small Branches 18 54 22 79 38 266 68 216

New shoots 26 158 84 194 29 232 122 307

Leaves 22 376 33 135 37 767 55 241

Immature Fruit 40 462 71 501 18 233 39 267

Total 277 1429 269 1276 292 1933 350 1452

1Roots were not excavated in the November sampling.

weight basis of the tree but contained 47% of the total N in
the tree, 36% of all the P and 44% the total K (Table 4).
Scaffolding branches accounted for twice as much biomass as
that of new shoots, leaves and fruit combined but contained
less than half as much N, P and K. The rootstock (trunk,
scaffolding roots, small roots and actively growing roots) rep-
resented 28% of the total tree biomass but only 20% of the
total tree N and P and only 9% of the trec’s total K. It is
dlear that actively growing scion tissues are the major sinks
for N, P and K during the year. Quantifying the monthly de-
mand of each of these sinks for each nutrient will contribute
to our goals of developing best management fertilizer prac-
tices for the ‘Hass’ avocado in California and reducing the
potential for groundwater pollution.
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Table 4. Percent contributions of the various tree com-
ponents to the total tree diry weight and N, B and K
contents from the August tree sampling. Data are aver-
aged over both the heavily and lightly fiuiting (on-crop
and off-crop) trees.

Tiee Dy We N P K
Component % Total % Total

Trunk 9 4 3 3
Scaffold Branches 30 18 12 18
Branches 2-4" 12 7 15 11
Small Branches 5 6 14 11
New shoots 4 5 12 10
Leaves 8 27 13 15
Fruit 4 15 11 22
Fine Roots 5 7 7 3
Small Roots 4 4 3 1
Scaffold Roots 8 5 5 3
Rootstock 11 4 5 2
Total 100 100 100 100
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INTRODUCTION

Efficient water management remains a high priority in the
southwestern United States. While the scarcity of water is a
major impetus for improving water use efficiency in agricul-
ture, inefficient irrigation practices are also a factor in water
quality related issues. The influence of irrigation practices on
salt loading of surface waters has long been recognized.
Abundant evidence from southern California and Arizona
indicates irrigation practices are a significant factor con-
tributing to N losses from soils used for vegetable produc-
tion. Recent data from Arizona showed that as irrigation
levels increased above the amount required to replace evapo-
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transpiration, N leaching below the root zone increased and
crop recoveries of N decreased.

There is a tendency for vegetable growers to apply generous
amounts of water to produce because of anxiety about crop
quality and the lack of sufficient information to do other-
wise. Additionally, concerns about salt accumulation having
an adverse affect on land sustainability often prompts grow-
ers to employ a generous leaching requirement. A perceived
lack of practical technologies on irrigation scheduling is an-
other major obstacle to progress in implementing efficient ir-
rigation practices. It is the opinion of the authors that once
efficient scheduling and water management strategies are
confirmed and demonstrated to vegetable growers in the
desert, progress in efficient irrigation will be hastened. How-
evet, it is of the utmost importance to show growers that this
can be achieved without compromising crop yield and qual-
ity and long-term land sustainability.

The first phase of this project experimentally evaluated irriga-
tion scheduling technologies and management practices. The
second phase of this project included demonstration of the
use of these technologies.

OBJECTIVES

1. Evaluate and develop irrigation scheduling criteria for let-
tuce and melons produced in the low desert and evaluate
the influence of irrigation and N fertilization on crop
growth, crop N nutrition and N leaching,

2. Conduct an outreach program aimed at promoting and
implementing efficient irrigation practices.

DESCRIPTION

Over 99% of all lettuce and a significant percentage of the
melons produced in the desert are furrow irrigated and stud-
ies focused on the development of efficient furrow irrigation
practices. However, because some of vegetable acreage, par-
ticularly melons, has been converted from furrow to buried
drip, studies were also conducted with drip irrigation.

Evaluation of management allowable depletion
(MAD) values and crop coefficients (kc) for
furrow irrigated lettuce and melons

Experiments were conducted during 1999, 2000, 2001,
and 2002 to evaluate “management allowable depletion”
(MAD) values and crop coefficients (ke values) for furrow
irrigated lettuce and melons. Treatments were selected such
that irrigations were applied at MAD values ranging from
20 to 80% depletion of available soil water (SWD).
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Neutron probe access tubes were installed to a depth of 1.5
m in all plots. Soil moisture measurements were made two
to three times weekly. Irrigation was applied to all replica-
tions of a treatment when the mean SWD of the treat-
ments reached the targeted SWD. Growth and yield data
were collected so that we could identify MAD values asso-
ciated with maximum crop production. Data from the
treatments receiving optimal irrigation were used to calcu-
late ke values from ET as measured by soil water depletion
and penmen ET? values.

Evaluation and demonstration of irrigation
scheduling for lettuce

Studies were established in 2000, 2001, and 2002 to evalu-
ate and validate irrigation scheduling for lettuce. The first
and third experiment evaluated three irrigation regimes and
five N rates. The irrigation regimes were grower standard
practice, irrigation based on frequent neutron probe mea-
surements, and irrigations based on weather based irriga-
tion scheduling program (AZSCHED). The N rates ranged
from 0 to 250 kg/ha. Information for MAD and ke values
utilized in AZSCHED were determined or validated in
studies described in the previous section. The second
experiment evaluated the three aforementioned irrigation
regimes but did not include N rates.

Design and Management Guidelines for furrow
irrigated desert vegetable production units

We have come to realize that irrigation scheduling alone
will not result in efficient irrigation practices. Therefore, we
initiated studies aimed at optimizing system variables for
furrow- irrigated vegetables. The development of a manage-
ment package for the furrow irrigated vegetable production
units of the low desert area had been undertaken in four
stages: (1) experimental studies (1998-2000), (2) model
calibration and validation (2000-2002), (3) simulation
experiments and development of management tools [i.e.,
performance charts and lookup tables (2001-2002)], and
(4) development of management guidelines that facilitate
effective use of the management tools (2001-2002). The
primary objective of the field experimental study was to
develop a complete database that would be used in the
modeling studies (i.e., model calibration and validation).
Models were calibrated by field experiments using volume-
balance based parameter estimation models. These models
were validated with independent data sets. Simulation
experiments with the validated models were used to devel-
op management guidelines.

Drip irvigation for lestuce and melons
Studies were established to evaluate irrigation scheduling ap-
proaches for drip irrigated vegetables. This particular experi-

PROIJECT
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ment focused on evaluating crop coefficients and the interac-
tion between N management and irrigation management.
Treatments were four irrigation regimes ranging from 0.2 to
0.8, Penman ET® values. These treatments were in factorial
combination with 3 nitrogen fertilizer treatments. Daily irri-
gations were computed from average ET° values as calculated
from the previous week weather data. The influence of irriga-
tion regimes on growth and yield were determined from
weekly measurements of plant growth and dry matter accu-
mulation as well as marketable yields at maturity.

RESULTS

Data from these studies suggest using a MAD of 35 to 40%
depletion of available water to a 0.3 m soil depth as a basis
for scheduling irrigations for lettuce. Crop evaporation (ETc)
estimates from several experiments and Penman generated
reference evaporation (ET?) values indicate that crop coeffi-
cients for lettuce are approximately 0.1 early in the season
(six to eight-leaf stage) and increased to 0.7 during the rapid
growth period (after cupping). Data for melons suggest a
MAD of 40% depletion of available water to a 0.6 m soil
depth. Data for crop coefficients for melons are currently be-
ing analyzed.

Lettuce yields were generally not affected by itrigation regime
in 2001 indicating that irrigation scheduling would not com-
promise yield compared to grower standard practices. In fact,
grower practices resulted in reduced yield compared to irriga-
tion scheduling in 2002. During both years, crop yield and
crop N uptake responses to N rate were minimal indicating
that residual N was high on this sites used in these experi-
ments. Residual N as measured by soil analysis and N leach-
ing as measured by resins increased with N rate.

This study included field and modeling components. Field
experiments were used to calibrate and validate models. In-
puts for a surface hydraulic model were measured directly or
calculated using surface irtigation parameter estimation mod-
els. Models were validated using independent data sets by
comparing observed and predicted irrigation advance. Simu-
lations using the validated models were used to develop per-
formance charts and look-up tables for the selection of
efficient irrigation practices. Substantial improvements in ir-
rigation application efficiencies and distribution uniformities
would be realized using the proposed management guide-
lines. The suitability of these performance charts was further
validated in demonstrations performed during 2002.

For lettuce and melons, optimal yields were achieved at irri-

gation tegimes appreciably below ET° estimates. Melons ap-
peared to derive appreciable amounts of water from capillary
movement from lower soil depths.
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INTRODUCTION

This project is evaluating the performance of slow release
fertilizers on cool season vegetable production in the Salinas
Valley. Controlled laboratory studies were conducted in the
first year of the project (2000-01) and field studies were con-
ducted the first and second year of the project. The evalua-
tions include the effect of two slow release materials at three
rates on broccoli grown over the winter during the rainiest
time of the yeat. Broccoli was selected as the test crop be-
cause it is a key cool-season vegetable that is extensively
planted in the Salinas Valley (54,899 actes in 2001). In addi-
tion, significant acreage is grown in the winter when the po-
tential for losses of nitrogen due to leaching and the risk of
being rained out of the field to make sidedress applications is
high.
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OBJECTIVE

Evaluate nitrogen release, yield and the economics of a select
number of coated urea, slow release fertilizer materials in a
field trial conducted on winter broccoli.

DESCRIPTION

A slow release fertilizer trial was conducted in a commercial
broccoli field in the Salinas Valley during the winter of
2001-02. An over-wintered field with a medium textured soil
was selected for the trial to provide the greatest potential for
exposure to the high rainfall months and greatest potential
for nitrogen movement from the root zone (i.e. December to
February). This was a low rainfall year as a total of only 4.70
inches of rain fell during the trial with no one rainfall event
exceeding 0.95 inches in a 24 hour period. The slow release
fertilizer was shanked into fisted beds on Novermber 30 and
the broccoli was direct seeded on December 3. Two hundred
pounds of nitrogen was applied as all slow release fertilizer, or
as combinations of slow release fertilizer and sidedress appli-
cations of conventional fertilizer (Table 2). The slow release
treatments were compared with an untreated control and a
standard treatment that received a total of 200 {bs N/A.

Biweekly soil samples were collected during the course of the
growing season and analyzed for nitrate and ammonium.
Leaf blade and petiole tissue samples of the broccoli were col-
lected at three times during the growing season and analyzed
for total nitrogen and nitrate-nitrogen. In order to have a
measure of the relative amounts of nitrate removed from the
soil by plant removal or leaching, soil samples were collected
at one-foot increments to three feet at the beginning and at
the end of the growing season. The samples were analyzed
for nitrate and ammonium. The trial was harvested by com-
mercial harvesters on two dates (April 18 to 24) and the
number and weight of broccoli heads per plot was collected.

RESULTS AND CONCLUSIONS

"There were high levels of residual nitrate-N in the soil at the
beginning of the trial and the levels of soil nitrate-N in the
untreated plots did not separate from the standard fertilizer
treatment until after the February 5th sampling date (Figure
1). The slow release and standard fertilizer treatments had
higher nitrate-N in the soil than the untreated on the Febru-
ary 19 and March 5 sampling dates. These differences were
not reflected in differences in the total-N in broccoli tissue at
the two later sampling dates (Table 1). The soil nitrate-N in
the 200 Ib N/A slow release treatments declined steadily over
the course of the season, while the standard and combination
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Figure 1. Nitrate-N in the soil over the course of the season in
selected slow release fertilizer treatments (combination = 100 lbs
slow release + 100 lbs standard fertilizer)

Table 1. Total nitrogen in broccoli tissue on three
sampling dates.

Treatments (NJA) Feb 26 Mar 19 Aprd
Polyon 200 6.11 4.94 522
Polyon 150+50 6.23 4.87 5.74
Polyon 100+50+50 6.24 4.81 5.59
Duration 200 6.09 523 5.82
Duration 150+50 6.12 4.67 5.33
Duration 100+50+50 6.07 5.13 5.59
Standard 6.31 4,94 5.64
Untreated 5.64 4.82 5.53
LSD (0.05) 0.17 ns. n.s.

Contrast {0.05)

Slow release vs Standard ~ n.s. n.s n.s

Table 3. Cost comparison summary for standard and
slow velease fertilizer applied to winter grown broccoli
(230 lbs N/A applied)

Cost per Application and Total CostslA

Standard Slow Release

Fertilizer Fertilizerst
Application Material 100% 75% 50%
Preplant 15-15-151 43 179 138 97
Sidedress #1 AN 202 48 0 0 34
Sidedress #2 AN 20 48 0 34 34
Water run CAN 173 26 26 26 26
Total 156 207 198 191

180.47/1b N assigned to the nitrogen cost; 280.47/1b N; 3$0.59/1b N; 450.82/1b N.

slow release fertilizer treatments spiked higher soil nitrate-N
values following fertilizer applications.

There was significantly greater broccoli head biomass in all
slow release fertilizer and standard fertilizer treatments than
the untreated control on the first harvest date (data not
shown). The total number and weight of broccoli heads har-
vested from the standard and slow release fertilizer treatments
were comparable (Table 2). There was no increase in the
mean head weight of broccoli in the 2001-02 season as was
observed in the first year of the study. The cost of fertilizer
programs that utilize 100, 75 and 50% slow release fertilizers
in a typical broccoli fertilizer program (i.e. 230 Ibs N/A) cost
33, 27 and 22% mote than the standard fertilizer program
(Table 3). Slow release fertilizers did not increase the yield of
broccoli in these trials and they have additional costs. Grow-
ers may still be motivated to utilize slow release fertilizers to

Table 2, Fertilizer application schedule and total yield of broccoli

Treatment 11/30/01 Stdedress #1 Sidedress #2 Sidedress #3 Sidedyess #4 Total No. Total 2. Mean
lbs NIA 1/15/02 1/29/02 2/22/02 3/18/02 Heads (lbs) Head Wr.

Polyon 200 0 0 0 0 149.4 84.1 0.56
Polyon 150 0 0 0 50 152.7 87.9 0.57
Polyon 100 0 50 0 50 148.8 84.6 0.57
Duration 200 0 0 0 0 140.1 83.7 0.59
Duration 150 0 0 0 50 146.5 85.1 0.58
Duration 100 0 50 0 50 142.2 79.4 0.55
Standard 0 50 50 50 50 141.5 83.5 0.59
Untreated 0 0 0 0 0 148.5 774 0.52
1SD (0.05) n.s. 7.0 0.05
Contrasts (0.05)

Polyon vs Duration ns. ns. ns.

Slow release vs Standard ns. n.s. ns.

200 slow release vs standard n.s. ns. n.s.

200 slow release vs 100 slow release  n.s. n.s. n.s.
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reduce the risk of being rained out of the field to make side-
dress applications during high rainfall growing seasons. Un-
der these conditions, slow release fertilizers can give
comparable yields to a standard fertilizer program.

27

The 2000-01 growing season was a low rain fall year. Further
tests with heavier rainfall events during the growing season
may provide greater opportunities to observe the ability of
slow release fertilizer to provide nitrogen to winter grown
broccoli, as well as its ability to resist leaching by winter rains.
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INTRODUCTION

The use of drip irrigation for sweetpotatoes in California has
increased every year since its inception back in the late 80s,
and is now used on an estimated 65-75% of the production
acreage. Some of the reasons for this continued growth in-
clude irrigation convenience, uniformity of application, the
ability to irrigate rolling land, and the ability to spoon feed
nutrients with the system through the growing season.

Drip irrigation is just one of many agronomic changes that
have contributed to substantial average yield increases in the
past 20 years. Since 1982, average county yields have in-
creased > 35% (from 9.5 to 13 tons per acre). Despite the
widespread adoption of drip irrigation, however, no fertilizer
trials have been performed with this system to determine op-
timal rates of N and K for maximum economic production.
Based on old fertilizer trials performed in furrow irrigated
fields, current N and K recommendations are 80 — 120 Ibs
N/A and 0 — 100 lbs K,O/A. Increased yields certainly im-
ply that increased nutrients are required, but because nitro-
gen is metered into the system during the growing season,
nitrogen use efficiency may be improved to the extent that
increased fertilizer rates (especially for nitrogen) are not nec-
essary.

PR OIJECT
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The judicial use of nitrogen fertilizer has more than just eco-
nomic implications for sweetpotato production in Merced
county as well: almost the entite industry is situated in an
area with deep, well drained loamy sands where water and
nutrients can easily leach out of the root zone.

OBJECTIVES

In 2001, we initiated a study to evaluate the nitrogen and
potassium requirements for Beauregard sweetpotatoes. The
objectives of this trial were:

e Determine the optimal rates of N and K fertilizer for best
yield and quality in drip irrigated Beauregard sweetpota-
toes.

° Determine the effect of different rates of potash and nitro-
gen on moisture loss in storage.

¢ Re-evaluate current fertilizer application tissue analysis
guidelines.

¢ Determine if applications of N with the drip system results
in substantial leaching of nitrate beyond the root zone.

PROJECT DESCRIPTION

A trial was initiated with a commercial sweetpotato grower
beginning in the spring of 2001 and again in 2002. Nitrogen
rates were 0, 50, 100, and 200 Ibs N per acre, and potash
rates were 0, 75, 150, and 300 Ibs K,O per acre. Part of the
field was sectioned off from the main irrigation assembly so
that nutrient inputs could be applied independent of the
grower’s fertilization schedule. No preplant incorporated fer-
tilizers were applied. Plots were 2 rows wide by 45 feet long
and replicated four times.

Granular potassium sulfate and phosphorous were applied to
the beds under the drop lines at transplanting. Phosphorous
rates were 60 Ibs P,Os uniformly applied to all plots. Nitro-
gen treatments began in late June or eatly July. CAN17 was
injected on a 5 to 7 day schedule for a total of 7 - 8 applica-
tions. All nitrogen was applied through the drip tubes using
a small battery operated piston pump. The nitrogen rate in-
jection schedule is shown in Table 1.

Sampling: Soil samples were taken in April and late August.
The August soil sampling occurred after all nitrogen treat-
ments had been applied. Samples were taken in each plot to
three feet and divided into one-foot increments, then ana-
lyzed for N (as NO3-N) and K. Leaf and petiole samples
were taken three times during the growing season. A sub
sample of harvested roots were also analyzed for N and K to
determine nutrient removal rates. Moisture loss in storage
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Table 1. N fertilizer injection schedule for 2001
and 2002,

2001 2002 50 100 200
App.  Date Datel Rate Lbs N per week*
1 715 6/26 yx 3.5 7.0 14.0
2 7113 715 1x 7.0 14.0 28.0
3 7/18 7110 1x 7.0 140 28.0
4 7123 716 L5x 10.5 21.0 42,0
5 7130 7123 1.5x 10.5 21.0 42.0
6 8/3 7129 1x 7.0 14.0 28.0
7 8/8 8/2 1y x 3.5 7.0 14,0
8 8/13 Uy x 3.5 7.0 14.0

* Due to rounding, actual total N applied was 5% greater than target rate.

The 8th application was not made in 2002; instead rates were increased on the 7th
application.

Table 2. Spring initial soil samples, 2001 and 2002.

Sample  pH EC CEC ~ NOsN P Sl K
Year depth ppm ppm ppm
2001 0-12" 5.8 0.79 6.8 13.7 58.1 51.0
12-24" 52 0.64 9.0 8.6 23.8 231
24-36" 5.5 0.53 8.4 6.2 15.8 119
2002 012" 47 0.89 215 68.6 86
12-24" 50 0.44 6.2 27.9 50
24-36" 55 0.62 9.4 19.2 52

EC = electrical conductivity in mmhos/cm.
CEC = cation exchange capacity in meq/100 g {not determined in 2002)

measured each month from November to May on 40 Ib
samples from each plot. Plots were harvested using a com-
mercial harvester on October 31 and November 1, 2001.

RESULTS

Since not all data for 2002 has been collected, results pre-
sented here are for 2001 to early 2002. Spring soil test results
are shown in Table 2. Nitrate levels in the top foot were
moderate, averaging 13.7 ppm (~ 54 lbs NO;-N), and fairly
low at the lower depths. Potassium was below 100 ppm at all
depths, indicating that a response to potash fertilizer would
be expected.

Leaf and petiole sample results for July and September, 2001,
are shown in Tables 3 and 4. In July, the plants in the 150
and 300 lbs K,O treatments had significant greater potas-
sium in the petioles than the lower rates. Late season (Sep-
tember) results showed significantly higher nitrate levels as
the N rate increased. Tissue results from August after all fer-
tilizer treatments wete finished are shown in Figures 1 and 2.
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Table 3. Leaf and petiole samples taken July 6, 2001.

Krate, Ibs/A N rate, lbs/iA* K% NO3-N,
ppm
0 0 5.19 2537
75 0 5.52 3297
150 0 6.11 5627
300 0 5.95 3602
1SD 0.10 0.53 NS

* At time of sampling nitrogen treatments had not started.
LSD 0.10 = Least Significant Difference at the 90% confidence level. Means separated
by less than this amount are not significantly different.

Table 4. Leaf and petiole analyses from samples taken
September 17, 2001.

K rate, lbs/Al K% N rate, lbs/iA NOs-N,
ppm
0 2.56 0 1375
150 2.72 50 4210
100 2858
200 7433
LSD 0.10 NS 1935

1. Only 0 and 150 Ib rates were sampled at this time.
LSD = Least Significant Difference at the 90% confidence level. Means separated by
less than this amount are not significantly different.

Box-and-Whisker Plot

0 o
Esof o b [
100 1y —
200 —_ e e
0 1 2 3 4 6
(X 1000)
NO3 aug

Figure 1. August leaf and petiole tissue N (as NO3) as affected
by N fertilizer rate. LSD 0.90 = 502 ppm.

Tissue NO3-N and K were significantly increased as fertilizer
rate increased. There was no significant nitrogen by potas-
sium interaction.

Yield results are shown in Table 5. At the 90% confidence
level, nitrogen significantly increased #1’s, jumbos, and total
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Box-and-Whisker Plot
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Figure 2. August leaf and petiole tissue K as affect by potash rate.
LSD 0.90 = 0.29%.

marketable yield as compared to the treatments that did not
receive any N, However, there was no significant difference
between the rate of N applied. Potash did not have any sig-
nificant effect on yield, and the N x K interaction was not
significant for any size. The lack of potassium response in
this trial probably occurred because the whole test site was
accidentally top dressed with 150 Ibs KO per acre mid-way
through the growing season.

Soil samples taken in August after the last irrigation with fer-
tilizer application showed increased amounts of NO3-N and
K as fertilizer rates increased for all depths (Figures 3 & 4).
The 200 Ib N rate significantly increased soil NOj in the
first and second foot as compared to the other treatments.
Greatest K was found at the 12-24" depth, while most of the
N was at the surface. The amount of NO3-N in the profile,
however, was very low for the amount applied. Even at 200
Ibs of N per acre, less than 4 ppm N as NO3-N was found at
a depth of 3 feet. This suggests that most of the N applied

ppm K

SOIL DEPTH

: [0 Ibs/A K20 |
= = = ‘ 75 bbs
| [1150 Ibs
\ 1 [ ‘ }I 0300fbs |

|

Figure 4. Average soil potassium (as ppm K) from 0 to 3 feet as
affected by potash fertilizer rate. LSD (0.90) for 12, 24, and
36" depths are 4.16, 7.05, and 4.33 ppm respectively.

E0LBS N/A|
50 i
lotoo |
T [O200

SOIL DEPTH

Figure 3. Average soil nitrate-nitrogen (NO3-N in ppm) at the
end of the summer for different depths and nitrogen fertilizer
treatments. LSD (0.90) for 12, 24, and 36" depths are 2.41,
2.28, and 1.15 ppm respectively.

was not being leached past the root zone during the growing
season. However, spring 2002 soil samples from the 200 Ibs
N/A plots showed levels of 9.6 ppm NO3-N at 3 feet, sug-
gesting that some movement of N had occurred over the
winter.

Because of the lack of a yield response to potassium fertilizer,
correlation and calibration curves comparing fertilizer K to
soil K and yield show no clear association. Regression analy-
sis comparing potash fertilizer rate to cumulative soil test K
showed a significant positive linear response (p = 0.001,

12 = 39.1%) in soil test K as fertilizer K increased (Figure 5).
However, there was no correlation between fall soil test K
and total marketable yield (Figure 6). There may be two rea-
sons as to why this occurred. One, there was simply more
potassium in the soil, either as indigenous soil K or from ap-
plied fertilizer, than was needed by the crop. On the other
hand, the lack of a response may be because there was not
enough difference between low and high soil test values to
cause a significant yield response. Average soil K values

Correlation Model
< 760F
w
O] [
8 660 |
0 r
v r
o S60f
E :
L; 460;
g 360 [ l l \ ‘ . .
0 50 100 150 200 250 300

K20 Rate, Ibs/A

Figure 5. Correlation between applied potash and total K in the
3 ft profile. Best fit line is linear, with the equation K,; = 432
+ 0.51(K50 rate).
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Table 5. Main effect of nitrogen and potash rate on yield and grade of Beauregard sweetpotatoes in 2001.

Treatment #1s Jumbos Mediums Market Yield #15 Culls
% Boxes/A

N Rate 40 Ib Boxes/A

0 328 206 158 685 48.1 107

50 420 208 156 784 54.0 95

100 463 209 159 830 56.0 126

200 459 279 177 915 50.1 121

LSD 0.10 122 59 NS 159 6.8 NS

K Rate

0 437 219 171 828 53.2 105

75 409 212 168 788 51.9 116

150 431 251 158 833 514 102

300 393 219 152 764 51.7 126

LSD0.10 NS NS NS NS NS NS

NxKLSD NS NS NS NS NS NS

US #1s: Roots 2—3.5" in diameter, 3 — 9" in length, must be well shaped and free of defects.

Mediums:  Roots 1 - 2" diameter, 3 — 7" in length.

Jumbos: Roots that exceed the diameter and length requirements of the above two grades, but are of marketable quality.

% US #1's: Wk, of US #1s divided by the total marketable wt (culls not included).

Culls: Roots >1" in diameter and so misshapen or unattractive as to be unmarketable.

LSD 0.10:  Least significant difference at the 90% probability level. NS = not significant.

cvV Coefficient of variation, 2 measure of variability in the experiment,

Table 6. Partial soil N balance based on vine weight, root yields, and soil NO3-N in the upper three feet of the profile.

N rate Vine wtl Vine N Vine N Root wt Root N Roor N3 Soil N4 TOTAL N
Lis/A ppn NO;3 Lbs/A2 Lbsid % LbsiA LbdA LbsiA
1. 0 lbs/A 868 1375 30.6 27,400 0.85 48.0 18.5 97.1
2. 50 lbs/A 1309 4210 63.9 31,360 1.15 74.3 27.0 165.2
3, 100 ibs/A 1437 2858 59.9 33,200 1.01 69.1 37.3 166.3
4, 200 Ibs/A 1589 7433 103.0 36,600 1.52 114.6 93.2 310.8
Average 1301 3969 64.3 32,200 1,13 e 44,0 ——
1SD0.05 426 2388 25.2 6360 0.25 - 26.8 -

on USDA NRCS soil survey data).

Vine weight is the total dry weight (6% D.M.) of the vine plus leaves by the end of the season (September sampling).
2Vine N estimated by converting NO3-N values to total N% and multiplying by dry weight.
3Root nitrogen is total dry weight of roots using total marketable yield (D.M. = 20.6%) multiplied by N% in roots.

4So0il N is the sum of NO3-N in the upper 3 feet of soil based on soil bulk density of 1.7, 1.6, and 1.5 g cm-3 for the 1st, 2nd, and 3rd foot in the profile, respectively (soil BD values based

ranged from 25 to 62 ppm, which basically classifies the soil
as low K for all treatments (below 100 ppm K).

Very little relationship was found between the leaf and peti-
ole analyses in August and yield. There was a slight positive
relationship with plant NO3-N and total marketable yield
(12 = 12%), with highest yields occurring when nitrate levels
in the tissue were around 3000 ppm (Figure 7). For tissue K,
a slightly negative (r2 = 10%) relationship was found (yield
decreased as K% increased). The data suggest that there is no
clear association between tissue test levels taken during root
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bulking and yield, but that tissue NO3-N concentrations
greater than 3000 ppm are clearly sufficient.

Weight loss in storage was measured at 6, 12, and 18 weeks.
There was no significant effect from either N or X fertilizer
rate on moisture loss until 18 weeks. On average, the roots
lost 8.2% of their weight over 4 months, with 3.5% of that
occurring in the first 6 weeks (initial losses are higher because
of curing).

To help explain the lack of yield response to additional N

ferdlizer, a simple nitrogen balance was calculated using soil,
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Calibration Model
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Figure 6. Regression model showing the lack of any significant
correlation between cumulative soil K (to 3 f2) and total mar-
ketable yield.

crop, and tissue N analyses (Table 6). About 165 lbs N/A
was found in the treatments receiving 50 and 100 Ibs of N,
and 310 Ibs N/A at the 200 Ib N rate. While the high rate of
N only marginally increased yield as compared to the other
two rates, it also resulted in increased vine weight, leaf N,
root N, and the amount of NO3-N in the soil. Based on this
data, optimal rates of N appear to be at least 100 Ibs per acre,
but less than 200.

In summary, we saw a significant yield response to N, but
there was no significant difference between 50 to 200 Ibs of
N. However, as N rates increased, more N accumulated in
the leaves and roots, and vine weight also increased as N rates
increased. Thus, one of the effects of the 200 1b rate of N
was thick, green vine growth. There was no significant yield
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Plot of Fitted Model

a
0 1 2 3

5 6
NO3 aug (X 1000)

Figure 7. Relationship between leaf and petiole tissue sampled in
August and total marketable yield (TMY). Best fit equation:
TMY = 715 + 0.1x — 0.000014x2, where x = NO3z-N in ppm.

response to potassium fertilizer, but all treatments received at
least 150 Ibs K5O per acre, and thus no conclusions can be
made. Varying N and K fertilizer rates had little effect on
weight loss in storage. Regression analysis on leaf and petiole
results showed a plant response to increased rates of N and
K, however, this response was not correlated to yield. Mid-
season nitrate levels in excess of 3000 ppm are more than
sufficient; no conclusions can be drawn from the K tissue
analyses. On a positive note, our research suggests that using
drip irrigation in sweetpotatoes results in little build up of
soil N or leaching beyond the root zone, even at high fertil-
izer rates.
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INTRODUCTION

Potatoes are one of the important vegetable crops grown in
California. Potato is also one of the heaviest fertilized crops
in California. An average of approximately 300 lbs. of N per
acre is applied, with rates varying from 100 to over 400
Ibs/Ac. The rates of nitrogen application on potatoes are high
for several reasons: (1) Potatoes are a high value crop (approx.
$4,000/Ac gross farm gate), thus the goal is maximum yield;
(2) Potatoes are relatively shallow rooted and have low root
density, thus are inefficient in nitrogen uptake; (3) Much of
the production is on sandy soils under solid-set sprinkler irri-
gation, thus with high leaching potential; and, (4) A rela-
tively new reason: the most widely grown variety (Russet
Norkotah) has a weak vine and is susceptible to eatly dying
diseases. To compensate for this last deficiency, growers have
increased the amount and duration of nitrogen fertilization
in an effort to keep the vines healthier and alive longer. This
situation is not unique to California. Russet Norkotah is
widely grown, particularly in western U.S. Thus, even a 10%
reduction in fertilizer nitrogen requirement for optimum
yield and quality could result in tens of thousands of tons of
nitrogen that 1) growers do not have to purchase, and 2) that
are not subject to leaching below the root zone.

Several new clonal selections have been made of Russet
Norkotah that have stronger vines and later maturity. Re-
search in other states and grower observations indicate that at
least some of these clonal selections, or strains, have lower ni-
trogen fertilizer needs than the standard Russet Norkotah.
New varieties are also being grown and/or recently released in
the long white, round red, as well as russet market classes.
These varieties (e.g. CalWhite, CalRed, Silverton Russet, and
Klamath Russet) may also have lower nitrogen requirements.
Numerous advanced selections and clones are evaluated annu-
ally. For economic and environmental reasons, these clones
should produce well under conditions of relatively low input.

OBJECTIVES

1. Determine the responses of standard and new potato vari-
eties to nitrogen fertilization rates.

2. Determine if the new Russet Norkotah strains are more
efficient in nitrogen utilization and thus require lower fer-
tilization rates.

3. Determine if other new or potential potato varieties are
more cfficient in nitrogen use than existing standard vari-
eties.
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4. Demonstrate to potato industry the feasibility, profitabil-
ity and sustainability of utilizing varieties/strains with
lower fertilization requirements.

5. Demonstrate to potato industry the feasibility, profitabil-
ity and sustainability of lower fertilization rates on stan-
dard and new varieties.

PROJECT DESCRIPTION

In 2000, nitrogen rate experiments were conducted with 10
new varieties, including three new Russet Notkotah strain se-
lections, at three locations—Kern Co., Davis, and Tulelake.
Three years of experiments are necessary for conclusive re-
sults and recommendations to the industry. The 2001 and
2002 experiments, the second and third years of the study,
were supported by the CDFA-FREP program, in coopera-
tion with the California Potato Research Advisory Board and
the USDA Potato Variety Development Progam.

The three components of the FREP project are, as follows:

1. Nitrogen x Variety Trials: Nine trials have been conducted
in the three years of the study, three in each year. A trial
has been conducted in Kern County and in the Tulelake
Basin each of the three years. Trials have been conducted
in the Stocton Delta in 2001 and 2002, and one trial was
conducted at UC Davis in 2000. The number of varieties
in each trial has varied from six to nine entries. In Kern
County and at Davis, red, long white and russet varieties
wete studied. At Tulelake (UC-IREC) the emphasis has
been on russets. In the Stockton Delta, the emphasis has
been on red skinned varieties. A total of 8 russet, 1 long
white, and 8 red varieties were studied. Five nitrogen rates
were utilized in each trial. An effort to have a zero (0) rate
was made, but some trials were grown in grower’s fields
with unavoidable sprinkler applied and/or pre-plant ap-
plied nitrogen. The maximum rate varied based on the
experience in the respective locations, from 300 to 400
pounds N per acre. Applications were split into two equal
components at most locations, with half at planting and

half as a side-dress 45-60 days after planting,

Petiole samples were accomplished at most locations at
15-day intervals. Soil samples were collected at the begin-
ning and end of growing seasons. Whole plant samples,
followed by partitioning into vines, roots and tubers, were
collected at two sites at the same time as petiole samples
were collected. Total nitrogen and nitrate-nitrogen, as well
as P and K on some samples, were determined on all sam-
ples. Total root mass samples were also collected at matu-
rity from two sites. All of these petiole and nutrient
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analyses, as well as fresh and dry weights, are still being
conducted and/or analyzed.

2. Field Days, Grower Meetings, & Other Dissemination of
Information: Field days were conducted at harvest in Kern
County and UC-IREC locations in 2000 and 2001, at
midseason at UC-IREC in 2002, and at harvest at Kern
County in 2002. The annual results are published in the
California Potato Research Advisory Board annual report
and orally presented to the Board at their annual meeting,
The FREP annual report and annual conference will be
used to disseminate information. Upon completion, re-
sults will be published in California Agriculture, Califor-
nia trade magazines and journals, and professional society
journal.

3. Grower Surveys: To determine and evaluate current fertil-
izer practices, attitudes toward changing those practices,
and to determine the need for phosphorus and potassium
trials, a grower survey has been developed. In combina-
tion of soil and plant analyses, this survey will be used to
determine the need for P and K trials. The survey will
also provide a basis for evaluating the success and impact
of this FREP project.

RESULTS AND CONCLUSIONS

Although all nine trials of this project have been harvested,
yield data are available from seven. Petiole and whole plant
analyses are not yet complete. The survey has been partially
completed. Thus, conclusions are pre-matute, and all results
must be considered preliminary. Numerous interesting find-
ings have been recorded, however.

Nitrogen rate and spacing experiments were conducted with
sixteen varieties (7 reds, 1 long white and 6 russets) in Kern
County—CalRed, Cherry Red, Red LaSoda, Mazama,
Winema, Durango, Cherry Red, CalWhite, Russet Burbank
Russet Norkotah, CORN #3, TXNS 112, TXNS 223, and
Silverton Russet. The nine varieties (8 russets and 1 red) in-
cluded in Tulelake trials were Gem Russet, Klamath Russet,
Russet Burbank, Russet Norkotah, CORN #3, TXINS 112,
TXNS 223, Silverton Russet and CalRed. At UC, in the
spacing and growth rate study, the nine varieties (3 reds, 1
long white and 5 russets) included were CalRed, Cherty
Red, Red LaSoda, CalWhite, Russet Norkotah, CORN #3,
TXNS 112, TXNS 223, and Russet Burbank. In the Stock-
ton Delta, the eight varieties (6 reds and two whites) were
Cheiftain, CalRed, Modoc, NDO4323-2R, Red Ruby,
Mazama, CalWhite and A91556-2W. Thus, a total of 19 va-
rieties (8 russets, 9 reds and 2 long whites) were included in
one or more locations.




O NG OTI1N G

PR OIJEGCT

S UMMARTIE S

2000 Davis Nitrogen Fertilizer Trial
Average Total Yields of Treatments

150-N 225-N
Ibs. Nitrogen / acre

300-N

2000 Kern Nitrogen Fertilizer Trial
Average Total Yields of Treatments

o

i

285# N

Yield (cwt/A)

165# N 205#N  245#N
Ibs. Nitrogen / acre

125# N

Figure 2.

2000 IREC Nitrogen Fertilizer Trial
Average Total Yields of Treatments

500

100-N 200-N 300-N 400-N

ibs. Nitrogen / acre

Figure 3.

Figures 1 — 6 illustrate the average response of all varieties in-
cluded at each location-year. The response to nitrogen varied
widely among the different locations. The classic parabolic
response was observed at some locations, i.e. increasing yield
up to the 4th rate and then a decrease in yield at excessive ni-
trogen rates. In some locations yields were increasing still at

35

2001 Kern Nitrogen Fertilizer Trial
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the highest rate, while in other locations no response or nega-
tive response to increasing nitrogen rates was measured.
Thus, a preliminary conclusion is that optimum nitrogen
fertilization rate varies from location to location. The organic
soils in the Delta, and the high clay and organic soils of Tule-
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lake were less responsive to nitrogen than the very sandy soils
of Kern County. However, even among the sandy sites in
Kern County, the response vatied significantly. Thus, other
factors must be considered. Soil type, past cropping history,
residual nitrogen and the nitrogen content in the irrigation
water are all important components in determining nitrogen
fertilizer rates.

Figures 7 through 12 illustrate the variability among varieties
in their responses to nitrogen fertilization. In some locations,
the new Russet Norkotah strains did respond to lower nitro-
gen rates than the standard Russet Norkotah. In other loca-
tions, however, no differences among responses were
measured. Some varieties, such as CalWhite, respond to high
rates of nitrogen, while others, such as CalRed, do not re-
spond to high rates. The level of responsiveness, understand-
ably, correlates well with the total yield potential. In some
locations all or nearly all varieties responded similarly (e.g.
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Davis 2000), while in other locations varieties responded
quite differently (e.g. Kern County 2000).

Since the petiole and soil analyses have not been completed,
cotrelations among plant analyses, soil nitrogen residual, fer-
tilizer rate and yield response have not been determined.
Similatly, the growth rate measurements have not been com-
pleted, thus the correlations with that parameter have not
been determined.

It will be difficult, if not impossible, to make generalized ni-
trogen fertilizer recommendations based on potato variety or
soil type in California. Several other factors must be included
in determining the fertilizer needs. It does appear that potato
vatieties do respond differently to nitrogen. Thus, growers
should consider the variety in making fertilizer applications.
Furthermore, breeders should consider the fertility level of
the soil when making selections; more efficient varieties can
be selected if lower nitrogen rates are used.




ONGOTIN G PR O]JE C | S UMMARIE S

2000 Kern Nitrogen Fertilizer Trial
Average Total Yields No 1's of Cultivars

Yield (cwt/A)

R.
Norkotah
Silverton

Russet
CalWhite

Figure 8.
2000 IREC Nitrogen Fertilizer Tria |
Average Total Yields No 1's of Cultivars
600 +— EO0-N E100-N [O200-N [300-N E400-N - |
s
g
i)
2
Vl
5§ ¥ 5 8
% ..mv. Z 0 )
5 < W 5 2
I 2 5 - 2
Figure 9.

37




O NG OTN G

P RO J E C | S UMMARTIE S

Yield (cwt/A

2001 Kern Nitrogen Fertilizer Trial

Total Yield No 1s

Red LaSoda |

CalRed =

Cherry Red e B

E80 0160 0240 B 320

Durango pmf—

VL1211 B —

CalWhite
Silverton
R. Norkotah |
TXNS 112
TXNS 223 |

Figure 10.
2001 Stockton Delta - Nitrogen Fertilizer Trial
Total Yield
600
500 - B Cul
B's
I 400 - O
= asml
L 300 4
o
o)
> 200 -
100
o! olo‘o olo, o‘o’o
] SRF ) SIS
Cheiftain | Cal Red |NDO4300-|NDO4323-| Red Ruby| Winema | Mazama
‘ 1R -2R |
Figure 11.

38




O NG O 1 N G PR O JE C T S UMMARIES

2000 IREC Nitrogen Fertilizer Trial
Average Total Yields No 1's of Cultivars

600 . EO-N E100-N [I200-N [1300-N E400-N

Yield (cwt/A)

Burbank  \mmrmmrmmsrn
Russet  pmmmmmmmsmmmmm

) — 5 £ o

w5 # o £E3 B S8 O

n = pd 9 g T 0 4

S X 25 °2 g 22 &
¥ O Ve N
z O v

Figure 12.

39




O NG O1 N G

EFFICIENT PHOSPHORUS
MANAGEMENT IN
COASTAL VEGETABLE
PRODUCTION

Project Leader:

Tim Hartz

Department of Vegetable Crops
University of California
Davis, CA 95616

(530) 752-1738
thhartz@ucdavis.edu

Cooperators:

Michael Cahn and Misty Swain
UC Cooperative Extension
Monterey County

INTRODUCTION

Decades of heavy phosphorus fertilizer application to veg-
etable fields in the Salinas and Pajaro Valleys have resulted in
substantially increased soil P concentration. Soil test P levels
frequently exceed the threshold for expected crop response
to continued P fertilization; however, many growers con-
tinue to apply P to such fields. While this generally does not
cause agronomic problems, it may be a significant contribu-
tor to the undesirably high P concentration found in the
Salinas and Pajaro River systems. Parts of both watersheds
have been listed by the California EPA as ‘impaired’ for solu-
ble nutrients, based on the prevailing Federal water quality
standards. This project was undertaken to reevaluate the cur-
rent P management recommendations for lettuce produc-
tion in light of this potentially serious environmental
problem.

OBJECTIVES

1. Develop efficient P fertilizer guidelines for coastal lettuce
production

2. Document the relationship between soil characteristics,
soil test P levels, and potential loss of P through runoff.

IR OJEICT
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METHODS

To determine the current P status of agricultural land in the
Salinas and Pajaro Valleys, soil from 30 fields, most in long-
term vegetable rotations, was collected in spring, 2002 (Table
1). The fields, located in Monterey, San Benito, Santa Clara
and Santa Cruz Counties, represented both conventionally
farmed and organically managed land. These soils will be
used in a study designed to correlate the soluble and total P
concentration of runoff water (from rain or irrigation) with
the soil test P value and soil hydraulic properties. The intent
is to provide a simple system by which growers can rank their
fields for P runoff potential, so that remedial actions can be
targeted where they would do the most good.

Six trials were conducted in commercial lettuce fields in the
Salinas Valley in 2002 evaluating whether P fertilization in
fields with moderate or high soil test P levels actually affected
crop productivity. The fields chosen varied from 54 — 171

Table 1. Soil test bicarbonate P content (PPM) of
survey fields.
Bicarbonate P
Field Location Management type (PPM)z
1 King City conventional 14
2 King City conventional 18
3 King City conventional 30
4 Hollister organic 33
5 Santa Cruz organic 34
6 Salinas conventional 36
7 Morgan Hill conventional 40
8 San Juan Bautista organic 41
9 Gilroy conventional 42
10 San Martin conventional 42
11 Gonzales conventional 47
12 King City conventional 54
13 King City conventional 58
14 Salinas/Buena Vista conventional 65
15 Gilroy conventional 65
16 Greenfield conventional 77
17 Salinas conventional 78
18 Chualar conventional 79
19 Greenfield conventional 80
20 Salinas/Buena Vista conventional 85
21 Morgan Hill conventional 87
22 Hollister organic 92
23 Gilroy conventional 93
24 Soledad conventional 95
25 Watsonville conventional 124
26 Castroville conventional 126
27 Chualar conventional 149
28 Salinas conventional 185
29 Santa Cruz organic 188
30 Santa Cruz organic 196
ztop six inches
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Table 2. Charactevistics of the 2002 field trial sites.

Bicarbonate extractable  Lettuce P application rate Planting
Field  Location soil P (PPM)= type (b P,05/ acre) datey

1 Salinas 54 Head 59 April 3
2 Salinas 124 Head 60 April 11
3 Soledad 55 Romaine 130 May 11
4 Chualar 72 Head 42 June 12
5  Chualar 171 Romaine 130 July 15
6  Chualar 78 Head 47 July 26

top six inches of soil
ydate of first water

PPM bicarbonate P (top 6 inches of soil, Table 2). Existing
recommendations rank these field as moderate (fields 1 and
3) or high P availability (fields 2,4,5 and 6); a strong crop re-
sponse to pre-plant P fertilization would not be expected,
based on prior research with cool-season vegetables. In fields
3 and 5 the grower did not apply P fertilizer; we established
4 plots within each of these fields which received a pre-plant
fertilization with 130 Ib P,Os / acre. In all other fields the
growers applied pre-plant P, and we established 4 plots per
field in which this P application was skipped. The experi-
mental design was randomized complete block, with each
plot being 4 beds wide and 200 feet long. All data were col-
lected in the middle 100 feet of each plot, from the middle
two beds.

Plant P status was monitored by biweekly sampling through
the crop season, including at harvest. Plots with and without
P fertilization were photographed on a biweekly basis with a
digital infrared camera; these images allowed calculation of
the percent of ground covered by the plant canopy, an objec-
tive, non-destructive measute of plant vigor. Prior to commer-
cial harvest 32 whole plants per plot were selected at random
and weighed to compate total plant biomass between treat-
ments. Where practical, data on marketable yield and head
size distribution was collected by wotking with the commer-
cial harvest crew. Where that was not possible, randomly se-
lected plants were trimmed to simulate commercial harvest,
and the marketable yield of the treatments was compared.

RESULTS

The soils collected in the survey ranged from 14 — 196 PPM
bicarbonate extractable phosphorus, averaging 78 PPM
(Table 1). To put these numbers into context, soils from Cal-
ifornia’s Central Valley that have been farmed for an equiva-
lent period of time typically range from 10-25 PPM
bicarbonate P. The difference reflects the higher application
rates, and more frequent application, of P fertilizers in the

PROJECGCT
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coastal valleys. Despite these high soil test P values, many
coastal vegetable growers continue to apply P before each
crop, and a substantial number also apply P in side-dressings.

Four of the trials have been harvested to date (Table 3). In
the first trial, planted in early April, significant response to
pre-plant P was observed. This was somewhat surprising,
since the soil bicarbonate P level was 54 PPM, above the re-
sponse threshold cited in most references. Early planting
(cold soil temperature) was undoubtedly a factor, since P
bioavailability is reduced at lower soil temperature. Field 2
had high soil bicarbonate P (124 PPM). As expected, pro-
duction in plots in which pre-plant P was skipped was equiv-

Table 3. Lettuce response to P fertilization.

P treatment % of plants Marketable wt
Field (b P,Os/ acre) marketable (lb/ plant) Boxes 245 [ acre
1 0 81z 1.462 8472
59 87 1.56 751
2 0 93 1.58 1020
60 95 1.57 1018
3 0 2.35
130 2,38
4 0 84 1.66
42 83 170

zignificantly different from the applied P treatment

alent to the grower’s standard P application. Fields 3 and 4
had moderate soil test P levels, and neither showed signifi-
cant crop response to P fertilization; they differed from field
1 in that they were planted in early summer, and therefore
had warmer soil temperatures and recently incorporated crop
residues (a source of available P). It is interesting to note that
in the first 3 trials there was a trend toward slightly smaller
plants in the infrared camera images. These differences were
apparent at thinning, and were maintained through most of
the growing season. The implication is that pre-plant P func-
tioned mostly to maximize eatly seedling growth; once a sub-
stantial root system was established, the field soils had
sufficient P availability to maximize crop growth. This im-
plies that a low rate, at-planting P fertilizer application (a
phosphoric acid over-spray, for example) might provide
equivalent crop response to a heavier pre-plant application.
This would be environmentally desirable, since it would
minimize further P loading in these soils.

P application had minimal impact on tissue concentration at
any time in the cropping cycle (Table 4). This reinforces the

concept that heavy pre-plant P application is not an efficient
practice in soils with moderate to high soil test P levels. Early
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Table 4, Effect of P fertilization on lettuce tissue
P concentration.

Ptreatment At thinning At heading At harvest
Field (lb PyOs/acre) % leaf P % leaf P PPM midrib POg-P % leaf P
1 0 0.42 0.43 1370 0.64
59 0.42 0.43 1250 0.66
2 0 0.35 0.48 1620 0.68
60 0.35 0.51 1600 0.71
3 0 0.39 0.37 840
130 0.41 0.40 830
4 0 0.50 3480
42 0.50 3440

42

season midrib PO4-P concentration in plots both with and
without P was below commonly cited sufficiency levels (usu-
ally considered to be 2,000 — 3,000 PPM), suggesting that
these standards need to be reevaluated.

In summary, soil P levels in the coastal vegetable production
areas are high enough to potentially contribute to surface wa-
ter quality problems. Continued P fertilization of high P soil
is an inefficient practice, particulatly for fields planted when
soils are warm. Even for spring planted fields there may be a
more environmentally benign, and more cost effective, ap-
proach than the conventional pre-plant application at listing,
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INTRODUCTION

Conservation tillage production row crop systems have a
number of potential advantages that may be desirable to Cal-
ifornia producers including reduced production costs, main-
tenance of soil organic matter, and water conservation.
Evaluation of this potential has been an increasingly impor-
tant focus of the University of California Division of Agricul-
ture and Natural Resources Conservation Tillage Workgroup
in recent years. To date, however, no systematic studies have
been conducted in California to evaluate and understand the
basis for optimal fertilization management strategies for re-
duced tillage systems. The selection of fertilizer rates, materi-
als and application methods will likely require management
decisions in conservation tillage systems that differ from
those used in conventionally tilled systems. This project ad-
dress two of FREP’s key research and education priorities by
developing new information on the fertilizer use efficiency of
conservation tillage systems with and without cover crops
compared to standard tillage systems with and without win-
ter cover crops, and by providing this information in educa-
tional functions such as field demonstrations that are readily
accessible to producers, consultants and resource managers.

Despite a 300% increase in conservation tillage (CT) pro-
duction systems in the Midwest during the past decade, less
than 0.3% of the acreage in California’s Central Valley (CV)
is currently farmed using CT practices. Preplant tillage oper-
ations typically account for 18 — 24% of overall production
costs for annual crops grown in this region. An average of 9
to 11 tillage-related passes are routinely done during the fall-
spring period to prepare the soil for summer cropping. These
passes represent not only considerable energy, equipment and
labor costs, but recent research indicates that tillage reduces
soil organic matter (SOM) and emits considerable respirable
dust as well. Because SOM is widely regarded as an impor-
tant attribute of good soil quality and long-term productiv-
ity, interest has been growing over the last several years, in
developing alternative production systems that reduce costs
while at the same time improve the soil resource through
greater carbon sequestration.

Recent pioncering studies by Reicosky and Lindstrom in-
volving a variety of tillage methods indicate major gaseous
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losses of carbon (c) immediately following tillage, but point
to the potential for reducing soil C loss and enhancing soil C
management through the use of conservation tillage (CT)
crop production systems. Though these practices have been
developed over the past several decades primarily for erosion
control in other parts of the US, recent concerns regarding
the need to sustain soil quality and profitability have
prompted an examination of CT practices in California.

In this project, we are adapting fertilization equipment that is
currently used in CT systems in the midwest and southeast
US and determining the fertilizer use efficiency using CT
practices that we develop for San Joaquin and Sacramento
Valley row crop systems. The hypothesis that we will test is
that CT practices will promote an increase in soil organic
matter (SOM), which in turn will lead to a greater nutrient
cycling potential in the soil. This increased potential may
then result in a lower fertilizer use efficiency, but a corre-
spondingly lower rate of required fertilization.

OBJECTIVES

1. To evaluate the effectiveness of various fertilization prac-
tices in conservation tillage tomato, corn, and cotton pro-
duction systems

2. To determine the fertilizer use efficiency in conservation
tillage production systems transitioning to CT

3. To compate crop tissue nitrogen status in standard and
conservation tillage production systems, and

4. 'To extend information developed by the project widely to
Central Valley row crop producers via field days, equip-
ment demonstrations and written project outcome sum-
maries

PROJECT DESCRIPTION

This project is being conducted in a 5 acre field at the Veg-
etable Crops and Weed Science Field Headquarters on the
UC Davis campus and in an 8 acre field study at the UC
West Side Research and Extension Center in Five Points,

CA. A corn/tomato/corn/tomato rotation is being pursued at
the UC Davis site, and a tomato/cotton/tomato/cotton rota-
tion is used in Five Points. We report here on progress during
2001 and 2002 in the UC Davis study.

PROJECT
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Four experimental treatments (standard tillage no cover crop,
STNO, standard tillage with incorporated cover crop,
STCC, conservation tillage no cover crop, CTNO, and con-
servation tillage with cover crop, CT'CC) were established in
the fall of 2000 in nine-bed (60" each) field plots that are
replicated 4 times in a randomized complete block design. In
2001, a uniform field corn crop was produced across the en-
tire field. Following corn harvest in September 2001, com-
mon vetch cover crops were seeded in each of the CC plots.
Forty 15N microplots (4.57m wide band 3m long) were
then established during the 2001 — 2002 winter as indicated
below.

STNO STCC CTNO CTICC

Zero N Zero N Zero N Zero N

Labeled fertilizer ~ Labeled fertilizer +  Labeled fertilizer Labeled fertilizer +
vetch vetch
Labeled vetch + Labeled vetch +
fertilizer fertilizer

These microplots are being used to track the amount of 15N-
labeled fertilizer and vetch cover crop that is taken up by
each of the main summer crops during the course of the
study.

RESULTS AND CONCLUSIONS

Corn crop growth, percent post-harvest residue biomass and
groundcover were quantified in October 2001 after soil
tillage operations in the ST treatments were done. An aver-
age of about 2800 kg/ha of vetch dry matter was produced
from November 2001 — April 2, 2002 in the CC plots.

Soil water content at the time of cover crop management in
April 2002 was lower in each of the cover cropped (STCC
and CTCC) systems at 0 — 15, 15 — 30, and 30 — 60 cm
depths. The 2002 tomato crop was successfully transplanted
into both the previous year’s corn residues and the corn
residue/cover crop mulch. Fertilization was done using a rig
fitted with 20" coulters ahead of standard fertilizer shanks.
Yield data were collected in each plot using a machine har-
vester and weighing gondolas in August 2002. These data are
currently being analyzed as are the 15N uptake samples now
being processed. It is premature to draw conclusions from
this work at this time.
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INTRODUCTION

Large amounts of fertilizer are typically used to produce high
quality sweet corn. Rates of N applied to sweet corn in the
desert often exceed 300 kg N/ha. This project seeks to iden-
tify and demonstrate N best management practices (BMPs)
for sweet corn. In 2001-2002, we initiated N studies aimed
at evaluating several diagnostic tools for efficient N manage-
ment of sweet corn (Zea mays). Diagnostic tools evaluated in-
cluded the traditional dry stalk nitrate-N test, the traditional
soil nitrate-N test, and a quick soil test. Studies conducted in
the spring and fall of 2001-2002 were designed to evaluate
the response of sweet corn to side dress N fertilizer applica-
tions and test the effectiveness of various diagnostic plant
and soll tests as predictive tools. We selected sites with two
different grower cooperators in the Coachella Valley. Typi-
cally sweet corn planted in the spring is following lettuce,
broccoli or cauliflower. Sweet corn planted in the fall gener-
ally follows leaching of the fields with large amounts of irri-
gation water.

PROJECT OBJECTIVES

1. Evaluate and demonstrate efficient nitrogen (N) fertilizer
practices for sweet corn, including the use of rate, timing,
placement of N fertilizers to develop Best Management
Practices.

2. Develop and demonstrate diagnostic tools for N manage-
ment of desert-grown sweet corn.

3. Evaluate the effects of N management on post-harvest
quality of sweet corn.

PROJECT DESCRIPTION

Four field experiments were conducted in 2001-2002 to
evaluate, and demonstrate to growers several diagnostic tools.
The experiments in order were designated as 47H, 471, 47],
47K and were conducted in grower fields. We selected sites
in the Thermal and Indio areas of the Coachella Valley.
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Table 1. Visual quality of sweet corn in relation to 4 nitrogen fertilization treatments (2001, Exp. 47H). Corn was
stored 8 days at 0°C (32°F) before evaluation of maturity, tip and earfill, and 20 days at 0°C for other evaluations.
Data based on 3 reps of 4 ears each.

Nitrogen Visteal3 Visual3 Visual3 Decay?
Fertilization Maturity! Tip Ear Quality Quality Quality Silk
Treatment Fil2 Fille Husk FEar Silk
1. No sidedress 2.0 2.1 3.0 6.9 7.2 4.0 3.9
2., First sidedress 2.0 2.2 3.0 7.1 7.2 3.2 3.7
3, Second sidedress 2.0 2.1 2.9 7.0 7.4 2.8 3.9
4. First & Second sidedress 2.0 2.5 3.0 6.8 6.8 2.8 3.8
Average 2.0 2.2 3.0 7.0 7.2 3.2 3.8
1LSD.05 ns 0.3 ns 0.2 0.5 ns ns

Maturity: 1=immature, kernels small, 2=optimum maturity, 3=overmature, kernel sap milky; evaluation of 8 ears per rep, 3 reps.

2Tip £ill and ear fill (kernel fll): 1=kernels not fill end or length of ear, 2=moderately well filled, 3=well filled; evaluation of 8 ears rep, 3 reps.

3Visual quality of intact ear in husk, silks and husked ear was scored on a scale of 9 to 1, where 9=excellent, 7=good, S=fair, 3=poor and 1=unuseable; a score of 6 is the limit of salability.
4Decay on silks was scored on a 1 to 5 scale, 1=none, 2=slight, 3=moderate, 4=moderately severe, S=severe.

The crop, planting date, final harvest and location of each operations were performed using standard practices. All
experiment are shown below. stands were established using sprinkler irrigation. After stand
Experiment  Crop Planting Date ~ Harvest Date  Location establishment, water was applied by furrow itrigation.

47TH Sweet corn 02-16-01 05-22-01 Thermal . . .

41 Sweetcom  02-19-01 05.23.01 Indio Field experiments 47H—47K con51s'ted <?f 4 treatments (two
47 Sweetcom  08-18-01 Lost Thermal N fertilizer applications after planting) in a 22 factorial de-
47K Sweetcorn  02-18-02 05-20-02 Indio sign. Rates of N used in each side dress application were

In aﬂ CXpCrlmentS sweet corn was Seeded toa Staﬂd in single those actuaﬂy used by Cooperating growers a_nd ranged ﬁ‘om
row beds. Individual plots in all sites were approximately 30 gallons per acre (gpa) to 50 gpa of UN32 (approximately

65m2 (15.24 by 4.26 m) in size. All pest control and cultural 70 to 118 kg N/ha).

Table 2. Color values of sweet corn in velation to 4 nitrogen fertilization treatments (2001, Exp. 47H). Corn was stored
8 and 20 days at 0°C (32°F) before evaluation.
Nitrogen Days at
Fertilization 0°C
Treatment (32°F) Husk Kernel
Color!
Score L2 Chroma? Hye? L® Chroma2 Hue?
1. No sidedress 8 3.5 69.0 33.6 111.3 71.4 13.9 98.9
2. First sidedress 8 4.1 67.1 33.0 113.1 71.7 14.5 98.7
3, Second sidedress 8 3.8 674 33.0 1119 70.6 13.7 99.0
4, First 8 Second
sidedress 8 4.4 64.4 32.1 1140 724 15.5 98.3
Average 4,0 67.0 32.9 112.6 715 14.4 98.7
1. No sidedress 20 - 68.8 324 109.6 - - -
2. First sidedress 20 - 62.4 30.0 113.7 - - -
3. Second sidedress 20 - 67.9 33.2 109.5 -- - -
4. First & Second
sidedress 20 - 61.5 30.3 1149 - - --
Average 65.1 315 111.9
LSD.05 0.4 2.0 12 1.2 ns 0.9 0.6
tHusk color evaluated on a 5 to 1 scale, where 1=light green, 3=bright green, S=dark green.
2L* represents lightness or darkness (0=black, 100=white) and chroma represents the intensity of the green o yellow color, the higher the value the brighter the color appears; hue represents
true color, Chroma and hue values are calculated as (2*2 + b*2)1/2 and tan-! (b*/a*).

46
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Table 3. Composition and color values of sweet covn in velation to 4 nitrogen fertilization treatments (2001, Exp.
47H). Corn was stored 8 days at 0°C (32°F) before evaluation.
Nitrogen Days at Pericarp3
Fertilization 0°C Soluble! % Dry Sugars? Toughness, Pericarp, % of
Treatment (32°F) Solids, % weight mglg DW Newton Dry Weight
1. No sidedress 8 18.0 27.0 416 5.27 2.9
2, First sidedress 8 16.8 26.0 384 5.32 2.8
3. Second sidedress 8 17.9 26.5 423 499 2.7
4, First & Second
sidedress 8 15.5 24.8 382 5.18 - 2.8
Average 17.1 26.1 401 5.22 2.8
1. No sidedress 20 162 25.5 380 5.24 -
2. First sidedress 20 14.4 24.0 358 5.27 -
3, Second sidedress 20 16.3 25.9 414 5.40 -
4. First & Second
sidedress 20 13.7 24.2 316 5.34 -
Average 15.1 24.9 367 5.28
LSD.05 0.5 0.8 20 0.14 ns
1Soluble solids determined by refractometer.
2Sugars were determined on ethanol extracts by colorimetry.
3Pericarp toughness determined on 30 kernels per rep x 3 reps by measuring the resistance to penetration of a 2 mm flat cylinder probe on TA-XT texture analyzer, 2 mm deep.

RESULTS

Studies conducted in 2001-2002 were designed to evaluate the
response of sweet corn to sidedress N fertilizer applications and
test the effectiveness of various diagnostic plant tests as predic-
tive tools. We had no previous knowledge of the fields and we
assumed that we would have N responsive sites. Unfortunately,
most of the fields had high residual N values and positive re-
sponses to N fertilizer were minimal. Those results are still be-
ing analyzed and will be reported in the near future. This
report will cover the results of the post harvest studies.

Experiment 47H

The sweet corn from experiment 47H was harvested at near
optimum maturity (Table 1). Tip fill did vary among treat-
ments, but ear fill did not. After a total of 20 days at 0°C,
overall visual quality of corn in husks was similar among
treatments, although ear quality of treatment 4 was signifi-
cantly less. Visual quality of silks and decay on silks were not
different among ears from different N fertilization treatments
(Table 1), Husk color was perceived as brighter green in
treatments #2 and #4 (Table 2), and this corresponded to
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Figure 1. Relationships between soluble solids and sugar concen-
trations (colovimetric) in kernels of sweet corn stored 8 and 20
days at 0°C (32°F) from Exp. 47H, May 2001.

Figure 2. Relationships between % dry weight and sugar con-
centrations (colovimetric) in kernels of sweet corn stored 8 and
20 days ar 0°C (32°F) from Exp. 47H, May 2001.
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Table 4. HPLC analysis of sugars in sweet corn in velation to 4 nitrogen fertilization treatments (2001, Exp. 47H).
Corn was stoved 8 days at 0°C (32°F) before analysis.

Nirvagen

Fertilization Sucrose, Glucose, Fructose, Total Sugars

Treatment mglg DW % mglg DW % mgleg DW % mglg DW

1. No sidedress 391 93 15 4 15 4 421

2. First sidedress 365 95 8 2 9 2 383

3, Second sidedress 390 92 22 5 13 3 426

4. First & Second sidedress 308 90 20 6 14 4 342
Average 364 92 16 4 13 3 393
LSD.0s 24 6 3 25

Table 5. Visual quality of sweet corn in velation to 4 nitrogen fertilization treatments (2001, Exp. 47I). Corn was
stored 8 days at 0°C (32°F) before evaluation. Evaluations were based on 3 replications of 4 ears each from a composite
[ield sample.

Nitrogen Fertilization

Tieatment Marrity! Tip Fill2 Ear Fill2 Husk3 Color Dry? Kernels
1. No sidedress 25 2.7 3.0 4.5 1.9

2. First sidedress only 2.5 2.8 3.0 4.6 1.9

3. Second sidedress only 2.5 2.8 3.0 47 1.8

4. First & Second sidedress 2.5 3.0 3.0 44 1.9
Average 2.5 2.8 3.0 4.6 1.9
LSD.0S ns ns ns ns ns

1 Maturity: 1=immatute, kernels small, 2=optimum maturity, 3=overmature, kernel sap milky; evaluation of 8 ears per rep, 3 reps.

2 Tip fill and ear fill (kernel fll): 1=kernels not fill end or length of ear, 2=moderately well filled, 3=well filled; evaluation of 8 ears rep, 3 reps.
3 Husk color evaluated on a 5 to 1 scale, where 1=light green, 3=bright green, S=dark green.

4 Dry kernels 1=none, 2=moderate, a few kernels affected, 3=severe, numerous kernels affected

Table 6. Composition and color values of sweet corn in relation to 4 nitrogen fertilization treatments (2001, Exp. 471).
Corn was stoved 8 days at 0°C (32°F) before evaluation.

Nitrogen Pericarp? Husk3 Husk3 Kernel3 Kernel3
Fertilization Soluble! % Dry Toughness, Color; Colos; Color, Color,
Treatment Solids, % weight Newtons Chroma Hue Chroma Hue
1. No sidedress 14.5 24.8 5.19 27.7 118.9 16.0 98.1
2. First sidedress 14.8 25.2 5.21 28.1 1194 16.2 97.8
3, Second sidedress 13.2 24.6 5.34 26.3 119.8 16.2 97.7
4. First & Second
sidedress 12,5 24.1 5.12 28.0 118.7 16.1 97.8
Average 13.8 24.7 5.22 275 119.2 16.1 97.9
LSD.05 0.7 ns 0.14 ns ns ns ns

1Soluble solids determined by refractometer.

2Pericarp toughness determined on 30 kernels per tep x 3 reps by measuring the resistance to penetration of a 2 mm flat cylinder probe on TA-XT texture analyzer, 2 mm deep.
3Chroma represents the intensity of the green or yellow color, the higher the value the brighter the color appears; hue represents true color; values are calculated from a* and b* objective
color values.

higher hue color values after 8 and 20 days at 0°C (32°F). Sweet corn kernel composition was significantly affected by
Chroma and hue values decreased between 8 and 20 days of N fertilization treatment. Higher soluble solids concentra-
storage. There were small differences in kernel color at 8 days tions were obtained with no sidedress N (Trt #1) or 2nd side-
(Table 2). dress N (Tit #3) (Table 3). Kernels from these same field
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Table 7. Visual quality of sweet corn in relation to 4 nitrogen fertilization treatments (2002, Exp. 47K). Corn was
stored for 0 or 6 days at 5°C (41°F) before evaluation (2 and 8 days from harvest date). Data based on 3 reps of 6 ears

each.

Nitrogen Fertilization Days Vistial3 Quality Decay4
Treatment stored Maturity! Tip Fill2 Ear Fill2 Far Silk
1. No sidedress 0 2.03 2.7 3 - -
2. First sidedress 0 2.03 2.8 3 - -
3, First & Second
sidedress 0 2.08 2.7 3 - -
4, Second sidedress 0 2.19 2.7 3 - -
Average 2.08 2.7 3
1. No sidedress 6 2.14 2.6 3 7.1 15
2. First sidedress 6 217 2.6 3 7.2 1.3
3, First & Second
sidedress 6 2.17 2.9 3 7.4 1.5
4. Second sidedress 6 2.17 2.7 3 7.6 1.4
Average 2.16 27 3 7.3 1.4
LSD.05 0.14 ns ns ns ns

1Maturity: 1=immature, kernels small, 2=optimum maturity, 3=overmature, kernel sap milky:

2Tip fill and ear fill (kernel fill): 1=kernels not fill end or length of ear, 2=moderately well filled, 3=well filled;

3Visual quality of intact ear in husk, was scored on a scale of 9 to 1, where 9=excellent, 7=good, 5=fair, 3=poor and 1=unuseable; a score of 6 is the limit of salability.
4Decay on silks was scored on a 1 to 5 scale, 1=none, 2=slight, 3=moderate, 4=moderately severe, 5=scvere.

Table 8. Color values and color score of sweet corn in relation to 4 nitrogen fertilization treatments (2002, Exp. 47K).
Corn was stored 0 and 6 days at 5°C (41°F) before evaluation (corn was 2 and 8 days from harvest). Data are averages
of 3 replicates of 6 ears each.

Husk Kernel
Nitrogen Days at
Fertilization 5°C Color!
Treatment (41°F) Score IA Chroma? Hue? JAS Chroma? Huye?
1. No sidedress 0 3.5 68.7 24.8 117.0 73.4 149 97.8
2. First sidedress 0 3.5 70.0 25.4 1169 74.3 15.2 98.0
3. First & Second
sidedress 0 3.4 70.8 24,6 115.6 74.8 15.5 97.8
4. Second sidedress 0 3.4 75.4 25.3 113.9 75.8 15.3 98.1
Average 3.4 712 25.0 115.9 74.6 152 97.9
1. No sidedress 6 3.0 72.9 25.8 112.4 75.1 15.4 97.3
2. First sidedress [ 3.1 70.2 24.1 113.3 74.6 15.8 97.1
3. First & Second
sidedress 6 3.3 71.0 24.9 113.4 75.6 16.2 97.0
4. Second sidedress 6 3.1 71.1 25.1 113.1 75.1 15.4 97.3
Average 3.1 71.3 25.0 113.0 75.1 15.7 97.1
LSD.05 0.4 2.2 ns’ 1.5 ns 0.8 0.6

tHusk color evaluated on a 5 to scale, where 1=light green, 3=bright green, 5=dark green.
21¥ represents lightness or darkness (0=black, 100=white) and chroma represents the intensity of the green or yellow color, the higher the value the brighter the color appears; hue represents
true color. Chroma and hue values are caleulated as (a*2 + b*2)Y2 and ran! (b*/a*).

treatments also contained higher sugar concentrations and erage of 9%. The peticarp of the kernels, as % dry weight,
had higher % dry weights than kernels from trt #2 and #4. did not differ among field treatments, although toughness of
With an additional 12 days at 0°C, soluble solids decreased the pericarp was highest in treatments #1 and #2 and least in
an average of 12% and sugar concentrations decreased an av- treatments #3 and #4. Sugars wete also determined by
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Table 9. Composition and texture of sweet corn in velation to 4 nitrogen fertilization treatments (2002, Exp. 47K).
Corn was stoved for 0 or 9 days at 5°C (41°F) befove evaluation (2 and 8 days from harvest). Data for %SS and
%DW are means of 3 replicates per treatment from a composite sample. Texture data are means of 3 replicates of 6
ears and 5 determinations each (90 determinations per treatment.
Nitrogen Texture of
Fertilization Days at Soluble Solids, Dry weight, kernels,
Treatment 0°C 32°F) % % Newtons
1. No sidedress 0 16.4 23.5 527
2. First sidedress 0 16.6 24.3 5.18
3. First & Second sidedress 0 164 23.5 5.37
4. Second sidedress 0 16.4 23.3 5.45
Average 16,5 23.6 5.32
1. No sidedress 6 13.3 23.3 5.48
2. First sidedress 6 15.0 23.6 5.34
3. First & Second sidedress 6 13.5 21.9 5.49
4. Second sidedress 6 13.2 23.4 5.41
Average 13.7 23.1 5.43
LSD.05 0.6 0.5 0.17
HPLC (Table 4). Again, treatments #1 and #3 had the high- tions were 2-3% lower than values in corn from another ex-
est sugar concentrations. The proportions of suctose, glucose periment harvested at the same period (Exp. 47H). There
and fructose were affected slightly by the N field treatments. were no significant differences in % dry weight (Table 6).
Sucrose averaged 90-95% of total sugar concentrations, glu- There were also significant differences in pericarp toughness,
cose averaged 4% and fructose averaged 3%. Treatment #2 with the toughest kernels being those from the 2nd sidedress
(1st sidedress N) resulted in the lowest % of glucose and fruc- treatment #3 (Table 6). Pericarp toughness was similar in
tose and correspondingly the highest % of sucrose (Table 4). kernels from the other 3 field treatments.

Sugars concentrations wete highly correlated with soluble
solids concentrations (Figure 1) and less highly correlated
with % dry weight (Figure 2).

Preliminary sensory testing indicated that kernels from all
treatments had typical, but not strong aromas. There were no
discernible differences in aroma among the 4 field treat-

Preliminary sensory testing indicated that kernels from treat- ments. Kernels from #1 and #4 were perceived as being less
ments #1 and #4 had stronger aroma and kernels from #2 has sweet than kernels from treatments #2 and #3. Kernels from
the best aroma, i.e., most typical of sweet corn. Flavor was sim- treatments #1 and #4 were perceived as being tougher than
ilar among treatments #1, #2 and #3, and flavor of kernels kernels from other treatments. Maturity may have affected
from #4 was considered stronger (perhaps kernels more ma- the toughness evaluations since kernels from treatment #4
ture?). Kernels from all treatments were perceived as sweet, but were smaller than kernels from #2 and #3. Color was similar
kernels from #1 and #2 were perceived as sweeter than others. among treatments except color of kernels from treatment #1
Texture and color were similar in kernels from all treatments. appeared to be slightly datker.
Experiment 471

Experiment 47K

There were no significant differences in maturity, tip fill, ear

fill, or husk color of corn from the 4 field treatments (Table The sweet corn from this experiment was harvested at near
optimum maturity (Table 7). Ears of weatment #4 were

slightly but significantly more advanced in maturity than ears
from treatments #1, 2, and 3. Neither tp fill nor earfill var-

5). Some of the kernels on the ears were observed to be dry
and dehydrated, and this defect was scored. However, no dif-
ferences in dehydrated kernels were found among field treat-

ments (Table 5). ied among treatments. After a total of 6 days at 5°C (41°F)
kand ) or 8 days from harvest, corn from all treatments was rated
Husk and kernel chroma and hue color values were not dif- “0od” and was above the limit of salability (Table 7). There

ferent among field treatments (Table 6). However, soluble
solids concentrations were significantly lower in kernels from
treatments #3 an #4. The average soluble solids concentra-

were no significant differences in the overall visual quality of
corn in husks or of the decay on silks among the 4 fertiliza-
tion treatments (Table 7).
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Husk color scores were higher on treatments #1 and #2 at
harvest but there were no perceived color differences after
storage (Table 8). Hue color values of the husks (overall indi-
cation of greenness) were also higher for these 2 treatments at
harvest, but there were no differences among the fertilization
treatments after storage (Table 8). There were some signifi-
cant but minor differences in color values of the kernels at
harvest and after storage (Table 8).

Sweet corn kernel composition was not affected by N fertil-
ization treatment (Table 9). The % soluble solids averaged
16.5% at harvest and 13.7% after storage, indicating a 17%
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loss of soluble solids (mostly sugars) with 6 days at 5°C
(41°F). The % dry weight of the kernels also decreased sig-
nificantly with storage but was not different among the N
fertilization treatments.

The pericarp toughness values or texture of kernels (Table 9)
from Treatment #4 were the highest among the 4 N fertiliza-
tion treatments, while values for Treatment #2 were the low-
est (significant difference between these 2 treatments). Values
increased about 2.5% with storage at 5°C (41°F) and after
storage there were no significant differences among fertiliza-
tion treatments (Table 9).
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INTRODUCTION

In an effort to improve air quality, recent legislation has
forced California rice farmers to utilize a straw management
practice alternative to the traditional method of burning, At
this point in time farmets can either incorporate the residual
straw into their soil or remove it off-site. It is much more
cost effective to incorporate rice straw as there are no baling
and transportation costs inherent with straw removal. How-
ever, many farmers have expressed a hesitation to incorpo-
rate rice straw as they fear their yields will be reduced as a
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result of weed and disease pressure. In this study, the poten-
tial benefits of rice straw incorporation were investigated in
an effort to facilitate the adoption of this alternative straw
management practice by California rice farmers.

The incorporation of rice straw can potentially, 1) increase
the amount of plant available K in the soil, 2) improve the
plant uptake efficiency of N, and 3) decrease the severity of
plant diseases without deleteriously affecting grain yield. Ap-
proximately 20% of the rice in California’s Sacramento Val-
ley is produced on a K deficient soil. The average
concentration of K in rice straw is around 1.5% and the
amount of straw removed by baling averages roughly 6,000
pounds per acre. Therefore, the amount of K removed in the
straw from Californian rice fields can exceed 100 pounds per
acre. A soil K deficiency can result when straw is removed on
a continual basis. Incorporating the rice straw into the soil
can reverse this loss of soil K and prevent K deficiencies on
Californid’s rice producing soils. Nonetheless, a reliable pre-
fertilization soil K characterization test is critical to alert
farmers when K application is required. Previous studies have
shown an increase in the N uptake in rice plants when straw
is incorporated rather than removed. Therefore, straw incor-
poration can reduce the amount of fertilizer N required for
optimal grain yields. Current research indicates incorporation
of rice straw increases the severity of various rice fungal dis-
eases. However, the effect of straw management on rice dis-
eases has not been extensively researched and requires further
investigation,

OBJECTIVES

1. Re-evaluate the effect of K fertilization response of rice
yield and its interaction with N.

2. Determine how adequate levels of available K affect the
occurrence of rice discases.

3. Reassess the accuracy of the soil K test on predicting plant
available K.

DESCRIPTION

A three-year study was carried out in several rice fields
throughout the Sacramento Valley of California. The major-
ity of the field research performed for this project was located
at Mathews Farms near Marysville, California. Two adjacent
sites were selected, each approximately 6 acres in size. In the
fall of 1998, 1999, and 2000 the straw was chopped and
disked into the soil followed by flooding at one 3 ha experi-
mental site, and was removed at the other site. Each site had
a factorial experiment replicated 4 times and laid out as a
split plot design with 5 rates of N as the main plot treatment
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Figure 1. General trends of available soil K, grain yield, and disease severity ar Mathews Farms over a three year period.
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and 6 rates of K as the subplot treatment. To avoid com-
pounding years of fertilization rates, the second and third
year’s factorial experiments were relocated adjacent to the
previous year’s factorial experiment site inside the respective
large 3 ha experimental site. The following agronomic values
were investigated: pre-fertilization soil K content, midseason
N and K tissue contents, disease severity, grain and straw
yield, harvest index (mass of grain divided by whole plant
mass), harvest grain and straw N content, N requirement
(amount of N requited to produce a total of grain), and N
fertilizer use efficiency.

RESULTS AND CONCLUSIONS

This three-year study has produced evidence for a multitude
of benefits resulting from the incorporation of rice straw. The
incorporation of straw in a Californian rice field cleatly in-
creased plant K availability. No difference in grain yield was
observed between the two straw management practices inves-
tigated in this study. However, the incorporation of straw led
to increased straw yield, and because grain yield was not af-
fected, to a lower harvest index. A K deficiency led to an in-
creased accumulation of N in the midseason plant and grain
content when straw was removed. The K deficiency also led
to decreased midseason plant K content when straw was re-
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moved. Because the increased uptake of N did not lead to a
higher grain yield, a higher N requirement became evident
following straw removal. Therefore, the incorporation of rice
straw reduces the rates of K and N fertilizer application
needed for optimal crop growth. However, the midseason
plant K content did significantly increase with K application
when straw was incorporated and removed. This uptake of K
following K fertilization and straw incorporation indicates a
possible hidden hunger for K that could manifest if this
study was continued. The incorporation of rice straw did not
increase the severity of aggregate sheath spot (a common rice
fungal disease). There is strong evidence that rice straw incor-
poration can even decrease the severity of aggregate sheath
spot due to the field procedure involving straw removal. In
addition, the NH4OACc test accurately predicted crop re-
sponses to various Jevels of K addition and AgSS severity
when pre-fertilization available soil K concentrations were
below 60 ppm soil. The incorporation of straw was shown to
provide nutrients and/or improve soil physical properties that
were beneficial to the overall grain yield but undetectable by
the NH4OAC test. It can be concluded that K fertilizer appli-
cation along with straw incorporation would be preferred for
long-term K sustainability of this California rice cropping
system.
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INTRODUCTION

Rice growers have faced a decade of reinventing some of the
aspects of growing rice. Passage of the California Rice Straw
Burning Reduction Act (AB 1378) in 1991 forced growers
to contend with a tremendous amount of rice residue that
was usually burned. The burning of the residue serves many
functions, including reducing the incidence of weeds and
pathogens and to facilitate seedbed preparation. There were
basically two choices for rice growers to deal with the rice
residue, either leaving in the field or removal. Many varia-
tions of leaving the residue in the field have been explored,
ranging from incorporation by tillage or cage rolling to leav-
ing it on the surface. The in-field approaches were thought
to potentially immobilize nutrients leading to possible yield
declines. Long-term results have shown that winter flooding
increases available soil N and leads to a significant yield gain
over non-winter flooded fields regardless of the type of
residue management employed. However, the response is
higher on soils with higher clay or organic matter content.
In addition, an additional yield gain is seen in fields with a
minimum of 3 to 5 years of straw incorporation compared
to where straw is burned or removed. These findings suggest
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that fertilizer rates can be reduced by 50lbs N/A depending
on soil type, residue management and use of winter flooding,

Though the N story is fairly complete, as fertilizer N addi-
tions and straw incorporation reaches maximum yield poten-
tial at 100 Ibs N/acre, the burned treatment continues to rise
with increasing fertilizer N addition. These results suggest
that straw incorporation limits yield potential, possibly from
non-N limiting factors such as weed, disease or pathogen
pressute.

OBJECTIVES

1. To determine if the maximum yield potential of rice un-
der prolonged straw incorporation has been impaired.

2. To assess if the severity of weeds is a possible cause of a
lower maximum yield in rice fields under prolonged straw
incorporation.

DESCRIPTION

A rice residue management study was initated in 1993 at
Maxwell, CA, which terminated in 2001. Main plot treat-
ment included winter flooding and no winter flooding,
Subplot treatments included straw baling, burning, incorpo-
rating or rolling followed by incorporation. Individual plots
measuted approximately 2 acres. Grain and straw yield was
measured and an N fertilizer rate trial was carried out in the
last 4 years of the experiment.

RESULTS AND CONCLUSIONS

N fertilization and straw management

For all the years, grain yield was strongly affected by N appli-
cation, independent of straw management and, on average,
yield increased by 50 % following an N application of 100
Ibs N per acre. When straw was incotporated, grain yield was
higher when no N fertilizer was applied compared to the
zero N yield when the residue was removed (Fig. 1). Further-
more, the maximum yield was observed when 100 Ibs N per
acre was applied and straw was incorporated, whereas the
highest yield was observed when 200 Ibs of N per acre was
applied and straw was removed. Moreover, the maximum
yield observed when straw was removed was higher than
when straw was incorporated (Fig. 1). Apparently, a non-N
effect occurred and its negative effect on yield was more pro-
nounced when straw was incorporated. A similar yield re-
sponse to straw management practices has been observed

carlier in the Valley.
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Figure 1. Yield response of rice following N fertilizer following

straw removal or incorporation.

Occurrence of weeds and straw incorporation.

Changes in agronomic practices that impact crop yield often
take up to 10 years or longer before they are realized. Fut-
thermore, the direction of change, positive or negative, is dif-
ficult to ascertain during the transition to alternative
practices such as from burning to straw incorporation. In ad-
dition, changes in soil fertility often affect other soil propet-
ties ranging from physiological stress from nutrient
sufficiencies or deficiencies, to plant competitive responses to
weeds and pathogens. These potential broad changes in soil
properties often make diagnosing factors affecting yield po-
tential problematic.

As part of the fertilizer N rate trials and rice yield determina-
tion done in 2001, we determined the severity of water grass
under a wide range of N fertilizer application rates and long-
term straw incorporation and burning. Only water grass was
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Figure 2. The incidence of water grass in the winter flooded
burned (WEBurn) and incorporated (WEInc) treatmens.

a problem in 2001, most likely because of large amounts of
herbicide used to control a serious total weed problem. Water
grass was the main weed to escape the efficacy of the herbi-
cide formulations used. Also, no significant stem rust was
found. Weeds and diseases are the most likely non-N factors
that limit plant production. Figure 2 shows the incidence of
water grass at the Maxwell site in 2001, The burned treat-
ment had considerably no water grass compared to winter
flooded and incorporated straw treatments. When the field
was not winter-flooded, the burning did not fully suppress
the weed population (data not shown). An increase in fertil-
izer-N increased the incidence of water grass.

Based on our previous research, other factors besides N are
likely involved in controlling maximum yield potential. Pos-
sible yield-controlling factors that have to be investigated are
weed and pests. It is often observed that the incorporation of
residues leads to an increase in weed and disease pressure.
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INTRODUCTION

Incentives to consider adjusting nitrogen management prac-
tices for cotton arise based upon several concerns. High soil
and plant tissue N levels can delay harvest, can have negative
impacts on efficacy and costs of defoliation, and can increase
problems with late-season pests with potential to damage lint
quality. Higher than desired N levels during bloom / eatly
boll fill can also promote vegetative development at the ex-
pense of fruit retention. A significant additional concern in
recent years has been the potental fate of nitrogen applied in
excess of crop requirements and resulting potential for
groundwater nitrate contamination.

The drive for greater efficiency in fertilization practices in
cotton requires improved evaluations of: (a) soil fertility level
on a field-by-field basis; (b) a means to evaluate and deal
with field-by-field variation in crop growth and nutrient sta-
tus conditions, some measure of vigor and fruit retention
that is adjusted for stage of growth); and (c) an understand-
ing of the required timing for split fertilizer applications in
meeting critical plant needs. In this type of system, adjust-
ments in nutrient applications are made depending on levels
of residual soil N, irrigation water N, and crop condition,
which has been referred to as a “feedback” approach to fertil-
izer N management. This is in contrast to a “scheduled” ap-
proach where fertilizer N is applied more on a routine basis
determined by stage of growth or month. The “feedback” ap-
proach should have improved potential to reduce losses, im-
prove nutrient use efficiencies, and provide more specific
guidelines for use in making N management decisions.

OBJECTIVES

A field-based research and demonstration project was initi-
ated to provide further evaluation of the concepts developed
in recent University of CA nitrogen management studies in
cotton,and to begin evaluation of the potential to integrate
rapid laboratory tests for better estimates of mineralizable N.
Goals are to demonstrate an integrated N management sys-
tem based upon soil and plant N status measurements, but
incorporating: (1) estimates of crop growth and yield poten-
tial; (2) lower initial N applications to reduce potential for
leaching losses; and (3) use of split soil N applications and/or
foliar applications to supplement supplies when plant sam-
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pling indicates good enough yield potential to warrant addi-
tional N supply.

Project Description and Approach Used. The 2001 growing
season was the first year of this proposed three-year field
study. Studies were set up at four locations in 2001 and
2002, but only 3 locations are to be followed to completion
in 2002, Sites represent a range of initial soil residual nitro-
gen levels and soil types, and were located in the central and
southern San Joaquin Valley.

Three basic N application treatments were used at each
location:

1. 7it. #1: one-time (early vegetative growth) baseline appli-
cation of fertilizer N (between 100 and 125 Ibs applied
N/acre depending upon application equipment, and ley-
els of residual N in upper 2 feet)

2. Tit #2: one-time treatment receiving a full 150-180 Ib
N/acre application, with adjustment based upon residual
soil nitrate-N in upper 2 feet of the soil profile; and

3. Tit #3: initial 100 to 125 Ibs N/acre application at the
timing of first within-season irrigation of the growing sea-
son (adjusted to account for residual soil nitrate-N in the
upper 2 feet), plus subsequent need for additional N ap-
plications (by water run or foliar) assessed based upon
measured soil N, yield potential assessed by plant map-
ping of fruit load, and in consideration of early and mid-
bloom petiole nitrate-nitrogen. If data called for a foliar
or water run nitrate-N application, it was made between
2 and 3 weeks after first bloom.

In addition, where possible, two additional treatments were
added when willing cooperators were found. Several sites had
a treatment added in which no supplemental N was added, in
order to allow for yield and petiole nitrate-N analyses where
only residual soil N supplies could be utilized. At all sites in
2002, another treatment was added in which the initial appli-
cation rate was between 150 and 180 Ibs/acre (adjusted for
residual nitrate-N in the upper 2 feet of the soil profile) and
petiole and fruit load information was utilized to decide if a
supplemental foliar application would be made at 2 to 3
weeks after first bloom. Field sites selected for the experiment
differ in soil types and in estimated effective rooting depth,
but were selected to represent the difficult management range
of “low” to “intermediate” in soil residual N in the upper 2
feet versus 4 feet of profile, where the ability of soil nitrate
tests to accurately predict plant-available N carries more risk
to potential yields. Pre-season soil samples to a depth of four
feet were collected for analysis of residual soil NO3—N levels,
POy4-B, exchangeable-K, Zn and mineralizable N. Soil NO;-
N analyses on air- dry soils collected after planting were per-
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formed within a few days of sample collection at a commer-
cial testing laboratory in the San Joaquin Valley. These sam-
ples were analyzed to develop estimates of available N used in
determining applied N rates for the study. Duplicate samples
were sent to the DANR State Testing Laboratory (KCl extract
NO;3-N, PO4-P , Exchangeable-K, Zn).

Samples were collected at all sites within two weeks after
planting to a depth of four feet for initial NO3-N and min-
eralizable N tests to allow for the comparison of residual N
made in the upper 2 feet, upper 3 feet and upper 4 feet of
the profile. The reason for this is that two foot sampling
depths are commonplace among advisors and agronomists,
while recommendations for pre-season or early-season soil
sampling to 3 or 4 feet depths would require some convine-
ing evidence that it significantly improves estimates. In addi-
tion, in both the spring (early post-plant) and again near
harvest in the fall, soil samples were collected to a depth of 8
feet in one-foot increments and analyzed for soil NO3-N,
Cl-, exchangeable K and PO4-P. The soil NO3-N and Cl-
data will be used in combination with irrigation water NO3-
N and Cl- to estimate leaching loss potential at any sites
where irrigation water Cl- levels are high enough to allow
these calculations. Irrigation water samples were taken and
analyzed for NO3-N, and the timing and amounts of applied
water estimated to allow calculation of irrigation water con-
tributions to applied N.

Soil Mineralizable Nitrogen Evaluations

One of the primary problems with soil N tests is the general
uncertainty many agronomists, soil scientists and consultants
express in assessing the accuracy and adequacy of soil nitrate
tests to explain the likely dynamics of plant-available N.
Since NO3-N is just part of the soil N pool, and ammo-
nium-N tests are highly variable and of limited value in
many of our western soils, there remains interest in other
tests that might be better-correlated with plant-available N.
Two methods are being compared as part of this experiment,
strictly for comparison with the amounts of residual nitrate-
N determined with our cutrent sampling methods. Gianello
and Bremner (1982) developed a “hot KCI” method to assess
potentially available organic N in the soil. The procedure in-
volves air-dried soil samples that are heated with 2N KCl to
100C for a 4-hour period, followed by cooling and determi-
nation of ammonium-N. An alternative method developed
by Franzluebbers et al (1996) yields potential N' mineraliza-
tion based upon a 24-hour incubation, in which soil samples
are placed in airtight tubes, water is added and a 24-hour in-
cubation is done at 25 C. After this period, the amount of
CO2 evolved is determined by titration.
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Table 1. Site average soil nitrate-N in upper 60, 90 or 120 inches of soil at planting as function of location.

2001 Field Study Sites
Depth of soil Average Soil Nitrare-N (Ibs Nlacre as NO3-N on soil dry wt basis)
sampled (inches) Site A (Kern) Site B (Shafler) Site C (Fresno) Site D (WSREC)
Avgl S.E. Avg, S.E. Avg, S.E. Avg, S.E.
0-60 69 7 41 3 113 17 58 9
0-90 84 14 61 8 128 22 72 11
0-120 116 17 86 7 176 23 97 10

Avg, = average; S.E. = standard error across samples

Table 2. Petiole nitrate-N as a function of growth stage in 2001 sites for treatment 3 (late supplemental N)

2001 Field Study Sites
Date of petiole Petiole Nitrate-N (mglkg %1000 as NO3-N on dry wt basis)
sampling (by * data from treatment # 3 only (low initial N { supplemental N treatment)
growth stage) Site A (Kern) Site B (Shafier) Site C (Fresno C) Site D (WSREC)
mglkg x 1000 Mglhg x 1000 Mglkg x 1000 Meglkg x 1000

Low 1 High Low High Low High Low High
Early bloom (first bloom +/-5 days) 147 189 133 152 13.0 184 12.2 14.1
15-20 days after first bloom 7.7 12,9 9.1 115 7.3 11.6 7.7 10.5
28 1o 35 days after first bloom 63 8.8 45 6.9 57 9.3 6.0 7.4

1Data shown shows the range of values for averages within reps of the treatment; low = low average; high = high rep average

RESULTS AND CONCLUSIONS

FIRST YEAR — Field Nitrogen Management
Studies

In the four field test sites, residual soil nitrate-N analyses
done on soil samples collected within 3 to 6 weeks following
planting yielded the following average quantities in the sur-
face two, three and four foot depths of the soil profile.

Based upon our prior five-year study, recommendations
for nitrogen fertilization for this study (based upon spring
soil nitrate data in the upper two feet of the soil profile)
would be:

if less than 55 Ibs N as NO3-N/acre, then fertilizer applica-
tion recommended at 125-175 Ibs N/acre unless low yields
predicted due to late planting or field history

if between 55 and 100 Ibs N as NOj3-N/acre, then reduce
fertilizer application recommendation to 100 to 125 Ibs
Nacre, use plant mapping and petiole nitrate analyses to
assess yield, plant N status

if over 100 lbs N as NO3-N/acre in the upper two feet of
soil profile, lower fertilizer recommendation to 75 Ibs N/acre
or less, use plant mapping and petiole nitrate analyses
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The data shown above indicates the dilemma in use of soil
test data for the upper two feet of soil profile. If a crop (such
as cotton) is expected to have roots active in water and nutri-
ent uptake below two feet, there is an advantage in collecting
deeper soil samples in order to attempt to account for deeper,
potentially available N. An additional advantage to eatly
post-plant information on deeper (to three ot four feet) soil
nitrate-N would be that it provides some incentive to avoid
application of large amounts of early-season irrigation that
could leach soil nutrients. Based upon these results, it would
significantly improve nutrient management information to
collect soil samples to a depth of three or four feet, instead of
only two feet. It is important to note, however, that since soil
nitrate losses can occur and since there are other potential
sources of N represented in the soil N pool, identification of
potential soil nitrate-N reserves will still not fully represent
plant-available N for making fertilization decisions. This is
where estimates of crop yield potential (from plant mapping)
and plant nutrient status (from petiole nitrate analyses) can
play an important role. Ranges of petiole nitrate-N from
2001 field sites for specific dates wete as shown in Table 2.

Plant mapping data was used to help interpret the petiole
data for use in recommendations for supplemental nitrogen.
Yield potential estimates at the different sites based upon
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Table 3. Lint yield and gin turnout percentage data as a function of site and treatment in 2001.

2001 Field Study Sites
Site [ location Lint Yield (lbs lint per acre) Gin Turnout (percent)
Tit 1 Tt 2 Tt 3 No N Tir 1 Tir2 Tit3 No N
Kern Co. 1517a 1542a 1615a 984b 33.2 33.1 32.8 349
Shafter 1291a 1292a 1227a 678b* 36.3 36.4 36.2 38.4
Fresno Co. 1689 a 1435b 1734a 16652 34.6 34,1 34,5 34.3
West Side REC 1807b 1815ab 1896a 1331c 36.5 36.3 36.2 37.6

*only 2 replications available
**yields followed by a different letter were significantly different at 5% level by LSD method.

within-season plant mapping data indicated relative yield po-
tentials and timing of the crop as: (a) Kern - moderate yield
potential / early and mid-season fruit set most important;
(b) Shafter - low yield potential / early and mid-season fruit
set most important; () Kings - moderate to high yield
potential / well-balanced fruit set; and (d) Fresno - moderate
to high yield potential / well-balanced fruit set. The petiole
data and yield potential estimates were used to assess the
need for a supplemental fertilizer application, resulting in a
late side-dress fertilizer application on the Kern, Kings and
West Side REC location in treatment #3.

Yield responses to the applied N treatments in 2001 indi-
cated significantly higher yields with all N application treat-
ments when compared with no supplemental N in three of
the four locations, indicating that despite the initial residual
N levels shown in Table 1 in the upper 2, 3 or 4 feet, addi-
tional N fertilizer was needed to achieve moderately high
yields (Table 3). At the Fresno County site, high initial resid-
ual nitrate-N across all treatments resulted in no difference in
yield between no N and moderate applied N treatments
(Trts. 1, 3), but resulted in a yield decrease due to excessive
vegetative growth in the high N application treatment

(Txt. 2). At all four sites in 2001, use of the feedback man-
agement approach (Trt. 3) resulted in a 3 to 5% apparent
yield improvement over the high N treatment , but this was
significant only at two sites, the low residual nitrate-N site at
the West Side REC and the high residual N site in Fresno
County (Table 3). Use of the feedback approach (trt. 3) only
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improved yields over the low N application treatment

(Ttt. 1) at one site (low residual N site at West Side REC).
Impacts on soil nitrate-N accumulation patterns at depths
from 4 to 8 feet deep in the soil profile have not yet been an-
alyzed, but samples were collected to provide these details on
potential downward movement or leaching loss potential.

Minevalizable Nitrogen Analyses

Preliminary analysis of the results has shown positive correla-
tions and fairly good agreement (12 = 0.79) between mineral-
izable N estimates using the hot KCl and incubation
methods. In analyses of 2001 samples completed to date for
the upper two feet of the soil profile, mineralizable N esti-
mates average 142 percent of soil nitrate-N values in post-
planting analyses, but only 107 percent of soil nitrate-N
values in samples collected after harvest but before fall tillage
operations. It must be acknowledged that these 2001 analy-
ses have been on low organic matter soils with sandy loam
and clay loam textures and where land application of dairy
waste or large amounts of crop residue were not part of the
management. Other soil types are represented in some of the
other soil samples as yet unanalyzed in this project, and one
site in 2002 had significant crop residue and organic N re-
turned prior to the 2002 cotton planting. Some results and
comparisons should be available to be summarized by later in
2002. The next phase in the mineralizable N analyses will be
evaluation of soil samples from 2002 project sites, and this
will commence in fall, 2002.
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OBJECTIVES

1. Predict soil K-fixation from soil texture and mineralogy
as inferred from soil surveys.

2. Test K extraction methods for predicting K-fixation
capacity on soils collected from the San Joaquin Valley.

Results of this project and a recommendation for soil testing
will be made available to agricultural laboratories, crop ad-
visers, fertilizer suppliers, and cotton growers in the San
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Joaquin Valley. Funding for this project is provided by the
CDFA FREP and the California State Support Committee
of Cotton, Inc.

DESCRIPTION

We have collected soil samples from 48 sites representing
three categories:

1. Coarse loamy or fine loamy with coarse surface texture
soils derived from granitic, Sietra Nevadan parent mater-

ial (expected high K fixation potential);

2. Coarse loamy family or fine loamy with coarse surface
textute derived from coastal, non-granitic parent material
(expected low K fixation potential);

3. Finer-textured soils from either source of parent material
(expected low K fixation potential)s

Most of the sites were either in cotton production at the time
of sampling or in a cotton rotation. Initially, sampling sites
were selected based on map classes as defined above. Soil
grab samples were collected from the 15-45 cm depth from a
total of 48 separate fields in four counties (Fresno, Kings,
Kern and Tulare) that received no K fertilizer in the fall of
2000, nor at any time during 2001-2002. In a reconnais-
sance survey at each site, three grab samples were collected
10 crop rows apart from each other. Surface texture was esti-
mated by feel throughout the field, and at one of the three
grab sample sites, texture was determined to a depth of 100
cm. Grab samples were brought to the lab, and exchangeable
K+ was extracted using 1M NH4Cl. Locations for full profile
sampling were chosen for the sites that had less than 200
mg/kg NHCl-extractable K. During February-August 2002,
soil samples were collected by horizons from 31 on-farm
fields including at 5 trial fields. Soil pits for profile descrip-
tion were dug in furrows after hand-leveling cotton beds to
provide a consistent reference point for depth. Selected sites
representing the first soil category listed above (Sierra Nevada
parent material) are mapped as Hesperia sandy loam,
Grangeville fine sandy loam, Armona loam, Boggs sandy
loam, Kimberlina fine sandy loam and Wasco sandy loam.
Sites in the second soil category (Coast Range parent mater-
ial) included Panoche loam, Kimberlina fine sandy loam,
Wasco sandy loam and Milham sandy loam. Fine-texured
soils sampled included Rossi clay loam, Gepford clay, Ar-
mona loam, Tulare clay, Buttonwillow clay, Panoche loam
and McFarland loam.

Soil samples were separated into size fractions using a pipette
method and centrifugation. Mineralogical composition of
the fractions will be analyzed using a Diano XRD 8000 dif-
fractometer producing Cu Ko radiation. The K methods
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Table 1. Summary of analytical methods for potassium
study.

Method / Reagent Form of K extracted Procedure

K+ Release Test Soluble 7 days incubation with

H,O) daily shaking for 45 min.
1:10 soil:solution ratio.

IM NH;Oac Soluble and Exchangeable ~ Vacuum extraction, 1:10
soil:solution ratio.

Tetraphenyl boron  Plant-available K (soluble,  Incubation for 5 min.

(0.2M NaBPhy) exchangeable and some Soil; extractant ratio

nonchangeable) is 1:3.

(Table 1) are being performed on whole soil samples. We are
testing a recently modified method for estimating plant-
available K. This test, the sodium tetraphenylboron method
(NaBPhy), requires a five-minute incubation and routine wet
chemistry techniques. This method extracts a portion of the
fixed (non NH4OAc-extractable) K that has been shown by
researchers at Purdue University to be closely cortelated with
plant uptake of K in greenhouse studies. The greatest advan-
tage of the NaBPh4 method is that the release mechanism of
nonexchangeable K in the procedure more closely simulates
the extraction of this nutrient by plant roots. Other soil
properties measured include pH, CEC (NH;OAc, pH 7),

and carbonate equivalent.
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RESULTS

While much of the laboratory study of this project is ongo-
ing, the preliminary results show that sand fractions of the
soils we sampled are dominantly fine sand followed by very
fine and medium sand fractions. Cation exchange capacity
ranges from 5 t013 cmol, kg1 and is the highest in soils de-
rived from Coast Range alluvium (Table 2). The sodium
tetraphenyl boron test has been performed on a few profiles
so far. The highest concentrations of NaBPhy-extractable K,
as well as soluble and NH 4-extractable K, occurred in the Ap
horizons of the Wasco and Panoche series in Kings county.
The K levels in these locations were unexpectedly high,
which made us think that the sites were fertilized between
the time of grab-sampling and full profile sampling. The pot-
tion of plant-available nonexchangeable K that was extracted
by the NaBPhy method (defined as NaBPH-extractable K
minus NH-extractable K) in the upper horizons was the
highest in the Grangeville soil (71-82%). Preliminary miner-
alogical studies of clay fractions showed that smectites domi-
nate the clay fractions of Wasco and Panoche soil series,
whereas clay fractions of Grangeville and Boggs soils also
contain a significant amount of biotite and some chlorite.
The near absence of vermiculite suggests that clay fractions
probably have a low K+ fixation potential. We speculate that
the silt and fine sand fractions may contribute to K-fixation
in the Sierran-alluvium-derived soils, and we are pursuing
mineralogical investigations to test this hypothesis.

Table 2. Particle size distribution, CEC and soil K levels in some soils of Kings County.

Lab # Depth, Clay Silt Sand CEC, Extractable K+ Parent
o % cmol*hg! H,0 NH,OAe NaBPhy material or
mg/L mglkg Soil category
Wasco: Coarse-loamy, mixed, superactive, nonacid, thermic Typic Torriorthent

2057 0-19 15.5 18.0 66.5 12.2 12.0 516 1183 CR*
2058 19-43 13.8 17.9 68.3 1.7 9.7 456 1053 coarse
2059 43-85 14.8 194 65.8 11.0 0.8 62 272

2060 85-150 13.6 12.6 73.8 10.1 1.1 68 256

Panoche: Coarse-loamy, mixed, superactive, thermic Typic Haplocambid

2061 0-25 14.4 18.2 67.3 12.2 15.0 622 1315 CR
2062 25-66 123 167 710 11.9 1.4 108 421 coarse
2063 66-95 13.3 189 67.8 12.3 0.8 70 336

2064 >95 15.7 19.4 64.9 12.3 0.6 75 306

Grangeville: Coarse-loamy, mixed, superactive, thermic Fluvaquentic Haploxeroll

2065 0-19 12.6 16.1 713 7.2 7.8 178 621 SN**
2066 19-40 12.7 16.2 71.1 7.5 4.3 105 430 coarse
2067 40-54 10.7 17.8 71.4 7.1 2.1 49 288

2068 54-80 9.7 17.0 73.3 NA 1.7 42 198

2069 80-95 113 30.3 58.4 NA 4.0 42 165

2070 95-110 5.3 7.5 87.2 NA NA 17 72

2071 110-140 5.6 2.7 91.6 NA 3.9 11 56

* CR — Coast Ranges parent material
**SN - Sierra Nevadan parent material
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OBJECTIVES

1. To characterize the relationship between plant tissue
molybdenum and copper concentrations and alfalfa yield
response where molybdenum is applied at several rates.

2. To develop a broader ranged diagnostic capability by as-
sessing plant tissue molybdenum concentrations at differ-
ent stages of alfalfa growth where several rates of
molybdenum have been applied.

3. To provide standard forage samples for distribution to
analytical laboratories by collecting large quantities (20-
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50 Ibs) of two alfalfa samples having molybdenum con-
centrations in the range of 0.1-0.3 ppm and 0.5-0.7 ppm.

RESULTS AND DISCUSSION

Two sites have been established, one in Shasta County several
miles north of Burney, CA, (Site or experiment #1) and a
second in Siskiyou County several miles west of Fort Jones,
CA, in Scotts Valley (Site or experiment #2). The Shasta
County Site was initiated on March 31, 2000 when the
treatments listed in Table 1 were applied. Individual plots
were 10 ft by 25 ft in size and the field trial design was a ran-
domized complete block with 3 blocks or replications. Sev-
eral alfalfa fields on the ranch were sampled in August 1999
and indicated top 1/3 of plant concentrations of molybde-
num were in the 0.1 — 0.3 ppm range. Plant tissue samples
also indicated that phosphorus, potassium, sulfur, and boron
were in the adequate range.

Yield results from site 1 (experiment #1) for 2002 are given
in Table 1. In both the first and second harvests (June 14th
and July 19th) there were significant yield responses to
molybdenum treatments. This is similar to the yield re-
sponses for previous yeats given in last year’s report. Note as
well that the lime alone treatment resulted in equally as high
a yield as the molybdenum treatments. This is often the case
since raising the soil pH increases the availability of molybde-
num to plants. Maximum yield was often achieved with as
litcle as 0.2 Ibs Mo/A up to the higher rates of 0.8 Ibs Mo/A.
Rates greater than 0.6 — 0.8 lbs Mo/A however usually in-
creased molybdenum concentrations in the forage to unde-
sirable levels considering the needs of animals, particularly if
copper concentrations are below the 8 — 10 ppm range.
Phosphorus (PO4-P), potassium, sulfate-sulfur (SO4-S) and

boron were all in the adequate range.

Plant growth stage samples were taken at 6 inches height, 12
inches height, prebud (only a small ball was formed to indi-
cate the new bud) and at harvest (early bud to 1/10th bloom)
for the first harvest only in 2002. A herbicide treatment was
applied after the third plant sampling which severely stunted
the alfalfa growth and delayed the harvest about 3 wecks. All
of the plant material of the samples collected at the 6-inch
growth stage and only the top 6 inches of the 12-inch high
or older plants were analyzed for molybdenum concentra-
tions to develop the relationships between growth stage and
molybdenum concentration. Figure 1 shows the rather uni-
form molybdenum concentration in the top 6 inches or top
1/3 of the plant samples for the growth of the first harvest for
2001. This is particularly true for plant concentrations of less
than 1 ppm, which is the normal range for alfalfa plant defi-
ciencies. For diagnostic purposes, this is particularly helpful
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Table 1. Alfalfa yield during 2002 as influenced by molybdenum and lime treatments applied on March 31, 2000.
June 14 July 19 Sept 3
Mo Lime YVield Yield Yield
Treatment (lbsiA) (tons/A) (tons DMIA) (tons DM/A) (tons DM/A)
1. Control 0 0 1816 148 cd 152
2. Mo 0.2 0 1.94ab 1.45¢d 1.65
3. Mo 0.3 0 1.93ab 1.57abe 1,59
4, Mo 04 0 1.954b 1.41d 1,58
5. Mo 0.6 0 1.91ab 1.63ab 1.49
6, Mo 0.8 0 2.07ab 1.684 1.66
7. Mo 12 0 1.834b 1.51 bed 1.50
8. Lime 0 2 2.22a 1.57abe 162
LSD0.05 0.396 0.124 NS(0.200)

since plant samples could be taken anytime during the
growth of the crop, not just at a defined stage of growth such
as 1/10th bloom stage. The plant growth stage samples, as
well as the harvest plant part samples for the current year, are
being processed for laboratory analyses.

The Siskiyou County site (Experiment #2) was initiated
when the treatments given in Table 2 were applied, lime

on March 9, 2001 and boron and molybdenum on March
10, 2001. Individual plots were 10 ft by 25 ft in size and the
field trial design was a randomized complete block with 3
blocks or replications. The alfalfa field proposed for a trial
was sampled on June 21, 2000 and found to have low con-
centrations of molybdenum (0.2 — 0.3 ppm) and boron

(6 ppm). Plant tissue samples also indicated that phosphorus
(>2700 ppm midstem PO4-P), potassium (>4.5 % midstem
total K), and sulfate-sulfur (>1250 ppm midstem leaf SO4-S)

were in the above adequate range.

Yield results of the four harvests from site 2 (experiment #2)
for 2002 are given in Table 2. Selected treatments resulted in
significandy higher yields over the control in the first three

harvests. It can be noted that neither molybdenum, boron
nor lime alone resulted in as consistently high yields as when
at least molybdenum and boron were applied. As was ob-
served in experiment 1, near maximum yield was often
achieved with as little as 0.2 Ibs Mo/A. Observations of the
trial just prior to harvest (all four harvests) indicated the con-
trol plots, as well as those receiving molybdenum alone, had
slightly chlorotic tops of the plants because of boron defi-
ciency. This slightly chlorotic appearance of the tops of the
plants caused by boron deficiency seldom results in large veg-
etative yield decreases but could reduce seed yields by 25 to
50% or more.

Plant growth stage samples were taken at 6 inches height, 12
inches height, prebud and at harvest (early bud to 1/10th
bloom) prior to the first and third harvests in 2002. In some
cases the growers will be harvesting prior to 1/10 bloom so
samples taken at harvest will be characterized as to stage of
growth. All of the plant material of the samples collected at
the 6-inch growth stage and only the top 6 inches of the
12-inch high or older plants were analyzed for molybdenum
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Figure 1. Alfalfa molybdenum concentrations during May 2001
as influenced by applied treatments. Expr #1
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Figure 2. Alfalfa molybdenum concentrations during early May
2001 as influenced by applied treatments. Expt #2
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Table 2. Alfalfa yield during 2002 as influenced by molybdenum, boron and lime treatments applied on March 9-10,
2001.
May 28 July 3 Aug8 Sept 20
Mo B Lime Yield Yield Yield Yield*
Treatment (lbs/A (lbs/A) (ronslA) (tons DMIA) (tons DMIA) (tons DMIA) (tons DMJA)
1. Control 0 0 1.83 1.80 1.90 1.30
2. Mo plus B 0.2 4 0 2.09 222 2.16 1.44
3. Mo plus B 0.3 4 0 2.16 2.26 2.04 1.39
4. Mo plus B 0.4 4 0 2.24 2.12 2.07 1.36
5. Mo plus B 0.6 4 0 224 2.13 2.09 1.41
6. Mo pius B 0.8 4 0 2.08 2,22 1.94 1.35
7. Mo plus B 1.2 4 0 2,12 2.20 2.09 1.40
8. Mo 04 0 0 1.88 1.88 1.87 1.29
9. Mo 0.8 0 0 1.96 1.89 1.96 1.31
10. B 0 2 0 211 2.00 1.95 1.27
11.B 0 4 0 2,14 2.10 1.99 1.35
12. Lime 0 2 1.85 1.99 1.97 1.29
13. Mo + B + Lime 0.2 4 2 2,21 1.97 2.00 1.39
14. Mo + B + Lime 0.4 4 2 2.20 2.08 1.91 1.31
LSDog g5 0271 0.276 0.225 0.159
*Estimated at 20% dry matter.

concentrations to develop the relationships between growth
stage and molybdenum concentration. Figure 2 shows the
somewhat uniform molybdenum concentration in the top 6
inches or top 1/3 of the plant samples for the growth of the
first harvest for 2001. This is particulatly true for plant con-
centrations of slightly above or less than 1 ppm, which is the
normal range for alfalfa plant deficiencies. As this was also
the case in Experiment #1, it becomes particularly desirable
for diagnostic purposes since plants samples could be taken
anytime during the growth of the crop, not just at a defined
stage of growth such as 1/10t bloom stage. The plant
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growth stage samples as well as the harvest plant part samples
for the current year are being processed or have been submit-

ted to the laboratory for analyses.

All of the plant material collected for analysis is being saved
for the preparation of several large bulk samples of known
molybdenum concentration. After the analyses have been
completed, samples having similar molybdenum concentra-
tions will be combined in the range of 0.1-0.3 ppm or 0.5-
0.7 ppm. These two standard forage samples are being

prepared for distribution to analytical laboratories.
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INTRODUCTION

Proper nitrogen management in rice influences yields and
grain quality. Excessive nitrogen and its application at an in-
appropriate growth stage can reduce yields, reduce market
value of some varieties, and increase disease incidence. In
contrast, suboptimal nitrogen levels in rice at discrete growth
stages may substantially reduce plant productivity. The ni-
trogen status of rice at specific growth stages may be used for
estimating supplemental nitrogen requirements and yield
potential. Nitrogen status in the Y’ leaf varies throughout
the life cycle of rice and the rice plant transitions through
the most nitrogen sensitive growth stages within a few days
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(Figure 1). Thus, it is essential that plants be sampled at a
consistent growth stage for nitrogen management. Further-
more, time of sampling must be based on the actual plant
growth stage, not days after planting, Days after planting to
panicle initiation, for example, may vary between years due
to weather. Estimating tissue N status at critical points of the
plants life cycle can greatly improve the economics of rice
production. Therefore, fertility management decisions must
frequently be made for numerous large fields in a short pe-
riod of time. Tissue sampling and subsequent lab analysis
may not provide the needed information in a time effective
manner. Moreover, rice is grown under anaerobic soil condi-
tions, thus rendering in-field tissue nitrate tests inapplicable.
Hand held chlorophyll meters (e.g., Model SPAD-1504,
Minolta Ltd.) are used to estimate leaf nitrogen in rice, but
these instruments are costly and require extensive sampling
and tissue analysis to accurate calibration.

To address the need for a real time nitrogen management
tool, the project leader began a project in 1998 to develop a
leaf color chart (LCC) to estimate leaf nitrogen content in
rice based on leaf color. In a controlled experiment, the leaf
reflectance characteristics of eight public rice varieties were
measured with a spectrophotometer. Leaf color was described
in L*, a*, b* three-dimensional color space with designations
of lightness, red to green scale, and blue to yellow scale, re-
spectively. Spectral data were used to fabricate a color chart
consisting of eight acrylic plates (color cells) that accurately
represents actual leaf color (Figure 2). Under experimental
conditions, regression analysis relating leaf nitrogen to color
revealed correlation coefficients ranging from 0.91 to 0.96
for the tested varieties (Figure 3). The University of Califor-
nia and a commodity board funded the development and
initial production costs.

OBJECTIVES

The overall objective is to introduce and promote the adop-
tion of a real time nitrogen tool for rice, to improve fertilizer
use efficiency, reduce production costs, and minimize off-
farm movement of nitrogen. Specific objectives are to:

1. Refine the chart calibradon algorithms for multiple vari-
eties across location;

2. Improve the use and sampling techniques for single leaf
and whole field nitrogen determination;

3. Promote the adoption and proper use of the LCC
through a series of field meetings and workshops to train
growers and PCA’s.
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Figure 1. Seasonal variation in N content of the ‘Y leaf in rice.
P RO] ECT DESCRIPTION 5. Leaf samples were collected from multiple locations and
| The LCC distributed 0 170 5 d varieties at different stages of growth. Leaf N was esti-
P ne was distributed to 170 rice growers and numer- mated with the LCC and subsequently chemically ana-

ous PCA’s sent along with detailed instructions for use

lyzed for comparison and ion analysis.
throughout the Sacramento Valley. v OIPATISOn A TegIEssion anahysis

6. Controlled nitrogen by rice variety experiments were con-
ducted in participating growers fields. Extensive leaf sam-
pling was conducted for developing single leaf and whole

2. Two training session/field days were held, one in Sutter
County and the other in Butte County. In total over 50

growers attended, field calibration of the LCC.
3. Conducted individual on- farm training with over 25
growers. RESULTS
4, Informed growers about the LCC four winter grower Data analysis for the first field season is in progress.

meetings (2002) and at the Rice Experiment Station An-

nual field day attended by over 600 people.
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Figure 3. Relationship between leaf color and leaf N (%).

Figure 2. University of California leaf color chart.
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INTRODUCTION

Agricultural runoff is a major pathway for loss of nutrients
from farm soils. Nutrient losses to runoff result in inefficient
use of fertilizer and mean both higher costs to farmers, as
they pay to replace the lost nutrients, and higher costs to so-
ciety as it pays to clean up degraded waterways

Conservation tillage (CT), with necessitated changes in irri-
gation system design and efficiency, and cover-cropping, are
two avenues for reducing runoff and decreasing nutrient
losses. These management alternatives also have the potential
to improve many other aspects of farm management for Cal-
ifornia growers, including reducing labor and fuel costs, in-
creasing soil water storage, decreasing water usage, decreasing
dust emissions, increasing carbon sequestration, and increas-
ing net revenues. No studies have been done in California to
evaluate the separate and/or combined effects of CT and
covet-cropping, on runoff and consequent nutrient loss to
sutface waterways, in conventional or alternative production
systems.

The purpose of this project is to quantify relationships be-
tween tillage and fertility management, and runoff and nutri-
ent loss from soils farmed using organic, low-input, and
conventional practices. Measurements will be made of runoff
from plots at the Sustainable Agriculture Farming Systems
(SAES) research site at UC Davis, a long-term comparison of
organic, low-input, and conventional farming systems, and
from farm fields provided by SAFS grower-collaborators.
Grab samples will be taken from the runoff and analyzed for
suspended sediment and nitrogen and phosphorus content.
The well-developed SAFS outreach structure will be used to
extend the results of the study to farmers, farm advisors, poli-
cymakers, and the general public.

OBJECTIVES

1. To quantify the amount of runoff from plots and fields
farmed using organic, low-input, and conventional prac-
tices, with conservation and standard tillage.
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Table 1. Production practices for all treatments.

Conventional Cover Cropped Organic
cr ST CcT ST CcT ST
Corn
DEC-Apply fallow Aug-Disc 2x Oct-plant Faba cover Aug—disc 2x Oct—plant Faba cover ~ Aug—disc 2x
herbicide Aug-triplane 2x crop Oct—plant cover faba ~ crop Oct—plant faba cover crop
March-plant corn with ~ Oct-list 60" beds Mar-Apply cover crop  cover crop Mar—chop cover crop  Mar—chop cover crop
starter fertilizer and Dec-apply fallow burn down herbicide Mar—chop cover crop  Mar—plant corn with ~ (March)
banded herbicide) herbicide Mar-chop cover crop Mar—disc cover crop 2x  organic starter fertilizer ~ Mar—disc cover crop 2x
April- cultivate 2xand ~ Mar-plant corn with Mar-plant corn with Mar-stubble disc 1x Apr—spread Manure Mar—spread manure
side dress fertilizer starter fertilizer and starter fertilizer and Apr-Triplane Apr—culdvate 2x Mar—stubble disc 1x
April-July-irrigate 6x banded herbicide banded herbicide Apr-List 60" beds Apr-July—irrigate 6x Apr—Triplane
Sept- Harvest Apr-cultivate 2x and Apr-cultivate 2x and Apr-preirrigate Sept—Harvest Apr—List 60" beds
side dress fertilizer side dress fertilizer Apr-dry mulch beds Apr—opreirrigate
Apr-July-irrigate 6x Apr-July-irrigate 6x Apr-plant corn with Apr—dry mulch beds
Sept-Harvest Sept-Harvest starter fertilizer and Apr—plant corn
banded herbicide May—cultivate 2x
May-cultivate 2x and May—irrigate 6x
side dress fertilizer Oct—Harvest
May-Aug -irrigate 6x
Oct-Harvest
Tomatoes
Sept—chop residue Sept—chop residue Sept—chop residue Oct—chop residue Sept—chop residue Oct~—chop residue
Dec—apply fallow Sept—disc 2x Nov—drill faba bean Oct—disc 2x Nov—drill faba bean Oct—disc 2x
herbicide Sept—deep rip cover csop Oct—deep rip 2x cover crop Oct—deep rip
Apr—strip till bed Sept—disc Mar—apply burn down  Oct—disc Mar—chop covercrop  Oct—disc
centets Sept—triplane 2x herbicide to cover crop  Oct—plant faba bean Apr—strip till bed Oct—Triplane 2x
Apr—incorporate Oct—Tlist beds Mar—Chop cover crop  cover crop centers Nov—plant faba bean
preplant herbicide Dec—apply fallow Apr—strip till bed Apr—chop cover crop  Apr—transplant cover crop
Apr—transplant herbicide centers Apr—disc 2x Tomatoes with organic ~ Mar—chop cover crop
tomatoes Apr—work beds Apr—incorporate Apr—stubble disc starter fertilizer Mar—disc 2x
May/June—cultivate 3x  Apr—incorporate preplant herbicide Apr—disc May-sidedress manure  Apr—stubble disc
May—sidedress preplant herbicide Apr—transplant Apr—iriplane 2x Apr/May—cultivate 3x ~ Apr—disc
fertilizer Apr—transplant Tomatoes Apr—Tlist 60" beds Apr/May—irrigate 6-7x  Apr—triplane 2x
Apr/June—irrigate 6-7x  Apr/May—culdvate 3x  Apr/May—cultivate 3x ~ Apr—incorporate Aug—harvest Apr—spread manure
Aug—harvest May—sidedress May—sidedress preplant herbicide Apr—Iist 60”beds
fertilizer fertilizer Apr-Transplant Apr—transplant
Apr/July—irrigate 6-7x  Apr/July—irrigate 6-7x ~ May—sidedress Apr/May——cultivate 3x
Aug—harvest harvest (Aug) fertilizer Apr/May—irrigate 6-7x
Apr/May—cultivate 3x Aug—harvest
Apt/July—irrigate 6-7x
harvest (Aug)

2. 'To quantify the amount of nitrogen, phosphorus, and
sediment in this runoff.

3. 'To extend the results of this study to farmers, policymak-
ers, and the general public.

PROJECT DESCRIPTION

This project is a three-year effort to quantify relationships be-
tween tillage, fertility management, runoff, and nutrient loss
to surface waterways, from soils farmed using several differ-
ent resource management strategies. Measurements necessary
to quantify these relationships will be made in fields provided
by three growers in Yolo County, and at the Sustainable Agri-

culture Farming Systems (SAFS) research site on the UC
Davis campus. This experiment will take advantage of an es-
tablished long-term research site with a history of organic,
low-input, and conventional management. Organic fertility
management combines manures and cover-cropping, low-in-
put integrates cover-ctopping and commercial fertilizer, and

conventional management relies on commercial fertilizer
alone. The plots are being converted to a study of conserva-
tion vs. standard tillage in all three management systems.
The experiment will also take advantage of growers interest
in examining relationships between tillage, cover-cropping,
and nutrient runoff.
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At the SAFS site, plots of one-third acre each (to allow use of
full-scale farm equipment) will be treated with a tillage x
farming system factorial design for conventional, organic,
and low-input systems. All farming systems will have had at
least a 12-year history of management under their defining
criteria. All farming-system treatments will use “best farmer
management practices,” to be determined by consensus of
the research team, which includes farmers and farm advisors.
The SAFS project is unique in that farmers participate in
every stage of the research process, including planning and
design, execution, and interpretation and dissemination of
results.

The conventional systems will be managed with practices
typical of the surrounding area, which include the use of syn-
thetic fertilizers and pesticides. In the low-input systems, fer-
tilizer and pesticide inputs will be reduced primarily by using
legume cover crops to improve soil fertility, and predomi-
nantly mechanical cultivation for weed management. The or-
ganic system will be managed according to the regulations of
California Certified Organic Farmers (CCOE 1995), with
no use of synthetic chemical pesticides or fertilizers. Instead,
management will include the use of cover crops, composted
animal manure, mechanical cultivation, and limited use of
CCOPF-approved products. Tillage and farming operations
will be conducted for the first two years as shown in Table 1.

At growers’ fields, the size of plots or fields to be dedicated to
the study will be decided by the growers. The basic rotation
will be a 2-year one of tomatoes and corn, starting with
tomatoes. Two treatments will be used: the normal growers’
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practices for the site, and a conservation tillage treatment to
be decided upon by consensus of growers and researchers.

MEASUREMENTS

Runoff

Runoff from each plot will be channeled through a v-shaped
weir draining into a ditch at the end of each plot. Because
the opening of the weir is a known dimension, the rate of
runoff is proportional to the height of water flowing through
the weir. The water height will be measured with a pressure
transducer placed at the bottom of the weir and connected to
a datalogger. This system allows readings to be taken several
times a minute so that the rate of runoff can be plotted over
time and directly related to rainfall intensity.

Nitrogen and phosphorus

Grab samples of 500 mL of runoff water will be taken at reg-
ular intervals during any storms of high enough intensity to
generate runoff. Samples will be analyzed for total suspended
solids, nitrate, ammonium, total N, and total P in the solids,
and ammonium, nitrate/nitrite, TKIN, and TP in dissolved
form.

RESULTS

There are no results as yet. Due to delays in funding the pro-
ject was not commenced until October 2002.
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INTRODUCTION

Container-grown woody plants are an important agricultural
commodity in California, accounting for most of the $1.99
billion farm gate for nursery products in 1999. California
nurseries contribute over 20% of the nursery crops produced
in the U.S. Production is intensive, usually involving daily
application of water and high concentrations of fertilizers,
especially nitrogen. Because of their high demand for nitro-
gen, the potential for nitrogen pollution from runoff and
leaching losses in nurseries is great. Commercial nurseries
have addressed this problem by improving methods of ap-
plying nitrogen and water. A practice of long standing has
been to apply soluble nitrogen in irrigation water (liquid
feeding), either by overhead irrigation using impact sprin-
klers or through emitters placed in each container. Liquid
feeding offers the advantage of management over nutrient
supply, since the grower can control fertilizer concentration,
form of nutrients applied, and the composition of nutrients
in the liquid feed. However, it suffers from the disadvantage
of fertilizer waste because of the combined effects of a lim-
ited soil volume in containers and the need for frequent irri-
gation and fertilization. Application through overhead
irrigation is particularly inefficient, since as much as 75% of
the applied water is not intercepted by the containers.

Nurseries have responded to this problem with three major
changes in fertilizing and irrigating, 1) Many nurseries have
installed drainage systems that allow for capture and reuse of
runoff. This has the advantage of permitting continued use
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of overhead itrigation, but the installation cost is high and
retrofitting established nurseries is problematic. 2) Liquid
feeding through drip irrigation systems has replaced use of
impact sprinklers in many nurseries. This is more efficient
and can reduce N losses substantially, provided appropriate
amounts of N and water are applied. Unfortunately, the wa-
ter requirements of individual nursery crops can vary greatly,
and the water and nutrient requirements of most nursery
species are not well known. As a result, it is likely that exces-
sive application of water and fertilizer occurs, leading to
leaching and runoff of nitrogen. Another drawback to drip
systems is that installation is labor intensive and not usually
cost effective for small container sizes. 3) The third method
in common use is application of encapsulated, controlled-re-
lease fertilizers and irtigation with clear water rather than a
liquid feed. This approach can be effective, but there is still
the potential for leaching losses due to overfertilization and
overirrigation. In addition, crops in large containers (5 gal-
lons or larger) typically require multiple applications of fertil-
izer, which can result in a substantial labor expense.

A hybrid method of fertilizing has been proposed, in which a
slow-release form of N is applied in a liquid feed. Some
workers have argued that this method results in low leaching
losses of N, while avoiding the need for labor-intensive mul-
tiple applications of fertilizer. This project was undertaken to
test this proposed method, and to document the fertilizer
and irrigation needs of large nursery stock.

OBJECTIVES

1. Determine water use of seven tree species grown in
5-gallon containers. The species, chosen to include both
deciduous and evergreen species that are widely used in
California, were Magnolia grandiflora, Pistacia chinensis,
Platanus racemosa, Prunus ilicifolia, Quercus agrifolia,
Quercus lobata, and Sequoia sempervirens.

2. Determine nitrogen uptake and leaching losses for these
trees and compare nitrogen use efficiency of three meth-
ods of fertilizer application (liquid feeding with nitrate
and ammonium, liquid feeding with polymethylene urea,
and surface application of controlled release fertilizer).

3. Determine dry weight gain of trees.

DESCRIPTION

Two-inch liners of Magnolia grandiflora, Pistacia chinensis,
Platanus racemosa, Prunus ilicifolia, Quercus agrifolia, Quercus
lobata, and Sequoia sempervirens were obtained from com-
mercial nurseries in Spring 2000, and 15 replicates of each
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species were planted into 5-gallon containers on June 1. The
container medium contained equal amounts by volume of
sphagnum peatmoss:redwood sawdust:medium sand. It was
chemically amended with dolomite (5 Ib yd-3), superphos-
phate (2 Ib yd-3) and Micromax (1 Ib yd-3).

The containers were arranged on raised benches in the Envi-
ronmental Horticulture experimental nursery. Each fertilizer
group was irrigated through a separate drip irrigation system
controlled by a solenoid valve and a timer. One supplied tap
water to plants fertilized with controlled release fertilizer
(designated as CRF treatment), and the other two used a
Smith injector to introduce one of two fertilizer solutions
into tap water and deliver a final N and K concentration of
100 mg L-1. One of the fertilizer solutions contained poly-
methyleneurea (Growth Products’ Nitro-30) and potassium
sulfate (designated as MU treatment); the other solution
contained a standard liquid feed solution of calcium nitrate,
potassium nitrate, and ammonium nitrate, with 25% of the
N supplied as ammonium (designated as SLF). Controlled
release fertilizer (Osmocote 24-4-9) was applied to the sur-
face in the appropriate treatment at the recommended rate
(100 g/container). Irrigation water was applied through ad-
justable emitters to provide the different species with the vol-
ume of water necessary to produce a 0.25 leaching fraction.

Volumes leached were measured gravimetrically every 6 to 10
days. Plant water use was calculated as the difference between
applied and leached volumes. Values of water use were com-
pared to ET", reference evapotranspiration obtained from the
Davis CIMIS site. Leachate samples wete collected for mea-
surement of different forms of N.

Trees were harvested at the end of October, when defoliation
of deciduous trees started. All plants were separated into
Teaves, wood, and roots. Final fresh and dry weights of leaves,
wood and roots were measured, and their N content was de-
termined.

RESULTS AND CONCLUSIONS

Plant dry weight differed among species and was affected by
fertilizer treatment (Table 1), but there was no interaction
between species and fertilizer. The total dry weight of plants
from the SLF and the CRF treatments was greater than that
of plants in the MU treatment. The SLF treatment resulted
in a higher leaf dry weight than in the other two treatments,
and roots made up a larger portion of dry weight among
plants fertilized with the controlled-release fertilizer.

Leaf N varied with species and fertilizer treatment, with a
significant interaction (Table 2). The SLF resulted in a higher
leaf N concentration than in plants fertilized with MU or
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Table 1. Tree dry weight, in grams, as a function of
Jertilizer treatment.

Fertilizer Leaves Wood Roors Total

SLF 36.8a 45.8a 48.4ab 131.0a
MU 26.2b 32.6b 36.5b 94.5b
CRF 30.2b 40.1ab 56.4a 126.82

Table 2. Effect of species and fertilizer treatment on
leaf N concentration, expressed as a percentage of
dry weight. Values followed by different letters are
significantly diffevent at P=0.05,

Species Leaf N Fertilizer Leaf N
Magnolia 1.77a SLF 2.26a
Pistacia 2.10b MU 1.97b
Platanus 2.12b CRF 1.98b
Prunus 2.42c
Q. agrifolia 1.96d
Q. lobata 2.55¢
Sequoia 1.56f

Table 3. Effect of species and fertilizer treatment on
total N uptake, expressed in grams. Values followed by
different letters ave significantly different at P=0.05.

Species Tissue N Fertilizer Tissue N
Magnolia 1.24a SLF 2.95a
Pistacia 1.85b MU 1.27b
Platanus 4,40c CRF 1.27b
Prunus 0.32d

Q. agrifolia 0.42d

Q. lobata 0.65¢

Sequoia 1.83b

CRE This difference was most pronounced in Platanus and
Q. lobata. The fast-growing Platanus plants had a signifi-
cantly lower leaf N concentration if they were fertilized with
CRE In other species the differences among the three fertil-
izer treatments were not large. Total N uptake by plants dur-
ing the experiment was affected mostly by species, but there
was also a significant effect of fertilizer treatment (Table 3).
Platanus plants took up far more N than any other species,
and the SLF treatment resulted in greater N uptake than ei-
ther other fertilization method. The benefit of SLF treatment
on N uptake was most pronounced on Magnolia, Platanus,
Q. lobata, and Sequoia.

Leaching losses of N were greatest among species that re-
ceived the SLF treatment, and the CRF treatment resulted in
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Table 4. Cumulative N leached, in grams, from
application of three fertilizer treatinents to seven tree
spectes. Values followed by different letters ave signifi-
cantly different ar P=0.05.

Species N leached Feriilizer N leached
Magnolia 1.95a SLF 3.50a
Pistacia 2.62b MU 2.49b
Platanus 2.79b CRF 0.50¢
Prunus 1.77a

Q. agrifolia 2.11a

Q. lobata 1.94a

Sequoia 1.95a

Table 5. Percentage of applied N that was leached from
application of three fertilizer treatments to seven tree
species. Values followed by different letters are signifi-
cantly diffevent at P=0.05.

Fertilizer %N leached
SLF 32.2a
MU 24.3b
CRF 2.1c

Table 6. N use efficiency of three fertilizer treatments,
expressed as the ratio N uptake:N leached. Values fol-
lowed by diffevent letters are significantly different at
P=0.05.

Fertilizer N uprake/N leached
SLF 0.70a
MU 0.66a
CRF 3.74b

significantly lower N leaching losses than the other treat-
ments did (Table 4). Nearly all of the leachate N in the SLF
and CRF treatments was in the form of nitrate-N. In the
MU treatment, over 40% of the leachate N was polymethyl-
eneurea. Nearly one-third of the N applied in the SLF treat-
ment was lost to leaching, whereas only 2% of N applied as
CREF was lost to leaching (Table 5). A large portion of the
applied N was present in a soluble form in the soil at harvest,
especially among plants that received CRE N use efficiency
in this experiment was expressed as the ratio N uptake/ N
leached (Table 6). The N efficiency of the CRF treatment
was significantly greater than that of the SLF and MU treat-
ments. Leachate N concentration after the first few days was
less than 100 ppm for all fertilizer treatments (Figure 1).
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Figure 1. Leachate N concentrations among fertilizer treatments.
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Figure 2. Average daily water use in spring and summer months
for seven tree species growing in 5 gallon containers.

Concentrations were highest in the SLF and MU treatments
(averaging 82 and 53 ppm, tespectively), and only 6 ppm for
the CRF treatment.

Cumulative water use varied widely among species, from 9.5
gal (36 L) for Prunus to 35.4 gal (134 L) for Platanus. The
cumulative water use of most of the species was between 9.5-
13 gal. There was a substantial amount of variability in water
use within species. As expected, daily water use was greater in
summer months than in spring (Figure 2).

Fertilization of 5-gallon trees with controlled-release fertilizer
was much more efficient than fertilizing by liquid feeding
with either a traditional soluble N source or a slow-release
source, such as polymethyleneurea. Nitrogen demand and
fertilizer release rate appeared to be well matched in the case
of CRE so that even containers that received a high leaching
fraction did not have high losses of N. Liquid feeding with
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either the traditional soluble N or polymethyleneurea re-
sulted in substantial leaching losses of N. The leaching frac-
tion is not easily controlled under typical commercial nursery
conditions because micro-sprinkler emittets may not main-
tain a uniform rate of delivery and because water use within
and between species can vary widely.

After analysis of N in plants, leachate, and soil, we were able
to account for 92% of the N applied as CRE but only 62%
of the N applied in the polymethyleneurea liquid feed. N re-
covery in the traditional liquid feed treatment was 78%. Al-
though we did not measure directly the N volatilization in
the experiment, we assume that most of the unrecovered N
was lost to the atmosphere.

Average daily water use during the summer ranged from
200-1200 mL. Even the highest values of water use are less
than half the volume that we estimate is typically delivered to
plants of this size in commercial nutseries. The problem of
leaching losses in a liquid feed system could be alleviated
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Table 7. Ratio of N uptake to water use (in ppm) for
seven tree species growing in 5-gallon containers.

Species N uptakehwater uptake
Magnolia 89

Pistacia 71

Platanus 135

Prunus 29

Q. agrifolia 32

Q. lobata 47

Sequoia 127

greatly by applying the appropriate amount of N and water.
By dividing total N uptake, in mg, by cumulative water use,
in L, we can estimate the ideal concentration of applied N in
ppm. For the slow-growing species in this study, a concentra-
tion of 30-50 ppm would meet this ideal (Table 7). Only the
fastest-growing species should need a liquid feed N concen-
tration in excess of 100 ppm.
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INTRODUCTION

Precision farming is information-based management tech-
niques that have the potential to increase productivity and
reduce environmental pollution. Recent studies have deter-
mined that accurate yield monitoring is a key element in pre-
cision farming, Studies showed that it is possible to reduce
fertilizer input and maintain yield under site-specific nutrient
management.

Yield is the primary determinant of nutrient demand and
uptake efficiency and therefore, fertilizer needs. In tree crops,
however, yields vary dramatically from tree to tree within an
orchard and between orchards making accurate fertilizer rec-
ommendations impossible. Given this fundamental limita-
tion, it has been impossible to develop truly efficient orchard
fertilizer management systems or to conduct nutritional re-
search experiments properly. Our inability to determine tree
yield on a scale smaller than the standard block or orchard,
sevetely impedes our ability to optimize productivity and
minimize costs.

The ability to map yield in an orchard and to use that infor-
mation to optimize inputs would revolutionize tree crop in-
dustries and directly contribute to improved resource use
efficiency. The most direct benefit of this approach would be
the ability to optimize fertilization strategies on a site-specific
basis. This is the key to improve nutrient use efficiency.

This project aims to develop the means to rapidly harvest
and map pistachio tree yields in commercial orchards on a
tree-by-tree basis by integrating Global Positioning System
(GPS) and yield monitors into the harvesting machinery.
This will be followed by development of statistical and visual
computational methodology to analyze and map results. Soil
and plant testing will be used to determine the cause of the
yield variability and experimental manipulations will be con-
ducted to optimize yield and management efficiency. The
lessons learned in this project will then be extended to all tree
crops in California.

PROJECT OBJECTIVES

The aim of the project is to develop the harvesting machin-
ery, initiate statistical and mapping methodologies to allow
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Figure 1. Soil compaction determined using a tractor mounted
draft resistance Device with GPS equipped data logger.

[ Field Boundary
Soil EC: 0-1ft (mS/m)
B 3

Figure 2. Soil Electrical Conductivity measured at 3 feet using
EM 30 remote sensing device and GPS equipped data logger.

growers to view and interpret the annual productivity of each
tree in their orchards. This will then be used to optimize
management strategies and to improve on-farm research ca-

pability.
The specific objectives are:

1. To develop technology to allow large-scale, tree-to-tree
yield analysis.

2. To utilize this technology to determine the factors that
contribute to yield variability including development of
statistical, mapping, and biological interpretations.

3. To conduct a demonstration research project utilizing
these technologies.

4. To conduct wotkshops to demonstrate the technology.

PROJECT DESCRIPTION

In the first year, 2001, we selected an 80 acre pistachio or-
chard containing 12,000 trees located at the Paramount
Farming Company, Lost Hills California. This orchard was
12 years old, uniform in appearance and with a good pro-
duction history. Global Positioning System and Geographic
Information System technologies were used to determine
tree-by-tree yield.
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Figure 3. Weigh Bucket Design

Figure 4. Pistachio Yield Monitor in Position.

RESULTS AND DISCUSSION

In 2001, Texture and Compaction Index (TCI) (Fig.1) and
Electrical Conductivity (EC) (Fig. 2), were made using GPS-
sensor- based systems. A new electronic weigh bucket was
designed (Fig. 3). The harvesting equipment for pistachio
was modified to include the electronic weigh bucket system
(Fig. 4) to allow real-time tree-by-tree harvest data. This sys-
tem was then mounted on the bank-out wagon and a mass
flow tree harvesting was performed. In addition, soil and leaf
samples were taken to analyze the soil fertility and leaf nutri-
tion status.

The harvesting equipment developed was shown to be
rugged and reliable. Problems with GPS determinations in
the field persist and will require further engineering improve-
ments to resolve. A primary constraint to the current yield
monitor is the inability to completely clear the catch frame of
harvested nuts prior to harvest of the following tree. This
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Row 13 W->E  9/28/01
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Figure 5. Individual tree yield down the length of one row of
151 trees. High yield of tree 151 is an error caused by machine
turning. Yield varies by 200% between neighbors, individual
tree yields as high as 120 lbs tree were recorded,

problem results in mixing of yields and loss of tree-to-tree
resolution. This represents an engineering challenge that can
be addressed with a slightly modified harvesting system.

The data collected this year provides excellent information at
a resolution of about 5 x 5 trees. A higher degree of resolu-
tion is possible utilizing mathematical procedures and
through engineering refinements. We have commenced GIS
analysis of yield and variation in environment (Soil, water,
nutrition)—this will be presented at the annual conference.

Tree Yield Varies Dramatically Across the
Orchard

Tree yield varies dramatically within a single row (Fig 5) and
yield variations of > 200% between 5 neighboring trees is
not uncommon. Tree yield varies markedly over the orchard
as a whole (Fig 6), and regional per acre yields varied from
9000 Ibs per acre (in-field, in-hull) in the poorest area to
17000 Ibs per acre (in-field, in-hull) in the best area.

The results presented here demonstrate that yield is highly
variable in Pistachio. It should be remembered however that
this is only the first year of analysis. Data from the second
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Figure 6. Yield map.

year is being analyzed and a second year is essential to correct
for alternate bearing effects. The challenge for a grower and
for a researcher is to determine what are the causes of this
yield variation and what can be done to optimize profitability.

Data of the current year, 2002, was collected and is being an-
alyzed. Eighty acres were harvested and yield of 6040 trees
were determined on tree-by-tree basis. This data was col-
lected using modified harvesting machinery based on our
learning experience from last year. The machinery modifica-
tion includes an increase of 50 % in the capacity of the
Weight Bucket, higher speed of the conveyer belt, efficient
cleaning system by reducing the transport lag phase. The
transport lag phase allowed determination of tree-by-tree
yield without a significant yield carry-over from the previous
tree. Also, a GPS-radar system was integrated into the system
to determine accurately the position of the harvested tree.
The details of the modified system will be discussed at the
tenth annual conference. Conclusions will be made once the
data is analyzed. Therefore, it is too early yet to define which
variables are most important though preliminary information
may indicate that the source of variation could be due to a
combination of soil and biological system variables. By com-
paring patterns of yield and measured soil and biological sys-
tem variables, a greater understanding of the crop conditions
and potential causes of yield variability can be gained.
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OBJECTIVES

1. Determine the fate of ammonium (NH4*) and nitrate
(NOg3) from controlled release fertilizers (CRF) and lig-
uid feed (LF) fertilizers in containerized woody ornamen-
tals growing in acid (5.0) or neutral (7.0) pH media
during a 12-month period.

2. Develop fertilization and irrigation guidelines for woody
ornamental crop production that will minimize NO3-
runoff and improve nitrogen use efficiency.

3. Disseminate guidelines to growers, fertilizer producers,
consultants, farm advisors, educatots and extension spe-
cialists involved in woody ornamental crop production.
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DESCRIPTION

Horticulture is a 2.2 billion dollar industry in California.
Over 70% of ornamental production is located in the coastal
regions of Southern California, an area of the state where ur-
ban communities, agricultural developments and protected
wetlands are in proximity to each other. Due to these geo-
graphical constraints, along with the high use of fertilizer and
water by the industry, nitrate (NOj3-) leaching from agricul-
tural lands continues to threaten local drinking water sup-
plies and the neighboring ecosystems.

Federal and state laws now prohibit excessive polluting of
surface waters. Federally enforced laws are issued through the
Clean Water Act of 1972 and state regulations are enforced
through the state’s Porter-Cologne Water Quality Act of
1969. Lawsuits have been pending in the regions of San
Diego and the Central Coast. Unless fertilization and cul-
tural practices are restructured, many nurseries will be unable
to comply with the new water quality control programs that
have been implemented in recent years.

In the following project, field trials are being conducted to
determine the fate of different types of coated, controlled-re-
lease fertilizers (CRF) and liquid fertilizers (LF) as affected by
acid pH (5.0) and neutral pH (7.0) media. The fate of nitro-
gen (N) in the crop is being determined by performing
weekly measurements of nitrate in the leachates and monthly
measurements of total N in the media and the plants. With
this information, we will know the time petiod in the pro-
duction cycle when N leaching is most likely and the time
period when N uptake into plants is at its optimum. The in-
formation from this experiment will help us develop irriga-
tion and fertilization programs that will minimize the
likelihood of nitrate leaching and maximize nutrient uptake
efficiency. This will not only help growers comply with new
water quality regulations but also improve potential profits
through more efficient use of water and fertilizer resources.
These guidelines will be actively communicated to growers,
CE advisors, consultants, the fertilizer industry, teachers and
students through extension programs, workshops, seminars,
and publications (newsletters, trade magazines and journals).

Research plots are set up at the Agricultural Experiment Sta-
tion at the University of California at Riverside. A total of
910 plants, at the liner-stage, were obtained from commer-
cial nurseries. Two different plant species are being used, one
typically produced in acid pH media (Azalea ‘Phoenicid’) and
one typically produced in neutral pH media (Ligustrum
Japonicum). Treatments are a 2 x 7 factorial of 2 different me-
dia pH (5.0 and 7.0) and seven different fertilizer treatments
(Table 1). Substrates for the low pH-medium consists of a
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Table 1. List of fertilizer treatments. Nitrate = NOj
and ammonium = NHy,

Treatment Fertilizer Rate Fertilizer Type

1 100 ppm N as 75% NHy and 25% NO; LF

2 100 ppm N as 50% NHjy and 50% NO3 LF

3 100 ppm N as 75% NOj; and 25% NHy LF

4 3.0 Ib N/yd3 Osmocote CRF
5 3.0 Ib N/yd3 Polyon CRF

6 3.0 Ib N/yd3 Nutricote CRF

mixture of 2:1:1 volumes of composted pine bark, peat, and
sand, respectively. The neutral pH-medium consists of 3:1
volumes of composted fotest products and sand respectively.
Lime was added to adjust pH. Micronutrients were added to
all treatments at recommended rates. For treatments 1-3, the
liquid fertilization (LF) is injected through the irrigation sys-
tem. For treatments 4-7, one of four different 12-month
CRF was incorporated into the planting media at the initia-
tion of the study. Drippers are located in each container and
irrigation is controlled electronically to water at specific time
intervals, depending on crop water requirements.

The first phase of this project has been completed and we are
currently analyzing the data. We are also currently repeating
the study. However, based on preliminary experiments, we
have seen that the conversion of ammonium to nitrate may
occur in planting media. In this preliminary trial, even
though media was steam sterilized, the conversion of ammo-
nium to nitrate in ammonium-fertilized containers became
evident after 12 weeks of fertilization (Figure 1A and B).
This data suggests that ferdlization with fertilizers consisting
of ammoniacal nitrogen may initially reduce the potential for
nitrate leaching, but will eventually be converted to nitrate
(nitrification) after a given time period. With the current
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Figure 1. Nitrate concentrations in leachates collected from me-
dia fertigated with 100 mg N/L as (A) calcium nitrate or (B)
ammonium sulfate. Fertilization trials began on January 17,
2001 (Week 1) and continued until August 6, 2001 (Week 29).
Containers received fertigation via drippers every other day at a
rate of 1000 mllcontainerfweek.

trial being conducted, we will be able to determine the extent
of the conversion of ammonium to nitrate and the extent of
nitrate leaching from the different types of controlled release
fertilizer and the different types of liquid fertilization

regimes.
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INTRODUCTION

The definition of the phrase “best management practice”
(BMP) varies depending on the specific context involved and
the cutrently accepted standards and goals of agronomic
management. In general, BMPs are considered to be a set of
guidelines or procedures which have been determined, as
part of an overall program, to be an effective and practical
(technically; socially and economically) method for reducing,
preventing, or controlling undesirable effects of manage-
ment; promoting or maintaining beneficial effects of man-
agement; and/or protecting the environment or natural
habitat. Turfgrass-related BMPs encompass a wide variety of
activities, including fertilization, irrigation, mowing, pest
control, and soil management. One of the most important
set of turfgrass BMPs are those relating to providing adequate
nitrogen (N) to provide the healthy, moderate (i.., neither
minimal or excessive) growth necessary to provide both ac-
ceptable visual appearance and the ability to cope with
stresses such as drought, traffic, and disease.

Promoting moderate growth (and optimal uptake of N by
the plant) is, in fact, one of the best defenses against N
sources contaminating the environment. Nitrogen that isnt
taken up by the plant is either stored in the soil or thatch,
lost to the atmosphere [NHj volatilization and denitrifica-
tion (the reduction of nitrates to gaseous nitrogen)], or lost
to surface water in runoff or groundwater via leaching.

In the soil environment, the primary forms of N are organic
N (the dominant form), ammonium-N (NH+-N), nitrite-N
(NO,—N), and nitrate-N (NO3—N). Unlike organic N and
NH4+N, nitrates do not bind to soils and thus have a high
potential for leaching into groundwater. However, it should
be noted that organic N and NH4+-N are potential nitrate
soutces, since they can be transformed to nitrate in soil and
waters. Nitrate is also likely to remain in the water supply
until consumed by plants or other organisms since they do
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not volatilize. According to the U.S. Environmental Protec-
tion Agency (EPA), nationwide over 112 million pounds of
nitrate and nitrite wete released to water and land from 1991
through 1993. Notably, one of the largest releases of inorganic
nitrates (from sources such as fertilizers) was in California.

Excessive N in the environment can have serious conse-
quences, including altering ecosystems, eutrophication [an
over-enrichment of water sources with nitrogen and phos-
phorus which causes accelerated growth of plant life (such as
algal blooms) and which can disturb the balance of organ-
isms and water quality], contributing to acid depostion and
ozone depletion, and, as already noted, contamination of
surface water and groundwater. According to the U.S. De-
partment of Health and Human Services, N fertilizers have
contributed to a 40-year trend of increased nitrate levels in
surface water and groundwater of agricultural regions.

Given the potential implications of nitrate contamination,
turfgrass fertilization BMPs must take into account ways to
minimize nitrate contamination of surface water and
groundwater. Research has shown that nitrate contamination
of surface water due to runoff is rare due to the relatively
high infiltration capacity of turfgrass ecosystems (with the ex-
ception of severe slopes, which require careful irrigation cy-
cling). The results of research on nitrate leaching, however,
are more variable, with soil type, irrigation, N source and
rate, and season of application all potentially affecting nitrate
leaching,

OBJECTIVES

The objectives of the research project are to 1) evaluate the
annual N rate and source on tall fescue to determine which
treatments optimize plant performance and N uptake while
reducing the potential for nitrate (NOj3-) leaching; 2) quan-
tify the effect of N fertilizer rate and source on visual turf-
grass quality and colos, clipping yield, tissue N
concentration, N uptake, and concentration of NO3~-N ata
depth below the rootzone; 3) develop BMPs for lawns under
representative irrigation practices to optimize plant perfor-
mance and N uptake while reducing the potential for NO3~
leaching; and 4) conduct outreach activities, including oral
presentations and trade journal publications, emphasizing
the importance of the BMPs and how to carry out these
practices for N fertilization of lawns.

DESCRIPTION

The project is being conducted at two sites with different cli-
mates and turfgrass matutity, but which are being main-
tained similatly. One site is a newly established tall fescue
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plot (sodded late Sept. 2002) in northern California at UC
Davis and the other is a mature tall fescue plot (seceded Apr.
1996) in southern California at UC Riverside, Both sites
were established to tall fescue, since it is the most widely used
lawngrass in California, especially for urban landscapes. The
plots at both sites are irrigated at [100% ET o,/DU] minus
rain, with the amount of irrigation determined weekly based
on the previous 7 days’ cumulative ETjy. There are two irriga-
tion events per week, which are cycled to prevent runoff. The
experimental design at both sites is a randomized complete
block (RCB) design with N treatments arranged in a 4X3
factorial (four N sources and three rates; see Table 1). A no-
nitrogen check treatment is also included to allow for addi-
tional statistical tests. The application of treatments and data
collection will be coordinated between the two sites in order
to allow for the most robust statistical analyses possible for
comparing the results from the two sites.

Both quick release and slow release N sources are included in
the study, both of which have distinct advantages and disad-
vantages relative to the other. Quick release N sources pro-
vide a rapid but short-term turfgrass response while slow
release N sources provide a slow but long-term response.
Quick release sources are generally less expensive and more
efficient (in terms of the percentage of applied N recovered
in grass clippings) than slow release N sources, but also have
the greater tendency for foliar burn, volatilization and leach-
ing. The specific N sources used in the study include: ammo-
nium nitrate, a fast-release, water soluble N source; Polyon, a
slow-release, polymer-coated N source; Milorganite, a slow-
release, natural organic N source; and Nutralene, a slow-re-
lease, water insoluble, methylene ureas N source (Table 1).

Each fertilizer will be applied at three annual N rates, includ-
ing a low (4.0 Ib N/1000 £t2), moderate (6.0 Ib N/1000 ft2)
and high (8.0 Ib N/1000 £t2) rate (Table 1). The moderate
rate of 6.0 Ib N/1000 £i2 has been found to be sufficient to
provide acceptable visual turfgrass quality and color while
maintaining a healthy, moderate growth rate. It is expected
that the 4.0 1b N/1000 2 rate will not provide acceptable vi-
sual turfgrass quality and color and that the 8.0 1b N/1000
ft2 rate will result in excessive growth and potentially greater
nitrate contamination than the other fertilizer rates.

In order to measure nitrate leaching below the rootzone, suc-
tion lysimeters wete installed so the distal tip of the porous
cup of each lysimeter was at a depth of 2.5 feet below the
soil-thatch layer (approximately 0.6 inch deep). The lysime-
ters (constructed using high-flow ceramic cups and 2-inch
diameter PVC pipe) were installed at a 45° angle so the
lysimeter cup is below undisturbed soil. Twenty-four hours
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Table 1. Protocol for 13 N fertilization treatments (four N sources x three vates plus no-nitrogen check).
Rae (Ib /1000 fi2)

Date of application N sotircez (N-P205-K20) a b 3

1 March No nitrogen check 0.0 0.0 0.0
A. Ammonium nitrate 33-0-0 1.0 1.5 2.0
B. Polyon 43-0-0 1.0 15 2.0
C. Milorganite 6-2-0 1.0 1.5 2.0
D. Nutralene 40-0-0 1.0 1.5 2.0

15 May No nitrogen check 0.0 0.0 0.0
A. Ammonium nitrate 33-0-0 1.0 1.5 2.0
B. Polyon 42-0-0 1.0 1.5 2,0
C. Milorganite 6-2-0 1.0 1.5 2.0
D. Nutralene 40-0-0 1.0 1.5 2.0

15 Aug. No nitrogen check 0.0 0.0 0.0
A. Ammonium nitrate 33-0-0 1.0 1.5 2.0
B. Polyon 42-0-0 1.0 1.5 2.0
C. Milorganite 6-2-0 1.0 1.5 2.0
D. Nutralene 40-0-0 1.0 15 2.0

15 Oct. No nitrogen check 0.0 0.0 0.0
A. Ammonium nitrate 33-0-0 1.0 1.5 2.0
B. Polyon 43-0-0 1.0 1.5 2.0
C. Milorganite 6-2-0 1.0 1.5 2.0
D. Nutralene 40-0-0 1.0 1.5 2.0

Total No nitrogen check 0.0 0.0 0.0
A. Ammonium nitrate 33-0-0 4.0 6.0 8.0
B. Polyon 42-0-0 and 43-0-0 4.0 6.0 8.0
C. Milorganite 6-2-0 4.0 6.0 8.0
D. Nutralene 40-0-0 4.0 6.0 8.0

“Ammonium nitrate is a fast-release, water soluble N source; Polyon is a slow-release, polymer-coated N source; Milorganite is a slow-release, natural organic N source; and Nutralene is a

slow-release, water insoluble, methylene ureas N source.

Note: KCI (0-0-60) and treble superphosphate (0-45-0) will be applied to all plots at an annual rate of 4.0 Ib K;0/1000 £2 and 3.0 1b P,05/1000 £2.

Rev. 31 July 2002

prior to each sampling day, a vacuum of approximately —40
KPa is applied to the lysimeters. Leachate is removed from
the lysimeters using via vacuum, and samples are then acidi-
fied to pH 2, frozen, stored, and shipped via next-day air to
the DANR Laboratory for NO3~N analysis by diffusion-
conductivity analyzer (Table 2).

Rounding out the “point-in-time” data from the lysimeters,
measurements required to account for a hydrologic balance
(including soil water content) and soil NO3-N measure-
ments are being taken (Table 2). The hydrologic balance is
used to estimate the total NO3-N mass leached. Soil volu-
metric water content is determined weekly using time do-
main reflectometry (TDR) with four to eight sensors
installed in null plots (plots within the research area which
are not associated with any of the treatments). Soil NO3~N
is determined at four rootzone depths: 0 to 12, 12 to 24, 24
to 36, and 36 to 48 inches below the soil-thatch layer (ap-
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proximately 0.6 inches below the surface). Three cores are
taken from each plot using a King Tube (i.d. 0.84-inch), cut
and pooled by depth, dried at air temperature, sieved, and
sent to the DANR Laboratory for NO3--N analysis by equi-
librium extraction with KCl and diffusion- conductivity ana-
lyzer. Soil NO3~N provides a direct physical/chemical
measurement of the movement (a layer) of NO3~N through
the soil profile. It is useful for determining the accumulative
effects over time.

Several additional measurements are being made throughout
the course of the study (Table 2). Visual turfgrass quality and
color ratings are taken once every two weeks, in order to esti-
mate plant performance and response to the N-fertility treat-
ments. Also, clipping yield is taken weekly during four
growth periods, with each period spanning four consecutive
weeks and beginning one month following a N-fertility treat-
ment application. The weekly clipping yields are dried and
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Table 2. Protocol for measurements collected during the study.

Measurement Frequency Method and other comments
1. Visual turfgrass quality ~ Once every 2 weeks 1 to 9 scale, with 1 = worst quality and 9 = best quality for tall fescue
2. Visual turfgrass color Same time as turfgrass quality 1 to 9 scale, with 1 = worst colot (brown) and 9 = best color (dark green) for tall fescue
3. Clipping yield, TKN, Four growth periods, with each period Weekly clipping yield, representing 7-d growth, is collected with the same mower used for
and N uptake spanning four consecutive weekly clipping  routine mowing, except a specially constructed collection box is attached to the mower.
yields. All periods start one month Not less than 25% of the total surface area of each plot is subsampled. Weekly clipping

following each of the four N-fertility yields are dried and weighed via standard procedures. The four weekly yields within each
treatment application dates (Table 1). growth period are pooled by the 48 plots and prepared for TKN analysis via standard
Generally, periods are 1 to 30 Apr,, 15 procedures. TKIN analysis is conducted at the DANR laboratory located at UC Davis.

June to 15 July, 15 Sept. to 15 Oct,, With appropriate calculations, N uptake during four 4-week growth periods is

and 15 Now. to 15 Dec. determined.
4. NO5-N concentration ~ Once every 2 weeks One suction lysimeter was installed in each plot so the distal tip of the lysimeter cup is at
of soil water below rootzone adepth of 2.5 feet below the soil-thatch layer [approximately 0.6 (1.5 cm) inch deep). The

lysimeters were installed at a 459 angle so the lysimeter cup is below undisturbed soil. They
were constructed using high-flow ceramic cups and 2-inch diameter PVC pipe. A vacuum
of approximately —40 KPa is applied to the lysimeters 24 h before the leachate sampling day.
Samples are acidified to pH 2, frozen, stored, and shipped via next-day air to the DANR
Laboratory for NO3~N analysis by diffusion-conductivity analyzer.

5. Hydrologic balance Not less than once every 7 d Estimate of water percolating through soil by hydrologic balance. Determined via changes
in soil water content and other data used in a model. This, with NO3~-N concentration, is
used to estimate NO3~N mass leached. Soil volumetric water content is determined using
four to cight time domain reflectometry (TDR) sensors (MoisturePoint MP-917 TDR unit
with Type 2 probe) installed in null plots within the research plot {there are a total of cight
null plots, two per replication).

6. Soil NO5~N Twice every 12 months Using a King Tube, three 0.84-inch (2.14 cm) cores are taken from each plot and separated
by four rootzones: 0 to 12 inches (0 to 30.5 cm), 12 to 24 inches (30.5 to 61.0 cm), 24 to
36 inches (61.0 to 91.4 cm), and 36 to 48 inches (91.4 to 121.9 cm) below the soil-thatch
layer [approximately 0.6 inches (1.5 cm) below the surface]. Cores from each plot are
pooled by depth, dried at air temperature, sieved through a Tyler-equivalent 20 mesh screen
and sent to the DANR Laboratory for NO5-N analysis by equilibrium extraction with
KCl and diffusion-conductivity analyzer. A grid is used to ensure that no part of the plot is
sampled more than once for the duration of the study.

7. Weather data Continuous Data obtained from a CIMIS station located at the UCR Tiurfgrass Research Project. Soil-
temperature data Joggers also are installed on the research plot.

All measured variables, except weather data, are statistically analyzed according to a RCB design with treatments arranged in a 4X3 factorial. The no-nitrogen check treatment is compared
to fertilizer treatments, products, and rates by a statistical contrast procedure. A repeated-measures design also is used within and between years when appropriate. Weather data are summa-
rized by week.

Rev. 31 July 2002

weighed to provide an estimate of plant growth for the previ- RESULTS AND CONCLUSIONS
ous 7 days. The four weekly yields within each growth period

are then pooled by each plot and analyzed for total Kjeldahl

nitrogen (TKN) analysis at the DANR Laboratory. With ap- s.tanld ingrl?}f NO3_1 l‘eaching frogllltflrfigrzss t(}tlallbfescue in par-
propriate calculations, N uptake during the four 4-week ticular). The resulting BMPs will include the best way to

growth periods is then determined. Finally, weather data is fertilize tag fescue (race a.r.11d sourc?) for optimal illa?t P erfor_—
taken continuously from an on-site CIMIS station and a dat- mance and N uptake while reducing the potential for NO3

alogger is installed at the research plot which is recording soil contamination .Of groul?dwater. Th'e BMP,S have the potential
temperatures at the 4-inch depth, to have a wide impact since they will be directly relevant to

California home-lawn owners.

When completed, this project will add to our current under-
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INTRODUCTION

Large fields are rarely uniform, yet they are often farmed as if
they were. New management technologies are being devel-
oped, however, which allow variable application rates of fer-
tilizers, soil amendments, seed, and pesticides. These make
use of satellite based global positioning system technology
(GPS) to locate places within a field that may vary in some
important soil property like nitrogen content, water holding
capacity, or salinity. Such practices are generally termed site-
specific management or precision agriculture.

One of the most promising site-specific management prac-
tices is variable rate input application. In particular, variable
rate application of fertilizers, especially fertilizer nitrogen, has
been extensively studied in Midwestern cropping systems.
The potential for variable rate fertilizer application to in-
crease profit and resource use efficiency has not been investi-
gated scientifically for California’s diverse itrigated cropping
rotations. Many laser leveled, surface irrigated fields in Cali-
fornia display a high level of spatial variability in yield.
Therefore the potential for improved economic and resource
use efficiency of fertilizer exists, either by adding fertilizer to
areas in which yield is limited by mineral nutrients or by re-
ducing fertilizer rates in areas where yield potential is suffi-
ciently reduced that high rates are unwarranted.

To maximize its economic impact, an initial variable-rate ni-
trogen management research program should focus on sys-
tems for which a substantial economic advantage accrues to
the use of site-specific management. Maximum economic
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payoff is obtained in those crops for which there is a rela-
tively large economic penalty for both under- and over-fertil-
ization and a relatively narrow range of optimal fertilizer
rates. Two crops that meet these criteria are specialty rice
(Koshihikari and Akitakomashi) and sugar beets. While these
crops are not major contributors to California economically,
they are ideal for an intial test of site-specific fertilization. For
both of them the primary economic penalty associated with
over-fertilization is in quality reduction. In the case of spe-
cialty rice, increases in nitrogen levels have been identified
with increased protein content, which in turn has been asso-
ciated with poor flavor. In the case of sugar beets high levels
of soil nitrate are associated with reduced sugar concentra-
tion. In both crops the factor causing a reduction in quality
is readily quantifiable and therefore subject to rigorous analy-
sis. The questions we are addressing include the following:
Will the money saved by applying fertilizer at variable rates
cost less than the assessment and equipment needed for such
work? Will crop yield be improved? Or at a minimum, will
these technologies allow farmers to comply better with in-
creasingly restrictive environmental regulations? To further
broaden the study we have included standard rice varieties as
well.

Soil salinity is an important management factor for many
sugarbeet growers in the Imperial and San Joaquin Valleys.
Salinity can inhibit seedling emergence and limit crop
growth. Salinity or texture assessments can be carried out
quickly and relatively cheaply and used prior to planting to
guide management for the upcoming growing season. The
salt content of soils also is correlated with soil physical char-
acteristics like water holding capacity. There may also be
other useful correlations with soil properties that are much
mote difficult to map accurately, like nitrate content. One of
the most perplexing problems for sugar beet production in
the San Joaquin Valley is low sugar content. Residual soil ni-
trate at depth in the profile may be a factor contributing to
low sugar content. It is very difficult to assess a field’s varia-
tion in nitrate even when only one and one-half to three feet
of the soil surface is sampled. The complexity of the problem
is increased greatly when nitrate in the second three feet is in-
cluded. Sugar beets are deep-rooted and take up some water
and nutrients from the four to six foot depth (and sometimes
deeper) in many soils, especially near the end of the growing
season. Like salts, nitrates are soluble in water and move
downward in the profile as soils are leached by irrigation and
rainfall. Unlike salts, nitrates have an active role in plant
growth and soil biology and so are subject to plant uptake
and transformation by soil organisms. Nevertheless, nitrate
and salt may be sufficiently well-correlated to allow mapping
for salinity, which is relatively simple and reliable, to be used
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as an indicator of potential nitrate hot spots deeper in the
profile. These areas could be tested to six feet, and if con-

firmed, fertilizer application rates may be adjusted accord-
ingly in those portions of the field.

OBJECTIVES

The overall objective is to determine whether variable rate ni-
trogen application is economically justified in California and
if so, to determine a practical method for implementing it.
Specific objectives are:

1. For rice, determine whether the spatial distribution of
crop nitrogen demand can be forecast with sufficient pre-
cision on a site-specific basis using aerial photographs,
yield monitor data, or other data readily obtainable by the
farmer.

2. If the spatial distribution of crop nitrogen demand can be
adequately forecast for rice, determine whether the im-
provement in quality and/or yield is sufficient to offset
the increased cost of the variable rate technology.

3. For sugar beets, determine whether crop nitrogen de-
mand can be forecast with sufficient precision using elec-
trical conductivity, soil texture, remotely sensed images
from the previous crop, or other available data.

4. If the spatial distribution of crop nitrogen demand can be
adequately forecast, determine whether the improvement
in quality and/or yield is sufficient to offset the increased
cost of the variable rate technology.

5. If economically justified, develop a set of practices for im-
plementing variable rate nitrogen application on these
crops. Produce a bulletin or technical manual on variable
rate nitrogen application. We will target this manual to
fertilizer companies, precision ag companies, and growers.

RESULTS AND CONCLUSIONS

Sugarbeets:
Imperial Valley site:

1. Previous yield maps and a new electrical conductivity sur-
vey were carried out and used to to develop a treatment

plan for the Imperial Valley site.

2. Gypsum at the rate of two tons per acre was applied to
the tops of beds in 20 plots (four 30" rows, 60 feet long)
chosen using the ESAP v2.01 software created by Scott
Lesch of the U.S. Salinity Lab, in Riverside. These twenty
sites represent the range in salinity conditions found in

the field.
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. Supplemental nitrogen fertilizer (at the rate of 100 b N

per acre, applied in addition tothe baseline rate of 150 Ib
N per acre) was applied to half of the twenty sites, which
wete divided to reflect approximate balance between each
group of ten plots with respect to salinity conditions.

. Prior to planting and irrigation, soil cores were collected

to three feet at each of the twenty sites and analyzed for
salinity and clay content for calibration with the conduc-
tivity maps made eatlier by Corwin and Lesch. An addi-
tional set of soil samples to six feet was collected at harvest
in late May and were analyzed for salinity, clay content
and nitrate.

. Seedling emergence was counted at each of the twenty

sites two weeks after initial irrigation. Soil samples were
taken at each site on the same day at the two to three inch
depth and are being analyzed for salinity and sodium con-
tent.

. Petiole samples were collected at most of the plot sites

during the spring and at harvest to follow changes in
plant nitrate content and see if those changes are related
to soil conditions.

. At harvest, a yield monitor was used to map sugarbeet

yields and those yield maps will be combined with the
previous year’s maps for sugarbeet and wheat and soil
electrical conductivity to evaluate the effects of soil vari-
ability, including residual and applied N on on crop per-
formance.

. Hand harvests were be taken at the twenty plot sites and

analyzed for yield, quality, and root characteristics, root
NO; content.

All data are being combined and analyzed.

El Nido site:

1.

In the spring of 2000, an EM 38 survey was cartied out
on a 60 acre site in El Nido, California by Dennis Cor-
win of the U.S. Salinity Lab, in Riverside.

. Following the survey, soil samples were collected at 16 sub

sample locations chosen using the ESAP v2.01 software.
Samples were analyzed for salinity, texture and nitrate.

. Sugarbeets were planted at the El Nido site in May, 2001.

They were harvested in mid-May 2002.

Stand counts were made at emergence in June 2001 and
will be correlated with soil properties.

Supplemental fertilizer applications at rates of 50 or 100
Ibs N per acre were side dressed to young beets before
canopy closure. Two 50 rows were fertilized at each of 16
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sub sample locations. Sites were divided into two approxi-
mately equal groups, half receiving the larger rate, and
half the smaller. Results are being compared to neighbor-
ing rows using hand harvests at each location. Back-
ground variation in soil residual N and the variable
amounts surface applied will be used to assess crop fertil-
izer response.

6. Avyield map of the field was made at harvest. Data are be-
ing analyzed.

Summary:

Neither fertilizer N nor gypsum affected sugarbeet root yields
significantly at the IV and EN sites. Petiole NO3-N levels
were increased, and sugar contents decreased with increasing
fertilizer N. or amendments were applied (gypsum and N in
the IV, and N only in El Nido). Soil physical and chemical
conditions limiting crop growth and yield could not be sig-
nificantly modified to overcome salinity and drainage limita-
tions at the IV site, nor soil structural and hardpan problems
at the EN site. A complete report is in preparation.

Rice

Nitrogen trials were established in two commercial rice fields
in the Sacramento Valley. One field was Akitakomashi and
one M202. This gives us the opportunity to observe how the
interaction of nitrogen with rice quality differs between
Japanese and American varieties. All fertilizer applications are
carried out by the growers as a part of their regular operation.
The layout of the experiments has been designed to take into
account the realities of commercial rice production. There-
fore, the trials are not laid out in a randomized, replicated
manner. Rather, they consist of three large individual blocks
(un-replicated) in which nitrogen fertilizer is applied at 50%,
100%, and 150% of the normal rate the grower uses in that
field. Blocks are measuted using a yield monitor at harvest
and data is analyzed using multivariate regression techniques.
Grain samples will be hand harvested on a regular grid for
grain nitrogen analysis. Other primary data will include yield
maps of the harvest. Remotely sensed aerial images are being
collected, and these will be used to infer a measure of vegeta-
tive N demand.

Two different field trails were carried out during the 2001-
growing season and they were repeated during this current
season.

Trial 1: Schohr Ranch, Gridley CA: 3 different pre-plant N
rates were tested, 57, 100, and 167 Ib/a N (Figure 1). Culd-
var: M 202,
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Figure 1. Schobr Ranch
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Figure 2. Gorril Ranch

Trial 2: Gorril Ranch, Richvale CA: A combination of 4 dif-
ferent pre-plant and 3 different top-dressing treatments was
tested. Pre-plant: 32, 46, 61 and 75 Ib/a N. Top-Dress: 0, 20
and 30 Ib/a N.(Figure 2). Cultivar: Specialty rice Akita.
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Figure 3. Schobr Ranch, Yield at the different pre-plant N levels.
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Figure 4. Gorril Ranch, Yield at the different pre-plant N levels.

Both fields were harvested with combines using yield moni-
tors. Besides the yield and moisture data from the yield mon-
itor, samples were taken at each sub-plot for yield
components analysis using a DGPS. At eatly, mid and late
growing season stages multi-spectral aerial images were taken.
At the Schobhr trial soil and tissues samples were taken at the
same locations where the yield components samples were
taken.

RESULTS

Trial 1: Significant yield differences were found at this site
(Figure 3). The 57 Ib N that was the lowest application rate
presented an intermediate yield. The farmer pointed out that
in this treatment the harvest operation was much quicker
than in the other two due to the lower amount of plant ma-
terial that entered the combine. In order to quantify this,
310 meter strips of each treatment were analyzed from the
yield map. The combine registered a yield data each second.
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Table 1 shows the combine velocity at each treatment.

N level 57 100 167
# of yield data points 347 379 433
Distance 310 310 310
Velocity (m/s) 310/347=0.89 0.82 0.71

The higher velocity registered at the lowest N application can
have potential economical advantages when it is extrapolated
to the whole ranch area. For a closer look at this issue an eco-
nomic analysis of the impact of the different pre-plant treat-
ment will be carried out.
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Trial 2: Significant yield differences were found in the pre-
plant treatments (Figure 4). An interaction between pre-
plant and top-dress treatments were found. While at the 32
and 46 Ib N they were an increase of yield with the top-dress
applications up to 30 Ib N; at the 61 Ib N treatment the
maximum yield was achieved at the 20 Ib N top-dress appli-
cation.

These data suggest that this cultivar requires a total of ap-
proximately 80 Ib N to achieve its yield potential.
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INTRODUCTION

The use of yield monitors, global positioning systems, re-
mote sensing, and other attributes of site-specific crop man-
agement is increasing in California. California farmers who
have adopted yield monitoring and mapping technology
have frequently observed a high level of yield variability in
their fields. In some cases growers have been able to interpret
these yield maps based on their knowledge of the field and
use this interpretation to improve their management and en-
hance profitability. However, the level of knowledge of this
technology has not yet reached the state where growers can
confidently adopt on a wide scale true site-specific manage-
ment practices, that'is, practices in which management is ad-
justed “on the go” to match the specific needs of each
location in the field.

One of the most promising site-specific management prac-
tices is variable rate input application. In particular, variable
rate application of fertilizers, especially fertilizer nitrogen, has
been extensively studied in Midwestern cropping systems.
Scientific investigations of the profitability of variable rate ni-
trogen application in the Midwest have produced equivocal
results, with some investigations indicating a profit and oth-
ers not. Much of the work in the upper Midwest has been
motivated by regulatory concerns associated with potential
contamination of ground and surface waters. Variable rate ni-
trogen application offers the potential for increasing prof-
itability and reducing environmental effects of crop
production if the increased costs associated with the practice
can be offset by reduced input costs and/or reduced regula-
tory pressure.

The potential for variable rate fertilizer application to in-
crease profit and resource use efficiency has not been investi-
gated scientifically for California’s diverse irrigated cropping
rotations. Supported by FREP and other agencies, we have
been investigating site-specific management of California
field and row crops since 1995. This represents one of the
longest and most extensive site-specific management research
programs in California. Initial research focused on determin-
ing whether California fields have high yield variability, since
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they do not have the topographic variability often associated
in the Midwest with high levels of yield variability. Our re-
search and that of others has indicated that many laser lev-
eled, surface irrigated fields in California display a high level
of spatial variability in yield. Therefore the potendal for im-
proved economic and resource use efficiency of fertilizer ex-
ists, either by adding fertilizer to areas in which yield is
limited by mineral nutrients or by reducing fertilizer rates in
areas where yield potential is sufficiently reduced that high
rates are unwarranted.

Also supported by FREP as well as other agencies, several of
us have been cartying out research to more precisely quantify
the nitrogen dynamics of modern California cotton varieties.
Results of this research indicate that in some cases current ni-
trogen fertilization practices in California may not maximize
fertilizer use efficiency. The application of nitrogen fertilizer
at a site-specific rate may provide the opportunity for the
grower to increase profits and maintain economic viability.
At the same time, it provides the opportunity to demonstrate
to the public and to regulatory agencies that the agricultural
industry can use voluntary methods to reduce potential envi-
ronmental contamination resulting from inputs to crop pro-
duction systems.

The experiments carried out in this research project focus on
using high spatial precision bulk data (yield maps, remotely
sensed images, and soil EC, values obtained from EM38 or
Veris instruments) together with soil nitrate levels in the top
two feet, obtained from soil cores taken through a directed
sampling plan, to determine variable application rate in the
first N application at layby. The experiments are carried out
in commercial fields and the other aspects of crop manage-
ment are the same as that of the rest of the field. In particu-
lar, any additional N applications based on petiole sampling
and/or other information will be made at a uniform rate in
the same manner as the rest of the field. Each experiment is
carried out as a randomized complete block design with
three levels: variable N rate, low fixed N rate control, and
nominal fixed N rate. The low fixed N rate are calculated to
maintain a total soil N level of 50 lbs./acre. This rate
providsd an adequate control without forcing the cooperat-
ing grower to sustain an unacceptable economic loss. The
nominal fixed rate treatment will be at the rate used by the
grower in his own production The variable rate treatment is
applied at a rate determined by an application rate map con-
structed according to soil productivity and estimated residual
available N. Where salinity is high this dominates bulk EC
measurements. In California fields where salinity is not a fac-
tor EC, generally is a reflection of soil clay content (Rhoades
and Corwin, 1990). In any case variations in EC, often can
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be interpreted as indicating variations in soil properties
within a field. We used data from bulk EC and yield maps
from the previous year or years to develop a directed soil
sampling plan.

OBJECTIVES

The overall objective is to determine whether variable rate ni-
trogen application is economically justified in California cot-
ton production and if so, to determine a practical method for
implementing it. Specific objectives are:

1. Develop a practical method for creating variable rate fer-
tilizer nitrogen application maps based on existing yield
maps, temotely sensed NDVI images, and /or soil bulk
electrical conductivity maps and soil nitrate N levels ob-
tained through directed pre-season sampling.

2. Conduct replicated experiments in large (typically quarter
section) commercial fields in which the treatments are
variable rate fertilizer application, fixed rate fertilizer ap-
plication, and control.

3. Conduct a partial budget economic analysis based on es-
tablished methods to determine the economic viability of
variable rate fertilizer application for California cotton
production. Determine the breakeven acreage at which
this method is profitable and the payoff period for pur-

chase of equipment as well as the breakeven custom rate.

RESULTS

We selected three fields on which to carry out the experi-
ment. One is located at Sheely Farms in Lemoore, one is at
M&M Farms near Hanford, and one is at Woolf Brothers
Farm in Lemoore. Fields were selected after testing soil at
cight fields. Selection was based on availability of previous
years yield maps and on existence of a high level of variabil-
ity in the field. In each of the fields we tested we took a total
of 9 soil samples (three each in areas of high, medium, and
low yield), and developed nitrogen application maps based
on yield, soil nitrate N, and soil EC variability. We then se-
lected the four fields having the most intrinsic variability in
N rate. Soil testing was completed as specified. In each case
we collected soil samples to measure nitrate N, as well as soil
EC, collected with an EM38 inductance meter. Randomized
complete block experiments wete laid out as specified in each
of the fout experimental fields.

.
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Figure 1 shows the soil bulk EC map, the previous year’ yield map, and the resulting fertilizer rate map for one of the fields, the one
located on Sheely Farms. Data are being collected during the course of the season including plant maps and petiole N levels. The final

data set will be the yield maps for each trial. These data will be analyzed at the end of the season.
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INTRODUCTION

The rising appreciation for the strong controls on yield exer-
cised by short-range spatial variability of natural resources in
agricultural fields led to the developing field of site-specific
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farming or precision agticulture, The variable application of
fertilizer, seed varieties, pesticides and other management
practices has shown great potential for creating more efficient
and sustainable agroecosystems. This shift in focus of agricul-
ture from uniform site management to site-specific manage-
ment has led to a similar shift in data needs for farmers and
researchers. Although accuracy and reproducibility are still
essential, more attention has been paid to fast, inexpensive, if
possible on-the-go analyses of soil and crop parameters.
Some of the most popular methods of analysis have been
data sources that can be used to predict a variety of soil/crop
parameters simultaneously, such as remote-sensing imagery
and electromagnetic measurements. Infrared (IR) spectrome-
try in the near- and mid-infrared range shows considerable
promise for making fast, inexpensive and accurate predic-
tions within a precision agriculture context. Within agricul-
ture, IR spectrometry is already routinely used in predicting
protein content, moisture levels and fat content of food
products and forage crops. More recently, there has been in-
terest in using IR spectrometry for predicting soil properties,
especially C and N content and moisture.

The mid-infrared (MIR) spectrum has been often used for
qualitative analyses of organic substances. Due to relatively
simple sample preparation procedures, diffuse reflectance
Fourier transformed (DRIFT-MIR) approaches have been es-
pecially popular. There are a number of studies on DRIFT-
MIR spectrometry for characterizing organic matter
decomposition. To our knowledge, there are no reported
studies linking DRIFT-MIR spectrometry of soils to crop
properties in the subsequent growing season.

OBJECTIVES

1. To compare the performance of NIR and DRIFT-MIR
spectrometry of soils for predicting soil and crop proper-
ties in rice systems,

2. Assess possibilities for NIR and/or DRIFT-MIR spec-
trometry under specific precision agriculture conditions.

DESCRIPTION

Two transects of 400 m each in a rice field, located in the
Butte County, were left unfertilized, and 100 sample loca-
tions were established. Soil samples were taken in spring, and
crop and weed samples at harvest. IR spectra were linked to
total soil C and N, mineralizable N, P Olsen, effective cation
exchange capacity (e€CEC) and exchangeable cations (Ca,
Mg, Na and K), as well as yield, N uptake, biomass and
weed biomass using partial least squares regression (PLSr).
The PLSr models were calibrated using 50 random observa-
tions, and validated using the remaining 50 observations.
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RESULTS AND CONCLUSIONS

For soil, predictions for eCEC, Ca and Mg were the most ac-
curate, with r2 values of 0.83, 0.80 and 0.90 for NIR and
0.56, 0.60 and 0.61 for DRIFT-MIR. Correlations for P
Olsen were 0.71 and 0.55, and for mineralizable N 0.46 and
0.21, respectively. No significant correlations were found for
total soil C or N. For crop parameters, only weed pressure (12
0f 0.55 and 0.44) and straw biomass (0.30 and 0.34) yielded
significant correlations. The correlation with weed pressure
was an indirect effect due to better competition by weeds
compared to rice under low soil fertility levels. For most pa-
rameters, standard errors of prediction were lower than re-
ported in the literature. This indicates that the small range of
variability within a field might be the limiting factor in pre-
dicting these parameters. It also illustrates the limited use of
correlation coefficients in PLSr model validations. We con-
cluded that NIR spectrometry shows promise for site-specific
Management practices, although its predictive power for pa-
rameters may vary from site to site. Moreover, predictive
models remain unique for specific agroecosystems, and there-
fore have to be calibrated for every area. The fast and accu-
rate predictions for Ca and Mg concentrations in the soil
could be especially important in diagnosing and combating
grass tetany, which strongly depends upon Ca and Mg con-
centrations in the soil.

Implications for use in site-specific management

It is'clear from this study that NIR petforms better in terms
of predictive power than DRIFT-MIR. The 12 values of 0.83,
0.82 and 0.71 for eCEC, Mg and P are much higher than
the corresponding numbers of 0.56, 0.61 and 0.55 for
DRIFT-MIR. In terms of prediction etror, this corresponds
to an improvement of approximately 30 % for NIR. Com-
bined with the more complicated sample preparation and the
more expensive equipment for DRIFT-MIR, and the possi-
bilities for installing NIR sensors on farm equipment (Ehsani
et al., 1999), NIR spectrometry is preferred.

As noted above, the low prediction accuracy for most crop
parameters and soil total C and N might be due to the rela-
tively small variation in these parameters within our study
area. Since our prediction error for total soil N and N uptake
was similar or lower than those reported, differences in these
parameters in our fields may simply be below the detection
limits for IR spectrometry. This could have important conse-
quences for its use in site-specific management (SSM).

However, the significant results for Ca, Mg, eCEC and P
Olsen certainly warrant the use of IR spectrometry in SSM.
In this respect, it is important to stress that predictive models
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Fig. 1. Regression coefficients for the DRIFT-MIR spectrum in
the PLS models, for soil parameters with a significant correlation
with the spectra.

built with PLSr are unique to the area on which they were
calibrated. Texture, mineralogical composition, organic mat-
ter content and other variables all strongly influence the re-
flectance spectra, and will therefore have an effect on the
optimal model parameters. For example, Ben-Dor and Banin
(1995) reported 2333, 2097 and 1431 nm as the most im-
portant wavelengths for predicting CEC. In our case, the
most important wavelengths are around 900, 2420 and 2290
nm. For effective use in precision agriculture, PLSr models
need to be calibrated for the area over which they will be
used. However, it is expected that, once calibrated, these
models can be used for predictions over different growing
seasons.

CONCLUSIONS

Both NIR and DRIFT-MIR spectrometry, combined with
PLSr modeling, could simultaneously predict a range of soil
and crop properties under conditions typical for precision
agriculture (i.e. relatively minor variations within a field).
Compared to other studies, we had low correlation coeffi-
cients but very good SEP’s. This indicates that variation
within a field might be too small to be detected precisely by
IR spectrometry for some properties. It also illustrates that
cotrelation coefficients are of very limited value in describing
the accuracy of such predictive models. In our study area,
NIR performed better, with r2 values higher than 0.90 for
¢CEC and basic cations higher than 0.80. NIR spectrometry,
especially implemented as a sensor in farm equipment for
on-the-go analysis, offers considerable perspective in preci-
sion agriculture for instantaneous, simultaneous and inex-
pensive prediction of a variety of soil and crop parameters.
PLSr models need to be built using a calibration set specific
to the research area in order to yield reliable predictions.
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INTRODUCTION

Whether a uniform rate or variable rate of fertilizer is being
applied to a field, accuracy of the application is critical to
optimizing crop response and profit. The basic premise of
“precision agriculture” is that prescriptions of how much fer-
tilizer to apply to specific areas of the field will be based on
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historical data of previous years’ application rates and crop
response. This analysis assumes that the fertilizer rate (either
constant or variable) at specific locations in the field is accu-
rately known. Often, this is not true. Especially when han-
dling materials such as anhydrous ammonia, the growers
only know average application rates since they may only be
able to measure or record tank refills per field or some other
relatively crude quantity. If the actual, correct rates of applied
fertilizer are not known, then future calculations of crop re-
sponse to application rates will not be correct and the foun-
dation of a precision agriculture program will be weak.

Even if a grower is not practicing the complete cycle of preci-
sion agriculture by altering fertilizer rates in response to mea-
sured crop and soil properties, accuracy and uniformity in
fertilizer application is important for environmental and eco-
nomic considerations. Especially, if a grower is observing
variations in yield, it is important that any unrealized varia-
tions in fertilizer application rate not be confused with soil or
crop variability.

This project is implementing application monitoring and
improved metering systems in the field. New technology and
typical commercial application equipment are being used to
make large-scale applications in cooperating growers’ fields.
A system is being developed to create “as-applied” maps with
greater accuracy, resolution and more machine-performance
information than that from existing commercial equipment.
This “stand-alone” application monitor will be developed for
recording vehicle location, ground speed and application
rate. These mapping systems will be used to compare the
grower’s intended application rates to the actual rate across
the field. Additionally, the benefit of the improved technol-
ogy will be determined. The maps will also provide insight
into vehicle and worker productivity.

Data from the monitoring system will be used to document
accuracy and precision of fertilizer rates and more impot-
tantly, determine the cause of any inaccuracies or errors. For
example, speed variations, poor calibration of systems and ac-
cidental flow variation will be detected and recorded by the
system. Various designs and manufacturers of rate control
equipment will also be examined for performance against de-
sired rates.

OBJECTIVES

1. Develop a stand-alone monitoring system that can be fit-
ted to any application to record vehicle location, speed,
fertilizer flow rate, liquid pressure and, in the case of an-
hydrous ammonia, ammonia temperature and pressure at
critical locations in the system.
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2. the monitor on the cooperating applicators’ and growers
fertilizer application systems and record the characteristics
of typical application jobs using both conventional and
improved rate control methods.

3. From the collected data records, develop maps and sum-
mary statistics showing the accuracy and uniformity of
the fertilizer application and the conditions of the ma-
chine across the field.

4. Use the results and maps to compare application tech-
niques and guide recommendations for improving accu-
racy of fertilizer application and comparing rate controller
system design and manufacture.

PROJECT DESCRIPTION

This project is designing a “black box” for fertilizer applica-
tion that will log all the important data during application.
From the data, we will be able to map the accuracy of fertil-
izer rates whether the grower is using any electronic equip-
ment or not. While there are commercial systems that create
“as applied” maps, they are limited to data from existing rate
controllers that have delays and limitations on the data they
provide.

Information from the “black box” will be used to compare
application equipment, determine sources of errors and how
to best improve application of fertilizer.

RESULTS AND CONCLUSIONS

Some feasibility work has been completed on the concept of
quality control and mapping of agrochemical applications. In
this case, a simple data collection system and laptop com-
puter were used to make limited tests to develop the concept.
While the system is too complex for grower use it does pro-
vide information that we are using to develop the more sim-
ple and rugged model.

Example results of a test run are shown in Figure 1, which is
a south to north transect of an application pass across a
north-south oriented field. A conventional automatic rate
controller was used and set to maintain a constant applica-
tion rate of liquid. The controller, a standard model com-
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Figure 1. Transect representation of a desived constant rate lig-
uid application with a conventional electronic rate controller
where varying ground speed resulted in varying pressure with
poor vesponse to ground speed changes.

monly sold in California, is designed to increase liquid sup-
ply pressure in accordance with speed changes. In this test
run, the operator started at 3.5 mph, then at approximately
1/3 of the way into the field, increased the speed to 13 mph
and then 2/3 of the way into the field decreased the speed to
6.5 mph. During this run, the ground speed (from a GPS
system) and the liquid pressure were monitored and
recorded.

Delays in the controller response were obvious. During the
entire time that the speed was at the 13 mph level, the pres-
sure was increasing as the controller attempted to adjust the
liquid flow rate to maintain the desired application rate. This
delay in response and insufficient pressute represents a signif-
icant underapplication. Likewise, the system was slow in re-
sponding to the decrease in speed and produced a significant
overapplication of product. If a grower was conducting yield
monitoring and noted variation in yield in this field after this
application, the grower might incorrectly attribute the vari-
ability to some other parameter such as soil conditions or
pest damage. This map is revealing in that areas of underap-
plication, overapplication and nonuniformity are present
even though the grower might incorrectly assume that the
use of a rate controller would guarantee uniform, constant
applications rates.
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INTRODUCTION

In 1998, the Santa Ana Regional Water Quality Control
Board (RWQCB) passed a Resolution amending the Santa
Ana River Basin Plan to include a Nutrient Total Maximum
Daily Load (TMDL) for the Newport Bay/San Diego Watet-
shed. The goal of the TMDL is to reduce the nutrient load-
ing capacity to a level at or below the assimilative capacity of
the waterbody, returning the impaired watets to a condition
where beneficial uses are no longer impacted by nutrients.
Development of a TMDL requires the identification of all
point and nonpoint soutces of pollution. Each identified
source receives a pollutant load allocation based on available
daca at the time of TMDL development.

Due to litigation, nutrient source identification and the esti-
mation of nutrient loading from identified sources proceeded
rapidly with little or no baseline data. As a result the nutrient
content of agricultural surface runoff was predicted with
mathematical models using estimated input values. In order
to address this problem, the RWQCB utilized a phased ap-
proach that allows for incremental reductions in loads over
several years as well as the opportunity to revisit loads previ-
ously set when new data becomes available. Currently load
reductions have been established for the end of 2002, 2007,
and 2012. The final goal is to reduce total nitrogen and
phosphorus loading by 50% in 2012.

OBJECTIVES

1. a water quality-monitoring program for several represen-
. tative agriculture sites in the Newport Bay Watershed in
order to determine the baseline loads of total nitrogen

and phosphorus in surface runoff.

2. Develop and conduct meetings that focus on current
TMDL development and provide an opportunity for
agricultural producers, nursery operators, and consultants
to interact with SARWQCB and UC Cooperative Exten-

sion staff in an informal setting,

3. Develop and conduct a series of management workshops
that provide hands-on demonstrations and seminars that
focus on new technologies and cultural practices that will
assist agricultural producers, nursery operators, and con-
sultants in minimizing nutrient movement in surface
runoff.

DESCRIPTION

The water quality-monitoring program, established in Spring
2000, involved the selection of agricultural sites based on the
following factors: accessibility of the site; the ability to install
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Table 1

Site Plot Crop(s) Flow? Sampling BMP Implementation

A R-1 S March 2000-present Weekly if present Sediment Controls (Sandbags/Polyacrylamides)
R-2 S March 2000-present Weekly if present None

B R-3 N March 2000-present Wecekly if present Sediment Controls (Sandbags/Polyacrylamides)

Soil Moistute Monitoring

R4 S April 2000-present Weekly if present None

c3 R-5 CB,S Feb 2000-present Weekly if present Sediment Controls (Sandbags/Polyacrylamides)
R-6 GBS Feb 2000-present Weekly if present None

DA R7 N October 2000-present Weekly if present Sediment Controls (Sandbags/Polyacrylamides)
R-8 S October 2000-present Weekly if present None

E N-1 (upstream) CN June 2000-present Weekly if present None

N-2 (downstream) CN July 2000-present Weekly if present Polyacrylamides, Settling trap and pond, Vegetative filter

1Crop letter cades: B=Bean, C=Celery, CN=Container Nursery, and S=strawberry

2Flow is monitored at sites under production when surface runoff is present.

3Site was relocated in March 2000 (following celery harvest) to a field currently used for strawberry production,

4Site was relocated in October 2000 from an orchard where surface runoff was absent to a field cutrently used for strawberry production.

water monitoring equipment without drastic changes in a
grower’s existing drainage design; and the willingness of the
grower to implement BMPs upon completion of baseline
data collection. Each site chosen consisted of two plots for
monitoring baseline flow and nutrient data (Table 1). The
plots ranged in size from 2 to 32 acres. The grower’s existing
management practices were implemented on both plots dut-
ing baseline monitoring. Upon completion of the baseline
monitoring, one of the plots received an additional BMP
that targeted an area of management that required attention.

The baseline-monitoring program consists of the placement
of automatic water samplers in the field once a week to sam-
ple surface runoff for a 24-hour period. Surface runoff flow
was measured continuously with an area-velocity flow meter
thus allowing for the estimation of nitrogen and phosphorus
loads. Under conditions when monitoring equipment could
not be utilized, such as during field preparation, monitoring
was replaced with grab samples in the presence of surface
runoff. Water quality parameters consisted of pH, electrical
conductivity (EC), INO, + NO3)-N, NH;-N, TKN, PO4B,
and total-P. All nutrient analyses were conducted by a local
water district’s EPA approved water testing laboratory, while
EC and pH measurements were completed in the field.

Initially scheduled for completion at the end of 2000, the
baseline monitoring was continued through June 2001 in o1-
der to capture an entire strawberry production period (Octo-
ber 2000 to June 2001). The implementation of row crop
BMP:s on treated plots began in 2001 following an evalua-
tion of the bascline flow and nutrient data. Best Manage-
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ment Practices were implemented at the nursery following a
short calibration petiod from March 2000 to July 2000. Ex-
isting nutrient baseline data collected by the nursery allowed
for eatlier implementation of BMPs at the nursery site.

Prior to the completion of the baseline-monitoring program
in 2001, the educational component of the project was initi-
ated to begin informing the local growers on the impact of
upcoming water quality regulations. Qutreach consisted of a
seties of forums and workshops. Forums consisted of infor-
mal short meetings between agriculture operators, nursery
growers, UCCE project staff, and representatives from the
RWQCSB to address a specific water-related issue. The meet-
ings were designed to provide updates on this project as well
as a method of updating growers on developing TMDLs or
other water quality issues.

Workshops focused on management strategies for both agri-
culture and nursery operators in reducing nutrient loads in
surface runoff. The meetings provided growers with informa-
tion and demonstrations of new technologies to assist them
in sound nutrient management decisions.

RESULTS AND CONCLUSION

Baseline Flow and Nutrient Loading

Agricultural nutrient load allocations are split into a summer
(April-September) and winter (October-March) period in or-
der to reflect differences in wet and dry season flow. The ma-
jority of flow and nutrient loading from strawberry fields, the
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Figure 1. Total surface runoff - Site B.

dominant row crop in the watershed, occurs during the win-
ter season as shown in Figure 1. Surface runoff from row
crops during the winter season can be attributed to precipita-
tion and the use of overhead sprinkler irrigation under three
specific conditions: the establishment of strawberry trans-
plants in late September early October, prevention of plant
desiccation during dry Santa Ana Winds, and to minimize
frost damage. Irrigation during the remaining period is solely
drip irrigation and if managed correctly, results in no surface
runoff. The occasional presence of surface runoff during the
summer period is a result of leaking irrigation systems, flush-
ing of sand filters, or rain events occurring in April and May.

During the (2000-2001) winter season, a season of normal
rainfall, the average discharge of total nitrogen from row
crops was sixteen pounds per acre. In contrast, limited rain-
fall during the (2001-2002) winter season resulted in an av-
erage of five pounds per acre of total nitrogen discharged.
The winter season load allocation for agriculture was estab-
lished in 1999 at 38,283 pounds or three and half pounds of
total nitrogen per acre by 2012. Agricultural acreage in 1999
was estimated at 11,000 acres, but has decreased to just over
4,000 in 2000. The 2012 winter allocation will likely be
reached by further expected reductions in agricultural
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Figure 2. Nursery surface runoff - Site E.

P R O[] E C [

98

S UMMARIES

acreage. Monitoring shows that the 2002 loading allocation
for the summer season has been met and if the current
acreage remains constant at 4,000 the 2007 load allocation
will only be exceeded by 500 pounds.

Surface runoff from the nursery site was present during both
the summer and winter seasons (Figure 2). A slightly higher
water usage during the summer period resulted in increased
surface runoff and nutrient loading, The nursery employs a
computet-controlled system to apply short (less than 15
minute) pulses of irrigation in order to reduce the presence
of surface runoff and excessive leaching from the containers.

Implementation of BMPs

Row Crops

The monitoring program coupled with observational data
taken by field staff revealed that growers needed to improve
management practices related to erosion and sediment con-
trol. Sediment control is important in minimizing soil loss as
well as reducing the movement of chemical compounds
bound to the sediment, such as phosphorus and some pesti-
cides. Polyacrylamides (PAM) were utilized on the treated
plots to reduce the amount of sediment moving off-site. A
granular formulation was tested on treated plots to determine
the degree that sediment movement could be reduced in tail
furrows. Further testing is needed to determine the frequency
of application required to maintain a reasonable rate of sedi-
ment flocculation. Two row crop growers have adopted the
use of polyacrylamides as one of their management practices
as a result of this demonstration project.

Additional research is being proposed to look at reducing the
application frequency and rate of overhead irrigation during
the establishment of strawberty transplants. Targeting this
phase of production should result in a significant reduction
in surface runoff and sediment.

Container Nursery

Surface runoff from the nursery (Site E) was treated with a
series of mitigation practices in an effort to improve its qual-
ity prior to leaving the site. The installation of a vegetative
filter in a concrete-lined channel was installed to act both as a
biological active filtration system as well as a source for the
production of plant material. The vegetative filter consists of
baskets of Canna lilies sunk directly into the channel. The
channel is divided into smaller basins allowing for the har-
vesting of one basin every cight weeks with the goal of main-
taining the vegetative filter with a significant portion of
mature plants at all times. The vegetative filter covers 186 m?2
of the concrete channel.
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Figure 3. Average total nitrogen per month - Site E.

During both the summer season and the winter season, the
vegetative filter strip is effective in reducing the average Ibs.
TN/month leaving the nursery (Figure 3). The concentration
of nutrients in the runoff remains faitly constant from inflow
to outflow monitoring stations, but the overall flow is signifi-
cantly less at N-2 compared to N-1. The result is lower ni-
trogen loading at N-2. During the winter season, rainfall and
cooler temperatures reduces the effectiveness of the vegetative
filter due to reduced root and shoot growth of the Canna
lilies. Occasionally, a higher load of total nitrogen was de-
tected at N-2 compared to N-1 as a result of inputs below
the N-1 monitoring station. Inputs ranged from rainfall
events, drainage from roads, and excessive irrigation of plant
material adjacent to the filter.

A settling pond and trap installed upstream of the vegetative
filter act as reservoirs for sediment. Surface runoff is treated
upstream of the reservoirs with a 10 ppm solution of poly-
acrylamide to flocculate the sediment and remove it prior to
the vegetative filter where its removal is more difficult. Poly-
acrylamide application was not initiated until January 2002.

IV, Education Outreach

On January 19th, 2001, a frost protection forum was held at
the South Coast Research and Extension Center. Several of
growers expressed interest in improving their knowledge
about using irrigation for frost control. Dr. Rick Snyder, a
UC Davis biometeorologist, presented growers with basic in-
formation on frost and how irrigation can be utilized to pro-
tect plants from frost damage. The format allowed growers to
pose questions relevant to their own situations. Eighteen
growers attended the forum.

The first in a series of workshops was held on November 16,
2000 at the South Coast Research and Extension Center in
conjunction with California Certified Crop Advisors, Or-
ange County Farm Bureau and the South Coast Resource
Conservation & Development Area. Focusing on nutrient
management and attended by 66 agricultural operators,
PCAs, nursery operators, and certified crop advisors, the
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workshop’s goal was to present an overview of nutrient man-
agement for various crops as well as provide hands-on
demonstrations of soil and tissue nutrient testing equipment
and techniques. All attendees received a handbook contain-
ing information on TMDLs, a copy of the ANMP speaker
handouts, and a catalog of University of California Coopera-
tive Extension publications relating to water and nutrient
management.

The second workshop, held on February 20th, 2001, focused
on irrigation management. The workshop was held in con-
junction with the Southern California Chapter of Certified
Crop Advisors, Orange County Farm Bureau, and the South
Coast Resource Conservation & Development Area. The
morning session consisted of presentations by experts from
the University of California on irrigation scheduling, effi-
ciency, and technology. Hands-on demonstrations were con-
ducted in the afternoon on proper use of soil moisture
monitoring equipment, new irrigation technologies, and in-
jection mechanics. Forty-one growers, PCAs, and consultants
attended the workshop. Each attendee received a handbook
containing speaker handouts, relevant research literature, and
additional information on irrigation

The final workshop was held on November 28th at Edison
International Field in Anaheim. The workshop focused on a
combination of nutrient and irrigation practices that will as-
sist growers in reducing nutrients in runoff or reduce the vol-
ume of runoff generated on their site. Seminars included
such topics as the contribution from nutrients from com-
posting, using reclaimed water in agriculture and horticul-
ture, the utilization of soil wetting agents, maximizing water
use efficiencies, current water quality issues in Ventura and
Santa Barbara counties, and BMPs to reduce nutrients and
pesticides in run off watet.

A self-appraisal workshop for row crop growers in the New-
port Bay Watershed was held on July 25th at the South Coast
research and Extension Center. Growers prior to attending a
summary meeting completed a self-assessment survey with
the assistance of project staff. The survey included areas of ir-
rigation, fertilization, and cultural practices that impact the
quantity and quality of surface runoff. At the summary
meeting, growers were given their individual results as well as
a presentation on the overall results of growers in the New-
port Bay Watershed. The goal of the workshop was to have
each grower assess their current practices to determine the ar-
eas where they need to make improvements in order to mini-
mize surface runoff contamination. The second half of the
meeting allowed growers and project staff to discuss the lo-
gistics and economical feasibility of suggested BMPs.
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A forum meeting was held on March 4th exclusively for
nursery growers in the Newport Bay/San Diego Creek Wa-
tershed. A total of eight nursery growers attended the meet-
ing to hear from a representative from RWQCB and
Cooperative Extension staff on current water quality issues
affecting nurseries. The growers were also shown a video
demonstrating the use of polyacrylamides to reduce sediment
and erosion. Each attendee received a pocket pH/EC for test-
ing source irrigation water and surface runoff. The meter
provides a quick method for measuring two water quality pa-
rameters that can be utilized as indicators for further testing,
For example, salinity levels that are above normal may indi-
cate that the runoff contains high levels of nutrients.

Field staff has continued visiting farming operations in the
watershed to assess grower practices and look for areas where
the University of California can provide assistance in reduc-
ing or eliminating surface runoff. Thirty-eight site evalua-
tions have been completed to date. Under a continuing
project, the completed assessments will be entered into a
database in order to track changes that are made by growers
over the next year. The main goals of the assessments are to
identify areas were UCCE could offer technical assistance to
improve runoff quality or reduce its quantity, promote com-
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munication between growers and the project staff, and docu-
ment the adoption of additional BMPs.

A quartetly newsletter was also initiated in June 2002 to pro-
vide the latest water quality information such as updates on
nursery waste discharge permits or the status of TMDL de-
velopment in the watershed.

V. Conclusions

The agricultural baseline-monitoring program and the accom-
panying outreach program successfully provided growers in the
Newport Bay/San Diego Creek Watershed with vital informa-
tion on the nutrient loads found in surface runoff during the
production of row crops and container nursery plants. At the
same time, the program created grower awareness on the im-
pact of their management decisions on water quality. Although
the program initially targeted reductions in nutrient loading to
receiving waters, the mitigation practices implemented should
also assist in the reduction of off-site movement of sediment
and sediment-bound toxics. Post BMP monitoring will con-
tinue for an additional one-year period in order to provide fur-
ther evidence of BMP effectiveness.
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PROJECT OBJECTIVES

1. To determine fertigation strategies for microirrigation
systems using state-of-the-art modeling tools to improve
water and nutrient use efficiencies and to reduce leaching
of nitrates and other nutrients and chemicals;

2. To develop jointly a publication and slide show for our
target audience, highlighting the recommendations using
color graphics of two-dimensional simulation results to
illustrate the effect of proposed fertigation strategies on
the movement of nitrate for various microirrigation
systems.
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PROJECT DESCRIPTION

Various fertigation strategies for microirrigation systems to
improve water and nutrient use efficiencies and to reduce
leaching of nitrates will be modeled to determine patterns of
nitrate about drip lines. The modeling of these fertigation
scenarios will be conducted using the computer simulation
model, HYDRUS-2D. The model will be used to determine
nitrate and water patterns, crop nitrate availability and to
quantify nitrate leaching under microirrigation. Hypothetical
scenarios will be developed and modeled to highlight the ef-
fects of improper water and fertigation management on
water and nutrient availability, and deep percolation losses
of water and nitrates. Moreover, model results will be used
to develop guidelines for proper fertigation management
practices.

After the modeling and evaluation of results are completed, a
UC publication will be prepared to illustrate the project re-
sults, such that the effects of fertigation management on ni-
trate availability and leaching can be easily understood, and
their adaptation becomes intuitively attractive. This is espe-
cially important, since the underlying flow and transport
processes are extremely complicated and difficult to explain.
This publication will include a description of the pertinent
soil and crop properties and processes and their interactions,
and contain colorful illustrations of the pertinent two-di-
mensional patterns of water and nitrate, and guidelines on
fertigation timing and duration for growers.

RESULTS AND CONCLUSIONS

Various strategies and the boundary conditions needed by
the model for those strategies have been developed. The
computer modeling is underway.




ONG O 1 N G

NITROGEN
MINERALIZATION RATE
OF BIOSOLIDS AND
B1OSOLIDS COMPOST

Project leader:

T'K Hartz

Department of Vegetable Crops
University of California
Davis, CA 95616

(530) 752-1738
tkhartz@ucdavis.edu

Cooperator:

Kent Brittan

UC Cooperative Extension

Yolo / Solano / Sacramento Counties

INTRODUCTION

The disposal of biosolids is one of California’s vexing envi-
ronmental problems. Application on agricultural land repre-
sents the most beneficial use of this nitrogen-rich material.
However, without a sound understanding of N mineraliza-
tion behavior of the common biosolids products (dewatered,
air-dried or composted) it is impossible to determine appro-
priate field application rate to supply the desired agronomic
benefit without creating a nitrate pollution hazard. Informa-
tion on N availability from biosolids under central Califor-
nia field conditions is extremely limited. This project was
conducted to develop short- and long-term N availability es-
timates for representative biosolids products and, through
field studies and laboratory assays, to examine the effects of
soil type, cropping system, and loading rate on N mineral-
ization dynamics.

OBJECTIVES

1. Determine the short- and long-term N mineralization
rates of dewatered, air-dried or composted biosolids.

2. Determine if short-term incubation assays are predictive
of field mineralization rates.

PR OJTCT
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METHODS

A total of 104 microplots (approximately 2.5 ft2 volume)
were established at UC Davis in early June, 2000. These mi-
croplots were filled with either a sandy loam or a clay loam
soil from fields under standard row crop rotations. These mi-
croplots were amended with various biosolids materials col-
lected from waste treatment plants in several metropolitan
areas of California (Table 1). Air-dried and dewatered
biosolids (samples A through D) were applied to the mi-
croplots on June 8, 2000, at a rate equivalent to a field appli-
cation of 8 dry tons per acre. Due to the lower N content,
and assumed slower mineralization rate, composts (samples E
and F) were applied at a rate equivalent to 16 dry tons per
acre. There were 4 microplots for each soil/biosolids combi-
nation. Immediately following application the samples were
manually incorporated into the soil to simulate disking in the

field.

In June sudan grass was sown in 76 of the microplots. An au-
tomated irrigation system was constructed to maintain the
microplots between field capacity and approximately 70 cen-
tibar tension. A leaching port was installed in each mi-
croplot, and all leachate was collected for analysis of mineral
N concentration (NHj3-N and NO;-N).

On August 24 the above-ground sudan grass biomass was
harvested, oven-dried, and analyzed for total N concentra-
tion. The sudan grass was allowed to regrow until October
25, when it was harvested again and biomass N content de-
termined. At the final harvest the soil profile of each mi-
croplot was sampled and analyzed for mineral N
concentration,

The remaining microplots were allowed to remain fallow un-
til November, 2000, when they were planted with wheat.
(Only biosolids samples A, C and E were evaluated in wheat

Table 1. Initial biosolids characteristics.
Biosolids sample Tipe % N (dry wt basis)  Initial % dry weight=
2000
A Air-dried 5.7 78
B Air-dried 4.6 71
C Dewatered 3.9 20
D Dewatered 4.8 21
E Composted 22 63
F Composted 09 48
2001
G Air-dried 6.2 94
H Dewatered 4,6 19
I Composted 23 74
zcalculated as (dry wt / wet wt)*100
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Table 2. Apparent N availability from biosolids samples in the 2000 and 2001 sudan grass and wheat bioassays.
Biosolids Apparent biosolidk N availability
sample (% of initial N)
Tipe of Stedan Wheat Sudan
Soil 2000 2001 matevial 2000 2000-2001 2001
Sandy loam A G air-dried 21 24 24
B air-dried 20
Cc dewatered 29 22
D H dewatered 30 22
E 1 composted 13 12 9
F composted 3
Clay loam A G air-dried 16 22
B air-dried 19
C dewatered 22
D H dewatered 30 39
E I composted 10 5
F composted 2

microplots). A rain exclusion shelter was constructed over
these microplots to allow for control of soil moisture status;
irrigation was applied as required to keep the wheat actively
growing, with any leachate collected. Total above-ground
wheat biomass was harvested on May 22, 2001, and total N
content determined. The soil profile was then sampled and
assayed for mineral N concentration; leachate from the mi-
croplots was also analyzed.

Apparent biosolids N availability was calculated for the su-

dan and wheat assays as:

[(crop biomass N)+(mineral N in leachate)+(mineral N in
soil profile at end of season)]

minus those quantities from unamended (control) mi-
croplots. This amount of N was expressed as a percentage of
total N (organic and mineral forms) initially present in the
biosolids materials.

Additional biosolids materials were evaluated in 2001 (Table
1). In June, selected sudan microplots received biosolids ap-
plications at rates of 8 dry tons (dewatered and air-dried ma-
terial) or 16 dry tons (compost) per acre. One material of
each biosolids type was used. The samples were manually in-
corporated immediately after application. Sudan was again
planted, and managed as previously described. Biomass har-
vests taken on September 7 and November 8 were weighed,
dried, and analyzed for total N concentration. At the final
harvest soil samples and seasonal leachate were collected for
mineral N analysis. Apparent N availability was calculated as

previously described, but now there were two sets of controls:

1) microplots with no amendment in either year, and 2) mi-
croplots that received amendment in 2000 but not in 2001.
This allowed estimation of N availability of the 2001
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biosolids materials, as well as estimation of the residual con-
tribution from the biosolids materials applied in 2000.

A parallel laboratory study was conducted in which the rate
of net N mineralization of organic N in biosolids was esti-
mated from aerobic incubation of biosolids-amended soil
under constant temperature and moisture. The sandy loam
soil used in the microplot studies was moisture equilibrated
in a pressure apparatus at 25 centibars tension (approxi-
mately field capacity). Dried, ground biosolids were thor-
oughly blended with this moist soil at 0.4% by dry weight.
After sampling for initial mineral N concentration, these
soil/biosolids blends were placed in sealed glass jars and incu-
bated at 250C (770F); there were 4 replicate jars per soil per
biosolids blend, and 4 jars of unamended soil. At 4, 8, 12,
and 16 weeks the soil blends were sampled for mineral N
concentration. Any increase in mineral N above that in una-
mended soil represented net N mineralization of organic N
from the biosolids.

RESULTS

In 2000 the three types of biosolids materials (air-dried, de-
watered, and composted) behaved quite differently in the su-
dan assay (Table 2). Dewatered biosolids (samples C and D)
showed apparent N availability of approximately 30% of ini-
tial N content, compared to an average of 20% for ait-dried
products and only 8% for composts. The two samples of de-
watered biosolids behaved virtually identically; as did the two
samples of air-dried matetial. The substantial difference in
the behavior of the two compost samples was predictable
from their initial characteristics. Sample E had relatively high
N content for a compost (2.2%), indicative of relatively high
biosolids content. By contrast, sample F was predominately
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marginally composted green waste, which was evident visu-
ally as well as from the low N content (0.9%). Sample F was
nearly N neutral, whereas sample E had apparent N avail-
ability of 13%, consistent with that expected of common an-
imal manure-based composts.

The degtee of apparent N availability from the biosolids
samples was very consistent between soil types. The average
appatent N availability from the three biosolids samples used
with both soil types (samples B, D, and F) averaged 18%
and 17% of initial N content in the sandy loam and clay
loam soils, respectively.

Similar results were seen in the over-winter wheat assay. Sam-
ple A (air-dried material) averaged 20% apparent N availabil-
ity over the two soil types, and sample E (composted
material) averaged 11%. Sample C appeared somewhat less
active in the wheat assay than in the sudan assay, averaging
only 22% apparent N availability. This may have been due to
the prolonged period between application of the material to
the microplots and planting of the wheat, during which the
material dried out completely in the soil under high tempera-
ture, summer conditions. Once dry, it behaved similarly to
the air-dried sample A. Again, soil type appeared to have
negligible influence on biosolids N availability.

The Sudan results in 2001 followed the same pattern. Air-
dried and dewatered samples showed apparent N availability
between 22% and 39% of initial N content. Sample H, a
2.3% N compost, had 5-9 percent N availability. Estimates
of the residual N contribution of the non-composted
biosolids materials applied the previous year (2000) ranged
from a high of 12% (sample A) to 6% (sample D). Of the
composts, sample E showed 6% of initial N availability in
the 2001 growing season, contrasted with sample E which
caused apparent N immobilization. Averaged over the two
growing seasons sample F (mostly urban green waste) was es-
sentially N neutral, providing no agronomic benefit.

In the laboratory incubation of the 2000 biosolids samples
the air-dried and dewatered materials mineralized approxi-
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Figure 1. Net mineralization of organic N from biosolids, 2000
labovatory incubation.

mately 20-30% of initial organic N in 16 weeks (Fig. 1). As
was the case with the wheat field assay, there was no clear dif-
ference between the two types of materials, probably because
all samples were dried and ground before use, negating the
‘freshness’ aspect of the dewatered material that was clearly
evident in the sudan field assay. Sample F (the low N com-
post) was again nearly N neutral, while sample E (the higher
N compost) showed substantial N mineralization, although
at a rate slower than the air-dried and dewatered samples. In
general, mineralization was rapid for the first 8 weeks of in-
cubation, then slowed considerably. From 8 to 16 weeks, the
average N mineralization rate across all samples was 1-2%
per month, roughly the rate of mineralization of soil organic
N in the unamended soil. These results were consistent with
the relatively small residual N contribution of the biosolids
applied in 2000 to the Sudan crop in 2001.

In summary, N availability from the common types of
biosolids products available for field application can appat-
ently be predicted with reasonable accuracy from their initial
characteristics. Under Sacramento Valley conditions, dewa-
tered and air-dried biosolids can be expected to provide 20-
30% of their initial N content in the growing season
following spring application, with composted biosolids con-
siderably less active.
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INTRODUCTION

This project involves the adaptation of techniques developed
to measure trace gasses in the atmosphere of urban areas to
the monitoring of ammonia from agricultural operations.
Ammonia has significance to air quality both as a buffer
against atmospheric acidity and as a precursor of PM, 5 par-
ticles. The study began in the fall of 1999 as a California Air
Resoutces Board (ARB) project to develop and validate a
method for monitoring NHj3 volatile losses from fertilizer
applications. This CDFA-FERP project continues the use of
the methodology from the ARB project to extend the moni-
toring of atmospheric ammonia to the whole crop season of
some of the crop/fertilizer/soil combinations. While the fer-
tilizer application process is likely to be the point at which
the highest ammonia losses occur in a field, literature sug-
gests and project results confirm, those levels exist for only a
short time. In order to accurately model the ammonia losses
from cultivated crops, monitoring of the atmospheric levels
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during the rest of the crop season is also necessary. In the sec-
ond year of the project 10 crops and 3 natural vegetation
communities were monitored several times each to begin to
establish the seasonal levels and variability of atmospheric
ammonia,

OBJECTIVES

The project has one primary and two secondary objectives to
further refine the models and conclusions to a level beyond
the scope of the initial study.

1. Determine the ammonia levels in the atmosphere related
to several crop/soil combinations in the San Joaquin Val-
ley over the entire crop season by monitoring on a 15-30
day frequency from initial soil preparation through post
harvest culeural practices. This data will be used in atmos-
pheric models to add the seasonal emissions to the flux
rates monitored for fertilizer applications.

Investigate the effect of soil texture and other factors on
ammonia emissions with the goal of using precision agi-
culture techniques to adjust N fertilizer applications in
fields where factors change significantly.

3. Document and disseminate the sampling method devel-
oped in the ARB project to the agriculture and fertilizer
industry.

DESCRIPTION

The initial ARB project was to measure the magnitude of
volatile NHj3 loss and its duration as a result of various N fet-
tilizer applications. The volatile loss percentage for a specific
N application is influenced by several factors that could be
identified in the statewide database developed by the NASA-
Ames cooperators. The first step in the project was to list
those factors in a matrix and then select representative com-
binations from the matrix cells to monitor in the field. The
first factor identified was crop type. The database utilized
county-based crop maps from the California Department of
Water Resources. The second factor was soil. Initially, the soil
texture was considered to be the most likely soil characteristic
to affect NHj volatilization. Four general soil texture classes
were selected based on %clay. The most significant chemical
soil characteristic was assumed to be pH. The intention was
to select sites with different textures and pH values on which
the specific crop types were common. The most subjective
selections for the sampling matrix were the fertilizer forms
and application methods. Six combinations of a material and
application method were selected as common to many of the
crops and soils for the completion of the sampling matrix.
Prior to the sampling, ten crops, four soil textures and six fer-
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Table 1. Summary of Field Sampling Site Emission Estimates
NH3z Emission NH3 Emission

SITE CROP N #lAc N gim? Soil pH Irrigation gNm? Factor
B Almonds 100 10.9 8.1 Surface 0.72 6.6%
D Citrus 50 5.5 6.1 Surface 0.24 4.3%
E Almonds 100 109 64 Buried Drip 0.05 0.5%
F Onion 40 44 8.5 Sprinkler 0.28 6.5%
G Tomato 100 109 79 Furrow 0.10 0.9%
H Garlic 50 5.5 7.9 Furrow 0.32 5.8%

I Cotton 100 10.9 8.5 Furrow 0.62 5.6%

] Cotton 100 109 7.8 Furrow 0.43 3.9%
K Almonds 10 1.0 64 Microspray 0.00 0.0%
L Pasture 100 109 6.6 Surface 0.32 2.9%
M Broceoli 60 6.5 7.9 Buried Drip 0.10 1.6%
Q Lettuce 40 44 7.8 Furrow 0.02 0.5%
R Tomato 80 8.7 7.9 Fallow 0.01 0.1%
S Cotton 100 10.9 8.5 Fallow 0.14 1.3%

tilizers resulted in a matrix of 240 cells. Changes in the ma-
trix during the sampling period produced a final matrix of
936 (nine crops X thirteen fertilizer/application methods X
two pH categories X four soil texture) categories. Three sites
were located on the CSUF farm/laboratory, the rest were in
commercial fields. The sampling period for the ARB funded
project was the calendar year, 2000. 19 individual applica-
tions were sampled and usable data was obtained from 14 of
those. Table 1 is a list of the sites sampled in 2000. Table 2 is
a listing of ammonia emissions by county. These were calcu-
lated by applying the appropriate emission factor from the
field monitoring to the crops identified in the database devel-
oped from the DWR crop maps.

An active denuder was selected for the initial sampling season
of this project because it represents an established method in
air quality studies and it satisfied the requirement for contin-
uous sampling. A 47mm disk of glass fiber filter paper was
treated with cittic acid (5% in 95% ethanol) and dried. A
commercially available, 12 volt air sampling pump was used
to pull air through the denuder disk at a rate of about four
liters per minute. Previous work suggested differences in day
and night levels of NHj in the air so the sampling was diur-
nal with the denuders changed at dawn and dusk. Samples
were refrigerated and taken to the Graduate Laboratory of
the CSUF College of Agricultural Science and Technology,
to be analyzed by project personnel. The NHy-Citrate was
extracted from the denuder with distilled water and analyzed
with Nessler's Reagent in a spectrophotometer. The amount
of ammonia on the denuder disk was reported in mg NHj.
The concentration of NHj in the air at the sampling point
could be determined by dividing the amount of ammonia on
the disk by the volume (meter3) of air through the denuder
in the sampling period to get pgNHjz/meter? of air.
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The measurement of NH; concentration at a particular sam-
pling point is not sufficient to determine the emission factor
for a particular field site. The amount of NHj in the atmos-
phere depends not only on the concentration but also the
flow of the air mass (wind velocity) at the sampling point.
The value necessary to characterize the sampling point was
the flux in pwgNHj/meter?/second. This ammonia flux is the
amount of NHj passing through a 1meter?2 cross section per
second at the sampling point. The measurement of the flux
of a single sample is not enough to determine an emission
factor. The plan was to monitor ammonia flux at several ele-
vations above the field surface to characterize the gradient be-
tween the soil surface and the ambient atmosphere.
Denuders and anemometers were located at 1, 2, 5, 10 and
20 meters above the soil surface. Initially it was assumed that
a positive NHj flux gradient from the soil surface, decreasing
as the elevation increased could be used to indicate the mag-
nitude of the emission factor for the sampling period. Prior
to the application, it was suspected that negative gradients,
with higher flux rates in the atmosphere, decreasing at eleva-
tions closer to the soil surface might be found due to ammo-
nia absorption by foliage and/or a moist soil surface.

This field data was analyzed further by the cooperating at-
mospheric scientists at NASA-Ames. They subtracted the
background NHj from that present during the application,
fit a curve to the resulting differences and integrated under
the curve to determine the quantity of NHj in the atmos-
phere as a result of the fertilizer. That value divided into the
fertilizer rate produced the percentage of NHj lost through
volatilization. This percentage is termed the emission factor
by the atmospheric scientists and the ARB.
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RESULTS AND DISCUSSION

Table 1 shows the emission factors for each of the sampled
sites. Comparison of the emission factors with the
crop/soil/fertilizer combinations used to develop the original
sampling matrix shows correlation with some characteristics
but not others. The primary correlations appear to be with
the application method and soil pH. All of the sites with
emission factors higher than 1.3% involved fertilizers applied
at the surface; banded, broadcast or in irrigation water. Most
of the high % loss sites also had a soil pH near or above 8.
Subsurface applications to both high and neutral pH soils had
relatively low emission factors so it appears that placing the
material well below the surface is efficient even at an unfavor-
able soil pH. There did not appear to be any correlation with
crop type, fertilizer type or soil texture in the data from 2000.

Evolution of the study from data collection and a database of
NHj emission factors for the ARB (Table 2) to an investiga-
tion of seasonal, volatile losses is the primary characteristic of
the current FREP project. The existing sampling system
proved to be effective in monitoring NHj emissions during
fertilizer applications but the large, trailer-mounted tower was
difficult to place properly in the field and difficult to relocate.
It was also found, during the analysis of the data, that the
measurement at 20 meters was not necessary. Consequently a
smaller system on a tripod-mounted mast was developed that
would sample up to a 10 meter elevation. This system is
much more portable which makes it easier to place properly
in a field. One of the smaller systems was built and used at
several sites beginning in March, 2001. After several modifica-
tions, the design was adopted and six more portable sampling
systems have been built. Two primary sampling units were
constructed with five wind speed sensots. Four secondary
units were built with simpler weather stations that monitor
wind speed at only two heights. Each set of the tripod-sup-
ported masts can be used separately at three different sam-
pling sites or together to monitor horizontal as well as vertical
NHj gradients when monitoring point sources. The lowest
sampling height during the ARB study was 1 meter. Some ex-
perimentation in the spring of 2001 indicated the need to
sample closer to the surface, particularly when the crop was
absent or very short. The sampling elevations on the
tripod/mast units can be easily changed to allow samples at
any height from the soil surface to 10 meters. A need to sam-
ple air immediately above the soil surface has also been ad-
dressed with several chamber and shield systems evaluated. A
shield constructed of 6mm Lexan in a 1m circle that can be
adjusted from 5cm to 20cm above the soil/vegetation surface
has been adopted. A denuder is located at the center of the
shield so that air must pass between the surface and the shield
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Table 2. Estimated NH3-N emission divectly fiom
chemical fertilizer application in counties of
California.

Ave. NH3
NH3-N Emission Emission
DWR area total (ha) 106 kg Factor
San Joagquin Valley
San Joaquin 232,531 0.66 2.41%
Stanislaus 158,549 0.40 2.38%
Madera 145,660 0.27 2.30%
Merced 226,158 0.65 2.64%
Fresno 538,163 1.46 2.47%
Kern 398,140 1.14 2.71%
Kings 236,465 0.74 3.06%
Tulare 307,772 0.78 2.35%
TOTAL 2,243,437 6.11 2.54%
Sacramento Valley
Butte 106,658 0.41 2.26%
Colusa 130,851 0.61 2.58%
Glenn 111,747 0.42 2.30%
Sacramento 80,029 0.22 2.34%
Solano 83,183 0.26 2.40%
Sutter 119,301 0.55 2.74%
Yolo 147,605 0.49 2.43%
TOTAL 779,373 296 2.43%
Central Coast
Monterey 107,251 0,28 1.57%
San Luis Obispo and
Santa Barbara 125,976 0.34 1.45%
TOTAL 233,227 0.61 1.51%
Imperial Valley
Riverside and
San Bernadino 54,482 0.31 2.33%
Imperial 211,559 1.70 2.53%
TOTAL 266,041 2.01 2.43%
STATE TOTAL 3,522,079 11.7 2.38%

for 0.5m before it enters the denuder. The data from these de-
vices is still being analyzed and will be reported next year.

The FREP sponsored project, at this point, has completed
the development of the field sampling systems and has sam-
pled at several sites on a regular basis through the current
crop season. Some crop/soil sites have yet to be selected but
each will be in place for at least one complete season prior to
the end of the project in 2003. The field sampling with the
denuder systems will be supplemented by a tunable diode
laser to monitor ammonia through open-path spectroscopy.
This will allow real ime monitoring of ammonia over much
shorter intervals than the denuders. Much of this work will
be done in connection with monitoring dairy operations but
several crop systems will also be included. The completion of
the crop monitoring and correlation with the TDL project
will be reported next year.
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OBJECTIVES

Nitrate-N is the most widespread contaminant in ground-
water, causing up to ten times as many well closures in Cali-
fornia as all other industrial contamination combined.
While a large amount of research has focused on nitrogen
cycling in the root zone of California tree fruit orchards
(0-6 ft depth), little is known about the fate of nitrogen be-
tween the root zone and the groundwater table. Unlike other
agricultural regions of the United States, groundwater levels
in many areas of Central and Southern California are from
30 ft to over 100 ft deep. Therefore, the deep vadose zone is
a critical link between agricultural sources and groundwater.
For regulatory purposes (implementation of basin water
plans, TMDLs, drinking water protection), it is commonly
assumed that nitrogen leaving the root zone is transmitted
directly to groundwater. Few studies have surveyed nitrogen
levels or denitrification rates at such depths or monitored
leaching of nitrogen to a deep water table. Field-scale spatial
variability of nitrate levels due to natural variability of soils
and vadose zone sediments also remains unaccounted for in
most work on groundwater quality impacts of agricultural
nitrogen management. The objectives of the proposed re-
search are:

1. Investigate the fate of nitrogen throughout the entire
deep vadose zone at a well controlled, long term research
orchard with a stratigraphy typical of many areas on the
east side of the San Joaquin Valley and in Southern Cali-
fornia, and with management practices representative of
orchards and vineyards.

PROJECT
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2. Develop and validate an appropriate modeling tool to as-
sess the fate of nitrogen in deep, heterogeneous vadose
zones

PROJECT DESCRIPTION

Background: During 1997-98, we drilled and characterized
approximately 3000ft. of geologic material from 60 cores
drilled to groundwater at 52 ft. depth. Eighteen cores were
sampled at each of three subplots in the orchard. The sub-
plots had been subject to a twelve-year fertilization trial with
different rates of fertilization: The annual fertilization rates
had been less than 5 lbs/ac in the first subplot (0 Ibs/ac treat-
ment), 100 Ibs/ac in the second subplot, and 325 Ibs/ac in
the third subplot. Drilling and field analysis during the initial
months of the project provided a detailed characterization of
the geologic architecture that makes up the vadose zone be-
neath the orchard.

Work Plan: The focus of the first project year 1998-99 was
the distribution of water and nitrate in the vadose zone un-
derneath the three subplots; and initiation of other hydraulic
and chemical laboratory analysis. During 1999-2001, we
completed both chemical and hydraulic laboratory analysis.
Chemical analysis focused on microbial carbon and total car-
bon distribution as an indicator for denitrification; and on
the development and initial implementation of the analytical
protocol for nitrogen isotope analysis. Hydraulic analysis was
implemented in two steps: first, completion of multistep out-
flow experiments that are designed to determine the trans-
missive and water storage properties of soil samples at various
moisture levels; second, implementation of the inverse mod-
eling analysis of the 120 multistep outflow experimental re-
sults. This past year (2001-2002) we used scaling theory to
interpret the spatial variability of soil properties, to integrate
the small scale measurements across the entire orchard, and
to provide the basis for vadose zone modeling. During the
coming year we will implement vadose zone modeling. We
will also implement a geostatistical analysis of the extensive
field database this project has provided. Our work will pro-
vide the geologic framework, the hydraulic framework associ-
ated with the geologic framework, and the geochemical
process framework, all of which affect the fate of nitrate in
the vadose zone. The “snapshot” of the nitrate distribution
that we obtained from the 60 cores is the result of the geo-
logic-hydraulic-geochemical architecture.

RESULTS

Work Progress, Hydraulic Characterization: The multistep
outflow experiments were implemented on 120 undisturbed
cores representing 9 major textural classes identified in the
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Figure 1. Original and scaled soil water pressure head and hydraulic conductivity for all 120 samples.

field cores: sand, loamy sand, sandy loam and silty loam to
sandy loam, Hanford fine sandy loam (surface soil), loam,
clay loam, clay, hardpan, deep paleosol. The undisturbed soil
cores were taken during the original drilling in 1997. They
are approximately 2 inches long and 1.5 inches in diameter.
After developing the experimental protocol for the multistep
outflow experiments in 1998/99, the experiments were im-
plemented in sets of ten cores at a time. Each set takes ap-
proximately two to three weeks for setup and
implementation. In principle, the experiment is a step-wise,
controlled drying experiment: After saturating the core with
watet, air pressure is applied to one end of the core, thereby
“driving out” water at the other end. The core is forced to
dry out in multiple steps by incrementally increasing the
pressure. We monitor how quickly the soil moisture inside
the cote changes in response to each pressure step, and we
monitor how much water drains from the core as a result.
Soil moisture and outflow are recorded automatically with
sensors connected to a computer. After completion of each
experiment, the measurement data are cleaned up and con-
verted into meaningful units utilizing laboratory-derived cali-
bration curves.
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Water drainage from the soil core is a unique function of the
hydraulic properties of the soil material. To compute the hy-
draulic properties of the soil core, the experiment is repeated
in computer simulations. The hydraulic parameters of the
computer model are adjusted until results from the computer
simulation match the measurements from the outflow exper-
iment. This process is referred to as “inverse modeling” or
“parameter estimation”. The end product of the inverse mod-
eling is a set of hydraulic parameters (soil water retention and
unsaturated hydraulic conductivity) that can be used to de-
scribe flow beneath the orchard.

The soil water retention and unsaturated hydraulic conduc-
tivity curves obtained for the 120 soil cores were scaled si-
multaneously yielding a single set of scale factors thus
simplifying the description of heterogeneity from a set of
multi-variate functions to a single st that relate to a refer-
ence soil. That is, scale factors are conversion factors relating
the characteristics of one system to characteristics of another
system. In the case of soil hydraulic parameters the scale fac-
tors relate the multi-variate functions of soil water retention
and hydraulic conductivity to a reference soil via a single fac-
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Figure 2. Original and descaled soil water pressure head and hydraulic conductivity for all 120 samples. The original values are on the

x-axis and the descaled values are on the y-axis.

tor. Take, for instance, a group of X soils whose hydraulic
functions are to be scaled. The result is X scale factors relat-
ing the original functions to one reference soil that is deter-
mined using Powell’s method in combination with a
Newton-Raphson procedure. In our case there are 120 sam-
ples representing 9 major textural classes. These 120 samples
were grouped in two ways:

1. Soils scaled all together. No a priori knowledge, such as
texture, was used.

2. Scaled according to initial field determined texture.

Figure 1 shows scaled and unscaled water pressure and unsat-
urated hydraulic conductivity data for Case 1. Soil water re-
tention curves wete scaled over 11 equally spaced pressure
increments (0, 50,..., 500 cm) with the exception of the
sands which were scaled over 16 steps (0, 10, ..., 150 cm).
Hydraulic conductivity curves were scaled at degree of satu-
ration (S) values corresponding to these same pressure incre-
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ments. The solid curves represent the best fit through the un-
scaled data and the optimized scaled mean curves. The open
squates indicate the unscaled data and the open diamonds
represent the scaled data. The percent reduction in the sum
of the squares (SS) is one indication of the degree of success
of the scaling procedure. The reduction for this case is
92.9%. Another indicator for the degree of success is the cor-
relation between the original data and the estimated or
descaled values. The estimates are calculated by multiplying
the mean curve by the appropriate scale factor. Original and
descaled values for h and K are shown in Figure 2. Similar re-
sults for the other grouping are available but are not shown.

The large set of hydraulic parameters we have amassed will
be critical in assessing and understanding the transport pat-
tern of nitrogen through thick unsaturated material of allu-
vial origin. These types of unsaturated zones are the most
common buffer between California’s intensively cropped
agticultural regions and their groundwater resources.
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DEVELOPMENT OF LIME
RECOMMENDATIONS
FOR CALIFORNIA SOILS

Project Leaders:

Robert O. Miller

Soil and Crop Sciences Department
Colorado State University

Fort Collins, CO

(970) 493-4382
rmiller@lamar.colostate.edu

Dr. Janice Kotuby-Amacher
USU Analytical Laboratory
Utah State University
Logan, UT

Nat Dellavalle
Dellavalle Laboratories
Fresno, CA

OBJECTIVES

1. Evaluate soil acidity on 100 soils from across the Central
and Northern California, with emphasis on tree and vine
crops

2. Evaluate six buffer pH methods cited in the literature on
California soils

3. Evaluate lime equilibration models based on soil buffer
pH
4. Validate model buffer pH using twenty additional Cali-

fornia soils

5. Provide buffer pH method and model calibration to Cal-
ifornia soil testing laboratories.

INTRODUCTION

Acid agricultural soils although small in acreage across Cali-
fornia, dominate vineyards in the North coast region, coarse
textured field soils of San Joaquin Valley (SJV) and Sacra-
mento valley. Increasingly strongly acid soils have been
noted in Sonoma, Marin, Mendocino and Lake Counties,
volcanic soils of Modoc and Lassen counties and moderately
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acid soils in Glenn, Butte, Stanislaus, Merced, Fresno and
Tulare counties. In specific instances pH values are suffi-
ciently low to produce aluminum toxicity. This occurs on
soils with pH (1:1) less than 5.50.

Soils of the North coast are dominated by serpentine parent
materials low in base saturation and moderately weathered.
Particularly noteworthy are low pH values which impact
vineyard production in Mendocino, Lake and Sonoma coun-
ties. Soils of the east SJV tend to be coarse textured, pootly
buffered and receive moderately high amounts of ammonia-
cal nitrogen which acidify the soil. Low soil pH results in de-
creasing availability of calcium, magnesium, phosphorus,
potassium, molybdenum, decreased nitrogen fixation and a
decrease the activity of soil bacteria. Grapevine root growth
can be seriously impeded by soil acidity. Management of soil
acidity by liming and rootstock selection are important fac-
tors in viticultural management.

Lime recommendations made by testing labs and consultants
in California are made using the SMP Buffer pH method.
This method was originally developed in 1961 for soils in
Ohio and Mid Atlantic states and utilized in California over
the last 30 years. Little or no lime requirement calibration
data for this method is available for California soils and
crops. Nor is it known whether the SMP method is the best
analytical method to assess lime requirements on California
soils. It is likely to over predict lime requirements on soils
acidified through fertilization. No calibration data is available
as to its effectiveness on serpentine soils of the North Coast
area. With increasing occurrences of acid soils and intensities
there of in California, soil buffer pH methods (and lime rec-
ommendations) need to be evaluated for California and their
petformance assessed with respect to soils, climate and cul-
tural practices. This project will assess the performance of soil
analysis methods as to their ability to predict neutralization
of soil acidity across the North coast region, SJV of Califor-
nia and Sacramento Valley. Specific attention will made to re-
ducing soil exchangeable aluminum.

One-Hundred soils are to be collected across California rep-
resenting soils where soil pH (saturated paste methods and
pH 1:1) has been reported to be less than 6.0 in the past five
years. Special emphasis will be given to soil pH values less
than 5.50, soils which have high KCl extractable aluminum
(> 20 mg/kg) and soils where large amounts of ammoniacal
nitrogen fertilizer has been applied in North coast region of
California, soils of the north Sacramento Valley and coarse
textured soils of the SJV.

Soils will be characterized with respect to soil pH (1:1), satu-
rated paste characteristics, organic mattet, KCl extractable
aluminum, base saturation, CEC, total exchangeable acidity,
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extractable cations and sand silt and clay content. All soils
will be analyzed using 10% standard reference standards se-
cured from the North American Proficiency Testing Pro-
gram. Soil buffer pH will be evaluated using six reference
methods: SMP Buffer pH; Modified SMP Buffer; Adams-
Evans Buffer; Mehlich Buffer; Woodruff Buffer; and Modi-
fied Woodruff Buffer. Lime Equilibration will be based on
the application of 100% Calcium Carbonate equivalent at
five rates to 1.0 kg of each soil and equilibrated for 60 days.

Regression models will be developed which predict lime ap-
plication and the buffer pH test method which prescribes
soil acidity and best prescribes lime requirement will be se-
lected. Models will also be developed predicting TEA.

P RO JE C T
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Twenty new soils will then be selected and the model retested
using a second lime equilibration study. The models will be
re-evaluated to assess their accuracy and validity.

RESULTS

The project began in May 2002, and has collect 70 of the
100 soils (pH less than 6.0) from the Central coast, San
Joaquin Valley, Sacramento Valley and the North Coast. Soil
materials have been provided by commercial labs, field
agronomists, consultants, UC extension petsonnel and fertil-
izer industry representatives. Soil analysis commenced in Oc-
tober 2002 and lime equilibration studies will initiate in
March 2003.
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DEVELOPMENT OF AN
EDUCATIONAL
HANDBOOK ON
FERTIGATION FOR
GRAPE GROWERS

Project Leader:

Glenn McGourty, Viticulture and Plant Science
Adyisor

UC Cooperative Extension

Lake and Mendocino Counties

Ukiah, CA

(707) 463-4495

INTRODUCTION

In the 1990s, drip irrigation became widely used in the vine-
yard industry due to its potential for accurate and uniform
placement of water beneath the vines, wetting only the soil
and not the vine. Low precipitation rates also made it possi-
ble to irrigate soils on hillsides and other locations without
excessive runoff or erosion. Drip system charactetistics of
low pressure and flow rates help stretch limited water sup-
plies, and use smaller pumps that use less energy than con-
ventional sprinkler systems. It is no wonder that the
vineyard industry readily adopted drip irrigation.

When drip systems are properly designed, installed and
maintained, they can apply watet very uniformly to a vine-
yard. Another potential advantage is that they can also de-
liver water soluble fertilizers uniformly through the system
to the vines, and assist the grower in providing adequate nu-
trition for plant growth along with the water needed for op-
timal fruit yield. This practice is known as fertigation.

Other technologies that have improved in recent years in-
clude affordable and accurate fertilizer injection pumps, sol-
uble fertilizers, and equipment that can effectively suspend
fertilizers and soil amendments into irrigation water.

Selecting the proper fertilizer, injecting the material in the
right concentration and in a manner that ensures that it is
uniformly distributed through the vineyard requires both
knowledge, skill and care.

P RO E C T
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While there is a considerable amount of information on this
subject, it is not in one publication specific for wine grapes.
The purpose of this publication is to assist the vineyard man-
ager in perfecting their fertigation practices. The content of
this book is focused specifically on microirrigation systems,
especially drip systems.

PROJECT OBJECTIVES

The objective of project is to develop an illustrated hand-
book for growers to assist them in developing environmen-
tally safe and effective fertigation programs for their
vineyards.

PROJECT DESCRIPTION

The primary focus of the book is on how to utilize drip irri-
gation systems to deliver fertilizers to vines. The book is illus-
trated and easy to read and understand. The following topics
are covered:

1. Nutritional needs of grape vines, and how to determine
nutrient status in grape vines and soils

2. Equipment selection for fertigation and how to design
and install it (including backflow prevention)

3. Fertilizer materials and their suitability for drip irrigation
. Recommendations for organic fertigation materials

5. Irrigation scheduling and strategies for applying
materials

6. Evaluating water quality, filtration, and cautions to pre-
vent system clogging

Drip system maintenance, including chlorination and
flushing the system

8. Charts and tables to assist growers in determining fertil-
izer concentrations and amounts to apply

9. Best Management Practices, and environmental and
safety cautions on the storage and use of fertilizers, espe-
cially concentrated materials

10. Monitoring to measute the effectiveness of the fertilizer

applications and system performance

The contents of the book have been assembled from an ex-
tensive review of existing literature, and modified specifically
for grape vine culture. The publication will be about 60
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pages long, and be printed in paper back format. It will RESULTS AND CONCLUSIONS

probably sell for around $20. . _ . . o _ i
With the increasing popularity of fertigation, this book will

Other contributing authors in the book include Larry be very useful to grape growers around the state. Besides hav-
Schwank, Terry Prichard, Pete Christensen, and Bill Peacock. ing accurate information on fertigation materials and proce-
The book has been submitted to UC ANR Publications, and dures, Best Management Practices, water quality, safety and
environmental protection are also emphasized so that grow-

has begun the process of peer review. In this way, material in _ \ S
ers will know how to safely fertigate their vineyardss.

the publication will be assured rigorous review for accuracy
and content. Upon publication, the book will be catalogued By having this handbook produced by UC ANR Publica-
and internationally distributed. tions, quality production and wide distribution is assured.
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TEACH THE TEACHERS:
(GARDEN-BASED
EDUCATION ABOUT
FERTILITY AND
FERTILIZERS

Project Leader:

Peggy Sears Perry, Ph.D., Project Director
Center for Garden Based Education
California State University

Pomona, CA

(909) 869-2173
psmelaughlin@csupomona. edu

INTRODUCTION

Currently, there is a great deal of interest in integrating gar-
den-based learning into K-12 classrooms, stimulated by
State Superintendent of Instruction Delaine Eastins’ call for
A Garden in Every School. The emphasis is on addressing
the various curricular standards such as science, literature,
social studies, nutrition, mathematics and art through gar-
den-based themes. To that end, Cal Poly Pomona has been
designated and provided funding since 1999 as one of three
Regional Support Centers by CDE. Our charge is to reach
out to schools and teachers in our region (eastern Los Ange-
les County, western San Bernardino County, and part of
Riverside County) to provide support and training in gar-
den-based learning.

This program is housed at AGRIscapes, a 40 acre demon-
stration and education center for food, agriculture, and the
urban environment on the Cal Poly Pomona campus.
AGRlIscapes opened to the public in winter 2001-02 and in-
cludes a visitor center with interactive exhibits, a farm store,
nursery, classroom building, offices, and 30 acres of demon-
stration plots and gardens. We have a unique opportunity to
reach out to an urban public that is very much disconnected
from the source of its food and systems which provide it.

PROJECT OBJECTIVES

The project objectives have been integrated into the ongoing
programs already established by the RSC such as our annual
school gardening conference and resource fair, our hands-on

PROJECT

S UMMARIES

workshop series, and our communication vehicles such as a
newsletter and website which are still undergoing develop-
ment. We are in the process of planning hands-on, curricu-
lum-linked, field trip activities by grade level, which began in
October 2002 and will continue starting early spring 2003.

The objectives of this project are to:

1. Research and gather appropriate cutricular materials for
K-12 relating to soil science, plant nutrition, soil/water re-
lations, and soil management. We have a resource center
designated as part of the AGRIscapes facility.

2. Present workshop component on soils, fertility and
soil/water relations.

3. Include presentations on these topics at annual conference

4. Involve appropriate organizations in Teacher’s Resource
Faire at annual conference.

5. Include resources and information on website, in resource
guide, and in newsletter.

6. Research, design, and implement field experiment sta-
tions for appropriate grade level(s) for hands-on demon-
strations of the principals of soil science, plant nutrition,
soil management, and soil/water relations to be installed

at AGRIscapes.

PROJECT DESCRIPTION

In addition to the specific tasks listed above (which are ongo-
ing), a primary focus of the project is a workshop series for
teachers who wish to incorporate garden-based themes into
their classrooms. In spring 2002, we held three workshops:

Everything You Wanted to Know About
Starting a School Garden...

January 25, 2002, 6 hours

17 teachers in attendance

Teaching Nutrition in the Garden
March 16, 4 hours
15 teachers in attendance

AGRIscapes Educational Charette
(designing ideal field trip experiences)
April 5, 3 hours

22 teachers in attendance

Upcorming events include:

September 28, hosting a Project Food, Land and People
workshop (the first in southern California)
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October 14-18, field trips for over 1000 students to visit
our pumpkin fields and learn about how pumpkins are
produced, from seed to product on the table.

October 18, participation the California Foundation for
Agriculture in the Classroom conference in Irvine with an
exhibit and roundtable sessions.

November (exact date TBA), hosting Closing the Loop
workshop in cooperation with the California Integrated
Waste Management Board

November (exact date TBA), a repeat of the Everything
You Wanted to Know About School Gardens workshop

RESULTS AND CONCLUSIONS

While much of the work of this project is ongoing, we have
found so far that there is a great deal of information includ-
ing classroom materials, tools, and lab equipment that can be
adapted to lessons on soil science and plant fertility. While
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some of this material is developed for the study of earth sci-
ence and geology, it can be adapted to mote applied situa-
tions. However, teachers need to be educated on how to use
these materials in the classroom.

It has become further evident that there is a great deal of em-
phasis in garden-based education on K-6 curriculum and ac-
tivities, Through our workshops, we have learned from
middle-school science teachers who have attended that they
struggle to find good applications for their garden-based ac-
tivities to science standards, particularly in physical science.
We saw a ready application for soil, water and fertility
lessons. Thus, the development of a specific professional de-
velopment opportunity for middle school science teachers
was undertaken which continues

In October 2002, planning for demonstration gardens will
commence to provide a focus for spring field trips. This will
include hands-on science field stations exploring soil and wa-
ter issues.
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CALIFORNIA CERTIFIED
CroP ADVISER (CCA)
PROGRAM

Project Leaders:

Danielle Blacet

Western Growers Association
Sacramento, CA

(916) 446-1435
dblacet@wga. com

Lora Edwards
Western Growers Association
Sacramento, CA

Hank Giclas
Western Growers Association

Phoenix, AZ

Marilyn Martin
Western Growers Association

Phoenix, AZ

Cooperators:

Nat Dellavalle

2001 CCA State Board Chair
Dellavalle Laboratories
Fresno, CA

Gordon Harada

2002 CCA State Board Chair
Simplot

Camarillo, CA

INTRODUCTION

The CCA program is an outreach program. Nationally over
12,000 Crop Advisers are certified under its authority. In
California there are over 400 individuals currently certified
under the CCA program. The success of this program will
be judged in two ways. First, the consistent inctease in the
number of participating CCAs in California. Second the re-
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tention of CA CCA’s will be a criterion for gauging the suc-
cess of this project. Net growth (through retention and new
certification) will help the CA CCA program move towards a
self-sufficient program.

PROJECT OBJECTIVES

The overall objective of this project is to support the broader
mission of the California Certified Crop Adviser program by:

1. Administering the California CCA program through
managing the testing and certification of new members,
tracking individual continuing education units, market-
ing the program, and updating the web site.

2. Coordinating the CCA activities within the policies and
goals of the International CCA as well as the State CCA
Board.

3. Developing and implementing a strategic and tactical
plan for a self-funded CCA program.

PROJECT DESCRIPTION

The Certified Crop Adviser Program was introduced in Cali-
fornia in 1992 in an effort to address increased concerns re-
garding agriculture’s contributions to a variety of
environmental problems including non-point source pollu-
tion. By mid 1994 the California Certified Crop Adviser
program was established with support from the California
Department of Food and Agriculture, the American Society
of Agronomy and the California agricultural industry. The
program was intended to raise the awareness and professional
standards of individuals making recommendations for the
use of agricultural fertilizers, pesticides and related products.
The CA CCA program currently provides the highest stan-
dards for certification that are available in California and in-
cludes rigorous testing and education requirements. The
initial certification of an individual requires a minimum level
of education combined with experience in a relevant agricul-
tural discipline as well as passing both State and International
exams. The exams cover four competency areas including 1)
nutrient management; 2) soil and water management; 3)
ctop management and 4) integrated pest management.
Maintaining certification requires that participating individu-
als accumulate a minimum of 40 hours of continuing educa-
tion every two years covering each of the competency areas.

Since the implementation of the CCA program in Califor-
nia, over 500 individuals have obtained certification. These
individuals have now been involved in the program for sev-
eral years and form the core membership on which to build a
broader program. In the last several years, the CCA program
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in California has focused on developing a management sys-
tem that provides for testing, continuing education and
tracking of individual crop advisers certifications (CEU’s ac-
cumulated, tests, status etc). Additionally, in the last year the
CA CCA office has focused on service to its member base by
providing advance course certification, regular newsletters
and quick professional response to member inquiries and
concerns. This solid management provides the basis for the
expansion of the program and the strategic movement to-
wards a self-run program.

In that regard, the Western Growers Association through a
FREP grant has provided administration and oversight for
the program. The daily and routine activities associated with
program management include preparing and submitting
CDFA, ICCA and CA CCA Board reports, coordinating the
activities and efforts of all cooperator groups in relation to
the CCA program, providing communication between the
state and national boards, providing program information to
participants and the State CCA Board and maintaining CEU
tracking systems and the CA CCA Web Site. In addition, the
Board directs the staff in marketing efforts, strategic planning
and other projects at their discretion.

The Chairman of the California State Board represents the
states interests on the International CCA Board and serves
on the National Policy Council. The State Board is responsi-
ble for maintaining credibility through the implementation
of sound policy and oversight of program activities. The
American Society of Agronomy, in coordination and cooper-
ation with the California Certified Crop Adviser Program,
administers the certification of CCA’s under prescribed inter-
national standards.

PROJECGCT
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In support of the local CA CCA Program, WGA and the CA
CCA are working to support a national marketing effort for
the certified crop adviser program. This program is designed
to help re-enforce the value of the CCA program across the
country and to generate enthusiasm for the field. It will in-
clude national efforts as well as the development of “state
modules” that can be used to market the program in state.

RESULTS AND CONCLUSIONS

During the first year of the current FREP agreement the
“California Certified Crop Adviser Program” made many sig-
nificant program advancements, including the relocation of
administrative offices to Sacramento, improvement of ad-
ministrative functions and interaction with the Board and
volunteer leadership. After meeting with representatives of
CDFA and the industry, the program administrator has
worked diligently to improve performance and move the
CCA program forward in California. The CA CCA Board
has expressed satisfaction with current program performance
and progress. However, the Board remains concerned regard-
ing potential complete privatization of CA CCA funding,
and select members of the Board have raised this concern
with FREP. Upon request of the CA CCA Board, the WGA
submitted a new funding request to FREP in an effort to en-
sure continuity for the CA CCA program in California. If
left entirely to private support, the Board felt program activi-
ties could begin to falter. Today, however, the CA CCA pro-
gram continues to gain credibility and exposure due to the
combined efforts of a committed Board of Directors and a
revitalization of the administrative effort.
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(CALIFORNIA STATE FAIR
FARM UPGRADE
PROJECT

Project Leaders:
Michael Bradley
Competitive Programs
California State Fair

Sacramento, CA
(916) 263-3010

Joe Brengle
California State Ag Operations Supervisor
Sacramento, CA

Teresa Winovitch
Farm Manager
California State Fair
Sacramento, CA

Cooperators:
Ewing Irrigation Products
Sacramento, CA

FertiGator
Sacramento, CA

Griswold Controls
Vacaville, CA

City of Folsom
Recycle Division
Folsom, CA

Sun-Up Forest Producs
Sacramento, CA

INTRODUCTION

In 1984, “The Farm” was introduced at Cal Expo. The 31-
acre demonstration farm received the Merrill Award, the
highest honor awarded by the Western Fair Association, for
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clearly demonstrating leadership vision and excellence. Dur-
ing the last seven years, “The Farm” has been highly utilized,
benefiting California residents and 5,000 school children an-
nually. Unfortunately, there has been a lack of individual
funding and limited staff. As a result, “The Farm” is in need
of several specific improvements in the areas of educational
school tours & workshops, a new irrigation system, compost
exhibit, insect pavilion and increased staffing, In addition,
current technology needs to be implemented in order to edu-
cate both the public and private industry on the art and sci-
ence of California farming,

OBJECTIVES

The specific objectives of “The Farm” Upgrade Project are
to:

Irrigation System—Create a partnet/sponsor with an irriga-
tion company to install an irrigation and fertilizer injection
system. The systems control panel will be incased behind
glass so the public would be able to view the unit. Sections of
pipe will also be exposed for the publics viewing to provide a
better understanding how the system functions. Interpretive
signs will be incorporated into the demonstration sites. The
system will be controlled with a computer that would allow
the user to make accurate adjustments. With a new irrigation
and fertilizer injection system, fertilizers will be monitored,
which would reduce the amount of fertilizer leaching into
watersheds. Workshops will be offered for homeowners,
landscapers, fertilizer dealers and other interested parties
demonstrating irrigation system installation and mainte-
nance.

Educational School Tours/Workshops—Increase the number of
educational hands-on interpretive tours/workshops being of-
fered for children, teachers, homeowners, fertilizer dealers,
landscapers, Master Composters, Master Gardeners and
other gardening organizations.

Compost Fxhibit—A new compost exhibit will be developed
to demonstrate different methods and types of composting
that will be useful to homeowners, schools, businesses,
ranches and farmers. Interpretive signs will be incorporated
so the exhibit can be used on a year round basis.

Insect Pavilion—The Insect Pavilion will display the direct
positive and negative impacts insects have on California agri-
culture production geared towards homeowners, landscapers,
fertilizer industry and other interested parties in a fun and
educational manner. The 2002 renovation will bring added
excitement to the exhibit along with improving insect view-
ing. With additional interpretive signs, viewers will have an
increased understanding of insects in our world and the role
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they play in our lives. Interpretive information will focus on
Integrated Pest Management (IPM) and good cultute prac-
tices,

Staffing—A temporary employee will be hired for an addi-
tional 2 months. This individual will dedicate 100% of
his/her time to implement the fertilizer project. Duties
would include planning, logistics and implementation of the
project.

RESULTS

As the State Fair ended on September 2, 2002, thus ending
the eighteen-day run of the 149th California State Fair, the
consensus was the fair was a huge success. Fair officials report
a total attendance of 1,003,022. This year’s Fair saw five days
with record attendance figures and ten out of eighteen days
reflecting higher attendance numbers than those recorded in
2001. A total of 70% - 80% of fair goers visited the Califor-
nia State Fair Farm,

Partnerships were created with Ewing Irrigation Products,
FertiGator and Griswold Controls to purchase discount irri-
gation supplies and provide consulting services free of charge.
An IDC Irrigation Data Control and Fertilizer Injection Sys-
tem was purchased and installed in a newly renovated Irriga-
tion Control Shed. The system has been incased behind glass
that enables the public to view the operating system. New
and updated irrigation supplies were purchased at a dis-
counted rate and installed that allowed the new system to
function at full capacity. Interpretive signs were incorporated
with the controller and injection system demonstration site.

An increased number of educational hands-on interpretive
tours/wotkshops were offered in the spring and fall for chil-
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dren, teachets, homeowners, fertilizer dealers, landscapets,
Master Composters, Master Gardeners and other gardening
organizations.

The City of Folsom, Recycle Division and Sun-Up Forest
Products donated a total of 60 yards of compost that was in-
corporated into the existing soil to improve soil quality. A
compost exhibit was developed to demonstrate different
methods and types of composting and interpretive signs were
incorporated into the compost demonstration site.

Partnerships were created with the California Department of
Food and Agriculture (CDFA) Pest Prevention, and Sacra-
mento-Yolo Mosquito & Vector Control District (Mosquito
Vector) who contributed funding, consulting and materials
to enhance the “Insect Pavilion”. The "Insect Pavilion” suc-
cessfully displayed the direct positive and negative impacts
insects have on California agriculture production geared to-
wards homeowners, landscapers, the fertilizer industry and
other intetested parties in a fun and educational manner. The
2002 renovation improved insect viewing and additional in-
terpretive signs allowed viewers to increase the understanding
of insects. Interpretive information focused on Integrated
Pest Management (IPM) and good culture practices.

CDFA funding through the Fertilizer Research and Educa-
tion Program allowed the California State Fair “Farm” to
showcase California agriculture. A temporary employee was
hired for two months to perform tasks funded by CDFA
grant and due to the many successful upgraded projects
funded by this grant, just under 1 million, California Resi-
dents now have a better understanding of fertilizers and the
role they have in California agriculture.
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COMPLETED PROJECTS

The following is a list of FREP projects completed prior to
October 2002. Summaries of many of these projects appear
in the 2000 and 2001 FREP Conference Proceedings. Previ-
ous conference proceedings and final project reports are

available by calling FREP at (916) 653-5340.

FRUIT/NUT AND VINE CROPS

Fertilizer Use Efficiency and Influence of Rootstocks on
Uptake and Nutrient Accumulation in Winegrapes
Larry Williams

Development of Nitrogen Fertilizer Recommendation
Model for California Almond Orchards
Patrick Brown and Steven A, Weinbaum

Development of Diagnostic Measures of Tree Nitrogen
Status to Optimize Nitrogen Fertilizer Use
Patrick Brown

Citrus Growers Can Reduce Nitrate Ground Water
Pollution and Increase Profits by Using Foliar Urea
Fertilization

Carol J. Lovatt

Crop Management for Efficient Potassium Use and
Optimum Winegtape Quality
Mark A. Matthews

Potential Nitrate Movement below the Root Zone in Drip
Irrigated Almonds
Roland D. Meyer

Field Evaluation of Water and Nitrate Flux through the
Root Zone in a Drip/Trickle Irrigated Vineyard
Donald W, Grimes

Influence of Irrigation Management on Nitrogen Use
Efficiency, Nitrate Movement, and Ground Water Quality
in a Peach Orchard

R. Scott Johnson

Using High Rates of Foliar Urea to Replace Soil-Applied
Fertilizers in Early Maturing Peaches
R. Scott Johnson and Richard Rosecrance

Nitrogen Efficiency in Drip Irrigated Almonds
Robert . Zasoski

Effects of Four Levels of Applied Nitrogen on Three Fungal
Diseases of Almond Trees
Beth Teviotdale

Nitrogen Fertilizer Management to Reduce Groundwater
Degradation
Steve Weinbaum
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Avocado Growers can Reduce Soil Nitrate Groundwater
Pollution and Increase Yield and Profit
Carol Lovatt

Relationship Between Nitrogen Fertilization and Bacterial
Canlker Disease in French Prune
Steven Southwick, Bruce Kirkpatrick, and Becky Westerdahl

Relationship between Fertilization and Pistachio Diseases
Themis ]. Michailides

VEGETABLE CROPS

Soil Testing to Optimize Nitrogen Management for
Processing Tomatoes

Jeffrey Misrchell/ Don May

Water and Fertilizer Management for Garlic: Productivity,
Nutrient and Water Use Efficiency and Postharvest Quality
Marita Canvwell/Ron Voss/Blaine Hansen

Soil Testing to Optimize Nitrogen Management for
Processing Tomatoes

Jeffrey Mitchell/Don May/Henry Krusekopf

Determining Nitrogen Best Management Practices for
Broccoli Production in the San Joaquain Valley
Michelle LeStrange, Jeffrey Mitchell and Louise Jackson

Effects of Irrigation Non-Uniformity on Nitrogen and
Water Use Efficiencies in Shallow-Rooted Vegetable
Cropping Systems

Blake Sanden/Jeffrey Mitchell/Laosheng Wu

Demonstration of Pre-sidedress Soil Nitrate Testing as an
Nitrogen Management Tool
Timothy K. Hartz

Drip Irrigation and Fertigation Scheduling for Celery
Production

Timothy K. Hartz

Diagnostic Tools for Efficient Nitrogen management of
Vegetables Produced in the Low Desert
Charles Sanchez

Evaluation of Controlled Release Fertilizers and fertigation
in Strawberties and Vegetables
Warren Bendixen

Optimizing Drip Irrigation Management for Improved
‘Water and Nitrogen Use Efficiency
Timothy K. Hartz

Improvement of Nitrogen Management in Vegetable
Cropping Systems in the Salinas Valley and Adjacent Areas

Stuart Pettygrove
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Nitrogen Management through Intensive On-Farm
Monitoring
Timothy K. Hariz

Development and Promotion of Nitrogen Quick Tests for
Determining Nitrogen Fertilizer Needs of Vegetables
Kurt Schulbach and Richard Smith

On-Farm Demonstration and Education to Improve
Fertilizer Management
Danyal Kasapligil, Eric Overeem and Dale Handley

Evaluating and Demonstrating the Effectiveness of In-Field
Nitrate Testing in Drip and Sprinkler Irrigated Vegetables
Mare Buchanan

Winter Cover Crops Before Late-Season Processing
Tomatoes for Soil Quality and Production Benefits
Gene Miyao and Paul Robins

FIELD CROPS

Developing Site-Specific Farming Information for
Cropping Systems in California
G. Stuart Pettygrove, et.al.

Development and Testing of Application Systems for
Precision Variable Rate Fertilization
Ken Giles

Management of Nitrogen Fertilization in Sudangrass for
Optimum Production, Forage Quality and Environmental
Protection

Dan Putnam

Impact of Microbial Processes on Crop Use of Fertilizers
from Organic and Mineral Sources
Kate M. Scow

Effects of Various Phosphorus Placements on No-Till
Barley Production
Michael J. Smith

Establishing Updated Guidelines for Cotton Nutrition
Bill Weir and Robert Travis

Nitrogen Budget in California Cotton Cropping Systems
William Rains, Robert Travis and Robert Hutmacher

Nitrogen Fertilization and Grain Protein Content in

California Wheat
Lee Jackson

Interaction of Nitrogen Fertility Practices and Cotton
Aphid Population Dynamics in California Cotton
Larry Godfrey and Robert Hutmacher
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Uniformity of Chemigation in Micro-Irrigated Permanent
Crops
Larry Schwankl/ Terry Prichard

Development of Irtigation and Nitrogen Fertilization
Programs on Tall Fescue to Facilitate Irrigation Water
Savings and Fertilizer-Use Efficiency

Robert Green and Victor Gibeault

EDUCATIONAL/MISCELLANEOUS

Improving the Fertilization Practices of Southeast Asians in
Fresno and Tulare Counties
Richard Molinar and Manuel Jimenez

Western States Agticultural Laboratory Proficiency Testing
Program
Janice Kotuby-Amacher and Robert O. Miller

Agriculture and Fertilizer Education for K-12
Pamela Emery and Richard Engel

Use of Ion Exchange Resin Bags to Monitor Soil Nitrate in
Tomato Cropping Systems
Robert O. Miller and Diana Friedman

Education through Radio
Patrick Cavanaugh

Integrating Agriculture and Fertilizer Education into
California’s Science Framework Curriculum
Martk Linder and Pamela Emery

The Use of Composts to Increase Nutrient Utilization
Efficiency in Agticultural Systems and Reduce Pollution
from Agricultural Activities

Mark van Horn

Nitrogen Management for Improved Wheat Yields, Grain
Protein and the Reduction of Excess Nitrogen
Bonnie Fernandez

Determination of Soil Nitrogen Content In-Situ

Shrini K. Updahyaya

Extending Information on Fertilizer Best Management
Practices and Recent Research Findings for Crops in Tulare
County

Carol Frate

Educating California’s Small and Ethnic Minority Farmers:
Ways to Improve Fertilizer Use Efficiency Through the Use
of Best Management Practices (BMPs)

Ronald Voss
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Survey of Changes in Irrigation Methods and Fertilizer
Management Practices in California
Jobn Letey, Jr.

Air Quality and Fertilization Practices: An Inventory of
Fertilizer Application Practices for Agriculture in the San
Joaquin Valley

Jack King, Jr.

Practical Irrigation Management and Equipment
Maintenance Workshops
Danyal Kasapligil, Charles Burt and Eric Zilbert

Irrigation and Nutrient Management Conference and
Trade Fair

Danyal Kasapligil

On-Farm Monitoring and Management Practice Tracking
for Central Coast Watershed Working Groups

Kelly Huff
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From the Ground Up: A Step-by-Step Guide to Growing a
School Garden
Jennifer Lombardi

EDUCATIONAL VIDEOS

Best Management Practices for Nitrogen and Water Use in
Irrigated Agriculture: A Video
Larry Klaas and Thomas Doerge

Drip Irrigation and Nitrogen Fertigation Management for
California Vegetable Growers Videotape
Timothy K. Hartz

Nutrient Recommendation Training in Urban Markets: A
Video
Wendy Jenks and Larry Klaas

Best Management Practices for Tree Fruit and Nut
Production: A Video
Thomas Doerge and Lawrence J. Klaas
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Brown, Patrick, UC Davis, Department of Pomology
Rosecrance, R.C., S.A. Weinbaum, and PH. Brown. 1996.
Assessment of nitrogen, phosphotus, and potassium up-
take capacity and root growth in mature alternate-bearing
pistachio (Pistacia vera) trees. Tree Physiology
16:949-956.

Youssefi, Farbod, Patrick H. Brown, and Steven A. Wein-
baum. 1999. Regulation of nitrogen uptake at the whole
plant level: A study in almond trees. HortTechnology
9:598-600

Youssefi, Farbod, Steven A. Weinbaum, and Patrick H.
Brown. 2000. Regulation of nitrogen partitioning in
field-grown almond trees: effects of fruit load and foliar
nitrogen applications. Plant and Soil 227:273-281.

Youssefi, Farbod, Patrick H. Brown, and Steven A. Wein-
baum. 2000. Relationship between nitrogen status, xylem
and phloem sap amino acid concentrations and apparent
soil nitrogen uptake by almond trees (Prunus dulcis).
Journal of Horticultural Science and Biotechnology

75(1):62-68.

Youssefi, Farbod, Patrick H. Brown, and Steven A. Wein-
baum. 2000. Regulation of nitrogen uptake by almond
trees (Prunus dulcis). Plant and Soil, (In Press)

Marita Cantwell, UC Davis, Department of Vegetable

Crops

Marita Cantwell, Gyunghoon Hong, Ron Voss, Don May
and Blaine Hanson. 2000. Nitrogen Fertilization and Irri-
gation Regimes Modify the Composition and Quality of
Garlic. In: Proc, Alliums 2000 Conference (3rd Interna-
tional Symposium on Edible Alliaceae, Univ. Georgia,
Athens, 29 Oct to 3 Nov, 2000), in press. 3 pp.

Blaine Hanson, Don May, Ron Voss, Marita Cantwell, and
Robert Rice. 2000. Irrigation Water Management of Gar-
lic along the Westside of the San Joaquin Valley of Cali-
fornia In: Proc. Alliums 2000 Conference (3rd
International Symposium on Edible Alliaceae, Univ.
Georgia, Athens, 29 Oct to 3 Nov, 2000), in press. 3 pp.
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Larry Godfrey, UC Davis, Department of Entomology

Godfrey, L. D., K. E. Keillor, and R. B. Hutmacher. 2001.
Influence of grower agronomic practices on cotton aphid
populations in California cotton. Proc. Beltwide Cotton
Conf. 964-966.

Cisneros, J. J. and L. D. Godfrey. 2001. Midseason pest sta-
tus of the cotton aphid (Homoptera: Aphididae) in Cali-
fornia cotton: is nitrogen a key factor? Environ. Entomol.
30: 501-510.

Cisneros, J. J. and L. D. Godfrey. 2001. Effects of nitrogen
fertility on the fitness and the population dynamics of the
cotton aphid in California. Proc. Beltwide Cotton Conf.
961-964.

Godfrey, L.D., J.A. Rosenheim and PB. Goodell. 2000. Cot-
ton aphid emerges as major pest in SJV cotton. California
Agriculture 54:26-29.

Godfrey, L.D., J.J. Cisneros, K.E. Keillor and R.B. Hut-
macher. 2000. Influence of cotton nitrogen fertility on
cotton aphid, Aphis gossypii, population dynamics in
California. Proceedings of the Beltwide Cotton Confer-
ence Volume 2:1162-1165.

Cisneros, J.J. and L.D. Godfrey. 2001. Effect of nitrogen fer-
tility on the fitness and the population dynamics of the
cotton aphid in California. Proceedings of the Beltwide
Cotton Conference Volume

Robert Green, UC Riverside, Department of Botany and

Plant Sciences

Green, R., G. Klein, J. Hartin, W. Richie and V. Gibeault.
1999. Best management practices for tall fescue irrigation
and nutrition in southern California. Turf Tales Magazine

6:6-7.

Klein, G.J. and R.L. Green. 2002. A survey of professional
turfgrass managers in southern California concerning
their use of turfgrass best management practices. Hort-

Technology 12:498-504.

Thomas Harter, UC Davis, Department of Land, Air and

Water Resources

Harter, T., K. Heeren, G. Weissmann, W.R. Horwath, J.
Hopmans, 1999. Field Scale Characterization of a Het-
erogencous, Moderately Deep Vadose Zone: The Kearney
Reseatch Site, Proceedings, Characterization and Mea-
surement of the Hydraulic Properties of Unsaturated
Porous Media, United States Salinity Laboratory, River-
side, California, 621-630.

Wang, Z., J. Lu, L. Wu, T. Harter, W. A. Jury, Visualizing
preferential flow paths using ammonium carbonate and a
pH-Indicator, Soil Sci. Soc. of America J., in press.
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Tim Hartz, UC Davis, Department of Vegetable Crops
Hartz, TK. 1994. A quick test procedure for soil nitrate-ni-

trogen. Communications in Soil Science and Plant
Analysis 25:511-515.

Hartz, TK. 1996. Water management in drip-irrigated veg-
etable production. HortTechnology 6:165-167.

Hartz, TK., W.E. Bendixen and L. Wierdsma. 2000. The
value of presidedress soil nitrate testing as a nitrogen
management tool in irrigated vegetable production.

HortScience 35:651-656.

Hartz, TK. and G.J. Hochmuth. 1996. Fertility manage-
ment of drip-irrigated vegetables. HortTechnology 6:168-
172.

Hartz, TK., M. Le Strange and D.M. May. 1993. Nitrogen
requitements of drip-irrigated peppers. HortScience
28:1097-1099.

Hartz, TK., RE Smith, K.E Schulbach and M. LeStrange.
1994. On-farm nitrogen tests improve fertilizer efficiency,
protect ground water. California Agriculture 48:29-32.

Hartz, TK.,, R.E Smith, M. Le Strange and K.E Schulbach.
1993. On-farm monitoring of soil and crop nitrogen sta-
tus by nitrate-selective electrode. Communications in Soil

Science and Plant Analysis 24:2607-2615.

R. Scott Johnson, UC Davis, Department of Pomology

Rosecrance, R.C., R.S. Johnson and S.A. Weinbaum. 1998.
The effect of timing of post-harvest foliar urea sprays on
nitrogen absorption and partitioning in peach and nec-
tarine trees. Journal of Horticultural Science and Biotech-
nology 73:856-861.

Rosecrance, R.C., R.S. Johnson and S.A. Weinbaum. 1998.
Foliar uptake of urea-N by nectarine leaves: A reassess-
ment. HortScience 33:158.

John Letey, UC Riverside, Department of Soil and
Environmental Sciences

Dillon, J., S. Edinger-Marshall and John Letey. 1999. Farm-
ers adopt new irrigation and fertilizer techniques. Califor-
nia Agriculture 53:24-28.

Carol J. Lovatt, UC Riverside, Department of Botany and
Plant Sciences

Lovatt, CJ. 1999. Timing citrus and avocado foliar nutrient
applications to increase fruit set and size. HortTechnology

9:606-612.
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Jeffrey P. Mitchell, UC Davis, Department of Vegetable

Crops

H.H. Krusekopf; J.P. Mitchell, TK. Hartz, D.M. May, EM.
Miyao, M.D. Cahn. Pre-sidedress soil nitrate testing
identifies processing tomato fields not requiring sidedress
N fertilizer. Hortscience, Accepted for publication. 2001

G. Stuart Pettygrove, UC Davis, Department of Land, Air,

and Water Resources

Pettgrove, G.S., S.K. Upadhyaya, M.G. Pelletier, TK. Hatz,
PE. Plant and R.E Denison. 1999. Tomato yield — color
infrared photograph relationships, pp. 1483-1491. In:
PC. Robert, R.H. Rust and W.E. Larson (eds.). Proceed-
ings of the Fourth International Conference in Precision
Agriculture, 19-22 July, 1998, St. Paul Minnesota. Amer-
ican Society of Agronomy, Madison, W1.

Pettygtrove, G.S., S.K. Upadhyaya, J.A. Young, G.M. Miyao
and M.G. Pelletier. 1999. Tomato yield variability related
to soil texture and inadequate phosphorus supply. Better
Crops with Plant Food. No. 2, pp. 7-9. Potash and Phos-
phorus Institute, Norcross, GA.

Miller, R.O., G.S. Pettgrove, R.E Denison, L.E Jackson,
M.D. Cahn, R.E. Plant and T.E. Kearney. 1999. Site spe-
cific relationships between flag leaf nitrogen, SPAD meter
values, and grain protein in irrigated wheat, pp. 113-122.
In: PC. Robert, R.H. Rust and W.E. Larson (eds.). Pro-
ceedings of the Fourth International Conference in Preci-
sion Agriculture, 19-22 July, 1998, St. Paul Minnesota.
American Society of Agronomy, Madison, WL

Plant, R.E., A. Mermer, G.S. Pettgrove, M.P. Vayssieres, J.A.
Young, R.O. Miller, L.E Jackson, R.E. Denison, and K.
Phelps. 1999. Factors undetlying grain yield spatial vari-
ability in three irrigated wheat fields. Transactions of
American Society of Agricultural Engineers 42: 1187-
1202,

Richard E. Plant, UC Davis, Departments of Agronomy

and Range Science and Biological and Agricultural

Engineering

Pettygrove, G.S., S.K. Upadhyaya, M.G. Pelletier, TK.
Hartz, R.E. Plant and R.E Denison. Tomato yield color
infrared photograph relationships. Proc. Fourth Interna-
tional Conference on Precision Agticulture, St. Paul,
Minnesota. 1483-1492 (1999)

Miller, R.O., S. Pettygrove, R.E Denison, L.E Jackson, M.
Cahn, R. Plant and T. Kearney. Site-specific relationships
between flag leaf nitrogen, SPAD meter values and grain
protein in irrigated wheat. Proceedings of the Fourth In-
ternational Conference on Precision Agriculture 113-122

(1999)
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Plant, R.E., A. Mermet, G.S. Pettygrove, M.P. Vayssieres,
J.A. Young, R.O. Miller, L.E Jackson, R.E Denison, and
K. Phelps. Factors underlying grain yield spatial variabil-
ity in three irrigated wheat fields. Transactions of the
ASAE 42: 1187-1202 (1999)

Plant, R.E.,, G.S. Pettygrove, and W.R. Reinert. Precision
agriculture: crop production in the twenty-first century.

California Agriculture 54(4): 66-71 (2000).

Perez, J.E, ].A. Young, L.E Jackson, R.E Denison, G.S. Pet-
tygrove, and R.E. Plant. Yield variability analysis in two
four-crop rotation fields (1996-1999) in Sacramento Val-
ley, CA. Proceedings of the Fifth International Confer-
ence on Precision Agriculture. PC. Robert, R.H. Rust,
W.E. Larson, editors. CD (2001).

Chatles A. Sanchez, University of Arizona, Yuma

Agricultural Center, Yuma

Sanchez, C.A. 2000. Response of lettuce to water and nitro-
gen on sand and the potential for leaching of nitrate-N.
HortTechnology 35:73-77.

Sanchez, C.A. and T.A. Doerge. 1999. Using nutrient uptake
patterns to develop efficient nitrogen management strate-
gies for vegetables. HortTechnology 9:601-606.

Kate M. Scow, UC Davis, Department of Land, Air, and

‘Water Resources

Scow, K. M., and M.R. Werner. 1998. The soil ecology of
cover cropped vineyards, pp. 69-79. In: C. Ingels, (ed.).
Cover Cropping in Vineyards. University of California,
Division of Agriculture and Natural Resources. Publica-
tion 3338. DANR, Oakland, CA.

Clark, M.S.,W.R. Horwarth, C. Shennan and K.M. Scow.
1998. Changes in soil chemical properties resulting from
organic and low-input farming practices. Agronomy Jour-
nal 90:662-671.

Gunapala, N., R.C. Venette, H Ferris and K.M. Scow. 1998.
Effects of soil management history on the rate of organic
matter decomposition. Soil Biology and Biochemistry
30:1917-1927.

Bossio, D.A., KM. Scow, N. Gunapala and K.J. Graham.
1998. Determinants of soil microbial communities: ef-
fects of agricultural management, season, and soil type on
phospholipid fatty acid profiles. Microbial Ecology 36:1-
12.

Gunapala, N. and K.M. Scow. 1998. Dynamics of soil mi-
crobial biomass and activity in conventional and organic
cropping systems. Soil Biology and Biochemistry 30:805-
816.
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Jaffee, B.A., H. Ferris and K. M. Scow. 1998. Nematode-
trapping fungi in organic and conventional cropping sys-
tems. Phytopathology 88:344-350.

Bossio, D.A. and K.M. Scow 1998. Impact of carbon and
flooding on PLFA profiles and substrate utilization pat-
terns of soil microbial communities. Microbial Ecology
35: 265-278.

Macalady, J. and K.M. Scow. 1998. Effects of fumigation
with meta sodium on soil microbial activity and commu-
nity structure. Journal of Environmental Quality 27:54-
63.

Bossio, D.A. and K.M. Scow. 1997. Microbial ecology in
agricultural ecosystems: impacts of management changes
on the microbial community in a rice production. Cali-
fornia Agriculture 51:33-40.

Lau, S.S., MLE. Fuller, H. Ferris , R.C. Venette and K.M.
Scow. 1997. Development and testing of an assay for soil-
ecosystem health using the bacterial-feeding nematode
Cruznema tripartitum. Ecotoxicology and Environmental
Safety 36:133-139.

Scow, K.M. 1997, Soil microbial communities and carbon
flow in agroecosystems, pp. 361-407 In: L.E. Jackson
(ed.). Ecology in Agriculture, Academic Press, New York

Bossio, D.A. and K. M. Scow 1995. Impact of carbon and
flooding on the metabolic diversity of microbial commu-
nities in soil. Applied Environmental Microbiology 61:
4043-4050.

Temple, S.R., D.B. Friedman, O. Somasco, H. Ferris, K.M.
Scow and K. Klonsky. 1994. An interdisciplinary, experi-
ment station-based patticipatory comparison of alterna-
tive crop management systems for California’s
Sacramento Valley. American Journal of Alternative Agti-
culture 9:64-71.

Scow, K M., O. Somasco, N. Gunapala, S. Lau, R. Venette,
H. Ferris, R. Miller and C. Shennan. 1994. Changes in
soil fertility and biology during the transition from con-
ventional to low-input and organic farming systems. Cali-
fornia Agriculture 48:20-26.

Steven Southwick, UC Davis, Department of Pomology
Southwick, S.M., M.E. Rupert, J.T. Yeaget, B.D. Lampinen,
T.M. Dejong and K.S. Weis. 1999. Effects of nitrogen
fertigation on fruit yield and quality of young ‘French’
prune trees. Journal of Horticultural Science and Biotech-

nology 74:187-195.
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Larry Schwankl, UC Davis, Department of Land, Air, and
Water Resources

Schwankl, L. and Terry. Prichard. 2001. Chemigation in
Trees and Vine Micro itrigation Systems. University of

California, Division of Agriculture and Natural Resources

Publication 21599. DANR, Oakland, CA
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Robert Travis, UC Davis, Department of Agronomy and

Range Science

Miller, R.O. et al. 1997. Cotton: Potassium Fertility Guide-
lines for the San Joaquin Valley of California. University
of California, Division of Agriculture and Natural Re-
sources Publication 21562, DANR, Oakland, CA.
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Jose Aguiar

UC Cooperative Extension Riverside Co.
46-209 Qasis St., Room 103

Indio, CA 92201

(760) 863-7949

jlaguiar@ucdavis.edu

Mary Lu Arpaia

Kearney Agticultural Center
University of California, Riverside
9240 S. Riverbend Ave

Parlier, CA 93648

(559) 646-6561

arpaia@uckac.edu

Danielle Blacet

California Certified Crop Adviser Program
Western Growers Association

1005 12th Street, Suite A

Sacramento, CA 95814

(916) 446-1435

dblacet@wga.com

Patrick Brown

Department of Pomolgy
University of California, Davis
One Shields Ave

Davis, CA 95616

(530) 752-0929
phbrown@ucdavis.edu

Richard Fvans

Department of Environmental Horticulture
University of California, Davis

One Shields Ave.

Davis, CA 95616

(530) 752-6617

ryevans@ucdavis.edu

Hank Giclas

Government Affairs

Western Growets Association
1005 12th Street, Suite A
Sacramento, CA 95814
(916) 446-1435
hgiclas@wga.com
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Ken Giles

Dept. of Biological & Agricultural Engineering,
University of California, Davis

Davis, CA 95616

(530) 752-0687

dkgiles@ucdavis.edu

Robert Green

Department of Botany and Plant Science
University of California, Riverside
Riverside, CA 92521-0124

(909) 787-2107

robert.green@ucr.edu

Blaine Hanson

Department of Land, Air and Water Resources
University of California, Davis, CA 95616.
(530) 752-1130

brhanson@ucdavis.edu

Thomas Harter

Department of Land, Air, and Water Resoutces
University of California, Davis

One Shields Ave,

(530) 752-2709

thharter@ucdavis.edu

Timothy K. Hartz

Department of Vegetable Crops
University of California, Davis
One Shields Avenue

Davis, CA 95616

(530) 752-1738
tkhartz@ucdavis.edu

Robert Hutmacher

Shafter Research and Fxtension Center
University of California

17053 N. Shafter Ave.

Shafter, CA 93263

(661)746-8020

R. Scott Johnson

Department of Pomology
University of California, Davis
9240 S. Riverbend Ave.
Parlier, CA 93648

(559) 646-6547
sjohnson@uckac.edu
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John Kabashima

Department of Soil and Environmental Science
UC Cooperative Extension Orange County
2208 Geology Building

Riverside, CA 95251

(909) 787-4664

jnkabashims@ucr.edu

Charles E Krauter

Center for Irrigation Technology
California State University, Fresno
Department of Plant Science, M.S. # 72
Fresno, CA 93740-0072

(559) 278-5114/278-2066
charles_krauter@csuf

Carol Lovatt

Department Botany and Plant Sciences
University of California, Riverside
Riverside, CA 92521-0124

(909) 787-4663

carol.lovatt@ucr.edu

Glenn T. McGourty

UC Cooperative Extension Mendocino & Lake Co.

Agricultural Center / Courthouse
Ukiah, CA 95482

(707) 463-4495
gtmcgourty@ucdavis.edu

Donald J. Merhaut

Department of Botany and Plant Sciences
University of California

Riverside, CA 92521

(909) 787-2836
donald.merhaut@ucr.edu

Roland Meyer

Department of Land, Air, and Water Resoutrces
University of California, Davis

One Shields Avenue

Davis, CA 95616

(530) 752-2531

rdmeyer@ucdavis.edu

Robert Miller

Soil and Crop Sciences Department
Colorado State University

Fort Collins, CO 80523

(970) 493-4382

rmiller@lamar.colostate.edu
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Jeffrey Mitchell

Kearney Agricultural Center
University of California, Davis
9240 S. Riverbend Ave.
Parlier, CA 93648

(559) 646-6565

mitchell@uckac.edu

Randall Mutters
University of California
2279 B Del Oro Ave.
Oroville, CA 95965
(530) 538-7200
rgmutters@ucdavis.edu

Peggy Sears Perry

Department of Horticulture/ Plant Science
Cal Poly Pomona

3801 W. Temple Ave.

Pomona, CA 91768

(909) 869-2173
psmclaughlin@csupomona.edu

Stuart Pettygrove

Department of Land, Air, and Water Resources
University of California, Davis

One Shields Ave

Davis, CA 95616

(530)752-2533

gspettygrove@ucdavis

Richard Plant

Department of Agronomy and Range Science
University of California, Davis

One Shield Avenue

Davis, CA 95616

(530) 752-1705

replant@ucdavis.edu

William Rains

Department of Agronomy and Range Science
University of California, Davis

One Shields Ave.

Davis, CA 95616

(530) 752-1711

derains@ucdavis.edu
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Rich Rosecrance

School of Agriculture

California State University, Chico
Chico, CA 95926

(530) 898-4146

rrosecrance@csuchico.edu

Charles Sanchez

Yuma Valley Agricultural Center
University of Arizona

6425 W 8th Street

Yuma, AZ 85364

(520) 782-3836
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