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FERTILIZER RESEARCH
AND EDUCATION
PROGRAM: TEN YEARS
OF ACHIEVEMENT

Casey Walsh Cady

Fertilizer Research and Education Program
California Department of Food and Agriculture
Sacramento, CA

(916) 653-5340

Since 1990, the California Department of Food and Agri-
culture’s Fertilizer Research and Education Program (FREP)
has achieved great successes in funding and extending agri-
cultural research in California. The program’s mission is to
advance the environmental and agronomic use and handling
of fertilizer materials. A primary objective is to improve the
use efficiency of commercial fertilizing materials and mini-
mize nitrogen losses to the environment. From 1990-2000,
FREP has supported close to 90 research and education pro-
jects for a total amount of $5 million in funding,

We know that in the ten tears of the program’s existence, our
message of the importance of safe and sound fertilizer man-
agement has reached thousands of people in California and
is well-understood by growers. Implementation of some of
our practices is now commonplace, but for others adoption
has been slower, due to many factors such as perceived risk
and a general avoidance of adapting new management
strategies. Institutional barriers also exist. This is an area we
will be working on improving over the next few years.

We also know that much of the research conducted would
not have been funded by other organizations. In that re-
spect, FREP is having a lasting impact on the advancement
of applied agricultural research. Many FREP-sponsored pro-
jects are published in the scientific literature (see Section V
of these proceedings for a list of peer-reviewed articles).

Other recent achievements include the development and
distribution of a user-friendly computer-based spreadsheet
for almond nitrogen recommendations. This tool developed
by Patrick Brown at the University of California, Davis is
designed to assist farmers, crop consultants and farm advis-
ers determine N application levels by timing N applications
with periods of greatest demands, considering all other N
sources, and matching N application rates with crop load.

Growers can minimize N losses from the orchard system and
optimize almond fertilization. The program is available in two
formats. The program (Excel file 97 or later) can be obtained
by contacting us. It can also be accessed via the UC Sustain-
able Agriculture Research and Education Program web site
(http://www.sarep.ucdavis.edu/grants/reports/brown/nmodel).

FREP’s support for the Western States Agricultural Labora-
tory Sample Exchange Program (now called the North Ameri-
can Proficiency Testing Program) has assisted the program in
achieving a 42% improvement in the performance of the soil
laboratory industry since 1994 (R.O. Miller, 2000).

FREP is achieving excellence by supporting high quality re-
search endeavors that have gone through a rigorous statewide
competitive process including independent peer review. Pro-
jects focus on many of California’s important cropping and
environmentally sensitive cropping systems including al-
monds, tomatoes, cotton, citrus, winegrapes, horticulture,
lettuce and other cool-season vegetables. New technologies
such as bringing precision agriculture to California agricul-
ture are also receiving support.

FREP’s current funding priorities consist of:

* Irrigation interactions—water management as related to
fertilizer use efficiency and the reduction of groundwater
contamination and fertigation methodologies.

* Fertilization practices—nutrient balance, crop nutrient up-
take, and partitioning; including amounts, timing, and par-
titioning of nutrients taken from the soil, foliar nutrient
management, slow release fertilizers, green manures, and
the use of agticultural composts.

* Precision agriculture (site-specific management) technolo-
gies and applications.

* Non-nutritive metals in commercial inorganic fertilizers
and their relationship to agricultural crops and soils

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

* Improving the understanding of the relationships between
nutrients and pests and diseases.

* Air quality and PM 10/PM 2.5 concerns as they relate to fer-
tlizer applications.

* Education and public information.

REGULATORY ENVIRONMENT

Wee recognize that the public is very concerned about the qual-
ity of the states’ waterbodies. Our goal has been to work with
the research community to devise strategies for improving
farming that account for growers’ farming and economic con-
ditions and ensure the results are disseminated to the agricul-
tural community.



Many areas of the state are currently impacted by recent
mandates of the US Environmental Protection Agency Clean
Water Act. The California State Water Quality Control
Board has developed a list (known as the 303(d) list) of the
waterbodies thart are impaired by high levels of contaminants
including nutrients, pesticides, sediments, other toxic ele-
ments, exotic species and even trash.

In order to address the impairments, the Regional Warer
Quality Control Boards (RWQCB) are establishing Toral
Maximum Daily Load (TMDLs) for discharges into water-
bodies and wartersheds thart include seasonal Joad allocations
thar agricultural operators are required to meet with a certain
timeframe. These efforts will undoubtedly influence nutrient
management practices and in some cases may require the de-
velopment of nutrient management plans. As the situations
develop and mature, FREP will assist in providing solutions
for growers who are impacted by the regulations.

INTEGRATED NUTRIENT
MANAGEMENT

While the majority of our projects have been focused on
commercial fertilizers, we believe that improving the under-
standing of the complex dynamics resulting from manures
and biosolids as well as composts and other fertility sources is
worthy. To this end, we are please to announce that this year,
FREP is working with the Sacramento Regional County
Sanitation District and the University of California to de-
velop increased understanding of nitrogen mineralization
rates for biosolids under California conditions. A summary
of this project can be found in these proceedings. We hope to
pursue additional projects in the coming years.

EDUCATION AND OUTREACH

One of FREP’s primary goals is to ensure that research re-
sults generated from the program are distributed to and
used by growers and the fertilizer industry. FREP serves a
broad audience including growers, agricultural supply and
service professionals, extension personnel, public agencies,
consultanes, Certified Crop Advisers, Pest Control Advisers
and other interested parties. FREP has also funded a num-
ber of projects designed to increase the agricultural literacy
of students in the K-12 setring,

Results from FREP projects can be found in these and
previous year’s proceedings, and on the FREP web site
(hup:/fwww.cdfa.ca.gov/inspection/frep). A complete list
of completed projects can be found in Section IV of these
proceedings.

Our annual conference is also one of the primary outreach.
The conference typically reaches an audience of 200 — 250.

Proceedings from the conference are disserninated through-
out the year to interested parties. Articles about the various
projects that FREP is supporting are commonly found in the
popular agricultural media as well as scientific journals.

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 coordinate with many other organizations
with similar goals. Our partners include:

* California Chaprer of the American Society of Agronomy
* California Certified Crop Adviser Program

» Sacramento Regional Wastewater Treatment Facility

* California Integrared Waste Management Board

* Monterey Counry Water Resources Agency

* University of California, Sustainable Agriculture Research
and Education Program

* University of California, Small Farm Center

* State Water Resources Control Board, Interagency Coordi-
nating Commirtee
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INTRODUCTION

High levels of N are routinely applied to pistachio trees from
a very young age in commercial pistachio orchards in Cali-
fornia. Increasing frequency of Botryosphaeria panicle and
shoot blight and Alternaria late blight of pistachio in recent
years has led to speculation regarding the possible role of fer-
tilization on disease incidence and severity. The present study
is investigating the effect of various nutrient elements and
their levels on the susceptibility of pistachio to Botryosphaeria
panicle and shoot blight, caused by Botryosphaeria dothidea,

in a greenhouse study.

QBJECTIVES

L. Determine the effects of fertilization on pistachio diseases
such as Botryosphaeria and Alternaria blights in a green-
house.

2. Determine the effects of fertilization on pistachio disease
resistance/susceptibility compounds.

DESCRIPTION

Three levels (75%, 100%, and 200%) of nitrogen (N), phos-
phorous (P), and potassium (K) elements were established by
fertilizing potted trees with modified Hoagland solution (1
liter per plant per week). The 100% solution contained 0.21
g N, 0.032 g I and 0.234 g K and microelements per liter
solution. After fertilization for 2 weeks, all trees were sprayed
with 20,000 of mycelial fragments per mL suspension of B.
dothidea. Infected leaves were recorded 15 days after inocula-
tion and classified into five severity categories (from 0 to 4).
The effects of fertilization on Botryesphaeria blight were as-
sessed by using leaf disease index data.

In a second experiment, the stems of all trees were wound-in-
oculated with mycelial plugs, and wrapped with parafilm to
protect the mycelial plug from drying. The length of lesion
per stem was measured 30 days after tree inoculation. All ex-
periments in this study were repeated once, and data were

analyzed using ANOVA of SAS.

RESULTS AND CONCLUSIONS

The first year's results showed that there were no significant
differences among the percentages of infected leaves among
the various treatments. However, only the 200 % K rare
treatment significantly reduced severity of Botryosphaeria
blight on pistachio leaves as compared with the normal
(100% N, B K) fertilization (see Table). Results of the stem
inoculation experiment were variable. A partial reason of this
variability might be differences in the diameter of stems.



Effects of nutrition stress on Botryosphaeria blight in greenhouse experiments (1999/2000)
Trearment Total leaves Infected leaves % Leaf disease index
N 75% 763 G4d4a 0.90 ab
P75% 568 604a 095 a
K75% 710 627a 0.83 ab
N, B K 100% 952 58.8a 0.87 ab
N 200% 881 60.1a 0.80 abc
P 200% 719 57.32 0.71be
K. 200% 747 543a 0.58 ¢
Values with different letters are significantly different at P = 0.05 level according to LSD test.

Generally, lesions were longer in thin stem than in wide stem
trees. There was no clear effect of the various nutrients on

length of canker.

A similar experiment was just initiated in this season, but re-
sults are not yet available since both diseases under study
usually develop symptoms in late August and during Sep-
tember. Emphasis in the first year of the study will be given
on Botryesphaeria panicle and shoot blight disease and in the

second year on the Alternaria late blight disease. Leaf samples
will be taken for specific analyses to determine disease resis-
tance/susceptibility compounds. We anticipate a greater ef-
fect of fertilization to the disease after establishing more
distince fertilization levels in future tests.

High levels of K (twice as much as a grower would apply)
reduced the severity of Botryosphaeria panicle and shoot
blight of pistachio, but N or P applied at various levels did
not affect severity of the disease.
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INTRODUCTION

Many nurtrients are regularly applied to stone fruit trees with
the belief that fruit quality and tree health will be improved.
Other than nitrogen and zinc, other nutrients do not have
much scientific justification for their use under typical or-
chard conditions.

The project will establish large sand-filled tanks in the field
where nutrient deficiencies on mature peach, plum and nec-
tarine trees will be imposed. Preliminary experiments in 10-
gallon buckets have shown that deficiencies can be quickly
induced, so it is possible to manipulate nutrients to approxi-
mate desired levels. The goal of this project is to develop nu-

trient deficiency symproms so as better define critical levels
for each nutrient.

Critical levels will be defined not only in terms of growth
and productivity but, more importantly, in terms of fruit
quality such as size, color firmness, sugar content and disease
suscepribility. Extra tanks will also be installed so nutrient in-
teractions by inducing multiple deficiencies and different nu-
trient ratios can also be investigated. This information will be
useful in helping diagnose problems, deciding whether appli-
cations of certain nutrients are justified and providing scien-
tific input into evaluation methods such as DRIS.

The study will also be utilized to produce high quality pic-
tures of deficiency symptoms on leaves and fruit. These will
be incorporated into a sturdy, laminated field guide. The
pictures will also be useful for updating publications such
as the University of California stone fruic production man-
ual and providing slides for numerous extension talks and
presentations.

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 photo of defi-
ciency symptoms and use these for various educational
programs including a laminated field handbook, our stone
fruit manual and many extension meetings.

DESCRIPTION

The aim of this study has been to develop a sand culture sys-
tem for peaches, plums and nectarines where nutrient defi-
ciencies can be imposed on mature trees. This system will
allow us to study many aspects of nutrient deficiencies in-



cluding their impact on tree growth, flowering, fruit quality,
pest susceptibility and yield. It could also be useful for evalu-
ating nutrient interactions, symptom development, diagnos-
tic tools and corrective measures.

The specific goal for 2000 was to install sand tanks in the
field and get trees well established by the end of the season.
We wanted to grow the trees vigorously the first year so they
would bear fruit the second year and be large enough to con-
tinue carrying a crop once we started restricting their growth
by withholding nutrients. We have been very successful so far
in accomplishing this goal.

Sixty large tanks measuring 11’x 8 and 4’ deep were placed
in 4 trenches in the field, 15 per trench. Sand was placed un-
der each rank to provide a slight slope towards one end. At
the lower end holes were drilled and a manifold system was
installed to collect drainage water into a 55-gallon drum
buried beside each tank. A 2-inch pipe extends to the surface
from each drum so drainage water can be pumped out. Once
the tanks were in place they were filled with sand and the
trench around the tanks was backfilled with native soil.

In mid-February one tree each of Zee Lady peach, Fortune
plum and Grand Pearl nectarine was planted in each tank.

10

Trees were trained to a perpendicular V system with two 8’
bamboo poles per tree used to insure uniform tree shape. An
irrigation system was installed with a single fan-jet emitter
per tree and was set to run automatically each day. The trees
started growing well but soon developed some leaf chlorosis.
Small amounts of a balanced fertilizer were applied through
the irrigation system to keep the trees growing and green. A
foliar zinc spray was also applied when zinc deficiency symp-
toms appeared on the young trees. By early May the trees
were growing well and looking very healthy so uniform feril-
ization was cut off for the rest of the season.

In late June the first differential ferrilization was applied to
begin the various treatments, which include all nutrients, no
nutrients, no nitrogen, no phosphorus, no potassium, no cal-
cium, no sulfur, no magnesium and no micronutrients. The
trees continued to grow well for the rest of the season and
showed no signs of nutrient deficiencies by September. Defi-
ciencies will begin to show up in 2001 as these differential
fertilization treatments are continued. Leaf samples were col-
lected from all 180 trees in July and September and will be
analyzed for macro and micronutrients.
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INTRODUCTION

Citrus is one of the largest crops grown in California totaling
250,000 acres in 1992 (the last year estimates were made).
Navel oranges make up 44% of total California citrus with
86% of the navel oranges grown in the San Joaquin valley of
central California. Nitrogen is applied to citrus either asa
broadcast treatment over the soil, injected into irrigation
water or sprayed onto foliage. Average application of 100-
200 Ib of N /acre makes citrus one of the largest recipients
of N in the state,

Fruit quality problems in recent years have adversely affected
the movement of California citrus into the fresh market and
severely hurt grower returns. Postharvest rind breakdown and
pitting of navels have been particularly critical. These disor-
ders usually do not appear until after fruit have been graded,
packed and shipped to export markets where they then result
in losses due to repacking charges, price allowances and loss
of consumer confidence.

Nitrogen fertilization has been identified as playing a role in
several citrus fruit quality issues. With the adoption of pres-
surized irrigation practices and the inclusion of N fertilizers
in irrigation water it appears, from leaf N levels, that there
has been an increase in the total amount of N applied to cit-
rus over the past 10 to 15 years.

Groundwater contamination with nitrates has been linked
to rates of N application in the past. With the advent of fer-
tigation the potential for groundwater contamination may
be increasing. It is in the best interest of growers to address
this issue proactively and adopt practices that can lead to
reduced groundwater contamination. To this end growers
must be made aware of best management practices relative
to N management.

OBJECTIVES

1. Determine the effect of N applications on navel orange
fruit quality and leaching losses of N.

2. Compare the effects of foliar versus soil applied N on fruit
quality and leaching losses of N.

3. Evaluate the impact of N application timing on fruit
quality and leaching losses of N.

4. Determine the effectiveness of various N application levels
and methods on maintaining optimal N levels in navel
orange trees.
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RESULTS AND CONCLUSIONS

There are two components to this project. The first compo-
nent is the field site that we established in the Woodlake area
of Tulare County. The 15.3-acre experimental site is a mature
navel orange grove (Frost Nucellar) on Troyer Citrange root-
stock. The tree spacing is 22 x 20 feet. Twenty-five experi-
mental treatments were selected for the project (See Table).
Each experimental plot consists of 12 trees with the central 2
trees serving as the data trees. The cooperators irrigation sys-
tem was modified to accommodate the differential N treat-
ments during Spring/Summer 1996. During 1999-2000, the
project has continued as previously described. Tree measure-
ments were taken in Fall 1999. On-tree fruit color measure-
ments were also taken on a regular basis during Fall 1999 as
the “orange” color developed on the fruit. Yield data were
collected in April 2000.

Figures 1 and 2 report the yield (fruit numbers per tree) and
the size distribution of the various treatments. In this case,
the control trees yielded the lowest number of fruit. There
was substantial variability in the yield data, however there
was a slight trend towards larger numbers of fruit in the
higher N treatments as previously reported by other re-
searchers. There were no clear trends in the fruic size disuribu-
tion data as reported here bur we feel further analysis of this
data is warranted.

The leaf N content of all treatments from 1996 through
1999 is presented in Figures 3 and 4. It is obvious from these
figures that it has taken 4 years to clearly establish a differen-
tial N response with respect to leaf N content. In 1996, there
were no trends, as one would expect since this was the initial
set-up year. In 1997 and 1998 there was a trend to differen-
tial N leaf content, however there was still considerable scat-

50 Yield per Pair of Trees (Ibs)
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Figure 1. Average yield (Ibs of fruit per pair of trees) from
Waodlake, CA Research Plot. Fruit harvested in April 2000.
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ter in the data. The leaf analysis of 1999 clearly shows a lin-
ear relationship between the amount of N applied and the
leaf N content in the Fall period. There does not appear to
be any substantial difference in the leaf N content that can
be related to the method or timing of application.

In March 2000, we rated the north quadrant of each data
tree for the incidence of puff and crease using the protocol
established by C. W. Coggins, Jr. Fifty fruit per north side of
the tree was evaluated. No relationship was observed between
the amount of N applied and the incidence of puff and
crease (Figure 5). Additionally, the method of N application

did not appear to make a difference in the incidence.

Figure 2. Per cent of fruit in small (size 113 or less), medium
(size 72, 88) and large (size 56 or greater) categories. Fruit
harvested. in April 2000 from Woodlake Research Plot.
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Schedule of experimental treatments for nitrogen management project near Woodlake, CA.
Treatment Soil Applied Timing Foliar Total N
(Woltreelyr) (rimesiyr) (No. applications) (Wb/ereetyr)
1 0 - - 0.00
2 0 - 1 0.25
3 0 - 2 0.50
o 0 - 4 W10
5 0.5 1 - 0.50
6 0.5 2 - 0.50
7 0.5 @ - 0.50
8 1.0 1 - 1.00
9 1.0 2 - 1.00
10 1.0 C - 1.00
11 1.5 1 - 1.50
12 1.5 2 - 1.50
13 L5 C = 1.50
14 2.0 1 - 2.00
15 2.0 2 - 2,00
16 20 C - 2.00
17 0.5 5 1 0.75
18 0.5 & 2 1.00
19 0.5 G 4 1.50
20 1.0 (& it 1.25
21 1.0 C 2 1.50
22 1.0 C £ 2.00
23 135 C 1 175
24 1.5 C 2 2.00
25 2.0 @ A 1 e 2.25
Foliar Only Soil Only
No. Applications = b Nitreelyr b Nigreelyear Timingy
0 0 0.5 1,2, G
1 0.25 1.0 120
2 0.50 1.5 1,2,C
4 1.00 20 1528
Combination Treatments
Sotl Application Foliar Applications Total
(lb Niereelyr) = (No. applications) = b Nitreelyr
0.5 1,2,4 0.75-1.50
1.0 1,2,4 1.25-2.00
135 1,2 1.75 - 2.00
2.0 1 2.25
z Foliar Application: Low Biuret Urea was 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
two applications will have an additional application in late winter. Trees receiving four applications will have additional applications at the pre-bloom stage and 30 days following the
late May applicarion.
¥ Soil 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.
x Soil Nitrogen will be applied as in the "C” treatment described above for the soil applications.

Nitrate—-N concentration in the soil solution extracts as re-
lated to the amount of N applied as a soil application since
December 1997 is presented in Figure 6. It was observed that
there was a general trend towards higher soil NOs—N levels
with increasing the amount of N applied to the soil. Like-
wise, Figure 7 presents the NOs>—N concentrations of the soil
extracts below the root zone for all treatments from Decem-
ber 1997 through May 2000. This darta also show that as the
amount of applied N increases the amount of NO;~N in the
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soil also increases. The NOs=N levels in the soil only treat-
ments were highest ac all N rates whereas the combination
foliar — soil applications are lower than the soil only applica-
tion. There appears to be little difference in the soil NO~N
concentrations that can be related to the timing of the soil N

application.

The second component of the project was established with
the aid of the Sunkist Research Foundation. This component
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Figure 3. Nitrogen contents of leaves collected at Woodlake
Research Plot in fall of 1996 and 1997. Numbers in sym-
bols represent number of foliar applications (1, 2, or 4) or
soil applications (1, 2, or continuous).
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Figure 4. Nitrogen contents of leaves collected at Woodlake
Research Plot in fall of 1998 and 1999. Numbers in sym-
bols represent number of foliar applications (1, 2, or 4) or
soil applications (1, 2, or continuous).
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has two grower cooperators located in Orange Cove and
Exeter-Woodlake. These three sites are navel orange. We
have raken 6 of the treatments listed in Table 1 (treatments
8, 11, 13, 14, 23, 24) and are applying these on a per-row
basis. All grove modification of the existing irrigation systems
was donated by Fruit Growers Supply and the Sunkist
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Research Foundation. The sites have been maintained as de-

scribed in previous reports. We obtained yield, packout data

and storage data (from UC-KAC) in Spring 2000. There are
no clear trends apparent in the data, although the data analy-
sis is yet to be completed.
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Figure 5. Fruit showing puff or crease expressed as percentage
of fruit evaluated (approximately 50 fruit per tree on north
half of tree) from Woodlake Research Plot. Numbers in sym-
bols represent number of foliar applications (1, 2, or 4) or
soil N applications (1, 2, or continuous).
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Figure 7. Average nitrate-nitrogen concentrations extracted
below root zones as related to total nitrogen applied from
Waodlake Research Plot. Data represent samples collected
during period 12/97 through 5/00.
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DEVELOPMENT OF
NITROGEN BEST
MANAGEMENT
PRACTICES FOR THE
‘HAsS AVvOCADO

Principal Leader:

Carol J. Lovatt

Department of Botany and Plant Sciences
University of California

Riverside, CA

(909) 787-466

Cooperator:
Grether Farming Company, Inc.
Somis, CA

OBJECTIVES

1. Quantify the nitrate pollution potential of the various N
fertilization strategies.

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

3. Evaluate the potential for replacing the April double dose
or triple dose of soil N with foliar N.

4. Provide a ratio of enhanced-yield benefit to environmental
cost for each N fertilization strategy.

5. Identify BMP’s for N ferrilization for the ‘Hass” avocado in
California.

RDESCRIPTION

To reduce potential nitrate pollution of groundwarer, avo-
cado growers apply N fertilizer to the soil in several small
doses annually. This strategy ignores tree phenology and the
possibility that the tree requires more N at certain times of
year. In a prior 4-year study, we determined the impact of
supplying a double dose of soil N to ‘Hass’ avocado trees at
one of several key times in the phenology of the tree in com-
parison to supplying a single dose of N six times per year.
The results of this study demonstrated that N application
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time was more important than the total annual amount of N
applied to sustain over multiple years higher yields, to obtain
a greater proportion of commercially valuable, and to reduce
the degree of alternate bearing of the ‘Hass” avocado. Novem-
ber proved to be the best time to apply N to the soil based
on both increased yield and fruit size averaged across the four
years of the study and increased cumulative yield for both to-
tal 1b and Ib large size fruit per tree. April also proved a good
time to apply N based on increased cumulative yield, i.e.,
both total lb and Ib large size fruit per tree, and decreased al-
ternate-bearing index compared to control trees. Applying
the double dose of N in January, February, or June had no
effect on yield, fruit size, or alternate bearing. The yield in-
creases were economically significant.

In 1997, we initiated a 6-year study funded by the California
Avocado Commission (CAC) to replicate our earlier study
and to quantify the effects of additional strategies with the
overall goal to even out alternate bearing and to increase an-
nual and cumulative yield and fruic size, The danger is that
using double or triple doses of soil-applied N to increase
yield might increase the potential for nitrate groundwater
pollution. We hypothesized that supplying an avocado tree
with more N at times when demand is greater should not in-
crease leached nitrate. Since yield is increased, the interpreta-
tion is that the tree utilized the extra N. Our CDFA/FREP
project is coordinated with and complemented by our CAC
project. We are quantifying the amount of nitrate and am-
monia leaching past the root zone of ‘Hass’ avocado trees
treated with various N fertilization strategies. The results

of this research will identify Best Management Practices
(BMPs) for N for the ‘Hass’ avocado in California. The
avocado growers of California are proactive and are secking
this information.

RESULTS AND CONCLUSIONS

Yield for two harvests, 1997-98 and 1998-99, and cumula-
tive yield is provided in this report (see Table). The yield data
for the first year confirmed that time of N application is
more important than the amount of N applied. This was not
the case for the second harvest. The 1998-99 crop was not a
normal crop. Fruit load was dramarically reduced due to the
unprecedented devastation caused by the Persea mite and av-
ocado thrips and due to the freeze in the winter of 1998/99.
As a result there was very little variation in yield among treat-
ments. The 1999-00 crop, which we will harvest this Sep-
tember, will also be lower than normal due to the freeze. The
2000-2001 crop will be a normal to high yield.

Funding for our CDFA/FREP project started in April 1999.
Due to the abnormally low yield in 1999-00, we delayed
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Effect of nine nitrogen fertilization strategies on yield of the ‘Hass’ avocado during an “on” year in 1998 and an
“off” year in 1999.
Year 2-year cumulative
1998 1999 yield
Toral Ib fruit/ Ib fruie/ Ib fruic/

Treatment Ib N/acre tree tree tree
2x N in August (all years) 40.0 73.6 az 37.8z 113
Grower fertilization practicey 425 70.7 a 40.1 110
2x N in November (prior to “on” years) and 40.0 68.1a 40.5 106
April (“off” years)
2x N in November (all years) 40.0 62.3 ab 44,6 107
Controlx 80.0 58.8 ab 49.4 108
2x N in April and November {(no N in 80.0 58.8 ab 32.8 96
February and June) (all years)
2x N in April (“off” years) and 3x N (“on” 60.0 58.6 ab 48.5 107
years)
2x N in April (all years) 40.0 56.8 ab 42,1 99
2x N in April (“off years) and 3x N (“on” 100.0 423b 44.6 87
years) applied foliarly
P-value 0.06 NS NS

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

yGrower’s fertilization practice is 40 Ib N as ammonium nitrate/acre split into two applications made in July and August.

*Control trees received 80 Ib N as ammonium nitrate/acre, divided into four, 20 Ib/acre applications made in mid-April, mid-July, mid-August, and mid-November.

starting the research by approximately six months to start the extraction and recovery of nitrate and ammonia from the
with the 2000-01 crop. With the delay, the CAC and CDFA resins. We are confident thar this extra research will improve
projects are now synchronized with regard to crop year, the quality of the data that we are now collecting. At the
which will improve the results and the overall utility of the time of submission, the lab had not completed the analysis of
research. We spent the six-month delay improving the samples from the field.

methods for recovering the resin bags and for standardizing
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EFFeCcT OF COVER CROP
OR COMPOST ON
POTASSIUM DEFICIENCY
AND UPTAKE, AND ON
YIELD AND QUALITY IN
FRENCH PRUNES

Project Leaders:

Richard Rosecrance/Pat Delwiche
California State University
School of Agriculsure

Chico, CA

(530) 898-5699

Fred Thomas
CERUS Consulting
Chico, CA

OBJECTIVES

1. Design and lay out an experiment to test the hypothesis
that certain management practices within a prune orchard
can affect potassium deficiency

2. Determine the effects of the four treatments (cover crop,
compost, broadcast K fertilization, banded K fertilization)
on leaf K content

3. Determine the effects of cover crops and mulch on soil so-
lution potassium and on soil exchangeable potassium

4. Determine the effects of a cover crop and compost on
potassium leaf deficiency, yield, and quality

5. Conduct educational /outreach sessions on K deficiency as
part of CSU Chico and UC Cooperative Extension Field
days, the new UC Environmentally Sound Prune System
Program (ESPS), the Biological Prune Systems (BPS) Pro-
ject, and through the outreach actvities of commercial fer-
tilizer suppliers and pest control advisors.

6. Determine the effects of the four treatments on soil water
relations in prune orchards

i (G}

18

O W oM oMo IR I E S

DESCRIPTION

Roughly 110,000 acres of prunes are grown in California, pri-
marily in the northern California counties of Sutter, Butte,
Yuba, Tehama, Colusa, and Glenn. Prunes are a strong sink
for K and prune flesh typically contains 1% of K. Potassium
deficiencies are significant on French prune trees growing in
California’s Sacramento Valley. Deficiencies are especially ap-
parent in heavy crop years and in heavy textured, clay soils.

Potassium deficiency symptoms may be expressed as yellowing
of the leaves and marginal burn. Severe deficiencies may cause
defoliation and limb dieback. Potassium deficiency can also
cause decreases in both yield and fruit quality. Previous Uni-
versity of California research has shown that banding K at rates
of up to 2,500 Ib/acre will increase yields in prune orchards for
3-4 years and decease foliar dieback during the heavy crop
years. Recent work by Dr. Steve Southwick, however, indicates
that some growers are applying excessive amounts of potas-
sium resulting in nutrient imbalances in the trees.

Potassium fixation by soils depends on the quantity of the
soil mineral vermiculite, and to a lesser extent illite, present
in the soil. These minerals are derived from granitic parent
materials. The soils of the upper Sacramento Valley were
formed on volcanic parent material, which do not contain
little mica or vermiculite. The project leaders predict that
these soils have minimal potential to fix K and that the heavy
clay soils typical of the region may cause poor crop root dis-
tribution. If poor root growth is limiting K uptake, cover
cropping and compost applications may increase root explo-
ration of the soil and help to ameliorate K deficiency.

RESULTS AND CONCLUSIONS

This three-year study, initiated in 1999 is evaluating the abil-
ity of alternative management strategies of cover cropping
and compost applications to enhance K uptake in French
prune. The project was initiated on a farm, which had a his-
tory of K deficiency, and severe deficiency symptoms were
seen this year. To date, no significant treatment effects have
been found in terms of mid summer leaf K concentrations,
whole tree K deficiency ratings, stem water potential, and
fruit yield and quality. These results are not unexpected given
the short period since treaument application.

The study will also determine whether these soils have the
capacity to fix K by performing mineralogical analyses, and
K adsorption and release studies. Leaf K, exchangeable K,
soil solution K, foliage symptoms, and fruit yield and quality
measurements are being taken as part of the study.
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FERTILIZER USE
EFFICIENCY AND
INFLUENCE OF
ROOTSTOCKS ON
UPTAKE AND
ACCUMULATION OF
NUTRIENTS IN WINE
GRAPES GROWN [N
THE COASTAL VALLEYS
OF CALIFORNIA

Project Leader:

Larry E. Williams

Department of Viticulture and Enology
University of California - Davis
Kearney Agricultural Center

Parlier, CA

(559) 646-6558

INTRODUCTION

There are approximately 710,000 acres of grapevines grown
in California with 42% of that acreage devoted to wine grape
production. Presently, the most rapidly growing segment of
the wine industry is the sale of premium wine. The majority
of grapes used to produce premium wine are grown in the
coastal valleys of California. Unfortunately, many vineyards
in those areas are being replanted on rootstocks resistant to
Phylloxera, a root-feeding louse. Most of the fertilization rec-
ommendations for grapevines in California were developed
for vines growing in the San Joaquin Valley on their own
roots. Thus, there is an urgent need to develop fertilization
recommendations for premium wine grape cultivars grown
on different rootstocks in the coastal areas of California.

Nitrogen is primary fertilizer used in California vineyards.
Therefore, the timing and amounts of N fertilizer application
are critical in optimizing its uptake to avoid leaching below
the root zone and possible ground water contamination. The

EVGE
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only direct way to measure fertilizer use efficiency is with the
use of *N-labeled N fertilizer. "N is a non-radioactive iso-
tope of N and can be quantitatively measured in plant tissue.
The proposed research was designed to determine fertilizer
use efficiency using "N labeled fertilizer in four different
vineyards (two Chardonnay and two Cabernet Sauvignon
vineyards) growing on different rootstocks, and at different
locations in California. In addition, N and K budgets were
to be determined on those vines and compared to more con-
ventional means (petiole analysis at bloom time) to deter-
mine vine nutritional status.

OBJECTIVES

1. Quantify total uptake of N and K in Chardonnay and
Cabernet Sauvignon scions grafted onto various rootstocks
at different locations.

2. Use 15N labeled fertilizer to determine fertilizer use effi-
ciency of premium wine grapes on different rootstocks
grown in the coastal valleys of California.

3. Compare the efficiency of N fertilizer uptake and total N
and K uptake by the various scion/rootstock combinations
with other means to determine vine nutritional status (i.e.
petiole analysis at bloom and veraison and cluster N and
K analysis at harvest).

4. Develop fertilization recommendations for premium wine
grapes grown in the coastal regions of California.

DESCRIPTION

At berry set in the 1997 growing season "N labeled fertilizer
was applied to six, individual vine replicates for each root-
stock at all locations subsequent to berry set (from two to
four weeks after anthesis or bloom). The amount of N ap-
plied per vine was determined by estimating yield at each site
and the corresponding amount of N that would be removed
in the fruit at harvest. This ranged from the equivalent of 27
to 40 Ib N/acre, depending upon location. Petioles were col-
lected in 1997 at 30 to 80% of full bloom, prior to when the
fertilizer was applied and then again at bloom in 1998 and
1999. Yields at each location were measured when the sugar
in the fruit indicated that particular vineyard would be har-
vested within one week. The fruit was returned to the UC
Kearney Agricultural Center and subsequently dried. Leaves
on the experimental vines were collected prior to the antici-
pated date they would have naturally fallen and the canes
measured when the vines were pruned. Leaves and canes
were dried at the UC Kearney Agricultural Center and subse-
quently analyzed for "N, N and K.
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Table 1. Bloom-time petiole nitrate and total N concentrations in 1997, 1998 and 1999.
NOs—N Total N

Location Rootstock {ppm) —= (% dry wt)-—-——-
1997 1998 1999 1997 1998 1999
Carneros 5C 911 590 484 1.50 1.09 1.32
110R 718 340 396 1.69 1.16 1.29
Gonzales 5C 768 486 650 1.06 0.81 1.10
100R 638 481 555 0.66 0.83 1.06
Freedom 587 695 599 0.91 0.84 1.00
Qakville 5C 68 1655 47 2.63 1.09 0.68
110R 56 1338 57 2.60 1.01 0.72
3309 52 1586 55 247 0.98 0.69
Paso Raobles 5C 6191 1359 2754 2.64 1.06 1:25
110R 4042 964 1358 276 1.30 1.34
Freedom 9876 1485 1387 3.34 1.04 0.99
140Ru 7462 1418 1947 2.64 1.26 1.07
1103P 7878 1575 1562 2.84 1.20 1.04

Each Value is the mean of four, 75 petiole samples.

RESULTS

Petioles opposite the lowest cluster on a shoot were sampled
during bloom all three years and analyzed for NOs-N and
total N (Table 1). The values for both nitrate and total N
varied greatly from one location to another, year to year but
somewhat less so for rootstocks at a particular location. Peti-
ole nitrate-N values ranged from a low of 47-ppm nitrate at
the Oakville site in 1999 to almost 10,000 ppm at Paso Rob-
les in 1997. While the data in Table 1 are the means per
rootstock/scion combination ar each location, there was con-
siderable variation in bloom-time petiole nitrate-N in 1999
at the Carneros and Paso Raobles sites. For example,
Chardonnay at Carneros on the 5C rootstock had a nitrate
value of 173 ppm for one set of data vines and 796 ppm at
the other site of data vines. At Paso Robles, petiole nitrate-N
values of data vines on Freedom were 460 ppm at one site
and 2323 ppm at the other site. The wide range in bloom-
time petiole nitrate values at Carneros and Paso Robles for
individual rootstock/scion combinations in 1999 were used
in Figures 3 to 5. Total N in the petioles appeared to be a
function of cultivar in 1997 but in 1998 and 1999 values of
both cultivars only varied from 0.7 to 1.3%. There was a sig-
nificant linear relationship between petiole N and nitrate-N
(data not given). However, the total N values at the Oakville
Cabernet vineyard in 1997 were high even though petiole ni-
trate-N values were very low.

The concentrations of N in the leaves, stems (main axis of
the shoot) and clusters were also measured all three years and
correlated with both petiole N and nitrate-N at bloom. An
increase in bloom-time pertiole N (from a low of 0.66 to a
high of 3.34%) did not have an effect on the N concentra-
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tions of the fruit, leaves or canes. The relationship between
the concentration of N in the fruit, leaves and canes at the
end of the growing season and bloom-time petiole nitrate
concentration showed that organ N concentration may only
decrease at a bloom-time petiole nitrate concentration value
less than 100 ppm.

Ammonium nitrate (NH;NOs), with 5 atom % excess *N,
was the N fertilizer utilized in this study. Both N atoms were
labeled with **N. The amount of N fertilizer given to each
vine was based upon an estimated yield at each location and
subsequent removal of N from the vineyard in the fruic at
harvest. The amount of ammonium nitrate given to each
vine at Carneros, Monterey, Paso Robles and Oakville in
1997 was approximately 34, 57, 48 and 17 g per vine. The
difference in the amount per vine at each location was due to
differences in estimated yield and vine density. The amount
of actual N applied was 12 (33), 20 (40), 17 (27) and 6 (29)
g per vine (b /acre) at Carneros, Monterey, Paso Robles and
Oakville, respectively (Table 2). The fertilizer was dissolved
in water and placed beneath an emitter while the vines were
being irrigated. This procedure took place from two to four
weeks after full bloom (after berry set).

The total amount of ¥N taken up by the vine over the three
year period of the study was determined (Table 2). There
were significant differences among rootstocks at the Paso
Robles location, no differences among rootstocks at the other
locations. The sum of total N as a function of rootstock in
the same organs over three years differed significantly only at
the Oakville location but this may have been due partly to
significant differences in biomass production among root-
stocks at that site, The average N concentration of biomass
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at berry set in 1997 at all locations."?

Table 2. The amount of labeled N (°N), total N, total dry biomass and % N of the biomass accumulated by the data
vines over the course of three growing seasons (1997, 1998 and 1999). The "N (5 atom % excess) fertilizer was applied

Applied Toral Toral Total Percent
Location Rootstock 15N Fertilizer ISN N Dry Wt. N
(g/vine) (% dry wt)
Carneros 5C 12 0.066 44.1 6255 0.71
110R 12 0.078 52.7 7482 0.70
Gonzales 5C 20 0.049 BT 6694 0.79a
110R 20 0.051 54.5 7591 0.72b
Freedom 20 0.047 49.9 7889 0.73b
Qakville 5C 6 0.039 26.6a 4480a 0.59b
110R 6 0.043 57.0ab 3760 b 0.64a
3309C 6 0.044 206b 3761 b 0.62ab
Paso Robles 5C 17 0.035 ¢ 65.3 82.61 0.79 ¢
110R 17 0.049 b 67.5 8394 0.80 be
Freedom 17 0.074a 69.7 8701 0.80bc
140Ru 17 0.051b 79.7 9171 0.87a
1103P 17 0.072a 74.0 8949 0.83b

significant différences among rootstocks.

1) The cultivar used at Carneros and Gonzales was Chardonnay while Cabernet Sauvignon was used at the other two locations.
2) Values for the rootstocks within a column at a given location are significantly different (p <0.05) if followed by a different lerter. If no letters appear within the column, there are no

produced by the scion (total vine N divided by total vine dry
weight) was significantly affected by rootstock at three of the
four locations. A comparison of the two rootstocks (5C and
110R), common to all experimental locations, showed that
percent N was significantly greater for 5C at Gonzales, sig-
nificantly greater for 110R at Oakville, but no significant dif-
ferences between the two at Carneros and Paso Robles.

Fertilizer use efficiency (FUE) (ratio of applied N to "N
taken up by the vine) was calculated for all scion/root-
stock/location combinations each year and then summed at
the end of the study (Table 3). With the exception of the
Paso Robles site, there were no significant differences in FUE
among rootstocks. This may be due to the fact that all root-
stocks were culturally treated the same (i.e. vertical trellis sys-
tem, shoot positioned, hedged at a certain height and drip
irrigated according to best estimates of vine water require-
ments). All fertilizer applications were such that the N was
applied directly beneath an emitter while irrigating. The
110R rootstock had a significantly higher FUE than the 5C
rootstock at Paso Robles and it was higher than 5C at the
other three locations (although not significantly). The FUE
of Freedom was greatest among rootstocks at Paso Robles but
lowest at Gonzales.

There were somewhat larger differences in FUE among loca-
tions. Fertilizer use efficiency, when averaged across root-
stocks, was 12.0, 4.9, 14.0 and 6.6% at the Carneros,
Gonzales, Oakville and Paso Robles sites, respectively. There
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are several explanations for the differences among sites. The
extremely high petiole nitrate levels in 1997 at the Paso Rob-
les vineyard may indicate an abundance of soil N at that site
thus diluting the uptake of fertilizer N. At the Gonzales site,
the cooperator applied a NPK fertilizer without my knowl-
edge again diluting the "N fertilizer applied at berry set. The
higher FUE at the Carneros and Oakville sites may have
been due to the fact that neither vineyard had been fertilized
since planting. In addition, the Oakville vineyard had very
low petiole nitrate levels when sampled at bloom in 1997
and 1999. Lastly, the proportion of labeled fertilizer taken up
the first year at Carneros, Gonzales, Oakville and Paso Rob-
les was 87, 84, 79 and 60% of that found in the vine over
three years.

The amount of N required to support the growth of the
fruit, leaves and canes in each year of the study as a function
of location is shown in the Table 4. Differences in N uptake
from year to year were related to differences in yield from
year to year. Over the course of the study N requirements
ranged from 145 |b N/acre to 98 Ib N/acre. The lowest
amount of N per ton of fruit was 1.96 Ib/ton at the Oakville
site in 1997 (Table 4).

Potassium also was measured in the petioles at bloom time
and clusters, leaves and canes at the end of the season all
three years (Table 5, 1999 data presented). The range in peti-
ole K varied to a lesser degree from location to location and
among rootstocks at a particular location than did petiole ni-
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Table 3. The relationship between the amount of °N labeled fertilizer found in each rootstock/scion combination and
the amount of "N fertilizer applied.

- N in vine/15N applied —--———
Location Cultivar Rootstock 1997 1998 1999 3 Years?
(%)
Carneros Chardonnay 5C 7 1.1 0.2 11.0
110R 111 1.2 0.7 13.0
Gonzales Chardonnay 5C 4.0 0.6 0.3 4.9
110R 4.3 0.5 0.3 5.1
Freedom 4.0 0.4 0.3 4.7
Oakville Cabernet 5C 10.4 1.5 1.1 13.0
110R 112 2.1 1.0 14.3
3309C s 21 1.1 14.7
Paso Robles Cabernet 5C 2.1 1.2 0.7 40¢
110R 32 1.8 0.8 58b
Freedom 6.1 1.7 0.9 8.7a
140Ru 3.5 1.6 0.9 6.0b
1103P 48 22 1.5 8.5a
2See Table 2 “Total 15N” column illustrating differences among rootstocks with regard to fertilizer use efficiency.

trate concentrations. The concentration of K in the fruit,
leaves and canes among locations and rootstocks varied even
less than the K in the petioles. There were significant differ-
ences in total K in the fruit and the entire vine (sum of fruit,
leaves and pruning canes) after three years among the root-
stocks (Table 6). Some of the differences among the
scion/rootstock combinations at a given location were due to
differences in yield. Differences among locations was due
mainly to differences in planting density (i.e. planting den-
sity at Carneros, Gonzales, Qakville and Paso Robles was
1249, 907, 2165 and 725 vines per acre, respectively). There
were significant differences in the whole vine concentration
of K as a function of rootstock at three of the locations
(Table 6). However, there was no significant correlation be-
tween petiole K bloom and the K concentration found in the
fruit, leaves or pruning canes at the end of the season (data
not given).

DISCUSSION AND
CONCLUSIONS

This study quantified the uptake of N and K as a function of
scion, rootstock and location for three growing seasons. As
has been found in other studies on grapevines, the fruit is the
major sink for N and K. The amount of N found in the clus-
ters at harvest, leaves as they fell from the vine and the prun-
ing canes ranged from a low of 98 to a high of 145 Ib

N/acre. The actual amount of N removed from the vineyards
(by harvesting the fruit) ranged from approximately 2.0 to
3.2 Ib N/ ton. The amount of K removed from the vineyards
via fruit harvest all three years ranged from 74 to 140 1b /
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acre. The amount of K found in one ton of fruit ranged from
approximately 3.8 to 6.0 Ib / ton.

Both location and rootstock had an effect on bloom-time
petiole analysis for nitrate, total N and percent K as others
have found. In fact, there was a large effect of both rootstock
and location on petiole NOs-N. The current recommenda-
tion for adequarte levels of nitrate in the petioles at bloom, for
Thompson Seedless grapevines, is between 500 and 1200
ppm nitrate. The data presented in Figure 5 indicate that
when bloom-time petiole nitrate levels were below 200 ppm,
the concentration of N in the clusters, leaves and stems (or
canes) could be lower than when the levels were greater than
200 ppm. However, the concentration of N in those same
organs did not significantly increase as bloom-time petiole N
increased from 200 to 10,000 ppm. Viticulture researchers
over the years have found that some cultivars of grapevines
and/or rootstocks will normally have bloom-time petiole ni-
trate-N values of approximately 200 ppm without an adverse
effect on vine growth. The 200-ppm value is less than the
“adequate” values (500 to 1200 ppm) established for
Thompson Seedless. Therefore, the data presented in this
study would indicate that a value of 200-ppm nitrate in the
petioles at bloom might be a universal “adequate” value ap-
plicable to most vineyard situations. This is also supported
by the fact that the PI has recorded bloom-time petiole ni-
trate values in Thompson Seedless grapevines less than 100
ppm with no visible N deficiency symptoms. It should be
pointed out that the petiole nitrate-N values at Oakville in
1999 were very low but the N concentrations in the fruit,
leaves and canes were comparable to vines at other locations
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Table 4. The total amount of N in the fruit at harvest, leaves as they fell from the vines and the prunings at the
Jour vineyard locations.
Total N
(clusters, leaves & prunings) Total N

Location (Ib /acre) - ~———(Ib / ton fruit)-————e

1997 1998 1999 1997 1998 1999
Carneros 52 38 43 2.68 250 2.58
Gonzales 42 24 37 2.48 2.56 2.88
Oakville 40 38 37 1.96 2.48 2.70
Paso Robles 39 41 33 3.16 3.02 2.76

Each value is the mean (averaged across rootstocks) ar each location each year. Other information as found in Table 3.

where petiole nitrate values were higher. This would indicate
that very low petiole nitrate-N values observed for a single
growing season might not warrant the application of a N fer-
tilizer. However, the PI is of the opinion that a N fertilizer
should be applied if one found very low bloom-time petiole
nitrate-N values (less than 100 ppm) for two consecutive
years.

It is interesting to point out that petiole nitrate N at Oakville
increased dramatically in 1998 compared to 1997 but
dropped again in 1999. The Springs of 1997 and 1999 were
very dry and the vines had not been irrigated prior to taking
petiole samples both years. The 1998 Spring was very wet,
soil water content was very high at the time petioles were
sampled that year. This may indicate that rainfall could influ-
ence petiole nitrate-N values. In addition, the vineyard at
Paso Robles was irrigated in 1997 prior to taking petioles for
analysis while in 1998 and 1999 the vineyard had not been
irrigated prior to bloom. In that situation, the irrigation may
have caused the high petiole values in 1997 while not irrigat-
ing the vines in 1998 and 1999 resulted in lowered petiole
nitrate values. Growers should be made aware that irrigation
starting date and the amount and frequency of rainfall may
impact petiole NOs-N values.

Numerous grape growers and consultants are now using
bloom-time petiole total N instead of nitrate-N to assess vine
nutrient status. They are doing this since there is less varia-
tion in total N from vineyard to vineyard and from year to
year than for nitrate-N. We found a four-fold difference in
petiole bloom-time, total N values in this study among the
data collected (as opposed to a 210-fold difference in petiole
nitrate values). However, there was no correlation between
organ N concentration and petiole N concentration in this
study. The data would indicate values even less than 1% N in
the petioles is adequate.

I also found good correlations between organ tissue N con-
centration at berry set and the same organ’s N concentration
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at the end of the season (data not given). These relationships
would also indicate that any of the above organs, sampled ei-
ther during the growing-season or during dormancy (prun-
ing canes) may also be useful in determining vine nutrient
status when used in conjunction with petiole analysis. Per-
haps some of the fertilizer moved into the soil where little of
the vine's roots were present.

The dara collected would indicate that the efficiency of N fer-
tilizer utilization (FUE) by the various rootstocks differs only
slightly. It is often assumed by many in the grape industry
that rootstocks with greater petiole nutrients (such as higher
nitrate levels) are more efficient than rootstocks that generally
have lower values. The data collected in this study would indi-
cate that not to be the case. The small differences among the
rootstocks at three of the locations may be due to how the
rootstock affected vine growth and that the growth then drove
the uptake of the N fertilizer. The significant differences in
FUE at the Paso Robles site could be due to differences in
root distribution within the soil profile. Those rootstocks with
higher FUE may have a higher concentration of roots in the
wetted zone beneath the emitter (where the "N fertilizer was
applied), thus having greater access to the fertlizer. The differ-
ences among rootstocks at Paso Robles could also have been
due to the movement of the labeled fertilizer into the wetted
zone at each site the fertilizer was applied.

Another indicator of a rootstock to absorb N more efficiently
would be whether it had a higher concentration of N in the
biomass of the scion. There were significant differences (al-
beit small) at three of the locations among rootstocks in total
vine N concentration (Table 2). This would indicate that a
particular rootstock took up greater N in relation to the
amount of biomass it produced (i.e. more efficient). How-
ever, there was no apparent relationship between FUE and
the N concentration in the dry biomass.

The above fertilizer use efficiencies seem quite low compared
to a FUE of approximately 40% that we found on Thomp-
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Table 5. Yield, percent K of petiole (sampled at bloom) clusters, leaves and canes, and total K in the fruit at harvest
and combined with that found in the leaves and canes at the end of the 1999 growing season as a function of cultivar,

rootstock and location.
--------------------------------------- Yo K-mmmmce e -----Total K- - - - -
Location Rootstock Yield Petiole Fruit Leaves Prunings Fruic Vine
t/acre (% dry wt.) (Ib /acre)
Carneros 5C 77 1.73 0.79 0.93 0.69 27 40
110R 8.5 1.61 0.78 1.35 0.86 29 55
Gonzales s5C 55 3.03 0.81 1.18 0.77 19 34
110R 5.4 2,67 0.83 1.50 0.53 19 35
Freedom 53 3.21 0.83 1.26 0.59 19 35
Qakville S5E 5.5 3.62 1.10 1.27 0.61 29 60
110R 4.8 3.73 1.07 1.52 0.67 24 53
3309C 3.6 3.87 1.15 1.23 0.63 19 41
Paso Robles 5C 4.7 4.18 0.80 1.03 0.61 16 30
110R 5.0 3.70 0.95 1.21 0.58 20 36
Freedom 52 4.87 0.99 1.28 0.66 22 40
140Ru 532 4.28 0.96 1.14 0.63 22 40
1103P 3.8 4.33 1.02 1.31 0.69 17 36

Table 6. Yield, total K in the fruit, the amount of K per tonne of fruit, total K in the vine (fruit + leaves + canes)
and percent K of the vine for three years as a function of location, cultivar and rootstock.

Toral Vine2
Location  Culdvar Rootstock Yield Fruit K K
(t/acre) (Ib facre) (Ib /t) (Ib facre) (% dry wt)
Carneros Chardonnay 5C 25 96 3.9 143 b 0.84 b
110R 29 124 42 198a 0.96a
Gonzales Chardonnay 5 20 74 3.6 103 0.78
110R 21 83 3.8 124 0.81
Freedom 18 69 3.8 100 0.74
Qakville  Cabernet 5C 25 140 5.6 222a 1.04 b
110R 20 119 5.8 198ab 1.10a
3309C 17 101 6.0 165 b 1.03 b
Paso Robles Cabernet 5C 18 82 4.6 119 0.90 b
110R 18 85 4.8 129 0.96ab
Freedom 18 97 5.4 143 1.03a
140Ru 18 93 2 149 1.02a
11037 17 96 5.8 147 1.03a

ences. An ANOVA was not conducted on the dara in the other column

2Values within the two Total Vine K columns at a given location are significantly different (p<0.05) if followed by a different letter. If no letters appear, there are no significant differ-

son Seedless grapevines grown in the San Joaquin Valley. It
should be pointed out that the FUEs presented in this sum-
mary were based upon N found in the fruit, leaves and prun-
ing canes while those on Thompson Seedless also analyzed
the root system, trunk and fruiting wood. Those three organs
contained approximately 40% of the total "*N labeled fertil-
izer taken up by the vines in that study. It was anticipated
that the labeled fertilizer in the trunk, cordons and root sys-
tems of the vines used in this study would be remobilized
and found in the in the clusters, leaves and pruning canes in
1998 and 1999. The data found in Table 3 indicate the
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majority of ®N found in those organs was taken up the first
year. Other possible reasons for the differences between the
Thompson Seedless study and this one are:

1.) The vineyard site in the Thompson study had a hardpan
at a depth of about 3 feet (1.0 m), which may have pre-
vented any leaching of the fertilizer below the root zone

2.) Vines in this study were irrigated at estimated full ET,
which may have leached the fertilizer below the
rooting zone




In support of reason 2, an additional treatment was estab-
lished at Carneros where vines were irrigated at 50% of esti-
mated full ET and fertilized with a combination of
potassium nitrate and ammonium sulfate labeled with "N
(left over from my Thompson study). The FUE was twice
(approximately 23%) that of the full ET treatment (unpub-
lished data).

The current bloom-time petiole values of K established for
Thompson Seedless are: less than 1.0% - deficient, greater
than 1.5% - adequate. The petiole K values in this study
ranged from 0.78 to almost 5%. The concentration of K in
the fruit, leaves and canes remained fairly constant across the
above-mentioned range of bloom-time petiole K values. The

25

data from this study would indicate thar petiole K values, de-
termined at bloom greater than 0.8% are adequate for the
cultivars and rootstocks used in this study.

There were significant differences in the total K taken up by
the vine as a function of rootstock at the Carneros and
Oakville sites. Those differences may be explained by both
greater yield and K concentrations in the vine’s biomass across
rootstocks (Table 6). A comparison between 5C and 110R at
all locations showed that the concentration of K in the bio-
mass was greater for 110R than 5C. Lastly, it appeared that
cultivar also affected the amount of K found in the fruit.
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INTRODUCTION

Garlic is a cool season vegetable crop with a long growing
season and high nutrient and water needs. California pro-
duces more than 80% of the U.S. garlic crop, and irrigation
and N fertilization practices by gatlic growers may vary sub-
stantially. Lictle information is available about the timing and
amounts of irrigation, and the relationships among fertility-
water management-yield, and particularly among fertility-
water management-harvest and postharvest qualities.

Highest yields are probable with soil moisture depletion of as
litcle as 25-30%. Evaporranspiration can also be used as a
guideline for irrigating garlic. Irrigation cut-off date, or date
of last irrigation, has a great influence on garlic yield. Yield
also increases with later cutoff dates. Quality can be reduced,
however, with late irrigation. Optimum N rates determined
in numerous experiments conducted by the University of

ESEroal

26

SERUSMES MEFATSRENTBNE RS

California over the past 20 years have varied from 100 to
400 Ib N/acre. Nitrogen, as well as moisture, availability
early in the growing season is essential for optimal growth.
Late applications of N may be deleterious to both yield and
quality. Growth is slow during the first four months after
planting. Thus, the greatest N needs are during the late win-
ter when garlic starts its early growth.

Fertilizer and water management influences harvest quality
and postharvest quality. Both N and irrigation affect soluble
solids and dry matter content. In general, dry matter is re-
duced as N fertilizer rates increase, particularly at rates higher
than optimum for yield. Irrigation cutoff date is important
since dry marter content increases during the season. Thus, if
irrigation cutoff is too early, dry matrer can be reduced.

Irrigation-Fertilization Trial 1998
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Figure 1. Relationship between soluble solids, thiosulfinates
and dry weight of garlic produced under different irrigation-
N fertilization regimes. Data from 1998.
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Table 1. Summary of N fertilization treatments applied during 1998-99.

N Total Preplant Preplant Sidedress First Second Third
Fertilization Nitrogen 11-62-0 Urea Urea' ‘Water Run ‘Water Run Water Run
Treatment applied (Ib) Nitrogen? Nitrogen > Nitrogen

F1 100 28 41 31 0 0 0

F2 175 28 41 46 30 30 0

F3 250 28 41 121 30 30 0

F4 300 28 41 151 40 40 0

B 400 28 41 251 40 40 0

1Sidedress applied between January 28-February 4.
2First water run nitrogen applied April 1.
3Second water run nitrogen applied April 15.

Table 2. Summary of irrigation treatments applied during 1998-1999.

Trrigation Applied Water Date of
Treatment % Evapotranspiration Last Irrigation
T 110 10 May
T2 110 24 May
T3 130 10 May
T4 130 24 May

Garlic is approximately 40% dry weight with the major
complex carbohydrate being fructan with a small portion of
free sugars. Garlic flavor is due to the formation of
organosulfur compounds when the main odorless precursor,
alliin, is converted by the enzyme alliinase. The main com-
pound formed by this reaction is a thiosulfinate, alicin, com-
pound responsible for the characteristic odor and flavor of
fresh garlic. The carbohydrate composition and pungency of
garlic are quality parameters that have been little studied in
relation to production and storage conditions.

=—=100 N Fructan Concentration
250 N
- 400 N __LsD,, =43 |
= 750
[a]
=
o
E 700
650 -
600 '
1 2 3
Low = HIGH

Irrigation Regime
Figure 2. Fructan concentrations of garlic in relation to irri-
gation-N fertilization treatments. See Table 1 for details of
treatments.
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OBJECTIVES
The specific objectives of the research are ro:

1. Relate fertilizer and irrigation management to yield, and
efficiency of water and fertilizer use.

2. Determine leaf tissue concentrations of N in relation to
fertilizer and irrigation practices.

3. Relate leaf tissue analyses to quality at harvest.

4. Relate the postharvest quality of garlic to different fertiliza-
tion and irrigation practices.

DESCRIPTION

The garlic plots were established for the third year at the UC
Westside Research and Extension Center in the fall of 1998
for summer 1999 harvest. Irrigation treatments for 1999
consisted of water applications equal to 110% (T1, T2), and
130% (T3, T4) of the potential evapotranspiration. Irriga-
tion cutoff dates and N fertilization rates for plots for
postharvest evaluation are shown in Tables 1 and 2. Yield data
for the irrigation-N fertilization trial was taken from 5-foot
manually harvested parts of the 20-foot plots (6 field replica-
tions). For the quality/postharvest evaluations, all garlic was
manually dug in late June. After digging, bulbs were placed in
mesh bags, transported to University of California, Davis and
cured for 3 weeks under a field shed with good air venrilation.
Outer cloves from bulbs were manually peeled for determina-
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Table 3. Yield, dry weight and soluble solids content of garlic produced under different Irvigation-N fertilization regimes.
Irrigation Nitrogen Plot Yield Bulb Dry Soluble
Treatment Treatment Kg/1.5m Weight % Solids
g %
T1 1 6.0 49.1 41.1 432
3 7.2 61.1 40.3 43.5
5 7.1 63.8 39.0 42.3
T2 1 5.6 52.2 41.1 43.7
3 6.3 58.5 39.6 43.0
5 7.1 72.5 39.5 42.1
T3 1 5.1 459 41.0 42.3
3 6.2 64.1 40.3 43.6
5 6.6 61.1 39.1 42.6
T4 1 5.1 49.5 40.6 43.3
3 6.7 58.3 40.3 43.3
5 6.6 58.2 39.7 43.0
LSD.05 0.5 7.6 0.8 0.4
Yield data are average of G field replications. Composition data are averages from 30 outer cloves from a minimum of 10 bulbs,
tion of color, texture, and soluble solids. Samples were sliced
and freeze-dried for determination of carbohydrates and al- “ Alliin Concentration L5047 28
liin by HPLC (high pressure liquid chromatography). The 100 N
2000 harvest, but not the 1999 harvest, is being stored for 12 250 N
postharvest evaluations. jg.| =400 N 7
3 -
RESULTS AND CONCLUSIONS ES s
Averaging across N fertilization treatments, bulb weight per H
5-foot subplots was less with higher rate of irrigation treat- 4
ments. No significant differences were found in weight of in- 4
dividual bulbs. Averaging across irrigation treatments, total
bulb weight per 5-foot subplot was significantly less with 100 0 :
. 1 2 3 4
Ib N. treatment. Average weight per bulb was also reduced HE S N

with the lowest N rate. Table 3 shows yield data for each irri-
gation-N fertilization plot. The lowest N rate reduced total
bulb weight and weight per bulb under all 4 irrigation
regimes. The percent dry weight was consistently reduced at
the highest N rate across the 4 irrigation treatments (Table
2). The percent soluble solids followed a similar pattern for
TT and T2 irrigation treatments, but not for T3 and T4.

Although percent soluble solids and percent dry weight were
well correlated (Figure 1), the relatdonship between fructan
concentration and these two paramerters were less clear. Fruc-
tan concentrations were affected by N fertilization treatment,
with the highest carbohydrate content associated with the low-
est N application of 100 Ib /acre and the lowest fructan con-
tent associated with the highest N rate of 400 lb /acre (Figure
2). Higher free sugar concentrations were associated with the
higher N application rates (Table 4). Fructan as percent of to-
tal carbohydrate remained constant across irrigation treatments
(96.6 + 0.2%) and across N treatments (96.6 + 0.3%).
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Irrigation Regime

Figure 3. Allitn concentrations of garlic in relation to irriga-
tion-N fertilization treatments. See Table 1 for details of
treatments.

Alliin content was clearly affected by the irrigation treatment
(Figure 3). The lowest alliin concentrations were associated
with garlic from the 110% ET plots whereas the highest al-
liin concentrations were associated with the highest irtigation
rate (130% ET). Alliin was not affected by the fertilization
regime. Thiosulfinate concentrations (mostly alicin) also gen-
erally decrease with increasing dry weight (Figure 1). Alliin
concentrations were generally correlated with thiosulfinate
concentrations (data not shown).
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Table 4. Fructan and sugar composition of garlic in relation to irrigation-fertilization treatments.
Irrigation Nitrogen Fructan Sucrose Glucose Fructose
Tx it Treatment mg/g DW mg/g DW mg/g DW mg/g DW
Tl 1 7925 230+25 1.6+0.1 41+02
761 x5 214+22 15204 3507
5 728 £ 10 18.1 £3.5 1302 35+03
T2 1 815+5 16.2 + 1.0 1402 4104
3 762+ 13 226423 0.6%0.1 35+03
5 748 £ 16 233+ 14 0.6+0.5 2803
T3 1 796 £ 50 21539 1.0+£0.3 25+0.1
] 770 £ 26 257 +2.6 03+0.2 23202
5 666 £118 27.4+ 2.0 02x02 29x05
T4 1 8037 244+ 0.5 0.1£0.0 2204
770 £ 46 262 £ 1.1 0.1+£0.0 25%0.1
5 726 + 27 283+ 1.4 02+0.1 2.4+ 0.3
Average T1 760 20.8 1.5 BT
T2 775 20.7 0.9 3.9
T3 744 249 0.5 2.6
T4 766 26.3 0.1 24
Average F1 802 21.3 1.0 3.2
F3 766 24.0 0.6 3.0
F5 Z17: 24.3 0.6 2.9

Data are average from 30 outer cloves from 2 minimum of 10 bulbs.
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INTRODUCTION

This project is developing a protocol for recommending fer-
tilizer application rates based primarily on early-season soil
testing. This testing system is based on the correlation be-
tween NOs-N of the surface foot of soil and other N pools
in the surface two feet of soil at early plant growth stages.
Similar protocols have been successfully developed for corn
in the northeast and midwest, and recently have been suc-
cessful in broccoli and cauliflower production in California’s
coastal cole crop production regions. Similar work has not
been done, however, for processing tomatoes.

Additional correlations are being sought as part of this pro-
ject between fresh petiole sap testing, dry plant tissue testing,
and N fertilizer management practices.

OBJECTIVES

1. Develop and extend information on pre-sidedress soil test-
ing as a means for optimizing N management for processing
tomatoes.

2. Evaluate the effectiveness and uility of fresh petiole sap
testing using the Cardy Meter for decision making in tomato
N management.

3. Investigate relationships between fresh sap N testing, dry
tissue testing and current sufficiency levels being used by
commercial testing labs for N fertilizer recommendations.

RESULTS AND CONCLUSIONS

During the 1998 and 1999 growing seasons, the project was
carried out on a total of 14 on-farm sites in the Sacramento
Valley and the West Side region of the San Joaquin Valley.
Two trials were also conducted at the UC West Side Research
and Extension Center (WSREC). Common processing
tomato varieties were grown at each experimental site in stan-
dard crop rotations for the regions. All fields received N fertil-
izer sidedress applications of 0 to 250 Ib/acre of urea in
increments of 50 Ib/acre, with six treatment replications per
site. Soil samples were collected at various depths from each
plot prior to N sidedress applications. The soil samples were
tested for total N, potentially mineralizable nitrogen (PMN),
NO;-N and NH;-N. Each strip plot was machine harvested,
followed by measurements for total yield and fruit quality.

Concentrations of NO;-N and total organic N as measured
by pre-sidedress soil testing showed a large variability among
fields (3.5-28.5 mg N/kg; Table 1). There was little differ-
ence, however, in soil NOs-N levels within individual fields
between 0-1 cm and 0-2 cm soil depth. In-season mineraliza-



Table 1. Soil N concentration prior to sidedress fertilizer application, in-season N mineralization rate,
and grower's fertilizer N inputs.
NO;-N (mg/kg) by depth Organic N (g/kg) N Mineralization Grower inputs (kg N/ha)
Year Field 0-30cm 0-60 cm 0-30cm % rate pre-sidedress  sidedress
1998 1 6.3 7.2 0.8117 1.4 304 118.9
2 74 8.8 0.8583 1.8 51.0 99.1
3 223 28.5 0.7650 2.0 30.4 118.9
4 8.5 6.1 0.6975 2.8 28.0 NAZ
1999 5 72 10.9 0.6575 2.3 127.3 145.6
6 23.7 20.7 0.9050 0.9 64.2 198.2
7 16.0 13.3 0.8200 1.2 44.0 198.2
8 4.7 3.5 0.7875 1.8 13.4 NAZ
9 15.7 15.8 1.7675 1.3 6.7 134.4
10 10.1 12.2 1.1488 1.3 16.2 134.4
“Fields at the University of California's Westside Research and Extension Center.

tion rates of soil mineral N (0.9-2.8%) and total soil organic
N content (0.66-1.77 g N/kg) were generally consistent with
anticipated norms for California Central Valley soils. Total
pre-sidedress and sidedress fertilizer N inputs by commercial
growers in non-experimental rows at project sites ranged
from 140-274 kg N/ha and were consistent with typical in-
put rates used in the industry.

Significant yield response to N application was found in only
four of ten fields (Table 2). N rate effects on yield fit linear
(r’=0.62) and quadratic (r*=0.73) response models in field 4,
and a quadratic response model in field 8 (1*=0.61; Table 2).
Using Duncan’s multiple range test (p<0.05), no significant
yield increase occurred at sidedress N application rates >56
kg N/ha in fields 8, 9 and 10. In field 4, sidedress N applica-
tion up to 112 kg N/ha resulted in increased yield. No fields
with yield response to sidedress N application had pre-side-
dress soil NOs-N concentration above 15.7 mg/kg at 0-30
cm depth or 15.8 mg/kg at 0-60 cm depth (Table 1).

Fertilizer treatment rates had no significant effect on percent
red or rotten fruit harvested in any feld. Fertilizer rate effects
on other fruit quality indicators were inconsistent and did
not fit linear nor quadratic response models (Table 3). As an
example of these inconsistencies, fields 3, 4 and 8 had statis-
tically significant treatment effects on percent green fruit har-
vested using Duncan’s multiple range test (p<0.05), but the
largest percentages of green harvested fruit were in plots that
received 280 kg N/ha in field 8, 56 kg N/ha in field 3, and
the zero treatment in field 4. Fertilizer treatment rate effects
on other fruit quality indicators (fruit weight, fruit color and
soluble solids) demonstrated similar inconsistencies; most
fields showed no statistically significant treatment effects on
fruit quality, and comparisons between fields that did have
significant treatment effects provided no observable link be-
tween treatment rate and fruit quality indicator performance.
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Dried petiole NOs-N concentration was most closely related
to plant N deficiencies at the fruit sec growth stage (Figure
1). Six of nine treatment replications with significant yield
response to fertilizer input could be clearly demarcated from
non-responsive replications at fruit set petiole sampling stage
(Figure 1). All four fields (4, 8, 9, 10) with statistically signif-
icant yield response to fertilizer treatment rate also showed
statistically significant differences in dried petiole NOs-N
concentration related to treatment ar fruit set sampling (data
not shown). In these N-responsive fields, all treatments with
less than 2300 mg/kg petiole NOs-N concentration at fruit
set had significant yield response to sidedress N. Approxi-
mately 80% of trearments with dry petiole NOs-N levels at
fruit set higher than 2300 mg/kg achieved at least 95% rela-
tive yield (Figure 1).

Whole leaf total %N sampling was only conducted at fruit
set, and did not show as close a relationship to plant N defi-
ciency as dry petiole NOs-N measured at the same plant
growth stage. Although whole leaf total %N in five of six
fields had statistically significant similarities wich fruit set
petiole NOs-N using Duncan’s multiple range test (p<0.05;
data not shown), whole leaf total %N did not exhibir strong
linear (r* = .32) nor quadratic (£ = .37) correlation to dry
petiole NO3-N measured at fruit set plant growth stage (Fig-
ure 2). A clear demarcation between yield responsive and
non-responsive treatment replications indicating plant N de-
ficiency also was not apparent from whole leaf rotal %N
sampling dara (Figure 3).

The strongest linear and quadratic correlation between dried
petiole NO3-N levels and fresh petiole sap NO; concentra-
tions measured by the Cardy Meter was found ar fruit set
sampling stage (Figure 4). Using Duncan’s multiple range
test (p<0.05), five of six fields had a statistically significant re-
lationship between dried petiole NO3-N and wet petiole sap
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Figure 1. Relationship of petiole NOs-N at first bloom, fruit
set and fruit color stages and relative fruit yield: data from
N-responsive and non-responsive fields included. Symbols in-
dicate whether treatment was () or was not (A) N-limited,
as determined by multiple range comparison (Table 2).
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NO; at fruit set, compared to one of six fields showing the
same significant relationship at first bloom sampling stage
and three of six fields at fruit color stage (data not shown).

Post-harvest soil NO;-N concentrations were significantly
higher with sidedress fertilizer treatment rates of 280 kg
N/ha than with zero sidedress input treatments in fields 6
and 7 when measured in the top 0-60 soil depth, and in field
6 when measured at 0-120 cm soil depth (Duncan’s multiple
range test; p<0.05) (Figure 5).

This study showed that both recommended and common

industry sidedress N application rates for processing tomato
production in California are excessive and could be substan-
tially reduced without loss of yield or fruit quality. No fields
in this study demonstrated yield response to sidedress N ap-
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plication above 112 kg N/ha N, and only four of ten fields
had any significant yield response to sidedress N. Further-
more, fruit quality was virtually unaffected by sidedress

N rate.

Pre-sidedress soil nitrate testing proved to be an accurate in-
dicator of available NO;-N at early plant growth stage when
uptake of N is highest. No fields with more than 16 mg/kg
NO;-N in the top 60 cm of soil (approximately 140 kg/ha
NOs-N, at a typical bulk density of 1.35 g/cubic cm prior to
sidedress demonstrated any yield response to sidedress N ap-
plication. This observation indicates the possibility of a criti-
cal level of residual soil N that is sufficient to sustain proper
plant growth and maximum yield without sidedress N. The
similarities between PSNT NO;-N levels at the 0-30 cm and
0-60 cm depths suggests that either measurement depth
would be an accurate indicator of a residual soil N critical
level.

The lack of yield response to sidedress N application in fields
with >16 mg/kg NO;-N was not surprising, since that
amount represented approximately 70% of seasonal total N
uptake (200 kg/ha N) for high-yield tomato production.
This level of residual N was augmented by in-season soil N
mineralization. Controlled-environment incubations of pro-
ject field soil samples determined N mineralization rates of
approximately 1-2% (Table 1), which would have provided
an additional 30-160 kg N/ha N for project fields. There-
fore, in-season mineralization of organic N, coupled with ex-
isting NOs>-N concentration measured by PSNT, are likely
factors in the overall lack of yield response to sidedress N ex-
cept at input rates below 56-112 kg N/ha.

Fields 1, 2 and 5 did not show yield response to sidedress N
application despite low PSNT levels. This suggested that ei-
ther in-season N mineralization was higher than the esti-

mated range, or the crop was able to access mineral N at soil
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Table 2. Effect of sidedress N rate on fruit yield in fields with significant N response.
Stdedress Fruit Yield (t/ha)
kg Niha Field 4 Field 8 Field 9 Field 10
0 972 ¢ 889b 112.0 ¢ 775b
56 1185b 11562 119.4 ab 88.5a
112 129.5 ab 123.0a 121.4 ab 90.3a
168 138.0a 120.7 a 118.5ab 91.2a
224 137.8a 121.0a 124.1a 89.4a
280 141.6a 95.4 b 116.3 be 87.8a
Linear e NS NS NS
Quadratic i i NS NS
“Mean separation within columns by Duncan’s multiple range test, P=0.05
** Significant at P=0.01

depth >60 cm. Regardless of the N source for these non-
responsive fields, however, a PSNT level of <20 mg/kg
NO;-N in the top 0-30 cm (or 0-60 cm) of soil could serve
as a conservative threshold level for growers to determine that
no sidedress fertilization is necessary. A PSNT threshold level
of =20 mg/kg NOs-N recommended for processing tomato
production in California’s Central Valley is the same as criti-
cal levels previously established for corn (Zea mays L.) pro-
duction in the Northeastern and Midwestern U.S. and
California coastal valley lettuce and celery production.

Petiole sampling at the fruit set plant development stage
proved to be the most accurate indicator of in-season plant
N status. Dried petiole NOs-N levels at fruit set sampling
showed the clearest separation between treatment plots with
yield response to sidedress fertilizer (IN-deficient) and no
yield response (not N-deficient) (Figure 1). Data from this
study suggested a dried petiole NOs-N concentration below
2300 mg/kg at the fruit set stage indicating that post-side-
dress plant N deficiency was likely. A more conservative defi-
ciency level of 2500 mg/kg at the fruit set stage would still
be considerably lower than the 4000 mg/kg NO;-N thresh-

Figure 3. Relationship of whole leaf total %N at fruit set
stage and relative fruit yield; data from N-responsive and
non-responsive fields included. Symbols indicate whether
treatment was (*) or was not (A) N-limited, as determined by
multiple range comparison (Table 2).
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old offered by Lorenz and Tyler (1983) for the same sam-
pling period. Fruit set sampling stage was also early enough
in crop development that corrective action could be taken
through later season warer run or foliar N fertilizer applica-
tions.

Fresh petiole sap NO; concentration as measured by the
Cardy Meter showed the strongest correlation with dried
petiole NOs-N (2 = .64; Figure 4) at fruit set sampling.
However, fresh petioles sap NO; did not demonstrate as clear
a demarcation between treatment plots that were yield re-
sponsive to sidedress fertilizer inputs (N-deficient) and non-
yield responsive (not N-deficient), suggesting that Cardy
Meter wet sap petiole sampling is inferior to dried petiole
sampling in determining the need for later-season fertilizer
inputs to correct N deficiencies and obtain maximum yields.

The absence of a strong correlation between sidedress N rate
and dried whole leaf N measured ar fruit set stage was proba-
bly due to limits on plant N uptake ability. Suggested nutri-
ent sufficiency levels for tomatoes are at 3.0% N (flowering)
t0 2.5% N (first ripe fruit) of rotal whole leaf dry biomass.
All whole leaf samples analyzed for this study had >3.0% N
dry biomass fruit set (Figure 3). These above-sufficiency, in-
season levels of whole leaf %N serve to confirm the reason-
ing why a relative lack of yield response to sidedress fertilizer
inputs in all fields, and no yield response in fields with exist-
ing pre-sidedress soil NO;-N levels of >16 mg/kg in the top
0-60 cm of soil, were observed.

Although post-harvest soil NOs-N levels were generally
higher in field plots receiving 280 kg N/ha at sidedress than
in those receiving zero treatments, it was surprising thart the
differences were statistically significant in two of six fields at
0-60 cm depth and one of six fields at 0-120 cm depth. Pre-
vious studies have found post-harvest nitrate levels consider-
ably higher with larger sidedress fertilizer inputs, especially at
greater depths.

This project is the MS thesis work of Henry Krusekopf, who pro-
vided the bulk of this summary.
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Figure 4. Linear relationships between treatment means of petiole wet sap NO; (Cardy Meter) and dried petiole NOs=-N measured
at first bloom, fruit set and fruit color sampling.

Table 3. Fields with Fruit Quality Indicators Exhibiting Sidedress N Treatment Effects.

Fruit Quality Indicator
Field 96Red™ % Green™ Yirots™ Sfrust wib color ¢ solids d

S I E R S I

* Significant fruit quality difference due to treatment rate; Duncan’s multiple range test, p=0.05
2 Percent red, green and rotten unsorted fruit collected on harvester

b Toral weight of sorted red fruir divided by number of fruit weighed

< Blended juice color; ration of green (566 nm) to red (650 nm) light reflected from the juice

d Soluble solids content (S8, brix)
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Figure 5. Post-harvest soil
NOs-N concentrations 0-60 cm depth
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OBJECTIVES

1. Document the contribution of a winter leguminous cover
crop to plant nutrition, yield and fruit quality in process-
ing tomatoes in an on-farm field trial.

2. Document the impact of a winter cover crop on soil
permeability and winter runoff versus. fallow, pre-bedded
ground.

3. Educate other growers and support industry about trial
results and cover cropping technique.

DESCRIPTION

Planting fall cover crops in fields that will later be planted to
processing tomatoes is a departure from the conventional
cultural practice among tomato growers of minimizing weed
vegetation prior to seedbed preparation. Vetch cover crop-
ping may help reduce winter weed competition, increase soil
organic matter, fix atmospheric N and reduce winter runoff.
Incorporating the green manure crop can be a challenge for
tomato growers as planting schedules are driven by pre-con-
tracted harvest delivery dates.

Field tests in 1998, 1999 and 2000 in the southern Sacra-
mento Valley near Woodland, were established with a fall
planting of a common verch-pea mix. We found benefits to
this practice. Trials were 3-acre plantings in commercial fields
with cooperator Blake Harlan of Harlan & Dumars, Inc.
The cover crop was drilled into dry beds in the fallow period
between two consecutive rotations of tomatoes. The cover
crops were germinated with late fall rains. As expected, in all
years, cover crop growth was slow during the winter and
early spring. The peas were able to grow and develop during
the cooler temperatures, compared to vetch, which grew
more rapidly during late February and March. Ideally, vetch
should be allowed to reach its maximum growth, normally
by early April in the Sacramento Valley, before chopping and
incorporating the plant biomass to maximize the benefit. In
year 2000, our cooperator believed the drier weather condi-
tions during the time of vetch incorporation may have
caused plants to become wire-like and thus more difficult to
chop and incorporate into the soil. In an effort to retain
beds, multiple passes of several tillage tools were needed to
prepare the seed bed including a pre-irrigation using sprin-
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klers. An early termination of the crop may have been prefer-
able. Disking the vetch/pea mix and re-bedding was also an
option. After the vetch was incorporated and the beds pre-
pared, greenhouse-grown tomato plants were transplanted
between late March to April.

Over the years, our plot design remained a randomized com-
plete block with 6 replications with each plot 3 beds wide by
100 feet long. We always evaluated two factors: 1) fallow ver-
sus. cover cropping with a vetch-pea mix and 2) spring-ap-
plied sidedress N rates of either 0, 50, 100, or 150 Ib N/acre.
Sidedressed N, as urea, was applied soon after transplants
were well established. All other cultural practices were those
commonly used by growers in the area. Furrow irrigation
combined with spring rain accounted for all the irrigation
the crop received in 1998. Sprinklers were used to establish
the transplants in 1999 and 2000.

We monitored growth of the tomato plants during the sea-
son. Plant tissue samples, petiole as well as whole leaf, were
collected at 3 separate growth stages and sent to the UC
DANR lab at Davis. Tomato yields suffered when grown
solely on the N fixed by the vetch-peas and without benefit
of supplemental applied N. We did not see a substantial fer-
tilizer N benefit from the cover crop nor detect large N dif-
ferences from lab analysis of tissue samples. Tissue analysis of
the cover crop indicated 100 to 200 Ib of N was 'available'
from the leguminous plants.

In the year 2000 trial, the verch and peas established well
with the fall rains, but suffered with a dry December and
January. Vetch was more drought tolerant and became the
dominant species. We estimated ~200 Ib N/acre was fixed by
the cover crop.

In 1999 and 2000, a Wilcox Performer® bed mulcher was
used to incorporate the cover crop. The ease of cover crop in-
corporation was different between the two years due primar-
ily to soil moisture. In 1999, the bed mulcher chopped and
incorporated the cover crop in two passes and repeated a
week later in a single pass for final incorporation and bed
shaping, In 2000, multiple passes were required in addition
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to a pre-irrigation. Prior to incorporation of the cover crop,
soil was sampled in cooperation with consultation from
Louise Jackson of the Department of Vegetable Crops, Uni-
versity of California-Davis. In all years, tomatoes were trans-
planted about 2 to 3 weeks after cover crop incorporation.

RESULTS AND CONCLUSIONS

In 1998, we were encouraged by a 5% yield increase and a
soluble solids improvement with the cover crop over the fal-
low-bed treatment. Applied N alone did not explain the yield
enhancement. We speculate that incorporation of a legumi-
nous biomass may have been important in changing under-
ground factors such as soil microbial activity. Soluble solids
were also increased from 4.7 to 4.9%. Fruit color was re-
duced from 23.7 to 24.3 as measured by the Processing
Tomato Advisory Board. In 1999, yields were also increased,
this time by 7%, although fruit quality was reduced.

In February and March 1999, we compared runoff from
grouped sets of field-length (~1000") rows of cover crop and
fallow beds. Seasonal runoff from the cover crop furrows was
60% or less compared to the fallow furrows. Three tech-
niques were employed over a multiple storm period to assess
tail water runoff from fallow versus cover crop beds: 1) a flow
meter attached to a sump-type pump; 2) a stage recorder
measuring water levels behind a v-notch weir; 3)a 1'x 5'
cylinder set in a furrow to measure total water captured. In
year 2000, runoff was reduced over 4 times in the cover
cropped section compared to the fallow beds.

Harvest of the year 2000 trial is scheduled for mid-Septem-
ber. In additon, a field trial has been expanded to Sutter

County. A summary report will be completed in the late fall
of 2000.

We anticipate winter grown cover cropping may be attractive
to tomato growers transplanting after late April. This plant-
ing period will maximize vegetative growth of the vetch cover
crop and leave sufficient time to incorporate the green ma-
nure crop.
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Grower cooperators will be located as we approach

the second phase of the experiments.

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 contribut-
ing to N losses from soils used for vegetable production. Re-
cent dara from Arizona showed that as irrigation levels
increased above the amount required to replace evapotranspi-
ration, N leaching below the root zone increased and crop re-
coveries of N decreased.
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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 otherwise.
For example, while water consumptive use for lettuce is esti-
mated to be approximately 8 inches, amounts applied fre-
quently exceed 3 feet. Additionally, concerns about salt
accumulation having an adverse affect on land sustainability
often prompts growers to employ a generous leaching require-
ment. A perceived lack of practical technologies on irrigation
scheduling is another major obstacle to progress in implement-
ing efficient irrigation practices. It is the opinion of the authors
that once efficient scheduling and water management strate-
gies are confirmed and demonstrated ro vegerable growers in
the desert, progress in efficient irrigation will be hastened.
However, it is of the utmost importance to show growers that
this can be achieved without compromising crop yield and
quality and long-term land sustainability. We also must pro-
vide education and training in the use of these technologies.

The first phase of this project will experimentally evaluate ir-
rigation scheduling technologies and management practices
as well as the influence of irrigation and N fertilization on
crop response, N-leaching, and salt balance. The second
phase of this project will include training in the use of these
technologies and their demonstration in commercial produc-
tion operations.

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, N leaching, and salt balance.

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

DESCRIPTION

Over 98% of all lettuce and a significant percentage of the
melons produced in the desert are furrow irrigated and stud-
ies were conducted to develop efficient furrow irrigation
practices. The first experiments were aimed at verifying or
modifying management allowable depletion (MAD) values.
The second evaluations were aimed at validating crop coeffi-
cients. The third experiments were aimed at developing
guidelines for improved system performance for furrow irri-
gated vegetable production systems.
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Because a significant portion of the melon acreage has been
converted from furrow to buried drip, studies were also con-
ducted with drip-irrigated melons.

Evaluation of Management Allowable Depletion
(MAD) Values, Crop Coefficients (kc), and System
Performance for Furrow Irrigated Lettuce and
Melons

For the first experiments, treatments were selected such that
irrigation were applied at MAD values ranging from 20 to
80% soil water depletion (SWD) in the surface 2 feet. Neu-
tron probe access tubes were installed to a depth of 4.5 feet
in all plots. Soil moisture measurements were made at least
three times weekly. Irrigation was applied to all replications
of a treatment when the mean SWD of the treatments
reached the rargeted SWD. Growth and yield data were col-
lected so that we could identify MAD values associated with
maximum crop production. Data from the treatments receiv-
ing optimal irrigation was used calculare ke values from ET
as measured by soil water depletion and Penman ET) values.

Other studies were conducted to evaluate furrow irrigation
performance as influenced by system parameters and vari-
ables. During each irrigation event we determined inflow hy-
drographs, water advance and recession, and water depth
profile along the furrow length. These results were used to
determine infiltration and roughness parameters using a vol-
ume balance approach. A hydrological model will be cali-
brated and validated using field data. The model will be used
to identify system variables which optimize water application
efficiency for furrow irrigated desert vegetables.

Bromide tracers were applied to selected plots ro evaluate the
influence of irrigation practices on anion leaching. Ceramic
suction cups were used to collect soil solution samples after
each irrigation or rainfall event. Additionally soil samples
were collected to a depth of 4.5 feet immediately after crop
harvest.

Irrigation for Drip Irrigated Melons

Studies were established to evaluate irrigation scheduling ap-
proaches for drip irrigated vegetables. This particular experi-
ment focused on evaluating crop coefficients and the
interaction between N management and irrigation manage-
ment. Treatments were four irrigation regimes ranging from
0.2 to 0.8, Penman ET) values. These treatments were in fac-
torial combination with three N fertilizer treatments. Daily
irrigation was computed from average ET, values as calcu-
lated from the previous week weather data. The influence of
irrigation regimes on melon’s growth and yield were deter-
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mined from weekly measurements of plant growth and dry
matter accumulation as well as marketable yields at maturity.

RESULTS AND CONCLUSIONS

Evaluation of Management Allowable Depletion
(MAD) Values, Crop Coefficients (Kc), and System
Performance for Furrow Irrigated Lettuce and
Melons

The relationship between depletion of available moisture to 1
to 2 feet soil depths and the relative yield of iceberg lettuce
across all experiments show yields decline rapidly as available
soil moisture is depleted below 40% available water. Lettuce
is a shallow-rooted crop and the data show that there is no
advantage to monitoring soil moisture depletion to 2 feet in-
stead of one foot. We propose using a MAD of 35% for
scheduling irrigation of iceberg lettuce. We hope to complete
MAD values for melons this coming season.

Preliminary data suggest crop coefficients (ke values) for let-
tuce are approximately 0.1 and increase to 0.6 to the rapid
growth phase. Interestingly, these data agree closely with
lysimeter estimates determined previously. We are still in the
process of compiling much of this data and hope to complete
validation of ke values for lettuce and melons this coming
year.

Infiltration and roughness parameters were calculated from ir-
rigation evaluations. These parameters were used to calibrate a
Zero inertia model. We are currently in the process of using
independent field dara to validate the model. Once models
are validated we will perform simulations to identify design
management criteria associated with optimal efficiency.

As of the writing of this report we have not completed analy-
sis and compilation of soil solution and soil data for bromide
and nitrate in these experiments.

Irrigation for Drip Irrigated Melons

The irrigation regimes applied ranged from 0.36 to0 0.8 ET,
and from 0.17 to 0.66 ET), the first and second experiments,
respectively. There were no statistically significant differences
in dry matter accumulation to irrigation regime in the first
experiment. At the latter sample times, growth on plots re-
ceiving N fell behind those receiving N. It seemed the high
irrigation regimes delayed maturity because they produced
significantly less yield at the first harvest date and signifi-
cantly more yield at the last harvest date. Interestingly,
midrib NO3-N values declined for the highest irrigation
regime at the final sample date. Based on the results of the



first experiment, we made the decision to lower all irrigation
regimes for subsequent experiments. The second experiment
was compromised by the irrigation practices of our neighbor
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located immediately north of our plots. Results from the
third experiment are currently being analyzed.
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INTRODUCTION

The nitrogen fertilization requirements for wheat depend on
factors such as yield potential, the previous crop and residual
fertility from it, soil fertility, and plans for irrigation. Nitro-
gen applications are made preplant, with seed, at tillering
and/or at various other growth-stages during the season. In
practice, total seasonal N applications may vary from 0 to
over 300 Ib N/acre, with some acreage over-fertilized and
some acreage under-fertilized because of the difficulty of
matching fertilizer need with yield potential in each growing
season. Also, grain protein content may be higher or lower
than the desirable level despite the use of identical rates of N
fertilization. Anthesis-time (flowering-time) N applications,
in combination with irrigation, can be made to increase grain
protein content and improve baking quality. Such applica-
tions can increase grain protein content by 1-3%. However,
growers currently are unable to determine what the ending
protein status of the crop is likely to be under such manage-
ment — that is, is the potential 3% increase from 11 to 14%
or from 8 to 11%. If the former is true, the grower may
qualify for a price premium based on grain protein content.
If the latter is true, no price premium will be available. In or-
der to produce high quality wheat consistently and economi-
cally, growers need to be able to determine: (1) if
anthesis-time N fertilization is needed to reach the target
(13%) grain protein level and, if so, (2) how much N must
be applied. Wheat growers (primarily in the Central Valley),
crop consultants, farm and advisors will be able to apply
findings from the project in their attempt to produce high
quality wheat in a cost-effective manner.

Research conducted throughout California by Ken Cassman
and associates at the University of California, Davis, Depart-
ment of Agronomy and Range Science from 1986-1989 re-
vealed the promise and problems associated with attempts to
predict grain protein response from anthesis-time N applica-
tions. Such applications were most efficient at raising grain
protein content if the proportion of the N requirement pro-
vided by preplant application was low. The N-partitioning
mode of the plant appeared 1o be established before anthesis.
Nitrogen acquired after anthesis was partitioned in a prede-
termined ratio between grain and vegetative tissues, and the
mode remained in effect across a wide-range of post-anthesis
N supply levels. If the preplant N proportion was high, ex-
cessive plant biomass was produced and anthesis-applied N
was inefficiently partitioned to the grain. For optimal pro-
duction of high protein wheat, the preplant N amount had
to be high enough for the yield potential to be realized, yet

not so high that excessive vegetative biomass was produced.
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Table 1. Nitrogen fertilization and grain protein content in California wheat. Effects of anthesis-time nitrogen
applications on yield and agronomic characters of “Kern” wheat in 2000. Sacramento Valley Sites: Chico State
University Farm, Butte County; Erdman Ranch, Colusa County; and UC Davis Agronomy Farm, Yolo County
Sitel Anthesis-N Yield Test 1000 Plant Lodging Days to Days to Septoria
Treatment Rate (lb/bw) Weight Kernel Height (harvest) Head Mazture BYDYV sritici
(Iblacre) (b/bu) Weight (in.) (From (From blotch
® 311) )
Butte Co
1 0 5800 (02) 64.5 447 33 - - - - -
2 30 (as NHiNO3) 5540 (03) 64.4 43.8 35 - - - - -
3 60 (as NH4NO3) 5910 (01) 64.7 46.3 34 - - - - -
4 30 (as Foliar Urea) 5490 (04) 64.6 45.2 35 - - = - -
Mean 5680 64.6 45.0 33 - - - - -
CV (%) 4.6 0.2 29 5.4
LSD (.05) ns ns ns ns
Colusa Co,
1 0 5240 (04) 62.3 49.8 - 1.3 - - - -
2 30 (as NHLNO3) 5470 (01) 62.5 49.7 - 135 - - - -
3 60 {as NH,NO3) 5310 (03) 62.7 50.8 - 15 - - - -
4 30 (as Foliar Urea) 5460 (02) 63.1 49.9 - 1.3 - - - -
Mean 5370 62.6 50.0 - 1.4 - o - o
CV (%) 5.0 0.2 0.9 36.4
LSD (.05) ns 0.5 ns ns
UC Davis
1 0 5560 (01) 64.9 46.7 35 1.8 25 75 3 1.5
Z 30 (as NHiNOs) 5430 (04) 64.6 48.2 34 1.8 25 74 3 1.5
%) 60 (as NHiNO3) 5530 (02) 64.4 47.3 34 15 25 75 5 1.8
4 30 (as Foliar Urea) 5490 (03) 64.8 46.2 36 1.8 25 75 3 2
Mean 5500 64.7 47.1 35 1o 25 75 3 1
CV (%) 5.6 02 1.6 2.9 31.6 - 3.2 - 39.8
LSD (.0%) ns ns ns ns ns ns ns
3-Location
Summary
1 [t} 5530 (02) - - = = - - = -
2 30 (as NHANO;) 5480 (04) - - - - - - - -
3 60 (as NH,NO3) 5580 (01) - - - - - - - -
4 30 (as Foliar Urea) 5480 (03) £ - - - - - - -
Mean 5520 - - - - - - -
CV (%) 5:1
LSD (.05) ns
Rating scale for diseases (area of flag-1 leaf affected at soft dough stage) and lodging: 1=0-3%, 2=4-14%, 3=15-29%,
4=30-49%, 5=50-69%, 6=70-84%, 7=85-95%, 8=96-100
BYDV rarings (see scale above) were based on percentage of plants showing foliar symptoms.
Numbers in parentheses indicate relative rank in column.

Another finding was that flag-leaf N content at anthesis was The experiments conducted by Cassman and associates were
positively correlated with grain N content (but not with done with cultivars “Anza” and “Yolo”, low protein cultivars
grain yield) at maturity. If flag-leaf N content was greater adapted to the Sacramento Valley, and “Yecora Rojo” and
than 4%, additional N usually was not required to achieve “Klasic”, higher protein cultivars adapted to the San Joaquin
the target (13%) grain protein content. In order to accurately Valley. The cultivars used in the current experiments are
estimate anthesis-time N requirements, however, it is neces- “Kern” and “Kronos”. “Kern is a recently released cultivar
sary to be able to predict both final grain N content and that is intermediate in protein content compared with the
grain yield at anthesis. low protein cultivars “Anza” and “Yolo” and the high protein
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Table 2. Nitrogen fertilization and grain protein content in California wheat. Effects of anthesis-time nitrogen
applications on grain yield, biomass, and nitrogen tissue content of “Kern” wheat in 2000. Sacramento Valley

Sites: Chico State University Farm, Butte County; Erdman Ranch, Colusa County; and UC Davis Agronomy Farm,

Yolo County
Anthesis 14 Days Post Anthesis
Sire/ Anthesis-N Rate Yield Flag Leaf  FlagLeaf N Stem N Biomass Flag Leaf  FlagLeaf N  StemN  Biomass
Treatment (Ib/acre) (Ib/acre) SPAD CT % % (g/m-row) SPAD CT % % (g/m-row)
Butte Co
1 0 5800/(02) 40.3 8:39 1.44 217.0 42.5 3.15 1.21 2123
2 30 (as NHNOs) 5540/(03) 40.7 3.52 1.52 217.5 43.8 3.44 1.45 2165
3 60 (as NHLNO;) 5910/(01) 40.4 3.45 1.48 215.8 43.8 3.35 1.41 187.3
4 30 (as Foliar Urea) 5490/(04) 42.0 3.66 53 212.0 41.4 3.17 1.32 209.0
Mean 5680 40.8 3.50 1.49 215.6 429 3.28 1.35 206.3
CV (%) 4.6 3.39 75 6.4 7.6 4.45 8.0 12.4 13.5
LSD o5 ns ns ns ns ns ns ns ns ns
Colusa Co.
1 0 5240/(04) 43.8 3.69 1.54 1825 42.7 3.09 1.18 256.0
2 30 (as NHLNOy) 5470/(01) 45.1 3.75 1.53 222.0 44.6 3.42 1.28 250.8
3 60 (as NH.NO;) 5310/(03) 44.4 371 1.54 172.8 443 3.45 1.28 208.0
4 30 (as Foliar Urea) 5460/(02) 44.2 3.79 1.59 194.0 45.8 3.59 1.25 241.0
Mean 5370 44.4 373 1.55 192.8 44.4 3.39 1.25 238.9
CV (%) 5.0 4.19 5.7 7.5 19.0 3.53 6.0 5.7, 13.6
LSD os) ns ns ns ns ns ns 0.3 ns ns
UC Davis
1 0 5560/(01) 434 3.63 1.52 194.5 442 2.85 1.05 206.8
2 30 (as NHLNO3) 5430/(04) 42.4 3.32 1.44 173.0 45.0 3.47 1.25 194.5
3 60 (as NHLNO;) 5530/(02) 41.7 3.20 1.39 175.5 44.3 3.33 1.18 230.3
S 30 (as Foliar Urea) 5490/(03) 42.6 3.10 1.42 176.0 43.8 3.14 1.15 193.3
Mean 5500 42.5 3.31 1.44 179.8 44.3 3.20 1.16 206.2
CV (%) 5.6 4.81 6.7 5.6 15.5 22 4.0 DI% 10.1
LSD 05 ns ns 0.4 ns ns ns 0.2 0.1 ns

Numbers in parentheses indicate relative rank in column. SPAD CT: Minolta SPAD-502 Chlorophyll Meter readings.

Soil Nitrogen (ppm): NO;-N NH-N
Butte: Preplant 21.33 25.35
At anthesis 1.00 15.98
Colusa: Preplant 28.88 10.50
At anthesis 0.93 6.80
UC Davis: Preplant ~ 16.25 11.40
Atanthesis  2.05 7.43
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cultivars “Yecora Rojo” and “Klasic”. “Kronos” is the most
widely grown durum wheat cultivar in California. In recent
years, durum wheat has replaced common (bread) wheat in
portions of the San Joaquin Valley. Grain protein content for
durum, as for bread wheat, is a critical quality factor. Nitro-
gen management for durum also is important for minimiz-
ing black point. Black point is a cause for rejection of durum
wheat by mills since black specks from milled durum wheat
discolor the semolina that is produced.

OBJECTIVES

The primary objective of this two-year project is to link N
status and crop yield potential (based on crop biomass) at an-
thesis with a desired level of response of grain N content (i.e.,
final grain protein content of 13%) to specific rates of anthe-
sis-applied N. Experiments were designed to measure the re-
sponse of grain protein content to different rates (0, 30, and
60 Ib N/acre) of anthesis-time N fertilization under different
pre-anthesis N management practices (thus different yield
potentials). Efficacy of broadcast vs. foliar-applied N also is
being compared. Future work will focus on identifying pre-
dictive quick tests for use in fine-tuning anthesis-time N ap-
plication rates.

DESCRIPTION

The project is managed within the framework of the UC
Statewide Small Grain Evaluation program led by Project
Leader, Lee Jackson, Extension Agronomist and Statewide
Cereal Specialist. Experimental sites are among those used in
the UC Regional Cereal Testing Program. For the
1999/2000 season, three sites were established in the Sacra-
mento Valley using the common wheat cultivar “Kern” and
three sites were established in the San Joaquin Valley using
the durum wheat cultivar “Kronos”. The sites in the Sacra-
mento Valley were the Chico State University farm in Chico
(Butte County), the Erdman ranch near Grimes (Colusa
County), and the UC Davis Agronomy Farm. The sites in
the San Joaquin Valley were the Dupont Research Farm
(Madera County), the J.G Boswell farm in Corcoran (Kings
County), and the ].G Boswell Kern Lake Ranch (Kern
County). University of California Cooperative Extension
Farm Advisors Cass Mutters (Butte County), Doug Munier
(Glenn County), Jerry Schmierer (Colusa County), Ron Var-
gas (Madera County), Steve Wright (Tulare/Kings Counties),
and Brian Marsh (Kern County) were responsible for arrang-
ing for use of grower fields, working with and advising the
growers on field management operations, and assisting in the
application of anthesis-time N, collection of biomass samples
and tissue samples for N determination, and plot harvest.
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Project Leader Lee Jackson's Staff Research Associate Ray
Wennig coordinated the sowing of the experiments, collec-
tion of soil samples, application of anthesis-time N treat-
ments, collection of biomass and tissue samples, flag-leaf
chlorophyll meter readings, harvest of the plots, and data
analysis.

Plots (each 25" x 12’) were sown in fall, 1999, at each site
using randomized complete block designs with four replica-
tions. Composite soil samples (0-12” depth) were taken at
each site at the time of sowing and also just prior to the ap-
plication of anthesis-N to provide information on the differ-
ing N-status of each site. Crop management through
anthesis followed accepted grower practices at each site, thus
providing differing crop biomass and N status environ-
ments. Variable rates of N (0, 30, and 60 Ib N /acre as am-
monium nitrate and 30 Ib N/acre as foliar-applied urea)
were applied at anthesis. Plots were irrigated following the
N application. Crop biomass and N content of specific tis-
sues (flag-leaf and uppermost stem internode) were mea-
sured at the time of anthesis-applied N, 14 days
post-anthesis, and at harvest. Flag-leaf chlorophyll meter
readings also were taken at the time of anthesis-applied N
and 14 days post-anthesis. Crop biomass samples at each
sampling date consisted of plants from I-meter row/plot cut
at the ground level. Subsamples of flag leaves and uppermost
stem internodes were drawn from the biomass samples for
total tissue N determination. Grain yield, grain N content,
bushel weight, kernel weight and harvest index were mea-
sured at harvest. Crop biomass samples were partitioned
into straw and grain for harvest index determination.

RESULTS AND CONCLUSIONS

The sites and grower practices used provided different N-sup-
ply and grain yield environments at each location. Anthesis-N
applications did not affect grain yield or agronomic character-
istics (test weight, kernel weight, plant height, lodging, matu-
rity, or disease severity at any location (Tables 1 and 3),
despite different yield potentials at each site and different soil
N supply available both preplant and at anthesis (immediarely
prior to the application of anthesis-N) (Tables 2 and 4).

Average flag leaf N-content at anthesis (just prior to applying
the anthesis N treatments) ranged from 3.39 to 3.66% at
Butte, from 3.69 to 3.79% at Colusa, from 3.10 to 3.63% at
Davis, from 3.06 to 3.38% at Madera, from 3.67 to 3.88%
at Kings, and from 3.77 to 3.87% at Kern, indicating inher-
ent within site variability. At the measured levels of flag leaf
N-content at anthesis (all lower than 4%), responses of grain
protein content to anthesis-applied N are expected. Average
uppermost internode N-content at anthesis showed a similar
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level of within site variability to flag leaf N-content, ranging
from 1.44 to 1.52% at Butte, from 1.53 to 1.59% at Colusa,
from 1.39 to 1.52% at Davis, from 1.21 to 1.42% at
Madera, from 1.51 to 1.62% at Kings, and from 1.43 to
1.49% at Kern.

Flag leaf N-content and uppermost internode N-content at
14 days post-anthesis (14 days following application of the
anthesis N treatments) generally were lower than those mea-
sured at the time of the application of the treatments (Tables
2 and 4). There were significant differences, however, in flag
leaf N-content among anthesis-N treatments at some loca-
tions (Colusa, UC Davis), and a trend toward increases in
tissue-N levels above those for the zero rate of anthesis-ap-
plied N for the 30 and/or 60 Ib/acre rate of N as NHsNO;
at Butte, Madera, Kings and Kern. There were significant in-
creases in tissue-N levels above those for the zero rate of an-
thesis-applied N for the 30 Ib/acre rate of N as foliar urea at
Colusa and UC Davis, and a trend toward increases at
Madera, Kings, and Kern but not at Burte.

Flag leaf chlorophyll readings (with a Minolta SPAD-502
Chlorophyll Meter) taken 14 days post-anthesis were not sig-
nificantly affected by the different rates of N applied at an-
thesis (Tables 2 and 4). Flag leaf chlorophyll may have
peaked prior to the measurements and decreased by the time
readings were taken due to translocation of N from the flag

B GR T
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leaf to the developing grain. We will do a time-course of
SPAD readings next season to identify the optimum time to
take the measurements for best correlation with final grain
protein content and tissue-N content. Uppermost internode
N-content at 14 days post-anthesis, as with flag leaf chloro-
phyll, did not reflect differences in flag-leaf N-content at that
time of sampling.

Flag leaf chlorophyll of the durum wheat cultivar “Kronos”
tended to be higher, by 5 to 10 SPAD units, than those

of the common wheat cultivar “Kern” at similar flag-leaf
N-contents (Tables 2 and 4). Different critical values for
relating SPAD readings to N content (and ultimately to the
need for anthesis-N topdressing to achieve target grain pro-
tein levels) may be needed for the different classes of wheat
grown in the Sacramento and San Joaquin Valley environ-
ments of California.

At the time of this report (September 1) analysis of grain
protein content had not been completed. Harvest biomass
samples also still were being processed. Measurements of bio-
mass at the time of anthesis-N applications, biomass at 14
days post anthesis, biomass at harvest, and final grain protein
content all are needed before the relationship between tissue
N-content at anthesis and final grain protein content can

be clarified.
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Table 3. Nitrogen fertilization and grain protein content in California wheat. Effects of anthesis-time nitrogen
applications on yield and agronomic characters of “Kronos” Durum wheat in 2000. San Joaquin Valley Sites: Dupont
Research Facility, Madera County; J.G. Boswell Ranch, Corcoran, Kings County; and J.G. Boswell Kern Lake Ranch,

Kern County

Test 1000 Plant Black
Sitel Anthesis-N Rate Yield Weight Kernel Weight Height Lodging Point!
Treatment (Piacre) (tblacre} (%lbu) © (in) (harvest)
Madera Co
1 0 5650 (03) 63.4 64.5 38 1.0 1.0
2 30 (as NH;NOs) 6000 (01) 63.3 64.9 36 1.0 1.0
3 60 (as NHiNQO3) 5910 (02) 63.0 66.1 36 1.3 1.0
4 30 (as Foliar Urea) 5580 (04) 63.4 63.1 36 1.3 1.0
Mean 5790 63.3 64.7 36 1.1 1.0
CV (%) 114 0.4 5.3 1.6 33.1 =
1LSD (.05) ns ns ns ns ns
Kings Co
1 0 6390 (02) 62.6 63.9 35 6.5 1.0
2 30 (as NH.NOs) 6340 (03) 62.4 61.7 35 6.5 1.0
3 60 (as NHLNO:3) 6510 (01) 62.4 62.9 34 6.5 1.0
4 30 (as Foliar Urea) 6250 (04) 62.3 63.4 35 6.5 1.0
Mean 6370 62.4 63 35 6.5 1.0
CV (%) 7:5 0.7 3.7 1.7 6.3
LSD (.05) ns ns ns ns ns
Kemn Co
1 0 4110 (03) 58.1 49.0 - 8.0 1.0
2 30 (as NHyNO3) 4570 (01) 57.6 48.3 - 8.0 1.5
3 60 (as NHiNQ;) 3780 (04) 58.0 46.5 - 8.0 1.0
4 30 (as Foliar Urea) 4310 (02) 577 47.8 - 8.0 15
Mean 4190 57.8 47.9 8.0 1.3
CV (%) 16.7 14 3 46.2
LSD (.05) ns ns ns ns
3-Location Summary
1 0 5380 (03) - - - - -
2. 30 (as NHsNO;) 5640 (01) - - - - -
3 60 (as NH;NO3) 5400 (02) - - - - -
4 30 (as Foliar Urea) 5380 (04) - - - -
Mean 5450
CV (%) 11.4
LSD (.05) ns

'Rating scale for black point and lodging: 1=0-3%, 2=4-14%, 3=15-29%, 4=30-49%, 5=50-69%, 6=70-84%, 7=85-95%, 8=96-100.

Numbers in parentheses indicate relative rank in column.
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Table 4. Nitrogen fertilization and grain protein content in California wheat. Effects of anthesis-time nitrogen

applications on grain yield, biomass and nitrogen tissue content of “Kronos” Durum wheat in 2000. San Joaquin Valley
Sites: Dupont Research Facility, Madera County; J.G. Boswell Ranch, Corcoran, Kings County; and J.G. Boswell Kern

Lake Ranch, Kern County.
Anthesis 14 Days Post Anthesis

Site/ Anthesis-N Rare Yield Flag Leaf  FlagLeaf N Stem N Biomass Flag Leaf  FlagLeaAf N Stem N  Biomass
Treatment (Ib/acre) (Ib/acre) SPADCT % % (g/m-row) SPAD CT % % (g/m-row)
Madera Co
1 0 5650/(03) 49.2 3.38 1.42 176.3 50.0 2.98 0.90 255.8
2 30 (as NHsNO3) 6000/(01) 48.8 827 1357 173.0 51.1 3.10 1.03 243.5
3 60 (as NHNO3) 5910/(02) 50.0 3.33 1.37 188.3 52.4 3.74 1.14 2443
4 30 (as Foliar Urea) 5580/(04) 455 3.06 1.21 170.8 50.5 3.43 1.10 238.3
Mean 5790 48.4 3.26 1.34 177:1 51.0 33 1.04 2454
CV (%) 11.4 5.14 10.1 8.3 129 6.38 12.6 14.3 12.7
LSD (.05) ns ns ns ns ns ns ns ns ns
Kings Co
1 0 6390/(02) 53.6 3.87 1.54 2223 52.0 3.27 0.98 267.5
2 30 (as NHsNO;) 6340/(03) 54.7 3.88 1.62 252.5 52.9 3.72 1.20 241.8
3 60 (as NHL.NO;) 6510/(01) 53.0 3.82 1.51 257.0 53.9 3.67 1.17 294.8
4 30 (as Foliar Urea) 6250/(04) 54.0 3.67 157 237.0 527 3.60 1.14 278.0
Mean 6370 53.8 3.81 1.56 2422 52.9 3.57 1.12 270.5
CV (%) 7.5 2.43 5.1 5.2 10.9 1.85 6.9 18 14.4
LSD (.05) ns ns ns ns ns ns ns ns ns
Kemn Co
1 0 4110/(03) S1°2 3.87 1.43 244.0 46,6 3.22 1.30 265.5
2 30 (as NH.NOs) 4570/(01) 51.3 3.81 1.49 237.5 45.8 3.06 1.35 302.8
3 60 (as NH;NO3) 3780/(04) 49.0 377 1.48 219.8 45.6 339 1.34 258.0
4 30 (as Foliar Urea) 4310/(02) 50.8 3.81 1.44 238.5 48.0 3.36 1.26 3123
Mean 4190 50.6 3.82 1.46 2349 46.5 3.26 1.31 284.6
CV (%) 16.7 4.57 5.0 8.1 11.7 4.59 6.7 9.6 15.1
LSD (.05) ns ns ns ns ns ns ns ns ns

Numbers in parentheses indicate relative rank in column. SPAD CT: Minolta SPAD-502 Chlorophyll Meter readings.
Soil Nitrogen (ppm):  NO3-N

Madera: Preplant 42,40
Acanthesis  0.63

Kings: Preplant 23.85
At anthesis 5.58

Kern: Preplant 2425
At anthesis 4.98

NH4N
44,00
278

37.38
6.50

5.80
22.28
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Sweet corn acreage in the US is about 235,760 acres
(95,449.4 hectares) with Florida being the major production
area. California ranks second with approximately 28,800
acres of production. Sweet corn is an important crop pro-
duced during the fall and spring in the low desert. Large
amounts of N fertilizer per acre are typically used to produce
high quality sweet corn. Rates of N applied to sweet corn in
the desert often exceed ~270 Ib N/acre. Nitrogen is applied
at planting, multiple side dressings and with the irrigation
water. Public health concerns about nitrate contamination of
ground and surface water has prompted improved N man-
agement strategies for crop production in the desert.

OBJECTIVES

1. Evaluate and demonstrate efficient N fertilizer practices
for sweet corn, including the use of rate, timing, place-
ment and use of controlled release 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 effect of N management on post-harvest
quality of sweet corn.

DESCRIPTION

Sweet corn growers have different cultural practices. One of
our cooperators applies three N fertilizer applications after
planting, not including pre-plant application. This coopera-
tor grows a spring and a fall sweet corn crop. With this coop-
erator our experiments consist of the following 8 treatments
in a 2 factorial design.

1. No sidedress N 5. First and second sidedress

2. First sidedress N only 6. First and second sidedress
3. Second sidedress only 7. Second and third sidedress

4. Third sidedress only 8. First, second and third
sidedress

Our other grower cooperator applies two N fertilizer applica-
tions after planting, not including preplant application. This
cooperator only grows a spring sweet corn crop. With this
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cooperator our experiments consist of the following 4 treat-
ments in a 22 factorial design.

1. No sidedress N 3. Second sidedress

2. First sidedress N only 4. First and second sidedress

Rates of N in each sidedress application were those actually
used by cooperating growers and ranged from 30 gallons per
acre (gpa) to 50 gpa of UN32 (approximately 70 to 118 kg
N/ha).

Four field experiments were conducted in 1999 to evaluate,
and demonstrate to growers several diagnostic tools. The ex-
periments were designated as 47, 47A, 47B, 47C and were
conducted in grower fields in the Thermal and Indio areas of

the Coachella Valley.

The crop (sweet corn), planting date, final harvest and loca-
tion of each experiment are shown below.

Experiment  Planting Date  Harvesting Date Location
47 2-13-99 6-3-99 Thermal

47A 3-17-99 6-18-99 Indio
47B 8-20-99 11-1-99 Thermal
47C 8-30-99 11-16-99 Thermal

In all experiments sweet corn was seeded to stand in single
rows. Individual plots in all sites were approximately 700 %
50 ft x 14.0 f in size. All pest control and cultural opera-
tions were performed using standard practices. All stands
were established using sprinkler irrigation and later on water
was applied by furrow irrigation.

Postharvest evaluations were conducted on experiment 47B
and 47C. Samples were packed in wax cartons, cooled
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overnight at a commercial operation, and shipped overnight
express mail with ice packs in experiment 47B and no ice
packs in 47C. Samples of 12-15 ears were taken from each of
4 field replications per treatment. Samples were placed at
32°F when received at the Mann Laboratory at University of
California, Davis. Initial evaluations were begun on the day
of reception but took up to 24 hours to complete. For stor-
age, samples were held at 41°F (5°C) in the commercial car-
tons and evaluated after 6 and 12 days.

RESULTS AND CONCLUSIONS

Studies conducted in 1999 were designed to evaluate the re-
sponse of sweet corn to sidedress N fertilizer applications and
test the effectiveness of various diagnostic plant tests as pre-
dictive tools. To do this we had to build up a darabase suffi-
ciently large to correlate and recalibrate plant and soil tissue
tests if needed. The information presented is for experiments
conducted in 1999 and the data are still too preliminary to
present conclusions. Experiments for fall 2000 are now in
progress. Unfortunately, most of the fields selected in 1999
had high residual N values and positive responses to N fertil-
izer were minimal. The results are presented in Tables 1-3.
Onunly the corn in experiment 47 showed an occasional posi-
tive response to N fertilization.

For stalk nitrate-evaluations, we used the critical values re-
ported by Doerge et al. 1991. These values were 9000 ppm
at the 3-leaf stage, 12,000 ppm at the 6-leaf stage, 11,000
ppm at the 9-leaf stage, and 9000 ppm at the 12-leaf stage.
With the exception of experiment 47, all stalk NO;-N con-
centrations were above those critical concentrations previ-
ously identified and there were no positive responses to N
fertilization. For experiment 47, we did diagnose some defi-

Table 1. Comparison of predicted and actual response of sweet corn to sidedress N based on stalk values.
No. Response Response Accuracy
Yield st |

47A 1 9875 D + - E,

47 2 5125 D + + C

2 5125 D + E,

47A 2 9750 S - - C

2 10000 S - - G

478 2 16250 S - - C

2 16250 S - - C

47C 2 21250 S - - (&

2 22500 S = - C

47 3 9500 S = - C

3 9750 S - - C

3 8250 D + + C

3 10000 S - - C

S=Sufficient; D=Deficient; (+)= positive response; (-)= negarive response; E;= Error in diagnosis by predicting posirive response that did not occur; C= correct response.
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ciencies. However, there were also some errors in our method
of diagnosis.

We used 20 ppm as a preliminary soil test critical level. With
the exception of experiment 47, all soil NOs-N levels were
above this preliminary critical concentration and there were
no positive responses to N fertilization. In experiment 47,
the quick soil test diagnosed sufficiency, but our diagnosis
was not always correct in that we predicted no response and
yet there was a response. This indicates an error on our part.

Overall, our data indicate a general lack of response to N fer-
tilization due to abundant residual soil N. During the 2000
experiments we are looking for sites with low residual N so
that we can evaluate plant and soil tests as tools for managing
N in the desert.

In Experiment 47B there were no differences in maturity, tip
or ear fill of sweet corn from the fertilization treatments
(Table 4). Pericarp toughness was slightly less in some of the
treatments. About 15% of the total dry weight of the kernels
(average = 21%) was pericarp. There were no differences in
the sugar content of the kernels at harvest. Color of the husks
and kernels did not vary among the fertilization treatments.

Sweet corn was stored in commercial waxed cartons at 41°F
(5°C) and had marketable visual quality at 6 and 12 days of
storage (Table 5). Noticeable superficial decay appeared on
the silks by day 6 but did not increase with further time in
storage (perhaps related to drying of the silks with longer
time in storage). There were no differences in the visual qual-
ity of the stored corn among the treatments. Dry weight per-
centage did not change significantly during the 12 days, but
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soluble solids decreased on average by 25% (13.9% at day 0
vs 10.4% at day 12). There were no consistent differences in
soluble solids among the fertilization treatments, although by
day 12 corn from the control treatment had higher % solu-
ble solid content.

In Experiment 47C quality and maturity were much more
variable than in the corn from 47B. Samples from field repli-
cation 3 in particular were immature and had poorly formed
and filled ears. Poor quality ears were eliminated as much as
possible. Differences in marurity, tip fill and ear fill of corn
were minimal among the weatments (Table 6). The dry
weight content and pericarp content of the kernels did not
differ among the field treatments either. There were signifi-
cant but small differences in color of the kernels, probably
due to differences in marurity than true differences due to
fertilizer trearments burt not on the husks (Table 7).

The stored corn in Experiment 47C had lower quality after
12 days than did corn from experiment 47B (Table 8). By
12 days, visual quality of the husks and silks was below what
could be considered marketable, however the husked ears
were still of good quality. Superficial decay on the silks was
also higher than in experiment 47B, but again visible colo-
nization of decay organisms by day 6 was similar to that ob-
served on day 12. This indicates that molds cannot grow well
at 41°F and their initial growth was favored by cooling delays
from the unrefrigerated overnight transport to the laboratory
in this experiment. In future experiments, samples will be
sent with ice packs or under refrigerated transport. The green
color of the husks decreased with storage time. Dry weight
percentage did not change significantly during the 12 days,

Table 2. Comparison of predicted and actual response of sweet corn to sidedress N based on conventional soil values.
Experiment Sidedress Conventional Diagnosis Predicted Actual Diagnostic
No. Soil (ppm) Response Response Yield Accuracy
47 1 24.3 S - - e
47A 1 86.6 S 2 C
47B 1 73.7 S - C
47C 1 65.1 S - - G
47 2 354 S - + E;
2 33.2 S - - o}
47A 2 44.1 S = - C
2 80.2 S - - G
47B 2. 91.1 S - - C
2 114.2 S = - C
47C 2 50.3 S - - C
2 134.8 S - - C
47 3 107.2 S - - G
3 129.2 ] - . ©
3 104.7 S - + E;
3 149.5 S - - C
S=Sufficient; (+)= positive response; (-)= negative response; E;= Error in diagnosis by predicting no response to N bur a positive response occurred; C= correct response.
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Table 3. Comparison of predicted and actual response of sweet corn to sidedress N based on quick soil values.

Experiment Sidedress Quick Soil Diagnosis Predicted Actual Diagnastic
No. Response Response Accuracy
Yield
47 1 322 S - - C
47A 1 311 S - - C
47B 1 81.6 S - C
47C 1 73.4 S - - C
47 2 36.2 S - + E,
2 249 S - - C
47A 2 38.2 S - - C
2 64.4 S - - C
478 2 74.3 S - - C
2 61.9 S = - C
47C 2 52.6 S - - C
2 87.1 S - - C
47 5} 34.8 S - - C
3 37.0 S - - C
3 29.3 S - + E,
3 41.8 S - - C

S=Sufficient; (+)= Positive response; (-)= Negative response; E;= Error in diagnosis by predicting no response to N but a positive response occurred; C= correct response.

Table 4. Quality at harvest of sweet corn, Experiment 47B, 1999.

Fertilization Maturity' Tip Fill? Ear Fill? Pericarp’ % Dry Pericarp’ Sugar?
b Treatn Toughness Weight % of Dry Weight glg Dry Weight
4 19 2.0 238 7.14 19.7 17.7 335
3 2.0 22 2.8 7.51 224 14.4 314
2 2.0 2.2 3.0 7.64 21.4 13.3 314
1 119 2.4 2.8 7.16 220 13.5 338
Average 2.0 22 2.9 7.36 21.4 14.7 325
LSDwas ns ns ns 0.50 ns 1.8 ns

1 Marurity: 1=immature, kernels small, 2=optimum maturity, 3=overmature, kernel sap milky; evaluation of 5 ears per field rep.

2Tip fill and ear fill (kernel fill): 1=kernels not fill end or length of ear, 2=moderately well filled, 3=well filled; evaluation of 5 ears per field rep.

3 Pericarp toughness determined on 20 kernels per field rep. (4 measurements x 5 ears/rep.) by measuring the resistance to penetration of a 2-mm flat cylinder probe on TA-XT texture
analyzer, 2 mm deep.

4 Pericarp content was determined as a percent of total dry weight by homogenizing and filtering a sample of kernels, 1 determination per composite sample per field rep.

5 Sugar determined by a colorimetric phenol assay on 1 ethanol extract of a composite sample per field rep.

but soluble solids decreased by an average of 15% over the (13.9% at day 0). There were significant differences in solu-
12 days. In experiment 47C, soluble solids were lower ble solids due to fertilization treatments.
(11.1% on day 0) than in corn samples in experiment 47B
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Table 5. Postharvest quality of sweet corn, Experiment 47B stored at 41 °F for 0, 6 and 12 days, 1999.
Fersilization Days ar Visual ! Visual ! Visual* Decay * % Dry % Soluble*
Treatment 5°C Quality Quality Quality on Silks Weight Solids
(41°F) Husk Ear Silles
4 0 9.0 9.0 9.0 1.0 19.7 13.8
3 0 9.0 9.0 9.0 1.0 22.4 14.0
2 0 9.0 9.0 9.0 1.0 21.4 13.8
1 0 9.0 9.0 9.0 1.0 22.0 14.1
Average 9.0 9.0 9.0 1.0 21.4 13.9
4 6 7.0 8.0 6.2 2.6 21.0 12.8
3 6 7.3 7.4 6.0 2.6 20.7 12.5
2 6 il T 6.0 2.5 20.3 124
1 6 T2 7.6 6.5 2.4 21.1 129
Average 7.2 27 6.2 2.9 20.8 127
4 12 6.5 7.6 6.2 2.6 20.1 10.5
3 12 6.4 7.8 6.1 2.6 20.0 10.2
2 12 6.4 7.6 6.1 23 19.8 9.9
1 12 5.8 LT 5.4 3.1 21.4 11.2
Average 6.2 BT 6.0 26 20.3 10.4
LSD pos) 0.5 0.7 0.7 0.4 ns 0.6

1Visual quality of intact ear in husk, silks and husked ear was scored on a scale of 9 1o 1, where 9=excellent, 7=good, S=fair, 3=poor and 1=unuseable; a score of 6 is the limit of salability.

2Decay on silks was scored on a 1 1o 5 scale, 1=none, 2=slight, 3=moderate, 4=moderately severe, 5=severe.
3 Soluble solids was determined on 1 composite cleared juice sample per field rep. on a temperature compensated refractometet.

Table 6. Quality at harvest of sweet corn, Experiment 47C, 1999.

Fertilization

Maturity! Tip Fill* Ear Fill® Pericarp* % Dry Pericarp’
Treatment Touglmess, Weight % of Dry Weight
- a Newtons "

4 2.0 23 3.0 7.24 18.2 16.0

3 1L0 22 3.0 7.32 17.9 15.7

2 2.0 23 3.0 7.40 18.4 14.7

1 1.8 23 2.8 6.77 17.4 16.2
Average 1.9 2.3 3.0 7.18 18.0 15.6
LSD (os) 0.2 ns 0.1 0.28 Ns ns

1Marurity: 1=immature, kernels small, 2=optimum maturity, 3=overmature, kernel sap milky; evaluation of 5 ears per field rep.
2Tip fill and ear fill (kernel fill): 1=kernels not fill end or length of ear, 2=moderately well flled, 3=well filled; evaluation of 5 ears per field rep.

3Pericarp toughness determined on 20 kernels per field rep, (4 measurements x 5 ears/rep.) by measuring the resistance to penetration of a 2-mm flat cylinder probe on TA-XT

textureanalyzer, 2 mm deep.

4Pericarp content was determined as a percent of roral dry weight by homogenizing and filtering a sample of kernels, 1 determination per composite sample per field rep.

Table 7. Color of husk and kernels at harvest of sweet corn, Experiment 47C, 1999.

Husk Color Kernel Color '
Fertilization L Chroma L* Clroma

Treatment

4 67.2 34.2 71.7 18.7

3 65.3 34.4 69.2 17.2

2 67.7 34.5 72.0 19.1

1 66.2 35.0 70.4 177
Average 66.6 34.5 70.8 182
LSD o ns ns 1.7 1.0

LL 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.
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Table 8. Postharvest quality of sweet corn, Experiment 47C stored at 41°F (5°C) for 0, 6 and 12 days, 1999.

Fevtilization  Days Visual ! Visueal ! Visual Decay? % Dry % L Chrama

Treatment at5°C Quality Quality Quality on Silks Weight Soluble Color Color

“1°F) Husk Ear Silks Solids Value Value

4 0 9.0 9.0 9.0 1.0 18.2 12.1 67.2 34.2

3 0 9.0 9.0 9.0 1.0 17,9 11.3 65.3 34.4

2 0 9.0 9.0 9.0 1.0 18.4 11.6 67.7 34.5

1 0 9.0 9.0 9.0 1.0 17.4 9.5 66.2 35.0

Average 9.0 9.0 9.0 1.0 18.0 11.1 66.6 34.5

4 6 7.0 7.6 6.5 2.5 18.2 10.7 67.3 33.7

3 6 6.2 7.0 5.9 2.7 17.9 10.5 65.6 34.3

2 6 59 7.6 6.0 2.8 18.4 10.6 66.0 329

1 6 6.7 7.0 6.8 2.2 17.4 9.2 66.9 33.0

Average 6.4 T 6.3 2.6 18.0 10.2 66.4 33.5

4 12 5.3 7.4 5.1 3.1 17.4 9.6 67.8 32.8

3 12 5.8 iz 5.1 371 18.1 9.6 67.1 33.9

2 12 54 6.9 4.7 32 17.6 9.6 69.2 3313

1 12 5.6 7.9 5.6 2.7 17.2 8.9 69.4 33.0

Average 5.5 7.4 5.1 3.0 17.6 9.4 68.4 332
LSD (ao5) 0.6 0.8 0.8 0.4 ns 1.1 2.3 1.1

1Visual 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=unusable; a score of 6 is the limit of salability
2Decay on silks was scored on a 1 to 5 scale, where 1=none, 2=slight, 3=moderate, 4=moderately severe, and S=severe.
3Soluble solids were determined on 1 composite cleared juice sample per field rep on a temperature compensated refractometer.
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INTRODUCTION

During the last 10 years, the cotton aphid (Aphis gossypii) has
developed from a non-pest to one of the most significant in-
sect pests of California cotton. This insect pest has joined ly-
gus bugs, spider mites, silverleaf whitefly, and beet
armyworms as the key arthropod pests of California cotton.
The most significant cotton aphid outbreaks occurred in
1997; an estimated 3.5% yield loss occurred which was
nearly $34 million in crop loss and an additional $38 million
in control costs were incurred to “manage” this one insect
pest. Cotton aphid infestations damage the cotton crop in
several ways. On vegetative stage cotton, aphid feeding stunts
the plant growth. However, only the highest, most prolonged
early-season infestations result in yield reductions or delays in
crop maturity. During the mid-season (July to mid-August),
cotton aphids reduce cotton lint yields because the aphids act
as a significant sink and compete with the bolls for the lim-
ited energy. The late-season infestations (mid-Aug. to Sept.)
are problematic because the aphids deposit honeydew on the
exposed cotton lint, which reduces the lint value and mar-
ketability. Reasons for the intensification in pest status of cot-
ton aphid are unclear; however, one of the most noticeable
changes in cotton production over the last 10-15 years is the
use of a plant growth regulator instead of irrigation and N
deficits to limit early-season cotton vegetative growth. This
has allowed cotton production practices in the San Joaquin
Valley to evolve to higher N fertilization and irrigation in-
puts. Host plant conditions including high N and adequate
moisture are generally optimal for aphid population growth
and development. Insecticide use patterns (some of which di-
rectly or indirectly aphid populations), cotton varieties, the
crop mosaic in the SJV, and other factors may also be acting
upon aphid populations. Several species of insects have been
shown to respond positively to higher levels of N, and simi-



larly, small plot studies have shown more cotton aphids in
highly N-fertilized cotton plots compared with low fertility
areas. The idea of balancing the amount of N needed for op-
timal cotton yield with the level required to mitigate cotton
aphid population build-up is the goal of this project. Utiliz-
ing cultural control measures such as N management could
play an important role in cotton aphid management. Biolog-
ical control of mid- and late-season aphid outbreaks is only
moderately effective. Relying on insecticides for aphid con-
trol adds undesirable production costs and also promotes the
development of insecticide resistance in this aphid pest.
Therefore, additional non-chemical control measures, such as
cultural control, would fill an important void.

OBJECTIVES

1. Study the influence of cotton N fertilization practices on
cotton aphid population dynamics and seasonal buildup
in cotton.

2. Identify specific crop carbohydrate and N status associated
with higher aphid densities during specific crop growth
stages.

DESCRIPTION

Replicated field studies with differential N levels, set up by
the Cortton Agronomist and Cotton Farm Advisors in grower
fields, were largely utilized for Objective 1. The treatments
were set up in strips, generally 8 rows wide x the field length
(up to 1/4 mile long) x 4 blocks (smaller plot sizes were used
at the research centers). Target N rates in these studies were
50, 100, 150, and 200 Ib N/acre; the lowest rate utilized the
residual soil N and therefore varied across locations. The
three highest rates were the residual plus the appropriate
amount of applied N generally in June. Field sites were lo-
cated in Tulare Co., Fresno Co./West Side Research and Ex-
tension Center (REC), Kings Co., Merced Co., Madera Co.,
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Figure 1. Petiole N levels vs. applied N treatments (1lb /4)
simultaneous with aphid build-up.
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and Kern Co. (Shafter Research and Extension Center [2 lo-
cations] and in a grower field). Planting dares varied across
locations but were generally in mid-late April in 1999. Cot-
ton aphid populations were sampled at weekly intervals from
each plot from July to September. A twenty-leaf sample, fifth
main stem node leaf from the top, was used. Aphids were
counted in the laboratory with the aid of 50X magnification.
For Objective 2, treatments of 0 (=20 Ib residual in soil), 50,
100, 150, 200, and 250 Ib N/acre (as ammonium sulfate)
were applied to small plots. There was also a treatment of
200 Ib N/acre split in 4 applications (applied every two
weeks), a treatment with an alternate source of N (200 lb
Jacre of urea), and a “balanced” fertilization (200 Ib N/acre +
100 Ib K;O/acre). Cotton aphids from a laboratory colony
were placed on to five plants in each plot on July 16. These
aphids were enclosed in single-leaf cages (to minimize the ef-
fects of predator insects feeding on them) and were moni-
tored for their survival, fecundiry, and generation time daily
over the next month. Three compete aphid generations
(new-borne to adult) were completed.

RESULTS AND CONCLUSIONS

Cotuton aphid populations were generally low in 1999, but
levels responded to the N regime. Populations generally
built-up late in the season and at that time the N levels had
likely largely equilibrated or at least were greatly altered com-
pared with the treatment regimes. In the strip tests (grower
fields and REC:s), aphid populations developed in six of the
eight sites (see Table). The highest aphid density was ~33 per
leaf. However, at all the six sites with aphids, there was a
trend with more aphids at the higher N levels; a 3-4X range
was commonly seen from the 50 to 200 Ib/acre treatments.
Similarly, the percentage of leaves with aphids also responded
positively to N level.

The highest densities of aphids were found in the Shafter
REC field 2 site. Populations were present in early August
and started to increase noticeably in late August. At this
time, petiole N levels were much lower then earlier in the
year, but there were still distinct differences among the treat-
ments (Figure 1). Across the treatments, petiole values ranged
from high to low in terms of normal cotton growth and de-
velopment.

Results from detailed studies on the effects of N on cotton
aphid levels showed that, for the first generation of aphids
exposed to the conditions, the aphids from high N plors, es-
pecially the ones reared on plants fertilized with ammonium
sulfate only, produced significantly more offspring and had
shorter generation times, i.c., the time needed to0 go from a
new-borne aphid to an adult, than the aphids from low N



Table 1. Response of cotton aphid populations, at the time of the peak, to applied nitrogen levels in cotton
in the San Joaquin Valley, 1999.
Location/Nirrogen Treatment Aphids per leaf Location/Nitragen Tr Aphids per leaf
(Iblacre) 1 (Iblacre) 1
Shafter REC (field 1) - 50 0.7 Tulare County - 60 1.8
100 B3 100 32
150 1.7 150 79
200 33 200 9.0
Kern County - 50 0.05 West Side REC- 50 0.7
100 0.05 100 1.0
150 0.05 150 1.1
200 0.08 200 2.2
Kings County - 50 0.3 Shafter REC (field 2) - 0 12.3
100 0.9 50 17.9
150 14 100 18.9
200 29! 150 27.9
200 328
! Date of peak: Shafter REC (field 1) - 3 September; Kern County - 12 August; Kings County, Tulare County, Shafter REC (field 2) - 2 September; West Side REC - 15 September.

plots (Figures 2, 3). Generation times ranged from 12.3 days
(0 1b N/acre) to 9.3 days (250 Ib N/acre). Similarly, the
number of offspring per adult averaged 1.7 and 5.3 with the
low and high N regimes, respectively. Conversely, potassium
seemed to have a detrimental effect on the aphid processes.
Thus, aphids from the treatment that had the “balanced” fer-
tilization (200 b N /acre + 100 1b /acre K20) had a lower
fecundity and longer generation time than individuals from
the two highest N treatments (200 and 250 Ib /acre of am-
monium sulfate). This negative effect of potassium on aphid

fitness has been observed in other systems with other herbi-
vore species. The split application and urea form of N did
not alter the results compared with the “standard” 200 [b N
treatment. No differences in aphid survival were found
among treatments; however, the overall survival was low
(about 33%). In the second generation, there was a trend of
higher offspring producrion and shorter generation time with
aphids from the highest N plots; however, the differences
among treatments were not as distinct (Figures 2, 3).
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Figure 2. Number of cotton aphid offspring produced with various fertility regimes on cotton.
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Figure 3. Length of cotton aphid generation time with various fertility regimes on cotton.
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OBJECTIVES

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

2. Determine on how adequate level of available K affects the
occurrence of rice diseases.

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

INTRODUCTION

California legislation (AB 1378) leads to a phase down of
rice straw burning over a 10-year period which will change
the way farmers manage rice straw. Although various options
are available, it is likely that the incorporation of rice straw;
i.e., on-site disposal, will remain a major option for rice straw
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disposal. The average concentration of K in rice straw is
around 1.4 % but its range can be as low as 0.6 % or as high
as 1.8 %. The amount of straw removed by baling for off-site
use is approximately 6 tons/acre and hence the amount of K
removed in the straw after harvest in Californian rice fields
can exceed 90 Ib/acre. When straw is continually removed,
available K levels in the soil will be profoundly affected.
Some preliminary data gathered from the long-term straw
rotation studies at the Rice Experiment Station showed that
the extractable K levels in the soil in the top 6 inches de-
clined significantly to less than 60 ppm when straw was
baled for 3 years. The current fertility guideline for rice is
that about 87 ppm of extractable K should be present at time
of seeding; otherwise K fertilization is recommended.

DESCRIPTION

As part of the first field season activities of this three-year
field study; a field at Mathew Farm near Marysville, CA
which has historically shown a potassium (K) deficiency was
selected. From half of the selected area (about 7 acres), the
rice straw was removed whereas for the other half of the field,
the rice straw was incorporated in the fall of 1998. The
same location will be used for the next three years and
straw will be removed or incorporated for the duration of
the experiment.

In the spring of 1999, 15 soil samples were collected from
the site where straw was removed or where straw was incor-
porated. After one year of straw removal, a significant differ-
ence in plant available K concentration was detected: 59
ppm when the straw was removed versus 88 ppm soil in the
straw-incorporated plot. In the spring of 1999, an N by K
rate trial was established on both straw management treat-
ments. A split plot factorial design replicated 4 times with 5
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Figure 1. Midseason leaf N concentration as affected by
N fertilization.
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rates of N (0, 45, 90, 135, 180 lb/acre) as ammonium sulfate
and 6 rates of K (0, 22, 44, 66, 88, 110 Ib/acre) as KCl for
each straw management treatment (total of 240 plots) was
used. Midseason concentration of N and K in the leaves was
conducred for all treatments. A disease rating was carried out
a few weeks prior to harvest for the following rates: 0, 45 and
90 1b N/acre. Straw and grain yield were determined and
both plant components were analyzed for total N.

RESULTS AND CONCLUSIONS

Midseason N and K

During the summer, the concentration of N and K in the
youngest expanded leaf increased significantly following N
and K application, respectively (Figs. 1 and 2). However, the
concentrations of K in the leaves increased when straw was
incorporated under all rates of K application compared to
straw removal. The difference in K concentration in the
leaves when straw was removed or incorporated remained
similar across all K levels. This is a surprising result for which
no clear explanation is presently available. If the incorpora-
tion of straw led to an increase in plant available K, this re-
sponse would become most apparent when no K was applied
and would disappear at higher rates of K fertilization. This
would suggest that the increase in the concentration of K in
the leaves when straw is incorporated is not induced by an
increase in plant available K. An argument could be made
that the growth stage of rice was different when where straw
was incorporated or removed, leading to a so-called dilution
effect. Such a dilution effect is unlikely as the concentration
of N in the leaves was not different when straw was removed
or incorporated (Fig, 2). A small increase in the cation ex-
change capacity when straw is incorporated might also ac-
count for more plant available K by preventing leaching and
runoff losses.

As anticipated, an increase in the rate of N fertilizer led to an
increase in leaf issue N (Fig. 2). High rates of N doubled the
concentration of N and leveled off at about 4%. There was
no impact on straw removal or incorporation on tissue N,

suggesting that scraw did not immobilize or increase plant
available N.

Diseases

Leaf diseases and the occurrence of aggregate sheath spot and
rice stem rot was assessed at the end of the growing season.
Only aggregate sheath spot was observed and rated for sever-
ity. Aggregate sheath spor, rated on a scale between 1 and 4,
was prominent in all treatments and an overall rating of 3



was observed across all treatments whether straw was incor-
porated or removed. The severity of aggregate sheath spot de-
clined slightdy with higher rates of N fertilization for both
straw management practices (Fig. 3) but was unaffected by
the application of K (Fig. 4). Straw management practices
had no significant impact on aggregate sheath spot.

It is likely that incorporating straw for one growing season
may not yet show the severity of aggregate sheath spot occur-
rence. How aggregate sheath spot severity will be affected
over time following several years of residue incorporation will
be assessed during the duration of this project.

Straw and Grain Yield

Rice yield was affected by rate of N application (Fig. 5).
Whereas unfertilized rice achieved an average yield of 5500
Ib/acre, increasing the rate of N fertilizer increased the grain
yield to 9100 Ib/acre. However, the removal or incorporating
of the straw did not significantly affect the yield. In addition,
applications of N above 90 Ib/acre did not further increase
the grain yield, whether residue was incorporated or re-
moved. The often observed N benefit on grain yield follow-
ing residue incorporation did not occur. The most likely
explanation is that the duration of residue incorporation has
been too short to show any significant impact on the overall
N supply power of the soil and therefore an effect on total
grain yield was not observed.

Medium rates of K fertilization had a small but significant ef-
fect on total grain yield when straw was removed but not
when straw was incorporated (Fig. 6). Evidently, the amount
of K removed in the straw was sufficient to induce a K defi-
ciency. It is of interest to note that just one year of straw re-
moval led already to such a significant increase in grain yield.
It is anticipated that a stronger K response on yield will man-
ifest itself in years 2 and 3 of the experiment.

The total amount of rice straw residue produced, however,
was not only affected by N rate application but also by straw
management (Fig. 7). There was no effect of K application
on straw yield. Incorporation of straw led to higher straw
production and because yield was not affected, to a lower
harvest index (Fig. 8). Harvest index is here defined as the
toral amount of grain yield divided by the total amount of
aboveground biomass produced multiplied by 100. The in-
crease in straw production withour an increase in grain pro-
duction would suggest that the additional nutrients that
became available following the incorporation of straw were
not used by the crop to produce additional grain. Or in
other words, the crop became less efficient in its nutrient use
(in particular N) once the N was taken up in the producton
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of grain following straw incorporation. As K rate had no
effect on straw production and the harvest index, the pro-
duction of straw and subsequently the lower harvest index
appears to be mainly controlled by N which becomes accen-
tuated following the incorporating the residue. Of interest
would be to determine how to manage the rice straw differ-
ently and whether an increase in nutrients leads to an in-
crease in grain rather than in straw production.

Nitrogen Use Efficiency

For the 1999 season, the concentration of N in the grain at
final harvest showed that removing straw led to an increase
in the concentration of N in the grain at all levels of N appli-
cations (Fig. 9 ). The K fertilizer had no effect on N concen-
tration in the straw (Fig. 10). As anticipated, the
concentration of N in the grain increased with increasing
rates of N application and the increase was more pronounced
when straw was removed. The application of N fertilizer in-
creased the concentration of N in the straw but neither straw
management nor K fertilization had a significant impact on
the concentration of N. The increase in the concentration of
N in the seed when straw is removed compared to straw in-
corporation can be explained by a principle of plant physiol-
ogy. Stressed plants are known to show higher concentrations
of nutrients in their seed, a phenomenon that may have oc-
curred in this study.

The N requirement (amount of N in Ib/acre to produce a
ton of grain), increased significantly under higher rates of N
(Fig. 11). Higher rates of K application had no effect on the
N requirement (Fig. 12). However, the N requirement for
rice under low N and K rates of fertilizers improved when
straw was incorporated: ie., less N was needed to produce a
ton of grain (Figs. 11 and 12).

Although increased levels of N application decreased the re-
covery of the applied fertilizer-N (N-use efficiency or
NFUE) and the lowest N recoveries occurred when straw
was incorporated (Fig. 13), the decline was not significant.
The impact of K fertilization on N fertilizer use efficiency re-
mains unclear and is non-significant (Fig. 14).
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INTRODUCTION

When applied fertilizer is labeled with a tracer, i.e., “N, the
flow and the fate of the N can be followed in a cropping sys-
tem. A portion of the labeled fertilizer will be accumulated
by the ctop and from the "N-enrichment, the fertilizer use
efficiency can be determined. Not all the "N-fertilizer will be
accumulated by the crop and a portion of the applied N will
be incorporated into the soil organic matter pool where it
can be recovered from the various fractions, each with its
own rate of turn-over. Initally, the *N that is recovered from
the soil organic-N pool is predominately present in the labile,
microbial biomass fraction. Following die-off and decompo-
sition of the microbes, the "N becomes available again for
plant uptake. However, a portion of the "*N in the various
soil organic matter fractions is derived from "N-labeled plant
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residues; i.e., roots, stems and leaves. During the mineraliza-
tion process, a portion of this organic N is converted into
NH; and subsequently converted into NO;. The remaining
N that is not converted rapidly into mineral N becomes
part of the more stable soil organic matter pool and becomes
slowly available for plant uptake over a number of years fol-
lowing decomposition.

Although reported values for fertilizer use efficiencies often
do not exceed 50%, i.e., 50% of the applied fertilizer is re-
covered in the aboveground biomass, this does not imply
that the unaccounted portion of the applied N is lost from
the field. As discussed earlier, part of the N is still present in
the soil as mineral N, in the microbial biomass or in the
roots. Therefore, some of the N-fertilizer that was applied
will not be used by the crop during the first growing season
but rather in subsequent growing seasons. In addition, N
present in aboveground crop residues that are not removed
from the field will also become a source of N for subsequent
crops.

In summary, the N component of this study should result in
a rethinking of fertilizer application practices in California
cotton production. New cultural practices will likely include
preplant soil analyses to establish a baseline N level, early ap-
plication as called for by soil analysis, and additional applica-
tions on an as needed basis. Detailed analysis of
mineralization of organic residues will permit inclusion of
the contributions of this fraction to the availability of soil N
and increase the precision of the fertilization of the cotton
system. It is anticipated that this overhaul in N fertilization
practices will result in a significant reduction in N use in cot-
ton production systems and address environmental concerns
of the potential movement of excess N into groundwaters.

OBJECTIVES

1. Determine the rate of mineralization of organic matter
and release of N from the pool of labile soil N in cotton
systems

2. Determine the contribution of the labile pool of N to the
subsequent cotton crop and determine the N supplying
power of the soil at selected sites.

DESCRIPTION

Plots were established at two sites in the San Joaquin Valley,
Wisecarver Ranch, Kings County and Westside Field Station,
Fresno County. These two sites have been used for the °N
studies for three seasons *N enriched urea was used to label
micro plots which were established within the fertilizer trials
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and a number of measurements were made over the
1998,1999 and 2000 seasons. These measurements included:
lint yield, leaf dry wt., stem dry wt., boll dry wt., total dry
wt., leaf area, specific leaf area, plant heighr, total nodes,
node at first square, leaf, stem and boll N and atom% excess
5N, Three levels of N were used as treatments (0,56,168
kg/ha). Tissue was sampled at specified times and subsamples
were analyzed for atom% excess of "N. Results presented be-
low represent sampling and analyses for both the 1998 and
1999 season. The importance of the various soil organic N
pools as sinks of applied fertilizer-N were determined. Soil
samples were taken to a depth of 8 feet, the first 4 feet in 1’
increments and from 5-8 feet at 2’ increments at the end of
the growing season from the center of the "N micro plots.
Three soil samples per plot were taken and combined prior
to analysis. The soil microbial biomass in the top 10 inch
and the soil organic matter in the entire soil profile was de-
termined.

The amount of N that is released from the soil organic
matter pool and the cotton residue was determined using in-
cubation/mineralization studies. Soil samples from the field
plots were collected as described above. These samples were
incubated under controlled conditions. The production of
inorganic “N is determined by analyzing the NO; content of
the soil solution and the rate of organic decomposition deter-
mined by losses of C through evolution of CO; In addition
the rate of organic matter decomposition can be estimated
by determining the soil microbial biomass. Partial results are
reported below. To determine the contribution of the previ-
ous season’s organic matter to the N pool for the next crop,
cotton residue was collected from the labeled plots, weighed
and incorporated into this year’s plots. The break down of
organic matter and the distribution of "N will provide
information on the cycling of N and organic matter in

the system.

RESULTS AND CONCLUSIONS

Figure 1 illustrates the data from the two sites that were la-
beled with N. The above ground biomass of both Acala and
Pima type cotton was determined in response to N fertilizer
levels. At both locations there was little response of biomass
to N levels of 0 and 56 kg/ha. At 168 kg/ha the total bio-
mass was greater with a much greater response of Acala cot-
ton at the Fresno site. Seed cotton yields in response to N are
shown in Figure 2. There was no significant yield response by
Acala to applied N ar the Kings County site, however, both
Acala and Pima showed a response between 56 and 112
kg/ha at the Fresno site with no response above 112 kg/ha.
Above 168 kg/ha N yield leveled off at both sites.
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Figure 1. Above-ground biomass of Pima and Acala cotton as
a function of N treatments for the 1999 season. For the con-
trol treatment no N was added. The biomass was measured
after defoliation and represents the standing crop which will
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Figure 3. The amount of seed nitrogen removed from the
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Figure 5. Microbial biomass from soils from the Fresno
County site as a function of time. The biomass is calculated
Jrom the CO; evolved from incubated soils (see last report).
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Figure 6. Microbial biomass from soils from the Kings

County site as a function of time (see figure 5 for details).
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Figure 3 is follow up data from 1998 and shows that at 56
and 168 kg/ha N there was no difference in the amount of
N removed in Acala seed at harvest even though the cotton
seed yields at the two sites were significantly different. This
would suggest that there was efficient redistribution of N
from the vegetative parts to the seed and that lint yield is not
a stand alone indicator of N level or distribution in cotton.

The N labeled fertilizer data are shown on Figure 4. These
darta provide information on the sources of N from the soil.
At both sites the amount of N derived from fertilizer was
greater at 168 kg/ha of applied N fertilizer than at 56 kg/ha.
Also more N was obrtained from fertilizer at the Fresno site at
the higher level of applied N than at the Kings County site.
At both sites and both levels of applied N, the % N derived
from fertilizer N declined over the season. These data suggest
that when N is low and/or limiting the plant becomes more
dependent on soil N sources. In the 56 kg/ha N treatment
the N derived from fertilizer did not exceed 10% and by the
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end of the season was less than 5%. Even at the 168 kg/ha
treatment the N derived from fertilizer decreased from 75%
to 20%. This suggest that when N is relatively high and
available the plant acquires N from those sources bur as the
level of N decreases a greater amount comes from less avail-
able sources such as soil organic matter. This means that we
need a more accurate assessment of the “supplying power” of
soil if we are to obtain a N budget, a parameter necessary to

effectively manage soil N.

Figures 5 and 6 provide some information on the role of mi-
crobial decomposition in providing N for a developing crop
is required to develop a N budget. Figure 5 shows microbial
biomass from soils from the Fresno County location. Figure
6 represents microbial biomass from the soils from the Kings
County location. Both soils show a fairly constant level of
microbial biomass over the season. There appears to be over-
all a greater amount of microbial biomass at the Fresno
County location than at the Kings County location. It is ex-
pected that the greater the microbial biomass, the greater the
rate of decomposition of organic matter. These data will be
compared with organic matter decomposition rates as deter-
mined by CO: evolution of incubared soils and the seasonal
levels of soil organic matter content. This information will be

used to relate cause and effect if possible.

The project is progressing as designed in the initial proposal.
Data for the 2000 season is being collected on the processes
involved in N cycling and these dara will be used to develop
both an accounting of N in the cotton system and the man-
agement approaches to improve N-use efficiency in this sys-
tem. If justified revised recommendations on N fertilization

of cotton will be made available to growers.
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INTRODUCTION

Precision farming or soil-specific management (SSM) is not a
new concept. Yet, recent technological advancements in mul-
tiple disciplines are revolutionizing the potential for the ap-
plication of SSM concepts in large scale, industrialized
agriculture. This new potential for more efficient and envi-
ronmentally-friendly agriculture has revitalized many of the
traditional agricultural sciences by posing the new challenges
of describing, understanding, and predicting spatial agro-eco-
logical patterns with high resolution at landscape scales.

The challenge, however, will not be on how to collect and
transfer the data into maps that reflect the spatial patterns of
features of interest but on how to interpret the data and
make predictions on the impact of variable management
practices across a farmer's field. This cannot be achieved
without a thorough understanding of the underlying mecha-
nism that causes the variability of key processes across the
field to occur in the first place.

This project aims at integrating state-of-the-art tools for col-
lecting, georeferencing and mapping spatial data with thor-
ough characterization and modeling of the fundamental
processes causing spatial variability. This project, dealing with
field-scale variability, is part of a larger, multi-scale research
effort dealing with spatial variability in Californian rice

agroecosystems.

OBJECTIVES

1. Initiate a case study to quantify the underlying mecha-

nisms that control the spatial variability of grain yield in
rice fields.

2. Determine how the efficiency of collecting information
across a farmer's field can be optimized using state-of-the-
art geostatistical techniques.

3. Develop a predictive model for yield and perform sensitiv-
ity analysis to assess the main factors controlling its spatial
variability.

4. Test the economic feasibility of SSM by varying treat-
ments across the field.

DESCRIPTION

As part of the first-season activities of a three-year study, a
rice field was selected at Josiassen Farm, near Oroville, Cali-
fornia. The field has been under cultivation with rice for the
last five years, and rice straw has been incorporated in winter
during that time. Within the field, four transects of 1200 feet
each were randomly selected for our study. Two of those
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transects were selected to be left unfertilized, in order to
quantify natural variability of soil fertility.

In the spring of 2000, 50 soil samples (40 with a spacing of
30 feet, 10 random) were collected for each transect, yielding
a rotal of 200 samples. Samples were dried and stored using
standard methodology, and are currently being analyzed for
P-Qlsen, rotal N, total C, **N natural abundance, PC natural
abundance, cations and texture. In addition, an extraction
with sodium tetraphenyl boron will be carried out to deter-
mine available K for the crop.

The field was planted on May 25th. Two of the transects,
30 feet wide, were left unfertilized. The rest of the field was
fertilized with aqua ammonia. At plant establishment and a
month later, infrared images were taken. Plant samples were
collected on July 20th, and will be analyzed for mid-season
nutrient status.

B C vl
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At harvest, whole plant samples (including roots) will be col-
lected from all locations. In addition, the number of weeds
will be quantified. Harvest maps across the transect will be
made using a yield monitor calibrated using hand-harvested
plots across the transects.

After completion of the analyses, a preliminary assessment of
functional relationships within the field can be carried out.
Using geostastistical techniques (kriging, co-kriging, simula-
tion), spatial variability and possible co-variability will be an-
alyzed. This will allow us to fine-tune our sampling scheme
for the next growing season. In addition, multivariate regres-
sion will be used to link the measured variables to grain
yield, above-ground and below-ground biomass.
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OBJECGTIVES

1. Measure variability of yield within fields in a processing
tomato-based rotation.

2. Determine relationship of crop yield to soil and plant
characteristics and color infrared acrial imagery.

3. Assess the potential for site-specific farming in irrigated
row crop rotation and communicate with growers and
allied businesses.

DESCRIPTION

Yield variability within a field and its inter-annual correlation
is one of the main concerns today in precision agriculture.
Data were analyzed from two 378-acre commercial four-
crop-rotation fields in Sacramento Valley, California. One of
the fields had a wheat-tomato-bean-sunflower rotation from
1996 to 1999, the other had a wheat-tomato-sunflower-corn
rotation during the same period. After georeferencing, inter-
polation and correction of monitored-yield data, correlation
was measured between the years using 20 x 20m cells. Six
two-year comparisons were performed in each field to esti-
mate the congruence of inter-annual variation in defining

yield patterns within the fields.

RESULTS AND CONCLUSIONS

Very low correlation values were found using this approach,
but after standardizing and adding the yields, a larger spatial
correlation resulted. This indicates that areas with the same
average performance tend to be clustered together. To further
the study from another perspective we constructed clusters
using standardized yield data. This provided a different spa-
tial configuration of clusters but also a high level of spatial
autocorrelation. Preliminary relations with soil characteristics
were developed through Classification and Regression Trees
(CART) and regression analysis, using soil sample data from
a 60-m square grid. Some relatively stable to very stable soil
traits such as textural components and organic matter con-
tent were found to be important in explaining the average
yield over the four-year period.

Because soil properties affect irrigation and drainage, as well
as supply of nutrients to crop plants, farmers should define
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monitoring or management zones based on soil texture. In
one of the test fields, soil texture (0-15 cm depth) was
mapped by analysis of sand, silt, and clay content. Samples
were collected from 86 sites on a 220 feet square grid. A sec-
ond sampling was conducted to determine values between
adjacent sites thar differed in clay content in the initial sam-
pling by more than a threshold value. The combined data set
covered 120 sample locations (Fig. 1a.). The cost of such an
intensive survey would make it impractical to most farmers.
A more affordable survey based on 18 samples collected on a
400-ft square grid produced a map of clay content that was
similar to the more intensive sampling (Fig. 1b). With the
coarser sampling, areas of ~1 ha (2-3 acres) may be misclassi-
fied. However, a map of the difference between clay content
interpolated from the coarse and intensive sampling shows
that absolute differences of clay content >2.5% occur only in
a few small areas of the field (Fig. 2).
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Another approach would be to adjust sample locations based
on soil color determined by bare-soil aerial photography.
This will improve the resolution of the farm field-scale tex-
ture map while minimizing the sampling and analysis cost.A
separate study was conducted by Alvaro Roel and Jorge Perez
to determine the applicability of the USDA-NRCS soil sur-
vey geographic database (SSURGO) to precision agriculture.
They concluded that the SSURGO data were as good as the
soil core data for defining three management zones which
coincided with wheat yield zones.

In summary, there are three approaches o producing a farm
field-scale soil texture map: (1) Soil sampling with one sam-
ple per 0.5 to perhaps 4 acres; (2) Use of NRCS soil data-
bases — essentially county soil survey information; (3) Soil
sampling and/or soil database information in combination
with remote imagery such as aerial photographs.
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Figure 1. (a) Two-stage sampling: 86 grid samples plus 34
additional samples collected where clay content change is
large. (b) Single-stage sampling of 18 grid samples on a
400-ft spacing = 1 sample/4.33 acres.

Figure 2. Clay content difference between intensive
sampling and sparse sampling as shown in Figure 1. Only
a few small areas (hachures) show an absolute différence
>2.5% clay
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DEVELOPMENT AND
TESTING OF
APPLICATION SYSTEMS
FOR PRECISION
VARIABLE RATE
FERTILIZATION

Project Leader:

Ken Giles

Department of Biological and Agricultural
Engineering
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Davis, CA

(530) 752-0687

Cooperators:

Tony Turkovich
Button ¢ Turkovich
Winters, CA

Graeme W, Henderson
Capstan Ag Systems, Inc.,
Pasadena, CA

Lee Hazeltine

Precision Applicators, Inc.,
Winters, CA

INTRODUCTION

Precision or “site-specific” management of agricultural pro-
duction requires application of fertilizer, pesticides, water and
other inputs on spatial scales much smaller than previously
used. The concept is simple; by using accurate navigation
and positioning to guide collection, sensors for crop yield,
soil properties and other conditions can be used to develop
maps or databases of crop response and geographic variation.
From the collected information and an understanding of
crop development, the inputs supplied to the crop and the
management practices used can be refined on small areas.
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The overall economic return can be increased while environ-
mental effects can be reduced. Significant research is under-
way to determine how to adapt this tool to California
agriculture.

This project is working on one essential machine for preci-
sion farming, namely, a fast system for varying the applica-
tion rate of liquid and gaseous fertilizer. This is complicated
by the real-world problems of fast ground speeds, a wide
range of rate control, and the ever-present demands of sim-
plicity and high reliability during busy seasons. When a fer-
tilizer applicaror is traveling at 8 mph, 3 feet are covered in
approximately 0.25 seconds. If fertilizer rate changes are de-
sired in, for example, a 6-foot distance, the application sys-
tem must respond in 0.5 seconds. Most application
equipment, even that with electronic rate control, cannot re-
spond quickly enough. Even when it is fast, a typical rate
controller has a limited range and resolution.

A unique spray control system has been developed and
patented at University of California, Davis that can control
pesticide application rates over an 8:1 range and respond
within 0.3 seconds and often within 0.1 second. The system
uses electronically-controlled valves at each spray nozzle to
meter the desired flowrate, without disrupting the spray
droplet size or spray pattern. Performance and durability of
the system has been proven by commercial use. The project
is investigating the use of the control technique for applica-
tion of liquid fertilizers and anhydrous ammonia. Accuracy
of the system has been determined and suitability for GPS-
or manually-directed variable rate application is being inves-

tigated.

OBJECTIVES

One goal of this project is to determine if desired rate
changes can actually be achieved with existing application
equipment and improved metering systems. Another goal is
to address the question, “Can uniformity and accuracy of fer-
tilizer application rates be improved with the pulsing valve
flow rate control approach?” The specific objectives are:

1. Determine if the control valves are suitable for use with
typical fertilizer liquids at typical application flow rates
and supply pressures.

2. Install the control system on a liquid fertilizer applicator
and document accuracy and uniformity in application rate
and speed of response to changes in application rates in a
field setting.

3. Determine if the control system can be modified for use
with anhydrous ammonia in order to improve uniformity
of application, reduce vapor formation in supply lines and
allow a wide range of rate control.
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DESCRIPTION

The work on first objective was described in the 1999
CDFA/FREP Conference Proceedings. Two common liquid
fertilizers (UN 20 and UN 32) were tested with three com-
mon nozzles (8008, 11015 and TF-10) and liquid supply
pressures of 10-30 psi. The system was found to be very pre-
dictable and provide a 10:1 range of rate control. No exces-
sive wetted part wear or corrosion was observed.

Work on Objective 2 has used two commercial application
systems. Preliminary work, reported in the 1999
CDFDA/FREP proceedings, used a 500 gal trailer with 30
feet liquid boom. This work established that the system
could provide a wide range of application rate control while
maintaining consistent nozzle pressure for good pattern and
droplet control. This year, work expanded to a self-propelled
700 gal, 75 feet boom vehicle. The vehicle was installed with
a Case Tyler Ag Navigator GPS system, Mid-tech TASC rate
controller and the AIM Command commercial version of
the University of California, Davis rate flow control system.
The Case vehicle was used to demonstrate and investigate us-
ing the pulsed valves with a true GPS-directed application
map in a test field.

The third objective was investigated in cooperation with an
equipment manufacturer, Kansas State University and a Cali-
fornia application company. Preliminary data have shown
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that the pulsed valve system can improve uniformity of anhy-
drous ammonia distribution across a manifold, reduce the
formation of vapor and allow a wider range of application
control. A test system was placed in the field in California
during the fall of 1999 and spring of 2000.

RESULTS AND CONCLUSIONS

The installed system on the self-propelled sprayer was used to
generally evaluate the integration of the pulsed flow system
into a commercial system including a GPS navigation and
variable rate system, a commercial rate controller with con-
ventional electronics and commercial software for creating a
variable rare application map. The pulsing nozzles were inter-
faced to the existing rate controller using a commercial con-
trol module, Otherwise, the GPS system and variable rate
map creation software was used without any modification.

A series of application tests, at different ground speeds and
application rates, was conducted. The system generally per-
formed well and the pulsed spray technique worked well
with the commercial equipment. These results indicarte that
the technique is compatible with existing commercial
equipment.

Additionally, comparisons were made to test the actual depo-
sition of liquid on the soil surface with the prescription that
was loaded into the GPS system. An example test was suc-
cessfully run where the liquid was varied over a 6:1 range

CamP arison mdp J Of P ]‘fSCﬂbfd Prescnbed Application Rate (gal/acre) Recovered Ground Rate (gal/acre)
and actual liquid distribution
in a test freld using pulsed spray e e e e e
05 (1.5ac) 11:20 (1.3ac)
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Variable Rate Test Field for Pulsed Spray

Precision Spray Laburatory
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from 5 to 30 gal/acre (see figure). As the vehicle traveled
from south to north, the rate prescription instantly changed
from 5 to 30, then 30 to 15 gal/acre. Deposit on the soil was
determined by adding a fertilizer (zinc) tracer to the sprayer
liquid, placing collector surfaces at surveyed locations in the
field and then chemically analyzing the collectors. This tech-
nique provided a true measure of the actual performance.
The recovered rate at the locations was then used to create
the map of actual deposit. Comparisons of the maps show
good results.

Work on the final objective is still underway but the general
approach has been to install the pulsing valves downstream
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of the ammonia distribution manifold. This allows the mani-
fold to be kept at a sufficiently high pressure to prevent vapor
formation in the lines and to keep a uniform distribution of
flow through the manifold. The pulsing valves are then used
to modulate flow using the same technique as with the liquid
controller. The prototype system deployed in the field in
1999-2000 used a conventional electronic rate controller but
added the pulse valves for actual rate control. This allowed
the system to operate over a wider range of tank pressures,
ground speeds and ambient temperatures. The cooperating
application and grower reported improved productivity
(treated acres/day) through use of the system.
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Riverside, CA

909-787-4664

John Kabashima
UC Cooperative Extension Orange County
Costa Mesa, CA

INTRODUCTION

Agricultural production in the Newport Bay Watershed in
southern California is considered one of several sources of
nutrient loading to San Diego Creek, the main tributary for
the Newport Bay. Due to the ecological importance of the
Newport Bay, San Diego Creek was placed on the state’s
303(d) list for impaired waterbodies, a listing that requires
the development of a Total Maximum Daily Load (TMDL).
The goal of the TMDL is to return the waters to a condition
where its beneficial uses are no longer impacted by the iden-
tified pollutant(s). The process to reach this goal is both
costly and time-consuming. A TMDL developed without ad-
equate funds and time comprises the goal of ultimately im-
proving the quality of the waterbody.
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The development of a sediment and nutrient TMDL for the
Newport Bay Watershed proceeded rapidly in response to lit-
igation. As a result, the Santa Ana Regional Water Quality
Control Board (SARWQCB) was forced to estimate N and P
loads in agricultural surface runoff. Agricultural baseline flow
and nutrient data were limited to that collected by three large
wholesale nurseries to meet their waste discharge require-
ments. The timeline required for TMDL development was
not sufficient for baseline monitoring of surface runoff from
agricultural fields. In order to address this problem, SAR-
WQCB utilized a phased approach that allows for incremen-
tal reductions in loads over several years as well as the
opportunity to revisit loads previously set when new infor-
mation becomes available. Currently load reductions have
been established for the end of 2002, 2007, and 2012. The
final goal is to reduce total N and P loading by 50% in
2012.

Agricultural producers in the Newport Bay Watershed, in or-
der to meet the goal of a 50% reduction by 2012, will need
to implement additional Best Management Practices (BMPs)
that specifically address the movement of N and P com-
pounds in surface runoff. This project seeks to establish base-
line loads of N and P in surface runoff from agricultural
fields. The data will then be used to evaluate the effectiveness
of implementing BMPs that aim to improve the quality of
surface runoff from both row crops and nurseries.

OBJECTIVES

1. Establish a water quality monitoring program for several
representative agriculture sites in the Newport Bay Water-
shed in order to determine the baseline loads of N and P
compounds in surface runoff.

2. Develop and conduct meetings that focus on current
TMDL development and provide an opportunity for agri-
cultural producers, nursery operators, and consultants to
interact with SARWQCB and UC Cooperative Extension
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 pracrices that will
assist agricultural producers, nursery operators, and con-
sultants in minimizing nutrient movement in surface
runoff,

DESCRIPTION

The inirial phase of the project involved the selection of agri-
cultural sites that accurately represent the various types of
production occurring in the Newport Bay Watershed. Other
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selection criteria included the following: the accessibility of
site; the ability to install flow monitoring and water sampling
equipment without drastic changes in a grower’s existing
drainage design; and the willingness of a grower to imple-
ment BMP:s following the collection of baseline dara.

Each site consists of two plots, a control plot and a treared
plot. A monitoring program was initiated on both plots to
collect both baseline flow data and nutrient concentrations.
The monitoring program will continue through the end of
2000. The implementation of BMPs on treated plots will be-
gin in 2001 following an evaluation of the baseline flow and
nutrient data.

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 is
measured continuously with an area-velocity flow meter thus
allowing for the estimation of N and P loads. Conditions
when monitoring equipment cannot be utilized such as dur-
ing field preparation, monitoring is replaced with grab sam-
ples if surface runoff is present. Water quality parameters
consist of pH, electrical conductivity (EC), (NO. + NO;)-N,
NH4-N, TKN, PO4-P, and total-P. All nutrient analyses are
being conducted by Irvine Ranch Water District's EPA ap-
proved water testing laboratory while EC and pH measure-
ments are completed in the field.

The educational component of this project is composed of a
series of forums and workshops. A forum will consist of an
informal meeting berween agriculture operators, nursery
growers, UCCE project staff, and representatives from the
SARWQCB. The meetings will provide the opportunity for
updates on this project as well as interaction between the
agency developing TMDLs and those thart are directly af-
fected it.
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Workshops will focus on management strategies that are use-
ful to both agriculture and nursery operators in reducing nu-
trient loads in surface runoff. The meetings will be held twice
a year focusing on specific topics such as nutrient and irriga-
tion management. New technologies will be demonstrated in
an effort to expose growers to equipment available to assist
them in making sound nutrient management decisions.

RESULTS AND CONCLUSIONS

Specific characteristics of the sites included in the baseline-
monitoring program are described in detail in Table 1. Un-
foreseen changes in land use, however, resulted in the loss of
the original site C after two months of monitoring, Flow and
nutrient monitoring were resumed following relocation to
another site. Due to the lack of measurable surface runoff as
well as access difficulties, Site D required relocation from an
orchard production site to row crop. Control and treated
plots were chosen based on similar acreage and drainage pat-
terns when possible. The ability to collect baseline darta pro-
vides information on the differences in flow and nutrient
movement between the plots prior to BMP implementation.

Because a significant amount of baseline data is already avail-
able for site E, a vegetation filter strip was installed in a con-
crete-lined channel with flow measurements and water
sampling occurring upstream and downstream of the strip.
The vegetation strip acts both a biological active filtration
system as well as a source for plant material. Three sediment
basins (an upper, middle, and lower) were created in the
channel to remove as much sediment as possible and to slow
the velocity of the water prior to entering the vegetation
strip. The vegetation filter consists of 215 plastic mesh bas-

Table 1. Specific characteristics of the sites included in the baseline-monitoring program.

Site Plot Crop(s)! Flow? Sampling BMP Inplementation
A R-T (control) S March-July Weekly if present None

R-2 S March-July Weekly if present Initiate January 2001
B R-3 (control) S March-May Weekly if present None

R-4 S April-May Weekly if present Initiate January 2001
(&) R-5 (control) C.B,S Feb-June Weekly if present None

R-6 C,B,S Feb-June Weekly if present Initiate January 2001
Dt R-7 (control) S New site Weekly if present None

R-8 S New site Weekly if present Initiate January 2001
E N-1 (upstream) CN May-current Weckly if present None

N-2

(downstream) CN July-current Weekly if present Vegetative filter

1Crop letter codes: B=Bean, C=Celery, CN=Continer Nursery, and S=strawberry
2Flow is monitored at sites under production when surface runoff is present.

3Site was relocated in March (following celery harvest) to a field used for bean and strawberry production.
4Site was relocated from an orchard where surface runoff was absent to a field slated for strawberry production.
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Table 2. Details of the average monthly flow from each plot at various sites.

Site Plot Monthly Flow Totals (m°)
February March April May June July
A R-1 N/A 2754 119.3 25 0.9 0.0
R-2 N/A 99.5 104.5 7.6 0.0 0.0
B R-3 46.7 0.0 0.0 0.0 N/A N/A
R-4 N/A N/A 51.9 0.2 N/A N/A
(&) R-5 35.6 0.13 3.9 57.9 123 N/A
R-6 68.5 0.0 213 1.2 15.1 N/A
D R-7 N/A N/A N/A N/A N/A N/A
R-8 N/A N/A N/A N/A N/A N/A
E N-1 N/A N/A N/A 3771.1 8209.9 15541.5
N-2 N/A N/A N/A N/A N/A 9399.2
Table 3. Nitrogen content of surface runoff from a row crop and a nursery site.
Sampling Plot NH; NO; + NO, TRN NI
Date . R e S (kg-Niday) (kg-Niday) (kg-Niday) (kg-Niday)
April 17, 2000 R-1 0.2 3.1 22 5.5
R-2 0.2 1.8 2.0 40
April 18, 2000 R-1 0.1 1.0 1.0 2.1
R-2 0.0 04 0.6 1.0
June 6, 2000 N-1 9.5 21.0 7.0 375
June 29, 2000 N-1 8.4 217 11.5 41.6
July 12, 2000 N-1 0.1 19 1.7 3.7
July 25, 2000 N-1 22.7 32.6 244 797

ITN=(NH3) + (NOj3 + NO,) +(TKN)

kets with two to three Canna lily plants (tubers) per basket.
The baskets were set into the lower basin on 0.3 m centers
covering 108 m2. Tubers will be harvested on an eight-week
cycle. The data collected will be used to look at differences
between the quality of influent and effluent as well as com-
pared to baseline data collected by the nursery over the last
two years.

The average monthly flow from each plot at each site is de-
tailed in Table 2. A large percentage of surface runoff de-
tected from sites A, B, and C in February, March, and April
can be attributed to storm events. Irrigation events in April,
May and June produced minimal or no surface runoff from
row crops. Surface runoff, however, was detected occasionally
and could be attributed to system leaks, long irrigation
events, and the flushing of filters. The absence of significant
rain events in May, June and July resulted in a decrease in
flow from plots located at sites A, B, and C. Flow through
the vegetation strip (site E) is continuous with peak flows oc-
curring between 6:00 am and 4:00 pm.
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Table 3 contains examples of the N content of surface runoff
from a row crop and a nursery site. Sampling points R-1 and
R-2 monitor surface runoff from four acre plots. The surface
runoff analyzed from the row crop plots was the result of two
storm events. Precipitation totaled 22.3 mm on April 17
and 5.6 mm on April 18. The nursery sampling point (N-1)
monitors the surface runoff from approximately 95 acres of
container-plant production. The low N loads on July 12
from N-1 can be attributed to an inoperable fertilizer injec-
tor compared to June 6, 29, and July 25. Fertilizer injection,
in combination with overhead irrigation, results in higher N
loads in surface runoff. The effects of the installation of a
vegetation filter strip on the quality of this surface runoff
will be characterized by the downstream sampling site that

was recently installed. Nutrient data for plot N-2 is not yet
available.
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INTRODUCTION
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Vegetable production, including lettuce, celery, baby greens,
peppers, sweet corn, tomatoes and onions, is an important sec-
tor of the agricultural economy in the Upper Pajaro River Wa-
tershed region which includes the Southern Santa Clara Valley.
However, recent studies suggest that nitrate levels in the surface
waters and the various aquifer zones of this basin often exceed
the Maximum Contaminant Level (MCL) of 45 ug/mL due to
excessive loading from residential septic systems, agricultural fer-
tilization, animal enclosures, and other non-point and point
sources. Concurrently the Water Quality Control Board Region
3 has indicared that it will develop a Total Maximum Daily
Load Plan (TMDL) for nutrients (including nitrate) for Llagas
Creek within the next few years. The high value of vegetable
crops along with market demands for quality, make growers re-
luctant to increase economic risk by reducing N and/or irriga-
tion inputs. To date recognition and adoption of in-field soil
and plant monitoring as a simple and effective N management
decision-making tool in this region has been limited due to the
lack of a significant research and education effort in this region.

OBJECTIVES

The primary objective of this project is to assist a few key Santa
Clara County growers in evaluating and adopting the use of in-
field nitrate resting and N management planning to improve
fertilizer use efficiency and profitability, while potentially reduc-
ing nitrate loading ro ground- and surface water. Routine field
monitoring and comparative trials urilizing in-field soil and
petiole testing is being used to:

1. Confirm the utility of in-field soil nitrate testing in this re-
gion for pre-plant and sidedress N scheduling on cool season
crops like lettuce whether on sprinkler or drip irrigadion,

2. Evaluate whether and how effectively in-field quick soil and
petiole testing will work for crops on drip and buried drip
systems for a long, warm season crop like peppers (green and
red bell types and Jalapeno types) which have not had as
much attention as the cool season crops, (e.g. lettuce).

3. Use the data, grower observations and comments to
demonstrate to a larger group of growers in outreach
events that these tools actually work and are cost-effective
under their regional conditions e.g. climate, crop types
and irrigation technologies.
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RESULTS AND CONCLUSIONS

Project activities began in January 2000 with presentations
at two of the Water district’s grower workshops. Beginning in
early March, weekly and bi-weekly monitoring of lettuce,
pepper, and celery fields is being used to document soil ni-
trate dynamics and identify key decision times for cooperat-
ing growers. In a number of these fields, we are using weekly
soil nitrate date to suggest if elimination or reduction of pre-
plant or sidedress N might be practical. We are also utilizing
small in-field plots or strips to assess the outcome of this
change in N fertilization practice, monitoring soil and crop
productivity. In all field trials we plan to develop a simple N
budget for each grower’s fields which includes estimates of
nitrate input from all sources, including irrigation water. The
Water district has provided invaluable assistance by providing
a number of complete well water tests for participating grow-
ers. To date we have completed two lettuce trials where one
application of sidedress N was eliminated. Currently we have
two bell pepper fields where reduced N plots/strips have
been established. We have had early success in assisting two
of our grower cooperators in modifying their fertilization
programs prior to harvest. We also continue to monitor a

number of pepper fields in the Valley through fall harvest.
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This project has been enhanced by collaboration with the
District’s Mobile Irrigation Lab Program. Power Hydrody-
namics has provided irrigation system evaluations for each
grower and field that we have trials or monitoring programs
in place. In addition Mobile Lab technicians collect irriga-
tion water samples for routine confirmation of nitrate con-
tent as well as tailwater/runoff estimates and samples for
nitrate analysis where appropriate.

Additional Activities for 2000 Season

At the end of the 2000 season, we will meet with all partici-
pating growers to review the field data, identify specific field
trial objectives for the 2001 season, and provide more de-
tailed training on in-field monitoring. The Project Leader
will present results at grower workshops, which will also pro-
vide general and new crop specific information concerning
nutrient and water management for crop production. Addi-
tionally an annual technical sheet will be developed which
provides similar information in English and Spanish. We are
also planning to provide a presentation in spring 2001 for
students at the Live Oak High School Agricultural Academy
in Morgan Hill, as well as participating in any other special
meetings by Santa Clara County Cooperative Extension and
the Farm Bureau.
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OBJECTIVES

1. Determine water use of eight tree species grown in
5-gallon containers. The species were chosen to include
both deciduous and evergreen trees that are widely used in
California. These are white alder (Alnus rhombifolia),
southern magnolia (Magnolia grandiflora), Chinese pis-
tache (Pistacia chinensis), California sycamore (Platanus
racemosa), hollyleaf cherry (Prunus ilictfolia), coast live oak
(Quercus agrifolia), valley oak (Quercus lobata), and coast
redwood (Sequoia sempervirens).

2. Determine N uptake and leaching losses for these trees
and compare N use efficiency of three methods of fertilizer
application (liquid feeding with NO;-N, liquid feeding
with polymethylene urea, and pre-mix application of con-
trolled release fertilizer).

3. Determine dry weight gain of trees.

DESCRIPTION

Large container-grown trees (5-gallon container and larger)
have become an important nursery commodity in California,
but there are no reliable guidelines for their fertilizer and irri-
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gation management. This research was undertaken to charac-
terize the water use and N demand of ornamental trees com-
monly produced in California nurseries, and to compare

methods of providing N fertilizer during nursery production.

The trees were transplanted from liners into 5-gallon con-
tainers on June 1, 2000 and placed in the UC, Davis Envi-
ronmental Horticulture experimental nursery. Fach fertilizer
treatment group is irrigated through a separate irrigation sys-
tem, each controlled by a solenoid valve and timer. One sup-
plies tap water to plants fertilized with controlled release
fertilizer; one uses a Smith injector to introduce methylene
urea and potassium sulfate into tap water at a final N and K
concentration of 100 mg/L; one uses a Smith injector to in-
troduce calcium nitrate, potassium nitrate, and ammonium
nitrate at a final N and K concentration of 100 mg/L (25%
of N supplied as ammonium). Controlled release fertilizer
was incorporated into the appropriate treatment at the rec-
ommended rate.

RESULTS AND CONCLUSION

During the first two months after planting, cumulative water
use (the volume difference between applied water and water
leached) among the eight tree species ranged from 32.5 L for
Platanus to 11.3 L for Prunus (Figure 1). The difference in
water use among species was statistically significant (P =
0.07), but there was substantial variability among the indi-
vidual trees. After two months of growth, there was a five-
fold difference in average daily water use among the species
(see Table). Basing evapotranspiration on the surface area of
each tree container, cumulative water use during the eighth
week of the experiment ranged from 33% to 273% of refer-
ence evapotranspiration (see Table). The differences due to
species and to variability among individual trees introduce a
problem for the nursery, since it will be difficult to predict
water use and, in any event, it is impractical to establish sepa-
rate irrigation systems for each species. As a result, it may be
difficult for nurseries to control leaching losses. For example,
despite close monitoring of both application and leaching of
irrigation water, we have been unable to achieve consistent
leaching fractions (ratio of volume of warer leached to the
volume applied), and the average leaching fraction for most
species has been over 0.35 (see Table).

Nitrogen leaching losses during the first two months were
significantly greater from the standard liquid feeding than
from the controlled release treatment (Figure 2). Due to
problems with the injector for the methylene urea treatment,
dara for that treatment are not included in the cumulative N
leached; however, current data indicate that leaching losses of
N (as nitrate, ammonium, urea, and methylene urea) from
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the liquid feeding of methylene urea are similar to the N 35 - o A
losses from the standard liquid feeding treatment. Tree ©  Magnolia
5. & . e . . 30 4 ¥ Pistachia
species imparted no significant effect on N leaching, It is v Platanus
worth noting that the average N concentration in the < o . ;T:,ﬁs agrifolia
leachate from the standard liquid feed has been less than 40 g e
mg/L, which is substantially less than the applied rate of 100 ‘E i
mg/L. Tree demand for N is therefore diminishing the con- 2 5
centration of N in the irrigation water; thus, if the volume of g
leachate could be reduced through better control of the g 9
leaching fraction, the total leaching losses from the liquid gl
feed treatment might be diminished considerably. Leaching
losses from the controlled release fertilizer treatment have 0 v y y T — "
0 10 20 30 40 50 60

been very small, even during the first weeks of the experi-
ment, when plant demand for N was low. Nitrogen leaching
losses from that treatment at the end of July, after about two
months of tree growth, were only about 6 mg per week. It is
too soon to tell whether the N release rate in the controlled
release fertilizer treatment is sufficient to meet plant demand;
however, there have been no visual symptoms of N deficiency.

Initial results from this study indicate that liquid feeding of
trees in large containers may result in substantial leaching
losses of N because of widely variable rates of water use
among species and individual trees. Use of controlled release
fertilizer can reduce N leaching losses.

Days after planting
Figure 1. Cumulative water use by eight tree species in 5-gal-
lon containers during June and July 2000. Water use was
calculated from the volume difference between applied and

leached water.
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@  Std, liquid feed
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Days after planting

Figure 2. Cumulative N leached from eight tree species in 5-

gallon containers during June and July 2000. Trees were fer-

tilized with a standard liquid feed or controlled release

fertilizer (CR), as described in the text.

Average daily water use and leaching fractions for trees after two months of growth.
Species Average Daily Water Use Leacking Fraction K.~
mL
Alnus rhombifolia 427 0.36 1.21
Magnolia grandiflora 261 0.39 0.52
Pistacia chinensis 648 0.34 1.91
Platanus racemosa 886 0.15 273
Prunus ilicifolia 180 0.61 0.33
Quercus agrifolia 208 0.50 0.43
Quercus lobata 236 0.43 0.49
Sequoia sempervirens 266 0.38 0.54
* Fraction of reference evapotranspiration, based on the surface area of each tree container.
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Robert L. Green/Victor A. Gibeault
Department of Botany and Plant Sciences
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Riverside, CA

(909) 787-2107

Cooperators

Grant Klein

Department of Botany and Plant Sciences
University of California

Riverside, CA

Janet Hartin

UC Cooperative Extension San Bernardino
and Los Angeles Counties

San Bernardino, CA

INTRODUCTION

Urban landscapes, including areas planted with turfgrass, of-
fer numerous functional, recreational, and aesthetic benefits.
Several functional benefits include excellent soil erosion and
dust stabilization; improved recharge and quality protection
of groundwater, enhanced entrapment and biodegradation of
synthetic organic compounds, heat dissipation and tempera-
ture modification, reduced noise, glare, and visual pollution
problems, and lowered fire hazard via open green-turfed fire-
breaks. The 1997 estimate of $2.1 billion spent annually on
turfgrass maintenance in California also is a significant benefit
to the state’s economy. This estimate is based on a published
figure for 1982 and corrected for inflation (multiplier=1.54)
and for population increase (multiplier=1.34).
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Although the establishment and maintenance of quality,
functional turfgrass is justifiable, developing and implement-
ing best management practices (BMPs) also is important for
the responsible use and protection of natural resources. Cur-
rently, there is considerable interest in developing and imple-
menting turfgrass BMPs for addressing following points:

» Water conservation and its efficient utilization.

* The potential contamination of runoff water and
groundwater with applied nutrients, especially NOs-N,
and pesticides

* The potential contamination of surface water with
sediment and nurients during turfgrass construction.

* The potential development of pest populations with
increasing resistance to chemical control.

* The potentially negative impacts of chemical management
on beneficial soil and nontarget organisms.

* The potentally toxic effects of applied chemicals to non-
target plants and animals.

* The potential loss or degradation of native habitat during
construction and turfgrass maintenance.

* The reduction of landscape waste, including grass
clippings, that are deposited in landfills.

Considering the number of issues listed above, there are
probably numerous research and education opportunities for
developing and implementing turfgrass BMPs in California.
Though each environmental issue is individually important
for turfgrass management, the use (conservation) of irriga-
tion water on urban landscapes, including turfgrass, is the
most general driving force in California. Considering the
importance of crop-water management and fertilizer-use
efficiency, we developed a research and education project
concerning BMPs for efficient use of irrigation water and N
fertility on tall fescue which is currently the most widely
planted turfgrass species in California. Our rationale in de-
veloping the specific protocols of the project are founded on
three assumptions listed below:

1. Future landscape water-use budgets will most likely range
from 80% reference evapotranspiration (ETs) per land-
scape area (AB325, 1990) to 100% ET, per landscape
area.

2. Fertilization of turfgrasses, according to established cul-
tural strategies, presents a negligible potential for nutrient
elements to pass through the root zone and into ground-
water or be transported by runoff water into surface wa-
ters. This has been confirmed by a number of earlier
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studies and reviews. However, turfgrass managers will
need to give special attention to fertilization practices
when 1) there is a potential for heavy rainfall, 2) the turf-
grass is immature and the soil is disturbed, such as during
establishment, and 3) root absorption of nutrients is low
because of plant dormancy or stress.

3. Although excessive application rates of water-soluble N
fertilizers on turfgrass followed by over-watering on sandy
soils has been shown to cause NO;-N leaching, this situa-
tion would be less likely to occur during the implementa-
tion of annual landscape water-use budgets at 80% and
100% ET, per landscape area.

In light of these assumptions regarding the management of
tall fescue, water management/N-fertility use efficiency re-
search would involve the development of a balanced irriga-
tion and N-fertility program. This research will takes into
consideration the landscape water-use budgets and optimal
annual N rates for tall fescue performance in terms of visual
turfgrass quality and drought stress tolerance, growth, and
N uprake.

OBJECTIVES

1. Test irrigating tall fescue at a defined annual amount
(80% historical ET, plus rain) with increased irrigation
during the warm season to improve turfgrass performance,
and then proportionally adjusting the cool-season irriga-
tion amount downward to make up for the additional
warm-season irrigation. These treatments are compared to
irrigating tall fescue at a constant rate of 1) 80% historical
ET, plus rain and 2) 80% ET, (real-time) plus rain.

2. In conjunction with irrigation treatments, test the
influence of the annual N-fertility rate on tall fescue
performance.

3. Quantify the effects of irrigation and N-fertility treatments
on visual turfgrass quality and drought stress tolerance,
growth (clipping yield), and N uptake, along with treat-

ment effects on soil water content and soil N status.

4. Develop BMP:s for tall fescue relating to turfgrass water
conservation and N-fertilizer use efficiency, which provide
optimal performance in terms of visual turfgrass quality
and drought stress tolerance, growth (clipping yields), and
N uptake.

5. Conduct outreach activities, including trade journal publi-
cations and oral presentations, emphasizing the impor-
tance of turfgrass BMPs, and how to properly carry out
these practices for turfgrass irrigation and N fertilization.
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DESCRIPTION

This project involves the study and development of best
management practices (BMPs) for landscape water conserva-
tion and N-ferlity efficiency on tall fescue, currently the
most widely-planted turfgrass species in California. This 3-
year field study investigates irrigation treatments that are de-
signed to test irrigating tall fescue at a defined annual
amount (80% historical ET,, plus rain), with increased irriga-
tion during the warm season to improve grass performance.
Later on it will proportionally adjust the cool-season irriga-
tion amount downward to make up for the additional warm-
season irrigation. These treatments are being compared to
irrigating tall fescue at a constant rate of 80% historical ET,
plus rain; and 80% ET, (real time) plus rain. In conjunction
with the irrigation treatments, this study investigates N-fertil-
izer treatments designed to test optimal annual N rates for
tall fescue performance in terms of visual turfgrass quality
and drought stress tolerance, growth (clipping yields), and N
uptake. We are also determining the influence of irrigation
and N-fertilizer treatments on soil water content and soil N
status. A detailed description of treatment, measurement,
and plot-maintenance protocols was provided in the 1999
CDFA/FREP Conference Proceedings.

In the course of the study, we are also conducting outreach
activides, including trade journal publications and oral pre-
sentations, reflecting both the ongoing research and the im-
portance of turfgrass BMPs in general. The presentations will
evolve with the ongoing research and from audience evalua-
tions. This will include an assessment of the current turfgrass
management practices of the target audience, so that these
practices can be modified in order to meet the requirements
of generally accepted BMPs for turfgrass irrigation and N fer-
tilization. Upon completion of this project, we hope to pro-
vide the necessary information for maintaining acceptable
tall fescue, complying with landscape water-use budgets,
and efficiently applying N fertilizers. Considering that water
use is the top environmental issue in California, and that tall
fescue is currently the most widely planted turfgrass in the
state, there is a high potential that BMPs developed from
this project will have immediate and widespread adoption
by professional turfgrass managers, personnel involved in
the fertilizer industries, educators, consultants, as well as
home-lawn owners.

RESULTS AND CONCLUSIONS

A discussion concerning the field research was provided in
the 1999 FREP Conference Proceedings. This year, the re-
sults from an outreach activity will be discussed.
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Surveys were handed out at the 1998 and 1999 University
of California, Riverside Turfgrass Research Conference and
Field Day. A total of 381 surveys were collected from the
participants of these conferences. These surveys were
designed to determine the specific fertilization and irriga-
tion practices that were consistently performed by the
respondents.

Fertilization Practices

The majority of respondents (61%) indicated that they con-
sistently apply appropriate amounts of N specific for turt-
grass species and requirements of turfgrass use. Other (59%)
apply N based on seasonal growth patterns and need. Some
respondents (53%) apply different combinations of slow-
and fast-release nitrogen sources according to seasonal
growth and expected rainfall. More than a third (37%) of the
respondents also indicated that they conduct soil fertilicy
tests every 1 to 2 years. The least common practices were ap-
plying P20 and K;O relative to annual N applied (26%) and
avoiding fertilization prior to rain (12%).

Irrigation Practices

The vast majority of respondents (86%) indicated that they
consistently check irrigation systems for proper function. Ap-
proximately two-thirds also indicated that they consistently
adjust irrigation clocks at least every 3 months (68%) and
size nozzles for balanced precipitation on rotor systems
(62%). About half of the respondents consistently cycle irri-
gation on slopes to prevent runoff (55%) and irrigate accord-
ing to weather station or soil moisture sensor data (49%).
Only 41% of the respondents indicated they consistently
check system operating pressures.

Outcome of Survey

Advisors vs, Managers

Very little statistical difference was observed between the ad-
visory and management categories, except for mowing pro-
gram development and protecting non-target plants, animals
and humans from chemicals.

* Only 53% of advisors considered mowing program devel-
opment to be highly important as compared to 82% of
managers. Advisors were also 28% less likely to be fre-
quently implementing mowing programs and 29% less
likely to continue or start the practice. Both advisors and
managers, however, agreed developing mowing programs is
not particularly difficult (only 31% of advisors and 23% of
managers considered this practice to be highly difficult).
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* Advisors (69%) were less likely to consider protecting non-
target plants, animals and humans from chemicals to be
highly important than were managers (84%). Similarly,
only about half of advisors as opposed to about three-quar-
ters of managers were likely to be frequently implementing
the BMP or were likely to continue or start implementing
the practice. Both advisors and managers, however, agreed
that protecting non-target plants, animals and humans
from chemicals is not particularly difficulty (only 28% of
advisors and 31% of managers considered this practice to
be highly difficult).

General vs. Sports Turf Managers

* General and sports turf managers, overall, considered the
BMPs listed to be highly important (averaging 76% to
81%, respectively). The only statistical differences between
the two groups were for fertility program development and
protecting native habitats during construction/mainte-
nance, both of which sports turf managers considered to be
more highly important than general turf managers (differ-
ing by 22% and 15%, respectively).

Sports turf managers were more likely to be frequently im-
plementing the listed BMPs than general turf managers.
This was particularly true for fertility program development
(48% to 76% for general and sports turf managers, respec-
tively); integrated pest management (41% to 65% for gen-
eral and sports turf managers, respectively); and protecting
water sources from chemicals (48% to 76% for general and
sports turf managers, respectively).

Sports turf managers were more likely to continue or to
start implementing the BMPs than general turf managers.
This was particularly true for fertility program development
(59% to 79% for general and sports turf managers, respec-
tively); integrated pest management (52% to 69% for gen-
eral and sports turf managers, respectively); and protecting
water sources from chemicals (50% to 67% for general and
sports turf managers, respectively).

Both general and sports turf managers, overall, were not
statistically different in terms of how they rated the diffi-
culty level for the BMPs listed (less than a third of both
general and sports turf managers considered the BMPs to be
highly difficult). Moderately more sports turf managers
(43%) than general turf managers (30%) considered turf-
grass selection to be highly difficult. The same trend held for
protecting native habitats during construction/maintenance
(40% of sports turf managers and 26% of general turf man-
agers considered the practice to be highly difficult).
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OBJECTIVES

1. Develop information on the water and chemical travel
times and on application uniformity of both readily solu-
ble products (e.g. liquid nitrogen fertilizers) and of low
solubility materials (e.g. potassium sulfare) injected via so-
lutionizer machines.

2. Develop recommendations in the form of best manage-
ment practices for chemigation in order to attain uniform
application of chemicals.

3. Conduct a series of workshops on chemigation of micro-
irrigation systems,

DESCRIPTION

Chemigation, the injection of chemicals through an irriga-
tion system, is becoming common among permanent crop
growers (tree and vine) using microirrigation systems. Advan-
tages to chemigation include: (1) flexibility in timing fertil-
izer applications, (2) reducing the labor required for applying
chemicals, and (3) the potential increase in the efficiency of
chemical use, thus reducing the cost of chemical use. Some
chemicals (e.g. chlorine) and some fertilizers (e.g. numerous
nitrogen sources) readily dissolve in water and are injected
via venturi or positive displacement pump injectors. Other
chemicals seeing recent chemigation use (e.g. gypsum, portas-
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sium sulfate), are not readily soluble and are being injected
using “solutionizer” machines.

RESULTS AND CONCLUSIONS

Six commercial orchards and vineyards were evaluated for
chemigation uniformity. Evaluations included determining
water/chemical travel times through drip irrigation system
mainlines/submains and through drip lateral lines. Chemical
application uniformity was also determined. Drip irrigation
systems travel times were measured by injecting chlorine (cal-
cium hypochlorite) and monitoring its passage through the
drip irrigation system using a pool / spa chlorine test kit.
Chemical application uniformity was determined by inject-
ing potassium chloride and collecting all the discharge from
drip emirters at key locations in the drip irrigation system.

The collected samples were then analyzed for K content at
the UC DANR Analytical Laboratory.

The travel times through the drip irrigation systems for the
commercial vineyards and orchards was evaluated and is pre-
sented in Table 1. Note that there is a wide range of
water/chemical travel times in both the mainline/submain
and in the drip lateral line portions of the irrigation system.
As the drip irrigation system designs vary from site to site, so
do the water/chemical travel times through the irrigation sys-
tem. No general recommendations on injection time periods
to achieve high chemical application uniformity is appropri-
ate for all drip irrigation systems. A one-time, field determi-
nation of water/chemical travel times is necessary for each
drip irrigation system.

Additional work was done on a single drip lateral line to eval-
uate the impact of chemical application uniformity of vary-
ing the injection times and the post-injection irrigation
times. The results of some of these evaluations are shown in
Table 2. The lateral line evaluated was a 500-foot drip lateral
(16 mm polyethylene tubing) with a 1 gallon per hour (gph),
pressure compensating, drip emitters installed every 5 feet. It
was determined through field evaluation that the travel time
for warer/chemicals passing through the lateral line was 25

minurtes.

Note that excellent chemical application uniformity was
achieved when: (1) the injection period was equal to or
greater than the water/chemical travel time to the end of the
drip lateral (25 minutes in this case), and (2) the post-injec-
tion irrigation time was equal to or greater than the lateral
line’s water/chemical travel time. The results in Table 2 also
show that there are two injection strategies to avoid. First,
avoid injection periods, which are less than the drip system’s
water/chemical travel times to the end (hydraulically) of the
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Table 1. Water/chemical travel times through the pipelines and drip lateral lines for the vineyard and orchard field
sites evaluated.

Mainline and Submain Mainline | Submain Lateral Line Lateral Line
~_ Site Travel Time (min.) Length (ft) A Travel Time (min.) Length (f2) .
1 22 1000 10 175
2 30 1500 10 340
3 65 5000 10 340
4 15 1400 23 630
5 8 700 23 625
6 17 820 28 600

Table 2. Chemigation uniformity in a drip lateral (500-feet long with 1-gallon per hour drip emitters installed at 5-foot

intervals) for various injection fime periods and various post-injection clean water irrigations.

Injection Time Post-Injection Irrigation Relative Uniformity
(min) Time (min) -t
50 50 100
50 25 98
50 0 25
25 50 90
25 25 95
25 0 11
13 25 81
13 0 7

The water/chemical travel time to reach the end of the drip lareral was 25 minutes.

system. Secondly, an injection should always be followed by a RECOMMENDATIONS

eriod of “clean” warer irrigation. This post-injection irriga- ) .
2 s & g ) & As a result of our field evaluations, the following drip irriga-
tion period should be at least as long as the water / chemical = il . o

. e tion chemigartion practice is recommended:
travel time to the end of the drip irrigation system. The

worst chemigation uniformities would result from a too One-time field determination of water/chemical travel times
short (less than the end-of-system travel time) injection pe- through the drip system should be done. Of particular im-
riod followed by drip system shutdown. portance is the determination of the time it takes for injected

chemical to travel from the injection point to the hydraulic
end of the drip irrigation system. Travel times can be readily
determined by injecting chlorine and timing its movement

To aid in visually observing what was occurring during an in-
jection, an experimental setup simulating the last two drip
emitter intervals at the tail end of a drip lateral was devel-

through the drip system by testing for chlorine in the irriga-
oped. Clear tubing of the same diameter as drip tubing was

tion water using a pool / spa chlorine test kit.

used with 2, 1-gph drip emirters installed — one 5 feet from & el s )

the inlet and the other 10 feet from the inlet. With the sys- Gl . i watcr/.cheml ‘trave tmTe .to r:he hipdvaulic end of
the drip system is determined, the injection strategy to

tem operating, colored dye was injected into the water and
s B : 4 achieve high chemigation uniformity should consist of the

the rime since injection began recorded along with the dye

followi :
movement along the tube. Once the dye reached the end of ollowing steps

the tube, the dye injection was stopped and a record was Step 1: Allow the drip system to fill and come up to full

kept of time vs. dye clearing from the tube. Professional pho- pressuzs.

tographs of this event were taken and have been digitized. Step 2: The injection period should be at least as long as the
They are available upon request from the authors. water/chemical travel time to the hydraulic end of the
Additionally, a University of California DANR leaflet — drip irrigation system., A longer injection period is
“Uniform Chemigation in Tree and Vine Microirrigation even better.

Systems” — is in production and should be available by the Step 3: The post-injection irrigation time should again be at
end of 2000. This publication will be available both through least as long as the travel time to the hydraulic end of
CDFA/FREP and University of California Communication the drip irrigation system. A longer post-injection ir-
Services. rigation period is better.
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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 N 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 mineralization from biosolids under central Cali-
fornia field conditions is extremely limited. This project
proposes to develop short- and long-term N mineralization
estimates 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 mineraliza-
tion dynamics. Furthermore, the ability of laboratory analyti-
cal procedures or short-term incubation assays to predict N
mineralization behavior will also be investigated.

OBJECTIVES

1. Determine the short- and long-term N mineralization
rates of locally produced dewatered, air-dried or com-
posted biosolids.

2. Determine if short-term incubation assays, or laboratory ana-
lytical procedures, are predictive of field mineralization rates.

E NGl
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DESCRIPTION

A total of 100 microplots were established at University of
California, Davis in early summer, 2000. These microplots
were amended with various biosolids materials collected from
waste treatment plants in several metropolitan areas of Cali-
fornia. Over the course of a 3-year study the effects of the
following variables on the N mineralization behavior of
biosolids will be evaluated:

3. Soil texture (sandy loam vs. clay loam)

4. Cropping system (summer production of sudangrass vs.
overwinter production of whear)

5. Types of biosolids materials (dewatered, air-dried, and
composted)

A parallel laboratory study will be conducted in which net N
mineralization will be estimated from aerobic incubation of
biosolids-amended soil under constant temperature and
moisture. Several laboratory indices of N mineralization po-
tential (autoclaving, or extraction in hot KCI) will be evalu-
ated for correlation with measured N mineralization from
the field and controlled environment incubation studies.

RESULTS AND CONCLUSIONS

The first biosolids application was made in June, 2000. Ap-
plication rate was equivalent to 8 dry tons / acre for the air-
dried and dewatered biosolids, and 16 dry tons / acre for the
composts. To date the only data collected have been the
composition of the original biosolids materials, and the bio-

mass production of sudangrass after approximately 8 weeks
of growth (see Table).

The relatively small dry weight differences among treatments
do not reflect the magnitude of the difference in available N.

Sudan grass biomass accumulation in biosolids-
amended microplots.
Biosolids sample TBipe of material %N Sudan grass biomass
(dry g/microplot)
A air-dried 5.7 283
B air-dried 4.6 340
C dewatered 39 360
D dewatered 48 365
E composted 22 323
F composted 0.9 266
unamended soil - - 284
* Note: Support for this project is provided to CDFA/FREP by the Sacramento
Regional County Sanitation District.




The air-dried and dewatered biomass treatments had much
darker green foliage, indicacive of higher N content. Sudan-
grass growing in the unamended soil, and in microplots
amended with biosolids sample F (a low-N compost), were
distinctly yellow.

The sudangrass will be allowed to continue growth, and will
be harvested again in October. Wheat microplots will be
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planted in late September, and the crop harvested in June,
2001. The experiment will be continued through 3 cropping
seasons for the sudangrass and 2 cropping seasons for the
wheat.

Funding for this project comes from the Sacramento Regional
Wastewater Treatment Facility.
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(707) 463-4495

OBJECTIVES

1. Develop an easy-to-read, well illustrated printed guide on
fertigation for wine grape growers, that includes the
following:

* Nutritional needs of grapevines and how to determine
nutrient statutes in grapevines and soil.

* Equipment needed for fertigation, and instructions on
how to design and install it (including backflow
prevention).

* Water quality issues, and cautions to prevent system
clogging.
* Strategies for applying materials.

» Fertilizer materials and their suitability for drip
irrigation.

* Charts and tables to assist growers in determining
concentrations and application amounts.

» Environmental cautions on the storage and use of
fertilizers, especially concentrated marerials.

* Monitoring to measure the effectiveness of fertilizer
applications and system performance.

2. Prepare materials for camera-ready publication.
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DESCRIPTION

An illustrated handbook will be written for grape growers to
assist them in developing environmentally safe and effective
fertigation programs for their vineyards. The primary focus
of the book will be on utilizing drip irrigation systems to de-
liver fertilizers to their vines. Included in the publication will
be information on how to assess the need for fertilizing vines,
equipment for applying materials, and the materials that
work well in fertigation; evaluation of water and portential
plugging and clogging problems, and how to chemically con-
dition the system to avoid these problems; calibration and
monitoring of injection equipment during fertigation; and
strategies to provide adequate nutrition and balanced vines.

The publication will be clear and concise, targeted to wine
grape growers in California. Upon completion of this pro-
ject, a camera-ready publication will be submitted to DANR
publications or other suitable publisher.
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INTRODUCTION

Water availability and quality continue to be important
problems on the Central Coast. Eighty percent of all water
use is attributed to agriculture. Although agriculture is a $2.4
billion contributor to the economy, it is blamed for contami-
nating the groundwater of the Salinas Valley and Santa Cruz
County coastal areas. It is imperative that growers modify
their irrigation and fertilizing practices to improve the water
situation and to negate any need for a regulatory approach.

Nitrate leaching is a major documented problem that occurs
in this area. As in the case of seawater intrusion, the Califor-
nia State Water Resources Control Board (SWRCB) and the
Regional Water Quality Control Board (RWQCB) deem
agriculture responsible for contaminating the groundwater.

Through the Salinas Valley Water Project Plan (SVWPP), ex-
tension of information has been identified as a very weak
link in the remediation efforts. Clearly there is a need for
continuing research, but the existing body of proved, effec-
tive practices and methods of irrigation and fertilization
needs to be more widely used to impact water quality/quan-
tity. Therefore, the focus of this project has been educational.

OBJECTIVES

1. Present the latest fertility and irrigation management find-
ings and techniques, using a variety of educational set-
tings.

2. Present options and sources of suppliers.
3. Promote adoption of new techniques.

4. Provide a non-regulatory approach to protecting the
groundwater.

5. Survey growers for unique, successful practices.

DESCRIPTION

A conference was held in conjunction with a vendor trade
show in February 2000, in Salinas. The trade show portion
was conducted by a separate entity. The two events (educa-
tional workshops and vendor displays) were held concur-
rently to maximize participation for both events.

The full-day conference consisted of presentations from
noted experts and grower panels. Approximately 250 — 300
people attended the entire event, while 208 folders contain-
ing information about irrigation and nutrient management
were distributed to the people who actually signed in. Three
months after the conference, 73 participants were contacted
for a follow-up survey. Seventeen survey questionnaires were
completed.
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A field day, the second component of this project, was held
in July. About 65 people were in attendance.

RESULTS AND CONCLUSIONS

One grower-participant who said, “I want an invention I can
just stick in the ground to tell me what nutrients I need” best
describes grower sentiment. Simplicity and ease of use will be
essential to increasing adoption of new fertilization and irri-
gation efficiency tools and techniques.

Contrary to the popular notion thar expense is grower’s pri-
mary obstacle, the surveys indicate that more time and per-
sonal demonstration or explanation is what growers feel they
need to try new methods. Along with thart idea, growers
would much rather learn in small workshops and on-farm
demonstrations. The trade show and large conference for-
mats are among their least favored venues for learning. The
grower panels, while popular, require careful preparation to
insure that the presenting grower gives factual information.

The telephone survey revealed that farmer perceptions differ
from practice. They don't perceive themselves to be innova-
tive when, in fact, they are using a variety of newer practices
or products. Their most common solution to minimizing ni-
trate leaching is “good management practices”.
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While almost every possible topic was listed by at least one
grower, the more frequent requests for additional informa-
tion were: TMDDLs, using injections with drip systems, in-
creasing irrigation uniformity, irrigation scheduling and
timing, the “basics”, nutrient management in organics, well-
water nitrates and new “devices”.

RECOMMENDATIONS

* Omnipresent guides clearly explaining “best management
practices.”

* Clear explanation of time needed, or time saved, as related
to best management practices.

* Easy-to-use tools that require minimal amounts of time,
and which perform as many calculations as possible for the
farmer.

* Small, focused demonstration workshops or classes.

* A “open farm” day, where people can chose, based on an
area map where farmers can chose to go observe innovative
processes are being used.

A final caveat for any information, in order to be utilized, is
that it has to show, as one grower requested “How to make
money in the business of agriculture.”
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PAJARO VALLEY
NUTRIENT/WATER
MANAGEMENT
EDUCATION AND
OUTREACH PROJECT

Project Leader:

U. Win

Winners Circle Consulting
Salinas CA

(831) 449-1182

INTRODUCTION

As a pilot project, the primary focus area is the Pajaro Valley
which covers the same area and boundary of the Pajaro Val-
ley Water Management Agency (PVWMA) which includes
the southern part of Santa Cruz County and the northern
portion of Monterey County. Agriculture is the most signifi-
cant land use, occupying 31,000 acres of irrigated farmlands
within the Pajaro Valley. In 1998, the County of Santa Cruz
reported that nitrate in 25% of the wells exceeded the drink-
ing water standard of 45 mg/L. Nitrate in some wells in
Springfield and the coastal area reached nearly 400 mg/L
Some individuals and mutual water companies lost their
potable water supplies to nitrate contamination. The State
Water Resources Control Board (SWRCB) has identified the
Pajaro River and several tributary streams as priority water-
shed due to significant water quality impairments. In 1999,
the Pajaro River Wartershed Management Plan (PRWMP) in-
dicated the most likely sources of nitrates from fertilizer and
irrigation runoff during the growing season.

OBJECTIVES

1. Disseminate information on nutrient management alter-
natives including BMPs

2. Expose growers to alternative nutrient management ap-
proaches at seminars/workshops

3. Convince growers of the effectiveness of nutrient manage-
ment alternatives through field demonstrations

4. Provide on-farm technical assistance to those who are in-
terested to try.
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DESCRIPTION

A hands-on workshop on irrigation and fertilization was
completed in January 2000. However, the project was for-
mally launched with a “Hands-on Nitrate Quick Test” event
in April. Originally, the project was scheduled to implement
many programs during the growing season. At the advice of
community leaders, in response to the market and on-farm
priorities with the local growers, mostly the small farmers,
the programs have been rescheduled to the early fall and

winter.

Upcoming Activities

October 17, 2000: Pajaro Valley Water Quality Awareness
Faire & Agricultural Expo 2000, a one-day educational fair.
It will be held at the Art Building at Watsonville - County
Fairgrounds. This event will be an annual event in the Mon-
terey Bay region. The event will be filled with educational in-
formation for the growers, students and the general public
alike, as well as with food and fun to enjoy. During the
FAIRE day, new technologies, products and services will be
introduced to the growers (as an attraction) while Best Man-
agement Practices will be exposed to the growers by public
and non-profit organizations.

October 27, 2000: Pajaro Valley Nutrient Management
Workshop, an afternoon event. Growers are encouraged o
bring in their water and soil sample to make nitrate quick
test on their won with the assistance provided by local tech-
nicians. There will be a series of presentation on nutrient
management and precision farming.

November 27, 2000: Nutrient Management Seminar, an all-
day event. Local irrigation consultants, farm advisors, exten-
sion agents, experts from University of California and Cal
State University will discuss research findings on nutrient
management and precision farming. Special guests from the
private industry will participate.

December 12, 2000: Nitrate Accumulations in the Plant-
beds, a field demonstration. This is a research project collab-
orated by Soil Control Lab of Watsonville, Pajaro Valley.
Frank Shields of Soil Control Lab, leads the research. This re-
search has already begun since February 2000, and data col-
lection will be completed by October 2000. Due to the need
for conducting comprehensive lab analysis of a large number
(hundreds) of soil samples over a long period, growers cannot
afford to investigate such an undertaking. We believe that
knowledge gained from this research will directly benefit
growers as well as aid the research communities by providing
the following in-depth analysis of the soil at the research
site(s). Each month, soil samples from ten zones of each
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plant-bed have been collected and analyzed for the rate of re-
lease of fertilizers movement, accumulation of specific ions in
the N cycle, pH changes, reasons for changes toxic bands,
formation root development, ongoing fertilizer application,
salt distribution and accumulation, and carbonate accumula-
tion. The research sites are selected from both strawberry
(spatially dominating crop in the area) and lettuce plant-
beds. The goal of this research is to work with local growers
to come up with a plan to reduce waste of water and nutri-
ents, and maintain quality production.

January 9, 2001: Irrigation Scheduling Workshop, a half-
day training, It is limited to 20 attendees. Registration is re-
quired. It will be held at a Computer Lab, possibly at
CSUMB-SIVA.
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January 18, 2001: Nutrient Management Seminar, an all-
day event. Local irrigation consultants, farm advisors, exten-
sion agents, experts from University of California and Cal
State University will discuss research findings on nutrient
management and precision farming. Special guests from the
private industry will participate.

It is anticipated that the on-farm assistance to growers for ni-
trate quick testing will resume during February and March of
2001. Derails of the above-mentioned programs can be
found at www.nutrient-winners.com.
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NITROGEN BUDGETING
WORKSHOPS

Project Leaders:

Molly Johnson/Gwen Huff

Community Alliance with Family Farmers
Davis, CA

(530) 756-8518

INTRODUCTION

Efficient fertilizer management is vital to the production and
profitability of almonds in California. Almond growers
statewide are seeking information and guidance on the opti-
mum timing and quantity of N to maximize their crop. Ni-
trogen budgeting is a tool that growers can use to maximize
fertilizer use efficiency and minimize fertilizer unintention-
ally released into the environment. This project proposes to
conduct N budgeting workshops in three almond-producing
counties in the Central Valley of California.

Note: The proposed workshops will take place in the
falltwinter of 2000 after harvest.

OBJECTIVES

1. The primary objective is to hold workshops in three coun-
ties using the Nitrogen Budgeting Worksheet as a tool to
evaluate fertilization practices. The workshops will provide
a forum for participants to discuss innovative management
techniques being used by growers. The events are an op-
portunity for interaction between farmers, farm advisors,
and independent farm consultants with experience in opti-
mizing N fertilizer applications.

2. Distribute the Nitrogen Budgeting Worksheet. Calcula-
tion of an N budget can help optimize fertilizer use effi-
ciency and minimize excessive nitrate fertilizer released
into the environment. The Nitrogen Budgeting Worksheet
provides growers with an independent resource for the
evaluation of annual N applications. Growers attending

workshops will receive the worksheet, and it will also be
available from the World Wide Web.

EFG D

92

SR USEMEN MV SFATERES IR ENS

DESCRIPTION

In order to assist almond and walnut growers with formulat-
ing an N budget, CAFF’s Biologically Integrated Orchard
Systems Program (BIOS) developed a Nitrogen Budgeting
Worksheet based on an earlier worksheet developed for
peaches. Values for the N contribution from cover crops and
compost were added at this time. The BIOS staff scientist
further refined the worksheet in 1998 in consultation with
University of California researchers, crop consultants, PCA’s
and farmers. The current worksheet has been tested by over
40 farmers and their comments have been integrated.

Following harvest in the year 2000, the Community Alliance
with Family Farmers will hold Nitrogen Budgeting Work-
shops in Madera, Merced, and Yolo/Solano counties.

Workshops will focus on the methods and calculations used
to determine N needs for almond and walnut trees as well as
the best timing for N fertilization. In less than two hours,
growers will learn how to modify their N fertilization pro-
grams to meet their orchard’s needs using data from soil, wa-
ter, and leaf tissue analysis, and other measurements.

During the workshops an instructor will explain the Nitro-
gen Budgeting Worksheet and introduce to growers the
process of formulating their own N budget calculations. The
workshops will inform growers about inefficiency of post-
harvest fertilization and the best time to make N applica-
tions. The worksheet offers an assessment of the N available
from manure, compost and cover crops in relation to the ac-
cumulation of N currently in the water and soil. The calcula-
tion allows the growers to effectively make fertilization rate
decisions based on the total number of pounds of N gathered

from all sources.

The workshops will also give us an opportunity to promote
another project funded by the California Department of
Food and Agriculture’s Fertilizer Research and Education
Program. This project is a computerized spreadsheet version
of the Nitrogen Budgeting Worksheet developed by Patrick
Brown and his lab at the University of California, Davis.
BIOS (Biologically Integrated Orchard Systems) is a cooper-
ator on this project and has assisted in the development and

testing of the spreadsheet version of the Nitrogen Budgeting
Worksheet.

RESULTS AND CONCLUSIONS

Results and conclusions will be provided after the final work-
shop has been held and evaluations have been completed.
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AIR QUALITY AND
FERTILIZATION
PRACTICES: AN
[NVENTORY OF
FERTILIZER
APPLICATION
PRACTICES FOR
AGRICULTURE IN THE
SAN JOAQUIN VALLEY

Project Leader:
Jack W, King, Jr.
Research for Hire
Portville, CA
(209) 784-5787

Cooperators:

Nat Dellavalle
Dellavalle Laboratories
Fresno, CA

Steve Beckley
California Fertilizer Association
Sacramento, CA

Dan Munk
UC Cooperative Extension Fresno County
Fresno, CA

Steve Spangler
UNOCAL
Fresno, CA
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David Holden
AG RX
Oxnard, CA

OBJECTIVES

1. Compile a monthly calendar of N fertilizer application
timing for major crops in California’s San Joaquin Valley.

2. Identify circumstances where it would be possible to pre-
dict with a high level of precision the time and location of
a given type of N fertilizer application.

DESCRIPTION

Nirtrogen contained in fertilizers applied to agricultural Jands
can be lost to the atmosphere in the form of ammonia and
nitrogen oxide. Nitrogenous gases released to the atmosphere
can lead to the production of ozone and cause air pollution
problems in the San Joaquin Valley. Ozone concentrations in
the San Joaquin Valley often exceed state and federal ambient
air quality standards especially during the winter months. An
improved understanding of the causes of these excesses will
require the development of inventories of nitrogen oxide and
ammonia emissions from all potentially significant sources in
the San Joaquin Valley, including N fertilizer application.

This project will generate a calendar of N fertilizer applica-
tions for the major crops in the San Joaquin Valley. The re-
port will describe factors that will account for differences in
the timing of N fertilizer use between farms and crop years.
A cropping regions map of the San Joaquin Valley will be de-
veloped to help explain any differences in N fertilizer applica-
tions that may be found to exist among regions of the San
Joaquin Valley. This project will also identify and describe
circumstances that make it feasible to predict, within a com-
paratively precise time frame, instances of strongly expressed
pulses of N fertilizer application to agricultural lands.

Industry, extension, research and university sources are con-
tributing to the development of this calendar. However, the
primary source of information for the N fertilizer application
calendar is interviews with farmers.

In the eighr counties of the San Joaquin Valley, various crops
were identified as major, target crops for this study. Field
crops and vegetables selected were: lettuce, potatoes, toma-
toes, melons, barley, corn, oats, rice, safflower, wheat, alfalfa,
dryland grain and hay, cotton, dry beans/peas, sugar beets ir-
rigate pasture. Nut and fruit trees included almonds, apples,
apricots, citrus, cherries, grapes, olives, peaches, pistachios,
plums, strawberries, walnuts and grapevines. Most of these
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crops are target crops in mote than one county. When farm-
ers are interviewed they are asked to give information on all
of the crops that they grow. Consequently, information on N
fertilizer application timing is being gathered on minor crops
as well as the major, targeted crops.

To date interviewing has been concentrated in the southern
part of the San Joaquin Valley. The timing of seasonal N fer-
tilizer applications has been found to be variable within those
seasons for both annual and perennial crops. The timing of
spring N fertilizer applications is the most variable. Methods
of application are also variable. Nitrogen sources are generally
predictable on the basis of price. The only precise time indi-
cator that has been identified to date is the obvious one of
soil moisture in late winter and early spring. NASA/ Ames
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Research Center is developing a cropping regions map for
the San Joaquin Valley based on growing degree-days. This
work is focusing on the late winter and early spring months
where the highest levels of variability in the timing of N fer-
tilizer applications exist.

It was noted that farmers are increasingly making use of ani-
mal and poultry manure in their cropping programs. These
commodites function primarily as soil amendments but
farmers are also taking them into account as a source of N
fertilizer. It was also observed that farmers are taking ground-
water N into account as a source of N. A discussion of these
sources of fertilizer N will also be presented to the extent
possible in the final report.
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LONG-TERM NITRATE
LEACHING BELOW THE
ROOTZONE IN
CALIFORNIA TREE
FRUIT ORCHARDS

Project Leaders:

Thomas Harter/Jan Hopmans/William Horwath
Department of Land, Air, and Water Resources
University of California

Davis, CA

(559) 646-6569

OBJECTIVES

Nitrate-N is the most widespread contaminant in groundwa-
ter, causing as much as ten times as many well closures in
California as all other industrial contamination combined.
While a large amount of research has focused on N cycling
in the root zone of California tree fruit orchards (0-6 feet
depth), litdle is known about the fate of N between the root
zone and the groundwater table. Unlike other agriculrural re-
gions of the United States, groundwater levels in many areas
of Central and Southern California are from 30 feet to over
100 feet deep. Therefore, the deep vadose zone is a critical
link between agricultural sources and groundwater. Few stud-
ies have surveyed N levels or denitrification rates at such
depths or monitored leaching of N 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 im-
pacts of agricultural N management. The objectives of the
proposed research are:

1. Investigate the fate of N throughout the entire deep va-
dose 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 Southern California, and
with management practices representative of orchards and
vineyards.

2. Develop and validate an appropriate modeling ool to as-
sess the fate of N in deep, heterogeneous vadose zones.
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DESCRIPTION

During 1997-98, we drilled and characterized approximately
3000 feet of geologic material from 60 cores drilled to
groundwater at 52 feet depth. Eighteen cores were sampled
at each of three subplots in the orchard, The subplots had
been subjected to a 12-year fertilization trial with different
rates of fertilization: The annual fertilization rates had been
less than 5 Ib /acre in the first subplot (0 Ib /acre treatment),
100 Ib/acre in the second subplot, and 325 1b /ac in the third
subplot. Drilling and field analysis during the initial months
of the project provided a detailed characterization of the geo-
logic architecture that makes up the vadose zone underneath

the orchard.

The focus of the first project year 1998-99 was the distribu-
tion of water and nitrate in the vadose zone underneath the
three subplots; and initiation of other hydraulic and chemical
laboratory analysis. During the past year (1999-2000), we
continued both chemical and hydraulic laboratory analyses.
Chemical analysis focused on microbial carbon and total car-
bon distribution as indicators for denitrification. Hydraulic
analysis focused on completion of multistep outflow experi-
ments that are designed to determine the transmissive and
water storage properties of soil samples at various moisture
levels. During the coming year we will complete the geo-
chemical and hydraulic characterization of the core samples
and implement vadose zone modeling. 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 cores is the result of the geologic-

hydraulic-geochemical architecture.

RESULTS

Geochemical Characterization

Analysis of soil extracts from all the core depths for microbial
carbon, nitrate and ammonium is almost complete. As ex-
pected, microbial carbon generally declines with depth but
also varies according to soil texture. Similar results have been
seen for nitrate. We are currently analyzing the data to see if
there is a correlation among the microbial and inorganic N
data. Also, bromide was applied to selected plots of the or-
chard one year prior to drilling. We are currently analyzing
the core extracts for bromide content. These data will be cor-
related to the nitrate data to better estimate nitrate leaching
rates and turnover times. Lastly, we are beginning to analyze
the soil core data for the nitrate "N and *O content. These
data will provide insight into denitrification processes occur-
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ring throughout the soil core depths. All of the above data
will be used to understand the movement of N fertilizers in
the vadose zone of the orchard. We expect to get a more
thorough understanding of the biological and abiotic factors
affecting the fate of N in these stratified sediments character-
istic of this region.

Hydraulic Characterization

The multistep outflow experiments were implemented on
over 100 undisturbed cores representing 9 major texrural
classes identified in the 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
1998/1999, the experiments were implemented in sets of ten
cores at a time. Each set takes approximately two to three
weeks for setup and implementation. In principle, the experi-
ment is a step-wise, controlled drying experiment: After satu-
rating the core with water, 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 stepwise increas-
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ing the pressure. We monitor how quickly the soil moisture
inside the core changes in response to each pressure step; and
we monitor how much water leaks out of the core as a result.
Soil moisture and outflow are recorded automatically with
sensoring equipment connected to a computer. After com-
pletion of each experiment, the measurement data are
cleaned up and converted into meaningful units utilizing lab-
oratory-derived calibration curves.

Whater drainage from the soil core is 2 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”. We expect to complete the parame-
ter estimation of each of the over 100 experiments and a sta-
tistical analysis of the results by late fall 2000. The large set of
hydraulic parameters will be critical in assessing and under-
standing the transport pattern of N through thick unsatu-
rated marerial of alluvial origin. These types of unsaturated
zones are the most common buffer between California’s in-
tensively cropped agricultural regions and their groundwarer
resources.
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CALIFORNIA CERTIFIED
CROP ADVISER
MANAGEMENT PROJECT

Project Leaders

Henry L. Giclas/Cheyanne Cook
Western Growers Association
Sacramento, CA

(916) 446-1435

Stuart Pettygrove

Department of Land, Air and Water Resources
University of California

Dauvis, CA

INTRODUCTION

California's economic vitality, quality of life, diversity of land
and people, and environmental well being is linked inextrica-
bly to the states agricultural industries. Field, vegetable, turf,
ornamental, tree and vine and other crops are produced in
great abundance by a relatively small percentage of people
throughout California. There is a heavy reliance on fertilizers,
agri-chemicals and other synthetic and natural inputs in the
production of many of these crops. These inputs are required
in a delicare balance, which is an in-exact science practiced
by professional crop advisers. There is little margin for error
in prescribing these chemicals and the effects of mismanage-
ment can be severe, long lasting and extend far beyond the
individual farm fields and well into all segments of California
society.

The potential for non-point source pollution, as a result of
mismanagement of fertilizers, is an example of the need for
industry to support stewardship programs, such as the Certi-
fied Crop Advisor (CCA) program. These voluntary pro-
grams work jointly with regulatory programs to insure that
industry correctly manages agri-chemicals including fertiliz-
ers when producing a crop in California. Regulatory bodies
such as the United States Environmental Protection Agency
(USEPA), and regional water boards in California require
growers to provide soil and water management plans that
have been approved or developed by certified professionals.
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The CCA program was established through the joint efforts
of professional societies, government and industry to estab-
lish standards of expertise for advisers and consultants in-
volved in preparing nutrient management plans. In
California, the Board is composed of members from a variety
of government and private interests including the California
Department of Food and Agriculture, University of Califor-
nia, State Water Resources Control Board, Narural Resource
Conservation Service, California Fertilizer Association as well
as others. California’s program is strongly supported by the
American Society of Agronomy. The Board is committed to
providing a high quality certification program that raises the
knowledge base and standards of excellence for those individ-
uals making input recommendations to California growers.
The impact of the program will be an agricultural produc-
tion system that effectively and efficiently meters its inputs in
ways that maximize the returns for growers and minimizes
the opportunity for the degradation of California soils, water
and air.

OBJECTIVES

1. To administer the CCA Program including management
of testing, continuing education and member tracking and
coordination with the Internarional CCA program.

2. To aggressively market the CCA Program within the Cali-
fornia agricultural sector including field and horticultural
crops, livestock (for waste management programs), turf
and ornamental industries.

3. To develop and implement a strategic and tactical plan for
a self funded CCA program.

SUMMARY

In 1992, the Certified Crop Adviser Program was introduced
in California and fully implemented by August 1994. The
program is intended to respond to growing concerns at local,
state and national levels that the improper use of fertilizer
and related agricultural products was contributing to a vari-
ety of environmental problems including non-point source
pollution. The Certified Crop Adviser Program in California
is designed to help raise the awareness and professional stan-
dards of individuals making recommendations for the use of
agricultural fertilizers, pesticides and related products by pro-
viding a certification program which includes testing and ed-
ucation requirements of the highest levels. The inital
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 Interna-
tional exams. The exams cover four competency areas
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including: 1) nutrient management, 2) soil and water man-
agement, 3) crop management and 4) integrated pest man-
agement. Maintaining certification requires that participating
individuals accumulate a minimum of 40 hours of continu-
ing education every two years.

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
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). In addition in the last year the
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California CCA (CACCA ) office has focused on service to
its member base by providing advance course certification,
regular newslerters and quick professional response to mem-
ber inquiries and concerns. This solid management provides
the basis for the expansion of the program and the strategic
movement towards a self-run program. In addition in the last
year the CA CCA Office has focused on service to its mem-
ber base by providing advance course certification, regular
newsletters and quick professional response to its member in-
quiries and concerns.

The California Certified Crop Adviser Program offers
information about the program on its web site:
(heep:/fwww.cacca.org). For more information about becom-
ing a CCA, contact Cheyanne Cook at the number above.



EVALUATION OF SLOwW
RELEASE FERTILIZERS
FOR COOL SEASON
VEGETABLE
PRODUCTION IN

THE SALINAS VALLEY

Project Leaders:

Richard Smith

U.C. Cooperative Extension
Salinas, CA

(831) 759-7350

Tim Hartz

Department of Vegetable Crops
University of California
Davis, CA

Nitrate pollution of groundwater in the Salinas Valley is rec-
ognized as a serious environmental issue that has the poten-
tial to adversely impact the commercial production of
vegetables. High rates of nitrogen fertilizer are frequently
used to produce cool season vegetables such as lettuce, broc-
coli, cauliflower, and celery in order to achieve the high qual-
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ity demanded by the market. In addition, cool season veg-
etable production in the Salinas Valley is intensive with two
or more crops produced annually. As a result, nitrate levels
can buildup in the soil at the end of the growing season, just
at the time when the leaching rains of winter come to the
valley. Growers are interested in techniques that can reduce
the risk of nitrate leaching, but that safeguard yield and qual-
ity. Potential solutions to the nitrate leaching issue include
various best management practices such as the presidedress
soil nitrate tests (PSNT) developed by Dr. Tim Hartz, as well
as the use of cereal cover crops grown in the winter. Slow re-
lease fertilizers also may have a role as a best management
practice that growers can utilize to reduce nitrate leaching
from vegerables that are produced over the winter during the
time of highest rainfall and greatest potential for leaching.
The problem to this point with slow release fertilizers has
been 1) uncertainty regarding the release pattern of the slow
release materials and how they mesh with the uptake de-
mand of cool season vegetables and 2) the additional cost of
slow release materials.

This project proposes to evaluate the release characteristics of
slow release fertilizers under controlled incubation conditions,
as well as evaluations of a limited number of materials in field
trials with winter broccoli. Evaluations will be made various
rates of slow release materials on the yield, quality and eco-
nomics of the applications. Broccoli is selected as the test crop
because it is extensively planted (53,880 acres in 1999) and
winter-grown broccoli is produced during the rainiest time of
the year when the potential for leaching is highest. The results
of this research will be made widely available to growers, fertil-
izer companies and allied industry representatives through field
meetings, newsletter articles and publications.
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FIELD EVALUATIONS
AND REFINEMENT
OF NEW NITROGEN
MANAGEMENT
GUIDELINES FOR
UPLAND COTTON:
PLANT MAPPING,
SOIL AND PLANT
TISSUE TESTS

Project Leaders:

Robert Hutmacher

University of California

Shafter Research and Extension Center
Shafter, CA

(805) 746-2020

Bruce Roberts
UC Cooperative Extension
Kings County
Hanford, CA

Robert L. Travis/William Rains
Department of Agronomy and Range Science
University of California

Davis, CA

Cooperators:

Felix Fritschi

Department of Agronomy and Range Science
University of California

Dauvis, CA
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Brian Marsh

University of California — Davis
Shafter Research and Extension Center
Shafter, CA

Fertilization of cotton, as with most crops, is conducted pri-
marily with yield and quality objectives in mind. For

CA cotton production, objectives often are directed toward
optimizing lint yield while maintaining excellent fiber qual-
ity. Available information from crop N use estimates, esti-
mated soil test N, and within-season application (additional
soil-applied N) are all part of the system used to promote
good yield performance through maintenance of adequate
plant nutrient status to support economic yields. Field ex-
periments evaluating nitrogen management options and re-
sponses of CA crops have been numerous over the years,
and there is experimental evidence form many of these stud-
ies indicaring that crop fertilization can be managed so that
agronomic, economic, and environmental efficiencies can be
significantly improved simultaneously.

Growers typically express significant interest in evaluating
viable approaches to reduce production costs, but despite evi-
dence of potendal for improvement in any of these areas of ef-
ficiency, they frequently reject recommendations that involve
reductions in applied N rates. Reasons for this general re-
sponse are undoubtedly many, but include concern for unrea-
sonable economic risks. Grower concerns can be that direct
savings can be relatively small when compared with potential
revenue losses associated with inadequate available N to sus-
tain high yields. More grower awareness is needed for the fact
that while direct savings resulting from more judicious N ap-
plications may be small, excess N applications can also result
in other management problems (more difficult balance of
vegetative: reproductive growth defoliation). The level of con-
cern and difficulties in convincing growers to change practices
in part must reflect the lack of grower confidence in the ade-
quacy or accuracy of soil N tests, and in the N management
recommendations developed by the University and others.

A field-based research and demonstration project is proposed
to provide further evaluation of the potential to integrate
rapid laboratory tests for better estimates of mineralizable N.
The project’s goals are to improve grower appreciation of an
integrated N management system still based upon soil and
plant N status measurements, but incorporating: (1) esti-
mates of crop growth and yield potential; (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 sampling indicates good
enough yield potential to warrant additional N supply.



SEASONAL PATTERNS
OF NUTRIENT UPTAKE
AND PARTITIONING AS
A FUNCTION OF
CRrROP LOAD OF THE
‘HAss" AVOCADO AND
RATE OF FERTILIZATION

Project Leaders:

Richard Rosecrance
Department of Biology
California State University
Chico, CA

(530) 898-5699

Carol . Lovatt

Department of Botany and Plant Sciences
University of California

Riverside, CA
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For the ‘Hass” avocado (Persea americana L.) industry of Cal-
ifornia, optimal rates and times for soil fertilization have
been or currently are being determined for only nitrogen,
iron and zinc. For all other nutriencs, fertilization rates and
optimal ranges by leaf analysis were borrowed from citrus.
The avocado differs distinctly from citrus; avocado fruit are
especially high in N (removing - 150 Ib N/acre), B, K, and
Ca. Compertition from Mexico and Chile requires the Cali-
fornia avocado industry to increase production per acre o re-
main profitable. Optimizing fertilization is essential to
achieve this goal. The seasonal pattern of nutrient uprake is
key to marching fertilizer application times and rates with
periods of high nutrient demand to maximize yield, increase
nutrient-use efficiency, and reduce the potential for ground-
water pollution. Developing best management practices for
perennial tree crops requires repeated excavation of mature
wrees. Thus, few best management practices have been devel-
oped for tree crops.

Rosecrance recently completed an assessment of N, B and K
uptake and partitioning in mature alternate-bearing pista-
chio. Pistachio trees were not luxury users, sink demand reg-
ulated the uptake and distribution of N, P and K. Thus, the
quantity and time that fertilizer should be applied was deter-
mined by crop load and storage pools. His research showed
that the amount and timing of fertilizer that should be ap-
plied was determined by crop load and storage pools. The
same approach will be used to determine the seasonal pattern
of nurrient uptake and partitioning in alternate-bearing
‘Hass” avocado tree. The collaborative project will be con-
ducted at levels of fertilization, optimal (avocado industry
standard as currently prescribed by the California Avocado
Commission) and two times the optimal rate for N, P, K, B,
Ca, and Zn. By excavating and dissecting the entire tree and
quantifying nutrient uptake and allocation. The project will
be a success when we provide fertilizer guidelines (amount
and time of application) to California’s 6,000 avocado grow-
ers for N and additional nutrients for which no experimental
dara presently exist. If the results demonstrate that avocado
trees are not luxury users, a significant reduction in the
amount of fertilizer applied annually should result.



LOCATION OF
POTASSIUM-FIXING
SOILS IN THE SAN
JOAQUIN VALLEY AND
A NEW, PRACTICAL
SoIiL K TEST
PROCEDURE

Project Leader:

Stuart Pettygrove and Randal | Southard
Department of Land, Air and Water Resources
University of California

Davis, CA

(530) 752-2553

Cooperators:
Bruce Roberts
UC Cooperative Extension
Hanford, CA

Dan Munk
UC Cooperative Extension Fresno County
Fresno, CA
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In 1997, the UC published a bulletin describing methods for
diagnosis of K deficiency in soils and cotton plants and rec-
ommending K fertilization rates. The publication included
recommendation to apply very high rates of K fertilizer —
400 Ib K;O/acre or more — where soils have a very high K-
fixation capacity. The economic consequences to cotton
growers of applying such high K rates where they are not
needed or of failing to meet soil fixation capacity where K is
needed are severe. High soil K fixation capacity in soils with
micaceous/vermiculitic mineralogy has been documented in
San Joaquin Valley soils derived from granitic alluvium.

This project proposes to produce a map of the San Joaquin
Valley in digital and paper format that identifies those lands
used for cotton production that have soil with potentially
high-K fixation capacity. We will use two USDA soils data-
bases that are in GIS format.

We also will test soils collected from the San Joaquin Valley a
recently published laboratory method for estimating plant-
available K over a wide range of K fixation capacity — the
modified sodium tetraphenyl boron method. The 1997 UC
bulletin does not recommend a method for estimating K fix-
ation capacity, but there are at least two methods currently
available through commercial agricultural laboratories. Un-
fortunately both these methods — the “Cassman K release
method” and the “UNOCAL test” — are labor intensive and
involve a one-week incubation. These tests are relatively ex-

pensive and are after the standard exchangeable K test shows
a low level of available K.

The relative accuracy of the sodium terraphenyl boron
method compared to existing methods for predicting K re-
sponse will be determined in on-farm cotton fertilizer experi-
ments. Results of this project and a recommendation for soil
testing will be made available to agriculrural laboratories,
crop advisers, fertilizer suppliers, and cotton growers in the
San Joaquin Valley.



MINIMIZING
NITROGEN RUNOFF
AND IMPROVING
NITROGEN USE
EFFICIENCY IN
CONTAINERIZED
WooDY ORNAMENTALS
THROUGH
MANAGEMENT OF
NITRATE AND
AMMONIUM-NITROGEN

Project Leaders:

Donald J. Merhaut

Department of Botany and Plant Sciences
University of California

Riverside, CA

(909) 787-2836

Richard Y. Evans

Department of Environmental Sciences
University of California

Davis, CA

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 close proximity to each other. Due to these
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geographical constraints, along with the high use of fertilizer
and water by the industry, nitrate (NOs-) leaching from
agricultural lands continues to threaten local drinking water
supplies and the neighboring ecosystems. In an effort to pre-
vent nitrogen (N) contamination from non-point sources of
pollution, the Total Maximum Daily Loads (TMDL) process
has been enforced by local agencies, reducing the maximum
allowable NOs- levels from 10 mg N/L to 1.0 mg N/L. Un-
less fertilization and cultural practices are restructured, many
nurseries will be unable to comply with the new water quality
control programs thart have been implemented in recent years.

The main objectives of this research are to develop fertiliza-
tion and irrigation guidelines for woody ornamental crop
production that will minimize NOs- runoff and improve
nitrogen use efficiency (NUE). Tiwo experiments will be
done to characterize the dynamics of N cycling in the plants
and the media.

University of California — Davis. A hydroponics study will
be conducted at Davis. By monitoring the rates of N and
water depletion from nutrient solution, the researchers will
characterize the dynamics of N and water demand for several
ornamental crops, as affected by physiological (stage of plant
development) and environmental conditions (time of year).

University of California — Riverside. The study conducted
at Riverside will investigate the fate of different controlled-
release fertilizers (CRF) and liquid fertilizers (LF) as affected
by acid pH (5.0) and neutral pH (7.0) media. The dynamics
of N cycling in the planting media and N uptake into the
plants will be determined by measuring (NO;-) ammonium
(NHs+) and total N in leachates (weekly), and in planting
media and plants (monthly). Plant response to fertilizers will
be determined by monthly growth measurements.

Based on these efforts, new information will be learned re-
garding the dynamics of N cycling in media and plants. This
information is necessary to develop fertilizer and irrigation
protocols for the nursery industry, which will reduce NO;-
leaching and improve NUE. These guidelines will be actively
communicated with growers, CE advisors, consultants, the
fertilizer industry, teachers and students through extension
programs, workshops, seminars, and publications (newslet-

ters, trade magazines and journals).



SITE-SPECIFIC VARIABLE
RATE FERTILIZER
APPLICATION IN RICE
AND SUGAR BEETS

Project Leaders:

Richard Plant

Department of Agronomy and Range Sciences
University of California

Davis, CA

(530) 752-1705

G. Stuart Pertygrove

Department of Land, Air, and Water Resources
University of California

Dawis, CA

Randall G. Mutters
UC Cooperative Extension Butte County
Oroville, CA

Stephen R. Kaffka

Department of Agronomy and Range Sciences
University of California

Davis, CA

Cooperators:
Charley Mathews
Marysville, CA

Curt Joiassen
Richvale, CA

Tom and Kurt Rutherford
Brawley, CA
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Ceil Howe II and Ceil Howe II]
Westlake Farm
Shafter, CA

William R. Reinert
Precision Farming Enterprises

Davis, CA

A previous research project by the first two investigators, sup-
ported by the California Department of Food and Agricul-
ture Fertilizer Research and Education Program initiated the
university research on site-specific crop management for
adoption by growers. These are: (1) that sufficient variability
exist in field properties or environment to cause significant
spatial variability in economic yield, 2) that these properties
are capable of being identified and measures, and (3) that
management actions are possible that respond to this vari-
ability ro increase economic yield. The initial research fo-
cused on establishing the first two of these criteria. This
project will focus on the third aspect by establishing site-
specific fertilizer management strategies through the use

of variable-rate application technology.

In this research project we will focus on nitrogen manage-
ment. To maximize its economic utility and prospects for
rapid adoption and impact, an initial variable-rate nitrogen
management research program should focus on systems for
which a substantial economic advantage accrues to the use of
site-specific management. Maximum economic payoff is ob-
tained in those crops for which there is a relatively large eco-
nomic penalty for both under- and over-fertilization and a
relatively narrow range of optimal fertilizer rates we have se-
lected as two such crops: specialty rice (Koshibikari and Aki-
takomashi) and sugar beets. For both of these crops, the
primary economic penalty associated with over-fertilization is
in quality reduction. In the case of specialty rice, increases in
nitrogen levels have been identified with increased protein
content, which in turn has been associated with poor flavor.
In the case of sugar beets high levels of soil nitrate area associ-
ated with reduced sugar concentration. In both crops the fac-
tor causing a reduction in quality is readily quantifiable and
therefore subject to rigorous experimental analysis.
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EFFECT OF DIFFERENT
RATES OF N AND K
ON DRIP IRRIGATED

BEAUREGARD SWEET
POTATOES

Project Leader:

Bill Weir

UC Cooperative Extension Merced County
Merced, CA

(209) 385-7403

Cooperators:

C. Scott Stoddard

UC Cooperative Extension Merced County
Merced, CA

Robert Weimer
Atwater Irrigation
Atwater, CA
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Drip irrigation acreage used for sweet potato production in
California has increased tremendously in the last few years,
and it is one of the factors that has lead to substantial yield
increases in the past 20 years. However, a fertilizer rate trial
has not been performed by UC Cooperative Extension in
drip irrigated sweet potatoes. Current fertilizer recommenda-
tions are based on trials performed in the 19607 and 70’s
with furrow irrigation. Growers using drip irrigation use
much higher fertilizer rates, which may or may not be neces-
sary and may lead to high residual nitrate and potassium soil.

Because of this, the objectives of this trial are 1) to determine
optimal rates of nitrogen and potassium for best economic
yield and quality in drip irrigated sweet potatoes; 2) to evalu-
ate fertilizer rate effects on moisture loss in storage; 3) re-
evaluate current fertilizer application and tissue analysis
guidelines; and 4) to determine if drip irrigation reduces the
potential for nitrate leaching, even at high nitrogen fertilizer
rates. Four rates of nitrogen and potash will be applied using
a randomized block split-plot design. Early and end of season
deep soil cores (to 3 feet) will be taken to determine the sea-
sonal location of these nutrients in the soil profile. Leaf and
petiole samples taken during the growing season will be com-
pated to published sufficiency ranges.

Following yield and grade determination at harvest, potatoes
will be periodically weighed to determine if the treatments
have an effect on storage losses over the winter. Results will
be published in the Sweet Potato Tips bulletin and presented
at the annual winter meeting, The target audiences for this
information are commercial sweet potato growers, drip irri-
gation supply companies, agricultural chemical dealers, and
extension personnel. Results may also be applicable to gov-
ernment regulatory agencies forming nutrient management
strategies in Groundwater Protection Areas.



IMPROVING THE
DIAGNOSTIC
CAPABILITIES FOR
DETECTING
MOLYBDENUM
DEFICIENCY IN
ALFALFA AND
AVOIDING TOXIC
CONCENTRATIONS [N
ANIMALS

Project Leaders:

Roland D. Meyer

Department of Land, Air, and Water Resources
University of California

Davis, CA

(530) 752-2531

Dantel B. Marcum
UC Cooperative Extension Shasta-Lassen Office
McArthur, CA

Steve Orloff
UC Cooperative Extension Siskiyou County
Yreka, CA

During the mid 1980’s molybdenum deficiency in alfalfa was
identified in several intermounrain valleys of Northern Cali-
fornia by plant tissue analysis and the generally recom-
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mended pound of sodium or ammonium molybdate per acre
(0.4 Ibs Mo/acre) based on some research in Washington
gave adequate growth and high yields of alfalfa. Since the
mid 1990’s numerous samples of alfalfa coming from the
same areas have shown lower levels of molybdenum (<0.5
ppm). Over the past 10-15 years many laboratories have
changed a number of analytical procedures and instruments
which do not provide reliable analyses of molybdenum at
concentrations in the range of 0.1-2 ppm. Several surveys of
alfalfa and other forage species as well as animal blood sam-
ples have indicated that copper concentrations are minimally
adequate to deficient in many of the same locations where
molybdenum were made, even at the low rate of just 1 1b/acre
sodium molybdate (0.4 Ib Mo/acre) the higher molybdenum

would cause severe animal nutrition problems.
The objectives of proposed project are to:

* Characterize the relationship between plant tissue molybde-
num and copper concentrations and alfalfa yield response
where molybdenum is applied at several rares,

* Develop a broader diagnostic capability by assessing plant
tissue molybdenum concentration at different stages of al-

falfa growth,

* Provide standard forage samples for distribution to analyti-
cal laboratories by collecting large quantities (20-50 Ib) of
two alfalfa samples having molybdenum concentrations in
the range 0.1-0.3 ppm and 0.5-0.7 ppm.

Three field experiments in Burney Basin, Big Valley and
Scott or Butte Valley will include at least 6 rates of Mo/acre
along with a lime treatment. Plant tissue samples at several
growth stages will be analyzed for molybdenum and copper.
Alfalfa yields will be measured and forage quality (ADF and
nutrient content) determined. Alfalfa hay producers, Certi-
fied Crop Advisors, PCAs, fertilizer dealers and sales person-
nel and laboratories that the agricultural clientele will
participate and utilize project findings. Since few if any field
experiments have been conducted to obrain alfalfa yield re-
sponse and diagnostic plant tissue data where molybdenum
applications have been made it is desirable to make this con-
tribution to science and California agriculture.
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PRECISION
HORTICULTURE:
TECHNOLOGY
DEVELOPMENT AND
RESEARCH AND
MANAGEMENT
APPLICATIONS

Project Leader:

Patrick H. Brown
Department of Pomology
University of California
Davis, CA

(530) 752-0929

Cooperators:

Shrini K. Upadhyaya

Department of Biological and Agricultural
Engineering

University of California

Davis, CA

William Reinert

Precision Farming Enterprises
Davis, CA

Erik Nielson
Nielson Enterprises
Orland, CA

NacerBellaloui
Department of Pomology
University of California
Davis, CA
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Recent studies have determined that 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 impossible. Given
this fundamental limitation it has been impossible to de-
velop truly efficient orchard fertilizer management system
or to conduct nutritional research experiments properly.

The ability to map yields 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 benefits to in-field experimentation would be
equally significant. The most direct benefit of this informa-
tion would be the ability to optimize fertilization strategies
on a site-specific basis. This is the key to improving nutrient
use efficiency.

This project aims to develop the means to rapidly harvest
and map pistachio tree yields in commercial orchards on a
tree long term basis by integrating Global Positioning System
(GPS) and yield monitors into the harvesting machinery.
This will be followed by development of statistical and visual
computaional methodology to analyze and map results. Sub-
sequent ground truthing (soil and plant testing etc.) will be
used to determine the cause of the yield variability and exper-
imental manipulations will be used to determine the cause of
the yield variability will be conducted to optimize yield and
management efficacy. The first year of this project will estab-
lish a demonstration orchard for field demonstrations man-
agement and will provide the means to dramatically improve
our ability to conduct field research. The lessons learned in this
project will then be extended to all tree crops in California.

The ability to optimize production systems benefits everyone
from producer to consumer. It will allow researchers to con-
ducr better research programs which will directly benefit re-
search funding agencies and improve our ability to protect
the environment.



FERTILIZATION
TECHNOLOGIES FOR
CONSERVATION
TILLAGE PRODUCTION
SYSTEMS IN
CALIFORNIA

Project Leaders:

Jeffrey Mitchell

Department of Vegetable Crops
University of California — Davis
Kearney Agricultural Center
Parlier, CA

(559) 891-2660

William Horwath

Department of Land, Air, and Water Resources
University of California

Davis, CA

Dan Munk
UC Cooperative Extension Fresno County
Fresno, CA

Peter Brostrom

Department of Agronomy and Range Science
University of California

Davis, CA
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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 California to evaluate optimal fertlization
strategies for these reduced tillage systems. The selection of
fertilizer rates, materials, and application methods will likely
require management decisions in conservation tillage systems
that differ from those used in conventionally-tilled systems.
This project addresses two of FREP's key research and edu-
cation priorities by developing new information of fertiliza-
tion practices and crop nutrient uptake in minimum
disturbance agro-ecosystems and by providing this informa-
tion in educational functions such as field day demonstra-
tions that will be readily accessible to producers, consultants
and resource managers.
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REDUCING FERTILIZER
NEEDS OF POTATO
WITH NEW VARIETIES
AND NEW CLONAL
STRAINS OF EXISTING
VARIETIES

Project Leader:

Ronald Voss

Department of Vegetables Crops
University of California

Davis, CA

(530) 752-1249

Project Coordinators:

Joe Nunez

UC Cooperative Extension Kern County
Bakersfield, CA

Harry Carlson
UC — Intermountain Research and Extension Center
Tulelake, CA

Herb Phillips

Department of Vegetables Crops
University of California

Davis, CA

Donald Kirby
UC-Intermountain Research and Extension Center
Tulelake, CA

Misty Swain

Department of Vegetables Crops
University of California

Davis, CA
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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 200 to over 400
Ibs/acre. The most widely grown variety (Russet Norkotah)
has a weak vine and is susceptible to early dying diseases. To
compensate for these variety deficiencies, growers have in-
creased the amount and duration of nitrogen fertilization in
an effort to keep the vines healthier and alive longer. Several
new clonal selections of Russet Norkotah have stronger vines
and later maturity. Preliminary indications are that nitrogen
fertilizer needs are lower than the standard Russet Norkotah.
New varieties are also being developed and grown that may
also have lower nitrogen requirement than the previous or
current standard varieties.

The objectives of this project are to determine 1) the re-
sponses to standard and new potato varieties to fertilization
rates, 2) if the new Russet Norkotah strains are more efficient
in applied nutrient utilization and thus require lower fertil-
ization rates, and 3) if other new potential potato varieties are
more efficient use than existing standard varieties.

We will establish nitrogen, and if adequate funding is avail-
able — portassium and /or phosphorous, rate x variety experi-
ments at 3 locations of varying soil types for two additional
years; include 8-12 new and standard varieties or clones;
monitor plant N, P and K content, determine N, B, and K
uprake; assess yield and quality; and determine utilization ef-
ficiency and profitability. Information will be disseminated to
primary users — potato growers and crop consultants —
through various methods; other broader based audiences,
such as CDFA/FREP conference attendees, UC vegetable
specialists and advisors, and professional potato researchers in
the U.S. will also be recipients of information.



ON-FARM
MONITORING AND
MANAGEMENT
PRACTICE TRACKING
FOR CENTRAL COAST
WATERSHED WORKING
GROUPS

Project Leader:

Kelly Huff

Coalition of Central Coast County Farm Bureaus
Santa Cruz, CA

(831) 477-0272

Cooperator:

Mary Bianchi

UC Cooperative Extension
San Luis Obispo, CA

The Coalition of Central Coast County Farm Bureaus (CC-
CCFB) proposes to deliver presently available information
regarding agricultural management practices and self-moni-
toring tools to address nonpoint source pollution prevention
through industry-led local watershed specific agricultural wa-
ter quality management plans. The plans will identify water
quality improvement projects and will track management
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practice improvements on a sub-watershed level. Watershed
working group participants will be trained in methods of
self-monitoring and tracking of management practices.
Equipment will be housed at County Farm Bureau Offices
and available for participants to perform self-assessments to
guide management practices. CCCCFB will coordinate with
the local Resource Conservation Districts (RCD), water au-
thorities, and University of California Cooperative Extension
(UCCE) for technical assistance to ensure equipment is used
propetly and that the monitoring tools offered to producers
through watershed working group activities are consistent with
UCCE short courses and mobile irrigation lab assessments.



FROM THE GROUND
UpP: A STEP-BY-STEP
GUIDE TO GROWING
A SCHOOL GARDEN

Project Leaders:

Jennifer Lombardi/Steven Beckley
California Fertilizer Foundation
Sacramento, CA

(916) 441-1584

Cooperators:

Pamela Emery

California Foundation for Ag. in the Classroom
Sacramento, CA

Theresa DeMars Hicks
Peter Burnett Elementary School
Sacramento, CA

Carl Bruce
John Taylor Fertilizers
Rio Linda, CA

David Holden
Fertilizer Department- AG RX
Oxnard, CA
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While the diminishing connection between agriculture and
Californians is complex, the benefits of programs targeted at
youth are clear. The California Fertilizer Foundation (CFF)
School Garden Program’s goal is to increase awareness and
understanding of agriculture through the hands-on learning
experience of school gardens. By providing funding to Cali-
fornia elementary, middle and high schools for implementa-
tion and/ or continuation of school gardens, the program
helps improve a child’s agricultural literacy.

Incorporating school garden programs in California schools
provides a unique opportunity for raising agricultural aware-
ness and literacy. Students, teachers, faculty and parents have
an opportunity to not only learn more about food produc-
tion, but to learn abour their connection to agriculture
through hands-on experience.

A crirical component of agricultural literacy is nutrient man-
agement. Educating students, teachers and parents about
proper fertilization, soil preparation, planting and other as-
pects of gardening is an important lesson. By having first-
hand experiences of the complexities of growing food and
fiber, educators and students improve their understanding of
agriculture and all its complexities including nutrient man-
agement.

The California Fertilizer Foundation will address these issues
in the following ways: 1) develop, produce, promote and dis-
tribute instructional video for teachers and students that fo-
cuses on soil sampling, amending, proper nutrient and planc
management, and environmentally-sound handling of fertil-
izer; 2) distribute the video to 1,000 school teachers with
garden programs throughourt California; 3) develop and
promote the video through existing training and in-service
days, as well as printed newsletters, and 4) conduct follow-up
surveys to determine the effectiveness and usefulness of the
video for both reachers and their students.



TEACH THE TEACHERS:
(GARDEN-BASED
EDUCATION ABOUT
FERTILITY AND
FERTILIZERS

Project Leader:

Pegay S. McLaughlin

Department of Horticulture/Plant and Soil Science
Cal Poly Pomona

Pomona, CA

(909) 869-2173

The Department of Horticulture/Plant and Soil Science
within the College of Agriculture at California Poly Pomona
University was designated a Regional Support Center for A
Garden in Every School by the State Department of Educa-
tion starting in 1999. Our charge is to work with the re-
gional teachers and schools to support the development of

112

garden-based education including technical gardening infor-
mation and curriculum integration. As an RSC, we held the
first annual conference on School Garden s in March 2000
and have planned workshop series throughout the year. We
will also serve as a clearinghouse for information and oppor-
tunities for teachers through the development of a newsletter
and a website. Funding from FREP will allow us to enhance
our emphasis on soils, fertilizers, soil/water management and
related topics with presentations and demonstrations at our
conferences, in our workshop series, and in our other com-
munications.

In addition, CDFA/Cal Poly Pomona will soon begin con-
struction of the first phase of AGRIscapes, a 42-acre educa-
tion and demonstration center for food, agriculture and the
urban environment. We will hold our teacher training work-
shops here, as well as host school tours on appropriate topics.
As part of this, we plan to develop field experiment sites
where students can see and touch for themselves aspects of
soil science, plant nutrition experiments, and studies of
soil/water relations. These field sites will be tied to curricular
materials that can be used in the classroom for support and
reinforcement. CDFA funding will allow us to begin the re-
search and development of these stations prior to the open-
ing of AGRIscapes (slated for Fall 2001).



COMPLETED PROJECTS

The following is a list of FREP projects completed prior to

October 2000. Summaries of many of these projects appear
in the 1999 FREP Conference Proceedings; final reports are
available by calling FREP or ordering through FREP’s Re-
source Guide. The summaries of the completed projects are
also available at our web site (www.cdfa.ca.gov/inspection/frep).

FRUIT/NUT AND VINE CROPS

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 ]. Lovatt

Crop Management for Efficient Potassium Use and
Optimum Winegrape 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 Johmson and Richard Rosecrance

Nitrogen Efficiency in Drip Irrigated Almonds
Robert J. Zasoski

Effects of Four Levels of Applied Nitrogen on Three Fungal
Diseases of Almond Trees
Beth Teviotdale
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Nitrogen Fertilizer Management to Reduce Groundwater
Degradation
Steve Weinbaum

Avocado Growers can Reduce Soil Nitrate Groundwater
Pollution and Increase Yield and Profit
Carol Lovatt

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

VEGETABLE CROPS

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 Presidedress 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 Strawberries 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

Nitrogen Management through Intensive On-Farm
Monitoring
Timothy K. Hartz

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

FIELD CROPS

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 |. Smith

Establishing Updated Guidelines for Cotton Nutrition
Bill Weir and Robert Travis

EDUCATIONAL/MISCELLANEQOUS

Improving the Fertilization Practices of Southeast Asjans in
Fresno and Tulare Counties

Richard Molinar and Manuel Jiminiz

Western States Agricultural 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 Ton 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
Mark Linder and Pamela Emery

The Use of Composts to Increase Nutrient Utilization
Efficiency in Agricultural 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
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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

Survey of Changes in Irrigation Methods and Fertilizer
Management Practices in California
John Letey, Jr.

Practical Irrigation Management and Equipment
Maintenance Workshops
Danyal Kasapligil, Charles Burt and Eric Zilbert

Irrigation and Nutrient Management Conference and
Trade Fair
Danyal Kasapligi!

EDUCATIONAL VIDEOS

Best Management Practices (BMPs) 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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PEER-REVIEWED
PUBLICATIONS
RESULTING FROM
CDFA/FREP-
SPONSORED PROJECTS

Tim Hartz, UC Davis, Department of Vegetable Crops
Hartz, TK. 1994. A quick test procedure for soil nitrate-ni-
trogen. Communication Soil Science and Plant Analysis

25:511-515.

Hartz, TK. 1996. Water management in drip-irrigated veg-
etable production. HortTechnology 6:165-167.

Harwz, 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 management
of drip-irrigated vegetables. HortTechnology 6:168-172.

Hartz, TK., M. LeStrange and D.M. May. 1993. Nitrogen
requirements of drip-irrigated peppers. HortScience
28:1097-1099.

Harez, TK,, R.E 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. LeStrange and K.E Schulbach.
1993. On-farm monitoring of soil and crop nitrogen sta-
tus by nitrate-selective electrode. Communication Soil
Science and Plant Analysis 24:2607-2615.

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.

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.
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Rosecrance, R.C., R.S. Johnson and S.A. Weinbaum. 1998.
Foliar uprake 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, C.J. 1999. Timing citrus and avocado foliar nutrient

applications to increase fruit set and size. Hort Technology
9:606-612.

G. Stuart Pettygrove, UC Davis, Department of Land, Air,

and Water Resources

Pettgrove, G.S., S.K. Upadhyaya, M.G. Pelletier, T.K. Hatz,
PE. Plant and R.E Denison. 1999. Tomato yield — color
infrared photograph relationships, pp. 1483-1491. In:
P.C. 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, WI.

Pettygrove, 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. Petgrove, 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, W1

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 underlying grain yield spatial vari-
ability in three irrigated whear fields. Transactions of Amer-
ican Society of Agricultural Engineers 42: 1187-1202.
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Charles 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, CA. 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.
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Gunapala, N., R.C. Venette, H. Ferris and K.M. Scow.
1998. Effects of soil management history on the rate of
organic matter decomposition. Seil Biology and Bio-

chemistry 30:1917-1927.

Bossio, D.A., K.M. 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.

Steven Southwick, UC Davis, Department of Pomology
Southwick, S.M., M.E. Rupert, ].T. Yeager, 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.

Robert Travis , UC Davis, Department of Agronomy and

Range Science

Miller, R.O. et al. 1997. Potassium Fertility Guidelines for
the San Joaquin Valley of California. University of Cali-
fornia, Division of Agriculture and Natural Resources
Publication 21562. DANR, Oakland, CA.
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Jose Aguiar

UC Cooperative Extension, Riverside County

46-209 Qasis Street, Room 103
Indio, CA 92201

(760) 863-7949
jlaguiar@ucdavis.edu

Mary Lu Arpaia

Department of Borany and Plant Sciences
University of California

Riverside, CA 92521

(909) 787-3335

arpaia@ucdavis.edu

Marc Buchanan
Buchanan Associates
PO. Box 66442

Scotts Valley, CA 95067
(831) 459-6857

energy@got.net

Marita Cantwell

Department of Vegetable Crops
One Shields Ave.

University of California

Davis, CA 95616

(530) 752-7305
micantwell@ucdavis.edu

Cheyanne Cook

Western Growers Association
1005, 12th Street, Suite A
Sacramento, CA 95814
(916) 446-1435

cca@wga.com

Richard Evans

Department of Environmental Horticulture
One Shields Ave,

University of California

Davis, CA 95616

(530) 752-6617

ryevans@ucdavis.edu
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INFORMATION

Ken Giles

Department of Biological and Agricultural Engineering
One Shields Ave.

University of California

Davis, CA 95616

(530) 752-0687

dkgiles@ucdavis.edu

Larry Godfrey

Department of Entomology
One Shields Ave.

University of California
Davis, CA 95616

(530) 752-0473
ldgodfrey@ucdavis.edu

Robert Green

Department of Botany and Plant Sciences
University of California

Riverside, CA 92521

(909) 787-2107

robert.green@ucr.edu

Sonya Verea Hammond

UC Cooperative Extension, Monterey County
1432 Abbot Street

Salinas, CA 93901

(831) 759-7358

slvareahammond®ucdavis.edu

Thomas Harter

Department of Land, Air, and Water Resources
University of California, Davis

Kearney Agricultural Center

9240 S. Riverbend Ave.

Parlier, CA 93648

(559) 646-6569

thharter@ucdavis.edu

Tim Hartz

Department of Vegetable Crops
One Shields Ave.

University of California

Davis, CA 95616

(530) 752-1738
tkhartz@ucdavis.edu
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Lee E Jackson

Department of Agronomy and Range Science
One Shields Ave.

University of California

Davis, CA 95616

(530) 752-0701

Ifjackson@ucdavis.edu

Molly Johnson

Community Alliance with Family Farmers
PO. Box 363

Davis, CA 95617

(530) 756-8518

bios@caff.org

R. Scott Johnson

Department of Pomology
University of California, Davis
Kearney Agricultural Center
9240 S. Riverbend Ave.
Parlier, CA 93648

(559) 646-6547
sjohnson@uckac.edu

John Kabashima

UC Cooperative Extension

South Coast Research and Extension Center
7601 Irvine Blvd.

Irvine, CA 92618

(949) 733-3970

jnkabashims@ucdavis.edu

Jack King, Jr.

Research for Hire

1696 South Leggertt Street
Porterville, CA 93257
(209) 784-5787
jkingls@lightspeed.net

Charles E. Krauter

Center for Irrigation Technology
California State University
Fresno, CA 93740

(559) 278-5114
charles_krauter@csufresno.edu
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Carol Lovatt

Department of Botany and Plant Sciences
University of California

Riverside, CA 92521

(909) 787-4663

carol.lovart@ucr.edu

Glenn T. McGourty

UC Cooperative Extensions, Mendocino and Lake Counties
579 Low Gap Road

Ukiah, CA

(707) 463-4495

grmegourty@ucdavis.edu

Themis J. Michailides
Department of Plant Pathology
University of California, Davis
Kearney Agricultural Center
9240 S. Riverbend Ave.

Parlier, CA 93648

(559) 646-6500

themis @uckac.edu

Jeff Mitchell

Department of Vegetable Crops
University of California, Davis
Kearney Agricultural Center
9240 S. Riverbend Ave.

Parlier, CA 93648

(559) 891-2660
mitchell@uckac.edu

Gene Miyao

UC Cooperative Extension, Yolo County
70 Cortonwood Street

Woodland CA 95695

(530) 666-8143

emmiyao@ucdavis.edu

Stuart Pettygrove

Department of Land, Air, and Water Resources
One Shields Ave.

University of California

Davis, CA 95616

(530) 752-2533

gspettygrove@ucdavis.edu

William Rains

Department of Agronomy and Range Science
One Shields Ave.

University of California

Davis, CA 95616

(530) 752-1711

derains@ucdavis.edu
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Richard Rosecrance
College of Agriculture
California State University
Chico, CA 95929

(530) 898-5699

rosecrance@csuchico.edu

Chatles Sanchez

University of Arizona

Yuma Valley Agricultural Center
6425 W. 8th Street

Yuma, AZ 85364

(520) 782-38306

sanchez@ag.arizona.edu

Larry Schwankl

Department of Land, Air, and Water Resources
One Shields Ave.

University of California

Davis, CA 95616

(530) 752-4634

lischwankl@ucdavis.edu
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Chris van Kessel

Department of Agronomy and Range Science
One Shields Ave.

University of California

Davis, CA 95616

(530) 752-4377

cvankessel@ucdavis.edu

Larry Williams

Department of Viticulture and Oncology
University of California, Davis

Kearney Agricultural Center

9240 S. Riverbend Ave.

Parlier, CA 93648

(559) 646-6558

williams@uckac.edu

U.Win

The Winners' Circle Consulting
317 W. Curtis

Salinas, CA 93906

(831) 449-1182

monmonwin@aol.com



1o order additional copies of this

publication, contact:

California Department of Food
and Agriculture

Fertilizer Research and Education
Program

1220 N Street, Room A-472
Sacramento, CA 95814
Telephone: (916) 653-5340

Fax: (916) 653-2407

http://www.cdfa.ca.gov/inspection/frep

E-mail: ccady@cdfa.ca.gov
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California Department of Food
and Agriculture

California Fertilizer Association
California Certified Crop Adviser

Program
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