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B R IE F UP D ATE S 

FERTILIZER RESEARCH 
AND EDUCATION 
PROGRAM: TEN YEARS 
OF ACHIEVEMENT 

Casey Walsh Cady 
Fertilizer Research and Education Program 
California Department of Food and Agriculture 
Sacramento, C4 
(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 exrending agri
cultural research in California. The program's mission is to 

advance the environmental and agronomic use and handling 
of fertilizer marerials. A primary objecrive is to improve the 
use efficiency of commercial fertilizing materials and mini
mize nitrogen losses to me environment. From 1990-2000, 
FREP has supported close to 90 research and education pro
jects for a toral 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. Instirutional harriers 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 lisr 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 ar 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. 
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Growers can minimize N losses from the orchard system and 
optimize almond fertilization. The program is available in twO 
fotmats. The program (Excel me 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.edulgranrslreports/brown/nmodel). 

FREP's support for the Western States Agricultural Labora
tOty 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 ro 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 agricultural 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
tilizer applications. 

• Education and public information. 

REGULATORY ENVIRONMENT 
We recognize that the public is vety concerned about the qual
ity of the stateS waterbodies. Our goal has been to work with 
the research community to devise strategies for improving 
fuming that account for growers' fuming and economic con
ditions and ensure the results are clisseminated to the agricul
tural community. 
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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 that are impaired by high levels of contaminants 
including nutrients, pesticides, sedimenn;, other toxic ele
ments, exotic species and even trash. 

In order ro address the impairments, the Regional Water 
Quality Control Boards (RWQCB) are establishing Total 
Maximum Daily Load (TMDLs) for discharges into water
bodies and watersheds that include seasonal load allocations 
that agricultural operators are required to meet with a certain 
timefrarne. 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 majoriry of our projects have been focused on 
commercial fertilizers, we believe that improving (he 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 
Sanitarion District and the University of California to de
velop increased understanding of nitrogen mineralization 
rates for hiosolids 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 ro ensure that research te
suIts 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. 
consultants, Certified Crop Advisers, Pest Control Advisers 
and other interested parries. FREP has also funded a num
ber of projects designed to increase the agricultural literacy 
of students in the K-12 serting. 

Results from FREP projects can be found in these and 
previous year's proceedings, and on the FREP web site 
(hrtp:llwww.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. 
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Proceedings from the conference are disseminated 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 roday's world oflimited budgets, we know we must work 
with others to achieve our objecrives. To that end, FREP Staff 
collaborates and coordinate with many other organizations 
with similar goals. Our partners include: 

• California Chapter of the American Society of Agronomy 

• California Certified Crop Adviser Program 

• Sacramento Regional Wastewater Treatment Facility 

• California Integrated Waste Management Board 

• Monterey Coumy Water Resources Agency 

• University of California, Sustainable Agriculture Research 
and Education Program 

• University of California, Small Farm Cemer 

• State Water Resources Control Board, Interagency Coordi
nating Committee 
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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. 

OBJECTIVES 
1. Determine the effects of fertilization on pistachio diseases 

such as Botryosphaeria and Alternaria blights in a green
house. 

2. Determine the effects of fenilization 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 (I 
liter per plant per week). The 100% solution contained 0.21 
g N, 0.032 g P, and 0.234 g K and microelemems 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 afrer inocula
tion and classified into five severity categories (from 0 to 4). 
The effects of fertilization on Botryosphama blight were as
sessed by using leaf disease index data. 

In a second experiment, the stems of a11 trees were wound-in
oculated with mycelial plugs. and wrapped with parafilin to 

protect the mycelial plug from drying. The length oflesion 
per stem was measured 30 days after tree inoculation. All ex
periments in this study were repeated once, and data were 
analyzed using ANOYA 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 rate 
treatment significantly reduced severity of Botryosphaeria 
blight on pistachio leaves as compared with the normal 
(100% N, P, 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. 
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Effects ofnutritWn stress on Botryosphaeria hlight in greenhouse experiments (199912000) 

T"""""" Tof4lJ trllrJtS 111foud kltVn % wi Jist~ intkx 

N75% 763 64.4 a 0.90.b 
P75% 568 GOA a 0.95 a 
K75% 7\0 62.7 2 0.83 ab 

N, P. K 100% 952 58.8 a 0 .87 ab 
N2oo% 881 GO.1 a 0.80 abc 
P200% 719 57.3 a 0.71 be 
K200% 747 54.3a 0.58 c 

Values with different letters are significantly diffirmt 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~ 
suIts 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 Botryosphaeria panicle and shoot blight disease and in the 
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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 
distinct fertilization levels in future tests. 

High levels ofK (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 nurriems are regularly applied ro srone fruit trees with 
the belief that fruit quality and <ree health will be improved. 
Other than nitrogen and zinc, other nutrients do nor 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
rarine 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 ro develop nu
rrient deficiency sympmrns so as better define cricicallevels 
for each nutrient. 

Critical levels will be defined not only in terms of growth 
and productiviry bur, more importantly, in terms of fruit 
quality such as size, color firmness . sugar content and disease 
susceptibility. 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 sympwms 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 Universiry of California swne fruit 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 sympwms 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-



ONGOING PROJECT SUMMARIES 

eluding their impact on tree gtowth, 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 vigotously the first year so they 
would bear fruit the second year and be large enough ro 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 I I 'x 8' and 4' deep were placed 
in 4 trenches in the field, 15 per trench. Sand was placed un
der each tank 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 ofZee Lady peach, Fortune 
plum and Grand Pearl nectarine was planted in each tank. 
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Trees were trained co 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 emirter 
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 fertil
ization was cut off for the fest of the season. 

In late June the first differential fertilization was applied to 

begin the various treatments. which include all nutrients, no 
nmciems, no nitrogen, no phosphorus, no potassium, no cal
cium, no sulfur, no magnesium and no micronutrienrs. 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 

fercilization 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 roraling 
250,000 acres in 1992 (the last year estimates wete 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 as a 
broadcast treatment over the soil, injected into irrigation 

water Ot sprayed onto foliage. Average application of 100-

200 Ib ofN lacre makes citrus one of the largest recipients 

ofN in the stare. 

Fruit quality problems in recent years have adversely affected 

the movement of California citrus into the fresh market and 

severely hurt growet returns. Postharvest rind breakdown and 

pining of navels have been particularly critical. These disor

ders usually do not appear unril alter 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 ofN fertilizers 
in irrigation water it appears, from leaf N levels, that there 

has been an increase in the total amount ofN applied to cit

rus over the past 10 to 15 years. 

Groundwater contamination with nitrates has been linked 

ro rates ofN 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 ofN 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 ofN. 

3. Evaluate the impact ofN application timing on fruit 

quality and leaching losses of N. 

4. Determine the effectiveness of various N application levels 

and methocls on maintaining optimal N levels in navel 

orange trees. 
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RESULTS AND CONCLUS IONS 
There are two components to this project. The first compo~ 
nem is the field site that we established in the Woodlake area 

of Tulare County. The 15.3-acre experimemal 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 projecr (See Table) . 

Each experimental plot consists of 12 trees with the central 2 

trees serving as the data trees. The cooperator's 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 Pall 1999. On-tree fruit color measure

ments were also taken on a regular basis during Fall 1999 as 

rhe "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 lowesr 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 fruit size distribu

tion data as reported here but 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 leafN 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-

900 
Yield per Pair of Trees (Ibs) 

4. 4 . oc 
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cal . 2 
2a 2,C .1 . 4 o Control 

1· 
I . 0 / .2 • Foliar 

700 10 0 ' 

/ 0 " . 1 
o Soil 

4. 0 1 • Soil and Foliar 

600 2 
c' 
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0 0.5 I 1.5 2 2.5 

Nitrogen Applied - Lbs per Tree 

Figure 1. Average yield (lbs offruit per pair of trees) from 
Woodlake, 01 Research Plot. Fruit haroested 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 ofN applied and the 

leafN content in the Fall period. There does not appear to 

be any substantial difference in the leafN 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 ofN 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 offruit in small (size 113 or less), medium 
(size 72, 88) and large (size 56 or greater) categories. Fruit 
haroested in April 2000 from Woodlake Research Plot. 
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Schedule of experimental treatments for nitrogen management project near Woodlake, C4. 

Trtatmmt SoilApplid TIming Folia, Toul N 
rib""",,) (IimnlyrJ (No. npplicatiom) (IbItrttlyr) 

I 0 - - 0.00 
2 0 - I 0.25 
3 0 - 2 0.50 
4 0 4 1.00 
5 0.5 I - 0.50 
6 0.5 2 - 0.50 
7 0.5 e - 0.50 
8 1.0 I 1.00 
9 1.0 2 - 1.00 
10 1.0 e - 1.00 
11 1.5 I - 1.50 
12 1.5 2 - 1.50 
13 1.5 e - 1.50 
14 2.0 I - 2.00 
15 2.0 2 - 2.00 
16 2.0 e - 2.00 
17 0.5 e I 0.75 
18 0.5 e 2 1.00 
19 0.5 e 4 1.50 
20 1.0 e 1 1.25 
21 1.0 e 2 1.50 
22 1.0 e 4 2.00 
23 1.5 e I 1.75 
24 1.5 e 2 2.00 
25 2.0 e I 2.25 

Foliar Only S.ilo,,/y 
No. Applicafiqns" Ih Nltrrdyr fhN/~ar liming! 

0 0 0.5 1. 2.e 
I 0.25 1.0 1.2. e 
2 0.50 1.5 1, 2,C 
4 1.00 2.0 1. 2. e 

Co",bbllltio1/ TrtatmmlJ 
~il Applicati(JIJ Foliar App/iCilrWl7S To"" 
(lbNI""",)' (No. app/katiDns).f; IbNlrru/yr 

0.5 1.2.4 0.75 - 1.50 
1.0 1,2,4 1.25 - 2.00 
1.5 1.2 1.75 - 2.00 
2.0 I 2.25 

Z Foliar Application: Low BiuCCf Urea was applied to foliage at a rate of 0.25 lb/uec: per application. Trees receiving one application will have urea applied in late May. Trees receiving 
rwo applications will have an additional application in latc winter. Trees receiving four appJiCItions will have additional applications at the pre-bloom stage and 30 days foUowing the 
late May application. 

Y Soil Application: All applications will be made through the irrigarion system: 1 . single application per year in late winter: 2 '" spl it appliOltion, late winter and early summer, C . 
Applied with every irriga tion from late winter duough summer. 

~ Soil Nitrogen will be: applied as in the: ~C ut:ltment desoibc:d above for the: Klil appliC2tions. 

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 NO,-N levels 

with increasing the amount ofN applied to the soil. Like

wise. Figure 7 presents the NOr N concentrations of the soil 

extracts below the root zone for all treatments from D ecem

ber 1997 through May 2000. This da,a also show that as the 

amount of applied N increases the amount ofNO,-N in the 
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soil also increases. The NO,-N levels in the soil only treat

ments were highest at 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 so il 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 info" of1996 and 1997. Numbm in sym
bols represent number offoliar applications (1, 2, or 4) or 
soil applications (1, 2, or continuous). 
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has tvv'o grower cooperators located in Orange Cove and 
Exeter-Woodlake. These three sites are navel orange. We 
have taken 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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Figure 4. Nitrogen contents of leaves collected at Woodlake 
Research Plot infall of 1998 and 1999. Numbers in sym
bols represent number offoliar applications (1, 2, or 4) or 
soil applications (1, 2, or continuous). 
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Research Foundation. T he sites have been maintained as de
scribed in previous reports. We obtained yield, packout data 
and storage data (from UC-KAe) in Spring 2000_ T here are 

no clear trends apparent in the data. although the data analy
sis is yet ro be completed. 
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Figure 5. Fruit showing puff or crease expressed as percentage 
offtuit evaluated (approximatery 50 fouit per tree on north 
half of tree) ftom Woodlake Research Plct. Numbers in sym
bols represent number offoliar applications {l, 2, or 4} or 
soil N applications (1, 2, or continuous). 

Figure 6. Nitrate-nitrogen 450 
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tions collected ftom Wood-
lake Research Plct site 400 
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Figure 7 Average nitrate-nitrogen concentrations extracted 
belcw root zones as related to total nitrogen applied ftom 
Woodlake Research Plct. Data represent samples collected 
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DEVELOPMENT OF 
NITROGEN BEST 

MANAGEMENT 
PRACTICES FOR THE 
lHASS' AVOCADO 

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 ofN 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 fertilization for the 'Hass' avocado in 

California. 

DESCRIPTION 
To reduce potencial nitrate pollution of groundwater. avo

cado growers apply N fertilizer to the soil in several small 

doses annually. This strategy ignores tree phenology and the 

possibiliry 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 ofN 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 efN 
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

tallb and lb large size fruit per tree. April also proved a good 

time to apply N based on increased cumulative yield, i.e., 

both totallb and lb large size fruit per tree, and decreased al

ternate-bearing index compared to control trees. Applying 

the double dose ofN 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 fruit 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 thanhe tree utilized the extra N. Our CDFNFREP , 
project is coordinated with and complemented by our CAC 

project. We are quantifYing the amount of nitrate and am

monia leachin~ 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 seeking 

this information. 

RESULTS AND CONCLUSIONS 
Yield for fWO 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 ofN applied. This was not 

the case for the second harvest. The 1998-99 crop was not a 

normal crop. Fruit load was dramatically 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 CDFNFREP 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 'Bass' avocadb during an ''On'' year in 199B and an 
''Off'' year in 1999. 

Yt4r 2-ywr onnulAtiw 
1998 1999 yilM 

Tow Ib &U;" Ib &U;" Ib fro;" 
Treatment Ib N/acrc uee uee '<ee 

2x N in August (all yeas) 40.0 73.6 az 37.8z. 113 

G~r fertilization practicq 42.5 70.7 a 40.1 110 

2x N in November (prior [0 "on~ years) and 40.0 68.1 a 40.5 106 
April ("off" rem) 

2x N in November (all yean) 40.0 62.3,b 44.6 107 

Controlx BO.O 58.8 ab 49.4 lOB 

2x N in April and November (no N in BO.O 5B.B ,b 32.B 96 
February and June) (all years) 

2x N in April ("off" years) and 3x N ("on" 60.0 5B.6,b 4B.5 107 

r=') 

2x N ;n Ap,il (all rem) 40.0 56.B ,b 42.1 99 

2x N in April ("off years) and 3x N C'on" 100.0 42.3 b 44.6 B7 
years) applied foliarly 

P-vaIue 0.06 NS NS 

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

rGrower's fcniliz:l{ion prxtice is 40 Ib N as ammonium nitrate/acre iplit into two appliCltions made in July and August.. 

~ntrol trees rt:'Ccivcd 80 lb N as :unmonium nitrate/acre, divided into Four, 20 Iblacrc: applictions made in mid.April, mid.July, mid.August, and mid-November. 

starting the research by approximately six momhs to start 
with the 2000-01 crop. With the delay, the CAC and CDFA 
projects are now synchronized with regard to crop year, 
which will improve the results and the overall urility of the 
research. We spent the six-month delay improving the 
methods for recovering the resin bags and for standardizing 
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the extraction and recovery of nitrate and ammonia from me 
resins. We are confident mat this extra research will improve 
the quality of the dara that we are now collecting. At the 
time of submission, the lab had not completed the analysis of 
samples from the field. 
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EFFECT OF COVER CROP 
OR COMPOST ON 
POTASSIUM DEFICIENCY 
AND UPTAKE, AND ON 
YIELD AND O!lALITY IN 
FRENCH PRUNES 

Project Leaders: 
Richard RosecranceiPat Delwiche 
California State University 
School of Agriculture 
Chico, 01 
(530) 898-5699 

Fred Thomas 
CERUS Consulting 
Chico, 01 

OBJECTIVES 
1. Design and lay ou( an experiment ro 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 leafK 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 Ptune System 
Program (ESPS), the Biological Prune Systems (BPS) Pro
ject, and through the outreach activities of commercial fer~ 

tilizer suppliers and pest control advisors. 

G. Determine the effects of the four treatments on soil water 

relations in prune orchards 
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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 % ofK 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. Sreve Southwick, however, indicates 
that some growers are applying excessive amounts of potas
siwn resulting in nutrient imbalances in the trees. 

Potassium fIxation by soils depends on the quantiry 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 projecr leaders predict that 
these soils have minimal potential to ftx 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
iry of alternative management strategies of cover cropping 

and compost applicarions 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 chis year. To date, no significant treatment effects have 

been found in terms of mid summer leafK concentrations. 

whole {Tee K deficiency ratings. stem water potencial. and 

fruit yield and quality. These resultS are not unexpected given 

the short period since treatment 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. LeafK, 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 IN 
TH E 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 fenilization 

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 ofN fertilizer application 

are critical in optimizing its uptake to avoid leaching below 

the roOt zone and possible ground water contamination. The 
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only direct way to measure fertilizer use efficiency is with the 

use of 15N -Iabeled N fertilizer. 15N is a non-radioactive iso

tope ofN and can be quantitatively m easured 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 m eans (petiole analysis ar bloom rime) to derer

mine vine nutritional status. 

OBJECTIVES 
1. QuanriJY total uptake ofN 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 coasral 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 ar bloom and veraison and cluster N and 

K analysis at harvest) . 

4. D evelop 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 replicares for each root

stock at all locations subsequent to berry set (from two to 

four weeks afrer anthesis or bloom). The amount ofN 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 ar harvesr. This ranged from the equivalent of 27 

to 40 lb 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 rhat 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 rhe UC Kearney Agricultural Center and subse

quentlyanalyzed for lIN, Nand K. 
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Table 1. Bloom-time petiole 1I;trate and total N concmtratio1lS in 1997, 1998 and 1999. 

NO,-N 
Location Rootstock -(ppm)----

1997 1998 
Cameros 5C 911 590 

I lOR 718 340 
Gonzales 5C 768 486 

looR 638 481 
Freedom 587 695 

OakviUe 5C 68 1655 
1I0R 56 1338 
3309 52 1586 

Paso Robles 5C 6191 1359 
I lOR 4042 964 

Freedom 9876 1485 
140Ru 7462 1418 
l103P 7878 1575 

Each Value: is the: mean offour, 75 pcciok samples. 

RESULTS 
Petioles opposite me lowest duster on a shoot were sampled 
during bloom all three years and analyzed for NO,-N and 

total N (Table 1). The values for bom 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 

me Oakville site in 1999 to almost 10,000 ppm at Paso Rob

les in 1997. While me data in Table 1 are the means per 
rootstock/scion combination at each location, there was con
siderable variation in bloom-time petiole nitrate-N in 1999 

at the Cameros and Paso Robles 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 berween petiole N and nitrate-N 

(data not given). However, the total N values at the Oakville 

Cabemet vineyard in 1997 were high even though petiole ni

trate-N values were very low. 

The concentrations ofN in the leaves, stems (main axis of 
(he 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 petiole 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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Total N 
--------(% illy wt)------

1999 1997 1998 1999 
484 1.50 1.09 1.32 
396 1.69 1.16 1.29 
650 1.06 0.81 1.[0 
555 0.66 0.83 1.06 
599 0.91 0.84 1.00 
47 2.63 1.09 0.68 
57 2.60 1.01 0.72 
55 2.47 0.98 0.69 

2754 2.64 1.06 1.25 
1358 2.76 1.30 1.34 
1387 3.34 1.04 0.99 
1947 2.64 1.26 1.07 
1562 2.84 1.20 1.04 

dons of the fruit, leaves or canes. The relationship between 

me 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 (NH3N03)' with 5 a{Qm % excess I~NJ 
was the N fertilizer utilized in this study. Both N atoms were 

labeled with "N. The amount ofN fertilizer given to each 

vine was based upon an estimated yield at each location and 
subsequent removal ofN from the vineyard in the fruit 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 (lb lacre) 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 rwo to four 

weeks after full bloom (after berty set). 

The total amount of " N taken up by the vine over the three 

year period of me srudy 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 sarne organs over three years differed significantly only at 

the Oakville location but this may have been due pardy to 

significant differences in biomass production among root
stocks at that site. The average N concentration of biomass 
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Table 2. The amount of labeled N (15 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 15N (5 atom % excess) fertilizer was applied 
at berry set in 1997 at aD wcations. l

• 2 

Applied Total Total Total Percent 
Location Rootstock 15N Fertilizer I' N N DryWt. N 

... . (gIvine) (% drywt) 
Carneros 5C 12 0.066 44. 1 6255 0.71 

II OR 12 0.078 52.7 7482 0.70 
Gonzales 5C 20 0.049 52.7 6694 O.79a 

1I0R 20 0.051 54.5 7591 O.72b 
Freedom 20 0.047 49.9 7889 0.73b 

Oakville 5C 6 0.039 26.6, 4480a 0.59b 
I lOR 6 0.043 57.Dab 3760 b O.64a 

3309C 6 0.044 2Mb 3761 b 0.62ab 
Paso Robles 5C 17 0.035 c 65.3 82.61 O.79c 

1I0R 17 0.049 b 67.5 8394 0.80 be 
Fr«dom 17 0.074a 69.7 8701 0.80be 
140Ru 17 0.051 b 79.7 9171 O.87a 
l103P 17 O.072a 74.0 8949 0.83 b 

l)The cultivar uW at Cameros and Gonules was Chardonnay while Cabemet 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 followtd by a different ktter. If no letters appear within the column, there m no 

significant differences among rootstocks. 

produced by the scion (tOtal vine N divided by rotal vine dry 
weight) was significantly affected by rootstock at three of the 

four locations. A comparison of the two rootsrocks (5C and 

110R), common to all expetimenrallocations, showed that 

percent N was significantly greater for 5C at Gonzales, sig

nificantly greater for 11 OR at Oakville, but no significant dif

ferences between the two at Carneros and Paso Robles. 

Fertilizer use efficiency (FUE) (ratio of applied I'N to I'N 

taken up by the vine) was calculated for all scion/root

stock/location combinations each year and then swnmed at 
the end of the study (Table 3). With the exception of the 

Paso Robles site, there were no significanr differences in FUE 

among rootstocks. This may be due to the fact that all root

stocks were culturally treared the same (i.e. vertical trellis sys
tem, shoot positioned , hedged ar a certain height and drip 

irrigated according to best estimates of vine water require
mems). All fenilizer applications were such that the N was 

applied directly beneath an emitter while irrigating. The 

11 OR 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% ar the Cam eros, 

Gonzales, Oakville and Paso Robles sites, respectively. There 
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are several explanations for me 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 N PK fertilizer without my knowl

edge again diluting the I' 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 nirrate levels when sampled at bloom in 1997 

and 1999. Lastly, the proportion oflabeled fertilizer raken 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 ofN 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 lb N/acre to 98 lb N/acre. The lowest 

amount ofN per ton offruit was 1.96 lblron 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 peri

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 ojI' N laheled fertilizer found in each rootstock/scion combinatioll and 
the amount or' N fertilizer applied. 

----- IS N in vinefi5N applied _ _____ 

Location Cu[[ivar Rootstock 1997 1998 1999 3 Years2 

- - (%)-- --
Carneros Chardonnay 5C 9.7 l.l 0.2 11.0 

lIOR ILl I.2 0.7 13.0 
Gonzales Chardonnay 5C 4.0 0.6 0.3 4.9 

1I0R 4.3 0.5 0.3 5.1 
Freedom 4.0 0.4 0.3 4.7 

Oakville Cabernet 5C lOA 1.5 l.l 13.0 
1I0R 11.2 2.1 1.0 14.3 

3309C 11.5 2.1 l.l 14.7 
Paso Robb Cabern" 5C 2.1 1.2 0.7 4.0c 

lIOR 3.2 1.8 0.8 5.8 b 
Freedom 6.1 1.7 0.9 8.7a 
140Ru 3.5 1.6 0.9 6.0 b 
1I03P 4.8 2.2 1.5 8.5a 

25et- Table 2 ~TouJ 15N~ column illuwating ~ :lmOng rooutoch with regard to fcnilittr use efficiency. 

[rate concentrations. The concentration of K in the fruit, 
leaves and canes among locations and roors[Qcks 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 roar
stocks (Table 6) . Some of the differences among the 
scion/rootsrock 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 Cameros, Gonzales, Oakville 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 funceion 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 (dara 
nOt given). 

DISCUSSION AND 
CONCLUSIONS 
This study quanrified the uptake ofN 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 Nand K The amount ofN found in the dus
ters at harvest, leaves as rhey fell ftom the vine and the prun
ing canes ranged from a low of 98 to a high of 145 lb 

N/acre. The actual amount ofN removed from the vineyards 
(by harvesting the fruir) ranged from approximately 2.0 to 

3.21b NI ton. The amount ofK removed from the vineyards 
via fruit harvest all three years ranged from 74 to 140 Ib I 
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acre. The amount afK fo und in one ton of fruit ranged from 
approximately 3.8 to 6.0 Ib I 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 face, there was a large effect of both rootstock 

and location on petiole NOy N . The current recommenda
tion for adequate 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 thar 
when bloom-time petiole nitrate levels were below 200 ppm, 

the concentration of N in the dusters, leaves and stems (or 
canes) could be lower than when the levels were greater than 

200 ppm. However, the concentration ofN 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 cultiVaIS 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 gtowth. 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 of200-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 nitrare-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 tbe fruit at harvest, leaves as tbey ftllfrom tbe vines and tbe prunings at tbe 
four vineyard locations. 

TotiiN 
(clusters, leaves & pruoings) Total N 

Location ····------(lb 1=,)------- - ---(Ib J [On fruir)-----
1997 1998 1999 1997 1998 1999 

Cameros 52 38 43 2.68 2.50 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 me: mc:l.n (averaged across rootstocks) al each location each year. Other information as fou nd in T;1.ble 3. 

where petiole nitrate values were higher. This would indicate 

that very low petiole niuate-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. 

Ie is interesting ro point Out that petiole lliuate 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 nor been irrigated prior to taking 

petiole samples both years. The 1998 Spring was very wet, 

soil water content was very high at me time petioles were 

sampled thar year. This may indicate that rainfall could influ

ence petiole nircare-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 (hat 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 

niuate values. Growers should be made aware that irrigation 
starting date and the amount and frequency of rainfall may 

impact petiole NO,-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 mere is less varia
tion in total N from vineyard to vineyard and from year to 
year than for nitrate-No We found a fout-fold difference in 

petiole bloom-time, total N values in this study among the 
data collected (as opposed to a 21 a-fold difference in petiole 

nitrate values) . However, there was no correlation beLWeen 
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 bernreen 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 
sta[Us when used in conjunction with petiole analysis. Per
haps some of the fertilizet moved into the soil where little of 

the vine's roots were present. 

The data collected would indicate that the efficiency ofN fer
tilizer utilization (FUE) by the various rootstocks differs only 

slighdy. It is often assumed by many in the gtape 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 fertilizet. 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 toots in the 

wetted rone beneath the emirter (where the I' N fertilizer was 

applied), thus having greater access to the fertilizer. The differ
ences among rootstocks at Paso Robles could also have been 

due to the movement of the labeled fertilizer into the wetted 

rone at each site the fertilizer was applied. 

Anomer 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). T his 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 bernreen 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. Y"u/d, 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. 

---- ____ ____________ ___ _________ _______ %K ____ ____ __ ___ --------- -- - ---
- - - - -Tout K- - - --

Location Rootstock Yie1d Petiole Fruit Leav" Prunings Fruit Vine 
tI,cre _ .. _ .. _--- -- (% drywt.) - ------- (lb lacre) 

Cameros 5C 7.7 1.73 0.79 0.93 0.69 27 40 
1I0R 8.5 1.61 0.78 1.35 0.86 29 55 

Gonzah 5C 5.5 303 0.81 U 8 0.77 19 34 
I lOR 5.4 2.67 0.83 1.50 0.53 19 35 

Frttdom 5.3 3.21 0.83 1.26 0.59 19 35 
O.kvill, 5C 5.5 3.62 UO 1.27 0.61 29 60 

I lOR 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 
I lOR 5.0 3.70 0.95 1.21 0.58 20 36 

Freedom 5.2 4.87 0.99 1.28 0.66 22 40 
140Ru 5.2 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. Y"u/d, total K in thefruit, the amountofKper tonne offruit, totalK in the vine (fruit + leaves + canes) 
and percent K of the vine for three years as a function of location, cultivar and rootstock. 

Tom Vine2 
Location Cultivar Rootstock Yield - - Fruit K K 

(tI,,,,) Ob lacre) (Ib It) (Ib lacre) (% drywt) 

Carneros Owdonnay 5C 25 96 3.9 143 b 0.84 b 
110R 29 124 4.2 1983 0.96.> 

Gorua\es Chardonnay 5C 20 74 3.6 103 0.78 
I lOR 21 83 3.8 124 0.81 

Fr«dom 18 69 3.8 100 0.74 
Oakville Cabemct 5C 25 140 5.6 222a 1.04 b 

IIOR 20 119 5.8 198,], 1.103 
3309C 17 101 6.0 165 b 1.03 b 

Paso Robles Cabemet 5C 18 82 4.6 119 0.90 b 
110R 18 85 4.8 129 0.96.>b 

Fucdom 18 97 5.4 143 1.03a 
140Ru 18 93 5.2 149 t.02a 
1I03P 17 96 5.8 147 1.03a 

2Values within the twO Total Vine K columns at a gi~ location ~ significantly different (p<O.05) if followed by a diffell:lJt letter. If no leueTli app::u. mer(' are no signifiCU'Lt diltcr
ences. An ANOYA was not conducted on the data in the other column 

son Seedless grapevines grown in the San Joaquin Valley. I[ 
should be poimed ou[ tha[ [he FUEs presemed in this sum

mary were based upon N found in the frui[, leaves and prun

ing canes while those on Thompson Seedless also analyzed 
[he roO[ system, trunk and fruiting wood. Those three organs 
contained approximately 40% of the coral "N labeled fenil

izer taken up by the vines in that srudy. It was anticipated 
tha[ the labeled fertilizer in the [cunk, cordons and roO[ sys
[ems of the vines used in this study would be remobilized 
and found in the in the dusters, leaves and pruning canes in 

1998 and 1999. The da[a found in Table 3 indicace the 
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majoricy of "N found in those organs was [aken up the first 

year. Other possible reasons for the differences becween the 

Thompson Seedless study and this one are: 

1.) The vineyard si[e in the Thompson study had a hardpan 

a[ a depth of abom 3 fee[ (1.0 m), which may have pre

ven[ed any leaching of the fercilizer below [he roO[ zone 

2.) Vines in this study were irrigated at es[ima[ed full ET, 

which may have leached the fertilizer below the 

rootingwne 
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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 nittate 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 ofK eStablished for 
Thompson Seedless are: less than 1.0% - deficient, greater 
than 1.5% - adequate. The petiole K values in this study 
ranged ftom 0.78 [0 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 
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data from this study would indicate that 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 [Otal K taken up by 
me vine as a function of rootstock at the Cameros 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 IIOR at 

all locations showed that the concentration ofK in the bio
mass was greater for II OR than Sc. Lastly, it appeared that 
cultivar also affected the amount ofK found in the fi-uit. 
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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 garlic growers may vary sub

stantially. Little information is available about the timing and 

amounts of irrigation, and the rdationships among fenility

water managemem-yield, and particularly among fertility

water management-harvest and postharvest qualities. 

Highest yields are probable with soil moisture depletion of as 

little as 25-30%. Evapotranspiration can also be used as a 

guideline for irrigating garlic. Irrigation cut-off dare, or date 

oftast irrigarion, 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 
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California over the past 20 years have varied hom 100 to 

400 Ib Ntacre. Nitrogen, as well as moisture, availability 

early in (he growing season is essential for optimal growth. 

Late applications ofN may be deleterious to both yield and 

quality. Growth is slow during the first four months alTer 

planting. Thus, the greatest N needs are during the late win

rer when garlic starts irs 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 cumff date is imponam 

since dry manee coment increases during the season. Thus. if 

irrigation cutoff is roo early. dry matter can be reduced. 
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Figure 1. Relatiomhip between soluble solids. thiosulfinates 
and dry weight of garlic produced tmder different irrigation
N fertilization regimes. Data from 1998. 
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Table 1. Summary ofN fertilization treatments applkd during 1998-99. 

N Total Preplant Preplant Sided=. First Second Thin! 
Fertilhation Nitrogen 11-62-0 Urea Urea' WaruRun Water Run WakrR.un 
Treatment appliod (lb) Niaogenl Nitrogen' Nitrogm 

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 
F5 400 28 41 251 40 40 0 
ISidcdra.s applied between January 28-Fdmwy 4. 
2F1rn water run niuogen applied April I. 
3Second water run ninogen applied April 15. 

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

Irrigation 
Treauncnt 

T1 
T2 
T3 
T4 

Applied Water 
% Evapotranspirarion 

110 
110 
130 
130 

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 (he 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 qualiry parameters that have been little studied in 
relation to production and storage conditions. 

c::::::J 100 N Fructan Concentration 
~ 250 N 

800 ~ 400 N LSD". 43 

;: 750 
c 

'" C, 
E 700 

650 

600 '- '-
1 2 3 4 

LOW " HIGH 
Irrigation Regime 

Figure 2. Froctan concentratiom of garlic in relation to i"i-
gation-N fertilimtion treatments. See Table 1 for details of 
treatments. 

Da~of 

Last Irrigation 
10 May 
24 May 
10 May 
24 May 
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OBJECTIVES 
The specific objectives of the research are to: 

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

2. Determine leaf tissue concentrations ofN in relation to 

fercilizer and irrigation practices. 

3. Relate leaf tissue analyses to qualiry at harvest. 

4. Relate the postharvest qualiry 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 harvesr. Irrigarion treatments for 1999 
consisted of water applications equal to 110% (T I , 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 I and 2. Yield data 
for the irrigation-N ferti lization trial was taken from 5-foot 
manually harvested partS of the 20-foot plots (6 field replica

rions). For the quality/postharvest evaluations, all garlic was 
manually dug in late June. Afrer 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 ventilation. 
Outer cloves from bulbs were manually peeled for determina-
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Table 3. Freid, dry weight and soluble solids content oJgtrrlic produced under different Irrigation-N JertilizatWn regimes. 

Irrigation Nitrogen Plot Yield Bulb Dry Soluble 
Treatment 'freatment Kg/1.5m Weight % Solid. 

g % 

TI 1 6.0 49.1 41.1 43.2 
3 7.2 61.1 40.3 435 
5 7.1 63.8 39.0 42.3 

T2 1 5.6 52.2 41.1 43.7 
3 6.3 585 39.6 43.0 
5 7.1 72.5 39.5 42.1 

T3 1 5.1 45.9 41.0 42.3 
3 6.2 64.1 40.3 43.6 
5 6.6 61.1 39.1 42.6 

T4 I 5.1 495 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 6 field replications. Composition data ~ averages from 30 outer doves 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

liin by HPLC (high pressure liquid chromatography). The 

2000 harvest, but not the 1999 harvest, is being stored for 

postharvest evaluations. 

RESULTS AND CONCLUSIONS 
Averaging across N fertilization treatments, bulb weight per 

5-foot subplots was less with higher rate of irrigation treat

ments. No significant differences were found in weight of in

dividual bulbs. Averaging across irrigation rreatmenrs, total 

bulb weight per 5-foo{ subplot was significancly less with 100 

lb N. treatment. Average weight per bulb was also reduced 

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 

(he highest N rate across the 4 irrigation treatments (Table 
2). The percent soluble solids followed a similar pattern for 

TI and T2 irrigation treatments, but not for T3 and T4. 

Although percent soluble solids and percent dry weight were 

well correlated (Figure I), the relationship between fTuctan 

concentration and these (VoID parameters were less clear. Fruc

tan concentrations were affected by N fenilization treatment, 

with the highest carbohydrate content associated with the low

est N application of 100 lb lacre and the lowest fTucran con

tent associated with the highest N rate of 400 lb lacre (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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Figure 3. Alliin 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 plors whereas the highest al

liin concentrations were associated with the highest irrigation 

rate (130% ET). Alliin was not affected by the fertilization 

regime. Thiosulfinate concentrations (mostly alicin) also gen

erally decrease with increasing dry weight (Figure I). 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 Fruaan Sucrose Glucose Fructose 
Treatment '&eatment mglgDW mglgDW mglgDW mglgDW 

T I I 792>5 23.0!; 2.5 1.6:t 0.1 4.1 :t o.2 
3 761. 5 21.4 ± 2.2 1.5 • 0.4 3.5 • 0.7 
5 nS:t 10 18.1 ± 3.5 1.3 ± 0.2 3.5< 0.3 

1"2 I 815 ± 5 16.2 ± 1.0 1.4 ± 0.2 4.1 ± 0.4 
3 762 ± 13 22.6 ± 2.3 0.6.0.1 3.5< 0.3 
5 748. 16 23.3. 1.4 0.6 + 0.5 2.8 .0.3 

T3 I 796.50 21.5.3.9 1.0:1: 0.3 2.5±O. 1 

3 nO±26 25.7 +2.6 0.3 ± 0.2 2.3 ± 0.2 

5 666 :1:118 27.4 + 2.0 0.2 ± 0.2 2.9.0.5 

T4 I 803.7 24.4.0.5 0.1 ;1:0.0 2.2 • 0.4 
3 770.46 26.2 ± 1.1 0.1 ± 0.0 2.5 :t o.l 
5 726 ± 27 28.3:t 1.4 0.2:1: 0.1 2.4 :I: 0.3 

Average Tl 760 20.8 1.5 3.7 
T2 775 20.7 0.9 3.5 
T3 744 24.9 0.5 2.6 
T4 766 26.3 0.1 2.4 

Average FI 802 21.3 1.0 3.2 
F3 766 24.0 0.6 3.0 
F5 717 24.3 0.6 2.9 

Data are average &om 30 outer cloves !Tom a 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 NO,-N of the surface foot of soil and other N pools 
in the surface two feet of soil at early planr 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
jecr between fresh petiole sap testing, dry plant tissue testing, 
and N fenilizer 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 utility of fresh petiole sap 
resting using the Cardy Meter for decision making in roma[Q 
N management. 

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

RESULTS AND CONCLUSIONS 
During the 1998 and 1999 growing seasons, the project was 

carried our 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 tegions. All fields received N ferril
izer sidedress applications of 0 to 250 lblacre 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), 
NOJ-N and NH,-N. Each strip plot was machine harvested, 
followed by measurements for toral yield and fruit quality. 

Concentrations ofNOr 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 I). There was lirrle differ
ence, however, in soil NO,-N levels within individual fields 
between 0-1 em and 0-2 cm soil depth. In-season mineraliza-



ONGOING PROJECT SUMMARIES 

TabU, 1. Soil N concentration prior to sidedress fertilizer application, in-season N mineralization rate, 
and grower ~ fertilizer N inputs. 

NO,-N (mg/kg) by depth 
y= Field 0-30cm O-GOcm 
1998 1 6.3 7.2 

2 7.4 8.8 
3 22.3 28.5 
4 8.5 6.1 

1999 5 7.2 10.9 
6 23.7 20.7 
7 16.0 13.3 
8 4.7 3.5 
9 15.7 15.8 
10 10.1 12.2 

lFields at the University ofCalifomia's Wc:mide Research and Extension Unler. 

rion rares of soil mineral N (0.9-2.8%) and roral soil organic 

N conrem (0.66-1.77 g N/kg) were generally consistem with 

anricipared norms for California Cemral Valley soils. Toral 
pre-sidedress and sidedress ferrilizer N inputs by commercial 

growers in non-experimental rows at project sites ranged 
from 140-274 kg Nlha and were consistenr with typical in

put rates used in the industry. 

Significanr yield response ro N applicarion was found in only 
four of ren fields (Table 2). N rare 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 (r'=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

rion up ro 112 kg Nlha resulred in increased yield. No fields 

with yield response ro sidedress N application had pre-side
dress soil NO,-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 ueatment rates had no significant effect on percent 
red or rotten fruit harvested in any field. Fertilizer rate effects 
on other fruit quality indicators were inconsistent and did 
not fit linear nor quadraric response models (Table 3) . As an 
example of these inconsistencies, fields 3, 4 and 8 had statis
tically significant ueatment 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 Nlha 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 qualiry, and comparisons between fields that did have 
significant treatment effects provided no observable link be
{Ween treatment rate and fruit quality indicator performance. 

O'gank N (gIkg) N Mineralization Grower inputs (kg N/ha) 
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0-30cm % rate pre-sidedress sidedress 
0.8117 104 3004 118.9 
0.8583 1.8 51.0 99.1 
0.7650 2.0 3004 118.9 
0.6975 2.8 28.0 NAZ 
0.6575 2.3 127.3 145.6 
0.9050 0.9 64.2 198.2 
0.8200 1.2 44.0 198.2 
0.7875 1.8 1304 NAZ 
1.7675 1.3 6.7 134.4 
1.1488 1.3 16.2 134.4 

Dried petiole NO,-N concentration was most closely relared 
to plant N deficiencies at the fruit set growth stage (Figure 
1). Six of nine treatment replications wi rh significant yield 

response to ferrilizer inpur could be clearly demarcated from 
non-responsive replications at fruit set petiole sampling stage 
(Figure 1) . All four fields (4, 8, 9, 10) with sratistically signif

icant yield response to fertilizer treatment rate also showed 
statistically significant differences in dried petiole NO,-N 
concentration related to treatment at fruit set sampling (data 
not shown). In these N -responsive fields. all treatments with 
less than 2300 mglkg petiole NO,-N concentration at fruit 
set had significant yield response to sidedress N. Approx.i
mately 80% of trearments with dry petiole NO,-N levels ar 

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 NO,-N measured at the sarne planr 

growth stage. Although whole leaf total %N in five of six 
fields had statistically significant similarities with fruit set 
petiole NO,-N using Duncan's multiple range test (p<0.05; 

dara not shown), whole leaf rotal %N did not exhibir strong 
linear (r' = .32) nor quadratic (r' = .37) correlarion ro dry 
petiole NO,-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 total %N 
sampling dara (Figute 3). 

The strongest linear and quadratic correlation between dried 
petiole NO,-N levels and fresh petiole sap NO, concentra
tions measured by the Cardy Merer was found ar fruir set 

sampling srage (Figure 4). Using Duncan's multiple range 
test (p<0.05), five of six fields had a statistically significant re
lationship between dried petiole NO,-N and wet petiole sap 
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Figure I. Relationship of petiole NO;-N at first bwom, fruit 
set and fruit cowr stages and relative fruit yield; data from 
N-responsive and non-responsive fields included. Symbols in
dicate whether treatment was (0) or was not (fl) N-limited, 
as determined by multiple range comparison (Table 2). 
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NOs at fruit set, compared to one of six fields showing the 

same significant relationship ar fusr bloom sampling srage 

and rhree of six fields at fruit color srage (data not shown). 

! 

Post-harvest soil N03-N concentrations were significantly 

higher with sidedress fertilizer treatment rates of280 kg 

N/ha rhan with zero sidedress input trearments in fields 6 

and 7 when measured in the top 0-60 soil depth, and in field 

6 when measured at 0-120 em soil depth (Duncan's multiple 

range tesr; 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 qualiry. No fields 

in rhis study demonstrated yield response to sidedress N ap-

32 

Figure 2. Linear and Qwulratic correlatiom between dried 
petiole NOy N and whole leaf total %N measured at fruit 
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plication above 112 kg N/ha N, and only four of ren fields 

had any significant yield response to sidedress N. Furrher

more, fruit qualiry 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 srage when 
uptake ofN is highest. No fields with more than 16 mg/kg 
NO,.N in the top 60 cm of soil (approximately 140 kglha 
NO,.N , at a rypical bulk density of 1.35 g/cubic em prior to 
sidedress demonstrated any yield response to sidedress N ap
plication. This observation indicates the possibiliry of a criti
cal level of residual soil N that is sufficient to sustain proper 
plant growth and maximum yield wirhout sidedress N . The 
similarities berween PSNT NOs-N levels at the 0-30 cm and 
0-60 an 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 N03-N was not surprising, since mat 
amount represented approximately 70% of seasonal toral N 
uptake (200 kglha 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 derermined N mineralization rates of 
approximately 1-2% (Table 1), which would have provided 
an additional 30-160 kg N/ha N for projecr fields. There
fore, in-season mineralization of organic N, coupled with ex
isting NO,-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 despire low PSNT levels. This suggested thar ei
ther in-season N mineralization was higher than the esti
mated range, or the crop was able to access mineral N at soil 



ONGOING PROJECT SUMMARIES 

Table 2. Effict of sidedress N rate on fruit yield in folds with significant N response. 
Siddms 
kgNlha Filtd 4 

0 97.2 C' 

56 118.5 b 
112 129.5 ,b 
168 138.0a 
224 137.8, 
280 141.6 a 

Linear 
Quadratic ~ 

zMean separllion within columns by Duncan's multiple rangt: ~, p .. O.05 
.... Significanr at P .. O.Ol 

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 em (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 NO,-N recommended for processing romaro 
production in California's Central Valley is the same as criti
callevels 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 NO,-N levels at fruit set sampling 
showed the dearest separation between treatment plots with 
yield response ro sidedress ferrili2er (N-deficient) and no 
yield response (not N-deficient) (Figure 1). Data from this 
study suggested a dried petiole NO,-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 ret 
stage and relative fruit yield; data from N-rerponsive and 
non-responsive fields included. Symbols indicate whether 
treatment was (0) or was not (il) N-limited. as detennined by 
multiple range compariroll (Table 2). 
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Fruit Yi(id (tlha) 
Fulda F,,{d9 FuM 10 
88.9b Ill.Oc 77.5b 
11 5.6 a 119.4 ,b 88.5 a 
123.0 a 121.4 ab 90.3, 
120] a 118.5 ab 9L2a 
121.0 a 124.1 a 89.4 a 

95.4 b 116.3 be 87.8 a 

NS NS NS 
NS NS 

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 water run or foliar N ferrili2er applica
tions. 

Fresh petiole sap NO, concentration as measured by the 
Cardy Meter showed the strongest correlation with dtied 
petiole NO,-N (r' = .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 ro 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 fertili2er 
inputs ro correct N deficiencies and obrain maximum yields. 

The absence of a srrong correlation between sidedress N ratc 
and dried whole leafN measured at fruit set srage was proba
bly due ro limits on plant N uprake ability. Suggested nutri
ent sufficiency levels for romaroes are at 3.0% N (flowering) 
ro 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 rop 
0·60 cm of soil, were observed. 

Although post-harvest soil NO,-N levels were generally 
highet in field plots receiving 280 kg N/ha at sidedtess than 
in those receiving zero treatments, it was surprising that the 
differences were statistically significant in two of six: fields at 
0-60 em depth and one of six fields ar 0-120 cm depth. Pte
vious studies have found post-harvest nitrate levels consider
ably higher with larger sidedress ferrilizer inputs, especially at 
gteater depths . 

Thir project ir the MS therir work of Henry Krurekopj who pro
vided the bulk of thir summary. 
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Figure 4. Linear relatiomhips between treatment meam of petiole wet sap N03 (Cardy Meter) and dried petiole NO" N measured 
at first bloom, fluit set and flu;t color sampling. 

Table 3. Fields with Fruit Qualit;l Indicators Exhibiting Sidedress N Treatment Effects. 
Fruit Quality hJdKaUJr 

F~/d %&dO % Grtm" %1"611" .fruit WI,. C'tIl4r c solids" 
J 

2 

3 
4 . . 
5 
6 
7 

8 . 
9 
10 

.. Significant fruit quality difference due to neatmenr TalC; Duncan's multiple range lest, p=O.OS 
a Pe.-cent red, grct'n and ronen unsonro fruit collected on harvc:ner 
b Tow weight of sorted n:d fruit divided by number offruit weighed 
~ Blended juice color; ration of gr«n (566 nm) to red (650 nm) light reflected from the juice 
d Soluble solids coment (S5, obrix) 
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Figure 5. Post-harvest soil 
NOrN concentratiom 0-60 em depth 

(mg/kg) in top 0-60 and 20 
0-120 em soil depth. 
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OBJECTIVES 
1, Document the contribution of a wimer leguminous cover 

crop ro plant nutrition, yield and fruit quality in process

ing tOmatoes in an on-farm field tcial. 

2. Document the impact of a winter cover crop on soil 

permeability and winter runoff versus. fallow, pte-bedded 

ground. 

3. Educate other growers and suppOtt industty about trial 

results and cover cropping technique. 

DESCRIPTION 
Planting full 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 delivety 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 vetch-pea mix. We found benefits to 

this practice. Trials were 3-acre plantings in commetcial 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 fal l 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 ro vetch, which grew 

more rapidly during lare 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 rermination 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 
betweelllare March ro April. 

Over the years, our plot design remained a randomized com
plete block with 6 replications wirh 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, lOa, or 150 Ib N/acre. 
Sidedressed N, as urea, was applied soon afrer 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 ro establish 

the transplants in 1999 and 2000. 

We monirored growth of the romaro 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 ro 200 Ib ofN was 'available' 
from the leguminous plants. 

In the year 2000 trial, the vetch 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 lb N/acre was fixed by 

the cover crop. 

In 1999 and 2000, a Wilcox Performer" bed mulcher was 
used (0 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 trom 
Louise Jackson of the Department of Vegetable Crops, Uni
versity of California-Davis. In all years, tomatoes were trans
planted about 2 co 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 swnp-type pwnp; 2) a stage recorder 
measuring water levels behind a v-notch weir; 3) a I' x 5' 
cylinder set in a furrow to measure [Otal 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 addition, a field trial has been expanded to Sutter 
County. A summary report will be completed in the late fall 
of2000. 

We anticipate winter grown cover cropping may be attractive 
to tomato growers transplanting afrer late April. This plant
ing period will maximize vegetative growth of the vetch cover 
crop and leave sufficient rime to incorporate the green ma
nure crop. 
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EFFICIENT IRRIGATION 
FOR REDUCED NON
POINT SOURCE 
POLLUTION FROM Low 
DESERT VEGETABLES 

Project Leaders: 
Charles A. SanchedDawit Zerrihun 
Yuma Agricultural Center 
University of Arizona 
Yuma,AZ 
(520) 782-3836 

Khakd M Bali 
UC Desert Research and Extension 
Holtville, C4 

Cooperators: 
Mark Nibleck 
U.S. Bureau of Reclamation 
Yuma,AZ 

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 data from Ariwna showed that as irrigation levels 
increased above the amount required to replace evapotranspi
ration, N leaching below the root wne increased and crop re
coveries of N decreased. 
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There is a rendency 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 adven;e affect on land sustainability 

orren 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 pracrices. It is the opinion of the authors 
that once efficient scheduling and water management strate
gies are confirmed and demonstrated to vegetable 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-Ieaching, 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 lertuce 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 verify-ing 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 porrion of the melon acreage has been 
converted from furrow {Q buried drip. sruciies were also con
ducted with drip-irrigated melons. 

Evaluation of Management Allowable Depletion 
(MAD) ~lues, 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 (0 

80% soil water depletion (SWD) in the surface 2 feet. Neu
tron probe access tubes were installed (0 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 targeted 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 calculate kc values from ET 
as measured by soil water depletion and Penman ETo values. 

Orner studies were conducted to evaluate furrow irrigation 
performance as influenced by system parameters and vari
ables. During each irrigation evem 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 desen vegetables. 

Bromide tracers were applied to selected plots to 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 afi:er 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 ETo values. These treatments were in fac
torial combination with three N fenilizer treatments. Daily 
irrigation was computed from average ETo values as calcu
lated from the previous week weather data. The influence of 

irrigation regimes on melon's growth and yield were deter-

39 

mined from weekly measurements of plant growth and dry 
matter accumulation as well as marketable yields at maruricy. 

R.ESULTS AND CONCLUSIONS 

Evaluation of Management Allowable Depletion 
(MAD) l-alues, 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 (kc values) for let
tuce are approximately 0.1 and increase ro 0.6 to the rapid 
growth phase. Interestingly, these data agree closely with 
Iysimeter estimates determined previously. We are still in the 
process of compiling much of this data and hope to complete 
validation ofkc values for lettuce and melons this coming 
year. 

Inft/tration and roughness parameters were calculated from ir
rigation evaluations. These parameters were used to calibrate a 

Zero inertia model. We are currencly in the process of using 

independent field data 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 to 0.8 ETo 
and from 0.17 to 0.66 ETo 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 larter 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 N03-N values declined for the highest irrigation 
regime at the final sample date. Based on the results of the 
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first experiment, we made the decision CO 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 notth of our plots. Results /Tom the 
third experiment are currently being analyzed. 
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NITROGEN 
FERTILIZATION AND 
GRAIN PROTEIN 
CONTENT IN 
CALIFORN IA WHEAT 

Project Leader: 
L.F. Jackson 
Department of Agronomy and Range Science 
University of California 
Davis, CA 
(530) 752-0701 

Cooperators: 
Cass Mutters 
UC Cooperative Extemion Butte County 
Oroville, CA 

Doug Munier 
UC Cooperative Extemion Glenn County 
Orland, CA 

Jerry Schmierer 
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INTRODUCTION 
The nitrogen fertil ization requirements for wheat depend on 
factors such as yield potential, the previous crop and residual 
fertility from it, soil fertility, and plam 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 lb N/acre, with some acreage over-fertilized and 

some acreage under-fertilized because of the rlifficulty of 

matching fertilizer need with yield potential in each growing 
season. Also, grain protein coment may be higher or lower 
than the desirable level despite the use of identical rates ofN 

fertilization. Anthesis-time (flowering-time) N applications, 

in combination with irrigation. can be made to increase grain 
protein content and improve baking quali ty. 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 110/0. If the former is aue, the grower may 
qualify for a price premium based on grain protein content. 
If the latter is true, no price ptemium will be available. In or

der to produce high quality wheat consistendy 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 to be established before anthesis. 
Nitrogen acquired afrer 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 h igh enough for the yield potential to be realized, yet 
nor so high that excessive vegetative biomass was produced. 
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Table 1. Nitrogen fertilization and grain protein content in Cnlifornia wheat. Effects of anthem-time nitrogen 
applications on yield and agronomic characters of "Kern" wheat in 2000. Sacramento VaHey Sites: Chico State 
University Farm, Butte County; Erdman Ranch, Colusa County; and UC Davis Agronomy Farm, Yolo County 

SM Anthesis-N YiJd Tu t 1000 Plant UJdging D"J' ., D"J' "' SepwrUt 
Treilt'mmt RAu (/hlbu) Weight K_ l Height (hltroest) H,aJ Mnture BYDV trifid 

(lhhtcre) (/hI .. ) Weight (in.) (From (From b/Dtcb 

IX! 3/1) 3/1) 

ButreCo 
I 0 5800 (02) 64.5 44.7 33 
2 30 (" NH.NO,) 5540 (03) 64.4 43.8 33 
3 60 (as NH(NO,) 5910 (Ol) 64.7 46.3 34 
4 30 (as Foliar Urea) 5490 (04) 64.6 45.2 35 

M= 5680 64.6 45.0 33 
01(%) 4.6 0.2 2.9 5.4 
LSD (.05) ns n. ns ru 

Colusa Co. 
I 0 5240 (04) 62.3 49.8 l.3 
2 30 (" NH.NO,) 5470 (01) 62.5 49.7 l.5 

3 60 (" NH.NO,) 53 10 (03) 62.7 50.8 l.5 
4 30 (as Foliar Urea) 5460 (02) 63. 1 49.9 1.3 
Moan 5370 62.6 50.0 1.4 
01 (%) 5.0 0.2 0.9 36.4 
LSD (.05) ns 0.5 n. ns 

UC Davis 
I 0 5560 (01) 64.9 46.7 35 l.8 25 75 3 1.5 
2 30 (" NH.NO,) 5430 (04) 64.6 48.2 34 l.8 25 74 3 l.5 
3 60 (" NH.NO,) 5530 (02) 64.4 47.3 34 l.5 25 75 3 l.8 
4 30 (as Foliar Urea) 5490 (03) 64.8 46.2 36 l.8 25 75 3 2 
M= 5500 64.7 47.1 35 l.7 25 75 3 l.7 
01(%) 5.6 0.2 l.6 2.9 3l.6 3.2 39.8 
LSD (.05) n. n. ns ru ru ru n. 

3-Locatioll 
Summary 
I 0 5530 (02) 
2 30 (" NH.NO,) 5480 (04) 

3 60 (as NH.NO,) 5580 (Ol) 
4 30 (as Foliar Urea) 5480 (03) 
Moan 5520 
01(%) 5.1 
LSD (.05) n. 

Rating scale for diseases (area offlag- lleafaffected at soft dough stage) and lodging: 1=0-3%,24-14%, 3=15-29%, 
4,.30-49%,5=50-69%,6=70.84%, 7=85-95%,8=96-100 
BYDV raring'! (sa: scale above) were based on percentage of plants showing foliar symptoms. 
Numbers in parentheses indicate relative: rank in column. 

Another finding was that flag-leafN content at anthesis was 

positively correlated with grain N content (but not with 

grain yield) at matUlity. If flag-leaf N content was greater 

than 4%, additional N usually was not required to achieve 

the target (13%) grain protein content. In order to accurately 

estimate anthesis-cime N requirements, however, it is neces

saty to be able to predict both final grain N content and 

grain yield at anthesis. 
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The experiments conducted by Cassman and associates were 
done with cultivars "Anz:i' and "Yolo") low protein cultivars 

adapted to the Sacramento Valley, and "Yecora Rojo" and 

"Klasic", higher protein cultivars adapted to the San Joaquin 

Valley. The cultivars used in the current experiments are 

"Kern" and "Kronos". "Kern is a recently released cultivar 

that is intermediate in protein content compared with the 

low protein culrivars ''And' 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, bio11U1SS, and nitrogen tissue content of "Kern" wheat in 2000. Sacramento vaHey 
Sites: Chico State University Farm, Butte County; Erdman Ranch, Colusa County; and UC Davis Agronomy Farm, 
Yolo Coun~ 

Anmesis 14 Dars Post Anthesis 
Sire! Anthesis-N Rare Yield Flog leaf Flog leafN Stem N Biomass Flog leaf Flog leafN 5temN Biomass 
Treatment (lb/,ere) (Ib/,cre) SPADer % % (gIm-row) SPADer % % (gIm-row) 

Butte Co 
1 0 5800/(02) 40.3 3.39 1.44 21 7.0 42.5 3.15 1.21 212.3 

2 30 (os NH.NO,) 5540/(03) 40.7 3.52 1.52 217.5 43.8 3.44 1.45 216.5 

3 60 (os NH.NO,) 5910/(01) 40.4 3.45 1.48 215.8 43.8 3.35 1.4 1 187.3 

4 30 (as Foliar Urea) 5490/(04) 42.0 3.66 1.53 212.0 41.4 3. 17 1.32 209.0 

M= 5680 40.8 3.50 1.49 215.6 42.9 3.28 1.35 206.3 

CV(%) 4.6 3.39 7.5 6.4 7.6 4.45 8.0 12.4 13.5 

LSD to-os) ns ns ns ns ns ns ns ns ns 

Col ... Co. 

0 5240/(04) 43.8 3.69 1.54 182.5 42.7 3.09 1.18 256.0 

2 30 (os NH.NO,) 5470/(01) 45. 1 3.75 1.53 222.0 44.6 3.42 1.28 250.8 

3 60 (os NH,NO,) 5310/(03) 44.4 3.71 1.54 172.8 44.3 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 

M= 5370 44.4 3.73 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..." ns ns ns ns ns ns 0.3 ns ns 

UCDavis 

0 5560/(01) 43.4 3.63 1.52 194.5 44.2 2.85 1.05 206.8 

2 30 (os NH,NO,) 5430/(04) 42.4 3.32 1.44 173.0 45.0 3.47 1.25 194.5 

3 60 (os NH,NO,) 5530/(02) 41.7 3.20 1.39 175.5 44.3 3.33 1.18 230.3 

4 30 (as Foliar Urea) 5490/(03) 42.6 3. 10 1.42 176.0 43.8 3.14 1.15 193.3 

M"" 5500 42.5 3.3 1 1.44 179.8 44.3 3.20 1.16 206.2 

CV(%) 5.6 4.81 6.7 5.6 15.5 2.2 4.0 5.7 10.1 

LSD (O.II5l ns ns 0.4 ns ns ns 0.2 0.1 ns 

Numbers in parentheses indicate relative rank in colwnn. SPAD Cf: Minolta SPAD-50l ChlorophyU Meter reading<>. 

Soil Niuogen (ppm): NOJ-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 
At anmesis 2.05 7.43 

43 



ONGOING PROJECT SUMMARIES 

cultivars "Yecora Raja" and "Klasic". "Kronos" is the most 
widely grown durum wheat cuItivar 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 tates of anthe
sis-applied N. Experiments were designed to measure the re
sponse of grain protein content to clifferent rates (0, 30, and 
60 lb N/acre) of anthesis-time N fertilization under clifferent 
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 identiljring pre
dictive quick tests for use in fine-tuning amhesis-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 
199912000 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 theJ.G Boswell Kern Lake Ranch (Kem 
County). University of California Cooperative Extension 
Farm Advisors Cass Mutters (Butte County), Doug Munier 
(Glenn County), Jetty 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 reaclings, 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 
anrnesis followed accepted grower practices at each site, thus 
providing differing crop biomass and N status environ
ments. Variable rates ofN (0, 30, and 60 lb N lacre as am

monium nitrate and 30 lb 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 cur 
at the ground level. Subsamples of flag leaves and uppermost 
stem internodes were drawn from the biomass samples for 
rotal tissue N determination. Grain yield, grain N content, 
bushel weight, kernel weight and harvest index were mea

sured at harvest. Crop biomass samples were panitioned 
into straw and grain for harvest index determination. 

RESULTS AND CONCLUSIONS 
The sites and grower practices used provided clifferent 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 clisease severity at any location (Tables I and 3), 
despite different yield potentials at each site and different soil 
N supply available both preplant and at anthesis (immediately 
prior to the application of anthesis-N) (Tables 2 and 4). 

Average flag leafN-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, inclicating inher
ent within sire 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 anmesis showed a similar 
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level of within site variability to flag leafN-content, ranging 

from 1.44 to 1.52% at Butte, ftom 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 
leafN-coment 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 GO Ib/acre rate ofN as NH,NO, 
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 Butte. 

Flag leaf chlorophyll readings (with a Minolta SPAD-502 
Chlorophyll Merer) taken 14 days posr-anthesis were not sig

nificantly affecred by the different rares 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 ofN from the flag 
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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 corrdation with final grain 
protein content and tissue-N content. Uppermost internode 
N-content at 14 days post-anthesis, as with flag leaf chloto
phyll, did not reflect differences in flag-leafN-content at that 
rime 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 ofbio
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. Efficts of antbesis-time nitrogen 
applications on yield and agronomic characters of "Kronos" Durum wheat in 2000. San Joaquin VaHey Sites: Dupont 
Research Facility, Madera County; j. G. Boswell Ranch, Corcoran, Kings County; and j. G. Boswell Kern Lake Ranch, 
Kern CounlJ'. 

T., 1()()() Pia'" BM 
Sitd Anthros-N RAt( YMd Wright Krrnrl Wright Hog/" Lodging Point l 

Trr:aJmmt (lhlacrt) (fb/(I<rf) (lb/bu) Ii! (in) (Jwvest) 

Madera Co 
1 0 5650 (03) 63.4 64.5 38 1.0 1.0 
2 30 ('" NH..NO,) 6000 (01) 63.3 64.9 36 1.0 1.0 
3 60 (os NH.NO,) 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 

M"" 5790 63.3 64.7 36 1.1 1.0 
01(%) 11.4 0.4 5.3 1.6 33.1 
LSD (.05) n, n, n> n> n, 

King> Co 
I 0 6390 (02) 62.6 63.9 35 6.5 1.0 
2 30 ('" NH..NO,) 6340 (03) 62.4 61.7 35 6.5 1.0 

3 60 (os NH.NO,) 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 
Moan 6370 62.4 63 35 6.5 1.0 
CV(%) 7.5 0.7 3.7 1.7 6.3 
LSD (.05) n> n, n> n> ru 

KemCo 
0 4110 (03) 58.1 49.0 8.0 1.0 

2 30 (as NH4NO j ) 4570 (01) 57.6 48.3 8.0 1.5 

3 60 (a> NH.NO,) 3780 (04) 58.0 46.5 8.0 1.0 
4 30 (as Foliar Urea) 4310 (02) 57.7 47.8 8.0 1.5 
M,m 4190 57.8 47.9 8.0 I.3 
CV(%) 16.7 1.4 3 46.2 
LSD (.05) n, m n, n, 

3-Location Summary 
1 0 5380 (03) 
2 30 (os NH,NO,) 5640 (01) 

3 60 (as NH4NO~) 5400 (02) 
4 30 (as Foliar Urea) 5380 (04) 

M"" 5450 
01(%) 11.4 
LSD (.05) m 

lRatingscal( for blade point and lodging: ],,0-3%,2,.4-14%,3 .. 15-29%,4=30-49%, 5 .. 50·69%, 6=70-84%, 7=85-95%, g=9G.!OO. 

Numbers in paremheses indicue relative rank in column. 
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Table 4. Nitrogen fertilization and grain protein content in California wheat. Effects of anthem-time nitrogen 
applications on grain yield, biomass and nitrogen tissue content of "Kro,IOS" Durum wheat in 2000. San Joaquin Valley 
Sites: Dupont Research Facility, Madera County; j. G. Boswell Ranch, Corcoran, Kingr County; a,u/ j. G. Boswell Kern 
Lake Ranch, Kern Count;}'.' 

Anthesis 14 Days POSt Anthesis 
Site! Amhesis-N Rate Yield Flag Leaf Flag LeafN StcmN Biomass Flag Leaf Flag LeafN StemN Biomass 
Treatment (Ib/acre) (lb/acre) SPADCf % % (gIm-row) SPADCf % % (gIm-row) 

Mad= Co 

I 0 5650/(03) 49.2 3.38 1.42 176.3 50.0 2.98 0.90 255.8 
2 30 (as NH.NO,) 6000/(01) 48.8 3.27 1.37 173.0 5Ll 3.10 1.03 243.5 
3 60 (as NH.NO,) 5910/(02) 50.0 3.33 1.37 188.3 52.4 3.74 Ll4 244.3 
4 30 (as Foliar Urea) 5580/(04) 45.5 3.06 1.21 170.8 50.5 3.43 LlO 238.3 
Mem 5790 48.4 3.26 1.34 177.1 51.0 3.31 1.04 245.4 
CV(%) 11.4 5. 14 10.1 8.3 12.9 6.38 12.6 14.3 12.7 
LSD (.05) os os os os ns os os os ns 

Kings Co 

I 0 6390/(02) 53.6 3.87 1.54 222.3 52.0 3.27 0.98 267.5 
2 30 (as NH.NO,) 6340/(03) 54.7 3.88 1.62 252.5 52.9 3.72 1.20 241.8 
3 60 (as NH.NO,) 6510/(0l) 53.0 3.82 1.51 257.0 53.9 3.67 Ll7 294.8 
4 30 (as Foliar Urea) 6250/(04) 54.0 3.67 1.57 237.0 52.7 3.60 Ll4 278.0 
M"", 6370 53.8 3.81 1.56 242.2 52.9 3.57 Ll2 270.5 
CV(%) 7.5 2.43 5. 1 5.2 10.9 1.85 6.9 18 14.4 
LSD (.05) os os os ns os ns ns ns ns 

Kern Co 

I 0 41101(03) 51.2 3.87 1.43 244.0 46.6 3.22 1.30 265.5 
2 30 (as NH .. N03) 4570/(01) 51.3 3.81 1.49 237.5 45.8 3.06 1.35 302.8 
3 60 (as NH.NO,) 37801(04) 49.0 3.77 1.48 219.8 45.6 3.39 1.34 258.0 
4 30 (as Foliar Urea) 43 10/(02) 50.8 3.81 1.44 238.5 48.0 3.36 1.26 312.3 
Mem 4190 50.6 3.82 1.46 234.9 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 os ns ns 

Numbers in pmnth= indiClte relative rank in column. SPAD Cf: Minolta SPAD-502 Chlorophyll Meter readings. 
Soil Nitrogen (ppm): NO,·N NH,·N 
Madera: PrepJant 42.40 44.00 

At anmesis 0.63 2.78 

Kings: Preplant 23.85 37.38 
At anthesis 5.58 6.50 

Kern: Preplanr 24.25 5.80 
At anmesis 4.98 22.28 
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INTRODUCTION 
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 full and spring in the low desert. Large 

amounts ofN fertilizer per aCte are typically used to produce 

high quality sweet corn. Rates ofN applied to sweet corn in 

the desert often exceed -270 lb Ntacre. 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 desen-grown sweet corn. 

3. Evaluate the effect ofN management on post-harvest 

quality of sweet corn. 

DESCRIPTION 
Sweet corn growers have different cultural practices. One of 
our cooperators applies three N fertilizer applicacions after 
planting, not including pre-plant application. This coopera
ror grows a spring and a fall sweet corn crop. With this coop
eratOr our experimentS consist of the following 8 treatments 
in a 23 factorial design. 

I . 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, nor including preplant application. This 
cooperator only grows a spring sweet corn crop. With this 
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cooperator Qur experiments consist of the following 4 treat
ments in a 22 factorial design. 

I . 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 ofUN32 (approximarely 70 to lIB kg 
N/ha). 

Four field experiments were conducted in 1999 to eval uate, 
and demonstrate to growers several diagnostic tools. The ex
periments were designated as 47, 47 A, 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 3-1 7-99 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 fr' ; 
50 It x 14.0 It 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 appl ied by furrow irrigation. 

Postharvest evaluations were conducted on experiment 47B 
and 47C. Samples were packed in wax carrons, cooled 

overnight at a commercial operation, and shipped overnight 
express mail with ice packs in experiment 47B and no ice 
packs in 47C. Samples of 12-1 5 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 [Q 24 hours [Q complete. For stor
age, samples were held at 41 °F (SOC) in the commercial car

rons and evaluated alter 6 and 12 daY'" 

RESULTS AND CONCLUSIONS 
Studies conducted in 1999 were designed ro evaluate the re

sponse of sweet corn to sidedress N fertilizer applications and 
test the effectiveness of various diagnostic plant tests as pre
dictive rools. To do this we had ro build up a database suffi

ciently large [Q correlate and recalibrate plant and soil tissue 
tests if needed. The information presented is for experiments 
conducted in 1999 and the data are still roo 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. 

Only the corn in experiment 47 showed an occasional posi

tive response to N fertilization. 

For stalk nitrare-evaluarions, we used the critical values re
poned by Doerge er al. 1991. These values were 9000 ppm 

at the 3-leaf stage, 12,000 ppm at the 6-leaf srage, 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 ofpredicted and actuAl response of sweet corn to sidedre .. N based on stalk valUl!s. 

£xperimm' SiJuJreu s..u. DUtgrlOsU PmJicUJ AnwJ 0;"..."., 
No. -- Rnponse Aauouy 

Yield 
47A 1 9875 D + E\ 
47 2 5125 D + + C 

2 5125 D + E\ 
47A 2 9750 S C 

2 10000 S C 
47B 2 16250 5 C 

2 16250 S C 
47C 2 21250 5 C 

2 22500 5 C 
47 3 9500 5 C 

3 9750 5 C 
3 8250 D + + C 
3 10000 5 C 

S.sufficient; D .. Oeficient; (+) .. positive response; (0)'" negttive respon.sc:: E1- Error in diagnosis by predicting positive n:spon.sc: 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 rest criticalleve!' With 

the exception of experiment 47, all soil NO,-N levels were 
above this preliminary critical concentrarion 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 marurity, tip 
or ear fill of sweet coro from the fertilization treatments 
(Table 4) . Pericarp toughness was slighdy 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 sraced in commercial waxed cartons at 41 of 
(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 furrher time in 
storage (perhaps related to drying of the silks with longer 

time in storage). There were no differences in the visual qual
iry of the stored corn among the treatments. Dry weight per
centage did not change significandy during the 12 days, but 

soluble solids decreased on average by 25% (13.9% at day a 
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 comrol 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 immarure and had poorly formed 
and filled ears. Poor qualiry ears were eliminated as much as 

possible. Differences in maturity, tip ftll and ear fill of corn 
were minimal among the treatments (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 maturity than [Cue differences due to 

fertilizer treatments but 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, bur 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 laborarory 
in this experiment. In furure experiments, samples will be 
sent with ice packs or under refrigerated transport. The green 
color of the husks decreased with storage time. Dty weight 
percentage did not change significantly during the 12 days, 

Tabk2. Comparison o[predicted and actllal response of sweet corn to sided""ss N based on conventional soil values. 

&pmmnlt S;J~Jrus ConventiOnN DU:gnotis PmJkteJ A,nud DU:gno,tic 
N •. Soil (ppm) &rpOnl~ Ruponle ruM AccuNll)' 

47 24.3 S C 
47A 86.6 S C 
47B 73.7 S C 
47C 1 65.1 S C 
47 2 35.4 S • E, 

2 33.2 S C 
47A 2 44.1 S C 

2 80.2 S C 
478 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 C 

3 129.2 S C 
3 104.7 S + E, 
3 149.5 S C 

S"sufficicnt; (-+-) .. positive: response; (-) .. negative response;~ .. Error in diagnosis by predicting no response to N but a positive response occurred; C. OOI1l!Ct response. 
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Table 3. Comparison ofpredicted and actual response of sweet corn to sidedress N based on quick soil values. 

&pmm.n, SkUJrns Qui&SoU DiAgnosis PrYJimd AnwJ DUtgnostic 
N. !Inpo= /UP<'"" A<cu=y 

Y'uM 

47 32.2 S C 
47A 31.1 S C 
478 I 81.6 S C 
47C I 73.4 S C 
47 2 36.2 S + E, 

2 24.9 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 3 34.8 S C 

3 37.0 S C 
3 29.3 S + E, 
3 4 1.8 S C 

S...sufficiC'nr; (+). Positive ft$JX'rtSe; (-)so Negative response; E2= Error in diagnosis by predicting no response to N but a positive respol15l! occurred; c.. correct response. 

Table 4. QuAlif:). at harvest o[ sweet corn, Experiment 47B, 1999. 
FtTtiIiution Milturity ' TtpFilP FArFilP Pmcmp' "' Dry Pniuzrp4 SugarS 

TlYIttment Touglmns Weight " of Dry W"gIn gig I»1 W"gb, 
4 1.9 2.0 2.8 7. 14 19.7 17.7 335 
3 2.0 2.2 2.8 7.5 1 22.4 14.4 314 
2 2.0 2.2 3.0 7.64 21.4 13.3 314 
I 1.9 2.4 2.8 7. 16 22.0 13.5 338 

Average 2.0 2.2 2.9 7.36 21.4 14.7 325 
lSD w.os) ru ru n, 0.50 '" 1.8 ru 

I Marurity: t .. jmrnature, kernels small, 2 .. optimum maturity, 3=ovcrmaturc, kernel sap milky; evalu:trion of 5 ears per field rep. 

21ip fill and ear fill (kernel fill); t",kemds not fill cnd or length of ear, z"mocletatdy well filled, 3 .. well filled; ~uation of5 cars per field fCp. 
3 Pericarp toughness determined on 20 kernels per field (ep. (4 measurements x 5 earslrcp.) by masuring the resistance to penetration of a 2·mm flat cylinder probe: on TA-XT texturr 

analyzer, 2 mm deep . 
• Pc:ricarp content was determined as a percent of total dry weight by homogeniting and filtering a $aITlple of kernels, I determiruulon per composite sample per field rep. 

S Sugar determined by a colorimetric phenol ass.:cy on I ethanol c:xtr:lct of a oomposite sampk per field rep. 

but soluble solids decreased by an average of 15% over the 

12 days. In experiment 47C, soluble solids were lower 

(Il.l % on day 0) than in corn samples in experiment 47B 
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Table 5. Postharvest quality of sweet corn, ExperimnJt 47B stored at 41°F for 0, 6 and 12 days, 1999. 

Ft:rtiliz4tum n.y,., v.".} , v.".} , v""}' 0".,' "n.,. % &LJ,k~ 

Treatment 5'C q,.dJ'J QwJity q,.dJ'J on Sil/n Weight So"", 
(4rF) Hw' FA, SNits 

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 

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 7.2 7.7 6.0 2.5 20.3 12.4 

6 7.2 7.6 6.5 2.4 21.1 12.9 
Average 7.2 7.7 6.2 2.5 20.8 12.7 

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 2.3 19.8 9.9 

12 5.8 7.7 5.4 3.1 21.4 11.2 
Average 6.2 7.7 6.0 2.6 20.3 10.4 

LSD (OoOSl 0.5 0.7 0.7 0.4 ". 0.6 

IVISUa! qtaliry ofinuct car in husk, silks and husked ear was scored on a scale of9 to 1, where 9 .. cxccllc:m, 7- good, 5=fair, 3=poor and l .. unUSC3blc; a score of 6 is the limit of salability. 

2DI!C.I.y on si lks was scored on a 1 to 5 scale. l=none, 2-sligl11, 3- mooeClllc, 4_moderatc:ly Sl:Vtre, S"'5eVere . 

.} Soluble solids .... ':IS determined on i composite cleared juice s:unple per fidd n:p. on a temperature compensated rdTactometet. 

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

Ferti/iutitm Maturity' TrpFiOl &rFiJJ1 Pniunp J .. n.,. PuicRrp4 

T"atmnlt TouUmus. We.gbt % of Dry Weight 
N""""" 

4 2.0 2.3 3.0 7.24 18.2 16.0 
3 1.9 2.2 3.0 7.32 17.9 15.7 
2 2.0 2.3 3.0 7.40 18.4 14.7 

1.8 2.3 2.8 6.77 17.4 16.2 
Average 1.9 2.3 3.0 7. 18 18.0 15.6 
LSD (O.~\ 0.2 "' 0.1 0.28 N. n. 

J Maturity: I. immature, kernds small, Zzoptimum maturity, J .. overm:nure, kernel sap milky; evaluarion of 5 ears per field rep. 

21ip fill and ear fill (kernc:l fill): I.,Wnds not fill end or length of car, 2 .. modcrately well filled, 3_wdl filled; evaluation of S ears per field rep. 

3Pericup toughness determined 011 20 kcrnds per field rep. (4 measurementS x 5 C:;I.n/rep.) by measuring the resistancc to penetr.Uion of:l, 2-mm Rat cylind~r probe on TA-XT 
te:xtureamuyzer, 2 mm deep, 

4PetiCllp content was dl'termined as a percent of toral 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. 

HJUit Color ' KnnJCo/tw ' 
JYrtjIirAh"orr L' a..~ L ' an.m. 
Trubrrmt 

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 

66.2 35.0 70.4 17.7 
Average 66.6 34.5 70.8 18.2 
LSD (D.051 "' n, 1.7 1.0 

lL represents lightness or darkness (O"black, 1 OO=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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Tabk 8, Postbarvest 'lualit;l at sweet corn, Experiment 47C stored at 41 "F (5'C) for 0, 6 and 12 da}'s, 1999, 

FerrilivuWn Day. 11"""", ' 11"""", ' 11"""", ' D_' " Dry " L' an..~ 

Trrlltment III soc Quality QwJity ~Hty o1lSilh Wdght So/ubk J CA/or Co"" 
(41 °F) Hwk Ear Sillo SoIUb VaI~ VaIu. 

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 

0 9.0 9.0 9.0 1.0 17.4 9.3 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 5.9 7.6 6.0 2.8 18.4 10.6 66.0 32.9 
I 6 6.7 7.0 6.8 2.2 17.4 9.2 66.9 33.0 

Average 6.4 7.3 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 7.2 5.1 3.1 18.1 9.6 67. 1 33.9 
2 12 5.4 6.9 4.7 3.2 17.6 9.6 69.2 33.3 

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 33.2 

L.5D(IJ.o5) 0.6 0.8 0.8 0.4 ." 1.1 2.3 1.1 

lVisual quality of intact ear in husk, silks and husked ear _ $COm::!. on a scale of9 (0 1, where 9=excdlent, 7 .. good, 5=F.Lir, 3=poor and I=unusable; a score of 6 is the limit of sa!:tbility 

2Deca.yon silks was scored on a I to 5 scale, where I_none, 2-slight, 3. modtr.tfC, 4::modcrnfdy severe, and 5 .. ~re.. 

3Solublc solids ..... ~ detcnnined on 1 oomj>O$ite cleared juice sample per field rep on a temperature compensated refr.icrotnercr. 
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INTRODUCTION 
During the last 10 years, the cotton aphid (Aphis gossypil) has 

developed from a non-pest to one of the most significant in
sect pests of California cotton. This insect pest has joined Iy

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 aDd an additional $38 million 
in control costs were incurred co "manage" this one insect 
pest. Cotton aphid infestarions damage the cotton crop in 

several ways. On vegetative stage cmton, 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 Guly 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 plaot growth regulator instead of irrigation and N 

deficics 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

recdy or indirecdy aphid populations), cotton varieties, the 

crop mosaic in the SJY, and other facrors may also be acting 

upon aphid populations. Several species of insects have been 
shown to respond positively to higher levels ofN, and simi-
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lady, small plot studies have shown more cotton aprods in 

highly N-fertilized cotton plots compared with low fertility 
areas. The idea of balancing rhe amount ofN needed for op

timal cotton yield with the level required to mitigate cotton 
aphid population build-up is the goal of mis project. Utiliz

ing cultural control measures such as N management could 
play an important role in corron aphid management. Biolog

ical control of mid- and late-season aphid outbrealts is only 
moderately effective. Relying on insecricides for aphid con

rrol adds undesirable production costs and also promotes me 

development of insecticide resistance in this aphid pest. 
Therefore, additional non-chemical control measures, such as 
cultural concrol, would fill an important void. 

OBJECTIVES 
1. Study the influence of cotton N fenilizarion practices on 

COtton aphid population dynamics and seasonal buildup 

in cotton. 

2. IdentiJY specific crop carbohydrate and N status associated 
wirh higher aphid densities during specific crop growth 

stages. 

DESCRIPTION 
Replicated field studies with differential N levels, set up by 

the Corron Agronomist and Corron Farm Advisors in grower 
fields, were largely utilized for Objective 1. The treatments 
were set up in strips, generally 8 rows wide x rhe field length 
(up to 1/4 mile long) x 4 blocks (smaller plot sizes were used 

at the research cemers), Target N fates in these srudies were 
50, 100, 150, and 200 Ib N/acre; me lowest rate utilized the 
residual soil N and merefore 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.fWest Side Research and Ex
tension Center (REC), Kings Co., Merced Co., Madera Co., 
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2; 2000 . -- .-
~ ISOO -~-

~ ~ - -- .. 
'''' '" ~;-

. 
s"" ". . --
, 
U;.AUg ,.", ,.Stop 16-..<;"1' lJ-s.p 

Figure I. Petiole N levels vs. applied N treatments (Ilb fA) 
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 dates 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 me top, was used. Aphids were 
counted in rhe laboratory with the aid of 50X magnification. 
For Objective 2, treatments of ° (=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 (appUed every two 
weeks), a treatment with an alternate source ofN (200 Ib 
lacre of urea), and a "balanced" fertilization (200 Ib N/acre + 

100 Ib K,O/acre). Cotton aprods 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 me ef

fects of predator insects feeding on them) and were moni
tored for their survival, fecundity, and generation time daily 
over the next month. Three compete aphid generations 

(new-borne to adult) were completed. 

RESULTS AND CONCLUSIONS 
Cotton aphid populations were generally low in 1999, but 
levels responded to rhe N regime. Populations generally 
built-up late in me season and at that time the N levels had 

likely largely equilibrated or at least were greatly alrered com
pared with the treatment regimes. In [he strip tests (grower 
fields and RECs), aphid populations developed in six of rhe 
eight sites (see Table). The roghest aphid density was - 33 per 
leaf However, at all me six sires wim aphids, mere was a 
trend with more aphids at me higher N levels; a 3-4X range 
was commonly seen from me 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 men earlier in the 
year, but there were still distinct differences among the treat
ments (Figure I). Across rhe treatments, periole values ranged 
from high to low in terms of normal cotton growth and de

velopment. 

Resulrs from detailed studies on the effects of N on cotton 

aphid levels showed thar, for me first generation of aphids 
exposed to me conditions, me aprods from high N plots, es

pecially the ones reared on plants fertilized wim ammonium 
sulfate only, produced significantly more offipring and had 
shorrer generation times, i.e., [he time needed to go from a 
new-borne aphid to an adult, man me aphids from low N 
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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. 

LocntWnlNitrogen TIYaJ'ment 
(1h11UTt) 1 

Sh.Et" REC (field I) • 50 
100 
150 
200 

Kern County - 50 
100 
150 
200 

King; County - 50 
100 
150 
200 

Aphids pet' ka! 

0.7 
1.3 
1.7 
3.3 

0.05 
0.05 
0.05 
0.08 
0.3 
0.9 
1.4 
1.2 

LoutiQnlNitrogen TIYItmr-t 
(lblmn) I 

Tulare County · 60 
100 
150 
200 

West Side REC - 50 
100 
150 
200 

Sh.Et" REC (field 2) • 0 
50 
100 
150 
200 

AphUis P" haf 

1.8 
3.2 
7.9 
9.0 
0.7 
1.0 
I.! 
2.2 
12.3 
17.9 
18.9 
27.9 
32.8 

I nne of pdk: Shaftrr REC (field 1)·3 Sep[ember; Kern County - 12 August; IGn~ County, Tulare COunty, Shafter REC (field 2) · 2 September. West Side REC - IS September. 

plots (Figures 2, 3). Generation times ranged from 12.3 days 

(0 Ib Nfacre) to 9.3 days (250 Ib Nfacre) . Similarly, the 

number of offspring per adult averaged 1.7 and 5.3 with the 

low and high N regimes, respectively. Conversely, potassium 

seemed ro have a detrimental effect on the aphid processes. 

Thus, aphids ftom the treatment that had the "balanced" fer

ti lization (200 Ib N facre + 100 Ib facre K20) had a lower 

fecundity and longer generation time than individuals from 

[he rwo highest N treatments (200 and 250 Ib facre of am

monium sulfate). This negative effect of potassium on aphid 

fitness has been observed in other systems with other herbi

vore species. The splir applicarion and urea form ofN did 

not alter the results compared with the "srandard" 200 Ib 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 rhe highest N plots; however, the differences 

among treatments were not as distinct (Figures 2, 3) . 

6 r---r=============~--------------------------~ ., II First generation 

-01 

S 
• Second generation 

~ 4+----------------.-.. 
~ 

!tl o 
~ 

:;.2 +---------;S 
= 
~ 

roo. 

o 
ON SON 100 N IS0 N 200 N 2S0 N 200 N Split 

Fertility Treatments (lb I A) 
Figure 2. Number of cotton aphid offipring produced with various fertility regimes on cotton. 
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POTASSIUM RESPONSES 

IN CALIFORNIA RICE 

FIELDS As AFFECTED By 
STRAW MANAGEMENT 
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Davis, C4 
530-752-4377 

William R. Horwath 
Department Land, Air, and ~ter Resources 
University of California, 
Davis, C4. 

Cooperators: 
John Williams 
UC Cooperative Extension Sutter and 
Yuba Counties 
Yuba City, C4. 

OBJECTIVES 
I. 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 

tice 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 significandy 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 (I<) deficiency was 

selected. From half of the selected area (about 7 actes), 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 fot 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. Mitlseason leaf N concentration as affected by 
N firtilimtion. 
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Figure 2. Midseason leafK concentration as afficted by 
K fertilization. 
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Figure 3. Aggregate sheath spot occurrence as afficted by 
N fertilization. 
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Figure 4. Aggregate sheath spot occurrence as afficted by 
K fertilization. 
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rates ofN (0.45. 90. 135. 180 lb/acre) as ammonium 5ul/ilte 
and 6 rates ofK (0. 22. 44. 66. 88. 110 lb/acre) as KCl for 

each straw management treatment (total of240 plots) was 
used. Midseason concentration of N and K in the leaves was 

conducted for all treatments. A disease rating was carried out 
a few weeks prior to harvest for the following rates: O. 45 and 

90 lb N/acre. Straw and grain yield were determined and 
both plant components were analyzed for tOtal N . 

RESULTS AND CONCLUSIONS 

Midseason Nand 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 compased to 

straw removal. The difference in K concentration in the 
leaves when straw was removed or incorporated remained 
similas 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 srage 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 

ofN 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 ofN doubled the 

concentration ofN and leveled off at about 4%. There was 

no impact on srraw removal or incorporation on tissue N , 
suggesting that straw did not immobilize or increase plant 
available N. 

Diseases 

Leaf diseases and the occurrence of aggregate 5heath 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 Spot. rated on a scale between 1 and 4. 
was prominent in all treatments and an overall rating of 3 
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was observed across all treatments whether Straw was incor
porated or removed. The severity of aggregate sheath spot de
clined slighclywith higher rates ofN fertilization for both 

straw management practices (Fig. 3) but was unaffecred by 
the application ofK (Fig. 4). Straw management practices 

had no significant impact on aggregate sheath spot. 

le 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 wiII 
be assessed during the duration of this project. 

Straw and Grain Yield 

Rice yield was affected by rate ofN application (Fig. 5). 

Whereas unfertilized rice achieved an average yield of 5500 
lb/acre. increasing the rate ofN fertilizer increased the grain 

yield to 9100 lb/acre. However. the removal or incorporating 
of the straw did not significantly affect the yield. In addition. 

applications ofN above 90 lblacre 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 roo 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 nor 
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
movalled 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 ofK 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 

total amount of gtain yield divided by the total amount of 
aboveground biomass produced multiplied by 100. The in
crease in straw production withom an increase in grain pro
duction would suggest that me additional nutrients mat 
became available following me 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 production 
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Figure 5. Grain yield as affected by N firtilization. 
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Figure 10. Straw N concentration as afficted by K fertilization. 
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of grain following straw incorporation. fu 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 fuUowing the incorporating the residue. Of interest 
would be to determine how to manage [he rice straw differ

ently and whether an increase in nucrients 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 

fmal harvest showed that removing straw led to an increase 
in the concentration ofN in me grain at all levels ofN appli

cation, (Fig. 9 ). The K fertilizer had no effect on N concen

rration in the straw (Fig. 10). A; anticipated, the 

concentration of N in the grain increased with increasing 

rates ofN application and the increase was more pronounced 

when straw was removed. The application ofN fertilizer in

creased the concentration ofN in the straw but neither straw 

management nor K fertilization had a significant impact on 

the concentration ofN. 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 hlgher concentrations 

of nutrients in their seed, a phenomenon that may have oc

curred in this study. 

The N requirement (amount ofN in lb/acre to produce a 

ton of grain), increased significantly under higher rates ofN 

(Fig. II). Higher rates ofK application had no effect on me 

N requirement (Fig. 12). However, the N tequirement for 

rice under low N and K rates of fertilizers improved when 

straw was incorporated: i.e. , less N was needed to produce a 

ton of grain (Figs. II and 12). 

Although increased level, afN application decreased the re

covery of the applied fertilizer-N (N-use efficiency or 

NFUE) and the lowesr N recoveries occurred when straw 

was incorporated (Fig. 13), the decline was not significant. 

The impact ofK fertilization on N fettilizet 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 crop and from the 15N-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 maner pool where it 
can be recovered from the various fractions, each with its 
own rate of turn-over. Initially, the 15N 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 I' N becomes available again for 
plant uptake. However. a portion of the I'N in the various 
soil organic matter fractions is derived from 15N-labeled plant 
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residues; i.e., roots, stems and leaves. During the mineraliza
tion process. a portion of this organic 15N is convened into 

NHt and subsequently converted into NO,. The remaining 

I'N that is not converted rapidly inco mineral N becomes 
part of the more stable soil organic marter 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 

thac the unaccounted portion of the applied N is lost from 

the field. As discussed earlier. part of rhe I' 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 
bu.r 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 srudy 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. earlyap

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 environmemal concerns 
of the potential movement of excess N into groundwarers. 

OBJECTIVES 
1. Determine the rate of mineralization of organic matter 

and release ofN from the pool of/abile soil N in cotton 

systems 

2. Determine the contribution of the labile pool ofN to the 

subsequent corton 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 I'N 
studies for three seasons 15N enriched urea was used to label 
micro plots which were established within the fertilizer rrials 
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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 wr., stem dry wr., boll dry wr., total dry 
wt. , leaf area, specific leaf area, plant heighc, tocal nodes, 
node ac firsr square, leaf, stem and boll N and acom% excess 
"N. Three levels ofN were used as creacments (0,56,168 
kg/hal. Tissue was sampled ac specified cimes and subsamples 
were analyzed for acom% excess of "N. Resulcs presented be
low represent sampling and analyses for boch che 1998 and 
1999 season. The impOrtance of che various soil organic N 
pools as sinks of applied fertilizer-N were decermined. Soil 
samples were caken co a depch of 8 feec, che £lese 4 feet in I' 
increments and from 5-8 feet at 2' increments at the end of 
the growing season from the center of the 15N micro plots. 
Three soil samples per plot were taken and combined prior 
co analysis. The soil microbial biomass in che cop 10 inch 
and the soil organic maner in the entire soil profile was de
termined. 

T he amount of "N chat is released from the soil organic 
matter pool and the COtton residue was determined using in
cubation/mineralization srudies. Soil samples from che field 
plots were collected as described above. These samples were 
incubated under controlled conditions. The production of 
inorganic "N is determined by analyzing che NO, content of 
the soil solution and the rate of organic decomposition deter
mined by losses of C chrough 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 che contribution of che previ
ous season's organic matter to the N pool for the next crop. 
cotton residue was collected from che labeled plots, weighed 
and incorporated into this year's plots. The break down of 
organic matter and the disuibution of '5N will provide 
information on the cycling ofN and organic matter in 
the system. 

RESULTS AND CONCLUSIONS 
Figure I illuscrates che data from the rwo sites chat were la
beled wich "N. The above ground biomass ofboch Acala and 
Pima type cotton was determined in response to N fenilizer 
levels. At boch locations chere was little response of biomass 
to N levels of 0 and 56 kglha. At 168 kg/ha che 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 at che Kings Counry site, however, both 
Acala and Pima showed a response berween 56 and 112 
kglha at che Fresno site wich no response above 112 kglha. 
Above 168 kglha N yield leveled off at both sites. 
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Figure 1. Above-ground biomass of Pima and Acata cotton as 
a fimction ofN treatments for the 1999 season. For the con
trol treatment no N was added The biomass was measured 
after defoliation and represents rhe standing crop which will 
be incorporated into the soil. 
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Figure 2. Seed cotton yield of the 1999 Pima and Arala cot
ton crop as a fonction of N treatments. 
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Figure 3. The amount of reed nitrogen removed from the 
field of the 1998 cotton crop as a jUnction ofN treatments. 
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Figure 4. The % N derived from fertilizers by cotton treated 
with two levels of' N labeled fertilizers as a jUnction of 
time. 
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Figure 6 Microbial biomass from soils from the Kings 
County site as a jUnction 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 oEN 
from the vegetative parts to the seed and that lint yield is not 

a scand alone indicator ofN level or distribution in cotton. 

The "N labeled fertilizer data ate shown on Figure 4. These 

data provide information on the sources ofN from the soil. 

At both sites the amount of N derived from fertilizer was 

greater at 168 kglha of applied N fertilizer than at 56 kglha. 

Also more N was obtained from fertilizer at the Fresno site at 

the higher level of applied N than at the Kings County sire. 

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 kglha N treatment 

the N derived from fertilizer did not exceed 10% and by the 
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Figure 5. Microbial biomass from soils from the Fresno 
County site as a jUnction of time. The biomass is calculated 
from the CO, evolved from incubated soils (see lost report). 

end of the season was less than 5%. Even at the 168 kg/ha 

treatment the N derived from fenilizer decreased from 75% 

to 20%. This suggest that when N is relatively high and 

available the plant acquires N from those sources but as the 

level efN decreases a greater amount comes from less avail

able sources such as soil organic marrero This means that we 

need a more accurate assessment of the "supplying power" of 

soil if we are ro 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 
Counry 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 marter. 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 effecr 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 ofN 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 conon will be made available to growers. 
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INTRODUCTION 
Precision mming 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 panerns of 
features of interest but on how to interpret the data and 
make predictions on the impact of variable management 
practices across a mmer'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
arr geostaristical 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 parr 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 fot 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 lefi: unfertilized, in order to 

quantifY natural variability of soil fertility. 

In the spring of2000, 50 soil samples (40 with a spacing of 
30 feet, 10 random) were collected fot eacb transect, yielding 
a total of200 samples. Samples were dried and stored using 

standatd methodology, and are currently being analyzed fot 
P-Olsen, toral N, total C, "N natural abundance, "C natural 
abundance, cations and texture. In addition, an extraction 
with sodium terraphenyl boton will be cartied out to deter
mine available K for the Ctop. 

The field was planted on May 25th. Two of the transects, 
30 feet wide, were left unfertilized. The test of the field was 

fertilized with aqua ammonia. At plant establishment and a 
month later, infrared images were taken. Plant samples wete 
collected on July 20th, and will be analyzed for mid-season 

nurriem status. 
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At harvest, whole plant samples (including toots) will be col
lected from all locations. In adtlition, the number of weeds 
will be quantified. Harvest maps actoss the transect will be 
made using a yield monitor calibtated using hand-harvested 
plots across the transects. 

Aftet completion of the analyses, a pteliminary 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 me next growing season. In addition. multivariate regres
sion will be used to link the measured variables to grain 
yield, above-gtound and below-gtound biomass. 
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OBJECTIVES 
1. Measure variability of yield within fields in a processing 

romato-based rotation. 

2. Determine relationship of crop yield to soil and plant 

characterisrics and color infrared aerial imagery. 

3. Assess the potential for site-specific fuming in irrigated 

row crop rotarion 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 whear-romato-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 dara, 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 afrer 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 

(CARn 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 (Q be important in explaining the average 
yield over the four-year period. 

Because soil propenies 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 that differed in day content in the initial sam
pling by more than a threshold value. The combined data set 
covered 120 sample locations (Fig. la.). 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. Ib). With the 
coarset sampling, areas of -1 ha (2-3 acres) may be misclassi
fled. 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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Figure 1. (a) Tzvo-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. 
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Another approach would be ro 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 costA 
separate srudy 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 wirh whear yield zones. 

In summary, there are three approaches to producing a fum 
field-scale soil texture map: (I) Soil sampling with one sam

ple per 0.5 to perhaps 4 acres; (2) Use ofNRCS soil data
bases - essentially county soil survey infotmation; (3) Soil 
sampling andlor soil database information in combination 
with remOte imagery such as aerial photographs. 

. , 

Figure 2. Clay COl/tent difforence between intensive 
sampling and sparse sampling as shown ill Figure I. Only 
a few mzall areas (hachures) show an absolute difforence 
>2.5% clay 



ONGOING PROJECT SUMMARIES 

DEVELOPMENT AND 
TESTING OF 
ApPLICATION SYSTEMS 

FOR PRECISION 

VARIABLE RATE 

FERTILIZATION 

Project Leader: 
Ken Giles 
Department of Biological and Agricultural 
Engineering 
University of California 
Davis, QI 
(530) 152-0681 

Cooperators: 
Tony Turkovich 
Button & Turkovich 
Winters, QI 

Graeme W Henderson 
Capstan Ag Systems, Inc., 
Pasac/ena,QI 

Lee Hazeltine 
Precision Applicators, Inc., 
Winters, QI 

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 ofliquid 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 applicator 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, D avis 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

rilirer application rates be improved with the pulsing valve 
flow rate conuol 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 fot use 
with anhydrous ammonia in order co 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 me 1999 

CDFNFREP Conference Proceedings. Two common liquid 

fertilizers (UN 20 and UN 32) were rested with three com

mon nozzles (8008, 11015 and TF-IO) and liquid supply 

pressures of 10-30 psi. The system was found to be very pre

dictable and provide a 10: I 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 me 1999 

CDFDNFREP 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 wim 

a Case Tyler Ag Navigator GPS system, Mid-tech TASC rate 

controller and me AIM Command commercial vers ion of 

me University of California, Davis rate flow control system. 

The Case vehicle was used to demonstrate and investigate us
ing me pulsed valves wim a true GPS-directed application 

map in a tesr 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 

mat me pulsed valve system can improve uniformity of anhy

drous ammonia distribucion across a manifold. reduce the 
formation of vapor and allow a wider range of application 

control. A test system was placed in me field in California 
during the fall of 1999 and spring of 2000. 

RESULTS AND CONCLUSIONS 
The installed system on me self-propelled sprayet was used to 
generally evaluate me integration of me pulsed flow system 

into a commercial system including a GPS navigarion and 
variable rare sysrem, a commercial rare conrroller with con
ventional electronics and commercial software for creating a 
variable rate application map. The pulsing nozzles were inter
faced to the existing rate controller using a commercial con
trol module. Omerwise, me GPS system and variable rate 

map creation software was used without any modification. 
A series of applicarion 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 reswts indicate thar 
the technique is compatible with existing commercial 
equipment. 

Additionally, comparisons were made to test me actual depo

sition of liquid on the soil surface with the prescription that 
was loaded into me GPS SYStem. An example tesr was suc

cessfully run where me liquid was varied over a 6: 1 range 

Comparison maps o[prescribed 
and actual liquid distribution 
in a test field using pulsed spray 
technology. 

Pr~"bcd Appticauon Ra~ (gal/w.:re) 

CompaJ"l;:.un 01 "I'!> prelo..:r'p1: ior. 
and 4ct.ua I ret.uvert:(! 'lliner la r 

Variable Kate Test t'ield fo[" Puh.cJ SprdY 

prec. i lo 1 on loy r 4y Labor'awry 
rl1 " , u~lC<:1 I & .... ~,' LulLu , ... 1 t."lpn",,,,nny 1J",..,f 

Uniyer-s;ty of c..al1tornla, Dayi s 
D4vil> !..A !::I56 .L6 

71 

_ • ...,O .. ~".....I~"' .... ) 

iiu "'('.5>e, 
" '''' 11.31<.) 
20-'11> ....... ) 



ONGOING PROJECT SUMMARIES 

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) tracet to the sprayer 
liquid, placing collector surfaces at surveyed locations in the 
field and then chemically analyzing the collectors. This tech

nique provided a (fUe 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 ptessure to prevent vapot 
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 
controllet. 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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AGRICULTURAL 

BASELINE MONITORING 

AND BMP 

IMPLEMENTATION: 

STEPS TOWARD 

MEETING TMDL 

COMPLIANCE 

DEADLINES WITHIN 

THE NEWPORT 
BAy/SAN DIEGO 

CREEK WATERSHED 

Project Leaders: 
LaoshengWu 
Department of Environmental Sciences 
University of California 
Riverside, CA 
909-787-4664 

John Kabashima 
UC Cooperative Extemion Orange County 
Costa Mesa, CA 

INTRODUCTION 
Agricultural producrion in the Newport Bay Watershed in 
southern California is considered one of several sources of 
nutrient loading to San Diego Creek, the main triburary 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 Tora! Maximum Daily Load (TMDL). 
The goal of the TMD L is to return the waters to a condition 
where its beneficial uses are no longer impacted by the iden
tified pollutanr(s). The process to reach this goal is both 

costly and time-consuming. A T MDL 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 co meet their waste discharge require

menrs. 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

rat 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 of2002, 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 Nand P com

pounds in surface runoff. This project seeks to establish base

line loads ofN 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 ofN and P 

compounds in surface runoff. 

2. Develop and conduct meetings that focus on current 

TMDL development and provide an opponunity 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 practices that will 

assist agricultural producers, nursery operators. and con

sultants in minimizing nutrient movemem in surface 

runoff. 

DESCRIPTION 
The initial phase of the project involved the selection of agri
cultural sites that accurately represent the various rypes of 
production occurring in the Newport Bay Watershed. Other 
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selection criteria included the following: the accessibility of 
site; me 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 BMPs following the collection of baseline dara. 

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

The baseline-monitoring program COll5isrs 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 ofN 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, 
Nl-Lt-N, TKN, PO.-l; 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 forwn will consist of an 
informal meeting berween agriculture operatOrs, nursery 
growers, UCCE project scaff, 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 that are directly af
fected it. 

Workshops will focus on management strategies chat 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 managemenL New technologies will be demonstrated in 
an effon 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 tbe 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 coUect baseline data pro
vides informacion 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 ftItration 
system as well as a source for plant material. Three sediment 
basins (an upper, midclle, 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-

Tabk 1. Specific characteristics o/the sites incltukd in the baseline-monitoring program. 

S;te plot Crop(s)I 
A R- I (control) S 

R-2 S 

B R-3 (conrrol) S 
R4 S 

C' R-5 (control) C, B,S 
R-6 C,B.S 

D' R-7 (control) S 
R·B S 

E N-I (upstream) CN 
N-2 

(dowm=ro) CN 

ICrop letter coclcs: B"Ban. C. Cdery, CN-=Conuinc::r NuI'SCry, and S.:.wawbcny 
2F1ow is monitored ar sires Wldcr producrion when , umlC:e runoff is p~nt. 

Flow' 
MarCh-JUly 
March-July 

March-May 
April-May 

Feb-June 
Feb-June 

New sire 
New site 

May-aurem 

July-cUfl'ellc 

3Site was relocated in March (following cekry harvest) to a field used for bean and strawberry production. 
4Site was relocated from an orchard where surface runoff was abscnt to a field slated for strawberry prodUCtion. 

74 

&mpling BMP /rnplnnnrt4twn 
Weekly It present None 
Weekly if present Initiate January 200] 

Weekly if present Non~ 

Weekly if present Initia[~ January 2001 

Weekly if present None 
Weekly if present Initia(~ January 200 I 

Weekly if present None 
Weekly if present Initiate January 2001 

Weekly if presenr None 

Weekly if present Vegetative filter 
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Table 2. Details of the average 11Wnthlyflowfrom each pu,t at various sites. 

s;~ PI", Mlwhly Flnw Tr1l4U (m') 

Ftbruary Mft~h April M"l jUt1t July 

A R-I N/A 275.4 119.3 2.5 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 

C R-5 35.6 0.13 3.9 57.9 12.3 N/A 
R-<5 68.5 0.0 2.3 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-I 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 suiface runofffrom a row crop and a nursery site. 

S4mpling Ph" NH, 
o.t< (k:-NI"'J) 

April 17. 2000 R-I 0.2 
R-2 0.2 

April 18. 2000 R-I 0.1 
R-2 0.0 

June 6, 2000 N-I 9.5 

June 29, 2000 N-I 8.4 

July 12. 2000 N-I 0.1 

July 25. 2000 N-I 22.7 

lTN=(NHy + (NO) + NOil +(fKN) 

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 emuent as well as com
pared to baseline data collected by the nursety 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, S, 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, S, and C. Flow through 
the vegetarion Strip (site E) is continuous with peak flows oc
curring between 6:00 am and 4:00 pm. 
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N03 i"NOz TKN TN' 
(kr·NIdaJ) (/<g:NId4y) (k:-Nldny) 

3.1 2.2 5.5 
1.8 2.0 4.0 

1.0 1.0 2.1 
0.4 0.6 1.0 

21.0 7.0 37.5 

21.7 11.5 41.6 

1.9 1.7 3.7 

32.6 24.4 79.7 

Table 3 contains examples of the N content of surface runoff 
from a row crop and a nursety site. Sampling points R-I and 
R-2 monitot surface runoff from fout acre plots. The surface 
runoff analyzed from the row crop plots was the result of two 
srorm events. Ptecipitation totaled 22.3 mm on April 17 
and 5.6 mm on April 18. The nursety sampling point (N-!) 
monitors the surface runoff from approximately 95 acres of 
container-plant production. The low N loads on July 12 
from N-I 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 sutface 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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EVALUATING AND 

DEMONSTRATING 

THE EFFECTIVENESS 

OF IN-FIELD NITRATE 

TESTING IN DRlP 

AND SPRlNKLER 

IRRlGATED VEGETABLES 

Project Leader: 
Marc Buchanan 
Buchanan Associates 
Scotts Valley, CA 
(831) 459-6857 

Cooperators: 
Frances Brewster 
Nitrate Management Program 
Santa Clara Valley Wtzter District 
Santa Clara, CA 

Steve Malatesta 
C&EFarms 
Gilroy, CA 

Ralph Santos 
EI Camino Packing 
Gilroy, CA 

Jan Teresi 
Chiala Farms 
Morgan Hill CA 

Joe Aiello 
Uesugi Farms 
Gilroy, CA 
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Russ Bonino 
LJBFarms 
San Martin, CA 

INTRODUCTION 

Vegetable production, including lettuce, celery, baby greens, 
peppers, sweet corn, romatoes and onions, is an important sec

tor of the agriculrural 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 (M CL) of 45 ug! mL due to 

excessive loading from residential septic systems, agricultural fer
tilization, animal enclosures, and other non-point and poim 

sources. Concurrently the Water Quality Control Board Region 

3 has indicated that it will develop a Tora! Maximum Daily 

Load Plan (TMDL) for nmriems (including nitrate) for Uagas 

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 co the 

lack of a significant research and education effon 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 testing and N management planning to improve 
fertilizer use efficiency and profitability, while potemially reduc

ing nitrate loading to ground- and surface water. Routine field 

monicoring and comparative trials utilizing 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 letruce whether on sprinkler or drip irrigarion. 

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 attencion as the cool season crops, (e.g. lettuce). 

3. Use the data. grower observations and comments to 

demonstrate ro a larger group of growers in outreach 
events that these rools 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 me 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

tcate dynamics and idencify key decision times for cooperat

ing growers. In a number of these fields, we are using weekly 
soil nitrate date to suggest if eliminacion 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 sidedtess N was eliminared. 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 tailwaterlrunoff estimates and samples for 
nitrate analysis where appropriate. 

AtiditiolUli 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
tionallyan 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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DEVELOPMENT OF 
FERTILIZER AND 
IRRIGATION PRACTICES 

FOR COMMERCIAL 

NURSERIES 

Project Leader: 
Richard Y. Evans 
Department of Environmental Horticulture 
University of California 
Davis, 01 
(530) 752-6617 

Cooperators: 
Carmen Garcia-Navarro/Linda L. Dodge 
Department of Environmental Horticulture 
University of California 
Davis, 01 

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 rhombifllia), 
southern magnolia (Magnolia grandiflora), Chinese pis

tache (Pistacia chinensis), California sycamore (Phtanus 
racemosa), hollyleaf cherry (Prunus ilicifllia), coasr live oak 

(Quercus agrifllia), 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. Each 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 sulf.ue 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 Nand K concentration of 100 mg/L (25% 

ofN 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 variabiliry 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 comrolleaching 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 water 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 indicare 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 
losses from the standard liquid feeding [[eannem. Tree 
species imparted no significant effect on N leaching. It is 
worth noting that the average N concentration in the 

leachate from the standard liquid feed has been less than 40 
mglL, which is substantially less than the applied rate of 100 
mglL. Tree demand for N is therefore diminishing the con
centration ofN in the irrigation water; thus, if the volume of 

leachate could be reduced through bettet control of the 
leaching fraction, the total leaching losses from the liquid 
feed treatment might be diminished considerably. Leaching 
losses from me comrolled release fertilizer treatment have 
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]uly, after abour 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 ofN deficiency. 

Initial results from this study indicate that liquid feeding of 
trees in large containers may result in substantial leaching 
losses ofN because of widely variable rates of water use 

among species and individual trees. Use of controlled release 
fertilizer can reduce N leaching losses. 
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Figure 1. Cumulative water use by eight tree species in 5-ga1-
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calculated from the volume difference betwem applied and 
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Avera&" daily wtaer use and Ieachingfractions for trees lffier two months of growth. 

Alnus Thombifolia 
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• FrotCtion of reference cvapotrmspimion, Inscd on the surface :m:a of each tree contaioa. 
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DEVELOPMENT 

OF IRRIGATION 

AND NITROGEN 

FERTILIZATION 

PROGRAMS FOR 

TURFGRASS 

Project Leaders 
Robert L. GreenlVictor A. Gibeault 
Department of Botany and Plant Sciences 
University of California 
Riverside, CA 
(909) 181-2101 

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 dissipacion and tempera
tUfe 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 turfi;rass is justifiable. developing and implement

ing best management practices (BMPs) also is important for 
the responsible use and protection of natural resources. Cur
rendy, there is considerable interest in developing and imple
menting turf grass BMPs for addressing following points: 

• Water conservation and its efficient utilization. 

• The potential contamination of runoff water and 
groundwater with applied nutrients. especially NO,-N . 
and pesticides 

• The potencial contamination of surface water with 
sediment and nurrients during turf grass 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 potentially toxic effects of applied chemicals to non
target plants and animals. 

• The potential loss or degradation of native habitat during 
construction and turf grass maintenance. 

• The reduction oflanOOpe waste. including grass 
clippings. that are deposited in landfills. 

Considering the number of issues listed above, there are 
probably numerous research and education opponunities for 
developing and implementing turf grass BMPs in California. 
Though each environmental issue is individually important 
for turf grass management, the use (conservation) of irriga
tion water on urban landscapes, including rurfgrass, is the 
most general driving force in California. Consideting the 
imponance 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 turfi;rass species in California. Our rationale in de

veloping the specific protocols of the project are founded on 
three assumptions listed below: 

I. Future landscape water-use budgets will most likely range 
from 80% reference evapotranspiration (ETo) per land

scape area (AB325. 1990) to 100% ETo per landscape 
area. 

2. Fertilization of turf grasses. according to established cul

tural strategies. presents a negligible potential for nutrient 
elements co pass through me 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, turf grass managers will 
need to give special attention to fertilization practices 
when 1) there is a potential for heavy rainfull , 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 suess. 

3. Although excessive application rates of water-soluble N 

fertilizers on turf grass 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 
turf grass quality and drought stress tolerance, growth, and 

N uptake. 

OB) ECTIVES 
1. Test irrigating tall fescue at a defmed annual amount 

(80% historical ET. plus rain) with increased irrigation 

during the warm season to improve rurfgrass 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 ro 
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 BMPs for tall fescue relating to turf grass water 

conservation and N-fertilizer use efficiency, which provide 
optimal performance in «rms of visual rurfgrass 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 rurfgrass 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-fertility efficiency on tall fescue, currencly the 
most widely-planted turf grass species in California. This 3-

year fidd study investigates irrigation treatments mat are de
signed to test irrigating tall fescue at a defined annual 

amount (80% historical ET. plus rain) , with increased irriga

tion during me warm season to improve grass performance. 
Later on it will proportionally adjust the cool-season irriga
tion amount downward to make up for the addirional warm
season irrigation. These treatments are being compared to 
irrigating tall fescue at a constant rate of 80% historical ETo 
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 turf grass 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 

CDFNFREP ConIerence Proceedings. 

In the course of the study, we are also conducting outreach 
activities, 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 turf grass 
management practices of the target audience, so [hat these 
practices can be modified in order to meet the requirements 
of generally accepted BMPs for turf grass irrigation and N fer

tilization. Upon completion of this project. we hope to pro
vide the necessary informacion for maintaining acceptable 
tall fescue, complying with landscape water-use budgets, 

and efficiently applying N ferrilizers. Considering that water 

use is the top environmental issue in California. and that tall 
fescue is currently the most widely planted rurfgrass in the 
srate, there is a high potential thar 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 me field research was provided in 
the 1999 FREP ConIerence Proceedings. This year, the re

sults from an outreach activity will be discussed. 



ONGOING PROJECT SUMMARIES 

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

sistentlyapply approptiate amounts ofN specific for turf

grass species and requirements of turf grass 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 fertility 

tests every 1 to 2 years. The least common practices were ap

plying P,O and 1(,0 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 evety 3 months (68%) and 

size nozzles for balanced precipitation on rotor systems 
(62%). AbOut half of the respondents consistenrly cycle irri

gation on slopes to ptevent runoff (55%) and irrigate accord
ing to weather station or soil moisture sensor data (490/0). 
Only 41 % of the respondents indicated they consistenrly 

check system operating pressures. 

Outcome of Survey 

Advisors vs. Managers 

Vety 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 prognuns 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 frequenrly 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 spons turf managers, overall, considered the 
BMPs listed to be highly important (averaging 76% to 

81 %, respectively). The only statistical differences between 

the (WO 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 rurf 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 

spotts turf managers, respectively). 

• Sports turf managers were more likely to continue or to 
start implementing the BMPs than general turf managers. 

This was particularly uue 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 

spotts 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 spotts turf managers 

(43%) than general turf managers (30%) considered turf

grass selection to be highly difficult. The same uend 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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UNIFORMITY OF 
CHEMIGATION IN 
MICROIRRIGATED 
PERMANENT CROPS 

Project LeaMrs: 
Larry Schwankl 
Department of Land, Air, and W'ttter Resources 
University of California 
Davis, CA 
(530) 752-4634 

Terry Prichard 
UC Cooperative Extemion 
University of California-Davis 
Stockton, CA 

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/ow 
solubility materials (e .g. potassium sulfate) 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 (cree and vine) using micro irrigation systems. Advan
tages to chemigation include: (I) 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, pOtas-
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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 emitters 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
nacion 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 water/chemicals passing through the lateral line was 25 
mInutes. 

Note that excellent chemical application uniformity was 

achieved when: (I ) 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 rravel times to the end (hydraulically) of the 
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Tflble 1. Water/chemical travel times through the pipelines and drip lateral lines for the vineyard and orchard field 
sttes evaluated. 

Mllinlin~ 1ln4 Sulnn4in MtzinJinf! / Su!muUn Lateral Line LafemlLitu 
Site Trawl Tmu (min.) Length (fr) TI'IWtl1ime (min.) Length (ftJ 
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 (5()()..ftet lang with l-gallon per hOllr drip emitters instaOed at 5foot 
intervals) for various injection time periolls and various post~inJection clean water irrigations. 

lnjectUm Tnne 
(min) 

Polt-Injection Irrigation 
Tnne(min) 

&/ittive Unifonnity 

50 
50 
50 
25 
25 
25 
13 
13 

The water/chemical m.vd orne to reach the end of the drip l:ueral was 25 minUTes. 

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

period of "clean" water irrigation. This post-injection irriga
tion period should be at least as long as the water / chemical 

travel time to the end of the drip irrigation system. The 

worst chemigation uniformities would result from a too 

short (less than the end-of-system travel time) injection pe

riod followed by drip system shutdown. 

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

oped. Clear tubing of the same diameter as drip tubing was 

used with 2, l-gph drip emitters installed - one 5 feet from 

the inlet and the other 10 feet from the inlet. With the sys

tem operating, colored dye was injected into the water and 

the rime since injection began recorded along with the dye 

movement along the tube. Once the dye reached the end of 

the tube, the dye injection was stopped and a record was 

kept of time vs. dye clearing from the rube. Professional pho

tographs of this event were taken and have been digitized. 

They are available upon request from the authors. 

Additionally, a University of California DANR leaflet 

"Uniform Chemigation in Tree and Vine Microirrigacion 
Systems" - is in production and should be available by the 

end of 2000. This publication will be available both through 

CDFNFREP and University of California Communication 

Services. 

50 
25 
o 
50 
25 
o 
25 
o 
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100 
98 
25 
90 
95 
11 
81 
7 

RECOMMENDATIONS 
As a result of our field evaluations, the foUowing drip irriga

tion chemigation practice is recommended: 

One-time field determination of water/chemical travel times 

through the drip system should be done. Of particular im

portance is the determination of the time it takes for injected 
chemical to rravel 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 

through the drip system by testing for chlorine in the irriga

tion water using a pool I spa chlorine test kit. 

Once the water/chemical travel time to the hydraulic end of 

the drip system is determined, the injection strategy to 

achieve high chemigation uniformity should consist of the 

foUowing steps: 

Step 1: Allow the drip sysrem to fiU and come up to full 
pressure. 

Step 2: The injection period should be at least as long as cl,e 

water/chemical travel time to the hydraulic end of the 

drip irrigation system. A longer injection period is 
even better. 

Step 3: The post-injection irrigation time should again be at 

least as long as the travel time to the hydraulic end of 

the drip irrigation system. A longer post-injection ir
rigation period is better. 
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NITROGEN 

MINERALIZATION RATE 

OF BIOSOLIDS AND 

B IOSOLIDS COMPOST 

Project Leader: 
TimK Hartz 
Department of Vegetable Crops 
University of California 
Davis, C4 
(530) 752-1738 

Cooperator: 
Kent Brittan 
UC Cooperative Extension Sacramento County 
Sacramento, C4 

INTRODUCTION 
The disposal of biosolids is one of California's vexing envi
ronmental problems. Application on agricultural land repre
selHs me most beneficial use of this N rich material . 

However, without a sound understanding of N mineraliza

tion behavior of the common biosolids ptoducts (dewatered, 

air-dried or composred) it is impossible to determine appro

priate field application rate to supply the desired agtonomic 
benefit without creating a nitrate pollution hazard. Informa

tion on N mineralization from biosolids under central Cali

fornia field conditions is extremely limited. T his project 
proposes to develop short- and long-term N mineralization 
estimates for representative biosolids products and, through 

field srudies and laboratOry assays, to examine the effects of 

soil type, cropping system, and loading rate on N mineraliza

tion dynamics. Furthermore, the abiliry of laboratOry analyti
cal procedures or shon-term incubation assays to predict N 

mineralizacion behavior will also be investigated. 

OB; ECTIVES 
1. D etermine the short- and long-term N mineralization 

rates oflocally 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. 
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DESCRIPTION 
A total of 100 microplots were established at University of 
California, Davis in early summer, 2000. These micro plots 
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 wheac) 

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

A parallel laboratory srudy will be conducted in which ner N 
mineralization will be estimated from aerobic incubation of 

biosolids-amended soil under constant temperature and 

moisture. Severallaborarory indices of N mineralization po

tential (autodaving, 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 I acre for the air

dried and dewateted biosolids, and 16 dry tons I acre for the 
composts. To date the only data collected have been the 
composition of the original biosol ids materials, and the bio
mass production of sudangrass after approximately 8 weeks 

of growth (see Table). 

The telatively small dry weight diffetences among treatments 
do not rellect the magnitude of the difference in available N. 

Sudan grass biomass acctt11lUl4tion in biosolids
amended micropl4ts. 

Biosolids SItnIpk rype of materUJ %N SUium grtUS bitmUlSS 

(dry glmir:ropfgt) 

A air-dried 5.7 283 
B air-dried 4.6 340 
C dewarued 3.9 360 
D dewatcred 4.8 365 
E composted 2.2 323 
F composred 0.9 266 

unamended soil 284 

• Note: Suppon for this project is provided to CDFAiFREP by the Sacramento 
Regional County Sanitation District. 
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The air-dried and dewatered biomass treatments had much 
darker green foliage. indicarive of higher N comem. 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 ro cominue growth. and will 

be harvested again in Ocrober. Wheat microplots will be 
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planted in late September. and the crop harvested in June. 
2001. The experiment will be continued rhrough 3 cropping 

seasons for the sudangrass and 2 cropping seasons for the 
wheat. 

Fundingfor this project comes from the Sacramento Regional 
Wastewater Treatment Facility. 
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DEVELOPMENT OF 
AN EDUCATIONAL 

HANDBOOK ON 
FERTIGATION FOR 
GRAPE GROWERS 

Project Leader: 
Glenn T. McGourty 
UC Cooperative Extension Mendocino and 
Lake Counties 
Ukiah, CA 
(707) 463-4495 

OBJECTIVES 
1. Develop an easy-to-read, well illustrated printed guide on 

ferrigarion 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 fenigation, and instructions on 
how to design and install it (including backfIow 
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 materials. 

• 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 fenigarioTI; evaluation of water and porential 
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 ro provide adequate nutrition and balanced vines. 

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

NUTRIENT 

MANAGEMENT 

CONFERENCE AND 

TRADE FAIR AND FIELD 

DAYS 

Project Leader: 

Sonya Vttrea Hammond 

UC Cooperative Extension Monterey County 

Salinas, CA 

(831) 759-7350 

Cooperators: 

Kdthleen Thomasberg 

Monterey County Wtiter Resources 

Agenry (MCWRA) 

Salinas, CA 

Charles Burt 

Irrigation Training and Research Center (ITRC) 

Department of Agricultural Engineering - Cal Poly 

San Luis Obispo, CA 

Timothy Hartz 

Department of Vegetable Crops 

University of California 

Davis, CA 

Tom Lockhart 

Resource Conservation District of Monterey County 

Salinas, CA 
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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 [he Salinas Valley and Santa Cruz 
Caunry 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 consisred 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 disrributed 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 <his project, was held 

in July. About 65 people were in attendance. 

RESULTS AND CONCLUSIONS 
One grower-participant who said. "1 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. 

Comrary to me popular notion thar expense is grower's pri
mary obstacle, the surveys indicate that more rime and per
sonal demonstration or explanation is what growers feel they 
need to try new methods. Along with thar 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 leasr one 
grower, the more frequent requests for additional informa
rion were: TMDLs, 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 rdated 
to best management practices. 

• Easy-to-use tools that require minimal amounts of time, 
and which perform as many ealculations 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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P AJARO VALLEY 
NUTRlENTIWATER 
MANAGEMENT 
EDUCATION AND 
OUTREACH PROJECT 

Project Leader: 
U. Win 
Winners' Circle Cornu/ting 
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 furmlands 
within the Pajaro Valley. In 1998, the County of Santa Cruz 

reported that nitrate in 25% of the wells exceeded the drink
ingwater standard of 45 mglL. 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 Watershed 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
rerested to rry. 
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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
rerey 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 
FAlRE 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 N utrient Management 
Workshop, an afternoon event. Growers are encouraged to 

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 cUscuss 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 undertalting. 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 w nes 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 distribmion 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 
[0 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-SNA. 
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January 18, 2001: Nutrient Management Seminar. an alI
day event. Local irrigation consultants, farm advisors, exten
sion agents. experts from Universiry of California and Cal 
State University will discuss research findings on nutrient 
management and precision funning. 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 
200 I. Details 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 (he opti
mum timing and quantity ofN to maximize their crop. Ni
trogen budgedng is a [Qol that growers can use to maximize 
fertilizer use efficiency and minimize fertilizer unintention
ally released inro me 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 
foillwinter 0/2000 after harvest. 

OBJECTIVES 
1. The primaty 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 budger can help optimize ferti lizer use effi
ciency and minimize excessive nitrate fertilizer released 
into the environment. The Nitrogen Budgeting Worksheet 
provides growers wi th an independen t resource for the 
evaluation of annual N applicarions. Growers attending 
workshops will receive the worksheet, and it will also be 

available from the World Wide Web. 
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DESCRIPTION 
In order to assist almond and walnut growers with formulat
ing an N budget, CAFF's Biologically Integrated Orchard 

Syseems Program (BIOS) developed a Nitrogen Budgeting 
Worksheer based on an earlier worksheet developed for 
peaches. Values for the N contribution from cover crops and 
compose were added ar this time. The BIOS seaff scientise 
further refined the worksheet in 1998 in consultarion 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 hasvest in the year 2000, the Community Alliance 
with Family Farmers will hold Nitrogen Budgering 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 fenilizarion. In less than twO hours, 
growers will learn how to modilY rheir N fertilizarion pro
grams to meet their orchard's needs using data from soil) wa
rer, 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 calculariolls. The 
workshops will inform growers about inefficiency of post
harvesr fertilizarion 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 ofN 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 ofN gathered 
from aU 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
atot on this project and has assisted in the development and 
testing of the spreadsheet version of the Nitrogen Budgeting 
Worksheet. 

RESULTS AN 0 CONCLUSIONS 
Resulrs and conclusions will be provided aftet the final work
shop has been held and evaluations have been completed. 
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AIR QuALITY AND 
FERTILIZATION 
PRACTICES: AN 
INVENTORY OF 
FERTILIZER 
ApPLICATION 

PRACTICES FOR 
AGRICULTURE IN THE 

SAN JOAQlJIN 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 
AGRX 
Oxnard, CA 

OBJECTIVES 
1. Compile a monthly calendar ofN ferrilizer 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 ofN ferrilizer application. 

DESCRlPTION 
Nirrogen contained in ferrilizers applied to agricultural lands 
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 srandards 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 ferrilizer application. 

This project will generate a calendar ofN 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 ofN ferrilizer 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 ferrilizer 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, widun a com
paratively precise time frame, instances of strongly expressed 
pulses ofN 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 eight 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. 
dtyland grain and hay, cotton, dty 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 more than one county. When farm
ers are interviewed they are asked to give information on all 
of the crops that they grow. Consequently, informacion 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 ciming 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 mat has been identified to date is the obvious one of 
soil moisture in late winter and early spring. NASAl Ames 
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Research Center is devdoping 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 ofN fer
tilizer applications exist. 

It was noted that farmers are increasingly making use of ani
mal and poultty manure in their cropping programs. These 
commodities function primarily as soil amendments but 
farmers are also taking them into account as a source efN 

fertilizer. It was also observed that farmers are taking ground
water N into account as a source efN. A discussion of these 

sources offertilizer N will also be presented to the extent 
possible in the fmal report. 
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LONG-TERM NITRATE 

LEACHING BELOW THE 

ROOTZONE IN 

CALIFORNIA TREE 

FRUIT ORCHARDS 

Project Leaders: 
Thomas Harter/jan HopmanslWilliam Horwath 
Department of Land, Air, and ~ter Resources 
University of California 
Davis, O! 
(559) 646-6569 

OBJECTIVES 
Nitrate-N is the most widespread contaminant in groundwa

rer, causing as much as ten times as many well closures in 

California as all orner 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), li((ie is known about the fate of N between the root 

zone and the groundwater table. Unlike other agriculrural re

gions of the United States, groundwarer 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 ofN to a deep water table. 

Field-scale spatial variability of nitrate levels due to natural 

variability of soils and vadose woe sediments also remains 

unaccounted for in most work on groundwater qualiry im

pacts of agricultural N management. The objectives of the 

proposed research are: 

1. Investigate the fate ofN throughout the entire deep va

dose zone at a well-controlled, long-rerm research orchard 

wirh 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 tool to as

sess the fate ofN in deep, heterogeneous vadose zones. 
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DESCRIPTION 
During 1997-98, we drilled and characreriz<:d 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 fertilizarion: The annual fertilization rates had been 

less than 5 Ib lacre in the first subplot (0 Ib lacre trearment), 

100 lb/acre in the second subplot, and 325 Ib lac 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 

[he orchard. 

The focus of the first project year 1998-99 was the distribu

tion of water and nitrate in the vadose zone underneath the 

,hree 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 distriburion as indicators for denitrification. Hydraulic 

analysis focused on completion of multistep outflow experi

ments that are designed [Q 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 bur 
also varies according to soil texmre. 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 currendy 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 15N and 180 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 ofN fertilizers in 

the vadose wne of the orchard. We expect to get a more 
thorough understanding of the biological and abiotic factors 
affecting the Jate ofN 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 textural 
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 (Q 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. 

Water drainage from the soil core is a unique function of the 
hydraulic properties of the soil material. To compute the hy
draulic properties of the soil core, the experiment is repeated 
in computer simulations. The hydraulic parameters of the 
computer model are adjusted until results from the computer 
simulation match the measurements from the outflow exper
iment. This process is referred to as "inverse modeling" or 
"parameter estimation". We expect to complete the parame
ter estimation of each of the over 1 00 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 rhe transport pattern ofN through thick unsatu
rated material 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, C4. 
(916) 446-1435 

Stuart Pettygrove 
Department of Land, Air and water Resources 
University of California 
Davis, C4. 

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, rurf, 

ornamental, tree and vine and mher crops are produced in 

gteat abundance by a relatively small percentage of people 

throughout C alifornia. There is a heavy teliance on fertilizers, 

agri-chemica1s and other synthetic and natural inputs in the 

production of many of these crops. These inputs are required 

in a delicate balance, which is an in-exact scien ce practiced 

by professional crop advisers. Thete is litde margin for error 

in prescribing these chemicals and the effects of mismanage

ment can be severe, long lasting and extend fu beyond the 

individual fum fields and well into all segments of California 

society. 

The potential for non-point source poUution, as a result of 

mismanagement of fertilizers, is all example of the need for 

industty to suppOtt stewardship programs, such as the Certi

fied Crop Advisor (CCA) program. These voluntary pro

grams work jointly with regulatoty progtams to insure that 

industty correctly manages agri-chemicals including fertiliz

ers when producing a crop in California. Regulatoty 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 expercise for advisers and consultants in

volved in preparing nutrient management plans. In 
California, the Board is composed of members from a variery 

of government and private interests including the California 

Department of Food and Agriculture, University of Califor

nia, Srare Water Resources Control Board, Natural 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 degradarion of California soils, water 

and air. 

OBJECTIVES 
1. To administer the C CA Program including management 

of testing, continuing education and member tracking and 
coordination with the International 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 srrategic and tactical plan for 

a self funded CCA progtam. 

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 certificarion program which includes testing and ed

ucarion requirements of the highest levels. The inirial 

certification of an individual requires a minimum level of 

education combined with experience in a relevant agricul
tural discipline as well as passing bmh 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) integtated pest man
agement. Maintaining ccnificarion 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 sevetal 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 newsletters 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 
movemem towards a sdf-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: 
(http://www.caeca.org). For more information about becom

ing a CCA, contact Cheyanne Cook at the number above. 
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EVALUATION OF SLOW 
RELEASE FERTILIZERS 
FOR COOL SEASON 
VEGETABLE 
PRODUCTION IN 
THE SALINAS VALLEY 

Project Leaders: 
Richard Smith 
U. C. Cooperative Extemion 
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 [Q adversely impact the commercial production of 
vegetables. High rates of nitrogen fertilizer are frequently 
used to produce cool season vegetables such as lerruce, broc

coli , cauliflower, and celery in order to achieve rhe high qual-
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ity demanded by the market. In addition, cool season veg
erable production in rhe Salinas Valley is intensive wirh two 
or more crops produced annually. As a result, nitrate levels 
can buildup in rhe soil ar rhe 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 (PSNn developed by Dr. Tim Hartz, as well 
as (he use of cereal cover crops grown in the winter. Slow re
lease fertilizers also may have a role as a best management 
practice mat growers can utilize to reduce nitrate leaching 
from vegetables that are produced over rhe winter during the 
time of highest rainfall and greatest potential for leaching. 
The problem to rhis point wirh slow release fertilizers has 
been 1) uncertainty regarding the release panern of rhe slow 
release materials and how they mesh wirh the uptake de
mand of cool season vegetables and 2) rhe additional cost of 
slow release ma[erials. 

This project proposes (Q evaluate rhe release characteristics of 
slow release fertilizers under controlled incubation conditions, 
as well as evaluations of a limited number of materials in field 
trials wirh winter broccoli. Evaluations will be made various 
rates of slow release materials on rhe yield, quality and eco
nomics of rhe applications. Broccoli is selected as rhe test crop 
because it is extensively planted (53,880 acres in 1999) and 
winter-grown broccoli is produced during rhe rainiest time of 
rhe year when rhe potential for leaching is highest. The results 
of this research will be made widely available to growers, fertil
izer companies and allied industry representatives wough 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 Extemion 
Kings County 
Hanford, CA 

Robert L. TravislWilliam Rains 
Department of Agronomy and Range Science 
University of California 
Davis, CA 

Cooperators: 
Felix Fritschi 
Department of Agronomy and Range Science 
University of California 
Davis, CA 

Brian Marsh 
University of California - Davis 
Shafter Research and Extemion Center 
Shafter, CA 

Fenilization 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 exceUem 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 maimenance 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 indicating that crop fercilization can be managed so that 
agronomic, economic, and environmental efficiencies can be 
significandy improved simultaneously. 
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Growers rypically express significant interest in evaluating 
viable approaches to reduce production COSts, but despite evi
dence of potential for improvement in any of these areas of ef
ficiency. they frequently reject recommendations that involve 
reductions in applied N rates. Reasons for ffiis 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 fuct 

that while direa 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 potencial to integrate 
rapid laboratoty tests for better estimates of minernlizable 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
m ates 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 andlor foliar applications to 

supplement supplies when plant sampling indicates good 

enough yield potential to warrant additional N supply. 
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SEASONAL PATTERNS 

OF NUTRIENT UPTAKE 

AND PARTITIONING As 

A FUNCTION OF 
CROP LOAD OF THE 

IHASS' AVOCADO AND 

RATE OF FERTILIZATION 

Project LetUkrs: 
Richard Rosecrance 
Department of Biology 
California State University 
Chico, G4 
(530) 898-5699 

Carol J Lovatt 
Department of Botany and Plant Sciences 
University of California 
Riverside, G4 

For the 'Hass' avocado (Persea americana L.) industry of Cal

ifornia, optimal rates and rimes for soil fertilization have 

been or currently are being determined for only nitrogen, 

iron and zinc. For all oilier nurriems, 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), P, K, and 

Ca. Competition from Mexico and Chile requires the Cali

fornia avocado industry to increase production per acre ro re

main profitable. Optimizing fertilization is essen tial to 

achieve this goal. The seasonal pattern of nutricm upmke is 
key to matching 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 

trees. Thus, few best management practices have been devel

oped for tree crops. 

Rosecrance recently completed an assessment ofN, p. and K 

uptake and partitioning in mature alternate-bearing pista

chio. Pistachio trees were nor luxury users, sink demand reg

ulated the uptake and disttibution ofN, 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 stotage pools. The 

same approach will be used to determine the seasonal pattern 

of nutrient uptake and partitioning in alternate-bearing 

'Hass' avocado tree. The collabotative project will be con

ducted at levels of fertilization , optimal (avocado industry 

standard as cutrendy 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 nuuient 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 

data presently exist. If the results demonstrate that avocado 

trees are not luxury users, a significant reduction in the 

an10unr of fertilizer applied annually should tesult. 
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NEW PRO J E C T S 

LOCATION OF 
POTASSIUM-FIXING 
SOILS IN THE SAN 
JOAQ1JIN VALLEY AND 
ANEW, PRACTICAL 
SOIL K TEST 
PROCEDURE 

Project Leader: 
Stuart Petty grove and Randal] Southard 
Department of Land, Air and ~ter Resources 
University of California 
Davis, OJ. 
(530) 752-2553 

Cooperators: 
Bruce Roberts 
UC Cooperative Extemion 
Hanford, OJ. 

Dan Munk 
UC Cooperative Extemion Fresno County 
Fresno, OJ. 

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 ofK fertilizer-
400 Ib ]('O/acre or more - where soils have a very high K

fixation capacity. The economic consequences co cotton 
growers of applying such high K rates where they are not 
needed or of fuiling to meet soil fixation capaciry where K is 
needed are severe. High soil K fixation capaciry in soils with 
micaceous/vermiculitic mineralogy has been docwnented 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 capaciry. 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 
tecently published laboratory method for estimating plant
available K over a wide range of K fixation capaciry - the 
modified sodium tetraphenyl boron method. The 1997 UC 
bulletin does not recommend a method for estimating K fix
ation capaciry, 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 relativdy ex
pensive and are afrer the standard exchangeable K test shows 
a low level of available K. 
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The relative accuracy of the sodium tetraphenyl boron 
method compared to existing methods for predicring K re
sponse will be determined in on-farm cotton fenilizer experi
ments. Results of this project and a recommendation for soil 
testing will be made avai lable to agriculrurallaboratories, 
crop advisers, fertilizer suppliers, and cotton growers in the 
San Joaquin Valley. 



NEW PRO J E C T S 

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 industty 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 

geographical constraints, along with the high use of fertilizer 
and water by the industty, nitrate (NO,-) 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 NO,- levels from 10 mg N IL to 1.0 mg NIL. Un
less fertilization and culrural practices are restructured, many 
nurseries will be unable to comply with the new water quality 
control programs that have been implemented in recent yeats. 

The main objectives of this research are to develop fertiliza
tion and irrigation guidelines for woody ornamental crop 
production that will minimize N03- runoff and improve 
nitrogen use efficiency (NUE) . Two experiments will be 
done to charactetize 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 ofN and 
water depletion from nutrient solution, the researchers will 
characterize the dynamics ofN and water demand for several 

ornamental crops, as affecred by physiological (stage of plant 
development) and environmental conditions (time of year). 
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University of California - Riverside. The study conducted 
at Riverside will investigate the fare of different controlled
release fertilizers (CRF) and liquid ferrilizers (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 
(NH,+) 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 nursety industty, which will reduce NO,
leaching and improve NUE. These guidelines will be acrively 
communicated with growers. CE advisors, consu1tants, the 
fertilizer industry. teachers and students through extension 
programs, workshops, seminars, and publications (newslet
ters, trade magazines and journals), 



NEW r R 0 lEe T 5 

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 Petty grove 
Department of Land, Air, and Wlzter Resources 

University of California 
Davis, 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 

Ceil Howe II and Ceil Howe III 
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

rure Fertilizer Research and Education Program initiated the 

university research on site-specific crop management for 

adoption by growers. These are: (I) that sufficient variability 

exis t in field properties or environment [Q cause significant 

spatial variability in economic yield, 2) that these properties 

are capable of being identified and measutes, and (3) that 

management actions are possible chat respond to this vari

ability to increase economic yield. The initial research fo

cused on escablishing the first [\.vo 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. 
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In this research project we wiu focus on nitrogen manage

ment. To maximize its economic utility and prospects for 

rapid adoption and impact, an initial variable-rate nitrogen 

managemen t 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 

rdatively narrow range of optimal fertilizer rates we have se
lected as two such crops: specialty rice (Koshihikari and Aki
takomtlSht) and sugat beets. Fat 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 ninate 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. 



NEW PRO J E C T 5 

EFFECT OF DIFFERENT 

RATES OF N AND K 
ON DRIP IRRIGATED 

BEAUREGARD SWEET 

POTATOES 

Project Leader: 
Bill Weir 
UC Cooperative Extension Merced County 
Merced, 01 
(209) 385-7403 

Cooperators: 
C Scott Stoddard 
UC Cooperative Extension Merced County 
Merced, 01 

Robert Weimer 
Atwater Irrigation 
Atwater, 01 

Drip irrigation acreage used for sweet poraw production in 
California has increased rremendously in the last few years, 
and ir is one of me facrors mar has lead ro substantial yield 
increases in the past 20 years. However, a fertilizer rate trial 
has not been performed by UC Cooperarive Extension in 
drip irrigated sweet potatoes. Current fenilizer recommenda
rions ate based on trials performed in the 1960's and 70's 
with furrow irrigation. Growers using drip irrigation use 
much higher fertilizer rares, which mayor may not be neces
sary and may lead ro high residual nitrare and potassium soil. 

Because of mis, the objectives of mis rrial are 1) ro derermine 
optimal rates of nitrogen and potassium for best economic 
yield and qualiry in drip irrigared sweet potaroes; 2) ro evalu
ate fertilizer rate effects on moisture loss in storage; 3) re
evaluate current fertilizer application and tissue analysis 
guidelines; and 4) ro derermine if drip irrigation reduces me 
potential for nitrate leaching, even at high nitrogen fertilizer 
tares. Four tates of nitrogen and potash will be applied using 
a randomized block split-plor design. Early and end of season 
deep soil cores (ro 3 feet) will be raken to determine me sea
sonallocation of mese nutrients in me soil profile. Leaf and 
petiole samples taken during me growing season will be com
pared to published sufficiency ranges. 
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Following yield and grade determination at harvest, potaroes 
will be periodically weighed ro determine if the treatments 
have an effect on storage losses over the winter. Results will 

be published in me Sweet Potaro 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. 



NEW PRO J E C T 5 

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

Project Leaders: 
Roland D. Meyer 
Department of Land, Air, and ~ter Resources 
University of California 
Davis, 01 
(530) 752-2531 

Daniel B. Marcum 
UC Cooperative Extension Shasta-Lassen Office 
McArthur, 01 

Steve Orloff 
UC Cooperative Extension Siskiyou County 
Yreka, 01 

During the mid 1980's molybdenum deficiency in al&lf.J. was 

identified in several intermountain valleys of Northern Cali
fornia by plant tissue analysis and the generally recom-

mended pound of sodium or ammonium molybdate per acre 
(0.4 lbs Mo/acre) based on some research in Washingron 
gave adequate growth and high yields of al&lfa. Since the 
mid 1990's numerous samples of alfalf.J. coming from the 

same areas have shown lower levels of molybdenum «0.5 
ppm). Over the past 10-1 5 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 
alfalf.J. and other forage species as well as animal blood sam

ples have indicated that copper concentrations are minimally 
adequate [Q deficient in many of the same locations where 
molybdenum were made, even at the low rate of just 1 lblacre 
sodium molybdate (0.4 lb Mo/acre) the higher molybdenum 
would cause severe animal nutrition problems. 

The objectives of proposed ptoject are to: 

o Characterize the relationship between plant tissue molybde

num and copper concentrations and alfulfa yield response 
where molybdenum is applied at several tates, 

o Develop a broader diagnostic capability by assessing plant 

tissue molybdenum concentration at different stages of al
falfa growth, 
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o Provide standard forage sanlples for distribution to analyti

cal laboratOries by collecting large quantities (20-50 lb) of 
two alfalfa samples having molybdenum concentrations in 
the tange 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 Molacre 
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, PeNs, 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 obtain al&lf.J. yield re
sponse and diagnostic plant tissue data where molybdenum 
applications have been made it is desirable to make this con
cribution co science and California agriculture. 



NEW PRO lEe T S 

PRECISION 
HORTICULTURE: 
TECHNOLOGY 
DEVELOPMENT AND 
RESEARCH AND 
MANAGEMENT 
ApPLICATIONS 

Project Leader: 
Patrick H. Brown 
Department of Pomology 
University of California 
Davis, 01 
(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, 01 

NacerBellaloui 
Department of Pomology 
University of California 
Davis, CA 

Recent studies have determined rhat yield is the primary 
determinant of nutrient demand and uptake efficiency and 
therefore, fertilizer needs. In tree, crops however, yidds 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 rhat infor

mation to optimize inputs would revolutionize {cee 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 rhis informa
tion would be rhe ability to optimize fertilization strategies 
on a site-specific basis. This is the key to improving nutrient 
use efficiency. 
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This project aims to develop rhe means to rapidly harvest 
and map pistachio tree yields in commercial orchards on a 
rree long term basis by integrating Global Positioning System 
(GPS) and yield monitors into rhe harvesting machinery. 
This will be followed by development of statistical and visual 

eomputaional merhodology to analyze and map results. Sub
sequent ground trurhing (soil and plant testing etc.) will be 
used to determine rhe cause of rhe yield variability and exper
imental manipulations will be used to determine the cause of 
rhe yield variability will be conducted to optimize yield and 
management efficacy. The fust 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 rhen 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
duct berrer research programs which will directly benefit re
search funding agencies and improve our ability to protect 
the environment. 



NEW PRO J E C T 5 

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, C4 
(559) 891-2660 

William Horwath 
Department of Land, Air, and ~ter Resources 
University of California 
Davis, C4 

Dan Munk 
UC Cooperative Extemion Fremo County 
Fresno, C4 

Peter Brostrom 
Department of Agronomy and &mge Science 
University of California 
Davis, C4 
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Conservadon 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 fertilization 
strategies for these reduced tillage systems. The selection of 

fertilizer rates, materials, and application methods will likely 

require management decisions in conservation tillage systems 

rhat differ from those used in conventionally-tilled systems. 

This project addresses two ofFREP's key research and edu

cation priorities by developing new informacion of feniliza
rion 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 co producers, consultants 
and resource managers. 



NEW PRO J E C T S 

REDUCING FERTILIZER 
NEEDS OF POTATO 
WITH NEW VARIETIES 
AND NEW CLONAL 
STRAINS OF EXISTING 
VARIETIES 
Project Lead£r: 
Ronald j,0ss 
Department of Vegetables Crops 
University of California 
Davis, OJ. 
(530) 752-1249 

Project Coordinators: 
Joe Nunez 
UC Cooperative Extemion Kern County 
Bakersfield, OJ. 

Harry Carlson 
UC - Intermountain Research and Extension Center 
Tulelake, OJ. 

Herb Phillips 
Department of Vegetables Crops 
University of California 
Davis, OJ. 

Donald Kirby 
UC-Intermountain Research and Extemion Center 
Tulelake, OJ. 

Misty Swain 
Department of Vegetables Crops 
University of California 
Davis, OJ. 
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Potatoes are one of the imponanr vegetable crops grown in 
California. Potato is also one of the heaviest fertilized crops 

in California. An average of approximately 300 lbs ofN per 

acre is applied, with rates varying ITom 200 to over 400 

lbs/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 gtown that may 

also have lower nitrogen requirement than the previous or 

currene 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 Norkorah strains are more efficient 

in applied nutrient utilization and thus require lower fertil
ization rates. and 3) if orner new potential potato varieties are 

more efficient use than existing standard varieties. 

We will establish nitrogen, and if adequate funding is avail

able - potassium and lor 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 dones; 

monitor plant N, P and K content, determine N, P, and K 

uptake; 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 CDFNFREP conference attendees, UC vegetable 

specialists and advisors. and professional potato researchers in 

the U.S. will also be recipients of information. 



NEW I' R 0 lEe T 5 

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, OJ. 
(831) 477-0272 

Cooperator: 
Mary Bianchi 
UC Cooperative Extension 
San Luis Obispo, CA 

T he Coalition of Central Coast County Farm Bureaus (CC

CCFB) proposes ro deliver presently available information 

regarding agricultural management practices and self-moni
toring tools co 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 

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

thotities, and University of California Cooperative Extension 

(UCCE) fur technical assistance ro ensure equipment is used 
properly and that the monitoring tools offered to producers 

through watershed working group activities are consistent with 
UCCE short courses and mobile irrigation lab assessments. 
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NEW PRO lEe T S 

FROM THE GROUND 
Up: 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 Departtnent- AG RX. 
Oxnard, CA 

While the diminishing connection between agriculture and 
Californians is complex, the benefits of programs targeted at 
youtb are clear. The California Fertilizer Foundation (CFF) 
School Garden Program's goal is [Q increase awareness and 
undersranding of agriculrure tbrough tbe 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 
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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 oppofCuniry to not only learn more about food produc
tion, but to learn about their connection CO agriculture 

tbrough hands-on experience. 

A cridcal 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 tbe 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 tbe 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 planr 
management, and environmentally-sound handling of fertil
izer; 2) distribute tbe video to 1,000 school teachers with 

garden programs tbroughOut California; 3) develop and 
promote the video through existing training and in-service 
days, as well as printed newsletters, and 4) conduct foUow-up 
surveys to determine the effectiveness and usefulness of the 
video for both teachers and their students. 



NEW PRO J E C T S 

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

Project Leader: 
Peggy S. Mclaughlin 
Department of Horticulture/Plant and Soil Science 
Cal Poly Pomona 
Pomona, C4 
(909) 869-2173 

The Department ofHorticulture/Plant and Soil Science 

within the College of Agticulture at California Poly Pomona 
University was designated a Regional Support Center for A 
Garden in Evety School by the State Department of Educa
tion Starting in 1999. Our charge is to work with the re
gional reachers and schools to support the development of 

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 

rdated ropics with presentations and demonstrations at our 
conferences, in our workshop series, and in our other com
munications. 

In addition, CDFNCal Poly Pomona will soon begin con
Struction of the first phase of AGRIscapes, a 42-acre educa
cion 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 scudenrs can see and touch for themselves aspects of 
soil science, plant nutrition experiments, and studies of 
soiVwatet 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 200 I). 
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COMPLETED PROJECTS 

COMPLETED PROJECTS 
The following is a list of FREP projects completed prior to 

Ocrober 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.cdfu.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 J Lovatt 

Crop Management for Efficient Potassium Use and 

Optimum Wwegrape Quality 

Mark A. Matthews 

Potential Nitrate Movement below the Root Zone in Drip 

Irrigated Almonds 

Roland D. Meyer 

Field Evalnation of Water and Nitrate Flux through me 

Root Zone in a Drip/Trickle Irrigated V weyard 

Donald W Grimes 

Influence of Irrigation Management on Nitrogen Use 

Efficiency, Nitrate Movement, and Ground Water Quality 

in a Peach Orchard 

R. Scott Johmon 

Using High Rates of Foliar Urea to Replace Soil-Applied 

Fertilizers in Early Maturing Peaches 

R. Scott Johmon and Richard Rosecrance 

Nitrogen Efficiency in Drip Irrigated Almonds 

Robert J Zososki 

Effects of Four Levels of Applied Nitrogen on Three Fungal 

Diseases of Almond Trees 

Beth Teviotdale 

Nitrogen Fertilizer Management to Reduce Groundwater 

Degradation 

Steve Weinbaum 

Avocado Growers can Reduce Soil Nitrate Groundwater 

Pollution and Increase Yield and Profit 

Carol Lovatt 

Relationship Between Nitrogen Fertilization and Bacterial 

Canket Disease in French Prune 

Steven Southwick, Bruce Kirkpatrick, and Becky Westerdahl 

VEGETABLE CROPS 
Determining Nitrogen Best Management Practices for 

Broccoli Production in me San Joaqnain 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 We, 

Demonstration of Preside dress Soil Nitrate Testing as an 

Nitrogen Management Tool 

Timothy K Hartz 

Drip Irrigation and Fertigation Scheduling for Celery 

Production 
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Timothy K Hartz 

Diagnostic Tools for Efficient Nitrogen management of 

Vegetables Produced in me Low Desert 

Charles Sanchez 

Evaluation of Controlled Release Fertilizers and fertigation 

in Strawberries and Vegetables 

Wflrretz Bendixen 

Optimizing Drip Irrigation Management for Improved 

Water and Nitrogen Use Efficiency 

Timothy K Hartz 
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