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The Lodi-Woodbridge winegrape district, with approximately 750 growers and more 
than 90,000 acres in production in San Joaquin and Sacramento Counties, is the largest 
wine district in California, and encompasses a wide range of winegrape varieties and 
production systems. The district is also home to an incredible diversity of soil types that 
span a wide range of parent mineralogy, depositional histories, and degree of weathering. 
This, in turn, has led to great variability in soil chemical and physical properties, 
sometimes within the same vineyard block. It is not reasonable to expect that a single set 
of soil and nutrient management practices would serve winegrape yield and quality goals 
well in such an environment. In particular, it is well known that the supply to plants of 
potassium (K) and phosphorus (P) from soil minerals and applied as fertilizers is 
controlled by soil chemical and physical properties.  

A systematic nutrient management approach is needed that addresses variability of 
soils in order to improve fruit yields and possibly quality in this region. This is 
particularly important for the management of potassium, where both K excess and 
deficiency have undesirable effects. This report describes a one-year study of the Lodi 
district’s winegrape soils as related to potassium nutrition.  

The specific activities carried out in 2006 were the following: 
1. With assistance from the district staff, we conducted a mail survey of district 

grape growers to determine the interrelationships among soil, management 
practices, and the occurrence of K deficiency or excess. The survey was intended 
to help us develop a soil classification scheme and to identify sites for soil 
sampling and analysis. 

2. We developed a soil classification scheme that groups the district’s soils 
according to differences in mineralogy and other characteristics that are known to 
control the supply and availability of potassium;  

3. To validate this classification scheme, we collected samples of individual soil 
horizons and made soil profile descriptions at 21 vineyard locations in the district; 
and we analyzed the samples for chemical and physical properties, including 
particle size, pH, cation exchange capacity, exchangeable cations, and K fixation 
potential. K fixation is the trapping of K in mineral interlayers, which makes it 
unavailable to plants. X-ray diffraction was used to detect the presence of 
vermiculite, the soil mineral responsible for K fixation and which is found in 
some soils weathered from granitic parent material.  

4. Based on these results, we revised the soil classification scheme to further 
differentiate soils on terrace landforms in the central and eastern part of the 
district. Using the USDA-NRCS digital soil survey database SSURGO, we 
developed a map delineating five soil “regions”. Soils within a region are 
expected to require similar nutrient management approaches. 
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District Grower Survey 
A questionnaire (see Appendix C) was mailed to 730 growers. Valid questionnaires 

were completed by 160 growers, representing a 22% response rate. This reflects the 
length and complexity  of the questionnaire. Questionnaires for 251 individual winegrape 
blocks were completed and returned. Respondents reported owning a total of 30,080 
acres and managing another 27,799 acres for a total of almost 58,000 acres owned or 
managed, which amounts to approximately 60% of the district acreage. Respondents 
reported having grown grapes for an average of 23 years, and almost 80% have grown 
grapes for more than 10 years.  

Reported fruit yields averaged 8.2 tons/acre in 2005 and 6.9 tons/acre for the most 
recent three-year period. About half of the survey vineyard blocks were reported to be 
managed more for quality than for yield as indicated by receiving a 4 or 5 rating on a 
scale of 1 (managed for highest yield) to 5 (managed for highest quality) Consistent with 
this, almost 49% of blocks in the survey were managed with deficit irrigation, a practice 
that has been shown to increase sugar and flavor components of the fruit.   

Surface soil texture of more than half the vineyard blocks in the survey was rated as 
medium (loamy or silty). Another 25% were rated as having coarse-textured soil, and 
16% were rated as having fine-textured soil.  About half of the blocks in the survey were 
rated as having a limiting soil physical condition, e.g., hardpan (14%), claypan (12%), 
heavy clay texture (9%), poor drainage (6%), or excessively sandy/droughty (9%).   

Potassium fertilization appears to be common in the district, with 85% of blocks 
reported to have received K fertilizer in the past three years and most on an annual basis.  
Of the blocks receiving K fertilizer, 61% were fertilized through the drip irrigation 
system, and 30% received K as broadcast or banded soil applications. A very wide range 
of K rates was reported – 5 to 400 lb K2O/acre – with an average of 100 lb K2O/acre.  

Twenty-eight percent of blocks (excluding “don’t know”) were believed by 
respondents to have a potassium problem sometime in the three years preceding the 
survey.  The most common indications of the problem were low K petiole values, visual 
symptoms of K deficiency, and low K soil test values. Only two respondents reported an 
excess K problem. Differences among varieties, rootstocks, or soil textural classes in the 
occurrence of K problems were not statistically significant. 

 
Vineyard Soil Investigations 

As expected, we found a wide range of soil test K values and K fixation values in the 
individual soil horizon samples. Samples were collected midway between vine rows, and 
we avoided sampling in vineyards that were reported to have been fertilized with K by 
surface broadcast placement. At most locations, the surface soil layer showed a high soil 
test K value and did not fix K. Subsoil layers in some parts of the district fixed K and had 
low soil test K values.  Generally, there was an inverse relation between soil test K level 
and degree of K fixation. However, we found exceptions to this. Among the K-fixing 
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soils, there was a wide range of K soil test values, with several above 200 ppm. (There is 
no published critical value for K in grapes, but for field crops, the value ranges from 60 
to 150 ppm.) Also, among the samples having soil test K values <100 ppm, K fixation 
ranged from none to nearly 500 ppm. This suggests that even in deficient soils, the rate of 
K fertilizer required to correct a deficiency could vary greatly, and this might explain the 
difficulty some growers experience in correcting K deficiencies. 

 
Development of District Soil Map 

Our investigations in 2006 suggest that the Lodi-Woodbridge district soils can be 
arranged into five general regions or “soilscapes” based on geomorphology and soil 
properties. We used the digital versions of the Sacramento and San Joaquin County soil 
surveys and made selections in a GIS based on soil taxonomic criteria. The regional soil 
groupings will help direct future research to establish nutrient management guidelines for 
winegrapes. They may also play an important role in providing added identity to wines of 
the District.  

The five regions, consisting mainly of alluvial fan deposits of contrasting age and 
lithology, are described in more detail in the report. Following is a summary. 

Region 1) Clay-rich soils with high shrink swell capacity in basin alluvium and 
poorly drained valleys. The Stockton, Jacktone, Hollenbeck, and Galt soils 
are examples. These soils tend to be poorly drained and depending on the 
source of the parent materials may have high K fixation potential in the 
subsoil. 

Region 2) Coarse textured soils on recent fan deposits, flood plains and stream 
terraces. Examples are Tokay, Kingdon, Tujunga, and Columbia soils. 
These soils have low cation exchange capacity, low water-holding 
capacity, and low K fixation except for the deepest horizons. 

Region 3) Highly weathered soils on low, moderately old terraces. The main soils in 
this category are the San Joaquin and Bruella. These initially had low 
water-holding capacity and shallow rootzones, but deep tillage has 
improved them. Subsoil layers contain K-fixing minerals, however this 
may depend on the source of parent minerals. 

Region 4) Highly weathered soils on high, old fan remnants. The Redding soil is an 
example. These soils also have hardpans and have usually been improved 
by ripping. They typically do not fix K. 

Region 5) Undulating volcanic terrain of the eastern portion of the district. Pentz, 
Pardee, and Keys soils are examples. They have low available water 
holding capacity and are shallow to bedrock. They typically do not fix K. 

The county soil surveys generally contain less detail in regions 3, 4, and 5, because at 
the time the surveys were conducted, much of the land was used as unimproved pasture 
or rangeland. Soils in regions 1 and 2 were mapped in greater detail. Additionally, the 
terrace and foothill soils of regions 3, 4, and 5 are lithologically much more complex than 
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the basin alluvium and low lying fan deposits of regions 1 and 2. As winegrape 
production has expanded toward the east in the district, there is a need to understand the 
soils of the eastern area in greater detail, and our 2007 field and laboratory studies are 
focused on that objective.  
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The Lodi-Woodbridge winegrape district, with approximately 750 growers and 

more than 90,000 acres in production in San Joaquin and Sacramento Counties, is the 
largest wine district in California and encompasses a wide range of winegrape varieties, 
production systems, and soil types. For some time, winegrape growers and crop 
management professionals in California have expressed a lack of confidence in some of 
the nutrient management guidelines developed by UC over the past few decades (e.g., 
Christensen et al., 1978), which are based largely on research conducted with own-
rooted, flood irrigated Thompson Seedless grapes.  

Several factors may contribute to the limitations of existing UC nutrient guidelines. 
One such factor that is especially relevant in the Lodi winegrape district is soil 
variability. The district is home to an incredible diversity of soil types that encompass a 
range of age, parent mineralogy, and physical properties possibly found in no other 
agricultural area of similar size in the U.S. This variability reflects the presence in the 
district – and found even within single vineyards – of a mélange of volcanic and 
granitic alluvial and upland landforms worked by water and in some places overlaid on 
geomorphic surfaces that are among the oldest in the country.  

It is not reasonable to expect that a single set of soil and nutrient management 
practices would serve winegrape yield and quality goals well in such an environment. 
In particular, it is well known that the supply to plants of potassium (K) and phosphorus 
(P) from soil sources and applied as fertilizers is controlled by soil chemical and 
physical properties. 

This report describes a one-year study of the Lodi district’s winegrape soils as 
related to potassium nutrition. Several of the key objectives were achieved. The 
researchers thank the Lodi-Woodbridge Winegrape Commission for providing 
continuing support in 2007, which will allow further elaboration and validation of the 
2006 findings reported here. 
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Importance of Potassium for Winegrape Production 
Potassium is an essential nutrient for plant growth, and is needed in relatively large 

amounts by many crops. In grapes, K deficiency results in reduced vine growth, 
premature leaf drop, and yield loss (Christensen et al., 1978). Less potassium is 
removed in the harvested material (~5 lb K/ton of fruit) than by many other crops, but 
during periods of rapid leaf and fruit expansion, the short-term rate of K uptake by the 
expanding organs is high. During fruit expansion, K is remobilized from shoots and 
roots, but soil uptake is still important late in the season (Williams and Biscay, 1991).  

Care is needed not to over-apply K fertilizers. Excessive K fertilizer applications 
can contribute to buildup of salt in the soil. High levels of K in the soil may contribute 
to excess K in the skin of red grapes and reduced color. Excessive K uptake by grapes 
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leads to an increase in juice pH (Boulton, 2001) and lower yeast-assimilable nitrogen 
and ammonia in the fruit (Wehmeier, 2003) – both undesirable from the wine-making 
perspective. Excess K in the wine may precipitate as potassium tartrate during cold 
stabilization, requiring that the winery adjust the pH to avoid losing an important 
sensory component of the wine. An undesirably high level of K is a problem with some 
Australian vineyard soils (Krstic et al., 2003).  
 
Plant Factors in Potassium Nutrition 

Several researchers have shown that scion variety and rootstock influences on K 
uptake, timing, and fruit and petiole K content (Boulton, 1980; Wolpert et al., 2005). A 
diagnosis and management scheme must be specific to the various combinations of 
these factors. We suggest that petiole K level must be interpreted for specific 
varieties/rootstocks and adjusted for the anticipated fruit load. Petiole K concentrations 
interpreted in this manner should provide an indication of K need, but not the amount 
of applied K required to satisfy that need. For that, soil and management factors must 
be considered. 

 
Role of Soil in Potassium Nutrition of Grapes  

Current UC guidelines for vineyard management include both plant and soil 
monitoring and rely on petiole analysis at bloom and veraison and the standard test for 
soil K availability. In spite of years of crop removal of K, many agricultural soils in 
California contain large amounts of the element, which is released slowly by mineral 
weathering. Plant-available K is found in the soil solution or is retained on cation 
exchange sites on soil mineral particles and organic matter. In sandy soils (which 
generally have low cation exchange capacity), K over time will be leached from soil 
and must be replaced by fertilization or by slow release from weathering of minerals.  

An important phenomenon in soils derived from granitic parent material is 
potassium fixation. In K fixation, vermiculite (a layer silicate mineral resulting from the 
weathering of mica) actually removes K from solution by trapping it on sorption sites 
within the mineral layers. A portion of K fixed in this manner serves as a very slow-
releasing source for plants, but most will not become available fast enough during times 
of high K demand, like during berry formation. Soils high in vermiculite are found on 
the east side of the Central Valley, especially on landscapes with soils that are weakly 
to moderately weathered (Murashkina et al., 2007a). Soils formed on more highly 
weathered landscapes may not fix as much K due to the dominance of non-K-fixing 
smectitic or kaolinitic mineralogy.  

Vermiculite is a layer silicate mineral that often occurs in the clay size fraction, 
leading to the observation that some clayey soils fix K. Hartz et al. (2002) observed 
strong K fixation in fine-textured soils in the Sacramento Valley. But Murashkina et al. 
(2007b) have shown that K-fixing capacity in some San Joaquin Valley soils occurs 
mostly in the silt and fine-sand size fraction and not in the clay-sized material. The 
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standard K soil test in California – ammonium acetate extractable – measures soluble 
and exchangeable K. A K fixation measurement may also be useful in determining the 
amount of K fertilizer required to correct a deficiency (Miller et al., 1997).  

Soils of the Lodi winegrape region are diverse, but differ systematically along an 
east-west gradient from the foothills to the Delta. Major river systems such as the 
Sacramento, Cosumnes, Mokelumne and their tributaries deliver sediment derived from  
contrasting geologic parent materials, which further differentiate soil properties 
controlling K fixation and tendency for K leaching – mainly degree of soil 
development, soil texture, and soil mineralogy.  

 
Proposed Model of Soil-Plant-Management Influence on K Fertilizer Requirement 
of Winegrapes 

Plant K status and therefore K fertilizer requirement are determined by the balance 
between plant demand for potassium and the capacity of the soil (and root system) to 
provide that potassium to the above-ground plant and developing fruit.  

Supply of K to the plants from soil is determined by four factors 
1. Exchangeable and soluble soil K concentration in the root zone; 
2. The size of the root zone/root system, as influenced for example by presence 

of root-impeding soil layers and by irrigation management and rainfall; 
3. Soil cation exchange capacity, which affects retention of available K; 
4. Soil K fixation capacity, which plays a large role in K fertilizer use 

efficiency. 
5. Capacity of the roots and trunk to translocate the K to the plant top – which 

apparently varies among rootstocks and rootstock-scion combinations (e.g., 
Kocsis and Lehoczky, 2000); 

A focus of our research is the use of landscape features and soils information – 
including that contained in county soil surveys and the National Soils Information 
System – to infer factors 2, 3, and 4. Due to the limits of the resolution of county soil 
surveys, any index or rating system based on the survey in many situations might not be 
accurate at the scale of a block of grapes or even an entire vineyard. However, in many 
locations, such a map would show the most likely of several possible interpretations. 
This would aid growers in deciding how to use petiole or soil analysis and in selecting 
an adequate, but not excessive, rate of K fertilizer. 
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The objective of the 2006 research was to develop and validate the concept of a soil-
specific approach for managing potassium nutrition in the Lodi-Woodbridge Winegrape 
region. Our first step was to identify provisional soil groupings (which we refer to as 
“soilscapes” or “soil regions”) based on our knowledge of soil potassium chemistry and 
likely landscape relationships with those soil properties. We then dug soil pits (with 
help from growers or managers at some locations) in 21 vineyards throughout the 
district and collected samples from individual horizons. Based on the soil morphology 
and laboratory analyses, we modified the original classification scheme into five 
soilscapes that are likely to deserve different potassium management approaches.  

The specific activities carried out in 2006 were the following: 
5. We conducted a mail survey of district grape growers to determine the 

interrelationships among soil, management practices, and perception by the 
growers of the occurrence of K deficiency or excess. The survey was intended 
to help us develop the soilscape classification scheme and to identify sites for 
soil sampling and analysis. 

6. We validated the relationship of the provisional soil grouping and potential soil 
K supply by conducting soil profile descriptions at 21 locations and measuring 
in the laboratory relevant chemical and physical properties, including K fixation 
potential. 

7. Based on the grower survey and characteristics of soil profiles and samples, we 
revised the soil map to more consistently classify soils according to K 
management strategies. 

Our original proposal also included the objective of identifying provisional K 
management strategies specific to soils and production goals that would be appropriate 
for inclusion in the district’s winegrape grower workbook and which could also be used 
to identify future research needs. This objective was not achieved in 2006. The 2007 
research is aimed at developing a more thorough validation of our soilscape 
classification scheme and its application at the vineyard scale. Completion of those 
steps will allow us to more confidently propose K management strategies for each of 
the soilscapes. 
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A confidential mail survey of Lodi-Woodbridge Winegrape district members was 
conducted in April 2006. The objective was to determine the relationships among 
growers’ observations of K deficiency/excess, cultural practices, scion variety and 
rootstock, and soil properties. A secondary objective was to identify potential research 
sites.  
 
Methods  

The researchers applied for permission to conduct research with human subjects and 
received an exemption from the UC Davis Institutional Review Board. The survey was 
conducted using Dillman’s method (Dillman, 2000). We consulted with the LWWC 
staff and board of directors on the design of the cover letter and questionnaire. The final 
draft questionnaire was pilot tested on six members of the Commission’s research 
subcommittee and modified further based on their responses. The questionnaire took 
the pilot testers 10-15 minutes to complete per vineyard block. The cover letter and 
questionnaire are included as Appendices A and B of this report.  

Staff of the LWWC administered the survey. Members received an announcement of 
the upcoming survey by mail. The survey itself was mailed on April 3, 2006. The 
packet received by growers contained three identical blank questionnaires, and the 
instructions asked for growers to submit information on up to three blocks from 
different soil types. A postcard reminder was mailed about two weeks later, and a 
second letter with a replacement questionnaire was mailed to non-respondents about 
five weeks after the initial mailing. 

District staff entered all data into a MS Access® database form developed by LWWC 
Director of Research Cliff Ohmart. All respondents were identified by a code number 
assigned by the district staff. Data in the Access® file were transferred to a spreadsheet 
and e-mailed to the project’s principal investigator. The questionnaire asked growers to 
indicate whether they were willing to be contacted later by researchers. The contact 
information for those respondents (and no others) was included in the data file sent to 
researchers.  
�
Results and Discussion  
Survey response and acreage 

The questionnaire was mailed to 730 growers. Valid questionnaires were completed 
by 160 growers, representing a 22% response rate. This low response rate is not 
surprising considering that the questionnaire was lengthy and asked for information that 
may have been difficult for many growers to obtain.  

The 160 respondents reported owning a total of 30,080 acres and managing another 
27,799 acres for a total of almost 58,000 acres owned or managed, which amounts to 
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approximately 60% of the district acreage. Almost 80% of respondents reported having 
grown grapes for more than 10 years, and the average number of years was 23.  

Questionnaires for 251 individual winegrape blocks were completed and returned. 
Thirty-five respondents completed questionnaires for two blocks, 22 completed three, 
and one grower completed questionnaires for four blocks. The remaining 105 
respondents completed a single block questionnaire. 

Size of blocks in the survey is shown in Fig. 2. The size of individual vineyard 
blocks for which information was submitted by respondents ranged from 2 to 1600 
acres; the median block size was 28 acres, and the total acreage covered for all 
questionnaires represented about 19% of the district grape acreage. The results reported 
here should not be regarded as representative of all vineyard acreage in the district.  
 
Grape varieties and production practices 
The main varieties grown in the surveyed blocks were Zinfandel, Cabernet, 
Chardonnay, Merlot, and Syrah (Table 1). About a dozen other varieties were listed as 
cultivated in at least one of the blocks. 

 
Table 1.  Grape varieties in 2006 LWWC grower survey. Some blocks were 

described as having more than one varietya.  

Variety 

% of  vineyard 
blocks in survey 

(total=248) 

% of total 
vineyard acres in 

survey 
Zinfandel 38.3 29.0 
Cabernet or Cabernet Sauvignon 23.0 22.4 
Chardonnay 18.1 21.4 
Merlot 12.1 7.6 
Syrah 4.8 12.7 
Petite Syrah 4.4 0.7 
Other, none of the above 5.2 6.2 
aBlocks listed as having more than one variety are included in the percent value for each 
variety listed. In the variety acreage figures (right hand column), however, any block listed as 
having more than one variety is counted in the “other, none of the above” category. 

 
Fruit yields and irrigation practices 

Fruit yields in 2005 for the surveyed vineyard blocks ranged from about 2.5 to 16 
tons/acre and averaged about 20% higher than the reported three-year yields (Fig. 1). 
The three-year average fruit yield for all survey blocks was 6.9 tons/acre, and the 2005 
average was 8.2 tons/acre. (Fourteen responses with one or both yields reported as 
greater than 18 tons/acre were excluded from this analysis and from Fig. 1.) 
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Fig. 1. Fruit yields (2005 and three-year average) for 

vineyard blocks in the 2006 grower survey (n=221).  
 
Nearly 50% of vineyard blocks were reported to be managed more for quality than 

for yield as indicated by receiving a 4 or 5 rating on a scale from 1 (managed for 
highest yield) to 5 (managed for highest quality) (Fig. 3). Consistent with this, 49% of 
blocks in the survey were managed with deficit irrigation (Fig. 7), which can increase 
sugar and flavor components of the fruit.  Surface drip irrigation was used on two-thirds 
of the blocks, with most of the remaining irrigated by flood/furrow (16%) and sub-
surface drip (14%) systems (Fig. 6). Only three vineyard blocks in the survey were dry-
farmed, i.e., non-irrigated.   
 
Soil properties of surveyed vineyard blocks 

Surface soil texture of more than half the vineyard blocks in the survey was rated as 
medium (loamy or silty). Another 25% were rated as having coarse-textured soil, and 
16% were rated as having fine-textured soil (Fig. 4).  Respondents were asked to 
choose from a list of soil textural classes. We do not know how many of the 
respondents based their answer on laboratory soil analysis, the county soil survey, or a 
more subjective impression of soil texture. 

About half of the blocks in the survey were judged by respondents to possibly have 
a plant-growth limiting soil physical condition (Fig. 5). This included hardpan (14%), 
claypan (12%), heavy clay texture (9%) and poor drainage (6%).  This also includes 9% 
of vineyard blocks that were judged to have excessively sandy or droughty soil.  The 
high proportion believed to have clay/hardpan/drainage problems is interesting, given 
that the survey also indicated that land on 86% of blocks received deep tillage, i.e., 
ripping or slip-plowing, at the time of vineyard establishment (Fig. 8).  
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Management of soil fertility and potassium problems 
Growers were asked to report fertilizer N rates applied to surveyed blocks, but it 

appears that the question was difficult for many to answer, and some of the answers given 
appear to be in units other than pounds of actual N/acre (e.g., possibly in gallons/acre or 
gallons/entire block). The rates that appear to have been given in the correct units mostly 
range from 10 to 60 lb N/acre. 

The survey suggests that potassium fertilization of winegrapes in the district is very 
common, with 85% of blocks receiving K fertilizer in the past three years, and most of 
those receiving K annually (Figs. 9, 10).  Of the blocks receiving K fertilizer, 61% were 
fertilized through the drip irrigation system, and 30% received K as broadcast or banded 
soil applications (Fig. 11). A very wide range of K rates was reported – 5 to 400 lb 
K2O/acre – with an average of 100 lb K2O/acre. This is based on only 93 responses and 
does not include a number of responses for which the rates appear not to have been given 
in lb K2O/acre. About 27% of blocks in the survey received organic amendment 
applications sometime in the preceding three years (Fig. 14). Usage rate was about the 
same on blocks receiving and not receiving K fertilizer applications (data not shown). 

Sixty-three blocks (28%, with blanks and “don’t know” excluded) were believed by 
respondents to have a potassium problem in the three years preceding the survey (Fig. 
17).  The most common indications of the problem were low K petiole values (63 
blocks), visual symptoms of K deficiency (34 blocks), and low K soil test values (31 
blocks). Only two respondents reported an excess K problem. Based on the discussion of 
this problem in the viticulture literature and some anecdotal reports of concerns among 
winemakers in the district, we had expected that the survey might show a greater 
prevalence of excess K problems. 

We analyzed survey responses to determine whether K problems were reported to be 
more common on certain varieties or rootstocks or on clayey or sandy soil textures. There 
were differences, but none was statistically significant (Table 2).  Virtually all vineyard 
blocks perceived to have a K problem (low petiole K, low soil K, or visual symptoms) 
were given K fertilizer, but even among those not perceived to have a K problem, about 
80% were fertilized with K during the preceding three years (Table 3).  

The geographic distribution of blocks for which survey respondents indicated a 
potassium problem is displayed in Fig. 17. Of the total 252 questionnaires completed for 
individual winegrape blocks, the locations are shown for 128 for which latitude/longitude 
could be discerned. In this subset of all the responses, the blocks for which a K problem 
was indicated represent 33% of the displayed locations, compared to 27% in the larger 
data set, indicating that the reduced set of responses is reasonably representative of the 
complete set of surveys. The locations reporting a K problem appear to be clustered in 
certain areas, but it is not possible to associate these clusters with particular soils. The 
main limitation is the small number of responses for which the location was specified 
with enough precision to be assigned to a soil survey mapping unit. 
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Fig. 2. Winegrape acreage owned or 
managed by 2006 grower survey 
respondents. 

Fig. 7. Use of deficit irrigation in 
survey blocks. 

Fig. 6. Type of irrigation system used 
in survey blocks. 

Fig. 4. Surface soil texture of survey 
blocks. 

Fig. 3. Production goals in survey 
block – yield vs. quality.  

Fig. 5. Soil physical limitations in 
survey blocks. 
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Fig. 8. Soil profile modification used 
at time of block establishment. 

Fig. 9. Application of K fertilizer 
during last three years. 

Fig. 10. Frequency of K fertilizer 
application. 

Fig. 11. K fertilizer application method. 

Fig. 12. K-related problems observed or 
based on information from others? 

Fig. 13. Types of K nutrition problem in 
block (if “yes” in Fig. 11). 
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Fig. 14. Organic amendments 
(compost, manure, etc.) applied to 
block in last three years.  

Fig. 16. Soil testing for nutrient 
evaluation purposes in block during 
past three years.  

Fig. 15. Petiole testing in block 
during past three years.  
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Table 2. Observed potassium-related problems in relation 
to variety, rootstock, and vineyard block soil texture 
(2006 grower survey). 
 

  

% blocks 
with K 

problem in 
last 3 
years 

% blocks 
petiole 

sampled 
in last 3 
years 

% blocks 
soil 

sampled 
in last 3 
years 

All blocks (n=228)a 27.6b 73.7 63.1 
    
Varieties     
Zinfandel (n=77) 21 56 53 
Cabernet (n=47) 17 82 60 
Chardonnay (n=33) 36 82 68 
Merlot (n=23) 39 75 83 

 NSc 
**      

(p=0.01) NS 
    
Rootstocks     
Freedom (n=106) 22 76 61 
St. George (n=17) 29 56 33 
5C (n=17) 17 61 67 
5BB (n=16) 56 94 94 
 NS   
    
Soil texture     
Coarse (n=61) 31 73 57 
Loamy (n=130) 25 70 59 
Fine (n=38) 37 76 79 
  NS NS NS 
a
For each question, n (number of cases) varies slightly from 

value shown. 
b
The most common K-related problems were (in order) low 

petiole values, low soil test values, and visual symptoms. 

c
NS = nonsignificant difference (p>0.05), Pearson's chi-square 

test. Rootstock comparison included other rootstocks (not 
shown), and the data must be reanalyzed to determine statistical 
significance of frequencies among these four. 
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Table 3. Use of K fertilizer and relationship to use of soil and plant 

analysis and presence of visual K deficiency symptoms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
% receiving K fertilizer in 

last 3 years 
All vineyard blocks in survey 85 a 
  
Among blocks that …   

- were petiole tested in last 3 years 95 
- were not petiole tested 55 
  
- were soil sampled in last 3 years 95 
- were not soil sampled 68 
  
- had an indication of K problem 99 
- had no indication of K problem 79 
  
- had low petiole K  100 
- did not have low petiole K 80 
  
- had low soil test K 100 
- no low soil test K 83 
  
- displayed visual K deficiency 

symptoms 97 
- no visual K deficiency symptoms 83 

a
Among all vineyard blocks receiving K fertilizer, 81% were fertilized with K annually or 

more often. 
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Fig. 17. Location of blocks reported to have potassium 
problem in past three years (2006 LWWC grower 
survey). 
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Methods  

Map production/GIS 
We used digital soil survey databases to repackage soil surveys of Sacramento and 

San Joaquin Counties into five soil regions. The corresponding five soil regions 
represent differences in K fixation, soil development, rooting depth, and plant water 
relationships.  
 
Selection of Vineyards and Soil Sampling Activities 

Candidate sites were selected based on the initial classification scheme described in 
the 2006 semi-annual progress report and the research team’s tour of the district. Grape 
grower name and contact information were obtained with the assistance of LWWC 
research subcommittee members and other consultants.  At each site, the grower was 
contacted, and permission to enter the vineyard was obtained. Sites were chosen within 
vineyards that appeared to represent the dominant soil series based on landform and 
color/texture of auger samples. At most selected sites, pits were dug by hand or by the 
grower using a backhoe. Site notes and standard profile descriptions were recorded at 
most locations. 

During the spring and summer of 2006, soil profile descriptions were obtained at 16 
locations; and 81 soil samples from individual horizons at these locations were 
collected for laboratory analysis. Five additional locations were chosen for sampling in 
the fall of 2006, and an additional 34 horizon samples were collected. Totals for the 
year were 21 profiles and 115 soil samples. 
 
Laboratory Analyses 

Laboratory measurements included soil pH (1:1 water), particle size (modified 
pipette), cation exchange capacity and exchangeable cations (Soil Survey Staff, 2004). 
K fixation potential was determined by measuring the change in solution K 
concentration when the soil sample was shaken for 1 hr with a solution containing an 
initial 20 mmol K per kg soil (Murashkina et al., 2007a). Clay mineral components 
were determined by x-ray diffraction on a sample from all horizons in four soil pedons, 
each selected from a different landscape region in the district, as described in the 
Results section below. 
 
Results  

Relationship of K Fixation to Extractable K 
Some research has shown an inverse relationship between soil plant-available K 

levels and the capacity to fix K (Murashkina et al., 2007a; Miller et al., 1997).  Usually, 
soils with relatively high amounts of available K do not fix K. However, we found, in 
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agreement with other research, that there are exceptions to this. Soil samples from Lodi 
district vineyards that fixed K – which in Fig. 18 are represented by points to the right 
of the vertical axis tended to have low amounts of ammonium acetate-extractable K 
(the standard agricultural soil test for K). While there is no UC-recommended soil test 
K level for grape production, the critical value for field crops ranges from 60 to 150 
ppm (Reisenauer, 1983; Soil Improvement Committee, 2002; Miller et al., 1997). 
Among the K-fixing samples shown in Fig. 18, there was a wide range of K soil test 
values, with several above 200 ppm. Also, among the samples with very low soil test K 
values (those below the dashed line in Fig. 18), K fixation ranged from none to nearly 
500 ppm. This suggests that the rate of K fertilizer required to correct a deficiency 
could vary tremendously, and this might explain the difficulty in some soils in 
correcting K deficiency by fertilization. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 18. K fixation and soil test K values of individual horizon soil 
samples from Lodi district vineyards. Negative K fixation 
values represent non-K fixing samples. Circled points are 
samples with relatively high soil test K but which fix K. 

 
 
Provisional Soilscapes 

Soils in the Lodi-Woodbridge district vary in a systematic pattern as a result of the 
depositional history of the parent materials from which the soils formed. Our initial 
investigations suggest that district soils can be arranged into five general regions or 
“soilscapes” based on geomorphology and soil properties (Fig. 19). Distinct geologic 
formations consisting mainly of alluvial fan deposits of contrasting age and lithology 
comprise the parent material for these soilscapes. These regional soil groupings will 
help direct future research to establish nutrient management guidelines for winegrapes. 
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The groupings also reflect major differences in physical properties of soils. They may 
also play an important role in providing added identity to wines of the District.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19. Grouping of soils (preliminary geographic K management 
templates) in Lodi-Woodbridge Winegrape Commission district 
possessing distinct potassium retention and supply characteristics. 

 

The five regions are listed here and described in more detail in the following 
paragraphs. 

Region 1) clay-rich soils with high shrink swell capacity in basin alluvium and 
poorly drained valleys 

Region 2) coarse textured soils on recent fan deposits, flood plains and stream 
terraces 

Region 3) highly weathered soils on low, moderately old terraces 

Region 4) highly weathered soils on high, old fan remnants 

Region 5) undulating volcanic terrain of the eastern portion of the district.  



Soil-specific potassium management – 2006 Final Rep ort  
___________________________________________________________ 

 18 

Soils of Region 1 
Region 1 encompasses the western edge of the District and consists of basin 

alluvium, the youngest geologic formation in the region (0-7,000 years old). The 
alluvium is clayey in nature, but also includes large expanses of peat in very poorly 
drained landscape positions. In general, the area is poorly to somewhat poorly drained. 
Dominant soils of this region are Stockton, Jacktone, Galt and Hollenbeck. Available 
water holding capacity of these soils is moderate ranging from 6 to 9 inches of water. 
Permeability is slow, with horizons ranging from 0.06 to 0.2 inches per hour. The 
cation exchange capacity, hence nutrient retention capacity, is high and the pH is 
neutral (Table 4).  

Soils are clay-rich throughout the profile. The mineralogy of the clay fraction 
determined by X-ray diffraction was dominantly smectite and vermiculite. Smectite 
clays display high shrink-swell capacity and do not fix K. Vermiculite is responsible for 
K fixation. All horizons except the plow layer (Ap) fixed K. It is likely that years of 
fertilization have saturated K-fixation sites in the Ap horizon, which is why the Ap 
actually supplied K during the K fixation test (Table 4). 

 
Table 4. Chemical and physical properties of the Stockton clay formed in basin 

alluvium on the western edge of the Lodi Winegrape District. 
        
Horizon Depth Clay Silt Sand pH † CEC†† K 

Fixation††† 
 cm  %   cmolckg-1 mg K kg-1 
Ap 0-13 44 37 19 6.8 29.1 -513 
Bt 13-38 47 37 16 7.1 27.8 96 
Btss 38-60 46 39 15 7.1 28.4 277 
C 60-110 30 38 32 7.2 17.6 467 

†- pH measured on 1:1 soil-water extract. 
††-Cation exchange capacity in units of centimoles of charge per kilogram of soil. 
†††-K fixation in mg K per kg of soil, negative values indicate that soils do not fix K. Positive 

values indicate K fixation. 

 
Soils of Region 2 

Region 2 consists of Holocene and Modesto aged alluvium (deposited 0 to 50,000 
years ago) by major rivers of the area. Large expanses of this region are found directly 
east of Region 1 along the basin margin, but stringers of this material extend into other 
regions in the district. The alluvium is loamy to coarse textured and well drained. 
Dominant soils of region 2 are Tokay, Kingdon, Acampo, Columbia and. Tujunga. 
Available water holding capacity of these soils is moderate to high, ranging from 6 to 
9.6 inches of water. Permeability is moderately rapid with horizons ranging from 2.0 to 
20 inches per hour. The cation exchange capacity, hence nutrient retention capacity, is 
low and the pH is neutral to slightly acid (Table 5).  
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Horizons are coarse textured throughout the profile and the mineralogy of the clay 
fraction is dominantly mica with trace amounts of kaolinite, indicating that these soils 
are relatively un-weathered and have formed from granitic alluvium. These clay 
minerals do not fix K, with most horizons supplying K. The bottom horizon in two, 
however, contains vermiculite, enough to increase the K fixation capacity to 371 mg K 
kg-1 (Table 5). 

 

Table 5. Chemical and physical properties of the Kingdon sandy loam formed 
along the basin margin in granitic alluvium of stream terraces and recent fan 
deposits in the Lodi Winegrape District. 

        
Horizon Depth Clay Silt Sand pH † CEC K 

Fixation††† 
 cm  %   cmolckg-1 mg K kg-1 
Ap1 0-17 9 27 64 6.1 24.8 -262 
Ap2 17-45 10 29 60 5.8 5.3 -207 
Bt1 45-60 3 37 60 6.1 5.4 -160 
Bt2 60-94 11 31 58 6.4 4.6 -213 
C 94-165 13 31 56 6.6 5.7 371 

†- pH measured on 1:1 soil-water extract. 
††-Cation exchange capacity in units of centimoles of charge per kilogram of soil. 
†††-K fixation in mg K per kg of soil, negative values indicate that soils supply K positive values 

indicate K fixation. 
 
Soils of Region 3 

Soilscapes of region 3 are found on low terraces of Riverbank age (deposited 
90,000 to 300,000 years ago).  Large expanses of this soilscape are located in the 
central portion of the District. The landscape consists of gently undulating 
microtopographic highs and lows. Soils formed from granitic alluvium and are 
moderately well drained. The subsoils often contain hardpans and/or clay pans that 
restrict water and root penetration. Hardpans must be ripped and claypans must be 
mixed to improve rooting depth. Dominant soils of region 3 are San Joaquin and 
Bruella. Available water holding capacity can be as low as 2.8 to 5 inches if the rooting 
environment is not improved by deep tillage. Permeability in topsoil ranges from 0.6 to 
2.0 inches per hour. In subsoil horizons, permeability is much lower ranging from less 
than 0.06 to 0.6 in/hr. The cation exchange capacity is low throughout the profile due to 
the presence of low activity clays (kaolinite). The pH is moderately acidic in topsoil 
layers and neutral to alkaline in subsoil layers (Table 6). 

Topsoil layers consist of loams, sandy loams and silt loams. Subsoil layers are 
usually clays. The mineralogy of the clay fraction of the Ap1 horizon consists of 
kaolinite, mica, and trace amounts of vermiculite. K fixation did not occur in this 
horizon likely because all sites have been saturated by years of fertilization. K fixation 
increased in subsoil horizons as did the vermiculite content (Table 6).  
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Table 6. Chemical and physical properties of the San Joaquin series formed on 

low terraces in the central portion of the Lodi Winegrape District. 
        
Horizon Depth Clay Silt Sand pH † CEC K 

Fixation††† 
 cm  %   cmolckg-1 mg K kg-1 
Ap1 0-21 15 31 54 5.8 5.4 -179 
Ap2 21-33 25 32 43 6.0 8.6 24 
AB1 33-49 28 34 38 6.4 9.9 108 
AB2 49-67 20 39 40 6.6 7.7 73 
Bt 67-114 40 35 25 7.1 13.0 163 
Btqm 114-159 25 30 45 8.4 7.0 29 
BC 159-183 27 21 52 8.8 7.5 77 

†- pH measured on 1:1 soil-water extract. 
††-Cation exchange capacity in units of centimoles of charge per kilogram of soil. 
†††-K fixation in mg K per kg of soil, negative values indicate that soils supply K positive values 
indicate K fixation. 

 
Soils of Region 4 

Soilscapes of region 4 are found on high terraces of Turlock lake age (deposited 
300,000 to 1.5 million years ago).  This soilscape is located in the eastern portion of the 
District. The landscape consists of dissected high terraces.  Soils formed from alluvium 
from metamorphosed volcanic and sedimentary rock that once comprised the outer 
“shell” of the Sierra Nevada Mountain range and has since been eroded away to expose 
the granitic interior. The soils are moderately well drained and contain hardpans and/or 
clay pans that restrict water and root penetration. Some soils in this landscape cap 
consolidated volcanic mudflow indicative of region 5. Dominant soils of this region are 
Redding, Redbluff and Corning.  Available water holding capacity and permeability 
change dramatically with depth due to a sharp increase in clay content (Table 7). 
Available water holding capacity is very low for the Redding series and moderate for 
Corning.  Permeability is very slow. Permeability of the top soil ranges from 0.6 to 2.0 
inches per hour. In subsoil horizons, permeability is often less than 0.06 in/hr. The 
cation exchange capacity is low throughout the profile due to the presence of low 
activity clays (kaolinite). The pH is moderately acid to acid (Table 7). 

Topsoil horizons are loams and subsoil is usually clay. The mineralogy of the clay 
fraction is dominantly kaolinite with trace amounts of mica in the topsoil, indicating 
that these soils are highly weathered. Trace amounts of mica in topsoils suggest that 
they have been re-worked with recent supply of younger granitic alluvium. The 
Redding soil does not contain vermiculite, and as a result, clay minerals serve as an 
exchangeable K supply rather than fixing K (Table 7).  
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Table 7. Chemical and physical properties of the Redding series formed on old 

dissected high terraces in the central and eastern portion of the Lodi 
Winegrape District. 

        
Horizon Depth Clay Silt Sand pH † CEC†† K 

Fixation††† 
 cm  %   cmolckg-1 mg K kg-1 
Ap 0-16 29 33 38 6.6 11.5 -348 
A/Bp 16-60 34 30 36 5.0 6.8 -204 
B/At 60-97 26 16 59 4.9 11.6 -102 
Bt1 97-107 48 20 31 5.0 10.6 -23 
Bt2 107-145 43 23 34 4.9 20.3 -32 
Btqm 145-155 10 13 77 5.2 13.4 -13 
BCt 155-180 23 23 54 5.3 15.9 5 

†- pH measured on 1:1 soil-water extract. 
††-Cation exchange capacity in units of centimoles of charge per kilogram of soil. 
†††-K fixation in mg K per kg of soil, negative values indicate that soils supply K positive values 

indicate K fixation. 

 
Soils of Region 5 

Region 5, the Mehrten formation, is the oldest formation in the region (deposited 3 
to 10 million years ago) and consists of volcanic mudflows of andesitic lithology.  The 
Mehrten formation is limited in extent to the eastern edge of the District. This 
formation has been uplifted over time with the corresponding uplift of the Sierra 
Nevada Mountains, and as a result, it has been dissected by erosive forces. The rolling 
hills of this landscape are remnant of what was once locally a continuous ancient 
surface. Typical soil types that occur on this parent material are Pentz, Pardee and 
Keyes. These soils are well drained and permeability is moderately slow to moderately 
rapid.  Available water holding capacity is very low because the rooting depth is limited 
by bedrock. Mineralogy of the clay fraction consists mainly of smectite. The Pentz soil 
does not contain vermiculite, and as a result, clay minerals serve as an exchangeable K 
supply rather than fixing K. Clay content is low throughout the soil profile and cation 
exchange capacity is moderate. The pH is neutral throughout the profile (Table 8). 
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Table 8. Chemical and physical properties of the Pentz series formed on old 

dissected high terraces consisting of volcanic mudflow in the eastern portion of 
the Lodi Winegrape District. 

        
Horizon Depth Clay Silt Sand pH † CEC K 

Fixation††† 
 cm  %   cmolckg-1 mg K kg-1 
A 0-10 13 13 74 6.7 13.2 -497 
AB 10-39 15 32 53 6.5 13.9 -241 
Bt1 29-40 15 29 57 6.6 19.0 -285 
Bt2 40-61 16 51 33 6.7 17.1 -247 
C/Cr 61-68 15 11 74 6.9 17.7 -177 

†- pH measured on 1:1 soil-water extract. 
††-Cation exchange capacity in units of centimoles of charge per kilogram of soil. 
†††-K fixation in mg K per kg of soil, negative values indicate that soils supply K positive values 

indicate K fixation. 
 
 
 
Discussion  

The county soil surveys generally contain less detail in the terrace and foothill 
landscape regions 3, 4, and 5, because at the time the surveys were conducted, much of 
the land was in use as unimproved pasture or rangeland. Soils in regions 1 and 2 were 
already being used for irrigated agricultural and were mapped in greater detail. Soils in 
regions 3, 4, and 5 are geologically much more complex than the basin alluvium and 
low lying fan deposits of regions 1 and 2. As winegrape production has expanded 
toward the east in the district, there is a need to understand the soils of that area in 
greater detail. Our 2007 field and laboratory studies are focused on that objective.  

Geographic nutrient management templates will serve two major functions 1) 
provide soil landscape-targeted potassium management prescriptions, and 2) serve as an 
organized framework that provides identity to the landscape from which future site-
specific outreach and management information can be delivered.  

A systematic nutrient management approach is needed that addresses variability of 
soils in order to improve of yields and possibly quality in the Lodi-Woodbridge 
winegrape region. This is particularly important for the management of potassium, 
where both K excess and deficiency have undesirable effects. This proposed research is 
a necessary step in order to implement a comprehensive nutrient management program 
for the region. 
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COVER LETTER FOR 2006 GRAPE NUTRIENT AND SOIL 
MANAGEMENT SURVEY 
 
 
 

March 27, 2006 
 

Dear Lodi-Woodbridge Winegrape Commission Grower: 

The Lodi-Woodbridge Winegrape Commission is supporting a UC project aimed at 
developing information needed for establishment of new nutrient management guidelines 
for district growers. The primary focus of the UC project is potassium availability and 
use.  

As a first step in this effort, we are conducting a grower survey to identify the 
most common nutrient and soil management practices and problems.  Please 
complete the enclosed confidential survey and return within 7 business days.  

We would be happy to answer any questions you might have about this survey. If you 
have such questions, contact Cliff Ohmart at the LWWC office, 209-367-4727, 
cliff@lodiwine.com. 

We will greatly appreciate your response to this survey. We believe it will help the 
district lay a sound foundation for improving the quality of Lodi winegrapes and wine. 
As a small token of thanks, we have enclosed a previously unpublished color map of 
district soils, showing soil texture, drainage class, and presence of hardpans and other 
restricting layers.  

Sincerely, 
 
Stanton Lange              Cliff Ohmart  
LWWC Research Committee    Research/IPM Director, LWWC 
 
 
Paul Verdegaal      Dr. Stu Pettygrove 
UC Cooperative Extension Farm Advisor  UC Cooperative Extension Soils  
       Specialist and Project Principal  
       Investigator 
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QUESTIONNAIRE FOR 2006 GRAPE NUTRIENT AND SOIL 
MANAGEMENT SURVEY 
����

Section A. Background  

1. Number of acres on which you grow winegrapes: 

Owned by you or your company ____________ 

Managed by you but owned by another business entity  _______ 

2. Number of years you have been a grape grower _________ 

 

Section B.  Block Description   (A “block” typically is an area of vines managed the 
same within a larger vineyard, though sometimes a block is an entire vineyard) 

3. Block location: Nearest town/city __________________  County ___________ 

4. Block location - (Describe by nearest roads and intersections) 

____________________________________________________________ 

_____________________________________________________________ 

Example 1.  On east side of Gray St. 3/4 mile south of Rd. 24   
Example 2.  On SW corner of Rd. 24 and Gray St. 

5. Acres in this block ____________ 

6. Variety  (or predominant variety if more than one)  _______________________ 

7. Rootstock (or predominant rootstock if more than one) ____________________ 

8. Fruit yield in 2005:  ___________ ton/acre 

9. Three-year average fruit yield:  ________ ton/acre 

10. Would you say that over the past three years, production practices for this block 
have been more oriented toward: (Circle a number in the scale below) 

            1                            2                           3                            4                            5 

    Highest yield    Lean toward yield   Equal yield & qual.   Lean toward quality   Highest quality  

11. Type of irrigation system (check one) 

�  Non-irrigated (dryland) 

�  Surface drip 

�  Sub-surface (buried) drip 

�  Furrow or flood 

�  Sprinkler 
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12. Is deficit irrigation -- also called “regulated deficit irrigation” and defined as 
irrigating in mid-season with less than the full crop water requirement -- used on 
this block? 

�  Yes 

�  No 

�  Don’t know 

 
Section C. Soil Factors in Block  

13. How would you describe the predominant surface soil texture in this block? 

�  Coarse texture (sandy) 

�  Medium texture (loamy or silty) 

�  Fine texture (clayey) 

�  Don’t know  

14. To your knowledge, are there currently any of the following soil physical 
conditions present that might limit root growth or fruit production?  (Check all 
that apply. Leave all blank if you do not know.) 

�  Hardpan (cemented layer) 

�  Claypan 

�  Bedrock (at shallow enough depth to limit root growth) 

�  Heavy clay texture 

�  Slow or poor subsurface drainage or seasonally high water table 

�  Excessively sandy, droughty 

�  Other (describe) ______________________________________ 

�  No known restrictions or limitations 

15. To your knowledge, at the time this block was established, was “deep ripping” or 
any other method employed to break up or shatter a hardpan or other very dense 
or compacted soil layer?    

�  Yes – ripping (typically to 3 ft. or less) 

�  Yes – slip plowing or similar operation to depth greater than 3 ft. 

�  Yes – but don’t know depth 

�  No (No deep tillage or did not have hardpan in the first place) 

�  Don’t know 
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Section D. Grapevine Nutrition Practices in this Bl ock  

16. Total annual fertilizer nitrogen (N) application rate (“Ballpark estimate” is OK. 
Leave blank if you don’t know)  

    _____________ lb N/acre (from all commercial fertilizer sources) 

or _________ lb/acre of ___________________ (name of N fertilizer material)  

17.  Has potassium (also called “potash” or “K”) fertilizer been applied to this block 
at least once in the past three years (2003, 2004, 2005)? 

�  Yes  (Answer questions 18-21) 

�  No (Jump to question 22) 

�  Don’t know (Jump to question 22) 

18. How often is potassium (K) fertilizer applied in this block? 

�  Annually or more often 

�  Less often than annually 

�  Don’t know 

19. Type of potassium fertilizer used 

�  Solid/dry Potassium chloride (Muriate of potash, 0-0-60, 0-0-62, or similar) 

�  Solid/dry Potassium sulfate (Sulfate of potash, 0-0-53, 0-0-50, or similar) 

�  Other ____________________________________ 

�  Don’t know 
 
20. Method of application of potassium fertilizer (check all that apply) 

�  Surface banded 

�  Surface broadcast 

�  Surface --  placed under drip emitter 

�  Injected through drip system 

�  Other __________________________________ 

�  Don’t know  

21. Rate of potassium (total) fertilization   (“Ballpark” OK.  Leave blank if you don’t know) 

      __________ lb K2O/acre (avail. potash from all commercial fertilizer sources) 

or   ___________lb/acre of ____________________________ (name of fertilizer  material) 

22. Are you aware (or has a winery rep, PCA, farm advisor, or other consultant told 
you) of potassium problems in this block in the past three years?  

�  Yes  (Answer question 23) 

�  No (Jump to question 24) 

�  Don’t recall (Jump to question 24) 
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23. What particular indications of a potassium problem in this vineyard are you aware of 
(either from your own observations or from information given to you by others)? (Check 
all that apply.) 

�  Low petiole potassium (K) 

�  Low soil test potassium (K) 

�  K deficiency visual plant symptoms 

�  Low yields possibly caused by potassium deficiency 

�  Need for very large or frequent potassium (K) fertilizer applications   

�  Potassium excess (for example, too much potassium in juice or high juice pH) 

24.  Have organic amendments (compost or manure) been applied in this block in the 
past three years?  

�  Yes (Answer questions 25 and 26) 

�  No (Jump to question 27) 

�  Don’t know  (Jump to question 27) 

25. What type of organic amendments have been used? 

�  Compost (defined as made from manure, landscape trimmings, etc.- well 
decomposed, original material no longer recognizable visually or by smell) 

�  Animal manure (slightly composted or not composted) 

�  Grape pomace 

�  Other organic amendment  ____________________________________ 

�  Don’t know 

26. How often are these organic amendments applied? 

�  Annually or more often 

�  Less often than annually 

�  Don’t know 

27. Has petiole sampling and analysis been used in this block in the past 3 years? 

�  Yes 

�  No 

�  Don’t know 

28. Has there been soil sampling for nutrient evaluation purposes in this block in the 
past 3 years? 

�  Yes 

�  No 

�  Don’t know 
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Thank you for completing this survey! (Don’t forget, we would 
like you to fill out all three of the enclosed questionnaire copies for 
3 separate blocks – if you have multiple blocks.) 

 
 

 

A couple of other questions… 
 

·  Are there other soil or nutrient-related questions that you would like to see 
addressed in the future by researchers?  Please describe or list topics or problems 
that are of concern in your operation or that you believe would be of interest to 
other Lodi-Woodbridge Winegrape Commission growers. 

__________________________________________________________________ 

_________________________________________________ 

_________________________________________________ 

 
·  UC Cooperative Extension/UC Davis researchers will be visiting a small number of 

district vineyards in 2006 for follow-up soil sampling related to this survey. May we 
contact you to discuss such a possible follow-up visit? 

�  Yes 

�  No 

If Yes, your name: ________________________________________ 

Best way to contact you:  __________________________________ 
                                           (cell phone number, e-mail address) 
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CLAY MINERAL X-RAY DIFFRACTOGRAMS   
Each page in Appendix C displays the diffractograms from the horizon samples of a 

single soil profile representing a Soil Region described in the Field Studies Results 
section  of this report and displayed in the color map (Fig. 19). X-ray diffraction analyses 
have not been conducted yet on any soils from Region 3.  

Presence of vermiculite (see labels on peaks in spectra) is associated with potassium 
fixation. Size of peak is not necessarily related to quantity of a mineral. Also these 
spectra do not tell us anything about mineralogy of coarse size separates (silt and sand), 
which may or may not contain K-fixing minerals.  
 
Soil Profile #3, Region 1   

Stockton clay, formed on alluvium of Holocene age (0-7,000 years old), smectite and 
vermiculite mineralogy. Fixes K. See Table 4.  
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Soil Profile # 6, Region 2 

Formed on Holocene and Modesto age (0-50,000 years old) coarse alluvium; 
micaceous, non-K fixing.  Table 5 shows properties for profile #4, a Kingdon sandy 
loam, which is in the same soil Region and has similar properties to profile #6. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Soil-specific potassium management – 2006 Final Rep ort  
Appendix C – Clay mineral x-ray diffractograms       
______________________________ 

 32 

L12 XRD

0 5 10 15 20 25 30 35

Degrees 2-Theta

In
te

n
si

ty

k550

k350

K25

Mg

glycerol

K550

K350

K25

Mg

glycerol

0.357

1.000 0.335

Pit  11, A/ Bp, (16-60)cm

0.716

Mica

Kaolinite

Figure 12.X-ray diffractograms of the clay fract ion of Lodi soil (pit11,16-60cm). Peaks are ident if ied by d-spacing (in nm).

L13 XRD

0 5 10 15 20 25 30 35

Degrees 2-Theta

In
te

n
si

ty

k550

k350

K25

Mg

glycerol

K550

K350

K25

Mg

glycerol

Pit  11, B/ At , (60-97)cm

0.721 0.356

0.991

1.426

0.335

mica-Vermiculite

Kaolinite

0.492

Figure 13.X-ray dif f ract ograms of  t he clay f ract ion of  Lodi soil (pit 11,60-97cm). Peaks are ident if ied by d-spacing (in nm).

L15 XRD

0 5 10 15 20 25 30 35

Degrees 2-Theta

In
te

n
si

ty

k550

k350

K25

Mg

glycerol

K550

K350

K25

Mg

glycerol

0.716 0.356

1.014

0.335

1.782

1.426

0.507

Pit  11, Bt2, (107-145)cm

Vermiculite-Smectite

Kaolinitevermiculite-smectite

Figure 15.X-ray dif f ractograms of  t he clay f ract ion of  Lodi soil (pit 11,107-145cm). Peaks are ident if ied by d-spacing (in nm).

L16 XRD

0 5 10 15 20 25 30 35

Degrees 2-Theta

In
te

n
si

ty

k550

k350

K25

Mg

glycerol

K550

K350

K25

Mg

glycerol

0.716
0.355

1.000
0.335

1.426

0.503

Pit  11, Bt qm, (145-155)cm

Vermiculite-smectite
Kaolinite

1.
1.753

Figure 16.X-ray dif f ract ograms of  t he clay f ract ion of  Lodi soil (pit 11,145-155cm). Peaks are ident if ied by d-spacing (in nm).

L17 XRD

0 5 10 15 20 25 30 35

Degrees 2-Theta

In
te

n
si

ty

k550

k350

K25

Mg

glycerol

K550

K350

K25

Mg

glycerol

0.730 0.356

1.000

0.501

1.972

Pit  11, BCt , (155-180)cm

1.390

0.334

Vermiculite-Smectite Kaolinite

Figure 17.X-ray dif f ractograms of  t he clay f ract ion of  Lodi soil (pit 11,155-180cm). Peaks are ident if ied by d-spacing (in nm).

L14  XRD

0 5 10 15 20 25 30 35

Degr ees 2- T het a

k550

k350

K25

Mg

glycer ol

K550

K350

K25

Mg

glycer ol

0.723 0.358

1.000
0.334

0.497

Pi t  11,  B t1,  (97-107)cm

1.444

mica-Ver micul i te

Kaol ini te

Figur e 14 . X- r ay dif f r act ogr ams of  t he clay f r act ion  of  Lodi soil ( pit 11, 9 7 - 10 7 cm) .  Peaks ar e iden t if ied by d- spacin g ( in  n m) .

L11 XRD

0 5 10 15 20 25 30 35

Degr ees 2- T het a

k550

k350

K25

Mg

glycer ol

K550

K350

K25

Mg

glycer ol

Pi t  11, A p,  (0-16)cm

0.991

0.716

0.356

0.333

Mica

Kaol ini te

Figur e 11. X- r ay dif f r act ograms of  t he clay f r act ion  of  Lodi soil ( pit 11, 0 -16 cm) .  Peaks are iden t if ied by d- spacin g ( in  n m) .

Soil Profile #11, Region 4  
Redding series, high dissected terraces, Turlock Lake age (0.3-1.5 million years old). 

Kaolinitic, non-K fixing. See Table 7. 
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Soil Profile #13, Region 5 

Pentz series formed on Mehrten formation volcanic material (3-10 million years old), 
smectitic, non K fixing. See Table 8. 
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Figure 18.X-ray dif f ract ograms of  t he clay f ract ion of  Lodi soil (pit 13,0-10cm). Peaks are ident if ied by d-spacing ( in nm).

L19 XRD
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Figure 19.X-ray dif f ract ograms of  t he clay f ract ion of  Lodi soil (pit 13,10-24cm). Peaks are ident i f ied by d-spacing (in nm).

L20 XRD
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Figure 20.X-ray dif f ract ograms of  t he clay f ract ion of  Lodi soil  (pit 13,29-40cm). Peaks are ident i f ied by d-spacing ( in nm).
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Figure 21.X-ray dif f ract ograms of  t he clay f ract ion of  Lodi soil (pit 13,40-61cm). Peaks are ident i f ied by d-spacing ( in nm).
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Figure 22.X-ray dif f ract ograms of  t he clay f ract ion of  Lodi soil  (pit13,61-68cm). Peaks are ident if ied by d-spacing (in nm).


