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Executive Summary

Increasingly acid soils have been noted by agronomists and soil testing laboratories on
soils of northern and central California. These soils tend to be moderately to highly
weathered or poorly buffered and acidified through nitrogen fertilization. Water pH
levels below 5.60 are sufficient to impact crop growth and quality, dependent on the
crop. Current lime recommendations for California are based on calibration models
developed in the eastern United States on soils of distinctly different parent material and
growing conditions.

This project will develop lime requirement calibration models for California soils based
on six standard laboratory test methods using 120 California soils selected from the San
Joaquin Valley, North Coast and Sacramento Valleys of California. Soils will be selected
from vineyards, tree crop, forage and row crop areas, where low pH values have been
noted by commercial testing laboratories and agricultural consultants. Soils will be
characterized for chemical and physical properties and the lime requirement assessed
using greenhouse equilibration. All soil analysis will be conducted using California
testing laboratories. Models developed will be validated using a second set of 20 soils
in 2004.
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Introduction

Increasingly acid soils have been noted on soils of northern and central California
by field agronomists and soil testing laboratories. These soils tend to be
moderate to highly weathered or poorly buffered and/or acidified through ammonium
based nitrogen fertilizers. Acidity levels below a pH of 5.60 are sufficient to impact
crop growth and quality, dependent on the crop species and cultivar. Current lime
recommendations for California utilizing the SMP buffer method and are based
on calibration models developed in the eastern United States on soils of distinctly
different parent material, growing conditions and cropping systems.

In 2002 a project was initiated to evaluate lime requirement calibration models
for California soils selected from the San Joaquin Valley, North Coast and
Sacramento Valleys of California. Soils were selected from vineyards, tree crop,
forage and row crop areas, where low pH values have been noted by commercial
testing laboratories and agricultural consultants. Soils were characterized for
chemical and physical properties and the lime requirement assessed using a 5-Day
neutralization/ incubation tests and four buffer pH methods. An additional 21 soils
were collected in 2004 on which to validate the lime recommendations developed on
the initial set of 120 soils

Methods

Beginning in the spring of 2002 through 2003 one-hundred twenty-one soils
were collected representing agricultural soils from 19 counties of central and
northern California. At each site information was collected on the GPS location, soil
series, (if known), method of irrigation, crop, moisture status, grower and farm.
Sites included lettuce, lemon, heather, pistachio, watermelon, almond, tomato, onion,
squash, potato, rice, grapes, peppers, pasture and corn crops (See Appendix A).

Soils were collected, air dried and pulverized to pass a 2.0 mm sieve. Soils
were analyzed for: saturated paste moisture content; pH saturated paste method;
saturated paste EC; pH (1:1) H,O method; pH (1:1) 0.01 M CaCl, method; KCI
extractable Al; ammonium acetate extractable K, Ca, Mg, and Na; Olsen
extractable PO,-P, DTPA extractable Zn, Mn, Fe and Cu; cation exchange capacity;
soil organic matter and sand, silt and clay contents. Specific analyses were
conducted in triplicate. Five reference soils from the North American Proficiency
Testing (NAPT) program archives were included as quality assurance samples to
authenticate the quality of the soil analyses. Soil lime methods based buffer pH
included: SMP buffer pH (Sims 1995,); a modified SMP method (50% strength)
Adams Evans buffer pH (Adams, 1984); Mehlich buffer pH (Mehlich, et al, 1976); and
Woodruff Buffer pH (Sims, 1996). All soils were evaluated for exchangeable acidity
based on a modified 5-Day incubation with calcium hydroxide (Adams, 1962). A
proposed additional lime buffer capacity method was add to the project in 2003,
based on a proposed University of Georgia direct calcium hydroxide addition and
subsequent determination of pH as described by Liu et al (2005). In 2004 an
additional 22 acid soils were collected from across California on which to validate the
proposed lime recommendation model.



Results

In 2002 and 2003 a lab survey was conducted to evaluate the distribution of acid soils in
California. A database obtained in 2003 from two California based soil testing
laboratories* of 28,299 soil samples indicated that 20.2% of the soils analyzed by the
saturated paste had a pH below 6.00 and 5.1% were below pH 5.00 . Although these
results do not represent an equal distribution across the state, they are indicative of
agricultural soils analyzed by the lab industry.

Of the 120 soils collected twenty-two had an initial soil pH (1:1) 0.01 M CaCl, method
that exceeded 6.20, and thus deemed not appropriate for use in this study. Of the
remaining ninety-eight soils, soil pH (1:1) 0.01 M CacCl, results indicated fourteen soils
were less than 4.00, thirty-nine of the soils were between 4.50 to 5.00, forty-two had a
pH in the range of 5.00 to 6.00 and three with a pH between 6.00 and 6.30 (see Table
1). Results for soil KCI extractable Al, an indicator of strongly acid soils, indicated five
soils had Al values exceeding 100 mg kg, twenty-six soils in the range of 20 - 100
mg/kg Al, thirty-seven soils with 1.0 - 20 mg kg™ Al, and the remaining twenty had
concentrations less than 1.00 gm kg™ Al. Plotting pH (1:1) 0.01 M CaCl against Al
content indicates that Al concentrations become significant (> 2.0 mg kg™) for soils
with a pH 0.01 M CacCl, below 4.80 , Figure 1. For the saturated paste this is a pH of
5.10 and a pH (1:1) H,O of 5.60. Extractable Al concentrations increased dramatically
with decreasing pH.

Table 1. Soil physio-chemical properties used in the California liming project.

Sail Property Init Fange t edian
Saturated FPaste Moisture o 198- 643 a2 .9
EC (sp) ds m” 0.13-6.74 0.61
pH (Saturated Paste) 4.00-B6457 538
pH (1:1)H,O 4.21-680 5.80
pH (1:1) CaCl, 362-623 4.80
KOl Exdr. Al mg kg 0.0-515 2.90
SO Yo 0.18-6.04 2.04
CEC crmol kg 1.02-383 9.3
Exch. Acidity (Mehlich) cmal kg’ 0.57-6.86 1.86
Clay % 40-610 19.6
CaCO, Lime Req (5-Day Incub) | bs ac™ 210- 10,590 1380
! Based on Soil samples analyzed by: Dellavalle Laboratories, Fresno, CA; and

Sunland Laboratories, Rancho Cordova, CA



Figure 1. Relationship of soil pH (1:1) 0.01 M CaCl, and KCI extractable Al for
ninety- eight soils collected from central and northern California.
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Soil saturated paste moisture content ranged from 19.8 - 69.3% indicating the soils
evaluated ranged from loamy sand to clay in texture. Sixty-nine of the soils had a
saturated paste method EC, based on the of less than 1.00 dS m™. Twenty-one
percent of the soils collected contained less than 100 mg kg™ extractable K, 35% in
the range of 100 - 150 mg kg™ and the remainder more than 150 mg kg*of K.

Fifty percent of the soils collected contained less than 800 mg kg™ Ca
and 177 mg kg* for Mg. A majority of the soils had Olsen extractable PO,-P values
less than 25.0 mg kg. Results for sand analysis indicate these soils were dominated
by coarse textured materials with fifty-percent of the soils having more than 47%
sand by weight. Soil organic matter ranged from 0.18 - 6.04 % (w/w) with a median
of 2.04%. Cation exchanged capacity (CEC) indicated that fifty percent of the soils
were below 6.3 cmol kg™. 5-Day lime incubation values ranged from 210 to 10,590
lbs ac™ with a median of 1380 Ibs ac* CaCO,. A 5-Day Incubation was chosen over
the that of a 3-Day as used by Adams, 1962 since 30% of the soils evaluated
required additional time to fully equilibrate. Thirty soils had a 5-Day incubation lime
rate of less than 1000 Ibs ac™, fifty-one in a range of 1000 - 4000, Ibs ac™ and
seventeen with a rate exceeding 4000 Ibs ac™ .

Correlation results indicate a strong relationship between saturated paste moisture
content and CEC and clay content, and negative relationship between sand and all
the buffer pH methods (Table 2). pH by the (1:1) 0.01 M CaCl, method had the
highest correlation with KCI Al content, whereas KCI extractable Al was had a strong
inverse correlation with all the buffer pH methods, the strongest noted for Mehlich
buffer pH. Aside from the other buffer methods the Mehlich buffer had a strong
inverse correlation with both saturated paste moisture, KCl extractable Al and clay
content of the ninety-eight soils evaluated.



Table 2. Correlation matrix of soil properties and buffer pH methods.

Sk pH Sp | pH KClAl | CEC | Jand | Clay | SMP | Adam | WWd. b ehl
(1115 Ewan

aF 1.00 (012 0.og 0zz 0pS |(-080 |050 |-0BY |-075 |-057 |-065
nH Sp 1.00 093 047 |07 |05 |01 | 034 | 015 041 | 040
pH (1:1)5 1.00 -0.52 012 (012 | 009 | 042 | 0.23 032 | 048
KCI- AL 1.00 oo | -001 (010 | 088 |-040 |-056 | -062
CEC 100 [-062 (072 |-037 |-047 |[-037 |-043
Sand 1.00 (-0.91 (0589 |0.72 o043 | D.AE9
Clay 1.00 | -064 | -077 |-085 |-064
ShiP 1.00 | 0.23 095 (095
A E. 1.00 0aa | 089
Woocuf 1.00 | 0.92
tehlich 1.00

Using the Mehlich method the amount of exchangeable acidity (AC) was estimated
from the equation (EQ1) developed by Mehlich (1984):

EQ1 AC =[6.60 - Mehlich buffer pH] x 4 cmol kg™

A plot of AC with clay content is shown in Figure 2. As clay content increased for
these ninety-eight soils the amount of exchangeable acidity (AC) generally
increased. Clay was positively correlated with AC, whereas sand content was
negatively correlated.

A plot of pH (1:1) 0.01 M CaCl, and AC is shown in Figure 3. As pH decreased
there was a corresponding increase in AC. Although the data shows a weak
relationship (R?= 0.206), there is a unique area plot of the data points forming
defined boundaries for AC as a function of pH (1:1) 0.01 M CacCl,. Thus at a pH of
6.00 the AC range is limited to 0.5 - 1.5 cmol kg™ ; while at pH of 5.00 the AC

range is 0.5 - 4.5 cmol kg*; and at a pH of 4.00 AC ranges from 0.5 - 7.0 cmol kg™.

The increasing range in AC as a function of pH is associated with clay content and
the amount of exchange Al. This relationship was noted for all three soil pH
methods evaluated but was the strongest for the pH (1:1) 0.01 M CaCl, method.




Figure 2. Relationship of clay content and Mehlich buffer exchangeable acidity
(AC).
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Figure 3. Relationship of pH (1:1) 0.01 M CacCl, and Mehlich buffer exchangeable
acidity
(AC).
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A plot of 5-day lime incubation rate (CaCOs Ibs ac™) with pH (1:1) 0.01 M CaCl,
indicates another unique area plot, Figure 4. Shown in the figure is salt pH 4.80
where

Al concentrations exceeded 1.00 mg kg™*. A plot of isolines of saturated paste
moisture on this figure indicates that “general” ranges of 5-day incubation lime rates
can be further separated for a given pH by the saturated paste moisture content. As
an example a soil with 24% saturated paste moisture and a salt pH of 5.00 would
have a lime application rate of 1400 Ibs ac™, while a soil with an identical pH and
40% saturated paste moisture content would have a lime application rate of 3000 lbs
ac™. These isolines for separating 5-day incubation lime rates are only approximate
as some soils, (as indicated in the legend) fall outside the isolines demarcating their
boundaries. Nonetheless, eighty-one of the ninety-eight soils fall with in the
boundary areas, indicating that saturated paste moisture can be used as a co-
variable in estimating lime requirement as determined by a 5-Day incubation.

This use of soil saturated paste moisture content in conjunction with pH is similar to
a model used by the University of Illinois in 1950s using soil texture classification
and soil pH to estimate lime recommendations (citation).

Figure 4. Relationship of pH (1:1) 0.01 M CaCl2 and 5-Day incubation lime rate,
ninety-eight California soils.
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Buffer Evaluation

Results for the SMP buffer method ranged from pH 5.45 to 7.45, with a median of
6.89. Based on reported SMP lime recommendation (Sims, 1996), the threshold
SMP buffer pH for which no lime is required was 6.95. Using this recommendation
model for SMP estimating lime, 46% of the California soils evaluated had no lime
requirement. The 5- Day lime incubation rate on these same soils ranged from 125 -
1380 Ibs ac™, with an median of 860 Ibs ac* CaCOs. Generally these soils were
poorly buffered and had less than 20 mg kg™ of extractable Al.

Estimated lime rates by the Woodruff method (based on recommendations of Sims,
1996) indicate rates ranged from 733 to 13,500 Ibs ac* CaCO3, with a median of
4,600 Ibs ac™. Estimated lime rates for the Mehlich method (based on lime
recommendations of Mehlich, 1984) ranged from 250 -10,500 Ibs ac™, with a median
of 3,800 Ibs ac™ CaCO,. No lime rate was determined for the Adams Evans buffer
method.

Regression of the lime requirement form the 5-Day lime incubation on SMP buffer
pH indicated it described more than 87% of the variability (Figure 5a). There was a
sigmoidal tendency in the distribution in the data for the SMP method, with values
below the linear estimate for with SMP buffer pH of 6.30 to 7.10 and higher than the
estimate for soils less than pH 6.30. The Adams Evans buffer pH method

(Figure 5c¢) had the poorest correlation with 5-Day incubation method, whereas the
Woodruff buffer (Figure 5b) approached that of the SMP method. There was a
sigmoidal tendency in the distribution of the Woodruff buffer pH data, similar to that
of the SMP method. A regression of the Mehlich buffer pH method (Figure 5d) and
5-Day Lime incubation indicated very good agreement, predicting 87% of the 5-Day
incubation, equal to that of SMP buffer.

Results of the University of Georgia Lime Buffer Capacity method (LBC) of Liu et al
(2005), indicates lime rates for the ninety-eight California soils ranged from 250 to
8460 Ibs ac™, with a median of 1,910 Ibs ac* CaCOs. Generally there was good
agreement between the LBC lime recommendations with that of the 5-Day
incubation (Figure 6).

A regression of the soils data indicates that the LBC lime rate described 83% of the
variability of the 5-Day Incubation method, with a slope coefficient of 1.04. There
was generally very good agreement for soils with lime rates less than 4,000 Ibs ac™
CaCOs3,

however there was significant dispersion for soils with lime rates exceeding this rate.
This dispersion was attributed to soils of fine texture (SP > 50%) and ones soils with
greater than 200 mg kg™ KCI extractable Al. The LBC method is based on a 30
minute equilibration of calcium hydroxide and it is likely that for very acid, fine
textured solls that there was insufficient time to complete neutralization of the
acidity.



Figure 5. Regression of 5-Day Lime incubation versus four buffers for
ninety-eight California soils.
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Figure 6. Comparison of 5-Day Lime incubation and LBC lime rate, for ninety-
eight California soils.
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Multi linear regression models of chemical properties were developed, exclusive of
buffer pH methods, to further evaluate 5-Day incubation lime rates of the ninety-eight
soils being evaluated. Forward regression models of 5-Day Incubation Lime rate as
the dependent variable indicates that a three component model of pH (1:1) 0.01 M
CacCl,, saturated paste moisture content, and KCIl extractable Al explained 74.7% of
the variation in 5-Day Lime Incubation rate (See Table 3). This model is in good
agreement with the results noted in Figure 4 indicating that saturated paste moisture
content is an integral component in estimating soil lime requirement.Both Saturated
paste moisture and KCI Al had positive coefficients, while pH (1:1) 0.01 M CacCl, had
a negative coefficient.

Table 3. Multi linear regression model for tons of 5-Day lime incubation rate.

Zomponent iZoefficient Std Error p-Lewel
Intercept 2962 1122 0.00065
Saturated Paste 112 9.9 0.000000
pH {1:1) 0.01 MCaCl, -1203 232 0.000002
Al (KIZ] Extractable) 9.0 148 0.000009




Additional multi linear models for 5-Day lime incubation were evaluated that were
inclusive of buffer pH methods. A forward regression model of 5-Day incubation
lime rate as the dependent variable indicates that a three component model of
Mehlich Buffer pH, exchangeable K and silt content explained 90% of the variation
in 5-Day Lime Incubation rate. This model is only slightly better than that obtained
by using the Mehlich buffer alone of 87% (See Figure 5d).

Using the lime recommendation developed by Mehlich (1976) based on the Mehlich
buffer pH method a comparison was made with the 5-Day lime incubation rate (See
Figure 7). Results indicate the Mehlich lime rate is 85% of the 5-Day lime incubation
rate accounting for 87% of the variability. As the 5-Day Incubation study is based on
equilibrium to pH 7.00 using a 1:1 H,O method and the Mehlich buffer is based on
pH depression from 6.60, the slope differential of 85% between the methods is
reasonable. In addition as the lime rate error for Mehlich buffer method is 240 Ibs
ac” and that for the 5-Day incubation is 160 Ibs ac-1 CaCQ3, the differences noted
in the plot for specific soils is not as great as it appears in Figure 7.

Figure 7. Comparison of Mehlich buffer lime recommendation and 5 Day
Lime Incubation rate for ninety-eight California soils.
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Validation Soils

During 2003 and 2004 an additional twenty-two soils were collected from the San
Joaquin Valley, North Coast and Sacramento Valleys of California for validating the
principle models developed in phase | of the project. Soils were collected by field
agronomists from vineyards, forests and row crop areas. Soil properties are listed in
Table 4. Generally the validation soils were slightly more acidic than the initial
ninety- eight soils collected in 2001. Soil pH (1:1) 0.01 M CacCl, ranged from 3.19 to
5.75 with a median 4.42. Eight of the soils were below pH (1:1) 0.01 M CacCl, 4.00
and five soils above 5.00. Soil saturated paste moisture and CEC were identical to
the original ninety- eight soil database. Results for soil KC| extractable Al indicated
five soils had Al values exceeding 100 mg kg™, eight soils in the range of 20 - 100
mg/kg Al, eight soils with 1.0 - 20 mg kg™ Al. Mehlich buffer pH values ranged from
4.17 - 6.30 with a median of 5.14. Exchangeable Acidity as calculated from the
Mehlich Buffer, ranged from 9.72 to 1.2 cmol kg™.

5-Day lime incubation lime rates ranged from 480 to 26,600 Ibs ac™ with a median of
1940 Ibs ac™* CaCOsz . Soil CA-320 with a lime rate of 26,600 Ibs ac™* was removed
from the data set, as it exceeded the original data set range by 2.5X.

Table 4. Soil physio-chemical properties of twenty-two validation soils in the
California liming project.

Soil Property IInit Fange Median
Saturated Paste Moisture %o 199-682 287
EC (sp) dS m’ 0.18-1.08 0.38
aH (Saturated Paste) 3.74 - 8.1 478
pH {111 H,OD JB6-658 4 96
pH (1:1) CaCl, 3.18-575 4 .42
tehlich Buffer pH 400-6.20 558
KCl Extr. Al myg kg’ 1.0 - 503 205
SO %o 0.22-9482 1.36
CEC crnol kg 174-294 7.3
Exch. Acidity (M ehlich) crmol kg™ 142-104 4.1
CalCQ, Lime Req (5-Day Incuby | lbs ac” 486 - 26,630 1940




Figure 8. Comparison of Mehlich buffer lime recommendation and 5 Day Lime
Incubation rate for one hundred twenty California soils.
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Figure 7. Comparison of Mehlich buffer lime recommendation and 5 Day Lime
Incubation rate for one hundred twenty California soils.
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SUMMARY AND CONCLUSIONS

Two models were selected for predicting lime requirements for California soils. The
first is based on soil pH (1:1) 0.01 M CacCl, and saturated paste moisture
(application rate based on 5-Day incubation lime rate). The pH method is easily
implemented and soil saturated paste is a routine analysis conducted in California
agricultural testing laboratories. Table 5 depicts the estimated lime rate based on
the 119 soil evaluated. Lime rates listed are based on neutralization of soil acidity to
a pH of 7.00 to a depth of 6 inches and are rounded to the nearest 250 Ibs ac™ of
100% CaCOs. The actual lime application rate will require adjustment as typical
agricultural lime ranges from 60 - 80 Calcium Carbonate Equivalent (CCE). It is
suggested that for soils testing below a pH (1:1) 0.01 M CacCl, of 4.80, be also
analyzed for KCl extractable aluminum as additional lime maybe needed to
neutralize the added acidity. The lime rate determined using the following equation:

EQ2: Lime Rate Ibs ac™ = 3960 + 112 (SP) - 1203 (pH) - 9.0 (Al)

where SP is the saturated moisture percentage in percent, pH is pH (1:1) 0.01 M
CacCl,, and Al is KCI extractable Al in mg kg*. For every 100 mg kg™ of extractable
Aluminum

an additional 900 mg kg* CaCOsz is required..

The 2™ model recommended for estimating lime rate for California soils is based on
the Mehlich buffer pH method. This model explained 87% of the variability in 5-Day
incubation results. It has the advantage that only one additional soil test is needed
and provides for the estimate of exchangeable acidity. The equation for acidity and
determining lime application rate from the Mehlich buffer are as follows:

EQ3: AC = (6.60 - Mehlich Buf pH) x 4

EQ3: Lime Rate Ibs ac™ = ((0.10 x (AC2))+AC) x (2000 x 0.446)

A comparison of the estimated lime rate for the 5-Day Incubation and the two
models is shown in Table 6. In general there is very good agreement between the
two models and the 5-Day Incubuation. The relative difference between the two
models for a majority of the soils is generally within the lime rate error of estimation,
which for these methods is approximately 240 Ibs ac™ of 100% CaCOs .

Soils with high KCI extractable Aluminum (Al > 100 mg kg™) were the exception with
the Mehlich buffer indicating a much higher lime rate, similar to the amount listed for
the 5-Day incubation method.



Table 5. Recommended lime rates for California soils, based on pH (1:1) 0.01 M
CaCl2 and saturated paste moisture.

Soil pH {1: 1) Lime Rate' CaCO, Ibs ac’
0.01 M CaCl,
Soll Saturated Faste Moisture Content (%)

= 20 20- 30 30-40 40 - 50 o0 - 60 G0 - 70
6.40 - - - - - 500
G.20 - - 200 a0 1000 1250
6.00 - 500 750 1250 1500 2000
5.80 500 750 1250 1750 2000 2500
5.60 500 1000 1500 2000 2750 3250
5.40 750 1250 1750 2500 3250 4000
5.20 1000 1250 2250 3000 4000 4750
5.00 1000 1500 2500 3500 4500 5500
4.50 1250 1750 2750 4000 2000 G250
4 B0 1250 2000 3250 4500 5750 7000
4.40 1500 2240 3500 S000 G200 T7a0
420 1500 2500 3750 5500 7000 8500
4.00 1750 2500 4000 5000 7500 9250
3.80 1750 2750 4500 6500 8250 10000
3.40 2000 3000 4750 6750 8750 10500
3.20 2150 3280 5150 7250 9500 11500

! Lime rate based on 100% CaCO3

applied to neutralize acidity to pH 7.00 to a soil depth of 6 inches. Minimum Lime application
rate 500 Ibs ac™ .



Table 6. Comparison of lime rates, 5-Day Incubation, Model pH-SP and Mehlich

buffer.
Soil 1D pH(1:1) | Sat. Paste | KCIAL | 5-Day Incub. Model 1 (Mehlich Buf)

0.01 M (%) mg kg ™ lhsac! lhs ac™ lbs ac™
CaCl,

CA-100 5.35 254 0.0 900 1250 1180

CA-108 4.46 262 52 1500 2000 2140

CA-131 3.65 204 115 3200 2750 3120

CA-162 5.29 47 1 0.0 5200 3000 4030

CA-184 4.43 64 6 28 3900 6250 3200

CA-305 7 4.90 229 1.3 1300 1500 1760

CA-308 4.80 433 149 7000 4000 6240

1 Soils CA-305 and 308 were collected as validation soils.

Results of the California pH - Lime project were presented at the 9™ International

Symposium on Soil and Plant Analysis held in Cancun Mexico January 30 -

February 5, 2005 and at a laboratory workshop in Salinas, California on March 16,
2005, which was attended by 18 laboratory personnel. A paper will be submitted
to Communications In Soil and Plant Analysis for publication in 2006. Results will
be presented as an invited paper at the American Society of Agronomy meetings
November 6-9, 2005 in Salt Lake City, UT.

A laboratory Fact sheet on the two models for estimating lime application is being

prepared and will be reviewed by soil Extension personnel of the University

California, prior to disbursement to commercial laboratories serving the

California.




REFERENCES

Adams, F., and C.E. Evans. 1962. A rapid method for measuring the lime
requirement of Red-Yellow Podzolic soils. Soil Sci. Soc. Am. Proc. 26:255-357.

Adams, F. 1984. Crop response to lime in the Southern United States, pp 211-266. IN F.
Adams. (ed.) Soil Acidity and Liming. American Society of Agronomy. Madison, WI.

Coleman, N.T., and G. W. Thomas. 1967. The basic chemistry of soil acidity. P. 1-41. In
Pearson, R.W. and Adams, Fred (ed.) Soil acidity and liming. Agron. Monogr. 12. ASA,
Madison, WI.

Dunn, L.E. 1943. Lime requirement determination of soils by means of titration curves. Soil
Sci. 56:341-351.

Liu, M, D.E. Kissel, P.F. Vendrell, and M.L. Cabrera. 2004. Soil lime requirement by direct
titration with Ca(OH)2. Soil Sci. Soc. Am. J. 68: 1228-1233.

Liu, M, D.E. Kissel, M.L. Cabrera, and P.F. Vendrell. 2005. Soil lime requirement by direct
titration with a single addition of calcium hydroxide. Soil Sci. Soc. Am. J. 69: 522-530.

Mehlich, A., S.S. Bowling, and A.L. Hatfield. 1976. Buffer pH acidity in relation to nature of
soil acidity and expression of lime requirement. Comm. Soil Sci. Plant Anal. 7:253-263.

Mehlich, A. 1989. Use of triethanolamine acetate-barium hydroxide buffer for the
determination of some base exchange properties and lime requirement of soil. Soil Sci. Soc.
Amer. Proc. 3:162-166.

Shoemaker, H.E., E.O. McLean, and P.F. Pratt. 1961. Buffer methods for determination of
lime requirements of soils with appreciable amount of exchangeable aluminum. Soil Sci.
Soc. Am. Proc. 25:274-277.

Turner, R.C., and W.E. Nichol. 1962a. A study of the lime potential: 2. Relation between the
lime potential and percent base saturation of negatively charged clays in aqueous salt
suspensions. Soil Sci.94:88-92.

Turner, R.C., and W.E. Nichol. 1962b. A study of the lime potential: 1. Conditions for the
lime potential to be independent of salt concentration in agueous suspensions of negatively
charged clays. Soil Sci. 93:374-382.

Weaver, A.R., D.E. Kissel, F. Chen, L.T. West, W. Adkins, D. Rickman, and J.C. Luvall.
2004. Mapping soil pH buffering capacity of selected fields in the coastal plain. Soil Sci.
Soc. Am. J. 68:662-668.

Sims, T. J. 1996. Lime requirement. p. 491-515. In: J. M. Bartels et al. (ed.) Methods of
soil analysis: Part 3. Chemical methods. 3rd ed. ASA and SSSA, Madison, WI. Book Series
No. 5.



Appendix A. California liming study soil collection information.

E0ILID  |DATE MOISTURE IRRIGATION CROP G P8 GFE LON LOGH FHA1

OO LLECTED |[ETATUS METHOD LaT
Co-100 2.‘13.1]2'“0 5T BURIED DRIP LETTUCE JE.T2TE -HeaT 122101 -5 550
Co-101 3.'21.ﬂ3|l.ll:l =T MICROSP RINKLERS (A LMOND ar.anT -1 353 a5
Co-102 e .ﬂﬁll:l RY MICROSP RINKLERS (A LMOND J5.9602 ERERTEEr [
Co-103 n n:|3|u|:| I5T MICROSP RINKLERS (ALMOND ar.i073 -1amarea 550
Co-104 EHEEEED 5T FURROI) TOMATO Jr.airi -1 36247 211331 sro
Co-105 2ASO2 (M0 T FLOO D SLMOND Je.=m -119 93067 (2220952 [E=]
Co-108 o2 |DRY FURRQIW SQUesH JE.THIE =118 3710|2230 -1 sS40
Co-107 OOZ|0RY ONTOP, |DRIP GR&PES 223007 61 550
Co-103 LOOZMOSTLY DRY |DRIP GR&PES 22324 1-1 500
Co-109 Eﬂ.ﬂzhl] 15T ORIP GR&PES 22217 1-2 510
Co-110 ¢mn2|u|:| 5T ORIP GRAPES 2232401 50
Co-111 5.'3.1]2|EFI"|" ORIP GR&PES 2230551 5a0
Co-112 SHAOZ2[MO ST ORIP GRAPES 2221701 sro
Co-113 S2O02[0RY FLoO D GRAPES 2111295-3 50
Co-114 SHAOZ0RY ONTOR, |DRIP GRAPES 2221551 A0
Co-115 AT O3 M0 T MICROSP RINELERS (A LMOND ar.1m -10.189711 S&0
Co-118 1.'3].1]2&0 =T ORIP GRAPES 223231 S50
Co-117 5."1?.1]2|I.IEIET ORIP PIETACHIOS ar.iosa -1 022 (2194353 20
Co-113
Co-119 E.EMEED STLY DRY |FLOOD ALMOND ar. T -1 A 3Z 220693 XN
Co-120 5.'23.1]2|I.IDSTL"|" ORY |FLOOD SLMOND Ir.e39s TR 2110162 50
Co-121
Co-122 E.QE.EIEED =T FLooD ALMOND ar.Ed =121 02564 |2 1614531 S50
Co-123
Co-124 smmpm 15T FURROIW CORN Ir.3ag =110 30557 [9301-13 520
Co-125
0126 1 1”3.ﬂ2hl:l =1} BURIED DRIP PEPP ERS J6.7340 -8 BT2M|2ZEL S
o127 1 1!12.1]2'[! RY SOLIDSET WS TERMELON | 33.3253 -117 185 |2230E0 L35
C0-123 12103 M0 5T MICROSP RINKLERS (A LMOND ar.rea -1 AT 2214 T
Co-129 1.'21.1]3&0 5T MICROSP RINKLERS (A LMOND ar.rans BF EFEE 1] 221 BT
=0-130 1.'21.ﬂ3|l.ll:l =T MICROSP RINELERS (A LMOND Ar.ros -1 BT
Co-131 12103 M0 T FLoO D SLMOND ar.aaEm -12100590
Co-132 12103 M0 =T FLooD ALMOND EINEE -121 00376
C0-133 12103 M0 =T FLooD ALMOND ar.ast -1210mi
Co-134 1.'21.ﬂ3|l.ll:IET FLooD ALMOND Aranit -1 5%3m
Co-135 12103 M0 T SPRINKLERS SLMOND ITATSE -1masz2a
Co-136 1.'21.1]3|ﬁ|:| =T MICROSP RINKLERS (A LMOND Jraral BF EE-3
C0-137 1.'21.ﬂ3|l.ll:l =T MICROSP RINKLERS (A LMOND ararm -1 s
C0-133 1I¢.ﬂ3pl:l =T FLooD WEGETABRLES JE. T3S -8 273
Co-139 103 M0 15T FLOO D ONIONS J6.735 BREEETES
Co-140 152203 GR&PES 33.9217 12277382
Co-141 12203 GR&PES 33,1362 1224354
Co-1d2 12203 GR&PES 38311 =122 37505
Co-1d3 12203 GR&PES 33,403 -2 ENE
Co-1dd 152203 GR&PES 33,3567 -122.44512
Co-14S 12203 GR&PES 555595 -122 5569
Co-115 12203 GR&PES 3585 =122 25073
Co-147 152203 GR&PES J3.5568 -125718a
Co-148 12203 GR&PES B0 -1222793
Co-149 12203 GR&PES 33.5303 -1 0512
C0-150 12503 MICROSP RINKLERS [CHERRIES @i -121.137m
Co-151 152503 FLooD BLFSLFS 33.2182 -1 oToe
Co-152 12503 FLooD PASTURE Jze2 =121 1140
Co-153 12503 FLOO D RCE I5.J|IS =121 1113%
Co-154 12503 FLOO D RICE J5.3J/ S -121.1113%
Co-155 152503 FLooD RCE 334858 -121.1069%
C0-156 12503 FLOO D RCE JI5.JIS -121.1113%
C0-15T7 12503 MICROSP RINKLERS (LEMONS J5.2677 =121 26760
Co-153 12503 ‘SOLIDSET HEATHER J6.5158 1214618
Co-159 12503
Co-160 12503 SPRINKLERS POTATOES EERTRTY BREE kS
Co-161 12503 FURRQIW TOMLTOES 35,1314 ERENIT

! Soil materials stored at Precision Agri-Lab, Madera, CA.





