CREDIBILITY IN SOIL TESTING: ANALYTICAL RESULTS

Ted R. Peck

In Illinois, soil testing to help farmers plan lime and fertilizer
programs are doue by cummercial testing services. The Agronomy
Department, University of Illinois participates in the State Soil
Testing Program in research and coordinating roles. Kecognizing that
sources of errvor in the program may occur in FIELD SAMPLING, ANALYTICAL
TESTING, INTERPRETATION OF TEST RESULTS, or FORMULATION OF
RECOMMENDATIONS this paper focuses on ANALYTICAL THESTING.

Two quality assurance programs in ANALYTICAL TESTING are in use in
lilinois. These are the monthly check testing and the biennial split
soil comparison study. The monthly check testing involves the
submission of six soil samples with their test results representing
curreat testing activity in the different commercial services to the
Agronomy Soil Testing Laboratory (ASTL) where the samples are check
tested. This program has courdinated quality assurance siuce the
inception of the Commercial Testing Programs in llliomois in the mid-
1940's. Acceptable soil tests quality has been rated at + or - 0.2 pd
unit for the water pid soil test, + or — 20% in the Bray P-1 phosphorus
soil test and + or — 20% in the Bray P-1 phosphorus soil test and + or -
30 lbs/a in the potassium soil test. Premise of this program designates
the ASTL as the referee laboratory. Generally this works well but
experience over the years developed instances of disagreement between
the two laboratories where the cause of test ditference were not
resolved.

Out of these differences, the split soil comparison study was
developed. This program involves the preparation (i.e. drying, mixing,
crushing and mixing) of six bulk soll samples having a range of test
levels. A portion (2 oz. plastic contaiuner with lid) of each soil is
sent to participating Commercial Soil Testing Services. Each Testing
Service is assigned a Code ldentification. The Testing Services return
their test results to a central point where the results are tabulatad
and identified by their Code Identification. Further, the test results
are sorted into an array arranged from low to high and a standard
deviation calculated. An example report for the fall 1983 circulation
is attached as pages 17, 18, and 1Y. The individual testing services
can assess their standing among all participating services as the median
is the desirable rating but fittiag within a standard deviation is
acceptable. Since the aSTL is the referee laboratory in the monthly
program it is identified in tnhis reporting.

This program started in 1982 and has been conducted biannually
since then with generally a different set of soil samples each time but
there have been some repeats of iundividual soil samples. Table 1 shows
the number of participating Commercial Services has ranged from 74 to
54. At this time 12 sets or 72 soil samples have circulated.
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Table 1. Number of Commercial Testing Services Participating in the
Split Soil Sample Comparison Study.

Year Number of Testing Services
1982 63
1983 Spring 65
1983 Fall 70
1984 Spring 72
1984 Fall 74
1985 Spring 67
1985 Fall 68
1986 Spring 65
1986 Fall 65
1987 Spring 62
1987 Fall 54
1988 Spring : 54

Figures 1, 2 and 3 show the graphs of the relatiounship of standard
deviations on the 72 soil samples for pH, P and K soil tests,
respectively arranged from low to high.

Figure 1 shows a pH standard deviation of 0.l pH unit on 19 of the
72 samples and 0.2 pH unit on 49, 0.3 pH uait on 2 and 0.4 pH unit on 2,
with the greater standard deviation on the low and high testing soil pH
levels.

Figure 2 shows standard deviation exceeding 20%Z on low P soil test
levels reducing to less than 107 as soll tests increase to about 80
lbs/a but above that standard deviations increase markedly.

Figure 3 shows standard deviations in the 3) lbs/a range through K
test levels of 400 lbs/a but increasing markedly above that.

Distribution of pH test values on three selected solls are shown in
figures 4, 5 and 6. Figure 4 shows the distribution of test levels
among 70 testing services on soil 33-8. The soil pH level for this soil
has a strong central tendency with 31 testing service reporting a pH
test level of 6.8. Among the 70 testing service the standard deviation
is 0.1 pH unit. Figure 5 shows the distribution of pH test levels among
the same 7U testing services on a different soil, 83-9, but circulated
at the same time as soil 83-8. Soil 83-9 does not have a strong central
tendency siace 20 testing services report a pH of 5.8, 15 report a pH of
5.9 and 19 report a pH of 6.0. Among these testing services the
standard deviation on soil 83-0 is 0.2 pH unit. Figure 6 shows the
distribution of test levels among 63 testing services in soill 83-5. The
normal distribution and standard deviation of 0.2 is imore characteristic
of the distribution of tests than either figures 4 or 5. Figures 7, 8,
9, and 10 show the distribation of the P soil test levels as the
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STANDARD DEVIATION -~ pH unit

absolute difEercnce from the medlan for 4 selected soils to represent 4
different test levels.

Figures 11, 12, 13, and 14 show the distribution of K soil test
levels as the absolute difference from the median for 4 selected soils
to represent 4 different test levels.

Soils with lower P and K test levels have stronger ceantral tendency
of test levels than soils with higher P and K rtest levels. A normal
distribution appears to appropriately describe P and K test data.
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Figure 1. Distribution of standard deviations for

water pH tests among 65 testing services
on 72 soill samples.



STANDARD DEVIATION — lbs/a P
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Figure 2. Distribution of standard deviations for
Bray P tests among 65 testing services
on 72 soil samples.
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STANDARD DEVIATION — Ibs/o K

72 SOIL SAMPLES TESTED BY 65 LABS
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173

708



No. of Testing Services

Distribution of pH Test on Soil 85—-8
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Figure 4. Distribution of water pH tests from 70 testing
services on soil 83-8.
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No. of Testing Services

Distribution of pH Test on Soil 83—-9
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Figure 5. Distribution of water pH tests from 70 testing
services on soil B3-9.
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Na. of Testing Services

Distribution of pH Test on Soil 83—5
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Figure &. Distribution of water pH tests from 63 testinﬂ
services on soil 83-5.
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P SOIL TEST — DIFFERENCE FROM MEDIAN

ABSOLUTE DIFFERENCE FROM MEDIAN—Ibs/a
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Square symbols represent the number of testing service
deviating from the median by the value on the Y—-axis.

Figure 7. Distribution of Bray P tests from 44 testing
services on soil B83-3.
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ABSOLUTE DIFFERENCE FRCM MEDIAN

P SOIL TEST — DIFFERENCE FROM MEDIAN
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Figure B. Distribution of Bray P tests from 74 testing
services on soil 84-11.
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ABSOLUTE DIFFERENCE FROM MEDIAN—Ibs/a
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Fiqure 9. Distribution of Bray P tests from 70 testing
services on soil B83-12.
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P SOIL TEST — DIFFERENCE FROM MEDIAN

ABSOLUTE DIFFERENCE FROM MEDIAN—Ibs/a
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Figure 10. Distribution of Bray P tests from 54 testing
services on soil 84-7.
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ABSOLUTE DIFFERENCE FROM MEDIAN

K SOIL TEST — DIFFERENCE FROM MEDIAN
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Square symbols represent the number of testing service
deviating from the median by the value on the Y-axis.

Figure 11. Distribution of K soil tests from 72 testins
services on soil 84-4.
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K SOIL TEST — DIFFERENCE FROM MEDIAN

ABSOLUTE OIFFERENCE FROM MEDIAN
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Figure 12. Distribution of K soil tests from 59 testing
services on soil 87-4.
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ABSOLUTE DIFFERENCE FROM MEDIAN

K SOIL TEST — DIFFERENCE FROM MEDIAN
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Figure 13. Distribution of K soil tests from 32 testing
services on soil 88-2.
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ABSOLUTE DIFFERENCE FROM MEDIAN

K SOIL TEST — DIFFERENCE FROM MEDIAN
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Figure 14. Distribution of K scil tests from 46 testing
services on soil 88-5.
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SOIL TESTING SERVICES PARTICIPATING IN THE FALL 1983 SPLIT SOIL SAMPLE STUDY.
Soil Samples 83-7 thru 83-12

ASTL
Urbana, IL

Adaas County Fars Bureau
Buincy, IL

Agra Soil Service
Lena, IL

fAgrico-Cheaical Co,
Nashington Court House, OH

Agri. Labs Inc
Breaen, IN

A & L Breat Lakes Agr. Lab.
Fort Mayne, IN

A & L Nidwest Agr. Lah.
Osaha, NB

Alvey Laboratory
Belleville, IL

Asax Coal Co., Midwest Lab.
Evansville, (]
A.5. M. Service
Chaspaign, IL

Brandt’s Fertilizer Service
Pleasant Plains. IL

Brookside Research Lab.
New Knoxville, OH

Bruch Laboratory
Branville, IL

Ear¥ Carter Trucking
Catlin, IL

Cepheus Industries
Marion, IL

Chesical & Technical Services
Mt. Pleasant, [A

Christian Co. Farsers Supply
Taylorville, 1L

CLC Labs.
Nesterville, OH

Coles County Soil Service
Mattoon, IL

Dalby Agricultural Service
West Latayette, IN

DeKalb County Fara Bureau
DeKalb, IL

Eastern [11. Seil Testing
Rossville, IL

Edwards County Fara Bureau
Albion, IL

Edwards Fara Suppl
Cisco, IL PRty

Effinghan E?uity
Effinghan, IL

Fara Clinic
Hest Lafayette, IN

Farsers Laboratory
Freeport, IL

Faraers Soil Lab
Nyanet, IL

Fayette County Soil Test Lab.
Raasey, IL

Geophyta
Vicgery, OH

6.M.5. Laboratory
Cropsey, IL

Graymont Co-op Assoc.
Grayaont, IL

Greene Count; Fara Bureau
Carrollton,

Grundy County Fara Bureau
Norris, Il

Haailton Count{ S0il Testing
HclLeansharo, I

Harris Laboratories, Inc
Lincoln, NB

Max Hutchens Fertilizer
Assumption IL

1.M.C. Agonoaic Service Lab.
Terre Haute, IN

Indiana Fara Bureau
Indianapalis, IN

Kaiser Chesmical Ca.
Sullivan, IL

Kaskaskia Soils Lab.
Shelbyville, IL

LaSalle County Fara Bureau
Ottama, IL

Nacoupin Cuunt[ Fara Bureau
Carlinville, I

Midwest Soil Testing Service
Danforth, IL

Hississippi Valley Soil Testing

Haailton, IL

HaChurs
Marion, OH

Nowers Soil Testing
Toulon, IL

185

Perry Agricultural Lab.
Bowling 6reen, HO

Professianal Ag. Service
Beardstown,

Rich-Law Service Co.
QOlney, IL

Scottland Soil Service
Chrisman, IL

Sharp’s Soil Testing
Elwood, IL

Shields Soil Service
Dewey, IL

Skiles Soil Service
Astoria, IL

Sohigro Soil Lab.
Lina, OH

Soil Lab. Inc.
Tuscola, IL

Southern I11. Fars Fdn.
Vienna, IL

Sparks Soil Testing
Lincoln, 1L

Sguon River F.S.
Ellisville, IL

S.5.7. Laboratory
Monticello, IL

Standard Lahoratories
Goodfield, IL

Stringer’s Soil Lab.
fssumption, IL

Top So0il Testing Service
Frankfort, IL

Twin County Service L.

-Murphysboro, 1L

Volk’s Fertilizer Service
Newton, IL

Warren County Fara Bureau
Monmouth, IL

Hashin?ton Co Service Co.
Nashville, IL

NDHIC Soil & Forage Center
Bonduel, WI

Whiteside County Fars Bureau
Morrison, IL

Ieller Laboratory
Bixon, IL



Tabulation of responses in the order received of the 3rd Round Robin SPLIT SOIL SAHPLE TEST
LEVEL COMPARISON artment, University of Illinois Soil Testing

Laboratory is identified with their test resu
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with high rankings are out of line asong the labaratoriec participating
in this cosparisen,

Sasple Sanple Saaple Salple Sample Sasple
Rank a3-7 83-8 B83-9 B3-10 a3-11 83-12
no. pi P K pH P K pH P K pH P K pH P K pH P ¥
lbs/a 1bs/a lbs/a Ibs/a lbs/a lbs/a
34 5.0 20 155 6.0 29 200 §.3 19 199 S.9 32 122 5.5 24 108 5.7 43 210
33 53 20 179 6,3 44 209 5.7 19 216 6.2 33 14 5.8 24 110 6.0 43 228
32 5.6 21 200 6.4 45 210 5.7 20 212 6.2 34 128 5.9 25 14 6.0 A4 2%
3 5.7 2 25 65 48 213 5.8 2 25 4.3 35 131 9.9 25 115 4.1 &5 232
30 5.7 21 207 6.5 49 219 5.8 21 215 6,3 35 134 6.0 25 116 6.1 65 235
2% 5.7 21 208 6.6 49 220 5.8 21 205 A4 35 134 6.0 25 120 b.1 48 240
28 5.7 21 244 4.6 50 222 5.8 21 216 b4 35 135 6.0 25 120 .1 B9 240
21 5.7 20 26 b6 50 222 5.8 22 217 b4 35 135 6.0 26 123 6.1 70 243
26 5.7 2 & b6 31 224 5.8 22 220 6.4 35 136 4.0 26 124 4.1 71 284
25 5.7 22 26 6.6 St 224 5.8 22 220 b4 35 137 b1 26 124 6.2 7 S
24 5,7 2 U9 b.b 52 226 5.8 22 222 4.4 36 137 6.1 26 125 6.2 72 24
23 5.7 22 227 &4 53 227 S.8 22 224 4.4 36 138 b1 26 126 6.2 T3 248
22 5.8 22 227 6.7 53 228 5.8 22 225 4,5 36 138 6.1 26 126 b2 T3 289
21 5.8 22 2271 6.7 34 229 5.8 22 221 6.5 37 140 6.1 27 128 4.2 73 292
20 5.8 22 227 6.7 94 232 5.8 22 228 6,5 37 140 4.1 27 128 6.2 73 294
19 5.8 22 228 6.7 54 232 5.B 22 228 6.5 38 140 4,0 27 (280 6.2 T4 234
18 5.8 22 228 6.7 54 233 5.8 22 230 6.5 3B 140 A1 27 128 6.2 T4 236
17 5.8 23 229 6.7 55 234 9.8 22 232 4.5 3B M0 6.1 27 129 6.2 A 258
16 5.8 23 232 6,7 55 234 5.B 22 232 4.5 38 141 b1 27 130 b2 75 257
15 5.8 23 232 6.7 53 234 9.8 22 232 4,5 38 142 6.1 28 131 62 76 299
14 58 23 233 6,7 55 235 5.8 22 235 6,5 3B 144 6.1 28 132 6.2 76 260
13 5.8 23 233 6,7 56 235 5.8 23 236 4.3 38 145 6.1 28 133 6,2 76 240
12 5.8 23 236 6.7 56 235 5.9 23 236 6.5 3B 145 6.1 2B 133 6.2 76 260
11 5.8 23 236 6,7 356 23 5.9 23 236 6.5 38 145 6.1 28 136 6.2 77 260
10 5.8 23 236 6.8 56 236 5.9 23 236 4.5 3B 148 6.1 2B 136 6.2 71 240
? 5.8 23 238 4.8 56 240 5,9 23 236 6.9 39 B 6.1 29 136 6.2 77 260
8 5.8 24 240 6.8 57 240 5.9 23 236 6,5 39 148 4.1 29 136 6.2 7T 26
7 5.8 24 241 4.8 57 240 5.9 23 236 6.5 39 148 6.2 29 136 6.2 77T A
6 5.6 24 244 4,8 37 240 5.9 23 240 6.5 39 148 6.2 29 138 6.2 77 264
5 5.8 24 U5 5.8 57 280 5.9 23 240 6.5 39 148 6.2 29 (40 6.2 77 b
4§ 5.8 24 246 6.8 57 240 5.9 23 240 6.5 39 149 b2 23 140 6.2 18 28]
J S.B 24 246 6.8 57 240 5.9 23 240 A5 39 150 4.2 29 140 b3 78 287
2 5.9 24 248 6.8 57 240 5.9 24 240 6.5 39 15! 6.2 29 140 6.3 78 268
{1 5.9 24 248 6.8 37 241 5.9 24 240 6.6 39 152 6.2 29 141 4.3 79 249
Nediand.9 24 248 6.8 57 242 5.9 24 242 6.6 40 152 6.2 30 142 6.3 BO 273
[ 5.9 24 248 6,8 38 244 5.9 24 242 6.6 40 130 6.2 30 142 6.3 B0 274
2 5.9 25 252 4.8 58 244 5.9 24 243 6.6 A0 156 4.2 30 144 4.7 B0 2M4
3 5.9 25 252 6.8 58 244 5.9 U4 244 6.6 40 156 6.2 30 144 6.3 B 276
4 5.9 25 232 6.8 5B 248 6.0 24 244 6.6 40 158 4.2 3O 145 6.3 81 277
5 5.9 25 254 6.8 S8 248 6.0 25 245 6.6 40 160 6.2 30 145 6.3 82 280
6 5.9 25 2586 6.8 5B 249 6.0 25 245 6.6 A0 160 4.2 30 147 6.3 B2 280
7 9.9 2 20 6.B 58 252 6.0 25 246 6.6 41 160 6.2 31 148 6.3 82 280
8 5.9 26 260 6.8 59 252 6.0 23 248 6.6 A1 181 6.2 31 148 6.3 82 280
9 5.9 26 262 6.8 59 252 4.0 25 248 6.6 41 162 6.2 31 148 4.3 82 281
10 5.9 26 264 6.8 59 204 6.0 25 248 6.6 41 164 6,2 J1 150 6.3 B2 28b
11 3.9 26 264 6.8 359 234 6.0 23 250 6.6 A6 165 6.2 31 152 &3 B3 287
12 5.9 26 264 6,8 59 236 6.0 25 232 6,6 42 169 6.2 31 152 4.3 BY 288
13 5.9 26 264 6.8 39 250 6.0 25 254 4,6 42 172 6.2 31 155 6.3 BY 288
14 5.9 26 264 6.8 39 260 6.0 26 233 4.6 42 172 6.2 32 155 6.3 B4 290
13 3.9 27 264 6.8 39 260 6,0 25 258 6.6 42 174 4.2 32 136 4.3 84 294
I6 3.9 28 265 6.B &0 260 6.0 26 263 6.6 42 174 6.2 32 156 4,3 B 29
17 S.9 28 248 6.8 40 264 6,0 26 265 4,6 43 175 6.3 32 159 6.3 84 2%
18 6.0 28 248 6.8 60 264 6,0 26 268 b6 A3 179 6.3 33 160 6.4 B4 298
19 6,0 28 269 6.8 &0 270 6.0 25 248 4,6 43 180 4.3 33 161 6.4 B4 298
20 6.0 29 270 4.8 40 272 46,0 27 26B 6.6 43 180 4.3 3T 165 b4 BE 300
21 6.0 29 272 6.9 60 275 6.0 27 268 4.6 A3 1B4 6.3 33 166 6.4 8BS 300
2 6.0 29 276 6.9 61 276 6.0 27 270 6.6 4T 1B4 6.3 34 180 6.4 B 300
23 6,0 30 278 4.9 42 276 4.1 28 278 6.6 A3 186 4.3 34 180 4.4 85 300
24 46,0 30 280 6.9 42 277 &.1 28 280 6.6 A 1B7 4.3 34 180 4.4 B 302
23 6.0 31 280 6.9 62 280 6.1 28 280 6.7 43 190 6.3 34 184 6.4 B 304
2 &1 31 280 6.9 &3 286 4.1 28 280 6.7 45 192 6.3 34 184 6.4 87 30
27 6.1 32 282 4,9 463 286 6.1 28 286 4.7 45 193 4.3 315 184 6.4 67 3
28 6.1 33 284 4.9 AT 288 4.1 2B 288 4.7 AS 193 4.3 35 184 6.4 B8 I3
29 6.1 33 284 5.9 64 288 6.1 28 288 4.7 A5 196 6.3 36 186 b4 B8 34b
0 A1 W 294 4,9 64 300 6.1 2B 293 6.7 46 196 6.4 36 192 b4 BB 3§
31 6.2 34 302 4.9 45 300 6.1 29 295 6.7 46 200 6.4 37 193 6.4 90 +300
32 6.2 3 30 7.0 66 300 6.1 30 300 6.7 46 214 5.4 3B 193 b4 90 4300
33 6.2 34 332 7.0 48 300 6.2 32 304 6.7 47 232 6.4 3B 207 4.5 98 +300
3 6.2 37 333 7.0 6% 307 6.2 32 337 L.8 47 254 4.5 40 218 6.5 103 4300
I3 6.2 59 333 7.0 BO 400 6.6 40 356 4.8 48 276 6.5 SI 233 6.6 107 +307
Hedian excludxng p1u= tezt values
24 248 5.8 57 242 5.9 24 242 4.6 40 152 6.2 30 142 6.3 80 248
‘vers g: excludlng Tlus valuzs
S 57251 5.9 23 249 6.3 40 162 6.2 30 149 4.3 80 273
Standard devxallon excludan plus val ues
0.7 6 33 0 o. 0.1 29 0.2 4 2% 0.

0.2 5 30 0.2 S Zﬂ

w
~J

8
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