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I n  I l l i n o i s ,  s o i l  t e s t i n g  t o  h e l p  f a r m e r s  p l a n  l i n e  and  f e r t i l i z e r  
p r o g r a m s  a r e  d o n e  by cumrne rc i a l  t e s t i n g  s e r v i c e s .  The Agronoiny 
D e p a r t m e n t ,  U n i v e r s i t y  o f  I l l i n o i s  p a r t i c i p a t e s  i n  t h e  S t a t e  S o i l  
T e s t i n g  P rogram i n  r e s e a r c h  a n d  c o o r d i n a t i n g  r u l e s .  K e c o g n i z i n g  t h a t  
s o u r c e s  of e r r o r  i n  t h e  p r o g r a m  may o c c u r  i n  r'lLLU SArlPLlNC, AN&YrL'lCAL 
TESTING, 1NTEKPKE'I'ATlON OF TEST XESULTS, o r  FdKMULA'fION OF 
KECOMMENL)ATlONS t h i s  p a p e r  f o c u s e s  on A~JALY'CLCAL TESTING. 

Two q u a l i t y  a s s u r a r l c e  p r o g r a m s  i n  ANALYTliAL 'TESTING a r e  i n  u s e  i n  
I l l i n o i s .  T h e s e  a r e  t h e  m o n t h l y  c h e c k  t e s t i n g  a n d  t h e  b i e n n i a l  s p l i t  
s o i l  c o m p a r i s o l ~  s t u d y .  The m o n t h l y  c h e c k  t e s t i n g  i n v o l v e s  t h e  
s u b m i s s i o n  o f  s i x  s o i l  s a m p l e s  w i t h  t h e i r  test  r e s u l t s  r e p r e s e n t i n g  
c u r r e n t  t e s t i n g  a c t i v i t y  i n  t h e  d i f  f c r e n t  c o ~ n m e r c i a l  s e r v i c e s  t o  the 
Agronomy S o i l  T e s t i n g  L a b o r a t o r y  (ASTL) w h e r e  t h e  s a n p l e s  a r e  c h e c k  
t e s t e d .  T h i s  p r o g r a m  h a s  c o o r d i n a t e d  q u a l i t y  a s s u r a n c e  s i u c e  t h e  
i n c e p t i o n  o f  t h e  Commerc ia l  T e s t i n g  P r o g r a m s  i n  l l l i n o i s  i n  t h e  mid- 
1 9 4 0 ' s .  A c c e p t a b l e  s o i l  t e s t s  q u a l i t y  h a s  b e e n  r a t e d  a t  t o r  - 0.2 pd 
t i n i t  f o r  t h e  w a t e r  pi4 s o i l  t e s t ,  + o r  - 20% i n  t h e  R r a y  P-l p h o s p h o r u s  
s o i l  t es t  and t o r  - 203 i n  t h e  B r a y  P-1 p h o s p h o r u s  s o i l  t e s t  and t o r  - 
30 l b s / a  i n  t h e  p o t a s s i u n  s o i l  test .  P r e m i s e  o f  t h i s  p rogram d e s i g n a t e s  
t h e  BSTL a s  t h e  r e f e r e e  l a b o r a t o r y .  G e n e r a l l y  t h i s  w o r k s  w e l l  b u t  
e x p e r i e n c e  o v e r  t h e  y e a r s  d e v e l o p e d  i n s t a n c e s  o f  d i s a g r e e m e n t  be tween  
t h e  two l a b o r a t o r i e s  where  t h e  c a u s e  o f  t e s t  d i f f e r e n c e  u e r e  n o t  
r e s o l v e d .  

Out of  t h e s e  d i f f e r e n c e s ,  t h e  s p l i t  s o i l  c o m p a r i s o n  s t u d y  was 
d e v e l o p e d .  T h i s  p r o g r a m  i n v o l v e s  t h e  p r e p a r a t i o n  ( i . e .  d r y i n g ,  m i x i n g ,  
c r u s h i n g  and m i x i n g )  o f  s i x  b u l k  s o i l  s a m p l e s  h a v i n g  a r a n g e  of t e s t  
l e v e l s .  A  p o r t i o n  ( 2  oz.  p l a s t i c  c o n t a i r i e r  w i t h  l i d )  o f  e a c h  s o i l  i s  
s e n t  t o  p a r t i c i p a t i n g  Commerc ia l  S o i l  T e s t i n g  S e r v i c e s .  Each T e s t i n g  
S e r v i c e  i s  a s s i g n e d  a  Code I d e n t i f i c a t i o n .  The T e s t i n g  S e r v i c e s  r e t u r n  
t h e i r  test  r e s u l t s  t o  a  c e n t r a l  p o i n t  w h e r e  t h e  r e s u l t s  a r e  t a b u l a t e d  
a n d  i t i e n t  i f i e d  by t h e i r  Code I d e n t i  f i c s t i o n .  Y l l r t h e r ,  t h e  tes t  r e s u l t s  
a re  s o r t e d  i n t o  a n  a r r a y  a r r a n g e d  f rom low t o  h i g h  and  a s t a n d a r d  
d e v i a t i o n  c a l c u l a t e d .  An e x a m p l e  r e p o r t  f o r  t h e  f a l l  1 9 8 3  c i r c u l a t i o n  
i s  a t t a c h e d  as p a g e s  1 7 ,  18, a n d  19.  The i n d i v i d u a l  t e s t i n g  s e r v i c e s  
c a n  assess t h e i r  s t a n d i n g  among a l l  p a r t i c i p d t i n g  s e r v i c e s  a s  t h e  m e d i a n  
i s  t h e  d e s i r a b l e  r a t i n g  b u t  f i t t i n g  w i t h i n  a s t a n d a r d  d e v i a t i o n  i s  
a c c e p t a b l e .  S i n c e  t h e  HSTL is t h e  r e f e r e e  l a b o r a t o r y  i n  t h e  m o n t h l y  
p rogram i t  i s  i d e n t i f i e d  i n  t h i s  r e p o r t i n g .  

T h i s  p rogram s t a r t e d  i n  1982 and h a s  b e e n  c o n d u c t e d  b i a n n u a l l y  
s i n c e  t h e n  w i t h  g e n e r a l l y  a d i f f e r e n t  set  o f  s o i l  s a m p l e s  e a c h  time b u t  
t h e r e  have been  some r e p e a t s  o f  i ~ ~ d i v i d u a l  s o i l  s a m p l e s .  T a b l e  1 ~110:~~s 
t h e  number o f  p a r t i c i p a t i n g  Commercia l  S e r v i c e s  h a s  r a n g e d  f rom 74 t a  
54. A t  t h i s  time 1 2  se t s  o r  7 2  s o i l  s a m p l e s  h a v e  c i r c u l a t e d .  



T a b l e  1. Number o f  C o m m e r c i ~ ~ l  T e s t i n g  S e r v i c e s  P a r t i c i p a t i n g  i n  t h e  
S p l i t  S o i l  Sample  Cotnpdrison S t u d y .  

Nu:nber o f  T e s t i n g  S e r v i c e s  

1982  
1 9 8 3  S p r i n g  
1 9 8 3  F a l l  
1984 S p r i n g  
1984 F a l l  
1985 S p r i n g  
1985 F a l l  
1986 S p r i n g  
1986 F a l l  
1987 S p r i n g  
1987 F a l l  
1988 S p r i n g  

F i g u r e s  1 ,  2  a n d  3 show t h e  g r a p h s  oE t h c  r e l a t i o n s h i p  o f  s t a n d a r d  
d e v i a t i o n s  o n  t h e  7 2  s o i l  s a m p l e s  f o r  pH, P a n d  K s o i l  t e s t s ,  
r e s p e c t i v e l y  a r r a n g e d  f r o m  low t o  h i g h .  

F i g u r e  1  shows  a  pH s t a n d a r d  d e v i a t i o n  o f  0.1 pH u n i t  o n  1 9  o f  t h e  
7 2  s a m p l e s  a n d  0 . 2  pH u n i t  o n  4 9 ,  0 . 3  ptl u n i t  on 2  a n d  0.4 pH u n i t  o n  2 ,  
w i t h  t h e  g r e a t e r  s t a n d a r d  d e v i a t i o n  o n  t h e  l o w  and  h i g h  t e s t i n g  s o i l  pH 
l e v e l s .  

F i g u r e  2 s h o w s  s t a n d a r d  d e v i a t i o n  e x c e e d i n g  2 U X  o n  low P s o i l  t e s t  
l e v e l s  r e d u c i n g  t o  l e s s  t h a n  10% a s  s o i l  tes ts  i n c r e a s e  t o  a b o u t  80 
l b s / a  bu t  a b o v e  t h a t  s t a n d a r d  d e v i a t i o n s  i n c r e a s e  m a r k e d l y .  

F i g u r e  3 shows  s t a n d a r d  d e v i a t i o n s  i n  t h e  3) l b s / a  r a n g e  t h r o u g h  K 
t e s t  l e v e l s  o f  4 0 0  l b s / a  b u t  i n c r e a s i n g  m a r k e d l y  a b o v e  t h a t .  

D i s t r i b u t i o n  o f  pH tes t  v a l u e s  on  t h r e e  s e l e c t e d  s o i l s  a r e  shown i n  
f i g u r e s  4 ,  5 a n d  6. F i g u r e  4  shows t h e  d i s t r i b u t i o n  o f  test l e v e l s  
among 70 t e s t i n g  s e r v i c e s  o n  s o i l  83-8. The  so i l  pH l e v e l  f o r  t h i s  s o i l  
h a s  a  s t r o n g  c e n t r a l  t e n d e n c y  w i t h  3 1  t e s t i n g  s e r v i c e  r e p o r t i n g  a pH 
tes t  l e v e l  o f  6 . 8 .  Anlong t h e  70 t e s t i n g  s e r v i c e  t h e  s t a n d a r d  d e v i a t i o n  
is  0 . 1  pH u n i t .  F i g u r e  5 shows  t h e  d i s t r i b u t i o n  o f  pi3 test  l e v e l s  among 
t n e  same 70  t e s t i n g  s e r v i c e s  on  a d i f  E e r e n t  s o i l ,  83-9,  b u t  c i r c u l a t e d  
dt t h e  same t i m e  as  s o i l  83-8. S o i l  83-9 d o e s  n o t  h a v e  a s t r o n g  c e n t r a l  
t e n d e n c y  s i n c e  20 t e s t i n g  s e r v l c e s  r e p o r t  a pH of 5.8, 15 r e p o r t  a  pH o f  
5.9 a n d  19 r e p o r t  a  pH o f  6.0. Among t h e s e  t e s t i n g  s e r v i c e s  t h e  
s t a n d a r d  d e v i a t i o n  o n  s o i l  83-0 is 0.2 pH u n i t .  F i g u r e  6 shows t h e  
d i s t r i b u t i o n  o f  tes t  l e v e l s  among 6 3  t e s t i n g  s e r v i c e s  i n  s o i l  83-5. The  
normal  d i s t r i b u t i o n  a n d  s t a n d a r d  d e v i a t i o n  o f  0 . 2  i s  inore c h a r a c t e r i s t i c  
o f  t h e  d i s t r i b u t i o n  o f  t e s t s  t h a n  e i t h e r  f i g u r e s  4  o r  5. F i g u r e s  7 ,  8 ,  
9 ,  and  10 show t h e  d i s t r i b i l t i o n  of t h e  P s o i l  tes t  l e v e l s  as t h e  



a b s o l u t e  d i f E e r e n c c  Prom t h e  ~ n c t l l : ~ ~ ~  for 4 sclcctcd  oils t o  r e p r e s e n t  4 
d i f f e r e n t  t e s t  l e v e l s .  

F i g u r e s  11,  12,  13 ,  and 14 show t h e  d i s t r i b u t i o n  of K s o i l  t e s t  
l e v e l s  a s  t h e  a b s o l u t e  d i f f e r e n c e  from t h e  median f o r  4 s e l e c t e d  s o f l s  
t o  r e p r e s e n t  4 d i f f e r e n t  t e s t  l e v e l s .  

S o i l s  w i th  lower P and K t e s t  l e v e l s  have s t r o n g e r  c e n t r a l  tendency 
of t e s t  l e v e l s  t h a n  s o i l s  w i t h  h i g h e r  P and K t e s t  l e v e l s .  A normal 
d i s t r i b u t i o n  a p p e a r s  t o  a p p r o p r i a t e l y  d e s c r i b e  P and K t e s t  da t a .  

7 2  SOlL SAMPLES TESTED BY 65 LABS 
0.5 

pH SOlL TEST LEVEL 

X a x i s  t i c  mark values from left to r i g h t  a r e !  
3.7,4.5,4.5,4.6,5.1,55S,5.5,5."J,5S5~557,5.7,5=8~5.9p 
5.995.91 5 . 9 , 5 - 9 , 5 =  915.9,5.9, 6.0,6.0,6.0,6- C ?  6.2,6- 2, 
6.3 ,6-316.3 ,6 .3 ,6 .4 ,6 .496.496.5 ,6 .5 ,6 .5 ,6-596.536m5,  
6.5,6.6,6.6,6.6,6.6,6.6,6.6,6.6,6.7,6.7,6.7,6a7,6.7, 
6-716.7,6.7,6.7y6.7,6.7,6.8p66896m8,6.8,6m896.By6. 8, 
7m1,7-1,7.217.297.2r7.2,7.3 

F i g u r e  1 .  D i s t r i b u t i o n  of  s t a n d a r d  deviations for 
water pH tests among 65 t e ~ t i n g  service6 
on 7 2  so i l  s a m p l e s .  



72 SOIL SAMPLES TESTED BY 6 5  LABS 

P SOIL TEST LEVEL (LBS/A) 

X a x i s  t i c  mark values from l e f t  t o  r i g h t  are: 
13,14,16,18,19, 19,22,22,2312S924,24,24,2492Ei,27928,287 
30936, 379 37,38,40,40,40, 40,40940,41 , 41 , 41 , 42,42,45,50, 
51951,54955,55,56,56,56,569 56r579577971 579 60560968969p707 
70~71,729 749 76,78,80,02, 043 839 869B6, 86,909170,170, 179, 
260,270 

F igure  2. D i s t r i b u t i o n  of standard deviat ions f o r  
Bray P t e s t s  among 65 t e s t i n g  services 
on 72 s o i l  samples. 



7 2  SOIL SAMPLES TESTED BY 65 LABS- 

K SOIL TEST LEVEL (LBS/A) 

X a x i s  tic mark values f r o m  l e f t  t o  right a r e :  
60,72,98,99,100,113,137,137,142,145,145, 1509 152,152,15 
156,156,156,165,205,209,224, 224,224,235,236,237,237,238,24 
240p240p2421243, 243, 244.r 244,244,244, 24E9 248,248? 250,25 
251,267,269,270,273,274,276? 28S,288? 320,336,354,3561 36 
361,373,379,384,384,498,510~S2096O01624,6449646,651,66 
706 

Figure 3. Distribution of standard deviations for 
K tes t  among 65 t e s t i n g  s e r v i c e s  on 
72 soil samples. 



Distribution of pH Test on Soil 83-8 
70  eating Service* Porticlpoting 

32 , I 

pH Readinge a MEDW\(=6.8 S.D.=O.l 

F i g u r e  4. D i s t r i b u t i o n  o f  water pH t e a t s  f r o m  70 test ing  
serv ices  on so i  1 83-8. 



Distribution of pH Test  on Soil 83-9 
70 Testing Services Participating 

30 

28 

26 

pH Readings 
MEDW\I=5.9 S.D.=0.2 

Figure 5. Distribution of water pH tests from 70 testieg 
services on soi 1 83-9. 



Distribution of pH Test  on Soil 83-5 
65 Testing Services Porticipatlng 

Figure  6. Distribution of water pH tests f r o m  63 testirrg 
serv ices  on soi 1 83-5. 



P SOlL TEST - DIFFERENCE FROM MEDIAN 
SOIL 83-3. (65 TESTING SERVICES) 
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P SOlL TEST - RANKED FROM LOW TO HIGH 
S.D.=4 

Square symbols represent  t h e  number of t e s t i n g  s e r v i c e  
d e v i a t i n g  from t h e  median b y  t h e  value on t h e  Y-axis. 

F i g u r e  7. D i s t r i b u t i o n  of  Bray P t e s t s  from 64 t e s t i n g  
serv ices  on so i  1 83-3. 



P SOIL TEST - DIFFERENCE FROM MEDIAN 

P SOIL TEST - R4NKED FROM LOW TO HIGH 
O STD-DEV-=B 

SOIL 84- 1 1, (74 TESTING SEWCES) 
30 

28 

Square symbols represent the number of testing service 
deviating from the median by the value on the Y-axis. 

3 26 

13 24 

%! 3 3  

Figure 8. Distribution of Bray P tests from 74 testing 
services on soil 84-11. 

* 



P SOlL TEST - DIFFERENCE FROM MEDIAN 
SOlL 83- 1 2 .  (70 TESTING SERVICES) 
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K SOlL TEST - RANKED FROM LOW TO HIGH 
S.D.=8 

Square symbols represent  t h e  number of t e s t i n g  s e r v i c e  
d e v i a t i n g  from t h e  median by t h e  va lue  on t h e  Y-axis. 

F i g u r e  9. D i s t r i b u t i o n  o f  Bray P t e s t s  from 70 t e s t i n g  
serv ices  on s o i l  83-12. 



P SOlL TEST - DIFFERENCE FROM MEDIAN 
SOIL 84--7. (53 TESTING SERVICES) 

280 

265 (MEDIAN) 536 

P SOlL TEST - RANKED FROM LOW TO HIGH 
a S.D.=87 

Square symbols represent the  number of t e s t i n g  serv ice  
deviat ing from t h e  median b y  the  value an t h e  Y - a x i s .  

F igure  10. D i s t r i b u t i o n  o f  Bray P t e s t s  from 54 t e s t i n q  
services on soil 84-7. 



K SOlL TEST - DIFFERENCE FROM MEDIAN 
SOIL 84--4. (72 TESTING SERVICES) 

80 

6 2 100 (MEDIAN) 

K SOlL TEST - RANK ED FROM LOW TO HIGH 
o S.D.=29 

Square symbols represent the number of testing service 
deviating f r o m  the median by the value on the Y - a x i s .  

Figure 11. Distribution of K soil tests from 72 testing 
services on soil 84-4. 



K SOlL TEST - DIFFERENCE FROM MEDIAN 
SOIL 87-4. (59 TESTING SERVICES) 
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K SOlL TEST - RANKED FROM LOW TO HIGH 
S.D.=32 

Square symbols represent the number of testing service 
deviating from the median b y  the value on the Y-axis. 

Figure 12. Distribution of K soil tests from 59 testing 
services on soil 87-4. 



K SOlL TEST - DIFFERENCE FROM MEDIAN 
SOIL 88-2. (52 TESTING SERVICES) 
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K SOlL TEST - RANKED FROM LOW TO HIGH 
o S.D.=37 

Square symbols represent  t h e  number of t e s t i n g  s e r v i c e  
d e v i a t i n g  from t h e  median by t h e  value on t h e  Y-axis. 

F i g u r e  13. D i s t r i b u t i o n  of  K s o i l  t e s t s  from 52 t e s t i n g  
s e r v i c e s  on soi  1  88-2. 



K SOIL TEST - DIFFERENCE FROM MEDI 
SOlL 88-5. (46 TESTING SERVICES) 
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Square symbols represent the number of testing service 
deviating from the median by the value on the Y - a x i s .  

Figure 14. Distribution of K soil tests from 46 testing 
services on soil 88-3. 



SJIL TESTING SERVICES PARTICIPATING IN THE FALL 1983 SPLIT SOIL SAHPLE STUDY. 
Soi 1 Si rp les 83-7 t h r u  83-12 

ASTL 
Urbana, I L  

Eff inghar E u i t y  
E f f  inghar, !L 

Perry Agr i cu l tu ra l  Lab. 
Bowling Green, MU 

Adars County Farr Bureau 
Ruincy, I L  

Farr C l i n i c  
Mest Lafayette, IN 

Professional Ag. Service 
Beardstown, I L  

Agra Soi 1 Service 
Lena, I L  

Farhers Laboratory 
Freeport, I L  

Rich-Law Service Co. 
Olney, I L  

Agrico-Cheaical Co. 
Washington Court House, OH 

Farrers Soi l  Lab 
Hyanet, I L  

Scott land So i l  Service 
Chrisran, I L  

Agri. Labs Inc 
Breren, IN 

Fayette County Soi l  Test Lab. 
Rarsey, I L  

Sharp's S o i l  Testing 
Elwood, I L  

A & L Great Lakes Agr. Lab. 
For t  Wayne, IN 

6eo hyta 
vic!erY, OH 

Shields So i l  Service 
Dewey, I L  

A b L Midwest Agr. Lab. 
Oraha, NB 

6.H.S. Laboratory 
Cropsey, I L  

Ski les So i l  Service 
Astoria, I L  

Alvey Laboratory 
Be l lev i l l e ,  I L  

Grayront Co-op Assoc. 
Grayront, I L  

Sohigro S o i l  Lab. 
L i ra ,  OH 

Arax Coal Co. Hidwest Lab. 
Evansville, 14 Greene Count F a r  Bureau 

Carrol l ton, !L 
S o i l  Lab. Inc. 
Tuscola, I L  

A.S.H. .Service 
Charpa~gn, I L  

Grundy County Farr Bureau 
Horris, I 1  

Southern Ill. Farr  Fdn. 
Vienna, I L  

Brandt's F e r t i l i z e r  Service 
Pleasant Plains. I L  

Hari 1 ton Count So i l  Testing 
HcLeansboro, 1 l  

Sparks So i l  Testing 
Lincoln, I L  

Brookside Research Lab. 
New KnoxvilIe, OH 

Har r i s  Laboratories, Inc 
Lincoln, NB 

S oon River F.S. 
~ P l i s v i l l e ,  I L  

Bruch Laboratory 
Granvi l le, I L  

Hax Hutchens F e r t i l i z e r  
Assumption I L  

S.S.T. L a b w a t w y  
Honticel lo, I L  

6ar Carter Trucking 
c a t h ,  IL 

I.H.C. 4 q o n ~ i c  Service Lab. 
Terre Haute, IN  

Standard Laboratories 
Goodfield, I L  

Cepheus Industr ies 
Harion, I L  

Indiana Farr  Bureau 
Indianapolis, IN 

Str inger 's  So i l  Lab. 
Assurption, I L  

Cherical k Technical Services 
Ht. Pleasant, I1 

Kaiser Cherical Co. 
Sull ivan, I L  

Top 5 o i l  Testing Service 
Frankfort,  I L  

Chr is t ian Co. Farrers Supply 
Taylorv i l le ,  I L  

Kaskaskia S o i l s  Lab. 
Shelbyvi l le, I L  

Twin County Service C. 
-Hurphysboro, I L  

CLC Labs. 
Yestervi l le, OH 

L a k l l e  County Farr Bureau 
Ottawa, I L  

Vol t 's  F e r t i l i z e r  Service 
Newton, I L  

Coles County So i l  Service 
Hattoon, I L  

Hacoupin Count Farr  Bureau 
C a r l i n v i l l e ,  I[ Warren County Farr  Bureau 

Honrouth, I L  

Dalby A r i c u l t u r a l  Service 
Hert ~ a l a y e t t e ,  IN 

Hidwest So i l  Testing Service 
Danforth, I L  

Washin ton Co Service Co. 
~ a s h v i l l e ,  I L  

DeKalb County Farr  Bureau 
DeKalb, I L  

Hiss iss ippi  Valley So i l  Testing 
Har i l ton,  I L  

WDHIC So i l  & Forage Center 
Bonduel, M I  

Eastern Ill. Soi l  Testing 
Rossvi l l e ,  I L  

HaChurs 
Harion, OH 

Whi tes ide County Far r  Bureau 
Harrison, I L  

Edwards County Farr  eureau 
Albion, 1L 

Honers So i l  Testing 
Toulon, 1L 

Zel l e r  Laboratory 
Dixon, I L  

Edwards Farr Supply 
Cisco, I L  





a1 1983 1 1 t  So Sac e t e s t  re  
s r a e mYLIan value 
wlth h ~ o h  ranklnas are  oat  of l i n e  
i n  th isacoroar i  sin.  

lsults r r a n  
!s are  leslrStPef:R!l 
aaonq the I s b w a t o r i  

l o  t h i o h  
e res! r e s u l t s  

.es  p a r t i c i p a t i ~  

S'aopl e Sarple 
Rank 83-7 83-8 

no. pH P  K  pH P K 
l b s l a  

' 

20 155 6.1 
20 179 6.3 
21 200 6.4 
21 205 6.5 
21 207 6.5 
21 208 6.6 
21 214 6.6 
21 216 6.6 
21 216 6.6 
22 216 6.6 
22 219 6.6 
22 227 6.6 
22 227 6.7 
22 227 6.7 
22 227 6.7 
22 228 6.7 
22 228 6.7 
23 229 6.7 
23 232 6.7 
23 232 6.7 
23 233 6.7 
23 233 6.7 
23 236 6.7 
23 236 6.7 
23 236 6.8 
23 238 6.8 
24 240 6.8 
24 241 6.8 
24 244 6.8 
24 245 6.8 
24 246 6.8 
24 246 6.8 
24 248 6.8 
24 248 6.8 
24 248 6.8 
24 248 6.8 
25 252 6.8 
25 252 6.8 
25 252 6.8 
25 254 6.8 
25 256 6.8 
26 260 6.8 
26 260 6.8 
26 262 6.8 
26 264 6.8 
26 264 6.8 
26 264 6.8 
26 264 6.8 
26 264 6.8 
27 264 6.8 
28 265 6.8 
28 268 6.8 
28 268 6.8 
28 269 6.8 
29 270 6.8 
29 272 6.9 
29 276 6.9 
30 278 6.9 
30 280 6.9 
31 280 6.9 
31 280 6.9 
32 282 6.9 
33 284 6.9 
33 184 6.9 
33 294 6.9 
34 302 6.9 
34 310 7.0 
34 332 7.0 
37 333 7.0 
59 353 7.0 

l  b s l a  
29 200 
44 209 
45 210 
48 213 
49 219 
49 220 
50 222 
50 222 

k d i a n  excluding plus t e x t  values 
5.9 24 246 5.0 57 242 

' i ~ r z g e  excludin l u s  values 
5.6 '6 95! 6.8 57 251 

standard deviat ion excluding p lus v 
0.7 6 13 0.2 b 30 

l b s l a  ' 

5.3 19 198 5.9 
5.7 19 210 6.2 
5.7 20 212 6.2 
5.8 21 215 6.3 
5.8 21 215 6.3 
5.8 21 215 6.4 
5.8 21 216 6.4 
5.8 22 217 6.4 
5.8 22 220 6.4 
5.8 22 220 6.4 
5.8 22 222 6.4 
5.8 22 224 6.4 
5.8 22 225 6.5 
5.8 22 227 6.5 
5.8 22 228 6.5 
5.8 22 228 6.5 
5.8 22 236 6.5 
5.8 22 232 6.5 
5.8 22 232 6.5 
5.8 22 232 6.5 
5.8 22 235 6.5 
5.8 23 236 6.5 
5.9 23 236 6.5 
5.9 23 236 6.5 
5.9 23 236 6.5 
5.9 23 236 6.5 
5.9 23 236 6.5 
5.9 23 236 6.5 
5.9 23 240 6.5 
5.9 23 240 6.5 
5.9 23 240 6.5 
5.9 23 240 6.5 
5.9 24 240 6.5 
5.9 24 240 6.6 
5.9 24 242 6.6 
5.9 24 242 6.6 
5.9 24 243 6.6 
5.9 24 244 6.6 
6.0 24 244 6.6 
6.0 25 245 6.6 
6.0 25 246 6.6 
6.0 25 246 6.6 
6.0 25 248 6.6 
6.0 25 248 6.6 
6.0 25 248 6.6 
6.0 25 250 6.6 
6.0 25 252 6.6 
6.0 25 254 6.6 
6.0 26 255 6.6 
6.0 26 258 6.6 
6.0 26 263 6.6 
6.0 26 265 6.6 
6,O 26 268 6.6 
6.0 26 268 6.6 
6.0 27 268 6.6 
6.0 27 268 6.6 
6.0 27 270 6.6 
6.1 28 278 6.6 
6.1 28 280 6.6 
6.1 28 286 6.7 
6.1 28 280 6.7 
6.1 28 286 6.7 
6.1 28 288 6.7 
6.1 28 288 6.7 
6.1 28 295 6.7 
6.1 29 295 6.7 
6.1 30 300 6.7 
6.2 32 304 6.7 
6.2 32 337 6.8 
6.6 60 350 6.8 

Sarple 
83- 10 
P K OH 
l b s l a  ' 

Sample Sarple 
83-1 1 83-12 
P K o H P K  
l b s l a  ' 
24 108 5.7 
24 110 6.0 
25 114 6.0 
25 115 6.1 
25 116 6.1 
25 120 6.1 
25 120 6.1 
26 123 6.1 
26 124 6.1 
26 124 6.2 
26 125 6.2 
26 126 6.2 
26 126 6.2 
27 128 6.2 
27 128 6.2 
27 128 6.2 
27 128 6.2 
27 129 6.2 
27 130 6.2 
28 131 6.7 
28 132 6.2 
28 133 6.2 
28 135 6.2 
28 136 6.2 
28 136 6.2 
29 136 6.2 
29 136 6.2 
29 136 6.2 
29 138 6.2 
29 140 6.2 
29 140 6.2 
29 140 6.3 
29 140 6.3 
29 141 6.3 
30 142 6.3 
30 142 6.3 
30 144 6.3 
30 144 6.3 
30 145 6.3 
30 145 6.3 
30 147 6.3 
31 148 6.3 
31 148 6.3 
31 148 6.3 
31 150 6.3 
31 152 6.3 
31 152 6.3 
31 155 6.3 
32 155 6.3 
32 156 6.3 
32 156 6.3 
32 I59 6.3 
33 160 6.4 
33 161 6.4 
33 165 6.4 
33 166 6.4 
34 180 6.4 
34 180 6.4 
34 180 6.4 
34 184 6.4 
34 184 6.4 
35 184 6.4 
35 184 6.4 
36 186 6.4 
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