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The Magruder Plots: 
Environmental Production History 1892-2000

In 1892, A.C. Magruder initiated a soil fertility experiment which would be continued for more than 100 years. The Magruder plots were initially established to evaluate wheat production on native prairie soils without fertilization. Although several changes have been made to the initial trial, the Magruder plots remain the oldest continuous soil fertility wheat experiment west of the Mississippi River. One of the key findings of the Magruder Plots has been the sustained wheat production of more than 16 bu/ac, following more than 100 years without any fertilization.  Not until the last 5-10 years have we seen any benefit of K fertilization.  Early on, the response to P fertilization was notable (P-only versus the check).  As issues of sustainability and environmental safety become increasingly more important, trials such as the Magruder Plots will be further explored.  

Procedures 
I

nitially only one plot was established to evaluate native wheat production without the application of organic or inorganic fertilizers from 1893 to 1898. From 1899 to 1929, half of the experimental area was fertilized with barnyard manure while the other half received no fertilization. In 1930, Dr. H.J. Harper established ten separate fertilization treatments on these plots which would continue to 1947. Due to a university construction decision for a new dormitory, plots from six of the ten treatments were moved (surface 0- 16") following wheat harvest in 1947 to its present location on the Agronomy Research Station (Figure 1). The subsoil at the new location was noted to be very similar to that of the original site located just west of present day Stout Hall. 

Table 1. Changes in location and treatment modifications for Magruder plots,1892-present.

	Year
	Trts.
	Nitrogen source
	N rate, lb. N/ac
	N rate, manure lb. N/ac
	P source
	Row spacing inches
	Seed Rate lb/ac
	Loc.
	Seed Type

	1892-1898
	1
	-
	-
	-
	-
	7
	75
	Old
	SRWW

	1899-1912
	2
	Manure only
	-
	-
	-
	7
	75
	Old
	SRWW

	1913-1929
	2
	Manure only
	-
	120**
	-
	7
	75
	Old
	HRWW

	1930-1933
	10
	NaNO3 (16-0-0)
	33
	120**
	OSP (0-20-0-12S)
	7
	75
	Old
	HRWW

	1934-1945
	10
	NaNO 3(16-0-0)
	33
	120**
	OSP (0-20-0-12S)
	14
	50
	Old
	HRWW

	1946-1947
	10
	NH4NO3(33.5-0-0)
	33
	120**
	OSP (0-20-0-12S)
	14
	50
	Old
	HRWW

	1948
	6
	NH4NO3(33.5-0-0)
	33
	120**
	OSP (0-20-0-12S)
	7
	75
	New
	HRWW

	1949-1957
	6
	NH4NO3(33.5-0-0)
	33
	120**
	OSP (0-20-0-12S)
	14
	50
	New
	HRWW

	1958-1967
	6
	NH4NO3(33.5-0-0)
	33
	120**
	OSP (0-20-0-12S)
	10
	60
	New
	HRWW

	1968-1993 
	6
	NH4NO3(33.5-0-0)
	60
	240**
	TSP (0-46-0)
	10
	60
	New
	HRWW

	1994-pres
	6
	NH4NO3(33.5-0-0)
	60
	240**
	TSP (0-46-0)
	7.5
	60
	New
	HRWW


Table 2. Soil fertility treatment effects on Magruder Plot wheat grain yields, Stillwater, OK, 1930-2000

	
	Treatment

N            P2O5            K2O

lb/ac/yr
	1930-37
	1938-47
	1948-57
	1958-67      
	1968-77
	1978-87
	1988-97
	1998-00

	1.  Manure  only +
	
	24.1
	17.5
	18.0
	29.9
	30.2
	34.1
	28.0
	36.2

	2.
	0
	0
	0
	16.6
	9.5
	13.3
	18.9
	18.0
	19.6
	15.1
	21.1

	3.
	0
	30
	0
	21.2
	15.9
	19.1
	21.5
	18.8
	22.4
	14.7
	20.7

	4.
	33*
	30
	0
	22.6
	17.2
	19.8
	31.7
	36.0
	30.5
	27.4
	39.7

	5.
	33*
	30
	30
	23.4
	17.4
	19.9
	29.4
	33.9
	30.9
	32.4
	42.8

	6.
	33*
	30
	30+ lime
	22.3
	17.3
	22.5
	33.0
	37.6
	33.0
	32.9
	37.2

	
	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	
	
	21.7
	15.8
	18.8
	27.4
	28.9
	28.4
	25.1
	32.9

	SED
	
	
	
	2.6
	1.8
	1.8
	2.0
	2.6
	1.9
	2.6
	3.9

	* N rate increased to 60 lbs N/ac in 1968.  + Beef manure applied at a rate of 120 and 240 lb N/ac every fourth year for periods 1930-1967 and 1967-present, respectively.  Lime (L) applied when soil analysis indicated a pH of 5.5 or less.  
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Figure 1. Physical location and treatment structure of the Magruder Plots, 1947-present, Agronomy Experiment Station, Stillwater, OK.

Experiment 222: Long-Term Winter Wheat Fertility With Continuous Application of N, P and K

Abstract
In 1969, experiment #222 was initiated at the Agronomy Research Station in Stillwater, Oklahoma.  This trial was established to evaluate long-term winter wheat grain yield response to applied nitrogen (N), phosphorus (P) and potassium (K).  Applications of sulfur (S) and magnesium (Mg) (Sul-Po-Mag) were also compared.  In the first decade of the experiment, few responses to applied N, P and/or K were found.  Following twenty years without fertilization, average check plot yields were 20 bu/ac.  It was not until the third decade of this experiment that a dramatic response to applied N was observed.  A tendency for increased yields with applied P and K (5 vs 6 and 8 vs 9) was present for the 1989-98 time period, but, this was not significant.  Over the 31 years that these treatments have been evaluated, only applied N has produced a significant increase in grain yields.  In many regards this continuous wheat data demonstrates the difficulty of evaluating P and K fertilizers since no response could be induced without fertilization following 31 years.  Nitrogen applied at an annual rate of 80 pounds per acre was adequate to produce near maximum yields in all three decades evaluated. Considering these results it can also be concluded that if there was no response to applied K (as KCl), there would also be no response to applied Cl.  Also, no response was seen to applied S and/or Mg as K,MgSO4.  Grain %N increased with increasing rates of applied N in all three decades evaluated.

   Materials and Methods
E

xperiment #222 was established in 1969 under conventional tillage on a Kirkland silt loam (fine, mixed, thermic Udertic Paleustoll).  Wheat was planted for 22 continuous years in 10-inch rows at seeding rates of 60 pounds per acre.  Since 1992, winter wheat has been planted in 7.5-inch rows.  The variety 'Scout 66' was planted from 1968-73, 'Triumph 64' from 1974-1977, 'Osage' from 1978-80 and 'TAM W-101' from 1981-91, 'Karl' from 1992-1994, 'Tonkawa' from 1995 to 1998 and ‘Custer’ since 1999.  Changes in management, fertilization and application dates are reported in Table 1.  The experimental design employed was a randomized complete block with four replications.  Fertilizer treatments used in this experiment and average grain yield means over selected periods are reported in Table 2.  Surface soil (0-6 inches) test analyses from samples collected in 1995 are also reported in Table 2.  Individual plots at this site are 20 feet wide and 60 ft long.  The center 10 feet (1969-1995) and 6 ft (1996-present) of each plot was harvested with a conventional combine the entire 60 ft in length for yield.  In addition to wheat grain yield measured every year from this experiment, periodic soil and grain samples were taken for further chemical analyses.


A significant response to applied N was not seen until the second decade of the experiment (Table 2, 1979-1988).  Since that time, applied N has resulted in significant yield increases.  Other than applied N, limited response to applied P or K has been found in this experiment.  However, a recent trend for increased yields as a result of applying K has been observed, especially at the high rates of applied N.  Considering these results it can also be concluded that if there was no consistent response to applied K (as KCl), there would also be no response to applied Cl.  Also, no response was seen to applied S and/or Mg as K,MgSO4 (treatment 13 versus 3).  


The fertilizer treatments evaluated have resulted in relatively small surface soil pH (0-6 inches) changes following 27 years (1969-1995) of continuous winter wheat.  Soil test P declined with increasing applied N, a result of increased depletion.  Surface soil organic matter levels have not changed dramatically, however, organic matter levels have increased at the high N rates when compared to the 0 N checks.    

References
Ranney, R.W. 1969. An organic carbon-organic matter conversion equation for Pennsylvania surface soils. Soil Sci. Soc. Amer. Proc. 33:809-811.

Table 1.  Treatment  applications, and experimental management for continuous winter wheat Experiment 222, Stillwater, OK, 1969-2000. 


	Year
	Variety
	Fertilizer
	Planting Date
	Harvest Date
	Seeding Rate
	Topdress

	
	
	Application
	
	
	lb/ac
	Date

	
	
	Date
	
	
	
	

	1969
	Scout 66
	
	
	
	60
	

	1970
	Scout 66
	
	
	
	60
	

	1971
	Scout 66
	
	
	
	60
	

	1972
	Scout 66
	
	
	
	60
	

	1973
	Scout 66
	10-3-72
	10-9-72
	
	60
	3-16-73

	1974
	Triumph 64
	
	
	
	60
	

	1975
	Triumph 63
	8-29-75
	
	
	60
	

	1976
	Triumph 64
	
	
	
	60
	

	1977
	Triumph 64
	
	
	6-15-77
	60
	

	1978
	Osage
	
	9-9-77
	6-14-78
	60
	3-29-78

	1979
	Osage
	
	
	6-29-79
	60
	

	1980
	Osage
	
	
	6-25-80
	60
	

	1981
	TAM W-101
	
	
	6-31-81
	72
	

	1982
	TAM W-101
	9-18-81
	9-22-81
	6-14-82
	60
	

	1983
	TAM W-101
	9-29-82
	
	6-21-83
	90
	3-1-83

	1984
	TAM W-101
	8-31-83
	10-5-83
	6-25-84
	72
	

	1985
	TAM W-101
	8-23-84
	10-2-84
	6-12-85
	72
	3-8-85

	1986
	TAM W-101
	
	10-7-85
	6-12-86
	72
	2-18-86

	1987
	TAM W-101
	8-20-86
	10-17-86
	6-15-87
	72
	3-6-87

	1988
	TAM W-101
	
	9-17-87
	6-14-88
	72
	

	1989
	TAM W-101
	8-18-88
	
	6-20-89
	60
	

	1990
	TAM W-101
	8-29-89
	10-11-89
	6-13-90
	60
	

	1991
	TAM W-101
	
	
	
	60
	

	1992
	TAM W-101
	9-10-91
	9-30-91
	6-17-92
	75
	2-3-92

	1993
	Karl
	9-16-92
	10-12-92
	6-17-93
	95
	2-3-93

	1994
	Karl
	9-22-93
	9-27-93
	6-8-94
	95
	

	1995
	Tonkawa
	8-30-94
	9-29-94
	6-20-95
	90
	2-24-95

	1996
	Tonkawa
	10-9-95
	10-10-95
	6-11-96
	70
	3-13-96

	1997
	Tonkawa
	9-5-96
	10-3-96
	6-19-97
	70
	2-17-97

	1998
	Tonkawa
	9-29-97
	10-3-97
	6-10-98
	68
	1-30-98

	1999
	Tonkawa
	9-3-98
	10-13-98
	6-15-99
	68
	2-15-99

	2000
	Custer
	9-5-99
	10-7-99
	7-6-00
	68
	2-17-00


Table 2.  Soil fertility treatment effects on wheat grain yields, Experiment #222, Stillwater, OK 1969-2000, and surface (0-6 inches) soil test results from 1995.

	
	
	             
	
	                         Year Period
	
	
	
	  Soil Test (1995)
	
	
	

	Treatment
	
	
	69-78
	79-88
	89-98
	99-00
	69-00
	
	
	
	

	
	N
	P2O5
	K2O
	
	
	
	
	pH
	P
	OM
	

	
	
	lb/ac
	
	 
	bu/ac
	
	
	ppm
	%
	
	

	1.
	0
	60
	40
	25.3
	19.2
	12.8
	14.9
	18.3
	5.85
	50
	2.27

	2.
	40
	60
	40
	27.9
	27.2
	18.0
	22.1
	23.9
	5.83
	37
	2.35

	3.
	80
	60
	40
	28.5
	28.6
	21.8
	30.4
	26.4
	5.50
	34
	2.27

	4.
	120
	60
	40
	26.7
	31.2
	25.2
	30.3
	27.9
	5.72
	26
	2.37

	5.
	80
	0
	40
	25.0
	27.2
	23.3
	32.9
	25.7
	5.59
	14
	2.20

	6.
	80
	30
	40
	25.0
	31.6
	25.1
	32.9
	27.8
	5.48
	23
	2.25

	7.
	80
	90
	40
	29.1
	28.4
	20.5
	27.1
	25.8
	5.54
	50
	2.30

	8.
	80
	60
	0
	25.5
	27.7
	20.8
	28.8
	24.9
	5.67
	32
	2.27

	9.
	80
	60
	80
	27.3
	29.9
	22.4
	30.1
	26.7
	5.55
	38
	2.24

	10.
	0
	0
	0
	23.7
	20.1
	12.7
	12.3
	18.0
	5.93
	16
	2.13

	11.
	120
	90
	80
	27.6
	30.7
	26.3
	34.7
	28.7
	5.73
	40
	2.27

	12.
	120
	90
	0
	24.5
	27.9
	23.7
	30.2
	25.8
	5.91
	38
	2.20

	13.
	80
	60
	40*
	32.3
	27.4
	21.4
	28.6
	25.9
	5.89
	26
	2.23

	
	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	
	
	26.6
	27.5
	21.1
	27.3
	25.0
	5.73
	33
	2.26

	SED
	
	
	
	3.1
	2.8
	2.0
	4.8
	2.7
	0.15
	8
	0.11

	CV, %
	
	
	
	17
	15
	13
	25
	15
	3.7
	32
	7


N, P2O5, and K2O applied as ammonium nitrate (34-0-0), triple superphosphate ( 0-46-0) and potassium chloride (0-0-60), respectively. *- K2O applied as sul-po-mag (0-0-22). SED standard error of the difference between two equally replicated means. CV  coefficient of variation.  pH 1:1 soil:water, P, Mehlich III extraction, OM = organic matter = OC*1.8+0.35 (Ranney, 1969)

Table 3.  Soil fertility treatment effects on wheat grain %N, Experiment #222, Stillwater, OK 1969-2000.

	
	
	             
	
	                         
	Year Period
	
	
	

	Treatment
	
	
	
	69-78
	79-88
	89-98
	99-00
	1969-2000

	
	N
	P2O5
	K2O
	
	
	
	
	

	
	
	lb/ac
	          
	% N 
	
	
	
	

	1.
	0
	60
	40
	1.99
	2.01
	2.30
	2.22
	2.12

	2.
	40
	60
	40
	2.06
	2.08
	2.37
	2.28
	2.19

	3.
	80
	60
	40
	2.14
	2.26
	2.69
	2.46
	2.40

	4.
	120
	60
	40
	2.58
	2.46
	2.76
	2.60
	2.59

	5.
	80
	0
	40
	2.33
	2.39
	2.51
	2.47
	2.40

	6.
	80
	30
	40
	2.31
	2.26
	2.62
	2.45
	2.32

	7.
	80
	90
	40
	2.24
	2.34
	2.62
	2.41
	2.36

	8.
	80
	60
	0
	2.24
	2.35
	2.56
	2.46
	2.36

	9.
	80
	60
	80
	2.23
	2.27
	2.56
	2.48
	2.31

	10.
	0
	0
	0
	2.14
	2.08
	2.00
	2.19
	2.09

	11.
	120
	90
	80
	2.55
	2.43
	2.75
	2.71
	2.51

	12.
	120
	90
	0
	2.58
	2.50
	2.70
	2.63
	2.54

	13.
	80
	60
	40*
	2.15
	2.25
	2.54
	2.37
	2.27

	
	
	
	
	
	
	
	
	

	Mean
	
	
	
	2.27
	2.28
	2.53
	2.44
	2.34

	SED
	
	
	
	0.17
	0.12
	0.15
	0.11
	0.14

	CV, %
	
	
	
	10
	8
	8
	6
	8


N, P2O5, and K2O applied as ammonium nitrate (34-0-0), triple superphosphate ( 0-46-0) and potassium chloride (0-0-60), respectively. *- K2O applied as sul-po-mag (0-0-22). SED standard error of the difference between two equally replicated means. CV  coefficient of variation.  pH 1:1 soil:water, P, Mehlich III extraction, OM = organic matter = OC*1.8+0.35 (Ranney, 1969)

Experiment 301: Long-Term Application of Sewage Sludge and 
Ammonium Nitrate on Wheat Grain Yield and Forage Quality 

K.J. Wynn, N.T. Basta, J. Schroder, W.E. Thomason, 
K.W. Freeman, R.W. Mullen, R. Teal, G.V. Johnson, and W.R. Raun

ABSTRACT
Environmentally sound management practices for sewage sludge in grain crop production systems are becoming increasingly important.  The objectives of this study were to compare N rates of sewage sludge and ammonium nitrate on yield and heavy metal uptake in winter wheat (Triticum aestivum L.).  One field experiment was established in 1993 that evaluated six N rates (0 to 538 kg ha-1 yr-1) as dry anaerobically digested sewage sludge and ammonium nitrate.  Lime application in 1993 (8.96 Mg ha-1), 1999 (8.96 Mg ha-1) and 2000 (12.99 Mg ha-1) was also evaluated.  In general, wheat yields peaked at the 180 kg N ha-1 rate when N was applied as either sewage sludge or ammonium nitrate.  However, wheat grain yields were significantly higher using ammonium nitrate when compared to sewage sludge at comparable rates.  Averaged over this seven year period, ammonium nitrate treatments resulted in 28.1 bu/ac (1.9 Mg/ha) while sewage sludge resulted in 20.2 bu/ac (1.4 Mg/ha)(both averaged over N rates).  Fertilizer N immobilization was expected to be high in the first few years since this site was previously in native bermudagrass (Cynodon dactylon L.).  Following 2-3 years of applying sewage sludge, we expected to achieve the same yields at comparable rates as that using ammonium nitrate.  Because ammonium nitrate treatments continue to produce significantly higher yields (following 7 years) when compared to sewage sludge, either N mineralization rates are markedly lower than that previously thought (21% for sewage sludge), or the soil-plant system has yet to achieve equilibrium.  Molybdenum concentrations in wheat forage at Feekes growth stage 4 were significantly higher in sewage sludge treated plots when compared to ammonium nitrate.  Alternatively, Cu and Fe levels did not differ in wheat forage as a function of N source (sewage sludge versus ammonium nitrate).  The Cu to Mo ratio in the wheat forage was above 2 for all treatments.  When Cu:Mo ratios are less than 2 in wheat forage, cattle can develop Cu deficiencies.  When lime was applied, forage Mo levels were dramatically higher for sewage sludge plots as compared to ammonium nitrate. 

Table  1. Treatment structure and grain yield means, 1994-2000, Stillwater, OK. 

__________________________________________________________________________________________________

Treatment
N rate
N Source
1994
1995
1996
1997
1998
1999 
2000 
Average


lb/ac

--------------------------------------bu/ac -------------------------------------


1
0
-
6.9
7.4
9.1
16.8
28.8
13.5
13.7

13.7

2
0
-
5.6
7.7
8.6
19.1
23.9
13.4
14.5

13.3

3
40
SS
7.8
8.5
10.8
23.2
35.4
14.1
19.5

17.0

4
80
SS
9.2
8.5
9.8
22.5
33.4
15.9
22.3

17.4

5
160
SS
13.2
8.5
18.4
20.8
45.4
20.3
23.4

21.4

6
240
SS
15.4
9.1
13.7
20.7
42.1
14.3
18.3

19.1

7
480
SS
22.4
15.3
12.2
21.7
53.6
27.3
28.6

25.9

8
40
AN
26.5
9.2
5.0
20.4
30.6
13.4
25.6

18.7

9
80
AN
25.9
13.5
7.6
26.2
42.6
23.9
42.9

26.1

10
160
AN
28.6
17.8
9.9
32.4
51.2
35.2
49.1

32.0

11
240
AN
38.5
21.1
8.0
35.0
45.2
43.0
41.4

33.2

12
480
AN
34.8
19.1
8.3
38.0
46.2
36.8
30.5

30.5

13
480
SS+L
24.8
15.6
13.1
24.2
55.5
38.7
23.3

27.9

14
480
AN+L
32.5
19.7
11.6
42.3
55.2
42.5
32.9

33.8

SED


2.62
2.55
2.93
4.74
4.4
4.9
5.4


CV, %


15
24
34
22
13
24
28

__________________________________________________________________________________________

L - lime applied at a rate of 8960 kg/ha (4 tons/acre) in the fall of 1993

L – lime applied at a rate of 8960 kg/ha (4 tons/acre) in the fall of 1999 (87% ECCE)

L - lime applied at a rate of 12,992 kg/ha (5.8 tons/acre) in the fall of 2000 (85% ECCE) 

SS - sewage sludge obtained from the City of Stillwater, AN - ammonium nitrate (34-0-0)

SED - standard error of the difference between two equally replicated means, CV - coefficient of variation, %

Table 2.  Total nitrogen and moisture content of Stillwater sewage sludge, 1993 to 2000.

_______________________________________________________________

1993
1994
1995
1996
1997
1998
1999     2000
 Avg.

-------------------------------------Total N, % ------------------------------------------



2.02
1.74
1.97
2.73
2.42
2.43
2.02
 2.44      2.22

------------------------------------- Moisture, %  ---------------------------------------



60
35
59
na
55
46
45
 17           45

________________________________________________________

Table 3.  Forage yield (Feekes 4, collected in December) and metal concentrations 
from unwashed and washed forage, Stillwater, OK, 1999.

	Treatment
	yld lb/ac
	unwashed, Cu
	washed, Cu
	unwashed, Fe
	washed, Fe
	unwashed, Mo
	washed, Mo
	Cu/Mo, washed

	
	
	mg kg-1

	1
	442.32
	9.72
	7.06
	5033
	248
	0.47
	0.47
	18.7

	2
	220.489
	9.29
	6.99
	3990
	383
	0.42
	0.3
	32.6

	3
	677.6
	9.61
	6.49
	4944
	226
	0.31
	0.27
	27.1

	4
	375.1
	10.94
	7
	5826
	268
	0.49
	0.45
	15.8

	5
	368.378
	13.16
	7.33
	5207
	302
	0.83
	0.49
	15.3

	6
	778.433
	13.69
	6.69
	5377
	303
	0.82
	0.65
	10.7

	7
	240.656
	13.15
	7.87
	3052
	260
	1.41
	0.96
	8.3

	8
	415.433
	9.78
	7.28
	6143
	207
	0.29
	0.19
	67.7

	9
	401.489
	10.38
	7.5
	5003
	286
	0.25
	0.16
	53.4

	10
	731.378
	8.74
	7.45
	5359
	232
	0.25
	0.08
	133.4

	11
	254.1
	10.83
	8.36
	3231
	422
	0.17
	0.07
	109.6

	12
	361.656
	9.78
	7.9
	4394
	182
	0.16
	0.05
	147.1

	13
	395.267
	30.32
	7.66
	4109
	226
	1.9
	1.28
	7.3

	14
	280.98
	10.06
	7.7
	4139
	252
	0.24
	0.14
	87.3


Table 4. Treatment  applications and experimental management for continuous winter wheat Experiment 301, Stillwater, OK, 1994-2000.

____________________________________________________________


Year
Variety
Fertilizer
Planting Date
Harvest
Seeding Rate






Application

Date
lb/ac





Date






1994
Karl
10-6-93
10-7-93
6-8-94
60



1995
Tonkawa
10-13-94
10-14-94
6-15-95
75



1996
Tonkawa
11-16-95
11-17-95
6-10-96
70



1997
Tonkawa
10-9-96
10-10-96
6-19-97
68


1998
Tonkawa
10-20-97
10-20-97
6-10-98
68


1999
Tonkawa
10-12-98
10-15-98
6-15-99
68


2000
Custer
10-4-99
10-7-99
6-15-00
68


Experiment 406: Wheat Grain Yield Response to Nitrogen, Phosphorus and Potassium Fertilization

ABSTRACT
Grain yield response of irrigated winter wheat to fertilization with nitrogen (N), phosphorus (P) and potassium (K) in a long-term experiment has not been extensively evaluated.  Experiment 406 was established in 1966 to evaluate fertilizer applications on irrigated winter wheat grown in southwestern Oklahoma.  Following 34 years of continuous wheat, response to applied N, P, and K remains somewhat dynamic.  Over a 34 year period, only applied N has provided consistent wheat yield increases.  Grain yield maximums have been achieved at an average annual N rate of 40 lb N/ac.  However, grain percent N (grain protein) has increased when N was applied at rates greater than 40 lb N/ac.  In the last ten years, soil test P has approached deficient levels and yield response to applied P has been significant over this time period.  Yield response due to applied K has not been observed in this 34 year experiment where soil test K levels were initially high. 

Materials and Methods
I

n the fall of 1965, Experiment 406 was established under conventional tillage on a Tillman-Hollister clay loam (fine-mixed, thermic Typic Paleustoll) at the Irrigation Research Station near Altus, Oklahoma. Winter Wheat has been planted in 10  inch rows at seeding rates of 90 pounds per acre.  In 1969 and 1971, grain yield data was not obtained.  In most years, plots were not irrigated in the spring because the economics of the irrigation district have dictated that water is only released for summer crops.  When water was applied, it was usually a pre-irrigation prior to planting.  The experimental design employed is a randomized complete block with six replications.  Management, varieties, and application dates are reported in Table 1.  Fertilizer treatments used in this experiment and average grain yields over selected periods are reported in Table 2.  Soil test levels from surface samples collected in 1995 are included in Table 3.  Individual plots at this site are 15 feet wide and 60 feet long.  The center 10 (1966-1995) and 6 (1996-present) feet were harvested with a conventional combine the entire 60 feet in length.  In addition to wheat grain yield measured every year, periodic soil and grain samples were taken for further chemical analyses. 

Table 1.  Treatment applications and experimental management for continuous winter wheat Experiment 406, Altus, OK, 1966-2000. 

	Year
	Variety
	Fertilizer
	Planting Date
	Harvest Date
	Seeding Rate
	Irrigation
	Topdress

	
	
	Application
	
	
	lb/ac
	Date
	Date

	
	
	Date
	
	
	
	
	

	
	
	
	
	
	
	
	

	1966
	
	10-1-66
	
	
	
	
	2-9-67

	1967
	
	
	
	
	
	
	

	1968
	
	
	
	
	
	
	

	1969
	
	
	
	
	
	4-28-69
	1-28-69

	1970
	Tascosa
	10-10-69
	10-11-69
	6-6-70
	90
	2-17-70
	2-2-70

	1971*
	Tascosa
	10-14-70
	10-21-71
	6-1-71
	90
	8-27-70 
	1-25-71

	1972
	Sturdy
	8-17-71
	10-9-71
	6-8-72
	90
	None
	2-21-72

	1973
	TAM W-101
	9-11-72
	10-12-72
	6-11-73
	90
	9-13-72
	

	1974
	TAM W-101
	8-31-73
	10-26-73
	6-13-74
	90
	None
	2-11-74

	1975
	TAM W-101
	9-5-74
	9-6-74
	6-13-75
	90
	8-2-74
	

	1976
	TAM W-101
	8-20-75
	10-9-75
	6-8-76
	90
	9-3-75
	1-13-76

	1977
	TAM W-101
	8-9-76
	10-14-76
	6-9-77
	80
	8-11-76
	2-16-77

	1978
	TAM W-101
	9-14-77
	10-31-77
	6-23-78
	90
	None
	3-13-78

	1979
	TAM W-101
	8-20-78
	10-10-78
	6-20-79
	90
	None
	3-13-79

	1980
	TAM W-101
	9-13-79
	10-18-79
	6-13-80
	96
	None
	3-7-80

	1981
	TAM W-101
	8-22-80
	11-7-80
	6-10-81
	90
	None
	1-26-81

	1982
	TAM W-101
	9-9-81
	10-27-81
	6-30-82
	90
	None
	2-23-82

	1983
	TAM W-101
	8-16-82
	8-16-82
	6-15-83
	90
	None
	3-2-83

	1984
	TAM W-101
	8-25-83
	11-3-83
	6-13-84
	90
	None
	3-1-84

	1985
	TAM W-101
	8-29-84
	10-10-84
	6-20-85
	90
	9-7-84
	3-14-85

	1986
	TAM W-101
	8-23-85
	11-4-85
	6-10-86
	90
	None
	2-18-86

	1987
	TAM W-101
	9-18-86
	11-15-86
	6-8-87
	90
	None
	3-6-87

	1988
	TAM W-101
	9-1-87
	10-6-87
	6-9-88
	90
	9-2-87
	2-17-88

	1989
	TAM W-101
	10-24-88
	11-17-88
	6-22-89
	90
	9-1-88
	All N preplant

	1990
	TAM W-101
	8-10-89
	9-22-89
	6-9-90
	90
	8-24-89
	All N preplant

	1991
	TAM W-101
	8-30-90
	10-10-90
	6-18-91
	90
	None
	All N preplant

	1992
	TAM-W-101
	9-22-91
	9-27-91
	6-15-92
	90
	7-25,8-8-91
	2-9-92

	1993
	Karl
	
	10-20-92
	6-15-93
	90
	8-12-92
	3-25-93

	1994
	Karl
	8-17-93
	9-28-93
	6-3-94
	90
	8-20-93
	3-24-94

	1995
	Tonkawa
	8-19-94
	10-27-94
	6-17-95
	90
	8-9-94
	3-8-95

	1996
	Tonkawa
	8-17-95
	10-12-95
	6-5-96
	90
	None
	2-3-96

	1997
	Tonkawa
	8-15-96
	10-1-96
	6-14-97
	90
	8-1-96
	2-3-97

	1998
	Tonkawa
	9-19-97
	10-3-97
	6-4-98
	90
	8-12-97
	3-12-98

	1999
	Tonkawa
	9-9-98
	10-12-98
	6-7-99
	90
	7-21,8-14-98
	1-27-99

	2000
	Custer
	8-24-99
	10-8-99
	5-24-00
	90
	8-5-99
	3-9-00


*crop loss due to drought.

Table 2.  Treatment structure of a long-term supplemental irrigation winter wheat Experiment 406 and overall means, 
Altus, OK, 1966-2000.
	
	Trt .
	N
	P2O5
	K2O
	1966-1970
	
	1972-1980
	
	1981-1990
	
	1991-2000
	
	1966-2000
	
	

	
	
	
	lb/ac
	
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	1
	0
	0
	0
	14.1
	2.47
	23.1
	2.37
	21.3
	2.04
	13.5
	2.53
	18.6
	2.35
	

	
	2
	40
	0
	0
	19.8
	2.57
	31.5
	2.65
	27.4
	2.40
	20.5
	2.68
	25.5
	2.57
	

	
	3
	80
	0
	0
	18.8
	2.82
	32.1
	2.83
	27.6
	2.53
	21.9
	2.95
	26.0
	2.77
	

	
	4
	120
	0
	0
	18.6
	2.95
	33.7
	2.91
	26.7
	2.64
	22.2
	3.02
	26.3
	2.88
	

	
	5
	160
	0
	0
	17.5
	2.97
	32.9
	3.07
	27.3
	2.58
	23.0
	3.08
	26.3
	2.92
	

	
	6
	40
	40
	0
	22.3
	2.54
	33.4
	2.63
	29.6
	2.10
	21.6
	2.58
	27.3
	2.46
	

	
	7
	80
	40
	0
	18.6
	2.91
	34.6
	2.83
	28.9
	2.63
	25.2
	2.93
	28.1
	2.82
	

	
	8
	120
	40
	0
	17.6
	2.96
	34.8
	2.90
	29.1
	2.68
	27.7
	3.06
	28.9
	2.90
	

	
	9
	160
	40
	0
	16.6
	3.19
	31.9
	2.97
	28.7
	2.92
	26.0
	3.11
	27.3
	3.05
	

	
	10
	40
	40
	40
	20.9
	2.64
	32.7
	2.48
	29.3
	2.16
	21.5
	2.61
	26.9
	2.47
	

	
	11
	80
	40
	40
	19.5
	2.82
	35.4
	2.78
	29.8
	2.59
	24.7
	2.91
	28.5
	2.77
	

	
	12
	120
	40
	40
	15.9
	2.88
	32.1
	2.96
	28.3
	2.76
	26.0
	3.10
	27.1
	2.91
	

	
	13
	160
	40
	40
	15.0
	3.00
	31.6
	3.04
	27.3
	2.74
	24.8
	3.08
	26.2
	2.96
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	2.37
	0.23
	3.24
	0.19
	3.24
	0.21
	2.47
	0.11
	2.9
	0.20
	
	

	CV, %
	
	
	
	18
	12
	14
	10
	17
	12
	15
	5
	16
	10
	
	


N, P and K applied as 34-0-0, 0-46-0 and 0-0-60 respectively.  N applied 1/2 fall, 1/2 spring

1971-crop loss due to drought.

Table 3.  Treatment structure and surface (0-6 inches) soil test analyses from samples collected in the summer of 1995, Experiment 406, Altus, OK.

	
	Trt .
	N
	P2O5
	K2O
	pH
	Organic C
	Total N
	P
	K

	
	
	
	lb/ac
	
	
	%
	%
	ppm
	ppm

	
	
	
	
	
	
	
	
	
	

	
	1
	0
	0
	0
	7.29
	0.84
	0.073
	9
	409

	
	2
	40
	0
	0
	7.22
	0.88
	0.078
	9
	414

	
	3
	80
	0
	0
	7.39
	0.90
	0.079
	7
	403

	
	4
	120
	0
	0
	7.97
	0.90
	0.082
	8
	421

	
	5
	160
	0
	0
	7.39
	0.90
	0.086
	9
	415

	
	6
	40
	40
	0
	7.42
	0.87
	0.080
	31
	418

	
	7
	80
	40
	0
	7.35
	0.93
	0.083
	26
	410

	
	8
	120
	40
	0
	7.30
	1.00
	0.089
	27
	408

	
	9
	160
	40
	0
	7.20
	0.96
	0.088
	27
	407

	
	10
	40
	40
	40
	7.12
	0.87
	0.076
	32
	444

	
	11
	80
	40
	40
	7.38
	0.93
	0.082
	25
	432

	
	12
	120
	40
	40
	7.12
	0.95
	0.085
	24
	445

	
	13
	160
	40
	40
	6.79
	0.93
	0.083
	24
	441

	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	0.18
	0.03
	0.004
	2.3
	14
	

	CV, %
	
	
	
	4
	6
	9
	20
	5
	


N, P and K applied as 34-0-0, 0-46-0 and 0-0-60 respectively.  N applied 1/2 fall, 1/2 spring.  
SED - standard error of the difference between two equally replicated means, CV - coefficient of variation.

Experiment 407: Response of Dryland Winter Wheat to Nitrogen, Phosphorus and Potassium Fertilization

ABSTRACT
Winter wheat grain yield response to fertilization with nitrogen (N), phosphorus (P) and potassium (K) in long-term experiments continues to be relevant in terms of sustainability and environmental risk.  Experiment 407 was established in 1966 and has now been conducted for 34 years.  Response to applied N, P, and K has been limited at this site, largely due to high soil test nutrient levels and low yields over the extensive number of years evaluated.   From 1966 to 1980, only limited increases in grain yield due to applied N were observed.  Since 1980, grain yields have increased significantly due to applied N, generally being maximized at the 40 lb N/ac/yr rate.  Yield increases due to applied N in this dryland winter wheat experiment have ranged from 5 to 10 bu/ac.  Grain %N levels have been found to increase linearly up to 80 lb N/ac/yr (beyond the N rate required for maximum yields).  As grain protein premiums become increasingly more important, optimum N rates for grain %N will need to be refined.

Materials and Methods
I

n the fall of 1965, Experiment 407 was established under conventional tillage on a Tillman-Hollister clay loam (fine-mixed, thermic Typic Paleustoll) at the Irrigation Research Station near Altus, Oklahoma.  Winter Wheat has been planted for 31 continuous years in 10 inch rows at seeding rates of 60 pounds per acre.   Grain yield data for the 1971 crop year was lost due to drought.  The experimental design employed is a randomized complete block with six replications. Variety changes and associated fertilizer application, planting and harvest dates are included in Table 1.  Fertilizer treatments used in this experiment and grain yield averages from selected periods are reported in Table 2. Individual plots at this site are 15 feet wide and 60 feet long.  The center 10 feet were harvested with a conventional combine the entire 60 feet in length.  In addition to wheat grain yield measured every year, periodic soil and grain samples were taken for further chemical analyses.  Soil test results from surface samples collected in the summer of 1995 are included in Table 3.

Table 1.  Treatment applications, and experimental management for continuous winter wheat Experiment 407, Altus, OK, 1966-2000.

	Year
	Variety
	Fertilizer
	Planting Date
	Harvest Date
	Seeding Rate
	Topdress Date

	
	
	Application Date
	
	
	lb/ac
	

	1966
	
	
	
	
	
	

	1967
	
	
	
	
	
	

	1968
	
	
	
	
	
	

	1969
	
	
	
	6-3-69
	
	

	1970
	KAW 61
	10-9-69
	10-11-69
	6-5-70
	40
	

	1971
	KAW 61
	10-14-70
	10-20-70
	6-1-71
	60
	1-26-71

	1972
	Danne
	8-17-71
	10-5-71
	6-8-72
	40
	2-23-72

	1973
	Nicoma
	9-5-72
	10-4-72
	6-6-73
	40
	

	1974
	Nicoma
	9-21-73
	10-24-73
	6-13-74
	50
	2-11-74

	1975
	Nicoma
	10-9-74
	10-11-74
	6-12-75
	40
	

	1976
	Triumph 64
	8-14-75
	10-7-75
	6-10-76
	60
	1-13-76

	1977
	Triumph 64
	8-10-76
	10-14-76
	6-8-77
	60
	2-17-77

	1978
	Triumph 64
	9-14-77
	11-7-77
	6-22-78
	60
	3-14-78

	1979
	Triumph 64
	8-20-78
	10-9-78
	6-20-79
	60
	3-12-79

	1980
	Triumph 64
	9-12-79
	10-18-79
	6-19-80
	60
	3-10-80

	1981
	TAM W-101
	8-20-80
	11-7-80
	6-10-81
	60
	1-26-81

	1982
	TAM W-101
	9-8-81
	10-27-81
	6-30-82
	60
	2-23-82

	1983
	TAM W-101
	8-18-82
	10-28-82
	6-16-83
	60
	3-4-83

	1984
	TAM W-101
	8-25-83
	12-5-83*
	6-12-84
	60
	3-2-84

	1985
	TAM W-101
	8-29-84
	10-10-84
	6-20-85
	90
	3-5-85

	1986
	TAM W-101
	8-23-85
	11-5-85
	6-2-86
	60
	2-19-86

	1987
	TAM W-101
	9-16-86
	11-15-86
	6-23-87
	60
	3-5-87

	1988
	TAM W-101
	9-4-87
	10-6-87
	6-10-88
	60
	2-18-88

	1989
	TAM W-101
	10-26-88
	11-17-88
	6-22-89
	60
	3-9-89

	1990
	TAM W-101
	8-10-89
	9-22-89
	6-8-90
	60
	3-9-90

	1991
	TAM W-101
	8-30-90
	9-27-90
	6-19-91
	60
	2-7-91

	1992
	TAM W-101
	9-22-91
	9-27-91
	6-16-92
	60
	2-9-92

	1993
	Karl
	
	10-20-92
	6-16-93
	60
	3-25-93

	1994
	Karl
	8-17-93
	9-28-93
	6-3-94
	60
	3-24-94

	1995
	Tonkawa
	8-19-94
	10-27-94
	6-17-95
	60
	3-8-95

	1996
	Tonkawa
	8-18-95
	10-11-95
	6-6-96
	60
	2-3-96

	1997
	Tonkawa
	8-15-96
	10-1-96
	6-14-97
	60
	2-3-97

	1998
	Tonkawa
	9-19-97
	10-3-97
	6-4-98
	60
	3-12-98

	1999
	Tonkawa
	9-9-98
	10-12-98
	6-7-99
	60
	1-27-99

	2000
	Custer
	8-24-99
	10-8-99
	5-24-00
	60
	3-9-00


N, P and K applied as 34-0-0, 0-46-0 and 0-0-60 respectively.  All N applied in the spring.  P and K applied preplant and incorporated.  SED - standard error of the difference between two equally replicated means, CV - coefficient of variation.

Table 2.  Treatment structure of a long-term supplemental irrigation winter wheat Experiment 407 and overall means, Altus, OK, 1966-2000.

	Trt .
	N
	P2O5
	K2O
	1966-1970
	
	1973-1980
	
	1981-1990
	
	1991-2000
	
	1966-2000
	

	
	
	lb/ac
	
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N

	1
	0
	0
	0
	19.2
	2.88
	24.2
	2.32
	21.3
	2.08
	15.0
	2.37
	19.8
	2.42

	2
	20
	0
	0
	18.4
	2.90
	25.9
	2.63
	23.9
	2.41
	19.3
	2.60
	22.2
	2.64

	3
	40
	0
	0
	17.4
	2.96
	26.2
	2.58
	24.3
	2.54
	20.4
	2.83
	22.5
	2.72

	4
	80
	0
	0
	18.3
	2.97
	27.7
	2.76
	25.3
	2.60
	22.3
	3.00
	23.9
	2.83

	5
	0
	40
	0
	22.1
	2.74
	25.1
	2.11
	22.7
	1.86
	15.2
	2.41
	20.9
	2.28

	6
	20
	40
	0
	19.9
	2.94
	27.1
	2.46
	28.2
	2.10
	20.5
	2.46
	24.3
	2.49

	7
	40
	40
	0
	16.8
	3.00
	30.2
	2.72
	29.4
	2.40
	22.7
	2.71
	25.6
	2.71

	8
	80
	40
	0
	15.9
	2.98
	26.5
	2.74
	27.6
	2.77
	25.1
	3.02
	24.8
	2.88

	9
	0
	40
	40
	21.9
	2.71
	24.3
	2.10
	22.5
	2.15
	15.5
	2.36
	20.7
	2.33

	10
	20
	40
	40
	21.4
	3.01
	28.6
	2.52
	29.6
	2.06
	19.9
	2.49
	25.2
	2.52

	11
	40
	40
	40
	17.9
	2.93
	30.4
	2.76
	29.5
	2.44
	23.4
	2.66
	26.1
	2.70

	12
	80
	40
	40
	15.9
	2.93
	28.1
	2.85
	28.1
	2.69
	24.4
	2.91
	25.2
	2.84

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	1.5
	0.13
	2.4
	0.18
	2.22
	0.34
	2.44
	0.11
	2.29
	0.21

	CV, %
	
	
	
	11
	6
	13
	10
	12
	20
	17
	6
	14
	11


N, P and K applied as 34-0-0, 0-46-0 and 0-0-60 respectively.  

1971-1972-crop loss due to drought.

Table 3.  Treatment structure and surface (0-6 inches) soil test analyses from samples collected 
in the summer of 1995, Experiment 407, Altus, OK, 1966-1997.

	Trt .
	N
	P2O5
	K2O
	pH
	Organic C
	Total N
	P
	K

	
	
	lb/ac
	
	
	%
	%
	ppm
	ppm

	
	
	
	
	
	
	
	
	

	1
	0
	0
	0
	6.8
	0.929
	0.079
	7.4
	502

	2
	20
	0
	0
	6.8
	0.989
	0.094
	8.4
	480

	3
	40
	0
	0
	6.8
	0.982
	0.084
	9.2
	546

	4
	80
	0
	0
	6.5
	1.038
	0.091
	9.2
	528

	5
	0
	40
	0
	6.8
	0.948
	0.084
	42.2
	496

	6
	20
	40
	0
	6.7
	0.950
	0.082
	36.6
	525

	7
	40
	40
	0
	6.7
	1.045
	0.092
	34.1
	530

	8
	80
	40
	0
	6.4
	1.087
	0.104
	33.5
	516

	9
	0
	40
	40
	6.9
	0.931
	0.081
	45.8
	590

	10
	20
	40
	40
	6.8
	1.006
	0.085
	37.3
	570

	11
	40
	40
	40
	6.6
	1.024
	0.087
	33.0
	583

	12
	80
	40
	40
	6.4
	1.076
	0.095
	32.5
	564

	
	
	
	
	
	
	
	
	

	SED
	
	
	
	0.12
	0.12
	0.004
	3.5
	84

	CV
	
	
	
	3
	10
	8
	22
	7


N, P and K applied as 34-0-0, 0-46-0 and 0-0-60 respectively.  All N applied in the spring.  P and K 
applied preplant and incorporated.  SED - standard error of the difference between two equally 
replicated means, CV - coefficient of variation.

Experiment 439: Effect of Long-Term Applications of N, P, and K on Cotton Lint Yields

ABSTRACT
Fertilizer use in cotton production remains an important issue, especially in continuous cotton where farmers commonly apply the same rates year after year.  This experiment was initiated in 1972 to evaluate the long-term effects of N, P and K fertilization on lint yield and lint quality.  Each year, N, P and K fertilizers (depending on the treatment) were surface applied and incorporated prior to planting.  Cotton yields were determined using a machine stripper.  Lint yields peaked at the 40 lb N/ac rate with or without P and/or K fertilization.  Although some increases in lint yields were observed in selected years at the 80 lb N/ac rate, increased N above 40 lb N/ac in the irrigated cotton study was not significant.  Limited differences in P and K fertilization were noted from 1972 to 1999.  One of the largest differences noted over the years was in yield potential as a result of changing varieties.  Most recently, the use of Paymaster (145 and HS26) varieties have shown significant increases in lint yields, exceeding 1000 lbs/acre.  This long-term experiment clearly shows that N applied at the 40 lb N/ac rate (when soil test P or K are adequate) resulted in near maximum lint yields. 

E

xperiment 439 was initiated in the spring of 1972 to evaluate the long-term effects of N, P and K on cotton yields at the Irrigation Research Station near Altus.  This study along with 222, 406, 407, 501, 502, 503, 504, 505 was started by Dr. Billy Tucker, and continued by Dr. Robert L. Westerman. The Irrigation Research Station is located in the Lugert Altus Irrigation District (LAID), which consists of surface impoundment by the Lugert Dam of some tributaries of the North Fork of the Red River. Irrigation at the research station is accomplished by utilizing concrete ditches, with water furrow applied via siphon tubes. The irrigation district allocates irrigation water to the research station as it does to local producers, with the amount varying each year as to the supply available in the reservoir. Large unlined earth canals are used to distribute the water to the various areas within the district. Some farms near these canals experience drainage problems associated with canal seepage which adversely affect crop yields. Underground tile drainage (installed in the late 1970’s) has been employed to facilitate lowering of the water table.  The objective of this experiment is to determine the effect of long-term applications of N, P, and K on lint yield and cotton quality. 

Procedures
Experiment 439 was established in 1972 on the western side of the Irrigation Research Station on soil that had previously been in continuous cotton under conventional tillage since approximately 1964. This soil was classified as a Tillman-Hollister clay loam (fine, mixed, thermic Typic Paleustolls). Soil test characteristics in from the 1988 for selected treatments are listed in Table 1. Each plot within the experiment has received annual applications of fertilizers at the rates indicated in Table 2. The N, P, and K fertilizer sources used are ammonium nitrate (33.5-0-0), triple super phosphate (0-46-0) and potassium chloride (0-0-62), respectively. The plot dimensions are six rows wide (40 inch row spacing) by 60 feet in length. The experimental design is a randomized complete block with four replications. Irrigation is applied as available, with allocations from the Lugert Altus Irrigation District varying from year to year. Since the irrigation water is furrow applied, the amount applied per application would be approximately 3 to 4 acre-inches. Cultural practices and other information pertaining to the experiment are found in Table 3. In the early years of the experiment harvest was accomplished by hand pulling the center two rows of the plot by 50 feet in length. In 1976 harvest was performed by machine stripper harvesting the rows. Beginning in 1983, grab samples were collected from the harvested material in each plot and ginned on small ginning equipment in order to approximate lint turn out or ginning percent. Also beginning in 1983, boll samples were taken, ginned and fiber properties on these lint samples determined by appropriate procedures.  

Table 1. Treatment applications and experimental management for Experiment #439, Altus, OK, 1972-1999.


	Year
	Fertilizer
	Planting
	Variety
	Seeding
	#of
	Harvest

	
	Application
	Date
	
	Rate
	Irrigations
	Date

	
	Date
	
	
	lb/ac
	
	

	1972
	5-15-72
	5-31-72
	Stoneville 213
	22
	3
	12-22-72

	1973
	5-16-73
	5-25-73
	Stoneville 213
	22
	3
	No Data

	1974
	5-10-74
	5-30-74
	Stoneville 213
	22
	2
	12-18-74

	1975
	5-19-75
	5-16-75
	Lankart LX-571
	21
	1
	12-3-75

	1976
	5-12-76
	5-18-76
	Lankart LX-571
	20
	5
	11-19-76

	1977
	4-8-77
	5-17-77
	Lankart LX-571
	21
	2
	11-18-77

	1978
	8-7-78
	5-10-78
	Westburn M
	21
	4
	12-7-78

	1979
	5-17-79
	5-31-79
	Westburn M
	21
	1
	12-7-79

	1980
	7-24-80
	5-22-80
	Westburn M
	21
	6
	12-2-80

	1981
	7-16-81
	5-23-81
	Westburn M
	20
	1
	12-2-81

	1982
	5-19-82
	5-20-82
	Westburn M
	21
	4
	1-11-83

	1983
	5-11-83
	6-1-83
	Westburn M
	21
	7
	12-9-83

	1984
	4-26-84
	5-24-84
	Westburn M
	21
	5
	1-1-85

	1985
	5-17-85
	5-17-85
	Westburn M
	21
	4
	12-21-85

	1986
	5-10-86
	5-23-86
	Westburn M
	18
	3
	1-6-87

	1987
	5-11-87
	5-13-87
	Westburn M
	18
	4
	12-2-87

	1988
	5-4-88
	6-21-88
	Westburn M
	18
	6
	11-30-88

	1989
	4-27-89
	5-23-89
	Paymaster 145
	16
	3
	11-8-89

	1990
	5-14-90
	5-15-90
	Paymaster 145
	21
	2
	11-2-90

	1991
	3-11-91
	5-28-91
	Paymaster 145
	21
	4
	12-5-91

	1992
	5-5-92
	7-1-92*
	Paymaster 145
	17.8
	1
	2-1-93

	1993
	3-25-93
	5-27-93
	Paymaster 145
	17.6
	5
	11-30-93

	1994
	4-21-94
	5-10-94
	Paymaster 145
	18.4
	5
	10-4-94

	1995**
	5-3-95
	5-16-95
	Paymaster HS26
	16.2
	
	

	1996
	4-25-96
	5-9-96
	Paymaster HS26
	17.2
	3
	11-7-96

	1997
	4-22-97
	5-14-97
	Paymaster HS26
	17.2
	2
	10-31-97

	1998
	4-23-98
	5-19-98
	Paymaster HS26
	17.2
	7
	10-9-98

	1999
	5-14-99
	5-19-99
	Paymaster HS26
	17.2
	5
	10-21-99


* initial planting date 6-11-92  ** crop lost due to hail storm

	Table 2.  Treatment structure and mean lint yields for the periods 1972-1981, 1982-1991, 1992-1999 and 1972-1999, Experiment #439, Altus, OK.



	Trt.
	N

lb/ac
	P2O5

lb/ac
	K2O

lb/ac
	1972-1981
	1982-1991
	1992-1999
	1972-1999

	
	
	
	
	Lint yield, lb/ac

	1
	0
	0
	0
	415
	523
	641
	517

	2
	0
	40
	80
	424
	522
	638
	519

	3
	40
	40
	80
	426
	629
	919
	637

	4
	80
	40
	80
	387
	631
	928
	627

	5
	120
	40
	80
	388
	655
	932
	637

	6
	160
	40
	80
	407
	577
	926
	612

	7
	200
	40
	80
	361
	578
	908
	592

	8
	0
	0
	0
	414
	521
	625
	512

	9
	120
	0
	80
	396
	626
	893
	618

	10
	120
	80
	80
	398
	631
	957
	638

	11
	120
	120
	80
	381
	569
	922
	599

	12
	0
	0
	0
	433
	541
	646
	532

	13
	120
	40
	0
	399
	605
	912
	616

	14
	0
	0
	0
	420
	544
	624
	523


Table 3.  Soil test characteristics for selected treatments, Experiment #439, Altus, OK

	Trt
	Year
	pH
	BI
	NO3-N
	P
	K
	Ca
	Mg
	Na

	0-0-0
	
	
	
	
	
	
	
	
	

	0-40-80
	
	
	
	
	
	
	
	
	

	80-40-80
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Figure 1.  Mean lint yields for selected treatments using the variety, Stoneville 212, 1972-1974, Altus, OK. 
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Figure 2.  Mean lint yields for selected treatments using the variety, Lankart LX-571, 1975-1977, Altus, OK. 


[image: image3.wmf]Westburn M 1979-88

0

200

400

600

800

1000

0-0-0

0-40-80

40-40-80

80-40-80

120-40-80

120-40-0

120-0-80

120-80-80

120-120-80

Lint yield, lb/ac


Figure 3.  Mean lint yields for selected treatments using the variety, Westburn M 1979-88,  Altus, OK. 
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Figure 4.  Mean lint yields for selected treatments using the variety, Paymaster 145, 1990-1994, Altus, OK. 
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Figure 5.  Mean lint yields for selected treatments using the variety, Paymaster HS26, 1995-1999, Altus, OK. 

Experiment 501: Response of Grain Sorghum to Nitrogen, Phosphorus and Potassium Fertilization

abstracT
Sorghum grain yield response to long-term applications of nitrogen (N), phosphorus (P) and potassium (K) remains extremely important relative to maximum yields and the potential for environmental risk.  Experiment 501 was established in 1971 to evaluate fertilizer applications on grain sorghum grown in western Oklahoma.  This experiment has now been conducted for 30 years.  Response to applied N was not seen until the second decade of the experiment.  In the last 20 years of the experiment, sorghum grain yields have been maximized at an average annual N rate of 60 lb N/ac.  Grain % N levels were generally maximized at the same N rate as that noted for maximum yields.  To date, no response to applied P and/or K has been found in this long-term grain sorghum experiment.  

Materials and Methods
I

n the spring of 1971, Experiment 501 was established under conventional tillage on a Grant silt loam (fine-silty, mix, thermic Udic Argiustoll) at the North Central Research Station near Lahoma, Oklahoma. Grain Sorghum has been planted for 20 continuous years in 36 inch rows at seeding rates of 4.3 pounds per acre.  The variety 'ACCOR1019' was planted from 1971-79, 'DKC42Y+' from 1980-1994, SG-822 from 1995-1998 and SG-753 from 1999 to present.  Experimental methods, application dates and changes over time are reported in Table 1. The experimental design employed is a randomized complete block with four replications.  Fertilizer treatments and average grain yield means over selected periods are reported in Table 2.  Individual plots at this site are 20 feet wide and 60 feet long.  The center 2 rows of each plot were harvested for yield using a conventional combine the entire 60 feet in length.  In addition to grain sorghum yield measured every year (exception was 1973 where crop failure resulted due to lack of rainfall for most experiments at the North Central Research Station), periodic soil and grain samples were taken for further chemical analyses.  Results from surface (0-6 inches) soil test analyses from samples collected in 1988 are reported in Table 3.

Table 1.  Treatment  applications, and experimental management  for continuous sorghum Experiment 501, Lahoma, OK, 1971-2000.

	Year
	Variety
	Fertilizer
	Planting
	Harvest
	Seeding Rate
	Harvest Area

	
	
	Application
	Date
	Date
	
	

	
	
	Date
	
	
	
	

	
	
	
	
	
	
	

	1972
	
	
	
	
	
	2rows*60ft

	1973
	
	
	
	11-15-73
	
	180sqft

	1974
	ACCO R1019
	5-22-74
	6-24-74
	12-4-74
	10lb/A
	10'*60'

	1975
	
	
	
	11-14-75
	
	3row*60ft

	1976
	
	
	
	11-9-76
	
	10'*60'

	1977
	
	
	
	11-18-77
	
	10'*60'

	1978
	
	
	
	12-5-78
	
	10'*60'

	1979
	
	
	
	12-3-79
	
	2row*60ft

	1980
	DKC42Y+
	
	6-12-80
	11-10-80
	
	3row*60ft

	1981
	DKC42Y+
	
	7-12-81
	12-4-81
	4.3#/A
	

	1982
	DKC42Y+
	
	6-14-82
	11-9-82
	5#/A 85%germ
	

	1983
	DKC42Y+
	5-26-83
	6-17-83
	11-16-83
	4.5#/A
	3row*60ft

	1984
	DKC42Y+
	
	6-22-84
	11-14-84
	
	

	1985
	DKC42Y+
	
	
	12-6-85
	
	3row*60ft

	1986
	DKC42Y+
	6-18-86
	
	11-14-86
	
	

	1987
	DKC42Y+
	6-23-87
	6-24-87
	
	
	

	1988
	DKC42Y+
	
	6-7-88
	
	3#/A
	

	1989
	DKC42Y+
	
	
	10-26-89
	
	10'*60'

	1990
	DKC42Y+
	
	6-5-90
	10-26-90
	
	10'*60'

	1991
	DKC42Y+
	
	6-21-91
	11-8-91
	6#/A
	10'*60'

	1992
	DKC427
	5-1-92
	5-7-92
	
	6#/A
	10’*60’

	1993
	DKC427
	5-28-93
	5-28-93
	
	8#/A
	10’*60’

	1994
	DKC427
	5-10-94
	6-1-94
	Hailed out
	8#/A
	10’*60’

	1995
	SG-822
	6-13-95
	6-19-95
	
	6#/A
	10’*60’

	1996
	SG-822
	5-21-96
	5-29-96
	
	6#/A
	10’*60’

	1997
	SG-822
	5-23-97
	6-19-97
	
	6#/A
	10’*60’

	1998
	SG-822
	5-22-98
	7-15-98
	12-15-98
	6#/A
	10’*60’

	1999
	SG-753
	5-26-99
	5-27-99
	11-11-99
	
	10’*60’

	2000
	SG-753
	5-12-00
	6-5-00
	
	6#/A
	


Table 2.  Treatment structure of long-term sorghum Experiment 501, sorghum grain yield and percent N in the grain for selected periods, Lahoma, OK, 1971-1999.

	Trt. 
	N
	P2O5
	K2O
	1971-1980
	1981-1990
	1991-1999
	1971-1999

	
	              lb/ac applied
	lb/ac
	%N
	lb/ac
	%N
	lb/ac
	%N
	lb/ac
	%N

	                                                                                                            
	
	
	
	
	
	
	
	
	
	
	

	1
	0
	0
	0
	2071
	2.16
	1363
	1.41
	940
	1.21
	1473
	1.60

	2
	0
	40
	40
	2284
	2.18
	1339
	1.30
	1039
	1.24
	1567
	1.54

	3
	20
	40
	40
	2239
	2.26
	2053
	1.61
	1356
	1.27
	1908
	1.75

	4
	40
	40
	40
	2273
	2.26
	1942
	1.69
	1347
	1.61
	1875
	1.84

	5
	60
	40
	40
	2066
	2.39
	2287
	1.82
	1790
	1.64
	2066
	1.95

	6
	80
	40
	40
	2264
	2.21
	2217
	1.75
	1748
	2.07
	2093
	1.93

	7
	60
	0
	40
	2416
	2.08
	2097
	1.81
	1710
	1.91
	2088
	1.90

	8
	60
	20
	40
	2242
	2.21
	2073
	1.76
	1497
	1.75
	1957
	1.89

	9
	60
	40
	0
	2213
	2.35
	2211
	1.77
	1608
	1.81
	2032
	1.95

	10
	60
	60
	40
	2238
	2.19
	2433
	1.83
	1627
	2.01
	2129
	1.96

	11
	60
	80
	40
	2169
	2.28
	2245
	1.88
	1592
	1.66
	2026
	1.96

	12
	60
	40
	40
	2180
	2.33
	2314
	1.76
	1735
	1.81
	2097
	1.93

	13
	60
	40
	40*
	2070
	2.30
	2396
	1.75
	1770
	1.65
	2102
	1.89

	SED
	
	
	
	422
	0.22
	290
	0.28
	366
	0.15
	372
	0.15

	CV
	
	
	
	27
	14
	20
	7
	34
	13
	27
	11


N, P2O5, and K2O applied as ammonium nitrate (34-0-0), triple superphosphate (0-46-0) and potassium chloride (0-0-60), respectively. * -K2O as Sul-po-mag,  **- 60-40-40 + Cyamid Micro charger in 0-38-10 applied to give 40# P2O5. SED - standard error of the difference between two equally replicated means, CV - coefficient of variation.

Table 3.  Treatment structure of long-term grain sorghum Experiment 501 and results from surface (0-6 inches) soil test analyses conducted in 1988, Lahoma, OK.

	Treatment
	N
	P2O5
	K2O
	pH
	P
	K

	
	lb/ac
	
	ppm
	ppm

	
	
	
	
	
	
	

	1
	0
	0
	0
	5.33
	25
	537

	2
	0
	40
	40
	5.30
	64
	705

	3
	20
	40
	40
	5.17
	41
	634

	4
	40
	40
	40
	5.07
	40
	668

	5
	60
	40
	40
	4.95
	43
	663

	6
	80
	40
	40
	4.87
	44
	713

	7
	60
	0
	40
	4.87
	24
	646

	8
	60
	20
	40
	4.97
	35
	653

	9
	60
	40
	 0
	4.95
	44
	562

	10
	60
	60
	40
	4.92
	46
	613

	11
	60
	80
	40
	5.00
	59
	625

	12
	60
	40
	40*
	4.92
	34
	593

	13
	60
	40
	40**
	4.95
	42
	622

	
	
	
	
	
	
	

	SED
	
	
	
	0.05
	12
	47

	CV, %
	
	
	
	1.4
	39
	11


N, P2O5, and K2O applied as ammonium nitrate (34-0-0), triple superphosphate (0-46-0) and potassium chloride (0-0-60), respectively. * -K2O as Sul-po-mag,  **- 60-40-40 + Cyamid Micro charger in 0-38-10 applied to give 40# P2O5. SED - standard error of the difference between two equally replicated means, CV - coefficient of variation.

Experiment 502: Effect of Annually Applied N, P and K on Long-Term Wheat Grain Yields

abstract
Response of wheat grain yields to fertilization with nitrogen (N), phosphorus (P) and potassium (K) has been determined in numerous soil fertility experiments around the world.  Experiment 502 was established in 1971 to evaluate the effect of long-term N, P and K fertilization in continuous winter wheat.  Yield increases due to applied N (80 pounds N/acre) have averaged between 15 and 20 bushels/acre/year.   No response to applied P or K has been seen in any year, since soil test P and K levels were high when this experiment was initiated in 1970.  Soil test P levels have declined somewhat where no P has been applied, however, sufficiency levels still exceed 100%.  Soil organic C levels have increased with increasing N applied when compared to the check.  Grain yields were maximized at the 80 lb N/ac/yr rate.  In the first ten years of the experiment, N applied preplant and incorporated had no effect on grain %N.  However, in the last 20 years, grain %N increased linearly up to 100 lb N/ac.  

Materials and Methods
E

xperiment 502 was established in the fall of 1970 under conventional tillage on a Grant silt loam (fine-silty, mixed, thermic Udic Argiustoll).  Wheat has been planted for 28 continuous years in 10 inch rows at seeding rates of 60 pounds per acre.  The variety 'Nicoma' was planted from 1971-74, 'Triumph 64' from 1975-1976, 'Osage' in 1977 and 1979, 'Triumph 64' in 1978, 'TAM W-101' from 1980-91, Karl 92 from 1993 to 1994 and Tonkawa from 1995 to present.  Changes in management, application dates and fertilization are reported in Table 1.  The experimental design employed is a randomized complete block with four replications.  Fertilizer treatments used in this experiment and average grain yield means for selected periods are reported in Table 2.  Results from surface (0-6 inches) soil samples collected in 1995 are reported in Table 3.  Individual plots at this site are 16 feet wide and 60 feet long.  The center 10 feet of each plot was harvested for yield using a conventional combine.  In addition to wheat grain yield measured every year (exception was 1973 where crop failure resulted due to lack of rainfall), periodic soil and grain samples were taken for further chemical analyses. 

Results
In the first ten years of the experiment, grain yields increased by an average of 14 bushels/acre/year when 80 pounds of N as ammonium nitrate was applied preplant.  Similarly, applied N over the last twenty years of the experiment resulted in yield increases up to 20 bu/ac.  No increase in grain yield could be attributed to P or K in any year of the experiment.  Soil test P levels have declined somewhat where no P has been applied, but sufficiency levels still exceed 100%.  Soil organic C levels increased with increasing applied N when compared to the check (Table 3).  Soil pH and K have changed very little over the 28 years that these treatments have been evaluated.  In the first ten years of the experiment N applied preplant and incorporated had no effect on grain %N.  However, in the last 20 years, grain %N increased linearly up to 100 lb N/ac.  

Table 1. Treatment  applications and experimental management for continuous winter wheat Experiment 502, Lahoma, OK, 1971-2000.

	Year
	Variety
	Fertilizer Application Date
	Planting Date
	Harvest
	Seeding Rate, lb/ac

	1971
	
	
	
	
	

	1972
	
	
	
	
	

	1973
	
	
	
	
	

	1974
	
	
	
	
	

	1975
	
	
	
	
	

	1976
	
	
	
	
	

	1977
	
	
	
	
	

	1978
	
	
	
	6-13-78
	

	1979
	TAM W-101
	
	
	6-28-79
	

	1980
	TAM W-101
	
	
	6-24-80
	

	1981
	TAM W-101
	
	10-31-80
	6-18-81
	65

	1982
	TAM W-101
	
	
	6-28-82
	

	1983
	TAM W-101
	
	10-18-82
	7-1-83
	

	1984
	TAM W-101
	
	
	6-21-84
	

	1985
	TAM W-101
	
	10-30-84
	6-13-85
	75

	1986
	TAM W-101
	
	10-21-85
	6-11-86
	74

	1987
	TAM W-101
	
	10-28-86
	6-18-87
	68

	1988
	TAM W-101
	8-31-87
	10-2-87
	6-20-88
	67

	1989
	TAM W-101
	10-10-88
	10-14-88
	6-19-89
	70

	1990
	TAM W-101
	
	10-13-89
	6-20-90
	65

	1991
	TAM W-101
	8-2-90
	10-15-90
	6-6-91
	65

	1992
	TAM W-101
	9-9-91
	9-26-91
	
	63

	1993
	Karl
	8-24-92
	10-1-92
	
	76

	1994
	Karl
	9-14-93
	9-28-93
	
	75

	1995
	Tonkawa
	8-5-94
	10-28-94
	6-19-95
	62

	1996
	Tonkawa
	8-31-95
	10-10-95
	6-21-96
	69

	1997
	Tonkawa
	9-4-96
	10-3-96
	6-13-97
	66

	1998
	Tonkawa
	9-11-97
	10-17-97
	6-12-98
	70

	1999
	Tonkawa
	9-3-98
	10-9-98
	6-30-99
	73

	2000
	Custer
	9-8-99
	10-12-99
	6-13-00
	75


Table 2.  Treatment structure of long-term wheat Experiment 502, wheat grain yield and percent N in the grain for selected periods, Lahoma, OK, 1971-2000.

	Trt. 
	N
	P2O5
	K2O
	1971-1980
	1981-1990
	1991-2000
	1971-2000

	
	              
	 lb/ac applied
	
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N

	1
	0
	0
	0
	25.6
	2.07
	25.8
	2.06
	23.5
	2.26
	24.9
	2.10

	2
	0
	40
	60
	25.3
	1.88
	25.9
	1.97
	23.1
	2.29
	25.3
	2.10

	3
	20
	40
	60
	31.0
	1.94
	34.4
	1.94
	31.6
	2.23
	32.8
	2.08

	4
	40
	40
	60
	33.4
	1.88
	36.0
	2.17
	35.8
	2.37
	35.9
	2.21

	5
	60
	40
	60
	37.4
	1.99
	39.7
	2.33
	39.7
	2.45
	39.6
	2.33

	6
	80
	40
	60
	40.1
	1.88
	41.2
	2.47
	43.0
	2.53
	41.9
	2.41

	7
	100
	40
	60
	38.5
	2.04
	38.4
	2.62
	43.6
	2.73
	41.3
	2.58

	8
	60
	0
	60
	35.0
	2.11
	34.5
	2.55
	40.5
	2.60
	37.6
	2.46

	9
	60
	20
	60
	37.0
	1.98
	38.6
	2.38
	40.7
	2.50
	39.3
	2.31

	10
	60
	60
	60
	36.9
	2.05
	38.8
	2.31
	40.5
	2.43
	39.9
	2.28

	11
	60
	80
	60
	38.6
	2.03
	41.2
	2.29
	40.4
	2.47
	41.0
	2.27

	12
	60
	60
	0
	37.2
	1.84
	38.6
	2.35
	41.7
	2.48
	40.3
	2.27

	13
	100
	80
	60
	39.2
	2.18
	38.4
	2.43
	40.3
	2.76
	40.0
	2.45

	14
	60
	40
	60*
	39.3
	1.98
	41.3
	2.40
	42.3
	2.43
	41.1
	2.31

	SED
	
	
	
	3.1
	0.17
	3.1
	0.12
	2.7
	0.09
	2.9
	0.13

	CV
	
	
	
	12
	12
	12
	7
	10
	6
	11
	8


N, P2O5, and K2O applied as ammonium nitrate (34-0-0), triple superphosphate (0-46-0) and potassium chloride (0-0-60), respectively. * K2O applied  as sul-po-mag (0-0-22). SED - standard error of the difference between two equally replicated means, CV - coefficient of variation.

Table 3.  Treatment structure of long-term wheat Experiment 502, and surface (0-6 inches) soil test analyses from samples collected in the summer of 1995, Lahoma, OK.

	Trt. 
	N
	P2O5
	K2O
	pH
	Total N
	Organic C
	P
	K

	
	lb/ac applied
	
	%
	%
	ppm
	ppm

	1
	0
	0
	0
	5.69
	0.085
	0.89
	45
	423

	2
	0
	40
	60
	5.81
	0.083
	0.88
	69
	481

	3
	20
	40
	60
	5.69
	0.083
	0.91
	71
	456

	4
	40
	40
	60
	5.60
	0.088
	0.91
	69
	458

	5
	60
	40
	60
	5.47
	0.086
	0.96
	79
	478

	6
	80
	40
	60
	5.38
	0.088
	0.92
	76
	453

	7
	100
	40
	60
	5.23
	0.089
	0.98
	83
	443

	8
	60
	0
	60
	5.59
	0.089
	1.04
	38
	487

	9
	60
	20
	60
	5.65
	0.090
	1.09
	63
	472

	10
	60
	60
	60
	5.63
	0.091
	1.12
	96
	525

	11
	60
	80
	60
	5.65
	0.093
	1.16
	103
	472

	12
	60
	60
	0
	5.52
	0.090
	1.12
	92
	387

	13
	100
	80
	60
	5.44
	0.095
	1.17
	129
	535

	14
	60
	40
	  60*
	5.59
	0.089
	1.10
	64
	460

	
	
	
	
	
	
	
	
	

	SED
	
	
	
	0.16
	0.005
	0.10
	14
	47

	CV, %
	
	
	
	4
	8
	14
	27
	15


N, P2O5, and K2O applied as ammonium nitrate (34-0-0), triple superphosphate (0-46-0) and potassium chloride (0-0-60), respectively. * K2O applied  as sul-po-mag (0-0-22). SED - standard error of the difference between two equally replicated means, CV - coefficient of variation.

 Experiment 505: Nitrogen Source and Rate Effects on Long-Term Continuous Winter Wheat Grain Yield

ABSTRACT
Environmental concerns relative to nitrogen applications in grain crop production systems have become increasingly important.  Recommendations are based on projected yield potentials (yield goals) and estimated economic returns.  Various sources of nitrogen are available to farmers in wheat production systems, however, few have ever been evaluated over a long period of time.  In 1971, Experiment 505 was initiated to compare sources and rates of N application on wheat grain yield.  Few differences between N sources were found in this experiment.  Wheat grain yields increased significantly when N was applied at low annual N rates (30-60 pounds/acre), becoming greater with time.  In recent years, split applied N has resulted in increased yields (14 vs 8 and 24 vs 18) when compared using the same N source and total N rate (30-30 split versus 60 lb N/ac applied preplant).  Grain % N continued to increase beyond the N rate required for maximum yield for most N sources.  The highest rates of N (120-240 lb N/ac) are associated with decreased yield and critically low (<5.0) soil pH.  Similar to results reported for other long-term winter wheat experiments, applied N tended to increase soil organic C when compared to the check, especially at rates in excess of that required for maximum yield.

Materials and Methods
I

n the fall of 1970, Experiment 505 was established under conventional tillage on a Grant silt loam (fine-silty, mixed, thermic Udic Argiustoll).  For 28 years, wheat has been planted in 10 inch rows in this North Central Research Station experiment.  The experimental design employed is a randomized complete block with four replications.  Variety changes and associated fertilizer application, planting and harvest dates are included in Table 1.  Fertilizer treatments used in this experiment are defined in Table 2.    The sources of nitrogen included anhydrous ammonia (AA), ammonium nitrate (AN), urea, (UR), and sulfur coated urea (SCU) applied at rates of 0, 30, 60, 120 and 240 pounds of N/ac.  Additional topdress treatments were also evaluated using AN, UR and SCU as defined in Table 2.  Sources of AN, UR, and SCU were broadcast and incorporated prior to planting in the fall while AA was injected preplant with knife spacings of 18 inches.  Topdress applications were broadcast without incorporation on the dates listed in Table 1.  Phosphorus and potassium were applied as triple superphosphate and potassium chloride at rates of 60 pounds P2O5 /acre and 60 pounds K2O/ac respectively.  Individual plots at this site are 16 feet wide and 60 feet long.  The center 6-10 feet (depending on year) of each plot was harvested with a conventional combine for yield.  In addition to wheat grain yield measured every year, periodic soil and grain samples were taken for further chemical analyses.  Results from surface (0-6 inches) soil test analyses from samples collected in 1995 are reported in Table 3.

Table 1.  Treatment  applications, and experimental management  for continuous winter wheat Experiment 505, Lahoma, OK, 1971-2000. 

	Year
	Variety
	Fertilizer
	Planting Date
	Harvest
	Seeding Rate
	Topdress  Dates

	
	
	Application
	
	Date
	lb/ac
	

	
	
	Date
	
	
	
	

	1971
	Nicoma
	
	10-13-70
	
	
	

	1972
	Nicoma
	
	
	5-8-72
	
	

	1973
	Nicoma
	
	9-15-72
	6-18-73
	
	

	1974
	Nicoma
	9-20-73
	10-19-73
	6-12-74
	55
	11-19-73, 1-7-74, 2-12-74

	1975
	Triumph
	9-10-74
	10-11-74
	6-18-75
	58
	9-9-74, 10-2-74, 1-14-75

	1976
	Triumph
	8-22-75
	10-20-75
	6-12-76
	60
	11-19-75, 1-12-76, 2-17-76

	1977
	Osage
	8-18-76
	10-12-76
	6-9-77
	67
	9-21-76, 11-17-76, 12-30-76

	1978
	Triumph
	9-1-77
	10-12-77
	6-14-78
	70
	11-17-77, 1-3-78, 3-13-78

	1979
	Osage
	9-11-78
	10-4-78
	6-28-79
	70
	12-4-78, 1-22-79, 3-9-79

	1980
	TAM  W-101
	9-30-79
	10-24-79
	6-25-80
	60
	11-15-79,1-15-80,2-15-80

	1981
	TAM  W-101
	10-2-80
	10-31-80
	6-12-81
	65
	12-3-80,1-7-81,2-17-81

	1982
	TAM  W-101
	9-30-81
	10-23-81
	6-23-82
	65
	12-8-81,1-4-82,3-2-82

	1983
	TAM  W-101
	8-24-82
	10-18-82
	7-1-83
	70
	11-17-82,1-7-83,3-1-83

	1984
	TAM  W-101
	8-31-83
	10-28-83
	6-19-84
	67
	11-16-83,1-6-84,2-15-84

	1985
	TAM  W-101
	9-10-84
	10-30-84
	6-13-85
	75
	13-3-84, 1-25-85, 3-6-85

	1986
	TAM  W-101
	8-12-85
	10-4-85
	6-9-86
	74
	11-11-85, 1-15-86, 2-24-86

	1987
	TAM  W-101
	8-4-86
	10-20-86
	6-17-87
	68
	12-4-86, 1-6-87, 3-5-87

	1988
	TAM  W-101
	8-31-87
	9-25-87
	6-20-88
	67
	11-13-87,2-2-88,2-15-88

	1989
	TAM  W-101
	9-29-88
	10-13-88
	6-19-89
	70
	11-18-88,1-5-89,2-21-89

	1990
	TAM  W-101
	8-25-89
	9-25-89
	6-18-90
	75
	11-16-89,1-4-90,2-15-90

	1991
	TAM  W-101
	8-3-90
	10-12-90
	6-5-91
	50
	11-19-90,1-11-91,2-14-91

	1992
	TAM W-101
	9-9-91
	9-27-91
	
	73
	11-25-91,1-3-92,2-13-92

	1993
	Karl
	8-24-92
	10-1-92
	
	76
	11-17-92,1-5-93,3-9-93

	1994
	Karl
	9-14-93
	9-28-93
	
	75
	11-15-93,1-4-94,2-15-94

	1995
	Tonkawa
	8-5-94
	10-28-94
	6-19-95
	62
	11-16-94,1-3-95,2-15-95

	1996
	Tonkawa
	8-31-95
	10-13-95
	6-21-96
	63
	11-16-95,1-3-96,2-15-96

	1997
	Tonkawa
	9-4-96
	10-3-96
	6-13-97
	66
	1-24-97,2-16-97

	1998
	Tonkawa
	9-11-97
	10-17-97
	6-19-98
	70
	11-18-97,1-13-98,2-12-98

	1999
	Tonkawa
	9-3-98
	10-8-98
	7-3-99
	73
	11-25-98,1-4-99,2-15-99

	2000
	Custer
	9-7-99
	10-12-99
	6-15-00
	75
	11-19-99,1-3-00,2-14-00


Table 2.  Treatment structure of long-term Experiment 505, grain yield and %N in the grain, Lahoma, OK, 1971-2000.

	
	
	
	Time of Application                         
	
	
	
	
	
	
	
	
	
	

	Trt.
	Preplant
	Nov 16
	Jan 1
	Feb 15
	Source
	1971-1980
	
	1981-1990
	
	1991-2000
	
	1971-2000
	

	
	lb N/ac
	
	
	
	
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N

	1
	0
	
	
	
	-
	24.2
	1.81
	24.6
	2.33
	20.4
	2.51
	23.1
	2.18

	2
	30
	
	
	
	AA
	35.6
	1.95
	38.5
	2.67
	40.2
	3.13
	38.1
	2.50

	3
	60
	
	
	
	AA
	38.0
	2.12
	35.8
	2.73
	37.5
	3.24
	37.1
	2.60

	4
	120
	
	
	
	AA
	36.9
	2.70
	36.4
	2.84
	26.8
	3.27
	33.4
	2.87

	5
	240
	
	
	
	AA
	37.5
	2.68
	33.2
	2.78
	11.6
	3.23
	27.4
	2.83

	6
	0
	
	
	
	-
	25.9
	1.84
	32.5
	2.26
	27.2
	2.50
	28.5
	2.15

	7
	30
	
	
	
	UR
	34.3
	1.94
	38.1
	2.31
	32.1
	2.55
	34.8
	2.22

	8
	60
	
	
	
	UR
	40.6
	1.95
	42.9
	2.62
	40.8
	2.89
	41.4
	2.42

	9
	120
	
	
	
	UR
	38.5
	2.60
	40.7
	2.89
	40.8
	3.03
	39.9
	2.81

	10
	240
	
	
	
	UR
	38.1
	2.69
	37.9
	2.88
	30.2
	3.04
	35.4
	2.84

	11
	30
	30
	30
	30
	UR
	37.6
	2.48
	35.3
	2.97
	38.9
	3.26
	37.3
	2.85

	12
	60
	60
	60
	60
	UR
	38.7
	2.63
	36.3
	2.94
	34.3
	3.29
	26.5
	2.89

	13
	15
	15
	15
	15
	UR
	39.0
	2.01
	41.0
	2.66
	38.8
	2.89
	39.6
	2.47

	14
	30
	
	
	30
	UR
	39.9
	2.08
	44.1
	2.79
	43.3
	3.00
	42.5
	2.57

	15
	60
	
	
	60
	UR
	39.2
	2.52
	39.5
	2.95
	40.8
	3.15
	39.8
	2.83

	16
	120
	
	
	120
	UR
	37.7
	2.63
	37.2
	2.82
	25.8
	3.15
	33.6
	2.81

	17
	30
	
	
	
	AN
	31.5
	1.85
	39.7
	2.42
	34.6
	2.56
	35.3
	2.24

	18
	60
	
	
	
	AN
	36.1
	1.87
	42.1
	2.68
	39.5
	2.67
	39.2
	2.38

	19
	120
	
	
	
	AN
	40.4
	2.34
	41.1
	2.91
	42.5
	3.00
	41.3
	2.71

	20
	240
	
	
	
	AN
	37.6
	2.67
	39.4
	2.99
	25.2
	2.97
	34.1
	2.86

	21
	30
	30
	30
	30
	AN
	38.2
	2.51
	38.6
	2.98
	40.3
	3.16
	39.0
	2.84

	22
	60
	60
	60
	60
	AN
	38.3
	2.71
	37.5
	2.96
	19.2
	3.09
	31.6
	2.88

	23
	15
	15
	15
	15
	AN
	38.3
	2.10
	39.9
	2.88
	39.4
	3.07
	39.2
	2.63

	24
	30
	
	
	30
	AN
	38.9
	1.98
	43.3
	2.81
	44.1
	2.92
	42.1
	2.52

	25
	60
	
	
	60
	AN
	39.9
	2.28
	36.9
	2.91
	39.2
	3.16
	38.6
	2.73

	26
	120
	
	
	120
	AN
	38.1
	2.71
	39.7
	2.80
	22.9
	3.10
	33.5
	2.82

	27
	30
	
	
	
	SCU
	31.5
	1.79
	35.3
	2.32
	29.3
	2.36
	32.0
	2.13

	28
	60
	
	
	
	SCU
	39.8
	2.01
	41.9
	2.58
	41.0
	2.86
	40.9
	2.43

	29
	120
	
	
	
	SCU
	41.7
	2.43
	41.0
	2.84
	41.6
	2.97
	41.4
	2.72

	30
	240
	
	
	
	SCU
	38.4
	2.72
	39.1
	2.89
	12.5
	3.01
	30.0
	2.85

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	
	
	2.86
	0.13
	2.88
	0.16
	4.54
	0.09
	3.85
	0.14

	CV, %
	
	
	
	
	
	11
	8
	11
	8
	19
	4
	15
	8


*All plots received   60 lbs P2O5 (0-46-0) and 60 lbs K2O (0-0-60) applied broadcast preplant. AA-anhydrous ammonia, UR-urea, 
AN-ammonium nitrate, SCU-sulfur coated urea.

Table 3.  Treatment structure of long-term nitrogen source-method-rate wheat Experiment 505 and surface (0-6 inches) soil test analyses from samples collected in 1995, Lahoma, OK.

	
	Preplant
	--- 
	Sidedress N --
	
	
	
	
	
	
	
	

	Trt
	N
	Nov 16
	Jan 1
	Feb 15
	Source
	pH
	NO3-N
	P
	K
	Total N 
	Org. C

	
	
	
	
	
	
	
	ppm
	ppm
	ppm
	%
	%

	1
	0
	
	
	
	-
	5.74
	1.6
	120
	420
	0.079
	0.736

	2
	30
	
	
	
	AA
	4.97
	6.9
	107
	407
	0.095
	0.854

	3
	60
	
	
	
	AA
	4.98
	9.7
	112
	417
	0.094
	0.864

	4
	120
	
	
	
	AA
	4.76
	18.9
	131
	417
	0.101
	0.885

	5
	240
	
	
	
	AA
	4.53
	41.3
	147
	380
	0.113
	0.895

	6
	0
	
	
	
	-
	5.55
	1.5
	102
	373
	0.089
	0.764

	7
	30
	
	
	
	UR
	5.60
	3.9
	96
	340
	0.085
	0.760

	8
	60
	
	
	
	UR
	5.28
	5.4
	104
	383
	0.096
	0.866

	9
	120
	
	
	
	UR
	5.17
	7.5
	100
	400
	0.096
	0.864

	10
	240
	
	
	
	UR
	5.07
	5.6
	107
	357
	0.101
	0.920

	11
	30
	30
	30
	30
	UR
	5.01
	12.6
	96
	390
	0.093
	0.905

	12
	60
	60
	60
	60
	UR
	4.72
	24.4
	118
	373
	0.097
	0.974

	13
	15
	15
	15
	15
	UR
	5.33
	4.6
	105
	390
	0.087
	0.891

	14
	30
	
	
	30
	UR
	5.15
	6.0
	85
	360
	0.091
	0.948

	15
	60
	
	
	60
	UR
	5.15
	7.9
	98
	393
	0.095
	0.962

	16
	120
	
	
	120
	UR
	4.48
	34.6
	114
	383
	0.093
	0.923

	17
	30
	
	
	
	AN
	5.43
	2.0
	94
	343
	0.086
	0.850

	18
	60
	
	
	
	AN
	5.24
	5.5
	104
	340
	0.086
	0.901

	19
	120
	
	
	
	AN
	5.05
	6.0
	121
	413
	0.097
	0.965

	20
	240
	
	
	
	AN
	4.85
	11.2
	93
	367
	0.105
	1.071

	21
	30
	30
	30
	30
	AN
	5.09
	11.2
	100
	443
	0.093
	0.973

	22
	60
	60
	60
	60
	AN
	4.36
	68.2
	118
	403
	0.109
	1.000

	23
	15
	15
	15
	15
	AN
	5.44
	5.9
	84
	420
	0.099
	0.958

	24
	30
	
	
	30
	AN
	5.18
	6.6
	86
	357
	0.088
	0.934

	25
	60
	
	
	60
	AN
	5.28
	8.5
	83
	360
	0.092
	0.987

	26
	120
	
	
	120
	AN
	4.48
	45.0
	128
	403
	0.105
	1.033

	27
	30
	
	
	
	SCU
	5.51
	2.0
	103
	360
	0.082
	0.908

	28
	60
	
	
	
	SCU
	5.18
	6.0
	99
	373
	0.091
	0.966

	29
	120
	
	
	
	SCU
	5.01
	6.0
	88
	407
	0.089
	0.922

	30
	240
	
	
	
	SCU
	4.34
	29.9
	101
	363
	0.102
	1.016

	
	
	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	
	
	0.16
	8.4
	17
	40
	0.005
	0.07

	CV, %
	
	
	
	
	4
	76
	19
	13
	7
	10
	


*All plots received   60 lbs P2O5 (0-46-0) and 60 lbs K2O (0-0-60) applied broadcast preplant. AA-anhydrous ammonia, UR-urea, AN-ammonium nitrate, SCU-sulfur coated urea.  SED - standard error of the difference between two equally replicated means, CV - coefficient of variation.

Experiment 801: Effects of Nitrogen, Phosphorus, and Potassium on Yield of Winter Wheat

abstract
Many of the soils where winter wheat is grown in northeastern Oklahoma are extremely acid and deficient in phosphorus.  Experiment 801 was established in the fall of 1977 to evaluate the long-term effects of nitrogen, phosphorus and potassium fertilizer applications in continuous winter wheat grown on an acid soil.  Applied P was expected to precipitate some of the Al in soil solution, especially at the low soil pH levels where increased Al was expected at this site.  Applied P without N produced the highest grain yields from 1978 to 1987, and 1988 to 1997.  Following two consecutive years of applied lime (2240 kg/ha, 71% ECCE) to the entire area, the highest yielding plots were those receiving both N and P.  The lowest yielding plots were those receiving only N.  In general, those plots with the highest yields had the lowest grain %N at this site.  This suggests that yield maximums were not achieved since increased grain %N has been found at N rates in excess of that required for maximum yields.

Materials and Methods
E

xperiment 801 was established in the fall of 1977 under conventional tillage on a Taloka silt loam (fine-mixed, thermic Mollic Albaqualf).  This trial along with 802, 803, and 804 was initiated by Dr. Robert L. Westerman, Professor and Head of the Department of Plant and Soil Sciences.  Wheat has been planted for 19 continuous years in 10 inch rows at seeding rates of 90 pounds per acre (rates increased when  planting was delayed).  Fertilization, planting and management dates are listed in Table 1. The experimental design in this continuing experiment employs  a randomized complete block with four replications.  Fertilizer treatments and average grain yields for selected periods are reported in Table 2. Individual plots at this site are 17 feet wide and 50 feet long.  The center 10 feet are harvested with a conventional combine the entire 50 feet in length.  In addition to wheat grain yield measured every year, periodic soil and grain samples were taken for chemical analyses.  Results from surface (0-6 inches) soil samples collected in 1995 are reported in Table 3.

Results
Soil pH declined significantly in all plots receiving N (with or without P and K).  As a result, low soil pH (increased Al and Mn in soil solution) is the controlling factor for wheat grain production at this site.  The lowest soil pH values were also those associated with the highest NO3-N levels in the surface.  Applied P was expected to precipitate some of the Al in soil solution, especially at low soil pH levels where increased Al was expected.  Applied P without N produced the highest grain yields from 1978 to 1987, and 1988 to 1997.  Applied N did not result in any increased yield with or without P in the first twenty years of the experiment.  However, following two consecutive years of applied lime (2240 kg lime/ha, 71% ECCE), the combined application of N and P has resulted in the highest yields.  It was interesting to find NO3-N levels in excess of 300 ppm in the surface six inches.  This translates into over 600 lb N /ac that would be available.  Over the 18 years from the time the experiment was initiated to being soil sampled in 1995, accumulation of N was expected.  However, if leaching of excess N were a viable pathway over time, surface accumulation at levels greater than the annual rate applied would likely not be found.  Increased applied K (treatments 6, 7 and 8) tended to increase surface NO3-N.  

Table 1.  Treatment applications and experimental management for continuous winter wheat Experiment 801, Haskell, OK, 1978-2000. 

_____________________________________________________________________________

	Year
	Variety
	Fertilizer Application  Date
	Planting Date
	Harvest Date
	Seeding Rate lb/ac

	

	1978
	
	
	
	6-26-78
	75

	1979
	Osage
	10-15-78
	10-24-78
	7-2-79
	100

	1980
	TAM W-101
	10-15-79
	10-17-79
	6-30-80
	120

	1981
	TAM W-101
	10-8-80
	10-14-80
	6-24-81
	90

	1982
	TAM W-101
	10-28-81
	10-30-81
	7-16-82
	90

	1983
	TAM W-101
	9-9-82
	9-29-82
	7-5-83
	90

	1984
	Vona
	11-4-83
	11-4-83
	6-20-84
	90

	1985
	Vona
	10-3-84
	10-8-84
	6-18-85
	90

	1986
	Vona
	1-10-86
	1-11-86
	6-19-86
	150

	1987
	Chisholm
	9-22-86
	9-23-86
	6-17-87
	90

	1988
	Chisholm
	10-2-87
	10-6-87
	6-9-88
	90

	1989
	Chisholm
	10-13-88
	10-14-88
	6-20-89
	90

	1990
	Chisholm
	10-12-89
	10-18-89
	6-13-90
	90

	1991
	Chisholm
	8-21-90
	10-15-90
	6-20-91
	90

	1992
	Chisholm
	10-1-91
	10-2-91
	6-20-92
	90

	1993
	Karl
	10-5-92
	10-6-92
	6-18-93
	120

	1994
	2163
	10-5-93
	10-6-93
	6-15-94
	90

	1995
	Tonkawa
	10-10-94
	10-12-94
	6-17-95
	90

	1996
	Tonkawa
	10-6-95
	10-12-95
	6-18-96
	90

	1997
	Tonkawa
	10-9-96
	10-11-96
	6-18-97
	100

	1998-L
	2163
	10-2-97
	10-3-97
	6-18-98
	90

	1999-L
	2137
	9-30-98
	10-14-98
	7-6-99
	110

	2000
	2137
	9-29-99
	10-8-99
	6-2-00
	95


L – lime applied at a rate of 2240 kg/ha (1 ton/acre) in July 1998 (71% ECCE)

L – lime applied at a rate of 2240 kg/ha (1 ton/acre) in July 1999 (71% ECCE)

Table 2.  Treatment structure and wheat grain yields of long-term wheat Experiment 801, Haskell, OK, 1978-1997.

	Trt. 
	N
	P2O5
	K2O
	1978-87
	
	1988-97
	
	1998-00
	1978-2000
	

	
	
	             lb/ac
	
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	bu/ac
	%N

	1.
	0
	0
	0
	18.2
	2.52
	17.6
	2.65
	22.7
	18.6
	2.55

	2.
	0
	120
	120
	34.9
	2.07
	29.8
	2.67
	27.9
	31.8
	2.20

	3.
	100
	0
	0
	14.8
	2.61
	1.4
	2.93
	6.8
	7.9
	2.68

	4
	150
	0
	0
	15.3
	2.63
	0.0
	2.83
	3.7
	7.2
	2.66

	5.
	100
	120
	0
	27.7
	2.50
	14.2
	3.06
	24.8
	21.5
	2.60

	6.
	100
	120
	40
	31.5
	2.47
	20.4
	2.72
	29.8
	26.5
	2.52

	7.
	100
	120
	80
	30.2
	2.57
	20.7
	2.76
	27.2
	25.7
	2.60

	8.
	100
	120
	120
	30.5
	2.52
	16.5
	2.91
	29.7
	24.3
	2.59

	9.
	100
	0
	120
	16.0
	2.57
	1.1
	3.15
	5.7
	8.3
	2.68

	10.
	100
	40
	120
	30.4
	2.45
	5.8
	2.81
	24.7
	19.0
	2.52

	11.
	100
	80
	120
	34.2
	2.49
	15.6
	2.75
	30.7
	25.7
	2.55

	12.
	150
	120
	120
	29.3
	2.63
	8.6
	2.97
	16.1
	18.6
	2.70

	13.
	150*
	120
	120
	28.3
	2.60
	7.8
	2.40
	14.6
	17.6
	2.56

	SED
	
	
	
	2.9
	0.11
	3.2
	0.22
	3.6
	3.4
	0.15

	CV, %
	
	
	
	16
	6
	37
	11
	25
	24
	8


*-N split applied, 100 lb N/ac in the fall and 50 lb N/ac in the spring. N applied as 34-0-0, P as 0-46-0, and K as 0-0-60. SED - standard error of the difference between two equally replicated means. CV - coefficient of variation.

Table 3.  Treatment structure of long-term wheat Experiment 801 and surface (0-6 inches) soil test analyses from samples collected in 1995, Haskell, OK.

	Trt. 
	N
	P2O5
	K2O
	pH
	NO3-N
	P
	K
	Total N
	Organic C

	
	
	lb/ac
	
	
	ppm
	ppm
	ppm
	%
	%

	1.
	0
	0
	0
	5.32
	1.6
	8
	163
	0.069
	0.741

	2.
	0
	120
	120
	5.15
	3.4
	71
	302
	0.075
	0.817

	3.
	100
	0
	0
	4.17
	300.6
	13
	118
	0.110
	0.748

	4
	150
	0
	0
	4.18
	312.2
	32
	199
	0.141
	0.724

	5.
	100
	120
	0
	4.65
	66.5
	62
	147
	0.086
	0.794

	6.
	100
	120
	40
	4.80
	11.7
	88
	157
	0.087
	0.839

	7.
	100
	120
	80
	4.67
	31.7
	82
	193
	0.083
	0.800

	8.
	100
	120
	120
	4.43
	64.6
	92
	334
	0.091
	0.801

	9.
	100
	0
	120
	4.21
	311.7
	15
	385
	0.111
	0.707

	10.
	100
	40
	120
	4.15
	203.4
	31
	359
	0.104
	0.771

	11.
	100
	80
	120
	4.46
	59.4
	59
	265
	0.087
	0.815

	12.
	150
	120
	120
	4.19
	205.4
	95
	326
	0.108
	0.812

	13.
	150*
	120
	120
	4.07
	321.8
	86
	308
	0.131
	0.806

	SED
	
	
	
	0.22
	59
	11
	46
	0.010
	0.030

	CV, %
	
	
	
	7
	58
	27
	26
	15
	5


*-N split applied, 100 lb N/ac in the Fall and 50 lb N/ac in the Spring. N applied as 34-0-0, P as 0-46-0, and K as 0-0-60. SED - standard of the difference between two equally replicated means. CV - coefficient of variation.

Experiment 802: Wheat Grain Yield Response in Acid Soils to Phosphorus Applications

abstract
Soils in northeastern Oklahoma are generally acid where winter wheat is grown.  Experiment 802 was established in the fall of 1977 to evaluate one-time fixed rates of phosphorus fertilizer in continuous winter wheat.  All one-time preplant P rates, excluding the 1200 P2O5 rate, became inadequate within 7 years (60-600 lb P2O5/ac) on this highly acid soil.  Soil test P levels were 100% sufficient for the 600 and 1200 lb P2O5 rates in 1995, however, the 600 lb P2O5 rate no longer resulted in grain yields near that achieved by the 1200 lb P2O5 treatment.  The one-time application of 1200 lb P2O5/ac in 1977 has resulted in near maximum grain yields for 20 years.  From 1988 to 1997, yields were depressed due to the effects of decreased soil pH.  Following 20 years of continuous wheat, all plots were limed in 1998 and 1999 (1 ton 71% ECCE).  In the last two years (1999-2000) following the lime application, the one-time 1200 lb P2O5 (applied in the fall of 1977) has resulted in average grain yields in excess of 45 bu/ac.  Although frequency of application was not evaluated in this study, higher rates over less frequent intervals may prove to be advantageous for highly acid soils.  Based on high soil test P levels for the 600 lb P2O5/ac rate in 1995 (32.6 ppm or a P soil test index of 65.2 which is 100 % sufficient), and observed decreased yields in recent years, these results also suggest the need for re-calibration of soil test P levels at low pH.    

Materials and Methods
E

xperiment 802 was established in the fall of 1977 under conventional tillage on a Taloka silt loam (fine-mixed, thermic Mollic Albaqualf).  Wheat has been planted for 19 continuous years in 10 inch rows at seeding rates of 90 pounds per acre (rates increased when planting was delayed).  Fertilization, planting and management dates are listed in Table 1. The experimental design in this continuing experiment employs  a randomized complete block with four replications.  Fertilizer treatments used in this experiment along with average grain yields for selected periods are reported in Table 2.  Individual plots at this site are 17 feet wide and 50 feet long.  The center 10 feet are harvested with a conventional combine the entire 50 feet in length.  In addition to wheat grain yield measured every year, periodic soil and grain samples were taken for further chemical analyses.  Results from surface (0-6 inches) soil samples collected in 1995 are reported in Table 3.

Results
From 1978 to 1986, wheat grain yields were maximized from the one-time application of 60 lb P2O5/ac applied in the fall of 1977.  From 1987 to 1997, the maximum yield was achieved from applied P at a rate of 1200 lb P2O5/ac in the fall of 1977.   When observing relative wheat grain yields plotted by treatment over time, it is evident that all P treatments, excluding the 1200 P2O5 rate, became inadequate soon after 1985, with little difference between the 240 and 600 lb P2O5 rates (Figure 1).  Soil test P levels were 100 % sufficient for the 600 and 1200 lb P2O5 rates in 1995, however, the 600 lb P2O5 rate no longer resulted in grain yields near that achieved by the 1200 lb P2O5 treatment.  The one-time application of 1200 lb P2O5/ac in 1977 has resulted in near maximum grain yields for 20 years.  Although frequency of application was not evaluated in this study, higher rates over less frequent intervals may prove to be advantageous for highly acid soils.  Based on high soil test P levels for the 600 lb P2O5/ac rate in 1995 (32.6 ppm or a P soil test index of 65.2 which is 100 % sufficient), and observed decreased yields in recent years, these results also suggest the need for re-calibration of soil test P levels at low pH.

Table 1.  Treatment  applications, and experimental management for continuous winter wheat Experiment 802, Haskell, OK, 1978-2000. 
	Year
	Variety
	Fertilizer  Application  Date
	Planting Date
	Harvest Date
	Seeding Rate lb/ac

	1978
	
	
	
	6-26-78
	75

	1979
	Osage
	10-15-78
	10-24-78
	7-2-79
	100

	1980
	TAM W-101
	10-15-79
	10-17-79
	6-30-80
	120

	1981
	TAM W-101
	10-14-80
	10-14-80
	6-25-81
	90

	1982
	TAM W-101
	10-28-81
	10-30-81
	7-19-82
	90

	1983
	TAM W-101
	9-9-82
	9-29-82
	7-5-83
	90

	1984
	Vona
	11-4-83
	11-4-83
	6-20-84
	90

	1985
	Vona
	10-3-84
	10-8-84
	6-18-85
	90

	1986
	Vona
	10-10-85
	1-11-86
	6-19-86
	150

	1987
	Chisholm
	9-22-86
	9-23-86
	6-17-87
	90

	1988
	Chisholm
	10-2-87
	10-6-87
	6-9-88
	90

	1989
	Chisholm
	10-13-88
	10-14-88
	6-20-89
	90

	1990
	Chisholm
	10-12-89
	10-18-89
	6-13-90
	90

	1991
	Chisholm
	10-15-90
	10-15-90
	6-20-91
	90

	1992
	Chisholm
	10-1-91
	10-2-91
	6-20-92
	90

	1993
	Karl
	10-5-92
	10-6-92
	6-18-93
	120

	1994
	2163
	10-5-93
	10-6-93
	6-15-94
	90

	1995
	Tonkawa
	10-10-94
	10-12-94
	6-17-95
	90

	1996
	Tonkawa
	10-6-95
	10-12-95
	6-18-96
	90

	1997
	Tonkawa
	10-9-96
	10-11-96
	6-18-97
	100

	1998-L
	2163
	10-3-97
	10-3-97
	6-18-98
	90

	1999-L
	2137
	9-30-98
	10-14-98
	7-7-99
	110

	2000
	2137
	9-29-99
	10-8-99
	6-2-00
	95


L – lime applied at a rate of 2240 kg/ha (1 ton/acre) in July 1998 (71% ECCE)

L – lime applied at a rate of 2240 kg/ha (1 ton/acre) in July 1999 (71% ECCE)

Table 2.  Treatment structure and wheat grain yields of long-term wheat Experiment 802, Haskell, OK, 1978-2000.

	Trt. 
	N
	P2O5
	K2O
	1978-87
	1988-97
	1998-00
	1978-2000

	
	
	lb/ac
	
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N

	1.
	100
	0
	100
	15.9
	2.62
	1.9
	-
	6.5
	3.30
	8.7
	2.70

	2.
	100
	60
	100
	28.4
	2.54
	3.1
	-
	9.5
	3.26
	15.0
	2.62

	3.
	100
	120
	100
	26.7
	2.51
	2.4
	-
	17.3
	2.81
	14.9
	2.55

	4
	100
	240
	100
	25.3
	2.64
	3.2
	-
	12.7
	3.08
	14.1
	2.70

	5.
	100
	600
	100
	22.3
	2.71
	6.9
	2.5
	27.4
	2.81
	16.3
	2.70

	6.
	100
	1200
	100
	20.6
	2.78
	15.5
	2.6
	30.5
	2.63
	20.1
	2.74

	
	
	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	2.7
	0.10
	2.8
	0.05
	6.2
	0.17
	3.8
	0.13

	CV, %
	
	
	
	17
	5
	70
	3
	49
	8
	36
	7


N applied as 34-0-0, P as 0-46-0, and K as 0-0-60. SED - standard error of the difference between two equally replicated means. CV - coefficient of variation.

Table 3.  Treatment structure of long-term winter wheat Experiment 802, and surface (0-6 inches) soil test analyses from samples collected in 1995, Haskell, OK.

	Trt. 
	N
	P2O5
	K2O
	pH
	NO3-N
	P
	K
	Total N
	Organic C

	
	lb/ac
	
	ppm
	ppm
	ppm
	%
	%

	1.
	100
	0
	100
	4.04
	126
	6.9
	247
	0.086
	0.933

	2.
	100
	60
	100
	3.93
	162
	11.6
	248
	0.094
	0.983

	3.
	100
	120
	100
	3.93
	108
	8.6
	251
	0.089
	0.973

	4
	100
	240
	100
	4.03
	96
	14.4
	204
	0.091
	1.013

	5.
	100
	600
	100
	4.35
	33
	32.6
	183
	0.083
	0.993

	6.
	100
	1200
	100
	4.48
	18
	84.4
	187
	0.081
	1.004

	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	0.10
	20
	1.7
	24
	0.003
	0.036

	CV, %
	
	
	
	3
	31
	9
	15
	5
	5


N applied as 34-0-0, P as 0-46-0, and K as 0-0-60. SED - standard error of the difference between two equally replicated means.  CV - coefficient of variation.

Figure 1.  Relative wheat grain yields, by treatment and year, Experiment 802, Haskell, OK, 1978-2000. 
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Experiment 803: Wheat Grain Yield Response in Acid Soils to Potassium Applications

Abstract
Soils in northeastern Oklahoma are generally acid where winter wheat is grown.  Experiment 803 was established to evaluate potassium fertilizer applications at fixed rates of nitrogen and phosphorus on long-term wheat grain yields.  No response to applied K has been observed in this experiment from the one-time K applications in 1977.  In general, applied K has had little impact on grain %N.  However, in the last two years there has been a trend for applied K to increase grain %N.  Soil pH has decreased in this experiment since 1977 and may well be controlling response since all plots are now below 4.7.  Soil total N and organic C have largely been unaffected by K fertilization.  

Materials and Methods
E

xperiment 803 was established in the fall of 1977 under conventional tillage on a Taloka silt loam (fine-mixed, thermic Mollic Albaqualf).  Wheat has been planted for 19 continuous years in 10 inch rows at seeding rates of 90 pounds per acre (rates increased when planting was delayed).  Fertilization, planting and management dates are listed in Table 1. The experimental design in this continuing experiment employs a randomized complete block with four replications.  Fertilizer treatments used in this experiment along with average grain yields for selected periods are reported in Table 2. Individual plots at this site are 17 feet wide and 50 feet long.  The center 10 feet are harvested with a conventional combine the entire 50 feet in length.  In addition to wheat grain yield measured every year, periodic soil and grain samples were taken for further chemical analyses.  Results from surface (0-6 inches) soil samples collected in 1995 are reported in Table 3.

Results
Since 1978 no response to the one-time application of applied K has been observed in any year, or over the time periods reported in Table 2.  Yield levels were higher in the first ten years of the experiment.  Decreased yields with time can be attributed to increased soil acidity that has been measured with time.   Soil test K levels were below 80% sufficiency in the check plot (treatment 1, Table 3) by 1994, yet no yield differences have been observed when compared to the high K rate treatments.  Soil pH has decreased in this experiment since 1977 and may well be controlling response since all plots are now below 4.7.  Soil total N and organic C have largely been unaffected by K fertilization.

Table 1.  Treatment applications and experimental management for continuous winter wheat Experiment 803, Haskell, OK, 1978-2000. 

	Year
	Variety
	Fertilizer Application Date
	Planting Date
	Harvest Date
	Seeding Rate lb/ac

	1978
	
	
	
	6-26-78
	75

	1979
	Osage
	10-15-78
	10-24-78
	7-2-79
	100

	1980
	TAM W-101
	10-15-79
	10-17-79
	6-30-80
	120

	1981
	TAM W-101
	10-8-80
	10-14-80
	6-25-81
	90

	1982
	TAM W-101
	10-27-81
	10-30-81
	7-19-82
	90

	1983
	TAM W-101
	9-9-82
	9-29-82
	7-6-83
	90

	1984
	Vona
	11-4-83
	11-4-83
	6-21-84
	90

	1985
	Vona
	10-3-84
	10-8-84
	6-18-85
	90

	1986
	Vona
	10-10-85
	1-11-86
	6-19-86
	150

	1987
	Chisholm
	9-22-86
	9-23-86
	6-17-87
	90

	1988
	Chisholm
	10-2-87
	10-6-87
	6-9-88
	90

	1989
	Chisholm
	10-13-88
	10-14-88
	6-20-89
	90

	1990
	Chisholm
	10-12-89
	10-18-89
	6-13-90
	90

	1991
	Chisholm
	10-15-90
	10-15-90
	6-20-91
	90

	1992
	Chisholm
	10-1-91
	10-2-91
	6-20-92
	90

	1993
	Karl
	10-5-92
	10-6-92
	6-18-93
	120

	1994
	2163
	10-5-93
	10-6-93
	6-15-94
	90

	1995
	Tonkawa
	10-10-94
	10-12-94
	6-17-95
	90

	1996
	Tonkawa
	10-6-95
	10-12-95
	6-18-96
	90

	1997
	Tonkawa
	10-9-96
	10-11-96
	6-18-97
	100

	1998
	2163
	10-2-97
	10-3-97
	6-18-98
	90

	1999
	2137
	9-30-98
	10-14-98
	7-7-99
	110

	2000*
	2137
	9-29-99
	10-8-99
	
	95


* No harvest due to rye grass problem

Table 2.  Treatment structure and wheat grain yields of long-term wheat Experiment 803, Haskell, OK, 1978-1999.

	Trt. 
	N
	P2O5
	K2O
	1978-87
	
	1988-97
	
	1998-99
	
	1978-1999
	

	
	lb/ac
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N

	1.
	100
	100
	0
	28.8
	2.59
	21.7
	2.68
	8.9
	2.67
	23.9
	2.61

	2.
	100
	100
	60
	29.9
	2.59
	21.7
	2.53
	10.9
	2.69
	24.6
	2.59

	3.
	100
	100
	120
	30.6
	2.62
	25.1
	2.57
	12.9
	2.69
	26.7
	2.62

	4
	100
	100
	240
	29.5
	2.67
	23.2
	2.61
	9.8
	2.71
	25.0
	2.66

	5.
	100
	100
	600
	30.1
	2.64
	21.3
	2.55
	10.8
	2.75
	24.5
	2.65

	6.
	100
	100
	1200
	28.9
	2.64
	18.7
	2.61
	10.1
	2.84
	22.8
	2.66

	
	
	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	2.7
	0.13
	3.1
	0.06
	1.8
	0.07
	3.0
	0.11

	CV, %
	
	
	
	13
	7
	20
	3
	24
	4
	17
	6


N applied as 34-0-0, P as 0-46-0, and K as 0-0-60. SED - standard error of the difference between two equally replicated means. CV - coefficient of variation.

Table 3.  Treatment structure of long-term winter wheat Experiment 803 and surface (0-6 inches) soil test analyses from 1994, Haskell, OK, 1978-1999.

	Trt. 
	N
	P2O5
	K2O
	pH
	NO3-N
	P
	K
	Total N
	Organic C

	
	
	lb/ac
	
	
	ppm
	ppm
	ppm
	%
	%

	1.
	100
	100
	0
	4.58
	14.0
	76
	66
	0.079
	0.969

	2.
	100
	100
	60
	4.65
	13.6
	74
	83
	0.081
	0.967

	3.
	100
	100
	120
	4.73
	14.2
	85
	89
	0.084
	0.991

	4
	100
	100
	240
	4.68
	16.8
	74
	78
	0.083
	0.969

	5.
	100
	100
	600
	4.70
	15.8
	69
	116
	0.083
	0.992

	6.
	100
	100
	1200
	4.65
	14.6
	81
	161
	0.080
	0.983

	
	
	
	
	
	
	
	
	
	

	SED
	
	
	
	0.07
	2.0
	7.4
	17
	0.002
	0.030

	CV, %
	
	
	
	2
	19
	14
	25
	4
	4


N applied as 34-0-0, P as 0-46-0, and K as 0-0-60. SED - standard error of the difference between two equally replicated means. CV - coefficient of variation.

Experiment 804: Wheat Grain Yield Response in Acid Soils to Lime Applications

abstract
Soil acidity has become a serious concern in soils in northeastern Oklahoma, which are generally acid where winter wheat is grown.  Experiment 804 was established in the fall of 1977 to evaluate lime applications on continuous winter wheat. In the latter years of this experiment, yield increases ranged from 8 to 14 bushels/acre/year as a result of a one-time application of lime in the fall of 1977.  Grain %N has been largely unaffected by applied lime, even though yield levels have differed greatly.  Relative yields demonstrate that the 1.2 ton ECCE lime was as effective as 2.4 ton ECCE lime up until 1991.  Since that time, the 2.4 ton treatment has produced the highest yields.  Because soil pH is a limiting production factor at this site, it was important to find that the 1.2 ton ECCE treatment was effective for almost 15 years.  

Materials and Methods
E

xperiment 804 was established in the fall of 1977 under conventional tillage on a Taloka silt loam (fine-mixed, thermic Mollic Albaqualf).  Wheat has been planted for 19 continuous years in 10 inch rows at seeding rates of 90 pounds per acre (rates increased when planting was delayed).  Fertilization, planting and management dates are listed in Table 1. The experimental design in this continuing experiment employs a randomized complete block with four replications.  Fertilizer treatments used in this experiment along with average grain yields for selected periods are reported in Table 2. Individual plots at this site are 24 feet wide and 50 feet long.  The center 10 feet are harvested with a conventional combine the entire 50 feet in length.  In addition to wheat grain yield measured every year, periodic soil and grain samples were taken for further chemical analyses.  Results from surface (0-6 inches) soil samples collected in 1995 are reported in Table 3.

Results
Wheat grain yields did not respond to applied lime in the first ten years of the experiment (Table 2) where soil pH was initially at 5.5 and BI was 6.8.  However, from 1986 to 2000, yield increases ranged from 8 to 14 bushels/acre/year.  Relative yield comparisons show that the 1.2 ton ECCE lime application in 1977 was as effective as the 2.4 ton ECCE lime treatment up until 1991.  Since that time, the 2.4 ton treatment applied in 1977 has produced the highest yields.  Because soil pH is a limiting production factor at this site, it was important to find that the 1.2 ton ECCE treatment was effective for almost 15 years.  Soil test P, K, total N and organic C levels have been unaffected over time (Table 3).  Grain %N has been largely unaffected by applied lime, even though yield levels have differed greatly.  

Table 1.  Treatment applications and experimental management for continuous winter wheat Experiment 804, Haskell, OK, 1978-2000. 

	Year
	Variety
	Fertilizer  Application Date
	Planting Date
	Harvest Date
	Seeding Rate lb/ac

	1978
	
	
	
	6-26-78
	75

	1979
	Osage
	10-15-78
	10-24-78
	7-2-79
	100

	1980
	TAM W-101
	10-15-79
	10-17-79
	6-30-80
	120

	1981
	TAM W-101
	10-8-80
	10-14-80
	6-25-81
	90

	1982
	TAM W-101
	10-27-81
	10-30-81
	7-19-82
	90

	1983
	TAM W-101
	9-9-82
	9-29-82
	7-6-83
	90

	1984
	Vona
	11-4-83
	11-4-83
	6-21-84
	90

	1985
	Vona
	10-8-84
	10-8-84
	6-18-85
	90

	1986
	Vona
	10-10-85
	1-11-86
	6-19-86
	150

	1987
	Chisholm
	9-22-86
	9-23-86
	6-17-87
	90

	1988
	Chisholm
	10-2-87
	10-6-87
	6-9-88
	90

	1989
	Chisholm
	10-13-88
	10-14-88
	6-20-89
	90

	1990
	Chisholm
	10-12-89
	10-18-89
	6-13-90
	90

	1991
	Chisholm
	10-15-90
	10-15-90
	6-20-91
	90

	1992
	Chisholm
	10-1-91
	10-2-91
	6-20-92
	90

	1993
	Karl
	10-5-92
	10-6-92
	6-18-93
	120

	1994
	2163
	10-5-93
	10-6-93
	6-15-94
	90

	1995
	Tonkawa
	10-10-94
	10-12-94
	6-17-95
	90

	1996
	Tonkawa
	10-6-95
	10-12-95
	6-17-96
	90

	1997
	Tonkawa
	10-9-96
	10-11-96
	6-17-97
	100

	1998
	2163
	10-2-97
	10-3-97
	6-18-98
	90

	1999
	2137
	9-30-98
	10-14-98
	7-7-99
	110

	2000
	2137
	9-29-99
	10-8-99
	6-4-00
	95


Table 2.  Treatment structure of long-term wheat Experiment 804, Haskell, Oklahoma, 1978-2000.

	Trt. 
	N
	P2O5
	K2O
	Lime
	1978-87
	
	1988-97
	
	1998-00
	
	1978-2000
	

	
	lb/ac
	t/ac
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N
	bu/ac
	%N

	1.
	100
	60
	60
	0
	33.9
	2.51
	22.0
	2.81
	12.0
	2.68
	25.8
	2.58

	2.
	100
	60
	60
	0.6
	35.9
	2.51
	30.4
	2.74
	12.5
	2.70
	30.4
	2.57

	3.
	100
	60
	60
	1.2
	35.8
	2.39
	34.5
	2.69
	13.7
	2.68
	32.3
	2.46

	4
	100
	60
	60
	2.4
	35.8
	2.47
	37.3
	2.75
	26.9
	2.60
	35.3
	2.54

	SED
	
	
	
	
	2.9
	0.16
	3.0
	0.13
	5
	0.05
	3.5
	0.15

	CV, %
	
	
	
	
	11
	9
	13
	7
	44
	2
	16
	8


N applied as 34-0-0, P as 0-46-0, and K as 0-0-60. SED - standard error of the difference between two equally replicated means. CV - coefficient of variation.

Table 3.  Treatment structure of long-term wheat Experiment 804, Haskell, Oklahoma, 1978-1997 and surface (0-6 inches) soil test analyses from samples collected in 1994.

	Trt. 
	N
	P2O5
	K2O
	Lime
	pH
	NO3-N
	P
	K
	Total N
	Organic C

	
	
	lb/ac
	
	t/ac
	
	ppm
	ppm
	ppm
	%
	%

	1.
	100
	60
	60
	0
	4.84
	15.5
	35.3
	204
	0.086
	1.044

	2.
	100
	60
	60
	0.6
	4.89
	14.7
	33.1
	181
	0.086
	1.054

	3.
	100
	60
	60
	1.2
	5.00
	15.1
	29.9
	184
	0.089
	1.051

	4
	100
	60
	60
	2.4
	5.12
	14.5
	26.5
	193
	0.088
	1.080

	SED
	
	
	
	
	0.07
	1.4
	2.1
	10.4
	0.002
	0.033

	CV, %
	
	
	
	
	2
	13
	10
	8
	4
	4


N applied as 34-0-0, P as 0-46-0, and K as 0-0-60. SED - standard error of the difference between two equally replicated means. CV - coefficient of variation.

Figure 1.  Relative wheat grain yields, by treatment and year, Experiment 804, Haskell, OK, 1978-2000.
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Sheet1

		year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0																																				variety		years		0-0-0		0-40-80		40-40-80		80-40-80				120-40-80		120-40-0				120-0-80		120-80-80		120-120-80

		1972		462.33		438.40		422.75		326.23		427.10		508.25		335.78		357.08		457.08		416.23		389.30		475.75		444.20		416.40				year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0				stoneville 213		1972-74		449.41		436.49		388.88		299.19				383.03		412.60				386.03		370.36		376.50

		1973		.		.		.		.		.		.		.		.		.		.		.		.		.		.				1972-79		415.37		428.94		435.56		394.73		399.70		419.40		363.20		411.81		402.65		410.59		391.54		436.85		412.10		419.02				Lankart LX-571		1975-77		325.03		339.76		404.53		392.01				400.08		370.03				379.24		407.11		377.14

		1974		436.50		434.58		355.00		272.15		338.95		348.93		183.28		453.75		314.98		324.50		363.70		515.00		381.00		484.35				1980-1989		502.30		503.09		589.40		581.22		581.36		526.96		551.75		508.38		585.19		578.59		506.24		533.11		545.62		530.43				Westburn M		1979-88		494.74		492.76		557.82		547.89				545.51		519.48				548.76		541.93		479.27

		1975		176.13		193.38		269.38		236.43		266.23		274.80		251.58		212.50		243.10		286.28		243.85		212.53		252.05		186.65				1990-1999		626.95		632.54		874.84		882.49		894.28		875.25		839.85		605.33		842.36		902.84		881.02		630.83		873.07		613.99				Paymaster 145		1990-94		547.43		552.24		727.88		744.54				752.90		732.56				709.27		755.31		755.14

		1976		256.55		313.00		447.75		416.95		412.58		418.08		424.88		267.05		450.23		428.95		407.50		299.63		386.03		309.18																																				Paymaster HS26		1995-99		726.36		732.93		1058.54		1054.93				1071.02		1048.71				1008.72		1087.26		1038.38

		1977		542.43		512.90		496.48		522.65		521.43		471.33		426.95		544.00		444.40		506.10		480.08		478.63		472.03		500.93

		1978		207.40		231.33		219.25		243.50		189.05		186.15		152.73		303.13		228.28		201.73		172.23		267.25		200.20		235.33

		1979		706.45		650.93		580.63		519.03		543.53		553.80		529.83		636.58		505.00		515.60		516.63		573.38		577.38		624.13																																																												0-0-0		0-0-0		0-0-0

		1980		535.15		657.03		693.25		620.90		498.78		593.85		600.58		520.38		578.15		605.38		559.05		672.68		583.90		595.23																																																												405.41		495.38		450.38

		1981		409.83		381.73		351.80		330.80		294.85		305.90		339.48		429.60		344.13		294.43		292.80		403.58		298.60		426.45																																																												341.18		330.26		332.25

		1982		650.13		579.40		670.63		664.45		688.28		743.70		668.98		609.53		667.80		691.35		643.10		575.20		691.50		591.83																																																												501.96		514.31		513.64

		1983		400.83		389.00		594.35		584.20		706.55		604.65		570.65		402.23		584.78		727.05		595.10		382.95		604.18		461.43																																																												520.73		535.55		539.73

		1984		479.03		454.70		733.60		875.83		895.63		712.70		863.45		442.25		811.50		840.75		797.70		478.98		822.90		508.23																																																												711.09		749.94		706.83

		1985		708.35		740.50		880.28		795.55		810.53		729.13		734.73		780.23		897.85		789.33		703.23		814.15		766.03		769.03																																																												160-40-80		200-40-80

		1986		585.38		611.98		735.25		674.85		643.75		632.48		629.58		628.70		666.68		647.08		594.05		650.43		622.20		623.70																																																												428.59		259.53

		1987		504.88		498.10		484.93		567.85		527.28		430.63		485.63		515.50		477.10		521.25		357.98		559.33		416.38		580.95																																																												388.07		367.80

		1988		351.65		349.03		451.38		384.50		452.93		322.55		404.15		360.30		468.70		378.73		317.55		414.55		331.20		378.98																																																												500.80		516.67

		1989		397.80		369.40		298.53		313.28		295.00		194.05		220.25		395.08		355.23		290.53		201.83		379.30		319.33		368.45																																																												738.33		705.81

		1990		767.78		790.25		958.98		869.90		949.45		971.20		735.78		732.23		878.90		914.08		955.75		754.80		963.08		742.28																																																												1046.40		1007.40

		1991		388.38		436.43		484.93		575.05		578.28		426.20		468.78		342.68		451.70		513.20		520.68		399.18		512.73		412.35

		1992		168.00		165.25		173.25		107.50		180.75		149.50		173.00		188.25		123.75		142.75		162.00		179.50		149.50		196.50

		1993		599.00		587.25		814.25		800.75		792.00		784.75		772.25		558.50		795.50		841.25		773.00		583.50		751.25		595.00

		1994		814.00		782.00		1208.00		1369.50		1264.00		1360.00		1379.25		782.00		1296.50		1365.25		1364.25		760.75		1286.25		752.50

		1995		.		.		.		.		.		.		.		.		.		.		.		.		.		.

		1996		1042.77438		1003.4244		1195.54488		1171.24048		1172.39783		1172.39783		1107.5861		1013.84057		883.05977		1182.814		1072.86554		1124.94639		1131.8905		1016.15528

		1997		766.16719		752.27896		1297.39187		1321.69627		1332.11244		1286.9757		1264.98601		751.12161		1299.70658		1312.43745		1292.76246		797.4157		1314.75216		759.22308

		1998		480.7743		505.9094		787.5488		758.0875		786.553		735.5403		709.161		446.2962		832.4732		813.3485		806.4488		459.3878		755.1917		446.725

		1999		615.71		670.1		953.66		968.7		993		990.7		947.87		633.1		1019.63		1040.46		981.43		618		993		605.2
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		year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0																																				variety		years		0-0-0		0-40-80		40-40-80		80-40-80				120-40-80		120-40-0				120-0-80		120-80-80		120-120-80

		1972		462.33		438.40		422.75		326.23		427.10		508.25		335.78		357.08		457.08		416.23		389.30		475.75		444.20		416.40				year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0				stoneville 213		1972-74		449.41		436.49		388.88		299.19				383.03		412.60				386.03		370.36		376.50

		1973		.		.		.		.		.		.		.		.		.		.		.		.		.		.				1972-79		415.37		428.94		435.56		394.73		399.70		419.40		363.20		411.81		402.65		410.59		391.54		436.85		412.10		419.02				Lankart LX-571		1975-77		325.03		339.76		404.53		392.01				400.08		370.03				379.24		407.11		377.14

		1974		436.50		434.58		355.00		272.15		338.95		348.93		183.28		453.75		314.98		324.50		363.70		515.00		381.00		484.35				1980-1989		502.30		503.09		589.40		581.22		581.36		526.96		551.75		508.38		585.19		578.59		506.24		533.11		545.62		530.43				Westburn M		1979-88		494.74		492.76		557.82		547.89				545.51		519.48				548.76		541.93		479.27

		1975		176.13		193.38		269.38		236.43		266.23		274.80		251.58		212.50		243.10		286.28		243.85		212.53		252.05		186.65				1990-1999		626.95		632.54		874.84		882.49		894.28		875.25		839.85		605.33		842.36		902.84		881.02		630.83		873.07		613.99				Paymaster 145		1990-94		547.43		552.24		727.88		744.54				752.90		732.56				709.27		755.31		755.14

		1976		256.55		313.00		447.75		416.95		412.58		418.08		424.88		267.05		450.23		428.95		407.50		299.63		386.03		309.18																																				Paymaster HS26		1995-99		726.36		732.93		1058.54		1054.93				1071.02		1048.71				1008.72		1087.26		1038.38

		1977		542.43		512.90		496.48		522.65		521.43		471.33		426.95		544.00		444.40		506.10		480.08		478.63		472.03		500.93

		1978		207.40		231.33		219.25		243.50		189.05		186.15		152.73		303.13		228.28		201.73		172.23		267.25		200.20		235.33

		1979		706.45		650.93		580.63		519.03		543.53		553.80		529.83		636.58		505.00		515.60		516.63		573.38		577.38		624.13																																																												0-0-0		0-0-0		0-0-0

		1980		535.15		657.03		693.25		620.90		498.78		593.85		600.58		520.38		578.15		605.38		559.05		672.68		583.90		595.23																																																												405.41		495.38		450.38

		1981		409.83		381.73		351.80		330.80		294.85		305.90		339.48		429.60		344.13		294.43		292.80		403.58		298.60		426.45																																																												341.18		330.26		332.25

		1982		650.13		579.40		670.63		664.45		688.28		743.70		668.98		609.53		667.80		691.35		643.10		575.20		691.50		591.83																																																												501.96		514.31		513.64

		1983		400.83		389.00		594.35		584.20		706.55		604.65		570.65		402.23		584.78		727.05		595.10		382.95		604.18		461.43																																																												520.73		535.55		539.73

		1984		479.03		454.70		733.60		875.83		895.63		712.70		863.45		442.25		811.50		840.75		797.70		478.98		822.90		508.23																																																												711.09		749.94		706.83

		1985		708.35		740.50		880.28		795.55		810.53		729.13		734.73		780.23		897.85		789.33		703.23		814.15		766.03		769.03																																																												160-40-80		200-40-80

		1986		585.38		611.98		735.25		674.85		643.75		632.48		629.58		628.70		666.68		647.08		594.05		650.43		622.20		623.70																																																												428.59		259.53

		1987		504.88		498.10		484.93		567.85		527.28		430.63		485.63		515.50		477.10		521.25		357.98		559.33		416.38		580.95																																																												388.07		367.80

		1988		351.65		349.03		451.38		384.50		452.93		322.55		404.15		360.30		468.70		378.73		317.55		414.55		331.20		378.98																																																												500.80		516.67

		1989		397.80		369.40		298.53		313.28		295.00		194.05		220.25		395.08		355.23		290.53		201.83		379.30		319.33		368.45																																																												738.33		705.81

		1990		767.78		790.25		958.98		869.90		949.45		971.20		735.78		732.23		878.90		914.08		955.75		754.80		963.08		742.28																																																												1046.40		1007.40

		1991		388.38		436.43		484.93		575.05		578.28		426.20		468.78		342.68		451.70		513.20		520.68		399.18		512.73		412.35

		1992		168.00		165.25		173.25		107.50		180.75		149.50		173.00		188.25		123.75		142.75		162.00		179.50		149.50		196.50

		1993		599.00		587.25		814.25		800.75		792.00		784.75		772.25		558.50		795.50		841.25		773.00		583.50		751.25		595.00

		1994		814.00		782.00		1208.00		1369.50		1264.00		1360.00		1379.25		782.00		1296.50		1365.25		1364.25		760.75		1286.25		752.50

		1995		.		.		.		.		.		.		.		.		.		.		.		.		.		.

		1996		1042.77438		1003.4244		1195.54488		1171.24048		1172.39783		1172.39783		1107.5861		1013.84057		883.05977		1182.814		1072.86554		1124.94639		1131.8905		1016.15528

		1997		766.16719		752.27896		1297.39187		1321.69627		1332.11244		1286.9757		1264.98601		751.12161		1299.70658		1312.43745		1292.76246		797.4157		1314.75216		759.22308

		1998		480.7743		505.9094		787.5488		758.0875		786.553		735.5403		709.161		446.2962		832.4732		813.3485		806.4488		459.3878		755.1917		446.725

		1999		615.71		670.1		953.66		968.7		993		990.7		947.87		633.1		1019.63		1040.46		981.43		618		993		605.2
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Sheet1

		year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0																																				variety		years		0-0-0		0-40-80		40-40-80		80-40-80				120-40-80		120-40-0				120-0-80		120-80-80		120-120-80

		1972		462.33		438.40		422.75		326.23		427.10		508.25		335.78		357.08		457.08		416.23		389.30		475.75		444.20		416.40				year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0				stoneville 213		1972-74		449.41		436.49		388.88		299.19				383.03		412.60				386.03		370.36		376.50

		1973		.		.		.		.		.		.		.		.		.		.		.		.		.		.				1972-79		415.37		428.94		435.56		394.73		399.70		419.40		363.20		411.81		402.65		410.59		391.54		436.85		412.10		419.02				Lankart LX-571		1975-77		325.03		339.76		404.53		392.01				400.08		370.03				379.24		407.11		377.14

		1974		436.50		434.58		355.00		272.15		338.95		348.93		183.28		453.75		314.98		324.50		363.70		515.00		381.00		484.35				1980-1989		502.30		503.09		589.40		581.22		581.36		526.96		551.75		508.38		585.19		578.59		506.24		533.11		545.62		530.43				Westburn M		1979-88		494.74		492.76		557.82		547.89				545.51		519.48				548.76		541.93		479.27

		1975		176.13		193.38		269.38		236.43		266.23		274.80		251.58		212.50		243.10		286.28		243.85		212.53		252.05		186.65				1990-1999		626.95		632.54		874.84		882.49		894.28		875.25		839.85		605.33		842.36		902.84		881.02		630.83		873.07		613.99				Paymaster 145		1990-94		547.43		552.24		727.88		744.54				752.90		732.56				709.27		755.31		755.14

		1976		256.55		313.00		447.75		416.95		412.58		418.08		424.88		267.05		450.23		428.95		407.50		299.63		386.03		309.18																																				Paymaster HS26		1995-99		726.36		732.93		1058.54		1054.93				1071.02		1048.71				1008.72		1087.26		1038.38

		1977		542.43		512.90		496.48		522.65		521.43		471.33		426.95		544.00		444.40		506.10		480.08		478.63		472.03		500.93

		1978		207.40		231.33		219.25		243.50		189.05		186.15		152.73		303.13		228.28		201.73		172.23		267.25		200.20		235.33

		1979		706.45		650.93		580.63		519.03		543.53		553.80		529.83		636.58		505.00		515.60		516.63		573.38		577.38		624.13																																																												0-0-0		0-0-0		0-0-0

		1980		535.15		657.03		693.25		620.90		498.78		593.85		600.58		520.38		578.15		605.38		559.05		672.68		583.90		595.23																																																												405.41		495.38		450.38

		1981		409.83		381.73		351.80		330.80		294.85		305.90		339.48		429.60		344.13		294.43		292.80		403.58		298.60		426.45																																																												341.18		330.26		332.25

		1982		650.13		579.40		670.63		664.45		688.28		743.70		668.98		609.53		667.80		691.35		643.10		575.20		691.50		591.83																																																												501.96		514.31		513.64

		1983		400.83		389.00		594.35		584.20		706.55		604.65		570.65		402.23		584.78		727.05		595.10		382.95		604.18		461.43																																																												520.73		535.55		539.73

		1984		479.03		454.70		733.60		875.83		895.63		712.70		863.45		442.25		811.50		840.75		797.70		478.98		822.90		508.23																																																												711.09		749.94		706.83

		1985		708.35		740.50		880.28		795.55		810.53		729.13		734.73		780.23		897.85		789.33		703.23		814.15		766.03		769.03																																																												160-40-80		200-40-80

		1986		585.38		611.98		735.25		674.85		643.75		632.48		629.58		628.70		666.68		647.08		594.05		650.43		622.20		623.70																																																												428.59		259.53

		1987		504.88		498.10		484.93		567.85		527.28		430.63		485.63		515.50		477.10		521.25		357.98		559.33		416.38		580.95																																																												388.07		367.80

		1988		351.65		349.03		451.38		384.50		452.93		322.55		404.15		360.30		468.70		378.73		317.55		414.55		331.20		378.98																																																												500.80		516.67

		1989		397.80		369.40		298.53		313.28		295.00		194.05		220.25		395.08		355.23		290.53		201.83		379.30		319.33		368.45																																																												738.33		705.81

		1990		767.78		790.25		958.98		869.90		949.45		971.20		735.78		732.23		878.90		914.08		955.75		754.80		963.08		742.28																																																												1046.40		1007.40

		1991		388.38		436.43		484.93		575.05		578.28		426.20		468.78		342.68		451.70		513.20		520.68		399.18		512.73		412.35

		1992		168.00		165.25		173.25		107.50		180.75		149.50		173.00		188.25		123.75		142.75		162.00		179.50		149.50		196.50

		1993		599.00		587.25		814.25		800.75		792.00		784.75		772.25		558.50		795.50		841.25		773.00		583.50		751.25		595.00

		1994		814.00		782.00		1208.00		1369.50		1264.00		1360.00		1379.25		782.00		1296.50		1365.25		1364.25		760.75		1286.25		752.50

		1995		.		.		.		.		.		.		.		.		.		.		.		.		.		.

		1996		1042.77438		1003.4244		1195.54488		1171.24048		1172.39783		1172.39783		1107.5861		1013.84057		883.05977		1182.814		1072.86554		1124.94639		1131.8905		1016.15528

		1997		766.16719		752.27896		1297.39187		1321.69627		1332.11244		1286.9757		1264.98601		751.12161		1299.70658		1312.43745		1292.76246		797.4157		1314.75216		759.22308

		1998		480.7743		505.9094		787.5488		758.0875		786.553		735.5403		709.161		446.2962		832.4732		813.3485		806.4488		459.3878		755.1917		446.725

		1999		615.71		670.1		953.66		968.7		993		990.7		947.87		633.1		1019.63		1040.46		981.43		618		993		605.2
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stablis97

				OBS		YR		_1		_2		_3		_4		_5		_6		ENVM		MAX

				1		1978		21.0904		40.2203		31.1812		28.532		27.4066		28.0964		29.4211		40.2203

				2		1979		23.2318		47.1898		41.5997		27.5517		21.8527		22.7965		30.7037		47.1898

				3		1980		29.657		50.4933		53.615		40.4018		27.8423		25.846		37.9759		53.615

				4		1981		27.3341		51.8367		47.0811		42.8341		27.5157		21.4535		36.3425		51.8367

				5		1982		2.2143		2.2143		2.2868		2.0327		5.6265		7.0789		3.5756		7.0789

				6		1983		32.3795		41.5636		43.4513		44.4316		16.4434		17.2787		32.5913		44.4316

				7		1984		9.2931		14.9193		16.0811		18.9122		38.7682		39.0953		22.8449		39.0953

				8		1985		7.9133		17.6057		19.0577		28.8951		27.5156		22.5063		20.5823		28.8951

				9		1986		0.5882		1.4408		1.285		2.0253		4.211		5.0458		2.4327		5.0458

				10		1987		5.5904		16.7708		12.1968		17.8233		25.7005		16.4074		15.7482		25.7005

				11		1988		8.4941		14.9557		11.253		13.3218		26.0272		31.5082		17.5933		31.5082

				12		1989		5.336		10.9624		8.0588		11.8702		12.923		27.4066		12.7595		27.4066

				13		1990		2.0692		2.7589		1.0889		3.8479		13.6853		19.2024		7.1088		19.2024

				14		1991		0		0		0		0		7.5867		23.1235		5.1184		23.1235

				15		1992		1.5246		1.9965		0.7986		2.904		2.541		15.5001		4.2108		15.5001

				16		1993		0		0		0		0		0		1.7424		0.2904		1.7424

				17		1994		0		0		2.904		0		6.7518		25.0107		5.7778		25.0107

				18		1995		0		0		0		0		0		0		0		0

				19		1996		0		0		0		0		0		15.6681		2.6113		15.6681

				20		1997		2.4141		0		0		0		0		6.4218		1.4727		6.4218

						1998		0		0		0		0		0		0		0		0

						1999		12.3		17.4		38.1		19.1		37.1		44.2		28.0333333333		44.2

						2000		7.6		12.4		12.7		20.9		45		47.3		24.3166666667		47.3

						YR		P0		P60		P120		P240		P600		P1200

						1978		0.5243720211		1		0.7752602542		0.709393018		0.6814121227		0.6985626661

						1979		0.4923055406		1		0.8815400786		0.5838486283		0.4630810048		0.4830810896

						1980		0.5531474401		0.9417756225		1		0.7535540427		0.5193005689		0.4820665858

						1981		0.5273117309		1		0.9082580488		0.826327679		0.5308150403		0.4138670093

						1982		0.3128028366		0.3128028366		0.3230445408		0.2871491333		0.7948268799		1

						1983		0.7287493586		0.9354513454		0.9779368738		1		0.3700834541		0.3888831372

						1984		0.2377037649		0.3816136467		0.4113307738		0.4837461281		0.9916332654		1

						1985		0.2738630425		0.6092970781		0.6595478126		1		0.9522583414		0.778896768

						1986		0.1165721987		0.2855444132		0.254667248		0.4013833287		0.8345554719		1

						1987		0.2175210599		0.6525476158		0.4745744246		0.6935001265		1		0.6384078131

						1988		0.2695837909		0.4746605646		0.3571451241		0.4228042224		0.8260452835		1

						1989		0.1946976276		0.399991243		0.2940459597		0.4331146512		0.4715287558		1

						1990		0.1077573637		0.143674749		0.0567064534		0.20038641		0.7126869558		1

						1991		0		0		0		0		0.3280947953		1

						1992		0.0983606557		0.1288056206		0.0515222482		0.18735363		0.1639344262		1

						1993		0		0		0		0		0		1

						1994		0		0		0.1161103048		0		0.2699564586		1

						1996		0		0		0		0		0		1

						1997		0.3759226385		0		0		0		0		1

						1998		0		0		0		0		0		1

						1999		0.278280543		0.3936651584		0.8619909502		0.4321266968		0.8393665158		1

						2000		0.1606765328		0.2621564482		0.2684989429		0.4418604651		0.9513742072		1
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Westburn M 1979-88

Lint yield, lb/ac

494.7375

492.7583333333

557.8208333333

547.89375

545.5104166667

519.48125

548.7645833333

541.93125

479.26875



Sheet1

		year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0																																				variety		years		0-0-0		0-40-80		40-40-80		80-40-80				120-40-80		120-40-0				120-0-80		120-80-80		120-120-80

		1972		462.33		438.40		422.75		326.23		427.10		508.25		335.78		357.08		457.08		416.23		389.30		475.75		444.20		416.40				year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0				stoneville 213		1972-74		449.41		436.49		388.88		299.19				383.03		412.60				386.03		370.36		376.50

		1973		.		.		.		.		.		.		.		.		.		.		.		.		.		.				1972-79		415.37		428.94		435.56		394.73		399.70		419.40		363.20		411.81		402.65		410.59		391.54		436.85		412.10		419.02				Lankart LX-571		1975-77		325.03		339.76		404.53		392.01				400.08		370.03				379.24		407.11		377.14

		1974		436.50		434.58		355.00		272.15		338.95		348.93		183.28		453.75		314.98		324.50		363.70		515.00		381.00		484.35				1980-1989		502.30		503.09		589.40		581.22		581.36		526.96		551.75		508.38		585.19		578.59		506.24		533.11		545.62		530.43				Westburn M		1979-88		494.74		492.76		557.82		547.89				545.51		519.48				548.76		541.93		479.27

		1975		176.13		193.38		269.38		236.43		266.23		274.80		251.58		212.50		243.10		286.28		243.85		212.53		252.05		186.65				1990-1999		626.95		632.54		874.84		882.49		894.28		875.25		839.85		605.33		842.36		902.84		881.02		630.83		873.07		613.99				Paymaster 145		1990-94		547.43		552.24		727.88		744.54				752.90		732.56				709.27		755.31		755.14

		1976		256.55		313.00		447.75		416.95		412.58		418.08		424.88		267.05		450.23		428.95		407.50		299.63		386.03		309.18																																				Paymaster HS26		1995-99		726.36		732.93		1058.54		1054.93				1071.02		1048.71				1008.72		1087.26		1038.38

		1977		542.43		512.90		496.48		522.65		521.43		471.33		426.95		544.00		444.40		506.10		480.08		478.63		472.03		500.93

		1978		207.40		231.33		219.25		243.50		189.05		186.15		152.73		303.13		228.28		201.73		172.23		267.25		200.20		235.33

		1979		706.45		650.93		580.63		519.03		543.53		553.80		529.83		636.58		505.00		515.60		516.63		573.38		577.38		624.13																																																												0-0-0		0-0-0		0-0-0

		1980		535.15		657.03		693.25		620.90		498.78		593.85		600.58		520.38		578.15		605.38		559.05		672.68		583.90		595.23																																																												405.41		495.38		450.38

		1981		409.83		381.73		351.80		330.80		294.85		305.90		339.48		429.60		344.13		294.43		292.80		403.58		298.60		426.45																																																												341.18		330.26		332.25

		1982		650.13		579.40		670.63		664.45		688.28		743.70		668.98		609.53		667.80		691.35		643.10		575.20		691.50		591.83																																																												501.96		514.31		513.64

		1983		400.83		389.00		594.35		584.20		706.55		604.65		570.65		402.23		584.78		727.05		595.10		382.95		604.18		461.43																																																												520.73		535.55		539.73

		1984		479.03		454.70		733.60		875.83		895.63		712.70		863.45		442.25		811.50		840.75		797.70		478.98		822.90		508.23																																																												711.09		749.94		706.83

		1985		708.35		740.50		880.28		795.55		810.53		729.13		734.73		780.23		897.85		789.33		703.23		814.15		766.03		769.03																																																												160-40-80		200-40-80

		1986		585.38		611.98		735.25		674.85		643.75		632.48		629.58		628.70		666.68		647.08		594.05		650.43		622.20		623.70																																																												428.59		259.53

		1987		504.88		498.10		484.93		567.85		527.28		430.63		485.63		515.50		477.10		521.25		357.98		559.33		416.38		580.95																																																												388.07		367.80

		1988		351.65		349.03		451.38		384.50		452.93		322.55		404.15		360.30		468.70		378.73		317.55		414.55		331.20		378.98																																																												500.80		516.67

		1989		397.80		369.40		298.53		313.28		295.00		194.05		220.25		395.08		355.23		290.53		201.83		379.30		319.33		368.45																																																												738.33		705.81

		1990		767.78		790.25		958.98		869.90		949.45		971.20		735.78		732.23		878.90		914.08		955.75		754.80		963.08		742.28																																																												1046.40		1007.40

		1991		388.38		436.43		484.93		575.05		578.28		426.20		468.78		342.68		451.70		513.20		520.68		399.18		512.73		412.35

		1992		168.00		165.25		173.25		107.50		180.75		149.50		173.00		188.25		123.75		142.75		162.00		179.50		149.50		196.50

		1993		599.00		587.25		814.25		800.75		792.00		784.75		772.25		558.50		795.50		841.25		773.00		583.50		751.25		595.00

		1994		814.00		782.00		1208.00		1369.50		1264.00		1360.00		1379.25		782.00		1296.50		1365.25		1364.25		760.75		1286.25		752.50

		1995		.		.		.		.		.		.		.		.		.		.		.		.		.		.

		1996		1042.77438		1003.4244		1195.54488		1171.24048		1172.39783		1172.39783		1107.5861		1013.84057		883.05977		1182.814		1072.86554		1124.94639		1131.8905		1016.15528

		1997		766.16719		752.27896		1297.39187		1321.69627		1332.11244		1286.9757		1264.98601		751.12161		1299.70658		1312.43745		1292.76246		797.4157		1314.75216		759.22308

		1998		480.7743		505.9094		787.5488		758.0875		786.553		735.5403		709.161		446.2962		832.4732		813.3485		806.4488		459.3878		755.1917		446.725

		1999		615.71		670.1		953.66		968.7		993		990.7		947.87		633.1		1019.63		1040.46		981.43		618		993		605.2
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Sheet1

		year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0																																				variety		years		0-0-0		0-40-80		40-40-80		80-40-80				120-40-80		120-40-0				120-0-80		120-80-80		120-120-80

		1972		462.33		438.40		422.75		326.23		427.10		508.25		335.78		357.08		457.08		416.23		389.30		475.75		444.20		416.40				year		0-0-0		0-40-80		40-40-80		80-40-80		120-40-80		160-40-80		200-40-80		0-0-0		120-0-80		120-80-80		120-120-80		0-0-0		120-40-0		0-0-0				stoneville 213		1972-74		449.41		436.49		388.88		299.19				383.03		412.60				386.03		370.36		376.50

		1973		.		.		.		.		.		.		.		.		.		.		.		.		.		.				1972-79		415.37		428.94		435.56		394.73		399.70		419.40		363.20		411.81		402.65		410.59		391.54		436.85		412.10		419.02				Lankart LX-571		1975-77		325.03		339.76		404.53		392.01				400.08		370.03				379.24		407.11		377.14

		1974		436.50		434.58		355.00		272.15		338.95		348.93		183.28		453.75		314.98		324.50		363.70		515.00		381.00		484.35				1980-1989		502.30		503.09		589.40		581.22		581.36		526.96		551.75		508.38		585.19		578.59		506.24		533.11		545.62		530.43				Westburn M		1979-88		494.74		492.76		557.82		547.89				545.51		519.48				548.76		541.93		479.27

		1975		176.13		193.38		269.38		236.43		266.23		274.80		251.58		212.50		243.10		286.28		243.85		212.53		252.05		186.65				1990-1999		626.95		632.54		874.84		882.49		894.28		875.25		839.85		605.33		842.36		902.84		881.02		630.83		873.07		613.99				Paymaster 145		1990-94		547.43		552.24		727.88		744.54				752.90		732.56				709.27		755.31		755.14

		1976		256.55		313.00		447.75		416.95		412.58		418.08		424.88		267.05		450.23		428.95		407.50		299.63		386.03		309.18																																				Paymaster HS26		1995-99		726.36		732.93		1058.54		1054.93				1071.02		1048.71				1008.72		1087.26		1038.38

		1977		542.43		512.90		496.48		522.65		521.43		471.33		426.95		544.00		444.40		506.10		480.08		478.63		472.03		500.93

		1978		207.40		231.33		219.25		243.50		189.05		186.15		152.73		303.13		228.28		201.73		172.23		267.25		200.20		235.33

		1979		706.45		650.93		580.63		519.03		543.53		553.80		529.83		636.58		505.00		515.60		516.63		573.38		577.38		624.13																																																												0-0-0		0-0-0		0-0-0

		1980		535.15		657.03		693.25		620.90		498.78		593.85		600.58		520.38		578.15		605.38		559.05		672.68		583.90		595.23																																																												405.41		495.38		450.38

		1981		409.83		381.73		351.80		330.80		294.85		305.90		339.48		429.60		344.13		294.43		292.80		403.58		298.60		426.45																																																												341.18		330.26		332.25

		1982		650.13		579.40		670.63		664.45		688.28		743.70		668.98		609.53		667.80		691.35		643.10		575.20		691.50		591.83																																																												501.96		514.31		513.64

		1983		400.83		389.00		594.35		584.20		706.55		604.65		570.65		402.23		584.78		727.05		595.10		382.95		604.18		461.43																																																												520.73		535.55		539.73

		1984		479.03		454.70		733.60		875.83		895.63		712.70		863.45		442.25		811.50		840.75		797.70		478.98		822.90		508.23																																																												711.09		749.94		706.83

		1985		708.35		740.50		880.28		795.55		810.53		729.13		734.73		780.23		897.85		789.33		703.23		814.15		766.03		769.03																																																												160-40-80		200-40-80

		1986		585.38		611.98		735.25		674.85		643.75		632.48		629.58		628.70		666.68		647.08		594.05		650.43		622.20		623.70																																																												428.59		259.53

		1987		504.88		498.10		484.93		567.85		527.28		430.63		485.63		515.50		477.10		521.25		357.98		559.33		416.38		580.95																																																												388.07		367.80

		1988		351.65		349.03		451.38		384.50		452.93		322.55		404.15		360.30		468.70		378.73		317.55		414.55		331.20		378.98																																																												500.80		516.67

		1989		397.80		369.40		298.53		313.28		295.00		194.05		220.25		395.08		355.23		290.53		201.83		379.30		319.33		368.45																																																												738.33		705.81

		1990		767.78		790.25		958.98		869.90		949.45		971.20		735.78		732.23		878.90		914.08		955.75		754.80		963.08		742.28																																																												1046.40		1007.40

		1991		388.38		436.43		484.93		575.05		578.28		426.20		468.78		342.68		451.70		513.20		520.68		399.18		512.73		412.35

		1992		168.00		165.25		173.25		107.50		180.75		149.50		173.00		188.25		123.75		142.75		162.00		179.50		149.50		196.50

		1993		599.00		587.25		814.25		800.75		792.00		784.75		772.25		558.50		795.50		841.25		773.00		583.50		751.25		595.00

		1994		814.00		782.00		1208.00		1369.50		1264.00		1360.00		1379.25		782.00		1296.50		1365.25		1364.25		760.75		1286.25		752.50

		1995		.		.		.		.		.		.		.		.		.		.		.		.		.		.

		1996		1042.77438		1003.4244		1195.54488		1171.24048		1172.39783		1172.39783		1107.5861		1013.84057		883.05977		1182.814		1072.86554		1124.94639		1131.8905		1016.15528

		1997		766.16719		752.27896		1297.39187		1321.69627		1332.11244		1286.9757		1264.98601		751.12161		1299.70658		1312.43745		1292.76246		797.4157		1314.75216		759.22308

		1998		480.7743		505.9094		787.5488		758.0875		786.553		735.5403		709.161		446.2962		832.4732		813.3485		806.4488		459.3878		755.1917		446.725

		1999		615.71		670.1		953.66		968.7		993		990.7		947.87		633.1		1019.63		1040.46		981.43		618		993		605.2
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